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Abstract

The relationships between length-weight, length-length parameters and condition factor were given for four grey mullet
species that caught in Kdycegiz Lagoon area between January 2017 and December 2017. Total length and weight ranged
from 6.2-39.3 cm and 2.34-508.38 g for Chelon auratus, 8.9-47.6 cm and 8.61-1006.5 g for Mugil cephalus, 5.0-37.7 cm and
1.62-478.90 g for Chelon labrosus and 3.8-35.2 cm and 0.52-462.88 g for Chelon saliens. The length-weight relationships
were determined for C. auratus, M. cephalus, C. labrosus and C. saliens as W =0.0087L2%, W=0.0106L29, W=0.0073L3%
and W=0.0067L3% respectively. All the fish species showed isometric growth (b=3). It was observed that there were strong
correlations between total length, fork length and standard length of 4 fish species (P<0.001). Also, the condition factor
values range between 0.56-1.30 for C. auratus, 0.66-1.22 for M. cephalus, 0.64-1.30 for C. labrosus, 0.57-1.06 for C. saliens.

Keywords: Koycegiz Lagoon, Fish barrier, grey mullet, growth
Koycegiz Lagiinii’nden (Tiirkiye) Avlanan Kefal Tiirlerinin Boy-Agirlik, Boy-Boy Iliskileri ve Kondiisyon Faktorii
Ozet

Ocak 2017-Aralik 2017 tarihleri arasinda Kdycegiz Lagiiniinden avlanan dort farkli kefal tiiriniin boy-agirlik, boy-boy
parametreleri ve kondiisyon faktorii degerleri verilmistir. Total boy ve agirlik degerleri Chelon auratus igin 6,2-39,3 cm ve
2,34-508,38 g, Mugil cephalus i¢in 8,9-47,6 cm ve 8,61-1006,5 g, Chelon labrosus i¢in 5,0-37,7 cm ve 1,62-478,90 g,
Chelon saliens i¢in 3,8-35,2 cm ve 0.52-462,88 g olarak degisim gostermistir. Boy-agirlik iliskisi denklemleri C. auratus, M.
cephalus, C. labrosus ve C. saliens i¢in sirastyla W=0,0087L2%, W=0,0106L2%, W=0,0073L3% ve W=0,0067L3% olarak
tespit edilmigtir. Tiim balik tiirleri izometrik biiyiime géstermistir (b=3). Total boy, ¢atal boy ve standart boy arasinda bu dort
balik tiirii i¢in gii¢lii bir iliski oldugu gozlemlenmistir (P<0,001). Ayrica, kondiisyon faktorii degerleri C. auratus i¢in 0,56-
1,30, M. cephalus igin 0,66-1,22, C. labrosus i¢in 0,64-1,30, C. saliens igin 0,57-1,06 arasinda degisim gostermistir.

Anahtar Kelimeler: Koycegiz Lagiinii, dalyan, kefal, biiyiime

INTRODUCTION

Koycegiz Lagoon system covers 5400 hectares lake area and quagmire outlook 1150 hectares delta
area and is connected to the sea via a 14 km long canal. The width of the canal varies between 5-70
meters and the depth between 1-6 meters (Buhan, 1998). Fishing activities are carried by DALKO
(Dalyan Fisheries Cooperative) in the lagoon system. The lagoon area consists of four main sections;
Lake Kdycegiz, lagoon canal, Lake Siiliingiir and Lake Iztuzu.

Koycegiz Lagoon is one of the most important active lagoon fishery areas in Turkey (Saglam et al.,
2015). DALKO operates Turkish wooden dalyan which set up in this area. Besides being an active
lagoon fisherycooperative, they also prepare and sell grey mullet caviar.
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Due to the high economic value of this product, it increases the significance of this area and grey
mullet species. A great economic return comes out with both roe and fresh mullet flesh. These
features are enough to think about the sustainability of lagoon fishery. As it is known by all fishery
managers, fishery should be managed for food and economic sustainability.

The length-weight relationships (LWR) are one of the most useful parameters for fishery
management and have importance in fisheries science. The LWR is used for prediction the weight
corresponding to a given length and to allow for the comparison of fish growth in different regions or
localities (Bagenal and Tesch, 1978; Moutopoulos and Stergiou, 2002; Tsoumani et al., 2006). LWR
may also useful to determine whether somatic growth is isometric or allometric (Ricker, 1975).

Condition factor gives knowledge when comparing two populations in living different regions,
climate and other conditions (Weatherly and Gills, 1987). Therefore, condition factor of fish species
is important for understanding its life cycle.

This study aims to contribute to the knowledge of LWR, LLR and condition factor data for
commercial grey mullet species, Chelon auratus (Risso, 1810), Mugil cephalus (Linnaeus, 1758),
Chelon labrosus (Risso, 1827) and Chelon saliens (Risso, 1810), in Kéycegiz Lagoon.

MATERIALS and METHODS

Samples were collected monthly periods with Turkish wooden dalyan, trammel net, beach seine
and cast-net between January 2017 and December 2017 in the Koycegiz Lagoon, Turkey (Figure 1).
The fish samples were brought to the laboratory and were taxonomically identified according to
Thomson (1997); FAO (1999) and Geldiay and Balik (2009). Total length (TL), fork length (FL) and
standard length (SL) were recorded to the nearest centimetre (0.1 cm), and bodyweight (W) was
measured with precision balance (0.01 g).

28°36°
|

TURKEY

360 56" “ =

Kdycegiz Lake

DALKO

Fishery Cooperative oy A
Sa

Village

m  Fish Barriers

~ ®  Sampling points

Mediterranean

Figure 1. The study area

The length-weight relationships were established using the equation; W=aL® where W is weight (),
L is length (cm), a is the intercept and b is the slope of the linear regressions. The significance of the
b-values for each species was tested by t-test to confirm that it was significantly different from the
predictions for isometric growth (b=3) (Pauly, 1993).

The length—length relationship was estimated by linear regression analysis: TL =a + bSL; FL = a
+ bSL and SL = a + bFL, where a is the intercept and b is the slope of the linear regression.
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Fulton’s condition factor (K) was calculated using the equation; K=(W/L?*)*100 where W is the
total weight (g), L is the total length (cm).
The Microsoft Office Excel software (version 2016) was used for all calculations.

RESULTS

Overall, 1195 samples from 4 fish species C. auratus, M. cephalus, C. labrosus and C. saliens
were examined in the Kdycegiz Lagoon in Turkey. C. auratus (476) was found the most abundant
fish species.

Table 1. Parameters of the LWR and condition factor for four grey mullet species from the Kdycegiz Lagoon
(Turkey)

Parameters of LWR

SPECies N Kmin'Kmax I-min‘ Lmax Wmin‘Wmax
a b SE(b) Cl(b) 1 GT

C. auratus 476 056-1.30  6.2-39.3 2.34-508.38 0.0087 296 0.052  2.931-2.988 0989  Isometric
M.cephalus 291  0.66-1.22  8.9-47.6 8.61-1006.5 0.0106 295 0042 2.914-2.983 0989  Isometric
C.labrosus 279  0.64-1.30  5.0-37.7 1.62-478.9 0.0073 3.065 0.058  3.027-3.103 0989 lsometric
C. saliens 149 057-1.06  3.8-35.2 052-462.88 00067 3045 0057 2.996-3004 0991 Isometric

In this study, b values were calculated between 2.95 (M. cephalus) and 3.065 (C. labrosus) (Table
1). In this experiment when the values of b are examined, it was found that an isometric growth for
all fish species. The K values significantly (P<0.001) range between 0.53-1.01 for C. auratus, 0.70-
1.05 for M. cephalus, 0.73-1.13 for C. labrosus and for L. saliens 0.57-1.06. The condition factor and
LWR parameters of the four grey mullet species are shown in Table 1.

Length - weight relationship of C. auratus, M. cephalus, C. labrosus and C. saliens are found
W=0.0087L2°¢, W=0.0106L2%, W=0.0073L>%and W=0.0067L3% respectively (Figure 2).

Chelon auratus Mugil cephalus
600 _ 2. 1200 .
—~ 500 W = 0.0087L2% 000 W = 0.01061.293 .
) 12=0.989 o ! o .
Nerd & 2=0.989
= 400 n=476 = 800 n=291
S0 300 ) 600
< 200 & 400
2 100 & 200
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Length (cm) Length (cm)
Chelon labrosus Chelon saliens
600 500 - .
%8 300 W =0.0073L306 % 400 W i0.0067L°- .
~ 400 r2=0.989 ~ 2=0.991
- e & 300 -
<, 300 n=279 =5 n= 149
‘T 200 > 200
> >
7 100 > 100
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Length (cm) Length (cm)

Figure 2. Length-weight relationships (W=aL®) for C. auratus, M. cephalus, C. labrosus and C. saliens from
the Kdycegiz Lagoon in Turkey.
Relations between TL-FL, FL-SL and SL-TL of C. auratus, M. cephalus, C. labrosus and C.
saliens living in Kdycegiz lagoon are given in Table 2. Significant relationships were found between
different lenghts of each fish species (P<0.001).
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Table 2. Lenght-lenght relationships parameters of C. auratus, M. cephalus, C. labrosus and
C. saliens from the K6ycegiz Lagoon in Turkey

Species N Equation a b SE(b) Cl(b) r

TL=a+bFL 0.149 0.897 0.292 0.895-0.900 0.998
C. auratus 476 FL=a+bSL -0.490 0.870 0.361 0.866-0.874 0.996
SL=a+bTL -0.349 0.780 0.485 0.776-0.785 0.993
TL=a+bFL 0.115 0.899 0.314 0.896-0.903 0.999

M. cephalus 291 FL=a+bSL -0.283 0.864 0.243 0.861-0.867 0.999
SL=a+bTL -0.182 0.778 0.378 0.773-0.782 0.998
TL=a+bFL 0.226 0.888 0.271 0.884-0.892 0.998
C. labrosus 279 FL=a+bSL -0.127 0.861 0.307 0.855-0.866 0.997

SL=a+bTL 0.061 0.764 0.352 0.759-0.770 0.996
TL=a+bFL 0.171 0.892 0.311 0.885-0.899 0.999
C. saliens 149 FL=a+bSL -0.157 0.861 0.259 0.854-0.868 0.999
SL=a+bTL -0.012 0.769 0.359 0.760-0.777 0.998

DISCUSSION

The b values in LWR identify the growth type of the fish species. In a fish population, b = 3
isometric growth and fish transform into more robust with an increase in length (Bagenal and Tesch,
1978), b # 3 allometric growth and fish becomes thinner with increasing length (King, 1996). The
results of this study show that the growth of the C. auratus, M. cephalus, C. labrosus and C. saliens
was isometric. In this study, the similarity and differences were observed in the length - weight
relationship parameters compared to the results of other researchers (Table 3). Nikolsky (1963)
stated that the environmental conditions in the fish habitat have positive or negative effects on
growth. This may explain that same fish species in different habitats can show different growth
types.

In the present research, the condition factor values were similar when compared to the other
researcher’s results (Egemen et al., 1999; Buhan, 1998; Hossucu, 2001). In contrast, Bilgin et al.,
2006; Acarli, 2007; Komolu-Johnson and Ndimele, 2010; Yilmaz and Polat, 2011; Kasimoglu and
Yilmaz, 2011 reported different condition factor values. These differences may be due to the nutrient
capacity of the environment, population density, sampling time, sample size and age.

In conclusion, results of the present study provide basic information on the LWR, LLR, and
condition of four grey mullet species. These results showed that grey mullet species in Kdycegiz
Lagoon are well-developed and nutritional capacity of the environment is sufficient when they are
considered in terms of their length-weight and condition. In this respect, we have considered that our
results will contribute positively to the management of lagoon fisheries and to related studies to be
carried out in the future.

In the present research, the condition factor values were similar when compared to the other
researcher’s results (Egemen et al., 1999; Buhan, 1998; Hossucu, 2001). In contrast, Bilgin et al.,
2006; Acarli, 2007; Komolu-Johnson and Ndimele, 2010; Yilmaz and Polat, 2011; Kasimoglu and
Yilmaz, 2011 reported different condition factor values. These differences may be due to the nutrient
capacity of the environment, population density, sampling time, sample size and age.

414



REIS and ATES 2019 ActAquaTr 15(4), 411-417

Table 3. Comparison of growth parameters of grey mullet species reported by different studies

Species  Habitat n a b r G{)(l)[\;\;th References
Koycegiz Lagoon 406 0.005 3.193  0.98 | Buhan, 1998
9 Mar Menor Lagoon 2955 0.0073 3.18 0.99 +A Verdiel-Cubedo et al., 2006
g Homa Lagoon 119 0.0100 2.99 0.98 | Acarli et al., 2014
% Gediz Estuary 81 0.0091 3.035 0.99 +A Karaetal., 2017
S Middle BlackSea 255 0.044 252 0.87 I Samsun et al., 2017
Koycegiz Lagoon 476 0.0087 296  0.99 | This study
Koycegiz Lagoon 284 0.0012 2.95 0.95 | Buhan, 1998
@ Strymon Lagoon 290 0.0128 2779 081 -A Koutrakis and Tsikliras, 2003
%_ Vellar, Pakistan 390 0.0232 2.76 0.99 -A Murugan et al., 2012
%, Persian Gulf 37 0.0234 291  0.96 -A Khayyami et al., 2014
= Okrika Gulfs 30 - 2.86 0.96 | Ogunola and Onada, 2017
Koycegiz Lagoon 291 0.0106 295  0.99 | This study
Koycegiz Lagoon 65 0.0013 2931  0.99 | Buhan, 1998
9 Giilliik Lagoon 0.0001 3.084 0.98 | Egemen et al., 1999
g Rihios Lagoon 88 0.0106 2.993 0.96 | Koutrakis and Tsikliras, 2003
é Homa Lagoon 68 0.0080 3.061 0.83 | Acarli et al., 2014
S Gediz Estuary 113 0.0083 3.090 0.99 +A Kara et al., 2017
Koycegiz Lagoon 279  0.0073  3.06 099 I This study
Koycegiz Lagoon 257 0.010 2.95 0.96 | Buhan, 1998
o Erdek Gulf 57 0.0092 3.008 0.98 | Keskin and Gaygusuz, 2010
% Beymelek Lagoon 1248 0.0099 2.95 0.97 | Balik et al., 2011
g Gediz Estuary 91 0.0098 2,988  0.99 | Karaetal., 2017
© Homa Lagoon 177 0.0018 3489 0.95 +A Acarliet al., 2014
Koycegiz Lagoon 149 0.0067 3.04 0.99 | This study

In conclusion, the results of the present study provide basic information on the LWR, LLR, and
condition of four grey mullet species. These results showed that grey mullet species in Koycegiz
Lagoon are well-developed and nutritional capacity of the environment is enough when they are
considered in terms of their length-weight and condition. In this respect, we have considered that our
results will contribute positively to the management of lagoon fisheries and to related studies to be
carried out in the future.

Acknowledgements: This study was funded by Mugla Sitki Kogman University, Scientific Research
Project Office with project number 17/1109.
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Abstract

The red mullet, Mullus barbatus ponticus Essipov, 1927 inhabiting the Black Sea was examined for presence of
trichodinid ectoparasites. A total of three species of trichodinids belonging to Trichodina and Paratrichodina genera, were
identified: Trichodina domerguei Wallengren, 1897, T. ovonucleata Raabe, 1958 and Paratrichodina obliqua Lom 1963.
Photomicrographs and morphometric data were presented for each species. The existence of trichodinid parasites in relation
to size and the sex of the red mullet as well as their seasonal occurrences were also investigated and determined. This paper
is the first report on the trichodinid ectoparasites on the red mullet in Turkey. Trichodina ovonucleata and P. obliqua are
new records for Turkish fish parasite fauna, while P. obliqua and T. domerguei are new parasite records for M. barbatus
ponticus. The number of hosts of these trichodinid species is increased based on the results of this study in addition to the
previously published data.

Keywords: Trichodina, Paratrichodina, ectoparasite, red mullet, Black Sea

Karadeniz’deki Mullus barbatus ponticus (Mullidae) bahgmin Trichodinid Ektoparazitleri (Ciliophora:
Peritrichida) lle Ilgili Yeni Veriler

Ozet

Karadeniz'de bulunan barbunya, Mullus barbatus ponticus, baligi trichodinid ektoparazitlerin varligi agisindan
incelendi. Trichodina ve Paratrichodina cinslerine ait toplam {i¢ trichodinid tiirii tammlandi: Trichodina domerguei
Wallengren, 1897, T. ovonucleata Raabe, 1958 ve Paratrichodina obliqua Lom 1963. Trichodinid parazitlerin barbunya
baliginin cinsiyet ve biyiikliiglinlin yan1 sira mevsimsel bulunuslari da arastirillmig ve belirlenmistir. Bu makale,
Tiirkiye'deki barbunya baliginin trichodinid ektoparazitleri hakkinda ilk rapordur. Paratrichodina obliqua ve T. domerguei,
M. barbatus ponticus i¢in yeni parazit kayitlar1 iken, T. ovonucleata ve P. obliqua, Tiirkiye parazit faunast i¢in yeni
kayitlardir. Bu ¢alismanin sonuglarina gore, bu trichodinid tiirlerinin konak sayisi, daha 6nce yayinlanmis verilere ek olarak
artmistir.

Anahtar Kelimeler: Trichodina, Paratrichodina, ektoparazit, barbunya baligi, Karadeniz

INTRODUCTION

The family Mullidae Rafinesque, 1815 known as red mullets or goatfishes are widely distributed
in many areas of the world and some of their species are economically important. In the Black
Sea,the genus Mullus Linnaeus, 1758 is represented by two species, M. barbatus Linnaeus, 1758 and
M.surmuletus Linnaeus, 1758 (lvanova et al., 2014). In addition to these two species, M. barbatus
ponticus Essipov, 1927, a subspecies of M. barbatus which lives only in the Black Sea, has also been
reported among members of this genus (Hureau et al., 1986; Turan, 2006). However, the taxonomic
status of M. barbatus ponticus as a subspecies has not been proven by a molecular and karyological
database (Keskin and Can, 2009; Vasileva, 2012).
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The validity of Mullus barbatus ponticus is uncertain. Mullus barbatus is characterized by having
a very steep (almost vertical) snout, relatively short barbels that are no longer than pectoral fins,
presence of three suborbital scales, short head (approximately 20% of total length), and the absence
of spots and stripes on the body and fins. Whereas, M. barbatus ponticus is characterized by having a
curved head and presence of four suborbital scales. It can be distinguished from M. barbatus by
maxilla which is reaching beyond anterior eye margin in adults and having only three suborbital
scales.The red mullet has a high commercial value and is the main target species of many demersal
fisheries operating in the Black Sea, and annual catch was 1406 tonnes in 2017 according to
“Turkish Statistical Institute” (TUIK, 2018) in Turkey.

The red mullet is not only one of the most consumed fish but also a bio indicator species utilizing
to evaluate the biological effects of chemical pollutants in marine organism (Mathieu et al., 1991,
Benedicto et al., 2005). Despite their economic and ecological importance in aquatic ecosystems, the
number of studies on the ecto-and endo parasites of the red mullet is limited. Trichodinids are
commonly found as ectoparasites or ectocommensals on aquatic invertebrates and vertebrates. They
are one of the largest groups of ectoparasites in marine and freshwater fish (Lom and Dykova, 1992).
Four genera of the family Trichodinidae Claus, 1951, that is, Trichodina Ehrenberg, 1830,
Dipartiella Stein, 1961, Trichodinella Sramek-Husek, 1953 and Paratrichodina Lom, 1963, were
found to occur on marine fishes (Xu et al., 2002). To our knowledge, about 400 valid species of
trichodinids have been reported from both freshwater and marine environments in the world (Wang
et al., 2017). Many studies have been conducted on helminth parasite fauna of M. barbatus (Essafi et
al., 1983; Ovcharenko and Yurahno, 2006; Carreras-Aubets et al., 2012; Debenedetti et al., 2013;
Oztiirk and Yesil, 2018). However, studies on the trichodinid parasites of red mullet are limited
(Raabe, 1958; Zaika 1966; Gaevskaya et al., 1975). This paper is the first report of the trichodinid
parasites on M. barbatus ponticus captured from the Black Sea waters, off Sinop, Turkey and
provide information on the presence of trichodinid ectoparasites in relation to fish size, sex, and
season.

MATERIALS and METHODS

Fish specimens were collected throughout a one-year period from commercial fishing vessels on
Sinop coast of the Black Sea (42°00'05"” N, 35°08' 59" E). In total, 330 fish specimens were sampled
as monthly throughout a one-year period between June 2012 and July 2013 and investigated for
trichodinid ectoparasites. At necropsy, the total lengths were measured and their sex was determined.
During the investigation period, wet smears of gills, fins and skin were prepared and examined in
order to detect the existence of trichodinids. Air-dried smears were stained with a 2% aqueous
solution of silver nitrate for 10 min, rinsed in distilled water, and exposed to ultraviolet light for 20—
25 min (Lom and Dykova, 1992). Morphological diagnostic features of the adhesive disc and the
denticle were identified under Olympus phase-contrast microscope at 100x magnification. The
photomicrograhps of trichodinid specimens were taken with a light microscope equipped with a
digital camera and drawings were made with camera lucida attachment. The measurements of
adhesive disk and denticule elements were carried out as described by Van As and Basson (1989).
All measurements are given in micrometers and based on 20 trichodinid specimens. Prevalence (P,
%) and mean intensity (MI) values of the trichodinids were determined according to Bush et al.
(1997). The standard error (SE) of the mean intensity was calculated. The infestation values of three
trichodinids were given for pooled data rather than by each trichodinid species. The normal
distribution of the data was tested by using Kolmogorov-Simirnow test. While the differences in the
mean intensity values of trichodinids for seasonal and fish size were tested by Kruskal-Wallis test
(Nonparametric ANOVA), the difference between trichodinids loading on female and male fish was
tested by the Mann-Whitney U-test. Some physicochemical parameters including water temperature
(°C), salinity (ppt), and pH values of sampling area were obtained from Sinop Meteorology General
Directorate and the obtained data were pooled seasonally for each physicochemical parameter.

RESULTS

During the present study, three trichodinid species, T. domerguei Wallengren, 1897 (Figure 1A-2A),
T. ovonucleata Raabe, 1958 (Figure 1B-2B) and P. obliqua Lom, 1963 (Figure 1C-2C) were identified
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on the gills of M. barbatus ponticus. The morphometrical data of the silver-impregnated specimens of
all three species are submitted in Table 1.

Figure 1. Photomicrographs of trichodinid ectoparasites identified on M. barbatus ponticus A. T. domerguei
Wallengren, 1897; B. T. ovonucleata Raabe, 1958; C. P. obliqua Lom 1963. Specimens stained with silver-nitrate.

® ©

Figure 2. Diagrammatic drawings of the denticles of trichodinids identified in this study: A.
T. domerguei, B. T. ovonucleata, C. P. obliqua.(y+1, y, y-1. Y axes).

A\ 4

Table 1. Morphometrical data of T. domerguei, T. ovonucleata and P. obliqua from M. barbatus ponticus
(n: number of measured specimens) (range with arithmetic mean and standard error in parentheses) (all
measurements in um).

Trichodina Trichodina Paratrichodina
domerguei ovonucleata obliqua
(n: 20) (n: 20) (n: 20)

Body diameter

Adhesive dics diameter

Denticule ring diameter

Denticle number

Number radial pins/denticle

Blade length
Ray length
Span of denticle

Central part width
Border membrane width

71-80 (76.2 + 1.4)
52-69 (60.1 + 1.7)
37-47 (40.9 + 0.8)

28-31

9-11
6.0-8.0 (7.1+0.3)
4.0-5.0 (4.5+0.2)
15-18 (17.5 £ 0.5)
2.5-3.1 (2.7+0.2)
4.5-5.0 (4.7+0.2)

24-32(29.5 £ 1.9)
18-24 (22.3 +2.5)
10-14 (122 + 1.2)
18-20
5-6
1.5-2.5 (2.0 £ 0.22)
2.0-3.0 (2.7 +0.3)
4.0-6.0 (5.0 = 0.6)
1.0-1.5(1.2+0.1)
1.5-2.5 (2.0+0.3)

18-20 (19.5+0.4)
15-18 (16.50+0.4)
8-10 (9.10+0.6)
22-23
5
3.0-3.5 (3.25+0.4)
1.0-1.5 (1.120.2)
4.0-4.8 (4.3+0.20)
0.5-1.0 (0.7 +0.05)
1.4-2.0 (1.9+0.08)

The prevalence and mean intensity values of T. domerguei, T. ovonucleata and P. obliqua were
given as trichodinids for pooled data rather than by each trichodinid species. The proportion of
trichodinids in stained slides were determined as 50: 40: 10 (T. ovonucleata: P. obliqua: T.
domerguei) and T. ovonucleata was found commonly. Infestation incides of trichodinids infesting M.
barbatus ponticus are reported in Table 2.
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Table 2. Combined infestation prevalence (%) and mean intensity levels of trichodinid ectoparasites (T.
domerguei, T. ovonucleta and P. obliqgua) on the M. barbatus ponticus (SE: Standard Error, n:
Infected/Examined fish number)

n Prevalence Mean intensity -
(infec.fexam.) (%) +SE Statistical test used
Seasons Kruskal-Wallis
P<0.05
Winter 25/90 27.78 105.28 + 55.02?
Spring 19/78 24.36 123.21 +90.612 ,
Dunn’s
Summer 0/82 0.0 0.0°
Autumn 0/80 0.0 0.0°
Length classes of Kruskal-Wallis
fish (cm) P>0.05
<13 7/60 11.67 25.14 +14.28
13-15 25/193 12.95 94.64 + 68.21
>15 12/77 15.58 202.58 +112.41
Fish sex Mann-Whitney
P>0.05
Female 36/266 13.53 126.25 £60.13
Male 8/64 12.50 53.50 + 25.83
Overall 44/330 13.33 113.02 + 49.45

The overall infestation prevalence (%) and mean intensity values recorded from 330 fish
specimens were 13.33% and 113.02 + 49.45 trichodinids per infested fish, respectively. Both
infestation values were also recorded for seasons as well as the sex and length classes of the red
mullet (Table 2). The maximum infestation prevalence and mean intensity values were recorded in
winter and spring. No trichodinids were observed in summer and autumn. Statistically significant
differences were determined in the seasonal mean intensity values and are showed in Table 2.
Trichodinid ectoparasites were found in all size classes. The infection prevalence and intensities in
larger fishes was detected higher than in small fishes (Table 2). However, no statistically significant
differences were determined in relation to the fish size. Both infection prevalence and mean intensity
values of trichodinids according to fish sex, in general, were found slightly lower in males but
statistically significant difference wasn’t determined (P>0.05) (Table 2).

Some water physicochemical parameters was recorded monthly; while the highest water
temperature values was in August (26.6°C), it was the lowest in January (8.3°C). During the study
period, salinity varied from 15.55%0 to 18.01%o. The salinity was at its minimum in May (15.55%o)
and maximum in August (18.01%o). Seasonal water parameters including temperature (°C), salinity
(ppt), and pH values are presented in Table 3.

Table 3. Seasonal water temperature (°C), salinity (ppt), and pH values in the sampling area

Seasons Temperature (°C) Salinity (ppt) pH

Winter 8.65 17.63 7.59

Spring 13.63 16.49 7.20

Summer 23.31 16.88 7.52

Autumn 17.70 17.82 7.81
DISCUSSION

A total of 9 Trichodina species (including 7 species and 2 genus level) have been reported from
the red mullet in the Black Sea, so far. These are T. gobii Raabe, 1959, T. jadranica Raabe, 1958, T.
ovonucleata Raabe, 1958, T. inversa Dogiel, 1948, T. lepsii Lom, 1952, T. micromaculata Stein,
1975, T. rectuncinata Raabe, 1958, Trichodina spl. (Gaevskaya et al., 1975) and Trichodina sp2.
(Zaika, 1966). Trichodina ovonucleata has been reported from a variety of fish hosts in the Black
Sea (Lom, 1963; 1970; Zaika, 1966; Gaevskaya et al., 1975; Grupcheva et al., 1989). Although T.
ovonucleata has previously been reported from the red mullet in the Black Sea coast of Russia
(Gaevskaya et al., 1975), this is the first record of this species in the Black Sea coast of Turkey.
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Paratrichodina obliqua was originally described by Lom (1963) from many fish species in the Black
Sea. Since then, it has been reported from Trachurus mediterranneus ponticus Aleev, 1956,
Ophidion rochei Muller, 1845, Atherina mochon pontica Eichwald, 1831 and Syngnathus typhle
Linnaeus, 1758 in the Black Sea (Grupcheva et al., 1989) and Paralichthys olivaceus (Temminck &
Schlegel, 1846) in the Yellow Sea (Xu et al., 2001). This is the first record of P. obliqua occurring
on the red mullet in Turkey and this also constitutes a new host record for P. obliqua. The results of
the study reveal new records of the occurrence of T. ovonucleata and P. obliqua, in Turkey.
Trichodina domerguei (Wallengren, 1897) is one of the most widely distributed trichodinid species
and it has been reported from variety of fish hosts living in freshwater, brackish and marine habitats
(Lom and Stein, 1966; Lom, 1970; Xu et al., 1999; Ozer and Oztiirk, 2015) but the present work
confirms that it can also infest the red mullet.

Some investigators have reported that seasonal changes in the presence of trichodinids and their
infestation indices are usually due to water temperature (Ogiit and Palm, 2005; Yemmen et al.,
2010). The highest mean intensity levels in the present study were 123.21+ 90.61 and 105.28 + 55.02
trichodinids per infested fish in spring and winter respectively (Table 2). Various authors have
reported that trichodinid infestation was the maximum level in spring and winter seasons (Ogiit and
Palm, 2005; Yemmen et al., 2010). In this study, we noted that while no trichodinid recorded in
summer and autumn season, the highest prevalence and mean intensity level of trichodinids are
recorded in spring, which corresponds to the multiplication season for trichodinids (Table 2).
Similarly, Majumder et al. (2015) determined a decrease in infection prevalence of trichodinids in
the fishes in summer and autumn seasons similar to our data. This can probably happen because that
the high temperatures of water detected in summer and autumn seasons (Table 3) prevents the
proliferation of trichodinids. It seems that the average temperatures of water in spring and winter
seasons favours the multiplication of three trichodinids identified in the present study. Thus, it can be
stated that the high-level prevalence and mean intensities values of trichodinids observed in spring
and winter seasons were probably due to the similar temperature needs of three trichodinid species in
the present study. In other words, the presence of these trichodinids in both spring and winter
seasons indicates that these species prefer low water temperatures (8.65 - 13.63 °C).

Infestation prevalence (%) and mean intensity values were found higher in the largest length class
and female of fish. However, no statistically significant differences were determined in relation to
the sex and size of fish as shown in Table 2. In other words, the size and sex of the red mullet were
not factors affecting the number of trichodinids in the present study.

In conclusion, this paper is the first report on the trichodinid ectoparasite fauna of the red mullet,
M. barbatus ponticus in Turkey. We report T. ovonucleata and P. obliqua to be new records for
Turkish parasite fauna, and M. barbatus ponticus is also a new host record for T. domerguei and P.
obliqua. Moreover, this study provides some new and valuable information on the presence of
trichodinid parasites both related with host factors (host size and sex), and enviromental factors such
as seasons and water temperature.
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Abstract

Shortfin mako, Isurus oxyrinchus Rafinesque, 1810, is one of the commercially and recreationally important shark
species in the world. Still knowledge on its biology and status is limited in the eastern Mediterranean. Three individuals were
caught from Turkish waters. Two individuals (one female and one male) stomach contents, morphological measurements and
female’ gonad histology were studied. According to the results from macroscopic examination and gonad histology, the
female was a Stage 1-immature, and smallest female ever recorded from Turkish waters. In addition, phylogenetic network of
mitochondrial haplotypes was constructed for all three individuals. The phylogenetic network analysis supported that the
species having a metapopulation as mentioned in previous studies. Since every information is critical for development of
conservation actions aiming endangered species, we believe that our study will contribute to the limited knowledge on I.
oxyrinchus biology and reproduction habits in Eastern Mediterranean

Key words: Isurus oxyrinchus, conservation biology, ecology, Eastern Mediterranean.

Dogu Akdeniz'den Kisa Yiizgecli Mako Kopekbaliginin (Isurus oxyrinchus Rafinesque, 1810) Biyolojisi
Ozet

Kisa yiizgegli mako kopekbalig, Isurus oxyrinchus Rafinesque, 1810, diinyadaki ticari ve sportif agidan 6nemli olan
kopekbalig: tiirlerinden biridir. Tiiriin, Dogu Akdeniz'deki biyolojisi ve durumu konusundaki bilgiler hala smirlidir.
Caligmada, Tiirkiye kiyilarindan ii¢ birey yakalanmistir. Yakalanan iki bireyin (bir disi ve bir erkek) morfolojik Slgtimleri
yapilmis, mide igerigi ve disi gonad histolojisi incelenmistir. Makroskopik inceleme ve gonad histolojisi sonuglarina gore;
disi birey, asama-1 (olgunlagsmamis) sathasinda ve simdiye kadar Tiirk sularindan kaydedilen en kiigiik disi bireydir. Ayrica,
her {i¢ birey i¢in filogenetik mitokondriyal haplotip ag olusturulmugtur. Yapilan bu filogenetik ag analizi, onceki
caligmalarda belirtildigi gibi bir metapopiilasyona sahip tiirlerin desteklendigini gostermektedir. Her bilgi, nesli tiikenmekte
olan tiirlere yonelik koruma eylemlerinin gelistirilmesi igin kritik dneme sahiptir. Calismamizin, Dogu Akdeniz'deki .
oxyrinchus biyolojisi ve tireme aligkanliklari hakkindaki sinirh bilgiye katki yapacagina inanmaktayiz.

Anahtar kelimeler: Isurus oxyrinchus, koruma biyoloji, ekoloji, Dogu Akdeniz

INTRODUCTION

Shortfin mako Isurus oxyrinchus Rafinesque, 1810 is an important target species, a bycatch in tuna
and billfish longline and driftnet fisheries, particularly in high-seas fisheries, and is an important
coastal recreational species around.
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Even though it is a target species in the world it has no commercial value in Turkish waters. The
species is widely distributed in most tropical and temperate seas from 50° N (up to 60° N Eastern
North Atlantic) to 50° S. Eastern North Atlantic: occasional records from Norway (from about 60°
N) and British Isles; more common further south, including Bay of Biscay, Spain, Portugal, the
Azores, and off Northwest Africa, including the Mediterranean Sea. Western North Atlantic:
Newfoundland, Canada, south along the Atlantic coast to Florida, U.S.A., and the Gulf of Mexico. It
is a common, coastal to offshore, oceanic, epipelagic shark that occurs from the surface to at least
600 m deep. The species is viviparous with oophagy, but much of their reproductive cycle remains
unknown. Litter size is between four and 25, with a gestation period of 15 to 18 months, followed by
a resting period, making the overall time between birthing events as long as three years. Litter size
increases with size of the female. Birth usually occurs in the spring and summer, but nursery grounds
are poorly known other than they appear to be located close to coastal areas (Ebert and Stehmann,
2013). Tt is known that the species inhabits Turkish waters except the Black Sea (Bilecenoglu et al.,
2014) but is not a common species of Turkey's coasts (Kabasakal, 2015) or a common catch (Bengil
and Bagusta, 2018). There are some studies on their occurrence but there is no study on their biology
besides their length-weight relationship in the eastern MediterraneanAim of this study is to obtain
and report as much information as possible on a critically endangered IUCN redlist species (Malak,
2011), from two neonates (one female, one male) and one tissue sample, to contribute to its current
state and future conservation status in the eastern Mediterranean.

MATERIALS and METHODS

Samples of three I. oxyrinchus were obtained, one being only a tissue sample two being whole
individuals. First individual (Sample #1) was caught by gillnet at 4 m in depth from lzmir Bay
(Kirdeniz, Foca, Central Aegean Sea) on May 2015. The second individual (Sample #2) was caught
by longline from Gokova Bay (Akyaka, South Aegean Sea) on February 2016. Both individuals were
dead before they were removed from the fishing gear and individual from lzmir Bay was freshly
brought to the laboratory and other individual from Goékova Bay was preserved frozen by the
fisherman till brought to the laboratory for further examinations. The third (Sample #3) was obtained
from Fethiye Bay May 2017 and was sent to the laboratory as a tissue sample. Before dissection of
the whole individuals the length measurements were made by using a measuring board with a
sensitivity of 1 mm and a digital caliper, weight measurements were made with an electronic scale
with a sensitivity of 0.01 g. The stomach contents were identified to the smallest taxon possible,
recorded and weight with an electronic scale with a sensitivity of 0.001 g. The whole individual’s
liver and total gonad weights were also recorded.

Tissue samples weighting +10 g were taken from ventral part of the individuals underneath the
skin for the DNA barcoding of the species and were stored at -20°C until the DNA extraction. Also,
as part of the first project, from freshly brought individual, a part of the gonad was taken and
preserved in 4% formaldehyde solution to examine the reproduction biology more detailed.
Histological preparation procedures were conducted by first embedding the gonad part to a paraffin
block, slicing the block to 6 um thickness and then staining with Mallory’s hematoxylin and eosin.
The slides were examined using a CX-31 phase contrast microscope and photographed with an
Olympus DP-20 digital camera.

DNA isolation was performed with Tissue and Cell DNA Purification kit (GeneMark, Taiwan)
according to manufacturer’s instructions. DNA quality and quantity were measured with NanoDrop
spectrophotometer (Nanodrop, Thermo Fisher Scientific, USA). All the DNAs were found suitable
for PCR (Polymerase Chain Reaction) analysis after quality measurement. Cytochrome ¢ oxidase
subunit I (COI) gene (~700 bp) was amplified by PCR analysis with primers LCO1490: 5-GGT
CAA CCAA ATC ATA AAG ATA TTG G-3' and HCO2198: 5'-TAA ACT TCA GGG TGA CCA
AAA AAT CA-3' (Folmer et al., 1994). PCR reactions were performed in 25 pL total volume of
reaction buffer containing 2.5 mM dNTPs (Thermo Scientific), 20 uM of each primer, 0.4 uL. Dream
Taq DNA polymerase, (Thermo Scientific), 10 x Buffer, and 2 ng template DNA. PCR analysis was
performed by Biorad Thermal Cycler (USA). PCR conditions for both primer pairs were started with
initial denaturation step at 95°C for 2 minutes, which was followed by 30 cycles of DNA
denaturation at 95°C for 30 seconds, primer annealing for a min at 48°C, DNA strand extension at
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72°C for another 1 min, and a final extension step at 72°C for 10 min. The PCR products were
separated on 1.5% agarose gel electrophoresis, stained with SafeView Stain (ABM) and visualized
by image analyzer. Sequence analysis of PCR amplicons was performed at Ankara University
Evolutionary Genetics Laboratory. Forward and reverse sequencing were performed, and results
were edited in Sequencher 5.0.1 DNA sequence analysis software. Obtained sequences were
compared to those from GenBank and BOLD systems using the BLAST algorithm. After sequence
alignment Kimura 2-parameter (K2) model (Kimura, 1980) was found to be the most suited model
for our data set and BIC and AlCc results are given in Table 2. The sequences alignment, Neighbor
Joining (NJ) and Maximum likelihood (ML) algorithm were done using MEGA 7 software (Kumar
et al.,, 2015) and for the haplotype network analysis Network 5.0 were used (Polzin and
Daneschmand, 2003) and was mapped using MapViewer 8.0.

Table 2. BIC and AlCc values of the most suitable models
Model K2+G K2 T92+G JC+G K2+G+l HKY+G T92 JC K2+l HKY

BIC  4582.1 45853 4590.8 4592.1 45929 4593.9 4594.0 4595.2 4595.6 4597.3
AlCc 2483.6 2495.8 2483.3 2502.6 24854  2468.4 2495.6 2514.7 2497.1 2480.8

RESULTS

The morphometric measurements and their ratio to total length of the individuals are given in
Table 1. The photos from anterior, dorsal, lateral and ventral of the individuals from Izmir Bay
(female) and Gokova Bay (male), can be seen in Figure 1.

When stomach contents were examined, in female’ stomach a piece of wood was found. The
wood piece was measured to be 102 mm in length and 4.66 g in weight. In male individual’s
stomach, remains of a bony fish (Chlopsis bicolor Rafinesque, 1810), remains of two cephalopod, an
isopod and a nematode were found, and weight of these prey items were measured to be 15.76 g, 130
g, 0.37 g and 0.13 g, respectively. Regarding histological examinations, since the male individual
was preserved frozen by the fisherman until it was brought to the laboratory and histological
investigations were only conducted on female individual. As macroscopically identified and verified
histologically the individual was a “Stage 1-immature” according to ICES (2013) report (Figure 2).

Table 1. The measurements of the two individuals (F: female, M: male, LW: Liver weight, GW: gonad weight,
TL: Total length, TW: Total weight, TrH: Trunk height, TrW: Trunk width, LJ: Lower jaw, UJ: Upper jaw).

Measurements Female Male Unit Measurements Female Male Unit
LW 115.86 4265 ¢ 1st dorsal-fin height 64 75 mm
GW 17.87 46.22 ¢ 1st dorsal-fin length 77 101 mm
TL 7650 9430 mm 2nd dorsal-fin base 7 4 mm
T™W 2750 5980 ¢ 2nd dorsal-fin height 8 5 mm
TrH 103 128 mm 2nd dorsal-fin length 21 23 mm
TrwW 92 115 mm Mouth length 61 66 mm
Interdorsal space 177 248  mm Pre-mouth lenght 54 70 mm
Internarial space 36 31 mm UJ 1st row teeth count 22 21
Interorbital space 52 71 mm UJ 2nd row teeth count 15 20

4+4 broken
Interpectoral space 80 75 mm LJ 1st row teeth count 21 teeth
Left eye height 17 15 mm LJ 2nd row teeth count 22 tle?’e:ﬁ broken
Left eye length 18 15 mm LJ 3rd row teeth count 8 2
Right eye height 16 15 mm Anal-fin base 9 3 mm
Right eye length 17 16 mm Anal-fin height 12 5 mm
Preorbital length 60 75 mm Anal-fin length 25 24 mm
Prenarial length 41 459 mm ,SOF\)r;iLopenlng caudal-fin 130 81 mm
1st gill slit height 64 55 mm Pelvic-fin anal-fin space 80 108 mm
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Pectoral-fin pelvic-fin

2nd gill slit height 54 60 mm 171 240 mm
space

3rd gill slitheight 49 60 mm "reventralcaudal-fin 112 133 mm
margin

4th gill slitheight 40 I postventral caudal- ;.5 144 mm

in margin
S Lower postventral caudal-
5th gill slit height 46 62 mm fin margin 75 98 mm
1st dorsal-fin base 63 83 mm Dorsal caudal-fin margin 157 186 mm

Figure 2. Ovarian follicle of I. oxyrinchus.
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The DNA samples extracted from each individual were identified as I. oxyrinchus, as the
morphological identification suggested for the whole individuals. COIl sequence of the Sample #1
and Sample #2 submitted GenBank with accession number KY290584 and MG214784, respectively.
All the obtained sequences were compared with 116 other sequences from BOLD and GenBank
systems. According to this model a Neighbor-Joining tree was prepared (Figure 3). Besides
Neighbor-Joining tree, Network analysis was also conducted to identify the individual’s origins as
well as the relation between populations and 27 haplotypes were identified. All the individuals from
this study was found to be from different haplotypes, and Sample #2 and Sample #3 weres found to
be sharing the samehaplotype as the Sample #1 (Figure 3, Figure 4). These results indicate that, I.
oxyrinchus do not have geographical boundaries.
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Figure 3. Neighbor-Joining tree made from the sequence existed with in BOLD and GenBank systems.
The sequences from this study are shown in red (AUST: Australia; ATOC: Atlantic Ocean; BRAZ: Brazil;
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CAN: Canada; CHIL: Chili: IND: India; INDO: Indonesia; ITA: Italy, MALTA: Malta; MEXICA: Mexica;
NEWZEA: New Zealand; OMN: Oman; PERU: Peru; SOAF: South Africa; TAI: Taiwan;
USA: United State of America).
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Figure 4. Number of used sequences from each countries (N) and haplotypes network

DISCUSSION

Individual caught from Izmir Bay, Sample #1, is the smallest reported female individual from
Turkish coasts. Before this there was a report by Ergiiden et al. (2013) on a male individual caught in
25 March 2010, with 69.8 cm TL and 2285 g total weight by a purse seine boat, from 54 m depth off
the Samandag, coast of Iskenderun Bay. According to literature the parturition of 1. oxyrinchus
occurs during the spring, or summer and the pup’s size at birth is between 60-70 cm (Gilmore,
1993). The both individuals reported in this study and Ergiiden et al. (2013) being neonates suggests
that the Mediterranean coast of Turkey is probably a new nursery ground for the mako shark since
there were no reports historically.

Megalofonou et al. (2005) reported that, between 1998-2000, 321 mako sharks were caught as
by-catch of tuna fisheries from the central and eastern Mediterranean. Among these individuals 313
were from the eastern Mediterranean and eight were caught from the central Mediterranean area and
Levantine basin. Total and fork lengths of these individuals were recorded and reported, that most of
these individuals were juveniles, with only a few large specimens from Levantine basin. These
results also support the suggestion that I. oxyrinchus have either started or were already have been
using Turkish coasts as breeding and nursery area but was not known. Another study done by
Basusta (2016) reported neonate and juvenile individuals of species Heptranchias perlo, Squatina
aculeata and Etmopterus spinax and point it out that northeastern Mediterranean was a mating,
breeding and nursery area for some cartilaginous species. Histologically examined Sample #1, the
female, was a “Stage 1-immature” that corresponds with Conde-Moreno and Galvan-Magana, (2006)
histological observations on ovarian follicle development conducted on |. oxyrinchus individuals
from south-western coast of Baja California, Mexico. In case of the parturition period, a study
conducted on 95 mature and 35 pregnant, in total 450 I. oxyrinchus individuals reported that species
size-at-birth is around 70 cm and parturition occur late winter (end of February)-mid spring (Mollet
et al., 2000) though supports similar parturition period, since the individual caught in February 2016
did not have scare of placenta suggests that parturition in eastern Mediterranean starts probably with
the beginning of winter and continues till mid spring.

According to the Neighbor-Joining tree since Sample #1 and Sample #2 are on the same branch
and Sample #3 was sharing the same haplotype as Sample #1, shows that, all individuals are related
and from same origin. In addition, there were common haplotypes within the Mediterranean as well
as Oman, supporting the concept of the species having a metapopulation as other studies conducted
from other world seas suggests (Ward et al., 2008).
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Science base information is critical for development of conservation actions aimed at endangered
species. Nevertheless, using lethal sampling methodologies unfortunately is the most effective way
to do (Hammerschlag and Sulikowski, 2011), though there is a growing interest towards utilizing by-
catch especially for large sharks such as shortfin mako. In conclusion, since, according to IUCN, 1.
oxyrinchus is Critically Endangered species (Walls and Soldo, 2016) it is important to know and
continuously update its status as well as determine breeding areas all around the world with as little
impact on its populations as possible. Especially in the Mediterranean whereas in 2014, 40% of
cartilaginous fish species were threatened and in two years the numbers increased to more than half
of Mediterranean chondrichthyans (Dulvy et al., 2014; Dulvy et al., 2016). With this rapid downfall
of these species’ existence it is of the essence to obtain and/or utilize data anyway we can collect and
to distribute as much information as possible for their conservation.
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Abstract

In this study, the length-weight and length-length relationships were investigated for Scorpaena scrofa from izmir Bay.
All fish sample lengths and weights were recorded to the nearest 0.01 cm and to 0.01 g. The measured total length values for
females, males and combined sexes were 16.00-30.20 cm; 17.70-28.00 cm and 16.00-30.20 cm respectively. The weight
values for females, males and combined sexes were 73.20-441.00 g; 89.80-378.00 g and 73.20-441.00 g respectively.
According to t test results, there were no statistically significant differences for S. scrofa species (P>0.05); therefore, female
and male samples were evaluated together. The length-weight relationship equations as W=0.016TL2%% (1>=0.914) for all
specimens. The ‘b’ value of LWR was not significantly different from 3.0 and their growth type was isometric. Total length-
standard length relationship equation was determined as TL=1.287SL+0.112 (1>=0.970). This study is helpful in providing
information about length-weight and length-length relationships and the current study can be useful to compare stocks of the
species in the different habitats

Key words: Red scorpionfish, Scorpaena scrofa, length-weight relationships, length-length relationships, Aegean Sea
izmir Korfezi (Ege Denizi)’nden Lipsoz (Scorpaena scrofa L. 1758)’un Boy-Agirlik ve Boy-Boy iliskisi
Ozet

Bu ¢alismada, izmir Kérfezi’nden Scorpaena scrofanin boy-agirlik ve boy-boy iliskisi incelenmistir. Tiim &rneklerin
boylar1 ve agirliklart 0.01cm ve 0.01 g hassasiyetle 6l¢lilmiistiir. Disi, erkek ve tiim bireylerde Slgiilen total boy degerleri
sirastyla 16,00-30,20 cm; 17,70-28,00 cm vel6,00-30,20 cm’dir. Agirlik degerleri ise 73,20-441,00 g; 89,80-378,00 g and
73,20-441,00 g’dir. S. scrofa tiirii igin, t-test sonuglarina goére 6nemli bir farklilik olmadigindan disi ve erkek 6rnekler birlikte
degerlendirilmistir. Tiim bireyler i¢in boy-agirlik iliski denklemi W=0,016TL2%2 (r>=0,914) olarak hesaplanmistir. Boy-
agirlik iliskisinin ‘b’ degeri, 3’den 6nemli derecede farkli degildir, ve tiiriin biiylimesi izometriktir. Total boy standart boy
iliski denklemi TL=1,287SL+0,112 (r>=0,970) olarak belirlenmistir. Bu ¢alisma, boy-agirlik ve boy-boy iligkileri hakkinda
bilgi saglamada faydalidir ve mevcut ¢aligma, tiirlerin farkli habitatlardaki stoklarini karsilastirmak igin kullaniglt olabilir.

Anahtar kelimeler: Lipsoz, Scorpaena scrofa, boy-agirlik iliskisi, boy-boy iliskisi, Ege Denizi

INTRODUCTION

Red Scorpionfish, Scorpaena scrofa L., 1758 (Scorpaenidae) is a demersal fish species. The
species are widely distributed in the British Isles to Senegal including the Canary Islands, Madeira,
and Cape Verde, and throughout the Mediterranean except Black Sea. They found on the solitary and
sedentary over rocky, sandy or muddy bottoms from 20 to 200 m. They feed on fishes, crustaceans and
mollusks (Hureau and Litvinenko, 1986). The conservation status of S. scrofa is “LC” according to the
IUCN Red List (Froese and Pauly, 2019). This fish species is economically important and there are
several studies such as embryonic and larval development (Dulcic et al., 2007), reproduction (Munoz
et al., 2013), age and growth (Mati¢-Skoko et al., 2015).
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Length weight relationship (LWRs) studies have an important role in estimating population biomass,
growth rate determination, determining the stock status of fishes and in many other subjects (Petrakis
and Stergiou, 1995). Length-weight relationships (LWRs) are needed to estimate weight from length
because direct weight measurements can be time-consuming in the field (Koutrakis and Tsikliras,
2003); these parameters are important in fish biology and can provide information on the stock
condition (Bagenal and Tesch, 1978).

Comparison of the relationships between different length types (LLRS) in fisheries is especially
important in terms of growth studies (Froese and Pauly, 1998). In some cases, the caudal fin
deformation of fish can be observed and this makes it difficult to measure the total length accurately.
Knowing the standard length/ fork length of a fish allows the determination of the total length of this
fish.

In fisheries biology, LWRs and LLRs results can be useful in comparing the stocks of the same
species in different habitats. These are useful tools when evaluating fish species living in both
freshwater and marine habitats (Moutopoulos et al., 2013; Cengiz, 2013). There are several studies
were conducted about length-length and length-weight relationships marine and freshwater species
(Karachle et al., 2015; Tsagarakis et al., 2015; Yilmaz et al., 2015; Bostanct et al., 2017; Saygin et
al., 2018; Yedier et al., 2019a, 2019b). In this study, we aimed to determine the LWRs and LLRs of
red scorpionfish which sampled from izmir Bay (Aegean Sea). The present study has provided
baseline information on LLRs and LWRs analysis which could be useful for subsequent
bioecological and population-based studies on S. scrofa.

MATERIALS and METHODS

In the current study, 199 red scorpionfish samples were obtained from commercial anglers in
Giizelbahge district (Izmir Bay) in May 2016 (Figure 1). Fish samples were transported to the
hydrobiology laboratory in Ordu University. In the laboratory, each fish was cleaned, and then their
body weight (nearest the 0.01 g), total length (TL) and standard length (SL) (nearest the 0.01 cm)
were recorded. Sex was determined by macroscopic examination of the gonads.
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Figure 1. Sampling area.

Length-weight relationships were calculated using the equation W=aL®, where L is the total length
(cm), W is the total weight of the fish (g), a and b are the parameters of the equation (Bagenal and
Tesch, 1978). The t-test was used to test whether the slopes (b) were significantly different from 3.
There are three different growth types. The growth types are; negative allometric (b<3), positive
allometric (b>3) and isometric (b=3). Analysis of variance (ANOVA) was employed to test
differences length-weight relationship b values between sexes. In addition, length-length
relationships were computed using linear regression analysis for the species. Statistical analyses were
434
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tested at the 0.05 significance level. SPSS 20 and Minitab 15.0. Excel software was utilized in the
evaluation of the data.

RESULTS and DISCUSSION

The descriptive statistics of red scorpionfish samples were presented in Table 1. There were no
statistically significant differences in terms of TL or W between sex (P>0.05). Therefore, population
was evaluated female and male samples together for further analyses. The length-frequency and
weight-frequency distribution of all individuals was determined (Figure 2).

Table 1. Descriptive statistics of S. scrofa samples from the Aegean Sea.

Total Length (cm) Weight (g)
? d 243 ? 3 48
MeantS.E.  232240.27 23.1940.26 23.2242.64 215.69+7.66 212.62+7.47 214.4+76.25
Min. 16.00 17.70 16.00 73.20 89.80 73.20
Max. 30.20 28.00 30.20 441.00 378.00 441.00
P>0.05 P>0.05
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Figure 2. The weight-frequency and length-frequency distribution graphs for females, males and all
individuals of S. scrofa from Izmir Bay.
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The mean value of total length and weight were 23.22+1.88 cm and 214.37+5.41 g for all
individuals. The length and weight distributions were 16.00-30.20 cm and 73.20-441.00 g for all
individuals, respectively (Figure 2).

The length-weight relationship equation was determined as W=0.016L2%% (r>=0.914) for all
specimens (Figure 3). The “b” value was determined as 2.993 (95% Confidence Interval: 2.987-
2.997) (Figure 3). The value was found within the expected range of 2.5-3.5 which was described by
Froese (2006). The ‘b’ value of LWR was found not to be significantly different from 3.0 in red
scorpionfish (P>0.05) and the growth type was isometric for all sex according to results of this study.
S. scrofa total length-standard length relationship equations and their coefficient of determinations
were presented for all individuals in figure 4. In fish with caudal fin deformation, it is possible to
calculate the total length from the standard length.

When the literature was reviewed, a limited study was recorded about the S. scrofa length-length
relationship. In Agean Sea, S. scrofa length-length relationship equation was reported as SL=-
0.1+0.800TL for 37 samples (Moutopoulos and Stergiou 2002). In the current study, the length-
length relationship equation was determined as TL=1.287SL+0.112 for 199 S. scrofa..

500
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Figure 3. The length-weight relationship for all individuals of S. scrofa from izmir Bay.
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Figure 4. The length-length relationship for all individuals of S. scrofa from izmir Bay.
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When the b values of the S. scrofa living in different seas of the world are compared (Table 2), it
is seen that b value is between 2.686 and 3.298. Ozaydin et al (2007) calculated b value as a 2.686
for the same species from Izmir Bay. However, in the current study, the b value was calculated as a
2.993 for the S. scrofa from Giizelbahge district in the Izmir Bay. Although these two studies were
examined almost the same habitat and the same species, two different b values were determined. The
main reasons can be differences in the sample sizes and numbers. Because Ozaydin et al. (2007)
worked with 12 samples whose total size distribution was 10.5 -28.3, we examined with 199
individuals whose total size distribution was 16.00-30.2. Moreover, the minimum and maximum
length ranges of the specimens especially number of fish samples affect the parameters. Digestion or
undigestion of fish stomach content affects the body weight of the fish and changes the length-
weight relationship parameters.

Table 2. Comparison of length-weight relationships of S. scrofa from different habitats.

References Locality Relationship r2
equations
~ 7 Y — 3.2

]1);;;10 and Kraljevic, Eastern Adriatic (Croatian waters) 125 2{3"‘0'000007& 0.960

Moutopoulos and Cyclades; coastal waters off Naxos _ 2.999

Stergiou, 2002 Island, Greece 37 W=0.01692L 0.980

Morey et al., 2003 Iberian Peninsula (Western 359 W=0.022L2% 0.981
Mediterranean)

Valle et al., 2003 East coast of Spain 23 W=0.03134%8%8 0.986

Mendes et al., 2004 Portuguese west coast 22 W=0.0121L3% 0.966

Karakulak etal,, 2006~ Gokecada Island (Northern Acgean 15\ o180 | 3005 0.985
Sea), Turkey

Ozaydm et al., 2007 #lefllé?ay (Central Acgean Sea), 12 W=0.0448 L25% 0.983

Ferreira et al., 2008 Xt‘i‘:ﬁt'{g”‘:h'pe'ago (Eastern-central 5 \y=0.01506L30% 0974

Crec’hriou et al., 2012 French Catalan coast 32 W=0.330L2% 0.990
Gallipoli Peninsula and

Cengiz, 2013 Dardanelles (Northeastern 134 W=0.0221 L2% 0.980
Mediterranean)

Moutopoulos et al., 2013 Korinthiakos Gulf (Central Greece) 53  W=0.0169L30%2 0.981

Altin et al., 2015 ?S:‘k‘?eij‘da’ Northern Aegean Sea, 16 W=0.012 L3135 0.983

Matié-Skoko et al.,, 2015 Costal middle Adriatic 1700 W=0.0013L3068 0.978

Oztekin et al., 2016 Gallipoli Peninsula, Turkey 12 W=0.0337 L27% 0.990
(Northern Aegean Sea)

This study Giizelbahge, izmir Bay, Turkey 199  W=0.0016TL?%% 0.914

It is known that stomach fullness, environmental condition, disease and parasite loads, geographic
location can affect length-weight relationship (Bagenal and Tesch, 1978). Therefore, “b” values of
most of the studies could be different from each other especially between regions. In many fish
studies, fish length is often more rapidly and easily measured than weight. Thus, knowing the length-
weight relationship makes it more convenient to determine weight where only the length is known
(Froese and Pauly, 1998).
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Abstract

In this study, the antibacterial activities of the essential oils of thyme (Thymus vulgaris L.) (TEO), laurel (Laurus nobilis
L.) (LEO), rosemary (Rosmarinus officinalis L.) (REO) and parsley (Petroselinum crispum L.) (PEO) against different fish
pathogens such as Yersinia ruckeri two strains (a & b), Lactococcus garvieae, Pseudomonas fluorescens, Aeromonas sobria,
Aeromonas salmonicida and Aeromonas veronii were investigated. The essential oils had been extracted by hydro-distillation
using a Clevenger apparatus, and their antibacterial activities were measured by paper disk diffusion method. The
antibacterial activities of essential oils showed significant differences depending on the plant source and on bacterial strain.
All essential oils showed inhibitory effect against bacterial fish pathogens (except PEO against Y. ruckeri (b)), and the
inhibition zones ranged from 6.00 to 36.00 mm. The highest antibacterial activity against all tested bacteria was determined
in TEO with a diameter of inhibition zone ranging from 26.50 to 36.0 mm, while LEO and REO showed a moderate activity
with a diameter of inhibition zone ranging from 9.50 to 18.50 mm. The PEO illustrated the lowest diameter of inhibition zone
against all the test bacteria. Among the tested bacteria, A. veronii was the most sensitive to the inhibitory activity of TEO,
LEO and REO, while P. fluorescens was the most resistant. The results suggested that essential oils from thyme, laurel and
rosemary can be used as natural antibacterial agents against bacterial fish pathogens.

Key words: Kdycegiz Lagoon, Turkish wooden dalyan, grey mullet, growth

Kekik, Defne, Biberiye ve Maydanoz Ucucu Yaglarinin Baz1 Bakteriyel Balik Patojenlerine Kars1 Antibakteriyel
Aktivitesi

Ozet

Bu ¢alismada, kekik (Thymus vulgaris L.) (KUY), defne (Laurus nobilis L.) (DUY), biberiye (Rosmarinus officinalis L.)
(BUY) ve maydanoz (Petroselinum crispum L.) ugucu yaglarinin (MUY) Yersinia ruckeri (a ve b), Lactococcus garvieae,
Pseudomonas fluorescens, Aeromonas sobria, Aeromonas salmonicida and Aeromonas veronii gibi farkli balik patojenlerine
kars1 antibakteriyel aktiviteleri incelenmistir. Ugucu yaglar Clevenger cihazi kullanilarak hidro-destilasyon yontemi ile elde
edilmis ve antibakteriyel aktiviteleri kagit disk difiizyon metodu ile belirlenmistir. Ugucu yaglarin antibakteriyel aktivitesi,
bitki kaynag1 ve bakteri tiiriine bagl olarak dnemli farkliliklar gostermistir. Tiim ugucu yaglar balik patojen bakterilerine (Y.
ruckeri (b)’ye karst MUY harig) karsi inhibitor etki gdstermis ve inhibisyon zonlar1 6,00 ile 36,00 mm arasinda degismistir.
Test edilen tiim bakterilere karsi en yiiksek antibakteriyel aktivite, 26.50 ile 36,0 mm arasinda degisen bir inhibisyon zon ¢ap1
ile KUY'da belirlenirken, DUY ve BUY, 9,50 ile 18,50 mm arasinda degisen inhibisyon zon ¢api ile orta diizeyde bir aktivite
gostermigtir. MUY, tiim test bakterilerine karsi en diisiik inhibisyon zon ¢ap1 sergilemistir. Test edilen bakteriler arasinda, A.
veronii, KUY, DUY ve BUY'un inhibitor aktivitesine en duyarli bakteri olurken, P. fluorescens, en direncli bakteri olmustur.
Bu sonuglar kekik, defne ve biberiyeden elde edilen ugucu yaglarin bakteriyel balik patojenlerine kars1 dogal antibakteriyel
ajan olarak kullanilabilecegini ortaya koymustur.

Anahtar Kelimeler: Antibakterial aktivite, ugucu yag, bakteriyel balik patojenleri
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INTRODUCTION

Fish are exposed to numerous pathogen microorganisms due to contact with the aquatic
environment (Stratev et al., 2018). Fish pathogens are responsible for serious diseases with heavy
mortality and high economic losses in wild and cultured fish. Antibiotics are widely used for the
control of pathogen microorganisms (Serrano, 2005), but their use can cause serious environmental
problems due to their rapid spread in water (Soltani et al., 2009). Various problems, such as solubility,
taste, toxicity and cost, limit antibiotics that can be used especially in food culture (Choudhury et al.,
2005). Furthermore, bacterial resistance against antibiotics increases over time and consequently
decreases the effectiveness of antibiotics (Choudhury et al., 2005; Dubber and Harder, 2008; Stratev et
al., 2018). There is, therefore, a growing interest in the identification of effective, new antibacterial
agents that would serve as a new agent to use preventing bacterial diseases in aquaculture (Bansemir et
al., 2004; Dubber and Harder, 2008; Bulfon et al., 2014).

Essential oils have become increasingly more popular as an alternative to synthetic preservative
agents (Wong and Kitts, 2006). They are produced from different parts of plants such as flower, leave,
bud, root, seed, stem, fruit (Ghabraie et al., 2016) as plant secondary metabolites (Zaouali et al., 2010).
Essential oils are obtained from plant parts by distillation, extraction, fermentation or expression, but
the most common method is distillation (Burt, 2004). Essential oils can inhibit or slow the growth of
bacteria, yeast and molds (Nazzaro et al., 2013) and some of them have been used for their anti-
inflammatory, antiviral, antitumor, anti-hyperglycemic and anti-carcinogenic activities (Wei and
Shibamoto, 2007). The Efficiency of essential oils is related to presence of their bioactive components
(Toroglu and Cenet, 2006). Harvesting season, type and part of plant, geographical structure and
climate of the region where it is cultivated and extraction method are effect on the quantity and
composition of essential oils (Burt, 2004). There are various studies on the use of antimicrobial agents
derived from natural materials in aquaculture (Park et al., 2016; Metin et al., 2017). Components of
essential oils affect the membrane and cytoplasm of bacterial cell, and alter their morphology, increase
of permeability and leakage of vital intracellular constituents (Nazzaro et al., 2013). This effect leads
to lysis and death when exceeds a limit (Vergis et al., 2015). Generally, antibacterial effect of essential
oils against Gram positive bacteria is greater than Gram negative bacteria (Omonijo et al., 2018),
because outer membrane coating the cell wall restrict the entrance of lipophilic compounds through
the lipopolysaccharide structures (Vergis et al., 2015).

Thyme (Thymus vulgaris L.), laurel (Laurus nobilis L.), rosemary (Rosmarinus officinalis L.) and
parsley (Petroselinum crispum L.) naturally grow in Turkey and are commonly used in traditional
medicines (Oneng and Ac¢ikgdz, 2005; Altunbas and Tiirel, 2009). Thyme, belonging to the Labiatae
family (Oneng and Acikgdz, 2005), is known as carminative, antiseptic, antioxidant, antimicrobial and
antifungal (Bozin et al., 2006; Gibriel et al., 2013) and is used in food, cosmetic and pharmaceutical
industries (Nabavi et al., 2015). Laurel, a plant of the Lauraceae family, is an evergreen tree or shrub
(Yilmaz et al., 2013) native to Mediterranean region (Ramos et al., 2012). Quantitatively, major
components of thyme essential oil (TEO) are thymol and carvacrol (Teixeira et al., 2013), while laurel
essential oil (LEO) contains 1,8-cineole, a-terpinene, sabinene, a-pinene, B-pinene (Ghabraie et al.,
2016). TEO also contains p-cymene, B-myrcene, y-terpinene and linalool (Jouki et al., 2014). It is
reported that LEO has antimicrobial activity against food spoilage and pathogenic bacteria isolated
from fish and shellfish (Ramos et al., 2012; Snuossi et al., 2016). Rosemary, a herb of the Lamiaceae
family (Perez et al., 2007), is used as fresh, dried or essential oil (Ozcan and Chalchat, 2008), and is
also known as natural antimicrobial agent (Genena et al., 2008; Zaouali et al., 2010). Rosemary
contains flavones, steroids, diterpenes and triterpenes, and its main compounds, responsible for
antimicrobial activity, are 1,8-cineole, a-pinene, bornyl acetate and camphor (Genena et al., 2008).
Parsley (Petroselinum crispum L.), belonging to the Apiaceae family, is a medicinal and food plant
(Kurowska and Gatazka, 2006). Fresh and dried leaves of parsley are used as flavoring agent,
condiment, garnish and food additives (Zhang et al., 2006; Altunbas and Tiirel, 2009). Parsley
essential oil (PEO) can be extracted from seed and leaves (Zhang et al., 2006), and it has been
investigated as antimicrobial agents in previous studies (Wong and Kitts, 2006; Teixeira et al., 2013).

There is some information about antibacterial activity of essential oils obtained from different
plants against some fish pathogens in the literature. In this study, we aimed at determining the
inhibitory effect on Yersinia ruckeri (a and b), Lactococcus garvieae, Pseudomonas fluorescens,
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Aeromonas sobria, A. salmonicida and A. veronii of essential oils obtained from thyme, laurel,
rosemary leaves and parsley seed.

MATERIALS and METHODS
Plant materials

Dried thyme (Thymus vulgaris L.), laurel (Laurus nobilis L.) and rosemary (Rosmarinus officinalis
L.) leaves, and parsley (Petroselinum crispum L.) seeds were purchased from a local market (Samsun,
Turkey), powdered by using a grinder (Sinbo, 2909 model, Istanbul, Turkey) and kept in bottles under
cool condition until use.

Bacterial strains

In total 7 bacteria, Yersinia ruckeri strains (a & b), Lactococcus garvieae, Pseudomonas
fluorescens, Aeromonas sobria, A. salmonicida and A. veronii strains were used as test organism.
These were isolated from sick fish caught in The Black Sea Region of Turkey (Table 1) and identified
with conventional culture methods and VITEK 2 automated system in Fish Diseases Laboratory
(Veterinary Control Institute, Samsun, Turkey).

Table 1. The bacterial strains and origins used in the study

Bacteria Origin

Yersinia ruckeri (a) Rainbow trout (Oncorhynchus mykiss), Black Sea Region, Yakakent,
Samsun (saltwater fish)

Yersinia ruckeri (b) Rainbow trout (O. mykiss), Black Sea Region, Giirgentepe, Ordu (freshwater
fish)

Lactococcus garvieae Rainbow trout (O. mykiss), Black Sea Region, Giirgentepe, Ordu (freshwater
fish)

Pseudomonas fluorescens Rainbow trout (O. mykiss), Black Sea Region, Bafra, Samsun (freshwater
fish)

Aeromonas sobria Common carp (Cyprinus carpio), Black Sea Region, Tokat (freshwater fish)

Aeromonas salmonicida Rainbow trout (O. mykiss), Black Sea Region, Bafra, Samsun (freshwater
fish)

Aeromonas veronii Common carp (C. carpio), Black Sea Region, Kavak, Samsun (freshwater
fish)

Essential oil extraction

The essential oils used in the present study were extracted by hydro-distillation using a Clevenger
apparatus (Sesim Kimya Laboratuvar, Ankara, Turkey). For this purpose, 50 g sample of each plant
powder was mixed with 500 mL distilled water and distilled for 3 h. The extracted essential oils were
dehydrated with anhydrous sodium sulphate, and then stored in the dark glass bottles at +4 °C until
used.

Determination of antibacterial activity

The antibacterial activity of essential oils was measured by paper disc diffusion method according
to Zaouali et al. (2010). The sterile filter paper discs (6 mm diameter) were individually impregnated
with 15 uL of each essential oil, placed onto the Mueller Hinton agar plates containing test bacteria
organisms and incubated at 18 °C for 48 h. Four different antibiotics (gentamicin, 30 pg for Y. ruckeri
(a) and (b), cefoperazone, 75 ug for L. garvieae, A. salmonicida and A. veronii, kanamycin, 30 pg for
P. fluorescens and florfenicol, 30 pg for A. sobria) were used as a positive control and distilled water
was used as negative control. After incubation, a diameter of inhibition zones around the disk was
measured as mm, including the disk. All tests were performed in duplicate and results are expressed as
average values of zone diameter.

Statistical analysis

Data were subjected to analysis of variance (ANOVA) and the mean comparisons were determined
by Duncan’s multiple range test. The data were expressed as mean =+ standard deviation. Analysis was
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performed using the SPSS statistical package program (SPSS 17.0 for windows, SPSS Inc., Chicago,
IL, USA). A significance level of 0.05 was chosen.

RESULTS and DISCUSSION

The antibacterial activity of thyme (TEO), laurel (LEO), rosemary (REO) and parsley essential oils
(PEO) is presented in Table 2. The antibacterial activity of essential oils showed significant
differences depending on plant source and on bacterial strain. There were no inhibition zones in the
negative controls (distilled water), while the positive controls showed strong antibacterial activity
against test microorganisms. All essential oils showed an inhibitory effect against fish pathogenic
bacteria (except PEO against Y. ruckeri (b)), and the inhibition zones ranged from 6.00 to 36.00 mm.
The highest antibacterial activity against all test bacteria was determined in TEO, and LEO and REO
showed a moderate activity against all tested bacteria with a diameter of inhibition zone ranging from
9.50 to 18.50 mm. The PEO illustrated the lowest diameter of inhibition zone against all tested
bacteria. The differences in diameter of inhibition zone could be attributed to the chemical
components of these essential oils which could be able to disrupt and penetrate the lipid structure of
the bacteria cell membrane, leading to its destruction (Peng and Li, 2014). Novak et al. (2012) and
Miladi et al. (2013) reported that the antimicrobial activity efficiency of essential oil components is in
the following order: phenols > aldehydes > ketones > alcohols > ethers > hydrocarbons. The main
component of TEO is thymol, a monoterpene with phenolic ring (Novak et al., 2012; Miladi et al.,
2013), while the main component of LEO and REO is 1,8-cineole belonging to ethers group (Celikel
and Kavas, 2008; Ekren et al., 2013). However, the main component of PEO is a-pinene belonging to
terpene class (Altunbas and Tiirel, 2009). According to this, results of our study are in accordance with
these reports, and similar results were also reported by various researchers. For example, Birinci
Yildirim and Tiirker (2018) reported that essential oil of parsley (Petroselinum sativum) leaves had
weaker antibacterial activity against A. solmanicida, Y. ruckeri and L. garvieae than that of thyme,
rosemary and laurel essential oils. In addition, thyme essential oil exhibited stronger antimicrobial
effect against studied bacteria than the other essential oils. The antimicrobial activity of twelve natural
extracts against two fish spoilage bacteria (Pseudomonas fluorescens, Aeromonas hydrophila/caviae)
was tested by Iturriaga et al. (2012) with paper disc diffusion method, and diameters of inhibition zone
of REO against P. fluorescens and A. hydrophila/caviae were determined as 1.0 and 16.0 mm, while
diameters of inhibition zone of TEO against same microorganisms were determined as 5.3 and 33.0
mm, respectively. However, PEO showed 3.3 mm diameter of inhibition zone against A.
hydrophila/caviae and showed no inhibition zone against P. fluorescens. Some plant ethanolic extracts
were screened for antibacterial activity against some fish pathogens (Listonella anguillarum,
Photobacterium damselae subsp. piscicida, Yersinia ruckeri, Lactococcus garvieae), and Rosmarinus
officinalis indicated weak antimicrobial activity with inhibition zones 0.3 and 4.3 mm against Y.
ruckeri and L. garvieae, respectively. But, Thymus vulgaris showed no inhibitory activity against L.
garvieae, and demonstrated inhibition zone with 0.5 mm on growth of Y. ruckeri (Bulfon et al., 2014).
In the study used the disk diffusion method, Starliper et al. (2015) reported that the diameters of
inhibition zone of 20% emulsions of TEO and REO against Aeromonas salmonicida subsp.
salmonicida was 42.0 and 10.7 mm, respectively. L. nobilis (LEO), A. graveolens and Z. officinale
essential oils were tested against several bacterial strains (A. hydrophila, E. cloacae, K.
ornithinolytica, K. oxytoca, S. lentus, S. lugdunensis, S. odorifera, S. sciuri, S. xylosus, V.
alginolyticus) isolated from fish and shellfish, and L. nobilis essential oil possesses the highest
antibacterial activity (mean= 14.25 mm, including disc diameter) against all tested bacteria (Snuossi et
al., 2016). Tural and Turhan (2017) investigated the antimicrobial activity of TEO, REO, LEO and
their mixtures, and reported that the highest activity against S. aureus, E. coli O157:H7 and L.
monocytogenes was determined in TEO with zone diameters of 39.33, 28.00 and 30.67 mm,
respectively. Similar results were also reported by Saricaoglu and Turhan (2018).

443



TURAL et al. 2019 ActAquaTr 15(4), 439-446

Table 2. Antibacterial activity of thyme (TEQ), laurel (LEO), rosemary (REQ) and parsley essential oils (PEQ) against some fish pathogens by paper disc diffusion method

Essential oils Diameter of inhibition zone (mm)

Y. ruckeri (a) Y. ruckeri (b) L. garvieae P. fluorescens A. sobria A. salmonicida A. veronii
TEO 31.50+0.5%8 29.50+0.52¢ 29.50+0.52¢ 26.50+0.5PP 31.50+0.5PB 30.00+1.02BC 36.00+2.0°4A
LEO 11.50+0.5%P 11.50+0.5¢P 18.50+0.5%A 9.50+0.5%E 15.00+1.0%8 13.00+1.09¢ 18.50+0.5%A
REO 10.00+1.0%P 10.50+0.5%P 13.00+1.09¢ 10.00+1.0%P 17.00+1.0%4 14.50+0.5%8 17.50+0.5%A
PEO 7.00+0.0%A8 0+0.0%P 6.00+0.0%C€ 6.50+0.598 7.00+0.08AB 7.50+0.5%A 7.00£0.0%A8
Negative control* 0+0.0° 0+0.0¢ 0+0.0° 0+0.0° 0+0.0° 0+0.0f 0+0.0°
Positive control 14+1.002 18.0+0.02 32.5+0.5%3 28.5+0.5%* 37.5+1.5%5 21.540.5%° 40.5+].5%3

All values are mean + SD of duplicate.

Means with different superscripts in column wise (lower case alphabet) and a row wise (upper case alphabet) differ significantly (p < 0.05).
Distilled water

2Gentamicin (30 pg)

3Cefoperazone (75 pg)

“Kanamycin (30 pg)

SFlorfenicol (30 pg)
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As seen in Table 2, among the tested bacteria, A. veronii was the most sensitive to the inhibitory
activity of TEO, LEO and REO, while P. fluorescens was the most resistant. Similar to P.
fluorescens, the growth of Y. ruckeri (a) and (b) was weakly inhibited by REO. However, the growth
of L. garvieae and A. sobria was strongly inhibited by LEO and REO, respectively. Y. ruckeri (a), L.
garvieae, P. fluorescens, A. sobria, A. salmonicida and A. veronii showed weak sensitivity to PEO,
but Y. ruckeri (b) did not show any sensitivity. The results of our study are consistent with the
available literature reporting that the antibacterial activity of essential oils depends on bacterial
strain. Similar to our results, L. garvieae was found to more sensitive to the inhibitory activity of
laurel essential oil than Y. ruckeri and A. solmonicida (Birinci Yildirim and Tiirker, 2018). The
antimicrobial activity of forty-six native Brazilian plant methanol extracts against fish pathogenic
bacteria (Streptococcus agalactiae, Flavobacterium columnare, Aeromonas hydrophila) using the
agar diffusion method was evaluated by Castro et al. (2008), and thirty-one extracts of them showed
antimicrobial activity for at least one strain tested in the study. Flavobacterium columnare was
determined as the most susceptible microorganism to major of the extracts used the study. lturriaga
et al. (2012) tested the antimicrobial activity of various naturel extracts against P. fluorescens and A.
hydrophila/caviae) and reported that P. fluorescens was the most resistant strain. Bulfon et al.
(2014), some plant ethanolic extracts were screened for antibacterial activity against some fish
pathogens (Listonella anguillarum, Photobacterium damselae subsp. piscicida, Yersinia ruckeri,
Lactococcus garvieae), and Y. ruckeri was determined as the most resistant bacteria for these
extracts. Essential oils of clove, peppermint and lavender were tested for the inhibition effect against
L. garvieae, Y. ruckeri and A. sobria, and A. sobria was the most sensitive bacteria to the inhibitory
activity of all the test essential oils (Metin et al., 2017). Previous studies showed that gram-negative
bacteria are more resistant to hydrophobic antibacterial agents than gram-positive bacteria (Wong
and Kitts, 2006; Omonijo et al., 2018). This mainly attributed to entrapment of hydrophobic agents at
the outer lipopolysaccharide layer, or delaying the adverse effect of hydrophobic agents on the cell
membrane (Wong and Kitts, 2006). The results obtained from our study showed that among the
essential oils, the highest antimicrobial activity was determined in thyme essential oil, and it
inhibited the growth of both Gram negative and Gram positive bacteria.

CONCLUSION

The present study showed that TEO exhibited the highest antibacterial activity against the
bacterial fish pathogen, and LEO and REO exhibited a moderate antibacterial activity, whereas PEO
illustrated the lowest diameter of inhibition zone against all the test bacteria. The results suggested
that essential oils from thyme, laurel and rosemary can be a natural and cheaper alternative treatment
for controlling bacterial diseases in aquaculture.
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Ozet

Damsa Baraj Golii Oligochaeta faunasint belirlemek amaciyla Nisan 2014-Nisan 2016 tarihleri arasinda 5 istasyonda
mevsimsel olarak ornekleme yapilmistir. Calisma sonucunda 453 birey incelenmis ve 13 taksa tanimlanmistir. Calisma
stiresince golde Stylaria lacustris Linnaeus, 1767 (%19,64) ve Limnodrilus hoffmeisteri Claparéde, 1862 (%18,76) tiirlerinin
baskin oldugu, Nais elinguis Miiller, 1774 (%0,22) tiiriiniin ise en az sayida oldugu gozlenmistir. En fazla bireye 174
birey/m? ile littoral (0,5 m) istasyon olan 3. istasyonda rastlamilmustir. Ayrica Oligochaeta érneklerinin alindig1 noktalardaki
suyun bazi fiziko-kimyasal degerleri (Sicaklik, derinlik, ¢6ztiinmiis oksijen, iletkenlik pH, POs, NHs, NOs, NO2 ve kimyasal
oksijen ihtiyac1) élgiilmiistiir. m?’deki birey sayilari ile fiziko-kimyasal parametreler arasindaki iligkiyi anlamak amactyla
korelasyon analizi yapilmustir. Stylaria lacustris ve Limnodrilus spp. tiirlerinin sicaklik ile pozitif iligkili olduklari (0.494* ve
0,474*; p>0,05)), toplam olarak oligochaeta bireylerinin ise kimyasal oksijen ihtiyaci ile pozitif iliskili oldugu
(0,488*;p<0,05) saptanmustir. Simdiye kadar Damsa Baraj Golii’'nde Oligochaeta faunasiyla ilgili herhangi bir ¢alisma
yapilmamigtir

Anahtar kelimeler Oligochaeta, Damsa Baraj Golii, bentik fauna, makroomurgasiz, su kalitesi

Oligochaeta Fauna of Damsa Dam Lake (Nevsehir, Turkey) and Its Relationship with Some Physicochemical
Parameters

Abstract

The study was carried out seasonally at 5 stations between April 2014 and April 2016 in order to determine the
Oligochaeta fauna of the Damsa Dam Lake. In the results of the study, 453 individuals were examined in the lake and 13 taxa
were identified. During the study, it was observed that Stylaria lacustris Linnaeus,1767 (19.64%) and Limnodrilus
hoffmeisteri Claparéde,1862 (18.76%) were dominant in the lake, whereas Nais elinguis Miiller,1774 (0,22%) was few in
number. The highest number of individuals was found in the 3rd station, which is a littoral (0.5 m) station with 174
individuals/m2. In addition, some physico-chemical values (temperature, depth, dissolved oxygen, conductivity, pH, POsa,
NHa4, NOs, NO2 and chemical oxygen demand) of the water where Oligochaeta samples were taken were measured.
Correlation analysis was performed to understand the relationship between the number of individuals in m 2 and physico-
chemical parameters. Stylaria lacustris and Limnodrilus sp. were found to be positively related to temperature (0.494 * and
0.474 *;p&gt; 0.05)). Totally oligochaeta individuals were positively related to chemical oxygen demand (0.488*; p
&It;0.05). So far, no studies have been conducted on oligochaeta fauna in Damsa Dam Lake.

Key words: Damsa dams lake, benthic fauna, makroinvertebrates, water quality

GIRIS
Sucul ekosistemlerde hem su kalitesini belirlemek hem de bolgenin biyolojik zenginligini ortaya
koymak i¢in ¢ok sayida calisma yapilmaktadir. Yapilan ¢aligmalar, canlilarin hem kendi aralarindaki

iligkilerini hem de ortamla fiziksel ve kimyasal iligkilerini belirlemede biiyiik 6nem tasimaktadir
(Kirgiz, 1984).
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Bentik omurgasizlar su kalitesini belirlemek i¢in ¢ogu kez caligmalara dahil edilmislerdir. Bentik
omurgasizlarin kazandigr bu 6nemle birgok Avrupa iilkesi bu canli grubuna yonelik ¢alismalarini
hizlandirmistir (Kazanct vd., 1997). Bentik omurgasizlarin ekosistemdeki bulunma oranlarinin
disinda, bazi 6zellikleri de ekosistemin ekolojik yapis1 hakkinda bilgi vermektedir. Baz tiirler ise
sedimentin havalanmasi, minerallesmeyi etkilemesi ve organik madde {iretimi icin kaynak
saglanmasinda arttiric1 6zellige sahiptir (Sahin Y., 1984).

Bentik faunanin 6nemli bir kismimi oligochaeta tiirleri olustururlar. Annelidae filumuna ait
oligoketler diinyada genis dagilima sahiptir (Jamieson ve Brinkhurst, 1971). Genellikle su tabaninda
serbest yasamakla birlikte bazi tiirleri vejetasyon iginde, organik atiklarda ya da yaprak aralarinda
bulunurlar. Sucul oligocheata tiirlerinin ¢ogu su tabanindan c¢ok miktarda kum-¢amuru, ayni
zamanda bakteri ve diger mikroorganizmalar1 da yiyerek sindirir ve ortama geri verir. Boylece dip
camurunun temizlenmesini ve havalanmasini saglarlar (Arslan ve Ahiska, 2004). Oligoketler bentik
organizmalarla birlikte biyogesitlilik, kirlilik, cevresel degerlendirme ¢alismalarinda siklikla
kullanilmaktadirlar (Sahin ve Yildiz, 2011).

Tiirkiye'de baraj gollerinde Oligochaeta faunasini belirlemek amaciyla yapilmis ¢calismalar mevcuttur
( (Balik vd., 1996); (Findik, 2000); (Arslan vd., 2003); (Balik vd., 2004); (Y1ildiz ve Balik, 2006);
(Yildiz vd., 2008). Damsa baraj golii I¢ Anadolunun &zellikle Nevsehir gevresinin énemli i¢ su
kaynaklarindan biridir. Sulama, igme suyu ve rekreasyon agisindan bolge i¢in 6nemi yiiksektir.

Bu calismada Damsa Baraj Golii’niin oligochaeta tiirlerini ve dagilimlarini tespit etmek ve bazi
fiziko-kimyasal parametrelerle iliskisini belirlemek amaglanmustir.

MATERYAL ve YONTEM

Calisma alam olarak belirlenen Damsa Baraj Golii, i¢ Anadolu Bélgesi’nin Nevsehir Ili’nde
karasal iklime sahip ve ortalama su yiiksekligi 32,50 metredir. Damsa Baraji Golii Nevsehir ili’nde
Urgiip Ilgesi’nde Damsa Cayi iizerinde sulama amaci ile 1965-1971 yillar1 arasinda insa edilmistir.
Toprak gdvde dolgu tipi olan barajin gévde hacmi 862000 m?, normal su kotunda gol hacmi 7,12
hm?, normal su kotunda gdl alan1 0,82 km?’dir. Baraj 1390 hektarlik bir alana sulama hizmeti
vermekle birlikte yilda 1 hm? igme-kullanma suyu saglamaktadir. Ayni zamanda baraj, gériinimii ve
agaclandirlmis cevresiyle piknik alami olarak da kullanilmaktadir. il merkezine uzakhig: 30 km, ilge
merkezine ise (Urgiip) 9 km uzakhgindadir (Bagdath vd., 2015).

Nevsehir

oA B

Sekil 1. Damsa Baraj Golii ve caligma istasyonlari
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Orneklerin Toplanmasi

Damsa Baraj Golii’'nden 2014-2016 tarihleri arasinda 5 istasyondan oligochaeta ve su drnekleri
alinmistir. Istasyonlara ait bilgiler Tablo 1°de verilmistir. Oligochaeta ornekleri 250 pm goz
acikligindaki el kepgesi ve Ekman kepgesi (15x15 cm, Hidrobios marka) ile alinan camur
orneklerinin elenmesiyle toplanmistir. Arazide %4’liikk formalde fikse edilen bentik Ornekler
laboratuarda yikanip ayiklandiktan sonra %70’lik alkolde saklanmistir. GOl suyuna ait fiziko-
kimyasal parametrelerden sicaklik, PH, iletkenlik, derinlik, ¢6ziinmiis oksijen 6l¢iimleri Hach Lange
marka arazi tipi multi parametre 6l¢iim cihazi (HQ40D) ile arazide Ol¢iilmustiir. Yapilacak diger
analizler i¢in su Ornekleri 1 L’lik plastik sislere alinmis ve sogutucu kaplarda laboratuara
getirilmistir.

Tablo 1. Damsa Baraj Golii’niin 6rnekleme istasyonlarina ait bilgiler

Istasyon Koordinatlar Substrate Mkarofit Derinlik
(Taban yapisi) (Ortalama m)

1 38°54°52"'K - Camur - 5,50
34°92°48°'D

2 38°54"71"'K - Camur - 8,3
34°92°72°'D

3 38°54°79 'K - Ince kum ve + 0,5
34°92°22'D camur

4 38°54'93"'K - Camur - 13,3
34°92°43°°'D

5 38°5527"'K - Ince kum ve + 0,5
34°92°35"'D camur

Laboratuvar Calismalari

Laboratuvara getirilen bentik omurgasiz orneklerinden Oligochaeta bireyleri stero mikroskopta
ayiklanmis ve % 70’lik alkol bulunan tiiplere aktarilmistir. Tiiplerin iizerine toplanma tarihi,
toplandig1 istasyon ve alindigi istasyon admin yazili oldugu etiket yapistinlmistir. Orneklerin
teshisinde 151k mikroskobundan yararlanilmistir. Daimi ve gecici preparatlar hazirlanmistir. Gegici
preparasyonlar 1/5 oraninda gliserin-su karigimi ile daimi preparatlar ise polivinil laktofenol ile
hazirlanmistir. Orneklerin teshisinde; Brinkhurst&Jamieson (1971), Brinkhurst(1971), Brinkhurst
(1978), Brinkhurst & Wetzel (1984), Kathman & Brinkhurst (1998), Milligan (1997), Sperber (1948,
1950), Timm (1999)’den yararlanilmigtir. Su 6rneklerinde nitrit azotu (NO»-N), nitrat azotu (NOs-
N), amonyum azotu (NH4-N), fosfat (PO4-P) ve KOI Hach Lange marka spektrofotometre (DR
3900) ile 6l¢iilmistiir.

istatistiksel Analizler

Fiziko-kimyasal parametrelerin istasyonlara gore ortalama, standart hata degerleri Tablo 3’te
verilmigtir. Oligochaeta ve fiziko-kimyasal parametreler arasindaki iligkiyi belirlemek amaciyla
korelasyon analizi yapilmis ve tiim analizler i¢in SPSS 19.0 programi kullanilmigtir

BULGULAR

Calisma sonucunda toplam 453 oligochaeta bireyi incelenmis ve toplamda 13 taksa saptanmustir.
Bunlardan 13'0 Naididae (4’ii Tubificinae alt familyasi, 8’i Naidinae alt familyas1) ve 1°i
Lumbriculidae familyasina aittir. Tespit edilen tiirlerin sistematik olarak dagilimi asagida verildigi
gibidir (ICZN, 2007) .
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Phylum: Annelida

Classis: Clitellata

Subclassis: Oligochaeta

Order: Tubificida

Family: Naididae

Subfamily: Tubificinae

Limnodrilus hoffmeisteri Claparéde, 1862
Psammoryctides spp.

Limnodrilus spp. (Juvenil)

Tubificinae spp. (Kil setali)

Subfamily: Naidinae

Nais variabilis Piguet, 1906
Chaetogaster langi Bretscher, 1896
Dero digitata Miiller, 1774

Nais stolci Hrabé, 1981

Nais elinguis Miiller, 1774

Nais communis Piguet, 1906
Ophidonais serpentina Miiller, 1774
Stylaria lacustris Linnaeus, 1767

Order: Lumbriculida
Familya: Lumbriculidae Vejdovsky, 1884

Tespit edilen oligochaeta tiirlerinin istasyonlara gére mevsimsel ortalamalar1 Tablo 2.’de verilmistir.

Bu tablo dikkate alindiginda en fazla takson littoral istasyon olan 3 ve 5. istasyonlarda (8'er taksa)
tespit edilmistir. Caligma siiresince en fazla bulunan tiirler Limnodrilus hoffmeisteri, Limnodrilus
spp., Tubificane (kil setal1), Nais variabilis, Dero digitata ve Lumbriculidae tiirleridir (3 istasyon).
Nais elinguis, Ophidonais serpentina, Psammorcytides spp. tiirleri ise sadece I.istasyonda
gozlemlenmistir. En fazla bireye 5. istasyonda (108 birey/m?), en az bireye ise 4. isatasyonda (19
birey/m?) rastlanilmistir.

Tablo 2. Tespit edilen Oligochaeta tiirlerinin istasyonlara gére (mevsimsel ortalama) birey say1si/m?

Tiirler Istasyonlar

1 2 3 4 5
Limnodrilus 10 - 31 4 -
hoffmeisteri
Psammoryctides spp - - 4 - -
Limnodrilus spp. - 4 16 - 1
Tubificinae spp. 5 33 2 - -
(Kl setal)
Nais variabilis - - 4 2 1
Chaetogaster langi - - 1 - 11
Dero digitata - 9 - 1 1
Nais stolci 2 - - - 15
Nais elinguis - - - - 1
Nais communis 2 - 3 - -
Ophidonais 7 - - -
serpentina
Stylaria lacustris - - - 15 74
Lumbriculidae - - 31 1 4
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oligocaheta bireylerinin mevsimlere gore baskinlik oranlar Sekil 2.’de gdsterilmistir. Buna gore yaz
mevsiminin en baskin mevsim oldugu (%43,26) gozlenmistir. Baraj goliinde oligochaeta tiirlerinin
mevsimlere gore dagilislarinda en fazla bireye (8 tiir, 196 birey/m?) ile yaz mevsiminde rastlanirken
en az bireye (5 tiir, 10 birey/m?) ile sonbahar mevsiminde rastlanilmistir. Calismada dominant tiirler
% 20 ile Stylaria lacustris ve % 19 ile Limnodrilus hoffmeisteri olarak tespit edilmistir (Sekil 3).
Istasyonlar Kita ici su kaynaklarinin simflandirilmasinda kullamlan kalite kriterlerine (Anonim,
2016) gore degerlendirilmistir. oligochaeta 6rnekleri bulunan istasyonlardan 1. istasyonda sicaklik,
NO3-N, PO4-P, kimyasal oksijen ihtiyaci ve ¢dzlinmiis oksijen bakimindan suyun kalite sinifi I. sinif
iken NHz-N, NO>-N ve iletkenlik bakimindan II. sinifta degerlendirilmistir. 2. istasyonda sicaklik,
NO3z-N, PO4-P, kimyasal oksijen ihtiyaci ve ¢ozlinmiis oksijen bakimindan suyun kalite sinifi I. simif
iken NHs-N, NO>-N ve iletkenlik bakimindan II. sinifta degerlendirilmistir. 3. istasyonda sicaklik,
NOs-N, PO.-P, kimyasal oksijen ihtiyaci ve ¢dziinmiis oksijen bakimindan suyun kalite sinifi I iken
NHs-N, NO.-N ve iletkenlik bakimindan II. sinifta degerlendirilmistir. 4. istasyonda sicaklik, NO3s-N,
kimyasal oksijen ihtiyaci ve ¢oziinmiis oksijen bakimindan suyun kalite smifi I iken PO4-P, NO,-N,
NHs-N ve iletkenlik bakimindan II. smifta degerlendirilmistir. 5. istasyonda sicaklik, NOs-N,
kimyasal oksijen ihtiyaci ve ¢dzlinmiis oksijen bakimmdan suyun kalite sinifi I iken POs-P, NO2-N,
NHs-N ve iletkenlik bakimindan II. sinifta degerlendirilmistir. Calisilan tiim istasyonlar nihai olarak
II. sinif su kalite sinifinda yer almaktadirlar (Tablo 3).

Baskmlik (%o)

m]1.92

42.6 m {lkkbahar

BYaz

Sonbahar

(]
12

Sekil 2. Baraj Golii’'nde Oligochaeta bireylerinin mevsimlere gore baskinlik oranlari

Oligochaeta ve ait olan tiim tiirlerin m?deki birey sayilar ile fiziko-kimyasal parametreler arasinda
yapilan korelasyon analizi Tablo 4’te verilmistir.
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Tablo 3.Fiziko-kimyasal parametre degerlerinin istasyonlara gore dagilimlar

istasyonlar Sicakllk  NHs-N NO2-N NOs-N POs-P KOl Derinlik pH Tletkenlik Cco Nihai
(°C) (mall) (mall) (mall) (mall) (mgll) (m) (ns/cm) (mgfl) Simf
1 ort=SD 14.13+£3.8 0.409+0.22 0.051+0.007 2.30+0.49  0.041+0.02 12.37+1.8  5.50+1.04  8.57+0.8 422.75+10.94 10.02+0.8
| 1 | I I | - - 1 I 1
2 ort=SD 15.38+4.1 0.555+0.18 0.059+£0.001 2.227+0.43 0.042+0.02 6.42+3.14  8.333+1.45 8.44+0.8 420.50+10.41 9.98+0.49
| 1 | | | | - - 1 I I
3 ort=SD 15.15+£3.7 0.401+0.22 0.048+0.009 2.085+0.36 0.049+0.06 9.22+2.97  0.500+0.00 8.60+0.8 421.25+10.16 9.99+0.81
I 1 | | | | - - 1 | 1
4 ort=SD 14.23+4.1 0.358+0.18 0.058+0.001 2.157+0.46 0.064+0.04 7.54+4.04 13.33+1.45 8.63+0.8 423.75+12.80 10.08+0.5
| 1 | | | | - - I | I
5 ort=SD 16.45+4.2 0.389+0.22 0.058+0.003 2.120+0.41 0.068+0.05 10.56+1.9  0.500+£0.00 8.61+0.8 422.75+11.48 10.12+0.6
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Tablo 4. Parametreler ve tiirler arasindaki korelasyon degerleri

Parametreler

Tiirler Mevsimler  istasyon  Sicaklik PH Cco fletkenlik PO NH4 NO3 NO2 KOl Derinlik
Limnodrilus hoffmeisteri -0.234 -0.226 -0.226 0.105 -0.322 0.229 -0.069 -0.207 -0.207 0.248 0.019 -0.239
Psammoryctides spp. -0.308 0 -0.299 0.179 0.338 -0.319 0.300 0.060 -0.338 -0.240 0.201 -0.081
Limnodrilus spp. -0.022 0.057 0.474* -0.033 0.038 0.082 -0.245 -0.267 0.042 0.180 0.140 0.032
Tubificinae spp. (Kil setal)) ~ -0.538* -0.360 -0.236 -0.068 0.391 -0.490% 0.237 0.214 -0.384 -0.321 0.327 0.240
Nais variabilis 0.158 0.294 0.390 -0.023 -0.085 0.152 0.048 -0.318 -0.001 0.057 0.012 0.097
Chaetogaster langi 0.062 0.414 0.404 0.246 0.126 0.086 0.086 -0.397 0.016 0.407 0.139 -0.148
Dero digitata 0.031 0.173 -0.056 0.201 -0.022 0.075 0.232 0.117 0.038 -0.125 -0.319 0.070
Nais stolci 0.050 0.237 0.329 0.165 0.135 0.234 -0.075 -0.315 0.039 0.409 0.249 -0.004
Nais elinguis 0.103 0.324 0.179 0.358 0.099 0.259 -0.080 -0.179 0.020 0.359 -0.020 -0.081
Nais communis 0.069 -0.188 -0.141 0.177 0.146 0.050 -0.002 0.0130 0.095 -0.149 -0.079 -0.196
Ophidonais serpentina -0.308 -0.324 -0.339 0.100 0.378 -0.219 0.220 0.100 -0.179 -0.180 0.281 0.061
Stylaria lacustris -0.149 0.359 0.494* -0.417 -0.089 -0.233 0.134 -0.458* 0.284 0.017 0.453* 0.204
Lumbriculidae -0.153 0.519* -0.013 0.324 0.377 -0.180 0.367 -0.144 -0.254 0.102 0.082 -0.163

Toplam Oligohaeta -0.485* 0.198 0.218 -0.050 0.361 -0.408 0.259 -0.198 -0.461 -0.189 0.488* 0.047
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TARTISMA ve SONUC

Calisma sonucunda 2 familyaya ait toplamda 13 taksa tanimlanmistir. Benzer baraj gollerinde
yapilan bazi c¢alismalarda; Tahtali baraj goliinde Tubificidae (simdi Tubificinae) ve Lumbricidae
familyalarina ait olmak iizere 2 taksa rapor edilmistir (Balik vd., 1996). Aslantas Baraj Golii’nde
Naididae familyasina ait Dero digitata; Tubificidac (Tubificinae alt familyasi) familyasina ait
Tubifex tubifex, Potamothrix bavaricus ve Limnodrilus hoffmeisteri tiirleri olmak iizere 4 tiir (Findik,
2000), Buldan Baraj Golii'nde 6 taksa (Balik vd., 2004), Musadzii Baraj Goli’nde yapilan
calismada 19 taksa (Arslan vd., 2007), Kemer Baraj Golii’nde 10 taksa (Yildiz vd., 2008). Topcam
Baraj Golii’'nde 11 taksa (Yildiz & Balik, 2006) bildirilmistir.

Calisma sonucunda en fazla birey sayis1 ve gesitliliginin littoral bolgelerde oldugu goriilmiistiir.
Littoral ve derinlikleri ayni olan 3. ve 5. istasyonlarda mevsimsel dagilis acisindan birey sayilari
farklilik gosterse de kiy1 istasyonu olmalari, fazla bireye sahip olmalarinda etkili olmustur. Dogal ve
baraj gollerinin littoralinde bentik makroomurgasiz taksa ¢esitliligi ve bollugunun daha yiiksek olup,
bunun derinlik artistyla azaldigi bildirilmektedir (Olson vd., 1994). Ayrica, her iki istasyonda
makrofit (Pragmites australis ve Polygonum amphibium) gézlemlenmistir. Genel olarak gollerde,
gbzlemlenen gelismis makrofit komuniteleri daha fazla zooplankton, bentoz ve balik taksa g¢esitliligi
ve birey sayis1 ile karakterize edilmektedirler (Timms ve Moss, 1984). Ozellikle oligoketlerden
Naidid tiirlerinin dagilim ve bolluklarinin degerlendirilmesinde ana faktorlerden biri vejetasyon
cesitliliginin varligidir (Yildiz ve Ustaoglu, 2016). Calismamizda 3. ve 5. istasyonlarda gozlemlenen
oligoket bolluk ve cesitliligi, hem littoral istasyon olmalar1 dolayisiyla hem de her iki istasyonda
mevcut makrofit varligiyla agiklanabilir.

Calismamizda tespit edilen tiirlerin mevsimsel dagilisinda, en fazla birey yaz mevsiminde
gozlemlenmistir. Bu sonucun Topgam Baraj Golii ile benzerlik gosterdigi (en fazla bireye Haziran
ayinda, en az bireye Subat ay1, (Yildiz ve Balik, 2006)) ancak Aslantag Baraj Golii ile uyusmadigi
(en fazla sonbahar mevsiminde, en az ise ilkbaharda; (Findik, 2000)) goriilmektedir.

Calismamizda dominant tiir olarak rastlanan Stylaria lacustris (%19,64 oranla) tiiriniin g6l ve
golciiklerde ¢ogu kez sucul bitkilerle birlikte bulundugu bildirilmistir (Timm ve Zanten, 2002).
(Jamieson ve Brinkhurst, 1971). Bizim ¢alismamizda da tiire en fazla makrofit bulunan 5. istasyonda
rastlanilmigtir. Dominant olarak rastlanan diger tiir %18,76 oranla Limnodrilus hofmeisteri tiiridiir.
Tiir kozmopolittir, yaygin bir tiir olarak bir¢ok habitatta ve kirli bolgelerde bulunur. Damsa Baraj
Goli'nde hem derin (1.istasyon) hem de kiy1 istasyonunda (3. istasyon) rastlanilmigtir. Kirli sularda
cogunlukla Tubifex tubifex tiirii ile birlikte yogun olarak bulunur (Zeybek vd., 2018). Caligmamizda
baraj goliinde Tubifex tubifex tiiriine rastlanilmamigtir.

Calismamizda tespit edilen ikinci ordo Lumbriculida ordosudur. Genellikle soguk géllerin littoral
bolgelerinde populasyon olustururlar (Timm, 1980). Damsa Baraj Goli’nde kis mevsiminde ve
littoral istasyon olan 3. ve 5. istasyonda tespit edilmistir.

Istasyonlardaki su kalite parametreleriyle tiirler arasindaki iliskiye baktigimizda, Tubificinae spp.
iletkenlikle (-0,490*) negatif iligki i¢inde oldugu goriilmustiir. Stylaria lacustris’in kimyasal oksijen
ihtiyact (0,453*) ve sicaklikla (0,494*) pozitif; amonyum (0,548*) ile negatif iliski icinde oldugu
gozlemlenmistir.  Limnodrilus spp.’nin  sicaklikla (0,474%) pozitif iliski ig¢inde oldugu
gbzlemlenmistir. Bafa Golii'nde oligocaheta liyelerinin sicaklik, tuzluluk, pH ve CO ile pozitif iligki
icinde oldugu bildirilmekte (Hepsogiitlii, 2010) ike Aslantas Baraj Golii’nde oligochaeta bireylerinin
sicaklikla pozitif (0,43), pH (-0,15) ve ¢6ziinmiis oksijen (-0,37) ile negatif iliski i¢inde oldugu
belirtilmistir (Findik, 2000).

Calisilan tiim istasyonlarin nihai smiflandirmada II. simif su kalitesine sahip oldugu
goriilmektedir. Caligmada 5 istasyondan tespit edilen toplam 453 adet oligochaeta bireyinin sayica az
oldugu ve Oligoketlerin dagiliminda ana faktdriin taban yapisi oldugu gergegi goz Oniine alinarak
Damsa Baraj Golii’niin taban yapisinin bunda etkin olabilecegi diisiiniilmektedir. Damsa Baraj Golii
bolge agisindan rekreasyon ve balik¢ilik, ayn1 zamanda da sulama yoniiyle degerli bir su kiitlesidir.
Bu yoniiyle siirekli izlenmesi gerekliligi goriilmektedir. Yapilan calisma baraj goliinde ilk
olmasindan dolay1 yapilacak sonraki ¢aligsmalara kaynak ve 1s1k olacak niteliktedir.
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_ Tesekkiir: Bu calisma yiiksek lisans tezinden 6zetlenmistir. Calisma, Nevsehir Hac1 Bektas Veli
Universitesi BAP birimi tarafindan NEUBAP14F7 numarali proje igerisinde yiriitilmiistiir.
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Abstract

Sugar beet (Beta vulgaris L.) is one of the common agricultural crops in the world. After harvesting of its roots, sugar beet
leaves (SBL) become waste in the field. SBL could cause some inflammation problems in the digestive tract of cattle and
decrease tasty of feed. This study was carried out to determine the effects of three different extracts from SBL on hematological
and blood serum biochemical parameters, and semen quality of goldfish Carassius auratus. These extracts contained proteins,
essential oils and carbohydrates from SBL were added to fish feed at ratios of 5 and 20 %.. The serum total protein, glucose
and albumin values increased while cholesterol and liver enzymes activities decreased in all SBL extract groups. Also, the
highest hemoglobin values were found in the groups fed with the supplementations of the essential oils extract. Moreover, the
lowest lipid peroxidation and the highest catalase activity levels of seminal plasma were found in these groups. The
supplementations of the essential oils extract which contains phytol and vitamin E improved blood parameters and increased
the motility parameters as well.

Keywords: Carasius auratus, sugar beet leaves, blood, semen.
Japon Balig1 (Carassius auratus) Yemindeki Seker Pancar1 Yaprak Oziitlerinin Kan ve Semen Parametrelerine Etkileri
Ozet

Seker pancar1 (Beta vulgaris L.), diinyadaki en 6nemli tarim bitkilerinden biridir. K6k kisminin hasadindan sonra, seker
pancart yapraklar tarlada atil hale gelmektedir. Bu yapraklar, bilyiikbas hayvanlarda yem olarak kullanildiginda sindirim
sistemi rahatsizliklarina ve yem tadinda bozulmaya neden olabilmektedir. Bu ¢aligma, seker pancar1 yapraklarindan ii¢ farkli
sekilde elde edilmis 6ziitlerin, japon baligi Carassius auratus hematolojik ve kan serumu biyokimyasal parametrelerine, semen
kalitesine etkilerini tayin etmeyi amaglamistir. Yapraklardaki proteinleri, esansiyel yaglari1 ve karbonhidratlari igeren bu 6 ziitler
balik yemlerine %o 5 Ve %o 20 oranlarinda ilave edilmistir. Yemlerine yaprak 6ziitii eklenen tiim gruplarda serum toplam protein,
glikoz ve albiimin degerleri yiikselmisken, kolesterol ve karaciger enzimlerinin aktivite degerlerinde diisiisler gézlemlenmistir.
Ayrica, en yiiksek hemoglobin degerleri, yemine ugucu yaglari iceren 6ziit ilave edilmis grupta bulunmustur. Bu gruplarda, en
diisiik lipid peroksidasyon ve en yiiksek katalaz aktivitesi degerleri saptanmigtir. Fitol ve E vitamini agisindan zengin olan
esansiyel yag 6ziitiiniin, kan parametrelerini iyilestirmis ve sperm kalite degerlerini artirdigi belirlenmistir.

Anahtar kelimeler: Carasius auratus, seker pancari yapragi, kan, semen.

INTRODUCTION

Aguaculture industry, as one of the fastest growing production industries, significantly provides
animal protein source of human food, and this support is increasing from year to year. In the last decade,
the global agquaculture produces around 80 million tons of fish per year, and its average growth rate is
almost 10% per year (FAO, 2018). This huge production of the aquaculture industry creates a need for
fish feed reflectively. Therefore, different ingredients which could offer the better both health conditions
and growth rate have been studied.
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For instance, some chemicals such as antibiotics, hormones have been considered as fish feed
additives to increase fish production and reduce mortality caused by bacterial or fungal infections
(Alderman and Hastings, 1998). Due to possible negative effects of these chemicals such as residue in
fish tissues, accumulation in the aquatic ecosystem, herb and plant extracts or their essential oils
evaluated as options for them (Rhodes et al., 2000; Acar et al., 2015). Moreover, in recent years, there
has been an increasing amount of literature on the finding alternatives for proteins and lipids sources of
fish feed from some terrestrial plant products instead of fishmeal and fishoil. Many common agricultural
crops such as soybean, barley, canola, corn, pea, lupin, and wheat have been considered for inclusion in
fish feed. However, no data was found on the utilization of sugar beet (Beta vulgaris L.) products in fish
feed in reviewing the literature.

Sugar beet (SB) belonged to Chenopodiaceae family is cultivated in Europe, Asia, America, and
Africa, provides around 16% of the total sugar production in the world. The main producers of SB are
France, United States of America, Germany, Russian Federation, Ukraine, and Turkey (FAO, 2018). SB
reaches about 2 feet high and is a succulent plant with large, fleshy, glossy leaves, angular stems and
numerous leafy spikes of green flowers (Lange et al., 1999). Roots and leaves of SB are used in
traditional medicine as a cure for liver and spleen diseases (Khare, 2007). Also, SB leaves are good
sources of natural antioxidants such as betains, flavonoids, polyphenols, vitamin and folic acid (Lee et
al., 2009).

After SB roots are harvested, a great part of its leaves become waste in the field even though
they are restrictively used for animal feed (especially for cattle) or fertilizers. Usually, this by-product
has not been valorized (Rabetafika et al., 2008) and no economic return. Moreover, like other plants,
sugar beet leaves (SBL) could cause some inflammation problems in the digestive tract of cattle and
decrease tasty of feed (Henry et al., 2015). To avoid any possible negative effects of SBL, proteins,
essential oils and carbohydrates extractions of SBL (SBLE) were added to fish feed in this study. The
aim of the current study was to determine the effects of dietary of three different SBLE on hematological
and serum biochemical parameters, and semen quality of goldfish Carassius auratus, associating with
the main components of the extracts.

MATERIAL and METHODS
Fish and Feed preparation

The study was approved by the local ethical committee of Bahri Dagdas International Agricultural
Research Institute (ref. 2016/57-3822). 252 male goldfish (6.02+0.40 g) were obtained from at the
Central Fisheries Research Institute, Antalya, Turkey. After an adaptation period of 14 days, the fish
were transferred into 21 tanks (50 L) as 12 for each group in triplicate and then fed with experimental
diets for 60 days. During the experiment, the average parameters of water were recorded once a week
by a multimeter (YSI 556MPS, YSI Inc., Ohio, USA) and dissolved oxygen, temperature, and pH were
measured as 7.5+ 0.2 mg L%, 17 + 1°C, and 7.9 & 0.5 respectively. During experimental and adaptation
periods, fish were offered the experimental diets to apparent satiation twice daily at 09:00 and 17:00.
The fish were fed with the control diet during the adaptation period. The diet formulations are given in
Table 1. The basal diet was maintained as the control diet therefore it was not supplemented with SBLE.
The experimental diets were prepared using the basal diet supplemented with 5 and 20%o0 SBLE obtained
by three different methods. A laboratory food mixer was used to mix the dry ingredients for the diet
preparation. The mixtures were primed with tap water to yield an applicable pulp. 1-mm pellets were
fabricated using the wet ingredients, which were later dried at 40 °C in a drying cabinet, and stored at -
20 °C until feeding.

459



INANAN and ACAR 2019 ActAquaTr 15(4), 458-468

Table 1. Composition of experimental feeds used in the feeding groups

Control P5 ES C5 P20 E20 Cc20

Dietary ingredient (%)

Fish meal 23.00 23.00 23.00 23.00 23.00 23.00 23.00
Soybean meal 37.00 37.00 37.00 37.00 37.00 37.00 37.00
Wheat meal 12.00 12.00 12.00 12.00 12.00 12.00 12.00
Fish oil 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Mineral/vitamin 4.00 4.00 4.00 4.00 4.00 4.00 4.00
premix*2

Starch 19.00 18.50 18.50 18.50 17.00 17.00 17.00
SBLE? 0 0.50 0.50 0.50 2.00 2.00 2.00
Total 100 100 100 100 100 100 100

Chemical analyses (Dry matter. %)

Protein 35.17 35.59 35.22 35.18 35.47 35.17 35.63
Lipid 721 7.32 7.19 7.40 7.15 7.33 7.25
Ash 5.63 5.74 5.68 5.36 5.19 5.22 5.61

P35, feed with 5 %o protein extract; P20, feed with 20 %o protein extract; E5, feed with 5 %o essential oil extract; E20, feed with
20 %o essential oil extract; C5, feed with 5 %o carbohydrate extract; C20, feed with 20 %o carbohydrate extract.

Vitamin Mix: Vit. A, 18000 1U; Vit. D3, 2500 1U; Vit. E, 250 mg/kg; Vit. K3, 12 mg/kg; Vit. B1, 25 mg; Vit. B2, 50 mg;

Vit. B3, 270 mg; Vit. B6, 20 mg; Vit. B12, 0.06 mg; Vit. C, 200 mg; Folic acid, 10 mg; Calcium d-pantothenate, 50 mg; Biotin,
1 mg; Inositol, 120 mg; Choline chloride, 2000 mg.

2Mineral Mix: Fe, 75.3 mg; Cu, 12.2 mg; Mn, 206 mg; Zn, 85 mg; I, 3 mg; Se, 0.350 mg; Co, 1 mg

3SBLE; Sugar beet leaf extract

Extraction methods of sugar beet leaves and determination of their contents

The extraction methods were used for the extractions of proteins, carbohydrates and essential oils
from SBL. To extract proteins (P extract), 100 g SBL were cut into pieces in a blender with 200 ml
sodium phosphate buffer (100 mM, pH 7.5) containing 3 mM EDTA The extract was stirred for 2 h at
4°C, then centrifuged at 14.000 rpm for 10 min and the supernatant was obtained (Rabetafika et al.,
2008). For the extraction of essential oils (E extract), 100 g SBL was homogenized in 150 ml ether, and
then the extract was centrifuged (14.000 rpm, 10 min, at 4 °C). The clear supernatant was collected, and
evaporated. The residue was resolved in 80% aqueous methanol, and centrifuged to obtain the
supernatant (Kdhkonen et al.,, 1999). For the extraction of carbohydrates (C extract), 100 g SBL
powdered in liquid N2 and extracted three times in 100 ml deionized water at 95 °C. The extract was
centrifuged at 14.000 rpm for 10 min and the supernatants were taken (Sévenier et al., 1998).

The total protein in the protein extract was determined by Bradford assay (Bradford, 1976). The
essential oil extract was analyzed by Shimadzu GCMS-QP 2010 Ultra (Kyoto, Japan) coupled with Rtx-
SMS capillary column (30m; 0.25 mm; 0.25 pm). The column temperature was 40°C while ejection
temperature adjusted to 250°C using with helium as the carrier gas. The sample injection was 1uL, and
the analysis was taken 78 min at 100 kPa pressure. Main sugars (glucose, fructose, and saccharose) of
the carbohydrates extract were analyzed by Shimadzu LC20A Prominence HPLC (Kyoto, Japan)
equipped with Inertsil ODS-3 (5um-25x4,6mm) column and a refractive index detector (RID).
Acetonitrile /H20 mobile phase was 40/60 while its flow rate was 1.3 mL/min.

Blood sampling and analyses

At the end of the 60-day feeding trial, blood was taken from the fish (12.01+0.52 gr) as a total of 9
fish for each treatment (3 individuals from each replicate). After the fish were caught randomly from
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the tanks, they were anesthetized with clove oil (50 pL L) as soon as possible (Woody et al., 2002).
After the anesthesia, immediately the anal region of the fish was cleaned with ethanol in order to prevent
blood samples from contamination with mucous membrane. The blood was taken from the caudal vein
of the fish by plastic syringes. A 1.5 ml volume of blood was collected from each fish. Hematological
and serum biochemical analyzes were carried out by dividing blood samples into K3EDTA and cellular
serum tubes. For serum analysis, the blood samples were centrifuged at 10500 g 5 min. The separated
serum was stored at -80 °C until analyzed.

Red blood cells (RBC, 10°® mm?), hematocrit (Hct, %) and hemoglobin (Hb, g dL™*) was determined
by using the method of Blaxhall and Daisley (1973). RBC was counted with a Thoma hemocytometer
with the usage of Dacie's diluting fluid. Hct was determined by using a capillary hematocrit tube. Hb
concentration was determined with spectrophotometry (540 nm) by using the cyanmethemoglobin
method. Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were calculated by using the following equations
(Bain et al., 2006): MCV (um?®) = [(Hct, %) x 10])/ (RBC, x 10° per mm?®), MCH (pg) = [(Hb, g/dL) x
10]/ (RBC, x 108 per mm?3), MCHC (%) = [(Hb, g/dL) x 100]/ (Hct, %).

Serum biochemical indices such as glucose (GLU), total protein (TP), albumin (ALB) triglyceride
(TRI), cholesterol (COL), alkaline phosphatase (ALP), glutamic oxaloacetic transaminase (AST), and
lactate dehydrogenase (LDH) were analyzed using bioanalytical test kits (Bioanalytic Diagnostic
Industry, Co) and measured by a Shimadzu spectrophotometer (PG Instruments, UK).

Semen sampling and evaluation

After the blood sampling, the temperature of water in the tanks raised gradually to 22+0.3°C within
a few days and the nine fish for each replicate were used for semen sampling. These fish received an
intramuscular injection of human chorionic gonadotropin (Sigma-Aldrich, Schnelldorf, Germany)
solved in Ringer's solution (150 mM NaCl, 3 mM KClI, 3.5 mM MgCl,, 5 mM CaCl,, 10 mM HEPES,
pH 7.4) to induce spermiation at the ratio of 1 Ul/g fish body weight (Goto-Kazeto et al., 2006). After
overnight, the sperm samples were taken by abdominal massage with a micropipette avoiding any
contamination. During semen collection, the anal fins of the fish were dried and the sample of each fish
in a replicate was collected into the same Eppendorf tube. In this way, a pooled semen sample for each
replicate which was sufficient to motility and seminal plasma analyses was constituted and stored on ice
until ready for use.

Fresh spermatozoa samples were immediately counted hemocytometrically and motility of
spermatozoa was recorded with a Leica DM750 (Leica Microsystems, Switzerland) microscope with a
phase contrast attachment mounted a Leica MC190 HD camera. Duration of motility was determined
by subjectively as the times until forward movement stopped and circular movement began. The
evaluation of motility parameters was performed mainly according to Boryshpolets et al., (2013). The
video recordings were saved in AV format by using a microscope software platform (Leica Application
Suite), and then processed using Virtual Dub software (http://virtualdub.org). The video recordings were
evaluated by ImageJ which is open source software available with a specific CASA plug-in (Wilson-
Leedy and Ingermann, 2007; Schneider et al., 2012). According to the video records, percentage of
motility (%), curvilinear velocity (VCL, um/s) in the 15"-second record were determined with the
CASA plug-in of ImageJ software. A spermatozoa activation solution (50 mM NaCl, 20 mM Tris, pH
8.5, Zadmajid et al., 2013) containing 0.5% bovine serum albumin (BSA) was used for triggering the
motility, and a non-activating solution (95 mM NaCl, 48 mM KCI 1.7 mM CacCl,, 25 mM NaHCOs3, pH
8.5, Ravinder et al., 1997), when needed. For seminal plasma analyses, the semen samples were
centrifuged 10 minutes at 12000 rpm and 4°C two times. According to Bradford 1976, protein
concentrations of seminal plasma samples were determined by the Bradford method, using calibration
curve based on different BSA concentrations. Catalase activity (CAT) and lipid peroxidation level
(LPO) in seminal plasma were measured spectrophotometrically. CAT was determined by hydrogen
peroxide and ammonium molybdate ((NH4)sM070.4) complex at 405 nm (Goth, 1991) while LPO was
deteced by thiobarbituric acid reactive substance assay that monitors malondialdehyde production
(Buege and Aust, 1978).

461



INANAN and ACAR 2019 ActAquaTr 15(4), 458-468

Statistical analysis

Kolmogorov-Smirnov test and Levene's test were used to reveal normality and homogeneity of
variance of each variable, respectively. A log transformation or arcsin transformation for the percentage
data was performed on data. Mean values of blood and semen parameters were given with the standard
error of the mean (SEM) for a parameter of all treatments and its P value to become more
comprehensible. Each parameter was analyzed using ANOVA followed by Tukey’s HSD test. Statistical
analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago, USA). P < 0.05 was set as
statistical significance for all data.

RESULTS
The sugar beet extractions content

The main chemical constituents of three different SBLE which added to the feed were determined.
The aerial parts of the E extract essential oils are given in Table 2. The major constituent of this extract
was phytol. The other common essential oils are pentacosane, neophytadiene, hexatriacontane, diethyl
phthalate, cycloheptasiloxane, tetradecamethyl, and vitamin E. Total protein in the P extract was found
as 6.82 +0.92 mg g'* wet weight. Glucose and fructose concentrations of the C extract were 2.19 + 0.23
ng gt wet weight and 26.88+ 2.42 pg g wet weight, respectively while sucrose was not detected.

Table 2. Chemical composition of the aerial parts of sugar beet leaves essential oils (%)

Compounds Composition %
Phytol 56.28
Phytol, trimethylsilyl ether 1.50
Phytene-2 1.80
Diethyl phthalate 3.02
Neophytadiene 4,54
Pentacosane 5.43
Hexatriacontane 4.49
Tetracontane 1.74
Eicosane 0.37
Nonacosane 0.35
Eicosamethylcyclodecasiloxane 0.37
Cycloheptasiloxane, tetradecamethyl- 2.70
Cyclooctasiloxane, hexadecamethyl- 1.76
Cyclononasiloxane, octadecamethyl- 1.39
Cyclohexasiloxane, dodecamethy|- 0.88
Silicone oil 0.38
Vitamin E 2.66
Tetracosamethylcyclododecasiloxane 2.33
Methyl linolenate 1.59
Ethyl linolenate 0.46
Squalene 1.09
2-Nonadecanone 0.53
Palmitic acid, trimethylsilyl ester 0.41
4,8,12,16-Tetramethylheptadecan-4-olid 0.30
Total 96.36

Effects of the sugar beet extractions on blood characteristics of goldfish

The fish hematology and their blood serum biochemical values are shown in Table 3. TP amounts
were found to increase in the experimental groups compared to the control group. The highest value was
observed in the P20 group (P < 0.05). Similarly, ALB results found in the highest amount in the group
fed with the P20 extract supplementation and found statistically different from the control group (P <
0.05). GLU were lower in the control, the P5 and the E5 groups and found statistically different from
the other groups (P < 0.05) at the end of 60 days feeding period. CHO levels showed a reducing trend
in the E extract supplemented diet groups. The lowest CHO value obtained in the E20 group and found
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statistically different from control (P < 0.05). TRIG values showed no significant differences between
experimental groups (P > 0.05). AST activities were found lower in the E5, P20 and E20 groups and
statistically different than the control group (P < 0.05). AST activities were tented to lower in all SBLE
groups that the control however, there were statistically differences between the E extract supplemented
diet groups and the control (P < 0.05). Similarly, LDH values were increasing in the E extract
supplemented diet groups. Hematological blood parameters are similar in all experimental groups in
terms of RBC. However, the lowest RBC value obtained in P20 group. The highest Hb values were
determined in E5, E20 and C20 groups comparing to the control (P < 0.05). The significantly lowest
Hct values were obtained in the P5 and P20 groups (P < 0.05). Other SBLE supplemented groups showed
the similarities regarding to Hct. Also, the highest MCV, MCH), MCHC were calculated in the C20
group.

Table 3. Effect of dietary sugar beet extractions on the blood parameters of goldfish

Item Control P5 E5 C5 P20 E20 C20 SEM P value
TP 6.57% 6.78% 7.69 7.46° 9.84¢ 8.10°¢ 8.07°¢ 0.16  <0.01
GLU 51.26% 53.73% 58.54P 68.628  62.21° 67.07° 74.47¢ 127 <0.01
ALB 0.072 0.11° 0.10° 0.12v 0.18° 0.12° 0.10° 0.01 <0.01

CHO  179.68%® 161.95%¢ 140.97%¢ 212.77*@ 197.95%° 120.20° 170.08% 6.18  <0.01
TRIG 7615  90.75 130.19 10122 107.27  90.79  91.46 488  0.09
AST 2144 1869 1585  16.07® 14.95°  14.82®  19.37® 057 <0.01
ALT  112%c 1240 1.11%  130°  0.812 1.04%c  0.85% 004 <0.01
LDH  131.73% 138.35% 123.25% 169.84° 130.39® 106.95® 134.47° 4.89  0.03

RBC 2.21% 2.26%® 2.390 2.34° 2.05% 2.32° 2.28° 0.02 <0.01
Hb 9.00%¢ 8.50% 10.44%  9.68™  8.83%® 10.03%  10.80° 0.15 <0.01
Hct 27.29%  17.20¢ 27.752 26.28%  22.53¢ 24.17% 2563 055 <0.01

MCV 108.30*  119.20°  121.01° 114.50° 110.73* 119.97° 136.87¢ 139 <0.01
MCH 40.902 42.63® 44,34 43.62°  43.92° 42.83° 46.23° 0.28 <0.01
MCHC 36.672 37.45% 36.66% 38.50%¢  40.46° 39.28™  40.50° 029 <0.01

PS5, feed with 5 %o protein extract; P20, feed with 20 %o protein extract; ES, feed with 5 %o essential oil extract; E20, feed with 20 %o
essential oil extract; C5, feed with 5 %o carbohydrate extract; C20, feed with 20 %o carbohydrate extract.

TP(g/L), total protein; GLU(mg/dL), glucose; ALB(g/dL), albumin; CHO(mg/dL), cholesterol; TRIG(mg/dL), triglycerides; AST(U/g
protein), aspartate aminotransferase; ALT(U/g protein), alanine aminotransferase; LDH(U/g protein), lactate dehydrogenase;
RBC(x10%/uL), red blood cells; Hb(g/dL), haemoglobin concentration; Het (%), haematocrit; MCV(fL), mean corpuscular volume;
MCH(pg/cell), mean corpuscular haemoglobin; MCHC(%), mean corpuscular haemoglobin concentration.

Data within each row of dietary groups with no common superscript differ significantly at P < 0.05. The standard error of the mean (SEM)
for each parameter are given.

Effects of the sugar beet extractions on sperm characteristics of goldfish

Parameters of sperm motility and seminal plasma in different groups are presented in Table 4. In
general, the motility increased in the treatment supplemented with SBLE, especially the E extract
supplementations. Similarly, durations of sperm maotility and sperm densities in the E20, E5, and C20
groups in descending order were higher than those in the control (P < 0.05). The fish fed diets with
SBLE were found to have higher levels of protein concentrations their seminal plasma. Significant
decreases in LPO levels and significant increases in CAT of the seminal plasma samples obtained from
the E20 and C20 extract groups were measured (P < 0.05).
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Table 4. Effect of dietary sugar beet extractions on the semen parameters of goldfish

Control P5 E5 C5 P20 E20 C20 SEM P value
VCL 15M s 130.47° 128.94° 152.37° 131.56° 130.02¢ 157.66° 143.85¢ 0.80 <0.01
% 301 s 59 56 61 57 59 66 62 092 006
Duration(s) 912 902 119°  101¢  89° 1240 106° 292 <001
Sperm density 6.30° 685  10.65° 806° 657 12319 833 047 <0.01
(x10%ml)
Protein (g/l) 1240 127"  134°  137° 188" 182 146° 004 <0.01
LPO (nmol/mg 472 398 036® 0377 035% 025° 030° 001 <001
protein)
g@;i(nL)” mg 9.76° 9250  11.13° 1057° 11758 16.74° 16.07° 049 <0.01

PS5, feed with 5 %o protein extract; P20, feed with 20 %o protein extract; ES, feed with 5 %o essential oil extract; E20, feed with 20 %o essential
oil extract; C5, feed with 5 %o carbohydrate extract; C20, feed with 20 %o carbohydrate extract.

VCL(um/s) curvilinear velocity; LPO, lipid peroxidation level; CAT, catalase activity.

Data within each row of dietary groups with no common superscript differ significantly at P < 0.05. The standard error of the mean (SEM)
for each parameter are given.

DISCUSSION

Plant extracts and their essential oils are frequently considered to have less side effects fish in
comparison with chemical ones used in fish diets to improve health status of fish (Nya and Austin, 2009;
Acar et al., 2015). Besides, increasing aquaculture production has been generated a rising demand of
fish feed. Thus, alternative ingredients for it are attracting research interest. SB, as one of the common
agricultural crops in the world, is needed to study its chemical and biological effects in animals.
Furthermore, after harvesting of SB, a great majority of its leaves remains as a waste product while its
roots have actual economic value. Also, each country has regional systems that link between harvesting
of sugar beet from the field to sugar factories. These systems make plenty of SBL easily obtain without
expense or at small expense. This study evaluated the effect of SBLE obtained by different methods on
the blood hematological and serum biochemical profiles and sperm characteristics of goldfish.

Application of natural products in aquaculture should be continued to find suitable plant-derived feed
additives to maximize growth and health status, sexual stimulation, hepatoprotective effects in fish
(Citarasu et al., 2003). In the present study, the evident effect of SBLE used different levels in diets has
been determined in serum biochemical profiles and hematological parameters of goldfish. Blood
functions are related with particularly the transportation of nutrients and oxygen in the fish. Therefore,
blood parameters are useful to determine fish health status response to dietary feed supplements (Lin et
al., 2015). In the present study, serum TP values were found the higher in all groups fed with different
level of SBLE than those in the control. Similarly, the increases in serum TP of hybrid grouper and
crucian carp (Carassius carassius) caused by ginkgo leaves extract added to feed have been reported
(Tan et al., 2018). The increase of serum TP levels in fish is related to a strong immune response
(Wiegertjes et al., 1996). It may be explained by the fact that various immunostimulant originating from
herbs do not induce to osmoregulatory dysfunction and any damage in tissues and blood vessels in fish.
Moreover, serum GLU values of fish are affected by daily feeding (Kenari et al., 2011). In the present
study, the serum GLU values were found highest in C5 and C20 groups. In this study, the high glucose
and fructose concentrations in the C extracts were determined, and this could be the main reason for the
high GLU values of these treatments. On the contrary, some plant products such as Aloysia triphylla and
Citrus sinensis extracts in feed reduced GLU levels in fish (Acar et al., 2015; Gressler, 2014). Also,
different fish species could give different response to saponins and flavonoids contents of used extracts
in diets. ALB in fish blood performs the transportation of lipids and helps general metabolism of fish
(Andreeva, 1999). This study showed that dietary SBLE increased serum ALB levels among the
experimental groups compared to the control group. In the present study, serum CHO levels were found
the lowest in the E20 group. Lowering effects of herbal extracts on CHO are well known and reported
in Mozambique tilapia fed with the essential oils of ginger and orange peel (Immanuel et al., 2009; Acar
etal., 2015). In the present study, phytol content of E extract was 56.28%. Rinchard et al. (2003) reported
that the presence of phytosterols could be the main reason for the decrease of serum CHO levels. The
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present study showed that dietary SBLE caused decreases in serum ALP, ALT and LDH values in the
experimental groups compared to the control. The administrated SBLE in appropriate doses showed the
positive effects of fish liver tissue if added diet with an appropriate extraction method. SBL have been
used as phytotherapeutic in human for a long time due to their healing effects on liver (Ninfali and
Angeino, 2013). Biochemical changes in hepatic enzymes activities are indicator for liver function
(Abdel-Wahhab et al., 1999). Similar to our results, decreases in the liver enzymes activities were
observed in rainbow trout (Oncorhynchus mykiss) fed with olive leaf extract (Baba et al., 2018). The
haematological parameters such as RBC, Hb, Hct, MCV, MCH, and MCHC in blood indicate the health
status of fish and their viscera when determining any abnormality occurring owing to the use of
immunostimulants in diets (Tewary and Patra, 2011). There were no significant differences in RBC
between treatment groups. Also, Hct values of treatment groups showed similar trend however, only P5
groups showed lower Hct values. Also, the dietary administration of SBLE did not cause any adverse
effects on Hb content in all experimental groups. Moreover, the significantly higher Hb contents were
obtained in the E groups fed with the E extracts supplemented feeds. A decrease in the amount of Hb
reduces the transport capacity of oxygen in fish, even cause to reduce growth performance (Wells et al.,
2005). Gabor et al. (2012) reported that anemia characterized by decreases Hct and RBC in common
carp fed with 1% ginger powder for 93 days. This could be due to the prolonged time of this treatment.
Therefore, it is necessary to adjust the dose of herbal supplement and the period of supply to avoid toxic
effects in fish. It could be made an inference that any dietary SBLE do not cause anemia in the
experimental fish for 60 days of feeding period.

Some factors such as photoperiod, feeding, stress, age, and diseases has been shown to affect the
sperm quality in cultured fish (Rurangwa et al., 2004). Enrichment in nutrition of fish considerably
improves the sperm quality and sperm production as well (Izquierdo et al., 2001). In this study, all
measured semen parameters have been significantly affected by the feed with the addition of different
SBLE. Sperm VCL values were improved by the feed added the E extracts. Also, the C20 extract had
positive effects on sperm motility. Moreover, the lowest LPO level and the highest CAT were found in
the E20 extract groups. The most remarkable difference was found in sperm density that the density
values obtained from the E20 extract group were almost two times higher than those in the control.
Tizkar et al. (2015) reported that dietary supplementations of astaxanthin and B-carotene improved
sperm motility and increased sperm density almost two times higher than the control. The SBLE caused
increases in protein levels of seminal plasma. Additionally, LPO levels increased while CAT decreased
in the seminal plasma of the fish fed with supplementation of the E20 extract compared to the seminal
plasma of the fish in the control. Some substances like polyunsaturated fatty acids and vitamins like
vitamin C and E in feed enhance reproductive performance of fish. Lipids in feed could change the
composition of sperm membrane, which is a very critical factor for sperm quality (Labbé et al., 1995;
Labbé and Maisse, 1996). Also, vitamin E has a role in the control of cell membrane permeability and
stability (Lucy, 1972). Improvement on the sperm quality by dietary vitamin E has been shown in
rainbow trout (Canyurt and Akhan, 2008). Vitamin E like Vitamin C could have a capacity to reduce
lipid peroxidation, thus protects sperm cells (Dabrowski and Ciereszko, 1996). The E extract contains
%2.66 of Vitamin E, this may be a reason for improvement in sperm quality. Moreover, phytol as a
precursor for the production of tocopherol could be associated with this (Valentin and Qi, 2005). Herbal
products are not always favorable for fish gametes. For instance, gossypol from cotton seeds prevented
reproductive performance in female and reduced sperm motility whereas it had no effect on fish growth
and mortality (Rurangwa et al., 2004).

The dietary supplementation of SBLE have positive effects on serum biochemical profiles,
particularly the E extract which contains the essential oils improves semen quality parameters. This
could be used especially for male broodstock nutrition, should test for female broodstock. Also, these
extract could be a part of fish feeding as feed additives in further studies.
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Abstract

This study was carried out seasonally in order to determine the environmental variables affecting the ciliate species and
their distribution in Gulfs of Erdek and Bandirma by using three stations in each gulf between 2006 and 2008. A total of 14
ciliates taxa were identified, three of them were the genus level. Epiplocyloides sp., Proplectella ovata, Laboea strobila and
Tiarina fusus species identified are the new records for the Sea of Marmara. The maximum number of species belonged to the
Choreotrichida ordo with 11 taxa. The Choreotrichida ordo showed the highest diversity in summer season. The ecological
data used in this study were obtained from the previous study concurrently conducted in the same region. According to the
Spearman’s rank-correlation, it was determined that the salinity, dissolved oxygen (DO), chlorophyll-a (Chl-a) and NO3+NO>-
N levels affected the distribution of the ciliates and the salinity was increased and species abundance was decreased based on
the rise in depth. The highest similarity between the stations was observed in stations 2 and 3 in the Gulf of Bandirma at a
depth of 0.5 m (96.5%) and all the depths of the stations were found to be 23.6% similar.

Keywords: Ciliates, tintinnids, Kapidag Peninsula, ecological variables, Sea of Marmara
Kapidag Yarimadasi’min (Marmara Denizi) ki Korfezinde Siliyatlarin Cevresel Parametrelere Gore Dagilim
Ozet

Bu ¢alisma, Erdek ve Bandirma Korfezi’nde siliyat tiirlerini ve bu tiirlerin dagilimini etkileyen cevresel degiskenleri
belirlemek amaciyla, 2006 ve 2008 yillar1 arasinda her iki korfezde iicer istasyonda mevsimsel olarak gergeklestirilmistir.
Caligma sonucunda ii¢ tanesi cins diizeyinde olmak iizere toplam 14 taksa belirlenmistir. Bulunan tiirlerden Epiplocyloides sp.,
Proplectella ovata, Laboea strobila ve Tiarina fusus Marmara Denizi igin yeni kayittir. En fazla tiir sayis1 11 tiir ile
Choreotrichida ordosuna aittir. Choreotrichida ordosunun yaz mevsiminde en fazla gesitliligi sahip oldugu belirlenmistir. Bu
calismada kullanilan ekolojik veriler, ayni1 bdlgede es zamanli yapilmis onceki ¢alismadan alinmistir. Spearman’in sira
korelasyonuna gore ekolojik degiskenlerden tuzluluk, ¢6ziinmiis oksijen (CO) , klorofil-a (KI-a) ve NOs + NO2-N’in siliyatlarin
dagilimmi etkiledigi, derinlik artisina bagl olarak tuzlulugun arttig1 ve tiir bollugunun azaldig1 belirlenmistir. Istasyonlar
arasinda en yiiksek benzerlik, Bandirma Korfezi'nde 2 ve 3 nolu istasyonlarda 0,5 m derinlikte (% 96,5) gozlenmis ve
istasyonlara ait tiim derinliklerin ise % 23,6 benzer oldugu ortaya konmustur.

Anahtar kelimeler: Siliyat, tintinnid, Kapidag Yarimadasi, ekolojik degiskenler, Marmara Denizi

INTRODUCTION

In terms of the food web in pelagic systems, microzooplankton have an important role in the transfer
of matter and energy since they feed on pico- and nanoplankton predominantly in found in the marine
environment. They are also food to higher organisms (Godhantaraman and Uye, 2001; Pitta et al., 2001,
Gomez, 2007; Wang et al., 2014). The members of the phylum Ciliophora are eukaryotic and unicellular
protists. Also, phylum Ciliophora is composed of a group of living organisms which have lengths
ranging from 10 to 4500 um, are free-floating or sessile, have pellicular alveoli and whose bodies are
totally or partially covered by cilia in at least period of their lives (Lynn, 2008). Ciliates, which show a
cosmopolitan distribution in the seas and oceans, are common in the seas but also live in freshwaters.
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Although studies have been carried out on the ecology of marine ciliates in the coastal waters of
Turkey, these studies are generally related to tintinnids (Koray and Ozel, 1983; Koray et al., 1992; Koray
et al., 1999; Tiirkoglu and Koray, 2000; Polat et al., 2001; Colak-Sabanci and Koray, 2001; Balkis,
2004; Durmus and Balkis, 2014). The number of studies in which groups other than tintinnids have been
investigated is limited because of the small size, rapid movement capabilities, the fragility of external
membranes of ciliates and the difficulty of laboratory culture (Koray et al., 1992; Koray et al., 1994;
Zervoudaki et al., 2011; Esensoy, 2014). Previous studies showed that Gulf of 1zmir (Aegean Sea) and
the Sea of Marmara have been extensively studied (Acara and Nalbantoglu, 1960; Ergen 1967; Koray
and Ozel, 1983; Koray et al., 1992; Koray et al., 1999; Tiirkoglu and Koray, 2000; Polat et al., 2001;
Colak-Sabanci and Koray, 2001; Balkis, 2004; Balkis and Wasik, 2005; Balkis and Toklu-Ali¢li, 2009;
Toklu- Aligli et al., 2010; Balkis and Koray, 2014; Durmus and Balkis, 2014; Yurga, 2018). In the Sea
of Marmara several studies including two checklists are available (Sorokin et al., 1995; Balkis, 2004;
Goktiirk, 2005; Toklu-Aliglt et al., 2010; Durmus et al., 2011; Balkis and Koray, 2014; Durmus and
Balkis, 2014; Durmus et al., 2016a, 2016b).

The Sea of Marmara is a small basin situated between Asia and European continents with a surface
area of 11500 km? and a maximum depth of 1390 m (Besiktepe et al., 1994). While the Black Sea waters
with brackish water characteristics (17.6 -%o) flow towards the Sea of Marmara with an upper stream,
Mediterranean waters with a salinity of about 38.5 -%o are also transported to the Sea of Marmara by a
lower stream. There is a halocline layer between these two water layers which do not join together due
to the difference in density (Ullyott and Pektas, 1952; Yiice and Tiirker, 1991; Unlii et al., 2008). The
oxygen entry from the oxygen-rich surface layer to the bottom layer is prevented by the density
stratification in halocline and the dissolved oxygen content of the bottom layer water decreases because
biogenic-origin particles at the bottom increase the oxygen consumption (Yiice and Tirker, 1991;
Besiktepe et al., 2000). The Sea of Marmara, which has two different water layers, differs in terms of
biodiversity for this reason..

The oceanographic properties of the Gulfs of Erdek and Bandirma situated on both sides of the
Kapidag Peninsula are similar to the oceanographic properties of the Sea of Marmara and the water
column has a two-layer structure. Gulf of Erdek is a relatively peaceful area both in terms of population
density and industrial activities compared to the Gulf of Bandirma. The source of high mercury,
chromium, copper and lead contents in the Gulf of Erdek is the transport from the mines that lie behind
the region through rivers. Gulf of Bandirma is a gulf where industrial pollution is higher and domestic
settlement is denser (Balkis and Cagatay, 2001). It has been revealed by the past studies that the surface
waters of the region, which is located in the northeast Kapidag Peninsula and Gulf of Bandirma contain
more phosphate than the other parts of the Sea of Marmara (Balkis et al., 2012). The presence of a
fertilizer factory in this gulf in addition to domestic wastes triggers this increase (Kog, 2002; Balci et
al., 2014).

As can be seen from the studies mentioned above, there is no comprehensive and published study,
which identified the ecological variables affecting ciliates and their distribution in Kapidag Peninsula.
The aim of this study is to represent the ciliate species seasonally in the Gulfs of Erdek and Bandirma
located on both sides of the peninsula with the ecological variables and to reveal their abundance.

MATERIALS and METHODS

This study was carried out to determine the environmental variables affecting the species and the
distribution of microzooplankton living in the neritic waters of the Gulfs of Erdek and Bandirma located
on both sides of the Kapidag Peninsula, which is located to the south of the Sea of Marmara. The samples
were collected from the three stations illustrated in Figure 1 on both gulfs during November 2006-
August 2008 period with a fishing boat seasonally (November, February, May and August) for two
years.
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Figure 1. Stations in the Gulfs (courtesy of Google Earth).

Microzooplankton samples were obtained from horizontally (0.5 m) and vertically (30 m) with a
plankton net at 40 pm length of mesh, and fixed with borax buffered formaldehyde in a way to achieve
a final concentration of 2-4%. Kofoid and Campbell (1929), Tregouboff and Rose (1957), Balech
(1959), Marshall (1969) and Abbooud-Abi Saab (2008) studies were used for the determination of
microzooplankton species. In order to determine the quantitative distributions of microzooplankton
species, samples were taken at the stations from the surface (0.5 m) and from the depths of 15 and 30 m
via water samplers and fixed with Lugol. The abundance of ciliates in the precipitated samples was
determined using the Sedgewick Rafter counting chamber with a capacity of 1 ml. Kocatas (1996) was
taken into consideration in determining the frequency of the species identified. In addition, the
ecological data used in this study were taken from the concurrently run study (Balkis et al., 2012).

Spearman’s Rank-Correlation was used to determine the relationships between biotic and abiotic
variables (Siegel, 1956), and Shannon-Wiener Diversity Index was used to calculate the diversity of
species (Shannon and Weaver, 1964) and Bray-Curtis Similarity Index was used to determine the
similarity based on the species number and abundance of the stations (Clarke and Warwick, 2001).

RESULTS

The ecological data of the Gulfs of Erdek and Bandirma were gotten from Balkis et al. (2012). The
seawater temperature in the Gulf of Erdek was between 6.5 - 25.5 °C, salinity was 22.4 - 38.6 -%o, DO
was between 3.78 - 14.96 mg L-1, Chl-a values were between 0.10 - 2.83 pg L-1, secchi depth was
between 6.0 - 15.0 m, NO3+NO2-N values were between 0.07 - 5.41 pg-at N L-1, PO4-P values were
between 0.09 - 2.11 pg-at P L-1 and SiO4-Si values were between 0.29 - 21.62 pg-at Si L-1. In the Gulf
of Bandirma, it was determined that the sea water temperature was between 6.5 - 26.0 °C, the salinity is
between 21.4 - 38.5 -%o, the DO was between 3.50 - 15.62 mg L-1, the Chl-a values were between 0.21
- 14.79 pg L-1, the secchi depth was between 4.0 - 16.3 m, NO3+NO2-N values were between 0.08 -
6.25 pg-at N L-1, PO4-P values were between 0.18 - 8.60 ug-at P L-1 and SiO4-Si values were between
0.05-20.37 pg-at Si L-1.

As seen in Table 1, a total of 14 ciliate taxa, three of which were at the genus level, were found in
the study. Found species Epiplocyloides sp., Proplectella ovata Jorgensen, 1924, Laboea strobila
Lohmann, 1908 and Tiarina fusus Bergh, 1881 are the new record taxa for the Sea of Marmara. The
highest number of species belonged to the Choreotrichida ordo (Tintinnid) with 11 taxa (79%),
Oligotrichida ordo was represented by two taxa (14%), while the Prorodontida ordo was represented by
one species only (7%). It was determined that intendeds were represented with the highest number of
species in the summer period (9 species) and the species belonging to the Oligotrichida ordo were
observed in every period except summer 2008, while only one species of Prorodontida was observed in
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all seasons except winter 2007 and spring 2008. Two of the species (Favella ehrenbergii and
Helicostomella subulata) obtained in the study were observed only in the Gulf of Erdek, five species
were observed only in the Gulf of Bandirma (Amphorellopsis tetragona, Eutintinnus lusus-undae,
Metacylis jorgensenii, Salpingella decurtata and Xystonella treforti) and seven species were recorded in
both gulfs.

Table 1. Seasonal distrubution and frequency (f) of Ciliophora species in the Gulf of Erdek and Bandirma.

Kingdom: Chromista Aut' Win’> Spr’ Sum’ Aut’ Win’ Spr’ Sum’
Phylum: Ciliophora 06 07 07 07 07 08 08 08

Order: Choreotrichida E BEBEBEWUBTEUBTEUBTEUBTEB

Amphorellopsis tetragona (Jorgensen)
Kofoid & Campbell, 1929
Codonellopsis schabi (Brandt) Kofoid &
Campbell, 1929

*Epiplocyloides sp. + o+

Eutintinnus lusus-undae (Entz, 1885) + + -
Favella ehrenbergii (Claparede and
Lachmann) Jérgensen, 1924
Helicostomella subulata (Ehrenberg)
Jorgensen, 1924

Metacylis jorgensenii (Cleve) Kofoid &
Campbell, 1929

*Proplectella ovata Jérgensen, 1924 + 4+ X

—h
—h

+

+
X X X |m
T X X X |

R
X
Salpingella decurtata Jorgensen, 1924 + - X
Tintinnopsis sp. + + X X
Xystonella treforti (Daday, 1887) + - X
Order:Oligotrichida

*Laboea strobila Lohmann, 1908 + + + + + o+ + + R A
Strombidium sp. + + + + + + + + + + + + + AV
Order:Prorodontida

*Tiarina fusus Bergh, 1881 + + + + + + + + + CA
Total number of species in the gulfs 342 2 3456 242 2121

Total number of species in seasons 4 2 4 7 5 2 3 5
*: New record species in the Sea of Marmara. V: Very abundant, 81-100%; A: Abundant 61-80%; C: Common, 41-60%; R: Rare, 21-40%;
X: Present sporadically,1-20%.

SN
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When both gulfs are evaluated in terms of species diversity, it was determined that the overall number
of species is higher in the Gulf of Bandirma. While only one species was found in the Gulf of Erdek
during the spring of 2008 and summer of 2008 periods (E-2 station), no species was found in the Gulf
of Bandirma at B-2 station in the same period and two species were found in each of the B-1 and B-3
stations. It was determined that the minimum number of species was found in winter and spring of 2008
period in both gulfs. It was observed that the number of species in the first year of seasonal sampling
was higher than the second year.

Considering the frequencies of ciliate species found in the Gulf of Erdek, it was found that
Strombidium sp. was abundant (75%), Tiarina fusus was common (50%) and Laboea strobila was rare
(38%) and the other species seen in the gulf were identified as present sporadically (13%). For the Gulf
of Bandirma, it was found that Strombidium sp. was very abundant (88%), L. strobila and T. fusus were
abundant (63%), Eutintinnus lusus-undae and Metacylis jorgensenii were rare (25%) and other species
seen in the gulf were identified as present sporadically (13%).

When the gulfs are evaluated in terms of species abundance, it was determined that the Gulf of Erdek
is more dominant than the Gulf of Bandirma and the maximum abundance in the Gulf of Erdek was
obtained at the depth of 0.5 m at E-1 station in autumn of 2007 (9960 ind. Lt). Strombidium sp. played
an important role in this increase. A similar increase was observed in the same type of E-2 station (6120
ind. LY). The highest abundance in the Gulf of Bandirma was observed at a depth of 0.5 m (2660 ind.
L) at the station B-1 in autumn 2006 and the Strombidium sp. was the most dominant species (2100
ind. L.

The results of Shannon-Wiener Diversity Index are presented in Figure 2 separately for both gulfs.
In terms of Gulf of Erdek stations, the diversity varies between 0.00 and 1.56 at E-1 station and the
diversity value can be calculated only in autumn of 2006 and summer of 2007 periods. It is also seen
that the diversity changed between 0.00 and 1.00 at E-2 station and the diversity was observed in the
first three sampling seasons of 2007. Additionally, it was observed that the diversity varied between
0.00 and 1.75 at E-3 station and the highest diversity was achieved at this station (summer of 2007, E-
3,30 m).

According to the results of the Shannon-Wiener Diversity Index in Gulf of Bandirma, the index in
B-1 station varies between 0.00 and 1.50, diversity was observed at some depths in autumn of 20086,
summer of 2007, spring and summer of 2008, the index at B-2 station varies between 0.00 - 1.36 and
diversity was observed in spring, summer and autumn of 2007 periods, and the index at B-3 station
varied between 0.00 and 0.81 and diversity was observed in autumn of 2006, spring and autumn of 2007
periods.

As shown in Table 2, according to Spearman's rank-correlation matrix, some relationships between
ciliates and ecological variables were determined. In the matrix, it was found that ciliates had positive
correlations between DO and Chl-a, and also negative with NO3+NO.-N (p < 0.05). Additionally, a
negative correlation was observed between ciliate abundance and salinity (p < 0.05).

According to the Bray-Curtis Similarity dendrogram illustrated in Figure 3, the highest similarity
was determined between surface waters of B-2 and surface waters of B-3 (96.5%), and all depths
belonging to the stations were found to be 23.6% similar. It was revealed that four groups and two
different depths were formed by a line drawn at 59% similarity level. 30 m depths of the B-2 and B-3
stations were separated from the other groups. While the 15 m depths of the stations located in Gulf of
Erdek and 30 m depth of the E-1 station constituted the first group, the surface waters of the stations in
the same gulf constituted the second group. While the 15 m of B-2 and B-3 stations and 30 m of the B-
1 station constituted the third group with the surface waters located in Bandirma, 30 m of the E-2, E-3
stations, and 15 m of the B-1 station formed the fourth and the last group.
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Table 2. Spearman’s rank-correlation matrix to correlate ciliate assemblages and environmental variables in the
study areas.

NOs+ NO2
Temp Sal DO Chl-a SD -N PO4-P  SiO4-Si S
Sal -.314%*
DO -138  -.326%*
Chl-a -241  -421** 166
SD .016 241 393**  -361**
NO3z+NO2-N -054  .626** -476** -428** -055
POs-P .042 132 -111 .160 -.025 357**
SiO4-Si -181  .736**  -262 -443** 219 .623** .228
S -.014 -.124 .281* .146* 116 -.235*% -.069 .008
N -060  -199*  .286* .192* .091 -.296* -.057 -071  .919**

*p <0.05 ** p <0.01 (Temp: Temperature, Sal: Salinity, DO: Dissolved oxygen, Chl-a: Chlorophyll-a, SD: Secchi Disk, S: Number of
species, N: Number of individuals).
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Figure 2. Shannon-Wiener Diversity Index for each stations.
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Figure 3. Bray-Curtis similarity dendrogram according to stations and depths.
DISCUSSION

From the identified species, Epiplocyloides sp. as genus, Proplectella ovata, Laboea strobila and
Tiarina fusus are new records of taxa for the Sea of Marmara. 11 species (79%) belonging to the
Choreotrichida ordo (Tintinnid), two species belonging to the Oligotrichida ordo (14%) and one species
belonging to the Prorodontida ordo (7%) were obtained. In the tintinnid checklist study by Balkis and
Koray (2014) covering the Turkish seas, they reported 109 tintinnid taxa for all Turkish coastal waters
while including 15 species for the Sea of Marmara. In their study, Durmus and Balkis (2014) reported
18 new species for the Sea of Marmara, four of which (Eutintinnus medius, Metacylis mediterranea,
Tintinnopsis urnula and T. acuminata) are new record tintinnid species for Turkish coastal waters, and
with the addition of these species in the list, the total number of species rose to 113 for Turkey and to
33 for the Sea of Marmara (Durmus et al., 2016a). The total number of tintinnid species for the Sea of
Marmara was revealed to be 35 with the addition of 2 new recorded tintinnid species obtained in this
study carried out in the Kapidag Peninsula. Eleven Tintinnid species in the study, accounted for ~ 10%
of all taxa reported for the coastal waters of Turkey, and ~ 31% of the taxa reported for the Sea of
Marmara.

When studies which have obtained 35 tintinnid species so far in the Sea of Marmara including the
present study are examined, it is seen that the study carried out in the north of the Sea of Marmara by
Balkis (2004) reported 14 species, Goktiirk (2005) reported 7 species in the ballast water of some ships
in Istanbul ports, Toklu-Ali¢li et al. (2010) and Durmus et al. (2011) reported one species each. Also,
the study carried out by Durmus and Balkis (2014) in the in southeastern part of the Sea of Marmara
reported 28 species, and Durmus et al. (2016b) reported 7 species in the study they conducted in Kapidag
Peninsula. In a different study with a sampling date covering 2011-2012 carried out in Kapidag
Peninsula (Durmus et al., 2016b) fewer stations were investigated and A. tetragona, E. lusus-undae, F.
ehrenbergii, H. subulata and S. decurtata species were identified as common species with their study.
However, different than the findings of Durmus et al. (2016b), C. schabi, Epiplocyloides sp., M.
Jjorgensenii, P. ovata and X. treforti species were only observed in this study. Thus, the total number of
tintinnid species known from Kapidag Peninsula was determined as 12.

Epiplocyloides reticulata belonging to the genus Epiplocyloides, which was reported as a new record
for the Sea of Marmara in this study, was reported by Polat et al. (2001) from the Eastern Mediterranean.
Proplectella ovata, which is the first known record from Turkey territorial waters, was reported from
the Aegean Sea by Koray and Kesici (1994) and also Polat et al. (2001, 2002) reported it from the eastern
Mediterranean. Laboea strobila and Tiarina fusus were reported by Esensoy (2014) from Eastern Black
Sea. Among these species, L. strobila was recorded from Aegean Sea and Mediterranean Sea out side
Turkish territorial waters (Pitta and Giannakourou, 2000; Agatha et al. 2004). Tiarina fusus was also
reported from the Eastern Mediterranean (Hannachi et al., 2008).
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In this study, it was observed that tintinnids, which are represented by nine species, usually emerge
during the summer periods. From the studies carried out in the Sea of Marmara, Balkis (2004) and
Durmus and Balkis (2014) reported similar results while Durmus et al. (2016b) stated that the highest
number of tintinnid species was seen in autumn. In this study, when both gulfs are evaluated together,
the increase in Strombidium sp., belonging to ciliates, is of particular importance. Similarly, L. strobila
species was found in autumn of 2006 and 2007, but the highest abundance was achieved in the spring
period (840 ind. L, 15 m depth of E-2 station in spring of 2007). In the study carried out in three seasons
by Esensoy (2014) in the Eastern Black Sea, L. strobila was encountered in all seasons and similar to
this study, it was reported that it was the most abundant spring period. Sorokin et al. (1995) and
Zervoudaki et al. (2011) mentioned the existence of species belonging to the genus Strombidium in the
Sea of Marmara. In this study, Strombidium sp. was reported from both gulfs. This species was
encountered most abundantly in the Gulf of Erdek at surface waters of E-1 station (9960 ind. L?). In the
study conducted by Esensoy (2014), it was stated that during the February period Strombidium acutum
(196000 ind. L) was abundant in surface waters. Tiarina fusus was found in both gulfs on the Kapidag
Peninsula in all seasons except for winter of 2007 and spring of 2008 and it was determined that the
highest abundance was achieved in the Gulf of Erdek in winter of 2008 and in the Gulf of Bandirma in
autumn 2006. In a study they carried out in the Black Sea, Feyzioglu and Giineroglu (2011) reported
that T. fusus was the most abundant species of ciliates. Esensoy (2014) encountered T. fusus in the study
conducted in the Black Sea during the whole study and reported that the number of individuals reached
a peak during the spring period. Bodeanu et al. (1998) reported that large organisms (> 50 um) could be
harmful when they reach 10°individuals per liter; however, Dale and Dahl (1987) reported that T. fusus
species could cause red tide by excessive proliferation (3.4 x 10*ind. L?). In this study, the maximum
number of individuals belonging to the T. fusus species was determined as 560 ind. L (Gulf of
Bandirma, surface waters of B-1 st.).

During the study, the highest number of tintinnid individuals were found at a depth of 15 m and the
lowest number of individuals was obtained in the surface waters (0.5 m). This is attributed to the fact
that the amount of Chl-a is usually high at the depths of 15 m and 30 m in the periods when intendeds
are present, and therefore the food requirement can be met at these depths. According to the Spearman’s
rank-correlation matrix, the positive relationship between ciliate species and the number of individuals
and Chl-a (p < 0.05) supports this situation. C. schabi is the species which reached the highest number
of individuals among tintinnid taxa in the Gulf of Erdek in summer of 2007 (480 ind. L%, 15 m depth of
E-1 st.). The tintinnid species, which reached the highest number of individuals in the Gulf of Bandirma,
was A. tetragona in summer of 2007 (360 ind. L, surface waters of B-1 st.). Evaluating the studies
conducted in the Sea of Marmara, Balkis (2004) identified the most abundant species as Eutintinnus
fraknoi (0.4 x 10%ind. L). Durmus and Balkis (2014) found in their study that the species of
Tintinnopsis corniger (=Rhizodomus tagatzi) was abundant in October (9 x 10%ind. L) and Durmus et
al. (2016b) reported in their study that the highest number of individuals (1.9 x 10%ind. L) was from
the genus Tintinnopsis in October.

Favella sp. and H. subulata, which are the species observed in the study, were recorded only in The
Gulf of Erdek, A. tetragona, E, lusus-undae, M. jorgensenii, S. decurtata and X. treforti species were
recorded only in the Gulf of Bandirma and seven species were recorded from both gulfs. It is reported
that E. lusus-undae and S. decurtata species found in the Gulf of Bandirma are invasive species for
Black Sea (Selifonova and Makarevich, 2018). It is known that the waters of the Black Sea with low
salinity are effective in the upper layer of the Sea of Marmara (Yiice and Tiirker, 1991).

1. When the frequency of the species identified in the study was evaluated, it was found for the Gulf
of Erdek that Strombidium sp. was abundant (75%), T. fusus was common (50%) and L. strobila was
rare (38%) and other species in this gulf were determined sporadically (13%). In the Gulf of Bandirma,
Strombidium sp. was very abundant (88%), L. strobila and T. fusus were abundant (63%), E. lusus-
undae and M. jorgensenii were found rare (25%), while other species in this gulf were determined as
sporadically (13%). In the study conducted by Balkis (2004) in the northern Sea of Marmara, it was
reported that E. lusus-undae, Favella ehrenbergii - were common, M. jorgenseni - was rare, C. schabi
and H. subulata - were present sporadically. In the study conducted by Durmus and Balkis (2014) in the
southeast of the Sea of Marmara, they found F. ehrenbergii - was very abundant, H. subulata - was
abundant, A. tetragona, E. lusus-undae and S. decurtata - were common, M. jorgensenii - was rare, C.
schabi and X. treforti - were sporadically. In a study carried out in Kapidag Peninsula, which was
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sampled later than the present study with fewer number of stations and was seasonally run in one year,
seven species (A. tetragona, E. lusus-undae, H. subulata, F. ehrenbergii, Rhizodomus tagatzi
(=Tintinnopsis corniger), S. decurtata and Tintinnopsis radix) were identified and it was stated that five
of these species were rare, one species was common and one species was abundant. However, there was
no information regarding which species these are (Durmus et al., 2016b).

2. The Shannon-Wiener Diversity Index was evaluated separately for both gulfs. In the Gulf of
Erdek, nine species were observed during the study and six of these species were tintinnids. Tintinnid
individuals in this gulf were never detected in autumn of 2006, winter and spring of 2007 and winter of
2008, while they were detected only at one of the depths of a station in autumn of 2007, spring and
summer of 2008. Also Strombidium sp. - and T. fusus -, which are among the other species found in this
gulf, are observed throughout the sampling periods and since no other species are observed and they do
not have individual, Shannon-Wiener Diversity Index was generally found to be low (H'=0.00 - 1.75).
In the Gulf of Bandirma, 12 taxa were determined during the study. 11 of these taxa are intendeds, which
are members of the Choreotrichida ordo. Tintinnids were not observed during both winter and spring of
2008 throughout the study, while they were found at only one depth of a station in autumn of 2006,
spring and autumn of 2007. Similar to the other gulfs, Strombidium sp., L. strobila and T. fusus were
seen commonly, and were found to range between H'= 0.00 and H'= 1.50 in terms of Shannon-Wiener
Diversity Index.

3. The majority of the taxa determined in our study in Kapidag Peninsula belong to Choreotrichida
ordo. There are many studies carried out in different geographic regions on tintinnids, which are
members of these order and it was reported that the species and individual number of tintinnids show
variation (Kamiyama and Tsujino, 1996; Dolan et al., 1999; Dolan and Gallegos, 2001; Polat et al.,
2001, 2002; Balkis, 2004; Durmus and Balkis 2014). Considering these studies, it is understood that
these organisms are sensitive to environmental variables. According to Spearman's rank-correlation
matrix administered to determine the effects of environmental variables on ciliate species and individual
numbers, the number of species and individuals showed a strongly positive (p < 0.01) relationship
among each other, while these parameters showed a positive with relationship with DO and Chl-a (p <
0.05) and a negative relationship with NO3+NO2-N. In addition, a negative correlation between the
number of individuals and salinity was determined (p < 0.05). Other studies have reported that tintinnid
species and number of individuals have a negative correlation with salinity (Capriulo and Carpenter,
1983; Kamiyama and Tsujino, 1996; Hoffmeyer and Cao, 2007; Lee and Kim, 2010). Durmus and
Balkis (2014) found similar results in their study carried out in the southeast of the Sea of Marmara, and
also stated that DO is positively correlated with the number of species and individuals. As the depth
increases in the Sea of Marmara, salinity and nutrient amounts increase and DO decreases. The fact that
the abundance of species decreases with the increase of depth is supported by that abundance of species
obtained in this study has a positive correlation with DO, whereas a negative correlation with salinity
and NO3+NO2-N amounts.

4. When the Bray-Curtis Similarity dendrogram is evaluated, it is seen that the 30 m depths of the
other stations except for the 30 m depth of the E-1 station are separated from the surface and the waters
close to the surface (15 m). The reason of this situation is the need for these organisms to be in the waters
near the surface to meet the food, light and DO needs. In addition, a halocline layer is formed at a depth
of 20 m between the waters of the Black Sea origin and the water body of the Mediterranean origin in
the Sea of Marmara (Uysal and Unsal, 1996), and this layer is thought to restrict the transition of the
species into the deeper layers. In general, it was determined that the stations located in the Gulf of Erdek
are separated from the depths of the stations located in the Gulf of Bandirma at 53% level.

5. The distribution of some ciliates (tintinnid) in the seas and oceans was investigated by Pierce and
Turner (1993) and Dolan and Pierce (2014). Accordingly, from among the tintinnids found in this study,
it was determined that Amphorellopsis, Codonellopsis, Eutintinnus, Proplectella and Salpingella were
cosmopolitan, Epiplocyloides and Xystonella were warm water, Helicostomella, Metacylis, Favella and
Tintinnopsis were neritic genera. Laboea, Strombidium and Tiarina genera, which belong to other order,
were reported as cosmopolitan (Hada, 1961; Agatha, 2011).

It was determined that the salinity, DO, Chl-a and NO3+NO2-N from ecological variables affected
the distribution of ciliates. In order to determine the distribution of ciliates and the factors affecting this
distribution in the Sea of Marmara, which covers the study area, carrying out sampling at more frequent
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intervals in more sampling stations will contribute to the determination of the ciliate species diversity
of the region.
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Abstract

The present study was carried out to determine effect of different mediums and storage periods on fertilization and hatching
success of koi carp (Cyprinus carpio) embryos following short-term storage of unfertilized eggs. The batches of about 200
pooled eggs treated with 20-ml three different artificial mediums (Cognie, Kurokura, Zhang-Liu) and ovarian fluid in 15-cm
petri dishes, were stored at 20 °C for 60, 120 or 180 min. Eggs were fertilized by adding 100 pl sperm in each petri dishes at
the end of the each storage periods. Although there were no statistically significant differences between groups, the highest
mean fertilization rate was 68% and the incubation rate was 27% in egg samples stored in the Ovarian fluid for 60 minutes.
Results obtained from this study indicate that Ovarian fluid is the most suitable solution for the short-term storage (60-180 min)
of koi carp eggs.

Keywords: Cyprinus carpio, short-term preservation, egg, embryo

Doéllenmemis Yumurtalarin Kisa Siireli Muhafazasim Takiben Koi Sazam (Cyprinus carpio) Embriyolarinin
Kulugkadan Cikis Basarisi

Ozet

Bu ¢aligma, farkli medyumlarin ve muhafaza siirelerinin, déllenmemis yumurtalarin kisa siireli muhafazasini takiben koi
sazani (Cyprinus carpio) embriyolarinin kulugkadan ¢ikis basarisini belirlemek amaciyla yiritilmistir. 200 adetlik yumurta
kiimeleri 15 ml’lik petri kutulari igerisinde 20 mI’lik farkli medyumlarla (Cognie, Kurokura, Zhan-Liu) ve Ovaryum sivist ile
muamele edilerek 20 °C’de 60, 120 ve 180 dk siire ile muhafaza edilmislerdir. Her muhafaza siiresinin sonunda, her petri
kutusundaki yumurtalar 100 pl sperma ile dollenmistir. Istatiksel olarak gruplar arasinda farklilik tespit edilmemekle birlikte,
ovaryum sivisinda 60 dk muhafaza edilen yumurta drneklerinde en yiiksek ortalama fertilizasyon %68; kulugka ¢1kis orani ise
%27 olarak belirlenmistir. Bu ¢aligmadan elde sonuglar, koi sazani yumurtalarinin 60-180 dk muhafaza edilmesinde en uygun
sulandiricinin Ovaryum sivisi oldugunu gostermistir.

Anahtar kelimeler: Cyprinus carpio, kisa siireli muhafaza, yumurta, embriyo

INTRODUCTION

In spite of cryopreservation of sperm has been widely investigated for many fish species, application
of the same method for the fish eggs has not yet developed with favorable results because of its large
size, high water content, the mass of yolk and the permeability properties of membranes (Lubzens et al.,
2005). Thus, short-term preservation protocols applying positive temperatures have been developing for
the female gametes.

Short-term preservation aims increasing of post-spawning gamete longevity, improving of hatchery
management and minimizing of the problems resulting from inbreeding (Bromage and Roberts, 1995).
Additionally, short-term preservation is rather useful and advantageous in various hatchery operations.
For instance, it is frequently applied in short-distance transportations of female gametes during artificial
propagation and in chromosome-set manipulations (Stoss, 1983).
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On the other hand, the period for the artificial fertilization of fish eggs is limited under hatchery
conditions because of continious reduction of their quality with time. The ovulated eggs should be
fertilized within a certain period following the ovulation process in order to obtain viable embryos
(Hobby and Pankhurst, 1997). Because, fertility of ovulated eggs progressively decreases and then
disappears when they are kept in body cavity of the female for a long time. So, prolonging of the egg
viability becomes more critical in terms of fertilization success following their releasing from the
gonads. From this point of view, establishing of a protocol is an important issue for the conservation of
unfertilized eggs in terms of commercial aquaculture and biological conservation programs.

It is well known that there is lack of information regarding in vitro preservation of koi carp eggs in
different artificial mediums. Therefore, the purpose of the present study was to explore effect of different
storage periods and artificial mediums on fertility and hatching success of ornamental koi carp (Cyprinus
carpio) eggs under in vitro conditions.

MATERIAL and METHODS
Broodstock management and collection of gametes

Mature koi carp broodfish was collected from soil ponds by seining and transported into the hatchery.
Female (10) and male (4) broodfish were held separetely in holding tanks supported with a water flow
of 2.5 I/min at 24°C containing 6-7 mg/l O in the hatchery.

Females have large and soft abdomen, red urogenital papilla and males releasing sperm with slight
abdominal pressure were assumed to be ready for the hormone treatment. Commercially available carp
pituitary extract (CPE) was used as spawning agent. In order to induce to spawning, CPE in Ringer
solution was applied intramuscularly to the females in two portions as the priming and releasing doses
(0.5 and 2.0 mg/kg body weight respectively) with a 14-h interval between doses. Males received a
single dose of CPE (1.0 mg/kg body weight) intramuscularly at the time of the second dose was applied
to the females.

100 mg/I quinaldine sulfate was applied to the broodfish for anesthetization and stripped via gentle
abdominal massage. Eggs, ovarian fluid and sperm were collected separately from each female and male
broodfish. Contamination of gametes with urine, mucus, blood or feces was avoided during collection
of gametes. The ovarian fluid was separated by pouring the eggs onto a screen suspended over a plate
and purified. Following colection, this fluid was used for storage purposes. Sperm samples collected
from four males into 50-ml glass beakers, were checked in term of motility before fertilization. For this
aim, 10 pl drop of sperm was placed on a microscope slide and 20 pl distilled water were added. Then,
sperm suspension was thoroughly mixed for 3 s. The motility and motility duration of spermatozoa were
immediately recorded for 1 min following activation using a CCD video camera (CMEX-5, the
Netherlands) mounted on a phase-contrast microscope (100 x, Olympus BX43, Tokyo, Japan). Sperm
motility was evaluated from sperm performing progressive forward movement. Samples showing more
than 80% motility, were pooled in a 100-ml glass beaker.

Storage of eggs in artificial mediums and ovarian fluid

Composition of three artificial mediums used for the in vitro storage of unfertilized koi carp eggs are
shown in Table 1. The final pH of each medium was regulated according to the natural pH of the
coelomic fluid of koi carp using 1.0 N HCI and 1.0 N NaOH. In order to store eggs, a batch of 200
pooled eggs was gently placed in 15-cm diameter petri dishes. The batches of eggs were washed with
their storage mediums to eliminate coelomic fluid from the eggs. Petri dishes were filled with 20-ml of
their mediums and ovarian fluids and then in vitro stored for durations of 60, 120 and 180 min prior to
fertilization inside of sterile Laminar air flow cabinet at constant temperature of 20°C.
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Table 1. Composition of the artificial mediums

Avrtificial Mediums Composition Reference
0.88 g of NaCl, 1.12 g KClI,

Cognie Solution 0.36 g Tris, 150 ml with (Cognie et al., 1989)
distilled H.O

0.75 g NaCl, 0.02 g KCl, 0.02
Kurokura Solution g CaCly, 0.02 g NaHCOs3, 100  (Kurokura et al., 1984)
ml distilled H.O
6 g glucose, 0.3 g NaCl, 0.05¢g
NaHCO3 100 ml distilled H-0
741 mM Na*, 0.45 mM K*,
Ovarian Fluid 2.58 mM Mg?#6.38 mM Ca?*, (Linhart et al., 1995)
0.35 mM Zn*

Zhang-Liu Solution (Zhang and Liu, 1991)

Fertilization and Hatching

Following 60, 120 and 180 min storage periods of unfertilized eggs, the artificial mediums and
ovarian fluids were removed from the petri dishes. Then, 100 ul sperm showing motility higher than
80% and containing roughly 2x10° spz. was added on to the eggs for the fertilization. Fertilization
process was performed in 500 ml plastic containers using activation solution containing 3 g urea and 4
g NaCl in 1 | distilled water at 24°C for five minute through slow mixing of the eggs and sperm for 30
min. Then, eggs were washed with water in order to eliminate adhesiveness and gently transferred to
the labelled Zuger glass incubators with running water (24°C) where kept until eyeing (14-16 h) and
hatching (3-4 d). Batches of eggs fertilized at time of “0” served as control group. Fertilization yield
was determined at gastrulation stage. Dead embryos in partially or completely opaque eggs were
removed during this period. The hatching rate was defined as the number of hatched eggs divided by
the initial number of eggs used for fertilization. Newly hatched larvaes were removed by siphoning and
counted. Each treatment was performed in triplicate for each artificial medium and storage period.

Statistical analysis

Results are presented as meanstSE. Differences between treatment groups were analyzed by
repeated analysis of variance (ANOVA). Significant means were subjected to a multiple comparison
test (Duncan) for post-hoc comparisons at level of a = 0.05. All analyses were carried out using SPSS
17 for Windows Satistical Software Package.

RESULTS

Mean fertilization results regarding treatment groups were 64.60+4.50%, 44.60+8.08%,
24.60+8.08% for the Cognie solution, 59.60+4.04%, 40.30+5.14%, 21.60+7.09% for the Kurokura
solution and 48.30+7.37%, 37.60+5.14%, 17.6+7.09% for the Zhang Liu solution respectively following
60, 120 and 180 min storage periods. On the other hand, the highest overall meaning of fertilization
results were obtained as 68.00+5.29%, 49.60+7.09% and 29.60+7.09% with ovarian fluid respectively
for 60, 120 and 180 min storage periods (Figure 1). Differences between mean fertilization rates within
the same medium group were significant (p<0.05) when duration was considered.
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Figure 1. Fertilization rates of scaly carp eggs in vitro incubated in four different mediums for 0 (control),
60, 120 and 180 min prior to fertilization.

Mean hatching results regarding treatment groups were 18.33+2.89%, 10.00+2.00%, 5.00+1.00% for
the Cognie solution, 12.34+2.52%, 7.00+1.00%, 0% for the Kurokura solution and 7.34+2.52%,
3.67£1.52%, 0% for the Zhang Liu solution respectively following 60, 120 and 180 min storage periods.
On the other hand, the overall meaning of the hatchings (27.00 + 8.54%, 12.34 + 2.52% and 7.00 +
1.00%) were also obtained as highest with the ovarian fluid respectively for 60, 120 and 180 min storage
periods (Figure 2). It is interesting to note that there was no hatching with the Kurokura and Zhang-Liu
artificial mediums for 180 min storage. Differences between mean hatching rates within the same
medium group were significant (p<0.05) when duration was considered.
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Figure 2. Hatching rates of scaly carp eggs in vitro incubated in four different mediums for
0 (control), 60, 120 and 180 min prior to fertilization.

DISCUSSION

Cryopreservation of fish eggs have been unsuccessful so far because of some difficulties such as
removal of intercellular water during cooling, toxicity of cryoprotectants and also inhomogeneous
freezing and thawing rates (Guan et al., 2008). Therefore, in vitro storage of unfertilized eggs seem the
only alternative way instead of cryopreservation.

Some researchers have explored the development of eggs from fertility to eyeing stage
(Lahnsteiner and Weismann, 1999; Goetz and Coffman, 2000). It is well known that less
attention has been given to the survival of embryos from eyeing to the hatching stage following
storage in different mediums for longer periods prior to fertilization.
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Rothbard et al. (1996) reported that common carp (Cyprinus carpio) eggs can be stored for 6 h at
temperature range of 20°C-24.5°C maintaining their viability and fertility. Zlabek and Linhart (1987)
compared in vitro storage of common carp (Cyprinus carpio), grass carp (Ctenopharyngodon idella)
and silver carp (Hypophthalmichthys molitrix) eggs at two temperature regimes (3°C-5C° and 14.5°C-
18.0°C) and reported that common carp eggs exhibited better fertility and survivality of embryos than
those of the Chinese carps.

On the other hand, Takano et al. (1973) reported that storing of salmonid eggs as in vitro in artificial
mediums less effective for similar periods. According to Takano et al. (1973), chum salmon eggs could
be stored for only one day in a physiological saline. It is interesting to note that Erdahl et al. (1987)
indicated the possibility of short-term (5-10 min) storage of unfertilized rainbow trout eggs in
physiological saline solution without loss of fertility. In another study using common carp eggs
(Bercsenyi et al., 1998) and no artificial medium, a decrease in temperature had a negative effect on
fertilization capacity and hatch through time. Withler (1980) reported that eggs of common carp were
stored undiluted in a preliminary study at 2°C to 9°C yielding no fertilization. In addition, Leung and
Jamieson (1991) reported that fish eggs stored at refrigerated temperatures have been reducing their
fertilizing potential due to cold shock.

From this point of view, in order to overcome cold shock effect of low temperature, koi carp eggs
incubated moderately higher temperature (20°C). It is known that mature eggs can be kept for several
days in Ovarian fluid and the storage duration is related to the holding temperature (Bozkurt and Yavas,
2012; Samarin et al., 2017; Ginatullina et al., 2018). The results of the present study demonstrated that
all artificial mediums and ovarian fluid preserved koi carp eggs up to 180 min at relatively high
temperature (20°C) under in vitro conditions. On the other hand, Cognie solution exhibited higher
fertilization capacity in all cases following Ovarian fluid. This shows that Cognie solution can be used
with koi carp eggs to prolong fertilizing ability.

Short-term storage of koi carp eggs offers benefits for research and breeding. For instance, eggs from
different stocks (from disease-free environments) could be transported among local hatcheries. In
addition, koi carp could serve as a model for other warmwater species because of their hardiness and
fecundity in captivity to study the fertilizing potential of stored eggs.

This study shows that eggs can be stored in an extender at 20°C for as long as 180 min with a loss of
fertilization capacity compared to fresh eggs. It is obvious that there is an decrease in terms of fertility
and hatchability of the eggs depending on period especially following 60 min storage in all cases. The
decrease in fertilization and hatching rates during in vitro storage can be attributed to the composition
of the artificial mediums, timing of ovulation, gamete quality, storrage temperature and condition of the
recirculating water.

It should be known that the overall success of the conservation is highly depend on the extender
composition, origin of the broodfish and egg batch. Additionally, preservation of metabolic activity and
maintaining of viability of the eggs may be related to the health of the brood female, time of ovulation,
incubation temperature and also quality of hatchery water (Linhart and Billard, 1995). From this point
of view, the results of the current study showed that the survival of eggs in various treatments strongly
depends on handling and management of spawners, temperature and egg quality prior to fertilization.
On the other hand, future studies should address the specific conditions such as using of antibiotics in
order to prevent bacterial infection and prolong storage period under in vitro conditions.

Acknowledgements: The author would like to thank the staff of State Hydraulic Works Fish Production
Station for their technical assistance in Adana, Turkey.
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Ozet

Bu caligsmada, Antarktika kitas: diginda diinyanin her yerinde yayilis gdsteren Diptera takimmin Nematocera alt takimi
icerisinde yer alan Simuliidae familyasina ait {iyelerin Isparta Deresi’ne ne kadar adapte oldugu ve hangi kesimlerinde ne
yogunlukta bulundugu bazi fizikokimyasal parametrelerle iligkilendirilerek belirlenmistir. Isparta ili sinirlari igerisinde bulunan
Isparta Deresi, Karacadren-1 Baraj Golii’ne dokiilmektedir. Isparta Deresi lizerinde toplam 6 istasyon belirlenmis ve mevsimsel
olarak arazi ¢aligmalari yapilmigtir. Amonyum azotu, nitrit azotu, nitrat azotu, kloriir iyonu ve elektriksel iletkenlik degerlerinin
5. ve 6. Istasyonlarda, diger istasyonlara gére yiiksek oldugu saptanmistir. Fizikokimyasal degerlere gore su kalite siiflari
degerlendirilirken YSKY kullanilmigtir. Simuliidae familyasina ait tiirler ile fizikokimyasal parametreler arasindaki pozitif ve
negatif iligkileri belirlemek i¢in Pearson testi kullanilmig ve istatistiki anlamda 6nemli iligkiler oldugu belirlenmistir. Saprobi
indeksine gore, 5. ve 6. istasyonlarin beta-mezosaprobik, diger istasyonlarin ise oligosaprobik oldugu tespit edilmistir.
Simuliidae familyasina ait Prosimulium, Metacnephia ve Simulium cinslerine rastlanmistir. Bu ¢alismada, Prosimulium rufipes,
Prosimulium sp., Metacnephia sp., Simulium angustipes, S. auricoma, S. bezzii, S. costatum, S. ornatum, S. pseudequinum, S.
trifasciatum, S. variegatum ve Simulium sp. taksonlar1 belirlenmistir. En baskin taksonun Simulium sp. oldugu tespit edilmistir.
Bu calismada belirlenen taksonlarin istasyonlar agisindan farkliligin1 ya da benzerligini ortaya koymak i¢in Serensen benzerlik
ve Margalef ¢esitlilik analizleri yapilmigtir.

Anahtar kelimeler: Isparta Deresi, Simuliidae, Diptera, Kirlilik, Biyolojik izleme.
Determination of Water Quality of Isparta Stream According to Physicochemical Parameters and Simuliidae Fauna
Abstract

In this study, the adaptation of the members of the Simuliidae family, which is in the Nematocera subset of Diptera, and is
spread all over the world except Antarctica, to the Isparta Stream were determined by correlating with some physicochemical
parameters. However, density of this family in different parts of the stream was also determined.. Isparta Stream is within the
boundaries of the province of Isparta poured into Karacadren-1 Dam Lake. 6 stations were determined in Isparta Stream and
seasonal studies were conducted. Ammonium nitrogen, nitrite nitrogen, nitrate nitrogen, chloride ion and electrical conductivity
values were found to be higher in the 5th and 6th stations compared to the other stations. While evaluating the water classes
according to the physicochemical values YSKY was used. Pearson test was used to determine positive and negative
relationships between species belonging to Simuliidae family and physicochemical parameters and statistically significant
relationships were determined. According to the Saprobi index, the 5th and 6th stations were determined as beta-mesosaprobic
and the other stations were oligosaprobic. Prosimulium, Metacnephia and Simulium genus belonging to Simuliidae family were
found. In this study, Prosimulium rufipes, Prosimulium sp., Metacnephia sp., Simulium angustipes, S. auricoma, S. bezzii, S.
costatum, S. ornatum, S. pseudequinum, S. trifasciatum, S. variegatum and Simulium sp. taxons were determined. The most
dominant taxa was Simulium sp. Serensen similarity and Margalef diversity analyzes were performed to determine the
difference or similarity of taxons in terms of stations.

Keywords: Isparta Stream, Simuliidae, Diptera, Pollution, Biological monitoring.

GIRIS

Akarsularin ve géllerin gevresinde yapilan sanayi, maden ve tarim faaliyetleri ile yerlesim yerlerinin
atiklari i¢ sularimizin kirlenmesindeki 6nemli etkenlerdir. Kirlilik sonucunda bazi tiirler bu kirlilige ayak
uyduramayarak ortamdan yok olurken bazi tiirler ise yasamlarini devam ettirebilmektedir. Kirlilikle
beraber o bolgede yasayan canli ¢esitliligi ve populasyon dinamigi degismektedir (Kalyoncu, 1996).
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Nehir ve akarsularda yasayan hayvanlar, sahip olduklar evrimsel adaptasyonlar sayesinde akintiyla
stiriiklenmeye karsi direnclidirler. Daha kiigiik olanlarin viicudu yassi ve kayalara tutunabilirler. Birgok
eklembacakli, taglarin altinda ya da akinti tarafinda yasar ve bu sayede akintinin ¢alkantili olmadig
mikro habitattan yararlanirlar (Campbell ve Reece, 2010).

Simuliidae familyasi, Diptera takimmin Nematocera alt takimi igerisinde bulunmaktadir ve
Antarktika kitast disinda diinyanin her yerinde yayilis gosterir. Familya ismini tlir sayis1 en fazla olan
Simulium cinsinden almustir ve Tiirk¢e’de “Siyah Sivrisinekler” anlamina gelmektedir (Crosskey, 1990;
Rubtsov, 1990). Holometabol gelisim gosteren bu familya tiyelerinin larvalari yosunlar, plankton,
bakteriler ve ince detritus pargalari ile beslenirler. Salmo trutta (Alabalik), Salmo gardnieri (Gokkusagi
alas1), Squalius leuciscus (Kefal), Gobio gobio (Dere kayabaligi), Huso huso (Morina), Acipenser
ruthenus (Cigabaligi), Cyprinus carpio (Sazan) ve Anguilla anguilla (Avrupa Yilan baligi) gibi bazi tath
su balik tiirleri, Simuliidae larvalarinin 6nemli aveilaridir. Su igerisindeki diger avcilari ise; Trichoptera
cinslerine ait Rhyacophila spp. ve Hydropsyche spp. larvalari olmak {izere, Coleoptera larva ve erginleri,
Diptera’dan Empididae, Muscidae ve Chironomidae larvalari, Plecoptera, Ephemeroptera ve Odonata
nimfleridir (Crosskey, 1990).

Geng larvalar deri solunumu yaparken, olgunlagmig yasli larvalarda anal solungaglarda trake sistemi
geligsmistir. Yash larvalar pupa olmadan 6nce kokon adi verilen bir yap1 rerler. Bakildigi zaman
icindeki pupa goriilecek sekilde acikligi olan bu yapinin bir tarafi saglam bir yere tutunmustur ve agik
kismi su akintisina dogru yonelir (Demirsoy, 2006).

Ulkemizde ve yurtdisinda bazi sucul ekosistemlerin hem Simuliidae faunasini belirlemeye (Sirin,
2001; Crosskey ve Zwick, 2007; Adler ve Sirin, 2014; Bagéren, 2015; Buitrago-Guacaneme vd., 2018;
Vijayan ve Anbalagan, 2018) hem de fizikokimyasal parametrelere gore su kalitesini saptamaya yonelik
farkl ¢alismalar yapilmistir (Cigek, 2003; Kalyoncu ve Zeybek, 2011; Tongjura vd., 2015; Senel, 2017;
Zeybek, 2017; Mutlu vd., 2018; Donald ve Blessing, 2019).

Bu ¢alismada Karacadren Baraj Golii’nii besleyen Isparta Deresi’ndeki Simuliidae familyasina ait
iyelerin bu dereye ne kadar adapte oldugu ve hangi kesimlerinde ne yogunlukta bulundugu bazi
fizikokimyasal parametrelerle iliskilendirilerek belirlenmistir.

MATERYAL ve YONTEM

Isparta Deresi, Isparta ili’nin Dere Mahallesi’nden baslar ve Karacadren Baraj Gélii’ne dokiiliir. Bu
caligmada, Isparta Deresi {lizerinde toplam 6 istasyon belirlenmistir. Bu istasyonlarda hem bazi
fizikokimyasal parametrelerin 6l¢iimleri yapilmis hem Simuliidae familyasina ait tiirler belirlenmis hem
de fizikokimyasal verilere gore su kalitesi siniflari tespit edilmistir. Caligma alaninin ve istasyonlarin
goriiniimii GoogleEarth’ten alinarak Sekil 1.’de verilmistir.

NI T »

GoogleEarth
! ¥ AP o

Sekil 1. Caligma alaninin ve istasyonlarin gériiniimii
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Arazi calismalart Kis-2017, Tlkbahar-2017, Yaz-2017 ve Sonbahar-2017 olmak iizere mevsimsel
olarak yapilmistir. 2. Istasyon yaz mevsiminde kuru oldugu igin 6rnekleme yapilamamustir. Su &rnekleri,
her istasyonda derenin orta kismindan alinmis ve oOrnekleme i¢in 1 litrelik renkli plastik siseler
kullanilmigtir. Alinan su 6rneklerinin amonyum azotu (NHa-N), nitrit azotu (NO2-N), nitrat azotu (NOs-
N) fotometrik yontemle, klortir (CI?) iyonu titrimetrik yontemle Isparta Halk Sagligi Laboratuvari
tarafindan yapilmistir. Biyolojik oksijen ihtiyaci (BOls) SDU Fen Edebiyat Fakiiltesi Biyoloji Boliimii
Hidrobiyoloji Laboratuvari’nda ol¢tilmiistiir. Sicaklik (°C), ¢ozlinmiis oksijen (mg/l), pH ve elektrik
iletkenligi (uS/cm) degerleri 6rnek alma esnasinda 6l¢iilmiistiir.

Simuliidae larva ve pupalari, belirlenen 6 istasyonda dip kepgesi ve elle toplanmustir. Akintinin hizli
ve derin oldugu yerlerde 50x30 ebadindaki dip kepgesi ile taban kismi ayakla karistirilarak dip
materyalinden 6rnekleme yapilmistir. Akintinin yavas ve derinligin sig oldugu bolgelerde tutunduklari
ylizeylerden (tas, bitki, suya karismis ¢esitli materyaller vs.) ince uclu bir pens yardimiyla toplama
yapilmistir. Toplanan 6rnekler %80°1ik alkolle muhafaza edilerek laboratuvara getirilmis ve burada
hemen incelenerek soguk bir ortamda, %80°1ik alkolde muhafaza edilmistir.

Fizikokimyasal parametrelere gore su kalitesini belirlemede Yeriistii Su Kalitesi Yonetmeligi
(YSKY) kullanilmustir. Istatistiksel yontemlerden baskinlik, siklik, gesitlilik, benzerlik analizlerinden
ve Pearson Testi’nden yararlanilmistir. Benzerlik analizi uygulanirken Serensen benzerlik formiilii
(Krebs, 1989), cesitlilik analizi i¢in Margalef Cesitlilik indeksi (Margalef, 1957) kullanilmstir.

Tiirler siklik bakimindan 5 basamakta incelenir. %1-20: Cok seyrek bulunan tiirler, %21-40: Seyrek
bulunan tiirler, %41-60: Genellikle bulunan tiirler, %61-80: Cogunlukla bulunan tiirler, %81-100:
Siirekli bulunan tiirler olarak degerlendirilir (Kocatas, 2014).

ARASTIRMA BULGULARI
Fiziksel ve Kimyasal Bulgular

Caligma stiresince, en diisiik sicaklik degeri kisin 2. istasyonda 1,19°C, en yliksek sicaklik degeri ise
yazin 5. istasyonda 28,94°C olarak ol¢iilmiistiir. Yillik en diisiik ortalama sicaklik degeri 1. istasyonda
9,94°C, yillik en yiiksek ortalama sicaklik degeri ise 5. istasyonda 18,12°C’dir. En diisiik pH degeri
(6,58) 2. istasyonda kis mevsiminde, en yiiksek pH degeri (8,09) ise 5. istasyonda yaz mevsiminde tespit
edilmistir. Mevsimsel ortalama hesaplamalarina gore, en diisiik pH degeri 4. istasyonda 6,90, en yiiksek
pH degeri ise 5. istasyonda 7,67 olarak saptanmugtir. En diisiik elektriksel iletkenlik degeri (181,10
uS/cm) 4. istasyonda sonbahar mevsiminde, en yiiksek elektriksel iletkenlik degeri (625,60 uS/cm) ise
5. istasyonda yaz mevsiminde tespit edilmistir. En diisiik yillik ortalama elektriksel iletkenlik degeri 4.
istasyonda 189,15 uS/cm, en yiiksek yillik ortalama elektriksel iletkenlik degeri ise 5. istasyonda 499,97
puS/cm olarak saptanmistir. En diisiik ¢oziinmils oksijen degeri (3,5 mg/l) 3. istasyonda ilkbahar
mevsiminde, en yliksek ¢oziinmiis oksijen degeri (7,5 mg/l) ise 1. istasyonda yine ilkbahar mevsiminde
tespit edilmistir. En diigiik yillik ortalama ¢6ziinmiis oksijen degeri 5. istasyonda 4,87 mg/l, en yliksek
yillik ortalama ¢dziinmiis oksijen degeri ise 1. istasyonda 6,75 mg/l olarak saptanmistir. En diisiik BOIs
degeri (0,28 mg/l) 2. istasyonda kis mevsiminde, en yiiksek BOIs degeri (4,2 mg/l) ise 6. istasyonda yaz
mevsiminde belirlenmistir. Y1llik en diisiik ortalama BOIs degeri 2. istasyonda 0,29 mg/l, en yiiksek
ortalama BOIs degeri ise 6. istasyonda 3,92 mg/l olarak saptanmistir. Amonyum azotu (NH4-N)
miktarlar1 0,002 mg/l ve 11,400 mg/l arasinda degisiklik gostermistir. Yillik en yiiksek ortalama
amonyum azotu degeri 5. istasyonda (7,202 mg/l), en diisiik ortalama amonyum azotu degeri ise 3.
istasyonda (0,013 mg/1) tespit edilmistir. Nitrit azotu (NO2-N mg/1) degerleri 0,025 mg/1 ve 11,800 mg/1
arasinda degisiklik gostermistir. Yillik en yiiksek ortalama nitrit azotu degeri 5. istasyonda (4,168 mg/1),
en diisiik ortalama nitrit azotu degeri ise 4. istasyonda (0,035 mg/1) 6l¢iilmiistiir. Nitrat azotu (NOs-N
mg/l) miktarlar1 0,990 mg/l ve 16,800 mg/1 arasinda degisiklik gostermistir. Yillik en yliksek ortalama
nitrat azotu degeri 6. istasyonda (10,530 mg/1), en diisiik ortalama nitrat azotu degeri ise 1. istasyonda
(1,405 mg/1) saptanmigtir. Kloriir iyonu (Cl" mg/l) miktarlarinin 4,230 mg/l ve 71 mg/l arasinda degistigi
goriilmiistiir. Yillik en yliksek ortalama kloriir iyonu degeri 5. istasyonda (65,697 mg/l), en diisiik
ortalama kloriir iyonu degeri ise 4. istasyonda (8,400 mg/1) belirlenmistir. Fizikokimyasal degerlerin
istasyonlara gore minimum, maksimum, ortalama degerleri ve standart sapmalar1 Tablo 1°de verilmistir.
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Tablo 1. istasyonlarin fizikokimyasal degerlerinin minimum degerleri, maksimum degerleri, ortalama degerleri
ve standart sapmalari

PARAMETRELE 1. 2. 3. 4. 5. 6.
R ISTASYON  iSTASYON ISTASYON iSTASYON  iSTASYON  iSTASYON
Sreaklik 2,2-16,07 1,19-20,36 5,62-28,21 10,2-10,59 8,18-28,94 7,34-23,14
9,9445,83 11,47+9,66 17,9949,77  10,3540,18  18,1249,29 15,3246,81
oH 6,85-7,39 6,58-7,42 7,02-7,72 6,61-7,16 7,18-8,09 7,12-7,43
7,1140,24 7,14+0,48 7,40+0,29 6,9+0,25 7,67+0,38 7,26+0,14
Elektriksel 2169271 22382073 24342021 18111074 42516256  ,oiioThl
lletkenlik(uS/em) ~ 255,18+2561 268,27+39,11  263,6+2148  189,15+7,14  499,98+87,11 '™ :
Coziinmiis 6,2-7,5 5,1-7,2 3,5-6,3 41-7 4,2-59 5,4-6,6
Oksijen (mg/l) 6,75+0,56 6,17+1,05 4,93+1,34 5,9+1,27 4,88+0,73 5,83+0,54
Biyolojik Oksijen  0,3-0,7 0,28-0,3 0,7-1,2 1,2-1,7 3,1-45 3,6-4,2
ihtiyaci (mg/1) 0,5+0,18 0,29+0,01 140,22 1,45+0,21 3,95+0,62 3,940,26
NHe-N (mg/h 0,002-0,21 0,017-0,128 0,01-0,017 0,01-0,021 1,03-11,4 0,05-4,46
0,07+0,1 0,06+0,06 0,01+0,00 0,01+0,00 7,20+4,43 3,1542,10
NO:2-N (mg/h 0,031-0,117  0,044-0,06 0,04-0,32 0,025-0,05 0,06-11,8 0,322-7,12
0,06+0,04 0,05+0,01 0,11+0,14 0,0440,01 4,17+5,48 2,82+3,08
NOs-N (mg/h) 1,1-1,95 1,69-3,05 0,99-3,03 3,13-4,43 3,5-16,4 3,38-16,8
1,41+0,38 2,20+0,74 2,13+0,85 3,9540,59 9,2646,14 10,53+7,02
cr (mal) 4,23-19,3 7,5-22,8 7,04-17,1 6,11-13,4 54,05-70,97 30,02-71
9,4146,74 14,02+7,90 11,09+4,30  8,4+3,36 65,7+7,88 49,58+17,34

Fizikokimyasal parametrelerin yillik ortalama degerlerine gore su kalite smiflar1 Tablo 2’de

verilmistir. YSKYye gore 1. simf yiiksek kaliteli su (Cok iyi), II. stmf az kirli su (Iyi), IIL. sinif kirli su
(Orta), IV. sinif ¢ok kirli su (Zay1f) olarak degerlendirilmistir (YSKY, 2016).

Tablo 2. YSKY (2016)’ye gore istasyonlarin su kalite siniflari

C.0.
T

ISTASYON  °C pH E. I. BOI, NH,N
1. istasyon I 1
2. istasyon I A1 1

| |

| |

3. istasyon 1,1 1,1 | i |
| |

|

|

I
I
I
4. istasyon L, L " I
5. istasyon LI L1 I i \Y v I I
6. istasyon 111 111 I 1 \Y v 11! I

Biyolojik Bulgular

Calisma sonucunda 1 alt familyaya ait 3 cins, 5 altcins ve 12 tiir tespit edilmistir. En fazla tiire sahip
olan cins 9 tiirle Simulium olmustur. Belirlenen taksonlarin bulunduklart istasyonlar ve bulunus sikliklart
(%) Tablo 3’te verilmistir. Simulium sp. 2., 5. ve 6. istasyonlarda siirekli bulunan takson olmustur.

Caligma siiresince belirledigimiz 12 taksonun iginde en baskin takson Simulium sp. olmustur. Bunu
sirast ile Simulium pseudequinum, S. angustipes, S. variegatum, Metacnephia sp., S. ornatum,
Prosimulium sp., Prosimulium rufipes, S. auricoma, S. bezzii, S. trifasciatum ve S. costatum takip
etmistir. Kis mevsiminde en baskin takson Metacnephia sp. olurken, ilkbahar, yaz ve sonbahar
mevsimlerinde Simulium sp. olmustur.

490



OZEL vd. 2019 ActAquaTr 15(4), 487-498

Tablo 3. Belirlenen taksonlarmn istasyonlara gore siklik (%) degerleri

SIKLIK (%)
1. 2. 3. 4, 5. 6.
istasyon istasyon istasyon istasyon istasyon istasyon

Metacnephia sp. 50 66,6 25 0 0 0
Simulium angustipes 25 66,6 25 0 75 50
S. auricoma 0 33,3 25 0 0 0
S. bezzii 0 0 25 0 0 0
S. costatum 0 0 25 0 0 0
S. ornatum 50 33,3 0 25 25 0
S.pseudequinum 25 0 25 0 75 75
S.trifasciatum 0 333 25 0 0 0
S. variegatum 50 33,3 25 0 25 0
Simulium sp. 75 100 75 25 100 100
Prosimulium rufipes 25 33,3 25 0 0 0
Prosimulium sp. 0 0 25 0 0 0

Serensen benzerlik indeksine gore yapilan hesaplamalarda 1. ve 5. istasyonlar birbirlerine en ¢ok
benzeyen istasyonlar olurken, 3. ve 4. istasyonlar birbirlerine en az benzeyen istasyonlar olmuslardir.
Belirlenen taksonlarin istasyonlara gore benzerlik degerleri Tablo 4’te verilmistir.

Tablo 4. Belirlenen taksonlarin istasyonlara gore benzerlik degerleri

istasyonlar

1. istasyon

2. istasyon

3. istasyon

4. istasyon

5. istasyon

1. istasyon
2. istasyon
3. istasyon
4. istasyon
5. istasyon

6. istasyon

1

0,80
1

0,67
0,73
1

0,44

0,40

0,15
1

6. istasyon
0,83 0,60
0,61 0,36
0,50 0,42
0,57 0,40
1 0,75
1

Margalef ¢esitlilik indeksine gore en fazla gesitlilige ilkbahar mevsiminde 2. istasyonda rastlanmistir.
Yaz mevsiminde 3. ve 4. istasyon ile sonbahar mevsiminde 4. istasyonda 6rnege rastlanmamistir. En az
gesitlilik “0” degeri ile kig ve ilkbahar mevsiminde 4. istasyonda, yaz mevsiminde 1. istasyonda
goriilmiistiir. Belirlenen taksonlarin istasyonlara gore ¢esitlilik degerleri Tablo 5’te verilmistir.

Tablo 5. Belirlenen taksonlarin istasyonlara gore ¢esitlilik degerleri

ISTASYONLAR KIS ILKBAHAR YAZ SONBAHAR
1. istasyon 1,59 1,66 0 1,53
2. Istasyon 2,09 2,99 KURU 2,09
3. istasyon 2,41 2,73 - 0,68
4. istasyon 0 0 - -
5. Istasyon 2,12 2,21 0,53 0,92
6. Istasyon 0,64 1,09 0,56 1,18
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Olgiimii yapilan fizikokimyasal parametreler ile dere faunasinda tespit edilen Prosimulium rufipes,
Simulium angustipes, S.costatum, S. bezzii, S. ornatum, S. trifasciatum, S. variegatum, S. auricoma ve
S. pseudequinum tiirleri arasindaki iligkiyi belirlemek amactyla Pearson testi yapilmistir (Tablo 6). Bu
teste gore ¢oziinmiis oksijen degerlerinin diger fizikokimyasal parametrelerle negatif iligki icerisinde
oldugu goriilmiistiir. Bu durum c¢oziinmiis oksijenin arttikca diger fizikokimyasal parametrelerin
azaldigim gostermektedir. Sicaklik, pH, elektriksel iletkenlik, BOIs, nitrit, nitrat, amonyum ve kloriiriin
kendi aralarindaki iligkinin pozitif yonde oldugu goriilmistiir.

Sicaklikla P. rufipes, S. variegatum ve S. auricoma arasinda negatif, S. angustipes, S. ornatum, S.
trifasciatum ve S. pseudequinum arasinda ise pozitif iliski goriilmiistiir. pH degeri arttikga P. rufipes, S.
ornatum ve S. auricoma miktarinin azaldigi, S. angustipes, S. trifasciatum, S. variegatum ve S.
pseudequinum miktarinin ise arttig1 gorillmistiir. Elektriksel iletkenlikle P. rufipes, S. trifasciatum ve S.
variegatum arasinda negatif iliskiye rastlanirken, S. angustipes, S. ornatum, S. auricoma ve S.
pseudequinum arasinda pozitif iliskiye rastlanmigtir. Coziinmiis oksijen degerleri ile P. rufipes, S.
angustipes, S. ornatum, S. variegatum, S. auricoma ve S. pseudequinum degerleri arasinda pozitif , S.
trifasciatum degerleri arasinda ise negatif iliski oldugu saptanmistir. BOIs artarken S. angustipes ve S.
pseudequinum tiirlerinin birey sayilarinin arttign fakat P. rufipes, S. ornatum, S. trifasciatum, S.
variegatum ve S. auricoma tiirlerinin birey sayilarinin azaldigi goriilmistir. Nitrit degerleriyle P.
rufipes, S. angustipes ve S. variegatum arasinda pozitif iliski bulunurken S. ornatum, S. trifasciatum, S.
auricoma ve S. pseudequinum arasinda negatif iliski bulunmustur.
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Tablo 6. Fizikokimyasal parametrelerin ve tespit edilen tiirlerin Pearson testine gore degerleri

w
(%) & v 2
o » %) = s v 2
o = o : = 8 o S
z e g @ S 2 3 5 2
5 z z pd = [ 2 o = S, & = =5
Eog ¢ o 85 9 9 = g £ 2 & =z 5 g ! 2
= I — o = z z z Q 3 3 3 = 3 3 3 3 3
Sicaklik 1 [796**  422* -0,37 0,406 ,592**  480* 0,155 0,171 -0,98 0,546 .(a) .(@) 0,454 1,000** -0,083  -1,000** 0,332
pH 1 ,533** -533** (0,164 ,562** 0,365 448* 0,407 -0,038 0434 .(a) .(a -0,709 1,000** 0,155 -1,000** 0,278
E. 1 1 -0,222 0,154 [779** [755** 726** ,886**  -0,852 0,001 .(a) .(a) 0,162 -1,000**  -0,427 1,000** 0,047
C.O. 1 -0,288 -0,132 -0,049 -443* -0,317 0,986 0,137 .(a) .(a) 0,172 -1,000** 0,735 1,000** 0,143
BOIs 1 0,38 425 0,183 0,204 -0,592 045 .(d .8 -0,245 -1,000** -0,389  -1,000** 0,128
NO2-N 1 ,168**  434*  570** ,999* 0,262 .(a) .(a -0,117  -1,000** 0,562 -1,000**  -0,023
NOs-N 1 0,251 ,583** -1,000** 0,109 .@ .@ -0,441  -1,000**  -0,526 1,000** 0,407
NH4-N 1 832** 0795 -0201 .a) .(a -0,104 (a) 0,305  1,000%*  -0,438
Cl 1 -0,725 -0,134 .(a) .(@ -0,099  -1,000**  -0,386 1,000** -0,125
P. rufipes 1 @ (@ .@ -1,000%* () ,997* .a) .(a)
S. angustipes 1 @ .(a) 0 .(a) .(a) () ,908*
S. costatum (@ . .(a) .(a) (a) .(a) (a)
S. bezzii .(a) .(2) .(2) .(a) .a) .(a)
S. ornatum 1 (a) -1,000%* (a) -1,000%*
S. trifasciatum 1 .(a) .(a) .(a)
S. variegatum 1 .(a) .(a)
S. auricoma 1 .(a)
S. pseudequinum 1

** 0,01 diizeyinde onemli
* 0,05 diizeyinde onemli
(a) Degiskenlerden en az biri sabit oldugu igin hesaplanamamistir
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Nitratla P. rufipes, S. ornatum, S. trifasciatum ve S. variegatum arasinda negatif, S. angustipes, S.
auricoma ve S. pseudequinum arasinda pozitif iliski goriilmiistiir. Amonyumun artis1 ile P. rufipes, S.
angustipes, S. ornatum, S. variegatum ve S. pseudequinum’un birey sayisinin azaldigi, S. auricoma‘nin
birey sayisinin arttigi goriilmiistiir. Kloriir, P. rufipes, S. angustipes, S. ornatum, S. trifasciatum, S.
variegatum ve S. pseudequinum ile negatif iliski gosterirken S. auricoma ile pozitif iliski gostermistir.

Sicaklik ile pH, nitrit, S. trifasciatum, S. auricoma arasinda (<0,01), sicaklik ile elektriksel iletkenlik,
nitrat arasinda (<0,05), pH ile elektriksel iletkenlik, ¢Oziinmiis oksijen, nitrit, S. trifasciatum, S.
auricoma arasinda (<0,01), pH ile amonyum arasinda (<0,05), elektriksel iletkenlik ile nitrit, nitrat,
amonyum, klortir, S. trifasciatum, S. auricoma arasinda (<0,01), ¢oztinmiis oksijen ile S. trifasciatum,
S. auricoma arasinda (<0,01), ¢dziinmiis oksijen ile amonyum arasinda (<0,05), BOIs ile S. trifasciatum,
S. auricoma arasinda (<0,01), BOIs ile nitrat arasinda (<0,05), nitrit ile nitrat, kloriir, S. trifasciatum, S.
auricoma arasinda (<0,01), nitrit ile amonyum, P. rufipes arasinda (<0,05), nitrat ile kloriir, P. rufipes,
S. trifasciatum, S. auricoma arasinda (<0,01), amonyum ile kloriir, S. trifasciatum arasinda (<0,01),
kloriir ile S. trifasciatum, S. auricoma arasinda (<0,01), P. rufipes ile S. ornatum arasinda (<0,01), P.
rufipes ile S. variegatum arasinda (<0,05), S. angustipes ile S. pseudequinum arasinda (<0,05), S.
ornatum ile S. variegatum, S. pseudequinum arasinda (<0,01) istatistiki agidan 6nemli farkliliklar
belirlenmistir.

TARTISMA ve SONUC

Isparta Deresi’nde Kig-2017 - Sonbahar-2017 tarihleri arasinda yiiriitiilen bu ¢aligmada suyun
fizikokimyasal parametreleri ile Simuliidae familyasina ait bulunan tiirler arasindaki iligkiler
belirlenerek su kalitesi tespit edilmeye caligilmistir.

Yillik su sicaklik ortalama degerleri 9,94°C ile 18,12°C arasinda degismistir. En diisiik su sicaklig
kis mevsiminde 2. istasyonda (1,19°C) olgiiliirken en yiiksek su sicakligi ise yaz mevsiminde 5.
istasyonda (28,94°C) oOlciilmiistiir. Yapilan diger calismalarda da benzer sonuclar elde edilmistir
(Kalyoncu, 1996; Bernotiene, 2006; Tekin-Ozan vd., 2008; Kalyoncu ve Zeybek, 2009; Cicek, 2011;
Ozan, 2016). Sicaklik ile pH ve nitrit arasinda <0,01 diizeyinde ayrica sicaklik ile elektriksel iletkenlik
ve nitrat arasinda <0,05 diizeyinde 6nemli farklilik belirlenmistir.

Yillik ortalama pH degerleri 6,9 ile 7,67 arasinda degismistir. En diisiik pH degerine 6,58 ile kis
mevsiminde 2. istasyonda, en yiiksek pH degerine ise 8,09 ile yaz mevsiminde 5. istasyonda
rastlanmigtir. Karakas (2018), Karpuz Cayi’nda ortalama pH degerlerini 7,94 ile 8,27 araliginda
gozlemlemistir. pH ile elektriksel iletkenlik, ¢dzlinmiis oksijen ve nitrit arasinda <0,01 diizeyinde, pH
ile amonyumla arasinda <0,05 diizeyinde 6nemli farklilik bulunmustur.

Elektriksel iletkenlik degerleri yillik ortalamalar1 189,15 puS/cm ile 499,97 uS/cm arasinda degisiklik
gostermistir. 4. istasyonda sonbahar mevsiminde 181,1 pS/cm ile en dislik, 5. istasyonda yaz
mevsiminde 625,6 pS/cm ile en yiiksek elektriksel iletkenlik degeri 6l¢iilmiistiir. Giilcii-Giir ve Tekin-
Ozan (2017), Isikli Gélii’nde yaptiklar calismada elektriksel iletkenligi 262,33 pS/cm ile 385,2 pS/cm
araliginda 6l¢miislerdir. Pearson testine gore elektriksel iletkenlik ile nitrit, nitrat, amonyum ve kloriir
arasinda (<0,01) onemli farkliliga rastlanmustir.

Yillik ortalama ¢oziinmiis oksijen degerleri 4,87 mg/1 ile 6,75 mg/l arasinda saptanmigtir. En diigiik
¢Oziinmiis oksijen degeri 3. istasyonda ilkbahar mevsiminde 3,5 mg/1 dlgiiliirken, en yliksek ¢oziinmiis
oksijen degeri 1. istasyonda ilkbahar mevsiminde 7,5 mg/l olarak Olclilmiistiir. Yapilan bazi
calismalarda da benzer sonuglara rastlanmistir (Cigek, 2003; Ipek ve Saler, 2008; Basyigit ve Tekin-
Ozan, 2013; Buitrago-Guacaneme vd., 2018). Pearson testine gére ¢oziinmiis oksijen ile diger
fizikokimyasal parametreler arasinda negatif bir iliski gozlenmis ve ¢6ziinmiis oksijen ile amonyum
arasinda <0,05 diizeyinde 6nemli farklilik goriilm{istiir.

BOIs degerlerinin yillik en yiiksek ortalamas1 3,9 mg/1 olarak belirlenirken en diisiik ortalamasr ise
0,29 mg/1 olarak hesaplanmistir. En diisiik deger kis mevsiminde 2. istasyonda 0,28 mg/l, en yiiksek
deger ise yaz mevsiminde 6. istasyonda 4,2 mg/l olmustur. Karakas (2018), Karpuz Cay1 (Antalya)’nda
ortalama BOIs degerini en diisiik 0,42 mg/l, en yiiksek 1,12 mg/l olarak bildirmistir. BOIs ile nitrat
arasinda <0,05 diizeyinde istatistiki acidan 6nemli farkliliga rastlanmistir. BOIs degerlerine gore 1., 2.,
3., ve 4. istasyonlarin oligosaprobik bolge, 5. ve 6. istasyonlarin beta-mezosaprobik bolge oldugu
belirlenmistir.
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Yapilan ¢aligmada yillik ortalama amonyum azotu 0,013 mg/l ile 7,202 mg/1 arasinda degismistir.
En diisiik degere yaz mevsiminde 0,002 mg/1 ile 1. istasyonda, en yliksek degere ilkbahar mevsiminde
11,4 mg/l ile 5. istasyonda rastlanmistir. 5. ve 6. istasyonlarda amonyum azotu miktarinin diger
istasyonlara gore ¢ok fazla oldugu gozlenmistir. Bunun sebebi 5. istasyon dncesinde ¢evrede bulunan
koylerin atik sularmin ve tarim arazilerinde kullanilan giibrelerin bir sekilde dereye karismasi olabilir.
Ay (2017), Mudurnu Nehri’'nde amonyum azotu degerlerini 0,006 mg/l ile 0,74 mg/l arasinda
gbzlemlemistir. Amonyum ile kloriir arasinda (<0,01) istatistiki agidan 6énemli farklilik bulunmustur.

Yillik ortalama nitrit miktar1 0,035 mg/1 ile 4,168 mg/l arasinda degisiklik gdstermistir. Nitrit azotu
en az (0,025 mg/1) 4. istasyonda ilkbahar mevsiminde, en ¢ok (11,8 mg/1) 5. istasyonda yaz mevsiminde
bulunmustur. Ozellikle yaz mevsiminde 5. istasyonda olan asir1 nitrit yiikselmesi 6. istasyonda da
gozlenmis ve sonbahar mevsiminde de etkisini devam ettirmistir. Bu artisin sebebi, 5. istasyondan once
bulunan koylerin lagim sularinin bu dereye karigsmasi olabilir. Verep vd. (2017), Derepazari Deresi
(Rize)’nde nitrit degerlerini 0,002 mg/1 ile 0,02 mg/1 arasinda saptamislardir. Nitritin, nitrat ve kloriirle
arasinda <0,01 diizeyinde, amonyumla arasinda <0,05 diizeyinde 6nemli istatistiki farklilik goriilmiistiir.

Bu calismada yillik ortalama nitrat azotu degerleri 1,405 mg/I ile 10,530 mg/1 arasinda degismistir.
En diisiik degere sonbahar mevsiminde 0,99 mg/l ile 3. istasyonda, en yiiksek degere yine sonbahar
mevsiminde 16,8 mg/l ile 6. istasyonda rastlanmistir. Erdogan ve Ertan (2016), Kopriigay Nehri’nde
nitrat degerlerini 0,04 mg/1 ile 1,24 mg/l arasinda bulmuslardir. Nitrat miktarinin 5. ve 6. istasyonda
yazin ve sonbaharda 6nemli 6l¢iide arttig1 goriilmiistiir. Chapman ve Kimstach (1996)’e gore sulardaki
nitrat azotunun 5 mg/I’'nin {izerinde olmas1 tarimsal etkinliklerden ya da evsel atiklardan
kaynaklanmaktadir. 5. ve 6. istasyondaki artis buna baglanabilir. Nitrat ile kloriir arasinda (<0,01)
Onemli istatistiki farkliliga rastlanmistir.

Kloriir iyonunun yillik ortalamasinin 8,4 mg/l ile 65,697 mg/l arasinda oldugu gozlenmistir. En
diisiik kloriir iyonuna 1. istasyonda (4,23 mg/1) yaz mevsiminde, en yiiksek kloriir iyonuna 6. istasyonda
(71 mg/l) kis mevsiminde rastlanmistir. Ozen (2018), Ulupmar Cayi’nda yaptig1 calismada kloriir
degerlerini en az 5,15 mg/l ve en ¢ok 19,95 mg/l olarak belirlemistir.

Bu ¢alismada Simuliidae familyasina ait Simuliinae alt familyasindan Prosimulium, Metacnephia ve
Simulium cinslerine rastlanmistir. Ayrica Simulium cinsine ait Eusimulium, Nevermannia, Simulium,
Trichodagmia, Wilhelmia altcinsleri tespit edilmistir.

Bu calismada Metacnephia sp., kis ve ilkbahar mevsiminde goriiliirken diger mevsimlerde bu
taksona rastlanmamugtir. Simulium sp.’ye dort mevsimde de rastlanmistir. Genel baskinlik bakimindan
en baskin taksondur. Belirlenen biitiin Simulium sp. bireyleri geng larva niteligindedir. Simulium
angustipes tiirii yaz mevsimi harig¢ tiim mevsimlerde gézlenmistir. Bu tiire en fazla sonbahar mevsiminde
rastlanmistir. Sonbaharda 4. istasyon haricinde her istasyonda goriilmiistiir. Bu tiire yogun olarak beta-
mezosaprobik bolgelerde rastlanilmasinin yani sira bu tiir alfa-mezosaprobik ve oligosaprobik
bolgelerde de goriilebilmektedir (Car vd., 1995). Bu ¢alismada bu tiiriin bulundugu istasyonlarin beta-
mezosaprobik ve oligosaprobik 6zelliklere sahip oldugu goriilmistiir. Simulium auricoma tiirii sadece
kis mevsiminde 2. ve 3. istasyonda goriilmiistiir. Scheder (2004)’e gore bu tiir genellikle hizli akintils,
yiiksek bolgelerde yer alan soguk dag sularinda bulunmaktadir. Ksenosaprobik ve beta-mezosaprobik
ortamlarda bulunabilen bu tiir genellikle oligosaprobik bolgeleri tercih etmektedir (Car vd., 1995). Bu
calismada da bu tiiriin bulundugu dere hizli akintilidir ve oligasoprobik bdlgelerde rastlanmustir.
Simulium bezzii, sadece kis mevsiminde ve 3. istasyonda tespit edilmistir. Seitz (1994), bu tiiriin hizl
akan sularda 2000 metre yiikseklige kadar bulunabilecegini bildirmistir. Beta-mezosaprobik ve
oligosaprobik bolgeler bu tiiriin siklikla bulundugu bélgelerdir (CSN, 1998). Bu ¢alismada da bu tiire
oligosaprobik bolgede rastlanmustir. Simulium costatum tiirii sadece ilkbahar mevsiminde 3. istasyonda
goriilmiis olup sadece 1 tane bireye rastlanmigtir. Bagoren (2015), yaptig1 ¢alismada bu tiire ait alfa-
mezosaprobik bolgede yasayan 1 bireye rastlamis ve yasamasi i¢in uygun olan habitat kosullarinin
donemsel olarak degismesinden dolayr tiiriin bolgeyi terk etmek zorunda kalmig olabilecegini
bildirmistir. Bu ¢alismada da bu tiire ait tek bireye rastlanmasinin sebebi bu olabilir. Simulium ornatum,
yaz mevsimi diginda her mevsimde bulunmustur. S. ornatum larvalarinin yogunlugu i¢in en 6nemli
faktor pH'tir. Diigiik pH’ta kiiglik ve temiz sularda siklikla bulunur. (Bernotiene, 2006). Bu ¢alismada
da S. ornatum’un rastlandig istasyonlardaki pH degeri diisiiktiir. Simulium pseudequinum, her mevsim
rastlanan bir tiir olmustur. Yaz ve sonbahar mevsiminde en baskin ikinci tiir, kis ve ilkbahar mevsiminde
en baskin tgcilincii tiirdiir. Yiiksek sicaklikta bile hayatta kalabilen bu tiire genellikle akintis1 yavas
sularda rastlanir (Car vd., 1995; Kazanci, 2006). 5. ve 6. istasyonlarda yaz mevsiminde goriilmesi de bu
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bilgiyi desteklemektedir. En fazla beta-mezosaprobik bélgelerde goriilen bu tiire nadiren de olsa alfa-
mezosaprobik bolgelerde rastlamir (Car vd., 1995). Bu c¢alismada S. pseudequinum tiirtiniin tim
mevsimlerde beta-mezosaprobik Ozelliklere uygun bdolgelerde gozlemlenmesinin yanisira sonbahar
mevsiminde az birey sayisinda oligosaprobik bolgede de belirlenmistir. Bu sonuca goére bu tiiriin
oligosaprobik bolgelere de uyum saglayabildigi goriilmistiir. Simulium trifasciatum, yaz ve sonbaharda
belirlenememistir. Kis mevsiminde sadece 3. istasyonda, ilkbaharda ise sadece 2. istasyonda tespit
edilebilmistir. Bernotiene (2006), yaptig1 caligmada S. trifasciatum larvalarinin diistik organik kirlilige
sahip nehirleri ve yumusak sertlikteki sular1 tercih ettigi sonucuna varmistir. Bu tiir genellikle beta-
mezosaprobik ve oligosaprobik bdlgeleri tercih etmektedir (Car vd., 1995). Basoren (2015),
caligmasinda bu tiire ait bir bireyin alfa-mezosaprobik bolgede yasadigini gérmiistiir. Bu ¢aligmada ise
bu tiire oligosaprobik bolgelerde rastlanmistir. Simulium variegatum tiiriine kis ve ilkbahar mevsiminde
rastlanirken, diger mevsimlerde goriilmemistir. Bu tiiriin larva ve pupalarina genellikle daglik ve daglik
alanlarin alt kistmlarindaki dereler ile orta genislikteki nehirlerde ve bitkilerin lizerinde rastlanir. Hizl
akintiya sahip soguk ve oksijence zengin dag sularinda yasarlar (Rubtsov, 1990). Bu tiire en fazla
oligosaprobik bolgelerde rastlanir. Ancak beta-mezosaprobik bélgelerde ve nadiren de olsa alfa-
mezosaprobik ve ksenosaprobik bolgelerde de goriilebilir (Car vd., 1995). Bu c¢alismada bu tiire
genellikle oligosaprobik bolgelerde rastlanirken beta-mezosaprobik bolgede de 1 bireyine ulagilmistir.
Prosimulium sp. yalmizca ilkbahar mevsiminde 3. istasyonda goriilmiistiir. Ilkbahar mevsiminin bu
istasyonunun en baskin taksonu olmustur. Prosimulium rufipes tiiri sadece ilkbahar mevsiminde tespit
edilmistir. Genellikle bu tiir, akarsularin yukar1 bolimlerindeki hizli akan sularda goriilmektedir
(Tllésova vd., 2008). En sik bulundugu ortam oligosaprobik bolgelerdir. Beta-mezosaprobik ve
ksenosaprobik bolgelerde de nadiren bulunur (Car vd., 1995). Bu ¢alismada da bu tiire oligosaprobik
bolgelerde rastlanarak bu bilgilerle uyumlu oldugu goriilmiistiir.

Bu caligma sonucunda, Isparta Deresi’nin Karacadren Baraj Goli’ne yogun bir Kirlilik yiikii tagidigt
kanisina varilmistir. Bu durumun engellenmesine yardimci olacak ¢alismalarin yapilmasi gerektigi
diistintilmektedir.

Tesekkiir: Bu calisma Siileyman Demirel Universitesi Bilimsel Arastirma Projeleri Koordinasyon
Birimi Bagkanlig1 (Proje no: 4827-YL1-16) tarafindan desteklenmistir. Siileyman Demirel Universitesi
Bilimsel Arastirma Projeleri Koordinasyon Birimi Bagkanligina tesekkiir ederiz.
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Ozet

Bu ¢alismada, Abant Golii’'nde biyolojik kalite unsurlarindan sucul makrofitlere gore ekolojik kalitenin tahmin edilmesi
amaglanmgtir. Makrofitler, 6 istasyonda Nisan, Haziran, Eyliil ve Aralik 2015 tarihlerinde incelenmistir. Goliin litorali kismen
Phragmites australis (Cav.) Trin. ex Steud, Schoenoplectus lacustris L. Palla tiirlerinin olugturdugu bir kemer ile ¢evrilidir.
Yiizen yaprakhi makrofitlerden Nuphar lutea L. Sm. ve Nymphaea alba L. komiiniteleri bulunmaktadir. Ayrica golde
Potamogeton natans L., Myriophyllum spicatum L., Lemna minor L., Juncus articulatus L. ve M. verticillatum L. tirleri
belirlenmistir. Golde P. australis, S. lacustris, N. lutea ve N. alba tiirlerinin dagilimi yaz ve sonbahar donemlerinde artis
gostermistir. PCA analizine gore makrofit bollugunun, su sicakligi, ¢6ziinmiis oksijen, iletkenlik, alkalinite, pH, askida kati
madde, ortofosfat ve toplam fosfor derisimi ile iligkili oldugu belirlenmistir. Abant Golii’nde makrofit indeksi 2,85 Referans
Indekse gore hesaplanan Ekolojik Kalite Orani ise 0,52 olarak belirlenmistir. Buna gére Abant Golii’nde ekolojik kalitenin iyi
ve besin zenginlesmesinin orta diizeyde oldugu tahmin edilmistir.

Anahtar kelimeler: Ekolojik kalite, Su Cergeve Direktifi, Makrofit Indeksi
Aquatic Macrophytes as a Biological Quality Element in Lake Abant
Abstract

In this study, it was aimed to estimate ecological status of the Lake Abant by using aquatic macrophytes wich are one of
the biological quality elements,. Macrophytes were investigated in April, June, September and December 2015 at six stations.
The littoral region of the lake was surrounded partially by the reed belt of Phragmites australis (Cav.) Trin. ex Steud and
Schoenoplectus lacustris L. Palla. There were floating-leaved macrophyte communities such as Nuphar lutea L. Sm. and
Nympheae alba L. in the lake. Potamogeton natans L., Myriophyllum spicatum L., Lemna minor L., Juncus articulatus L. and
M. verticillatum L. were also identified. The abundance of P. australis, S. lacustris, N. lutea and N. alba increased during
summer and autumn. The abundance of macrophytes were related with water temperature, dissolved oxygen, conductivity,
alkalinity, pH, suspended solids, orthophosphate and total phosphorus concentration according to PCA. Macrophyte index and
ecological quality ratio calculated from Reference Index were found as 2.85 and 0.52 respectively. The ecological quality was
estimated as good while the degree of nutrient enrichment was moderate in Lake Abant.

Keywords: Ecological quality, Water Framework Directive, Macrophyte Index

GIRIS

Makrofitler, sucul ekosistemde bir denge unsurudur. Sucul makrofitler, canlilarin beslenmesi ve
barmmasi saglar, baliklarin yumurtlama alanlarini olustururlar. Sucul ortamin siirdiiriilebilir kullanimu,
yoOnetimi ve restorasyonu agisindan su bitkilerinin énemi biiyiiktiir. Makrofitlerin tatli su ve deniz
ekosistemlerinde varligi; su Kkalitesinin 1iyilestirilmesinde, bulaniklik ve sedimentin karigiminin
Onlenmesinde temel goreve sahiptir (Madson vd., 2001). Ancak su bitkilerinin bazi dezavantajlar1 da
bulunmaktadir. Asir1 gogaldiklarinda 6lme ve ¢iiriimeleri sonucu su iinitelerinde organik madde artigina
yol agarlar, pargalandiklarinda veya gece solunumla oksijen tiiketirler ve ¢Oziinmiis oksijenin
azalmasina neden olurlar. Su yilizeyini kaplayarak 1s18in gegisini azaltir, alg fotosentezini
sinirlayabilirler. I¢ sularda asir1 ¢ogalan su bitkileri sulama kanallari, toprak balik havuzlari, igme su
kaynaklari, gol, akarsu ve goletlerde sorunlar olustururlar, balik yetistiriciligi, avciligi yansira
rekreasyonel agidan da problem olusturabilirler (Atay, 1984).
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Bu bitkilerin asir1 gelismeleri su kiitlelerinin kullanimlarini sinirlandirabilir veya bozabilir (Cooke
vd., 1993). Zayif tamponlanmis sularda sucul bitkiler, giin i¢inde onemli bir pH degisimine neden
olabilirler. Bu da ortamdaki organizmalari olumsuz yonde etkileyebilir (Cirik vd., 2007). Gollerin
ekolojik durumunun izlenmesinde temel biyolojik elementlerden birisi sucul makrofitlerdir. Makrofitler
niitrientler, tuzluluk, metaller, herbisitler, kirleticiler, 151k, bulaniklik ve su seviyesi degisimleri gibi
etkenlere karsi, kompozisyonu ve yogunlugu yoniinden yanit vermesinden dolay1 su kiitlelerinin genel
ekolojik durumunun belirlenmesi ve/veya incelenmesinde kullanilan iyi indikatorlerdir (Directive,
2003; Haury vd., 2006; Bakir, 2015). Ayrica, su kalitesini ve canli kompozisyonunu dogrudan etkiler
(Birk vd., 2006). Goéllerin kiyr bolgelerindeki sucul makrofitler degisen besin konsantrasyonlarina
bakteri ve mikroalglerin aksine, yavas yavas ve/veya kademeli olarak birka¢ yil siireyle tepki
gostermektedirler. Bu nedenle, uzun vadeli gostergeler olarak kullanilabilirler (Drake ve Heaney, 1987;
Dave, 1992; Melzer, 1999).

Avrupa Birligi’nde, su kirliligini azaltmak ve siirdiiriilebilir kullanimini saglamak i¢in 23 Ekim 2000
tarihli ve 2000/60/EC sayili Su Cergeve Direktifi (SCD) yirirliige girmistir. SCD’ne gore, ekolojik
kalite indikatorii olarak sucul organizmalarin (fitoplankton, fitobentoz, makrofitler, makroomurgasizlar
ve balik) kullanilmasi gerekmektedir (Directive, 2000). Tiirkiye’de yiizey sulariin izlenmesine yonelik
mevzuat direktife gére uyumlandiriimaktadir. Ozellikle s1g gdllerde ve/veya litorali genis, bitkice zengin
derin gollerde makrofitler onemli bir kalite elementi olarak izlenmelidir.

Akarsu ve gollerde sucul makrofitler, ¢evresel etkiler ve otrofikasyonun izlenmesinde indikator
olarak kullanilmakta ve gesitli iilkelerde makrofitlere yonelik izleme programlar gelistirilmektedir
(Birk vd., 2006). Bu kapsaminda ekolojik kalitesinin belirlenmesinde uygulanan birgok makrofit indeksi
bulunurken, indekslerin hesaplanmasinda tiir kompozisyonu ve bulunus yogunluklarina goére
yapilmaktadir (Sendergaard vd., 2010; Portielje vd., 2014; Poikane vd., 2015). En yaygin olanlari;
Referans Indeks (RI), LEAFPACS ve Makrofit Ekolojik Durum Indeksidir (ESMI) (Willby vd., 2009;
Portielje vd., 2014; Ciecierska ve Kolada, 2014).

Abant Goli’'nde Karakaya vd. (2015) tarafindan g6l metabolizmasi, Atici ve Tokath (2014)
tarafindan goliin su kalitesi ve Algal Species Pollution (ASPI) indeksine gore degerlendirilmesi, Dogan
ve Kizilkaya (2010) ve Karakaya vd. (2011) tarafindan su kirliligi gostergeleri, Obali vd. (2002), Atici
vd. (2005), Celekli ve Kiilkdyoglu (2006), Celekli vd. (2007) tarafindan fitoplankton komiinitesi,
Duman (2005) tarafindan sucul makrofitlerdeki agir metal derisimleri, Kiilkoyliioglu vd. (2005)
tarafindan su kalitesi ve alg potansiyelinin karsilagtirilmasi, Kilkdylioglu vd. (2003) ve Diigel vd.
(2008) tarafindan ostracod gesitliligi ve golin trofik durumu, Atici ve Obali (2002) tarafindan
fitoplanktonun mevsimsel degisimi ve klorofil a derisimi ve Altindag (1999) tarafindan rotifer
faunasinin aragtirilmasi gibi su kalitesi, fitoplankton, makrofit, zooplankton ve limnolojik 6zellikleri
iizerine ¢ok sayida arastirma bulunmaktadir. Goliin sucul makrofitleri Se¢gmen ve Leblebici (1997)
tarafindan bildirilmistir. Ayrica, Tiirker ve Giiner (2003), Abant Tabiat Parkinin damarh bitki florasim
arastirmis, 84 familyaya ait 332 cins, 664 tiir tespit etmislerdir. Gol, 6trofikasyon agisindan Hassas Alan
ilan edilmistir (Anonim, 2015).

Abant Golii ve cevresi bir Tabiat parkidir. Bu nedenle gélde ekolojik kalitenin izlenmesi biiyiik 6nem
tagimaktadir. Bu arastirmada, Abant Go6lii’nde sucul makrofitler ile ekolojik durumun tahmin edilmesi
amaglanmustir.

MATERYAL ve YONTEM

Bati Karadeniz bolgesinde Bolu ilinin 30 km Giineybatisinda bulunan Abant Gélii olusum
bakimindan bir heyelan set goliidiir. Gol, deniz seviyesinden 1345 m yiikseklikte bulunmaktadir,
maksimum derinligi 18 m ve yiizey alan1 125 ha’dir. Abant Gold, 9 Agustos 1983 tarih ve 2873 sayili
Milli Parklar Kanunu’nun 23. maddesinin II. fikrasi ile 21 Ekim 1988’de koruma altina alinarak ‘Tabiat
Park1’ olarak ilan edilmistir (Atict ve Obali, 2002; Miiderrisoglu vd., 2005).

Bu arastirmada, makrofit tilirlerinin dagilimi Nisan, Haziran, Eyliil ve Aralik 2015 tarihlerinde g6liin
litoral bolgesinde secilen 6 istasyonda incelenmistir (Sekil 1). Ornekleme noktalarinda su sicakligi,
¢oziinmiis oksijen, pH, elektriksel iletkenlik YSI-Proplus marka multiparametre cihaziyla belirlenirken,
toplam fosfor, ortofosfat, alkalinite ve askida kati maddenin hesaplanmasinda APHA (1995) tarafindan
belirtilen yontemler kullanilmistir.
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Sekil 1. Abant G6lii ve istasyonlar

Istasyonlardaki makrofit yogunlugu ii¢ transekt iizerinde kiyidan derine dogru botun iki tarafindan
belirlenmistir. Makrofit 6rnekleri s1g noktalarda tirmik, derin noktalarda Ekman grab ile alinmustir (TS
EN 15460; Westlake, 1986). Makrofitler; Casper ve Krausch (1980; 1981), Davis (1965-1985), Davis
vd. (1988), Se¢men ve Leblebici (1997), Giiner vd. (2012)’ye gore teshis edilmistir. Teshiste bitkinin
tam ve eksiksiz olmasina, kok-govde-yaprak ve gigek-tohum-meyve gibi karakteristik ve ayirt edici
kisimlarina dikkat edilmistir.

Secilen transektler {izerinde tiirlerin bulunusu 1-5 arasinda degisen (1=¢ok nadir, 2=nadir, 3=yaygin,
4=s1k, 5=baskin) Kohler (1978) skalasina gore degerlendirilmistir. Degerler, (y=x°) esitligi kullanilarak
niceliksel degerlere doniistiiriilmustiir (Melzer, 1999). Abant Golii’nde ekolojik kalitenin tahmininde
Makrofit indeksi (MI) ve Referans indeksi (RI) kullanilmistir (Melzer, 1999; Stelzer, 2003). Referans
indeks degerlerinden Stelzer (2003) ve Portielje vd. (2014)’ne gore Ekolojik Kalite Oran1 (EKO)
belirlenmistir. Makrofitlere yonelik olarak EKO’da sinir degerleri 0 ile 1 arasinda degisirken, 0 en kotii
ve 1 en iyi durumu belirtmektedir. G6lde maksimum kolonizasyon derinligi Sondergaard vd. (2005)’ne
gore degerlendirilmistir.

Cevresel parametreler ile makrofit bollugu arasindaki iliskinin belirlenmesi igin Temel Bilesen
Analizi (PCA) kovaryans matrisine gére XLSTAT programinda uygulanmigtir. Burada, cevresel
parametreler ile makrofit tiirlerine ait bolluk degerleri arasindaki standardizasyonun saglanmasi ve veri
araliginin yakin tutulmast i¢in logaritmik (Log X+1) transformasyon modeli kullanilmistir (Ter Braak,
1988).

BULGULAR

Abant Goli'nde sucul makrofitlerden; Juncus articulatus L. (Camisotu), Lemna minor L. (Su
mercimegi), Phragmites australis (Cav.) Trin. ex Steud (Kamis), Schoenoplectus lacustris L. Palla
(Semerotu), Nuphar lutea L. Sm. (Sar1 Niliifer), Nymphaea alba L. (Niliifer), Potamogeton natans L.
(Suotu), Myriophyllum spicatum L. (Sucivanper¢emi) ve M. verticillatum L. (Halkali Sucivanpergemi)
tirleri teshis edilmigtir. Goldeki makrofit tiirlerinin  dagilimlari 6rnekleme donemlerine goére
incelendiginde; Haziran ve Eyliil doneminde Kuzey, Bati1 ve Dogu kesiminde, P. australis, S. lacustris,
N. lutea ve N. alba ve Giiney kesiminde ise P. australis, S. lacustris ve N. lutea tiirlerinin yogunlugunun
arttig1 tespit edilmistir. P. australis ve S. lacustris tiirlerinin yer yer olusturdugu kemerlerin goli
cevreledigi belirlenmigtir. Ayrica, M. verticillatum ve J. articulatus tiirlerinin istasyonlarda bulunus
yogunluklarinin ¢ok diisiikk oldugu saptanmustir.
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Arastirmada, ortalama su sicakligi 11,49+6,47 °C, ¢6ziinmiis oksijen 8,84+1,96 mg/L, pH 7,99+0,19,
iletkenlik 269,60+9,20 uS/cm, toplam fosfor 0,0266+0,0175 mg/L, ortofosfat 0,0029+0,0013 mg/L,
alkalinite 158,04+18,36 mg/L ve askida kati madde 1,73+0,88 mg/L olarak belirlenmistir. Buna ek
olarak, gélde sucul makrofitlerin maksimum kolonizasyon derinliginin 5,1 m oldugu saptanmustir.

Abant Golii’ndeki tiirlerinin bolluk degerlerinden M1 indeksi 2,85 olarak hesaplanmistir. Bu da goliin
besin tuzlar1 bakimindan orta diizeyde zenginlesmis oldugunu gostermektedir (Tablo 1). MI, Nisan
orneklemesinde hava sartlariin uygun olmayisindan dolayr hesaplanamamistir. Haziran ve Eyliil
donemlerinde 6zellikle L. minor, N. lutea, N. alba, P. natans ve S. lacustris tiirlerinin yogunlugunun
artig gostermesi indeks sonucunda etkili olmustur. Ayrica, bu tiirlerin artisinin 6trofikasyon gostergesi
olmasi1 nedeniyle géliin besin maddeleri artigindan etkilendigi soylenebilir.

Abant G6li’niin ekolojik durumunun belirlenmesinde Almanya’da uygulanan Referans indeksi (RI)
kullanilmigtir. Go6liin RI degerinin ortalama 4,49 oldugu belirlenirken, RI indeksinden elde edilen
sonuglara gore g6liin EKO 0,52 olarak hesaplanmis ve ekolojik durumun iyi oldugu tahmin edilmistir
(Tablo 1).

Tablo 1. Abant Gélii'nde hesaplanan Makrofit indeksi (MI) ve Referans Indeksine gére hesaplanan
Ekolojik Kalite Oran1 (EKO)

indeksler Skala Nisan Haziran Eylil  Arahk Ortalama
MI - ] 279 276 300 2,85
(Besin Diizeyi) 00 (Dilsiik) — 5,00 (Yitksek) (Orta)  (Orta) (Zengin)  (Orta)
EKO " - 053 052 050 0,52
(Ekolojik Durum) 9 (Cok Koti) -1 (Cok Iyi) dyi)  (y)  (Orta) (iyi)

Abant Golii’nde tespit edilen tiirlere iliskin bolluk degerlerinin lineer modele uygun oldugu Egimsiz
Uyum Analizi (DCA)’nde tespit edilmistir. Elde edilen bu sonuca goére goldeki makrofit tiirlerine ait
bolluk degerleri ile ¢evresel parametreler arasindaki iligskinin belirlenmesi i¢in Temel Bilesen Analizi
(PCA) uygulanmistir. PCA analizi sonucunda, toplam varyasyon %67,0 olarak hesaplanirken, ilk
eksenin toplam varyasyonun %49,39’unu agikladig: ve ikinci eksende ise %17,61 oldugu belirlenmistir
(Sekil 2).

PCA analizine gore ¢6ziinmiis oksijen derisiminin sadece P. australis tiri ile iliskili oldugu
gortiliirken, askida katt madde, ortofosfat, pH ve su sicakligimin L. minor, N. lutea, N. alba ve P. natans
dagilimiyla iligkili oldugu belirlenmistir. Buna ek olarak, M. spicatum ve S. lacustris tiirlerinin dagilim
tizerinde elektriksel iletkenlik, alkalinite ve toplam fosforun etkili oldugu goriilmektedir. Ayrica
cevresel parametrelerden askida kati madde, su sicakligi, pH ve ortofosfat derigiminin ¢6ziinmiis oksijen
ile negatif yonde iligkili oldugu saptanirken, tiirlerin biiyiik kisminin besin derisimiyle pozitif yonde
iliskili oldugu belirlenmistir.
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Degiskenler (Eksen F1 ve F2: % 67,0)

EC  Slac

F2 (% 17,61)
o

-1 0 1
F1 (% 49,39)

Sekil 2. Abant Golii’'nde, gevresel parametreler ve makrofit bolluguna iliskin PCA grafigi
WT: Su Sicakligi, ALK: AlKalinite, EC: Elektriksel iletkenlik, TP: Toplam Fosfor, PO4-P: Ortofosfat, SS:
Askida Kati1 Madde, Lmin: Lemna minor, Mspi: Myriophyllum spicatum, Nlut: Nuphar lutea, Nalb:
Nymphaea alba, Paus: Phragmites australis, Pnat: Potamogeton natans, Slac: Schoenoplectus lacustris

TARTISMA ve SONUC

Abant Goli’nde bulunan makrofitlerden S. lacustris, P. australis, N. lutea, M. spicatum ve P. natans
tirlerinin hassas veya toleransli olarak siniflandirilamayan (farksiz) tiirler oldugu bildirilmistir
(Toivonen ve Huttunen, 1995; Portielje vd., 2014). Ayrica L. minor, S. lacustris, P. natans, N. alba, N.
lutea, M. spicatum, M. verticillatum ve J. articulatus tiirlerinin ¢ogunlukla mezo-6trofik sularda bulunan
tirler oldugu ve niliifer tiirlerinin yogunlugundaki artisin Gtrofikasyonun bir gostergesi olabilecegi
belirtilmektedir (Toivonen ve Huttunen, 1995; Se¢men ve Leblebici, 1997; Melzer 1999). Golde uzun
donemde niliiferlerin artislar1 dikkat cekicidir ve golde antropojenik o6trofikasyon gostergesi oldugu
diistiniilmektedir. Caffrey (1987), L. minor, N. lutea, M. spicatum ve P. natans tiirlerinin ¢evresel
kosullara karsi dayanikli (toleransli) ve Penning vd. (2008), M. verticillatum, L. minor tiirlerinin
toleransh tiirler oldugunu bildirmistir. Bolat vd. (2015), Egridir G6lii'nde 4 — 4,5 m derinlige kadar
kiyisal bolgede daha yogun olmak iizere Chara sp. tiirii bitkilerin zemini yer yer kapladigini ve derinlik
artikca Potamogeton, Myriophyllum ve Ceratophyllum tiirti bitkilerin yogunlastigini saptamis, bunun
g0l iizerindeki antropojenik etkiden kaynakladiginm belirtmislerdir.

Abant Goli’'nde uygulanan PCA analizine gore makrofit tiirlerine ait bolluk degerlerinin su sicakligi,
pH, ortofosfat, ¢oztinmiis oksijen ve elektriksel iletkenlik ile iliski oldugu belirlenmistir. Ayrica,
cevresel parametrelerden ¢oziinmiis oksijen ile su sicakligi, pH, ortofosfat, askida kat1 madde arasinda
negatif yonli bir iligkinin oldugu saptanmistir. Toivonen ve Huttunen (1995) iletkenlik ve pH’1in tiir
cesitligi ve yogunlugu tizerinde etkili parametreler oldugunu ve Grasmiick vd. (1995) ise ortofosfat
fosforu ile ¢oziinmiis oksijen derisimi arasinda ters iliski oldugunu bildirmistir. Gecheva vd. (2013)
sucul biryofit ve vaskiiler bitki komiiniteleriyle dort ¢evresel degisken arasinda iligki oldugunu
saptamiglardir. Bolat vd. (2015) tarafindan makrofit tiirlerinin biyomasindaki donemsel degisimlerin
incelendigi ¢aligmada; sicaklik artisi ile su derinliginin azaldigi Temmuz ayinda bitki yogunlugunun
hizla arttig1 belirlenmistir. Bulgularimizin bu ¢aligmalarda verilen sonuglar ile uyumlu oldugu
sOylenebilir.
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Abant Go6lii, s1g bir gol degildir (en yiksek derinlik 16,6 m). G6lde bulunan yiizen yaprakli ve yari
batik su bitkilerinin litoral bolgede genis bir alan kapladigi, 6zellikle yaz ve sonbahar donemlerinde P.
australis, S. lacustris, N. lutea ve N. alba tiirlerinin kapladigi alanin arttig1 belirlenmistir. Golde sualtt
makrofitlerin maksimum kolonizasyon derinligi 5,1 m olarak tespit edilmistir. Maksimum kolonizasyon
derinligi Sondergaard vd. (2005)’e gore degerlendirildiginde Abant Goli’niin iyi durumda oldugu
goriilmektedir.

MI indeksinin Melzer (1999)’de belirtildigi tizere 2,50 — 2,99 arasinda olmas1 Abant Golii’nde besin
zenginlesmesinin orta diizeyde oldugunu gostermektedir. Sig bir gol olan Mogan Golii’nde Sanal vd.
(2015) tarafindan, 2003 ve 2015 yillarinda Ml sirasiyla; 3,90 ile 4,50 olarak belirlenirken, besin maddesi
artiginin agir oldugu ve goliin ekolojik durumunun mezotrofikten 6trofige dogru degistigi bildirilmistir.
Ayrica, Lirika vd. (2013) tarafindan maksimum derinligi 288 m (ortalama 155 m) olan Ohrid G6lii’nde
Makrofit indeksinin 2,48 — 3,01 arasinda degistigi ve goliin besin diizeyinin orta — yiiksek oldugu
belirtilmistir. Tas vd. (2018) Ulugol’de Makrofit indeks Sistemi (MIS)’ne gére indikatér makrofit
tirlerini ve duyarhiliklarim1 incelerken, golin mezotrofikten oOtrofik yapiya dogru ilerledigini
belirlemislerdir. Ayrica, goliin litoral bolgesinde dominant ve yaygin olarak M. spicatum ve P. natans
tiirlerinin bulundugunu ve su kalite sinifinin 3 — 4 yani orta-iyi diizeyde oldugunu bildirmislerdir.

Abant Golii’nde hesaplanan RI (4,49) indeksinin Portielje vd. (2014)’de belirtildigi gibi <10 ve
maksimum kolonizasyon derinliginin 5 m < x <8 m (5,1 m) oldugu belirlenmistir. Buna ek olarak, goliin
sucul makrofitlere gore EKO’1 0,50 — 0,53 (ortalama 0,52) arasinda degisirken, ekolojik durumun iyi
oldugu belirlenmistir. Goliin ekolojik durumuna yonelik yapilmis calismalar incelendiginde;
fitoplankton ve zooplankton agisindan Altindag (1999), Kiilk6yliioglu vd. (2003), Kiilkéyliioglu vd.
(2005), Diigel vd. (2008), Karakaya vd. (2011) g6liin oligotrofikten mezotrofige dogru gegis egiliminde
oldugunu bildirmislerdir. Obali vd. (2002) fitoplankton yoniinden goliin mezotrofik karakterde
oldugunu, Atic1 vd. (2005) gél ¢evresinde organik atiklarin etkisinin oldugunu ve bunun N. alba, N.
lutea gibi niliifer tiirlerinin artisina neden olacagii bildirmislerdir. Atict ve Obal1 (2002), Atici ve
Tokatl1 (2014) ile Anonim (2015)’e gore ise eger onlem alinmazsa Strofikasyon gozlenecegi ve goliin
hassas alan 6zelligi tasidig1 belirtilmistir. Sonug olarak, sucul makrofitler agisindan sonuglarin benzerlik
gosterdigi sOylenebilir.

Abant Golii hem tiir ¢esitligi hem de bulunan endemik tiirler agisindan korunmasi gereken dogal bir
hazine niteligi tagimaktadir. Goliin mevcut durumunun korunmasi ve/veya iyilestirilmesinde yapilacak
olan izleme galigmalart biiylik 6nem arz etmektedir. Golde bulunan sucul makrofit komiinitesi izleme
caligmalarinda kullanilmali ve c¢evresel degiskenler ile birlikte degerlendirilmelidir. Bu arastirmalar
1s181nda goliin korunmasi igin gerekli dnlemler hizla alinmalidir.

Tesekkiir: Bu arastirma, Ankara Universitesi Bilimsel Arastirma Projeleri Koordinatorliigii tarafindan
16H0759001/2017 nolu proje ile desteklenmistir. Arastirmanin 6zeti, 19. Ulusal Su Uriinleri
Sempozyumu Bildiri Ozet Kitabi'nda (poster) yayinlanmustir.
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Abstract

In this study, otolith shape indices and relationships between otolith shape and otolith length of the bluefish Pomatomus
saltatrix (Linnaeus, 1766), which was sampled from the Samsun offshore of the Black Sea were investigated. A total of 166
samples (942 and 7273) were taken from commercial fishermen in two different fishing seasons (October-December 2014
and January 2018). Sagittal otoliths of each sample were removed and six different shape index (form factor, roundness,
circularity, rectangularity, ellipticity and aspect ratio) were used in analyses. The linear model is preferred for calculating the
relationships between otolith shape properties and otolith length. Paired t-test, Wilcoxon test, Independent t test and Mann-
Whitney U test were used for statistical analysis. The minimum and maximum total lengths and weights of the captured
samples are between 13.5-24.8 cm and 22.01-161.19 g, respectively. There is no difference between female and male in
terms of total length and weight. When otolith dimensions of female and male were compared, there were no differences in
terms of otolith length (OL), otolith breadth (OB), otolith perimeter (OP) and otolith area (OA) (P>0.05). However, according
to left and right otoliths comparisons, there were differences in terms of otolith breadth and otolith perimeter (P<0.05).
Ellipticity was found to have a much stronger relationship with otolith length than the other five parameters (r>>0.590).

Keywords: Pomatomus saltatrix, Otolith dimensions, Shape indices, Black Sea

Karadeniz Bolgesi’ndeki (Samsun, Tiirkiye) Liifer Bahigmin, Pomatomus saltatrix (Linnaeus, 1766) Otolit Sekil
Analizi

Ozet:

Bu c¢alismada Karadeniz Bolgesi’nin Samsun ili agiklarindan 6rneklenmis olan liifer baliginin Pomatomus saltatrix
(Linnaeus, 1766)’in otolit sekil 6zellikleri ve otolit seklinin otolit boyu ile olan iliskileri arastirilmistir. Ticari balik¢ilardan
iki ayr avcilik sezonu (EKim-Aralik 2014 ve Ocak 2018) igerisinde toplamda 166 (949 ve 723) adet 6rnek alinmustir. Her
bir Ornegin sagittal otolitleri ¢ikarilmis ve analizlerde alti farkli sekil indeksi (sekil faktorii, yuvarlaklik, dairesellik,
dikdortgensellik, ovallik ve en-boy orani) kullamilmistir. Otolit sekil 6zellikleri ile otolit boyu arasindaki iliskilerin
hesaplanmasi igin linear model tercih edilmistir. Istatistiksel analizlerde Paired t-testi, Wilcoxon testi, Independent t testi ve
Mann-Whitney U testi gibi testler kullanilmigtir. Yakalanan 6rneklerin minimum ve maksimum total boy ve agirliklari
sirastyla 13,50-24,80 cm ve 22,01-161,19 g arasinda degismektedir. Total boy ve agirlik bakimidan disi ve erkek bireyler
arasinda fark bulunmamigtir. Disi ve erkek bireylerin otolit olgiimleri otolit eni, boyu, ¢evre ve alani bakimindan
karsilastirildiginda herhangi bir farklilik olmadigi belirlenmistir (P>0,05). Fakat sag-sol otolitlerin karsilagtirmalarinda otolit
eni ve ¢evresi bakimindan farkliliklar saptanmistir (P<0,05). Ovallik parametresinin diger bes parametreye gore otolit boyu
ile ¢ok daha kuvvetli bir iliskiye sahip oldugu belirlenmistir (r>>0,590).

Anahtar Kelimeler: Pomatomus saltatrix, Otolit 6zellikleri, Sekil indeksleri, Karadeniz

INTRODUCTION

Fish stocks are genereally described as a random group of fishes that are essentially
selfreproducing, with members of each group having similar life history features (Hilborn and
Walters, 1992). In terms of fisheries management and biology, it is important to determine the
phenotypic variation caused by environmental factors.
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However, these differences might be associated with phenotypic plasticity in response to different
environmental factors in each locality (Murta, 2000). Stock identification is a basic requirement to
describe the stock status and to support better stock assessment of fishery (Cadrin et al., 2005).0Otolith
shape analysis is a basic method for seperating fish stocks. Also there are a lot of studies about
intraspecific variations of fish stocks from otolith shape (Vignon and Morat, 2010; Bostanct et al.
2015; Zengin et al., 2015; Hiissy et al., 2016; Avigliano et al., 2017; Saygin et al., 2017; Bostanc1 and
Yedier, 2018; Song et al., 2018; Yedier et al., 2019). Otoliths are innate data archives that document
information in their microstructure and chemistry at different spatial and temporal scales related to
their growth and environment (Miyan et al., 2016). Otolith shape is a species specific character
(L’abée-Lund, 1988; Campana and Casselman 1993), and thus partially subject to genetics and
generally varies geographically within species in relation to environmental factors (Vignon and Morat,
2010). Therefore, otolith analysis has made important contributions to the understanding of fish
evolution and phylogeny (Nolf, 1985; Nolf, 2013; Reichenbacher et al., 2007).

Pomatomus saltatrix (Linnaeus, 1766), Bluefish, is a migratory pelagic predators that are
distributed over warm continental shelves and in estuaries of temperate waters throughout most of the
world, with the exception of the northern and mid-Pacific Ocean (Briggs, 1960; Wilk, 1977; Juanes et
al., 1996). Bluefish is one of the most important fish species of commercial fisheries in all Turkish
seas. Bluefish are found all along the Turkish coast; migrating via the Aegean Sea northwards from
the Mediterranean in spring and returning south in early autumn. They are warm water fishes and
never found in temperatures lower than 14°C-16°C (at least in summer). They can tolerate
temperatures of 11.8°-30.4°C, but exhibit signs of stress at both extremes (Olla and Studholme, 1972).
Hence, within the Mediterranean, reproduction-related migrations have been described to take place in
spring within the eastern basin, precisely in the Black Sea, while in autumn species returned the Aegan
Sea (Gordina and Klimova, 1996; Turan et al. 2006; Sebastes et al. 2012). Throughout these
migrations’ bluefish have been highly exploited, especially in area of western Black Sea and Marmara
Sea (Ceyhan and Akyol 2006). Because of the commercial importance of bluefish, most of the studies
were focused on age determination (Ceyhan et al., 2007), growth parameters (Cengiz et al., 2013),
length-weight relationshisps (Ozpicak et al., 2017; Cumplido et al., 2018), diet (Buckel et al., 2004;
Lucena et al., 2006), otolith size-length relationships (Cengiz et al., 2012; Zengin et al., 2017; Bal et
al., 2018a), selectivity (Acarli et al., 2013; Ilkyaz, 2018) and morphometric variation (Turan et al.,
2006). On the other hand, there are limited studies about stock structure of bluefish (Graves et al.,
1992). The aim of this study is to describe otolith shape and detect the relationships between otolith
shape indicators and otolith length of this highly important commercial bluefish species in Turkey.

MATERIALS and METHODS
Study Area and Sampling.

Bluefish specimens were collected from commercial fishing boats operating in offshore area of
Samsun Province (Black Sea) between October-December 2014 (36°35'30.64"'E, 41°51'57.96' 'N) and
January 2018 (36°38'14.61"'E, 41°48'53.80''N), and measured to the nearest 0.1 cm for total length
(TL) and weighed to the nearest 0.01 g. The sex was determined by macroscopic examination of the
gonads.

Otolith Preparation for the Analysis.

Sagittal otoliths were removed by making left and right distinctions. Otoliths were weighted (OW)
using precision scales (+ 0.001 g). All otolith pairs were photographed on the distal side with a Leica
DFC295 digital camera. Otolith morphometric measurements like otolith breadth (OB), otolith length
(OL), area (OA) and perimeter (OP) (+ 0.001 mm) were determined by Leica Application Suit Ver.
3.8 Imaging Software (Figure 1). Otolith shape indices such as aspect ratio, roundness, circularity,
rectangularity, ellipticity, and form factor were calculated using the following formulas; Roundness
(RD) = (40A)/(=OL?); Circularity (C) = OP?/OA; Form Factor (FF) = (4rOA)/OP? Ellipticity
(E)=(0OL-0OB)/(OL+0B); Rectangularity (R) = OA/(OLOB) and Aspect Ratio (AR) = (OL/OB) (Tuset
et al., 2003). Relationships between otolith length and shape indices were determined using linear
regression equation (y = a+ bx, where y is shape indices and x is otolith length, a and b are equation
parameters) for left and right otoliths.
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Statistical Analysis.

All the variables were tested for normality and homogeneity of variance using the Shapiro and
Levene’s test. Different tests were implemented in statistical analysis (Paired t-test, Wilcoxon test,
Independent two sample t-test, Mann-Whitney U test).

Otolith Area

o
el B

Otolith Perimeter

Figure 1. Otolith characteristics of sagitta (Left otolith) (OL: Otolith Length, OB: Otolith breadth, A: Otolith
area (Yellow colour), P: Otolith perimeter (Red colour line).

RESULTS

In this study, a total of 166 bluefish samples (949 and 723 were investigated in terms of otolith
shape indices and total length relationships. 56.63% were females and 43.37% were males of the total
individuals. The minimum- maximum total lengths and weights of the individuals varies between
13.5-24.8 cm and 22.01-161.19 g, respectively (Table 1).
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Table 1. Descriptive statisctics of P.saltatrix inhabiting Samsun region (F: Female, M: Male, N: Number of
individuals, Min: Minimum, Max: Maximum, Se: Standard error, Sd: Standard Deviation)

Total Length (cm) Weight (g)

Sex N Mean +Se +Sd Min Max Mean +Se +Sd Min Max

F 94 1922 0256 2478 1350 23.60 73.75 2741 26,581 22.01 161.19
M 72 1945 0.235 2.000 14.00 24.80 76.55 2726 23.132 25.92 146.59

F+M 166 19.32 0.177 2279 1350 24.80 7483 1948 25.101 22.01 161.19

There is no difference between female and male in terms of total length and weight (Mann-
Whitney U Test, P>0.05. When sagittal otoliths of female and male were compared, there were no
differences in terms of OL, OB, OP and OA (P>0.05). However, according to left and right otoliths
comparisons, there were differences in terms of OB and OP (P<0.05). Because of there were no
differences between sex, entire population were used in evaluation of data in statistical analysis (Table
2- Table 3).

Table 2. Descriptives of otolith characteristics for P.saltatrix (OB: Otolith breadth, OL: Otolith length, OA:
Otolith area, OP: Otolith perimeter)

Variable Mean(mm) +Se +Sd Min (mm) Max (mm) N
OB Right 2.575 0.013 0.157 2.004 2.938 166
Left 2.968 0.013 0.161 2.004 2.698 166
Right 6.074 0.042 0.546 4.271 7.222 166
Left 6.060 0.042 0.544 4.315 7.161 166
OA Right 11.108 0.116 1.497 6.401 15.348 166
Left 11.091 0.117 1.506 6.319 15.333 166
op Right 15.294 0.109 1.398 10.833 18.318 166
Left 15.003 0.101 1.304 11.266 18.735 166

Table 3. Statistical comparisons for right-left otolith pairs and sex

Comparison type Variable Test P
OB Wilcoxon Test 0.009*
. oL Wilcoxon Test 0.055
Right-left OA Wilcoxon Test 0.482
OP Wilcoxon Test 0.000*
ROB Mann-Whitney U Test 0.662
LOB Mann-Whitney U Test 0.456
Male-Eemale oL Mann-Wh!tney U Test 0.586
OA Mann-Whitney U Test 0.591
ROP Mann-Whitney U Test 0.583
LOP Mann-Whitney U Test 0.419

*Statistically different

Shape indices were calculated both right and left otolith pairs because of statistical differences
between otolith dimensions (Table 4). And also, shape indices were compared between right and left
otolith pairs. Because of differences between shape indices comparisons, equations were calculated for
left and right otolith separately (Wilcoxon test) (P<0.001).
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Table 4. Descriptives of shape indices for right and left sagittal otolith pairs (R: Right, L: Left)

Mean Minimum Maximum +Se +Sd

Shape Indices R L R L R L R L R L

Form Factor 0597 0619 0485 0476 0699 0.734 0.003 0.003 0.043 0.037
Circularity 21.144 20381 17975 17.106 25924 26.371 0.124 0.098 1.602 1.264
Roundness 0385 0386 0280 0.282 0593 0577 0.003 0.003 0.040 0.039

Rectangularity 0.708 0.714 0581 0584 0978 0.978 0.003 0.004 0.043 0.045
Ellipticity 0.403 0405 0347 0349 0471 0472 0.002 0.002 0.027 0.026
Aspect Ratio 2357 2366 2064 2074 2783 2788 0.012 0.011 0.151 0.147

Relationships between otolith length and shape indices were determined using linear regression
equation for left and right otoliths (Table 5) and best fit was obtained among OL and Ellipticity both
right and left otoliths (r>>0.590).

Table 5. Equations between shape indices and otolith length both right and left otoliths

Shape Indices (Right/ left) Equation a b r
omewer [ sl 0% (Ep o
Circularity IE C=a+bOL 12?% 01.é250678 8%23
Roundess A RO=OL g osss o4
Rectangularity FE REC=a+bOL 8:247152 -696022272 8:3%
oy F o ewel  DHE om0
ApectRetio | AR=®OL iaiy  orme  oai

Since the relationships between the shape indices of the right and left otoliths were stronger in the
right otoliths, the representations of the right otoliths were preferred in the graphical representation
(Figure 2). FF, C, RD, R, E and AR were associated with otolith length. When otolith length
increased, form factor, roundness and rectangularity values decreased; AR, C and E values increased.

0.75 FF =-0.03460L + 0.8075 30 C=12070L+13.811
07 | o 2=0.189 2=0.169
0.65 25
5 " N g
< 0,55 =
~E = 20
g o =
2 0.45 o
0.4 15
0.35
0.3 10
4 5 6 7 8 4 5 6 7 8
Otolith Length Otolith Length
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Figure 2. Relationships between otolit shape indices and otolith length
DISCUSSION

Otoliths are calcified structures involved hearing and balance system, and also they are flight
recorders of fishes (Lecomte-Finiger, 1999) containing reliable fingerprints that are considered as an
invaluable source of information for reconstructing a fish’s entire life cycle (Campana and Thorrold,
2001). In recent years, otoliths are preferred in many studies (Short et al. 2006; Bostanci et al. 2015;
Zengin et al., 2015; Pavlov 2016; Moreira et al., 2019), because otolith shape is species specific.

Otolith morphology and shape analysis are often used for stock discrimination (Campana and
Casselman, 1993; Begg and Brown, 2000; Vignon and Morat, 2010; Bostanci et al. 2015; Zengin et
al., 2015; Pavlov 2016; Avigliano et al., 2017; Saygim et al., 2017; Bostanci and Yedier, 2018; Song
et al., 2018, Ozpigak et al., 2018; Yedier et al., 2019). The morphometrics (e.g., weight, length,
breadth, perimeter, area) of otoliths are usually correlated with each other. Additionally, they are
commonly correlated with fish growth and show relatively large individual variations. The shape
indices are comparatively independent on otolith size (OL, OB, OA, OP). In this study OL, OB, OA
and OP were calculated as 6.074+0.546, 2.5754+0.157, 11.108+1.197 and 15.294+1.398, respectively.
Bal et al. (2018a) were investigated relationship total length -otolith length of bluefish sampled from
Marmara Sea and calculated OL and OB as 6.71+0.55 and 2.60+0.24. These results are similar with
present study. The relationship between fish size and otolith shape reflects both effects of ontogeny
and the environment on otolith shape. Zengin et al. (2017) investigated the relationships between
otolith dimensions (OL, OB and OW) and total length of bluefish and found a strong relationship
between TL and OW. However, Bal et al. (2018a) found a strong relationship between OL and TL.
These differences can be arrise from environmental differences between Marmara and Blacksea
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regions. And also Bal et al. (2018a) have not examined otolith weight. The otolith shapes have been
evaluated based on morphometric measurements (Short et al. 2006) and the mathematical computation
of shape indices (Russ, 1990; Tuset et al., 2006).

In the present study, the shape analysis of sagittal otoliths from Pomatomus saltatrix samples were
determined. FF, C, RD, R, E and AR for sagitta were calculated and the realtionships between otolith
length and shape descriptors were revealed. The usefulness of otolith shape analysis for stock
identification and differentiation have already been supported for several fish species (Campana 1999;
Tuset et al. 2006; Ferguson et al. 2011; Zengin et al. 2015; Renan et al. 2016; Avigliano et al. 2017;
Teimori and Eslami 2017). Otolith shape can be described in some ways, one of the simplest and
useful method is distance measurement. Such measurements can be used in a series of mathematical
equations that calculate shape indices (Russ, 1990). FF is used to estimate the surface area irregularity,
taking values of 1.0 when it is a perfect circle and <1.0 when it is irregular. RD and C give
information on the similarity of various features to a perfect circle. RE describes the variations of
length and breadth with respect to the area (Tuset et al., 2003). E indicates if the changes in the axes
are proportional (Russ, 1990). And also, when otolith length increased, form factor, roundness and
rectangularity values decreased; AR, C and E values increased. In this study the best fit was obtained
among OL and Ellipticity (r>>0.590).

The otolith shape analysis is becoming increasingly popular in population studies, as is evidenced
by the large number of papers published. When the literature were investigated, there were a lot of
study about otolith shape and morphometrics of different fish species (Torres et al., 2000; Tuset et al.,
2003; Zischke et al., 2016; Afanasyev et al., 2017; Avigliano et al., 2017; Song et al., 2018; Ozpicak et
al., 2018; Doustdar et al., 2019; Moreira et al., 2019; Neves et al., 2019; Yedier et al., 2019). The
otolith shape analysis’ major advantages is the relatively low cost of analysis as compared to genetic
research. However there are limited studies about morphometrics, length-weight relationships and
otolith shape of bluefish (Tuset et al., 2008; Zengin et al., 2015; Bal et al., 2018a; Bat et al., 2018b).
Bal et al. (2018b) calculated FF, C, RD and AR for bluefish from Aegean Sea as 0.55+0.01,
22.21+0.42, 0.33+£0.009 and 2.82+0.05. The results of these studies are similar with findings of our
study.

Tuset et al (2008) described the shape of bluefish otolith as rectangular, some deep and irregular
indentations mainly in the posterior-ventral margin, anteriorventral margin dentate and Sulcus
acusticus is heterosulcoid, ostial, median. Ostium of blufish is funnel-like, shorter than the cauda.
Cauda is tubular, curved, slightly flexed posteriorly, ending very close to the posterior margin.
Furthermore Tuset et al (2008) calculated AR, C and R for bluefish as 31.0-33.4, 23.0-25.5 and 0.5,
respectively. All the results are similar with present study, too. Differences in otolith morphometric
and biometric variables among fish populations can occur for a number of reasons such as habitat
complexity and environmental conditions as well as demographics such as sex, age, population, can
influence otolith morphology (Nielsen et al., 2010; Bostanci et al., 2015).

The otolith shape analysis is becoming increasingly popular in population studies, as is evidenced
by the large number of papers published. This method definitely deserves close attention. One of its
major advantages is the relatively low cost of analysis as compared to genetic research. In relation to
the obtained results, this research provides information for this commercially important fish species
identification using sagittal otoliths in the fossils and can be used in sustainable fishery management
studies. The present investigation of bluefish from middle Black Sea region population would
certainly add to the knowledge of the relationships (between otolith length and otolith shape indices)
and otolith shape description, and also encourage further research on the subject involving many other
freshwater and marine species from different regions in the world.
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Ozet

Bu ¢aligsmada Fethiye yoresinde yetistirilen gokkusagi alabaliklarmin farkli dokularindaki dogal radyoniiklit (?*Ra, 23?Th
ve 4°K) konsantrasyonlar belirlenmistir. Bu amagla 4 farkli giftlikten yaklasik ayn1 boylarda olan porsiyonluk baliklar alinarak
solungag, karaciger, deri ve kas dokular1 ayrnlmistir. Isletmelerin kullandig1 porsiyonluk bahk yemleri de érneklenmistir.
Numunelerin yiiksek ¢6ziiniirliiklii germanyum dedektorii ile gama spektrometrik 6l¢iimleri gergeklestirilmis ve radyolojik risk
faktorleri degerlendirilmistir. Alabalik 6rneklerinin yenilebilen kistmlarinda 2?°Ra aktivitesinin 1,47+0,14-8,26+0,78 Bq kg
1 22Th aktivitesinin OSA-3.38+0.30 Bg kg! ve K aktivitesinin 54,94+2,23-140,86+5,82 Bq kg™ araliginda degistigi
gozlenmistir. Orneklerin radyum esdeger aktivitesi ve yillik etkin dozu sirastyla 6,45-23,94 Bq kg™ ve 1,87-4,80 uSv y* olarak
hesaplanmustir. Elde edilen bulgular balik yetistiriciligi i¢in referans olusturmasi bakimindan 6nemlidir.

Anahtar kelimeler: Gokkusagi alabaligi, yetistiricilik, dogal radyoaktivite, HPGe, Oncorhynchus mykiss.
Natural Radioactivity Levels of Rainbow Trout (Oncorhynchus mykiss, Walbaum 1792) Grown in Fethiye Region
Abstract

In this study, natural radionuclide (?*Ra, 22Th and “°K) concentrations were determined in different tissues of rainbow
trout grown in Fethiye region. For this purpose, approximately the same size of portioned fish were taken from four different
farms and then gill, liver, skin and muscle tissues were separated. Portion fish feeds used by enterprises are also exemplified.
Gamma spectrometric measurements were performed with high purity germanium detector and radiological risk factors were
evaluated. It was observed that 22°Ra activity in the edible parts of trout samples varied between 1.47+0.14-8.26+0.78 Bq kg,
232Th activity varied between BDL-3.38+0.30 Bg kg and “°K activity in the range of 54.94+2.23-140.86+5.82 Bq kg™. The
radium equivalent activity and annual effective dose of the samples were calculated as 6.45-23.94 Bq kg and 1.87-4.80 uSv
year?, respectively. The findings are important in terms of forming a reference for fish farming.

Keywords: Rainbow trout, aquaculture, natural radioactivity, HPGe, Oncorhynchus mykiss.

GIRIS

Radyasyon dogal ortamin bir parcasidir. Radyasyonun kaynagi kozmik 1sinlar ile toprakta, suda ve
havada bulunan radyoniiklitlerdir. En yaygin olarak dogada bulunan dogal radyoniiklitler uranyum-238
(38U), toryum-232 (2Th), potasyum-40 (*°K) ile 28U ve #?Th’nin bozunum iiriinleridir (Cinelli vd.,
2019). Ayrica, endiistriyel ve sivil ya da askeri niikleer operasyonlar gibi antropojenik aktiviteler de
ortama radyoniiklit birakabilirler (Ojovan ve Lee, 2014). Radyoniiklitlerin ortamdaki konsantrasyonu,
yerel jeoloji, iklim ve tarim uygulamalar1 gibi dogal ve beseri faktorlere bagli olarak degisir (Saleh vd.,
2007; Ojovan ve Lee, 2014). Ortamda bulunan radyoniiklitler ekosistemler iginde ve ekosistemler
arasinda siirekli dolagim halindedir. Ortamdan bitkiler tarafindan alinan bu elementler bitki biinyesinde
tutulur ve biriktirilir. Benzer sekilde hayvanlar tarafindan solunum ve beslenme yoluyla alinan
radyoniiklitler organizmada biriktirilirler (Stricht ve Kirchmann, 2001). Besin zinciri yoluyla
radyoniiklitler bir {ist trofik diizeye aktarilirlar (IEAE, 2004).
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Insan popiilasyonunun zaman i¢inde artan hayvansal protein talebinin karsilanmasinda su iiriinleri
yetistiriciligi 6nemli bir yer tutmaktadir. Global su tirtinleri tiretimi 2016 yilinda 110 milyon ton olarak
gerceklesmistir (FAO, 2018). Tiirkiye’de ise ayni1 yil su iiriinleri yetistiriciligi yoluyla 253395 ton tiretim
gerceklestirilmistir (TUIK, 2019). TUIK 2019 verilerine gore i¢su baliklari iiretimi yaklasik 104010
tondur. Ulkemizde en fazla yetistiriciligi yapilan tatlisu balik tiirii ise 101761 ton iiretim miktar1 ile
gokkusagi alabaligidir (Oncorhynchus mykiss).

Ulkemizde kisi basina diisen su iiriinleri tiiketimi yillik 5,5 kg olup (BSGM, 2019), bu kaynaktan
insanlara aktarilan radyoniiklit yiikiiniin bilinmesi, insan sagligina olasi etkisinin degerlendirilmesi
bakimindan 6nemlidir. Ayrica su triinleri yetistiricilik ¢iftlikleri iiretim kalitesini arttirabilmek igin
gerekli tedbirleri alabileceklerdir. Bdylelikle tiretim kalitesi yiikseltilip uluslararasi arenada rekabet
giicliniin arttirilmasina katki saglanacaktir.

Sunulan c¢aligmada Fethiye yoresinde faaliyet gosteren ciftliklerde yetistirilen, ihra¢ edilen ve ig
pazarda 6nemli bir protein kaynagi olarak tiiketilen gokkusagi alabaliklarinin farkli dokular ile balik
yemlerindeki radyoniiklit yiikleri aragtirilmistir. Bu radyoniiklitlerden kaynaklanan radyolojik riskler
degerlendirilmistir.

MATERYAL ve YONTEM
Ornekleme ve numunelerin hazirlanmasi

Fethiye yoresinde (Sekil 1) faaliyet gosteren 4 gokkusagi alabaligi tiretim ¢iftliginden porsiyonluk
balik hasati sonrasinda numuneler (her isletmeden rasgele 6-8 birey olacak sekilde) 6lii olarak alinmistir.
Her isletmeye ait su sicaklik ve pH degerleri kaydedilmistir (Tablo 1). Ayrica herbir ciftlikten
porsiyonluk baliklarin beslenmesinde kullanilan 1’er kg yem 6rneklenmistir. Tedarik edilen numuneler
agz1 sizdirmaz posetlere konulup etiketlenerek Akdeniz Universitesi Su Uriinleri Fakiiltesi Yetistiricilik
Laboratuarina buzla sogutulmus kutuda tagimmustir.

¥ ‘-‘I. JE.-.:"':' -

2 X
S '
Dé“mziw ,.'J" ,.m ‘.

WAlanya

Sekil 1. Calisma bolgesi

Laboratuvarda 6giitiiliip homojenize edilen yem o6rnekleri 2 mm'lik elekten gegirilerek 150cc’lik
silindirik kaplara doldurulmustur. Balik numuneleri laboratuvarda distile su ile yikanmis ve catal boy-
agirlik dlgtimleri yapilarak kayda gecirilmistir (Tablo 1). Daha sonra derisiz filetolar1 ¢ikartilmig, organ
ve dokular1 ayrilmistir. Filetolar ile solungag, karaciger ve deri 6rnekleri kiyilarak ayri ayri 150cc’lik
silindirik kaplara doldurulup tartilarak etiketlenmistir. Analizler yapilana kadar -20°C de saklanmustir.
Orneklerin agizlar1 gaz sizdirmaz parafilm ile sikica kapatilarak 2®Ra - ??Rn arasinda radyoaktif
dengenin olugsmasi ve Compton bdlgesinin kararli hale gelmesi i¢in (7x3,86giin) yaklasik 30 giin siireyle
bekletilmistir (Yaprak ve Aslani, 2010).
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Tablo 1. Gokkusagi alabaliklariin biyometrik dlgiimleri” ve su parametreleri

Isletme No Agirlik (g) Boy (cm) Su szg]l)dlgl pH
1 204,00+7,48  24,44+0,42 14,2 7,76
2 202,40+6,91  25,30+0,30 12,4 7,97
3 176,20+3,25  24,84+0,37 13,4 7,95
4 174,60+3,96  25,00+0,27 7,8 8,62

* Ortalama+Standart Hata

Radyoniiklit analizi

HPGe gama spektrometre sistemi: Incelenen materyallerin gamma spektroskopik dlgiimleri A.U. Fen
Fakiiltesi Fizik Bolimii Gama Spektroskopi Laboratuarinda bulunan p-tipi, koaksiyel, elektrik
sogutmal, bagil verimi %40 ve ¥ Co icin 122 keV’de 768 eV FWHM ve ®Co i¢cin 1332 keV’de 1.85
keV FWHM degerlerine sahip AMETEK-ORTEC, GEM40P4 model yiiksek saflikta Germanyum
dedektorii ile MAESTRO32 yazilimi kullanilarak gerceklestirilmistir. Calismada kullanilan HPGe gama
spektrometre sisteminin enerji kalibrasyonu, enerjileri 47-1836 keV arasinda degisen radyoizotoplar
igeren, drneklerle ayni geometrideki karma kaynak ile yapilmustir. Olgiim sistemi hakkinda detayl bilgi
Ozmen vd. (2013, 2014) tarafindan verilmistir.

Spektrum analizi: Tim numuneler dedektoriin penceresine yerlestirilerek 86400 s boyunca
sayllmistir. Art ortam sayimi, numunelerin 6l¢iimiinden dnce ve sonra aynmi kosullar altinda bos bir
numune kab ile elde edilmistir. Orneklerin gama spektrumlarda ?*°Ra aktivite konsantrasyonlar1 2%U
bozunum serilerindeki iiriin radyoniiklitlerden yayimlanan #4Pb; 352 keV ve #“Bi; 609 keV enerjili
pikler,  2*2Th aktivite konsantrasyonlari 22Th bozunum serilerindeki iiriin radyoniiklitlerden
yaymmlanan, 22Ac; 911 keV, 2%8Tl; 583 ve 2615 keV enerjili pikler, “°K aktivite konsantrasyonlari ise
1461 keV enerjili pik kullanililarak belirlenmistir. 4 nolu isletmeden alinan kas numunesine ait spektrum
ornegi Sekil 2°de verilmistir.

Marker. 16,383 = 274260 keV %7 Cnis

Sekil 2. isletme 4’ten alinan kas numunesine ait spektrum

Radyoniiklit aktivite konsantrasyonlar1 asagidaki denklem kullanilarak tayin edilmistir.

N/t
exlyxm

Burada A; ilgilenilen radyoniiklitin aktivitesi (Bq kg™), N; ilgilenilen enerjideki toplam net sayim
(Pik alanlari, toplam alandan art-ortam alani1 ¢ikarilarak elde edilmistir), t; sayim siiresi (saniye), €;
HPGe dedektdriiniin ilgilenilen gama enerjisindeki verimi, [,; gama 1sminm bollugu ve m; 6rnek
kiitlesidir.
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Radyolojik risk parametreleri

Insanlarmn balik tiiketiminden dolayr maruz kaldiklar1 radyolojik tehlikeleri degerlendirmek igin,
radyum esdeger aktivitesi (Rae), yillik etkin doz (YED) ve i¢ zarar indeksi (Hin) parametreleri
hesaplanmustir.

Radyum Esdeger Aktivitesi (Rae): 22U, 2°2Th ve “K 1n ¢evrede dagilimi birbirlerinden farklidir.
Farkli miktarlardaki bu spesifik aktivitelerinden radyasyona maruz kalmayi standartlastirmak igin
radyum esdeger aktivitesi (Raes) asagidaki ifade ile tanimlanmaktadir (Beretka ve Mathew, 1985).

Raesz Cu + 1,43 C14+0,07 Ck
Burada Cy, Crh Ve Ck sirastyla 28U, 22Th ve “°K’1n Bq kg* olarak spesifik aktiviteleridir.

Yillik Etkin Doz (YED): Viicuttaki radyoniiklit alimu ile iliskili radyasyona bagl saglik etkilerinin
tahminleri, radyontiklitlerin olusturdugu toplam doz ile orantilidir. Gidalardan alinan radyasyon dozlari,
gida maddelerinin igerdigi radyoniiklit aktiviteleri ve bu gidalarin yillik tiiketim miktar1 ile dogru
orantilidir. Gidalarda o6lgiilen radyoniiklitlerin aktivite konsantrasyonlarindan yilik etkin dozu
hesaplamak i¢in Uluslararasi Radyolojik Koruma Komisyonu (ICRP, 2012) tarafindan onerilen doz
doniisiim katsayilar1 kullanilir.

YED=Y,;(D;C;) U

Burada D; ilgili radyoniiklitin doz doniigiim katsayisi (Sv Bgt), U ilgili baligin yillik kisi bag1 tiiketim
miktar1 (kg y?), Ci ise ilgili radyoniiklitin Bq kg™ olarak spesifik aktiviteleridir. BSGM 2018 verilerine
gore Tirkiye’de kisi basi alabalik tiiketimi yillik 5,5kg, ICRP (2012) tarafindan 6nerilen doz doniisiim
katsayilar1 ise 28U (??°Ra) i¢in 2,8x107, Z2Th (*2Ac) i¢in 4,3x10° ve “K i¢in 6,2 x10° Sv Bq’dir.

I¢ Zarar Indeksi (Hin): Radon ve kisa miirlii bozunum fiiriinleri solunum organlar icin tehlikelidir.
Radon ve bozunum firiinlerinden kaynaklanan i¢sel maruz kalma, Krieger (1985) tarafindan tanimlanan
asagidaki denklemde verilen i¢ zarar indeksi (Hin) ile olgiiliir;

Hin= Cu/185 + Cm/259 + Ck/4810

Burada Cu, Crn ve Ck sirastyla 28U, 22Th ve K’ Bq kg! biriminde spesifik aktiviteleridir.
Radyasyon zararinin 6nemsiz olabilmesi i¢in Hin degeri 1°den kii¢iik olmalidir.

BULGULAR ve TARTISMA

Caligma kapsaminda yoreyi temsil edecek sekilde 4 farkli isletmeden alinan gokkusagi alabaligi ve
yem orneklerinin HPGe gama spektrometre sistemi ile dlgiilen **Ra, 22Th ve “°K radyoniiklit aktivite
konsantrasyonlar1 Tablo 2’de verilmistir. Ote yandan, Tiirkiye’de ve yurt disinda degisik bolgelerde
yapilan ¢alismalar da karsilastirilmak tizere Tablo 3’te 6zetlenmistir.

4 farkl isletmeden tedarik edilen balik numunelerinin 22Ra aktivitesinin kaslarda 3,29+0,27 ile
8,26+0,78 Bq kg* arasinda, 2*Th aktivitesinin OSA- 3,38+0,30 Bq kg arasinda ve “°K aktivitesinin
102,69+5,22 - 140,86+5,82 arasinda degistigi tespit edilmistir. Tablo 2’ye gore kas radyoniiklit
konsantrasyonlari en yiiksek olan 1 nolu isletmede yetistirilen baliklarin farkli dokularindaki radyoniiklit
birikimleri incelendiginde, *Ra aktivitesinin solungaglarda 7,15+0,67Bq kg, deride 7,07+0,68 Bq kg
! karacigerde 1,47+0,14 Bq kg oldugu; #2Th aktivitesinin solungaglarda 3,34+0,32 Bq kg, deride
3,04+0,25 Bq kg, karacigerde 6lgiilebilen degerin altinda oldugu; “°K aktivitesinin ise solungaglarda
105,9444,57 Bq kg, deride 54,94+2,23Bq kg, karacigerde 64,65+2,88 Bq kg* oldugu tespit edilmistir.
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Tablo 2. Goékkusagi alabaligi dokulari ve yemlerinin 2% Ra, 22 Th, ¥ K (Bq kg* yas agirlik)
aktivite konsantrasyonlari”

Doku isletme no N 26Rg 282Th oK

1 8 8,26+0,78 3,38+0,30 140,86+5,82
Kas 2 5 5,50+0,52 OSA 102,69+5,22

3 6 3,29+0,27 2,25+0,19 125,21£7,02

4 7 3,46+0,33 0OSA 118,08+7,05
Karaciger 1 1,47+0,14 OSA 64,65+2,88
Deri 1 7,07+0,68 3,04+0,25 54,94+2.23
Solungag 1 7,15+0,67 3,34+0,32 105,94+4,57
Yem 1-2-3-4 OsA 9,54+0,88 174,98+8,50

OSA: Olgiim sinirinin altinda, N: numune sayisi, * Ortalama+Standart Hata

Buna gore kiiltiir gokkusag: alabaligi dokularinda Ra ve #2Th i¢in radyoniiklit birikiminin
kas>solungag>deri>karaciger seklinde siralandig1, “°K igin ise karacigerde deriye nazaran daha fazla
birikimin (kas >solunga¢>karaciger>deri) oldugu goriilmektedir.

Balik yemleri yetistiriciligi yapilan baligin ihtiyacim karsilayacak igerikte birgok yem

hammaddesinin bir araya getirilmesi ile elde edilir. Bu durumda rasyona dahil olan hammaddelerin
radyoniiklit icerikleri elde edilen yemin yiikiinii de etkiler. Ayrica iiretilen yemin {iretim prosesi yem
kalitesi iizerine etkilidir. Ornekleme yapilan 4 isletmede ayni firmaya ait yemler kullanildig1 igin 6lgiim
sonuclarimin ortalamas1 verilmistir (Tablo 2). Incelenen tiim yem orneklerinde *°Ra aktivitesi
olgiilebilen smirmn altinda kalmustir. 2?Th ve “°K aktiviteleri ise sirasiyla ortalama 9,54+0,88 ve
174,98+8,50 Bq kg™*’dur.
Baliklarda gbzlemlenen radyoniiklit konsantrasyonlari yem ve i¢inde yasadig1 ortamdan etkilenmektedir
(Stricht ve Kirchmann, 2001; IEAE, 2004). Kas dokusunda tespit edilen 2Th ve K aktivitesinin olas1
kaynaklarindan birinin yetistiricilikte kullanilan yem oldugu Tablo 2’de verilen yemlere ait 22 Th ve
“K aktivite konsantrasyonlarindan acgik¢a anlagilmaktadir. Ancak yemde tespit edilemeyen 2%°Ra
aktivitesinin kasta bulunmasi ¢evresel kosullar1 igaret etmektedir. Kaynagin tespiti yoniinde ayrintili
caligmalara ihtiyag vardir.

Tablo 3. Tiirkiye’de ve diger iilkelerde baliklar iizerinde yapilan galigmalar (Bq kg™)

Ulke 26 Ra 22 Th 0K Kaynak

Amerika (Mississippi) Ciftlik 0,41 0,89 99 Billavd., 2016
Amerika (Mississippi) Nehir 0,47 0,97 101 Billavd., 2016
Banglades (Bengal Korfezi) 1,05 0,77 61,5 Ghose vd., 2000
Giiney Afrika 34,6 38,7 - Faanhof ve Louw 2001
Nijerya (Ado EKiti) 17,8+0,6 3,5+0,4 533,3+37,0 Fasae ve Isinkaye 2018
Nijerya (Kainji) 37,2 94,8 618,2 Adamu vd., 2013
Nijerya (Nijer Deltasi) 4,5 11,0 37,4 Bolaji vd., 2015
Nijerya (Ondo) 21,4-38,6 40,7-64,4 462-792 Ademola ve Ehiedu 2010
Oman Denizi 0,14-2,66 0,06-4,68 38-570 Goddart vd., 2003
Pakistan 1,30 1,0 90 Tahir vd., 2010
Tiirkiye 45,6 0OSA 179 Topcuoglu vd., 2003
Tiirkiye (Van Golii) 0,57 0,022 319 Erenturk vd., 2014
Tiirkiye (Trabzon) 0,76 1,03 101,72 Goriir vd., 2012

OSA: Olgiim smirmin altinda
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Balik doku ve yem 6rneklerinin tiimiiniin 2°Ra, 2*2Th ve “°K aktivite konsantrasyonlarmin Tiirkiye
ve diger iilke sonuglariyla genel olarak uyumlu, Giiney Afrika Nijerya’da (Faanhof ve Louw, 2001;
Fasae ve Isinkaye, 2018; Adamu vd., 2013; Ademola ve Ehiedu, 2010) yapilan ¢alismalarda raporlanan
sonuglarin ¢ok altinda oldugu gozlenmektedir.

Calisma kapsaminda incelenen alabalik dokulari ile yem orneklerinin 2°Ra, 232Th ve “°K aktivite
konsantrasyonlari kullanilarak [Radyum esdeger aktivite (Raes), I¢ zarar indeksi (Hin) ve Yillik etkin doz
(YED)] radyolojik risk parametreleri hesaplanmis ve bulgular Tablo 4’te listelenmistir.

Tablo 4. Gokkusag: alabalik dokularinin ve yem 6rneklerinin radyolojik risk parametreleri

Doku isletme no Raes (Bq kg?) Hin YED (uSv y*)

1 23,94 0,22 4,80

2 13,40 0,17 3,50
Kas

3 16,15 0,21 4,27

4 12,55 0,16 4,03
Karaciger 1 6,45 0,23 2,20
Deri 1 15,65 0,19 1,87
Solungag 1 20,08 0,26 3,61
Yem 1-2-3-4 27,12 0,07 5,97
Diinya ort. (UNSCEAR, 2000) 370 <1 (orti?grhsaoggo)

Doku 6rnekleri 6,45 (karaciger) — 23,94 (kas) Bq kg -1 araliginda degisen radyum esdeger aktiviteleri
retirken yem orneklerinin ortalama radyum esdeger aktivitesi 27,12 Bq kg -1 olarak hesaplanmistir.
Benzer sekilde ICRP (2012) doniisiim faktorleri kullanilarak hesaplanan doku 6rneklerinin yillik
esdeger aktiviteleri 1,87 (deri) — 4,80 (kas) uSv y -1 arasinda degisirken yem orneklerinin ortalama yillik
esdeger aktivitesi 5,97 uSv y -1 *dir. Belirlenen radyum esdeger aktivitesi ve yillik etkin doz degerleri
UNSCEAR 2000°de 6nerilen (Ra es 370 Bq kg -1 ve YED 290 uSv y -1 ) degerlerin ¢ok altinda yer
almaktadir. Ayrica tiim 6rneklerin i¢ zarar indeksi (H in ) degerleri 1’den kiigiiktiir. Bu veriler yorede
yetistirilen gokkusagi alabaliginin tiiketilmesinin radyolojik bakimdan insan sagligi i¢in olumsuz bir
etki yaratmayacagini gostermektedir.

SONUC

Sonug olarak, Fethiye yoresinde yetistirilen gokkusagi alabaliklarinin yenilebilir kisimlarinda
gozlenen aktivite konsantrasyonlarinin tiiketici sagligi bakimindan risk teskil etmeyecek seviyelerde
oldugu ortaya konmustur. Ciftlik kosullarinda yetistirilen gokkusagi alabaligi dokularinda belirlenen
226Ra, 82Th ve “)K aktivite konsantrasyon degerleri bu alanda literatiirdeki eksikligi tamamlamakta ve
yetistiriciligi yapilan diger tiirlerle kiyaslanabilir nitelikte bir veri seti olusturmaktadir. Ayrica, balik
dokularinda tespit edilen dogal radyoniiklitlerin yetistiricilik ortamindaki orijinlerinin tespiti ve
kalitenin arttirilmasi yoniinde alinabilecek tedbirlerin arastirilacagi ¢aligmalara ihtiyag vardir.

Tesekkiir : Yazarlar olarak, numunelerin gama spektrometrik 6l¢iimleri igin arastirma laboratuarini
tahsis eden Akdeniz Universitesi Fizik Boliimii Ogretim Uyesi Prof. Dr. ismail BOZTOSUN’a yardim
ve desteklerinden dolayi tesekkiirii borg biliriz.

Sunulan caligmada kullanilan baliklar hasat sonrasi Olii olarak orneklendiginden herhangi bir
etikprosediir izlenmemistir.
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Ozet

Bu ¢alismada Canakkale Bogazi kiyilarindan toplanan kahverengi alglere ait Cystoseira barbata taksonu kullanilarak
biyoetanol eldesi arastirilmistir. Biyoetanol yenilenebilir, ekonomik ve siirdiiriilebilir enerji kaynagi olmasi bakimindan
degerlidir. Ayrica CO2 emisyon degerlerini azalttig1 da bilinmektedir. Ilk olarak bu taksondan elde edilen sodyum alginat
kullanilmig, sonrasinda ise tallusun kendisi 6giitiilerek kullanilmigtir. Maya olarak maya 1, maya 2 ve ticari maya suslari
kullanilmistir. CO2 miktarinin artigina bagli olarak 6l¢tim aralig1 belirlenerek dakikalik, saatlik ve giinliik dl¢timler yapilmistir.
Yapilan 6l¢iimler sonucunda {i¢ maya 6rnegi de C. barbata taksonunu karbonhidrat kaynagi olarak kullanmustir. Fakat
kullanma siirelerinde farklilik gbzlenmistir. Alg 6rnegini en uzun siirede kullanan maya, mayal olarak adlandirilan mayadar.
Maya 2 olarak adlandirilan mayanin ise tgiincii giinde 10000 ppm seviyesine ulastigi belirlenmistir. Yapilan ¢aligmada
kullanilan mayalar i¢inde en verimli ve en kisa siirede etki gdsteren maya 2 olarak isimlendirilen mayanin oldugu tespit
edilmigtir.

Anahtar kelimeler: Cytoseira barbata, alg, maya, biyoetanol, COz.

Bioethanol Production from Cystoseira barbata (Stackhouse) C. Agardh, 1820 Taxa with a New Yeast.

Abstract

In this study, bioethanol production was investigated by using Cystoseira barbata taxa belonging to the brown algae
collected from the coasts of the Dardanelles. Bioethanol is valuable as a renewable, economic and sustainable energy source.
It is also known to reduce CO2 emissions. Firstly, sodium alginate obtained from this taxon was first used, and then tallus itself
was used by grinding. Yeast 1, yeast 2 and commercial yeast strains were used as yeast. Depending on the increase in the
amount of CO2, the measurement interval was determined and minute, hourly and daily measurements were made. As a result
of the measurements, the three yeast samples used C. barbata taxa as a source of carbohydrates. However, differences in usage
periods of carbohydrates source were observed. The yeast, which uses the algae sample for the longest period of time, is yeast
called yeastl. Yeast, called yeast 2, is determined to reach 10000 ppm on the third day. In the study, it was found that yeast
called yeast 2 which is the most efficient and has an effect in the shortest time in the yeasts used.

Keywords: Cystoseira barbata, algae, yeast, bioethanol, COx.

GIRIS

Algler, sucul ekosistemin biiyiik bir kismini olusturmakta ve barmndirdiklari metabolitler ile dnemli
bir hammadde kaynagi olarak kullanilmaktadir. Deniz suyu, tatli su ve atik sular gibi degisik
ortamlarda yasayabilirler. Farkli enerji kaynaklarina yonelim ile giinlimiiz diinyasinda giines
enerjisine ilgi fazladir. Algler giines 15181n1 en etkili kullanan canlilar olup bir¢ok alg tiirii
fotoototrofik 6zellik gdstererek yag iiretimini gergeklestirirler.

Fosil yakitlar hala giinlimiiziin en 6nemli yakitlarindandir. Ancak bu yakitlarin siirdiiriilemez bir
kaynak olarak goriilmesinin asil sebebi atmosferde sera gazlarinin birikmesi ve kiiresel 1sinmaya neden
olmalaridir (Demirbag, 2005; Searchinger vd., 2008; Gouveia ve Oliveira, 2009; Sirajunnisa ve
Surendiran, 2016).

Fosil yakitlarin yakilmasi sonucunda ¢evreye salinan CO2 gazinin iigte biri okyanuslar tarafindan

emilerek absorbe edilebilmekte ve bu da okyanuslardaki pH degerini asidik hale getirmektedir.
Boylelikle mercan resiflerinin ve deniz ekosistemi biyo-gesitliliginin yok olmasina, buna bagli olarak
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da kara ekosisteminin ciddi derecede olumsuz etkilenmesine neden olurlar (Mata vd., 2010;
Hacisalihoglu vd., 2009; Sirajunnisa ve Surendiran, 2016).

Glinlimiiz diinyasinda teknolojinin hizla gelismesi ile birlikte enerji ihtiyaci artarak devam
etmektedir. Fosil yakitlar enerji sektoriinde ve kiiresel ekonomide basrolde olup, temel enerji ihtiyacinin
yaklasik olarak %80-88’ini karsilamaktadirlar (Adigiizel, 2013; Sirajunnisa ve Surendiran, 2016; Saad
vd., 2019). Fosil yakit rezervlerinin tiikenmeye baglamasi1 ve olumsuz etkilerinden dolay1 son yillarda
bilim insanlan fosil yakitlara alternatif olabilecek, yenilenebilir ve gevreye minimum zarar verecek
alternatif yakit kaynaklarina yonelmistir.

Birinci nesil biyoyakit kaynaklar1 yaklasik olarak otuz yildir yok sayilmistir (Sirajunnisa ve
Surendhiran, 2016). Bu nesil yakitlar icin hammadde olarak seker kamisi, seker pancari, bugday,
pekmez, arpa ve misir kullanigsmis ancak gida arzi ve yakit arasinda biiylik problemler olugturmustur
(Singh vd., 2011; Sirajunnisa ve Surendhiran, 2016). Biyoetanol iiretmenin en basit ve kompleks
olmayan yontemi, seker igeren hammadde stokundan direkt olarak fermente edilmesidir. Bu nesil
biyoyakit kaynaklarinda, beslenme stokundan biyoetanol iiretim maliyetinin diisiikk olmasina karsin,
hammadde maliyeti fazladir (John vd., 2011; Sirajunnisa ve Surendhiran, 2016).

Saccharomyces cerevisiae seker igerikli kaynaklardan alkol iretmede kullanilan temel maya tiirtidiir.
Biyoetanol iiretimi igin S. cerevisiae kullanilmasinin sebebi; yiiksek etanol fermantasyon hizi, gii¢li
invertaz iiretimi, melastaki inhibitér bilesenlerine yiiksek tolerans gostermesi, kolay iireme ve
korunabilir olmasidir. Diger bir maya tiirii de ¢ok yaygin olarak kullanilmasa da Schizosaccharomyces
pombe taksonudur (Yigitoglu vd., 2012).

Birinci nesil biyoyakaitlar ile alakali asil problem, tarim arazilerinden elde edilen iiriinlerin siirekli ve
artan bir sekilde devam eden niifusun gida ihtiyacinin karsilanmasi m1 yoksa biyoetanol iiretimi i¢in
kullanilmasi1 midir? (Sirajunnisa ve Surendhiran, 2016).

Brezilya, Amerika Birlesik Devletleri ve Avrupa Birligi'nde biyoetanol iiretimi i¢in hammadde
stokunu olusturan seker kamisi, misir ve seker pancarmin yiiksek oranlarda kullanilmas1 gida kitligina
ve yliksek gida fiyatlarina yol agabilecegi belirtilmistir (Wu vd., 2014; Hong vd., 2014; John vd., 2011;
Sirajunnisa ve Surendhiran, 2016). Amerika Birlesik Devletleri’nde 2010 yilinda yaklasik olarak 220
trilyon litre dizel kullanilmistir. Bu miktarin soya fasulyesi ile kargilanabilmesi i¢in 367 milyon hektar
alan gerekmektedir. ABD’nin belirtilen ekilebilir tarim alani ise 930 milyon hektardir (Leite vd., 2013;
Basak vd., 2014). Tarim {irlinlerinden yakit elde edilmesi i¢in ¢ok biiylik arazilere ihtiya¢ duyulmasi,
maliyetin yiiksek olmasi ve uzun siireler gerektirmesi bu nesil i¢in dezavantajlari olusturur.

Birinci nesil biyoenerji kaynaklarinda karsilasilan bir diger problemde, hammadde stokunu olusturan
iiriinlerin siirekli olarak ekilmesi, giibreleme ve zirai ilaglar ile tarim alanlarinin tahrip olmasi, erozyon,
bitki biyo-cesitliliginin azalmasi, ylizey sularinin kirlenmesi ile 6trofikasyona neden olmasidir (Singh
vd., 2011; John vd., 2011; Sirajunnisa ve Surendhiran, 2016). Ayrica enerji bitkilerinin yetistirilmesi
icin kullanilan tarim arazilerinde ¢ok yiiksek miktarlarda suya ihtiya¢ vardir (Sirajunnisa ve
Surendhiran, 2016; Canan ve Ceylan, 2017).

Biyoetanol yenilenebilir, ekonomik ve siirdiiriilebilir olmasi1 ayrica CO; emisyonunu azaltmasi
nedeniyle fosil yakitlara alternatif olarak diisiiniilmektedir (Hill vd., 2006; Najafi vd., 2009; Kogtiirk ve
Onurbag Avcioglu, 2012; Altunbay vd., 2016)

Gilinimiiz diinyasinda gida hammaddeleri ile rekabet olusturan enerji bitkilerinden elde edilen
biyoetanol yerine, gida disi tarim atiklarindan dogaya zarar vermeyen ikinci nesil, biyoetanol iiretimi
tercih edilmeye baslanmistir. Gida biyokiitlesine alternatif olarak ortaya ¢ikan tarimsal atiklar (misir
sap1, bugday ¢opii) ile lignoseliilozik (odun, ¢im, saman vb.) biyokiitleden elde edilen etanol ikinci nesil
biyokiitle kavramini olusturmaktadir. Biyoyakit {iretiminde son 20 yilda bu lignoseliilozik biyokiitle
biyoyakit hammmaddesi olarak dikkat ¢ekmistir (Ullah vd., 2015; Wu vd., 2014; Sirajunnisa ve
Surendhiran 2016). Enerji bitkilerine kiyasla karbonhidrat i¢eriginden dolay1 biyoyakit i¢in daha uygun
bir alternatif olustururlar (Hong vd., 2014; Ozdemir vd., 2009; Sirajunnisa ve Surendhiran 2016).

Polimerce zengin seliiloz, hemiseliiloz, lignin iceren maddeler lignoseliilozik maddeler bitkisel hiicre
duvarini olusturan en 6nemli yapisal bilesenlerdir. Diinya niifusunun artisiyla birlikte gida ve enerji
ihtiyacini karsilayabilecek hammadde stogunun yetersiz kalmasi ile lignoseliillozik maddelerin
kullanim1 6nem kazanmustir (Unlii ve Durmaz Hilmioglu 2014).

Seker molekiillerinin ¢esitli enzimler yardimiyla selillozdan ayrildiginda lignoseliilozik etanol
olusur. Birinci nesil biyokiitle kaynaklar1 olan enerji bitkilerine kiyasla, lignoseliilozik biyokiitleler sera
gaz1 emisyonlarmin azaltilmasinda daha etkilidirler. Fosil bir yakit olan petrol ile karsilastirildiginda
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ise, bu nesil lignoseliilozik biyoetanol sera gazi emisyonlarini %90 azaltabilir (Demain vd., 2005;
Adigiizel, 2013; Sirajunnisa ve Surendhiran 2016).

Ikinci nesil biyokiitle hammaddesini olusturan nisasta ve seliiloz, seker iceren hammaddelere gore
daha ucuz olsa da, bu hammaddelerin mayalanabilir sekerlere doniisiimii, yiiksek maliyetli seliiloza
bagl olarak genel doniisiim siiresini kisitlamaktadir. Bu sebeple, bu hammaddelerden diisiik verim ve
yiiksek hidroliz maliyeti giiniimiiz teknolojileri ile biiyiik 6lceklerde olumsuz etkiler gostermistir (John
vd., 2011; Fu vd.,2010; Sirajunnisa ve Surendhiran 2016). Buna ek olarak seliilozik atiklarda bulunan
ligninin hidrofobik etkisini ortadan kaldirmak i¢in ayrica 6n isleme gereksinim duyulur, ¢linkii lignin
etanol {iretimini olumsuz etkileyerek var olan selillozu drtmektedir. On islem, biyoetanol iiretimi
maliyetinin artmasina sebep olur (Hong vd., 2014; Ozdemir vd., 2009; Sirajunnisa ve Surendhiran
2016).

Uciincii nesil biyoyakitlar olarak adlandirilan algler, icerigindeki yiiksek miktarda lipit ve
karbonhidratlar ile yakit iiretimi i¢in, enerji bitkilerine alternatif olabilecek tek secenek olarak
goriilmektedirler. Bazi mikroalglerin hiicre duvarlarinda bulunan g¢esitli polisakkaritler (seliiloz,
mannalar, ksilanlar ve siilfatlanmig glikan vb.) basit sekerlere ayrilip etanole doniistiiriilebilmektedir
(Chaudhary vd., 2014; Nguyen ve Vu, 2012; Sirajunnisa ve Surendhiran 2016).

Algleri diger biyoetanol kaynaklarindan daha iistiin kilan birgok neden vardir. Oksijenin temel
iireticileri olmalari, enerji bitkileri gibi araziye gereksinim duymamalari, daha az su tiikketmeleri, hemen
hemen her ortamda yetigebilir olmalari, insan-gida iligkisini etkilememeleri, ticari olarak 6nemli {iriinler
iiretmeleri, yliksek fotosentez etkinligine sahip olmalar1 ve karbondioksiti emmeleri gibi birgok neden
algleri alternatiflerine gore avantajli kilar (Adigiizel, 2013; Sirajunnisa ve Surendhiran, 2016). Ayrica
yosunlardan elde edilen biyoyakitin verimi daha yiiksektir (Georgianna ve Mayfield, 2012).

Alg hammadde stoklarinin sivi yakitlara ve gaz haline doniistiiriilmesi de diger bitki stoklarinda
oldugu gibi direkt yada cesitli biyokimyasal veya termokimyasal doniisiim yontemleri ile gergeklesir
(Amin, 2009; Demirbas, 2009; Rittmann, 2008; Pitman vd., 2011). Direkt olarak yanma ile kurutulmus
alg biyokditlesi enerji tiretimi igin kullanilabilmektedir (Kadam, 2002; Pitman vd., 2011). Gaz yada yag
bazli yakitlarin elde edilmesi ise proliz, gazlagtirma, hidrojenasyon ve alg biyokiitlesinin sivilagtirlmasi
gibi termokimyasal doniistiirme yontemleri ile gergeklesir (McKendry, 2002; Miao ve Wu, 2004;
Pitman vd., 2011).

Biyokiitlenin fermantasyonu ve anaerobik sindirimi ile biyokimyasal doniigtirme islemleri
sonucunda biyoetanol ve metan elde edilmektedir (McKendry, 2002; Pitman vd., 2011). Ayrica
biyofotoliz yontemi ile alglerden hidrojen tiretilebilir (Melis, 2002; Pitman vd., 2011).

Alglerden biyoetanol {iretiminin en Onemli basamagi, tiirlerin taranmasi ve uygun olanlarin
sec¢ilmesidir.

Chlorophyceae, Eustigmatophyceae, Haptophyceae ve siyanobakterilerin suslar1 genel olarak
biyoyakit tiretimi ve diger endiistriyel organikleri tiretmede sikga tercih edilen gruplardir (Larkum vd.,
2011; Sirajunnisa ve Surendhiran 2016). Mikroalg gruplar igerisinde ki bazi tiirler, rezerv polimerler
olarak fermente edilebilir sekerler gibi yiliksek miktarda karbonhidrat igerigine sahiptirler. Bu tiirler
biyoetanol iiretimi i¢in en uygun adaylardir (Nguyen ve Vu, 2012; Sirajunnisa ve Surendhiran 2016).

Biyoetanol iiretimin de makroalglerin tercih edilmesi daha uygundur. Bunun nedeni ise makroalgler
yapilarinda, mikroalgler gibi yiiksek miktarlarda lipid igermeleri yerine, alkol bazli yakit iiretimi i¢in
fermente edilebilen yiiksek oranlarda dogal seker ve karbonhidratlar1 barindirmalaridir (FAO 2017).

Makroalglerle yapilan caligmalarin kirmiz1 ve kahverengi alglerde yogunlastig1 goriilmektedir. Bu
konuda kirmizi alglerden etanol tiretiminde Gelidium amansii (J.V.Lamouroux) J.V.Lamouroux (Wi
vd., 2009), Kappaphycus alvarezii (Doty) Doty ex P.C.Silva in P.C.Silva (Khambhaty vd., 2012;
Meinita vd., 2012a,b), Gracilaria salicornia (C.Agardh) E.Y.Dawson (Wang vd., 2011), Gracilaria
verrucosa (Sahoo vd., 2013; Kim vd., 2015) gibi taksonlar kullanilmustir.

Kahverengi alglerden Laminaria hyperborea (Gunnerus) Foslie (Horn vd., 2000), Saccharina
latissima (Linnaeus) C.E.Lane, C.Mayes, Druehl & G.W.Saunders (Adams vd., 2009), Laminaria
japonica (Lee ve Lee 2012; Jang vd., 2012), Laminaria digitata (Hudson) J.V.Lamouroux (Gallagher
vd., 2011), Sargassum sagamianum Yendo (Jung vd., 2011), Sargassum spp. C.Agardh, (Borines vd.,
2013), Undaria pinnatifida (Harvey) Suringar (Delgenes vd., 1988; Kim vd., 2013), Cystoseira
indica (Thivy & Doshi) Mairh ve Scinaia hatei (Khan vd., 2015) taksonlar1 ¢alisiimistir.
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Yesil alglerden ise Ulva lactuca L. (Bruhn vd., 2011; Lopez-Contreras vd., 2013), Cladophora spp.
(Trung vd., 2013), Ulva reticulata (Yoza ve Masutani, 2013), Spirogyra, Cladophora ve Gracilaria
(Ahmed vd., 2010) taksonlar1 ¢aligilmustir.

Biyoetanol kavrami yeni bir kavram degildir. 1970’lerde diinyada baglayan yakit sikintisi ile ortaya
cikmisg ve glintimiizde de bu konu ile ilgili calismalar halen artarak devam etmektedir (Adigiizel, 2013;
Sirajunnisa ve Surendhiran, 2016). ilk olarak ise 18. Yiizyilin sonlarinda Gay-Lussac’mn (1815)
fermantasyon formiiliinii ortaya koymasi ile anlagilmaya baslanmaistir.

Farkli hammadde kaynaklari {izerinde yogunlasilmig ancak avantajlar1 ve dezavantajlar1 g6z oniine
alindiginda en uygun hammadde kaynagi ve cevreye duyarli bir yakit olmasindan dolay: da alglerden
faydalanilmaya baglanmistir. Bu ¢aligmada Cystoseira barbata (Stackhouse) C. Agardh taksonu farkli
maya suslar1 kullanilarak biyoetanol eldesi aragtirilmisgtir.

MATERYAL ve YONTEM

Materyal olarak Canakkale ili Kepez ilgesi sahillerinde yayilis gosteren Cystoseira barbata
(Stackhouse) C. Agardh taksonu ile maya 1, maya 2 ve ticari maya (yas maya) suslar1 kullanilmisgtir.

Ornekleme Ocak 2016 tarihinde kepez sahilinden 0-1 metre derinliklerden yapilmistir. Kahverengi
algler, bulundugu ortamin kosullarina gore ve iireme donemlerinde kendileri icin gerekli olan
polisakkaritleri daha fazla biriktirirler (Kogoglu, 2010). Ornekler bu nedenle soguk doénemde
toplanmistir. Kahverengi algin tercih edilmesinin sebebi yapisinda lignin bulundurmasi nedeniyle
sekerleri serbest birakmasi icin 6gilitme, ezme gibi basit bir 6n islemlerin yeterli olmasidir. Ayni
zamanda alginik asit i¢eriginin yiiksek olmasi ve Canakkale kiyilarinda bol bulunmasidir.

Biyoetanol iiretimi igin kullanilan mayalar ise COMU Biyoloji Béliimii 6gretim iiyesi Dr. Tiilay
TURGUT GENC’in Maya laboratuvarinda test ettikleri ve heniiz literatiir ismini vermedikleri lireme
hizina gére Maya 1 (M 1) ve Maya 2 (M 2) adlarin1 verdikleri maya suslar1 ve ticari maya secilmistir.

Ornekler nce musluk suyu ile yikandiktan sonra epifitlerinden temizlenmistir. Oda sicakliginda 48
saat boyunca kuramaya birakilmistir. Alg 6rnekleri nem alabilecegi diisiiniilerek 60°C’de 2 saat boyunca
etiivde bekletilmistir. Kuru 6rnekler ilk 6nce blender ile 6giitiilmiistiir. Daha sonra havanda doviilerek
toz haline getirilmistir (Borines vd., 2013).

Kullanilan 6n islem ve ekstraksiyon basamaklari Kogoglu (2010) tarafindan yapilan tez
caligmasindan alinmistir.

On islem basamaginda; 20 g égiitiilmiis kuru érnek oda sicakliginda 300 ml %2’lik formaldehit
¢ozeltisi icerisinde 24 saat siire ile muamele edilmistir. 24 saat sonrasinda yosun materyali saf su ile
yikanmistir.

Daha sonra 24 saat siire ile 0,2 N’lik 300 ml HCI ¢ozeltisi igerisinde bekletilmistir. Alg materyali
sonrasinda tekrar saf su ile yikanip, siiziilmiistiir.

Ekstraksiyon basamagi; materyal 70 °C de 1s1 kontrolii yapilarak 400-500dev/dk hizindaki manyetik
karigtiricida, 1000 m1’lik beherde 3 saat siire ile %3’liik Na,CO3 ¢ozeltisi icinde ekstrakte edilmistir.

Ekstraksiyon isleminin sonrasinda 6ziit ilk olarak tek katli fitoplankton bezinde siiziilerek, alg
kalintilarindan ayrilmistir. Daha sonra siiziintii tekrar 2 katli fitoplankton bezi ile siiziilmistiir (Sekil 1).

Sekil 1. Siiziilmils 6ziit.

Stizme isleminin ardindan geriye kalan ¢6zelti tizerine 600 ml etanol eklenerek sodyum alginat
seklinde ¢oktiirilmiistiir. Elde edilen jel halindeki sodyum alginat siiziilerek alinmistir. Petriye alinan
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jel halindeki sodyum alginat 50°C de etiivde kurutulmustur. Daha sonra kurumus sodyum alginat
havanda doviilerek 6giitiilmistir (Sekil 2).

Sekil 2. Kurutulup, 6giitiilmiis Na-alginat.

Elde edilen sodyum alginat petriye eklendikten sonra M 1 ve M 2 mayalarinin ekimi yapilmistir
(Sekil 3). Bunun amaci mayalarin sodyum alginati besin kaynagi olarak kullanip kullanmayacagini test
etmektir.

Ekim igin; 100 ml su, 2 gr agar ve 3 gr 6giitiilmiis ve toz haline getirilmis sodyum alginat petriye
dokiilmistiir. Petriler 30 °C sicaklikta 4-5 giin inkiibasyona birakilmistir. Gegen siirenin ardindan
petrilerde iireme goriilmemistir.

Sekil 3. Na-alginat ve M 1- M 2 mayalarinin ekimi.

Petriler de iireme olmadigi i¢in sodyum alginat yerine direkt olarak kurutulmus ve 6giitiilmiis alg
ornegi kullanilmustir.

2 gr agar ve 3 gr toz halinde ki alg pargalar1 son hacim 100 ml olacak sekilde otoklavlanmigtir.
Ardmdan 100 ml 3 petriye esit miktarda dagitilarak kurumaya birakilmistir.

1.Petriye; M 1 ad1 verilen maya susu 6zeyle ekilmistir.

2.Petriye; M 2 adi verilen maya susu 6zeyle ekilmistir.

3.Petriye herhangi bir sey ekilmedi ve kontrol olarak birakilmistir.

Petriler 30°C sicaklikta 4-5 giin inkiibasyona birakilmigtir. Gegen siirenin ardindan petrilerde
ireme goriilmiistiir (Sekil 4).
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Sekil 4. Alg ve M 1- M 2 mayalarinin ekimi.

Ureyen maya hiicreleri tekrardan yeni petrilere ekilerek gogalmaya devam edip etmedikleri kontrol
edilmigtir. Cogalan M 1 ve M 2 mayalari i¢in s1vi kiiltiir denemeleri yapilmistir. Sivi kiiltiirlerin igerigi
de; 100 ml distile su ve 3gr alg 6rnegi eklenerek yapilmistir. Bu karigimdan;

40 ml 6rnek cekilip agz1 kapakli siseye aktarilmistir ve M 1 mayasi1 eklenmistir

40 ml 6rnek ¢ekilip agz1 kapakli siseye aktarilmistir ve M 2 mayasi1 eklenmistir.

Kalan 20 ml oOrnek agzi kapakli siseye aktarilarak maya eklenmemistir ve kontrol igin
hazirlanmigtir (Sekil 5).

Sekil 5. Kontrol, M 1ve M 2 6rnekleri.

Hazirlanan kapakli sigeler kapaklar kapatildiktan sonra parafilm ile ¢evresi sarilarak hava girisi
engellenmistir. 30°C sicaklikta 4-5 giin inkiibasyona birakilmistir. Inkiibasyon sonrasi siselerde
tiremenin olup olmadigi sadece gorsel olarak belirlenmistir. Absorbans degerleri spektrofotometrik
olarak dl¢iilemedi. M 1 ve M 2 mayalarinin oldugu siseler, kontrol sigesine gore bulanik kahverengi bir
renk olarak gozlemlenmistir.

Toz haline getirilmis alg parcalar1 ayni islemlerden gegirilerek tekrar petrilere ekim yapildiktan
sonra 30 °C’de 4-5 giin inkiibasyona birakilmigtir. Gegen siirenin ardindan petrilerde iireme
goriilmiistiir. Ureyen M 1 ve M 2 mayalari igin s1v1 kiiltiir denemeleri yapilmustir (Sekil 6).

Stvi kiiltiir denemelerine baglamadan dnce mayanin alg ortamina aligmasi i¢in; 25mL dH»O, maya
ve 0,25 gr toz alg ornegi eklenerek 24 saat oda sicakliginda 120 rpm’de inkiibe edilmistir. 24 saat
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sonunda bekletilen drnekten 100 ul alg igeren 6rnek sivi besiyerine aktarilmistir. 100 mL dH20, 1 gr
toz alg Ornegi iizerine eklenmistir. 1 saat oda sicakliginda 120 rpm calkalayicida inkiibasyona
birakilmistir. Testo 535 marka CO; 6l¢iim cihazi (0-10000 ppm araliginda) flaska yerlestirilip oksijen
girisi bloke edilmistir. Yapilan bu islemler M 1, M 2 ve ticari maya i¢in ayr1 ayri tekrarlanmistir. Flask,
Sartorius marka CERTOMAT MO II model calkalayiciya yerlestirilmistir. Cihaz oda sicakliginda ve
90-100 rpm’de ¢aligtirilmistir. CO2 miktarinin artigina bagli olarak 6l¢iim araligi belirlenerek dakikalik,
saatlik ve giinliik dl¢iimler yapilmstir.

Sekil 6. Deney diizenegi

BULGULAR

Calismada kullanilan maya 1 (M1), maya 2 (M2) ve ticari mayaya (TM) ait sonuglar sekil 7°de
gosterilmistir.
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Sekil 7. M 1, M 2 ve TM mayalarinin CO; 6l¢iim grafigi

Elde edilen bulgular incelendiginde, M 1 mayasi C. barbata taksonunu, karbonhidrat kaynagi
olarak kullandig1 tespit edilmistir. 8 giin icerisinde toplam 154 Sl¢iim yapilmistir. CO2 Slglimleri 1
dakika araliklarla yapilmistir. Toplam &lgiimlerin 120 tanesi birer dakika araliklarla alimigtir. Olgiim
araliginin ¢ok kisa olmasi ve sonuglarin birbirine ¢ok yakin ¢ikmasi nedeniyle 6l¢iim araligi 10 dakikaya
cikarilmig ve 21 6l¢iim alimmistir. 10 dakikalik 6l¢timler sonucunda da CO, miktarin da biiyiik bir artig
gbzlemlenmeyip degerlerin oldukg¢a yakin oldugu belirlenmistir. Olgiim siiresi 4 saate ¢ikarildiginda 6
dl¢iim yapilmis ve l¢iim sonuglarinin degerleri yine birbirine yakin ¢ikmistir. Olgiim aralig1 24 saate
cikarilip 7 6lglim daha yapilmigtir. CO2 degeri 5. giinde en yiiksek seviyesine ulagmustir. 6.,7., ve 8. giin
de CO; degeri diismeye baslayp 8. giin sonunda 6l¢iim almamamustir. Olgiim sonuglarinda elde edilen
en yiiksek CO; degeri 7924 (5. giin) olarak tespit edilmistir.
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M 2 mayast ile yapilan 6l¢iimlere bakildiginda, 3 giin igerisinde toplam 150 &l¢iim yapilmstir.
Olgiime 10 dakika araliklar ile baslanmistir. CO; &lgiim siiresi 1 dakika olup, 103 dlgiim yapilmistir.
Yapilan 6lgiimlerde CO, degerinin artarak devam ettigi gozlenmistir. Olgiim araligi 30 dakikaya
¢ikarilmis ve yine 1 dakika 6l¢iim siiresi ile 15 6l¢tim yapilmigtir. CO, degeri artmaya devam etmis olup,
Olciim aralig1 1 saate c¢ikarilmis ve 32 ol¢iim yapilmistir. CO» degerinde herhangi bir diisme olmadan
artmaya devam etmis ve 3. giin yapilan son 6l¢tim degeri 10.000 degerinin iistiine ¢ikmistir. Bu durum
M 2 mayasinin algi hizl bir sekilde karbonhidrat kaynagi olarak kullandiginm gostermektedir.

Ticari maya ile yapilan 6lglimlere bakildiginda, 13 giin igerisinde toplam 88 Slgim yapilmustir.
Olgiimlere 10 dakika araliklarla baslanmustir. Yine CO, 6l¢iim siiresi 1 dakika olarak ayarlanip, 49
dl¢iim yapilmustir. CO, degerinin yavas bir sekilde artmaya devam ettigi gézlenmistir. Olciim aralig1 30
dakikaya cikarilarak 10 6lglim daha yapilmistir. CO2 degeri yine artmaya devam etmis ancak hizli bir
degisim gozlenmemistir. Daha sonra 6l¢iim aralig1 1 saate ¢ikarilmig ve 11 6l¢iim yapilmistir. CO»
degerinde ki artisin devam ettigi goriilmiistiir. Olgiim aralig1 6 saate ¢ikarilip 8 6lciim daha yapilmistir.
CO; degerlerinde fazla bir degisim tespit edilememistir. Olciim aralig1 24 saate ¢ikarilmis ve 10 Slciim
daha yapilmistir. 4. giinde CO. degerinin diismeye basgladigi goriilmistiir. Ancak CO2 degerinin 12.
giinde tekrar artisa gectigi belirlenmistir. 13. giin sonunda CO; degeri 10.000 degerinin iizerinde oldugu
i¢in 0lglim alinamamustir.

TARTISMA ve SONUC

Algler farkli maya ve bakteri suslar1 kullanilarak biyoetanol iiretimi i¢in 6nemli bir hammadde
kaynagidir. Kahverengi algler kullanilarak yapilan biyoetanol elde edilmesine iliskin ¢aligmalar tablo
1°de verilmistir.

Tablo 1. Kahverengi algler kullanilarak yapilan ¢calismalar

Alg Tiirii Maya/Bakteri Verim
Saccharina latisma Saccharomyces ceravisiae % 45
Sargassum spp. S. ceravisiae % 89
Saccharina japonica Pichia angophore Bacillus sp. JS-1 7,7 g/L
Laminaria digitata P. angophore 167 ml
Undaria pinnatifida P. angophore KCTC 17547 12,98 g/L
Laminaria japonica S. ceravisiae 2,59 g/L
Sargassum sagamianum Pichia stipitis ~9-10 g/L
Sargassum japonica Defluviitalea phaphyphila 0,25 g/g
Laminaria japonica Zymobacter palmae 0,389

Tablo 1°de verilen galigsmalarda iglem siiresi 1 saat ile 200 saat arasinda degismektedir. Yaptigimiz
calismada islem siiresi M 2 6rneginde 56,5 saat, M 1 drneginde 171,83 saat ve ticari maya drneginde ise
312 saatte maksimum degere ulasilmistir. M 1 6rneginde ise 570. dakikadan itibaren 1693 ppm
seviyesinden 7924 ppm seviyesine 5990. dakikada ulastig1 belirlenmistir. Daha sonra 10310. dakika
sonrasinda 0 degerine ulagmistir.

Caligilan maya orneklerinde her maya farkli bir sonug yani etanol iiretimi sergilemistir. Yapilan
calismada kullanilan mayalar iginde en verimli ve en kisa siirede is géren M 2 olarak isimlendirilen
mayadir. M 1 mayasi ise 10000 ppm degere ulasamamustir. Ticari maya ise ¢ok uzun zaman diliminde
10000 ppm degerine ulagsmistir. Dolayisiyla zaman ve verimlilik agisindan en kullanigl olan maya M 2
olarak isimlendirilen mayadir.

M 2 6rneginde alg numunesi ortamin igerisine eklendikten hemen sonra yapilan 6l¢timde 1973 ppm
degerine ulagmistir. Sonrasinda 1530. dakikaya kadar artan bir CO- verimi varken, bu dakikadan sonra
hizl1 bir artis gostererek 3390. dakika sonunda 10000 ppm degerinin {izerine ¢ikmistir. M 2 ve ticari
maya Orneklerinde 10000 ppm degere ulastiktan sonra Olglim alinamamigstir. Bunun sebebi 6l¢iim
yapilan cihazin maksimum 6l¢iim araliginin 10000 ppm olmasidir.

531



CAGMAN ve ERDUGAN 2019 ActAquaTr 15(4), 524-534

Ticari maya 6rneginde hemen yapilan 6lgiimde CO- degeri 998 ppm olarak olciilmiistiir. Yaklagik
540. dakikaya kadar 1740 ppm degerine ulagmistir. Bu dakikadan sonra diizenli bir artis ile 2160.
dakikada 5645 ppm degerine ulasmis ve bu dakikadan sonra CO, seviyesinde 17280. dakikaya kadar
keskin bir diisiis goriilmiistiir. Bu dakikadan sonrada ani bir yiikselis ile 10000 ppm degerine ulagmustir.

Yapilan benzer c¢aligmalarda iyi verim alinan bakterilerin yiiksek sicakliklar da c¢alistig:
gorlilmektedir (Adams vd., 2011; Borines vd., 2013). Oysa bu ¢aligmada kullanilan M 2 mayas1 oda
sicakliginda maksimum performans gdstermistir.

Yapilan ¢aligmalar sonucunda test edilen M 1, M 2 ve ticari maya suslar1 C.barbata taksonunu iyi
bir karbonhidrat kaynag olarak kullandig tespit edilmistir. U¢ maya i¢in kullanma siiresi ve miktarlari
degisiklik gostermistir. Algi en kisa siire de parcalayip, daha etkili kullanan maya ise M 2 olarak
isimlendirilen maya olmustur.

Alglerden biyoetanol eldesi kiigiik 6lgeklerde basarili olsa da ticarilesme i¢in heniiz hazir degildir.
Bunun i¢cin en 6nemli basamagi dogru alg tiirlerinin belirlenmesidir. Alglerin biiyiikk Slceklerde
yetistirilmesi ve dogru hasat yonteminin belirlenmesi durumunda ticari anlamda yararlanma miimkiin
hale gelebilir. Olduk¢a genis olan kiyilarimizda alg yetistirilmeye uygun alanlarin belirlenmesi
gerekmektedir. Bunun yaninda potansiyel hammadde kaynagi olan alglerin ekosisteme zarar vermeden
yararlanilmasi ¢aligmalarinin da gerceklestirilmesi gerekir. Ayrica maddi olarak etkin stratejilerin
belirlenmesi, biyomiihendislik yontemlerinin gelistirilmesi ile alglerden etkili bir sekilde yararlanmak
olasidir. Alglerden biyoyakit elde edilmesi iizerindeki calismalar arttikca, petrol kaynakli yakitlarin
yerini alabilirler. Ayni1 zamanda alglerin karbondioksiti tiiketmeleri ile dogaya zarar vermeden,
yenilenebilir ve siirdiiriilebilir bir biyolojik kaynak olarak enerji ihtiyacimi karsilayabilirler. Tiirkiye
kiyilarinda bolca bulunan ¢ok y1llik 6rneklerden C. barbata bu anlamda degerlendirilmesi miimkiin olan
orneklerdendir. Yetisti§i ortama gbre en uygun zamanda hasat edilmesi ile potansiyel bir kaynak
niteligindedir.

Tesekkiir: Bu calisma yiiksek lisans tezinden 6zetlenmistir. Katkilarindan dolay1 Dr. Ogr. Uyesi Tiilay
TURGUT GENC’e tesekkiir ederim.
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Ozet

Halofilik bakteriler tuza ihtiyaglar1 agisindan tuza tolerans gésteren ve asir1 tuzu seven gibi gesitli gruplara ayrilmaktadir. Tuzu seven
asir halofilik Halococcus ve Halobacterium cinslerine ait bakteriler tuzlanmig balik iiriinlerinde geliserek pembe renkli bozulmalara neden
olabilmektedir. Halofilik bakterilerin tuzlanmig balik iirtinlerinde geliserek kalite kaybina neden olmasinin engellenmesi halofilik
bakterilerin islenmis balik iiriinlerinde gelisimini engelleyecek metotlarin uygulanmasi ve sonrasinda kontrolii ile saglanabilir. Uretim
asamasinda kaliteli tuzlarin kullanilmasi, iiretim ve depolama esnasinda sicaklik yiikselmelerinden kagimnilmasi, balik triinlerinin
paketlenmesi, paketlenmis balik iriinlerinin depolama esnasinda hasar gormelerinin engellenmesi gibi halofilik bakterilerin balik
triinlerine bulagma ve gelisiminin engellenmesine yonelik yontemlerin uygulanmasi gerekmektedir. Asiri tuzu seven ve tuza tolerans
gosteren halofilik bakterilerin diger bakterilere kiyasla sahip olduklari 6zellikleri nedeniyle ¢ok sayida avantajlari da bulunmaktadir. Bu
nedenle halofilik bakteriler endiistriyel birgok alanda (gida, biyoteknoloji, Kimya, tip, kozmetik, tekstil, tarim, g¢evre vb.) kullanilmaktadir.
Her gecen giin gelisen teknoloji sayesinde halofilik bakterilerin sahip olduklar1 avantajlardan yararlanilarak farkli alanlarda kullanimina
yonelik yapilacak ¢aligmalarin ve endiistriyel kullanim alanlarmin ileride daha da arttacagi diigiiniilmektedir. Bu nedenle derleme
calismasinda halofilik bakteri tiirleri, denizlerden, tuz gollerinden, tuzlardan, tuzlanmis ve fermente balik iiriinlerinden izole edilen
halofilik bakteriler, tuz, tuzlanmis ve fermente balik {iriinleri tiiketiminin insan sagligina etkileri, tuzu seven ve tuza tolerans gdsteren
bakterilerin inhibisyonu, probiyotik etkileri, fonksiyonel yeni tiriinlerin gelistirilmesinde kullanilmasi ve endiistriyel alanda kullanimlar
konularinda yapilmis ¢esitli ¢aligmalara deginilmistir.

Anahtar kelimeler: Su triinleri, halofilik bakteriler, mikrobiyolojik kalite, endiistriyel uygulamalar
Halophilic Bacteria Species in Fishery Products and Industrial Applications
Abstract

Halofilic bacteria have been divided into different groups according to salt requirements such as halotolerant and extreme halophiles
etc. This type of halophilic bacteria such as Halococcus ve Halobacterium can be caused pink spoilage on the surface of the processed
salted fishery products. The growth of halophilic bacteria in processed fishery products can be prevented by using effective methods and
control systems. The methods avoiding contamination and growth of bacteria are necessary to be applied such as usage of high quality salt
in production, avoidance of temperaturerise in production and storage periods, packaging fishery products, prevention of damage to
package of fishery products in the storage. Extreme halophilic and halotolerant bacteria have some special characteristics when compared
with other type of microorganisms. For this reason, halophilic bacteria can be used for different industrial applications (food, biotechnology,
chemical, medicine, cosmetic, textile, agriculture, environment etc.) In accordance with the development of technology, it is believed that
the studies done about usage of halophilic bacteria in different areas and industrial applications will be increased in the future. For this
reason in this review; the species of halophilic bacteria, isolated halophilic bacteria from seas, salt lakes, salts, salted and fermented fishery
products, the effects of salt and salty fishery products intake to the human health, the studies done about inhibiting the growth of halotolerant
and extreme halophiles bacteria, probiotic effects, development of new novel products, industrial applications of these bacteria were
reviewed.

Keywords: Fishery Products, halophilic bacteria, microbiological quality, industrial applications

GIRiS

Su iirtinleri insan beslenmesinde ¢ok onemli gida maddeleridir. Bu nedenle su {iriinlerinin kalitelerinin daha
uzun siire korunmasi igin isleme yontemlerinin uygulanmasi gerekmektedir. Geleneksel tuzlama teknikleri
tuzlama, kurutma ve tiitsiileme iglemlerinin kombinasyonlarina dayali olmakla birlikte gida teknolojisinde son

yillarda yapilan gelismeler ile de balik ve balik {irlinlerinin raf dmiirleri arttirilmaktadir. Balik iiriinlerinin biiyiik
cesitliligi ile baglantili ham materyaldeki biiyiik degisiklikler ve endiistride kullanilan igleme parametreleri balik
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iirtinlerinde farkli bozulma parametrelerini ortaya ¢ikarmaktadir (Leisner ve Gram, 2014). Tuzlanmig baliklarin
raf Omriinii mikrobiyal bozulma smirlamaktadir. Mikrobiyal bozulma ¢ogunlukla da kirmizimsi halofilik
bakteriler nedeniyle meydana gelmektedir (Prasad ve Seenayya, 2000). Diinyanin her tarafinda asir1 tuzlu
ortamlar, tuz golleri ve glineste kurutulan tuzlarin bulundugu havuzlar tuz bileseni (NaCl) acisindan baskindir
(Larsen, 1980). Asirt halofilik Arkeler (Halobactericeaea familyasi) baskin heterotrofik organizmalar olup tuz
konsantrasyonu 250-300 grami asan asir1 tuzlu ortamlarda bulunmaktadir (Oren, 1994). Proteolitik halofilik ve
halotolerant mikroorganizmalar tuza dayanikli proteaz mikroorganizmalardir. Bunun yanisira nemli miktarlarda
tuzun varligina dayanikli proteaz mikroorganizmalar farkli kosullardaki 6zelliklere (alkalin pH, yiiksek sicaklik,
organik ¢o6ziicii gibi) de tolerans gosterebilmektedir (Mokashe vd., 2018). Halofilik mikroorganizmalarin 35°C’de
hizl1 bir sekilde ¢ogaldigi belirtilerek, bu mikroorganizmalarin baglangic mikrobiyal degerlerinin farkli iirtinlerde
degisiklik gosterdigi bildirilmistir (Lorentzen vd., 2015).Yiiksek tuz ortaminda bulunan bakteriler yiiksek tuz
konsantrasyonlariyla c¢evrili olduklarindan yiiksek ozmotik basinca maruz kalmaktadirlar. Halofilik
mikroorganizmalarin bu asir1 tuz kosullarinda canli kalabilmek ve ozmotik basinci ayarlamak igin 6zel stratejilere
sahip olduklar1 belirtilmistir (Kivistd ve Karp, 2011).

Arkelerin bu giine kadar yiiksek sicaklik, yiiksek tuzluluk, u¢ pH degerleri gibi 6zel ortamlarda bulundugu
diisiiniilmekteydi. Son yillarda molekiiler metotlarin gelismesiyle genis sicaklik degisimlerini ve soguk ortamlari
icine alan; tarim ve orman topraklarinda, tath su gl sedimentlerinde, deniz fitoplanktonlarinda ve derin deniz
bolgelerinde de varlik gosterdikleri bildirilmistir (Aravalli vd., 1998). Bunun yanisira fermente balik {iriinii olan
jeotgal firiiniinde fermentasyon isleminde c¢ogunlukla bulunan mikroorganizmalarin arasinda Bacillus,
Brevibacterium, Micrococcus, Pediococcus, Pseudomonas, Lactobacillus, Leuconostoc ve Halobacterium
tirlerinin olduguna deginilmistir (Koo vd., 2016).Tuzlu fermente balik {irtiniinden izole edilen asir1 halofilik
Arkenin potansiyel olarak enzim aktivitesinin ve histamin olusumunun incelenmesi iizerine yapilan ¢alismada
histamin indirgenme aktivitesinin biiylik olasikla tuza toleranshi ve termo-notrofilik histamin dehidrogenaz
nedeniyle gerceklestigi belirtilmistir (Tapingkae vd., 2010).Tuzlarda, tuz géllerinde, tuzlanmis ve fermente gibi
cesitli gida iiriinlerinde halofilik bakterilerin varligi ile ilgili yapilmis ¢esitli calismalar bulunmaktadir (Gram ve
Huss, 1996;Vilhelmsson vd., 1997; Prasad ve Seenayya, 2000; Lakshmanan vd., 2002; Binbir ve Sesal, 2003;
Yasa vd., 2008; Tapingkae vd., 2010; Abriouel vd., 2011; Ciu vd., 2012; Skara vd., 2015; Khairina vd., 2016;
Koo vd., 2016; Lorentzen vd., 2016; Haastrup vd., 2018; Gassem, 2019). Bunun yani sira halofilik Lactobacillus
tirleri kullanilarak nanokapsiilasyon ile fonksiyonel balik iriinlerinin tiretimi ve halofilik bakterilerin cesitli
endiistriyel alanlarda kullanimlarina yonelik yapilmis ¢aligmalar da bulunmaktadir (Cowan, 1992; Asker ve Ohta,
1999; Joo ve Kim, 2005; Promchai vd., 2018;Mokashe vd., 2018; Ceylan vd., 2018; Delgado-Garcia, 2019;
Flores-Gallegos vd., 2019; Ceylan vd., 2019).

Bu derleme ¢alismasinda halofilik bakteri tiirleri, denizlerden, tuz gollerinden, tuzlardan, tuzlanmis ve
fermente baliklardan izole edilen halofilik bakteriler, tuz, tuzlanmig ve fermente balik tirtinleri tiiketiminin insan
saghgma etkileri, tuzu seven ve tuza tolerans gosteren bakterilerin inhibisyonu, probiyotik etkileri, fonksiyonel
yeni {irlinlerin gelistirilmesinde kullanilmasi ve endiistriyel kullanimlarina yonelik yapilmig ¢esitli ¢aligmalar
aragtirilmistir,

Halofilik bakteriler

Halofilik mikroorganizmalarin az, ilimli, sinir asir1, agirt halofilik ve halotolerant mikroorganizmalar olmak
tizere farkli gruplara ayrildig: belirtilmistir. Az halofilik bakterilere 6rnek olarak deniz bakterilerinin verildigi ve
bu bakterilerin 0,2-0,5M tuza ihtiya¢ gosterdigi bildirilmistir.0,5-2,5 M tuza ihtiyag gosterenlere iliml1 halofilikler
denildigi ve Pseudomonas, Vibrio, Bacillus ve Pediococcus tiirlerinin 6rnek olarak verildigi soylenmistir. Asirt
halofilik mikrorganizmalarin ise 2,2-5,2M tuz igeren ortamlarda tireme gosterdikleri ve Halobacterium ve
Holococcus tiirlerinin - 6rnek olarak gosterildigi  belirtilmistir. Halotolerant mikroorganizmalara ise
Staphylococcus aureus tiiriiniin 6rnek olarak verildigi bildirilmistir (Aksoz, 1985).

Asir1 Halofilik mikroorganizmalar Arke domainine bagli Euryarchaeota filumuna ait Halobacteriales ordosu
igerisinde toplanmistir. Halobacteriales ordosu igerisinde Halobactericeae familyas: igerisinde Halobacterium,
Haloarcula, Halobaculum, Halococcus, Haloferax, Halogeometricum, Halorubrum, Haloterrigena, Natriallba,
Halosimplex, Halomicrobium, Halorhabdus, Halobioforma, Natrinema, Natronabacterium, Natronococcus,
Natronomonas, Natronorubrum cinslerinin bulundugu belirtilmistir (Ozcan 2004). Arke grubu halofilik bakteriler
dogal olarak doymaya yakin tuz konsantrasyonlarinda baskin olarak bulunmaktadir. Bu bakterilerin 4 cinsi
(Halobacterium, Halococcus, Natronobacterium, Natronococcus) taninmaktadir. Halofilik bakterilerin
Halobactericeae smifinin ¢ogunlukla dogal tuz gollerinde ve giineste kurutulan solar tuz kristalize edici
havuzlarda yiiksek sayida bulundugu vurgulanmistir (Grant ve Ross, 1986).Tuzda pembe-kirmizi renkli
karotenoid pigmentleriyle halofilik bakterilerin goriiniir hale geldigine deginilmistir (Oren, 2019). Halobacterium
cinsi bakteriler gram negatif, cogu tiirii mutlak aerobik, baz: tiirleri fakiiltatif anaerobik, hareketli veya hareketsiz

536



KILINC 2019 ActAquaTr 15(4), 535-545

cubuk seklinde bakterilerdir. Asir1 halofilik bakteriler olup, %15 oraninda tuza ihtiyag gdstermektedirler.
Halobacterium tiirleri kirmizi, pembe, turuncu pigment olusturarak tuzlanmis balik tirtinlerinde bozulmaya neden
oldugu bildirilmektedir (Unliitiirk ve Turantas, 2003). Halobacterium salinarum tuzu seven halofilik bakteri olup
doymusa yakin tuz konsantrasyonunda gelisim gdstermektedir. ilk olarak tuzlanmis baliklardan izole edildigi
bildirilmistir (Eichler vd., 2019). Halococcus cinsi bakteriler ise gram negatif, mutlak aerobik, hareketsiz, kok
seklinde bakterilerdir. Turuncu ve kirmizi renkli pigment iireterek tuzlanmis balik tiriinlerinde bozulmaya neden
oldugu belirtilmektedir (Unliitiirk ve Turantas, 2003).Halofilik mikroorganizmalar oldukga yiiksek tuzlululuk
durumuna kararli enzimlere sahiptirler (DasSarma ve DasSarma, 2015). Salamuranin mikrobiyal florasinin deniz
tuzu orjinli cogunlukla tuza toleransli veya halofilik bakteri tiirleri olduklari bildirilmektedir (Haastrup vd., 2018).
Tuzlanarak kurutulmus baliklar bircok iilkede karakteristik tatlar1 ve depolamadaki kararliliklar1 nedeniyle
tiiketiciler tarafindan oldukga fazla tercih edilmektedir. Asir1 halofilik mikroorganizmalarin depolama esnasinda
sicakliga bagli olarak tuzlanmig balik tirtinlerinde kirmizi renkte bakterilerin gelisiminin meydana gelebilmesiyle
raf Omriinii sinirlamaktadir. Halofilik mikroorganizmalar siklikla kuvvetli proteolitik olup gelisim i¢in minimum
20 g/100g tuz konsantrasyonuna gereksinim gostermektedirler (Lorentzen vd., 2015). Halofilik bakterilerin
gidalarda gelisebilecegi en diisiik su aktivitesi degerinin 0,75 oldugu bildirilmektedir (Unliitiirk ve Turantas,
2003).

Halofilik Laktikasit bakterileri(HLB) ise tuzu seven bakteriler olup, gelismeleri igin tuza ihtiya¢ duyan ve
yiiksek tuz (>%18) konsantrasyonunu tolere edebilen bakteriler olarak tanimlandig: bildirilmistir. HLB 6zellikle
Tetragenococcus ve Pediococcus tiirlerinin fermentasyonda baskin mikroorganizmalar olduklari bildirilmektedir.
Fermente gidalarda Tetragenococcus halophilus, Tetragenococcus muriaticus, Pediococcus pentosaceus ve
Lactobacillus plantarum tiirlerinin yaygin olarak tespit edildigi vurgulanmistir (Tahtaci ve Kilig, 2015). HLB
iirettigi enzimlerin lipaz, amilaz, proteaz, fibrinolitik enzimler, dekarboksilaz, pektolitik enzimler, ksilan ve
ksilanazlar oldugu belirtilmistir(Yiice vd., 2017).T. halophilus tiiriiniin yaygin olarak fermentasyon islemlerinde
kullanildig1, genis araliga sahip tuzluluk kosullarinda gelisim gostermekte oldugu ve doymus %26.47 tuz
konsantrasyonunda canli kalabilecegi belirtilmistir (Lin vd., 2017). T. halophilus ve T. muriaticus tiirleri tetrad
4’14 kok seklinde halofilik laktikasit bakterileri olduklar1 ve ¢esitli tuzlanmis, fermente gidalarin fermentasyon
islemi esnasinda bulunduklart bildirilmistir. Caligmada diger halofilik laktikasit koklarminda tuzlanmis ve
fermente gidalarin tiretiminde kalite kontrolii agisindan da kullanisl olacagi vurgulanmistir (Kuda vd., 2014).
Fermente balik soslarindan halofilik laktikasit bakterisi olan T. halophilus tiiriiniin izole edildigi, bu tiiriin balik
sos fermentasyonu esnasinda ugucu bilesiklerin olusumunda 6nemli rol oynadigi belirtilmistir (Udomsil vd.,
2010). T. halophilus tiiriiniin asir1 tuz ortamlarinda gelistigi bilinmektedir. Cogunlukla gesitli gevresel streslerle
karsilagildigi durumlarda fermente gidalarin tiretimi esnasinda mevcut bulunmaktadir. T. halophilus tiiriiniin asite
tolerans gdstermesi de bu tiiriin endiistriyel kullanim alaninin arttacagin1 géstermektedir (He vd., 2016).

Denizlerden, tuz gollerinden ve tuzlardan izole edilen halofilik bakteriler

Tiirkiye’nin I¢ Anadolu Bélgesinde Sereflikochisar tuz goliinden 6 adet tuz ve 3 adet tuzlu su érneginin
incelendigi calismada tuz drneklerindeki asirt halofilik bakteri sayilarinin10#-10° kob/g, tuzlu su 6rneklerinde ise
103-10° kob/ml degerlerinde bulundugu belirtilmistir. Kiremit kirmizis1 kolonilerin (1-2 mm. ¢apinda, yuvarlak,
konveks, parlak ve diizgiin kenarl) tuz goliinde baskin oldugu fakat kirmizi ve pembe tonlarinda farkli bakteri
tirlerini de igerdigine deginilmistir (Birbir ve Sesal, 2003).Tiirkiye’de cesitli gollerden (Acigol, Salda goli, Seyfe
goli, Tuzla golii, Bolluk golii) halofilik arkebakterilerin izolasyonu iizerine yapilan ¢alismada toprak, su ve tuz
orneklerinden 95 adet arkebakterinin izole edildigi belirtilmistir (Ozcan, 2004). Tsiamis vd. (2008), asir1 tuzlu
ekosistemlerden, denizlerden, tuz gollerinden, glineste kurutulan tuzdan, tuzlanmis baliklar gibi farkli 6rneklerin
farkli yerlerden alinarak incelendigi gesitli ¢alismalarda Haloarcula amylolytica, Halobacterium salinarum,
Haloferax alexandrinus, Haloferax larsenii, Haloferax volcanii, Halococcus hamelinensis, Halorubrum
trapanicum, Haloterrigena saccharevitams ve Halogeometricum borinquensetiirlerinin izole edildigi
bildirilmistir. Izmir Camalt: tuzlasindan alinarak incelenen &rneklerde halofilik bakterilerin izolasyonu iizerine
yapilan c¢alismada % 99 oraninda Haloferax alexandrinus, % 99 oraninda Haloferax sp. HSC4, % 97
HaloferaxYT228, % 99 oraninda Halobacterium salinarum R1 ve %97 oraninda Halobacterium salinarum olarak
tammlandigi (Yasa vd., 2008) bildirilmistir. Cui vd. (2012), Cin’de Shandong bdlgesinin Weihai sehri
yakinlarindan Gangxi deniz tuzu kurutma alanindaki tuzdan iki agir1 halofilik arke susunun GX3T ve GXz'izole
edildigi bildirilmistir. ki susunda (Halorubellus salinus gen. nov., sp. nov. veHalorubellus litoreus sp. nov. novel)
pleomorfik, gram negatif ve kolonilerinin kirmizi pigmentli oldugu belirtilmistir. Tuzlardan asir1 halofililik
Arkelerin izole edildigi caligmada Halobacteriacea familyasindan en fazla Haloarcula, Halobacterium ve
Halorubrum cinslerinin izole edildigi bildirilmistir. Tuzlarin giineste kurutuldugu alanlarda en siklikla bulunan
halofilik arkelerin Haloquadratum walsbyi oldugu belirtilmistir (Henriet vd., 2014). Akdenizin dogusunda yer
alan Medee goliinden alinan tuz &rneklerinden halofilik Arke tiiriiniin izole edildigi ve Natrinema salaciae sp.
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nov. olarak adlandirildig1 ¢alismadabu tiiriin Halobactericeaca familyasindan Natrinema cinsinin iiyesi oldugu
bildirilmistir (Albuquerque vd., 2012). Yapilan diger bir ¢alismada toplam 68 aerobik arke tiiriiniin tuz
sedimentinden izole edildigi ve bu halofilik tiirlerinin Halobacteria sinifi i¢erisinde Haloarcula, Halococcus,
Haloferax, Halogeometricum, Haloterrigena, Natrialba, ve Natrinema olarak adlandirildigi agiklanmstir.
Calismada Haloferax grubunun biitiin incelenen 6rneklerde baskin oldugu (30 izolat) % 44 yiiksek yogunlukta
izole edildigi bunu Halococcus spp. (9 izolat) %13 oraninda takip ettigi soylenmistir. Izole edilen biitiin tiirlerin
asir1 halofilik olduklari, 1s1ya toleransh ve 48°C’ye kadar sicakliklarda iireyebildikleri belirtilmigtir (Menasria vd.,
2018).

Tuzlanmis balik iiriinlerinden izole edilen halofilik bakteriler

Gidalar1 korumanin en eski metotlarindan biri de tuzlamadir. Gidalara ilave edilen tuz su aktivitesini diislirerek
mikrobiyal gelisimi inhibe etmektedir. Buna karsin, tuz bazi bakterilerin ve arkelerinde yasam kaynagidir (Henriet
vd., 2014). Tuzlanmig balik iriinlerinde halofilik bakterilerin gelisimi nedeniyle bozulma meydana
gelebilmektedir (Gram ve Huss, 1996). Halobactericeae familyasina ait pembe renkli asir1 halofilik gram negatif
bakterilerin (Halobacterium salinarum) balik {iriinlerinde goriiniir sekilde gelisiminin bozulmaya sebep oldugu
belirtilerek, kotii kalitede tuz kullaniminin bu bozulmaya neden oldugu bildirilmektedir (Sperder ve Doyle, 2009).
Tuzlanmis ve salamura balik {iriinlerinde iki tip bozulma meydana gelmektedir. Biri asir1 halofilik bakterilerin
gelisimi nedeniyle ‘pembe’ ya da ‘pink’ olarak bilinmektedir. Bu pembe renkli halofilik bakteriler (Halococcus
ve Halobacterium) kuvvetli proteolitik bakteriler olup balik tirlinlerinde kétii koku ve tatlarin olusumuna sebep
olabilmektedir (Gram ve Huss, 1996). Giiglii proteolitik 6zellige sahip olan halofilik bakteriler baliketinin kas
yapisint yumusatarak kotii kokularin ortaya ¢ikmasina sebep olarak bozulmaya neden olmaktadir (Sperder ve
Doyle, 2009). Digeri ise osmofilik tipteki Sporendonema ve Oospora cinslerine ait kiiflerin neden oldugu ‘dun’
olarak bilinmektedir (Gram ve Huss, 1996). Bu bozulmaya zorunlu aerobik olan Wallemia sebi adi verilen kiif
tiiriiniin neden oldugu bildirilmektedir. Bu bozulmada yaklasik 1-2 mm. ¢apindaki kahverengi kolonilerin balik
iiriinlerinde geliserek bozulmay1 meydana getirdigi vurgulanmistir (Sperder ve Doyle, 2009). Isleme esnasinda
tuzlanmis morina baliklarindan yiiksek sayilarda gram pozitif koklarin izole edildigi aciklanmistir. Tuzlanmig
kurutulmus morina baliklarinda biiyilk olasilikla tuza toleransli, tuz konsantrasyonunda gelisebilen
Staphylococcus arlettae veya xvlosus tiiriiniin izole edildigi bildirilmistir (Vilhelmsson vd., 1997).Taze
sardalyalarda (Sardinella gibbosa) halofilik amin olusturan bakterilerin baslangigta mikrobiyal floranin %20’sini
olusturdugu ve tuzlama islemi esnasinda, baliklarda tuz konsantrasyonu en yiiksek degere ulastiginda bu
bakterilerin ¢ogalarak mikrobiyal floranin % 84’iine ulastig1 belirtilmistir. Daha sonra kurutma iglemi esnasinda
ise bu bakteri oraninin giderek azaldigina deginilmistir. Tuzlama islemi esnasinda Micrococcus luteus tiiriiniin
baskin oldugu bildirilirken, Pseudomonas ve Alcaligenes tiirlerinin ise kurutma iglemi esnasinda en fazla amin
olusturan bakteriler oldugu vurgulanmistir (Lakshmanan vd., 2002). Tayvan’da balik marketlerinde satiga
sunulan 57 tuzlanmig balik iriinleri igerisinde tuzlanmis baliklar, yumusakealar, karides orneklerini icerdigi
belirtilen ¢alismada histamin ve histamin olusturan bakteriler agisindan inceleme yapilmistir. Tuzlanmis balik
orneklerinden tuza toleranshi halotolerant bakteri olan Bacillus megaterium izole edilmistir (Lin vd. 2012).
Tuzlanarak kurutulan morina baliklar ticari olarak onemli balik iiriinleri olup Latin Amerika ve Avrupa’nin
gilineyindeki marketlere ihra¢ edilmektedir. Bu iiriinler genellikle boliinmiis, kesilmis ve paketlenmis olarak
marketlere ulastirilmaktadir. Buna karsin bircok markette uygun sogutma kosullar1 bulunmamaktadir. Balik
iirlinleri yiiksek sicakliklarda depolandiklarinda, kirmizi veya pembe renkli agir1 halofilik bakterilerin gelisiminin
meydana gelebildigi belirtilerek, bu durumda tiriinlerin bozuldugu ve satilamayacag bildirilmistir (Lorentzen vd.,
2016). Perez vd. (2018), Tuzlanarak olgunlastirma isleminin uygulandigi hamsilerin halofilik mikrobiyal sayisinin
belirlendigi calismada taze hamsi, tuz, %15 ve %20 tuzlama islemi uygulanan hamsilerden 6rnekler alinarak
incelendigi bildirilmistir. Taze hamsilerde halofilik bakteri belirlenmezken, tuz érneklerinde 10° kob/g diizeyinde
bulundugu belirtilmistir. Tuzla olgunlastirma asamasinin baslangicinda halofilik bakteri sayis1 saptanabilir
diizeyin altinda belirlenirken, bir ay sonra halofilik bakteri sayisinin 10* kob/g’a yiikseldigi ve olgunlasma
isleminin sonuna kadar da bu degerin sabit kaldigina deginilmistir. Farkli jeolojik alanlardan 6 tuz 6rneginin,
tuzlanmis hamsilerin (Engraulis encrasicolus L.) kalitesi {izerine etkisinin incelendigi ¢alismada olgunlagma
asamasinda tuzlar arasinda toplam aerobik mezofilik, laktikasit asit bakterileri, Staphylococcaeae ve
Enterobactericeae sayilarinda mikrobiyal agidan onemli farkliliklarin saptandigi vurgulanmistir. Tuzlanmig
hamsilerin {iretiminde kullanilan tuzlarin kimyasal ve ugucu organik bilesiklerinin kompozisyonlarindaki
farkliliklarin iiriinlerin duyusal 6zellikleri tizerine 6nemli etkisinin bulundugu bildirilmistir (Alfonzo vd., 2018).
Geleneksel tuzlanarak fermente edilen balik {riinliniin fermentasyon islemi esnasindaki halofilik bakteri
sayilarinin 3,26-5,14 log kob/g arasinda degisim gosterdigi belirtilmistir (Gassem, 2019). Halofilik bakteri
sayisiin depolama esnasinda {irlinlerde ani yiikselis gosterdigi ve iriinde tuz icerigi ve disiik neme toleransl
yeni baskin halofilik mikrofloranin kurutma iglemine bagh olarak tekrar gelisebilecegi belirtilmistir. Uriinlerin
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¢evreden nem almalariyla da halofilik bakterilerin gelisimlerinin hizlanabilecegi ve depolama esnasinda tiriinlerin
su aktivitesi degisimlerinin {riin ile ¢evre arasinda esitlik saglanana kadar devam ettigi bildirilmistir (Wawire
vd., 2019).

Fermente balik iiriinlerinden izole edilen halofilik bakteriler

Tetragenococcus halophilus ve Tetragenococcus muriaticus halofilik laktikasit bakterileri olup, g¢esitli
tuzlanmis ve fermente gidalarin soya sosu ve balik sosu gibi fermentasyon agamasinda bulundugu belirtilmektedir.
T. Halophilus tiiriniin tuzlanmis ve fermente gidalarin en 6nemli bakterilerilerinden biri oldugu vurgulanmistir
(Kuda vd., 2014). Balik soslarinin genel kabul edilebilirlik, glutamikasit igerigi ve ugucu bilesikleri agisindan
kalitesinin arttirilmasinda T. halophilus MS33 ve Virgibacillus sp. SK37 her iki stater kiiltiiriinde kullanilabilecegi
bildirilmistir (Udomsil vd., 2017). Giiney Borneo’nun geleneksel fermente karides ezmesi olan Ronto Karideslerin
(Acetes sp.) tuz ve haslanmis piring ile karstirildiktan sonra kapali siselerde anaerobik kosullarda fermente
edilerek hazirlandigina deginilmistir. Biitiin incelenen 6rneklerdeki halofilik bakteri sayilarinin 3,24 log kob/g ile
5,3 log kob/g arasinda degisim gosterdigi belirtilmistir (Khairina vd., 2016). Yapilan bir ¢alismada balik sosundan
izole edilen halotolerant Staphylococcus carnosus FS19 tiiriiniin balik soslarinda histamin igerigini potansiyel
olarak azaltabildigine deginilmistir (Zaman vd., 2014). Yapilan diger ¢alismada Kore’ye ait geleneksel fermente
balik tirtiniinde (jeotgal) baskin olan mikroorganizmalarin i¢erisinde Halobacterium cinsinin oldugu belirtilmistir
(Koo vd., 2016). Diger bir fermente balik (Saeu-jeot) iriiniiniin karideslerin yaklasik %25 yogun tuzda
fermentasyonu ile tretildigi bildirilerek, bu triinde halofilik Arke cinslerinin Halorubrum, Halolamina,
Halobacterium, Haloarcula ve Haloplanus biitiin fermentasyon siiresi boyunca baskin olduklar1 bildirilmistir
(Jung vd., 2013). Yapilan bir baska ¢alismada tuzda fermente edilen balik 6rneklerinde (budu) yeni kuvvetli
halofilik proteaz iiretici Halobacterium sp. tiir LBU50301’in izole edildigi agiklanmistir (Chuprom vd., 2016).
Geleneksel Kore fermente hamsi sosu (Myeolchi-Aekjeot) iirtinlerinde Halanaerobium veTetragenococcus cinsi
bakterilerin izole edildigi belirtilmistir. Calismada halofilik laktikasit bakterisi olan Tetragenococcus cinsinin
baskin olduguna deginilmistir (Lee vd., 2016). Diger ¢alismada ise Halofilik laktikasit bakterisi olan T. muriaticus
tiiriiniin balik sosundan izole edildigi bildirilmistir (Kimura vd., 2001). Yapilan diger bir ¢aligmada balik sos
fermentasyonunun ilk ayinda Virgibacillus sp. SK37 tiiriiniin izole edildigi vurgulanmistir (Sinsuwan vd.,
2008).Tuzlanmis ve fermente balik olan nukazuke iiriinlerinden T. halophilus tiiriiniin izole edildigi agiklanmigtir
(Kuda vd., 2012). Tayland’ ta balik sosundan elde edilen Halobacillus thailandensis sp. nov. tiiriiniin endiistriyel
balik sos tiretiminde fermentasyonu gelistirmek amaciyla basarili bir sekilde kullanilabilecegine deginilmistir
(Chaiyanan vd. 1999). Tayland balik sosu lizerine yapilan diger bir ¢alismada ise yogun tuzlu ortamdan
Halobacillus sp. Bacterium tiiriiniin izole edildigi ve bu tiirlin halofilik serin proteaz modeli olarak
degerlendirilebilecegi bildirilmistir (Okamoto vd., 2009).

Tuz, tuzlanms ve fermente balik iiriinleri tiilketiminin insan saghgina etkileri

Ticari tuzlarin mikroplastiklerle kontamine oldugu ve bu partikiillere insanlarin potansiyel olarak uzun siire
maruz kalmasmin insanlarda ters etkiler yaratabilecegi bildirilmistir (Peixoto vd., 2019). Asir1 tuz tiikketiminin
kalp hastaliklarinin, miyokardial enfaktiis, kalp krizi, kronik bobrek hastaliklart ve diyabet gibi hastaliklarin
yiikselmesine neden oldugu belirtilmistir (Kompanowska-Jezierska ve Olszynski, 2018). Tuzda canli halofilik
arkelerin bulunmasi ve yogunlugunun 6nemli olabilecegi belirtilen ¢alismada tuzun sindirildikten sonra bu
mikroorganizmalarin mide barsak sistemindeki durumunun bilinmedigi bildirilmistir (Henriet vd.,2014).Yapilan
bir ¢alismada yiiksek sodyum (Na) ve diisiik potasyum (K) aliminin hipertansiyon ve kalp ve damarlara iligkin
hastaliklar ile ilgili oldugu vurgulanmistir. Sonug olarak da sodyum ve potasyum kullanimlari konusunda saglikla
ilgili bilgilendirmelerin, aliskanlik ve davraniglarin egitim yoluyla verilmesinin gerekli oldugu bildirilmistir (Luta
vd., 2018).

Fermente balik irtinlerinin de iginde bulundugu fermente gidalar bircok mikroorganizmanin ve onlarin
metabolit iiriinlerinin gelisimini engelledigi i¢in saglik agisindan (antimikrobiyal, antioksidant, hiperpertansiyona
ve obeziteye karsi, kanser Onleyici, kolestrolii diisiiriicii, fibrinolitik hareketlere karsi etkisi, bagisiklik sistemini
arttirict ve uyarict etkileri yanisira probiyotik 6zellikleri nedeniyle) yararli olduklari belirtilmektedir (Adewumi,
2019). Hindistan’in kuzey-dogu bolgesinde yasayan insanlarin Utonga-kupsu adi verilen fermente balik
iiriiniinden 6 potansiyel probiyotik bakteri tiirii izole edildigi bildirilmistir. Bunlar arasinda Staphylococcus
cinsine ait Staphylococcus piscifermentans, S. condimenti, S. carnosus tiirlerinin izole edildigi agiklanmustir.
Calismada bu tiir mikroorganizmalarin fermente balik iriinlerinde bulunmasi, probiyotiklerin (probiyotik ve
antikanser Ozellikleri nedeniyle) potansiyel olarak fermente balik iiriinlerinden saglanmasi agisindan kaynak
olabilecegi belirtilmigtir (Singh vd., 2018). Hoki (Macruronus novaezelandiae) balik yumurtalarinin tuzlanarak
fermente edilmesi ile jeotgal benzeri fermente tiriin 4°C ve 25°C’lerde fermente edildikten sonra bu iki derecede
de balik yumurtalarinda fermentasyonla kolestrol degerlerinin azaldig1 ve fermentasyonun balik yumurtalarinda
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kolestrol degerini diisiirmek i¢in kullanilmasinin miimkiin olacag: belirtilmistir (Bekhit vd., 2018). Biyoaktif
peptitlerin starter veya starter olmayan Kkiiltiirlerden elde edilen hiicre i¢i veya mikrobiyal enzimlerle
fermentasyon veya olgunlasma esnasinda proteinlerden aciga ¢iktigina deginilerek, bu peptitlerin kalp-damar,
sinir, mide-bagirsak ve bagisiklik sistemine oldugu kadar kemik ve yag dokusuna da potansiyel olarak yararlar
sagladigr agiklanmistir (Martinez-Villaluenga vd., 2017). Fermente gidalarda biyojenik aminler aminoasitlerin
mikrobiyal dekarboksilasyonu sonucu olarak ortaya ¢ikmaktadir. Gidalarda biyojen aminlerin (BA) yiiksek
miktarlarda bulunmasi potansiyel olarak halk sagligini ilgilendirdigi belirtilmistir. Bu nedenle fermente gidalarda
BA olusumunun 6nlenmesi i¢in yeni stratejilerin gelistirilmesi ve gilivenlik limitlerinin belirlenmesinde yeni
caligsmalarin yapilmasina ihtiya¢ oldugu sdylenmistir (Sarkadi vd., 2017).

Tuzu seven ve tuza tolerans gosteren bakterilerin inhibisyonu, probiyotik etkileri ve fonksiyonel yeni
iiriinlerin gelistirilmesinde kullanilmasi

Halofilik bakterilerin gelisimlerinin inhibisyonu i¢in sogan, kisnis, sarimsak, hardal gibi bitkilerin miikkemmel
oldugu belirtilirken, kirmiz1 biber, zerdegal, zencefil, kimyon ve g¢emen otunun da halofilik bakterilerin
gelisiminin inhibisyonunda iyi oldugu bildirilmistir. Giineste kurutulmus %20 solar tuza %0,02 ve % 5
konsantrasyonlarda karanfil yaginin eklenerek 30 saniye ve 1 dakika muamelesinden sonra kirmizi halofilik
bakteri Halomonas tiirlerinin tamamen elimine edildigi belirtilmistir. Buna karsin, yapiskan olusumlar (biyofilm)
iireten halofilik bakterilerin ise 10 dakikalik muameleden sonra bile oldukga diisiik yogunlukta (0,46 log hiicre)
canli kaldig1 bildirilmistir (Prasad ve Seenayya, 2000).Gelencksel fermente balik iirinlerinin iretim agsamasi
standardize edilmesine ragmen, elle liretimi yapilan bazi1 fermente {iriinlerin iiretim agsamasinda hala sinirl1 bilgiye
sahip olunduguna deginilmistir. Fermente fiiriinlerde enzimatik hidroliz ve fermentasyon islemlerinin
kontroliinde bakteriyel starter kiiltiirlerin kullanimimin uygulanmasi gerektigi tavsiye edilmektedir (Skara vd.,
2015). Yapilan bir calismada laktik kiiltiirlerinde probiyotik o6zelliklerinden dolay1r balik iiriinlerinde
kullanilabilecegi bildirilen ¢alismada son {irliniin mikrobiyal kalitesinin iyi olmas1 ve fermentasyon siiresini
kisaltmak i¢in secilen izolatlarin kullanilabilecegi belirtilmistir (Speranza vd., 2017). Yapilan diger bir ¢aligmada
ise tuzlanmig balik {riinlerinin fermentasyonunda B. Polymyxa tiiriniin starter kiiltiir olarak fermentasyon
esnasinda histamin olusumunun inhibisyonunda kullanilabilecegi soylenmistir (Lee vd., 2015). T. halophilus MJ4
tiiriiniin tuzlanmig balik fermentasyonunda biyojen amin olusumunu engelleyici etkisinden dolayi starter kiiltiir
olarak kullanilmasinin iyi olabilecegine deginilmistir (Kim vd., 2019).Tuza toleransl T. halophilus CGMCC 3792
tiiriiniin aflatoksin B1’i yliksek indirgeme orani nedeniyle fermentasyon isleminde tat ve aroma gelisimi icin
potansiyel olarak uygulanabileceginin gostergesi oldugu belirtilmistir (Li vd., 2018). Tuzlanmis ve fermente Kore
su driini olan jeotgal iiriininden 3 adet Pediococcus pentosaceus tiiriiniin izole edildigi bildirilmistir. P.
pentosaceus F66 tiiriiniin probiyotik oldugu ve fermente gidalarda degerlendirilebilecegi belirtilmistir (Lee vd.
2014). Tuzlanarak fermente edilen gidalarda halofilik bakteri izolatinin S. aureus mikroorganizmasina karsi
inhibe edici etkisinin incelendigi ¢alismada tuzlanmis baliklarda Bacillus cinsi bakterilerin baskin oldugu, toplam
olarak 124 izolattan 37’sinin S. aureus tizerine inhibe edici etkisi oldugu ve bunun 6’sinm Bacillus tiirii oldugu
belirtilmistir. Bu nedenle gida giivenligi i¢in koruyucu kiiltiir olarak degerlendirilebilecegi vurgulanmistir
(Chhetri vd. 2019). Fermentasyon esnasinda mikrobiyal kontrolii saglamak ve antimikrobiyal olarak da tirtinlerin
raf Omrilinii arttirmak i¢in bakteriyosinlerde kullanilmaktadir.  Biyokoruyucu olarak gida endistrisinde
bakteriyosinlerin farkli kullanim alanlari da bulunmaktadir (Preciado vd., 2016). Son yillarda yapilan
caligmalarda probiyotik bakteri Lactobacillus rhamnosus) ile nanokapsiile edilmis nano boyutta liflerin balik
filetolarina uygulanmasi sonucunda iiriinlerde mikrobiyal gelisimi geciktirdigi, bu teknigin dogal ve yeni teknik
olarak uygulanabilecegi vurgulanmistir (Ceylan vd., 2018). Yazarlarin yaptiklari diger bir ¢alismada laktik asit
bakterileri ile zenginlestirilmis gidalarin fonksiyonel yeni tiriinlerin gelistirilmesinde kullanildigi Lactobacillus
reuteri E81 bakterisinin polivinil alkol igerikli nano boyutta lifler igerisinde nanokapsiile edilerek balik
filetolarimin ylizeyine basaril bir sekilde uygulandig: belirtilmistir (Ceylan vd., 2019).

Halofilik bakterilerin endiistriyel alanda kullanilmasi

Halofilik ve halotolerant proteolitik mikroorganizmalar yiiksek tuza toleransl proteaz mekanizmalari, proteaz
iretimini etkileyen c¢esitli fiziksel ve besinsel parametreleri, proteazlarin saflastirma stratejileri, tuza dayanikli
proteazlarin Ozellikleri ve ticari 6nemi agilarindan biyoteknoloji sektoriinde onemli kaynaktir (Mokashe
vd.,2018). Bu mikroorganizmalar diger mikroorganizmalar tarafindan iiretilen kontaminasyonlara direnglidirler.
Ayrica yiiksek tuz konsantrasyonu ve alkali pH kosullari altinda inokiile edilen halofilik bakteriler hizli bir seklide
biiylimektedirler. Bu nedenle halofilik bakteriler ¢esitli agamalardaki birgok iiriiniin tiretiminde kullanilmaktadir
(Chen ve Jiang, 2018). Baz1 halofiller yiiksek pH, yiiksek tuz ve yiiksek sicaklikta bile gelisim gosterebilmektedir.
Fermentasyon igsleminde steril olmayan kosullarda bile kontaminasyonu dnlemektedir. Ayn1 zamanda halofiller
icin genetik manipiilasyon metotlar1 da gelistirilmistir. Son yillarda biyoplastik polihidroksialkanoatlar (PHA),
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ectoinler, enzimler, biyosiirfektanlarin tiretiminde halofiller kullanilmaktadir (Yin vd., 2015). Bu olagandisi
organizmalar asir1 ¢evresel Ozelliklerine gore li¢ fenotipe ayrilmaktadir; termofiller, metanojenler, ve asiri
halofillerdir. Her grup benzersiz biyokimyasal 6zelliklere sahip olup biyoteknoloji endiistrisinde ¢esitli kullanim
alanlar1 bulunmaktadir. Termofil enzimlerin asirn molekiiler kararlili§i, metanojenlerin yeni C; yollari, bazi
halofiller tarafindan organik polimerlerin sentezi gibi Arkelerin biyoteknolojide kullanimina yonelik 6nemli
orneklerdir (Cowan, 1992). Halofilik bakteriler gida endiistrisi yanisira daha bir¢cok endiistriyel alanda da
kullanilmaktadir. Halofilik bakterilerin kullanimi ile atik yiginlarindan metal platinumun geri kazandirilmasi
saglanmistir (Maes vd., 2016). Halofilik fermentatif bakteriler kullanilarak gliserolden hidrojen iiretimi
yapilmistir (Kivisto vd., 2010). Halofilik bakterilerden atiksu aritma teknolojisinde de yararlanilmaktadir (Shi
vd., 2012). Halofilik bakteriler tarafindan entegre edilmis biyo-rafineride biyopolimerlerin iiretimi
gergeklestilmistir (Garcia-Torreiro vd.,2018). Halofilik bakterilerin fonksiyonel 6zelliklerinin ¢ok oldugu
bildirilen bir ¢alismada halofilik bakteriler tarafindan iiretilen ekzopolimerlerin gidalarda emiilsiye edici ve
antioksidant madde olarak kullanilabilmesi yanisira kozmetikte ve yag endiistrilerinde kullanilabilecegi
bildirilmistir (Boujida vd., 2018). Halofilik ve halotolerant bakterilerin tekstil sektoriinde kullanimina yonelik
calisgmada yapilmistir (Asad vd., 2007). Ayrica asirt halofilik bakterilerden kantaksantin iretimi
gerceklestirilmistir (Asker ve Ohta, 1999). Halofilik arkelerden izole edilen halofilik aktif hidrolitik enzimlerin
(Menasria vd., 2018), halofilik lipazlarin biyoteknolojik uygulamalarda 6nemli oldugu bildirilmistir (Gutierrez-
Arnillas vd., 2016). Halofilik mikroorganizmalar tarafindan iiretilen enzimlerin yiiksek oranda aminoasit asidik
kalintilara ve diigiik degerde lisine sahip oldugu kadar yiiksek degerde hidrofobik kalintilara, aspartik ve glutamik
asit ve diisiik degerde alifatik kalintilara sahip oldugu belirtilmistir (Flores-Gallegos vd., 2019).Yapilan bir
calismada halofilik proteazlarin endiistriyel iiretim asamalarinda sert ¢evresel kosullarda oldukca kullanigh
olduguna deginilmistir (Promchai vd., 2018). Sagliga yararlar1 nedeniyle balik atiklarindan iiretilen biyolojik
olarak aktif peptitlerinde son yillarda 6nem kazandig1 belirtilen ¢alismada halofilik mikroorganizmalarin balik
atiklar1 gibi yiliksek tuz sistemlerinde aktif proteaz enzimleri nedeniyle peptitlerin elde edilmesinde oldukca
onemli oldugunun diisiiniildigi bildirilmistir (Delgado-Garcia, 2019).Halofillerin 6zellikle gida endiistrisi i¢in
onemli imkanlar sagladiginin vurgulandigi ¢aligmada ileride de proteomik arag¢ olarak kullanilan halofilik
arkelerin proteinlerin fonksiyonlarinin tanimlanmasi ve gelistirilmesinde muazzam imkanlar saglayacagi da
ongoriilmektedir (Joo ve Kim, 2005).

Sonug olarak; Halofilik bakterilerin tuzlanmis ve diger islenmis balik iriinlerinde geliserek kalite kaybina
neden olmasinin engellenmesi halofilik bakterilerin islenmis balik iirlinlerde gelisimini engelleyecek metotlarin
uygulanmasi ve sonrasinda kontrolii ile saglanabilir. Uretim asamasinda kaliteli tuzlarin kullanilmast, iiretim ve
depolama esnasinda sicaklik ylikselmelerinden kaginilmasi, balik iirlinlerinin paketlenmesi, paketlenmis balik
iiriinlerinin depolama esnasinda hasar gérmelerinin engellenmesi gibi halofilik bakterilerin balik iiriinlerine
bulagma ve gelisiminin engellenmesine yonelik yontemlerin uygulanmasi gerekmektedir. Asiri tuzu seven ve tuza
tolerans gosteren halofilik bakterilerin diger bakterilere kiyasla sahip olduklar1 6zellikleri nedeniyle ¢ok sayida
avantajlar1 da bulunmaktadir. Bu nedenle halofilik bakteriler endiistriyel bir¢ok alanda (gida, biyoteknoloji,
kimya, tip, kozmetik, tekstil, tarim, ¢evre vb.) kullanilmaktadir. Her gegen giin gelisen teknoloji sayesinde
halofilik bakterilerin sahip olduklar1 avantajlardan yararlanilarak farkli alanlarda kullanimina yoénelik yapilacak
caligmalarin ve endiistriyel kullanim alanlarinin ileride daha da arttacagi diistiniilmektedir.

KAYNAKLAR

Abriouel, H., Benomar, N., Lucas, R., & Galvez, A. (2011). Culture-Independent Study of Diversity of Microbial Populations
in Brines During Fermentation of Naturally — Fermented Alorena Green Table Olives, International Journal of Food
Microbiology, 144, 487-496. DOI: 10.1016/j.ij.foodmicro.2010.11.006

Adewumi, G.A. (2019). Health Promoting Fermented Foods. Encyclopedia of Food Chemistry, 399-418.

Albuquerque, L., Taborda, M., Cono, V.L., Yakimov, M., & Costa, M.S. (2012).Natrinema salaciae sp. nov.,a Halophilic
Archaeon Isolated From Deep, Hypersaline Anoxic Lake Medee in the Eastern Mediterranean Sea. Systematic and
Applied Microbiology, 35, 368-373. DOI: dx.doi.org/10.1016/j.syamp.2012.06.005

Alfonzo, A., Gaglio, R., Francesca, N., Barbera, M., Saiano, F., Santulli, A., Matraxia, M., Rallo, F., & Moschetti, G. (2018).
Influence of Salt of Different Origin on the Microbiological Characteristics, Histamine Generation and Volatile Profile
of  Salted  Anchovies (Engraulis  encrasicolus L.), Food Control, 92, 301-311.DOL:
doi.org/10.1016/j.foodcont.2018.05.003

Aravalli, R.N., She, Q., & Garrett, R.A. (1998). Archaea and The New Age of Microorganisms. Trends in Ecology &
Evolution, 13 (5), 190-194.

Aksdz, N.(1985). Halofilik Bakteriler. Mikrobiyoloji Biilteni, 19, 161-167.

Asad, S., Amoozegar, M.A., Pourbabaee, A.A., Sarbolouki, M.N., & Dastgheib, S.M.M. (2007). Decolorization of Textile
Azo Dyes by Newly Isolated Halophilic and Halotolerant Bacteria. Biresorce Technology, 98 (11), 2082-2088.DOI:
10.1016/j.biortech.2006.08.020

541



KILINC 2019 ActAquaTr 15(4), 535-545

Asker, D., & Ohta, Y. (1999). Production of Canthaxanthin by Extremely Halophilic Bacteria. Journal of Bioscience and
Bioengineering, 88 (6), 617-621.

Bekhit, A.E.A., Duncan, A., Bah, C.S.F., Ahmed, I.A.M., Al-Juhaimi, F.Y., & Amin, H.F. (2018). Impact of Fermentation
Conditions on the Physicochemical Properties, Fattyacid, and Cholesterol Contents in Salted- Fermented Hoki Roe.
Food Chemistry, 264, 73-80. DOI: doi.org/10.1016/j.foodchem.2018.05.008

Birbir, M., & Sesal, C. (2003). Extremely Halophilic Bacterial Communities in Sereflikoghisar Salt Lake in Turkey.
TurkishJournal of Biology, 27, 7-22.

Boujida, N., Palau, M., Charfi, S., Moussaoui, N.E., Manresa, A., Minana-Galbis, D., Senhaji, N.S., & Abrini, J. (2018).
Isolation and Characterization of Halophilic Bacteria Producing Exopolymers with Emulsifying and Antioxidant
activities. Biocatalysis and Agricultural Biotechnology, 16, 631-637. DOI: doi.org/10.1016/j.bcab.2018.10.015

Ceylan, Z., Meral, R., Karatas, C.Y., Dertli, E., &Yilmaz, M.T. (2018). A Novel Strategy for Probiotic Bacteria: Ensuring
Microbial Stability of Fish Fillets Using Characterized Probiotic Bacteria- Loaded Nanofibers. Innovative Food
Science and Emerging Technologies, 48, 212-218. DOI: doi.org/10.1016/j.ifset.2018.07.002.

Ceylan, Z., Uslu, E., Ispirli, H., Meral, R., Gavgali, M., Yilmaz, M. T., & Dertli, E. (2019). A Novel Perspective for
Lactobacillus reuteri: Nanocapsulation to Obtain Functional Fish Fillets. LWT-Food Science and Technology, 115,
108427. DOI: doi.org/10.1016/ j.Iwt.2019.108427

Chaiyanan, S., Chaiyanan, S., Maugel, T., Huo, A., Robb, F.T., & Colwell, R.R. (1999). Polyphasis Taxonomy of a Novel
Halobacillus, Halobacillus thailandensis sp. nov. Isolated From Fish Sauce. Systematic and Applied Microbiology,
22, 360-365.

Chen, G.Q., & Jiang, X.R. (2018). Next Generation Industrial Biotechnology Based on Extremophilic Bacteria. Current
Opinion in Biotechnogy, 50, 94-100.

Chhetri, V., Prakitchaiwattana, C., & Settachaimongkon, S. (2019). A Potential Protective Culture; Halophilic Bacillus
Isolates with Bacteriocin Encoding Gene Against Staphylococcus aureus in Salt Added Foods. Food Control, 104,
292-299. DOI: doi.org/10.1016/j.foodcont.2019.04.043

Chuprom, J., Bovornreungroj, P., Ahmad, M., Kantachote, D., & Dueramae, S. (2016). Aproach Toward Enhancement of
Halophilic Protease Production by Halobacterium sp. Strain LBU50301 Using Statistical Design Response Surface
Methodology. Biotechnology Reports, 10, 17-28. DOI: 10.1016/j.btre.2016.02.004

Cowan, D.A. (1992). Biotechnology of Archaea. Trends in Biotechnology, 10, 315-323.

Cui, H.L., Mou, Y.Z., Yang, X., Zhou, Y.G., Liu, H.C., & Zhou, P.J. (2012). Halorubellus salinus gen.nov., sp., nov. and

Halorubellus litoreus sp.nov., novel Halophilic Archaea Isolated from a Marine Solar Saltern. Systematic and
Applied Microbiology, 35, 30-34. DOI: 10.1016/j.syapm.2011.08.001

DasSarma, S., & DasSarma, P. (2015). Halophiles and Their Enzymes : Negativity Put To Good Use. Current Opinion in
Microbiology, 25, 120-126.

Delgado-Garcia, M., Flores- Gallegos, A.C., Kirchmayr, M., Rodriguez, J.A., Mateos-Diaz, J.C., Aguilar, C.N., Muller, M.,
& Camacho-Ruiz, R.M. (2019). Bioprospection of Proteases from Halobacillus andaensis for Bioactive Peptide
Production From Fish Muscle Protein, Electronic Journal of Biotechnology, 39, 52-60. DOI:
doi.org/10.1016/j.ejbt.2019.03.001

Eichler, J. (2019). Halobacterium salinarum. Trends in Microbiology, In Press.

Flores-Gallegos, A.C., Delgado-Garcia, M., Ascacio-Valdes, J.A., Villareal-Morales, S., & Rodriguez-Herrare, R. (2019).
Chapter 13:Hydrolases of Halophilic Origin With Importance for the Food Industry, Enzymes in Food Biotechnology,
197-219.

Garcia- Torreiro, M., Lu-Chau, T.A., &Lema, J.M. (2018). Biopolymers Production by a Halophilic Bacteria in a Integrated
Biorefinery. Smyposium 19:Biobased Resources and Biorefineries, 445, 551-553.
DOl:doi.org/10.1016/jnbt.2018.05.072

Gassem, M.A. (2019). Microbiological and Chemical Quality of a Traditional Salted — Fermented Fish (Hout-Kasef) Product
of a Jazan Region, Saudi Arabia. Saudi Journal of Biological Sciences, 26 (1), DOI: 10.1016/j.sjbs.2017.04.003

Gram, L., & Huss, H.H. (1996). Microbiological Spoilage of Fish and Fish Products, International Journal of Food
Microbiology, 33 (1), 121-137.

Grant, W.D., & Ross, H.N.M. (1986). The Ecology and Taxonomy of Halobacteria, FEMS Microbiology Letters , 39 (1-2),
9-15.

Gutierrez-Arnillas, E., Rodriguez, A., Sanroman, M.A., & Deive, F.J. (2016). New Sources of Halophilic Lipases: Isolation
of Bacteria from Spanish and Turkish Saltworks. BiochemicalEngineeringJournal, 109, 170-177.
DOl:dx.doi.org/10.1016/j.bej.2016.01.015

Haastrup, M.K., Johensen, P., Malskaer, A.H., Castro-Mejia, J.L., Kot, W., Krych, L., Arneborg, N., & Jespersen, L.(2018).
Cheese Brines from Danish Dairies Reveal a Complex Microbiota Comprising Several Halotolerant Bacteria and
Yeasts, International Journal of Food Microbiology, 285, 173-187. DOI: doi.org/10.1016/j.ijfoodmicro.2018.08.015

He, G., Wu, C., Huang, J., & Zhou, R. (2016). Acid Tolerance Response of Tetragenococcus halophilus: A Combined
Physiological and Proteomic Anaysis. Process Biochemistry, 51, 213-219. DOl:
dx.doi.org/10.1016/j.prochio.2015.11.035

Henriet, O., Fourmentin, J., Delince, B., & Mabhillon, J. (2014). Exploring the Diversity of Extremely Halophilic Archaea in
Food- Grade Salts. International Journal of Food Microbiology, 191, 36-44. DOI: 10.1016/j.ij.foodmicro.2014.08.019

542



KILINC 2019 ActAquaTr 15(4), 535-545

Jung, J.Y., Lee, S.H., Lee, H.J., & Jeon, C.O. (2013). Microbial Succession and Metabolite Changes During Fermentation of
Saeu-Jeot:  Traditional = Korean  Salted  Seafood, Food  Microbiology, 34, 360-368. DOI:
dx.doi.org/10.1016/j.fm.2013.01.009

Joo, W.A,, & Kim, C.W. (2005). Proteomics of Halophilic Archaea, Journal of Chromatography B, 815, 237-250.
DOI:10.1016//j.jchromb.2004.10.041

Khairina, R., Fitrial, Y., Satrio, H., & Rahmi, N. (2016). Physical, Chemical and Microbiological Properties of “’Ronto”” a
Traditional Fermented Shrimp from South Borneo, Indonesia, Aquatic Procedia, 7, 214-220.
DOI:10.1016/j.aqpro.2016.07.029

Kim, K.H., Lee, S.H., Chun, B.H., Jeong, S.E., & Jeon, C.O. (2019).Tetragenococcus halophilus MJ4 as a Starter Culture
for Repressing Biogenic Amine ( Cadaverine) Formation During Saeu-Jeot (Salted Shrimp) Fermentation. Food
Microbiology, 82, 465-473. DOI: doi.org/10.1016/j.fm.2019.02.017

Kimura, B., Konagaya, Y., & Fujii T. (2001). Histamine Formation by Tetragenococcusmuriaticus, a Halophilic Lactic acid
Bacterium Isolated from Fish Sauce. International Journal of Food Microbiology, 70, 71-77.

Kivistd, A., Santala, V., & Karp, M. (2010). Hydrogen Production from Glyserol Using Halophilic Fermentataive Bacteria.
Biresource Technology, 101 (22), 8671-8677. DOI: 10.1016/j.biortech.2010.06.066

Kivistd, A.T., & Karp, M.T. (2011). Halophilic Anaerobic Fermantative Bacteria. Journal of Biotechnology, 152, 114-
124.DOI. 10.1016/j.jbiotec.2010.08.014

Kompanowska-Jezierska, E., & Olszyriski, K.H. (2018). Chapter 13: The Role of High Salt Intake in the Development and
Progression of Diverse Diseases. Food Quality: Balancing Health and Disease, 395-432.

Koo, O.K., Lee, S.J., Chung, K.R., Jang, D.J.,, Yang, H.J., & Kwon, D.Y. (2016). Korean Traditional Fermented Fish
Products: jeotgal.Journal of Ethnic Foods. 3, 107-116. DOI: dx.doi.org/10.1016/j.jef.2016.06.004

Kuda, T., lzawa, Y., Ishii, S., Takahashi, H., Torido, Y., & Kimura, B. (2012). Supressive Effect of Tetragenococcus
halophilus, Isolated From Fish-Nukazuke, on Histamine Accumulation in Salted and Fermented Fish. Food
Chemistry, 130, 569-574. DOI: 10.1016/j.foodchem.2011.07.074

Kuda, T., Izawa, Y., Yoshida, S., Koyanagi, T., Takahashi, H., & Kimura, B. (2014). Rapid Identification of Tetragenococcus
halophilus and Tetragenococcus muriaticus, Importagnt Species in the Production of Salted and Fermented Foods, by
Matrix- Assisted Laser Desorption lionization- Time of Flight Mass Spectrometry (MALDI-TOF-MS). Food Control,
35, 419-425. DOI: dx.doi.org/ 10.1016/j.foodcont.2013.07.039

Lakshmanan, R., Shakila, R.J., & Jeyasekaran, G. (2002). Changes in Halophilic Amine Forming Bacterial Flora During
Salt-Drying of Sardines (Sardinella gibbosa). Food Research International, 35, 541-546.

Larsen, H. (1980). Chapter 3 Ecology of Hypersaline Environments. Developments in Sedimentology, 28, 23-39.

Lee, KW, Park, J.Y., Sa, H.D., Jeong, J.H., Jin, D.E., Heo, H.J., & Kim, J. H. (2014). Probiotic Properties of Pediococcus
Strains Isolated From Jeotgals, Salted and Fermented Korean Sea-food. Anaerob, 28, 199-206.
DOl:dx.doi.org/10.1016/j.anaerobe.2014.06.013

Lee, Y.C., Lin,C.S,, Liu, F.L., & Huang, T.C., & Tsai, Y.H. (2015). Degradation of Histamine by Bacilus polymyxa Isolated
from  Salted Fish  Products. Journal of Food and Drug  Analysis, 23, 836-844.
DOl:dx.doi.org/10.1016/j.jfda.2015.02.003

Lee, HW.,, Choi, Y.J., Hwang, I.M., Hong, S.W., & Lee, M.A. (2016). Relationship between Chemical Characteristics and
Bacterial Community of a Korean Salted-Fermented Anchovy Sauce. LWT Food Science and Technology, 73, 251-
258. DOI: dx.doi.org/10.1016/j.lwt.2016.06.007

Leisner, J.J. & Gram, L. (2014). Spoilage of Fish. Encyclopedia of Food Microbiology (Second Edition), 932-937.

Li, J., Huang, J., Jin, Y., Wu, C., Shen, D., Zhang, S., & Zhou, R. (2018). Aflatoxin B1 Degradation by Salt Tolerant
Tetragenococcushalophilus CGMCC  3792. Food and Chemical Toxicology, 121, 430-436.
DOl:doi.org/10.1016/j.fct.2018.08.063

Lin, C.S., Liu, F.L., Lee, Y.C., Hwang, C.C., & Tsai, Y.H. (2012). Histamine Contents of Salted Seafood Products in Taiwan
and Isolation of Halotolerant Histamine —Forming Bacteria. Food Chemistry, 131, 574-579. DOI:10.1016/j.foodchem.
2011.09.027

Lin, J., Liang, H., Yan, J., & Luo, L. (2017). The Molecular Mechanism and Post-Transcriptinal Regulation Characteristic
of Tetragenococcus halophilus Acclimation to Osmotic Stress Revealed by Quantitative Proteomics. Journal of
Proteomics, 168, 1-14. DOI: dx.doi.org/10.1016/j.j.prot.2017.08.014

Lorentzen, G., Breiland, M.S.W., Ostli, J., Wang-Andersen, J., & Olsen, R.L. (2015). Growth of Halophilic Microorganisms
and Histamine Content in Dried Salt- Cured (Gadus morhua L.) Stored at Elevated Temperature. LWT —Food Science
and Technology, 60, 598-602. DOI: dx.doi.org/10.1016/j.lwt.2014.08.035

Lorentzen, G., Egeness, F.A., Pleym, |.E., & Ytterstad, E. (2016). Shelf life of Packaged Loins of Dried Salt- Cured Cod
(Gadus morhua L.) Stored at Elevated Temperatures. Food Control, 64, 65-69. DOI: dx.doi.org/ 10.1016/j.foodcont.
2015.12.027

Luta, X., Hayoz, S., Krause, C.G., Sommerhalder, K., Roos, E., Strazzullo, &P., Beer-Borst, S. (2018). The Relationship of
Health /Food Literacy and Salt Awareness to Daily Sodium and Potassium Intake Among a Workplace Population in
Switzerland. Nutrition, Metabolism & Cardiovasculer Diseases, 28, 270-277.
DOl:doi.org/10.1016/j.numecd.2017.10.028

Maes, S., Claus, M., Verbeken, K., Wallaert, E., Smet, R.D., Vanhaecke, F., Boon, N., & Hennebel, T. (2016). Platinum
Recovery from Industrial Process Streams by Halophilic Bacteria: Influence of Salt Species and Platinum Speciation.
Water Research, 105, 436-443. DOI: dx.doi.org/10.1016/j.watres.2016.09.023

543



KILINC 2019 ActAquaTr 15(4), 535-545

Martinez-Villaluenga, C., Perias, E., & Frias, J. (2017). Chapter:2: Bioactive Peptides in Fermented Foods: Production and
Evidence for Health Effects. Fermented Foods in Health and Diseases Prevention, 23-47.

Menasria, T., Aguilera, M., Hocine, H., Benammar, L., Ayachi, A., Bachir, A.S., Dekak, A., & Monteoliva-Sanchez, M.
(2018). Diversity and Bioprospecting of Extremely Halophilic Archaea Isolated from Algerian Arid and Semi-Arid
Wetland Ecosystems for Halophilic-Active Hydrolytic Enzymes. Microbial Research, 207, 289-298. DOI:
doi.org/10.1016/j.micres.2017.12.011

Mokashe, N., Chaudhari, B., & Patil, U. (2018). Operative Utility of Salt-Stable Proteases of Halophilic and Halotolerant
Bacteria in the Biotechnology Sector. International Journal of Biological Macromolucules, 117, 493-522. DOI:
dx.doi.org/10.1016/j.ijbiomac.2018.05.217

Ozcan, B. (2004). Tiirkiye ‘den Halofilik Arkebakterilerin Izolasyonu ve Karakterizasyonu. Ankara Universitesi Fen Bilmleri
Enstitiisti Doktora Tezi, 128 s.

Okamoto, D., Kondo, M.Y., Santos, J.A.N., Nakajima, S., Hiraga, K., Oda, K., Juliano, M.A., Juliano, L., & Gouvea, I.E.
(2009). Kinetic Analysis of Salting Activation of a Subtilisin-Like Halophilic Protease, Biochimica et Biophysica
Acta, 1794, 367-373. DOI: 10.1016/j.bbapap.2008.10.017

Oren, A. (1994). The Ecology of the Extremely Halophilic Archaea. FEMS Microbiology Reviews, 13 (4), 415-439.

Oren, A. (2019). Halophilic Archaea. Reference Modulein LifeSciences.

Peixoto, D., Pinheiro, C., Amonim, J., Oliva-Teles, L, Guilhermino, L., & Vieira, M.N. (2019). Microplastic Pollution in
Commercial Salt for Human Consumption: A Review. Estuarine, Coastal and Shelf Science, 219, 161-168.
DOl:doi.org/10.1016/j.ecss.2019.02.018

Perez, S., Marina, C., Laura, P.M., Elisabet, Z.N., Elena, M.S., & Isabel, Y.M. (2018). Monitoring the Characteristics of
Cultivable Halophilic Microbial Community During Salted — Ripened Anchovy (Engraulis anchoita) Production.
International Journal of Food Microbiology, 286, 179-189. DOI: doi.org/10.1016/j.ijfoodmicro.2018.08.013

Prasad, M.M., & Seenayya, G. (2000). Effect of spices on the Growth of Red Halophilic cocci Isolated from Salt Cured Fish
and Solar Salt. Food Research International, 33, 793-798.

Preciado, G.M., Michel, M.M., Villarreal-Morales, S.L., Flores-Gallegos, A.C., & Rodriguez-Herrare, R. (2016). Chapter
16: Bacteriocins and Its Use for Multi-drug Resistant Bacteria Control, Antibiotic Resistance, 329-349.

Promchai, R., Boonchalearn, A., Visessanguan, W., & Luxananil P. (2018). Rapid Production of Extracellular Termostable
Alkaline Halophilic Protease Originating From an Extreme Haloarchaeon, Halobacterium salinarum by Recombinant
Bacillus subtilis, Biocatalysis and Agricultural Biotechnology, 15, 192-198. DOI: doi.org/10.1016/j.bcab.2018.06.017

Sarkadi, L.S. (2017). Chapter 27: Biogenic Amines in Fermented Foods and Health Implications. Fermented Foods in Health
and Disease Prevention, 625-651.

Shi, K., Zhou, W., Zhao, H., & Zhang, Y. (2012). Performance of Halophilic Marine Bacteria Inocula on Nutrient Removal
from Hypersaline Wastewaterin an Intermittently Aerated Biological Filter. Bioresource Technology, 113, 280-287.
DOI: 10.1016/j.biortech.2012.01.117

Singh, S.S., Mandal, S.D., Mathipi, V., Ghatak, S., & Kumar, N.S. (2018). Traditional Fermented Fish Harbors Bacteria with
Potent Probiotic and Anticancer Properties. Biocatalysis and Agricultural Biotechnology, 15, 283-290.
DOl:doi.org/10.1016/j.bcab.2018.07.007

Sinsuwan, S., Rodtong, S., & Yongsawatdigul, J. (2008). Characterization of Ca2+ Activated Cell-Bound Proteinase From
Virgibacillus sp. Isolated From Fish Sauce Fermentation. LWT Food Science and Technology, 41, 2166-2174.
DOI:10.1016/j.lwt.2008.02.002

Skara, T., Axelsson, L., Stefansson, G., Extrand, B., & Hagen, H. (2015). Fermented and Ripened Fish Products in the
Northern European Countries. Journal of Ethnic Foods, 2, 18-24. DOI: 10.1016/j.jef.2015.02.004

Sperber, W.H., & Doyle, M.P. (2009). Microbiological Spoilage of Fish and Seafood Products. Compendium of the
Microbiological Spoilage of Foods and Beverages, DOI:10.1007/978-1-4419-0826-1

Speranza, B., Racioppo, A., Beneduce, L., Bevilacqua, A., Sinigaglia, M., & Corbo, M.R. (2017). Autochthonous Lactic acid
Bacteria with Probiotic Aptitudes as Starter Cultures for Fish-Based Products. Food Microbiology, 65, 244-253.
DOl:dx.doi.org/10.1016/j.fm.2017.03.010

Tahtacy, S., & Kilig, G. (2015). Halofilik Laktikasit Bakterileri ve Gida Sanayinde Kullanim Alanlari. Gida, 40 (6), 349-356.
DOI: 10.15237/gida.GD15018

Tapingkae, W., Tanasupawat, S., Parkin, K.L., Benjakul, S., & Visessanguan, W. (2010). Degradation of Histamine by
Extremely Halophilic Archaea Isolated from High Salt- Fermented Fishery Products, Enzyme and Microbial
Technology, 46, 92-99. DOI: 10.1016/j.enzmicter.2009.10.011

Tsiamis, G., Katsaveli, K., Ntougias, S., Kyrpides, N., Andersen, G., Piceno, Y., & Bourtzis, K. (2008). Prokaryotic
Community Profiles at Different Operational Stages of a Greek Solar Saltern. Research in Microbiology, 159, 609-
627.DOI: 10.1016/j.resmic.2008.09.007

Udomsil, N., Rodtong, S., Tanasupawat, S., & Yongsawatdigul, J. (2010). Proteinase- Producing Halophilic Lactic acid
Bacteria Isolated from Fish Sauce Fermentation and Their Ability to Produce Volatile Compounds. International
Journal of Food Microbiology, 141, 186-194. DOI: 10.1016/j.ifoodmicro.2010.05.016

Udomsil, N., Chen, S., Rodtong, S., & Yongsawatdigul, J. (2017). Improvemnt Fish Sauce Quality by Combined Inoculation
of Tetragenococcus halophilus MS33 and Virgibacillus sp. SK37. Food Control, 73, 930-938.
DOI:10.1016/j.foodcont.2016.10.007

Unliitiirk, A., & Turantas, F. (2003). Mikrobiyal Bulasma Kaynaklari. Gida Mikrobiyolojisi. sf.45-53. Meta Basim
Matbaacilik Hizmetleri, Bornova, Izmir. ISBN: 975-483-383-4.

544



KILINC 2019 ActAquaTr 15(4), 535-545

Vilhelmsson, O., Hafstcinsson, H., & Kristjansson, J.K. (1997). Extremely Halotolerant Bacteria Characteristic of Fully
Cured and Dried Cod. International Journal of Food Microbiology, 36, 163-170.

Wawire, M., Tsighe, N., Mahmud, A., Abraha, B., Wainaina, I., Karimi, S., & Abdulkerim, Z. (2019). Effect of Salting and
Pressing on Quality Characteristics of Spotted Sardine (Amblygaster sirm) During Diffrent Storage Conditions.
Journal of Food Composition and Analysis, 79, 47-54. DOI: 10.1016/j.jfca.2019.03.008

Yasa, 1., Kahraman, O., Tekin, E., & Kogyigit, A. (2008). Camalt1 Tuzlasindan Ekstrem Halofilik Archaea Izolasyonu ve
Molekiiler Karakterizasyonu. E.U. Journal of Fisheries & Aquatic Sciences, 25 (2), 117-121.

Yin, J., Chen, J.C., Wu, O., & Chen, G.Q.(2015). Halophiles, Coming Starts for Idustrial Biotechnology. Biotechnology
Advances, 33, 1433-1442. DOI: dx.doi.org/10.1016/j.biotechadv.2014.10.008

Yiice, S., Tahtacy, S., & Kilig, G.B. (2017). Halofilik Laktik asit Bakterilerinin Urettigi Hidrolitik Enzimler. Gida, 42 (3),
242-251. DOI: 10.15237/gida. GD16088

Zaman, M.Z., Bakar, F.A., Selamat, J., Bakar, J., Ang, S.S., & Chong, C.Y. (2014). Degradation of Histamine by the
Halotolerant Staphylococcus carnosus FS19 Isolate Obtained From Fish Sauce. Food Control, 40, 58-63.
DOI:10.1016/j.foodcont.2013.11.031

545



Acta Aquatica Turcica

(e-ISSN: 2651-5474)

Copyright Release Form

Manuscript Submit Date: ...../...../........

MaNUSCIIPT THHlE & oo e e e e

The author(s) warrant(s) that;

e The manuscript is original and is not being forwarded for publish and assessment to publication elsewhere
after sending Acta Aquatica Turcica (Acta Aqua.Tr.)

e  The publishing, printing and distribution of the article is belong to the legal entity under name Acta Aquatica
Turcica (Acta Aqua.Tr.).

e The written and visual materials such as the text, tables, figures and graphics etc. of the manuscript don’t
contain any copyright infringement, and the all legal permissions for them have been taken by the author(s).

e The all scientific, ethic and legal responsibility of the article is belong to author(s).

Notwithstanding the above, the Contributor(s) or, if applicable the Contributor’s Employer, retain(s) all proprietary rights
other than copyright, such as
v' The patent rights,
v" The using rights of the all authors will be published in book or other work without paying fees,
v" The rights to reproduce the article for their own purposes provided are not sell under the seal of secrecy of
distribution rights, and in accordance with the following conditions has been accepted by us.

Full Name Address Signature

Acta Aquatica Turcica
Phone : +90 246 211 86 76 Fax: +90 246 211 86 97
http://dergipark.gov.tr/actaquatr
actaguatr@isparta.edu.tr




Sayfa boyutu

Kenar bosluklar:

Yaz stili

Adres yazim

Ozet

Anahtar kelimeler

Ondalik gosterim

Tablo

Sekil

Metin i¢i atif yapma

Kaynaklar

APA’ya gore internet
kaynaklarinin
gosterimi

Yazim Kurallari

:A4 (21 cm x 29,7 cm) olarak ayarlanmalidir
:Ust: 2,5 - Alt: 2,5 - Sol: 2,5 - Sag: 2.5. Cilt payz: 0.

‘Tim makalede Times New Roman, 11punto iki yana yasli, satir
araligi tek, olarak ayarlanmali. Paragraf girintisi 0,5 ayarlanmalidir.

:Universite (kurum) — Fakiilte — Béliim — 11 (Biiyiik illerde birden
cok ilgede birimi bulunmasi durumunda veya merkez disinda ise “ilge”
ve yabanct yayinlarda “iilke” de yazilmali)

:Ozet, 250 kelimeyi gegmeyecek sekilde yazilmalidir.

:Enaz 3 (ig), en ¢ok 5 (bes) kelime igermelidir.
:Tiirkge makalelerde *,” (virgiil) Ingilizce makalelerde *“.” (nokta)
olmalidir.

‘Tablo 6zel bir tasarim uygulanmamig diiz kilavuz seklinde olmali ve i¢
yazilar en ¢ok 10 punto ve alt bilgi yazilar1 8 punto olmalidir.

:Sekil ve sekil yazisi sayfaya ortali yerlestirilmelidir.

:(Bilgin vd., 2006; Kiiciik, 2008; Ekici ve Koca, 2009; Guglii, 2018a;
Giiglii, 2018b; Anonim, 2019), Kubilay vd. (2006)’ne gore, Diler
(2008)’e gore, Boyaci ve Durucan (2009)’a gore gibi.....

*“APA” standardinda ve alfabetik siralama ile yapilmahdir. Dergi

isimleri acik yazilmalidir. Kisaltma yapilmamalidir.
APA standartlari igin;
https://www.adelaide.edu.au/writingcentre/referencing_guides/APA_styleGuide.pdf

https://blog.apastyle.org/apastyle/2010/11/how-to-cite-something-you-found-on-a-website-
in-apa-style.html? ga=2.171887075.2146134039.1550653734-57712603.1550653734

Acta Aquatica Turcica
Phone : +90 246 211 86 76 Fax: +90 246 211 86 97
http://dergipark.gov.tr/actaquatr
actaquatr@isparta.edu.tr


http://dergipark.gov.tr/actaquatr
mailto:actaquatr@isparta.edu.tr
https://www.adelaide.edu.au/writingcentre/referencing_guides/APA_styleGuide.pdf
https://blog.apastyle.org/apastyle/2010/11/how-to-cite-something-you-found-on-a-website-in-apa-style.html?_ga=2.171887075.2146134039.1550653734-57712603.1550653734
https://blog.apastyle.org/apastyle/2010/11/how-to-cite-something-you-found-on-a-website-in-apa-style.html?_ga=2.171887075.2146134039.1550653734-57712603.1550653734

ORNEK MAKALE

Egirdir Golii’nden Tathsu Istakozu (Astacus leptodactylus Eschscholtz, 1823)’nun Sindirim
Enzim Aktivitelerinin Mevsim, Biiyiikliik ve Cinsiyete Bagh Olarak Degisimi

Esra ACAR', Seval BAHADIR KOCA™" Mehmet NAZ?, Ozgiir KOSKAN?, ilter ILHAN*

"Isparta Uygulamali Bilimler Universitesi, Egirdir Su Uriinleri Fakiiltesi,Isparta
*skendurun Teknik Universitesi Deniz Bilimleri ve Teknolojisi Fakiiltesi, Hatay
3Sijlleyman DemirelUniversitesi, Ziraat Fakiiltesi, Isparta

*Siileyman Demirel Universitesi, T1p Fakiiltesi, Isparta

*
Sorumlu Yazar: sevalkoca@sdu.edu.tr

Ozet

Bu calisma, Egirdir Goli’nde yasayan Astacus leptodactylus tiiriinde mide sindirim enzim
aktiviteleri lizerine (proteaz a-amilaz ve lipaz) mevsim ve eseyin etkisini aragtirmak amaciyla
olusturulmustur. Bu amagla kerevitler 1 yilda 4 mevsim olarak Egirdir Gélii’nden avlandi. ilkbahar
mevsiminde,kerevitlerin pinterlere girmemesi nedeniyle 6érnekleme yapilamadi. Bu nedenle, sonuglar
iic mevsim (sonbahar, kis, yaz) ve eseyler iizerinden faktoriyel diizeyinde varyans analizi ile
degerlendirildi. Bulgular, esey ve mevsim faktorlerinin kerevitlerin midesindeki proteaz ve lipaz
aktivitesini 6nemli diizeyde etkiledigini (p<0,05), a-amilaz aktivitesinde ise istatistiksel olarak 6nemli
diizeyde etkili olmadigim gosterdi (p>0,05). Bulgular ayrica, kerevitlerin,proteaz enzim aktivitesinin
sonbahar ve kisin, lipaz enzim aktivitesinin ise Kigin eseyler arasi 6nemli degisim gosterdigini ortaya
cikardi (p<0,05).

Anahtar kelimeler: Astacus leptodactylus, sindirim enzim aktivitesi, lipaz, a-amilaz, proteaz.

Variation of Digestive Enzyme Activities Depending on Season, Size and Sex of Freshwater
Crayfish (Astacus leptodactylus Eschscholtz, 1823) from Lake Egirdir

Abstract

This study was conducted to search the effect of sex and season on digestive enzyme activities
(protease, a-amylase, lipase) in Astacus leptodactylus species that lives in Egirdir Lake.The freshwater
crayfish were caught as four seasons in a year from Egirdir Lake. The sampling was not possible for
crayfish since they were not entered into trap in spring season. Therefore, the results were evaluated
over three seasons and sex by factorial variance analysis. The results showed that sex and season
affected to protease and lipase activities (p<0.05), whereas they did not affect statistically a-amylase
activity in crayfish stomach (p>0.05). Results also indicated that protease enzyme activity in crayfish
showed significant changes in autumn and winter while lipase enzyme activity showed changes in
winter between sexs (p<0.05).

Keywords: Astacus leptodactylus, digesitve enzyme activity, a-amylase, lipase, protease.
GIRIS

Astacus leptodactylus, diinyada Tiirk 1stakozu (kerevit) olarak da bilinen (Koksal,1988) ve iilkemiz
icsularinda dogal olarak bulunan bir decapoda (on ayakl) tiiriidiir. Astacus ekonomik degeri yliksek
kabuklu tiirlerinden biridir (Bolat, 2001). Kerevit 1986 yil1 d6ncesi 6zellikle Egirdir Golii balikgilarinin
baslica gelir kaynag iken bu tiirlin daha sonra gerek asiri avcilik ve gerekse hastalik nedeniyle

popiilasyonu azalmistir (Koksal, 1988; Ackefors, 2000; Bolat, 2001; Harlioglu ve Aksu 2002;
Harlioglu ve Mise 2007; Bilgin vd., 2008).
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MATERYAL ve YONTEM

Bu ¢alismada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Golii’nde kerevit (10-15 cm)
aveciligr gerceklestirilmistir. Avcilikta kerevit pinterleri kullanilmis, 6rneklemeler mevsimsel olarak
yapilmugtir.  Ilkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle &rnekleme
yapilamamusgtir.

Enzim aktivite analizler

Bu c¢alismada; o-amilaz, proteaz ve lipaz olmak {izere ii¢ ¢esit sindirim enzim aktivitesi
arastirilmigtir. Tathisu istakozundaki o-amilaz enzim aktivitesi, Metais ve Bieth (1968)’e¢ gore
yapilmistir.

istatistiksel analizler

Verilerin degerlendirilmesinde SPSS 23 istatistiki paket programindan yararlanilmis ve sonuglar,
faktoriyel diizeyinde varyans analizi testi ile P<0,05 6nem diizeyinde test edilmistir. Faktorlerin seviye
ortalamalarinin arasindaki farkliliklarin belirlenmesinde Tukey testi kullanilmistir.

BULGULAR

Esey ve mevsimsel farkliliklarin kerevit midesindeki a-amilaz enzim aktivitesi lizerinde 6énemli bir
etkisinin olmadig tespit edilmistir (p>0,05) (Tablo 1).

Tablol. Kerevit midesindeki a-amilaz aktivitesinin esey ve mevsime gore degisimi,(Ort.+ S.H.)
(U/mgprotein)

Esey/Mevsim Sonbahar Kis Yaz
Disi %0,013+ 0,00112 ®0,007 + 0,0006" 0,003 + 0,0010°
Erkek 30,013 £ 0,0035% 0,022 = 0,0026a 0,006+ 0,0006%

Lipaz aktivitesi erkek kerevitlerde sonbahar mevsiminden kis mevsimine kadar artan ve kig
mevsiminden yaz mevsimine kadar azalan bir grafik olusturmus, disi bireylerde ise sonbahar
mevsiminden yaz mevsimine kadar azalan bir grafik olusmustur (Sekil 3).

0,025 Lipaz
E -
2 002
= 0,015
= “
E 0.01 o grkek
_5 .— —s— disi
Z 0,005 e L
'.;T ¥ -
0

sonbahar Kis vaz
Sekil 3. Kerevit midesinde farkli mevsimlerdeki lipaz aktivitesi (U/mg protein)

TARTISMA ve SONUC

Mevcut sindirim enzimlerinin profili ve faaliyetleri basta olmak {izere sindirim sisteminde ortaya
cikan fizyolojik siirecler, tlirlerin genis besin cesitliliginden faydalanmasini etkilemektedir. Farkli
kabuklu tiirleri, farkli beslenme aligkanliklarina ve yasam alanlarini yansitan bir dizi sindirim enzime
sahiptir (Anonim, 2017; Coccia vd., 2011).......

Ayrica, maksimum enzim aktivitesini belirleyebilmek i¢in; farkli pH, sicaklik ve reaksiyon
stirelerinde denemeler yapilmasi da 6nemli tagimaktadir.........
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Sample Article

A Taxonomic Study on Zooplankton Fauna of Kigi Dam Lake (Bingol-Turkey)
Hilal BULUT

Firat University, Faculty of Fisheries, Elaz1g, Turkey

*Sorumlu Yazar: hilalhaykir@gmail.com

Abstract

The present study was conducted to determine zooplankton fauna of Kigi Dam Lake during
September 2012 and August 2013 seasonally. The zooplankton samples were collected by using
plankton net with the mesh size of 55um horizontally and preserved in 4% formaldehyde. Total 22
taxa (16 Rotifera, 4 Cladocera, and 2 Copepoda) were identified in Kig1 Dam Lake.

Keywords: Kigi Dam Lake, species distribution, zooplankton.

INTRODUCTION

The majority of zooplankton (Copepoda, Cladocera and Rotifera) transform the phytoplankton to
animal protein (Cirik and Gokpinar, 1993), and they play a significant role in food chain. It was
reported that some species are the indicators of water quality, and eutrophication due to their
sensitivity to environmental changes and therefore zooplankton studies on lakes have acquired
significant importance (Berzins and Pejler, 1987; Mikschi, 1989).

Many studies were carried on zooplankton in Turkey (Ozdemir and Sen, 1994; Géksu et al., 1997,
2005; Saler and Sen, 2002; Bozkurt and Sagat, 2008; Bulut and Saler, 2013a, 2013b; 2014a, 2014b;
Saler et al., 2015a, 2015b). No previous research about zooplankton of Kig1i Dam Lake has been
recorded. In this study zooplankton species and their seasonal variations of Kig1 Dam Lake have been
investigated.

MATERIAL and METHODS

Kig1 Dam Lake was built on Peri Stream between 1997 and 2003. The maximum water capacity is
507.55 hmsand has surface area 8.35 kmzand maximum depth of 168 m (Simsek, 2016) (Figure.1).
The species were identified according to Edmondson (1959), Flossner (1972), Ruttner-  Kolisko
(1974), Kiefer (1978), Koste (1978), Negrea (1983), Segers (1995), and Einsle (1996).

Figurel. Stations of Kig1 Dam Lake
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RESULTS

A total of 22 taxa consisting of 16 Rotifera, 4 Cladocera and 2 Copepoda species were identified in
the Dam Lake (Table 2).

The lowest numbers of taxa were recorded in winter at first stations (4 species). Some water quality
parameters (pH, dissolved oxygen, and surface water temperature) were measured at study field (Table
3).

Table 3. Seasonal changes of water quality parameters in Kigi Dam Lake

Autumn Winter Spring Summer
Water temperature (C) 16 7.2 17.2 22.5
pH 7.0 6.8 6.9 7.3
D.O (mgL-1) 6.2 7.3 6.0 5.2
DISCUSSION

Zooplankton is known as the indicator of trophic status of aquatic habitats. They are also used to
signify the water quality in freshwater systems. K. cochlearis and P. dolichoptera from Rotifera are
indicators of productive habitats, while N. acuminata and N. squamula are indicators of cold waters
(Kolisko, 1974). In Kig1 Dam Lake K. cochlearis, P. dolichoptera and N. squamula were observed.

In Murat River (Bulut and Saler, 2014a), Kalecik Dam Lake (Bulut and Saler, 2013b), Peri Stream
(Saler et al., 2011), that were located in the same region with Kig1 Dam Lake, rotifers were recorded
as dominant species as to number of individuals and abundance, followed by Cladocera and Copepoda
species.
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