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Abstract

In this study, it was aimed to develop an alternative product for seafood consumption by applying the smoking and
marinating process on shrimp. Physicochemical, microbiological, and sensory analyzes were performed on a certain day of
each month to determine the quality and shelf life of the obtained smoked product. Firstly, hot smoking process was applied
and then the marination process was applied on shrimp used in the study. According to the results of microbiological
analysis, while the number of TMAB was detected as 1.54 LogCFU/g in fresh shrimp, the number of microorganisms was
determined lower than 1 LogCFU/g in the smoked and marinated product. It was determined that the products which were
kept in refrigerator conditions for 10 months started to lose quality in the 8th month of storage and the shelf life of the
product was determined as 7 months for the consumer.

Keywords: Pink deep-water shrimp (Parapenaeus longirostris), hot smoking, marinate, fatty acids, shelf life.
Yeni bir Uriiniin Fizikokimyasal Kompozisyonu ve Baz1 Kalite Parametreleri: Tiiketime Hazir Karides
Ozet

Bu ¢alismada, karides etine dumanlama ve marinasyon iglemi uygulanarak su iiriinleri tiiketimine alternatif bir iiriin
geligtirilmeye ¢alisilmistir. Elde edilen dumanlanmis marine iiriiniin buzdolab1 kosullarindaki kalitesini ve raf dmriinii tespit
etmek amaciyla her ayin belirli bir giiniinde fiziksel, kimyasal, mikrobiyolojik ve duyusal analizler yapilmigtir. Caligma
kapsaminda karidesler 6nce dumanlanmis ardindan marine edilmistir. Mikrobiyolojik analiz sonuglarina, gore taze karideste
tespit edilen TMAB sayis1 1,54 LogKOB/g iken yapilan marinasyon+dumanlama iglemi ile bu deger 1LogKOB/g altina
diismiistiir. Dumanlanmis marine karideste depolama siiresince mikroorganizma yiikii 1LogKOB/g’1n altindadir. Buzdolab1
kosullarinda 10 ay muhafaza edilen iiriinlerin, depolamanin 8. ayinda kalitesini kaybetmeye basladig: belirlenmis, tiiketici
icin belirlenen raf 6mrii ise 7 ay olarak tespit edilmistir.

Anahtar kelimeler: Pembe derin su karidesi (Parapenaeus longirostris), sicak dumanlama, marinat, yag asitleri, raf 6mri.

INTRODUCTION

Seafood is a valuable human food that is used especially in meeting the needs of protein, minerals,
and essential fatty acids and in changing healthy eating habits. Today, with the developing technology,
like other foodstuffs, seafood is processed in a wide variety of forms, making it ready for
consumption. For people to have adequate and balanced nutrition, they need to increase their food
resources or make more use of existing food resources. The demand for seafood, which constitutes an
important food group in this field, is increasing day by day.

The purpose of the smoke technology, which is one of the oldest protection methods, which is
widely used in the world, economically important and known, is to improve the sensory properties of
the product by taking advantage of the aroma and color given by the smoke, to extend the shelf life of
the product by benefiting from the effects of heating and water loss and smoke components
(antimicrobial, antioxidant) (Giilyavuz and Unliisayin, 1999). Another of the oldest known methods of
conservation is marination. The purpose of this technology is enzymatic maturation of fish in acid and
salt solution without heat treatment. The product obtained by adding sugar, spices, brine, sauce, or
vegetables to add different flavors is a preservation method created by placing it in glass bottles or
plastic containers (McLay, 1972). The raw material is made edible with the marinating process and
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semi-canned products can be created by reducing the losses caused by cooking (Kiling and Cakli,
2004a; Bjorkoth, 2005).

Shrimp, valuable seafood rich in protein, is easy to digest due to the low amount of connective
tissue. Pink deep-water shrimp have a great economic value all over the world. It has a good market,
frozen or canned. It has a great economic value in our country as it is the most caught shrimp in
Turkey. Today, new products are developed by applying different methods to extend the shelf life of
the foods. When the shelf life of the food is increased, the producer is provided with a longer time to
market the product and the consumer to consume it and the product becomes more economical
(Morrais and Kai 1981; Mermelstein, 1998). Cold marinated (Cadun et al., 2005; Kalistir, 2008;
Cadun et al., 2008), baked and marinated (Bilgin et al., 2006; Erdem and Bilgin, 2004) and freeze
(Bingdl et al., 2013) of different shrimp species; are found in the literature. Although there is some
seafood (Dalgic, 2000; Ozogul et al., 2010; Balike¢1, 2009, Karsli, 2013; Keskin, 2019) where both
smoking and marination are applied together, no such study has been observed in shrimp.

In this study, it was aimed to determine the shelf life as a result of the evaluation of chemical,
microbiological and sensory quality criteria, as well as to create a new product for the food sector, by
changing the composition of the nutrient composition and the chemical, microbiological and sensory
quality criteria during the storage of marinates obtained from smoked shrimp (Parapenaeus
longirostris, Lucas 1846).

MATERIALS and METHODS
Materials

As research material, a total of 15 kg of pink deep-water shrimp (Parapenaeus longirostris Lucas
1846), with an average length of 11.67+0.19 cm and an average weight of 7.37 + 0.36 g, were caught
from the Istanbul-Tuzla fishermen's shelter. The caught shrimp were immersed in boiling water for 1
minute as soon as the ship arrived at the port and cooled in the air stream. The cooled shrimp were
placed in a single row in locked bags, with an average of 500 g, and one layer of the product was
placed (four layers in total including shrimp and sea ice) in a Styrofoam box and brought to the
laboratory under a cold chain.
Smoking process of shrimp

Shrimp meat was salted for 10 minutes in salt brine, shrimp: brine ratio was 1:2, for 15 minutes and
filtered. Then it was lightly lubricated with sunflower oil, lined up on the oven wires, and subjected to
smoke treatment. Shrimp were pre-drying at 30 °C for 20 min., then kept at 60 °C for 10 min. were
smoked. After this process, shrimp were removed from the oven and rested at room temperature before
marinating (Figure 1).



EYUBOGLU and KOCATEPE 2021 ActAquaTr 17(1), 1-16

L e T T T R e ey T T L L
. FEERT . E

25 ue S, “EhEa
1 - - a

Figure 1. Smoking process of shrimp (a: pickling in brine, b: draining, c: smoking, d: resting)

Marination process of smoking shrimp

The rested shrimp meat was placed in marinate brine (1 % alcohol vinegar, 2.2 % salt, and %o 0.4 citric
acids) (shrimp: brine ratio, 1:9) and matured under refrigerator conditions for 2 days (Figure 2a).
Packaging process of marinated smoked shrimp

Marinated smoked shrimp were leaked in a strainer for 2 hours. At the end of this process, its average
weight was 130g smoked marinated shrimp meat was placed in the packages and it was filled with
sunflower oil and closed without air bubbles. The products were stored monthly at +4 °C and analyzed
monthly (Figure 2 b-f).
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Figure 2. Packaging of marinated shrimp (a: marination, b: draining, c: adding sunflower oil,
d-f: packaging and storage)

Methods

During the study (10 months), chemical, microbiological and sensory analyzes were performed
monthly and 2 repetitions were performed in 2 parallel, and the shelf life of the products was tried to
be determined in refrigerator conditions.
Proximate Composition Analyses of Shrimp

Crude protein and crude fat analysis were performed according to the Kjeldahl method (AOAC,
1980) and Soxhlet method (AOAC, 2005). Dry matter and crude ash analyzes were done according to
AOAC (1995). After calculating the carbohydrate value of shrimp, the energy value was calculated
according to the Atwater method (Falch et al., 2010).

Fatty acids composition was performed according to the 11D-19 method by IUPAC (1979) on
Thermo Scientific Trace 1310.
Physicochemical Analysis

Total Volatile Basic Nitrogen (TVB-N) amount of fresh samples and products obtained was
determined by the Lucke-Geidel method, modified by Antonopoulos (Ludorf and Meyer, 1973). To
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detect fatty acid oxidation, Erkan et al. (2011) TBARs analysis modified and applied was used. The
amount of total salt and total acid (in terms of acetic acid) of shrimp were calculated according to
Varlik et al. (2007). Shrimp meat was diluted with pure water at a ratio of 1:1 and pH measurement
was made with the portable pH-meter probe of WTW Multi 340i model (Curran et al., 1980). Water
activity measurements were determined according to AOAC (1980) using the Novasina LabSwift
water activity measurement device. Konica Minolta /CR-A 33a color measuring device was used for
color measurements (Osaka, Japan). Values of L*, a*, and b* were measured according to the
International Commission on Illumination (CIE, 1976).
Microbiological Analyses

The microbiological analysis in the study were Total mesophilic aerobe bacteria (TMAB), total
psychrophilic aerobe bacteria (TPB), total yeast-mold (TYM), and total coliform bacteria (TC) count.
The outer surface of the packages was wiped with 70 % ethyl alcohol and then opened with the help of
a sterile knife. 10 grams of fish samples with sterile spatula were taken into sterile stomacher bags and
homogenized in the stomacher by adding 90 ml of peptone solution beside the flame (Sivertsvik et al.,
2003). Dilutions of 10™-10°®; prepared using 1ml homogenate and 9 ml 0.85 % NaCl solution. All of
the analyzes were performed as 2 repeats and 2 parallel. Plate Count Agar (PCA, Merck no:
105463.0500) was used for TMAB and TPB. Petri dishes were incubated for 2 days at 37 °C for
TMAB and 10 days at 7 °C for TPB. Potatoes Dextrose Agar (PDA, Merck no: 1.10130) was used for
TYM analysis. It was left at 3-day incubation at 28 °C. Violet Red Bile Agar (VRBA, Merck no:
1.01406) was used for TC count and incubated at 37 °C for 24 hours (Halkman 2005).
Sensorial Analysis

For sensory analysis, 5 experienced panelists (academics of the Seafood Processing Technology
department) were selected and a form was given to the panelists to evaluate the products. Sensory
evaluation form Varlik (1993) and modified from the table for marinated products used by
Schormiiller (1968). The products were rated between 0 and 5 in terms of color, odor, flavor, texture,
and general taste (0-1: Inexpensive, 1-2: Bad, 2-3: Not bad, 3-4: Good, 4-5: Very good), products
below 2 points are considered as inexhaustible.
Statistical Evaluation

The average values and standard deviations of the results obtained in the research were made using
Microsoft Office Excel 2018 package program and statistical evaluations using one-way analysis of
variance and Tukey test with the help of Minitab 17 package program (Stimbiiloglu and Stimbiiloglu,
2000).

RESULTS and DISCUSSION
Average Weight, Length, and Meat Yield of Shrimp

The average weight and length of shrimp used in the study were 7.37+£7.30.36 and 11.67+0.19,
respectively. It was determined that the meat yield of the shrimp was 35 %, and the meat yield of the
product was 26.56%. Total weight loss was determined as 73.44 % until the final product was
obtained. The reason for the high loss; it is thought that the scalding process used in killing shrimp and
the loss of head and shell extraction due to the small shrimp were affected. Diler and Atas (2003)
reported the meat yield of shrimp (P. semisulcatus) as about 1.36 %, while Zamorano et al. (2009)
stated that shrimp lose 50 % weight after cleaning. Similarly, Cankiriligil and Berik (2017) determined
that the meat yield of deepwater pink shrimp was 48.46 %. The meat yield of the species used in our
study was lower compared to the shrimp species in the literature; it may be due to less length and
weight, and hence greater shell weight. Also, meat yield of shellfish products; may vary depending on
size, species, sex, hunting area, nutritional status, and the structure of the shell and head (Venugopal
and Gopakumar, 2017). Our study also shows that differences in processing methods significantly
affect meat yield. Indeed, as a result of heat treatment during smoking, the moisture content of shrimp
meat decreases, which reduces efficiency. Also, the amount of salt used in brine causes shrimp meat to
lose weight.
Proximate Composition Results of Shrimp

In Table 1, the proximate composition analysis results of fresh shrimp, after smoking, marination,
the beginning of storage (1% day), and end of storage period (10™ month) samples are given.



EYUBOGLU and KOCATEPE 2021 ActAquaTr 17(1), 1-16

Table 1. The proximate composition analysis results and energy values of shrimp.

Moisture Crude Crude Fat Crude Energy
(%) Protein (%) (%) Ash (%)  (Kcal/100g)
Fresh shrimp 78.08£0.43*  18.82+0.27°  0.23+0.02° 1.52+0.02° 82.78+1.70°
Smoked shrimp 59.62+0.21° 20.90£0.05%  2.67+0.07° 4.32+0.28*  157.55+0.39"
Marinated shrimp 70.84+0.60°  19.00+0.10°  0.83+£0.07° 1.04+0.02°  116.64+2.83°
Packed shrimp (1™ day) 66.24+0.13°  18.56£0.19°  4.17£0.09° 1.07+0.06°  151.62+0.79"
Packed shrimp 61.56£0.41°  17.42£0.10°  8.55+0.14* 1.44+0.07°  190.76+2.33°

(10" monhts)

ab |: Difference between groups is important in the same column (p<0.05)

In the present study, moisture, crude protein, crude oil, and a crude ash content of fresh shrimp
were as follows; 78.08+0.43 %, 18.82+0.27 %, 0.23 + 0.02 %, and 1.52 %. The moisture, crude
protein, crude oil, and crude ash contents of shrimp were investigated by different researchers. These
values vary according to the shrimp type; for moisture; 75.40 % in P. semisulcatus, 72.90 % in P.
japonicas, and 70.95 % in P. monodon (Diler and Atas, 1999), for crude protein; 17 % in P. borealis
and P. jordani (Oner and Yildirim, 2018), 20.13 % in P. semisulcatus (King et al., 1990), for crude fat;
0.35 % in P. longirostris (Cadun, 2002) and for crude ash; 1.60 % (‘Yanar, 2003) in M. monoceros and
P. semisulcatus. Hacioglu (2010), moisture, crude protein, crude oil, and crude ash amounts of pink
deep-water shrimp were 76.72 %, 10.86 %, 2.14 %, and 8.13 %, respectively.

After the smoking process, the moisture content of shrimp meat decreased to 59.62+0.21 %
(p<0.05) with the effect of heat treatment, and the amount of crude protein increased by 20.90+0.05 %
(p<0.05). The smoking process also caused an increase in the crude fat and crude ash content of raw
shrimp (p <0.05). With the marination after the smoking process, the moisture content of the product
increased (p <0.05), and a decrease in crude protein, crude fat, crude ash content were observed (p
<0.05). Shrimp that had been smoked and then marinated were packaged with the addition of oil. On
the first day of this process, the crude protein content of the final product was statistically similar (p>
0.05) to the marinated shrimp. At the end of the ten-month storage period, a decrease in the crude
protein content (p <0.05) and an increase in the crude fat content (p> 0.05) was observed.

Cadun et al. (2005) determined the moisture, crude protein, crude fat and crude ash amount of raw
and marinated pink deep-water shrimp as 85.49 %, 11 %, 0.35 %, 2.43 % and 75.48 %, 20.4 %, 0.54
%, 2.78 %, respectively. Similar to the present study, the process of marination caused water loss in
the product. In another marinate study made from M. stebbingi, it determined the moisture, crude
protein, crude fat, and crude ash contents of fresh shrimp as 81.41 %, 16.29 %, 1.1 %, 0.65 %,
respectively. These values after marination were 75.24 %, 20.77 %, 1.32 %, 2.98 % respectively
(Kaligtir, 2008). In a study in which smoking, and marination processes were applied separately and in
combination, the researchers reported that the content of the proximate composition increased with the
procedures applied as in the present study (Karsli, 2013).

While the energy content of raw shrimp was 87.78 Kcal/100g, a calorie increase was detected after
smoking. Due to the loss of water in the product; especially the increase in crude fat and carbohydrate
content was the reason for the increase in calorie value. Also, energy reduction was observed with the
removal of crude fat and water-soluble carbohydrates from shrimp tissue by marinating (116.64
Kcal/100g). The oil used as a filling during storage also caused an increase in calories.

Fatty acid composition results

Fatty acid contents of fresh, smoked, marinated, and packaged shrimp are given in Table 2. The
total saturated fatty acid (X SFA), total monounsaturated fatty acid (X MUFA), and total
polyunsaturated fatty acids (X PUFA) values of fresh shrimp were found as 25.48+0.25, 30.923+0.18,
43.57+0.41, respectively. Emami (2014) reported the rates of SFA, MUFA, and PUFA of P. vannamei
and P. semisulcatus as 37.26 %, 24.9 %, 37.84 % and 49.12 %, 33.76 %, 16.9 %, respectively. Turan
et al. (2011) reported the rate of SFA in brown shrimp as 33.04 % and PUFA content as 29 %. Ouraji
(2011) stated the SFA values of natural and culture samples in Indian shrimp as 32.88 % and 33.79 %,
respectively. The XMUFA value of the same kind of shrimp in the present study was 26.09 % (Oksuz
et al., 2009), this difference in fatty acid ratios may be due to the caught area, seasonal conditions, and
other environmental factors.
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The amounts of XSFA, XMUFA, and XPUFA of the smoked shrimp were determined as
19.97+0.14, 35.81+0.45, 44.20+0.57 %, respectively. In this process step, as in raw shrimp, the
dominant SFA were palmitic acid and stearic acid. However, an increase in the content of behenic acid
was observed with the smoking process (p<0.05).

The third processing step applied to the product before storage was marination. Shrimp after
marinating; the amounts of XSFA, XMUFA, and XPUFA were 23.07+0.11, 28.89+0.41, and
48.04+0.28 %, respectively. In this step, an increase in stearic acid content was observed compared to
smokes (p <0.05), but this value was found similar to raw shrimp (p> 0.05).

The amounts of XSFA, XMUFA, and XPUFA were determined as 22.83+0.62, 32.47+0.29,
44.70£0.40 %, respectively, on the first day of storage in the packaged product. The ZSFA amount of
the packaged product was not different from the marinated product (p> 0.05). However, the contents
of ZMUFA and XPUFA were different (p <0.05). The oleic acid content of the product increased with
the addition of oil (p <0.05). The fatty acid content of the sunflower oil used is highly oleic and
linoleic acid (38.78 % oleic acid, 49.99 % linoleic acid). Therefore, both the oleic and linoleic acid
content of the packaged product increased (p<0.05). The addition of sunflower oil proportionally
affected the EPA and DHA content of the product, and the EPA+DHA content caused approximately a
half decrease compared to the previous process step.
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Table 2. The fatty acid composition of shrimp.

Fresh shrimp Smoked Marinated Packed shrimp  Packed shrimp
shrimp shrimp (1" day) (10" months)

C4:0 0.010,012 - 0.01x0.013 - 0.02+0.01°
C6:0 - - 0.01+0.012 - 0.0120.00°
C8:0 - 0,02+0.00° 0.0120.00° 0.04+0.00° 0.06:0.00
C12:0 0.02+0.00? 0.010.00° 0.02+0.01% 0.01+0.00° 0.01+0.00°
C13:0 0.0120.00? - 0.01+0.00? - -
C14:0 1.29+0.022 0.58+0.05° 0.90+0.01" 0.48+0.02% 0.44+0.02¢
C15:0 1.27+0.022 0.46+0.04° 0.96+0.00" 0.39+0.00° 0.24+0.01¢
C16:0 11.22+0.04° 10.20+0.23° 9.49+0.10" 9.01+0.23¢ 11.35+0.162
C17:0 1.53+0.032 0.53+0.02° 1.24+0.02° 0.48+0.02° 0.29+0.03¢
C18:0 9.20+0.09° 5.00+0.40P 8.79+0.052 9.89+0.37° 4.42+0.28°
C20:0 0.23+0.01° 0.18+0.02%° 0.18+0.00% 0.09+0.03¢ 0.13+0.00™
C21:0 0.11+0.02? 0.08+0.02%° 0.08+0.00% 0.04+0.01° 0.04+0.01°
C22:0 0.38+0.03¢ 2.63+0.04° 1.25+0.03¢ 2.23+0.07° 3.34+0.042
C23:0 0.05+0.00° 0.01+0.00° 0.03+0.00" 0.01+0.00° -
C24:0 0.14+0.012 0.28+0.252 0.12+0.012 0.15+0.032 0.04+0.042
Y SFA 25.48+0.25° 19.97+0.14° 23.07+0.11° 22.83+0.62° 20.39:+0.42°
Cl4:1 0.39+0.01° 0.13x0.01° 0.29+0.01° 0.11=0.00° 0.0620.00°
C15:1 cis10 0.55+0.02° 0.18+0.01° 0.44+0.01" 0.16+0.01° 0.09+0.00¢
C16:1 4.82+0.02° 2.1440.12° 3.5120.04" 1.7620.02¢ 1.50+0.06¢
C17:1 cis10 1.98+0.022 0.75+0.03° 1.56+0.01° 0.64+0.02¢ 0.42+0.01°
C18:1n9c 13.50+0.10° 27.39+0.24° 16.510.03¢ 25.51+0.06° 36.61+0.782
C18:1n9t 5.48+0.04° 2.87+0.15*  3.57+0.42° 2.66+0.33% 1.5620.57°
C20:1cis 11 1.8120.05° 1.3240.10° 1.3340.02° 1.04+0.02° 1.32+0.03"
C22:1n9 1.04+0.05° 0.36:0.06° 0.71£0.01° 0.22+0.02% 0.11+0.01°
C24:1 1.35+0.01° 0.67+0.02° 0.99+0.01° 0.39+0.03° 0.610.13%
> MUFA 30.923+0.18 35.81+0.45° 28.89+0.41¢ 32.47+0.29° 42.27+0.882
C18:2n6c 0.340.01° 25.62+0.83" 17.54+0.00° 29.05+0.51° 26.97+0.40%
C18:2n6t 0.55+0.032 0.31+0.08%° 0.3340.03% 0.24+0.08° 0.13+0.00°
C18:3n3 0.41+0.02¢ 1.27+0.05° 0.74+0.02¢ 1.10+0.04° 1.73+0.012
C18:3n6 1.21+0.04% 0.78+0.11° 0.67+0.01° 0.50+0.02° 0.4120.16"
C20:2 cis11.14 1.57+0.032 0.640.04° 1.27+0.02° 0.57+0.11° 0.54+0.03°
C20:3n3 cis11.14.17 0.86:£0.07° 0.26+0.09" 0.36+0.00" 0.14+0.02" 0.070.00°
C20:3n6 cis8.11.14 2.500.04% 0.87+0.08° 1.48+0.01° 0.65%0.02° 0.40+0.02°
C20:4n6 7.44+0.032 3.13+0.07° 5.25+0.02" 2.45+0.08¢ 1.39+0.08¢
C20:5n3cis5.8.11.14.17 13.94+0.39° 5.60+0.11° 10.45+0.30° 5.26+0.49° 2.80+0.17¢
C22:2 cis13.16 0.1540.02¢ 0.27+0.01%° 0.19+0.01% 0.25+0.02% 0.32+0.01°
C22:6n3 14.61+0.22° 5.45+0.04° 9.78+0.03° 4.49+0.24¢ 2.55+0.14°
¢is4.10.13.16.19

Y PUFA 43.57+0.41° 44.20£0.57°  48.04:+0.28° 44.70+0.40° 37.31+0.47°
TOTAL 99.98-0.01 99.98-0.00 99.10+0.03 100.0120.00 99.97+0.00
3 29.82+0.51° 12.57+0.11° 21.33+0.31° 10.99+0.70° 7.16+0.32°
w6 12.04+0.06° 30.710.66° 25.26+0.02° 32.89+0.45° 29.29+0.35°
®3/06 2.48+0.06% 0.41+0.01° 0.84+0.01° 0.34+0.03% 0.24+0.019
PUFA/SFA 1.7120.03¢ 2.21+0.04% 2.08+0.00%° 1.9620.07" 1.83+0.02°°
EPA+DHA 28.55+0.49° 11.040.09° 20.23+0.33° 9.76+0.73° 5.35+0.31¢

ab—: Difference between groups is important in the same column (p<0.05)

At the end of storage (10th month), XSFA, XMUFA, and XPUFA amounts of the product were
determined as 20.39+0.42, 42.27+0.88, 37.31+0.47 %, respectively. At the end of the 10-month
storage period, the SFA content of the final product decreased and it was found statistically different
from the first day of the packaged product (p> 0.05). In a similar study conducted on marinated
anchovy, it was determined that the SFA content of the samples increased during storage, and the
PUFA content decreased as in our study, and it was stated that this was caused by oxidation in fatty
acids during storage (Ozden, 2005).

Omega 3 fatty acids, which are very important in terms of health, were detected at high rates in
shrimp. The total ®3 content of fresh shrimp decreased with the applied smoking process, increased
with marination, but decreased again with the added sunflower oil. In our study, the @3 content of
fresh shrimp was found to be 29.82 %. Similarly, Beydoun et al. (2007) reported ®3 content of raw
shrimp as 35 mg/100g. The amount of @6 in fresh shrimp was found as 12.04+0.06 and the processing
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methods applied to the product and the addition of sunflower oil increased this value. The amount of
6 increased with the effect of processing methods decreased the ratio of @3/w6 from 1.71 to 0.24 at
the end of the storage period. Both the effect of processing methods and increased storage time led to a
decrease in this rate. The desired rate for m6/w3 intake is between 1/1 and 4/1 (Simopoulos, 2002).
When the findings obtained from the study were evaluated, it was found that the ratio of @6 / ®3 in
raw shrimp was quite low, the smoking and marination process increased this rate, but the differences
in the process applied statistically were not significant (p> 0.05).

The PUFA / SFA ratio was determined to be 1.71+0.03 in fresh shrimp. This value had reached the
level of 2.214+0.04 with the smoking process and it had been determined that the highest amount
among the groups was in this group. The PUFA / SFA ratio decreased after this processing step until
the end of the storage and reached 1.83+0.02. The optimum PUFA / SFA ratio is specified by HMSO
(1994) as 0.45. It was determined that the PUFA/SFA ratio was above the optimum value in all
groups. Ozogul et al. (2010) found the PUFA/SFA ratio of the hot smoked anchovy marinate produced
by using similar processing methods as 1.32 at the beginning of the trial and stated that there was no
significant difference with the beginning and at the end of the storage period. In the present study, a
decrease in this rate was found and it is thought that this difference is due to the combination of
sunflower oil added to the package.

The fresh shrimp contained 0.23 g/100g of crude oil, so the EPA+DHA content of 200 g fresh
deep-water pink shrimp meat was 0.06 g, which was low compared to most fish meat. Lee et al. (2003)
reported that blue crab (natural) and shrimp (natural) of shellfish contain <200 mg EPA+DHA, and
mussels and oysters contain 500-100 mg EPA+DHA. The present study was similar to this literature.
Physicochemical analyses results
Physicochemical analyses results of fresh, smoked, and marinated shrimp

TVB-N, TBARs, salt, total acid, pH values of fresh shrimp, smoked shrimp, and marinated shrimp
are given in Table 3.

Table 3. TVB-N, TBARs, salt, total acid, pH values of fresh, smoked, and marinated shrimp

TVB-N TBARs Salt Total acid pH Aw
(mg/100g)  (mgMDA/kg) (%) (%)
Fresh shrimp 7.96+0.32° 0.26+0.01°  2.33+0.02° 0.17£0.01° 7.16£0.06%  0.97+0.00°
Smoked shrimp 11.18+0.27%  1.1240.01*°  3.12+0.00° 0.27+0.01° 6.41+0.01°  0.95+0.00°

Marinated shrimp ~ 9.92+0.15" 0.62+0.01°  1.15+0.01° 1.04+0.01° 2.56+0.06° 0.95+0.00"

ab |: Difference between groups is important in the same column (p<0.05)

In the study, the TVB-N value of fresh shrimp was determined as 7.96 mg/100g. Some researchers
reported TVB-N values of different types of shrimp as 1.02 mg/100g in P. adspersus (Erdem and
Bilgin, 2004), 8.87mg /100g in C. crangon (Bilgin and Erdem, 2006), 8.24 mg /100g in P.
semisulcatus (Oner and Yildirim, 2018). TVB-N is one of the most used chemical methods in
determining the freshness of seafood (Varlik et al. 1993). It is known that this value affects factors
such as the variety of seafood, fishing season, degree of maturity, sex, and age. The TVB-N value of
the shrimp was increased by the smoking process (11.18+0.27 mg/100g) and it was determined as
9.92+0.15 mg/100g by decreasing in the marination (p<0.05). Similarly, with our study, it was
reported by Kiling and Cakli (2004b) that the marination applied to the sardine caused a decrease in
TVB-N value and that this is due to the dissolution of some of the TVB-N components in a salt-water
solution.

The primary analysis used in the determination of oxidation of fatty acids in seafood is TBARS.
The TBARs content of raw shrimp was determined as 0.26 + 0.01 mgMDA/kg, increased in smoke
and reached 1.12 £ 0.01 mgMDA/kg and decreased to 0.62 = 0.01 mgMDA/kg by marination
(p<0.05).

Salt used in the marinating process affected the flavor, ripening, and texture of meat, flavor
formation, and shelf life of the product. The recommended brine salt ratio for lean raw materials is 6-
8% (Varlik et al., 1993). As a result of the sensory data obtained from the preliminary studies, it was
determined that the use of less amount of salt than the stated ratios would be more suitable for
deepwater pink shrimp. In this study, the salt ratio of brine was 1.05%. The salt content of fresh



EYUBOGLU and KOCATEPE 2021 ActAquaTr 17(1), 1-16

shrimp was at the rate of 2-3 % salt, which was defined as full salt, and the salt content of the end
product was below 1.5 %, which is called light saline (Varlik et al., 2004).

While the average amount of total acid before storage was 0.17+0.01 in fresh shrimp, it increased
slightly due to water loss after smoking and reached 0.27+0.01, and it was found to be 1.04 = 0.01 by
increasing with the effect of acid used in brine after marinating. A statistically significant difference
was found between the groups (p <0.05). Different researchers emphasize that the acid concentration
to be used in marination should be 2-7 %, at least 4% for complete ripening and 1-2% in the final
product (Kiling and Cakl1, 2004a; Ozden and Varlik, 2004). The acid concentration of the brine used
in the present study was 2.4%, the acid concentration of the final product was 1.04%. Similar to the
present study, Keskin et al. (2018) reported that approximately 50 % of the amount of total acid in the
brine passes into fish meat and a balance occurs between fish and brine.

The pH value before storage was determined as 7.16+0.06 in fresh shrimp and 2.56 £+ 0.06 in
marinated shrimp and a statistical difference was observed between the groups (p <0.05). Reported
that the pH value of fresh shrimp was between 7-7.64. It has been reported by different researchers
that the smoking process decreases the pH value (Kaya 2006; Giinlii, 2007; Ozogul et al., 2010; Tosun
and Ozden, 2014).

The water activity (aw) in fresh shrimp was 0.97+ 0.00, decreased due to the processes performed
before storage and statistically, a significant difference was found between fresh shrimp and marinated
shrimp groups (p <0.05). In salted products, the water activity value is low, so these products are more
durable (Cakli and Kigla 2003).

Physicochemical analyses results of packed shrimp

The TVB-N values of the packed shrimp showed a time-dependent change during storage (Table
4). TVB-N values of the packaged product were below the limit values. TVB-N was determined as
10.26+0.25 mg/100g at the end of the storage. TVB-N analysis does not give direct results in
marinating products, the results are far below the limit values and the changes are not stable (Varlik et
al. 1993). It can be said that the use of TVB-N analysis as a parameter of deterioration is not suitable
for smoked shrimp marinades.

Table 4. TVB-N, TBARs, Salt, Total acid, pH, and aw values of packed shrimp during storage.

TVB-N TBARs Salt (%) Total acid pH aw
(mg/100g) (mg MDA/Kg) (%)

1stDay  9.72+0.05% 0.32+0.01° 1.36£0.01°  0.85+0.01°  2.87+0.01"  0.96+0.00°

1 12.37+0.09® 0.45+0.01%® 1.46+£0.05°  1.23+0.00°  2.71+0.01%  0.95+0.00%®

2 13.50+0.28° 0.39+0.01° 1.43+0.01°  0.87+0.00%  3.11£0.01°  0.94+0.00™

3 11.500.34% 0.4620.02 1.4+0.06° 0.96+0.01%  3.32+0.02¢  0.93+0.00%
P 4 13.2540.40° 0.42+0.00%° 1.45£0.04°  1.1240.00°  3.28+0.01%  0.93+0.00%"
g 5  7.90+0.17" 0.32+0.00° 1.51£0.04°  0.98+0.02°  3.42+0.01°  0.94+0.00™
= 6 9.99:+0.41% 0.34+0.03% 1.11+0.01"  0.86£0.04°  3.51+0.01®  0.92+0.00°
7 9.23+0.27°% 0.35+0.00°% 2.32+0.04°  0.73£0.02"  3.53+£0.01°  0.93+0.00°*

8 10.97+0.25¢ 0.38:0.03%% 2.5140.03¢  0.58+0.02%  3.65+0.01°  0.94+0.00%
9 10.56+0.43°%% 0.37+0.01°% 2.74+0.01°  0.56+0.02%  3.62+0.01°  0.93:0.00%f

10 10.26+0.25% 0.42+0.02%° 3.2240.05%  0.55£0.04°  3.67+0.01*°  0.92+0.00"

ab |: Difference between groups is important in the same column (p<0.05)

At the beginning of storage, TBARs value was determined as 0.32 mgMDA/kg, fluctuated during
storage, and did not exceed 0.46 mgMDA/kg. A TBA value of less than 3 indicates that the product is
in a “very good” condition in terms of oxidation (Varlik et al. 1993). Karsli (2013) reported that the
amount of TBA between 0.52-1.05 (mg MDA/kg) during storage in a smoked marinated cockle.
Kalistir (2008) detected 0.66 mg/kg in the fresh sample of the marinated shrimp (M. stebbingi), while
this value increased during the storage in the refrigerator and reported that it was 4.05 mgMDA/ kg at
the end of storage. Cadun et al. (2008) obtained marinate from deep pink water shrimp and TBA value
of fresh shrimp was 0.26 mg MDAV/kg, this value increased to 0.9 mgMDA/kg after marination, and
they ended the study because they exceeded the consumable limit value on 75" day after storage.
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While the salt content of the packed shrimp smoked during the storage period was not statistically
different until the 6™ month (p> 0.05), it increased until the end of the trial after the 6™ month (p
<0.05).

During the storage period, the amount of vinegar fluctuated up to the 4th month and continued to
decrease until the end of the trial after the 4™ month. There was no statistical difference between the
groups at the beginning of the trial (1st day), 2" and 6™ months (p> 0.05), and no statistical
differences were observed after the 8th month.

During the storage period, the amount of total acid fluctuated up to the 4™ month and continued to
decrease until the end of the storage. There was no statistical difference between the groups at the
beginning of the storage (1st day), 2™ and 6" months (p> 0.05), and no statistical difference was
observed after the 8th month.

Average pH values fluctuated between 2.70 and 3.70 during storage. The maximum pH value was
measured at 10 months and this value was statistically not different between the 8" and 9" months (p>
0.05). The initial pH value increased over time due to the sunflower oil added to the product.

Water that fumes away by smoking caused aw drop and no change was observed by marination.
The aw value fluctuated during storage. Similar results were also identified by Simat et al. (2011),
Karsli (2013), Kocatepe et al. (2019).

Color analysis results
Color analysis results of fresh, smoked, and marinated shrimp

The L * (brightness) value of fresh shrimp was determined as 77.92 and this value decreased with
the effect of smoking (Figure 3). The composition of the smoke may have adversely affected the
brightness of the product. After marinating, the brightness of the product increased and it was found
statistically similar to raw shrimp (p> 0.05). It is known that the marinating effect increases the
brightness of the product. Marine products are requested by consumers to be bright. It can be said that
marinating reduces the negative effect of hot smoke on brightness and a more attractive product was
developed for the consumer. In the fresh product, a (+) redness value of 3.72 was found and this value
increased with the effect of smoking, but the effect of the marination process was found insignificant
(p> 0.05). After the smoking process, the b (+) yellow value of the raw shrimp increased, but the
yellowness of the color decreased after the smoked marination (p <0.05). Yellowness decreased due to
the lightening properties of the acid during the marination process.
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Figure 3. Color analysis results of fresh, smoked, and marinated shrimp

Color analysis results of packed shrimp

The brightness of marinated shrimp fluctuated during storage and all values were detected lower
than the first day of marination. The brightness value decreased by 11.6 % in the 6™ month of storage
compared to the previous month (p <0.05). A (+) red value of the final product fluctuated during
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storage. B (+) yellow value increased after the 1st day of marination (Figure 4). Karsli (2013) reported
that the brightness value of the smoked clam marinades decreased during storage.
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Figure 4. Color analysis results of packed shrimp

Microbiological analysis results

In the study, all groups were examined in terms of Total Mesophilic Aerobe Bacteria (TMAB),
Total Aerobe Mesophyll Bacteria (TPB), Total Yeast-Mold (TYM), and Total Coliform Bacteria (TC)
count given in Table 5.

Table 5. Microbiological analysis results of shrimp (Log CFU/g)

TMAB TPB TYM TC
Fresh shrimp 1.54+0.06 * 1.92+0.022 <1® <1°
Smoked shrimp 1.45+0.15°2 1.59+0.11°2 1.39+0.09 ® <1?
Marinated shrimp <1® <1® <1® <1?

ab |: Difference between groups is important in the same column (p<0.05)

The number of bacteria of fresh shrimp TMAB, TPB, TYM, and TC was 1.54, 1.92, <1, and <1
LogCFU/g respectively. Oner and Yildirim, (2018), TMAB and TC counts of P. semisulcatus were
3.84 and <2.0 LogCFU/g. However, Diler and Atas (2013) reported that the number of TMAB and TC
were 5.8x10* and 1.9x10% CFU/g in the same shrimp. Patir et al. (2009) reported the TC count of raw
shrimp meat as 2.53 LogCFUg-1 and the TYM content as 1.78 LogCFU/g. After removing the shells
of the deepwater pink shrimp used in our study, the meat ready for processing was analyzed
microbiologically and the microbiological load was found to be quite low from this literature. These
data show that the shrimp used in the present study were exposed to cross-contamination at very low
levels until processing. With the effect of heat treatment and antimicrobials in the smoke, TMAB and
TPB count decreased, but they were found statistically insignificant (p> 0.05). However, it has been
observed that the smoking process increases the total number of yeast molds of shrimp. This number
fell below 1 LogCFU/g again by marinating.

Inal (1992) reported that the number of TC should not be more than 2 Log CFU/g in fresh shrimp
meat. Coliform group bacteria are used as an indicator of fecal contamination. The Japan Food
Sanitation Law stated that Coliform should be O tolerant in frozen foods including cooked shrimps
(Department of Fisheries, 2004).

The counts of microorganisms (TMAB, TPB, TYM, TC) determined in packed shrimp has
remained below the detectable limit value (<1 LogCFU/g) during the storage period, with the
protective effect of both hot smoking and marination.

12
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Sensory analysis results

After the smoked and marinated shrimp meat was packed, they were analyzed monthly starting
from the first day; the product was evaluated by scoring between 0 and 5 in terms of color, odor,
flavor, texture, and general taste (0-1: Inexpensive, 1-2: Bad, 2-3: Not bad, 3-4: Good, 4-5: Very
good). The product that is under 2 points is considered as non-consumable. Sensory analysis results
did not fall below 4 points in terms of smell and there was no statistical difference from day 1 to
month 7 (p> 0.05). When it was evaluated as flavor, it decreased to 1.2 + 0.12 at the end of the storage
period and reached not consumable value in the 9th month (Figure 5).
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Figure 5. Sensory analysis results of shrimp

CONCLUSION

In this study, a very delicious and aromatic product had been obtained by smoking and marinating
process, and it had been concluded that this product had high nutritional value and that smoking, and
marination affect the shelf life of the product positively. Sensory analysis results were evaluated very
precisely in this study and the shelf life of smoked deepwater pink shrimp marinate was determined as
7 months.

Acknowledgments: This study was summarized from the master’s thesis of Asiye EYUBOGLU.
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Abstract

Some aspects of the reproductive biology of Planiliza abu (Mugilidae) were investigated by collecting of 428 specimens
caught with trawl by local fishermen from Karun River, Ahwaz, from November 2016 to September 2017. The total length
for males ranged between 10-17.1 (13.6+1.26 SD) cm and for females, between 10.5-17.3 (13.44+1.35) cm. The age range of
fish in both sexes was between 0*-7* years and the most abundant age group was the 4*. The sex ratio in the studied fish was
equal (P>0.05). The mean egg diameter was significantly different (P<0.05) in different months and the individual size
ranged between 0.12 and 0.57 mm. The absolute fecundity ranged from 3600 to 48600 eggs and the relative fecundity from
120 to 900 eggs per 1 g of body weight. The highest hepatosomatic index in females was in February during yolk
vitellogenesis (1.89). Based on gonadosomatic index, egg diameter, and monthly distribution of ovarian maturation stages,
the spawning season of this fish is long, but peaks in February (GSI 12.35) and March (GSI 12.18). This species appears to
have a group synchrony reproductive pattern.

Keywords: Mugilidae, Gonadosomatic Index, Spawning period, Fecundity, Egg diameter
Ebu Kefalinin Ureme Biyolojisi, Planiliza abu (Heckel, 1843), Karun Nehri, Giineybat1 iran

Planiliza abu'nun (Mugilidae) iireme biyolojisi, Kasim 2016'dan Eyliil 2017'ye kadar Ahvaz, Karun Nehri'nde yerel
balikgilar tarafindan trolle yakalanan 428 6rnek {izerinde arastirildi. Erkeklerin toplam uzunlugu 10-17.1 (13.6 = 1.26 SS) cm
ve digiler 10.5-17.3 (13.44 + 1.35) cm. Her iki cinsiyette de baliklarin yas araligi 0 + -7 + yas arasinda ve en bol olan yas
grubu 4+ ve cinsiyet orani1 esitti (P> 0.05). Ortalama yumurta ¢ap1 aylara gore dnemli dlgiide farkliyd: (P <0.05) ve bireysel
boyut 0.12 ile 0.57 mm arasinda degisiyordu. Mutlak verimlilik 3600 ila 48600 yumurta ve nispi verimlilik viicut agirliginin
1 g basgina 120 ila 900 yumurta arasinda degisiyordu. Disilerde en yiiksek hepatosomatik indeks Subat ayinda yumurta saris1
vitellogenez sirasinda goriildii (1.89). Gonadosomatik indeks, yumurta ¢ap1 ve yumurtalik olgunlagma asamalarinin aylik
dagilimina gore, baligin yumurtlama mevsimi uzun ve Subat (GSI 12.35) ve Mart'ta (GSI 12.18) pik yapar. Bu tiiriin grup
eszamanli tireme modeline sahip oldugu goriilmektedir.

Anahtar Kelimeler: Mugilidae, Gonadosomatik Indeks, Yumurtlama dénemi, Verimlilik, Yumurta cap:

INTRODUCTION
Iran’s freshwater fishes consist of approximately 300 species in 109 genera, 30 families, 24 orders,
and three classes distributed throughout the basins (Keivany et al., 2016; Esmaeili et al., 2017,
Esmaeili et al., 2018; Keivany and Esmaeili, 2019). The mullets are found in temperate to tropical
coastal waters, readily entering estuaries, and even reside in freshwaters. This family is an important
element of the aquatic ecosystems and many species are of commercial or other significance (Coad,
2017). This family consists of 17 genera with 72 species, amongst which seven are found in Iranian
waters (Esmaeili et al., 2018; Keivany and Esmaeili, 2019).
Planiliza abu inhabits Asian countries such as Iraq, Syria, Pakistan, Iran, and Turkey (Turan et al.,
2004; Coad, 2020) and was reported from Iranian tributaries of the Tigris River basin including Karun
River. It appears in fish markets as a regular food fish in Ahvaz, Khuzestan, and is an important food
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fish in southern Irag (Coad, 2020). Knowledge of the reproductive cycle and factors affecting it are
important issues in fish and fishery biology (Tomkiewicz et al., 2003; Asadollah et al., 2017; Keivany
et al., 2017a). It has three key components including sexual maturity, reproductive period, and
fecundity, which are important demographic characteristics, essential for understanding a species life
history (Mousavi-Sabet et al., 2017; Ghafori et al., 2019). There are some works on the biology of this
fish in nearby countries (Mhaisen and Al-Jaffery, 1989; Dogu et al., 2013; Mohamed, 2014; Ay and
Ozcan, 2016; Birecikligil et al., 2017), but almost none in Iran. The main object of this study was to
provide data on the reproductive biology of P. abu, including sex ratio, gonadosomatic index,
fecundity, oocyte diameter, and spawning season which are necessary for conducting conservation and
management programs in Karun River.

MATERIALS and METHODS

Some 428 specimens of Planiliza abu (Mugilidae) caught with trawl by local fishermen from
Karun River, Ahvaz, from November 2016 to September 2017, were sampled. All the collected
specimens were fixed and preserved in 10% formaldehyde solution and transferred to the ichthyology
laboratory. For each specimen, total length (TL) and standard length (SL) were measured using digital
calipers with a precision of 0.01mm and body weight (W) was taken on a digital balance to the nearest
0.01g. Age determination was carried out through scales from between the lateral line and the dorsal
fin, 5-10 scales washed with warm water and the age was determined under the microscope by
counting the annual growth circles (Hsu and Tzeng, 2009; Ellender et al., 2012). The sex ratio
deviation from 1:1 was tested statistically by chi-squared analysis (Sokal and Rohlf, 1973).
Gonadosomatic Index (GSI) was used to investigate the monthly changes in gonads to estimate the
spawning season of this species: (GSI= Wg/Wx100); (Wg) is the ovaries weight and (W) the body
weight (Biswas, 1993). Also, the monthly Hepatosomatic Index (HSI) was calculated using the
formula: HSI = [WL / W] x 100, where WL is the liver weight and (W) the body weight. To calculate
absolute fecundity, total eggs were counted in 20 ovaries by gravimetric method. While relative
fecundity was determined as the proportion of absolute fecundity to the eviscerated body weight. To
calculate absolute fecundity, ovaries in stages IV or V were used. Egg diameter was measured with a
scaled ocular micrometer. After identifying the various stages of sexual maturation, diameter of sex
cells was measured during different growth phases under magnifications of 40x by a scaled ocular
micrometer. The stage of gonad maturity was determined visually following Brown-Peterson et al.
(2011) which is widely used in different works (e.g., Abaszadeh et al., 2013; Hamzeh et al., 2017;
Siami et al. 2017; Keivany et al., 2018a; Ghafouri et al., 2019). Reproductive seasonality was
determined by examination of the monthly changes in the gonadosomatic index. The obtained data
were analyzed in SPSS 16.0 and Microsoft Excel 2016 software packages. One-way ANOVA
followed by Duncan post-hoc was used to analyze differences in means of GSI% and egg diameter of
fish at 95% confidence level.

RESULTS

The length and weight of males ranged from 10.00 to 17.10 (13.16+1.26) cm and 12.92 to 71.28
(30.51+8.64) g and those of females from 10.50 to 17.30 (13.44+1.35 SD) cm and 16.23 to 69.89
(33.00+£9.41) g, respectively (Table 1). The age of this species ranged from 0" to 7 years. The
dominant age group was the 4" years for both males and females (Table 2). Amongst the 428 collected
specimens, 221 were females and 207 were males, giving an overall sex ratio of about 1M:1F (X*=
0.45; P>0.05). Assessment of the spawning period of P. abu in Karun River was based on the GSI,
analysis of seasonal development in mean egg diameter, and direct observation of the gonads.
Significant differences were found in the males and females GSI. Also, significant differences were
found in females egg diameters (p < 0.05) in different months. The highest GSI value for both sexes
occurred from February to March. The GSI increased gradually in November and reached the
maximum value in February and decreased gradually from April to June (Figure 1). The highest HSI
value for males was in July and for females in January to February. Significant differences were found
in HSI in different months (P<0.05). The egg diameter ranged from 0.12 to 0.57 mm and the mean
values were significantly different during the year (P< 0.05). The highest mean egg diameter
(0.48+0.04 mm) was observed in February and the lowest one in August (0.19+£0.04 mm) (Figure 2).
The mean of the absolute fecundity of 20 females determined during the spawning period was 3600-
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48600 (22400+11000) eggs and relative fecundity was 120-900 (500+210) eggs/g body weight.
Fecundity-total length, fecundity-weight and fecundity-ovary weight relationships in P. abu in Karun
River was as F=3.66L%*"° (r’=0.16), F=12.29W"* (r’=0.43) and F= 1230.10X** (r’=0.84),

respectively (Figures 3, 4).

Table 1. Mean egg diameter variations in Planiliza abu in Karun River from November 2016

to September 2017
Months Mean TLSD  Mean TW+SD  Egg diameter Mean egg
(mm) (9) range diameter +SD
November 2016 14.32+0.96 37.24+8.62 0.14-0.45 0.27+0.08
December 13.53+0.71 29.66+3.89 0.29-0.40 0.35+0.03
January 13.33+0.89 30.84+5.63 0.25-0.48 0.39+0.06
February 15.24+1.04 46.27+7.10 0.42-0.57 0.48+0.04
March 14.10+0.98 38.11+£7.49 0.34-0.48 0.43+0.04
April 12.44+0.83 26.43+£5.92 0.22-0.41 0.32+0.07
May 11.95£1.06 22.54+6.05 0.25-0.38 0.30+0.04
June 11.93+0.55 24.76+£2.78 0.20-0.40 0.26+0.06
July 11.78+0.89 22.65+5.09 0.13-0.27 0.21£0.05
August 12.55+0.93 27.64+6.76 0.12-0.22 0.19+0.04
September 2017 13.52+0.73 34.60+6.11 0.16-0.34 0.23£0.04
15 H
14 A
13 -
12 A
011
T 11
© 10 ~
c
© 9 -
[7p)
O 87
> 7 A
=
557
€ 51 (abc)
é ;1' [Cd] (ab)
1 [d  [d] d
2 [_C’dl__o---o---!.]__ [be]
T ~ell) [ab]
0 T T T T T T T T T 1
& & Q X D & S S &
4@@»" &g@ < &\o"’ éo@‘z’ @rzr‘o W N N v"@ @&0
= P < Months &

19



JORFIPOUR et al. 2021 ActAquaTr 17(1), 17-24

17 1 —0— GSI|

Mean monthly GSI and HSI

i [ab] [ab]  [ab]

OFRPNWAOOIO N
1 1

4@
~° 9 Months

Figure 1. GSI and HSI variations in females (Top) and males (Bottom) of Planiliza abu in Karun River from
November 2016 to September 2017
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Figure 2. Variation of mean egg diameter (mm) in female Planiliza abu in Karun River in different months
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Table 2. Number and sex ratios of Planiliza abu specimens in different age groups

Age group Sex  Number M:Fratio P=0.05

0" v i : |
F 1
1 M 4 4 P>0.05
0 1
ot M 29 1.52 550,05
y 19
3* M 52 1.01 P>0.05
y 51
4* M 65 0.89 P>0.05
y 73
5* M 36 0.76 P>0.05
y 47
6" M 16 0.72 P>0.05
y 22
7* M 5 0.62 P>0.05
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Figure 4. Fecundity-ovary weight relationship in Planiliza abu in Karun River from
November 2016 to September 2017

DISCUSSION

The length of the females was higher than that of the males as seen in many other fishes (Asadollah
et al., 2017; Keivany et al., 2017b, 2018b). In this study, the maximum observed total length and
weight of P. abu was 17.3 cm and 71.28 g, respectively. In other studies, the maximum reported fork
length and weight is 22.1 cm and 136.6 g in Atatiirk Dam Lake (Dogu et al., 2013), 22 cm and 66.1 g
in East Hammar marsh of Irag (Mohamed, 2014) and 18.5 cm and 66.40 g in the Orontes River,
Turkey (Ay and Ozcan, 2016), 65.0 cm (Garbin et al., 2014) in southeastern coastal regions of Brazil
and 23.1 cm and 166.1 g in Ceyhan River Basin of Turkey (Birecikligil et al., 2017). In general, the
differences in the length of the fish could be due to differences in the fishing methods and seasons,
different geographic areas, biological and ecological conditions, or inter-species differences.

The study of reproductive biology is an effective method for recognizing the stocks and life cycle
of fishes (Abedi et al., 2011). The sex ratio in this study was equal (LM:1F), however, it differed in
different seasons and length classes. In other studies, the sex ratio of P. abu was reported as 1M:2.7F
in Khozestan Province, Iran (Chelemal et al., 2009), as equal in Atatiirk Dam Lake (Dogu et al., 2013)
and as 1M:1.3F in the Orontes River, Turkey (Ay and Ozcan, 2016). These differences are most
probably related to sexual differences in growth rate, natural mortality rate, and energetic cost of
reproduction (Stergiou et al., 1996). Also, it is suggested that dominance of one sex relative to the
other can be due to different behaviors leading to an easier catch of one sex and differences in
mortality of the sexes (Keivany et al., 2017a).

Gonadosomatic (GSI) and hepatosomatic (HIS) indices are among the biological indicators used to
determine the fish spawning season (Ghanbahadur et al., 2013). The HSI for females is more
important because of the vitellogenesis performed for eggs in the liver. Typically, in many fish
species, at the peak of spawning, the GSI is in the highest value and the HSI in the lowest (Keivany
and Soofiani, 2004). The lowest value of HSI in P. abu was in May and the highest in February. The
monthly variation in HSI was lower in males than in females. In the present study, the HSI and GSI
showed a similar trend, probably indicating the continued feeding of the fish (Dopeikar et al., 2015).
The monthly variation in GSI was highly associated with the seasonality of the maturity stages
assigned macroscopically. An increase in the GSI of females was observed from January which
peaked in February and March and decreased from April to May. In the case of males, the spawning
season lasted from February to March and peaked in March. Sahindz et al. (2011), in Turkey’s Atatiirk
Dam Lake, found the highest GSI of female P. abu in April and that of males in May.

The mean maximum egg diameter was significantly different during the year. The size of the egg
increased during the spawning season. The highest mean egg diameter was observed in February. In
the study of the reproductive biology of P. abu in Turkey, the mature egg diameter was in the range of
0.31 to 0.63 with a mean of 0.44 mm (Ay and Ozcan, 2016). Egg diameter variations in fish are
probably one of the important strategies in determining reproductive activities (Tomasini et al., 1996).
The maximum absolute fecundity of P. abu was 48000 oocytes and that of the relative fecundity was
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910 Oocytes per gram of body weight. Fecundity is the most common criterion for determining the
potential of reproduction in fishes (Nichol and Acuna, 2001). In the study of Ay and Ozcan (2016), P.
abu fecundity was calculated for 51 adult females in the spawning season, and the absolute fecundity
ranged between 12000-25000 eggs with an average of 14400+1600 eggs. Several factors such as size
and age of females, life history strategy, food supply, and water temperature affect the fecundity
(Thrope et al., 1984). The GSI peak, the maximum diameter of the eggs, and the highest number of
hydrated oocytes were observed in January-March, therefore the spawning peak of P. abu occurred in
February-March. Macroscopic development of the testes followed a similar trend to those of the
ovaries. It could be concluded that P. abu is a group synchronous multiple batch spawner with a long
period of reproduction which lasts from January to March and peaks in February-March.
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Abstract

This study is aimed to determine the distributions, habitats, and endemism rates of Hygrobatidae species of Turkey and
three neighboring countries. Similarity calculations were made between Turkey and three neighboring countries using the
Bray-Curtis index. As a result, it has been determined that Turkey has a high of similarity with Greece and Bulgaria and a
low index of similarity with Iran. Additionally, a new record, Atractides (Tympanomegapus) lacustris (Lundblad, 1925), has
been given for the fauna of Turkey. The number of Hygrobatidae species has been reached 55 with A. lacustris and
Hygrobatidae species have been recorded from 21 provinces in Turkey.

Keywords: Biodiversity, Hydrachnidia, Hygrobatidae, taxonomy, Turkey.

Tiirkiye ve U¢ Komsu Ulkenin Hygrobatidae Koch, 1842 (Hydrachnidia: Acari) Tiirlerinin Faunal Cesitliligi ve
Dagilimm

Ozet

Bu ¢aligmada, Tiirkiye ve ii¢ komsu iilkenin Hygrobatidae tiirlerinin dagilimi, habitat tercihleri ve endemizm oranlarinin
belirlenmesi amaglanmstir. Tiirkiye ve ii¢ komsu lilke arasindaki benzerlik hesaplari Bray-Curtis indeksi kullanilarak
yapilmugtir. Sonug olarak Tiirkiye’nin Yunanistan ve Bulgaristan ile Hygrobatidae tiir benzerliginin yiiksek, Iran ile diisiik
oldugu belirlenmistir. Ek olarak, Tirkiye faunasi igin yeni kayit Atractides (Tympanomegapus) lacustris (Lundblad, 1925)
verilmistir. Tiirkiye’de 21 ilden kaydedilmis olan Hygrobatidae tiirlerinin sayist A. lacustris ile 55’e ulagmustir.

Anahtar kelimeler: Biyolojik ¢esitlilik, Hydrachnidia, Hygrobatidae, taksonomi, Tiirkiye.

INTRODUCTION

Water mites, also known as Hydracarina, Hydrachnidia, or Hydrachnellae, are one of the polyphilic
groups in Acari subclass. The term Hydracarina was firstly coined. However, this nomenclature also
includes Halacaridae. But the morphologies and life cycles of Halacaridae members are different from
Hydrachnidia (Bartsch et al., 2007).

Up to date, 400 genera and more than 6000 species of water mites belonging to 57 families have
been identified and 1642 species have been reported from the Palearctic region including Turkey
(Bartsch et al., 2007; Di Sabatino et al., 2008). The latest water mite checklist has been-published by
Erman et al., (2019). It has been recorded that 335 species and 62 genera belonging to 25 families
from Turkey. In terms of the highest number of species, Arrenuridae ranks first with 58 species, and
Hygrobatidae ranks second with 54 species.

Hygrobatidae species have a wide range of morphological adaptations and types of habitat
preference. This family consists of five genera: Atractides, Hygrobates, Iranobates, Mesobates, and
Mixobates. The genus Atractides has the highest number of species. Members of this genus probably
have an ancestor in common with members of other genera with similarly modified I-L. The genus
Atractides is probably of paraphyletic origin. The task of the characteristic I-L has not yet been clear
(Pesié, et al., 2011; Gerecke et al., 2016). Atractides species were found only in clean water with well-
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conserved substrates and in general, inhabit running water. They are probably sensitive to many
anthropogenic factors (Gerecke, 2003). In the genus Hygrobates, the absence of modified I-L-5 is a
plesiomorphy, but an importend requisite for defining this genus. In the genus Mixobates, the presence
of a pair of distinctly shaped distoventral setae on I-L-5 indicates a relation with Atractides-like genera
rather than with Hygrobates (Gerecke et al., 2016).

Our purpose in this study is to revise the species belonging to the family Hygrobatidae in Turkey
and three neighboring countries and compare similarities between them. It also aims to give
information on the endemism rate, habitats, and distributions of Hygrobatidae species in Turkey.
Additionally, a new record, Atractides (Tympanomegapus) lacustris (Lundblad, 1925), was given for
the fauna of Turkey.

MATERIALS and METHODS

Water mites were collected by hand-netting, sorted on the spot from the living material, preserved
in Koenike’s fluid, and dissected for slide-mounting in Hoyer’s fluid. All measurements were given in
um. See Gerecke (2003) for a detailed description and discussion of the characteristics of the genus
Atractides and a detailed methodological introduction. In this study, the Bray-Curtis index was
calculated using the Past Program. The following abbreviations are used: Cx—I = first coxae, L =
length, I-L-6 = Leg 1, sixth segment, P-1 = palp, first segment, S—1 = large proximal ventral seta at
I-L-5, S-2 = large distal ventral seta at I-L-5, Vgl = ventroglandulare, W= width.

RESULT
Family Hygrobatidae Koch, 1842
Distribution of Hygrobatidae Species in Turkey

Atractides (39), Hygrobates (14), and Mixobates (2) species were recorded from 21 provinces of
Turkey. While Erzurum province ranks first with 15 species, followed by Malatya with 12 species and
Rize with 9 species and Afyonkarahisar and Antalya with 8 species. Atractides nodipalpis Thor, 1899
and Atractides robustus (Sokolow, 1940), are the most common species recorded from six provinces
(Table 2). Six species and one subspecies of Hygrobatidae are endemic to Turkey. Hygrobates
(Hygrobates) turcicus Pesi¢ & Esen, 2017 was recorded from four provinces in Turkey. The other
endemic species are only known from the type localities (Table 1). The endemism rate is found as
12.7.

Tablel. Hygrobatidae species endemic to Turkey

ENDEMIC SPECIES PROVINCES

Atractides (Atractides) anatolicus Pesi¢, Erman & Esen, 2010 Bingol

Atractides (Atractides) martini Pesi¢, Erman & Esen, 2010 Erzurum

Atractides (Atractides) oezkani Pesi¢ & Erman, 2006 Malatya

Atractides (Atractides) reinhardi Giille, Giille & Boyaci, 2015 Burdur

Hygrobates (Hygrobates) anatolicus Esen & Pesi¢ 2013 Kahramanmaras

Hygrobates (Hygrobates) turcicus Pesi¢ & Esen 2017 Bayburt, Bingol, Rize, Antalya

Mixobates (Mixobates) brachypalpis ozkani Pesi¢ & Turan, 2006  Rize
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Table 2. The distribution of Hygrobatidae species according to the provinces in Turkey

SPECIES

[Adiyaman
A. karahisar
JArtvin
Bayburt
Bingol
Burdur
Elazig
Erzincan
Erzurum
Isparta

K. maras
Kayseri
Konya
Malatya
Mersin
Siirt

Sivas
Trabzon
[Van

x |Antalya
x|Rize

Atractides (Atractides) allgaier
Atractides (Atractides) anatolicus
Atractides (Atractides) anellatus
Atractides (Atractides) arcuatus X

Atractides (Atractides) dentipalpis X

Atractides (Atractides) distans X

Atractides (Atractides) fissus X

Atractides(Atractides) fluviatilis X

Atractides (Atractides) fonticolus X X X X

Atractides (Atractides) gibberipalpis X X

Atractides (Atractides) glandulosus X

Atractides (Atractides) gomerae X

Atractides (Atractides) graecus X

Atractides (Atractides) inflatipalpis X

Atractides (Atractides) inflatipes X

Atractides (Atractides) inflatus X X X

Atractides (Atractides) lunipes X

Atractides (Atractides) martini X

Atractides (Atractides) nahavandii X

Atractides (Atractides) nikooae X

Atractides (Atractides) nodipalpis X X X X X X
Atractides (Atractides) nodipalpoides X

Atractides (Atractides) oezkani X

Atractides (Atractides) ovalis X X
Atractides (Atractides) panniculatus X X X X X
Atractides (Atractides) pennatus X

Atractides (Atractides) protendens X

Atractides (Atractides) reinhardi X

Atractides (Atractides) remotus X

Atractides (Atractides) rivalis X

Atractides (Atractides) robustus X X X X X X
Atractides (Atractides) spinipes X

Atractides (Atractides) turcicus X

Atractides (Polymegapus) orghidani X

Atractides (Polymegapus) persicus X

Atractides (Polymegapus) polyporus X

Atractides (Tympanomegapus) acutirostris X

Atractides (Tympanomegapus) lacustris X

Atractides (Tympanomegapus) longirostris X X

Hygrobates (Hygrobates) anatolicus X

Hygrobates (Hygrobates) angustipalpis X

Hygrobates (Hygrobates) bucharicus
Hygrobates (Hygrobates) calliger X X X
Hygrobates (Hygrobates) fluviatilis X X
Hygrobates (Hygrobates) longipalpis X

Hygrobates (Hygrobates) longiporus
Hygrobates (Hygrobates) nigromaculatus X X
Hygrobates (Hygrobates) persicus X

Hygrobates (Hygrobates) porrectus X

Hygrobates (Hygrobates) trigonicus X
Hygrobates (Hygrobates) turcicus X X X X
Hygrobates (Dekabates) quanaticola X X X

Hygrobates (Rivobates) diversiporus X
Mixobates (Mixobates) incurvatus X

Mixobates (Mixobates) brachypalpis ozkani X

X

X

X

X

X| X X[ X
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Habitats of Hygrobatidae species determined from Turkey.

When we examined the habitat distributions of Hygrobatidae species in Turkey, streams ranked
first with 62% (38 species), followed by springs with 22% (13 species), lentic and slow-flowing
waters with 13% (8 species), and hyporheic with 3% (2 species) (Table 3, Figure 1). Our results are
consistent with previous studies (Gerecke 2003; Gerecke et al., 2016).

Table 3. The habitats of Hygrobatidae species determined from Turkey.

Lentic and slow-
flowing waters

Species Streams  Springs

Atractides (Atractides) allgaier X X
Atractides (Atractides) anatolicus
Atractides (Atractides) anellatus
Atractides (Atractides) arcuatus
Atractides (Atractides) dentipalpis
Atractides (Atractides) distans
Atractides (Atractides) fissus
Atractides (Atractides) fluviatilis
Atractides (Atractides) fonticolus X
Atractides (Atractides) gibberipalpis
Atractides (Atractides) glandulosus
Atractides (Atractides) gomerae
Atractides (Atractides) graecus X
Atractides (Atractides) inflatipalpis
Atractides (Atractides) inflatipes
Atractides (Atractides) inflatus
Atractides (Atractides) lunipes
Atractides (Atractides) martini
Atractides (Atractides) nahavandii
Atractides (Atractides) nikooae
Atractides (Atractides) nodipalpis
Atractides (Atractides) nodipalpoides
Atractides (Atractides) oezkani
Atractides (Atractides) ovalis X
Atractides (Atractides) panniculatus
Atractides (Atractides) pennatus
Atractides (Atractides) protendens
Atractides (Atractides) reinhardi
Atractides (Atractides) remotus
Atractides (Atractides) rivalis
Atractides (Atractides) robustus
Atractides (Atractides) spinipes
Atractides (Atractides) turcicus
Atractides (Polymegapus) orghidani
Atractides (Polymegapus) persicus X
Atractides (Polymegapus) polyporus X
Atractides (Tympanomegapus) acutirostris
Atractides (Tympanomegapus) lacustris X
Atractides (Tympanomegapus) longirostris
Hygrobates (Hygrobates) anatolicus
Hygrobates (Hygrobates) angustipalpis X
Hygrobates (Hygrobates) bucharicus X
Hygrobates (Hygrobates) calliger
Hygrobates (Hygrobates) fluviatilis
Hygrobates (Hygrobates) longipalpis
Hygrobates (Hygrobates) longiporus
Hygrobates (Hygrobates) nigromaculatus
Hygrobates (Hygrobates) persicus
Hygrobates (Hygrobates) porrectus
Hygrobates (Hygrobates) trigonicus
Hygrobates (Hygrobates) turcicus
Hygrobates (Dekabates) quanaticola X
Hygrobates (Rivobates) diversiporus
Mixobates (Mixobates) incurvatus X
Mixobates (Mixobates) brachypalpis ozkani X

Hyporheic

XXX XX XX

X[ X[ X

XXX XX XXX | X[ X

XXX X

X
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Figure 1. Percentages of habitat distribution of Hygrobatidae in Turkey

A comparison of Turkey with three neighboring countries in terms of the similarity of
Hygrobatidae species

Checklists of the Hygrobatidae species-recorded from Turkey, Bulgaria, Greece, and Iran have
been revised and similarity calculations have been made. Turkey has 55 Hygrobatidae species,
Bulgaria, Greece, Iran, 35, 25, and 37 respectively. Turkey has to same 18 species with Bulgaria, 20
with Greece, and 17 with Iran (Table 4). Similarity calculations between Turkey and three neighboring
countries were made using the Bray-Curtis index. As a result, it was determined that Turkey had a
high rate of similarity with Bulgaria and Greece while having a low rate of similarity with Iran.
Similarities between Bulgaria and Greece were also found to be higher (Figure 2). Common species,
such as Atractides (Atractides) gibberipalpis Piersig, 1898, Atractides (Atractides) nodipalpis Thor,
1899, Atractides (Atractides) robustus (Sokolow, 1940), Atractides (Tympanomegapus) acutirostris
(Motas & C. Angelier, 1927), Hygrobates (Hygrobates) calliger Piersig, 1896, Hygrobates
(Hygrobates) fluviatilis (Strom, 1768), Hygrobates (Hygrobates) longipalpis (Hermann, 1804),
Hygrobates (Hygrobates) longiporus Thor, 1898, Hygrobates (Hygrobates) trigonicus Koenike, 1895,
have been recorded from all mentioned countries.
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Figure 2. Similarity diagram of Hygrobatidae species of Turkey and three neighboring countries
(1. Turkey, 2. Bulgaria, 3. Greece, 4. Iran)
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Table 4. The Hygrobatidae species recorded from Turkey and neighboring countries. (Turkey: Erman et al.,
2010, 2019; Iran: Pesic¢ and Saboori 2007; Pesi¢ et al., 2014; Greece and Bulgaria: Pesi¢ et al., 2010, 2018)

SPECIES Turkey Bulgaria Greece lran
Atractides (Atractides) allgaier Gerecke, 2003 X
Atractides (Atractides) anatolicus Pesi¢, Erman & Esen, 2010
Atractides (Atractides) anellatus Lundblad, 1956
Atractides (Atractides) arcuatus Thor, 1904
Atractides (Atractides) asticae Petrova, 1968 X
Atractides (Atractides) balneatoris Pesi¢ & Saboori, 2007

Atractides (Atractides) biscutatus Cook, 1967

Atractides (Atractides) caspicus Pesi¢, Dinipour, Vafaei & Saboori, 2007
Atractides (Atractides) cisternarum (K. Viets, 1935) X
Atractides (Atractides) denticulatus (Walter, 1947) X X
Atractides (Atractides) dentipalpis (Walter, 1935) X

Atractides (Atractides) distans (K. Viets, 1914) X X X
Atractides (Atractides) elburzensis Pesi¢, Smit & Saboori, 2014 X
Atractides (Atractides) fissus (Walter, 1927) X

Atractides fluviatilis (Szalay, 1929) X X X
Atractides (Atractides) fonticolus (K. Viets, 1920) X

Atractides (Atractides) gereckei Pesi¢, 2004 X
Atractides (Atractides) gibberipalpis Piersig, 1898
Atractides (Atractides) glandulosus (Walter, 1918)
Atractides (Atractides) gomerae Lundblad, 1962
Atractides (Atractides) gorgani Pesi¢, Jabaleh & Saboori, 2009 X
Atractides (Atractides) graecus K. Viets, 1950 X X X
Atractides (Atractides) hormozganus Pesi¢, Smit & Saboori, 2012 X
Atractides (Atractides) hyrcaniensis Pesi¢, Jabaleh & Saboori, 2009 X
Atractides (Atractides) inflatipalpis K. Viets, 1950
Atractides (Atractides) inflatipes Lundblad, 1956
Atractides (Atractides) inflatus (Walter, 1925)
Atractides (Atractides) iranicus Pesi¢ & Asadi, 2002
Atractides (Atractides) kermanensis Pesi¢, 2005
Atractides (Atractides) latipalpis (Motas & Tanasachi, 1946) X

Atractides (Atractides) latipes (Szalay, 1935)

Atractides (Atractides) longiporus Petrova, 1968 X

Atractides (Atractides) lunipes Lundblad, 1956 X X
Atractides (Atractides) markaziensis Pesi¢, 2004

Atractides (Atractides) martini Pesi¢, Erman & Esen

Atractides (Atractides) mirkopesici Pesi¢, 2004

Atractides (Atractides) mossahebii Pesi¢, 2004

Atractides (Atractides) nahavandii Schwoerbel & Sepasgozarian, 1976
Atractides (Atractides) nikooae Pesi¢, 2004

Atractides (Atractides) nodipalpis Thor, 1899

Atractides (Atractides) nodipalpoides Asc1, Boyaci & Ozkan 2011
Atractides (Atractides) oblongus (Walter, 1944) X X
Atractides (Atractides) oezkani Pesic & Erman, 2006
Atractides (Atractides) ovalis Koenike, 1883
Atractides (Atractides) panniculatus (K. Viets, 1925)
Atractides (Atractides) pennatus (K. Viets, 1920)
Atractides (Atractides) phreaticus (Motas & Tanasachi, 1948) X
Atractides (Atractides) protendens K.O. Viets, 1955
Atractides (Atractides) pumilus (Szalay, 1946)

Atractides (Atractides) pygmaeus (Motas & Tanasachi, 1948)
Atractides (Atractides) reinhardi Giille, Giille & Boyaci 2015
Atractides (Atractides) remotus Szalay, 1953

Atractides (Atractides) rivalis Lundblad, 1956

Atractides (Atractides) robustus (Sokolow, 1940)

Atractides (Atractides) sokolowi (Motas & Tanasachi, 1948)
Atractides (Atractides) spinipes Koch, 1837

Atractides (Atractides) subterraneus (K. Viets, 1932)
Atractides (Atractides) tener Thor, 1899

Atractides (Atractides) turcicus Asci, 2009 X
Atractides (Atractides) walteri (K. Viets, 1925)

XX X[ X

x| X[ X

XXX

XXX

XXX

XX

X

XXX X[ X

X[X[X|X

X[X[X|X

X
X

XX

X

XX X[ X

X
XXX X[ X

X
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Atractides (Polymegapus) orghidani Motas & Tanasachi, 1960
Atractides (Polymegapus) persicus Pesi¢ & Asadi, 2010

Atractides (Polymegapus) polyporus (K. Viets, 1922)

Atractides (Tympanomegapus) acutirostris (Motas & C. Angelier, 1927)
Atractides (Tympanomegapus) lacustris (Lundblad, 1925) X
Atractides (Tympanomegapus) longirostris (Walter, 1925)
Atractides (Tympanomegapus) omanensis Smit & Pesi¢, 2010 X
Atractides (Tympanomegapus) pavesii Maglio, 1905
Hygrobates (Hygrobates) anatolicus Esen & Pesi¢ 2013
Hygrobates (Hygrobates) angustipalpis K.O. Viets, 1982
Hygrobates (Hygrobates) bucharicus Sokolow, 1928
Hygrobates (Hygrobates) calliger Piersig, 1896
Hygrobates (Rivobates) diversiporus Sokolow, 1927
Hygrobates (Hygrobates) fluviatilis (Strom, 1768)
Hygrobates (Hygrobates) foreli (Lebert, 1874) X X
Hygrobates (Hygrobates) hamatus K. Viets, 1935 X
Hygrobates (Hygrobates) longipalpis (Hermann, 1804)
Hygrobates (Hygrobates) longiporus Thor, 1898
Hygrobates (Hygrobates) marezaensis Pesi¢ & Dabert, 2017
Hygrobates (Hygrobates) nigromaculatus Lebert, 1879
Hygrobates (Hygrobates) persicus Pesi¢ & Asadi 2017
Hygrobates (Hygrobates) porrectus Koenike, 1908
Hygrobates (Hygrobates) properus Laska, 1954 X

Hygrobates (Dekabates) quanaticola Schwoerbel & Sepasgozarian, 1976 X

Hygrobates (Hygrobates) setosus Besseling, 1942

Hygrobates (Hygrobates) trigonicus Koenike, 1895 X X X
Hygrobates (Hygrobates) turcicus Pesi¢ & Esen 2017 X

Hygrobates (Rivobates) diversiporus Sokolow, 1927 X

Hygrobates (Rivobates) norvegicus (Thor, 1897) X

Hygrobates (Rivobates) zawali Pesi¢, 2015

Mesobates forcipatus Thor, 1901 X
Mixobates (Mixobates) incurvatus (Laska, 1954) X X
Mixobates (Mixobates) brachypalpis ozkani Pesi¢ & Turan, 2006 X

Iranobates hesabii Pe$i¢, Smit & Asadi, 2011 X

XXX X

X

XXX

XXX X X[ X

XX

XXX

XXX

Atractides (Tympanomegapus) lacustris (Lundblad, 1925)

Female. Idiosoma L/W 796/550 and integument striated (Figure 3A). P-1 is about the length of P-2. P-
4 has the shape of a bulging cylinder and is long. The sword seta on P-4 is closer to the distoventral
seta (Figure 3C).

Dorsal L of palp segments are L 54-75-75-118-33=355, Cx-I-1V L 79-80-88-200, respectively. I-
L-5, L/W 165/36, I-L-6, L/W 124/32 (Fig. 3B). S-1 and S-2 on I-L-5 short and with narrow interspace.
Leg segments L (in respective order I-1V): 53-60-95-136-165-124 = 633, 51-65-98-151-112-101 =
578, 52-53-100-158-151-136 = 650, 99-102-198-197-224-200 = 1020.

Vgl-1 fused to Vgl-2. The genital plate is in the form of beans. Genital plate L/W 51/24 (Figure
3A).

Studied Material and Habitat: Slow flowing stream, reed area, 36° 85,006' N, 31° 29,024"' E,
10.04.2010, 19, Sarisu, Manavgat, Antalya.

Distribution. Sweden, Ireland, Netherlands, France, Germany, Switzerland, Russia (Gerecke et al.,

2016).

New records for the fauna of Turkey.

DISCUSSION

Atractides lacustris, which is found in stagnant or slow-flowing waters, does not show sexual
dimorphism in palp. It is separated from similar species; P-1 approximately P-2 in length, P-4
resembles a bulging cylinder, I-L-5 narrow and short, S-1 and S-2 on I-L-5 short and with narrow
interspace and Vgl-1-2 are fused (Gerecke, 2003; Gerecke et al., 2016).
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A B,C

500 um 100 um

Figure 3. Atractides (Tympanomegapus) lacustris A) Idiosoma ventral, B) 1-L-5-6, C) Palp

CONCLUSION

Erman et al., (2019) has recently reported that Hygrobatidae was the second family in water mite
species number found in Turkey. The number of Hygrobatide species reached to 55 with A. lacustris.
The Hygrobatidae species were recorded from 21 provinces in Turkey. The province with the highest
number of records was Erzurum (15), followed by Malatya (12) and Rize (9). Six species and one
subspecies of Hygrobatidae are endemic to Turkey. The endemism rate is found as 12.7.

The Hygrobatidae species preferred stream habitats with 62% (38 species), followed by spring
habitats with 22% (13 species), lentic and slow-flowing waters with 13% (8 species), and hyporheic
with 3% (2 species). Our results are consistent with previous studies (Gerecke, 2003; Gerecke et al.,
2016).

Bray-Curtis similarity index was calculated between Turkey and three neighboring countries.
Turkey had a high rate of similarity with Bulgaria and Greece while having a low rate of similarity
with Iran. Similarities between Bulgaria and Greece were also found to be high.

Asgt et al., (2011) reported Atractides (Atractides) arcuatus as a new record for the fauna of
Turkey. Due to insufficient drawing and description and being a little-known species, we suspect in
the diagnosis of this species.

Acknowledgements: Part of this study was supported by Siileyman Demirel University Scientific
Research Projects Coordination Unit (Project no: 1656—-D-08)
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Ozet

Bentik algler indikator tiirler igerir. Ozellikle lotik ekosistemlerin ekolojik yapisinin belirlenmesinde c¢ok iyi bir
gostergedir. Giiniimiizde insan faaliyetleri sular iizerinde bircok baski olusturmustur, bunlardan besin zenginlestirmesi
ekolojik durumu degistiren en 6nemli su kalitesi sorunudur. Bu ¢alismada Dogu Karadeniz Havzasi i¢inde yer alan Elekgi
Deresi’nin fiziko-kimyasal ve biyolojik (bentik diyatomeler) 6zelliklerinin ve su kalitesinin degerlendirilmesi amaglanmugtir.
Bir y1l boyunca aylik olarak ii¢ farkli lokalitede 6rnekleme yapilmistir. Yirmi farkli su parametresinin analizi zamansal ve
mekansal olarak degerlendirilmistir. Yeristii Su Kalitesi Yonetmeligi’ne gore akarsuyun su kalite sinifi belirlenmistir. Cok
degiskenli istatistiksel analizler, su kalite indeksi (WQI), gesitlilik indeksleri, klorofil-a, Palmer’in pollusyon indeksi ve
baskin cins skorlart kullanilarak suyun trofik diizeyi ve su kalitesi degerlendirilmistir. Yillik ortalama degerlere gore, Elekei
Deresi amonyum azotu ve toplam fosfor parametreleri bakimindan II. sinif, serbest klor hari¢ (IV. smif) diger su kalite
parametreleri bakimindan 1. smiftir. Elek¢i Deresi’ndeki WQI degeri su kalite O6zelliginin “milkemmel” oldugunu
gostermigtir. Faktor analizinde, birinci faktdre gore niitrient elementleri su kalitesindeki degisikliklerden sorumludur. Diger
faktorlerdeki bilesenler jeolojik yapidan ve klimatik faktorlerden olugmaktadir.

Elekgi Deresi’nde toplam 93 bentik diyatome taksonu tanimlanmustir. Navicula, Nitzschia, Cymbella ve Gomphonema en
fazla kaydedilen taksonlardir. Cocconeis placentula var. euglypta, Gomphonema truncatum, Navicula lanceolata, N.
tripunctata ve Nitzschia palea tiim istasyonlarda her mevsim bulunmustur. Shannon ve Simpson ¢esitlilik indeksi analiz
sonuglarina gore Elek¢i Deresi “zayif” diizeyde ¢esitlilige sahiptir, kirlilik diizeyi ise “orta”dir. Nemli subtropikal iklim
bolgesinde bulunan Elek¢i Deresi diizensiz rejimli bir akarsudur. Cevresel ve klimatik faktdrler derenin diyatome
komiinitesini dogrudan etkilemistir. Pollusyon indeksi sonucu ¢ok hafif organik kirlilik tespit edilmistir. Klorofil-a
konsantrasyonuna gore derede otrofikasyon riski yoktur. Dominant alg taksonlarinin skor degerleri Elek¢i Deresi’nin trofik
seviyesinin “mezotrofik/mezo-otrofik”, su kalitesinin “orta/orta-kirli” oldugunu gostermistir. Genel sonuglar, Elekei
Deresi’nin akis yoniinde antropojenik faaliyetlerle iliskilendirilebilen cesitli kaynaklardan gelen kirleticilerle kontamine
oldugunu ve diyatome ¢esitliliginin bu durumdan etkilendigini gostermistir.

Anahtar kelimeler: Biyoindikatorler, ok degiskenli analiz, diyatomeler, su kalitesi, trofik durum.

Assessment of Stream Water Quality in a Temperate Turkey River Basin by Multivariate Analysis and Biological
Approaches

Abstract

Benthic algae include indicator species. Particularly, it is a very good indicator to determine the ecologic structure of lotic
ecosystems. Nowadays, human activities have produced multiple pressures on waters, of them nutrient enrichment is the
most important water quality problem that changed the ecological status. In this research, it is aimed to evaluate the
physicochemical and biologic (benthic diatoms) properties and water quality of Elekgi Stream located in the Eastern Black
Sea Basin. Throughout the year, samples from three different localities were collected monthly. Analysis of twenty water
parameters were evaluated spatially and temporally. According to the Surface Water Quality Regulation, the water quality
class of the stream has been determined. Trophic level and water quality of the stream were evaluated by using multivariate
statistical analysis, water quality index (WQI), diversity indices, chlorophyll-a, Palmer’s index of pollution, and dominant
genus scores. According to annual average values, Elek¢i Stream is class I as to ammonium nitrogen and total phosphorus
parameters. Also, it has class | in terms of other water quality parameters, excluding free chlorine (class IV). WQI value in
the Elekgi Stream showed that the water quality feature is “excellent”. In factor analysis, the first factor showed that nutrient
elements are responsible for changes in water quality. Components in other factors consist of geological structure and climate
factors.
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Total 93 benthic diatom taxa have been defined in Elekgi Stream. Navicula, Nitzschia, Cymbella, and Gomphonema
genera are the most recorded taxa. Cocconeis placentula var. euglypta, Gomphonema truncatum, Navicula lanceolata, N.
tripunctata, and Nitzschia palea were recorded in all stations every season. According to the analysis results of Shannon and
Simpson diversity indices, Elekgi Stream has a “poor” level of diversity, and the pollution level is “moderate”. Elekgi Stream,
located in the humid subtropical climate zone, is an irregularly flowed stream. Environmental and climatic factors directly
affected the diatom community of the stream. As a result of the pollution index, very light organic pollution was detected.
The stream does not carry eutrophication risk in terms of chlorophyll-a concentration. The scores of the dominant algal taxa
showed that the trophic level of Elek¢i Stream is “mesotrophic/meso-eutrophic” and the water quality is
“moderate/moderately polluted”. General results showed Elekgi Stream is contaminated with pollutants coming from various
sources that can be associated with anthropogenic activities downstream, and diversity of diatoms are affected by this
sitiation.

Keywords: Bioindicators, multivariate analysis, diatoms, water quality, trophic state.

GIRIS

Sucul ekosistemlerin primer {ireticileri olan algler, ayn1 zamanda su ortaminda meydana gelen
fiziksel ve/veya kimyasal degisimlere diger sucul canlilara oranla ¢ok daha kisa siirede cevap
verdikleri i¢in, su kalitesinin belirlenmesi ve izlenmesinde indikator olarak kullanilirlar. Bu nedenle
biyolojik kalite eleman1 olarak biyoindikatdr tiirler igeren bentik alglerin kullanimi oldukga yaygindir.
Alglerin yogunlugu ve cesitliligi sucul biotanin verimliligi hakkinda bilgi verirken, ¢evre sartlarina
bagl olarak degisim gostermesi, 6zellikle indikator tiirler, organik kirliligi, 6trofikasyonu ve su
kalitesini gosterir (Palmer, 1977). Ozellikle diyatomeler gibi biyoindikatdr tiirler igeren alg grubu
suyun ekolojik durumunun degerlendirilmesinde dnemli bir rol oynar. Sucul ekosistemlerin 6nemli bir
bileseni olan diyatomeler ¢evresel ozellikler ile yiiksek korelasyon igerisinde bulunurlar (Hill vd.,
2001). Bu nedenle, diyatomeler su kalitesinin iyi gostergeleri olarak kabul edilmistir (Stevenson,
2014). Ayn1 zamanda, diyatomeler pH, tuzluluk, besin kullanilabilirligi, organik ve inorganik kirlilik
gibi c¢evresel parametrelere karsi yiiksek hassasiyet ve dar tiir toleransi olan biyolojik gdstergeler
olarak iyi bilinir (Sladec¢ek, 1986; Van Dam vd., 1994; Whitton ve Kelly, 1995; Vasiljevi¢ vd., 2014;
2017; Lobo vd., 2016; Marcel vd., 2017; Salmaso vd., 2019). Yine, optimum biiyiime kosullar1 bilgisi,
su kalitesini degerlendirmek icin kullanilir (Virtanen ve Soininen, 2016). Diyatomeler schirlesme ve
niifus artisina paralel olarak artan kirlilige kars1 da duyarli indikatorlerdir (Sonneman vd., 2001;
Chessman ve Townsend, 2010; Lavoie vd., 2014; Stevenson, 2014). Bundan dolay1, akarsularin
biyolojik ac¢idan trofik durumunun belirlenmesinde diyatomeler indikator organizma grubu olarak
yaygin olarak kullanilmaktadir (Solak ve Acs, 2011; Tas ve Yilmaz, 2015; Bere, 2016; Jakovljevié
vd., 2016; Virtanen ve Soininen, 2016; Tan vd., 2017; Atict vd., 2018; Tas vd., 2019; Tokath vd.,
2019; Tokatli vd., 2020).

Biitiin bu 6zellikleriyle, diyatomelerin lotik ekosistemlerin ekolojik yapisinin belirlenmesinde ¢ok
iyl bir gosterge oldugu, oOzellikle tas, kaya gibi substratumlarda baskin olarak bulundugu, hayat
dongiilerinin kisa olmasi, suyun fiziksel ve kimyasal degisikliklerine tepki vermesi ve her érneklemde
toplanip izlenebilirligi nedeniyle arastirmacilara havzalar arasinda zamansal-mekansal karsilagtirma
imkan1 sagladigi goriilmektedir. Diyatomelerin dogal ve/veya antropojenik kokenli kirlilik hakkinda
bilgi veren tiirler igermesi, su kalitesinin biyolojik yaklasimla degerlendirilmesinde en ©Snemli
biyoindikatdr/biyomonitor olarak kullanilma sebebidir.

Akarsularin dogal yapisinin bozularak su kalitesinin her gecen giin kotiilesmesi diinya genelinde
ana cevresel sorunlardan biridir. Kirlenme genellikle noktasal ve yayili kaynaklardan (hizli ve
diizensiz kentlesme, niifus artigi, sanayilesme, tarimda asir1 endiistriyel giibreler ve pestisitler gibi
kimyasallarin kullanimi, evsel atiklar/atik sular, vahsi kat1 atik depolama alanlari, akarsu yataklarindan
kum-gakil ¢ikarma, enerji tiretimi amaciyla ¢ok sayida kiiglik barajlar yapimi, maden isletmeleri gibi
faaliyetler) antropojenik kokenli olarak meydana gelmektedir (Dalu ve Froneman, 2016; Dalu vd.,
2017; Nhiwatiwa vd., 2017; Mutlu, 2019; Tas vd., 2019; Ustaoglu ve Islam, 2020; Ustaoglu vd.,
2020a). Dolayisiyla, su ortamlarinin modern zamanlarda bozulmaya basladig1 bir gergektir. Yine, son
yillarda kiiresel iklim degisikligi diinyanin en 6nemli ¢cevre sorunu olarak goriilmektedir ve subtropikal
kusaktaki sucul ekosistemlerin hidrolojik dongisiinii olumsuz etkilemektedir. Tirkiye, iklim
degisikligine karsi en savunmasiz alanlardan biridir. Sicakliklardaki yiikselme nedeniyle
buharlagsmanin artmasi ve yagislardaki diigiis lotik ve lentik sistemlerde tatlisu rezervlerinin azalmasi,
sulak alanlarin ve bazi s1g gollerin kurumasi bunu gostermektedir. Tiirkiye akarsularindaki su miktari,
kiiresel 1sinmanin etkisiyle azalmakta ve bu durum su havzasinda kirliligin artmasindan dolay1 daha da
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ciddi boyutlara ulagsmaktadir (Tas ve Koloren, 2017; Tokatli, 2020). Akarsulardan kaynaklanan
kirlenmenin, otrofikasyona karsi ¢ok hassas olan tiim Karadeniz Bolgesi igin endise verici oldugu
bildirilmektedir (Jin vd., 2013).

Tiirkiye’nin kuzeyinde yer alan 22 numarali Dogu Karadeniz Havzasi iginde zengin akarsu
sistemleri bulunur. Bu sular hem yeristii suyu olarak dogrudan hem de aliivyal dolgularda akiferleri
olusturarak kentlerin igme-kullanma suyu, tarimsal sulama, dogal ve kiiltiir balik¢ilig1, enerji {iretimi
gibi cok ¢esitli amaglar i¢in kullanilmaktadir. Ancak, asagi akis yoniinde akarsular iizerinde noktasal
ve yayili kaynaklardan gelen kirlilik baskist vardir. Bu baski sadece insan kaynakli degildir; erozyon,
yagig, akinti gibi toprak ve hidrolojik faktorlerden kaynakli dogal mekanizmalar da akarsu
ekosistemini degistirebilmektedir. Ozellikle her mevsim yagis alan, fakat etkili bahar yagislari olan
Karadeniz Bolgesi gibi 1liman bolgelerde, diizensiz rejimli akarsularda klimatik ve hidrolojik faktorler
etkili olmaktadir.

Dogu Karadeniz Bolgesi’'nde yer alan akarsularin kaynak bolgeleri yiiksek biyolojik ¢esitlilik
icerdigi i¢in bu alanlarin korunmasi olduk¢a 6nemlidir. Fakat yukari havzalarda da gesitli amaglarla
arazi kullanimlarinin neden oldugu bozulmalar goriilmektedir (Kazanci, 2016). Dolayisiyla, su
kalitesinin diisiik olmast ve sudaki biyolojik cesitliligin azalmasi zamanimizin en biiyiik ¢evresel
sorunlar1 arasindadir (Virtanen ve Soininen, 2016). Oysa akarsu habitatlar1 biyolojik ¢esitlilik
acisindan Onemli ve benzersiz ekosistemlerdir. Bu nedenle, su Kkalitesinin izlenmesi ve su
kaynaklarinin korunmasi olduk¢a onemlidir (Basoren ve Kazanci, 2016). Sucul ekosistemlerin
izlenmesinde ve su kalitesinin degerlendirilmesinde fizikokimyasal degiskenler ile birlikte biyolojik
yontemlerin biitiinciil olarak incelenmesi daha iyi sonuclar elde etmemizi saglar (Kazanci vd., 1997,
Tas vd., 2019). Boylece akarsu akisi boyunca degisim ve suyun ekolojik durumu tespit edilebilir.

Bu c¢alismada, Dogu Karadeniz Havzasi i¢inde yer alan ve Ordu ilinin en biiyiik akarsularindan biri
olan Elek¢i Deresi’nin yukar1 havzadan asagi havzaya dogru ylizey suyu kalitesini ve ekolojik
durumunu tespit etmek amaglanmistir. Bunun icgin fizikokimyasal yontemler ile bentik diyatom
komiinitesi birlikte degerlendirilmistir. Elde edilen sonuclara ¢ok degiskenli istatistiksel analizler
uygulanmustir. Indikatér diyatomelerin tespiti ve su analiz sonuglarimin ilgili ydnetmelik ve
referanslarla karsilagtirilmasi neticesinde Elekgi Deresi’nin trofik seviyesi ve su kalitesi belirlenmistir.

MATERYAL ve YONTEM
Calisma havzasi ve ornekleme istasyonlari

Elek¢i Deresi (Ordu, Fatsa), Dogu Karadeniz Havzasi’nin Ordu-Giresun Alt Havzasi iginde yer
alir. Bolaman Cayir Havzasi’nin hemen batisinda bulunan Elek¢i Deresi (Sekil 1), Melet Irmag,
Bolaman Cay1 ve Turnasuyu Cayi’ndan sonra, Ordu ilindeki bilyiik akarsulardan biridir. Kaynagini
Fatsa ilge merkezinin 45 km giineyinde bulunan yaylalardan alan Elek¢i Deresi, kiyidan 35 km
giineybatida kalan Kumru ilgesinin tam ortasindan gegerek giineybati-kuzeydogu dogrultusunda akip
sularin1 Karadeniz’e ulastirir. Canik Daglari’nin vadileri arasinda yer alan Kumru ilgesi daglik ve
engebeli oldugu i¢in havzada mevcut olan irili ufakli birgok su kaynagi birleserek Elek¢i Deresi’ni
olusturur. Bolge yagish ve 1liman bir iklimin etkisi altinda oldugu i¢in su kaynaklarinda her mevsim su
bulunur. Fatsa’da yillik ortalama yagis 1048,3 mm, Kumru’da 897,1 mm’dir. Elek¢i Deresi’nin yagis
alam 443 km?, kolektor uzunlugu 51,5 km, memba ile mansap arasindaki kot farki 1592 m’dir. Yillik
ortalama debisi 5,46 m*/sn, yillik toplam akim degeri ise 172 milyon m®tiir. Maksimum debi Mart
ayindadir, fakat Aralik, Nisan, Mayis ve Haziran aylarinda da yliksek debiler goriilmektedir. Elekei
Deresi’nde en yiiksek su seviyeleri kis sonu baslayip bahar aylar1 boyunca devam eder. Cogu zaman
120 cm’ye kadar oOlgiilen maksimum seviyeler sicakligin en yiiksek oldugu Temmuz ve Agustos
aylarinda azalarak 60 cm ve altina iner. Elek¢i Deresi taskin zararina neden olabilecek potansiyele
sahiptir. Ozellikle kis mevsimi sonu ve yaz baslarinda bdlgede etkili olan saganak yagislar ve kar
erimeleri sonucu akarsularin debileri dikkate deger bir sekilde yiikselmekte; bu durum 10 ile 15 yillik
periyotlarda nemli sel ve taskin olaylarinin goriilme sikligmi artirmaktadir (Ozlii, 2012). Bu nedenle
akarsu yataginda ozellikle asag1 havzada 1slah ¢alismalar1 yapilmstir.

Elekci Deresi ve havza icindeki diger akarsular Ust Kretase volkanik serisine dahil tiif, konglomera
ve dasif gibi kayaclar {lizerinde akis gosterirler. Elek¢i Deresi’nin her iki sahilinde, tagkin alani
icerisinde kumlu, killi, cakil seklinde aliivyon ve koliivyal birikintiler goriiliir (Ozlii, 2012).

Eleke¢i Deresi’nin fizikokimyasal 6zelliklerini ve bentik diyatomelerini incelemek i¢in akarsuyun
yukari (istasyon 1, 40°52°15°N — 37°14°44”’E, 485 m), orta (istasyon 2, 40°53°37°N — 37°18°48"’,
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317 m) ve asag (istasyon 3, 41°01°23”°N — 37°28°50" E, 14 m) bolgesinden ii¢ istasyon belirlenmistir
(Sekil 1). Orneklemeler Aralik 2011 ile Kasim 2012 tarihleri arasinda periyodik olarak her ay
yapilmigtir. Akarsuyun yukar1 bolgesi dik vadi i¢inden akar, ¢evresinde fundalik-ormanlik alanlar ile
findik bahgeleri bulunur. Orta bdlge Kumru ilgesinin mansabindadir (~10 km), noktasal ve yayili
kaynakli (evsel atik ve atiksu, tarimsal, az miktarda endiistriyel) kirlenme baskis1 altindadir.
Istasyonun iistiinde vahsi ¢6p depolama alam bulunmaktadir. Asagi havzadan segilen 3. istasyon Fatsa
ilge merkezi sinirlarinda yer alir. Bes yildizli otelin mansabinda yer alir. Evsel, tarimsal ve endiistriyel
kirlenme baskis1 altindadir.

KARADENIZ CHCC
Yalikoy Cabikoy

Bo amarnyJe D.

3 FATSA ks D.

hed\ e L

Cik D Derest

Gaga

Goli g i

Bolaman ‘\' :

Cay

Sahsene D.
2 4 6 km
E | i

, et n o 3 |
Sekil 1. Elekg¢i Deresi’nde ylizey suyu ve bentik alg érneklemesi igin segilen érnekleme yerleri ile
calisma alaninin haritasi.

Fiziksel, kimyasal ve biyolojik parametreler

Su sicakligi, pH, ¢oziinmiis oksijen (CO), oksijen doygunlugu, elektriksel iletkenlik (EC) ve toplam
¢Ozlinmils madde miktar1 (TDS) {i¢ istasyonda Hach Lange HQ 40d multiparametre cihaz ile yerinde
ol¢iilmiistiir. Azotlu bilesiklerden amonyum azotu (NH,-N), nitrit azotu (NO,-N), nitrat azotu (NOs-
N), toplam fosfat (PO,4-P), siilfat (SO,), serbest klor (Cl,), kalsiyum (Ca), magnezyum (Mg) ve toplam
sertlik (TH) analizleri yukar1 havza ile asag1 havzay1 karsilastirmak i¢in 1. ve 3. istasyonlardan alinan
sularda yapilmustir. Analizler Hach test kitleri kullanilarak Hach prosediiriine uygun olarak yapilmis
ve spektrofotometrik sonuglar Hach DR 2800 UV-Vis spektrofotometre ile dl¢lilmistiir. Askida kat1
madde (AKM) tayini standart yontemlere gore yapilmistir (APHA, 1998). Laboratuvar analizlerinin
tiimii Ordu Universitesi Hidrobiyoloji Arastirma Laboratuvari’nda yapilmustir. Elekci Deresi’nde
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oOlgiilen su kalite parametrelerine ait analiz sonuglar1 ortalama degerler dikkate alinarak Yeristi Su
Kalitesi Yonetmeligi (YSKY, 2012)’ne gore degerlendirilmistir.

Biyolojik parametrelerden epilitik diyatomelerin orneklemesi igin {i¢ istasyondan her ay tas
ornekleri toplanip iizerindeki film tabakasi kazinip yikanarak ayrilmis ve %4’ liik formaldehit ile fikse
edilmistir. Laboratuvarda gegici ve kalici preparatlar hazirlanarak diyatome tiirleri incelenmistir.
Daimi preparat hazirlamak i¢in toplanan diyatome ornekleri once asit karisiminda yikanmis (%98
H,SO, ve %35 HNOs;), ardindan organik materyallerinden uzaklastirilan diyatome kabuklarindan
entellan ile kalici prepartlar hazirlanarak (Round, 1993) 400x ve 1000x biiyiitmeli binokiiler
mikroskoplarda (Nikon E100, Leica DM500) ilgili literatiirlerden yararlanarak (Cox, 1996; Hartley,
1996; Krammer ve Lange-Bertalot, 1986; Krammer ve Lange-Bertalot, 1988; Krammer ve Lange-
Bertalot, 1991a; Krammer ve Lange-Bertalot, 1991b) tanimlanmustir.

Diyatomelerin nispi bolluklarini hesaplamak i¢in, 6rnekleme yapilan her ayda, her bir istasyon igin
iic daimi preparat hazirlanmis, her preparatin orta kismindan belirlenen hayali bir hat iizerindeki 100
adet diyatome kabugu, rastgele olmak iizere, tiir diizeyinde belirlenerek kaydedilmistir. Ug tekrar
sonucunda bulunan 300 kabuk icindeki her bir tiiriin sayis1 belirlendikten sonra iice boliinerek %
baskinlik oranlar1 belirlenmistir. Elek¢i Deresi’nde bulunan diyatome tiirlerinin siklik analizi de
hesaplanmig ve bes kategoride degerlendirilmistir (Kocatas, 2006).

Nispi bollugu > % 50 olan diyatomeler dikkate alinarak akarsuyun organik kirliligi ve trofik yapisi
Palmer (1969)’a gore, dominant cinsler dikkate almarak su kalitesi ve trofik seviye durumu ise
Peerapornpisal vd. (2007) ne gore belirlenmistir.

Bir diger biyolojik parametre olan fotosentetik pigment analizi (klorofil-a, -b, -C) % 90’lik aseton
ile ekstraksiyondan sonra spektrofotometrik olarak (Shimadzu UV-1800) yapilmistir (Strickland ve
Parsons, 1972).

Su kalite indeksi (WQI)

Su kalitesi indeksi (WQI), suyun igilebilirliginin degerlendirilmesinde kullanilan 6nemli bir aragtir.
[k olarak ABD’de Horton (1965) tarafindan gelistirilen WQI; Avrupa, Afrika ve Asya iilkelerinde
yaygin olarak kullanilmaktadir. Farkli kalite parametrelerinin degerlendirilmesine dayanan ve gesitli
parametrelerin igme suyunun genel kalitesi lizerindeki etkisini gosteren su derecelendirme 6lgegidir.
Temel amaci, fazla sayida olan su kalitesi verisini anlasilir ve bilgilendirici bir sekilde azaltmaktir. Bu
calismada WQI; pH, EC, Cl,, SO,, TH, Mg, Ca, NO,-N, NO3-N, Fe, TDS parametreleri kullanilarak
hesaplanmigtir (Tablo 1). Parametrelerin se¢iminde analizi yapilan parametrelerin WHO tarafindan
tavsiye edilen limit degerlerinin olup olmamas1 dikkate alinmistir. WQI asagidaki formiilleri verilen
dort asamada hesaplanmustir. {lk asamada su kalitesini etkilemedeki goreceli 5nemlerine gore, calisilan
her parametreye 1 ile 5 arasinda agirlik degeri (AW) atanmustir ve asagidaki formiil kullanilarak
goreceli agirlik (RW) hesaplanmistir.

AW

T, AW @)

Ikinci asamada, analiz sonucunda 6lgiilen parametrelerin (C;), Diinya Saglik Orgiitii (WHO, 2011)

tarafindan izin verilen igme suyu degerlerine (S;) boliiniip 100 ile carpilmasindan Kkalite
derecelendirilmesi (Qi) hesaplanmustir.

RW =

0 = (5) x 100 ©)

WQI hesaplamak icin alt-indeksler (SI) hesaplanmis ve elde edilen bu indeksler toplanarak WQI
hesaplanmustir.

SI; = RW x Q; 3)
wQI =Y, SI; 4)

WQI degerleri bes kategoride (0-25 miikemmel su, 26-50 iyi su, 51-75 kot su, 76—100 ¢ok kotii
su ve > 100 uygun olmayan su) siiflandirilmistir (Yadav, 2010).
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Tablo 1. Parametrelerin bagil agirlig

Atanan agirhk  Nispi agirhk

Parametreler WHO (2011) (AW) (RW)
pH 75 4 0,100
EC (uS/cm) 1500 4 0,100
Cl, (ng/L) 5 4 0,100
SO, (mg/L) 250 5 0,125
TH (mg/L CaCOs,) 100 1 0,025
Mg (mg/L) 50 2 0,050
Ca (mg/L) 75 2 0,050
NO,.N (mg/L) 0,15 5 0,125
NO3z N (mg/L) 11,3 5 0,125
Fe (ug/L) 300 4 0,100
TDS (mg/L) 600 4 0,100

40 1,000

Istatistiksel analizler

Cok degiskenli istatistiksel analizler, su kalitesi verilerinin degerlendirilmesinde son yillarda
yaygin olarak kullanilmaktadir (Kose vd., 2014; Kose vd., 2018). Calismamizda verilerin tanimlayici
istatistikleri (mevsimsel ortalama, standart sapma, minimum ve maksimum degerleri), mevsimsel
degerler arasinda anlamli bir farkin olup olmadigimi belirlemek i¢in tek yonlii varyans analizi
(ANOVA) yapilmistir. Fizikokimyasal parametreler arasindaki iliskinin yoniinii ve miktarini
belirlemek igin Pearson korelasyon analizi uygulanmistir. Arastirmada veri setini ingirgemek,
degiskenler arasindaki iligkileri belirlemek ve su kalitesi ilizerine muhtemel g¢evresel baskilari
belirlemek icin temel bilesenler analizi (PCA/TBA) yapilmistir. Mevsimsel benzerlikleri belirlemek
icin de kiimeleme (cluster) analizinden faydalamilmigtir. Verilerin degerlendirilmesinde SPSS 22
istatistiki paket programindan yararlanilmis ve sonuglar, faktoriyel diizeyinde varyans analizi testi ile
p < 0,05 6nem diizeyinde test edilmistir. Cluster analizi i¢in ise Past 3.x istatistik paket programi
kullanilmugtir.

Epilitik diyatomelerin her ay i¢in tiir sayist ve her bir tiiriin birey sayis1 dikkate alinarak elde edilen
verilerinden Shannon ¢esitlilik ve diizenlilik indeksleri ile Simpson gesitlilik indeksi analizleri
yapilmigtir. Lokalite ve aylik 6rneklemler arasindaki benzerligi belirlemek igin Bray-Curtis cluster
analizinden faydalanilmistir. Bu analizlerde BioDiversity Professional Version 2.0 yazilim
kullanilmustir.

BULGULAR ve TARTISMA
Cevresel parametreler ve su kalite kriterleri

Elek¢i Deresi’nde yapilan c¢alismada suyun fiziksel ve kimyasal parametreleri ile biyolojik
parametrelerden Kklorofil-a degerinin mevsimsel ortalamalar1 ile yililk minimum, maksimum ve
ortalamatstandart sapma (SD, o) degerleri Tablo 2’de verilmistir.

Elek¢i Deresi’nin ylizey sulart Yeriisti Su Kalitesi Yonetmeligi (YSKY, 2012)ne gore
degerlendirildiginde; su kalitesi fiziksel parametreler bakimindan (sicaklik, bulaniklik, AKM, TDS,
EC) L. smif, yani yliksek kaliteli su 6zelligi tagimaktadir ve bu durum yonetmeligimize gore “cok iyi”
su durumunu ifade eder. Kimyasal parametrelerden NH,-N (1. sinif), TP (II. sinif) ve serbest Cl, (V.
sinif) parametreleri digindaki diger parametreler 1. sinif su kalitesi degerlerini gostermektedir (Tablo
2). Evsel veya endiistriyel atik sularin akarsuya desarji sonucu sulardaki amonyum miktar1 artmaktadir
(Egemen ve Sunlu, 1996). Fosfor da tarimsal, evsel, endiistriyel ve dogal kayaclardan yeriistii sularina
katilmakta ve ¢ogu zaman sekonder kirlenmeye yani trofikasyona yol agmaktadir. Bu nedenle fosfath
bilesikler akarsularda kirliligin belirlenmesinde indikatér parametrelerdendir. Elek¢i Deresi’nde
ortofosfat degeri (0-PO,4-P) ortalama deger olarak yukari havzada (1. istasyon) ve asagi havzada (2.
istasyon) sirastyla 0,35 mg/L ve 0,70 mg/L olarak Ol¢iilmiistiir. Yukar1 havza suyu bu parametre
bakimindan III. simnif (0,16 — 0,65 mg/L), asagt havza ise IV. sinif (> 0,65 mg/L) 6zellik tagimaktadir.
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TP (PO4-P) igerigi bakimindan degerlendirildiginde yukar1 havza II. sinif (0,115 mg/L), asag1 havza II.
smif (0,246 mg/L) su kalitesine sahiptir.

Tablo 2. Elekgi Deresi’'nde dlgiilen gevresel degiskenlerin mevsimsel degerleri, yillik ortalama deger dikkate
alinarak ulusal yonetmeligimize gore su kalite sinifinin degerlendirilmesi.

Parametreler Kis ilkbahar Yaz Sonbahar ~ Min Max  Ortalama+SD YSKY
Su stc. (°C) 7,29° 13,09° 22,84° 16,57° 540 26,30 14,95+6,74 I
pH 7,00 7,17 6,96 7,31 6,65 7,94 7,110,32 |
EC (uS/cm) 229,99%  176,28%  27497° 288,08 67,20 364,00 242,33+84,66 [
TDS (mg/L) 110,32  85,07%° 132,42  140,89° 31,90 178,70 117,18+42,27 I
AKM (mg/L) 44,23 10,60°  1583° 7,23 1,70 11840  19,48+28.95 [
CO (mgL) 10,40° 8,84° 8,45° 8,99° 735 11,20 9,17+0,94 I
O, doygunlugu (%)  93,63° 93,987  10558°  100,19® 86,40 11820  98,34+7,72 |
Tiirbidite (NTU) 72,92* 6538 61,87 18,64 2,11 19500  54,70+51,86 -
NH; (mg/L) 0,56° 0,44 0,42 0,15° 0,00 1,28 0,39+0,36 -
NH,-N (mg/L) 0,45° 0,36° 0,35 0,12° 0,00 1,046 0,32+0,29 Il
NO,-N (mg/L) 0,009° 0,008 0,008 0,015 0,00 0,050  0,010+011 |
NO;-N (mg/L) 0,60° 0,65° 0,48 0,83 0,00 1,60 0,64+0,39 |
TP (mg/L) 0,24 0,16° 0,21° 0,07 0,00 0,53 0,17+0,14 I
S0, (mg/L) 8,83 7,17 12,00° 17,83° 3,00 32,00 11,46+7,44 |
Fe (mg/L) 0,39° 0,35° 0,40° 0,07 001 1,53 0,30+0,34 |
TH (mg/L) 61,13 56,40 64,17 71,10 22,90 120,00  63,20+2491 -
Ca (mg/L) 41,60 35,38 41,35 43,72 16,40 69,00  40,51+14,02 -
Mg (mg/L) 1,21° 2,94% 2,67% 3,54 0,00 10,00 2,59+3,21 -
Cl, (mg/L) 0,11° 0,07 0,10° 0,04 0,00 047 0,08+0,10 \V
Kl-a (ng/L) 0,005* 0,015 0,008 0,006 0,003 0,029  0,008+0,005 v/

Ayni satirdaki farkli harfler, mevsimsel farkin 6nemli oldugunu ifade eder (p<0,05).

Yonetmeligimize gore (YSKY, 2012), sif [-II sular “iyi” su durumunu (az kirlenmis su)
gosterirken, smf II-IIT “orta” su durumunu (kirlenmis su) ifade etmektedir. Elek¢i Deresi’nde
kaydedilen yiiksek fosfor icerigi 6zellikle asagi havzada Gtrofikasyon riski olusturabilir. Dodds vd.
(1998) akarsular1 TP derisimine gore, 25 ug/L’den kiigiik olanlari oligotrofik—mezotrofik, 25-75 ug/L
olanlari mezotrofik—6trofik sinirinda siniflandirmaktadir. Elek¢i Deresi’nde yillik ortalama TP
derisimi 170 pg/L (0,17 mg/L)’dir. Bu durumda o&zellikle asagi havzada kaydedilen yiiksek TP
konsantrasyonuna gore Elek¢i Deresi 6trofik—hipertrofik sinirinda gruplandirilabilir.

Akarsuda yiiksek konsantrasyonlarda fosfatli ve azotlu bilesiklerin bulunmasinin en 6nemli nedeni
tarimsal alanlarda kullanilan giibrelerdir. Elek¢i Deresi havzasi iginde g¢ogunlukla findik tarim
yapilmakta ve verimi artirmak i¢in kimyasal giibreler yaygin olarak kullanilmakadir. Azot ve fosfor
icerigine sahip bu giibreler topraga gomiilmedigi i¢in bdlge arazisinin egimli yapisi ve her mevsim
yagisli olmasi sebebiyle yiizeysel akiglarla akarsuya taginmakta ve suyun niitrient igerigini
yiikseltmektedir. Ayn1 zamanda, Elek¢i Deresi asagi akis yoniinde Kumru ilge merkezinden, ilgenin
hemen mansabindaki vahsi deponi alanindan, bir¢ok yan kollarla baglantili belde ve daginik yerlesim
alanlarindan gecerken biinyesine evsel atiksular katilmakta ve asag1 havzada akarsuyun kirlilik ytikii
oldukga artmaktadir. Elek¢i Deresi Fatsa ilge merkezinden gegerken biitiin kirlilik yiikiinii Karadeniz’e
desarj etmektedir. Benzer durum Karadeniz Bolgesi’ndeki birgok akarsularinmzda da gézlenmektedir
(Tas vd., 2011; Tas vd. 2015; Tepe ve Aydin, 2017; Tas vd., 2019; Ustaoglu vd., 2017; Ustaoglu ve
Tepe, 2019; Ustaoglu ve Islam, 2020; Ustaoglu vd., 2020a; Ustaoglu vd., 2020b).

Asag1 havzada sudaki niitrient kirliligiyle birlikte yiiksek bulaniklik da dikkat ¢ekmistir. Organik
veya inorganik maddelerden veya ikisinin kombinasyonundan kaynaklanabilen tiirbidite, yaklasik 4,0
NTU’nun iizerinde ¢iplak gozle fark edilebilir (WHO, 2011). Arastirma alanimizda tiirbidite yukari,
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orta ve asag istasyonlarda artarak sirasiyla 39,31 NTU, 43,32 NTU ve 81,47 NTU olarak ol¢iilmiistiir.
Tablo 3’te fizikokimyasal parametreler arasindaki iligkinin yoniinii ve miktarmi belirlemek igin
yaptigimiz Pearson korelasyon analizi sonuclarinda da goriildiigii gibi, tiirbiditenin amonyak,
amonyum, demir ve serbest klor ile ¢ok yiiksek iligkisi oldugu goriilmektedir (p<0,01). Organik
kirliligin gostergesi olan inorganik kirlilik parametrelerinden azotlu bilesiklerin de kendi arasinda
(amonyak ve amonyum) ¢ok yiiksek korelasyonu séz konusudur (r=1,0; p<0,01). Turbidite ile TP
arasinda da iligki vardir. Sudaki fosforun artig1 algal {iretimi hizlandirir, dolayisiyla sudaki siispanse
madde yogunlugu artar. Korelasyon matriksinde bu iki parametre arasinda yiiksek iligski s6z konusudur
(r=0,624; p<0,01).

Katilar suda ¢ozelti veya siispansiyon halinde bulunur. Sudaki toplam ¢o6ziinmiis kat1 (TDS) ve
askida kat1 madde (AKM/TSS) toplami toplam kat1 madde degerini verir (Alley, 2007). Tath sularin
TDS derisimi 0-1000 mg/L araligindadir (Uslu ve Tirkman, 1987). Elek¢i Deresi’nde toplam kat1
madde miktar1 olduk¢a az olup yillik ortalama TDS derisimi 117 mg/L’dir. Ayn1 ildeki Melet
Irmagi’nda yillik ortalama TDS degerinin 161 mg/L (Ustaoglu vd., 2017), Turnasuyu Cayi’nda 66
mg/L (Ustaoglu vd., 2020a) oldugu bildirilmistir. TDS parametresi ile dogrudan iliskili olan suyun
elektriksel iletkenligi (EC) sudaki iyon konsantrasyonuna baglidir ve aralarinda pozitif iliski vardir.
Pearson korelasyon analizi sonucunda da (Tablo 3) goriildiigii gibi, TDS ve EC arasinda pozitif yonde
cok yiiksek bir iliski vardir (=0,996; p<0,01). Suda EC parametresinin analizi, suyun sulama ve
yanginla miicadele i¢in uygunlugunu belirlemek i¢in de oldukca Onemlidir (Omer, 2019). Elekei
Deresi’nde yillik ortalama EC degeri 242,3 uS/cm Ol¢iilmiistiir. Bu parametreye gére akarsuyun
tuzluluk sinifi C1 “az tuzlu” (<250 pS/cm), su kalite sinifi I. sinif (<400 pS/cm) yani “gok iyi” sudur.

Elekei Deresi suyu tath su 6zelliginde, nétr pH degerinde ve yumusak bir sudur. Yillik ortalama
sertlik degeri 075 mg/L CaCO; araliginda 6l¢iilmiistir (63,20 mg/L CaCOj3). Ca ve Mg iyonlart su
sertligini (TH) ile dogrudan etkiler. Korelasyon matriksi incelendiginde (Tablo 3) TH ile Ca arasinda
cok yiiksek, TH ile Mg arasinda yiiksek iliski oldugu goriilmektedir (p<0,01). HCO3 bakimindan
zengin sularda Ca konsantrasyonu Mg konsantrasyonundan fazladir (Wetzel, 1983). Elek¢i Deresi’nde
yillik ortalama Ca 40,51 mg/L, Mg 2,59 mg/L olarak 6l¢iilmiistiir. Suyun pH degeri de bu literatiirii
desteklemektedir. Ordu ilinde yapilan benzer ¢alismalarda Melet Irmagi notr gevresinde hafif alkali
(ort. pH 7,96) ve orta sertlikte (97 mg/L CaCOs;) iken (Ustaoglu vd., 2017), Turnasuyu Cay1 alkali
karakterde (ort. pH 8,60) olduk¢a yumusak (44,77 mg/L CaCO3) su 6zelligine sahiptir (Ustaoglu vd.,
2020a).

Calismamizda veri setini azaltarak ¢evresel degiskenleri siniflandirip su kalitesi tizerine muhtemel
cevresel baskilar tahmin etmek i¢in ¢ok degiskenli istatistiksel analizlerden biri olan temel bilegenler
analizi (PCA/TBA) yapilmis ve yeni faktorler olusturulmustur. Temel bilesenler analizi, ¢aligma
alanindaki baslica potansiyel kirlilik kaynaklarini ayirt etmek ve dogrulamak i¢in kullanilmakta ve
pollutantlar gruplandirilmaktadir (Tablo 4). Bu analiz gézlemlenemeyen gizli kirlilik kaynaklarinin
tanimlanabilmesine imkan saglar (Su vd., 2011). Faktor yikleri ise 0,30-0,50 zayif, 0,50-0,75 orta
(1liml1), >0,75 kuvvetli bir iliski oldugunu gosterir (Wang vd., 2013). Verilerimizin analizi sonucunda,
toplam varyansin % 77,28’ini agiklayan 6zdegeri 1’den biiylik dort faktdr olusmustur. Bu faktorlerin
varyanslart sirasiyla ~% 28, % 23, % 16 ve % 12°dir. Birinci faktor ile ikinci faktoriin, {i¢iincii faktor
ile dordiincli faktoriin % varyans degerleri birbirine yakindir. Genel olarak, dort faktérden birinin
digerine baskin olmadig tespit edilmistir. Toplam varyansin en yiliksek degerini alan birinci faktorde
NHs-N, NH;-N, tiirbidite, Fe, Cl, ve TP parametrelerinin hepsi kuvvetli pozitif ylik olusturmustur
(Tablo 4). Niitrient parametrelerini i¢eren birinci faktoriin, ¢ogunlukla kimyasal giibrelerden kaynakli
tarrmsal kirlilik etmenlerini temsil ettigi sonucuna varilmustir. Ikinci faktérde TH, Ca ve Mg kuvvetli
pozitif yiik, NOs-N, EC ve TDS orta (1limli) pozitif yiik olusturmustur. Bu parametrelere gore ikinci
faktor ¢ogunlukla havzanin jeolojik yapisindan kaynakli noktasal olmayan inorganik kirliligi temsil
eder. Uciincii faktdrde sicaklik kuvvetli pozitif, ¢dziinmiis oksijen kuvvetli negatif, oksijen
doygunlugu ise orta siddette pozitif yiikliidiir. Bu faktore gore Elek¢i Deresi lizerinde klimatolojik
faktorlerin etkili oldugu soylenebilir. Dordiincii faktorii olusturan kl-a orta siddette negatif yiiklii,
NO,-N ve SO, ise orta siddette pozitif yiikliidiir. Bu faktdre gore Elek¢i Deresi su kalitesi lizerinde
evsel atiksularin, tarim arazilerinden gelen yiizeysel akis, erozyon ve drenaj sularinin etkili oldugunu
sOyleyebiliriz.

Birinci faktor icinde yer alan ve kuvvetli pozitif yiik olusturan azotlu ve fosforlu niitrient
parametrelerinin Elek¢i Deresi’nde tarimsal ve evsel kaynakli atiklarin akarsuyun su kalitesi tizerinde
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biiyiik etkisinin oldugunu gostermektedir. Bolgede bu pollutantlar daha ¢ok yayili kaynaklardan
gelmektedir. Turnasuyu Cayi’nda da bu niitrient parametreleri birinci faktor iginde yer almugtir
(Ustaoglu vd., 2020a). Calisma alanimizdaki bu inorganik besi elementlerinin konsantrasyonu
bolgedeki diger akarsulardan ¢ok yiiksek degerlerde &lgiilmemistir. Ornegin Giresun ilinde Batlama
Cay1 (0,019-0,689 mg/L) ve Pazarsuyu Deresi’nde (0,02-0,52 mg/L) TP degerlerinin calisma
alanimizdan daha yiiksek konsantrasyonlarda oldugu bildirilmistir. Bu akarsularda azotlu bilesikler de
yiiksektir; NO3s-N degeri Pazarsuyu Deresi’nde 0,23 ila 2,96 mg/L araliginda 6l¢iilmiis, ortalama deger
ise 1,17 mg/L’dir (Tepe ve Aydin, 2017; Ustaoglu ve Tepe, 2019).

Faktor analizi kullanilarak su kalitesinin degerlendirildigi bir baska calismada, Marmara
Bolgesi’ndeki Mustafakemalpasa Cayi’nin su kalitesi lizerine madencilik faaliyetleri ile havzanin
jeolojik yapisinin etkili oldugu goriilmiistiir (Dalkiran vd., 2020). Bu akarsuyun havzasi
incelendiginde, maden kaynaklar1 yoOniinden zengin ve i¢inde maden isletmelerinin oldugu
goriilmektedir. Dolayisiyla birinci ve ikinci faktérlerde madenlerle ilgili metaller kuvvetli faktor yiikii
olusturmustur.

Calisma alanimizda Elek¢i Deresi havzasi icinde daha ¢ok tarim yapildigi ve akarsu yerlesim
yerlerinin merkezinden gectigi icin, c¢ikan faktor yiikleri kirletici kaynaklari net sekilde
gostermektedir. Ancak ilerleyen siirecte bu kirlilik yiikleri degisebilir. Ozellikle Elek¢i Deresi’nin alt
havzasi iginde faaliyete gegen altin madeni igletmesinin akarsu lizerine etkisi izlenmesi gereken ¢ok
onemli bir lokalitedir. Bu isletmeden kaynakli herhangi bir sizint1 sadece su kalitesini degil sucul
biyotay1 ve halk sagligini da olumsuz etkileyecektir.

Cevresel parametrelerin veri setine kiimeleme (cluster) analizi uygulanmig ve mevsimlerin iki
kiimede toplandig1 gorliinmistiir (Sekil 2). Yaz ve sonbahar verileri % 92 benzerlik seviyesinde bir
kiimeyi, ilkbahar ve kis verileri % 88 benzerlik seviyesinde ikinci kiimeyi olusturmustur. Benzerlik
orant en az olan (% 79) mevsimler ise ilkbahar ve sonbahardir. Iliman iklim ozelligi gosteren
Karadeniz Bolgesi’nin sahil kusaginda son yillarda yaz sezonu sonbahar ortalarina kadar devam
etmekte, kis sezonu da ilkbaharda kendini hissettirmektedir. Bu iklimsel faktorler cluster analizinde
kendini gosterirken ayni zamanda temel bilesenler analizinde de 3. faktdr i¢inde su sicakligr kuvvetli
pozitif yiik tasiyarak su kalitesi {izerinde etkili oldugunu gostermistir. Dolayisiyla Elek¢i Deresi su
kalitesi lizerinde tarimsal, evsel ve klimatolojik faktorlerin etkli oldugunu soyleyebiliriz.
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Tablo 3. Elek¢i Deresi gevresel parametrelerinin korelasyon matrisi
TDS Sic. EC pH CO O,(%) Turb. NOsN NOsN SO, Fe NH; NH, TH Ca Mg Cl, P AKM  Kla
DS 1
Sic. 4127 1
EC 996" 408" 1
pH  -057 -017 -075 1
CcO -,014 688" -,009 -,057 1
0,(%) 427" 795 4257 -084  -159 1
Turh. ,043 -194 054 154 -029  -406" 1
NO-N 172 144 ,200 174 -102 138 -2719 1
NOs-N 178 -089 187 -038 005 -205  -292 231 1
SO, 6737 272 684" 068 -,221 ,167 -,225 5577 281 1
Fe -374  -157  -364 415" -052  -401 948" -315 -358 -255 1
NH;  -,259 -,305 -,240 ,251 ,109 -508"  ,818™ 008 -340  -,058 7987 1
NH, -255  -303 -,236 ,250 ,108 -506" 817" 009 -339  -,056 7977 1,000 1
TH 639”234 6487 222 -210 017 -063 389 507" 454" -216 023 ,028 1
Ca ,590” 180 5997 -199 -, 144 ,012 -,033 ,368 460" ,373 -,186 ,035 ,040 9757 1
Mg 5587 280 565"  -311  -301 -016  -068 226 503" 460"  -184 016 ,019 7907 8407 1
Cl, -,221 111 -,215 422" -103 -,324 8017 109 -286  -,176 789" 578" 579"  -031 ,061 -,241 1
TP -032  -055 -014 -074 -08  -331 624" 054 ,041 ,055 545" 679" 681" 370 421" 169 4417 1
AKM  -083  -275  -091  -102 267 -216 148 ,070 -029 -136 079 ,120 121 117 231 -203 393 278 1
Kla -208 -132  -228 019 -138 324 360 -272 -191  -249 184 ,205 ,201 -195  -209  -076  ,058 -002 204 1

* Korelasyon 0,05 diizeyinde anlamli, ** Korelasyon 0,01 diizeyinde anlamli
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Tablo 4. Dondiiriilmiis faktor matriksi sonuglar
1. Faktor 2. Faktor 3. Faktor 4. Faktor

NH, 0,930 -0,010 -0,199 0,018
NH; 0,929 -0,014 -0,201 0,015
Tiirbidite 0,919 -0,052 0,005 -0,327
Fe 0,893 -0,229 -0,004 -0,224
Cl, 0,789 -0,142 0,044 -0,059
TP 0,753 0,332 -0,070 0,039
TH 0,078 0,922 0,110 0,226
Mg -0,018 0,861 0,161 0,006
Ca 0,117 0,856 0,069 0,251
NOs-N -0,347 0,688 -0,313 -0,062
EC -0,168 0,595 0,468 0,418
TDS -0,184 0,589 0,478 0,393
Sicakhk -0,126 0,122 0,941 0,066
DO -0,080 -0,212 -0,812 0,239
0, (%) -0,409 -0,171 0,723 0,359
Kl-a 0,145 -0,010 0,018 -0,718
NO,-N -0,032 0,269 -0,028 0,641
SO, -0,041 0,478 0,228 0,583
Ozdeger 6,17 4,20 2,24 1,30

Varyans (%) 27,64 22,63 15,53 11,48
Kiimiilatif % 27,64 50,27 65,80 77,28

Suyun icilebilirliginin degerlendirilmesinde kullandigimiz su kalitesi indeksi (WQI), su kalitesi
verilerinin kamuya, politika yapicilara ve yoneticilere ¢ok daha basit bir sekilde sunulmasinda oldukca
etkilidir. Bu indeks, diinyanin gesitli iilkelerinde ve yurdumuzda su kalitesini degerlendirmek igin
yaygin olarak kullanilmaya baglamistir (Varol ve Davraz, 2015; La Mora-Orozco vd., 2017; Khalid,
2019; Kiikrer ve Mutlu, 2019; Omwene vd., 2019; Ustaoglu vd., 2020a). Elek¢i Deresi’nin WQI
degerleri mevsimsel olarak hafif dalgali bir seyir izlemistir (Sekil 3). Kis, ilkbahar, yaz ve sonbahar
mevsimlerinde WQI degeri sirasiyla 19,2, 18,3, 19,96 ve 22,16 olarak hesaplanmistir. Ortalama WQI
degeri 19,86°dir. Elde edilen WQI degerine gore Elekgi Deresi tim mevsimlerde “miikemmel” su
kalitesi 6zelligi tasimaktadir (Yadav vd., 2010).
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Sekil 3. Su kalitesi indeksinin mevsimsel degisimi

Biyolojik parametreler

Lentik sistemlerin trofik durumlart trofik indeksler veya indikatdr parametreler kullanilarak
smiflandirilirken, lotik sistemelere bdyle bir trofik smiflandirma yapilmadigim goriiyoruz. Genelde
akarsular oligotrofik veya 6trofik olarak siniflandirilir (Kelly ve Whitton, 1995). Trofik durumun
belirlenmesinde indikatér biyolojik parametrelerden klorofil-a (kl-a) pigmenti biitiin alglerde
bulundugu igin, sucul ekosistemin alg yogunlugu hakkinda bilgi verir (Tas vd., 2011). Dolayisiyla,
sestonik kl-a konsantrasyonu primer iretimin indikatoriidiir. Dodds vd. (1998), siispanse kl-a
degerinin <10 pg/L. oldugu akarsularin trofik durumunu “oligotrofik” olarak tanimlar. Elekei
Deresi'nde yillik ortalama kl-a konsantrasyonu 0,008 ng/L’dir. Olgiilen bu deger akarsuyun
verimliliginin oldukg¢a diisiik oldugunu gostermektedir. Calisma alaninda Olgiilen en yiliksek kl-a
degeri ilkbahar ortasinda asag1 havzada kaydedilmistir (0,0292 pg/L). Kl-a disinda diger fotosentetik
pigmentlerden Kkl-b ve kl-c maksimum derisimleri de yine ilkbahar ortasinda asagi havzada
kaydedilmistir (0,0196 pg/L, kl-b; 0,0428 pg/L, kl-¢). Kl-a degeri Elek¢i Deresi’nde 6trofikasyon
riskinin olmadigini gostermektedir (YSKY, 2012).
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Sestonik kl-a biiyiik ve yavas hareket eden akarsularda 6zellikle alt havzalarda yiiksek derisimlerde
kaydedilirken yukari1 havzalarda daha diisiik derisimlerde Ol¢iiliir. Ciinkli alt havzada fitoplankton
cogalma firsat1 yakalar. Ancak hem egimin fazla oldugu hem de diizensiz rejimli olan Karadeniz
Bolgesi akarsular1 yagish sezonlarda oldukga hizli akar. Bu nedenle 6zellikle yukar1 havzalarda
fotosentetik pigment konsantrasyonu az kaydedilir. Ordu ilinde 43 akarsuda yapilan pigment
analizinde siispanse kl-a konsantrasyonu 0,051 ila 3,86 pg/L araliginda Sl¢tilmistiir (Tas vd., 2011).
Ilin en biiyiik akarsuyu Melet Irmagi’nda kl-a derisimi 3,78 pg/L (Ustaoglu vd., 2017), Turnasuyu
Cayi’nda 0,488 pg/L olarak olciilmistiir (Tas vd., 2019). Bu verilere gore, bolge akarsulan ile
karsilastirildiginda Elek¢i Deresi’nin planktonik primer iiretiminin daha az oldugu sdylenebilir.

Biyolojik parametrelerden sucul ekosistemin primer irecileri olan alglere bakildiginda; Elekgi
Deresi epilitik alg komiinitesinde 5 farkli filuma ait 105 takson tespit edilmistir. Diyatomeler
(Bacillariophyta) tanimlanan 93 takson ile dominant alg grubudur. Bunun disinda epilitik florada
klorofitlerden 5, karofitlerden 4, siyanobakterilerden 2 ve Oglenoidlerden 1 takson tanimlanmistir
(Yilmaz ve Tas, 2013; Yilmaz ve Tas, 2016). Tablo 5’te Elekc¢i Deresi’nde epilitik florada kaydedilen
diyatome taksonlar1 listelenmistir.

Tablo 5. Elekgi Deresi epilitik diyatome komiinitesindeki taksonlarin listesi

Navicula atomus var. permitis (Hustedt)

1 Achnanthidium minutissimum (Kiitzing) Czarnecki 48 Lange-Bertalot

2 Amphora ovalis (Kiitzing) Kiitzing 49 Navicula capitoradiata Germain

3 Caloneis silicula (Ehrenberg) Cleve 50 Navicula cincta (Ehrenberg) Ralfs

4 Cocconeis pediculus Ehrenberg 51 Navicula cryptocephala Kiitzing

5 Cocconeis placentula var. euglypta 52 Navicula cuspidata (Kiitzing) Kiitzing
6 Cyclotella kuetzingiana Thwaites 53 Navicula gregaria Donkin

7  Cymatopleura elliptica (Brébisson) W.Smith 54 Navicula hungarica Grunow

8 Cymatopleura solea (Brébisson) W.Smith 55 Navicula lanceolata (C.Agardh) Kiitzing
9 Cymatopleura solea var. apiculata (W.Smith) Ralfs 56 Navicula lenzii Krasske

10 Cymbella affinis 57 Navicula menisculus Schumann

11 Cymbella caespitosa 58 Navicula minima Grunow

12 Cymbella cistula 59 Navicula protracta (Grunow) Cleve

13 Cymbella cistula var. maculata 60 Navicula radiosa Kiitzing

14 Cymbella cymbiformis 61 Navicula resecta J.R.Carter

15 Cymbella cymbiformis var. nonpunctata 62 Navicula salinarum Grunow

16 Cymbella helvetica 63 Navicula similis Krasske

17 Cymbella minuta var. semicircularis (Lagerstedt) Foged 64 Navicula slesvicensis Grunow

18 Cymbella silesiaca Bleisch 65 g‘;\gﬁ L\J/I?ntcr;ﬁ?nctata (O.F Miller) Bory de
19 Cymbella sinuata W.Gregory 66 Navicula trivialis Lange-Bertalot

20 Cymbella tumida (Brébisson) van Heurck 67 Navicula tuscula (Ehrenberg) Grunow
21 Diatoma hiemalis var. quadratum (Kiitzing) R.Ross 68 Neidium globiceps (Cleve-Euler) Cleve-Euler
22 Diatoma mesodon (Ehrenberg) Kiitzing 69 Nitzschia acicularis (Kiitzing) W.Smith
23 Diatoma moniliforme (Kiitzing) D.M.Williams 70 Nitzschia bacillum Hustedt

24 Diatoma vulgaris Bory 71 Nitzschia clausii Hantzsch

25 Didymosphenia geminata (Lyngbye) M.Schmidt 72 Nitzschia constricta (Kiitzing) Ralfs

26 Diploneis elliptica (Kiitzing) Cleve 73 Nitzschia fonticola (Grunow) Grunow
27 Encyonema minutum (Hilse) D.G.Mann 74 Nitzschia frustulum (Kiitzing) Grunow
28 Encyonema prostratum (Berkeley) Kiitzing 75 Nitzschia gracilis Hantzsch

29 Epithemia turgida (Ehrenberg) Kiitzing 76 Nitzschia lorenziana Grunow

30 Eunotia acus Metzeltin & Lange-Bertalot 77 Nitzschia microcephala Grunow

31 Eunotia implicata Norpel, Lange-Bertalot & Alles 78 Nitzschia palea (Kiitzing) W.Smith
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32 Fragilaria vaucheriae (Kiitzing) J.B.Petersen 79 Nitzschia paleacea (Grunow) Grunow

33 Gomphonema angustum C.Agardh 80 Nitzschia sigma (Kiitzing) W.Smith

34 Gomphonema apicatum Ehrenberg 81 Nitzschia sigmoidea (Nitzsch) W.Smith

35 Gomphonema augur Ehrenberg 82 Pinnularia borealis Ehrenberg

36 Gomphonema clavatum Ehrenberg 83 Pinnularia brebissonii (Kiitzing) Rabenhorst
37 Gomphonema minutum (C.Agardh) C.Agardh 84 Pinnularia rupestris Hantzsch

Planothidium lanceolatum (Brébisson ex
Kiitzing) Lange-Bertalot
Rhoicosphenia abbreviata (C.Agardh) Lange-

38 Gomphonema olivaceum var. olivaceoides (Hustedt) Lange-Bertalot 85

39 Gomphonema parvulum (Kiitzing) Kiitzing 86 Bertalot
40 Gomphonema truncatum Ehrenberg 87 Surirella amphioxys W.Smith
41 Gyrosigma acuminatum (Kiitzing) Rabenhorst 88 Surirella angusta Kiitzing

Surirella brebissonii var. kuetzingii Krammer

42 Gyrosigma attenuatum (Kiitzing) Rabenhorst 89 & Lange-Bertalot

43 Gyrosigma parkeri (M.B.Harrison) Boyer 90 Surirella minuta Brébisson

44 Hannaea arcus (Ehrenberg) R.M.Patrick 91 Surirella tenera var. nervosa A.Schmidt
45 Hantzschia amphioxys (Ehrenberg) Grunow 92 Ulnaria biceps (Kiitzing) Compére

46 Melosira varians C.Agardh 93 Ulnaria ulna (Nitzsch) Compére

47 Meridion circulare (Greville) C.Agardh

Bentik alglerden 93 diyatome tiirii 10 farkli takim i¢inde yer almaktadir. Takimlarin siralamasi en
fazla takson igerenden aza dogru; Naviculales (29 takson) > Cymbellales (23 takson) > Bacillariales
(14 takson) > Fragilariales (9 takson) > Surirellales (8 takson) > Achnanthales (4 takson) > Eunotiales
(2 takson) > Thalassiophysales (2 takson) > Melosirales (1 takson) > Rhopalodiales (1 takson)
seklindedir. Tiir sayisi agisindan en zengin gruba 20 takson ile Naviculales ordosundan Navicula
sahiptir. Bundan sonra, Nitzschia 13, Cymbella 11, Gomphonema 8 ve Surirella 5 tiir ile en ¢ok tiir
iceren taksonlardir. Tiirkiye tatlisu algleri icinde 631 tane diyatome tiirii kaydedilmistir (Solak vd.,
2012). Yapilan arastirmalarda en yaygin ve bol olarak kaydedilen diyatomelerin Navicula, Nitzschia,
Surirella ve Cymbella cinslerine ait oldugu bildirilmistir. Karadeniz Bolgesi’nin sahil akarsularinda
yapilan bentik alg cesitliligi calismalarinda diyatomeler dominant alg grubudur (Tas vd., 2019), ancak
cok zengin bir gesitlilik s6z konusu degildir (Sahin, 2003; Tas ve Yilmaz, 2015; Marashoglu vd.,
2017; Temizel vd., 2017).

Elek¢i Deresi’'nde epilitik diyatome florasinda nispi bolluk hesaplamalari sonucunda 7 tiiriin
baskin oldugu belirlenmistir. Tiim istasyonlardaki ortalama nispi bolluk sonuglarina gore, Cocconeis
placentula var. euglypta epilitik florada hakim takson olarak belirlenmistir (% 13). Bu tiirii sirasiyla;
Navicula tripunctata (%10), Gomphonema truncatum (% 7), N. lanceolata (% 7), N. salinarum (% 7),
C. pediculus (% 6) ve N. menisculus (% 6) izlemistir. C. pediculus ve C. placentula var. euglypta
ozellikle sicaklik ile pozitif iliski gostermistir. G. truncatum serbest klor ve turbidite ile yiiksek pozitif
korelasyona sahiptir. N. mensiculus ise nitrit ile pozitif iligkilidir.

C. placentula tiiriiniin nispeten organik olarak az kirlenmis sularda yaygin oldugu ve yiiksek
elektriksel iletkenlige toleransli oldugu belirtilmistir (Tuchman ve Blinn, 1979). Bu tiir organik
kirlilige hassas olarak siniflandirilirken (Lange- Bertalot, 1979; Szczepocka ve Szulc, 2009), diisiik ila
orta derecede kirlilige toleransli oldugu (Kelly vd., 2001; Bere, 2016) ve ileri derecede 6trofik sularda
da iyi gelistigi bildirilmistir (Kwandrans vd., 1998). C. placentula var. euglypta asagi havzaya dogru
kirlilikle beraber artis géstermis ve 3. istasyonda “devamli mevcut” tiir olarak kaydedilmistir. Ayni
cinsin farkl tiirii olan C. pediculus, yiiksek elektriksel iletkenlige sahip hafif tuzlu (acisu) sularda
yaygmdir (Cox, 1996). Elek¢i Deresi’nde kaydedilen elektriksel iletkenlik deger araligi 67,2-357
uS/cm’dir. Asagr akis yoniinde kirlilikle dogru orantili olarak artis gosteren ve alt istasyonda “devamli
mevcut” tiirlerden biri olan G. truncatum yiiksek elektriksel iletkenlige sahip sularda sik¢a rastlanan
diger bir yaygin taksondur. Fakat bu tiirlin B-mezosaprobikten daha kotii sartlarda gozlenmedigi
bildirilmistir (Cox, 1996). Navicula tatli sularda en yaygin bulunan cinstir. Calisma alanimizda N.
lanceolata, N. menisculus, N. salinarum ve N. tripunctata taksonlart da 3. istasyonda “devamli
mevcut” tirler i¢cinde yer almistir. N. salinarum 6zellikle sicakligin arttigi, su akiginin azaldigi yaz
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sonundan sonbahar ortalarina kadar belirgin bir artig géstermistir. Bu tiir mineral igerigi zengin sularda
yayilis gosteren kozmopolit bir tirdiir (Krammer ve Lange-Bertalot, 1986). Nather Khan (1990)
Navicula tiirlerinin fakiiltatif veya kayitsiz tiirler iginde yer aldigini, hem organik madde bakimindan
zengin hem de organik madde bakimindan fakir ortamlarda yaygm ve bol olarak bulunabilecegini
bildirmistir.

Elek¢i Deresi’nde iist istasyonda “bazen mevcut”, orta istasyonda ‘“ekseriya mevcut”, asagi
istasyonda ise “devamli mevcut” tiirlerden olan Cymbella affinis ve Achnanthidium minutissimum
taksonlarinin su kalitesinin smif I-II arasinda oldugu (az kirlenmis) sularda bulundugu yani organik
kirlilige hassas oldugu bildirilmistir (Nather Khan, 1990; Kelly, 1998; Kwandrans vd., 1998; Solak,
2011). A. minutissimum taksonunun baskinligi da asagi dogru artmig ve 3. istasyonda “devaml
mevcut” tlirler arasinda kaydedilmistir. Bu tiiriin atik sulara ve -a-mezosaprobik sartlara duyarli, ¢ok
sik rastlanan yaygin bir tiir oldugu, kalite sinifi bakimindan ise farkli ekolojik sartlara sahip sularda
gelisebildigi ve bulunabildigi bildirilmistir (Cox, 1996).

Asagi havzaya dogru orantisal bir artig gosteren ve dzellikle alt istasyonda baskin tiirler iginde yer
alan bir diger takson Ulnaria ulna organik kirlilige toleranshdir (Palmer, 1969), -a-mezosaprobik
zonlarda yaygindir (Watanabe vd., 1988) ve oligo-6trofentik trofik durumu gosterir (Van Dam vd.,
1994). Yine, arastirma alanimizda 6zellikle Agustos, Eyliil ve Ekim aylarinda baskin tiirler arasinda
yer alan Nitzschia palea kirlilikle dogru orantili bir bi¢imde artiy gbstermistir. Bu tiir ¢ok genis
yayllim gosteren kozmopolit bir taksondur (Cox, 1996). Organik kirliligin gostergesidir (Palmer,
1969), polisaprobik ve hiperdtrofentik kosullarin indikatorlerindendir (Van Dam vd., 1994). Kirlilige
toleransh indikator diyatom tiirlerinin asagi havzaya dogru bulunma sikligindaki artig alt havzalarda
kirliligin arttigin1 géstermektedir.

Shannon tiir ¢esitliligi indeksi, bir ornekte bulunan tiim tiirleri ve bu tiirlere ait bireylerin
dagilimlarin1 gosterir. Shannon indeks degeri 0—5 arasinda degismektedir. Bu indeks degeri, bir
komiinitede taksonlarin sayis1 ve dagilimi arttikca artar. Yani, indeks degerinin yiiksek olmasi tiir
cesitliliginin yiiksek, tiirlerin dagilimlarinin dengeli ve kirlilik diizeyinin daha az oldugunu ifade eder
(Shannon ve Weaver, 1949). Shannon indeks degerlerine gore sularin kirlilik diizeyi hakkinda yorum
yapilabilir. Shannon indeks degeri 0—1,0 araliginda kaydedildiginde sistemde ¢esitlilik diizeyi igin ¢ok
zayif, kirlilik diizeyi icin agir kirli yorumlamasi yapilirken, 3,0-4,5 aralifindaki gesitlilik indeksi ¢ok
iyi ¢esitlilik diizeyini ve ¢ok hafif kirlilik diizeyini belirtir (Wilhm ve Dorris, 1968). Pielou diizenlilik
indeksi ise, dominansinin tiirlere gore dagilimini gosteren bir indekstir, caligma alanindaki tiirlerin
birey sayilarina gore dagilimlarinin diizenliligini ve homojenligini belirlemek icin kullanilir. Her tiir
esit sayida birey ile temsil ediliyorsa bu indeks 1°e esit olur. Diizenlilik indeks degeri 0—1 arasinda
limitlidir. Degerin 1’e yaklagmasi dagilimin diizenli oldugunu géstermektedir (Pielou, 1960).

Elek¢i Deresi epilitik diyatomelerinin kantitatif analizleri sonucu hesaplanan Shannon gesitlilik
indeks degerleri iist havzada (1. istasyon) 0,95 (Haziran) ile 1,257 (Mart) arasinda degismistir (Tablo
6). Diizenlilik indeks degeri ise en yiiksek Mart ayinda (0,828), en diisilk Haziran ayimnda (0,698)
hesaplanmugtir. Orta havzada (2. istasyon) Shannon gesitlilik indeksi 1,428 (Ekim) ile 0,938 (Agustos)
arasinda degismistir. Diizenlilik indeksi en yiiksek Kasim ayinda (0,919), en diisiik Agustos ayinda
(0,671) hesaplanmistir. Alt havzada (3. istasyon) Shannon indeksi 1,438 (Ekim) ile 1,108 (Mart)
arasinda degismistir. Diizenlilik indeksi en yiiksek Temmuz ayinda (0,847), en diisiik Nisan ayinda
(0,737) hesaplanmistir. Tiim istasyonlardaki Shannon indeksi degerleri ile diizenlilik degerleri benzer
bir mevsimsel degisim gostermistir. Cesitlilik indeks degerleri 1’e yakin ve 1°den yiiksektir. Analiz
sonucuna gore FElek¢i Deresi’'nin ¢esitlilik diizeyi “zayif”, kirlilik diizeyi ise “orta” olarak
yorumlanabilir (Wilhm ve Dorris, 1968). Diizenlilik indeks degerleri ise 1’e yakindir. Bu sonug
tiirlerin dagiliminin diizenli oldugunu gostermektedir.

Tiir gesitliligi tiir zenginligi ve diizenliligi ile dogru orantilidir. Simpson c¢esitlilik indeksi, hem
zenginligi hem de diizenliligi dikkate alan bir ¢esitlilik 6l¢lsiidiir. Ortam ¢esitliligini gosterir, ortam
cesitliligi ile ters orantilidir ve dominansiyi ortaya ¢ikarir. Simpson ¢esitlilik indeksi 0—1 arasinda
limitlidir (Simpson, 1949). Simpson indeksinin sonug¢lart Shannon indeksi ile tutarlidir (Tablo 6).
Akarsuyun st havzasinda yiiksek indeks degerlerinin kaydedildigi Mart ve Agustos aylarinda C.
affinis, G. truncatum, N. lanceolata ve N. tripunctata dominant tiirlerdir. Orta havzada yiiksek
degerlerin hesaplandigi Ekim ve Kasim aylarindaki dominant taksonlar C. placentula var. euglypta,
Fragilaria vaucheriae ve N. tripunctata tiirleridir. Alt havzada ise Agustos, Eyliil ve Ekim aylarinda
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yiiksek indeks degeri hesaplanmistir. Bu aylarda epilitik diyatome komiinitesinde C. affinis, N.
menisculus, N. salinarum, N. palea ve U. ulna taksonlari baskin ve yaygin olarak bulunmustur.

Elek¢i Deresi’nin epilitik diyatome florasinda nispi bolluk hesaplamalarina gére 15 taksonun
baskinligr s6z konusudur: A. minutissimum, C. pediculus, C. placentula var. euglypta, C. affinis,
Encyonema minutum, G. parvulum, G. truncatum, Melosira varians, N. tripunctata, N. menisculus, N.
lanceolata, N. salinarum, N. palea, Surirella brebissonii var. kuetzingii, U. ulna. Genellikle yukar1
havzada trofik agirhig: diisiik taksonlarin, agsagi havzada ise trofik agirlign yiliksek olan taksonlarin
(Celekli vd., 2019) mevcudiyeti dikkat ¢cekmektedir.

Tablo 6. Epilitik diyatomelerin ¢esitlilik ve diizenlilik indeks degerleri

Aylar istasyon _ Shannon _ Pielou _ Simpson
Indeksi (H’) Indeksi (J°) Indeksi (1-D)
Aralik 2 1,22 0,79 0,91
3 1,91 0,81 0,92
1 1,11 0,77 0,87
Ocak 2 1,12 0,80 0,89
3 1,25 0,84 0,93
2 1,06 0,74 0,87
Subat 3 113 0.76 0.89
Mart 1 1,26 0,83 0,93
3 1,11 0,76 0,89
Nisan 2 1,25 0,82 0,93
3 1,11 0,74 0,89
Mayi1s 3 1,26 0,82 0,93
Haziran 1 0,95 0,69 0,80
3 1,30 0,81 0,94
Temmuz 3 1,29 0,85 0,94
1 1,15 0,77 0,89
Agustos 2 0,94 0,67 0,79
3 1,33 0,82 0,94
1 1,03 0,73 0,83
Eyliil 2 1,22 0,76 0,91
3 1,40 0,83 0,95
1 1,12 0,76 0,88
Ekim 2 1,43 0,84 0,95
3 1,44 0,84 0,95
Kasim 2 1,32 0,92 0,95
3 1,19 0,84 0,92

Diyatomelerin nispi bolluk dagilimlarina gore, arastirma lokaliteleri arasindaki benzerliklerin
belirlenmesi i¢in kiimeleme/cluster analizi yapilmistir. Analiz sonucunda, % 50’lik benzerlik
seviyesinde tek kiime olustugu goriilmiistiir (Sekil 4). Bir yillik arastirma boyunca aylik olarak yapilan
degerlendirmede en yiiksek benzerlik (% 75) Eyliil ve Ekim aylarinda 1. istasyonda kaydedilmistir. Bu
aylarda A. minutissimum, C. placentula var. euglypta, G. parvulum, N. tripunctata ve N. palea tiirleri
dominansi gosteren taksonlardir. Daha sonraki en yiiksek benzerlik 2. istasyonda % 74,65’lik
benzerlik seviyesinde Ocak ve Subat aylar1 arasinda goriilmektedir. G. parvulum, G. turncatum, N.
lanceolata ve N. tripunctata bu aylarda baskin ve yogunluklart benzer taksonlardir. Tim istasyonlar
arasinda yapilan bu analizde C. placentula var. euglypta dominant, N. tripunctata subdominant tiir
olarak kaydedilmistir.
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Sekil 4. Diyatome nispi bolluguna gore zamansal ve mekansal kiimelenmeyi gosteren dendrogram

Elekei Deresi’nde tespit edilen bentik alg tiirlerinin indikator 6zellikleri ve Palmer (1969)’1n kirlilik
indeksine gore akarsuyun ekolojik durumu degerlendirilmistir. Kirlilik indeksinde, y1l boyunca nispi
bolluklart % 50°nin {izerinde kaydedilen tiirler degerlendirmeye almmustir. Zamansal ve mekansal
incelemeler ve kirlilik indeksi sonuglar1 Elek¢i Deresi’nde organik kirlilik olmadigini gdstermistir.
Yukar1 ve orta havzalarda egimin ve akimin fazla olmasi taslik dere yataginda alglerin yikanmasina
neden olmaktadir. Akarsuyun alt havzasinda organik kirliligin gdstergesi olan taksonlar (6rnegin,
Achnanthidium, Cocconeis, Cymbella, Gomphonema, Navicula, Surirella, Oscillatoria ve Euglena
gibi) bircok ayda gozlenmesine ragmen, bu cinslere ait tiirler yil boyunca sayica baskin duruma
gecmemislerdir (Yilmaz ve Tas, 2013; Yilmaz ve Tas, 2016).

Dominant cinslere gore (Peerapornpisal vd., 2007) Elek¢i Deresi’nin su kalitesi ve trofik yapisi
degerlendirildiginde; genel olarak akarsuda iki basamaktan olusan bir trofik diizey tespit edilmistir:
mezotrofik (3.6-5.5) ve mezo-otrofik (5.6-7.5). Bu sonuglar akarsuyun su kalitesinin “orta” ve “orta
kirli” oldugunu gostermektedir (Peerapornpisal vd., 2007). Akarsuyun yukari istasyonlarinda
genellikle mezotrofik olarak belirlenen trofik durum, 6zellikle yaz sonlarinda (Agustos ve Eyliil)
yagisin ve debinin azalmasi, akarsu boyunca kirlilik baskisinin etkisiyle mezo-6trofik seviyeye
ilerlemistir. Trofik durumun belirlenmesinde; Cocconeis, Cymbella, Gomphonema, Navicula,
Nitzschia, Surirella ve Synedra taksonlar1 gosterge olmustur. Asagi istasyonda gosterge taksonlardan
Navicula, Gomphonema ve Surirella cinslerinin baskinligi 6zellikle kis aylarinda dikkat ¢ekmistir.
Yapilan degerlendirmeler neticesinde 3. istasyonda trofik seviyenin “mezo-6trofik”, su kalitesinin ise
“orta kirli” oldugu belirlenmistir. Genel olarak, Elek¢i Deresi su kalitesinin kaynaktan mansaba dogru
kirlendigi, trofik yapisinin da mezotrofik seviyeden mezo-6trofige dogru degistigi tespit edilmistir.
Elek¢i Deresi ile ayn1 bolgede Bolaman Cayr Havzasi icinde yer alan Ilica Deresi’nde yapilan
limnolojik arastirmada, dominant cinslere gore akarsuyun trofik seviyenin yukaridan asagiya dogru
mezotrofikten mezo-6trofik dogru degistigi bildirilmistir (Tas ve Cetin, 2016). Ilica Deresi’ndeki
trofik durum ve su kalitesi, 6zellikle yaz aylarindaki trofik seviyenin ylikselmesi caligma alanimizla
benzerlik gostermektedir. Yine, Elek¢i Deresi ile ayni alt havza iginde yer alan Turnasuyu Cayi (Tas
vd., 2019; Ustaoglu vd., 2020a), Akcaova Deresi (Tas vd., 2017) ve Melet Irmag1 (Ozoktay ve Tas,
2013; Tas ve Kurt, 2014; Tas vd., 2015; Ustaoglu vd., 2017) gibi akarsularin mansap istasyonlarinin
yukar1 havzalardan taginan noktasal ve/veya yayili kaynaklardan gelen cesitli kirlilik faktorleri
nedeniyle trofik seviyenin iist havzalardan daha yiiksek oldugu, su kalitesinin ise ¢ok temiz su
ozelliligi tasimadigr bildirilmektedir. Bati Karadeniz Bolgesi’nde Zerveli Deresi’nde de kaynaktan
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uzaklastik¢ca su kalitesinin diistiigli ve WQI degerinin mitkemmel ile ¢ok zayif arasinda degistigi
bildirilmistir (Mutlu, 2019). Karadeniz Bolgesi’ndeki akarsularin ¢gogunun tasidigi bu kirlilik yiikiiniin
Karadeniz’e desarji, 6trofik olan Giiney Karadeniz kiyilarinin trofik seviyesinin daha da yilikselmesine
neden olacaktir. Nitekim Karadeniz akarsularinda yapilan ¢aligmalarda, denize desarj bolgelerindeki
sularin fosfor iceriginin yiiksek oldugu ve otrofikasyonun anahtar elementlerinden olan fosfor
parametresi bakimindan su kalite siniflarinin sinif II ila smif IV arasinda degistigi bildirilmektedir
(Tas ve Koloren, 2017; Mutlu ve Verep, 2018). Ayn1 zamanda, akarsularin tasidigi agir metal kirliligi
de hem Karadeniz sular1 hem de insan sagligi acisindan bir risk olusturmaktadir. Karadeniz Bolgesi
akarsularinin farkli metaller bakimindan farkli yiikler tasidigi, Ordu’daki Akcaova ve Calislar
derelerinde mevcut agir metal kirliliginin az oldugu, zenginlestirme faktdriiniin ise orta derecede
oldugu bildirilmektedir (Ustaoglu ve Islam, 2020; Ustaoglu vd., 2020b).

SONUC ve ONERILER

Elekei Deresi’nde bir hidrolojik y1l boyunca yapilan arastirmada, fizikokimyasal analiz sonuglarina
gore su kalitesinin serbest klor hari¢ genel olarak “iyi” su durumuna sahip oldugu (sinif I-II) yani “az
kirlenmis su” oldugu tespit edilmistir. Su kalitesinin siniflandirilmasinda sinif II degerini gosteren
parametrelerden ammonyum azotu ve toplam fosforun bdlgedeki findik {iretiminin yapildigi tarim
alanlarinda yaygin olarak kullanilan giibrelerden kaynaklandigi disiiniilmektedir. Nitekim faktor
analizinde birinci faktérde yiiksek korelasyon degerlerini gosteren niitrient parametreleri tarimsal
orijinlidir. Noktasal ve/veya yayili kaynaklardan gelen bu antropojenik faktdrler suyun hem trofik
seviyesini yiikseltmekte hem de su kalitesini olumsuz yonde etkilemektedir. Faktor analizinde diger
bilesenlerin jeolojik yapidan ve klimatik faktorlerden olustugu gorilmiistiir. Bu durum subtropikal
kusakta yer alan akarsulardaki cevresel faktorlerle benzerlik gdstermektedir. Su sicaklig ile epilitik
algler arasinda dogrusal yonde yiiksek korelasyon tespit edilmistir. Yine, hidrolojik faktorlere bagl
olarak debinin azaldig1 sezonlarda bentik diyatomelerin g¢esitliliginde ve yogunlugunda artislar
kaydedilmistir. Shannon indeksi sonuglarina gore Elekc¢i Deresi “zayif” diizeyde gesitlilik gosterirken,
kirlilik diizeyi “orta”dir. WQI sonuglarina gore ise Elek¢i Deresi’nin su kalite o6zelligi
“mitkemmel”dir.

Akarsuda akis boyunca yukaridan asagiya dogru antropojenik faaliyetlerden kaynakli, ozellikle
evsel ve tarimsal kirlenme baskisi indikator tiirlerle de tespit edilmistir. Kirlilik faktorleri suyun
fiziksel, kimyasal ve biyolojik 6zelliklerinin zamansal ve mekansal olarak degismesine yol agmis, yaz
aylarinda yagislarin ve su debisinin azalmasiyla organik kirlilige toleransh tiirlerin cesitliliginde ve
yogunlugunda artiglar kaydedilmistir. Ancak, asir1 baskinlik s6z konusu degildir. Biyolojik
parametrelere gore akarsu degerlendirildiginde; fotosentetik pigment konsantrasyonunun akarsuda
otrofikasyon riski olugturmayacagini ve “oligotrofik” oldugunu gdstermistir. Baskin ve yaygin olarak
tespit edilen diyatomeler genelde kirlilige karsi hassas tiirlerdir. Cogunlugu akarsularda kozmopolit
olan taksonlardir. Dominant taksonlar trofik seviyenin “mezotrofik” ile “mezo-6trofik”, su kalitesinin
ise “orta” ile “orta kirli”” oldugunu gostermistir.

Sonug olarak, 1liman ve yagish iklime sahip Ordu-Giresun Alt Havzasi’ndaki akarsular iklimsel
baskilardan daha ¢ok antropojenik baskiya maruz kalmaktadir. Bolgede birinci gevresel sorun evsel
kat1 atiklar, ikinci sorun su kirliligidir. Asag1 havzalardaki dolayisiyla Karadeniz lizerindeki karasal
orijinli kirlilik baskisini azaltmak i¢in su havzalarinda gerekli tedbirler alinmalidir. Havza bazinda
koruma statiisiiniin uygulanmasi ve izleme caligsmalariyla temiz tatlisu havzalari1 korunabilir. Tarimsal
faaliyetlerde kullanilan ve toprakta biriken giibre ve pestisitlerin, yiizey akislar1 ile akarsuya dogrudan
karigmasini onlemek amaciyla akarsu ve tarim arazileri arasinda 5-10 m’lik dogal koruma zonlari
olusturulmali ve su bitkilerince zenginlestirilmelidir. Riparian alanlarin fonksiyonlar1 dikkate alinarak,
ozellikle asag1 havzalarda hidrofitler kontrollii olarak korunmalidir. Akarsuya yakin konumda bulunan
tesislerde aritma sistemleri aktif ¢aligmali, evsel atiklarin dereye desarj1 dnlenmelidir. Niifusun artmasi
ve kisi bagina diisen tatlisu miktarinin her gecen giin azaldigi giinlimiizde, Tiirkiye’nin kuzeyinde yer
alan Karadeniz Bolgesi’ndeki akarsu havzalar1 korunarak degerlendirilmelidir.

Tesekkiir: Bu arastirma Ordu Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi
tarafindan TF-1202 nolu proje ile desteklenmistir.
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Abstract

The Monogenean parasite, Dactylogyrus sp., is being considered as one of the most dangerous pathogens in freshwater
fish with a high infestation in common carp (Cyprinus carpio). The treatment of parasites including Monogeneans is an
important part of fish health maintenance in the overall cycle of aquaculture. Novel applications of natural plant products to
eradicate the parasites have taken high attention in aquaculture since they are reported to have less adverse impacts on the
environment and fish in comparison to other chemical treatments. In the present study, in vitro antiparasitic effects of the
ginger (Zingiber officinale) bulb and pomegranate (Punica granatum) peel against Dactylogyrus sp. were investigated by
using in vitro tests. Individuals of the parasite were exposed to different concentrations of ginger (10, 50, 100, and 250
mg/ml) and pomegranate peel (50, 100, 250, and 500 mg/ml) for a specified period. In vitro cumulative mortality values
reached 100% in 5 minutes after exposure to ginger at the concentration of 250 mg/ml in 9 minutes after exposure to 100
mg/ml and 50 mg/ml. Cumulative mortality was 58% in 9 minutes after exposure to ginger at the concentration of 10 mg/ml.
In in vitro pomegranate tests, cumulative mortality values were assessed 100% in 3 minutes after exposure to pomegranate
peel at the concentration of 500 mg/ml and in 6 minutes after exposure to 250 mg/ml and 100 mg/ml. Cumulative mortality
was 66% in 6 minutes after exposure to pomegranate peel at the concentration of 50 mg/ml. In vitro results revealed that
ginger and pomegranate peel solutions had antiparasitic effects on Dactylogyrus sp. to some degree, depending on solution
concentration and exposure time. The efficacy of the ginger and pomegranate peel solutions against Monogeneans should be
confirmed in fish through in vivo tests.

Keywords: Antiparasitic activity, Dactylogyrus sp., ginger, pomegranate peel, Cyprinus carpio.

Zencefil (Zingiber officinale) ve Nar Kabugunun (Punica granatum) Monogenean Parazitlerden Dactylogyrus sp.’e
Kars1 Antiparazitik Aktivitesinin In vitro Olarak Belirlenmesi

Ozet

Monogenean parazitlerden Dactylogyrus sp., sazanlarda (Cyprinus carpio) yaygin olarak bulunan en tehlikeli
patojenlerden biri olarak kabul edilir. Genel olarak, Monogenean parazitlerin tedavisi, su triinleri yetistiriciliginde balik
sagliginin muhafazasi bakimindan 6nemli bir sorun teskil eder. Bitkisel iriinlerin paraziter hastaliklarda tedavi edici
uygulamalari su iriinleri yetistiriciliginde kimyasal tedavilere kiyasla ¢evre ve balik sagligi lizerinde daha az olumsuz etkiye
gOstermesi nedeniyle biiyiik ilgi gérmektedir. Bu ¢alismada zencefil (Zingiber officinale) ve nar kabugunun (Punica
granatum) Dactylogyrus sp.’e karsi antiparaziter etkileri incelenmistir. Dactylogyrus sp. parazitleri, farkli siirelerde, farkh
konsantrasyonlarda zencefil (10, 50, 100 ve 250 mg/ml) ve nar kabugu iceren solusyaonlara (50, 100, 250 ve 500 mg/ml)
maruz birakilmustir. In vitro testlerde kiimulatif mortalite degerleri, zencefilde 100 mg/ml ve 50 mg/ml'ye maruz birakildiktan
sonra 9 dakika icinde, 250 mg/ml konsantrasyonuna maruz birakildiktan sonra ise 5 dakika i¢inde % 100'e ulagmustir.
Kiimulatif mortalite orani, zencefilin 9 dakika siireyle 10 mg/ml konsantrasyonuna maruz birakilan Dactylogyrus sp. i¢in %
58 olarak bulunmustur. In vitro nar kabugu testlerinde, kiimulatif mortalite degerleri 500 mg /ml konsantrasyonuna maruz
kaldiktan sonra 3 dakika icinde ve 250 mg/ml ve 100 mg/ml'ye maruz birakildiktan 6 dakika i¢inde %100’e ulagmustir. Nar
kabugu solusyonuna 6 dakika siireyle 50 mg/ml konsantrasyonda maruz birakilan Dactylogyrus sp.de kiimulatif mortalite
oran1 % 66 olarak saptanmigtir. In vitro testlerle elde edilen sonuglar, zencefil ve nar kabugu ¢ozeltilerinin Dactylogyrus sp.’e
kars1 antiparazitik etkisinin zamana ve konsantrasyona bagli oldugunu gostermistir. Ancak, baliklarda zencefil ve nar kabugu
¢ozeltilerinin Monogenean parazitlere karsi antiparazitik etkisi in vivo testlerle desteklenmelidir.

Anahtar Kelimeler: Antiparazitik aktivite, Dactylogyrus sp., zencefil, nar kabugu, Cyprinus carpio.
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INTRODUCTION

Dactylogyrus with more than 900 species is one of the most dangerous sources of parasitic
infections of freshwater fish in aquaculture in the world which can cause high morbidity and mortality
in many species of freshwater fish. The parasite, Dactylogyrus sp., mainly exists on the gills (Jain,
1959) and inhabits the host causing gill hyperplasia, swelling, reduction in surface area for respiration,
and excess mucus production, the latter potentially affording the parasite some protection from
chemical treatments. There is extensive literature on the increase of occurrence and severeness of the
gill Dactylogyrus infestations of fish in recent years (Topi¢ et al., 2001; Kir and Ozan, 2007).
Aggressive compounds and conventional antiparasitics against Monogeneans such as Dactylogyrus sp.
are applied in aquaculture for removing the parasite from the gills. Formalin is one of the most
commonly used chemicals although their use has not been recommended because of their severe side
effects (Diggles et al., 1993; Pavanelli et al., 2002). Some other used chemicals against Monogeneans
are mebendazole, toltrazuril, praziquantel, and chelidonine (Schmahl and Mehlhorn, 1985; Schmahl et
al., 1988; Treves-Brown, 1999; Yao et al., 2011). The risks of chemical use for eliminating the
parasites include anthelmintic resistance, risk of residue, environmental contamination, and toxicity to
hosts. Thus, the undesired effects of these chemicals have highlighted the need for other novel
alternative control methods for protecting fish from parasitic pathogens (Goven et al., 1980; Klinger
and Floyd, 2002).

The use of medicinal plants to eradicate the parasites has been tested due to their advantages. Park
et al. (2011) and Hao et al. (2012) have mentioned that phytochemicals are a realizable alternative to
conventional synthetic pesticides or drugs due to their lower environmental toxicity. The use of
phytochemicals as anthelmintic drugs for fish health may help to support sustainable and
environmentally acceptable treatment applications. There are previous studies reviewing investigations
that have examined the antiparasitic effects of plants on fish parasites (Wink, 2012; Ramudu and
Dash, 2013; Reverter et al., 2014; Syahidah et al., 2015; Lieke et al., 2019). In recent years, many
researchers have focused on the use of herbal plants against parasitic species in aquaculture
(Chitmanat et al., 2005; Puk and Guz, 2014; Williams et al., 2016; Trasvina-Moreno et al., 2017;
Yildiz et al., 2019). The various parts of ginger and pomegranate are considered as medicinal plants
that can be applied to tackle aquaculture diseases. EI-Sayed and El-Saka (2015) have stated that Z.
officinale has significant anthelmintic activity against Toxocara canis, Angiostrongylus cantonensis,
Dirofilaria immitis, Hymenolepis nana, Schistosoma mansoni, Anisakis simplex both in vitro and in
vivo, and antiprotozoal activity against Giardia lamblia, Blastocystis, Trypanosoma brucei and
Toxoplasma gondii species. Efficacy of ginger solution against different parasites in fish was studied
using both oral and bath treatments (Abo-Esa, 2008; Khalil and Houseiny, 2013; Levy et al., 2015; Fu
et al., 2019). In comparison, less literature is observed on the use of pomegranate solution against
parasitic infections in fish. To our knowledge, the antiparasitic activity of ginger and pomegranate
solutions on the eradication of Dactylogyrus sp. was not investigated hitherto. Therefore, in this study,
we tested in vitro exposure of Dactylogyrus sp. to ginger and pomegranate solutions to evaluate their
antiparasitic potential.

MATERIALS and METHODS
Fish and parasites

Carp (Cyprinus carpio) were obtained from the aquaponic system (co-production of carp and mint
(Mentha spp)) in Ankara University, Department of Fisheries and Aquaculture. Scrapings from
heavily parasitized fish gills were examined under the microscope. The fish length and weight were
11.66 = 1.15 cm and weight 24.33 + 4.93 g, respectively. The fish stocking density in fiberglass fish
tanks (80x60x50 cm) was 35 kg/m®. The water in the tanks was at temperature 20-22 °C, dissolved
oxygen 5.50- 5.97 mg/L, and pH 6.97-7. Fish were fed with the commercial rainbow trout feed with
45% raw protein at 2% total body weight ratio.

The parasites on the gills were identified as Dactylogyrus (Malmberg, 1970; Bruno et al., 2006).
Parasite samples on the slides were counted under the microscope for in vitro parasite survival tests.

Fish management and experimental protocols (reference number of 2019-7-72) were approved by
the Ankara University, Ethics Committee. No fish were killed during the experiments.
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Solution preparation

The ginger (Z. officinale) and pomegranate (P. granatum) were obtained from the local market,
Ankara, Turkey. Ginger or pomegranate peel was well crushed and the stock solution of each was
prepared by diluting 10 gr of each in 20 ml distilled water. The stock solution was diluted with
distilled water to adjust the necessary concentration. The tested ginger concentrations were 10, 50, 100
& 250 mg/ml and pomegranate peel concentrations were 50, 100, 250 & 500 mg/ml.
In vitro assay

During the in vitro tests, ginger or pomegranate peel solution was tested by directly pouring on the
alive parasite on the slides. The movement and contraction of parasites were continuously observed
under the microscope. Ginger solution concentrations of 10, 50, 100 & 250 mg/ml and pomegranate
peel solution concentrations of 50, 100, 250 & 500 mg/ml were tested. The parasite behavior was
observed and recorded for 10 minutes. Three replicates, each containing 4 parasites, were used per
each concentration (Hutson et al., 2018).
Statistics

Statistical analysis was done by using one-way ANOVA. Differences were considered significant
atp <0.05.

RESULTS
In vitro parasite survival

In vitro survival of Dactylogyrus sp. varied by concentrations of ginger or pomegranate peel
solutions and exposure time (F (critical value 2.90) = 7.60) for ginger experiment and (F (critical value
2.68) = 6.72) for pomegranate experiment (p < 0.05). The cumulative mortality values of Dactylogyrus
sp. exposed to ginger and pomegranate peel solutions were shown in Figure 1 and Figure 2,
respectively.

Antiparasitic effects of ginger solutions on Dactylogyrus sp. were concentration and exposure time-
dependent. Cumulative mortality values reached 100% in 5 minutes after exposure to ginger solution
of 250 mg/ml, 100% in 9 minutes after exposure to 100 mg/ml and 50 mg/ml ginger solutions. After
exposure to a ginger solution of 10 mg/ml concentration for 9 minutes, cumulative mortality was
assessed by 58%.
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Figure 1. Cumulative mortality values of Dactylogyrus sp exposed to ginger (Z. officinale) solution at
concentrations (mg/mL) of 1-250; 11-100; 111-50; 1V-10). Control: no solution exposure.
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Antiparasitic effects of pomegranate peel solutions on Dactylogyrus sp. were also concentration
and exposure time-dependent (Figure 2). Cumulative mortality values reached 100% in 3 minutes after
exposure to pomegranate peel solution of 500 mg/ml, 100% in 6 minutes after exposure to 250 mg/ml,
and 100 mg/ml pomegranate peel solutions. Cumulative mortality was 66% in 6 minutes after
exposure to pomegranate peel at the concentration of 50 mg/ml.
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Figure 2. Cumulative mortality of Dactylogyrus sp. exposed to pomegranate (P. granatum) solution at
concentrations (mg/ml) of 1-500, 11-250, 111-100, 1\V-50. Control: no solution exposure.

The contact of Dactylogyrus sp. with the solutions of ginger or pomegranate peel resulted in these
in sequence: 1) increase in mobility of the parasite 2) stretching of the parasite 3) contraction of the
parasite and 4) shrinking to the smallest size before death (Figure 1).
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Figure 3. Parasite behavior after contact with the ginger (Z. officinale) (a) Dactylogyrus sp. before exposure
(alive); (b) Contraction of Dactylogyrus sp. after exposure to ginger solutions

DISCUSSION

Parasitic fish diseases constitute an important problem in aquaculture. It is noted that the
sustainability of the aquaculture industry may be compromised by parasitic fish diseases (Soler-
Jiménez et al., 2017; Soares et al., 2017a, b). With the development of aquaculture, the number of fish
infected by Monogenean parasites is being increased (Topi¢ et al., 2001; Kir and Ozan, 2007).
Currently, parasitic diseases observed in aquaculture production are generally treated with chemicals
such as formalin, acetic acid, potassium permanganate, praziquantel, etc. However, the use of such
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substances can lead to problems such as the development of resistant organisms, the accumulation of
chemical residues, and damage to the environment and eventually to human beings (Ling et al., 2015;
Hashimoto et al., 2016; Soares et al., 2016; Soares et al., 2017a, b). Therefore, the use of chemicals to
control fish diseases has been limited in many countries (Ling et al., 2015). Furthermore, it seems that
current antiparasitic treatments can be costly. Seeking environmentally friendly, cost-effective, and
effective medicines have brought up the use of plant-based substances in fish diseases (Yavuzcan
Yildiz and Bekcan, 2020).

In our study, in vitro anthelmintic activity of ginger (Z. officinale) bulb and pomegranate
(P.granatum) peel against the Monogenean parasite, Dactylogyrus sp., recovered from common carp
(Cyprinus carpio) were examined. The efficiency of ginger against some Monogeneans has been
studied, however, its potential use against Dactylogyrus sp. has not been studied before. In the case of
pomegranate peel, to our knowledge, no research has been done on its efficiency against Monogenean
infections in fish. Our study provides new knowledge on the lethal effects of pomegranate peel on
Dactylogyrus sp.

During the in vitro tests, ginger and pomegranate peel were observed to have a dose-dependent
antiparasitic effect against Dactylogyrus sp. The time and concentration-dependent activity of ginger
against the Dactylogyrus sp. (Monogenea) were similar to previous researches on ginger with different
parasite species by Trasvina Moreno et al. (2017) and Levy et al. (2015). In our tests with ginger or
pomegranate peel, the time to death of Dactylogyrus sp. were from 1 min to 9 min. In a similar study
of Levy et al. (2015) survival period of Gyrodactylus sp. (Monogenea) ranged between 1 min and 90
min following exposure to 200, 150, 100, and 75 ppt ginger concentrations. The differences in survival
time can be attributed to the differences in the resistance of parasite species against the various
antiparasitic compounds. There is no previous research on the anthelmintic effects of ginger on
Dactylogyrus sp, nevertheless, some other plant extracts have been screened to detect their potential
use against Dactylogyrus sp. In vitro tests conducted by Zoral et al. (2017) using Rosmarinus
officinalis against Dactylogyrus minutus (Monogenea) recovered from Cyprinus carpio showed that
the survival time ranged from 1 min to 71 min after exposure to the concentrations of 200, 150, and
100 g¢/l. The findings on the antiparasitic activity of ginger against Quadriacanthus sp. (Monogenea)
recovered from Clarias gariepinus (Khalil and El-Hosseiny 2013) and Neobenedenia sp.,
(Monogenean) (Trasvina Moreno et al. 2017) agree with our results. In the study of Trasvina Moreno
et al. (2017), the antiparasitic potential of water-ethanol extracts of garlic (Allium sativum), ginger
(Zingiber officinale), basil (Ocimum basilicum), bitter chaparro (Castela tortuosa), onion (Allium
cepa), and papaya (Carica papaya) against Neobenedenia sp. parasites were examined, reporting that
ginger solution had the most toxic effect on the parasites among the all herbal solutions tested. Thus, it
is revealed that the antiparasitic potential of ginger against Dactylogyrus is apparent.

The peel and seeds of pomegranate (P. granatum) have various therapeutic applications such as
antibacterial, antifungal, antioxidant, antitumor, antiviral, antimalarial, and antimutagenic effects
(Yones et al. 2016). Research has not been found in the literature on pomegranate peel efficiency
against Monogenean infections in fish. However, the antiparasitic activity of pomegranate extracts to
Schistosoma mansoni (Trematoda) has been studied by Fahmy et al. (2009). In their study, the
mortality value of the adult worms was observed to reach 100% after 24 h exposure for all tested
leaves and peels methanol extract at the concentrations of 100 pg/ml, 300 pg/ml and 500 pug/ml. At the
highest concentration of 500 pg/ml, 100% mortality occurred within 10-12 hours. The efficiency
depended on the duration of exposure and the concentration, which is in agreement with our test
results. The dose-dependent antiparasitic activity of pomegranate extracts against S.mansoni was
shown by the study of Yones et al. (2016) as well. Abdel-Hafezz (2016) researched rats infected by
Blastocystis spp. (Protozoan) and the feeding trials with P. granatum showed a decrease in the
intensity of parasites. In line with our study, they also stated that pomegranate peel can be used as an
alternative antiparasitic.

In terms of parasite behavior after contact with the test solutions, typically, Dactylogyrus sp. was
observed to increase mobility at first, then stretching, contraction, shrinking, and finally stop moving
Previous studies on the antiparasitic effect of ginger on different Monogeneans did not indicate an
increase in mobility after the parasite contact with the ginger solution. Unlike our observations, it was
recorded that relaxation of parasite at first, then contraction, slowing down, and eventually lack of
motion of parasite before death (Khalil and ElI-Hosseiny 2013; Levy et al., 2015; Trasvina Moreno et
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al., 2017). The research by Yones et al. (2016) on Trematoda indicated that applying pomegranate peel
solution resulted in the light contractions as soon as contact with the related test solution, then motility
reduction and paralysis before parasites death, which are similar to the observations in our study
concerning parasite response to test solutions. Besides in the study of Yones et al. (2016), the
pomegranate was stated as a promising candidate as a new antiparasitic agent.

CONCLUSION

Antiparasitic effects of ginger (Z. officinale) bulb and pomegranate (P. granatum) peel solutions on
Dactylogyrus sp. recovered from common carp (Cyprinus carpio) were tested in this study. These two
plant solutions showed dose and concentration-dependent antiparasitic activity and displayed to have a
promising alternative treatment potential against Monogenean infections of fish in aquaculture.
However, further evaluations should be done to understand the active constituents available in the
solutions eradicating parasites and the mechanism of actions associated with their efficiency in fish.
The ginger and pomegranate peel solutions need to be evaluated for their toxicity and side effects on
fish, showing the requirement of detailed in vivo studies.
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Abstract

In this study, the food composition of whiting, Merlangius merlangus, from the South-eastern coasts of the Black Sea
was seasonally investigated. With this aim, stomach contents of 762 specimens, the total length of 12.7-18.6 cm, and the
body weight of 17-56.5 g, collected between September 2016 and August 2017 were analyzed. It was determined that 75.7%
(577 stomachs) of the stomachs examined were empty. The percentage of empty stomachs didn’t show seasonal variation
with maximal occurrence in autumn (76.9%) and minimal in winter (74.5%). The prey items identified macroscopically in
the stomachs were horse mackerel, Trachurus mediterraneus, anchovy, Engraulis encrasicolus, whiting, Merlangius
merlangus, sprat, Sprattus sprattus, goby, Gobius sp. from fish species and Gastrapod from Mollusca. Horse mackerel was
the most important ingested prey (IR1%=43.2), followed by anchovy (IR1%=32.0) and whiting (IR1%=19.3). In the diet of
the whiting, the sprat and the goby were less important than other fish species. The most important food was horse mackerel
in the spring and summer seasons, while it was anchovy in the autumn and winter seasons. Cannibalism was the highest
(F%=25) in the spring period and followed by summer (F%=23.8), autumn (F%=21.6) and winter (F%=16.2), respectively. It
was determined that whiting consumed individuals of their species as food, up to 37.6% of their length and 11.2% of their
weight.

Keywords: South-eastern Black Sea, Whiting, Merlangius merlangus, Food composition, Cannibalism.
Karadeniz’in Giiney-dogu Kiyilarinda Mezgit Bahgimin, Merlangius merlangus Besin Kompozisyonu
Ozet

Bu c¢aligmada, Karadeniz'in giiney-dogu kiyilarindaki mezgit, Merlangius merlangus baliklarinin besinleri ve besleme
aliskanliklart mevsimsel olarak aragtirilmistir. Bu amagla, Eyliil 2016-Agustos 2017 arasinda avlanan ve boylar1 12,7-18,6
cm, agirliklart 17-56,5 g arasinda degisen 762 bireyin mide igerigi analiz edilmistir. Incelenen midelerin %75,7'sinin (577
mide) bos oldugu belirlenmistir. En fazla bog mideye sonbaharda (%76,9), en az bos mideye ise kis (%74,5) mevsiminde
rastlanmigtir. Mezgit baligi midelerinde makroskopik olarak yapilan incelemelerde besin olarak balik tiirlerinden istavrit,
Trachurus mediterraneus, hamsi, Engraulis encrasicolus, mezgit, Merlangius merlangus, ¢aca, Sprattus sprattus ve kaya
baligi, Gobius sp. ile mollusklardan Gastrapoda tespit edilmistir. En 6nemli besinin istavrit (%IR1=43,2) oldugu, onu hamsi
(%IRI=32,0) ve kendi tiiriiniin (mezgit) (%IRI=19,3) izledigi saptanmistir. Mezgit balig1 diyetinde ¢aca ve kaya baliginin
dnemi diger balik tiirlerine gore daha diisiik bulunmustur. ilkbahar ve yaz mevsimlerinde en énemli besin istavrit iken,
sonbahar ve kig mevsimlerinde hamsidir. Kanibalizm ilkbaharda en yiiksek (%F=25) iken, bunu sirasiyla yaz (%F=23,8),
sonbahar (%F=21,6) ve kis (%F=16,2) mevsimleri izlemistir. Mezgit baliklarmnin kendi tiiriine ait boylarmin %37,6'sina,
agirliklarinin %11,2'sine kadar olan bireyleri besin olarak tiikettikleri belirlenmistir.

Anahtar kelimeler: Giiney-dogu Karadeniz, Mezgit, Merlangius merlangus, Besin kompozisyonu, Kanibalizm

INTRODUCTION

Studies on feeding habits of marine fish, such as predator-prey relationships are useful to assess the
role of marine fish in the ecosystem (Bachok et al., 2004). However, data on food composition are
useful for developing trophic models as a tool for understanding the complexity of coastal ecosystems
(Lopez-Peralta and Arcila, 2002; Stergiou and Karpouzi, 2002). Diet analysis is also necessary for
exploring the trophic overlap within and between species and determining the intensity of the inter-and
intraspecific interactions in marine fish communities (Morte et al., 2001)
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The whiting is distributed from Norway and Iceland to the Mediterranean and into the Adriatic, the
Aegean, the Azov, and the Black Seas (Mili¢ and Kraljevi¢, 2011). This species, which is found
intensely on the shores of the Atlantic Ocean, is very rare in the northern coasts of the Mediterranean
and more intensely in the northern coasts of the Black Sea. Whiting, Merlangius merlangus is the most
important fish species for small-scale fisheries on the Turkish coast of the Black Sea.

There are few studies on the diet of whiting in the Black Sea (Ismen, 1995; Banaru and Harmelin-
Vivien, 2009; Samsun et al., 2011; Mazlum and Bilgin, 2014; Sensurat-Geng et al., 2019), although it
is one of the most important target species. Spatial and temporal monitoring of changes in the trophic
levels of the fishes are closely related to their vitality or sustainability. Trophic relationships can be
disrupted by pollution, anthropogenic effects, and interspecific competition (Sensurat-Geng et al.,
2019). Sensurat-Geng et al. (2019) stated that whiting mainly consumes small fish and crustaceans in
the Black Sea. However, in recent years fishing pressure on small-bodied fish species such as red
mullet, Mullus barbatus, horse mackerel, Trachurus mediterraneus and sprat, Sprattus sprattus has
increased. For this reason, the populations of these fish species, which are the important foods of
whiting, have decreased. Cannibalism increases in the population of whiting which feeds almost only
on small fish, if there is not enough food in the environment (Bromley et al., 1997). It is inevitable to
be affect the whiting diet from this decrease. Therefore, it is beneficial to investigate the biological and
ecological characteristics of fish species that may occur due to environmental factors. This study
aimed to investigate the food variety and cannibalistic behavior characteristics of the whiting living in
the South-eastern Black Sea.

MATERIALS AND METHODS
Sampling

Whiting samples were collected monthly from gillnet fisheries in Ordu coasts and from gillnet
fisheries and bottom trawl fisheries in Samsun coasts, between September 2016 and August 2017
(Figure 1).
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Figure 1. Stdy areas

After the fishing operation, the whiting samples were randomly taken immediately after the gillnet
boats and bottom trawl vessels entered fishing ports. Total length to the nearest cm and body weight to
the nearest gram were recorded from fresh fish. Then the stomachs were removed immediately from
all fish and preserved in 4% formaldehyde solution for later analysis. In the laboratory, only
macroscopic food items in the stomachs were identified to the lowest possible taxonomic level after
which they were counted and weighed after removal of surface water using blotting paper (Hyslop,
1980).
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Stomach data analysis

Macro-food-containing stomachs were categorized as "full" and not containing "empty". The
importance of the different prey types was evaluated calculating the percentage frequency of
occurrence (F%) = (Number of stomachs containing prey i/total number of non-empty stomachs)*
100, Percentage numerical abundance (N%)=(Number of prey i/Total number of prey items in all
stomachs)*100 and Percentage gravimetric composition (W9%)=(Wet weight of prey i/Total weight of
all preys)*100 (Hyslop, 1980). The index of relative importance (IRI) of prey type i as given by Cortés
(1997) is derived as follows: IRI=F%*(W%+N%). Also, the percentage of relative importance index:
IRI%=(IRI/ZIRI) *100 was determined.

Cannibalism

Proportionally relationships between predator and prey whiting in length and weight were
determined.
Statistical analysis

Proportional food overlap among between seasons was calculated using Schoener’s dietary overlap
index (C) (Schoener, 1979): C,,=1-0.5*) |P,i—P,i|, where P,; and P,; are the proportion of prey i (based
on IR1%) found in the diet of groups x and y. This index ranges from 0 (no prey overlap) to 1 (all food
items in equal proportions). Schoener’s index values above 0.6 are usually considered to indicate
significant overlap (Wallace, 1981).

Percentage of relative importance index (IR1%) by weight of each prey category was computed for
each individual. IR1% for all prey types was then square root transformed to reduce the importance of
the most abundant prey. Bray-Curtis similarity was used to compare the differences among seasons.
To test the relationship between lengths of the predator and prey whiting, Pearson correlation analysis
was used for parametric data and Spearman correlation analysis was used non-parametric. Statistical
analyses were carried out using the PRIMER 6.1.18 statistical package and SPSS programs.

RESULTS

A total of 762 stomach samples (380 samples from Ordu and 382 samples from Samsun) were
collected during the study. Of the total number of stomachs examined (n=762), 577 were empty
(75.7%). As seen in Table 1, seasonal index of the empty stomachs varied slightly over the year.

Table 1. Seasonal distributions of full and empty stomachs
collected from the south-eastern coast of the Black Sea.

Full Empty
Season N N% N N%
Spring 46 24.2 144 75.8
Summer 36 24.3 112 75.7
Autumn 49 23.1 163 76.9
Winter 54 25.5 158 745
Total 185 24.3 577 75.7

A total of 6 prey types (macro-organisms) were found in the stomachs of whiting collected from
the south-eastern coast of the Black Sea. The percentage frequency of occurrence (F%), percentage
abundance (N%), the percentage by weight (W%), and index of relative importance (IR1%) for prey
types of whiting are given in Table 2. According to IR1% values, horse mackerel (43.2%), anchovy
(32.0%), and whiting (19.3%) were the main prey groups of whiting in the south-eastern coast of the
Black Sea.

66



DEMIR and BALIK 2021 ActAquaTr 17(1), 64-71

Table 2. Food composition of M. merlangus in the south-eastern coast of the
Black Sea expressed as F% - frequency of occurrence; N% - Numerical abundance;
W% - weight percentage; IR1% - index of the relative importance

Prey N% F% W% IRl IRI%
Fish species

T. mediterraneus 323 323 348 21644 432
E. encrasicolus 291 291 259 16034 32.0
M. merlangus 213 213 242 965.9 19.3
S. sprattus 11.0 110 104 236.2 4.7
Gobius spp. 3.9 3.9 4.4 32.8 0.7
Mollusc

Gastropod 2.4 2.4 0.4 6.4 0.1

It is understood that whiting consumed mostly horse mackerel in the spring season in the south-
eastern coast of the Black Sea (Table 3). The second most important prey type was whiting in this
season. The importance of other food types was slight. In the summer season, a food composition
similar to the spring season was determined (Figure 2). However, the importance of anchovy and sprat
increased in this season. Contrary, the importance of horse mackerel decreased in the summer season.
Anchovy was the most important prey type in autumn and winter. This food type was followed by
whiting, horse mackerel, and sprat in the autumn season and by horse mackerel, whiting, and sprat in
the winter season, respectively. Other types of food had little importance in autumn and winter.

Table 3. Seasonal food composition of M. merlangus in the south-eastern coast of the Black Sea expressed
as F% - frequency of occurrence; N% - Numerical abundance; W% - weight percentage; IR1% - index of
the relative importance.

Spring Summer
Prey N% F% W% IRl IRI% N% F% W% IRl IRI%
Fish species
T. mediterraneus  53.1 53.1 57.1 58542 787 381 381 417 30414 575
E. encrasicolus 6.3 6.3 3.3 599 0.8 190 190 181 7074 134
M. merlangus 25,0 25.0 30.1 13767 185 238 238 214 10772 204
S. sprattus 6.3 6.3 53 720 1.0 143 143 157 429.0 8.1
Gobius spp. 6.3 6.3 3.9 635 0.9 4.8 4.8 3.0 36.9 0.7
Mollusc
Gastropod 3.1 3.1 0.3 109 0.1 0.0 0.0 0.0 0.0 0.0
Autumn Winter
Prey N% F% W% IRl IRI% N% F% W% IRl IRI%
Fish species

T. mediterraneus 189 189 204 7438 133 243 243 212 11085 20.6
E. encrasicolus 432 432 354 34022 60.7 405 405 43.8 34204 63.7

M. merlangus 216 216 259 10280 183 162 162 182 5579 104
S. sprattus 135 135 176 4209 75 108 108 75 1976 3.7
Gobius spp. 0.0 0.0 0.0 0.0 0.0 5.4 5.4 89 775 1.4
Mollusc

Gastropod 2.7 2.7 0.6 9.0 0.2 2.7 2.7 0.3 8.2 0.2

However, it can be said from Schoener Overlap Index values (C>0.8) that there is a significant
similarity between seasons in terms of the food sources of whiting the south-eastern coast of the Black
Sea.
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Figure 2. Similarity dendogram based on cluster analysis plot ordination of seasonal food
composition collected from the south-eastern coast of the Black Sea.

Cannibalism

During the study, a total of 27 whiting foods were identified in the stomachs of whiting samples
collected from Ordu and Samsun coasts. Only one whiting was observed in each stomach. Spearman
correlation analysis results showed that there was no significant relationship between the lengths
(r=0.072; P=0.720) and the weights (r=0.244; P=0.229) of predator and prey whiting. Cannibalism
was the highest (F%=25) in the spring period. Mean length and weight values of predator and prey
whiting were given in Table 4 and Figure 3. It was determined that whiting consumed up to 37.6% of

their maximum length and up to 11.2% of their maximum weight.

Table 4. The mean, minimum and maximum lengths and weights of predator
and prey whiting collected from the south-eastern coast of the Black Sea.

Predator Prey

N 27 27

Mean 14.9 3.9

Std. Error of Mean 0.3 0.3

Total length (cm) -\ rnirum 127 17
Maximum 18.6 7.0

Mean 27.5 3.0

. Std. Error of Mean 2.1 0.2
Weight (9) Minimum 170 133
Maximum 56.5 6.32
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Figure 3. Boxplot graphs for lengths and weights of predator and prey whiting which consumed their own
species or consumed by own species the south-eastern coasts of the Black Sea.

DISCUSSION

In terms of macro-organism content, 75.7% of stomachs examined were empty. The proportion of
empty stomachs was found as 57% in the middle Black Sea between 2001 and 2003 (Samsun et al.,
2011), 23.9% in an area of the south-eastern Black Sea near our sampling sites (Sensurat-Geng et al.,
2019), approximately 50% in the North Sea (Hislop et al., 1991), 37.2% in 1991, 40.3% in 1992 and
1993 in the eastern Irish marine ecosystem (Seyhan, 1994). Another study reported that 50% of the
stomachs examined were empty in all seasons and approximately 20% were completely full in all
seasons in Rize offshore of the South-eastern Black Sea in 2004-2005 (Mazlum ve Bilgin, 2014). In
the western Baltic Sea, the rate of empty stomachs was determined as 34% by Ross et al. (2018).
According to that study, the rate of empty stomachs was high, possibly because whiting followed a
different feeding strategy or it was fed less but larger foods. McDermott and Fives (1995) stated that
only 2 of the 40-whiting had empty stomachs in the western Irish Sea. In general, it is understood that
the rate of the empty stomach in our study is higher than the rates reported in previous studies
conducted in the Black Sea and some other seas. There could be many reasons for this. Probably the
most important factor is to consider only macro-organisms in our study. Secondly, there may be a
decrease in the small, bodied fish populations that the whiting consumes as food. Our research has
revealed that the whiting in the south-eastern coasts of the Black Sea is fed almost exclusively with
small individuals of its own species (whiting) and other small-bodied fish species (horse mackerel,
anchovy, sprat, and rockfish). Especially the decrease of anchovy in the last 25 years and sprat in the
last 10 years (Balik, 2019) has negatively affected the feeding of whiting in the south-eastern Black
Sea.

According to Ismen (1995), the whiting in the Black Sea mostly feeds on fish, crustaceans, and
polychaetes. However, Samsun et al. (2011) reported in the central Black Sea coast of Turkey that
anchovy was the dominant fish species in the diet of this species in the early 2000s. In the study
carried out by Mazlum and Bilgin (2014) in the Rize offshore of the South-eastern Black Sea between
2004 and 2005, was reported that this fish species is generally fed with three fish species (anchovy,
whiting, and sprat). It is reported by Bradova and Prodanov (2003) that the whiting feeds mainly on
sprat but during the winter months, it consumes also anchovy especially along the Anatolian coast of
Turkey and the Caucasian coast in front of Georgia. In the north-western Black Sea, the whiting diet
was mainly composed of S. sprattus, polychaetes (Melinna palmata and Nereis spp.), shrimps (C.
crangon), and amphipods (Ampelisca diadema). Off the Danube Delta of Romania, whiting preyed
mainly on polychaetes in spring and autumn seasons, while in the south of the delta, it consumed a
high quantity of S. sprattus in spring. Rare prey of whiting included bivalves, cumaceans, and mysids
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in both seasons (Banaru and Harmelin-Vivien, 2009). In terms of foods of whiting, it is understood
that the results of our study were similar with the results of studies conducted previously in Turkey's
Black Sea coast.

The most important difference understood from these comparisons is that the importance of
anchovy in the diet of whiting has decreased in recent years. This is an expected result. Because,
annual the catch of anchovy in Turkey was 280.000 tons in 2000 and 229.000 tons in 2010, while it
decreased to 96.5 tons in 2018 (TOB, 2020). The decrease in the catch indicates that the anchovy
population on Turkish coasts of the Black Sea has decreased significantly in recent years.

In studies conducted in habitats other than the Black Sea, slightly different results are reported. For
example, Hislop et al. (1991) reported that at least 85% of whiting foods consisted of fish and
Crustacea in the North Sea. All of the foods were commercially important fish species (Gadus morhua,
Melanogram musaeglefinus, M. merlangus, Trisopterusesmarkii, S. sprattus, Clupea harengus and
Ammodyte smarinus). McDermott and Fives (1995) reported that whiting in the western Irish Sea was
composed of copepods, fish, decapod and mysids. In the study conducted by Staniland (1995) on the
northeastern shores of the Shetland Islands in 1991, it was found that crustaceans were dominant in the
diet of small whiting and fish were dominant in the diet of whiting larger than 15 cm. It was reported
that the most consumed fish species was sand eels, but large individuals also feed on gadoids and
clupeids. From these results, it is understood that the main food of whiting is related to the size of the
fish and seasonal abundance of food. With the increase in the size of the whiting, the importance of
prey fish increased, while the importance of crustaceans and polychaetes decreased.

Seasonally, the whiting in the south-eastern Black Sea was fed mostly with horse mackerel in
spring and summer, and anchovy in autumn and winter. The second most important food was its own
species in the spring, summer, and autumn seasons, and the horse mackerel in the winter. The rate of
cannibalism was almost equal from spring to autumn. It was lower in winter than in other seasons
Samsun et al. (2011) was found that the cannibalism rate was higher in the spring and summer seasons
than in the autumn and winter seasons on Turkish middle Black Sea coast. In the study conducted by
Mazlum and Bilgin (2014) in Rize coasts of the south-eastern Black Sea, it is reported that sprat fish
constitute the most important food sources in spring, whiting in summer, and anchovy in the autumn
and winter seasons. According to Bromley et al. (1997), they nearly feed only from fish, the whiting
has a multistage ovulation period during the year, the fry that comes towards the ovulation, is the
nutrition sources for older fry. Food requirements of whiting vary significantly depending on the water
temperature. According to Ozdemir (1983), whiting needs less food in winter. Larger et al. (1988)
states that during the periods when the water temperature rises, fish receive more food due to the
increase in digestive enzymes.

The results of this study showed that the feeding regime of whiting depends on the abundance of
other foods in the same environment. With the decrease of other foods, the tendency towards
cannibalism increases. According to Hislop et al. (1991), whiting is one of the most important
carnivorous fish species in the North Sea. Ross et al. (2018) report that this species is the main
piscivorous species in the western Baltic Sea. As stated by many authors above, the whiting is a
carnivorous species. While cannibalism is frequently a response to food or density, other factors may
also be important; in many species, several such factors are known to be involved (Fox, 1975).
Starvation may increase cannibalistic tendencies, but it is not essential for initiating this behavior.
Many animals will cannibalize as soon as all other food items are removed, but they may also respond
simply to a reduction in the relative availability of alternatives (Fox, 1975). Our study results agree
with this information.

Also, it was determined that whiting consumed individuals of their own species as food, up to
37.6% of their length and 11.2% of their weight. As a result, it is understood that cannibalism among
whiting will increase if the small-bodied fish species decreases further.
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Abstract

The distributions and length-weight relationships of three cardinalfishes, namely Broadbanded cardinalfish Ostorhinchus
fasciatus (White, 1790), Spotfin cardinalfish Jaydia queketti (Gilchrist, 1903), and Smith's cardinalfish Jaydia smithi
Kotthaus, 1970 caught as discards in bottom trawl fisheries in the Northeastern Mediterranean (Gulf of Antalya and Finike
Bay) were investigated. A total of 607 specimens were sampled with 108 trawl hauls carried out in 3 stations at a depth of 20-
200 m seasonally. Ostorhinchus fasciatus was the most abundant species with 552 specimens, contributing 90.9% of the total
sampling. Total amounts of Jaydia smithi and Jaydia queketti species had fewer sample numbers like 31 (5.1%) and 24 (4%),
respectively. All three species were sampled the most in the summer season. The length-weight relationships were significant
(p > 0.001), with values of r? ranging from 0.90 to 0.94. The b values ranged from 3.09 to 3.20 and positive allometric growth
was observed in three apogonid species.

Keywords: trawl fishery, length-weight relationships, Apogonidae, cardinalfishes.

Baz1 Lesepsiyen Kardinal Baliklarinin (Apogonid tiirler) Kuzeydogu Akdeniz’deki (Antalya, Tiirkiye) Dagilimlar1 ve
Boy-Agirhk Iliskileri

Ozet

Kuzeydogu Akdeniz (Antalya Korfezi ve Finike Korfezi) trol balik¢iliginda iskarta tiirler olarak yakalanan Kardinal
baliklarindan Ostorhinchus fasciatus (White, 1790), Jaydia queketti (Gilchrist, 1903) ve Jaydia smithi Kotthaus, 1970
dagilimi ve boy-agirlik iligkileri arastirilmistir. Mevsimsel olarak ii¢ istasyonda, 20-200 m derinlik araliginda gerceklestirilen
108 trol ¢ekimi sonunda toplam 607 birey orneklenmistir. Toplam apogonid &rneklemesinin %90,9’unu olusturan
Ostorhinchus fasciatus, 552 birey ile en ¢ok yakalanan tiir olmustur. Daha az yakalanan Jaydia smithi ve Jaydia queketti
tiirlerinin 6rnek sayilar1 sirasiyla 31 (%5,1) ve 24 (%4) olarak kaydedilmistir. Her {i¢ tiir de en fazla yaz mevsiminde
orneklenmistir. Tanimlayicilik katsayisi (rz) degeri 0,90 ile 0,94 arasinda degismis olup, boy-agirlik iliskileri istatistiki agidan
onemli bulunmustur (p > 0,001). Hesaplanan b degerleri 3,09 ile 3,20 arasinda gézlenmistir. Her {i¢ apogonid tiirlinde de
pozitif allometrik bityiime gériilmiistiir.

Anahtar kelimeler: trol balik¢ilig1, boy-agirlik iligkisi, Apogonidae, kardinal baliklari.

INTRODUCTION

Apogonidae family, commonly known as cardinalfishes, constitute the greatest number of alien
species after Tetradontids in Turkish waters (Turan et al., 2016). Five apogonid species except for the
native species, Apogon imberbis (Linnaeus, 1758), have been reported in Turkish marine waters to
date. These are; Apogonichthyoides pharaonis (Bellotti, 1874) reported by Gucu et al. (1994); Oz et al.
(2007); De Moe et al. (2018), Jaydia queketti (Gilchrist, 1903) reported by Eryilmaz and Dalyan
(2006); Erguden et al. (2009); Gokoglu et al. (2011); Filiz et al. (2012); Akyol and Unal (2015);
Yapici et al. (2015); De Moe et al. (2018), Jaydia smithi Kotthaus, 1970 reported by Goren et al.
(2009a); Gokoglu et al. (2010); Erguden et al. (2015); De Moe et al. (2018) Ostorhinchus fasciatus
(White, 1790) reported by Akamca et al. (2010); Turan et al. (2010); Gokoglu et al. (2012); Erguden et
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al. (2015); De Moe et al. 2018) and Cheilodipterus novemstriatus (Riippell, 1838) reported by Irmak
and Engin (2015); Turan et al. (2015).

In this study, the distribution of three apogonid species (Ostorhinchus fasciatus, Jaydia queketti
and Jaydia smithi) in the Gulf of Antalya and Finike Bay were investigated considering seasons and
depths. Also, the length-weight relationships of these three species, for the first time in O. fasciatus
and J. queketti in the northeastern Mediterranean, were determined and compared with other studies
performed in the Mediterranean Sea.

MATERIALS and METHODS

This study was conducted in the Gulf of Antalya and Finike Bay located in the Northeastern
Mediterranean Sea (Figure 1). Totally 108 trawl samples were carried out during the daytime in the
three stations (Table 1). Trawling had been banned since 2004 in Station A which was located in the
most eastern part of the study. Station B was the main commercial trawl area in the Gulf of Antalya
and Station C, located in the most western part of the study, was another commercial trawl area in the
region.

The trawl hauls were carried out varying from 20 to 200 m at three depth contours (20-50 m, 51-
100 m, and 101-200 m) with the research vessel “R/V Akdeniz Su” from December 2011 to
November 2012. The towing duration was about one hour for each haul. The average towing speed
was 2.5 knots, and the cod-end mesh size was 22 mm (knot to knot). The apogonid species were
identified (Gon and Randall, 2003) on each haul and the total length (TL), body weight (W) of each
individual measured nearest 0.01 g and 0.1 cm, regardless of sex.
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Figure 1. Map of the study area

Table 1. Tow coordinates of the three stations

Stations No. of hauls Depth range (m) Tow co-ordinates

St. A 36 20-200 36°44°N 31°27°E - 36°43°N 31°24°E
St. B 36 20-200 36°47°N 31°07°E - 36°45°N 31°09’E
St.C 36 20-200 36°16’N 30°19°E - 36°15°N 30°13’E

The length-weight relationships were estimated with allometric model W=alL®, where W is the
weight (g), and L is the total length (cm) (Froese, 2006). The frequency of occurrence was computed
as percentage of positive trawl hauls (presence of at least 1 specimen). Statistical differences between
the seasonal catching amounts of the species were tested by one-way ANOVA (a = 0.05) using SPSS
v. 23.0.
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RESULTS and DISCUSSION

A total of 108 trawl hauls were performed at a depth of 20-200 m. Ostorhinchus fasciatus was the
most abundant species in the catches with 552 individuals, contributing 90.9 % of the total cardinalfish
sampling. Similarly, in the study conducted by Erguden et al. (2015) in the eastern Mediterranean
between September 2011 and July 2012, O. fasciatus was the most caught Apogonid species with
66%. The distribution of apogonids and biology of O. fasciatus were investigated in Taiwan and
reported that O. fasciatus (86.6%) was the most dominant species at each station of the study (Wu,
2009).

Ostorhinchus fasciatus, first recorded in the Gulf of Antalya in December 2011 (Gokoglu et al.,
2012), was caught at all the stations during each season in this study. The species was most sampled
with 313 (56.7%) individuals in the summer season. This value was followed by 193 (35.0%) in
autumn, 30 (5.4%) in spring and 16 (2.9%) in winter sampling. The total numbers of J. smithi and J.
queketti species were 31 (5.1 %) and 24 (4.0 %), respectively (Figure 2).

1 M,

StA StB  stC StA  StB  StC  StA  5tB  St.C  StA  StB StC

Percentage (%)

Winter Spring Summer Autumn

B Ostorhinchus fasciatus W Jaydiasmithi  mJaydia queketti

Figure 2. Percentage distribution of Ostorhinchus fasciatus, Jaydia queketti and Jaydia smithi according to
stations and seasons.

There was no statistical difference between the catching amounts of J. smithi and J. queketti
species in all stations seasonally. However, the difference between the number of O. fasciatus caught
in different seasons was statistically significant (p<0.05).

Ostorhinchus fasciatus, has been reported to have 2-128 m distribution area (Fraser, 2005) and is
generally present at a depth range of 15-40 m in the Mediterranean Sea (Allen and Erdmann, 2012;
Goren et al., 2009b). The species was observed at depth of 30-50 m on the Mediterranean coasts of
Turkey (Akamca et al., 2010; Turan et al., 2010; Gokoglu et al., 2012). Also, Bilecenoglu et al. (2013)
reported a single individual in the Aegean Sea.

Ostorhinchus fasciatus were caught only at a depth between 20 and 50 m in this study. The
frequency of occurrence for St. A, St. B and St. C were estimated as 100%, 75%, and 75%
respectively.

The minimum size of mature female O. fasciatus was 4.64 cm TL, and the size at maturity (L50)
was estimated 7.54 cm TL by Wu (2009) and the maximum length for this species was reported as
12.6 cm (Erguden et al., 2015). Total length of O. fasciatus ranged from 3.8 cm to 10.1 cm in this
study (Figure 3).
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Figure 3. The length-frequency distribution of Ostorhinchus fasciatus

Jaydia smithi, which was observed in the Mediterranean Sea at depths of 20-50 m (Goren et al.,
2009a; Golani et al., 2008; Gokoglu et al., 2010), was sampled between 20-100 m depth in this study.
The frequency of occurrence of this species for trawl hauls at depths of 20-50 m and 51-100 m were
22.22% and 8.33%, respectively.

Jaydia queketti, which extends its distribution to the Aegean Sea and sampled at a depth of 40 m
(Akyol and Unal, 2015) and 52 m (Filiz et al., 2012), has been reported at 50 m (Eryilmaz and Dalyan,
2006) and 140-150 m depth (Gokoglu et al., 2011) in the Mediterranean Sea. This species was
generally seen at a depth of 51-100 m and the frequency of occurrence of this depth was calculated as
22.22% in this study. Jaydia queketti was sampled in only one trawl haul at each depth contours of 20-
50 mand 101-200 m.

Length-weight relationships of O. fasciatus and J. queketti were determined the first time in the
Gulf of Antalya and Finike Bay (Northeastern Mediterranean) (Figure 4).
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Figure 4. The length-weight rélationship of Ostorhinchus fasciatus'(A), Jaydia smithi (B) and Jaydia
queketti (C)

All relationships were significant (p > 0.001) with r* values, 0.90 (O. fasciatus) and 0.94 (J. smithi
and J. queketti). The r? value of O. fasciatus is comparably lower than other studies. The estimation of
length-weight relationship parameters may be affected by many factors, such as season, sex and
maturity of a species (Karachle and Stergiou, 2008). In this study, fish sampling was performed
seasonally regardless of sex and maturity. The b values ranged from 3.05 to 3.20 and positive
allometric growth was observed in three Apogonidae species. In other studies, conducted in the
Mediterranean, the b values varied between 2.95 and 3.61, and negative allometry was reported only
for J. smithi (Edilist, 2014) (Table 2).
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Table 2. Descriptive statistics and length-weight relationships for three Apogonidae species in the Northeastern
Mediterranean

2

Species / Location N Lmin  Lmax a b SE, r Reference
Ostorhinchus fasciatus

Israeli continental shelf 42 55 95 0.0140 3.16 0.009 0.94 Edelist, 2014
Iskenderun Bay, Turkey 230 4.8 12,6 0.0133 3.12 0.038 0.97 Ergudenetal., 2015

NE Mediterranean Sea, Turkey 552 3.8 10.1 0.0122 3.09 0.003 0.90 Present study
Jaydia queketti

Iskenderun Bay, Turkey 48 7.1 123 0.0157 3.06 0.100 0.95 Erguden etal., 2009
SE Aegean Sea, Turkey 11 107 114 0.0869 3.61 0.018 0.92 Yapicietal, 2015
NE Mediterranean Sea, Turkey 31 8.0 106 0.0104 3.20 0.005 0.94 Present study
Jaydia smithi

Gulf of Antalya 32 78 11.3 0.0133 3.06 0.093 0.97 Gokoglu etal., 2010
Israeli continental shelf 145 34 145 0.0161 2.95 0.007 0.98 Edelist, 2014
Iskenderun Bay, Turkey 116 6.3 140 0.0044 3.50 0.047 0.98 Ergudenetal., 2015

NE Mediterranean Sea, Turkey 26 65 126 0.0096 3.15 0.006 0.94 Present study

CONCLUSION

This study provides the distribution of three cardinalfishes species, O. fasciatus, J. queketti and J.
smithi seasonally and the first information on length-weight relationships for O. fasciatus and J.
queketti from the northeastern Mediterranean coast of Turkey, Gulf of Antalya, and Finike Bay.
Ostorhinchus fasciatus was the most abundant species and sampled up to 50 m depth. All three
Apogonidae species were sampled most during the summer season. It was reported that apogonid
fishes that act with parental protection instinct contribute to the survival of young individuals (Moyle
and Marchetti, 2006). This advantageous situation can increase the chance of the species to exist
among local fish communities (Irmak and Engin, 2015). Cardinalfishes (Apogonid species), although
not having economic value and do not threaten human life but needs to be monitored like other
lessepsian fish species for sustainable environment and ecological balance.
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Abstract

Copepod samples were collected from the lake in Gilindire Cave in Aydincik District (Igel, Turkey). A total of 3 taxa
including 1 rotifer, 1 copepod, and 1 amphipod were found. Metacyclops subdolus was reported from Turkish inland waters
for the first time.
Keywords: Metacyclops subdolus, Zooplankton, Copepoda, Gilindire Cave, underground lake
Tiirkiye’den Metacyclops subdolus Kiefer, 1938 (Copepoda, Cyclopidae)’un i1k Kayd

Ozet

Kopepod 6mekleri Aydincik Ilgesi (Igel, Tiirkiye) Gilindire Magarasi'ndaki golden toplanmustir. 1 rotifer, 1 kopepod ve 1
amfipod olmak iizere toplam 3 takson bulundu. Metacyclops subdolus ilk kez Tiirkiye i¢ sularindan rapor edilmistir.

Anahtar kelimeler: Metacyclops subdolus, Zooplankton, Kopepoda, Gilindire Magarasi, yeralti golii

INTRODUCTION

Gilindire Cave which is located in the southern part of Turkey (Mersin) and was discovered by a
shepherd in 1999. The lake in the cave has brackish waters at the first 10 meters depth, and at the later
depths it has saltwater characteristics and the average water temperature is about 25°C and absolute
humidity is 80% (Nazik et al., 2001). This subterranean ecosystem, characterized by chemoautotrophic
resources, was described and named as "Ophel" by Por (2007). Since the entrance of the cave is flat
and narrow, there is no direct air movement from outside. Gilindire Cave, which is a multi-period and
multi-origin cave in terms of geomorphological formation and development, is a very important
natural formation that developed into the literature in the national sense in the science of speleology by
developing in the Cambrian dolomite and limestone lithology (Nazik et al., 2001).

Some zooplanktonic organisms, such as copepods, may be acceptable markers of natural
surroundings heterogeneity. Zooplankton has significant roles in groundwater food webs and
ecosystems, but their natural capacities in groundwater are not sufficiently known (Gibert and
Deharveng, 2002). Cyclopoid copepods compose an important part of the groundwater biodiversity in
karstic habitats, and they live in planktonic or epibenthic and hyperbenthic environments in the
underground source (Dussart and Defaye, 2006).

The genus Metacyclops Kiefer, 1927 contains 67 nominal species and subspecies (Dussart and
Defaye 2006), and three of them are listed on the IUCN Red List, M. campestris from Brazil, M.
gasparoi from Italy, and M. postojnae from Slovenia (Walter, 2018).

The genus Metacyclops is widespread in tropical and temperate regions, most of them have been
recorded in different groundwater habitats, such as wells, caves, anchialine habitats (Pesce, 2015).
However, despite its potentially rich fauna, only six species have been recorded from Turkey so far:
M. amoenus Mann, 1940, M. gracilis (Lilljeborg, 1853), M. minitus (Claus, 1863), M. planus (Gurney,
1909), M. stammeri Kiefer, 1938 and M. grandispinifer (Lindberg, 1940) (Ustaoglu, 2004; Ustaoglu
2015).
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M. subdolus has a European Mediterranean distribution (no record from North Africa); it has first
been reported by Kiefer (1938) from southern Italy (La Zinzulusa, Abysso caves), then from Sardinia
(Lindberg, 1956), Italy (Pesce et al., 1978; Pesce, 1985), Greece (Peloponnesos, Attica, Crete: Pesce,
1978; Pesce and Maggi, 1981, 1983), Mallorca (Can Pastilla: Lescher-Moutoué, 1981), Isreal
(Dimentman and Por, 1991; Defaye and Por, 2010; Spring and Cave), and northern Negev (Defaye
and Dussart, 1995).

A new species of M. subdolous was reported in a limited number of countries and regions, and for
the first time the report has been in Turkey. Some supplementary drawings and descriptions from
Gilindire specimens are provided as a basis for future comparison.

MATERIALS and METHODS

Gilindire cave is located in Aydincik district of Igel province, at a longitude of 33° 24' 11.04"east,
and a latitude of 36° 07' 58.08" north (Figure 1). The cave consists of three separate sections that are
interconnected but occur at different periods. The cave, whose width reaches 100 m in places and the
ceiling height reaches 18 m and extends between + 22 / -28 meters according to the entrance, is
divided into many halls and rooms by large and thick dripstones. There is a large lake in the last part
of Gilindire Cave. The length of the lake is approximately 140 m, its width is18-30 m, and the ceiling
height is 35-40 m, the water level is 46 meters from the entrance of the cave and it is the same as the
sea level (Nazik et al., 2001; Ozsahin and Kaymaz, 2014) (Figure 2).

-
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Big Island

Mediterranean

Figure 1. The location of Gilindire Cave.

It was determined that the first 10 meters of the lake water have the feature of mixing water and
when it goes down from this depth, it gains seawater feature completely. It was reported that the water
of the lake is largely seawater, and the groundwater leaking from the rain and reaching the lake is
mostly mixed with seawater at the upper elevations of the lake (Nazik et al., 2001; Ozsahin and
Kaymaz, 2014).

In the observations made by scuba diving in the underground lake, no significant groundwater flow
was detected in any direction, especially from the land direction towards the sea. Also, it was
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determined that the water level did not change in the section between the lake and the sea, where the
horizontal distance is about 250 m. On the other hand, in the region where the average precipitation is
low, the waters leaking from the surface continue to form sediments in the VVadose section (Nazik et
al., 2001; Ozsahin and Kaymaz, 2014).

Copepod specimens were collected in May, June, and November 2015 by throwing the plankton
net (60 um mesh size) from the lakeshore to the interior (about 10-12 meters), pulling it from the
surface to the shore, and also collected at different depth. This process was done at least 10 times.
Samples were replaced into a glass jar and fixed with 4% buffered formaldehyde. Specimens were
examined in a mixture of distilled water and glycerol. Drawings and measurements were made by
using an Olympus microscope with a drawing-tube an ocular micrometer. Copepod body lengths were
measured at 10x magnification with micrometric ocular attached to the ocular. The species were
identified according to Dussart (1967), Damian-Georgescu (1970), Kiefer (1978), Pesce (1978),
Defaye and Por (2010).

Entrance

Entrance

Different parts of the cave

Figure 2. Plan of the Gilindire Cave (A top view, B side view) (redrawn from Nazik et al. 2001)

RESULTS

The water quality criteria (temperature, pH, electrical conductivity, salinity, and dissolved oxygen)
measured by depths are given in Table. According to Nazik et al. (2001), while there was no change in
temperature and pH depending on the depth, there was a significant increase in electrical conductivity
and salinity, and a significant decrease in dissolved oxygen was reported.
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Table. Physical-chemical properties of Aynali Lake in Gilindire Cave (quotation from Nazik et al., 2001).
Depth (m) Temp (°C) pH EC (uS/cm) Salinity (ppt) DO (% sat) DO (mg/L)

1.2 21.65 7.29 4334 2.4 86.6 6.81
2.6 21.65 7.25 5106 2.8 84.1 6.60
3.9 21.65 7.27 6397 3.5 79.7 6.22
5.6 21.64 7.26 9002 51 75.9 5.87
6.8 21.64 7.27 11131 6.3 74.4 5.71
8.3 21.64 7.29 13426 7.7 715 5.44
9.9 21.64 7.30 17012 10.0 69.6 5.22
11.3 21.64 7.31 20691 12.3 61.5 4.55
131 21.65 7.30 25844 15.7 53.7 3.89
14.2 21.65 7.31 30923 19.2 46.2 3.28
16.0 21.65 7.30 36708 23.2 43.6 3.02
17.7 21.65 7.32 41700 26.8 46.2 3.13
20.0 21.65 7.33 44831 29.0 48.9 3.27
221 21.65 7.34 46796 30.5 47.5 3.15
23.8 21.66 7.35 47899 31.3 44.2 2.92
25.3 21.66 7.35 48294 31.6 42.1 2.77
27.0 21.67 7.33 48419 31.7 43.5 2.87

In this study, 1 rotifer (Philodina sp.), 1 copepod (Metacyclops subdolus), and 1 amphipod (under
review) were identified in the cave.

Taxonomic account:

Order Cyclopoida Burmeister, 1835

Family Cyclopidae Rafinesque, 1815

Subfamily Cyclopinae Rafinesque, 1815

Genus Metacyclops Kiefer, 1927

Metacyclops subdolus Kiefer, 1938 (Figures 3-5)

Redescription of the female (Figures 3-4). Nineteen specimens were measured and body lengths
ranged between 0.586 mm and 0.778 mm, except for caudal seta, and the mean was 0.682 mm. Body
about slender, widest at the posterior part of the cephalothorax in dorsal view (Figure 3A).
Cephalothorax nearly 1.8 times as long as the following pedigerous somites. Prosome/urosome ratio
1.7; body length/width ratio 2.5; cephalothorax/genital double-somite width ratio is about 2.9. Somite
bearing the P5 slightly wider than genital double-somite and a serial endowed with lateral hairs.
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Figure 3. Metacyclops subdolus Female. A) Habitus, dorsal; B) Caudal rami and anal somite, ventral; C)
Antennule; D) Antenna; E) P5 and P6, lateral; F) Genital field, ventral. Scale bars: A 250 um; B, C, D 100 um;
E, F 50 um.
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Figure 4. Metacyclops subdolus female swimming legs, A) P1, anterior; B) P2, anterior; C) P3, anterior;
D) P4, posterior. Scale bars: 100 um (A-D).

Genital double-somite (Figures 3A, F), slightly longer than wide (about 1 to 1.2 times as long as
wide), other abdominal segments wider than long. In ventral view, the seminal receptacle consisting of
two parts, with the anterior part compressed, and a small, bulbous posterior part (Figure 3F), and a
common structure for Metacyclops. While copulatory pore is located at about 0.40 of the somite length
from the anterior margin, gonopores are located in lateral position, protected by the reduced P6. The
following two urosomites (Figure 3A) are almost the same length, 0.4 and 0.3 times as long as the
genital somite, and slightly narrowing towards the anal somite, respectively (Figure 3B). Anal somite
is slightly shorter than the preceding somite, with a smooth margin, convex, and bearing a short anal
operculum, located in the anterior half of the somite. Without ornamentation on the distal margin of
any somite, only 10-13 small ventral spinules on the distal margin of the anal somite, at the base of
each of the furcal rami. Furcal rami (Figures 3A, B) 2.2 times wider. Furcal setae: the median external
(lateral) seta inserted about 70% from the base of the furcal ramus; the outermost terminal seta shorter
than the innermost and the dorsal seta; external median terminal seta is 2.31 as long as the dorsal seta,
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internal median terminal seta 3.8 times as long as furcal rami. All furcal setae plumose. Antennule 11-
segmented (Figure 3C), short, barely reaching posterior margin of cephalothorax, setation from
proximal to distalmost segments (number of setae in parentheses; a, aesthetasc; s, spine): 1(8), 2(4),
3(6), 4(2), 5(1 + ), 6(2), 7(3), 8(2 + a), 9(2), 10(2 + a), and 11(7 + 1a). Segment 1 is ornamented with
spinules (Figure 3C). Segment 3 shows suture of residues of two original segments, so probably
consisting of two fused segments. In the 5™ segment, one of the two setae spiniform and short. The
antenna (Figure 3D) consists of 4-part basipodite and 3-endopod. Basipodite bearing 2 internal setae
inserted antero-distally (Figure 3D), and externally the long exopodal seta inserted distally.
Ornamentation is visible on the basipodite as two lateral groups of 5 spinules on the external frontal
edge. Endopodite bearing is divided into three segments 1, 9, and 7 setae, respectively. All three
ornamented with a row of hairs or spines on the outer margin, discontinuous on the distal segment.

Swimming legs P1-P4 (Figures 4A-D), both rami 2-segmented. Setal formula (setal arrangement of
exp-2 of P1-P4) 5,5,5,5. Spine formula (arrangement of spines on exp-2 of P1-P4) 3,4,4,3. The spine
and setal formula are as follows (spines in Roman numerals, setae in Arabic numerals; legend:
outer/inner spine or seta; outer/terminal/inner).

Coxopodite Basipodite Exopodite Endopodite

P1 0-1 1-1 I-1; 11,2, 3 I-1;1,1-1,3
P2 0-1 1-0 I-1; 11, 1-1,4  0-1;1,1-1, 4
P3 0-1 1-0 I-1; 11, 1-1,4  0-1;1,1-1, 4
P4 0-1 1-0 1-0; 11,1-1, 4 0-1;1,1,3

Ornamentation of setae and spinules are shown in the figures. According to this P1 (Figure 4A),
intercoxal sclerite with paired lateral lobes produced posteriorly, both the frontal and caudal surfaces
smooth without transverse spinule or setule row. No spinules on Coxa smooth; 1 plumose seta located
in the inner distal. Basis armed with 1 pinnate seta distomedially, its tip almost reaches the top of enp-
2; lateral seta well developed, plumose. Inner seta present on both enp-1 and exp-1; enp-2 bearing 4
plumose setae along its inner margin, not modified to pinnate or spinous form.

P2-P3 (Figures 4B, C), paired lateral lobes of intercoxal sclerite; lateral seta on basis short,
plumose distally; inner seta on both enp-1 and exp-1; enp-2 bearing 5 plumose setae along its inner
margin, not modified to pinnate or spinous form. The distal margin of intercoxal sclerite of P3 with
transverse spinule.

P4 (Figure 4D), intercoxal sclerite with paired lateral lobes poorly produced posteriorly with 5-6
spinules on inner distal margin. Coxa with transverse row of 8-9 sharp spinules along the posterior
margin; 1 inner distal seta well developed, plumose. Basis, lateral seta too short, plumose. Enp-1 with
1 inner distal seta; exp-1 lacking inner seta. P4 enp-2 extends 2.05 times as long as wide; slightly
shorter than enp-2 (about 0.84 times as long as enp-2) apically armed with single spine; the outer distal
seta crosses tip of apical spine.

P5 (Figure 3E), protopodal segment completely incorporated into fifth pedigerous somite, with
outer basal seta, situated rather dorsolaterally and flanking 5-6 spinules at its base; free exopodal
segment very small, subapically bearing 1 spine inner sand 1 outer apical plumose seta; spine slightly
shorter than exopod; outer apical seta about 5.6 times longer than the inner spine. No colour observed.
Egg-sacs paired, each bearing 6 medium size-eggs. P6 (Figure 3E), bearing two slender and short
(slightly longer in the males) setae subequal in size.

Male (Figures 5A-C). Fourteen specimens were examined and body lengths excluding caudal seta
ranged between 0.556 mm and 0.626 mm, with an average of 0.592 mm. Anterior part of the body has
the same shape as that of a female. Urosome of 5 somites, a row hair laterally, as in female; the genital
somite the largest, twice as long as wide (Figure 5A); the three following urosomites, it slightly
narrows towards the anal somite. Anal somite in the same width as the preceding somite (Figure 5B).
Anal operculum (Figure 5A) as in female, short, with distal margin convex and no ornamentation on
sinus. A few spinules at the base of the furcal rami go laterally from the middle of the ramus. Furcal
rami 2.15 times as long as broad. A spine is present at the insertion of the outermost terminal seta. No
ornamentation at the posterior margin of any somite.

Antennule (Figure 5C), 16-segment, relatively longer than in female; geniculate between segments
7 and 9, and between segments 14 and 15; segments 14, 15 and 16 are elongated; Setal formula: 1(8),
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2(4), 3(2), 4(2), 5(2), 6(2), 7(1), 8(2), 9(2), 10(2), 11(2), 12(1), 13(0), 14(0), 15(1), 16(10), most setae
smooth. The aesthetascs present on segments 1(3), 4(1), and 9(1) are all long. First segment with a
proximal, oblique row of 6 spinules. Antenna without significant differences from that of the female.
Segmentation of swimming legs P1-P4 identical to that in the female, without sexual dimorphism. P5
similar to the female, with apical external seta half as long as genital somite. P6 (Figure 5B) is
composed of two short elements located close to each other at the outer corner, on a small cuticular
plate.

Figure 5. Metacyclops subdolus Male. A) Habitus, dorsal; B) P6, caudal rami and anal somite, ventral; C)
Antennule. Scale bars: A 250 um, B, C 100 pum.

DISCUSSION

The genus Metacyclops is widespread in tropical and temperate regions, the most productive in the
regions of European, African and South American, poorly known for North America and Australia. At
present the genus includes 67 valid species and subspecies, most of which are recorded in different
groundwater habitats, such as wells, caves, anchialine habitats (Defaye and Por, 2010).

Current taxonomic studies (Herbst 1988, Reid 1987, 1991, Fiers 2001, Karanovic 2004a) recognize
four groups based on the spine formula of the terminal exopodite segment of the 1-4 legs (designated
as spine formula of legs 1-4). The first group with 3443 spine formula contains 52 of the 62 species of
the genus (The group including M. subdolus). The second (3442) and third (3433) groups each contain
one species, M. mortoni Pesce, De Laurentiis and Humphreys, 1996 and M. cushae Reid, 1991,
respectively. The fourth group among the Metacyclops species is the trispinosus-group, which has
3333 spine formula (Karanovic, 2004b; Mercado-Salas et al, 2013).

The genus Metacyclops is widely distributed around the world and has been found in diverse
(various) biotopes, both epigean and hypogean. In epigean biotopes, many widespread (common)
species are frequently encountered, such as the type-species, M. gracilis (Lilljeborg, 1853), as well as
M. minutus (Claus, 1863), M. planus (Gurney, 1909), and M. mendocinus (Wierzejski, 1892). In
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hypogean biotopes, we can mention, for example, M. subdolus Kiefer, 1938, recorded from
groundwaters of peri-Mediterranean countries (Defaye and Por, 2010).

Metacyclops is a very ancient genus and has probably colonized fresh waters very early, before the
break-up of Pangaea (Boxshall and Jaume, 2000), many species of the genus are endemic, as the
species recently described from Western Australian groundwaters (Karanovic, 2004a, 2004b). After
the colonization of hypogean fresh waters occurred, it led to the diversification of more or less closely
related taxa on different plates and continents. Further examinations in underground waters and a total
correction of the Metacyclops genus will be important to comprehend the connections between the
species of these commonly conveyed variety (Defaye and Por, 2010).

The occurrence of the species is certainly related to the characteristics of the biotope. The lake of
Gilindire Cave has dual source of water: fresh groundwater mixed saltwater. The M. subdolus
population in the lake consisted of a large number of adults, copepodite and nauplii. The reason for the
abundance of M. subdolus is thought to be the absence of another creature feeding on it.

M. subdolus prefers sulfidic and slightly brackish groundwater (Defaye and Por, 2010), and has a
European Mediterranean distribution (no record from North Africa); it has first been reported by
Kiefer (1938) from southern Italy (La Zinzulusa, Abysso caves), then from Sardinia (Lindberg, 1956),
Italy (Pesce et al., 1978; Pesce, 1985), Greece (Peloponnesos, Attica, Crete: Pesce, 1978; Pesce and
Maggi, 1981, 1983), Mallorca (Can Pastilla: Lescher-Moutoue, 1981). M. subdolus has already been
identified from Israel by Dimentman and Por (1991) from slightly brackish springs near the Dead Sea,
the northern Negev by Defaye and Dussart (1995) and finally by Ayyalon Cave (Defaye and Por,
2010).

The waters where M. subdolus has been found with light brackish water until now are spring water,
caves and wells. Therefore it confirms that M. subdolus is a type of groundwater species that prefers
slight brackish waters.

Minor differences were detected in some characters of M. subdolus in Gilindire cave. in the
previous definitions, intercoxal scleritis of P1-P4 ornamented with 2 rows of spinules on ventral
margin but in the present, intercoxal scleritis of third and fourth legs ornamented with a row of
spinules on ventral margin, first and second smooth. Two-row spinule present ventral margin of P4
coxa but in previous, coxa smooth. P5: the base of the seta inserted on the somite has a row of
spinules.
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University for critical review of the manuscript, and also thank Dr. Janet W. Reid (Virginia Museum
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Abstract

This study aimed to investigate the effects of sumac (Rhus coriaria L.) fruit powder in different concentrations as feed
additives on non-specific immune response, hematology, and the disease resistance in rainbow trout (Oncorhynchus mykiss).
Fish (35.67+0.88 g) were fed with experimental diets (1.0, 3.0, 5.0 and 10.0 g kg™) at four different concentration. There
were no significant differences between groups fed with sumac fruit powder and control group by the mean of red blood cell
count (RBC), white blood cell count (WBC), differential leukocytes count (monocyte, lymphocyte, and neutrophile),
hematocrit (Hct), hemoglobin (Hb), cell hemoglobin (MCH pg), cell hemoglobin concentration (MCHC %), cell hemoglobin
volume (MCV pm?®) and plasma lysozyme, Immunoglobulin M (IgM), total protein level on the 8 weeks. After 8 weeks of
feeding, fish were challenged with Vibrio anguillarum and cumulative mortality was recorded over 21 days. Dietary
administration of 1.0, 3.0, and 5.0 g kg™ sumac fruit powder significantly increased fish survival rate (p<0.05). The 10.0
g kg™ diet received fish showed no mortality post challenged with V. anguillarum. These results showed that the sumac fruit
powder improved disease resistance when added to the rainbow trout diet.

Keywords: Hematology, non-specific immune response, Oncorhynchus mykiss, Rhus coriaria L., Vibrio anguillarum.

Yeme ilave Edilen Sumak (Rhus coriaria L.)’ mm Gékkusagi Alabahklar1 (Oncorhynchus mykiss)’ min Spesifik
Olmayan Bagisiklik Tepkisi, Hematoloji ve Vibrio anguillarum’ a Kars1 Diren¢ Uzerine Etkisi

Ozet

Bu ¢alismanin amaci, yem katki maddesi olarak farkli diizeylerde kullanilan sumak (Rhus coriaria L.) meyvesi tozunun
gokkusagi alabaliginda (Oncorhynchus mykiss) spesifik olmayan bagigiklik yaniti, hematoloji ve hastalik direnci tizerindeki
etkilerini aragtirmaktir. Baliklar (35,67+0,88 g) dort farkli konsantrasyonda (1,0, 3,0, 5,0 ve 10,0 g/kg) sumak ilaveli yemlerle
beslenmislerdir. Sumak meyve tozu ilaveli yemle beslenen gruplar ve kontrol grubu arasinda kirmizi kan hiicresi sayisi
(RBC), beyaz kan hiicresi sayist (WBC), diferansiyel 16kosit sayist (monosit, lenfosit ve notrofil), hematokrit (Hct),
hemoglobin (Hb), ortalama hiicre hemoglobin degeri (MCH pg), hiicre hemoglobin konsantrasyonu (% MCHC), hiicre
hemoglobin hacmi (MCV pum3) ve plazma lizozim, immunoglobulin M (IgM) ve toplam protein diizeyinde 60. giinde 6nemli
bir farklilik gériilmemistir. 8 haftalik besleme sonrasinda baliklara Vibrio anguillarum ile deneysel enfeksiyon uygulamasi
yapilmis ve 21 giin boyunca kiimiilatif mortalite kaydedilmistir. Yeme 1,0, 3,0 ve 5,0 g/kg oraninda ilave edilen sumak
meyve tozu balik yasam oranini 6nemli dl¢iide artirmig oldugu tespit edilmistir (p<0.05). 10,0 g/kg oraninda V. anguillarum
ile deneysel enfeksiyon sonrasinda mortalite goriillmemistir. Bu sonuglar gokkusagi alabaligi yemine eklenen sumak meyve
tozunun hastalik direncini artirdigini gostermektedir.

Anahtar kelimeler: Hematoloji, non-spesifik bagisiklik tepkisi, Oncorhynchus mykiss, Rhus coriaria L., Vibrio anguillarum.

INTRODUCTION

Infectious disease is the main problem for the development and sustainability of aquaculture. One
of the most important bacterial diseases that causes mortality in rainbow trout is vibriosis and Vibrio
anguillarum is the most common pathogen of disease. Recently, there has been increased interest in
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the possibility of using medicinal herbs as disease resistance of cultured fish (Terzioglu and Diler,
2016; Diler et al., 2017a; Diler et al., 2017b; Ulukoy et al., 2018). Sumac (Rhus coriaria L.) is a plant
species in the Anacardiaceae family that is used as a spice and a native medicine and grows wild in the
region extending from Canary Island over the Mediterranean coastline. It has a long history of use by
indigenous people for medicinal and other applications. Rhus coriaria has been reported to possess
antibacterial (lauk et al., 1998; Ali-Shtayeh et al., 2013; Kossah et al., 2013; Al-Boushi et al., 2014),
antifungal (Onkar et al., 2011), antioxidant Aliakbarlu et al., 2014), anti-inflammatory (Panico et al.,
2009). Sumac fruits contain phenolic acids, flavonols, hydrolysable tannins, anthocyanin, and organic
acids (Mavlyanov et al., 1997). A large number of active metabolites have been reported in sumac
including gallic acid, quercetin, vanillic acid (Abu-Reidah et al., 2014; Al-Boushi et al., 2014). R.
coriaria extract had a strong in vitro antibacterial activity against tested bacteria such as Escherichia
coli, Proteus vulgaris, Shigella spp., Staphylococcus aureus, Pseudomonas aerugenisis, Salmonella
enteric and Bacillus cereus (Gabr et al., 2014; Mahdavi et al., 2018). Currently, in vivo studies linking
the antimicrobial effect of sumac (R. coriaria L.) in animal production are scarce. In a study, sumac
fruit powder was determined to increase growth performance and not effected immune response of
broiler chicks (Toghyani and Faghan, 2017). The determination of health status of fish, the blood
parameters are useful tool (Campbell, 2004). Some authors reported which blood parameters such as
hematocrit, hemoglobin and total erythrocyte count below the normal ranges are all signs of anaemia.
Anaemia is caused that reduced tolerance to secondary stressors and fish are sensitive to certain
secondary pathogens (Gatlin, 2007; Rios et al., 2005). This study aimed to determine the effects of
sumac fruit powder (SFP) on hematology, non-specific immune response, and to disease resistance
against Vibrio anguillarum in rainbow trout (Oncorhynchus mykiss, Walbaum).

MATERIALS and METHODS
Experimental design

This study was carried out in the commercial trout farming in Aksu-Isparta. The fish for the
experiment was obtained from a commercial rainbow trout farm in Aksu (Isparta, Turkey). Fish were
stocked into fiberglass tanks and an adaptation period of 20 days was applied prior to the trial. A total
of 450 fish (35.67+0.88 g) were randomly allotted as 30 fish in each tank (5 groups with 3 triplicate).
During the feeding experiment, the average water temperature was 10.2+0.5°C, the dissolved oxygen
was 8.9£0.2 mg L™ and the pH was 7.2+0.3. Sumac fruit powder (SFP) was purchased from a local
market in Isparta province. Different concentration (0, 1.0, 3.0, 5.0 and 10.0 g kg™) of the SFP were
added into experimental diet. Five diets were formulated (40.26 g kg™ crude protein and 16.72 g kg™
crude lipid) based on the study of New (1987) (Table 1). Fish fed twice daily for a total of 8 weeks.
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Table 1. Formulation of experimental diets and proximate analysis

Groups
: -1
Ingredients (g kg *) Control Sumac Sumac Sumac Sumac
Ogkg) (1gkg) (3gkg?) (5gkg?) (10gkg?

Fish meal 31.00 31.00 31.00 31.00 31.00
Soybean meal 44.00 44.00 44.00 44.00 44.00
Corn Starch 1.00 0.90 0.70 0.50 0.00
Wheat flour 11.00 11.00 11.00 11.00 11.00
Soybean oil 11.70 11.70 11.70 11.70 11.70
Vit-Min* 1.00 1.00 1.00 1.00 1.00
Pellet binder 0.30 0.30 0.30 0.30 0.30
Sumac fruit powder 0.00 0.10 0.30 0.50 1.00
Chemical composition
Dry matter 92.23 92.24 92.25 92.27 92.30
Crude protein 40.26 40.27 40.27 40.28 40.29
Total lipid 16.72 16.72 16.71 16.71 16.70
Crude fiber 2.81 2.81 2.80 2.80 2.80
Crude ash 10.64 10.64 10.65 10.65 10.66
Energy (kcal/kg) 4067 4064 4059 4053 4040

“Vitamin premix contained the following per kilogram; 4 000 000 IU vitamin A, vitamin D3 480 000 IU, 2400 mg vitamin E,
2400 mg vitamin K3, 4000 mg vitamin B1, 6 000 mg vitamin B2, 4 000 mg Niacin, 10 000 mg Cal.D. Pantothenate, 4 000
vitamin B6, 10 mg vitamin By,, 100 mg D-Biotin, 1200 mg folic acit, 40 000 mg vitamin C, 60 000 mg inositol.

*Mineral premix contained the following per kilogram; 23 750 mg manganese, 75 000 mg zinco, copper 5 000 mg, cobalt 2
000 mg, iodine 2750 mg, selenium 100 mg, magnesium 200 000 mg.

Analysis of phenolic constituents

The procedure for the phenolic contents has been described by Capanio et al. (1999). High-
performance liquid chromatography was used. Detection and quantification was carried out with a
SLC-10Avp system controller (Shimadzu, Japan) SIL-10 AD vp Autosampler, LC-10 AD vp pump,
DGU-14a degasser, CTO-10 A vp column heater and diode array detector set at 278 nm. AnAgilent
Eclipse XDB C-18 column (250x4.6mm,5mikrometre) was used. The flow rate was 0.8 mL/min,
injection volume was 10 microlitre and the column temperature was set at 30°C. Methanol and 3%
acetic acid were used for mobile phases. The data were integrated and analyzed using the Shimadzu
Class-VP (Chromatography Laboratory Automated Software System (Tokyo, Japan). Plant samples,
standard solutions, and mobile phases were filtered using a 0.45 micrometer pore size membrane filter
(Vivascience AG, Hannover, Germany). The amount of phenolic contents in the plant sample was
calculated as g kg™ herb using external calibration curves, constructed for each pure phenolic standart.
All determinations were carried out in triplicate and the results were presented as mean =+ standard
error.
Blood collection

Blood samples of randomly selected five fish were collected. Fish were anesthetized with clove oil
and then blood was taken from the caudal vein by using hypodermal heparinized syringe (1 mL). The
200 pL blood volume was transferred to ethylenediaminetatraacetic acid (EDTA) tubes for
hematological analysis. The rest of the blood sample (600 pL) was put in plastic tubes for
biochemistry and immunological analysis. These blood samples were coagulated, the tubes were
centrifuged at 5000 x g for 10 min at 4°C for serum separation, which was stored below -20°C.
Hematological analysis

Red blood cells (RBC, 10° mm?®), hematocrit (Hct, %) and hemoglobin (Hb, g dL™) were
determined by using the method by Blaxhall and Daisley (1973). RBC was counted with a Thoma
hemocytometer using Dacie’ s diluting fluid. Hct was determined using a capillary hematocrit tube.
Hb concentration was determined by the cyanomethahaenoglobin method in the spectrophotometer
(540 nm). The hematological findings of mean cell haemoglobin concentration (MCHC: g dL™), mean
cell haemoglobin (MCH: pg), and mean cell volume (MCV: fl) were calculated using the total RBC
count, Hb concentration, and Ht. Mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin concentration (MCHC) were calculated using the following
formula.

90



DILER et al. 2021 ActAquaTr 17(1), 88-96

(1) MCV (um®) = [(Hct, %) x 10] / (RBC, x 10° per mm?®),
(2) MCH (pg) = [(Hb, g/dl) x 10] / (RBC, x10° per mm?®),
(3) MCHC (%) = [(Hb, g/dI)x100] / (Hct, %)

Immunological analysis
Lysozyme activity

The lysoplate assay was performed as described by Ellis (1996) with a final concentration of 0.12%
M. lysodeikticus cells in 100 mL of 0.5% agarose in 66 mM sodium phosphate, pH 6.2. The zones of
lysis were measured with a microcaliper after 20 h of incubation at 36°C. The results for standards
were plotted on semilogarithmic graph paper and sample values extrapolated from this standard curve.
Immunoglobulin M

Immunoglobulin M (IgM) level in fish serum samples was assayed by enzyme-linked
immunosorbent assay (ELISA) using a fish Immunoglobulin M (IgM) ELISA Kit (Cusabio Biotech
Co. Ltd., CSB-E12045Fh, MD, USA). The manufacturer’s instructions were followed. The absorbance
of samples was read at a wavelength of 630 hm with a Bio-Tek FLX 800 plate reader.
Biochemical analysis

Biochemical findings in serum including total protein (TPROT), albumin (ALB), globulin (GLO)
were determined using bioanalytic test kits (Bioanalytic Diagnostic Industry, Co) and measured in a
spectrophotometer (PG Instruments, UK).
V. anguillarum challenge test

Experimental groups were included dietary administration of the SFP (1.0, 3.0, 5.0, 10.0 g kg™) and
control group in which diet had no sumac feed supplementation. After 8 weeks of feeding, a challenge
test was performed on each group with Vibrio anguillarum which was isolated before in our
preliminary study. The LDs, value of the V. anguillarum pathogen was calculated by determining the
cumulative mortality rates post-injection at different doses. The challenge was performed in
thriplicate. Total 30 fish in each group (10 fish/replicate) at the end of the trial were transferred to
challenge tanks. Fish were inoculated with 0.1 mL suspension (containing 2.10° CFU/mL (LDs, dose)
of V. anguillarum by intraperitoneal injection in each fish. Mortalities were recorded daily for up to 21
days. The collected all dead fish were examined bacteriologically to determine the presence of the
pathogen. The relative percent survival (RPS) was calculated according to Amend (1981).

RPS= (1- % mortality in experiment group % mortality in control) x 100.
Statistic

In this study, the variation analyses were carried out with Duncan multiple comparison tests, and
the differences between groups were carried out by SPSS 18 statistics program to evaluate the
relationships between the data were obtained from the test groups. Statistical significance was
established at p<0.05.

RESULTS
Phenolic constituents

The results of the chemical analysis of sumac were presented in Table 2. Major components of
sumac were determined as gallic acid and quercetin.

Table 2. Phenolic content (g kg™) of sumac

Component

Gallic acid 5206.2
Quercetin 1106.4
Protocatechic acid 3915
Catechin 80.7
Syringic acid 24.3
Epicatechin *nd
p-coumaric acid *nd
Ferulic acid *nd
Hesperidin *nd
Cinnamic acid *nd
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Hematological, biochemical and immunological analysis
No significant differences were observed between treatment groups with SFP and control group in
terms of haematological indices, differential leukocytes count, hematocrit (Hct), hemoglobin (Hb), and

all the values of red blood cell findings at the end of the study (Table 3).

Table 3. The values of hematological parameters in rainbow trout fed with different levels of SFP at 8" weeks

Groups
Control 1.0gkg® 30gkg' 50gkg” 10.0 g kg™

WBC (10%/p) 401.10 365.80 436.40 346.90 406.60

Haematological +10.46 +102.95 +7.49 +65.76 +29.98

indices RBC (10%p) 0.86 0.88 1.02 0.87 0.95
+0.11 +0.09 +0.02 +0.03 +0.04

LY (%) 82.30 80.65 76.25 75.70 78.55

+2.54 +9.97 +0.49 +13.15 +0.35

MO (%) 14.50 14.65 10.80 15.30 18.05

+4.24 +6.29 +3.25 +3.11 +1.20

NE (%) 2.75 4.40 11.70 8.30 2.80

Differential +1.76 +3.25 +1.27 +9.61 +0.98
leukocytes LY (103/u) 330.45 289.75 332.45 258.45 319.40

count 18,87 +46.45® +3.32° +4.45" +21.92%

MO (103/u) 57.80 56.80 47.25 54.05 73.60
+15.41 +38.18 +15.06 +20.71 +10.32

NE (10%p) 11.00 17.75 51.15 31.80 11.25

+7.35 +16.33 +4.59 +38.74 +3.04

HCT (%) 51.66 53.66 50.00 50.66 48.66

+2.88 +7.76 +5.56 +1.52 +4.16

Hb (g/dL) 10.15 7.65 11.50 8.40 11.35

+1.20 +4.03 +0.14 +1.55 +0.35
MCYV (um’°) 613.06 590.17 496.34 577.12 501.75
The values of +39.54 +58.54 +90.02 +0.92 +33.22
red blood cell MCH (pg) 118.12 84.53 112.76 96.43 118.91
findings +1.56 +36.76 +1.74 +21.67 +2.46
MCHC (%) 19.30 14.08 23.06 16.71 23.76
+0.98% +4.83" +3.83% +3.78% +2.06°

*Data are presented as the means =SEM (n=3) values within the same row having different superscipts are significantly different (p<0.05).
*Hb, haemoglobin, Hct, hematocrit, RBC, red blood cells, MCV, meancell hemoglobin volume MCH meancell haemoglobin, MCHC,
meancell haemoglobin concentration. Data represent as mean +SE. Within a row, means with differing letters are significantly different

(p<0.05).

At the end of the trial, biochemical and immunologic values in serum samples showed no
significant result in experimental groups and control group (Table 4).

Table 4. Biochemical and immunological analysis of rainbow trout fed with different levels sumac powder for

8 weeks.
Groups

Control 1.0 g kg™ 30gkg’ 50gkg’ 10.0gkg®’
Serum T.PRO. g/dL 3.65+0.43 3.19+0.13 3.89+0.16 3.72+0.37 3.84+0.07
biochemical GLOB g/dL 2.21+0.24 1.99+0.12 2.35+0.05 2.26+0.26 2.30+0.12
values ALB g/DI 1.44+0.19®  1.20+0.01°  1.54+0.10° 1.46+0.10° 1.53+0.04°
Serum IgM (pg/ml) 62.33+15.14 55.00£15.00 65.00+17.43 67.00£9.84 67.66+11.01
immunologic  Lysozyme
values (mg/ml) 0.005+£0.00  0.006+0.00  0.006+0.00  0.006+0.00  0.007+0.00

*Values are mean +SEM (n=6) Within a row, means with differing letters are significantly different (p<0.05).

Challenge results indicated that the fish fed with SFP supplemented diets had determined better
survival rates against V. anguillarum. All four treated groups (1.0, 3.0, 5.0 and 10.0 g kg™) showed
reduced mortality compare to the control. The fish received 10.0 g kg™ SFP supplemented diet
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performed best result that did not seen mortality. Sumac supplemented diets caused higher relative
percentage survival (RPS) than control group (Table 5).

Table 5. The mortality rate of fish fed with diets containing different concentrations of SFP for 8
week and challenged with V. anguillarum pathogen.

Groups Mortality (%) RPS
Control 56.66+0.00% -

1.0 g kg™ 33.42+0.13" 41.08+0.12°
3.0g kg™ 7.31+0.60° 87.41+0.58°
5.0g kg™ 5.65+0.14° 90.10+0.14°
10.0 g kg™ 0.00+0.00° 100.00+0.00°

*Values are mean £SEM (n=3) Within a column, means with differing letters are significantly different (p<0.05).

DISCUSSION

The use of plant products as health promoters is a very topical concept in aquaculture (Citarasu,
2010; Yilmaz et al., 2013; Ahmadifar et al., 2014; Gormez and Diler, 2014; Metin et al., 2015; Diler et
al., 2017b). In some studies, the in vitro antibacterial assays carried out on sumac (R. coriaria L.) used
either ethanol or water extracts (Nimri et al., 1999; Nasar-Abbas and Halkman, 2004; Candan and
Sokmen, 2004; Gulmez et al., 2006; Akrayi et al., 2016). The water and hydro-methanol extracts
obtained from the fruits of sumac were found to have a great inhibitory activity against bacterial
species (Nasar-Abbas and Halkman, 2004).

In this study, fish fed with the sumac-supplemented diet challenged with V. anguillarum had better
survival rates against V. anguillarum. All four experimental groups (1.0, 3.0, 5.0, and 10.0 g kg™)
reduced mortality compared to the control. The 10.0 g kg™ diet showed no mortality. The fish fed with
a sumac supplemented diet showed high relative percentage survival (RPS). There was an inverse
relationship between the mortality rate and the amount of plant extract in the diet. As the amount of
plant extract increased in the diet, the rate of mortality decreased. Similar results have been reported
by Gharaei et al. (2020) that sumac increased resistance to the Yersinia ruckeri in rainbow trout. In
another study performed by Diler et al. (2015) that Artemisia vulgaris provided resistance to challenge
with pathogenic bacteria, Vibrio anguillarum in rainbow trout. Nya and Austin (2011) dietary garlic
application reduced the mortality rate of A. hydrophila infection compared to control in rainbow trout.
Further, Feng et al. (2020) reported that dietary administration of Rehmannia glutinosa polysaccharide
significantly reduced fish mortality.

The knowledge of the mechanism for the antimicrobial activity of spices and herbs is very limited.
In the present study, gallic acid was determined as a major component of phenolics of sumac (Al-
Boushi et al., 2014). Phenolics have antibacterial effects against bacteria due to their toxicity and
effects on bacterial enzymes (Cowan, 1999). Also, Gabr et al. (2014) analyzed sumac extracts by GC-
MS methods. They found that phenols (41.8%), glycosides (19.4%), alkaloids (17.5%) and terpenoids
(11.3%) were major components. The abundance of polyphenols may explain the mechanisms for the
antimicrobial activity of sumac (Abu-Reidah et al., 2014). Therefore, in the present study, the
percentage mortality was significantly decreased in fish fed sumac powder supplemented diet
challenged with Vibrio anguillarum.

The blood parameters have been used as a diagnostic parameter for the investigation of disease and
physiological disorders (Fazio, 1999). In this study, haematological parameters (RBC, WBC),
differential leukocytes count (LY, MO, NE), Hct, Hb, the mean values of cell hemoglobin (MCH pg),
cell hemoglobin concentration (MCHC %), and cell hemoglobin volume (MCV pm® were no
adversely affected in fish feeding with sumac powder when compared control group. These
observations are in agreement with the obtained results of other researchers, who reported that rainbow
trout treated with Origanum vulgare extract and carvacrol powder were no significant differences in
RBC, Hb, MCV, MCH, MCHC parameters (Ahmadifar et al., 2011; Haghighi and Rohani, 2015;
Yilmaz et al., 2015). In contrast, Gharaei et al. (2020) observed that WBC and RBC, lymphocyte,
monocyte, and neutrophil value was significantly increased in fish fed a sumac supplemented diet.

Serum proteins are various humoral elements of the non-specific immune system, measurable total
protein albumin and globulin levels suggest that high concentrations are likely to be a result of the
enhancement of the non-specific immune response of fish. In this study, total protein (TP), globulin
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(GL), and albiimin (ALB) values had no significant differences on the 8" week. Similar results was
reported in Dicentrarchus labrax fed carvacrol supplemented diet after 4 and 8 weeks (Volpatti et al.,
2014) and in nile tilapia fed the chinese herbs supplemented diet (Ardo et al., 2008). In contrast, the
use Laurus nobils, Cotinus coggyria and Origanum vulgare enhanced the non-specific immune
parameters in rainbow trout (Bilen ve Bulut, 2010; Bilen et al., 2011; Haghighi and Rohani, 2015).

Immunoglobulin M (IgM) is the major component of humoral immune system. Also, lysozyme is a
humoral component of the non-specific defense mechanism which can prevent the growth of bacteria
by splitting B-1,4 glycosidic bonds in the peptidoglycan of bacterial cell walls, resulting in
bacteriolysis (Ellis, 1999). However, this study was found no effect on plasma lysozyme and
Immunoglobulin M (IgM) level at the 8" week. This result is opposed to Gharaei et al. (2020) that
reported significant stimulation in lysozyme activity of rainbow trout with sumac diet. Similarly, Feng
et al. (2020) reported that the lysozyme activity increased Rehmannia glutinosa polysaccharide in
common carp.

CONCLUSION

In conclusion, administration of Rhus coriaria (sumac) fruit powder as a dietary supplement
reduced the mortality rate against Vibrio anguillarum infection. This is the first study to provide data
that the sumac powder evaluated against V. anguillarum possess in vivo potential antibacterial activity.
Rhus coriaria can be utilized as a health promoter in rainbow culture.
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Abstract

This study was carried out in July 2016 in Camili (Macahel) which is Turkey's first and only biosphere reserve area. This
study aimed to investigate the Simuliidae species of some streams in Camili Valley, to identify the “reference site” which are
important for the Water Framework Directive (WFD), to determine ecological characteristics of the studied sites according to
System A and System B Classification of Water Framework Directive (WFD), to explore the relationship between the
recorded species and some environmental variables of streams by using CCA technique. For this purpose, 257 individuals of
Simuliidae were sampled from nine studied sites. Physicochemical variables (dissolved oxygen, pH, water temperature,
electrical conductivity, velocity) were measured at each studied site. In Camili Valley the following species were collected:
Simulium (Nevermannia) angustitarse, Simulium (Nevermannia) cryophilum, Simulium (Nevermannia) vernum, Simulium
(Simulium) bezzii, Simulium (Simulium) tuberosum, Simulium (Simulium) variegatum. Because anthropogenic stresses were
insignificant in the research area, studied sites and Simuliidae fauna of the area were not affected negatively. Also, six of the
studied sites have reference habitat conditions.

Keywords: Canonical Correspondence Analysis, Camili (Macahel), physicochemical variables, reference site, Simuliidae.

Camili Vadisi’ndeki (Artvin, Tiirkiye) baz1 akarsularin larval Simuliidae (Insecta, Diptera) tiirlerinin ekolojik
gereksinimleri

Ozet

Bu ¢alisma, Temmuz 2016 tarihinde Tiirkiye’nin ilk ve tek biyosfer rezerv alani olan Camili (Macahel) bolgesinde
gerceklestirilmistir. Calisma ile Camili Vadisi’nde bulunan bazi akarsulardaki Simuliidae tiirlerinin ve Su Cergeve Direktifi
(SCD) igin Onem tagiyan “referans istasyon” larin belirlenmesi, Su Cergeve Direktifi (SCD)’nin Sistem A ve B
siiflandirmasina gére ¢aligilan istasyonlarin ekolojik karakterlerinin tespit edilmesi, CCA analizi kullanilarak bazi ¢evresel
degiskenler ile kaydedilen tiirler arasindaki iliskinin ortaya g¢ikarilmasi amaglanmistir. Bu amagla, dokuz ornekleme
noktasindan Simuliidae familyasima ait 257 birey toplanmistir. Her &rnekleme alaninda fizikokimyasal degiskenler (su
sicakligi, pH, elektriksel iletkenlik, ¢Oziinmiis oksijen, akinti hizi) Ol¢iilmiistiir. Teshisler sonucunda Simulium
(Nevermannia) angustitarse, Simulium (Nevermannia) cryophilum, Simulium (Nevermannia) vernum, Simulium (Simulium)
bezzii, Simulium (Simulium) tuberosum, Simulium (Simulium) variegatum tiirleri tespit edilmistir. Caligma alaninda
antropojenik baski dnemsiz diizeyde oldugu i¢in caligilan istasyonlar ve Simuliidae faunasi olumsuz etkilenmemistir. Ayrica,
istasyonlardan alt1 tanesi referans istasyon 6zelligi gostermektedir.

Anahtar Kelimeler: Camili (Macahel), fizikokimyasal degiskenler, Kanonik Uyum Analizi, referans istasyon, Simuliidae.

INTRODUCTION

The family Simuliidae has spread on all continents except Antarctica. According to the most recent
edition of the inventory of world Simuliidae (Adler, 2020), Simuliidae fauna comprises 2348 species
(2331 living and 17 fossils). Larvae of Simuliidae, an important member of aquatic invertebrate
communities, play a significant role in aquatic food webs (Crosskey, 1990). Filter-feeding larvae feed
on dissolved organic matter (DOM) and suspended particles (Wotton, 2009; Ciborowski et al., 2017).

Simuliidae species can be used as a bioindicator for indicating habitat degradation of streams (Feld
et al., 2002). Many environmental factors such as dissolved oxygen, pH, electrical conductivity, water
temperature, substrate structure influence the distribution of blackflies (Ross and Merritt, 1978;
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Lautenschlager and Kiel, 2005). Some Simuliidae species are very sensitive to environmental changes,
while some species are tolerant to changes in habitats (Seitz, 1992; Feld et al., 2002; Kazanc1, 2006).

The European Water Framework Directive (WFD), which is the most comprehensive water
legislation of the European Union (EU), aims to protect the ecological status of aquatic ecosystems, to
prevent their degradation, to restore all water bodies, and to conserve water resources in Europe
(Council of European Communities, 2000). Biomonitoring of the ecological quality of aquatic
ecosystems is very important and necessary for WFD studies. Benthic macroinvertebrates are widely
used as bioindicators for monitoring habitat quality (Rosenberg and Resh, 1983; De Pauw et al.,
2006). Another purpose of WFD is to determine which water bodies could be classified as “reference
conditions”. The WFD defines the reference conditions as the conditions that prevail in the absence or
near absence of human disturbance or alteration (Council of European Communities, 2000).

The number of WFD studies using macroinvertebrates has increased in last 10 years in Turkey
(Kazanci and Ertung, 2010; Kazanci et al., 2010a; Kazanci et al., 2010b; Duran and Akyildiz, 2011;
Ekingen and Kazanci, 2012; Kazanci et al., 2013a; Kazanci et al., 2013b; Zeybek et al., 2014; Kazanci
et al., 2015; Tiirkmen and Kazanci, 2015; Arslan et al., 2016a; Arslan et al., 2016b; Basoren and
Kazanci, 2016; Bolat et al., 2016; Tirkmen and Kazanci, 2016; Giiltekin et al., 2017; Kazanci et al.,
2017; Zeybek, 2017; Akay and Dalkiran, 2019; Giiltekin, 2019).

Eastern Black Sea Region, known as a sub-ecoregion of the Caucasus Biodiversity Hotspot, which
is one of the 25 World Biodiversity Hotspot regions (Myers et al., 2000; Kazanci et al., 2011). The
Caucasus is one of the Worldwide Fund for Nature’s (WWF) Global 200 Ecoregions, identified as
globally outstanding for biodiversity. Camili (Macahel) is surrounded by Kargal Mountains on three
sides. This area was declared by United Nations Educational, Scientific, and Cultural Organization to
be the first and only “Biosphere Reserve Area” in Turkey (UNESCO, 2005).

This study aimed to investigate the Simuliidae species of some streams in Camili Valley, to
identify the “reference site” which are important for the Water Framework Directive (WFD), to
determine ecological characteristics of the studied sites according to System A and System B
Classification of WFD, to explore the relationship between the recorded species and some
environmental variables of streams by using CCA technique.

MATERIAL AND METHODS

Camili (Macahel), which is in Borgka district of Artvin province in northeastern Turkey, is located
in a valley on the slopes of Karcal Mountains (Figure 1). Since this area has not been much impacted
by anthropogenic activities, the streams, especially at higher altitudes, are slightly polluted or
unpolluted.

Nine (9) sites were sampled from running waters which are located in Camili in July 2016. In each
site, water temperature, pH, electrical conductivity, dissolved oxygen concentration, and velocity were
measured in the field by using a YSI 556 multi-probe system and Hydro Bios current meter RHCM.
The water quality classes of the studied sites were evaluated by using the Surface Water Quality
Regulation Annex-5 (Anonymous, 2015).

Larvae and pupae of Simuliidae were collected by a standard D-shaped pond net and by hand.
Samples were preserved in 80% ethyl alcohol. Leica MZ75 stereomicroscope and Olympus CX21FS1
binocular microscope were used for identifications. Simuliidae species were identified according to
Rubtsov, 1990; Crosskey, 2002; Jedlicka et al., 2004; Lechthaler and Car, 2005; Crosskey and Zwick
2007.

To investigate the relationships between Simuliidae species and the environmental variables,
canonical correspondence analysis (CCA) was performed using the ECOM 2.1.3.137 version
(Henderson and Seaby, 2007) software programs.

Some geological characteristics required for System A and System B of WFD and physical
variables of the studied sites were recorded for the definition of the stream types.
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Figure 1. Studied area and collecting sites of Camili Valleyi -

RESULTS

A total of 257 blackfly larvae and pupae were collected, and six species were identified from nine
studied sites. Identified species were Simulium (Nevermannia) angustitarse, Simulium (Nevermannia)
cryophilum, Simulium (Nevermannia) vernum, Simulium (Simulium) bezzii, Simulium (Simulium)
tuberosum, Simulium (Simulium) variegatum (Table 1). According to this table, the highest species
number (4) was found in Site 9 and 20 while the lowest species number (1) was found in Site 25 and
33.

Table 1. Simuliidae species list of collecting sites.

Species/Sites 7 9 18 19 20 23 25 33 38
S. (N.) angustitarse * ok *
S. (N.) cryophilum * *  x

S. (N.) vernum * *

S. (S.) bezzii * *

S. (S.) tuberosum * ok ok k% *
S. (S.) variegatum * ok kK * % %

The results of the physicochemical variables (water temperature, pH, electrical conductivity,
dissolved oxygen concentration, velocity) were given in Figure 2.

The water temperature values recorded were between 7.03 and 18.15 °C. The dissolved oxygen
values recorded were between 8.5 and 11.8 mg/l. The pH values recorded were 2.84 and 6.53. The
electrical conductivity values recorded were between 29 and 85 uS/cm. The velocity values recorded
were between 0.33 and 2.33 m/s.
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Figure 2. Values of water temperature (°C), dissolved oxygen (mg/L), pH, electrical conductivity (uS/cm), and

velocity (m/s)

The nine sites and six species detected in these sites were shown in the CCA diagram (Figure 3).
The order of significance of environmental variables was found to be, from most significant to least
significant: velocity, electrical conductivity, water temperature, dissolved oxygen concentration, and

pH.

Some physical and geological characteristics of studied sites required for System A and System B

of WFD were given in Table 3.

Table 2. Water quality classes of the studied sites according to the physicochemical variables (Anonymous,

201Z)ites Site name WT (°C) DO (mag/l) pH EC (pS/cm) Final Water

Quality Class
7 Lekoban Plateau-1 | | | | i
9 Lekoban Plateau-2 | I I I |
18 Merata Plateau-1 | | v I v
19 Merata Plateau-2 | | v I v
20 Merata Plateau-3 | | v I v
23 Curupira Plateau-1 | | v | v
25 Curupira Plateau-3 | | v | v
33 Gohinav Stream | | i | 1]
38 Karagol-1 | | v | v

(WT: temperature, DO: dissolved oxygen, EC: electrical conductivity)
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Table 3. Geological and physical characteristics of sampling sites according to System A and System B Classification of WFD

Site 7 Site 9 Site 18 Site 19 Site 20 Site 23 Site 25 Site 33 Site 38
Ecoregion (System A) Y Y Y Y Y Y Y Y Y
Medium

Altitude (System A)

High (>800m)

High (>800m)

High (>800m)

High (>800m)

High (>800m)

High (>800m)

High (>800m)

(200m-800m)

High (>800m)

Altitude (System B) 2386m 2388 2092 2171 2190 2190m 1963m 563m 1642m
Catchment Area Medium Medium Medium Medium Medium Medium Medium Medium Medium
(System A) (100-1000km?  (100-1000km?)  (100-1000km?)  (100-1000km?  (100-1000km?  (100-1000km?  (100-1000km?)  (100-1000km?  (100-1000km?)
Geology Siliceous Siliceous Siliceous Siliceous Siliceous Siliceous Siliceous Siliceous Siliceous
(System A and System B)
Latitude (System B) 41°24'0.84" N 41°24'0.61"N 41°29'0.90" N 41°26'541"N 41°26'4.94" N 41°30'0.28" N 41°29'6.59" N 41°27'54"N 41°18' 34" N
Longitude (System B) 42°02'2.87"E 42°03'3.85"E 42°03'9.81"E 42°04'5.53"E 42°04'6.90"E 42°05'2.79"E 42°06'1.28"E  41°53'54.32"E 41°28'56"E
30% rock, 40% rock, 40% rock, 20% rock, 20% rock, 20% rock, 40% rock, 30% rock, 20% rock,
Substratum 50% stone, 40% stone, 40% stone, 50% stone, 50% stone, 50% stone, 40% stone, 40% stone, 35% stone,
15% gravel, 15% gravel, 15% gravel, 25% gravel, 20% gravel, 20% gravel, 15% gravel, 20% gravel, 30% gravel,
5% sand 5% sand 5% sand 5% sand 10% sand 10% sand 5% sand 10% sand 15% sand
Stream Zone Hypocrenon Hypocrenon Hypocrenon Epirhithron Epirhithron Epirhithron Epirhithron Metarhithron Epirhithron
Riparian vegetation 0% 10% 10% 10% 0% 40% 10% 100% 50%
Stream Wl.dth indry 1.5m 1.5m 2m am im 2m 2m 9Im 4m
period
Stream width in wet 2.5m 3.5m im 15m im 7m 8m 15m 8m
period

101



BASOREN and KAZANCI 2021 ActAquaTr 17(1), 97-107

Environment Axis 1

0

1,1

25 A |
Vel. Ste 19 -

2- :
DO Site 9 - 08
S. (§4) bez. WT 07
1,5 4 Z o7
-0,5
1 0.4
z % -0,3
& 05 o3

' S. (S.) tub. ; ;

g S. (M) cry. s) Ste 7 s 3

g g & S. (S.) var. & Qﬁgq :

Site 23 -~
& : S. (N.) ang. —— 4.1 01
§ b . A Site 18 02
d --0,3
-1 Site 20 S. (N.) ver. o i
- ‘ 0,5
-1,51 o
--0,7
g --0,8
--0,9
|

25 C w

: : 1,1
2 A ; .

Species/Samples Axis 1

Abbreviations: S. angustitarse — S. ang; S. cryophilum —S. cry; S. vernum —S. ver; S. bezzi — S. bez; S. tuberosum — S. tub; S. variegatum — S. var; velocity — Vel; dissolved oxygen — DO; water temperature — WT;

electrical conductivity — EC.

Figure 3. CCA diagram with environmental variables and Simuliidae species (A : Species, m: Sites)
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DISCUSSION AND CONCLUSION

Investigation of the Simuliidae fauna of Turkey is necessary and important for biological
monitoring studies and WFD research. In this study, the Simuliidae species composition of nine sites
in Camili Valley were determined, information on their habitat preferences was given, and some
physicochemical variables of sites were measured. The pH values were low in almost all studied sites
because of snowmelt and rainfall runoff in the research area. These events during spring and early
summer, cause a short-term decline in alkalinity. This process is called episodic acidification and was
reported by Kazanci (2009) for the first time in the Eastern Black Sea Region and the Yesilirmak
River Basin.

In almost all studied sites, pH value was associated with Class Il and Class IV water quality while
other physicochemical variables were associated with Class | water quality. Blackflies may be more
tolerant to decreases in pH value than another group of freshwater macroinvertebrates (Bernard et al.,
1990; Chmielewski and Hall, 1992). In other words, many blackfly species will be able to cope with
the short-term decline in alkalinity. Therefore, Simuliidae species were sampled in our studied sites,
even under low pH conditions caused by episodic acidification.

Six of the studied sites (Site 7, 9, 18, 19, 20, and 23) have reference habitat conditions. There are
no anthropogenic impacts or habitat degradation in the study area and all sites have high water quality
according to physicochemical variables (except pH values due to episodic acidification). Site 25 and
33 were located near the villages. Site 38 was located in Karagol-Sahara National Park and samples
were collected from inlet stream. Also, there was a regulator near Site 38. Therefore, these sites have
not to reference habitat conditions.

The relationship between six Simuliidae species and some physicochemical variables (water
temperature, dissolved oxygen, pH, electrical conductivity, and velocity) of streams were shown in the
CCA diagram (Figure 3). The determinant environmental variables in quadrant A were velocity and
dissolved oxygen. According to the CCA diagram, S. (S.) bezzii was positively correlated with these
two variables. S. (S.) bezzii usually lives in fast-flowing unimpaired running waters, but it also can live
in degraded eutrophic waters (Seitz, 1994; Lechthaler and Car, 2005). This species prefers
oligosaprobic and betamesosaprobic habitats (CSN 75 7716, 1998). There is no information
concerning stream zonation preferences in the literature. Bagoren and Kazanci (2017) recorded this
species from crenon, epirhithron, and metarhithron zone of the streams in the Eastern Black Sea
Region. Site 9 and 19 were placed in quadrant A. S. (S.) bezzii was recorded only from these sites. Site
9 was located in hypocrenon zone of the mountain stream in Lekoban Plateau and has Class | water
guality. Site 19 was located in epirhithron zone of the mountain stream in Merata Plateau and has
Class IV water quality because of pH value.

The determinant environmental variables in quadrant B were pH and water temperature. S. (S.)
tuberosum was placed in this quadrant but it was close to the center of the CCA diagram because of a
weak correlation with the environmental variables. This species was the second common species after
S. (S.) variegatum in this study. It was recorded from six sites (Site 7, 9, 18, 19, 20, and 38). S. (S.)
tuberosum was previously recorded by Kazanci and Ertung (2008) in Artvin province. It inhabits
mostly medium sized upland streams with fast-flowing, but it can be found in wide streams with rich
vegetation and slow current (Zahar, 1951; Bass, 1998). This species primarily prefers oligosaprobic
and betamesosaprobic habitats, but it also occurs in xenosaprobic habitats. It has wide habitat
preferences range from epirhithron to epipotamon, but S. (S.) tuberosum prefers mainly metarhithron
and hyporhithron of streams (Lechthaler et al., 2017). Site 7 was placed in between quadrant B and D.
In this site, only S. (S.) tuberosum and S. (S.) variegatum were recorded. Therefore, they were closely
located in the CCA diagram. Site 7 was located in hypocrenon zone of the mountain stream in
Lekoban Plateau and has Class | water quality. S. (S.) tuberosum was collected from the other two
sites (Site 9 and 18) in hypocrenon zone of streams. That is, it can be said that this species can also
prefer this region of streams.

There was no determinant environmental variable in quadrant C. S. (S.) angustitarse and S. (S.)
vernum were placed in this quadrant. They were negatively correlated with water temperature and pH.
S. (S.) angustitarse has a widespread distribution through entire Europe. It is a stenothermal species
and predominates in clean and cold waters near the source of rivers (Lechthaler and Car, 2005).
Therefore, they were placed opposite the representing water temperature variable. However, this
species can survive in organically polluted water (Rubtsov, 1990). It mainly prefers betamesosaprobic
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habitats, but it also occurs in oligosaprobic and alphamesosaprobic habitats. The stream zonation
preferences of this species are epirhithron, metarhithron and hyporhithron mainly, but it occurs also
hypocrenon zone of streams (Lechthaler et al., 2017).

S. (S.) vernum can live in a wide range of running waters from small mountain streams to large
rivers (Scheder and Waringer, 2002). It is generally found in oligosaprobic and betamesosaprobic
habitats, but it can be inhabited in xenosaprobic and alphamesosaprobic habitats. The stream zonation
preferences of this species are epirhithron and metarhithron mainly, but it occurs also hypocrenon and
hyporhithron zone of streams. (Lechthaler et al., 2017). S. (S.) vernum was recorded from Site 18 and
20 with the lowest pH values (3.7 and 2.84 respectively) in this study. Similarly, this species was
found by Basoren (2015) at three different sites with low pH value (4 and 5.5) in Aksu Stream
(Giresun, Turkey). For this reason, it is expected that it was placed opposite the arrow representing pH
variable. Site 20 and 23 were placed in quadrant C. S. (S.) angustitarse, S. (S.) vernum and S. (N.)
cryophilum were recorded mostly from these sites. S. (N.) cryophilum was placed in between quadrant
A and C. This species is one of the most common blackfly species in undisturbed mountain brooks
(Scheder and Waringer, 2002; Crosskey and Howard, 2004). It prefers also cold and fast-flowing
running waters (Kazanci, 2006). Therefore, S. (N.) cryophilum was placed opposite the representing
water temperature variable and close the representing velocity variable. This species is generally found
in oligosaprobic and betamesosaprobic habitats, but it can be inhabited in xenosaprobic and
alphamesosaprobic habitats. The stream zonation preference of this species is epirhithron mainly, but
it occurs also hypocrenon and metarhithron zone of streams (Lechthaler et al., 2017). Site 20 and 23
that were placed in quadrant C, were located in epirhithron zone of the mountain streams in Merata
and Curupira Plateau respectively. These studied sites have Class IV water quality because of pH
value.

The determinant environmental variable in quadrant D was electrical conductivity. S. (S.)
variegatum was placed in this quadrant. According to the CCA diagram, S. (S.) variegatum was
positively correlated with this variable. This species was the most abundant (52%) in this study. It is
widespread from Europe to the Caucasus (Crosskey and Howard, 2004). It mostly lives in mountain
streams and small rivers with high dissolved oxygen concentrations (Kiel, 2001; Scheder and
Waringer, 2002). S. (S.) variegatum is generally found in oligosaprobic and betamesosaprobic
habitats, but it can be inhabited in alphamesosaprobic habitats. Epirhithron, metarhithron, and
hiporhithron are stream zonation preferences of this species (Lechthaler et al., 2017). In Bagéren and
Kazanci (2017), this species was recorded mainly from epirhithron zone of the streams in the Eastern
Black Sea Region. Additionally, this species was also found in crenon zone. Site 18, 25, 33, and 38
were placed in quadrant D. Sites 25 and 33 do not appear clearly in the CCA diagram because they
overlap. The reason for this situation is that only S. (S.) variegatum was recorded from both sites.
Since Site 25, 33, and 38 have the highest EC values (81, 71, 85 uS/cm respectively), they are
expected to be positioned next to the arrow representing EC. S. (S.) variegatum has the highest number
of individuals (111 individuals) in Site 38. Site 18 was in hypocrenon zone of the mountain stream in
Merata Plateau and has Class IV water quality. Site 25 was in epirhithron zone of the mountain stream
in Curupira Plateau and has Class IV water quality. Site 33 was in metarhithron zone of the Gohinav
streams and has Class Il water quality. Site 38 was situated in Karag6l-Sahara National Park and
there was a regulator near the sampling site. This site also has Class 1V water quality. Site 25 and 33,
which were located near the villages, and Site 38 have not to reference habitat conditions. The reason
why these four studied sites have Class IV water quality is the pH value.

Camili (Macahel) declared as the first and only biosphere reserve area of Turkey is one of the
biologically richest regions. Anthropogenic impacts on this area are insignificant and six of the studied
sites also showed reference habitat conditions. However, biological degradation, tourism activities,
hydroelectric power plant construction and road construction have recently threatened aquatic habitats
in this region. Because our studied sites were generally in isolated areas, Simuliidae fauna was not
affected by these negative impacts. All sites are suitable for the survival of Simuliidae species. In this
study, S. (N.) angustitarse, S. (N.) cryophilum, S. (N.) vernum, S. (S.) bezzii, S. (S.) tuberosum, and S.
(S.) variegatum were recorded from Camili Valley. However, it can be expected that much more
Simuliidae species will be found because this region is rich in biodiversity.
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Abstract

Mussels (Mytilus galloprovincialis) are aquatic organisms that can accumulate all the factors that pollute the fresh and
saltwater environment. Although the Dardanelles has been exposed to environmental pollution for many years, it is also an
important region for crustaceans. We aimed to investigate the histopathological changes in the liver parenchyma which is an
important gland of the digestive system by feeding these mussels to rats. Twenty-four male Wistar albino were used in the
study. The first group (control): fed with standard rat feed, the second group (experiment 1): 4/5 mussel + 1/5 standard rat
feed daily; third group (experiment 2): 4/5 mussel + 1/5 standard rat feed every other day, the fourth group (experiment 3):
groups were formed with 4/5 mussel + 1/5 standard rat feed every three days. All liver tissue samples taken from the
experimental and control groups were stained with hematoxylin-eosin, and immuohitochemically staining inflammatory
marker TNF-a and NF-«xB after routine histopathological follow-up and analyzed with a light microscope image analysis
system. It was observed that mononuclear cells caused inflammation of portal areas, increased sinusoidal dilatation and
congestion and degeneration due to vacuolization in hepatocytes in the liver parenchyma of mussel-fed rats. Besides,
immunohistochemical staining, TNF-a, and NF-kB immunoreactivity were observed in the liver cells of especially in the
second group of rats. As a result, it has been shown that the consumption of mussels obtained and marketed without
considering environmental pollution may trigger important digestive system organs of liver diseases.

Keywords: Immunohistochemistry, inflammation, liver, hepatocyte degeneration, mussels.
Kirlenmis Alanlardan Toplanan Akdeniz Midyesi'nin Ratlarda immiinohistokimyasal Metotla Hepatotoksik Etkisi
Ozet

Midye (Mytilus galloprovincialis), tatli ve tuzlu su ortamini kirleten tim faktorleri biriktirebilen sucul organizmalardir.
Canakkale Bogazi uzun yillar boyunca cevre kirliligine maruz kalsada, kabuklular i¢in de dnemli bir bolgedir. Bu midyelerin
sindirim sisteminin 6nemli bir bezi olan karaciger parankimindeki histopatolojik etkilerini aragtirmay1 amagladik. Calismada
24 adet erkek Wistar albino tiirii rat kullanildi. Birinci grup (kontrol): standart sigan yemi ile beslendi, ikinci grup (deney 1):
hergiin 4/5 midye + 1/5 standart sigan yemi; iigiincii grup (deney 2): 4/5 midye + 1/5 standart sigan yemi 2 giinde bir,
dordiincii grup (deney 3): gruplar 4/5 midye + 1/5 standart sigan yemi ile her {i¢ giinde bir olusturuldu. Deney ve kontrol
gruplarindan alinan tiim karaciger doku Ornekleri, histopatolojik takipten sonra rutin hematoksilin-eozin ve enflamatuar
belirteg olan TNF-a ve NF-«B ile immiinohistokimyasal boyama yapildi ve 151k mikroskobu goriintii analiz sistemi ile analiz
edildi. Mononiikleer hiicrelerin portal alanlarda yangiya sebep oldugu, karaciger parankimindeki hepatositlerde
vakuolizasyonun dejenerasyon sonucu meydana geldigi, santral ven ve siniizoidal dilatasyon ve konjesyonun oldugu
gozlemlendi. Ek olarak, &zellikle ikinci sigan grubunun karaciger hiicrelerinde immiinohistokimyasal boyama, TNF-a ve NF-
kB siddetli immiinoreaktivitesi gdzlendi. Sonug olarak, ¢evre kirliligi dikkate alinmadan elde edilen ve pazarlanan midye
tilketiminin sindirim sisteminin 6nemli bir organi olan karaciger hastaliklarin tetikleyebilecegi gosterilmistir.

Anahtar kelimeler: immiinohistokimya, inflamasyon, karaciger, hepatosit hasar1, midye
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INTRODUCTION

The relationship between healthy food and quality of life is gaining importance day by day.
Accordingly, it increases consumers’ orientation towards natural and delicious products that are not
contaminated with drugs or chemicals. Despite all these positive thoughts, the increasing population
every day and the increase in food consumption parallel to this increase in the orientation towards
alternative food sources. Consumption in fish and shellfish occasionally bursts. Especially in coastal
areas, there are seashells that have become food culture. Creatures such as mussels, oysters, and sea
urchins are among the more preferred products as nutrients. Mussels are organisms that feed on
organic and inorganic substances in the water. Mussels can also filter toxic substances during water
filtration. Because of these properties, they can store harmful substances in water in their bodies al.
(Figueras et al., 2019). The mussels are fed with microorganisms that secrete neurotoxins, especially
in the summer months. Also, they filter the water and accumulate heavy metals, pesticides, and
bacteria in the tissues. As a result of the pollution of seawater with environmental factors, toxin levels
increase in the body of these creatures (Voudanta et al., 2016). Dardanelles is the marine area where
the mussel population is the most and it is very prone to contamination in terms of location. The seas
have indeed been polluted for years with domestic waste, pesticides, and industrial waste (Yigit et al.,
2018).

Most of the liver studies have been conducted to examine regeneration as a result of either
experimental or chemical damage (Palmes & Spiegel, 2004). TNF-o plays a role in the
pathophysiology of TNF-a, viral hepatitis, alcoholic liver disease, non-alcoholic fatty liver disease
and, ischemia-reperfusion injury in the liver. Studies have shown that when the liver enters the
degenerative process, TNF-a induces increased synthesis in hepatocytes and Kupffer cells in the
cytoplasms (Yang & Seki, 2015) When oxidative stress in tissues and associated damage to cells
increases, activation of the TNF-a receptor is followed by activation of the nuclear factor kappa B
(NF-kB). Thus, NF-kB goes to the nucleus, and then NF-kB activates genes that try to block TNF-
induced apoptosis. In resting cells, NF-kB is an inactive form in the cytoplasm (Karin, 2006;
Schattenberg & Schuchmann, 2009).

Heavy metals are defined as metallic elements with a relatively high density than water (Fergusson,
1990). Heavy metals contain metalloids and heavy metals such as arsenic can have toxic effects even
at low doses (Pourret & Hursthouse, 2019). In recent years, there has been an increasing ecological
and global public health concern associated with environmental pollution by these metals. Besides,
human exposure has increased significantly as their use has increased exponentially in some industrial,
agricultural, domestic and technological applications (Tchounwou et al., 2012). In biological systems,
it has been reported that heavy metals affect cellular organelles and components such as cell
membranes, mitochondria, lysosomes, endoplasmic reticulum, nuclei, and enzymes involved in
metabolism, detoxification, and damage repair (Wang & Shi, 2001). Metal ions have been found to
interact with cell components such as DNA and nuclear proteins and cause conformational changes
that can lead to DNA damage and cell cycle modulation, carcinogenesis, or apoptosis (Chang et al.,
1996; Hubbard, 2005). Various forms of heavy metals, pesticides, viral and bacterial organisms that
crustaceans filter and accumulate in their tissues also pass to mammals that consume these creatures
(Gorinstein et al., 2008). As a result, it will inevitably produce important histopathological results in
the liver. In this study, we aimed to draw attention to the consumption of seafood consumption in a
healthier and more reliable environment by showing the changes in the liver tissue with histochemistry
and immunohistochemical techniques by giving them to the rats with an experimental nutrition model
in vivo.

MATREIALS and METHODS

The mussels used in the study were removed by diving from various locations determined in the
Dardanelles of April- May 2019. Mussels were selected from the same region and those close to the
same size. Mussel muscle tissue was assumed to be contaminated based on analysis results. The
mussels were boiled in the shell and after the water was taken in the oven, they were turned into o
pellet and fed to the subjects as feed. In this study, 24 male Wistar albino rats (250-300 g in weight)
were used. All rats were housed in a 12-hour light and 12-hour dark environment with an average
temperature of 22 + 1°C, humidity 55 + 5, ventilation and air conditioning system. Rats were given as
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much water as they could drink. Standard rat food and mussel were given according to 15% of the
weight of each rat in feeding planning (Gezen, 2018).
Experimental groups

The first group (Control, n = 6); Standard rat food,

The second group (Experiment 1, n = 6); 4/5 mussels + 1/5 standard rat food daily,

The third group (Experiment 2, n = 6); 4/5 mussels + 1/5 standard rat food every two days; other
day standard rat food,

The fourth group (Experiment 3, n = 6); 4/5 mussels + 1/5 standard rat food every three days; the
other two days are standard rat food; It was fed for four weeks.
Ethics Statement

A total of 24 male Wistar albino rats were used in the study. The study protocol was approved by
the Canakkale Onsekiz Mart University Ethics Committee for Animal Research (Protocol number:
2020/04-07).
Histopathological Examination

30 days after the start of the study, rats were removed for this study after rats were sacrificed under
ketas (150 mg/kg; i.p) and alfazyne 2% (25 mg/kg; i.p) anesthesia. Liver tissue samples from all
groups were detected in a 10% neutral buffered formaldehyde solution (Bio Optica) for 24 hours.
Tissue samples were passed through graded alcohols and their juices were removed. Then, the tissues
passed through xylene were made transparent and the alcohols of the tissues were removed. Paraffin
was allowed to enter into the tissue samples passed through xylene + paraffin and paraffin stages in a
60°C oven. Tissue samples removed from paraffin were blocked using a tissue embedding device.
Tissue samples taken to the blocks were cut 4-5 microns thick in microtome for routine
histopathological staining and taken into a water bath. The tissue samples opened here were taken on a
normal slide and Hematoxylin-Eosin staining was applied.
Immunohistochemically Examination

Immunohistochemically reactions were performed according to the ABC technique described.
Following this step, the sections were incubated with a polyclonal nuclear factor Kappa-B (NF-xB
p50, Abcam), tumor necrosis factor (TNF-o, Abcam), then the sections were incubated with
biotinylated anti-mouse Immunoglobulin-G (DAKO LSAB 2 Kit, Invitrogen). Following this step, the
sections were incubated with the ABC complex (DAKO LSAB 2 Kit). For background staining,
Mayer’s Hematoxylin (Giirpmnar et al., 2012; Oztiirk et al., 2019).
Evaluation of tissue samples and statistics

During the evaluation of the results, the immunoreactivity was evaluated with the H-score method,
calculating the ratio of immunopositivity cells to all cells in the selected fields. Immunoreactive cell
count was performed by a blinded observer and graded as follows: 0 denoted no staining; 1 denoted
weakly; 2 denoted moderate; 3 denoted strong staining in a specified field. The respective score was
then calculated using the following formula: H-score = (% stained cells at 0) x 0 + (%stained cells at
1+) x 1 + (Ystained cells at 2+) x 2 + (%stained cells at 3+) x3. The H-score value varies from 0 to
300. SPSS 19 version applied for statistical evaluation of the results obtained with this formula. To
determine the differences NF-kB and TNF-o immunoreactivities between groups, the Kruskal —~Wallis
Test, which is one of the nonparametric tests, will be used. P<0.05 Difference between the groups will
be considered significant.

RESULT and DISCUSSION

Histophatological Findings

Control Group: Hepatocellular damage, biliary tract damage, vascular damage, and sinusoid cell
damage, and no histopathological findings of tumor cases were observed when staining liver tissue
samples from rats fed with standard rat food every day with Hematoxylin and Eosin (Figure 1).
Remark cord structure, sinusoid, and central vein, and portal vein, portal artery, and bile ducts located
in the portal area were observed to have normal histological structure.

Experimental groups: The following histopathology table occurred in all experimental groups,
respectively.

a- Hepatocellular Damage; Vacuolar degeneration, focal necrosis, inflammatory cells including
neutrophils and eosinophils in the lobule and portal area were detected. Vacuolar degeneration in most
of the hepatocytes manifested by diffuse swelling, pale staining of the cytoplasm, and the appearance
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of the cytoplasmic residues around the nucleus. In some hepatocytes, the picnotic nucleus was
observed, lobular inflammation in small foci, periductal inflammation with portal inflammation
(Figure 1, Table 1).

Table 1. Histopathological evaluation of liver tissue samples.

Groups
Experiment 1 Experiment 2 Experiment 3
Parameters  Control  (Every day giving mussel)  (Two day giving mussel)  (Three day giving mussel)
Congestion - ++++ ++ I
Dilatation + ++++ +++ ++
Inflammation - +++ ++ +

b- Vascular Damage; Central, portal, and sinusoidal dilatation, congestion in portal veins, central
veins and sinusoid were observed. These histophatological changes occurred more severely in the first
group of mussels given daily. In other groups, liver damage decreased due to mussel consumption
(Figure 1).
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H&E Staining

Control group

First experlment group

‘Second experlment group | - Thlrd experlment group

Figure 1 Control and experlment groups of hver tissue, H&E (CV: Central vein, long arrow: inflammation,
short arrow: congestion, thick arrow: vacuolar degeneration).

NF- kB and TNF-a findings

Immunohistochemical staining results obtained from our study, we observed that NF-kB and TNF-
a expression showed higher immunoreactivity in the liver due to the increase in the first experiment
group, and staining was largely in the cell cytoplasm. The apoptotic mechanism was found to be very
high in the liver tissues, especially in the first experimental group. Immunohistochemical staining with
NF-«kB, positive immunoreactivity was observed according to the amount of mussel given (Figure 2
and Figure 3). In the first experiment group, high reactivity was observed around the central vein. In
the second and third groups, it was observed that the immunoreactivity around the central vein was
moderate. A statistically significant difference was observed between the control and the first
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experimental group of the subjects (p<0.0001). There was a weak significant difference between the
control and third experiment group (p<0.05) (Table 2).

NF-kB Immunohistochemsitry

Control group First experiment group

——

Figure 2. The immunohistochemical distribution of NF-«B in the control and experiment group of
liver tissue (star and arrow: immunreactivity, CV: Central vein).
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TNF-a Immunohistochemsitry

Control group
e

First experiment group

Third experinet group

Figure 3. The immunohistochemical distribution of TNF-a in the control and experiment group of
liver tissue (star and arrow: immunreactivity, CV: Central vein).

Table 2. TNF-o and NF-xB Immunoreactivty of control and all experiment groups. *p<0.0001 compared
to the control group, **p<0.001 compared to the control group, ***p<0.05 compared to the control group.
All experiment groups statistically significant differences were determined.
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Heavy Metal Analysis Results

According to the research findings, considering the Cd, Pb, Cu, and Zn data in M.
galloprovincialis, the places where the heavy metal concentration is the highest are Camburnu,
Yenikordon, and Cardak stations, respectively (Table 3).

Table 3. Heavy metal concentrations of
M. galloprovincialis muscle tissue (ug/g dry weight.)
Heavy metals

Region Cd Pb Cu Zn
Camburnu  1.22 0,56 1.35 18.74
Yenikordon 1.10 0,45 1.10 16.86
Cardak 084 042 072 16.24
Ortalama 1.05 047 1.05 17.28

There were differences and similarities between the groups in terms of histopathological damage in
the liver tissues of the rats, which were collected with mussels collected from the Dardanelles. In our
study, we researched Mediterranean mussels from shellfish, which have a high potential to cause liver
damage to dietary habits. When mussels, which are both commercial and highly nutritious, are
obtained from environmentally polluted environments, they can cause permanent damage to many
organs, especially the digestive system (Gorinstein et al., 2008). Mussel dishes, which have become
food culture especially in coastal areas and consumed frequently, can also cause permanent damage in
one of the most important organs of our body, such as the liver. It supports this hypothesis in our
research findings. The size of histopathological effects of mussels, which are frequently consumed and
collected from unhealthy environments (exposed to industrial wastes), on the liver was found to be
considerably large. Studies have reported that toxic substances such as heavy metals accumulate in
fish and mussels due to marine pollution (Kayhan et al. 2006). In the researches, the presence of many
heavy metals in single and bivalve seafood grown in the Dardanelles was determined (Ustunada et al.,
2011). In our country, the annual pollution rate is quite high compared to the regions due to the transit
ship passes of the Dardanelles and the Bosphorus. Again in the heavy metal detection studies carried
out in the Mediterranean, trace elements such as cadmium, iron, and copper were found to accumulate
in the bivalve (Goksu et al., 2005). Our findings show that, in the light of the data obtained from these
studies, mussels can accumulate heavy metal and other pollutants in their tissues and create cytotoxic
effects in humans and other organisms fed with them.

Long-term to heavy metals such as mercury (Hg), lead (Pb), chromium (Cr), cadmium (Cd),
arsenic (As), copper (Cu), vanadium (V), nickel (Ni), and zinc (Zn) It has been reported that exposure
may cause certain cancers in humans with chronic inflammation, cardiac, pulmonary and neurological
effects (Mantovani et al., 2008; Nieboer et al., 2013). In our study, the detection of prominent foci of
inflammation in the portal areas of the liver and parenchymal tissue was found similar to the findings
of inflammation caused by the toxic effects of these investigators in people exposed to heavy metal.
However, in our study, no findings related to liver cancer were encountered. Literature information has
shown that heavy metals can cause cancer (Sa et al., 2016), but our study suggests that there is no
cancer in the liver and that mussels are fed to rats for a short time, such as 30 days. Rats fed with
mussels for a longer period may think that cancer may occur in the liver tissue.

Toxic liver diseases caused by drugs and chemicals mainly affect hepatocytes, bile ducts, vascular
system, sinusoidal cells, and Kupffer cells, causing various morphological changes in the liver.
Changing rates of hepatocyte damage, necrosis, lobular and portal inflammation are observed in
hepatocellular damage. In its mildest form, balloon degeneration and apoptotic bodies, as well as focal
necrosis foci, and inflammatory cells, including neutrophils and eosinophils, are observed in
hepatocytes (Boone et al., 2005; David & Hamilton, 2010; Mantovani et al., 2008). In our study,
balloon degeneration, portal and lobular fissures in hepatocytes are similar to the literature information
seen in toxic liver cases. We detected necrosis, inflammation in the lobule and portal area. The fact
that balloon degeneration is much more common in the group that feeds on mussels every day
suggests that continuous mussel consumption causes more hepatocellular damage. In toxic hepatitis,
cytotoxic hepatocellular damage can be seen as well as the cholestatic type (Bioulac-Sage & Balabaud,
2009; Lucena et al., 2008). Acute hepatocellular damage with cytotoxic effect may also be in mixed
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form, where both cholestatic and cytotoxic damage can coexist. Cholestatic changes are accompanied
by mild balloon degeneration, necrosis, and apoptosis (Schattenberg & Schuchmann, 2009). Our
balloon degeneration and necrosis findings in our study suggest that mussels show cytotoxic effects in
mixed form. We think that the source of histopathological damage occurring in the liver is due to the
transition of heavy metals to mussels and toxic effects on the liver.

It has been shown that in liver injuries triggered by hemorrhagic shock, the protein supplements
obtained from the crustaceans decrease the damage, and the level of inflammatory marker TNF a (Lee
et al., 2012). However, it was shown that the severity of inflammation increased due to liver damage
caused by shellfish collected and consumed without considering environmental pollution. Studies for
its protective effects have also been shown in primary liver culture. When the protein products
obtained from the crustaceans are given to the cells that are induced with carbon tetrachloride, it has
been shown that the antioxidant level increases and the damage in the cells decreases (Chi et al.,
2010). In another study, it was reported that pacific oyster extract decreased liver fibrosis, and
inflammatory markers such as TGF-beta and NF-KB decreased (Zhou et al., 2015). In our study, it
was determined that mussels caused degeneration of hepatocellular structure in the liver and that TNF-
o immunoreactivity increased as the dose increased. TNF-a, a cytokine secreted for conservation
purposes, shows that the liver's damaged structure can be cleaned by apoptosis and inflammatory
events and re-trigger regeneration. When oxidative stress in tissues and associated damage to cells
increases, activation of the TNF-alpha receptor is followed by activation of the nuclear factor kappa B
(NF-kB). Thus, NF-kB goes to the nucleus, and then NF-kB activates genes that try to block TNF-
induced apoptosis. In resting cells, NF-B is an inactive form in the cytoplasm (Karin, 2006;
Schattenberg & Schuchmann, 2009). Our findings show that in previous studies, we observed that the
expression of TNF-o and NF-kB increased in hepatocyte cytoplasms parallel to its regulatory role in
liver tissue. As the hepatotoxic effect increased as consumption scallop increased, TNF-o and NF-xB
expression was observed to be at the highest level in the first experimental group.

CONCLUSION

Our study results have confirmed the parameter results, which are encountered in many regions and
countries, depending on the amount of consumption and environmental pollution. Heavy metal
accumulation in mussels collected from the Dardanelles was observed to cause inflammation and
degeneration in the liver. While searching for an alternative food source, environmental factors should
not be ignored and it should be paid attention to the consumption of clean and healthy products since it
causes tissue damage in many systems especially in the digestive system. Besides, before the
consumption of mussels, especially heavy metal and other environmental pollution analysis should be
done. Our people should be made aware of how much heavy metals they take with food accumulate in
their organs and should be protected from possible liver diseases.
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Abstract

This study was performed to evaluate the effects of adding different levels of natural zeolite (clinoptilolite) to juvenile
rainbow trout (Onchorynchus mykiss) diets about growth performance and some biochemical blood parameters. The
experimental system was designed as a semi-recirculating aquaculture system and 20 rainbow trouts which weigh 7.91+0.03
g distributed randomly for each tank (300 L). Fish were fed to apparent satiation with diets containing 45% crude protein and
14% crude fat for 70 days which included no zeolite (Control), 0.5% zeolite (Z05), 1% zeolite (Z1), 2.5% zeolite (Z25) in
triplicate. Finally, blood samples were collected from all fish tanks to analyze some biochemical blood parameters like
cholesterol, triglycerides, LDL, HDL, and VLDL. At the end of the experiment, Z25 group showed negative results in final
body weight, weight gain, and specific growth rate (p<0.05). Although Z05 group showed no significant difference, it
showed the best results in final body weight, weight gain, specific growth rate, feed intake, feed conversion rate, and protein
efficiency. In terms of blood parameters, all the groups had similar values with no significance (p>0.05) compared to the
control group. As a result, there was a tendency towards decreased growth and feed utilization due to the addition of zeolite
higher than 1% in diets. It could be concluded that limited usage of clinoptilolite in rainbow trout diets might have beneficial
effects on growth parameters.

Keywords: Zeolite, trout, growth, blood parameters.

Diyetteki Dogal Zeolitin (Klinoptilolit) Gokkusag1 Alabahgmmn (Onchorynchus mykiss, Walbaum 1792) Biiyiime ve
Bazi Kan Parametreleri Uzerindeki Etkileri

Bu calisma, geng gokkusagi alabaligi (Onchorynchus mykiss) diyetlerine farkli seviyelerde dogal zeolit (klinoptilolit)
eklenmesinin biiyiime performansi ve bazi biyokimyasal kan parametreleri tizerindeki etkilerini degerlendirmek amaciyla
yapilmistir. Deney sistemi, yar1 devridaim yapan bir kiiltiir balik¢ilig1 sistemi olarak tasarlanmis ve her bir tanka (300 L)
7.91+£0.03 g agirhiginda 20 gokkusagi alabaligi rastgele dagitilmistir. tasarlanmustir. Baliklar, %45 ham protein ve %14 ham
yag kompozisyonlu zeolit igermeyen (Kontrol),% 0.5 zeolit (Z05),% 1 zeolit (Z1),% 2.5 zeolit (Z25) iceren diyetlerle 70 giin
boyunca doyana kadar beslenmistir. Son olarak, kolesterol, trigliseritler, LDL, HDL ve VLDL gibi baz1 biyokimyasal kan
parametrelerini analiz etmek igin tiim balik tanklarindan kan ornekleri alinmigtir. Deney sonunda Z25 grubu son viicut
agirhigl, agirlik artist ve spesifik bilylime oraninda negatif sonuglar gostermistir (p <0.05). Z05 grubu, anlaml bir fark
olmamasina ragmen son viicut agirligi, agirlik artisi, spesifik bliyiime orani, yem alimi, yemden yararlanma orani ve protein
veriminde en iyi sonuglar gdstermistir. Kan parametreleri agisindan tiim gruplar, kontrol grubuna gore anlamli olmayan
benzer degerlere sahiptir (p> 0.05). Sonug olarak, zeolitin diyetlere %1'den fazla eklenmesi nedeniyle biiylime ve yemden
yararlanmada azalma egilimigoriilmiigtiir. Gokkusagi alabaligi diyetlerinde smirli klinoptilolit kullanimmin biiyiime
parametreleri iizerinde faydali etkileri olabilecegi sonucuna varilmustir.

Anahtar Kelimeler: Zeolit, alabalik, biiyiime, kan parametreleri.

INTRODUCTION

Farmed rainbow trout (Oncorhynchus mykiss) production had increased by 19% from 2008 to 2017
(FAO, 2017). Most of the problems like environmental impact and sustainability in aquaculture are
directly related to the origin of the diets which were used for carnivorous feeding (Tacon, 1997;
Naylor et al., 2000). Most of the salmonid diets were used to be manufactured from animal originated
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raw materials where plant-based raw materials and feed additives were only used as supplementary
ingredients. To decrease the environmental impact and economical concerns, recent trends about fish
feed manufacturing are to reduce protein cost, waste products, and marine originated raw materials
(Papatryphon, 2004). Balanced diets having high digestibility rates had an important role in reducing
the nitrogenous wastes which were excreted by the fish. Zeolites can also help to reduce ammonia
excretion rates as well as using highly digestible raw materials. Zeolites were described as
aluminosilicates of the alkaline and alkaline earth cations having an infinite, open and three-
dimensional structure, capable of exchanging water and cations in the crystal structure without
changing the crystal structure and containing water molecules (Mumpton and Fishman, 1977). Their
general application areas were construction, water, wastewater treatment, adsorption, catalysis,
removal of nuclear wastes, and agriculture. Animal nutrition and welfare, horticulture, removal of
animal wastes, and aquaculture were some of its usage areas in agriculture. Zeolites were mainly used
for; removal of ammonia from hatcheries, aquariums, transportation media, and feed additives for fish
feed (Bernal et al., 1993; Mumpton, 1999) in aquaculture. Despite having this much broad application
and there were many examples of dietary usage in terrestrial animals (Valpoti¢ et al., 2017), there were
limited experiments in aquaculture (De Silva and Anderson, 1995). Few trials were conducted on sea
bass Dicentrarchus labrax, (Dias et al., 1998), sea bream Sparus aurata, (Kanyilmaz et al., 2015),
rainbow trout Onchorynchus mykiss, (Obradovic et al., 2006; Demir and Aybal, 2004; Eya et al., 2008;
Danabas, 2009; 2011; Alinezhad et al., 2017), coho salmon Onchorhyncus kisutch, (Edsall and Smith,
1989), snakehead murrel Channa striata, (Jawahar et al., 2016) and tilapia Oreochromis niloticus,
Tilapia zillii, (Tore, 2006; Yildirim et al., 2009; Zahran et al., 2020), common carp Cyprinus carpio,
(Kanyilmaz, 2008) and crayfish Astacus leptodactylus, (Aksu, 2016). The working mechanism of
zeolites regarding growth is reported as selective adsorption of ions (Ames 1967; Mercer et al., 1970),
changing feces profile and extending the passage time from the digestive tract (Lanari et al., 1996;
Dias et al., 1998). Also, blood in terms of blood parameters, it was remarked (Ly et al., 2007,
Kanyilmaz and Tekellioglu, 2016) that serum cholesterol and triglycerides values were affected by
absorption of the short-chain fatty acids by zeolites. This study aimed to evaluate any effects of dietary
natural zeolite (clinoptilolite) on rainbow trout diets on growth and some blood biochemical
parameters.

MATERIAL AND METHOD
Experimental Design and Rearing

Rainbow trouts (Onchornhychus mykiss, n=360) obtained from a local commercial trout farm in
Canakkale - Turkey were transported to the Faculty of Fisheries at Canakkale Onsekiz Mart University
Research Unit. Before the start of the feeding trial, fish were fed a commercial diet (45% protein, 12%
fat) for acclimatization. After the conditioning period, triplicate groups of 20 fish, which were initially
averaging 7.91+0.03 g were stocked in cylindrical tanks (twelve tanks of 300 L), each filled with
dechlorinated tap water. The experiment was carried out with 240 fish selected from 360, divided into
12 tanks (four groups and triplicate tanks). The water flow was 3 L/min, and all tanks were aerated by
air stones. The semi-recirculating system used in the experiment consisted of eighteen 300 L tanks, a
300 L sump, 200 L sand filter, and a 300 L biofilter containing bio balls. The total volume of the
system was 4400 L. One thousand liters of makeup water was exchanged daily corresponding to about
22,7% of the total volume. During the growth experiment, dissolved oxygen and water temperature
daily and nitrite, nitrate and total ammonia) weekly monitored daily and all water quality parameters
were in the optimal ranges. Through the experiment 70 days of feeding was and on every 15 days, the
fish weighed. Twenty fish were randomly distributed to the experimental tanks from the stock tank
and there were 12 tanks. To prevent weight and size inequality every fish was measured individually.
In final weighing standard error was calculated. Total of four diets were prepared and given to the
experimental groups three times a day to apparent satiation. Feed intake behavior and appetite were
observed to prevent overfeeding. The amount of the feed was recorded every day to calculate feed
intake.
Zeolite

Natural zeolite (clinoptilolite) used in the experiment was from Gordes Region in Manisa, Turkey.
Chemical composition of the zeolite was given in Table.1.
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Table.1. Chemical composition of the natural
zeolite (Clinoptilolite) used in the experiment

Ingredients* %
SiO, 71.0
CaO 34
Fe,0; 1.7
Al,O4 11.8
K,0 2.4
MgO 1.4
Na,O 0.4
TiO, 0.1

*Mineralogic — petrographic report; was issued at Istanbul
Technical University Mining Faculty to the samples
which were obtained from Kalabak Damlari (Gordes —
Manisa, Turkey) region.

Experimental Diets

The experimental diets were manufactured to contain 45% crude protein (CP) and 14% crude fat
(CF). They were formulated to be isonitrogenic and isocaloric. The formulation of the experimental
diets was given in Table.2. The wheat meal rate in the control group was decreased to add zeolite to
the diet groups. At a rate of 0.5% (Z05), 1% (Z1), and 2.5% (Z25) zeolite were added to the other
three experimental groups. The pre-weighed dry ingredients were carefully mixed using a laboratory
food mixer, with separate addition of the fish oil and vitamin/mineral premix. The mixture was primed
with water to yield a suitable mash. Moist diets were made into pellets of 2 mm diameter and dried at
40 °C in a fan-assisted drying cabinet. Formulation and nutritional composition of the experimental
diets were given in Table. 2 and Table. 3.

Table.1. Formulation of the experimental diets

Ingredients (%0) Groups

Control Z05 Z1 Z25
Fish Meal* 50 50 50 50
Wheat Meal® 14 13.5 13 11.5
Soy Meal® 24.5 245 245 245
Fish Oil* 10 10 10 10
Zeolite (clinoptilolite)® 0 0.5 1 2.5
Vitamin — mineral® 15 15 15 15

1 Anchovy Meal, Can Kardesler Balik Unu Sirketi, Samsun - Turkey

2Kepez Un, Canakkale - Turkey

% Abalioglu Yem ve Gida Sanayi, Denizli - Turkey

4 Anchovy Fish Oil, Can Kardesler Balik Unu Sirketi, Samsun - Turkey

® Clinoptilolite, Rota Madencilik, Manisa - Turkey

® Vit — Min. Vitamin per g: vitamin A: 342 1U; vitamin D3: 329 1U; vitamin E:
0.0274 1U; vitamin K3: 5.48 mg; vitamin B1: 2.05 mg; vitamin B2: 3.42 mg;
vitamin B3: 20.5 mg; vitamin B5: 5.48 mg; vitamin B6: 2.05 mg; vitamin B12:
2.74 mg; vitamin C: 24.0 mg, Mineral per g: biotin: 0.411 mg; folic acit: 0.685
mg; Zn: 12.3 mg; Mn: 4.80 mg; Cu: 1.64 mg; I: 0.274 mg; Se: 0.0274 mg; Ca:
125 mg; K: 189 mg, Kartal Kimya San. Ve Tic., Kocaeli -Turkey.

Table 3. Nutritional composition of the experimental diets

Parameter Control Z05 Z1 Z25
Crude Protein 44.96 44.90 44.84 44.86
Crude Fat 14.06 14.05 14.04 14.01
Crude Ash 8.1 8.6 9 9.6
Moisture 10.2 10.3 10.1 9.9

Sampling, Weighing, and Measurements

The weighing was done via a 0.1 g precision scale (Scaltec, Germany). At the beginning of the
experiment, no anesthetics were used due to the small size of the fish but MS,,, was used at a rate of
50 mg/L at the end of the experiment. Through the weight measurement, all the fish were extracted
from the tank and weighted individually.
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Nutritional Analysis of Experimental Feed

Sample diets were left to dry out in a drying oven for 24 at 105 °C until their weight was stabilized.
A food processor was used for grinding the feed samples into powder form. Moisture, crude protein,
crude fat, crude ash analysis of feed samples were done according to AOAC (2000) method.
Moisture Analysis

Five grams of samples were taken from the experimental diets. They were put into the previously
tared aluminum holders and left to dry out in a drying oven for 24 at 105 °C until their weight was
stabilized. Moisture percentage was calculated according to the formula below.
Moisture (%) =
(Dry Sample + Tare (g) — Initial Sample Weight (g))/ (Initial Sample Weight (g)) x 100
Crude Protein Analysis

Kjeldahl Method was preferred for protein analysis in experimental diets. Approximately 0.5 g of
samples were used for analysis. The first catalyst tablet and 15 ml sulphuric acid (H,SO,) was added
to the glass digestion tubes. Protein digestion was carried out at the Gerhard Kjaldelterm digestion
block. Samples were incinerated at 250 °C for 30 minutes initially, following 75 minutes at 380 °C.
Samples were taken to the Gerhardt Vapodest 3S distillation unit, neutralized with 40% NaOH
solution, and diluted with distilled water. After distillation, inorganic ammonia was collected in 25 ml
orthoboric acid solution containing BDH “4.5 “ indicator. Samples were then titrated with 0.1 mol
hydrochloric (HCI). The protein percentage was (P,%) calculated according to the formula below.
Crude Protein (%) = [(B—S)x Nx 1.4007 xF] /W

P: percentage of crude protein

F: protein factor (6.25)

B: ml, NaOH back titration of blank

S: ml, NaOH back titration of a sample

N: normality of NaOH

W: g, the weight of the sample

14.007: Molecular mass of Nitrogen
Crude Fat Analysis

The soxhlet extraction method was used for crude fat analysis. 3 g of dry matter was weighed and
placed in the separation section of the instrument. The sample was then siphoned with 130 ml of
petroleum ether for 40 minutes to collect the petroleum ether in the volumetric flask. Circulation was
continued for 70 minutes after siphoning. After the end of the circulation process, siphoning was
applied again and the remaining solution was removed by evaporation in the volumetric flask. The fat
content of the dry matter was calculated by the following formula.
Crude Fat (%) = Fat Accumulated (g) / Sample Weight (g) x 100
Crude Ash Analysis

The dry matter was calculated by taking 0.5 g of sample and weighing by putting it into pre-tared
porcelain crucibles. The crucibles were then fired in the incinerator at 525°C for 12 hours. The ash
content of the samples according to the weight change of the containers was calculated according to
the following formula.
Crude Ash (%) = Weight change in porcelain container (g) / Sample Weight (g) x 100
Data Analysis

Growth indices were calculated according to the formula given below (Khodazanary et al., 2013;
Jawahar et al., 2016).Initial Body Weight (IBW) = Initial Weight (g) / n Fish
Final Body Weight (FBW) = Final Weight (g) / n Fish
Weight Gain (WG) = Final Weight (g) - Initial Weight (g)
Weight gain Percent (WG%) = [Final Weight (g) - Initial Weight (g)] / Initial Weight (g) x 100

Sp. Growth Rate (SGR) = [Ln (Final Avr. Weight (g)) - Ln (Initial Avr. Weight (g))] / Day x 100
Feed intake (g/fish/day) = Feed Consumption (g) / Day

Feed Intake (average) = Feed Consumption (g) / No of Fish

Feed Conversion Rate (FCR) = Feed consumed (g) / Weight Gain (g)

Protein Efficiency Rate (PER) = Weight Gain (g) / Protein Consumption (g) x 100
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Blood Sampling

All the fish were fasted for a day before blood sampling. Fish were anesthetized via 50 mg/L
diluted MS,5, and fixed with a dry towel to remove water, mucus from the body of the fishes.
Approximately 1.5 — 2 ml of blood was collected from each fish to vacuette (Greiner Bio-One) gel
containers via a single cut to the caudal vena. Immediately after the procedure samples were rushed to
the laboratory and zanalyzed via auto analyzer (Olympus Optical Corp., Shizuoka-ken) (Kandemir et
al., 2010).
Statistical Analysis

All the results were first subjected to analysis of variance (ANOVA) and later differences were
evaluated by “Duncan’s Multiple Range Test” was carried out in a 95% confidence interval.

RESULTS
Growth Trial

All the experimental groups showed no significant difference compared to the control group except
Z25 group. Adding 2.5% zeolite had a statistically significant (p<0.05) negative effect on FBW,
%WG, WG, and SGR. However, Z05 and Z1 groups showed a significant difference between each
other on FCR also, the same observed between Z05 and Z25 (p<0.05). Growth and feed utilization
values were presented in Table.4.

Table 4. Growth Parameters and Feed Utilisation Values

Parameters Control Z05 Z1 Z25
IBW (g) 7.94+0.01° 7.93£0.06" 7.89+0.03° 7.86+0.04°
FBW (g) 75.53+£2.43° 81.06+2.69% 74.13£5.61°  62.36+0.31°
WG (g) 67.59+2.44° 73.13£2.68° 66.24+5.64°  54.50+0.30°
% WG 850.55+31,20° 921.96+34.11* 839.50+74.54%  692.97+4.83°
SGR 3.00+0.04% 3.09+0.04% 2.98+0.10% 2.7640,00°
| offishiday 0.86+0.05° 0.87+0.03? 0.86+0.08? 0.7540.02°
Av. Fl 9" 65.09+3.76°  65.49+2.73%  65.13+6.37*°  56.68+1.51°
FCR 0.96+0.005®  0.89+0.009° 0.98+0,01® 1.04+0.01°
PER 2.26+0.01° 2.48+0.02° 2.26+0.03% 2.1340.03%

The values of the experiment groups with different exponential letters in the same row are different
from each other (p<0.05) *+ SE: Standart Error

Blood Parameters

At the last step of the experiment, some biochemical parameters were studied. Biochemical blood
parameters were presented in Table. 5. Comparing with the control group there were no significant
differences were observed among cholesterol (CHO), high-density lipoporteins (HDL), low-density
lipoproteins (LDL), and blood urea nitrogen (BUN) (p>0.05). However, Z1 and Z25 showed a
significant difference between them regarding triglycerides and very low-density lipoproteins (VLDL)
(p<0.05).

Table 5. Biochemical blood parameters at the end of the trial
mg/dl Control Z05 Z1 725
Triglycerides 211.00+57.51%  161.00£20.30° 234.67+16.50° 136.67+34.59"
Cholesterol 186.33+£70.30%  143.33+£12.01°  180.00+£6.08*  133.67+24.50°

HDL 68.00+30.64%  49.33+3.79° 58.33+1.53°  52.67+8.50°
LDL 76.00+28.79°  61.67+4.51° 746743217 53.67+9.61°
VLDL 42.33+11.50%  32.33+4.16®  47.00+3.60° 27.33+6.65°
BUN 3.80+0.52° 3.96+0.85° 4.03+0.87° 2.10+0.70°

The values of the experiment groups with different exponential letters in the same row are different from
each other (p<0.05) *+ SE: Standart Error

DISCUSSION

It was reported that due to their probable role in efficient use of nutrients (Olver, 1989) and/or
detoxifying role, incorporation of natural zeolites to animal diets resulted in increased growth and
development of living organisms (Harvey et al., 1993; Parlat et al., 1999; Ortatatli and Oguz, 2001;
Rizzi et al., 2003). There were mixed results reported in terms of dietary usage of zeolites on growth
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parameters of different species in aquaculture. Reinitz (1984) reported that adding %5, 10%, and 15%
bentonite to rainbow trout diets harm the weight gain of the animals. Leonard (1979) stated that there
was no significant difference between the live weights of the trout fed with 2% clinoptilolite feed
(Pond and Mumpton, 1984). Edsall and Smith (1989) reported that adding 5% and 10% of
clinoptilolite to the diets of coho salmon did not cause any effect on growth rate. Dias et al. (1998)
investigated the effect of different feed additives (silica, cellulose, and natural zeolite) on protein
digestibility, growth, FI, and feed transition time in seabass by adding 10% and 20% natural zeolite to
feeds and reported that there was no effect between SGR, FCR, FBW values. In a study carried out by
Demir and Aybal (2004) where the change in growth parameters of different rates (1-2-3-4-5-6%) of
clinoptilolite added to rainbow trout diets evaluated, it was reported that there was no difference
between the control group and the experimental groups in terms of FBW and FCR. Although there
was no statistical significance, there were fluctuations between values that did not follow any trend. In
this experiment, although it was not significant, a trend in growth parameters could be easily seen in
parallel to the quantity of the zeolite added to the diet. Alinezhad et al. (2017) reported that in rainbow
trout juveniles, adding different rates of nano-structured zeolite (0.5-1%) and aflatoxin B1 (5 mg)
combination had no significant differences in growth parameters like FW, WG, BWI, SGR, FCR and
condition factor. This experiment showed parallelism with the aforementioned trials. However, Lanari
et al. (1996) reported that adding zeolite to rainbow trout diets at a rate of 2.5% and 5% increased
weight gain and feed efficiency. Obradovic et al. (2006) conducted a trial with rainbow trout reported
that adding 1% zeolite (Minazel) to pellets and certain rates of zeolite (Ambizel-V) in the test ponds
had positive effects on growth parameters. The positive effect seen as a result of 1% zeolite addition
was similar to the positive effect seen in the Z05 group in this study. It might be interpreted as
different rates of zeolite addition cause similar effects, depending on the different starting weight of
the fish, the production system, and the type of zeolite used. Eya et al. (2008) reported that adding two
different zeolites (bentonite and mordenite) varieties at the rates of 2.5- 5% and 10 to rainbow trout
diets had a positive effect on many growth parameters. Adding 2.5% mordenite and 5% bentonite to
feeds had a positive effect on WG, SGR, FCR. These values were the values that cause the maximum
positive effect, and other bentonites and mordenite ratios have been reported to cause a positive effect
compared to the control group in certain amounts. Although this study (Eya et al., 2008) showed the
positive effects of zeolites on growth and feed conversion parameters, the results of the Z25 group
which were observed in the current study did not coincide with the negative effect on growth and feed
conversion. In another study, it was reported that (Kanyilmaz, 2008), adding natural zeolite to carp
feeds at different rates (1-2-3-4%) did not affect parameters such as FI, FCR, SGR, PER. However, in
the current study adding 2.5% zeolite to the diet had a significant negative effect on WG, FCR, and
SGR. From this aspect, the two studies did not overlap in terms of the results seen by adding high
levels of zeolite to the feed. The use of 1% zeolite, although it was not statistically significant, had a
very low negative impact on parameters such as FCR, SGR, PER, FI. The study carried out in this
respect shows parallelism with the Z1 group in the current study. Danabas (2009) reported that the
addition of 1% clinoptilolite into rainbow trout diets showed remarkable effects on the growth and
feed utilization values. In terms of FBW, groups fed with feeds containing 1% and 2% zeolite showed
the best growth. This study was in line with the work done by us in terms of the positive contribution
of zeolite to growth. It was reported by the researcher that FBW values in fish fed with 3% zeolite
added diets were similar to the control group. However, in this study, it was concluded that the Z25
group showed the lowest growth. Kanyilmaz et al. (2015) reported that the addition of zeolites at a rate
of 1-2-3-4% to gilthead seabream diets had a significant increasing effect on FBW, SGR, FCE, and
SGR. Researchers found that around 2.7% inclusion rate was optimal for seabream juveniles however,
in this experiment 2.5% inclusion rate had a significant limiting effect on rainbow trout juveniles. A
trial was done by Jawahar et al. (2016) showed that the incorporation of different rates (2-4-6%) of
zeolite had positive effects on FBW, SGR, FCR, PER, and average daily WG of snakehead murrell
against Aphanomyces invadans. Danabas (2009) stressed that beneficial effects of natural zeolites
could be originated from the resistance of zeolite minerals to liquids (Mumpton, 1999; Ivkovic et al.,
2004) which played an important role in the digestion of undigested nutrients through the intestines
(Mumpton and Fishman, 1977; Dias et al., 1998; Meisinger et al., 2001). Moreover, it has been
suggested that during the movement of the zeolite in the digestive system, it may increase the protein
efficiency by causing better synthesis by binding the ammonia in the environment and releasing the
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nitrogen within the protein synthesis (Ayvaz, 2004; Hargreaves and Tucker 2004; Ivkovic et al., 2004;
Danabas, 2009). However, in this study, the fact that there was no change in the PER values of all
groups did not suggest an improvement due to protein metabolism. Due to the natural structural
feature of clinoptilolite, the selectivity to the ions such as Cs, Rb, K, NH,, Ba, Sr, Na, Ca, Fe, Al, Mg,
Li (Ames, 1967; Mercer et al., 1970) might cause lack of mineral substances in animals and thought to
had negative effects on growth and weight gain. The use of non-digestible silicate materials (zeolites,
kaolin, bentonite) as feed additives had changed the feces profile in some fish species such as trout and
sea bass (Lanari et al., 1996; Dias et al., 1998), and it had been reported to extend the passage time
from the digestive tract. Moreover, it was stated by the researchers that the pH of the stomach might
affect these properties and each fish species might react differently to such feed additives (Dias et al.,
2010). Different results in the conducted studies suggested that many variables might have a direct
effect on the results of the study. Considering that even the properties such as the type, geographic
location, and particle size of the zeolite used (Mumpton and Fishman 1977; Willis et al., 1982) might
affect the results of the studies, other variables like the age, weight, fish species, grow-out systems, the
nutritional content of the rations, nutritional needs of the species and the ambient conditions
(temperature, pH, etc.), it can easily be said that having diverse results was very predictable.

More research was required on biochemical blood values in fish to obtain normal values related to
fish biology and clinical pathology (Manera and Britti, 2006; Fazio et al., 2013; 2016). Difficulties
considering determining reference values of blood parameters in rainbow trouts were reported by
many researchers (Roscoe Miller et al., 1983; Yilmaz and Ergun, 2018). Plasma lipoproteins were
involved in transporting insoluble lipids from their locations (eg: muscle, liver) to the areas where they
will be used (Henderson and Torcher, 1987). According to Hoar et al. (1992), lipoproteins in fish were
defined as chylomicrons, VLDL, LDL, and HDL, similar to humans. It was reported that in the blood
VLDL; in terms of triglycerides, LDL; in terms of cholesterol, and finally HDL; had been reported to
be rich in cholesterol and phospholipids (Mckay et al., 1985). Plasma lipoprotein values differ very
much in terms of fish species at feeding and breeding periods. HDL values dominate total lipoproteins
in bony fish and cover more than 50% of total lipoproteins. These values vary both between separate
species and between the same species (Hoar et al., 1992). HDL values were reported as 238 mg/dl in
young red salmon and 3300 mg/dl in pink salmon before ovulation (Babin and Vernier, 1989). High
HDL values were thought to be related to high cholesterol (Hoar et al., 1992). Moreover, while
rainbow trout fasted for 8 weeks, VLDL and LDL values decreased by 67% - 47% respectively, while
HDL values were not affected (Black and Skinner, 1986).

The reference blood values of fish were still unclear, there was a very limited number of trials
regarding the effects of dietary zeolite inclusion to the fish diets. Khodanazary et al. (2012) reported
that the addition of %2.5 zeolite had no effects on serum cholesterol levels in common carp which
was parallel with this experiment. Kanyilmaz and Tekellioglu (2016) stated that different rates of
dietary zeolite inclusion had a significant effect on serum cholesterol and triglycerides but no effect on
BUN levels of gilthead seabream. The researchers (Kanyilmaz and Tekellioglu, 2016) also stressed
that the reason for the alterations in serum cholesterol and triglycerides might be originated from
absorption of short-chain fatty acids by zeolites (Ly et al., 2007). Jawahar et al. (2016) reported that
different rates of dietary zeolite level elevated triglyceride and cholesterol compared to the control
group in snakehead murrel. All the researchers strongly stressed that the mechanisms behind the
possible effects of dietary zeolite to blood chemistry values were still unknown (Khodanazary et al.,
2013; Jawahar et al., 2016; Kanyilmaz and Tekellioglu, 2016). The current experiment showed that
triglyceride and VLDL levels were highest with the addition of 1% zeolite and the lowest with the
addition of 2.5% compared to the control group. It was observed that there was a significant difference
only between these two groups in terms of triglyceride and VLDL values and there was no difference
among the other groups. In line with these results, it could be said that adding zeolite up to 2.5% did
not change the triglyceride and VLDL levels in rainbow trouts. However, considering the lowest feed
utilization of the Z25 group among the experimental groups and the lowest VLDL and triglyceride
values could be accepted to be in parallel as an indication that some blood parameters will be
negatively affected by the increasing rates of zeolite. Moreover, VLDL, one of the lipoproteins found
in blood serum, was synthesized directly from triglyceride (Ando and Mori, 1993).

In the light of the final growth and feed utilization values of the study, considering that the worst
growth and feed utilization rate was seen in the Z25 group, it was concluded that rainbow trouts
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cannot fully benefit from the feed they received. It could be concluded that the high rate (2.5%) of the
zeolite's negative effect on growth is also in line with the growth results when viewed in blood values.

CONCLUSION

The researches about natural zeolites, especially clinoptilolite, were focused on their use as animal
feed additives. This research aimed to evaluate the effects of using different levels of natural zeolite
(clinoptilolite) in rainbow diets. If growth and feed utilization values were compared with similar
studies conducted by other researchers, some studies showed parallelism in some aspects and
incompatibility with others. This could be originated from many factors such as; initial weights,
species of the animals, different rations, the amount, and the origin of the natural zeolite used. Also
due to the biological features of the fish, the presence of a wide range of reference blood values in the
natural and controlled environment caused the study results related to the blood values to be limited.
More in-depth studies should be carried out to investigate the real effects and mechanisms of dietary
zeolites in fish species.
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Ozet

Bisfenol A (BPA), polikarbonat plastiklerin ve epoksi reginelerinin iiretiminde kullanilan gevresel bir kirleticidir.
Bununla birlikte bisfenol S (BPS), son zamanlarda BPA {irlinlerine alternatif olarak kullanilmaya baslanan bir bisfenol
analogudur. Bu ¢alismada farkli BPS konsantrasyonlarma (0, 100 ve 500 pg/L) 21 gilin maruz birakilan japon baliklarinin
(Carassius auratus) karaciger, bobrek, gonad ve solungag dokularindaki bir dizi etki histopatolojik olarak belirlenmistir.
Solungaglarda BPS’nin hiperemi, édem, epitel hiicrelerinde deskuamasyon ve nekroza neden oldugu dikkat ¢ekmistir.
Bobreklerde nekroz ve melanomakrofaj infiltrasyonlar: siklikla gézlenmistir. Karacigerde BPS’nin hiperemi ve inflamatuar
hiicre infiltrasyonlarma neden oldugu saptanmustir. Bu ¢aligma, BPS'nin Carassius auratus'un gesitli viseral organlarinda
dejeneratif degisikliklere neden oldugu ve histopatolojik degisikliklerin siddetinin doza bagli oldugunu ortaya koymustur.

Anahtar Kelimeler: Endokrin bozucu, mikroplastik, histopatoloji, ksenodstrojen
Toxic Effects of Bisphenol S on the Gonad and Visceral Organs of Goldfish (Carassius auratus)
Abstract

Bisphenol-A (BPA) is an environmental contaminant used in the manufacturing of polycarbonate plastics and epoxy
resins. Whereas bisphenol S (BPS) is a bisphenol analogue which is recently used to replace BPA products. We demonstrated
the effects of BPS on liver, kidney, gonad, and gills in goldfish (Carassius auratus) by a histopathological examination.
Fishes treated with different concentrations (0, 100 and 500 ug/L) of BPS were tested for a duration of 21-days. In gills, BPS
caused hyperemia, edema, epithelial desquamation and necrosis. Kidney lesions included necrosis and melanomacrophage
infiltrations. BPS stress caused hyperemia and inflammatory cell infiltrations in livers. The present study revealed that BPS
causes degenerative changes in various visceral organs of Carassius auratus and severity of histopathological changes were
dose related.

Keywords: Endocrine disruptor, microplastic, histopathology, xenoestrogen

GIRIS

Diinya, kisith su kaynaklarina ilaveten ¢evresel kirliligin orantisiz etkileriyle miicadele etmektedir.
Endiistrilesmenin artmasiyla gol ve nehir gibi sucul ekosistemlere desarj edilen ¢evresel kirleticiler,
canlilar i¢in Onemli saglik problemlerine neden olmaktadir. Cevresel kirleticilerin, Okaryotik
organizmalarda endokrin fonksiyonlarin bozulmasina neden oldugu bilinmektedir. Endokrin
bozucular; endojen hormonlarim taklit edip hormon sentezini ve hormonal fonksiyonlar1 engelleme,
depolanan hormonlar1 serbest birakma, salgi ve tasinim mekanizmalarini durdurma, dogal hormonlari
devre dis1 birakma, hormon reseptorlerini antagonize ya da agonize etme gibi etkiler ile viicudun
hormonal sistemine etki etmektedir (Cek ve Sarthan, 2010; Schonfelder vd., 2002). Endokrin
bozucular olarak tanimlanan molekiil grubu; bisfenol A (BPA), bisfenol S (BPS), 4-nonilfenol (NF),
oktilfenol, vinklozolin ve dietilstilbestrol (DES) olarak kullanilan sentetik kimyasallar1 icermektedir
(Molina vd., 2018). BPA; gida ve igecek ambalajlari, yapistiricilar, elektronik pargalar gibi endiistriyel
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iiriinlerin liretiminde kullanilmakta ve toplam fliretim kapasitesiyle diinyanin en ¢ok iiretim hacmine
sahip olan kimyasallardan biri haline gelmistir (Wright-Walters, 2011; Liao vd., 2012a; Li vd., 2010;
Flint vd., 2012).

Diinyada BPA ile ilgili kaygilarin artmasi ve baz iilkelerde yasaklanmasi endiistriyel olarak
iiretilen iriinlerde BPA’nin yapisal bir analogu olan BPS’nin kullanimini artirmaya baglamustir.
Bununla birlikte, yapilan ¢caligmalar BPS'nin BPA ile benzer endokrin bozucu etkilere sahip oldugunu
ve ortamdaki varliginin benzer sekilde ekosistemler ve insan sagligi iizerine OSnemli riskler
olusturabilecegini gostermektedir (Qiu vd., 2018). Diisiik doz BPS maruziyetinin zebra baliginin
embriyonik evresinde beyin gelisimine etki ettigi, balik larvalarinda erken hipotalamik norojenezi ve
eslik eden hiperaktif davranigi arttirdigini bildirmislerdir (Grignard vd., 2012; Qui vd., 2016).

Bisfenol grubu bilesiklerin farkli canli tiirleri igin dokular tizerindeki histopatolojik etkileri ile ilgili
cesitli aragtirmalar yapilmistir. Yapilan bir ¢alismada siganlara igme suyu ile verilen BPA’nin iireme,
testis patolojisi ve spermatogenezis Tlizerinde olumsuzluklar meydana getirdigi belirlenmistir
(Buckiova vd., 2001). Bir bagka c¢aligmada, 1 mg/L. BPA’ya maruz birakilmig tilapia (Oreochromis
mossambicus) baliklarimin  karacigerlerindeki parankimatéz dokuda lezyon, 6dem bulgular,
vakuolizasyon, belirgin dejenerasyon ve siniizoidlerin daralmasi gibi dejenerasyonlar goriilmiistiir.
Ayrica hepatositlerde sisme ve nekrozun sekillendigi bildirilmistir (Vasu vd., 2019). Yapilan bir diger
aragtirmada, 2 farkli konsantrasyonda (1 ve 50 pg/kg viicut agirligi/giin) BPS’ye maruz birakilan
siganlarin spermatogenezisi lizerinde kisitlayict bir etkiye sebep oldugu belirlenmistir (Ullah vd.,
2016).

Bisfenol bilesiklerinin ¢evrede ve i¢ sularda bulundugu ve besin zinciri iginde insanlara
ulasmasinin olagan oldugu bilinmektedir. Japonya’ da yapilan arastirmalarda BPS’nin; sedimentte
bisfenol grubu bilesiklerden en fazla bulunan kimyasal oldugu bildirilmistir (Liao vd., 2012b).
Yiizeysel ve atik sularda en yiiksek BPS konsantrasyonu 3 pg/L olarak rapor edilmistir (Kienhuis ve
Geerdink, 2000). BPS, ileride yaratabilecegi problemler sebebiyle incelenmesi yararli olacak maddeler
listesine alinmustir (OEHHA 2012). Bu nedenle de bu maddelerin canlilarda birikiminin
degerlendirilmesi ve deney hayvanlarinda gesitli dozlarda deneysel ¢alismalar yapilarak etkilerinin
belirlenmesi 6nem tagimaktadir. Balik dokularinin histopatolojisi, c¢evresel stres etkilerinin
degerlendirilmesini saglayan giivenilir bir izleme aracit olup suda yasayan organizmadaki insan
kaynakl1 stresorlerin neden oldugu saglik bozuklugunun da en giivenilir gostergelerinden biridir.

BPS’nin sucul ortamdaki canlilar {izerinde olumsuz etkisine dair bilgi eksikligi dikkate alinarak, bu
caligmada s6z konusu kimyasalin kademeli konsantrasyonlarina (100 ve 500 pg/L) maruz birakilan
japon baliklarindaki (Carassius auratus) karaciger, bobrek, solunga¢ ve gonad dokularinin
histopatolojik bulgular1 incelenmistir.

MATERYAL VE YONTEM
Etken Maddenin Hazirlanmasi

Caligmada seg¢ilen tiim kimyasallar (saflik > %99) Sigma—Aldrich (St. Louis, MO, USA)’dan temin
edilmistir. BPS, hassas terazi ile tartilmig ve metanol:su (%10 (h/h)) ikili karisimlarinda stok ¢ozelti
hazirlanmis, 4 °C'de cam sisede muhafaza edilmistir. Stok soliisyonlar1 akvaryum suyu ile seyreltilerek
istenilen konsantrasyonlar elde edilmistir (Chen vd., 2017).
Deney Gruplarimin Olusturulmasi ve Deneysel Uygulamalar

Bu ¢alismada akvaryum baliklar1 satis ofisinden 180 adet japon balig1 (Carassius auratus) (ortalama
3 aylik, 5-10 g agirliginda, 5,5-7 cm uzunlugunda) temin edilmistir. Arastirmada baliklar icerisinde
100 L su bulunan cam akvaryumlara her bir gruptan 3 paralel ve her paralelde 20 balik olacak sekilde
dagitilmis ve 2 hafta siireyle adaptasyona tabi tutulmustur. Adaptasyon sonrasinda baliklar 100 ve 500
pg/L olmak tizere 2 farkli konsantrasyonda BPS’ye 21 giin boyunca maruz birakilarak 12 saat
aydinlik:12 saat karanlik fotoperiyot uygulamasi yapilmistir (Lindholst vd., 2001). Maruziyet igin
hazirlanan ¢ozeltiler daha 6nceki bir ¢aligmadan uyarlanmigtir (Wang vd., 2019). Deneme siiresince su
sicakligt 2442 °C olarak ayarlanmis ve japon baliklar i¢in kullamilan pelet yemle gilinde iki kez
doyuncaya kadar beslenmistir. Tanklardaki yem artiklart su kalitesinin bozulmamasi igin sifon
yardimiyla ortamdan uzaklastirilmistir.
Histopatolojik incelemeler

Aragtirma siiresi sonunda her gruptan 9 adet balik fenoksietanol (0,1-0,5 ml/L) ile anestezi
edildikten sonra disekte edilmis ve karaciger, bobrek, solungag ve gonad dokular1 alinarak %10’ luk
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formaldehit soliisyonu igerisinde tespit edilmistir. Ardindan doku 6rnekleri Leica ASP300S otomatik
doku takip cihazi (Leica Mikrosistem, Nussloch, Almanya) tarafindan rutin doku takip isleminden
gegirilerek parafine gomiilmiistiir. Tam otomatik mikrotom ile 5 pm'lik kesitler alinmistir (Leica RM
2155, Leica Mikrosistem, Nussloch, Almanya). Daha sonra alinan kesitler hematoksilen ve eozin (HE)
ile boyanmig ve 151k mikroskobu (Olympus CX41, Olympus Corporation, Tokyo, Japonya) altinda
incelenmistir. Morfometrik degerlendirme ve mikrofotografi islemleri; Database Manual Cell Sens
Life Science Imaging Software System (Olympus Corporation, Tokyo, Japan) kullanilarak yapilmistir
(Bancroft ve Stevens, 1977).

BULGULAR
Solungaclar

Solungaglarin histopatolojik degerlendirilmesi sonucunda kontrol grubunda normal doku yapisi
gozlenmigtir. Bununla birlikte, BPS uygulamasi siddetli hiperemi, édem ve epitel hiicrelerinde
deskuamasyon ve nekroza neden olmustur. S6z konusu bulgular 500 pg/L uygulanan grupta 100 pg/L’
ye maruz kalan gruptan daha fazla gézlenmistir (Sekil 1).

100 pg/L

Sekil 1. Kontrol, 100 pg/L ve 500 ug/L BPS konsantrasyonlariin solungag¢ dokularindaki histopatolojik
bulgular: Kontrol grubunda normal doku histolojisi, BPS’ye maruz birakilan baliklarin solungaglarinda belirgin
hiperemi (ince oklar) ve solunga¢ lamellerinde deskuamasyon ve nekrozlar (kalin oklar), HE, Barlar =20 um.

Karaciger

Karacigerin mikroskobik incelenmesi sonucunda kontrol grubunda normal doku histolojisi
goriilirken BPS uygulanan her iki grupta da hiperemi, kiiciik kanamalar, hepatositlerde
dejenerasyonlar ve inflamatuar hiicre infiltrasyonlar1 goriilmiistiir (Sekil 2).
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Sekil 2. Kontrol, 100 pg/L ve 500 pg/L BPS konsantrasyonlarinin karaciger dokularindaki histopatolojik
bulgular: Kontrol grubunda normal doku histolojisi, BPS uygulanan gruplarda belirgin hiperemi (kalin ok),
inflamatuar hiicre infiltrasyonlari (ince oklar) ve kii¢lik kanama alanlar1 (beyaz ok) , HE, Barlar = 20 pm.

Bobrek

Bobrek dokusu i¢in yapilan incelemelerde kontrol grubunda, normal bdbrek histolojisi gézlenirken,
BPS’ye maruz birakilan diisiik konsantrasyon grubunda nekroz, yiiksek konsantrasyonda ise nekroz ve
melanomakrofaj infiltrasyonu dikkati ¢ekmistir (Sekil 3).
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Sekil 3. Kontrol, 100 pug/L ve 500 pug/L BPS konsantrasyonlarinin bobrek dokularindaki histopatolojik bulgular:
kontrol grubunda normal bobrek histolojisi, BPS’ye maruz kalan gruplarda nekroz (ince oklar), melanomakrofaj
infiltrasyonlar1 (kalin oklar), HE, Barlar = 20pm.

Testisler
Testislerin histopatolojik incelemesi sonucunda, BPS maruziyeti olan gruplardaki spermatidlerde

kontrol grubuna kiyasla belirgin bir azalma sekillendigi ve testis fonksiyonunun bozuldugu
saptanmustir (Sekil 4).

Sekil 4. Kontrol grubunda normal testikiiler histoloji, BPS maruziyetli gruplarda seminifer tubuller igerisindeki
spermatidlerde belirgin azalma (oklar), HE, Barlar=50pum.

Ovaryumlar
Ovaryumlarin histopatolojik incelemesi sonucunda, kontrol grubunda mikroskobik olarak normal
histoloji gozlenmistir. BPS uygulamasi, olgun oosit sayisinda belirgin azalmaya ve dejeneratif veya

akretik oosit sayisinda belirgin artisa neden oldugu ve ovaryum fonksiyonlarinda bozulmaya sebep
oldugu saptanmustir (Sekil 5).

Sekil 5. Kontrol grubunda ¢ok sayida olgun oositler (ok baslar1), BPS uygulanan grupta olgunlasmis oositslerde
belirgin azalma (ok basi) ile olgunlagsmamus oositlerde (kalin oklar) ve dejeneratif veya atretik oositlerde (ince
oklar) belirgin artig, HE, Barlar = 100pm.
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TARTISMA VE SONUC

Yirminci yiizyil basglarinda cam ve ¢eligin yerine gecebilecek bir malzeme olarak {iiretilen BPA, yapilan
caligmalarda etki mekanizmasindan, strojenik hasara; immunotoksik etkilerden, doku hasarina kadar pek ¢ok
alanda lizerinde ¢aligilmis bir kimyasal maddedir (Qiu vd., 2016; Lindholst vd., 2001; Vasu vd., 2019). Faheem
vd., (2016) tarafindan yapilan bir c¢alismada Catla catla baliklar1 15 giin boyunca gesitli
konsantrasyonlarda (1, 2, 3 ve 4 mg/L) BPA’ya maruz birakilmistir. Solunga¢ dokularindaki inceleme
sonucunda, mukoza hiicrelerinde hiperplazi, sekonder lamellalarda dejenerasyon ve nekroz gézlendigi
bildirilmistir. Yapilan bir baska ¢alismada Oreochromis mossambicus baliklart 1 mg/L
konsantrasyonunda BPA’ya farkli temas siireleriyle (10 ve 20 giin) maruz birakilmistir (Chitra ve
Sajitha, 2014). Baliklarin solunga¢ dokularindaki lamellalarda birlesme ve hipertrofi gozlenmistir.
Elshaer vd. (2013)’ne gore Gambusia affinis ve Poecilia reticulata baliklar1 15 ve 30 giin siireyle 50
mg/L konsantrasyonunda BPA’ya maruz birakilmis ve solunga¢ dokularimin histapatolojik degisimleri
incelenmistir. Sekonder lamellalarin epitelyumunda dejenerasyon ya da deskuamasyon ve nekrozis,
lamellalarda birlesme, 6dem ve kopma, epitel hiicrelerde ise hiperplazi gorilmiistiir. Mevcut
calismada, farkli konsantrasyonlarda BPS’ye maruz birakilan japon baliklarimin solungaglarn
incelenmis, BPS’nin solungaglarda dejeneratif degisikliklere neden oldugu goézlenmistir. BPS’ye
maruz kalan baliklarin solunga¢ anomalileri hiperemi, 6dem, deskuamasyon ve nekroz igermektedir.
Ayrica ¢alismada 100 ve 500 ug/L. BPS konsantrasyonlar1 karsilastirildiginda artan konsantrasyon
miktar1 ile histopatolojik degisimlerin arttig1 belirlenmistir.

Baliklarda karaciger, ksenobiyotiklerin detoksifikasyonu icin temel organdir. Karaciger
histolojisinin incelenmesi herhangi bir kirleticinin baliklar iizerindeki etkisini degerlendirmek igin
etkili bir yontemdir. Ksenodstrojenler flizerine yapilan bir c¢alismada tilapia (Oreochromis
mossambicus) baliklar1 28 giin boyunca BPA’ya maruz birakilmis ve 7, 14, 21 ve 28. giinlerde kas,
karaciger, beyin ve bobrek dokular1 incelenmistir. BPA’ya maruz kalan baliklarin karacigerlerinde
parankimat6z dokuda lezyonlar, 6dem, vakuolizasyon, belirgin dejenerasyon ve siniizoidlerde daralma
gibi lezyonlar bildirilmistir (Vasu vd., 2019). Baska bir ¢alismada ise Catla catla baliklarinda BPA
maruziyetinin karacigerde, vena sentraliste tromboz, iltihaplanma, odem, dejenerasyon ve
hepatositlerin nekrozuna neden oldugu bildirilmistir (Faheem vd., 2016). Bu calismada, farkli BPS
konsantrasyonlarina maruz kalan japon baliklarinin karacigeri incelenmis, hiperemi, dejenerasyon ve
inflamatuar hiicre infiltrasyonlar1 gézlenmistir.

Bobrekler baliklarda hematopoezis ve osmoregiilasyondan sorumlu organlardir. Solunum ile
kullanilan kanin biiyiik bir kismi bobreklere gittigi igin ¢evresel kirliligin bobrek dokusu tizerindeki
etkisi balik sagligi ve refahi i¢in O6nem teskil etmektedir. Faheem vd., (2016)’ya gore subletal
konsantrasyonda (1-4 mg/L) 15 giin boyunca BPA’ya maruz kalan Catla catla baliklarinin bobrek
dokusundaki histolojik  degisikliklerin nekroz, glomerulusta hipertrofi,bobrek tiibiillerinde
dejenerasyon ve glomerulus atrofisi olarak bildirilmistir. Bu ¢alismada da benzer sekilde bobrek
dokular1 etkilenmis ve farkli BPS konsantrasyonlarina maruz kalan japon baliklarinin bobrek
dokularinda belirgin nekroz ve melanomakrofaj infiltrasyonu gozlenmistir.

Baliklarin tireme sagligi ve gelisim agamalarinda gonad histolojisi dnemli bir parametredir. Bu
calismada gonad dokusu; testisler ve ovaryumlar olarak ayri ayri incelenmistir. Testislerdeki
spermatidlerde belirgin azalma; ovaryumlarda ise olgun oositlerde azalma ve dejeneratif veya atretik
oosit sayisinda artma BPS konsantrasyonlarinin kademeli artisi ile daha da belirginlesmistir. Yapilan
benzer bir ¢alismada sazan (Cyprinus carpio) baliklart 14 giin boyunca farkli BPA (1, 10, 100 ve 1000
ng/L) konsantrasyonlarina maruz birakilmis ve gonadlarin histolojik degisimleri incelenmistir. Erkek
sazanlarda BPA, 1 ug/L'den baslayarak testis yapisinda ciddi degisikliklere neden olmustur. Ayrica,
baz1 6rneklerde tipik lobiiler yap1 kaybolmus ve siklikla liimen i¢inde dejener serbest spermatozoa ile
birbirine karisan spermatojenik kistlerle karsilasilmistir. Disi sazanlarda; oosit atrezisi, 1 pg/L BPA
konsantrasyonunda gozlenmeye baglanmistir ve en yliksek konsantrasyon olan 1000 pg/L’de disilerin
yaklasik %57,1'inde gdzlenmistir (Mandich vd., 2007). Bir baska ¢alismada BPS’ nin {ireme potansiyeli ve
endokrin sistem tizerindeki etkileri zebra baliginda (Danio rerio) incelenmistir. Caligmada olgun erkek ve disi
zebra baliklari iki hafta boyunca temiz suda beslenmis, fertilizasyonlarinin ardindan olusan embriyolar iki hafta
sonra almmis, 75 giin boyunca kademeli olarak (0; 0,1; 1; 10 ve 100 pg/L) BPS’ye maruz birakilmislardir.
Maruziyet siiresinin sonunda disi ve erkek baliklar ayrilarak on dort giin boyunca temiz suya birakilmustir.
Calisma sonunda, diigilk BPS konsantrasyonlarina maruz birakilan zebra baliginin gonad bilytimesinde,
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yumurta {iretimi ve sperm sayilarindaki azalmalar endokrin sistemin farkli boliimleri iizerinde olumsuz
etkileri oldugu belirlenmistir (Naderi vd., 2014).

Endokrin bozucu kimyasallar giinliik yasantimizda neredeyse her alanda, fark ettigimiz veya etmedigimiz
bir¢ok sekilde bize ulasip etki gosterebilen, diinya genelinde biiyilik dlgiide iiretilen ve iiretilmesine de devam
edilecegi diisliniilen kimyasallardir. Kimyasallara maruziyet bdylece ka¢imilmaz iken; maruziyetin sonucundaki
etkilerinin incelenmesi de bir o kadar énemli ve gerekli hale gelmistir. BPS ve metabolitlerinin; BPA’ya
alternatif olarak kullanildigi malzemelere uygulanmasina artan ilgi dikkate alindiginda; akut toksisite,
genotoksisite ve dstrojenik aktivite agisindan daha fazla ¢alisma yapilmasi ve yapisal olarak aydinlatilmasi
gerekmektedir.

BPS'nin balik dokular iizerindeki histopatolojik etkileri hakkinda literatiirde bir bilgi eksikligi mevcuttur. Bu
nedenle, bu ¢aligmada elde edilen sonuglar, endokrin bozucu kimyasal olan BPS’nin japon baliklar1 tizerindeki
ilk bulgular1 olup ileride yapilacak calismalar icin BPS'nin ayrintili etkilerinin agiklanmasinda faydali olacaktir.
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Ozet

Merig Deltas1 Tiirkiye’nin Trakya bolgesinde yer alan diinya ¢apinda dneme sahip sulak alanlardan biridir. Delta i¢inde
yer alan Gala ve Sigire1 golleri, biyo-gesitlilik bakimindan Tiirkiye’nin 6nemli géllerindendir. Bu ¢aligsmada Sigirc1 ve Gala
gollerinden elde edilen alt1 balik tiiriiniin (Carassius gibelio, Carassius carassius, Scardinius erythrophthalmus, Cyprinus
carpio, Sander lucioperca ve Perca fluviatilis) kaslarindaki toksik ve esansiyel element (Li, B, Al, V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, As, Se, Sr, Ag, Cd, Sb, Ba, Tl, ve Pb) konsantrasyonlari tespit edilerek, bu elementlerin tiiketimi ile iliskili potansiyel
insan sagligi riskleri, yetiskinlerde “tahmini giinlik tiketim (EDI)” dikkate alinarak degerlendirildi. Ayrica, genel
popiilasyon igin balik tiiketim siklig1 dikkate alinarak, “hedef tehlike katsayis1 (THQ)”, “tehlike indeksi (HI)” ve “kanserojen
riski (CR)” degerleri belirlendi. Bu sonuglara gore, tiim balik tiirlerin yenilebilir kaslarinda Li, B, Cr, Co, Se, Tl, ve Pb i¢in
EDI degerleri genel olarak izin verilen giinliik doz limitini agmistir. Ancak 1’in altinda tespit edilen THQ ve HI degerleri
kanserojen saglik riskinin olmadigini gostermistir. Ayrica, As, Cr, Ni ve Pb i¢in CR degerleri kabul edilebilir simirlardadir.
Sonuglar, Sigirc1 ve Gala gollerindeki baliklarin kaslarindaki toksik element konsantrasyonlarinin tiiketiciler i¢in dnemli bir
saglik riski olusturmadigini ortaya koymustur.

Anahtar Kelimeler: Gala ve Sigirct Gélleri, Baliklar, Toksik Metaller, Saglik Riski Degerlendirmesi
Evaluation of Toxic Metal Accumulations in Meri¢ Delta Fish: Possible Risks to Human Health
Abstract

Merig Delta is in the Thrace region of Turkey and it is one of the wetlands of worldwide importance. Sigirc1 and Gala
lakes are in the delta and they are two of Turkey's most important wetland in terms of biodiversity. In this study, toxic and
essential element concentrations(Li, B, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Ag, Cd, Sb, Ba, Tl, and Pb) in the
muscles of six fish species (Carassius gibelio, Carassius carassius, Scardinius erythrophthalmus, Cyprinus carpio, Sander
lucioperca, and Perca fluviatilis) obtained from Sigirct and Gala lakes were determined and potential human health risks
associated with the consumption of these elements were evaluated by calculating “estimated daily intake (EDI) in adults. In
addition, considering the frequency of fish consumption for the general population, “target hazard quotient (THQ)", "hazard
index (HI)" and "carcinogen risk (CR)" values were determined. According to these results, EDI values for Li, B, Cr, Co, Se,
TI, and Pb in all edible muscles of all fish species generally exceeded the allowable daily dose limit. However, THQ and HI
values below 1 showed that there was no carcinogenic health risk. Also, CR values for As, Cr, Ni and Pb are within
acceptable limits. The results revealed that the toxic element concentrations in the muscles of the fish in Sigirct and Gala
lakes do not pose a significant health risk for consumers.

Keywords: Gala and Cattle Lakes, Fish, Toxic Metals, Health Risk Assessment

GIRIS

Son yillarda, hizli endiistrilesme, ekonomilerin yiiksek kalkinma hizi, kentlesme, niifus artis1 ve
tarimsal faaliyetler nedeniyle olusan g¢evre kirliligi ve bununla iligkili riskler, ciddi bir sorun haline
gelmistir (Cigek vd., 2013; Kdse vd., 2018; Ustaoglu ve Islam, 2020). Ekosistemler, bir¢ok kirleticinin
baskisina maruz kalmustir. Ozellikle eser elementler (EE), toksisite, biyoakiimiilasyon ve
biyomagnifikasyon 6zelliklerinden dolay1 su ekosistemlerini (su, sediment, biyota) en ¢ok kirleten
kontaminantlar olarak 6ne ¢ikmustir (Tirkmen vd., 2008; 2012; Paramasivam vd., 2015; Ustaoglu vd.,
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2020a). EE; esansiyel (Zn, Cu, Fe, Co vb) ve esansiyel olmayan (Pb, Cd, As, Hg vb.) olarak
simiflandirtlir. Her iki TE grubu da yiiksek konsantrasyonlarda toksisiteye sebep olabilir. Sucul
ortamlardaki EE’ler hem antropojenik faaliyetlerden (Ornegin sanayi ve endiistriyel atik sulari,
madencilik ve aritma, tarimsal drenaj, evsel atiklar ve atmosferik birikim) hem de dogal kaynaklardan
(genellikle toprak ve kayalarin ayrismasi, volkanik patlamalar, orman yanginlar1 erozyon) kaynaklanir
(Sundaray vd., 2011; Tokatli, 2019; Ustaoglu vd., 2020b).

Insanlarin, EE’lere maruz kalmasinin baslica yollarinda biriside gida tiiketimi ile olmaktadir.
EE’ler, ortamda diisiik konsantrasyonlarda olsalar bile, besin zincirindeki biyolojik birikim nedeniyle
insanlar icin saglik riski olusturabilir. Bu yiizden diyet yoluyla EE alinmasi risk degerlendirmesinde
onemli bir konudur (Tiirkmen vd., 2010; Ahmed vd., 2015). Ornegin baliklar icerdikleri degerli
proteinler, mikro elementler, vitaminler, omega-3 yag asitleri kolayca sindirilen ve emilen doymamis
yag asitleri bakimindan zengindir. Bu nedenle diinya ¢apinda insan diyetinin ¢ok énemli bir kismin
olusturlar (Li vd., 2020). Ayrica su ortamlarinin énemli bir biyoindikatorii olarakta kabul edilirler.
Ancak baliklarin yasadiklari ortamdan kolayca etkilendigi, ¢cevrelerindeki su, sediment ve besinlerdeki
agir metal gibi zararli kontaminantlan biriktirdigi de bilinen bir gergektir (Islam vd., 2015; Yin vd.,
2020). Bu sebeple yiiksek besin degerine ragmen, kontamine olmus baliklarin tiiketimi diinya capinda
ciddi bir halk saglig1 tehlikesi olusturma potansiyeline sahiptir (Alamdar et al., 2017). Son yillarda EE
tarafindan kontamine olmus baliklarin tiiketimi ve risk degerlendirmesi ile ilgili pek ¢ok arastirma
yiiriitilmistir (Fang vd., 2017; Feng vd., 2020; Kosker, 2020; Maurya vd., 2019; Miao vd., 2020;
Varol vd., 2020; Varol ve Siinbiil, 2020, 2018, 2018; Yin vd., 2020; Zerizghi vd., 2020).

Goller su iirlinlerinin ana kaynaklarindan biri olmakla birlikte, ¢evresindeki insani aktivitelere
karsida bir o kadar hassastir. Géllerin hizli endiistriyel ve tarimsal biiyiime ile agir metaller tarafindan
kirlendigi ve insan saglig1 i¢in potansiyel bir tehdit olusturdugu bildirilmistir (Ali vd., 2019).

Meri¢ Deltasi, Tiirkiye'nin Trakya Bolgesi'ndeki Meri¢ Nehri'nin agzinda yaklasik 45.000 ha alani
iermektedir. Ozellikle kus varligi agisindan Tiirkiye'nin en zengin su yasam alanlarindan biridir.
Uluslararasi kriterlere gore “A Sinift Sulak Alan” olarak siniflandirilmistir (ayn1 anda 25.000'den fazla
su kusunu barindirabilecegi anlamina gelir). Uluslararas1 6neme sahip bu ekosistem, tarimsal, evsel ve
endiistriyel uygulamalar yoluyla yogun bir kirlilige maruz kalmaktadir. Meri¢ Nehri ¢evresinde
yapilan ¢eltik tarimi ve Ergene Nehri Havzasi cevresinde gergeklestirilen endiistriyel faaliyetler,
sistemi etkileyen ana kirlilik faktorleri olarak kabul edilmektedir. Tiirkiye'nin toplam piring tiretiminin
yaklagik% 25'1 bu havzadan saglanmaktadir. Ergene Nehri de Tiirkiyenin en kirli nehir
ekosistemlerinden biri olarak biliniyor. 2005 yilinda Gala Goli “Milli Park” olarak ilan edilmis ve
Avrupa ile Afrika arasinda go¢ eden birgok kus tiirii i¢in konaklama yeri saglamaktadir. Sigirc1 Golii
de yerel balikgilik i¢in 6zel bir 6neme sahiptir ve Meri¢ Deltasi'nda yer almaktadir. Bu iki dnemli gol,
geltik tarlalarinin sulanmasi i¢in de kullanilmaktadir ve tarim alanlarinin drenaj sulari, drenaj kanallari
yoluyla tekrar bunlara desarj edilmektedir. Ayrica, bolgede yapilan sosyal arastirmalar, yerel halkin bu
onemli su sistemleri konusunda oldukca duyarsiz oldugunu goéstermektedir. Bu durum deltanin her
gecen giin daha da kirlenmesine ve 6trofik bir karakter sergilemesine neden olmaktadir (Tokatl vd.,
2014; Tokatli ve Giirbiiz, 2014; Tokatl1 ve Bastatli, 2016; Tokatli, 2017; 2018; 2019).

Bu calisgmanm amaci, Gala ve Sigirct gollerindeki alti balik tiiriiniin yenilebilir dokusu olan
kaslarindaki EE (Li, B, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Ag, Cd, Sh, Ba, Tl ve Pb)
konsantrasyonlarim1  belirleyerek bu baliklarin yetiskinler tarafindan tiiketilmesi durumunda
olugabilecek potansiyel saglik risklerini degerlendirmektir.

MATERYAL VE METOT
Calisma Alam ve Orekelerin Toplanmasi

Meri¢ Nehir havzasini topografik haritasi ve ¢aligma alan1 Sekil 1°de verilmistir. Balik drnekleri
[Carassius gibelio (Bloch, 1782), Carassius carassius (Linnaeus, 1758)] ve Sigirct [Scardinius
erythrophthalmus (Linnaeus, 1758), Cyprinus carpio Linnaeus, 1758, Sander lucioperca (Linnaeus,
1758), Perca fluviatilis Linnaeus, 1758], 2016 yilinin yaz mevsiminde, serpme aglar kullanilarak
temin edilmistir. Baliklara ait baz1 metrik karakterler Tablo 1’de verilmistir.
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Tablo 1. Meri¢ Nehri Deltasi'ndan yakalanan baliklarin bazi metrik 6zellikleri

. - Agirhk Boy (mm = SD)

Lokalite Bahk Tiri (gr = SD) Standart Catal Total
Gala C, gibelio (n=4) 552,5+9,8 243,7+14,2 2702+15 284,7+18,1
Lake C, carassius (n=5) 1166 + 105 315+16,9 3422+15,6 3858+11,1

S, erythroph, (n=5) 261,6+5,2 241,4+12,1 2648+12,6 287+13,5
Sigirel C, carpio (n=2) 1115+49,4  306,5+9,1 332+11,3 369,5+7,7
Lake S, lucioperca (n = 1) 430+ 0 333+0 362+0 375+0
P, fluviatilis (n = 3) 1893+14 198,3+225 216,6+16 2283+ 20,2

Havza Topografisi
— Yitksek: 668m
S Aleak: Om

0 5 10 20 Km
T

7 Gala Gélii

Sekil 1. Meri¢ Havzasi ve incelenen goller

Kimyasal Analizler

Balik 6rneklerinin kas dokular1 ¢ikarildi ve her numuneden 0.50 gr alinarak CEM Mars Xpress 5
mikrodalga sindirim reaktorlerine yerlestirildi. Reaktorlere sirastyla 1:3 oranli HC1:HNO; asitleri
eklenmistir. Numuneler, otuz dakika boyunca 200 °C'de mineralize edildi. Daha sonra, hacimleri 100
ml'ye ultra saf su ile tamamlandi. Balik dokularindaki element seviyeleri, "Agilent 7700 xx" markali
Endiiktif Olarak Ciftlesmis Plazma - Kiitle Spektrometresi (ICP-MS) cihaz1 kullanilarak belirlenmistir
(ASTM, 1985; USEPA, 1998; 2001).
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Saghk Riski Degerlendirmesi

Baliklarda bulunan EE’lerin yetiskin insanlardaki saglik risklerini degerlendirmek ig¢in “Edible
Daily Intake (EDI)”, “Target Hazard Coefficient (THQ)”, “Hazard Index (HI)” ve “Cancer Risk (CR)”
hesaplanmustir.
Edible Daily Intake (EDI)

EE’lerin yetiskinler icin EDI degeri (EDI= mg/kg viicut agiligi/glin) asagidaki formiile gore
hesaplandi (Javed ve Usmani 2016):

Celement X Dfood intake
BW

EDI =

Celement: Balik kasindaki metal konsantrasyonu (mg/kg),

Drood intake: Glinliik ortalama balik tiiketimi (g / kisi / giin) (Tiirkiye'de 15.069 gr / kisi / giin)
(GDFA, 2018),

BW: Ortalama viicut agirhigidir (yetigkinler igin 70 kg).

Bu calismada hesaplanan EDI degerleri, USEPA (2019) tarafindan onerilen oral referans doz
(RfD,) degerleriyle karsilastirildi.
Target Hazard Coefficient (THQ)

THQ, kirletici maruziyetine bagli olarak risk seviyesinin (kanserojen olmayan) bir tahminidir. Her
agir metalin THQ'sunu belirlemek icin kullanilan yontem, asagidaki formiille hesaplanmistir (Chien
vd., 2002):

o < EFXEDXFIRXC
= X
Q= RfD. X BW x AT

EF: Maruz kalma siklig1 (365 giin / y1l),

ED: Maruz kalma siiresi (ortalama yasam siiresi: 70 y1l),

FIR: Gida alim oran1 (20 gr / giin),

C: Balik kas dokusunda ortalama agir metal konsantrasyonu (mg / kg),

RfDo: Oral referans doz (mg / kg / day),

BW: Ortalama viicut agirligi (ortalama 70 kg),

AT: Kanserojen olmayanlar i¢in ortalama maruz kalma siiresi (365 giin / y1l x maruziyet yili sayisi)

Eger THQ degerleri 1'i asarsa, karsinojenik olmayan olumsuz saglik etkilerinin ortaya ¢ikma
potansiyeli olabilir. Eger degerler 1'den diisiikse, karsinojenik olmayan saglik etkileri beklenmez
(Mehmood et al., 2020; Culha et al., 2016).
Hazard Index (HI)

HI, goézlemlenen tiim metaller i¢in THQ'mun toplamidir (HI<1 ise giivenli, HI> 1 ise tehlikeli)

(Varol ve digerleri, 2019).
n
HI = Z THOQ,
i=1

Cancer Risk (CR)
Cr, Ni, Pb ve As Omiir boyu maruz kalma neticesinde olusabilecek hedef kanser riski (CR)
asagidaki denkleme gore hesaplanmstir (Javed ve Usmani 2016):

EF X ED X FIR X C X CSF
= X

-3
BW x AT 10

CR

CSF: Entegre Risk Bilgi Sisteminden kanserojen egim faktériidiir (Cr: 0,5; Ni: 1,7; Pb: 0,0085; As:
1,5 mg/kg/giin).

Hesaplanan CR katsayilarinin degerlendirilmesi su sekilde yapilmaktadir; CR<10°: ihmal
edilebilir; 10 >CR>10"°: kabul edilebilir; CR>10"*: kabul edilemez (USEPA, 2019).
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SONUCLAR VE TARTISMA

Son yillarda sanayilesme ve tarimsal faaliyetlerin artmasi nedeniyle Sigirci ve Gala Goéllerinin su
kalitesi her gecen giin kotiilesmektedir. Bu nedenle gol sularindaki EE’ler, baliklarin su ve
sedimentlerle etkilesimi sonucu balik dokularinda birikmektedir. Baliga dayali bir beslenme seklinin
pek cok faydalar1 vardir, ancak toksik metaller, pestisit ve diger toksinler ile kontamine olmus baliklar
tiketicilerin  sagligin1 tehlikeye atabilir. Carassius gibelio, Carassius carassius, Scardinius
erythrophthalmus, Cyprinus carpio, Sander lucioperca, ve Perca fluviatilis gibi tiirler Gala ve Sigirc
golleri yakinlarindaki insanlar tarafindan yaygin olarak tiiketilmektedir. Balik tiirleri i¢in hesaplanan
EDI degerleri Tablo 2'de listelendi. Tiirler arasinda tespit edilen EDI degerleri arasindaki bu
farkliliklar ¢ogunlukla balik tiirlerinin yasam ortamlari, besin tercihleri, metabolizmalar1 ve
fizyolojileri ile iliskilidir (Roleda et al., 2019; Tepe, 2009). EDI degerleri, oral referans doz (RfD)
degerleri ile karsilastirildi. Sonuglar, Li, B, Cr, Co, Se, Tl ve Pb i¢cin EDI degerlerinin tiim balik
tiirlerinde genellikle izin verilen giinliik dozdan daha yiiksek oldugunu gostermistir. Geri kalan
metallerde (Al, V, Mn, Fe, Ni, Cu, Zn, As, Sr, Ag, Cd, Sb ve Ba) ise EDI < RfD olarak hesaplanmustir.
Insan niifusu ayn1 anda birden fazla EE’ye maruz kalmaktadir. Bu nedenle son yillarda EE’lerin insan
saglig iizerindeki interaktif etkileri iizerine cok sayida calisma yapilmistir. Ornegin As ve Pb arasinda
sinerjik bir etkinin oldugu tespit edilmistir ve ¢ocuklarda As ve Pb toksisitesinin birinci hedefinin
merkezi sinir sistemi oldugunu ve zihinsel engelli olma olasiligini arttirdigi bildirilmistir (Freire vd.,
2018).

Tablo 2. Tespit edilen EDI degerleri

EDI (mg/kg BW/giin)
RfD

. 1 2 3 4 5 6
(mg/kg/giin)

Li 2.00E-03 5.18E-02 4.92E-02 5.18E-02 5.52E-02 5.30E-02 5.13E-02
B 2.00E-01 1.12E+00 1.08E+00 1.12E+00 1.11E+00 1.11E+00 1.10E+00
Al 1.00E+00  4.51E-01 3.70E-01 3.70E-01 3.26E-01 3.35E-01 9.31E-O1
\% 5.00E-03 5.36E-03 1.31E-03 2.19E-03 9.66E-04 7.17E-04 1.62E-03
Cr 3.00E-03 5.36E-03 3.77E-03 4.41E-03 2.18E-02 5.46E-03 5.27E-03
Mn 1.40E-01 151E-02 3.64E-02 2.09E-02 1.17E-02 9.34E-03 2.37E-02
Fe 7.00E-01 6.13E-01 5.33E-01 5.17E-01 7.90E-01 4.90E-01 8.64E-01
Co 3.00E-04 5.43E-04 491E-04 4.37E-04 4.37E-04 3.97E-04 4.17E-04
Ni 2.00E-02 1.01E-02 1.22E-02 1.28E-02 7.58E-03 9.37E-03 6.87E-03
Cu 4.00E-02 1.39E-02 1.19E-02 1.13E-02 1.99E-02 1.64E-02 1.08E-02
Zn 3.00E-01 2.68E-01 1.06E-01 1.35E-01 1.19E-01 1.83E-01 1.16E-01
As 3.00E-04 5.12E-04 2.45E-04 4.23E-04 3.62E-04 3.16E-04 2.86E-04
Se 5.00E-03 6.95E-03 8.79E-03 7.47E-03 5.61E-03 8.21E-03 7.45E-03
Sr 6.00E-01 3.15E-02 5.38E-02 8.20E-02 5.38E-03 5.93E-03 5.75E-03
Ag 5.00E-03 1.27E-02 8.64E-03 8.31E-03 1.00E-02 8.52E-03 8.35E-03
Cd 1.00E-03 1.21E-03 8.74E-04 8.51E-04 9.20E-04 9.63E-04 1.04E-03
Sb 4.00E-04 6.10E-03 5.86E-04 4.74E-04 4.43E-04 5.29E-04 5.34E-04
Ba 2.00E-01 8.70E-03 140E-02 2.02E-02 4.05E-03 4.23E-03 6.57E-03
Tl 1.00E-05 1.26E-03 2.37E-04 2.31E-04 1.80E-04 1.97E-04 2.03E-04

Pb 3.00E-03 1.46E-02 1.18E-02 1.22E-02 1.27E-02 1.51E-02 1.60E-02
1=C. gibelio, 2=C. carassius, 3=S. erythrophthalmus, 4=C.carpio, 5=S. Luciope, 6= P.fluviatilis
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Alt1 balik tiirlinlin tiiketimi yoluyla EE’ler i¢in tahmin edilen THQ degerleri Tablo 3'te
sunulmustur. Gala ve Sigirc1 gollerindeki her balik tiirlindeki EE’lerin THQ degerleri 1'i gegmemistir.
Ayrica her balik tiiri icin metallerin toplam THQ degerleri de (HI) 1'den diisiiktiir. THQ ve HI
sonuglarina gore, tiim balik tiirlerinde bireysel veya kombine elementlerin alimindan, tiiketiciler i¢in
herhangi bir saglik etkisi beklenmemektedir. Bu risk tahmini yontemi son zamanlarda bir¢ok
arastirmaci tarafindan kullanilmis, gegerli ve yararh oldugu gosterilmistir.

As, Ni, Cr ve Pb i¢in tahmin edilen CR degerleri Tablo 3'te sunulmustur. Tiim balik tiirlerinde As
ve Pb igin CR degerleri 10° dan kiiiik (ihmal edilebilir), Cr ve Ni degerleri ise 10™ — 10® (kabul
edilebilir) arahigindadir. Bu nedenle Sigirci ve Gala gollerindeki alt1 balik tiirtiniin tiiketilmesiyle As,
Pb, Ni ve Cr’ye maruz kalma durumunda tiiketiciler i¢in kayda deger bir kanserojen riski yoktur.
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Tablo 3. THQ, HI, ve CR degerleri

THQ CR

1 2 3 4 5 6 1 2 3 4 5 6

Li 259E-02 246E-02 259E-02 2.76E-02 2.65E-02 2.56E-02
B  558E-03 5.40E-03 559E-03 5.54E-03 5.57E-03 5.52E-03
Al 451E-04 3.70E-04 3.70E-04 3.26E-04 3.35E-04 9.31E-04
V  1.07E-03 2.63E-04 4.38E-04 193E-04 1.43E-04 3.24E-04
Cr 1.79E-03 1.26E-03 1.47E-03 7.26E-03 1.82E-03 1.76E-03 2.68E-06 1.89E-06 2.21E-06 1.09E-05 2.73E-06  2.64E-06
Mn 1.08E-04 2.60E-04 1.49E-04 8.39E-05 6.67E-05 1.69E-04
Fe 8.75E-04 7.62E-04 7.39E-04 1.13E-03 7.00E-04 1.23E-03
Co 1.81E-03 1.64E-03 1.46E-03 146E-03 1.32E-03 1.39E-03
Ni  5.05E-04 6.11E-04 6.40E-04 3.79E-04 4.69E-04 3.43E-04 1.72E-05 2.08E-05 2.18E-05 1.29E-05 1.59E-05 1.17E-05
Cu 3.46E-04 2098E-04 2.83E-04 497E-04 4.11E-04 2.71E-04
Zn 8.93E-04 3.54E-04 452E-04 3.95E-04 6.11E-04 3.86E-04
As 1.71E-03 8.17E-04 1.41E-03 1.21E-03 1.05E-03 9.54E-04 7.68E-07 3.68E-07 6.34E-07 5.43E-07 4.74E-07  4.29E-07
Se 139E-03 1.76E-03 1.49E-03 1.12E-03 1.64E-03 1.49E-03
Sr 525E-05 8.97E-05 137E-04 8.97E-06 9.88E-06 9.58E-06
Ag 254E-03 1.73E-03 1.66E-03 2.01E-03 1.70E-03 1.67E-03
Cd 1.21E-03 8.74E-04 8.51E-04 9.20E-04 9.63E-04 1.04E-03
Sb 153E-02 146E-03 1.19E-03 1.11E-03 1.32E-03 1.34E-03
Ba 4.35E-05 6.98E-05 1.01E-04 2.03E-05 2.11E-05 3.29E-05
Tl 126E-01 237E-02 231E-02 1.80E-02 1.97E-02 2.03E-02
Pb  4.87E-03 3.94E-03 4.08E-03 4.24E-03 5.02E-03 5.35E-03 1.24E-07 1.00E-07 1.04E-07 1.08E-07 1.28E-07 1.36E-07

HI 193E-01 703E-02 715E-02 7,35E-02 694E-02 7,01E-02

1 =C. gibelio, 2 = C. carassius, 3 = S. erythrophthalmus, 4 = C. carpio, 5 = S. luciope, 6 = P. fluviatilis
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Arsenik, balik dokusunda hem organik hem de inorganik formlarda bulunur ve inorganik As
insanlar i¢in en toksik olan formdur (Jara ve Winter, 2014). Bu nedenle As maruziyetinden
kaynaklanan insan sagligi risklerini tahmin etmek i¢in kullamilan EDI, RfD ve CSF degerlerinin
hesaplanmasinda inorganik As kullanilmasi uygundur. Ancak bu ¢alismada balik 6rneklerinde toplam
(inorganik + organik) As Olclilmiistiir. Balik tiiketmenin insan saglig: risklerini tahmin etmek igin
baliklarda inorganik As yilizdesi hakkinda bir varsayim yapilmalidir. Yapilan arastirmalarda ¢ogu
baliklarda inorganik As yiizdesinin % 0 ila % 9,5 arasinda degistigi bildirmistir (Varol ve Siinbiil,
2020). Calismamizda daha koruyucu olmak i¢in toplam arsenigin %10'unun inorganik As oldugu
varsayilmistir.

Varol ve Siinbiil (2018), mevcut ¢aligmamizda elde edilen veriler ile benzer sekilde, Tiirkiye nin en
biiyiik 2. baraj goliindeki bes balikta THQ ve HI degerlerinin insan sagligi icin risk olusturmayacak
seviyede oldugunu (1 den kiigiik) ve iAs i¢in kanser riski (CR) esik degerini (10—6) asmadigini
bildirmislerdir. Baska bir calismada Garnero ve ark. (2020), mevcut ¢aligmamizda elde edilen
verilerden farkli olarak, Rio Tercero Barajinda (Arjantin) alt1 balik tiiriindeki iAs konsantrasyonlarinin
izin verilen maksimum giinliikk konsantrasyonlari astigini, THQ ve total THQ (HI) degerlerinin 1'in
birka¢ kat1 oldugunu, bildirmislerdir. Ayrica, arsenigin neden oldugu kanser riskinin kabul edilebilir
degerden (10-4) fazla oldugunu, dolayisiyla bu rezervuardaki incelenen balik tiirlerin besin olarak
titketiminin, insanlar i¢in toksikolojik bir riskinin olabilecegini tespit etmislerdir.

SONUC

Bu ¢alisma ile Meri¢ - Ergene havzasinin énemli sulak alanlarindan Sigirct ve Gala gollerindeki
alt1 balik tiiriiniin (Carassius gibelio, Carassius carassius, Scardinius erythrophthalmus, Cyprinus
carpio, Sander lucioperca, ve Perca fluviatilis), insanlar tarafindan besin olarak tiiketilen kas
dokularindaki eser element (Li, B, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Ag, Cd, Sb, Ba, Tl ve
Pb) konsantrasyonlar1 kullanilarak, balik tiiketiminden kaynaklanabilecek insan sagligi i¢in bazi risk
degerlendirmeleri yapilmistir. Bu risk degerlendirmelerine (EDI, THQ, HI ve CR) dayanarak, TE
maruz kalmanin Gala ve Sigirci Gollerindeki baliklarla beslenen insanlar i¢in simdilik 6nemli bir
saglik riski olusturmadig: tespit edildi. Bu ¢aligmanin sonuglari, balik tiiketiminin olast olumsuz
etkileri konusunda uyaran, ileri ¢aligmalar i¢in bir baslangi¢ noktasidir. Bu sekilde, bu bilgiler su
ortamlarin1 ve onlarla etkilesime giren insanlart korumak igin politikalarin gelistirilmesine veri
saglayabilir.

Tesekkiir: Bu arastirma, Trakya Universitesi Bilimsel Arastirma Projeleri (TUBAP 2016/86)
tarafindan mali olarak desteklenmistir.
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Ozet

Tiirkiye’de satisa sunulan ¢ok sayida atigtirmalik iirlin olmasina karsin, bu {irinlerin gogunun beslenmeye katkilarinin
olmadig: literatiirde belirtilmektedir. Buna karsin, atistirmaliklarin beslenmeye katki saglamasi, insan sagligi agisindan
yararli olan su iiriinlerinden elde edilmesi, Tiirk damak tadina uygun olarak iiretilmesi, endiistriye kazandirilarak tiiketiminin
arttirtlmast gerekmektedir. Diinyada ise su triinleri igerikli atigtirmaliklar satisa sunulup tiiketilmesine ragmen, tilkemizde
endiistriyel anlamda su {iriinlerinden atigtirmalik iiretimi ve satis1 bulunmamaktadir. Bu amagla ¢alismada saglik agisindan
faydali kalamar atigtirmaliklarinin Giretilmesi ve tretilen bu atigtirmaliklarin duyusal agidan degerlendirilmesi hedeflenmistir.
Caligsmada kalamarlardan 12 farkli baharat (toz kirmizibiber, kimyon, kekik, yenibahar, ¢orek otu, susam, karabiber, zerdecal,
zencefil, sogan tozu, sarimsak tozu, tar¢in) kullanilarak tiiketime hazir baharat kapli kalamar atigtirmaliklar1 elde edilmistir.
Her bir grup galeta unu+baharat karigimu ile ayr1 ayr1 kaplandiktan sonra 200 dereceye ayarlanmis olan firinda 20 dakika
pisirme islemi uygulanmistir. Pigirme islemi sonrasinda atistirmaliklar 30 adet paneliste sunularak duyusal agidan
degerlendirilmesi istenmistir. Yapilan ¢alismanin istatistiki degerlendirilmesi sonucunda panelistler tarafindan genel kabul
edilebilirlik agisindan en begenilen baharat kapli kalamar atistirmaliklarinin sogan tozu, sarimsak tozu ve kekik kullanilarak
hazirlanmig olan atistirmaliklarin oldugu, en begenilmeyen gruplarin ise tar¢inli, yenibaharli ve karabiber igerikli baharat
kaph kalamar atigtirmaliklarinin oldugu belirtilmistir. Sonug olarak; bu tip tiikketime hazir halde farkli formiilasyonlarda
baharat kapli kalamar atistirmaliklarina yonelik ¢aligmalarin yapilmasi, en begenilen formiilasyonlarin belirlenmesi, farkli
formiilasyonlarda baharat kapli kalamar atigtirmaliklarinin tiretilmesi ve marketlerde satisa sunulmasi arzu edilmektedir.

Anahtar kelimeler: Kalamar, atigtirmalik, baharat, duyusal analiz, su tiriinleri
Sensory Evaluation of Squid Based Snacks Produced by Using Different Spices
Abstract

Although there are many snack products available for sale in Turkey, it is stated in the literature that most of these
products do not contribute to nutrition. On the other hand, snacks should contribute to nutrition, be obtained from water
products that are beneficial for human health, be produced according to Turkish taste, and be added to the industry and
increase their consumption. In the world, even though fishery snacks are offered for sale and consumed, there is no industrial
snack production and sale of fishery products in our country. For this purpose, the study aims to produce health-beneficial
squid snacks and to evaluate these snacks from a sensory point of view. In the study, 12 different spices (red pepper, cumin,
thyme, allspice, black seed, sesame, black pepper, turmeric, ginger, onion powder, garlic powder, cinnamon) were used to
obtain ready-to-eat squid snacks from squid. After each group of breadcrumbs+ seasoning mixture is covered separately, 20
minutes of the baking process is applied in the oven, which is set to 200 degrees. After the cooking process, the snacks were
presented to 30 panelists and asked to be evaluated from a sensory point of view. Statistical evaluation all the general
acceptability of the study by the panelists as a result of the most popular squid snacks that are prepared using onion powder,
garlic powder, and oregano are the most unpopular groups in cinnamon, and spicy black pepper squid snacks set out for new
content. As a result, it is desirable to carry out studies on squid snacks in different formulations, determine the most popular
formulations, produce squid snacks in different formulations, and offer them for sale in markets.

Keywords: Squid, snack, spice, sensory analysis, seafood
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GIRIS

Atigtirmaliklarin her toplumun beslenmesinde 6nemli yer tuttugu belirtilmektedir (Degerli ve EL
2019). Atistirmalik veya snack kelime anlami olarak hafif hizli yemek olarak tanimlanmaktadir.
Bazilan ise sadece bir 1sirimlik veya lokmalik tiriinler olarak tarif etmektedir. Bu iiriinler tath veya
tuzlu cerezler, krakerler, halkalar veya cubuklar seklinde olabilmektedir. Bu firiinlerin diizenli
tilketilen gidalardan farkli olarak cogu insan tarafindan besinsel icerik agisindan degil de sadece
memnuniyet vermesi nedeniyle tiiketildigi belirtilmektedir (Matz, 1991). Tiiketicilerin ilgi cekici
duyusal ve dokusal 6zelliklere sahip uygun atistirmaliklar talep etmesi nedeniyle, yemege hazir bu
iirtinlerin tiiketiminin 6niimiizdeki yillarda hizla biiyiiyecegi tahmin edilmektedir (Brennan vd., 2013).
Atistirmaliklar patates, misir ve diger tahil iirlinlerinden elde edilen cipsler, et bazli, patlamis misir
bazli, tahil patlagi ve patlamig misir gibi sisirilmis, patates cipsi goriinlimlii, firinlanmis, findik bazl
atistirmaliklar gibi ¢esitli sekillerde {iretilebilmektedir (Matz, 1984). Tahil firiinlerine dayali
atistirmaliklarin ¢ogu diisiik protein icerigine ve yiiksek kaloriye sahip iiriinler olarak marketlerde
bulunmaktadir. Bu sebeplerden dolay1 yiiksek protein igerigine sahip balik igerikli atigtirmaliklarin
gelistirildigi belirtilmistir (Solanki vd., 2020). Deniz {iriinleri atistirmaliklarinin protein kaynagi yan
sira omega-3 yag asitleri, vitaminler ve temel mineraller agisindan da zengin oldugu bildirilmistir. Bu
tiir atistirmaliklarin gelistirilmesinin sadece saglik acisindan besleyici gidalarin {iretimini saglamakla
kalmayacagi ayn1 zamanda balik tiiketimini de tegvik edecegi vurgulanmaktadir (Shaviklo, 2017).

Diinyada ve iilkemizde Ozellikle son yillarda yemege hazir halde olan atistirmaliklarin {iretimi
tizerine yapilmis cesitli galigmalar bulunmaktadir. Misir, soya fasulyesi, ekmek agaci (Treculia
africana) atistirmaliklart (Nwabueze vd., 2008), bugday cipsi (Goncii, 2011), nohut cipsi (Sancak ve
Turan, 2011), zenginlestirilmis gluten cipsi (Ertop vd., 2016), krakerler (Venkatachalam ve Nagarajan,
2017), mantarin cips iretiminde kullanimi (Dogan vd., 2017), chia tohumu kullanilarak
zenginlestirilen galetalar (Ozgoren vd., 2018), liipen katkili cips iiretimi (Coban, 2018), probiyotik
atistirmaliklarin elma ve Lactobacillus rhamnosus GG (LGG) tiirli mikroorganizma kullanilarak elde
edilmesi (Saydam vd., 2019), tatli ve tuzlu peynir cipsleri (Ugur, 2019), patates cipsi (Kvak vd.,
2019), gliitensiz cipsler (Yiiksel vd., 2019), yemege hazir atistirmalik ve biskiivi (Yilma ve Admassu,
2019), adagay1 tohumu unu ile zenginlestirilmis misir cipsi (Yiiksel ve Baltaci, 2019) cgalismalari
yapilmistir. Ayrica baliketi/su triinleri kullanilarak veya igeriginde baliketi/su iriinleri bulunan
atistirmaliklarin iiretimi iizerine de ¢esitli calismalar bulunmaktadir. Balik etinden yapilan krakerler
(King 2002), surimi tozu kullanilarak elde edilen balik cipsleri (Duman vd., 2012), kalamar cipsi
(Kiling ve Siirengil, 2012), balik cipsi (Dinger vd. 2013; Kuzgun, 2017a), balikli biskiivi, kraker ve
kurabiyeler (Kiling ve Besler, 2015), balik krakeri (Neiva vd., 2011; Izci ve Bilgin, 2015), Karides tozu
ile zenginlestirilmis cipsler ve krakerler (Ikasari ve Hastarini, 2016; Akonor vd., 2017), karides-musir
atistirmaliklar1 (Topuz vd., 2017), tilapia balig1 kullanilarak yapilan atigtirmaliklar (Cortez Netto vd.,
2014), spirulina ile zenginlestirilmis atistirmaliklar (Lucas vd., 2018), balik fileto protein konsantresi
ilave edilerek hazirlanmis biskiivi (Abraha vd., 2018), bugday, patates ve misir unlar1 ve toz halde
balik eti kullanilarak zenginlestirilmis balik cipsleri (Biiyiiksarag, 2018) yapilan ¢aligmalara 6rnek
olarak verilebilir. Zhao vd. (2017) tarafindan son yillarda atistirmaliklarin tiikketiminin 6zellikle deniz
iirtinleri kullanilarak iiretilen atigtirmaliklarin tiiketiminin arttig1 bildirilmistir. Bu nedenle kurutulmus
kalamar igeren yeni Uriinlerin gelistirildigi ve sicak hava kurutma yontemi ile deniz iiriinleri
atistirmaliklarinin elde edildigi belirtilmistir. Ayrica Kuzgun (2017b) tarafindan az yagli, diisiik
kalorili ve yiiksek besin degeri olan balik atigtirmaliklarinin duyusal kabul edilebilirliginin
gelistirilmesinin, balik tiiketimini arttirmasinin yani sira insanlarin diyet kalitesini arttirmak i¢inde
Oonemli bir strateji olabilecegi vurgulanmaktadir. Diinyada su triinleri igerikli atistirmaliklar satisa
sunulup tiiketilmesine ragmen, iilkemizde endiistriyel anlamda su {iriinlerinden atistirmalik {iretimi ve
satist bulunmamaktadir. Tiirkiye’de patates cipsleri oldukga popiiler bir atistirmalik olup her yas
grubundaki insanlar tarafindan sevilerek tiiketilen atistirmaliklardir. Buna karsin, gida endiistrisinde
iiretilen atigtirmaliklarin yiiksek enerji ve disiik besin igerikleri nedeniyle beslenmeye katkilari
olmadig1 bildirilmektedir (Degerli ve El, 2019). Bu nedenle atistirmaliklarin beslenmeye katki
saglamasi, insan saglig1 acisindan yararli olan kalamardan elde edilmesi, Tiirk damak tadina uygun
olarak Ttretilmesi, endiistriye kazandirilarak tiiketiminin arttirilmasi gerekmektedir. Bu amagla
caligmada saglik acgisindan faydali baharat kapli kalamar atigtirmaliklarinin {iretilmesi ve tiretilen bu
atistirmaliklarin duyusal agidan degerlendirilmesi hedeflenmistir.
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MATERYAL VE YONTEM

Caligmada ham materyal olarak marketten satin alinan 2.4 kg dondurulmus halka kalamar (lllex
argentinus) kullanilmistir. Dondurulmus kalamarlar 8 saat 6nceden buzdolabinda (4°C) bekletilerek
¢oziindiirilmistiir. Coziindiiriilmiis kalamarlara kaynamis su (100°C) igerisinde 5 dk haglama islemi
uygulanmigtir. Haglanmig olan halka kalamarlarda bulunan fazla su ise siizge¢ yardim ile 5 saniye
boyunca uzaklastirilmistir. Daha sonra halka kalamarlar yaklasik 3 cm boyunda kesilmistir. Kesim
isleminden sonra serit halindeki kalamarlar marketten satin alinan galeta unu ve baharat karisimi
kullanilarak kaplanmistir. Kaplama islemi naylon plastik posetler igerisinde kalamar + galeta unu
+baharat karigimi 1:1 oraninda (200 g kalamar +100 g galeta+ 100 g baharat karisimi) olacak sekilde
yerlestirilmistir. Kalamar seritlerinin tamamen galeta unu (Bagdat baharat galeta unu, Tiirkiye) ve
baharat (Bagdat baharat, Tiirkiye) karisimi ile kaplanmasi igin plastik posetlere konularak 1 dakika
(60 defa) calkalanmistir. Bu islemler her bir farkli baharat grubu icin ayr1 ayr1 gerceklestirilmistir.
Calismada kalamarlarin kaplanmasi i¢in 12 farkli baharat toz kirmuzi biber (Capsicum annuum L.),
kimyon (Cuminum cyminum L.), kekik (Thymus vulgaris L.), yenibahar (Pimenta dioica L.), ¢rek otu
(Nigella sativa L.), susam (Sesamum indicum L.), karabiber (Piper nigrum L.), zerdecal (Curcuma
longa), zencefil (Zingiber officinalis), sogan tozu (Allium cepa L.), sarimsak tozu (Allium sativum L.),
targin (Cinnamomum verum) kullanilarak 12 farkli 6rnek olusturulmustur. Her bir grup galeta unu+
baharat karigimi ile ayr1 ayr1 kaplandiktan sonra baharat kapli kalamar atistirmaliklar1 firinda (Beko,
Tiirkiye) 200°C’de 20 dakika pisirme isleminden sonra oda sicakliginda bekletilerek sogutulduktan
sonra panelistlerin degerlendirmesi istenmistir. Asagida tiretimi gergeklestirilen baharat kapli kalamar
atistirmaliklarin islem basamaklar1 Sekil 1 de verilmistir.

Dondurulmus halka kalamarlarin 8 saat
boyunca 4°C’de ¢oziindiiriillmesi
. »
~
Kalamarlarin 100°C’de 5 dk boyunca
haglama iglemi
. J
a . N
Haglanmig kalamarlardan S saniye
boyunca fazla suyunun uzaklastirilmasi
- l 7
s ~N
Haslanmis halka kalamarlarin 3 cm
boyunda kesilmesi
. >

| |

Kalamar (200 g) + galeta unu (100 g)
tbaharat karigim (100 g) 1:1 oraninda
kaplanmasi

|

Kaplanmig olan kalamar ayr: ayri
200°C’de 20 dakika boyunca firinda

pisirme islemi
. A

Sekil 1. Baharat Kapli Kalamar Atistirmaliklar1 Uretim Islem Basamaklari
Calismada farkli baharatlar kullanilarak tretilen baharat kapli kalamar atigtirmaliklar Sekil 2°de verilmistir.
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Kirmuz toz biber Kimyon Kekik Yenibahar Corekotu Susam

Karabiber Zerdegal Zencefil SoZan tozu Sarimsak tozu Targin

Sekil 2. Farkli baharatlar kullanilarak iiretilen baharat kapl kalamar atistirmaliklart

Duyusal kalite degerlendirmesi

Beslenme ve gastronomide gidalarin kalite kontrollerinde duyusal analizlerin olduk¢a Onemli
oldugu belirtilmektedir. Gidalarin kalite karakterlerinin koklama, dokunma, tatma veya gdérme
duyularmin tepkilerini o6l¢en bir analiz yontemi oldugu vurgulanmaktadir. Ayrica duyusal
degerlendirmede tat ve aromanin en 6nemli 6zellikler oldugu bildirilmektedir (Batu, 2017). Calismada
baharat kapli kalamar atigtirmaliklarinin duyusal kalitelerinin belirlenmesi amaciyla farkli 6zellikleri
igceren iki farkli form kullanilmistir. Baharat kapli kalamar atigtirmaliklarinin duyusal degerlendirmesi
igin iki farkli form rastgele 6rnekleme yontemi ile Ege Universitesi Su Uriinleri Fakiiltesinde gorev
alan ve egitim goren su iirlinleri konusunda deneyimli 30 paneliste sunulmustur. Panelistlerin her
degerlendirdikleri 6rnek sonrasinda agizlarim su ile ¢alkalamasi saglanarak ardindan diger bir 6rnegi
degerlendirmesi istenmistir. Boylece Orneklerin agizda biraktiklari lezzetlerin birbirine karigimi
onlenmistir. Baharat kapli kalamar atistirmaliklarinin panelistler tarafindan duyusal kalitesinin
belirlenmesi oda sicakliginda (25°C) gergeklestirilmistir. Calismada baharat kapli kalamar
atistirmaliklarinin panelistler tarafindan duyusal kalitelerinin belirlenmesi amaciyla kullanilan iki
formda da 9 puanlik hedonik skala (1- asir1 koti, 2- ¢ok koti, 3-orta derecede koti, 4-koti, 5-
kararsizim, 6-iyi, 7-orta derecede iyi, 8-¢ok iyi ve 9-asir1 iyi) kullanilmistir. Baharat kapli kalamar
atistirmaliklarinin  (goriiniim, renk, koku, tat, doku (gevreklik) ve genel kabul edilebilirligini) 6 farkli
Ozelligini degerlendirilmesi i¢in Bandre vd. (2018) tarafindan belirlenmis parametrelerin bulundugu
duyusal form kullanmilmistir. Panelistlere uygulanan ikinci formda ise (renk yogunlugu, renk
homojenligi, sosun uyumu, sertlik, ¢itirlik, gevreklik, agizda dagilma ve tat yogunlugunu) igeren 8
farkli 6zelligin degerlendirilmesi istenmistir. Panelistlere sunulan ikinci formda ise Albert vd. (2009)
tarafindan belirlenen parametrelerin bulundugu duyusal form revize edilerek kullanilmistir.
Istatistiksel degerlendirme

Bu ¢aligmada tiim istatistiki degerlendirme SPSS 25.0 paket programu kullanilarak yapilmistir. 1.
duyusal formda yer alan 6 6zellik (goriiniim, renk, koku, tat, doku ve genel kabul edilebilirlik) ile 2.
duyusal formda yer alan 8 6zelligin (renk yogunlugu, renk homojenligi, sosun uyumu, sertlik, ¢itirlik,
gevreklik, agizda dagilma, tat yogunlugu) her biri i¢in 12 farkli baharat kullanilarak elde edilen
atistirmaliklarin her birine panelistlerin verdikleri puanlara goére tablolar olusturulmustur. Boylece
hangi atistirmalikta hangi 6zellige kag¢ panelistin kag puan verdigi belirlenmistir. Her bir atistirmalik
icin her bir 6zellige gore verilen toplam puanlar tablolarda yer almaktadir.

1. duyusal (Bandre vd., 2018) formda yer alan 6 6zellik (goriiniim, renk, koku, tat, doku ve genel
kabul edilebilirlik) ig¢in 12 6rnegin her birinde k bagimli 6rneklem i¢in Friedman testi yapilmistir.
Friedman S testi parametrik iki yonlii varyans analizi yonteminin parametrik olmayan alternatifidir.
Bu testin temel 6zelligi normallik ve homojen varyans varsayimi gerektirmemesi ve 6l¢iim degerlerine
atanan bilyiiklik sira sayilarma dayanmasidir (Gamgam ve Altunkaynak, 2012). Ornek bazinda
farkliligin hangi 6zellikten kaynaklandigimi belirlemek amaciyla da iki bagimli 6rnek isaret testi
yapilmistir. Isaret testi, kitlelerin dagilimlarinin normal olasi durumunda kullanilan parametrik t
testinin parametrik olmayan karsiligidir. Benzer sekilde formda yer alan 6 6zellik (goriiniim, renk,
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koku, tat, doku ve genel kabul edilebilirlik) parametresinin her biri 6rnek bazinda degerlendirilmesi
amaciyla k bagiml 6rneklem Friedman testi yapilmigtir. Farkliligin hangi érneklerden kaynaklandigim
belirlemek amaciyla da iki bagimli 6rneklem isaret testi yapilmistir. Test sonuglart 0.05 anlamlilik
seviyesinde degerlendirilmistir. Her test i¢in ayrintili degerler bulgular boliimiinde belirtilmistir.

Yine 2. duyusal formda yer alan 8 o6zelligin (renk yogunlugu, renk homojenligi, sosun uyumu,
sertlik, citirlik, gevreklik, agizda dagilma, tat yogunlugu) atistirmaliklarda kullanilan 12 baharatta
etkilerinin farkli olup olmadiginin belirlenmesi amaciyla k bagimli 6rneklem i¢in Friedman testi
yapilmustir. Farkliligin hangi 6zellikten kaynaklandigini belirlemek amaciyla da iki bagimli érneklem
icin isaret testi kullanilmistir. Formda yer alan 8 6zelligin her birinin 6rnek bazinda degerlendirilmesi
amactyla k bagimli 6rneklem Friedman testi yapilmistir. Farkliligin hangi 6rnekten kaynaklandigini
belirlemek amaciyla da iki bagimli 6rneklem isaret testi kullanilmistir.

BULGULAR

Baharat kapli kalamar atistirmaliklaria uygulanan 1.duyusal degerlendirme sonuglar1 Tablo 1°de
verilmigtir. Duyusal degerlendirmede panelistlere gore en begenilen gruplarin sirasiyla goriiniim
acisindan zerdecal, sarimsak tozu ve toz kirmizi biber kapli kalamar atistirmaliklari, renk agisindan
sirastyla, sarimsak tozu, zerdecal ve kekik kapli kalamar atistirmaliklari, koku agisindan sirasiyla;
kekik, sarimsak tozu ve sogan tozu kapli kalamar atistirmaliklari oldugu belirlenmigtir. Tat ve doku
acisindan degerlendirildiginde ise sirasiyla; sarimsak tozu, sogan tozu ve kekik kapli kalamar
atistirmaliklar1 ve genel kabul edilebilirlik agsindan ise sogan tozu, sarimsak tozu ve kekik kapli
kalamar atigtirmaliklarin en begenilen gruplar oldugu belirlenmistir. Panelistlere gore en begenilmeyen
gruplarin sirasiyla goriiniim, renk, koku ve genel kabul edilebilirlik agisindan yenibahar kapli kalamar
atistirmaligy, tat icin karabiber kapli kalamar atigtirmaligi, doku i¢in tar¢in ve yenibahar kapli kalamar
atistirmaliklari oldugu belirtilmistir.

Tablo 1. Baharat kapl kalamar atigtirmaliklarinin1.duyusal analiz degerlendirme sonuglari.

Ornek Gériiniim Renk Koku Tat Doku Gepel .K.ab.UI
Edilebilirlik
Tozkimizib. 7,06 +1,38% 6,9+1,51% 6,23+1,54% 5,5+1,83% 4,9+1,86% 6,0+1,41°
Kimyon 6,03+1,58% 5,96+1,73% 5,83+1,74% 5,2+1,90% 4,56+1,92% 5,441,712
Kekik 6,9+1,37™ 7,0+1,01% 7,33+1,18" 6,9+1,56™ 5,93+1,83" 6,83+1,17°
Yenibahar 3,96+2,25% 4,36+2,24% 4,86+1,53% 4,36+1,94% 4,36+1,75% 4,53+1,83¢
Corekotu 6,56+1,52¢ 6,1+1,56% 6,76+1,04% 5,83+1,53% 5,3+1,66% 5,93+1,66¢
Susam 5,8+1,91% 5,86+1,65% 5,83+1,44% 5,7+1,64% 5,06+1,61% 5,8+1,52¢
Karabiber 4,8+1,95% 4,53+£2,01% 5,2+1,90% 3,98+1,90% 4,43+1,94% 4,36+1,83¢
Zerdecal 7,4+1,13% 7,46+0,97% 6,0+1,82°2 5,26+1,95% 5,03+2,11% 5,76+1,63°
Zencefil 6,3+1,429 5,8+1,71% 5,63+1,54% 5,16+1,88% 5,3+1,90% 5,53+1,91°
Sogan Tozu 6,76+1,45% 6,53+1,50™ 7,03+1,27% 7,36+1,74" 5,93+1,74% 7,1+1,21F
Sarimsak Tozu  7,2+1,54% 7,6%1,64" 7,23+1,52" 7,16+1,66™ 6,13+2,13% 7,03+1,50f
Tar¢in 5,43+2,06™ 5,2+1,85% 5,23+1,77% 4,83+1,86% 4,36+1,99% 4,7+1,89°

Sonuglar n:30, Xqt + standart sapma olarak gosterilmistir. Ayni siitundaki harfler gruplar arasi istatiksel farki, ayni1 satirdaki rakamlar her
bir baharat i¢in grup i¢i fark: gostermektedir (p<0,05).

Buna gore 1. duyusal formda (Bandre vd., 2018) 12 farkli baharat kullanilarak iiretilen baharat
kapli kalamar atigtirmaliklar1 arasindaki istatistiksel anlam farklari degerlendirilmistir. Testin
sonucunda toz kirmizi biberli atigtirmalik i¢in goriiniim ile koku, tat ve doku arasindaki farklar
anlamlidir (p-degeri<0.01). Yine renk ile koku (p-degeri=0.023), tat ve doku arasindaki farklar
anlamlidir (p-degeri<0.01). Koku ile tat (p-degeri=0.035) ve doku (p-degeri<0.01) arasindaki farklar
da anlamlidir. Kimyonlu atistirmalik igin goriiniim ile tat (p-degeri=0.043) ve doku (p-degeri=0.015)
arasindaki farklar anlamlidir. Doku ile renk (p-degeri<0.01) ve koku (p-degeri=0.023) arasindaki
farklar anlamhidir. Kekikli atistirmalik igin goriiniim ile doku (p-degeri=0.019), doku ile renk (p-
degeri=0.041) ve doku ile koku (p-degeri<0.01) arasindaki farklar anlamlidir. Yenibaharli atigtirmalik
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icin Ozellikler arasindaki farklar anlamli goriinmemektedir (p-degeri=0.058). Corekotlu atigtirmalik
icin goriiniim ile renk, tat ve doku arasindaki farklar anlamlidir (p-degeri<0.01). Yine renk ile koku (p-
degeri=0.027) ve doku arasindaki farklar anlamlhidir (p-degeri<0.01). Koku ile tat ve doku arasindaki
farklar da anlamlidir (p-degeri<0.01). Susamli atistirmalik i¢in sadece doku ile koku arasindaki fark
anlamlidir (p-degeri<0.01). Karabiberli atistirmalik i¢in oOzellikler arasindaki farklar anlamli
goriinmemektedir (p-degeri=0.08). Zerdecalli atistirmalik igin goriiniim ile koku, tat ve doku
arasindaki farklar anlamlidir (p-degeri<0.01). Yine renk ile koku, tat ve doku arasindaki farklar
anlamlidir (p-degeri<0.01). Koku ile tat (p-degeri=0.013) ve doku (p-degeri=0.031) arasindaki farklar
da anlamlidir. Zencefilli atistirmalik i¢in goriiniim ile renk (p-degeri=0.012), koku (p-degeri=0.031),
tat (p-degeri<0.01) ve doku (p-degeri=0.017) arasindaki farklar anlamlidir. Koku ile tat arasindaki fark
da anlamlidir (p-degeri=0.049). Sogan tozlu atistirmalik igin tat ile renk ve doku ile koku arasindaki
farklar anlamlidir (p-degeri<0.01). Sarimsak tozlu atistirmalik i¢in doku ile goriiniim, doku ile renk ve
ve doku ile koku arasindaki farklar anlamlidir (p-degeri<0.01). Tar¢inl atistirmalik i¢in doku ile renk
ve doku ile koku arasindaki farklar anlamlidir (p-degeri<0.01). Kullanilan 1. duyusal form (Bandre
vd., 2018) i¢in elde edilen istatistiksel frekans tablosuna ait degerler Tablo 2’te verilmistir.

Tablo 2. 1. duyusal analiz sonuglarinin degerlendirilmesine iligkin istatiksel frekans tablosu.

Puanlama Goriiniim Renk Koku Tat Doku gjﬁ?ee;ilﬁ?,ﬁil
(1)Asir1 kétii 6 (%1,7) 7 (%1,9) 5 (%1,4) 8 (%2,2) 10 (%2,8) 4 (%1,1)
(2)Cok kétii 13 (%3,6) 11 (%3,1) 8 (%2,2) 19 (%5,3) 34 (%9,4) 18 (%5,0)
(3)Orta derece koti 15 (%4,2) 16 (%4,4) 15 (%4,2)  38(%10,6) 33 (%9,2) 21 (%5,8)
(K otii 37 (%10,3) 44(%12,2) 24 (%6,7)  37(%10,3) 53(%14,7) 44 (%12,2)
(5)Kararsizim 41 (%11,4) 44(%12,2) 66(%18,3)  57(%15,8) 71(%19,7) 60 (%16,7)
(6)iyi 70 (%19,4) 67(%18,6) 92(%25,6)  81(%22,5) 70(%19,4) 85 (%623,6)
(7)Orta derece iyi 86 (%23,9) 87(%24,2) T7(%21,4)  47(%13,1) 47(%13,1) 57 (%15,8)
(8)Cok iyi 53 (%14,7) 56(%15,6) 44(%12,2)  47(%13,1) 31 (%8,6) 57 (%15,8)
(9)Asir1 iyi 39 (%10,8) 28 (%7,8) 29 (%8,1) 26 (%7,2) 11 (%3,1) 14 (%3,9)

Verilen sayilar 12 ornek igin puan veren toplam panelist sayisini ifade etmektedir. %’lik ise panelist sayilarinin yiizdesini ifade
etmektedir.

Istatistiksel frekans tablosuna (Tablo 2) gore goriiniim icin 12 Srnedin asir1 iyi oldugunu belirten

toplam panelist sayisi 39’dur. Renk i¢in 28, koku i¢in 29, tat igin 26, doku i¢in 11 iken genel kabul
edilebilirlik igin 12 6rnegin agir1 iyi oldugunu belirten toplam panelist sayisi ise 14’tiir.
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Tablo 3. Baharat kapli kalamar atigtirmaliklarinin 1. duyusal analiz sonuglarinin puan ve panelist sayilarina
gore degerlendirilmesi.

Baharatlar Goriiniim Renk Koku Tat Doku Ge_nel_k_apul
edilebilirlik
Toz kirmizi b. 13 panelist, 10 panelist, 10 panelist, 7 panelist, 6'sar panelist, 5 9 panelist,
7 puan 7 puan 7 puan 6 puan ve 7 puan 6 puan
Ki 11 panelist, 10 panelist, 10 panelist, 9 panelist, 7'ser panelist, 3 9 panelist,
imyon
7 puan 7 puan 7 puan 6 puan ve 6 puan 6 puan
. 11 panelist, 14 panelist, 14 panelist, 8 panelist, 8 panelist, 10 panelist,
Kekik
7 puan 7 puan 7 puan 6 puan 6 puan 6 puan
. 7'ser panelist, 8 panelist, 8 panelist, 6'sar panelist, 10 panelist, 12 panelist,
Yenibahar
2 ve 6 puan 4 puan 4 puan 3,4veb6puan 5 puan S5puan
Cérekot 8 panelist, 9 panelist, 9 panelist, 8'er panelist, 9 panelist, 10 panelist,
v 8 puan 7 puan 7 puan 5 ve 6 puan 5 puan 6 puan
10 panelist, 9 panelist, 9 panelist, 8'er panelist, 8 panelist, 12 panelist,
Susam
6 puan 7 puan 7 puan 5 ve 6 puan 6 puan 6 puan
. 7 panelist, 9 panelist, 9 panelist, 9 panelist, 8 panelist, 7 panelist,
Karabiber
4 puan 4 puan 4 puan 3 puan 4 puan 4 puan
9 panelist, 12 panelist, 12 panelist, 9 panelist, 7 panelist, 10 panelist,
Zerdegal
7 puan 8 puan 8 puan 6 puan 6 puan 6 puan
. 9 panelist, 7'ser panelist, ~ 7'ser panelist, 7 panelist, 7 panelist, 8 panelist,
Zencefil
7 puan 5 ve 7 puan 5 ve 7 puan 5 puan 7 puan 5 puan
Sozan Tozu 9 panelist, 9 panelist, 9 panelist, 10 panelist, 7 panelist, 8'er panelist,
& 6 puan 8 puan 8 puan 9 puan 7 puan 7 ve 8 puan
8 panelist, 7'ser panelist,  7'ser panelist, 8 panelist, 5'er panelist, 6, 7 7 panelist,
Sarimsak Tozu 8 puan 8 ve 9 puan 8 ve 9 puan 9 puan ve 9 puan 8 puan
7 panelist, 7 panelist, 7 panelist, 7 panelist, 7 panelist, 11 panelist,
Tarcin
5 puan 5 puan 5 puan 5 puan 4 puan 4 puan

Baharat kapli kalamar atistirmaliklarinin degerlendirilmesi sirasinda panelistler tarafindan en c¢ok verilen puanlar

verilmistir.

Goriiniim i¢in toz kirmizi biber kapli kalamar atigtirmaliklarina 7 puan veren en fazla 13 panelist,
renk ve koku icin kekik kapl kalamar atistirmaliklarina 7 puan veren en fazla 14 panelist, tat igin
sogan tozu kapli kalamar atistirmaliklarina 9 puan veren 10 panelist bulunmaktadir. Doku igin
yenibahar kapli kalamar atistirmaliklarina 5 puan veren 10 panelist bulunurken genel kabul
edilebilirlik i¢in yenibahar kaph kalamar atigtirmaliklarina 5 puan veren 12 panelist ve susam kapli
kalamar atigtirmaliklarina 6 puan veren 12 panelist bulunmaktadir (Tablo 3). Baharat kapli kalamar

atistirmaliklarina uygulanan 2.duyusal degerlendirme sonuglar1 Tablo 4’de verilmistir.

Tablo 4. Baharat kapli kalamar atistirmaliklarinin 2.duyusal analiz degerlendirme sonuglari.

- Renk Renk Sosun . . Agizda Tat
Ornek Yogunlugu  Homojenligi Uyumu Sertlik Crarhk Gevreklik Dagilma  Yogunlugu
Iﬁ;mb 736+127% 6,961,458 5,63+1,99% 4,83+1,98% 3864221 4,36+1,47% 4,36+1,92%2 526+1,98*
Kimyon  6,5£1,07  6,43+1,33%  4,9+1,71% 53+1,71%  3,96+1,85° 43+1,80® 4,542,16°  526+1,84*
Kekik 6,83+1,58"  5,9+1,73% 6,83+1,72% 6,5+1,50°  5,6+2,22% 5,76+1,88" 523+1,92* 6,83+1,40™
Yenibahar 5,43+2,46™  5,6642,94%  4,06+1,98% 4,23+2,18% 4,0+1,86 3,96+1,43% 3,96+1,59% 4,56+1,63%
Corekotu 5,731,910 556+1,91  543+1,48% 526+1,89< 4,262,252 4,96+2,12% 4,6+2,06°  5,0+1,58%
Susam 5,1+1,88°%  5,8+1,75% 5,13+1,69% 4,9+1,92%  4,13+1,68%° 4,23+1,91% 4,74223%  4,83+1,51%
Karabiber 6,33+1,12°%  6,13+£1,85"  4,33+2,28% 444237 434214 4,16+2,18% 4,1342,21% 526+2,23%
Zerdecal ~ 7,96+0,96%  7,9+0,99" 5,1322,03% 4,76£1,91% 423+2,18% 4,53£1,99% 5164210 5,56+1,87%
Zencefil  5,93+1,66%  5,96+1,42°  4,6£1,65% 4542.15% 3942012 4342,09% 5634204 566+1,71%
%’53“ 6,731,590 6241710 7,16£1,342 5,7+2,17%  5,13£2,11% 533+£1,95% 58+2,02%  7,56+1,07%
%rzllﬂnsak 7,03£1,99% 6,731,740 7,231,550 5942,090%  5,5342,24% 576+2,22% 5,842,257  7,46+1,36%
Targin 6,5+2,01%  6,6+1,92% 4,73+2,18%2 3,94220%  3,63+2,22% 3,66+2,22%2 3,96+2,27% 5,7+1,98%

Sonuglar n:30, X = standart sapma olarak gosterilmistir. Ayni siitundaki harfler gruplar arasi istatiksel farki, ayni satirdaki rakamlar her bir
baharat i¢in grup igi farki gostermektedir (p<0,05).
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Buna gore 2. duyusal formda (Albert vd., 2009)12 farkli baharat kullanilarak {iretilen baharat kaph
kalamar atigtirmaliklarinin tiimii i¢in &zelliklerin etkileri arasindaki farkin anlamli oldugu saptanmigtir
(p-degeri<0.01). Renk yogunlugu icinde kullanilan 12 baharatin etkilerinin farkli oldugu
bulgulanmistir (p-degeri<0.01). Farkliligin hangi Ornekten kaynaklandigim belirlemek amaciyla
yapilan iki bagimh 6rneklem igin isaret testine gore; kirmizi toz biberli atigtirmalik ile kimyonlu,
yenibaharli (p-degeri=0.015), c¢orekotlu, susamli, karabiberli (p-degeri=0.023), zerdecallt (p-
degeri=0.012), zencefilli, tar¢inlt (p-degeri=0.035) kalamar atistirmaliklar1 arasinda fark oldugu
belirlenmistir (p-degeri<0.01). Kimyonlu kalamar atigtirmaliklar1 ile susamli, zerdegalli kalamar
atistirmaliklar arasinda da fark bulgulanmistir (p-degeri<0.01). Kimyonlu atistirmalik ile susamli (p-
degeri<0.01) ve zerdecalli (p-degeri=0.011) kalamar atigtirmaliklar1 arasinda da fark oldugu
saptanmistir. Yenibahar kapli kalamar atistirmaliklar ile zerdecalli, sogan tozlu (p-degeri=0.014),
sarimsak tozlu, tarcinli (p-degeri=0.043) atistirmalik arasinda farkin oldugu belirlenmistir (p-
degeri<0.01). Corekotu kapli kalamar atistirmalik ile zerdecalli ve sarimsak tozlu kapli kalamar
atistirmaliklar1 arasinda fark belirlenmistir (p-degeri<0.01). Susam kapli kalamar atistirmaliklar ile
karabiberli (p-degeri=0.035), zerdegalli, zencefilli (p-degeri=0.031), sogan tozlu, sarimsak tozlu,
tarcinli (p-degeri=0.011) kalamar atistirmaliklar1 arasinda da fark saptanmistir (p-degeri<0.01).
Karabiber kapl kalamar atigtirmalig: ile zerdegal kapli kalamar atigtirmalik arasindaki farkin anlamli
(p-degeri<0.01), zerdecal kapl kalamar atistirmaligi ile zencefil, sogan tozu, tar¢in kapli kalamar
atistirmaliklar1 arasinda farkin da anlamli oldugu belirlenmistir (p-degeri<0.01). Zencefil kaph
kalamar atigtirmaligi ile sarimsak tozu kapli kalamar atigtirmaligi arasindaki farkta anlamli
bulunmustur (p-degeri=0.043). Duyusal degerlendirme sonuglarma gore (Tablo 5) en begenilen
gruplarin renk yogunlugu ve renk homojenligi agisindan sirasiyla zerdecal, toz kirmizi biber ve
sarimsak tozu kapl kalamar atistirmaliklari, sos uyumu agisindan sirasiyla sarimsak tozu, sogan tozu
ve kekik kapli kalamar atistirmaliklari, sertlik ve ¢itirlik agisindan kekik, sarimsak tozu ve sogan tozu
kapli kalamar atistirmaliklar1 oldugu belirlenmistir. Gevreklik agisindan en begenilen gruplarin kekik
ve sarimsak tozu kapl kalamar atigtirmaliklari, agizda dagilma ve tat yogunlugu acisindan en
begenilen gruplarin sogan ve sarimsak tozu a kapl kalamar tistirmaliklar1 oldugu belirlenmistir. Renk
yogunlugu, renk homojenligi, sos uyumu, agisindan en begenilmeyen gruplar sirasiyla; susam,
¢orekotu, yenibahar, sertlik, ¢itirlik ve gevreklik targin, agizda dagilma agisindan targin ve yenibahar,
tat yogunlugu acisindan ise yenibahar kapli kalamar atistirmaliklar1 oldugu belirlenmistir.

Kullanilan 2. duyusal form (Albert vd., 2009) i¢in elde edilen istatistiksel frekans tablosuna ait
degerler Tablo 5’te verilmistir.

Tablo 5. 2. duyusal analiz sonuglarinin degerlendirilmesine iligkin istatiksel frekans tablosu.

Renk -
Puanlama B enkv homojenli S0 Sertlik Citirhk  Gevreklik Ag.lZda -Tat <
yogunlugu 5 uyumu dagilma yogunlugu

(DAsir kétii 4 (%11)  2(%0,6) 19 (%53) 24 (%6,7) 53(%14,7) 18 (%50) 28 (%7.8) 3 (%0,8)
(2)Cok kotii 12 (%3,3) 12 (%3,3) 20 (%5,6) 23 (%6,4) 26 (%7,2)  60(%16,7) 34 (%94) 23 (%6,4)
(3)Orta kot 11 (%3,1) 16 (%4,4) 30 (%33) 43(%11,9) 44(%12,2) 25 (%6,9) 46(%12.8) 26 (%7,2)

(4)Kétii 30 (%8,3) 26 (%7,2) 33(%9,2) 59(%164) 55(%153) 68(%189) 51(%14,2)  36(%10,0)
(5)Kararsizim  47(%13,1) 45 (%12,5) 65(%18,1) 53(%14,7) 68(%189) 66(%18,3) 72(%20,0)  61(%16,9)
(6)iyi 58(%16,1) 75 (%20,8) 82(%22,8) 58(%16,1) 53(%14,7) 56(%156) 49(%13,6)  85(%23,6)

(TOrtaiyi  73(20,3) 84 (%233) 52(%14,4) 59(%16,4) 33 (%9,2) 34 (%9,4) 39(%10,8)  50(%13,9)
(8)Cokiyi  76(21,1)  65(%18,1) 37(%10,3) 24 (%6,7) 21 (%58) 25 (%6,9) 28 (%7.8)  50(%13,9)
9)Asiriiyi  49(%13,6) 35(%97) 22 (%6,1) 17 (%4,7) 7 (%19) 8 (%22) 13 (%36) 26 (%7,2)

Verilen sayilar 12 6rnek i¢in puan veren toplam panelist sayisini ifade etmektedir. %’lik ise panelist sayilarinin yiizdesini ifade etmektedir.

Istatistiksel frekans tablosuna (Tablo 5) gore renk yogunlugu igin 12 &rnein asir1 iyi oldugunu
belirten toplam panelist sayis1 49’dur. Renk homojenligi i¢in 35, sos uyumu igin 22, sertlik i¢in 17,
citirlik icin 7, gevreklik i¢in 8, agizda dagilma igin 26 iken tat yogunlugu i¢in 12 6rnegin asir1 iyi
oldugunu belirten toplam panelist sayisi ise 26’dir.

153



KILINC vd. 2021 ActAquaTr 17(1), 146-158

Tablo 6. Baharat kapli kalamar atigtirmaliklarinin 2. duyusal analiz sonuglarinin puan ve panelist sayilarina gére degerlendirilmesi.

Baharatlar Renk Yogunlugu Renk Homojenligi Sosun Uyumu Sertlik Citirhk Gevreklik Agizda Dagilma Tat Yogunlugu
Toz kirmizt biber 9 panelist, 8'er panelist, 12 panelist, 6 panelist, 6'sar panelist, 12 panelist, 7 panelist, 7 panelist,
8 puan 7 ve 8 puan 6 puan 5 puan 1 ve 6 puan 5 puan 5 puan 6 puan
Kimvon 8 panelist, 11 panelist, 8 panelist, 9'ar panelist, 7 panelist, 9 panelist, 5'er panelist, 7 panelist,
4 5 puan 7 puan 6 puan 4 ve 7 puan 6 puan 6 puan 3,4, 6 ve7puan 7 puan
. 10 panelist, 7 panelist, 7 panelist, 9 panelist, 7 panelist, 9 panelist, 10 panelist, 9 panelist,
Kekik
8 puan 6 puan 7 puan 6 puan 7 puan 7 puan 5 puan 6 puan
. 7 panelist, 6 panelist, 9 panelist, 5'er panelist, 7 panelist, 8 panelist, 7'ser panelist, 10 panelist,
Yenibahar
5 puan 6 puan 5 puan 3ve 4 puan 5 puan 4 puan 3ve 4 puan 5 puan
. 8 panelist, 7'ser panelist, 10 panelist, 8 panelist, 8 panelist, 6'sar panelist, 7 panelist, 9 panelist,
Corekotu
7 puan 6 ve 7 puan 6 puan 6 puan 5 puan 5 ve 6 puan 5 puan 5 puan
8 panelist, 9 panelist, 10 panelist, 11 panelist, 8 panelist, 8 panelist, 6 panelist, 8 panelist,
Susam
4 puan 7 puan 6 puan 6 puan 4 puan 4 puan 3 puan 5 puan
Karabiber 8 panelist, 9 panelist, 5'er panelist, 4'er panelist, 6'sar panelist, 8 panelist, 6 panelist, 7 panelist,
6 puan 7 puan 2 ve 5 puan 1,2,3,4,5,7ve 8 puan 4 ve5 puan 2 puan 3 puan 6 puan
12 panelist, 10'r panelist, 8 panelist, 8 panelist, 6 panelist, 7'ser panelist, 8 panelist, 10 panelist,
Zerdegal
8 puan 8 ve 9 puan 6 puan 4 puan 6 puan 2 ve 4 puan 5 puan 6 puan
. 8 panelist, 8 panelist, 8 panelist, 7 panelist, 10 panelist, 6 panelist, 6 panelist, 10 panelist,
Zencefil
7 puan 6 puan 3 puan 4 puan 5 puan 4 puan 5 puan 6 puan
Sodan Tozu 7'ser panelist, 8 panelist, 9 panelist, 6 panelist, 7'ser panelist, 7'ser panelist, 6 panelist, 12 panelist,
& 7 ve 8 puan 5 puan 8 puan 5 puan 4 ve 6 puan 4 ve 6 puan 5 puan 8 puan
Sartmsak Tozu 9 panelist, 8 panelist, 10 panelist, 7 panelist, 8 panelist, 6'sar panelist, 8'er panelist, 12 panelist,
8 puan 8 puan 8 puan 7 puan 7 puan 7 ve 8 puan 5 ve 8 puan 8 puan
8 panelist, 9 panelist, 9 panelist, 5'er panelist, 8 panelist, 7 panelist, 6'sar panelist, 10 panelist,
Tarcin
7 puan 7 puan 5 puan 1 ve 2 puan 7 puan 1 puan 1 ve 6 puan 6 puan

Baharat kapli kalamar atigtirmaliklarinin degerlendirilmesi sirasinda panelistler tarafindan en gok verilen puanlar verilmistir.
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Renk yogunlugu i¢in kekik kapli kalamar atigtirmaliklarina 8 puan veren en fazla 10 panelist, renk
homojenligi i¢in kimyon kapl kalamar atistirmaliklarina 7 puan veren en fazla 11 panelist, sosun
uyumu icin toz kirmizi biber kapli kalamar atistirmaliklarina 6 puan veren en fazla 12 panelist, sertlik
icin susam kapli kalamar atistirmaliklarina 6 puan veren en fazla 11 panelist bulunmaktadir (Tablo 6).

Duyusal analiz formunda yer alan ¢itirlik i¢in zencefil kapli kalamar atigtirmaliklarina 5 puan veren
en fazla 10 panelist, gevrek i¢in toz kirmizi biber kapli kalamar atistirmaliklarina 5 puan veren en fazla
12 panelist, agizda dagilma icin kekik kapli kalamar atistirmaliklarima 5 puan veren en fazla 10
panelist bulunurken, tat yogunlugu i¢in sogan tozu ve sarimsak tozu kapli kalamar atistirmaliklarina 8
puan veren en fazla 12 panelist bulunmaktadir (Tablo 6).

TARTISMA VE SONUC

Farkli formiilasyonda hazirlanan baharat kapli atigtirmaliklar iizerine cesitli g¢aligmalar
bulunmaktadir. Yapilan bir ¢alismada biiyiik géz baligi (Brachydeuterus auritus) kullanilarak yapilan
balik krakerlerinde duyusal agidan en ¢ok begenilen formiilasyonlarin %50 balik/%50 nigasta ve %40
balik/%60 nisasta kombinasyonlarin kullanildigi krakerlerin oldugu belirtilmistir (King, 2002). Giimiis
balig1 (Atherina boyeri, RISSO 1810) kullanilarak balik cipsi iiretimi ve bazi kalite degisimlerinin
belirlenmesi iizerine yapilan bir ¢alismada panelistlerin duyusal analiz sonuglarina goére balik
cipslerinin ¢ok begenildigi bildirilmistir. Balik cipslerinin -18°C’de 6 ay dondurarak depolama
sonunda duyusal, kimyasal ve mikrobiyolojik agidan tiiketilebilir oldugu belirtilmistir (izci vd., 2011).
Komiir baligi (Pollachius virens) surimisinden yapilan farkli oranlarda %3, %5, %7 ve %9 balik
protein tozu ile gli¢lendirilmis misir aperatifin hazirlandig1 ¢alismada ise % 9 balik protein tozu igeren
atistirmaliklarin, koku, doku, lezzet ve genel kabul edilebilirlik agisindan diger oranda balik protein
tozu %3, %5 ve %7 igeren atistirmaliklardan 6nemli 6l¢iide daha diisiik begeniye sahip oldugu
bildirilmistir (Shaviklo vd., 2011). Sis balig1 (Aspius vorax) kullanilarak manuel yontemle surimi elde
edilen ¢aligmada surimi kurutularak toz haline getirilmis ve farkli oranlarda surimi tozu kullanilarak
elde edilen balik cipsilerin kalitesi incelenmistir. Uriine surimi tozu katilmasiyla renk, koku, gevreklik
ve lezzet bakimindan kontrol grubuna gore begeninin azaldig1 ve surimi tozu konsantrasyonu artikg¢a
surimi tozundan gelen aromanin, koku ve lezzet iizerinde olumsuz etki yaptig1 bildirilmistir (Duman
vd., 2012). Cortez Netto vd., (2014) tarafindan yapilmig bir c¢alismada kiyilmus tilapia balig
kullanilarak yapilan atistirmaliklarda (%20-%40) oranlarinda balik iceren atistirmaliklarin duyusal
acidan kabul edilebilir olduklar1 belirtilmistir. Ayrica atistirmaliklarin belirtilen oranlarda baliketi
icermesinin atigtirmaliklarin besinsel degerini arttirdig ve fizikokimyasal 6zelliklerini ise etkilemedigi
vurgulanmistir. Pianjing vd., (2016) tarafindan ticari Tayland atistirmaliklarinin protein degerinin
arttirilmasi amaciyla tilapia (Oreochromis niloticus) baligi kullanilmigtir. Yapilan bu ¢alismada tilapia
balig1 ilave edilmis atigtirmaliklarin genel kabul edilebilirlik degerinin 5.87° den 7.73 e degisim
gosterdigi ve bu degerlerin orijinal ticari {irlinlerin genel kabul edilebilirlik degerlerinden daha yiiksek
oldugu belirtilmistir. Ikasari ve Hastarini, (2016) tarafindan lindur meyvesi unu ve patates unu
kullanilarak karides kabugu tozu ile zenginlestirilerek cips iiretiminin gergeklestirildigi c¢alismada
biitiin panelistlerce ¢ogunlukla karides kabuk tozu ilave edilmeksizin lindur meyvesi unu ve patates
unu (40:60) oranlarinda kullanildiginda en ¢ok tercih edilen cipsler oldugu bildirilmistir. Topuz vd.
(2017) tarafindan musir unu igerikli atistirmaliklarin duyusal 6zelliklerini arttirmak ve besinsel
degerlerini yiikseltmek amaciyla karides eti kullanilan ¢alismada misir unu ile birlestirilen karides
etinin istenen tat ve lezzete sahip olmasi nedeniyle yeni karides-misir atistirmaliklarinin iiretiminde
basarili oldugu belirtilmistir. Biiyliksara¢ (2018) tarafindan yapilan ¢alismada bugday, patates ve misir
unlar1 kullanilarak ve %5, %10 ve % 20 oranlarinda toz halde baliketi kullanilarak zenginlestirilmis
balik ciplerinin iiretimi gerceklestirirmistir. Calismada yapilan duyusal analiz sonuglarina gore
%10’un tlizerinde toz baliketi kullaniminin balik cipsi iiretiminde uygun olmadig1 sonucuna varilmstir.
Spirulina kullanilarak yapilan atistirmaliklarda %2.6 konsantrasyonda kullanilan spirulina igerikli
atistirmaliklarin besinsel igerik ve duyusal kabul edilebilirlik agisindan kullanilabilecegi belirtilmistir
(Lucas vd., 2018). Costa vd. (2019) tarafindan yapilan diger bir c¢alismada atigtirmaliklarin
formiilasyonuna % 9,65 oraninda karides tozu ilave edildiginde atistirmaliklarda en ideal karides
tadinin elde edildigi vurgulanmistir.

Yukarida belirtilen ¢alismalarda farkli formiilasyonda hazirlanan baharat kapli kalamar
atistirmaliklarin duyusal agidan panelistlere gore en ¢ok begenilen formiilasyonlar1 belirtilmistir.
Yapilan bu ¢alismada da farkli baharatlarin kullanimiyla hazirlanan farkli formiilasyonlarda baharat
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kapl kalamar atistirmaliklar1 duyusal agidan en ¢ok begenilen formiilasyonun saptanmasi amaciyla
panelistlere farkli 6zellikleri igeren iki ayr1 duyusal form uygulanmistir. Calisma kapsaminda elde
edilen verilerle yapilan analizler somucunda 1. formda yer alan 6 6zellik ile 2. duyusal formda yer alan
8 oOzelligin her biri i¢in 12 farkli formiilasyondan elde edilen atistirmaliklara panelistlerin verdikleri
puanlar arasinda istatistiksel olarak anlamli farklar oldugu goriilmiistlir. 1 formda yer alan 5 6zellige
12 formiilasyon i¢in verilen toplam puanlann goriiniim i¢in %801, renk i¢in %78'i, koku i¢in %86’s1,
tat icin %72'si, doku icin %64'i 5 ve istiinde puan almistir. Yine 1. formda yer alan genel kabul
edilebilirlik parametresi toplamda %76 oramiyla 5 ve iistiinde puan almistir. 2 formda yer alan 8
ozellige 12 formiilasyon i¢in verilen toplam puanlarin renk yogunlugu i¢in %841, renk homojenligi
icin %84°1, sos uyumu i¢in %72’si, sertlik icin %59’u, citirlik i¢in %51°1, gevreklik icin %52’si,
agizda dagilma igin %56’s1, tat yogunlugu icin %76’s1 5 ve ustiinde puan almistir. Yapilan ¢aligma
sonucunda panelistlere uygulanan her iki duyusal analiz formuna gére en begenilen baharat kapl
kalamar atigtirmaliklarin  sogan tozu, sarimsak tozu kekik kullanilarak hazirlanmis olan
atistirmaliklarin oldugu belirlenmistir. Panelistlere uygulanan her iki duyusal analiz formuna gore de
en begenilmeyen gruplarin targinli, yenibahar ve karabiber igerikli baharat kapli kalamar
atistirmaliklarinin oldugu saptanmustir.

Calismada farkli baharatlar kullanilarak yemege hazir baharat kapli kalamar atistirmaliklar
tiretilmistir. Bu atigtirmaliklar panelistler tarafindan duyusal agidan degerlendirildiginde ise goriiniim,
renk, koku, tat, doku ve genel kabul edilebilirlik, renk yogunlugu, renk homojenligi, sosun uyumu,
sertlik, citirlik, gevreklik, agizda dagilma, tat yogunlugu 6zelliklerinin her birine gére farkli sonuglarin
elde edildigi bulgulanmistir. Yapilan duyusal degerlendirme sonucunda panelistlere gore genel kabul
edilebilirlik agisindan en begenilen baharat kapli kalamar atigtirmaliklar sogan tozu, sarimsak tozu ve
kekik Kkullanilarak hazirlanmis olan atistirmaliklarin oldugu belirlenmistir. Panelistlere gore genel
kabul edilebilirlik agisindan en begenilmeyen gruplarin ise targinli, yenibahar ve karabiber igerikli
baharat kapli kalamar atistirmaliklar1 oldugu saptanmigtir. Sonug olarak; bu tip tiiketime hazir halde
farkli formiilasyonlarda kalamar atistirmaliklarina yonelik caligmalarin yapilmasi, en begenilen
formiilasyonlarin belirlenmesi, farkli formiilasyonlarda kalamar atistirmaliklarinin {iretilmesi ve
marketlerde satigsa sunulmasi arzu edilmektedir.
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Sample Article

A Taxonomic Study on Zooplankton Fauna of Kig1 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 Kig1 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: Kig1 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 Kig1 Dam Lake has been recorded. In
this study zooplankton species and their seasonal variations of Kigi 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 hm3 and has surface area 8.35 km2 and 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).
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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 (€) 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 Kigi 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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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 NAZ2, Ozgiir KOSKAN?, ilter ILHAN*

2iskendurun Teknik Universitesi

1Isparta Uygulamali Bilimler Universitesi, Egirdir Su Uriinleri Fakiiltesi, Isparta
Deniz Bilimleri ve Teknolojisi Fakiiltesi, Hatay 3Siileyman DemirelUniversitesi, Ziraat Fakiiltesi, Isparta

4Si'11eyrnan Demirel Universitesi, Tip Fakiiltesi, Isparta
*Sorumlu Yazar: sevalkoca@sdu.edu.tr

Ozet

Bu caligma, Egirdir Golii'nde yasayan Astacus leptodactylus tiirlinde mide sindirim enzim aktiviteleri iizerine (proteaz o-
amilaz ve lipaz) mevsim ve eseyin etkisini aragtirmak amaciyla olusturulmugtur. Bu amagla kerevitler 1 yilda 4 mevsim olarak
Egirdir Golii’nden avlandi. ilkbahar mevsiminde,kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamadi. Bu nedenle,
sonuglar li¢ mevsim (sonbahar, ki, 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 Onemli diizeyde etkili olmadigin1 gosterdi (p>0,05). Bulgular ayrica,
kerevitlerin,proteaz enzim aktivitesinin sonbahar ve kigin, lipaz enzim aktivitesinin ise kigin eseyler arasi 6nemli degisim
gosterdigini ortaya ¢ikardi (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 {ilkemiz
igsularinda dogal olarak bulunan bir decapoda (on ayakli) tiiriidiir. Astacus ekonomik degeri yiiksek
kabuklu tiirlerinden biridir (Bolat, 2001). Kerevit 1986 yili dncesi 6zellikle Egirdir Golii balikgilarinin
baslica gelir kaynagi iken bu tiiriin daha sonra gerek asir1 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 c¢aligmada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Golii'nde kerevit (10-15 cm)
aveiligr gergeklestirilmigtir. Avcilikta kerevit pinterleri kullanilmig, 6rneklemeler mevsimsel olarak
yapilmustir. [lkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamamustir.
Enzim aktivite analizler

Bu c¢alismada; o-amilaz, proteaz ve lipaz olmak iizere ii¢ ¢esit sindirim enzim aktivitesi
arastirilmistir. Tatlisu istakozundaki a-amilaz enzim aktivitesi, Metais ve Bieth (1968)’e gore yapilmistir.
Istatistiksel analizler

Verilerin degerlendirilmesinde SPSS 23 istatistiki paket programindan yararlanilmig ve sonuglar,
faktoriyel diizeyinde varyans analizi testi ile P<0,05 6dnem diizeyinde test edilmistir. Faktorlerin seviye
ortalamalarmin arasindaki farkliliklarin belirlenmesinde Tukey testi kullanilmustir.

BULGULAR
Esey ve mevsimsel farkliliklarin kerevit midesindeki a-amilaz enzim aktivitesi iizerinde énemli bir
etkisinin olmadigi 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 20,013+ 0,0011° 0,007 + 0,0006" ®0,003 + 0,0010°
Erkek %0,013 + 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 olugsmustur (Sekil 3).
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Sekil 3. Kerevit midesinde farkli mevsimlerdeki lipaz aktivitesi (U/mg protein)

TARTISMA ve SONUC

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

Ayrica, maksimum enzim aktivitesini belirleyebilmek ig¢in; farkli pH, sicaklik ve reaksiyon
siirelerinde denemeler yapilmasi da dnemli tasimaktadir.........



TESEKKUR
Bu ¢alisma, yiiksek lisans tezinden 6zetlenmistir. (veya varsa proje destegi yazilmali)
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