Acta Aquatica

Turcica

Turk Su Bilimleri
Dergisi

Yayn Tarihi: Eylil - 2020



ACTA AQUATICA TURCICA

TURK SU BiLIMLERI DERGISi

(YIL 2020 — CILT: 16 — SAY1 3)

Isparta Uygulamali Bilimler Universitesi Egirdir Su Uriinleri Fakiiltesi
Adina Sahibi /

Owner of Behalf of Isparta University of Applied Sciences, Egirdir Fisheries Faculty

Aysegiil KUBILAY

Bas Editor / Editor in Chief

Yunus Omer BOYACI

Editorler / Editors

Sengiil BILGIN
Nalan Ozgiir YIGIT

Secil METIN

Yayn Tarihi: Eylil - 2020



Mizanpaj Editorleri / Layout Editors

Salim Serkan GUCLU
Deniz KARA

ingilizce Editorii / English Editor

Arda OZEN

iletisim / Contact

Acta Aquatica Turcica
Yayin Komisyonu Baskanlig1,
32260 Dogu Yerleskesi-ISPARTA
Tel: 0 246 2146401 Faks: 0 246 2146445
http://dergipark.gov.tr/actaquatr

E-Posta: actaquatr@isparta.edu.tr

E-ISSN: 2651-5474

Yayn Tarihi: Eylil - 2020



ACTA AQUATICA TURCICA
(YIL 2020 — CiLT: 16- SAYI: 3)

YAYIN KURULU / EDITORIAL BOARD*

Altan LOK

Doru Stelian BANADUC
Erciiment GENC

Erdogan CICEK

Erik JEPPESEN

Eugenia BEZIRTZOGLU
Hamid Reza ESMAEILI

Karim ERZINI

Magdolna Miillerne TRENOVSZKI
Ozkan OZDEN

Pavel KOZAK

Stamatis ZOGARIS

Stefan BERGLEITER

Siiheyla KARATAS STEINUM
Tom WIKLUND

Viladimir PESIC

Yazdan KEIVANY

Ege University, TURKIYE

Lucian Blaga” University of Sibiu, ROMANIA
Ankara University, TURKIYE

Nevsehir Hac1 Bektas Veli University, TURKIYE
Aarhus University, DENMARK

Democritus University of Thrace, GREECE
Shiraz University IRAN

University of Algarve, PORTUGAL

Szent Istvan University, HUNGARY

Istanbul University, TURKIYE

University of South Bohemia, CZECHIA
Hellenic Centre for Marine Reseaech, GREECE
Naturland, GERMANY

Istanbul University, TURKIYE

Abo Akademi University, FINLAND
University of Montenegro, MONTENEGRO
Isfahan University of Technology, IRAN

* Liste akademik unvan ve isme gore alfabetik sirayla hazirlanmustir.



ICINDEKILER / CONTENTS

ARASTIRMA MAKALESI/ RESEARCH PAPERS:

Seasonal Changes of Water Quality of Murat River (Bingdl, Turkey) in Terms of
Physico-Chemical and Biological Parameters

Mustafa KOYUN, Mehmet ULUPINAR, Nurgiil SEN OZDEMIR, Muammer KIRICI,
FAtMa CAF ...

TCSG-132 Gemi Batifi Yapay Resifinin (Gokceada, Kuzey Ege Denizi)
Biyogesitliligi
Deniz ACARLI, Semih KALE, Sinan KOCABAS ...coviiiiiiiiiiiiiiiiiiiiniiiiniiisaisncnasens

Population Composition, Growth and Fisheries of Nemipterus randalli Russell, 1986
in Antalya Gulf, Mediterranean Sea, Turkey
Mehmet Riistii OZEN, Osman CETINKAYA ......cuuuuueueunnemnnnnnnenenenennnenennnenenennnnnes

Diagnosis of Photobacterium sanguinicancri in Smooth-Hound Shark (Mustelus
mustelus, Linnaeus 1758)
Remziye Eda YARDIMCI, Emre TURGAY, Siiheyla KARATAS STEINUM................

Tiirkiye’nin i¢ Anadolu Bolgesi’ndeki Bazi Su Uriinleri Kooperatiflerinin Yapis1 ve
Av Araglari ile Balik¢1 Teknelerinin Teknik Ozellikleri
Hasan DEMIR, Serap SAMSUN .......coevvuuneeerrenneeereenneeerssneeerssneesssssesessssesessne

Length-Weight Relationship and Condition Factor of Aksu goby, Ponticola turani
(Kovaci¢ & Engin, 2008) from Terme Stream (Turkey)
Savas YILMAZ, Muhammet Mustafa SAKALLI .....ccccoiiiiiiiiiiiiiniiiiiiiniieiieiieciecenn

Histopathological Evaluation of Zebrafish (Danio rerio) Intestinal Tissue After
Imidacloprid Exposure
Cansu AKBULUT, Nazan Deniz YON.................

The Water Mites (Acari: Hydrachnidia) of Isparta Province, Turkey
Furkan DURUCAN, Yunus Omer BOYACI .......ccccovuiiiiiinniiiiiniiienninneennneeeen

Karadeniz'de 2013-2014 Av Sezonunda Avlanan Hamsinin (Engraulis encrasicolus)
Biiyiimesinin ve Oliim Oranlarinin Farkli Modellerle Belirlenmesi
Ebru SOLAK, Sabri BILGIN........uiiiiiiiiiiiiiiiiceeen et e e

Ordu ili'nde (Tiirkiye) Akvaryum Sektdriiniin Durumu, Sorunlar1 ve Céziim
Onerileri
Saim PALA, EDBrU YILMAZ ..ccuuiiiiiiiiiiiiitiniiteettns et st ccen et eeansseanesenneee

On a New Occurrence of the Invasive Grapsid Crab, Percnon gibbesi (H. Milne
Edwards, 1853) (Crustacea: Decapoda: Percnidae) in Oran Bay (Northwestern
Algeria)

Kais Boumediene HUSSEIN, Lotfi BENSAHLA-TALET Ahmed BENSAHLA-TALET..

The Effects of Squirting Cucumber (Ecballium elaterium 1. 1758) on the Blood Cell
Morphology of Common Carp (Cyprinus carpio L. 1758)
Emin SEYFi, Muhammet GAFFAROGLU...........ccevveeuieereeereeeneenreeeseensneenns

Tiirkiye Su Uriinleri Uretimi ve Yeterlilik Endekslerinin Tahmini
Serhan CANDEMIR, Murat DAGTEKIN ...ouvitiiiieineiereeneneneenesscacncnensescscncnns

Effect of Partial Replacement of Fish Meal with Fermented Soybean Meal on
Growth, Feed Efficiency, Body Composition, Amount of Lactic Acid Bacteria in
Diet and Intestine in Carp (Cyprinus carpio L. 1758)

Nalan Ozgiir YIGIT, Mehmet Emrullah ARAFATOGLU, Sulhattin YASAR ...............

305-312

313-329

330-337

338-343

344-352

353-359

360-365

366-369

370-386

387-395

396-399

400-408

409-415

416-422



Tunca Nehri'nde (Edirne, Tiirkiye) Trichoptera ve Ephemeroptera (Insecta)
Faunasmin Farkl1 Yaprak Paketlerinde Koloni Olusumlarinin incelenmesi
Nurcan OZKAN .....oooiiiiiiiiiiiiiiiiie et can s st 423-432



Acta Aquatica Turcica
E-ISSN: 2651-5474 16(3), 305-312 (2020) DOI: https://doi.org/10.22392/actaquatr.626918

Seasonal Changes of Water Quality of Murat River (Bingél, Turkey) in Terms of Physico-
Chemical and Biological Parameters

Mustafa KOYUN™*®  Mehmet ULUPINAR?®, Nurgiil SEN OZDEMIR®*®, Muammer KIRICI*®),
Fatma CAF®

Department of Molecular Biology and Genetics, Faculty of Science and Art, Bilecik Seyh Edebali University,
Bilecik, Turkey

“Department of Fisheries, Faculty of Agriculture, Bingdl University, Bingdl, Turkey

*Department of Veterinary, Vocational School of Technical Sciences, Bingsl University, Bingél, Turkey

*Corresponding Author; mkoyun@bingol.edu.tr

Research Article

Received 30 September 2019; Accepted 13 August 2020; Release date 01September 2020.

How to Cite: Koyun, M., Ulpmar, M., Sen Ozdemir, N., Kirici, M., & Caf, F. (2020). Seasonal changes in water quality of
Murat River (Bing6l, Turkey) in terms of physico-chemical and biological parameters. Acta Aquatica Turcica, 16(3), 305-
312. https://doi.org/10.22392/actaquatr.626918

Abstract

Murat River is the most important tributary of the Euphrates River, which has the highest water potential in Turkey. The
seasonal variation of water quality parameters and water quality status of Murat River were determined according to the
“Regulation on Surface Water Quality Management” criteria. 19 different parameters were measured in water samples taken
from four different stations during the research. These parameters were temperature, pH, dissolved oxygen, electrical
conductivity, total hardness, total alkalinity, Biochemical Oxygen Demand (BOD), total phosphorus, fluoride, chloride,
nitrite, nitrate, ammonium, sulfate, sodium, potassium, calcium, magnesium, and chlorophyll-a (Chl-a). According to
“Regulation on Surface Water Quality Management”, physical and chemical analysis data showed that Murat River waters
had "first-class water quality" in terms of temperature, dissolved oxygen, BOD, total phosphorus, fluoride, chloride, nitrate,
ammonium, sulfate, "third-class water quality" for sodium, pH and “fourth class water quality” for nitrite. The electrical
conductivity and alkalinity values were within normal limits and as "medium-hard" water. Considering all the results, it has
been evaluated that there is no significant pollution problem in the Murat River.

Keywords: Water quality, Chl-a, BOD, pH, Murat River

Murat Nehri'nin (Bingol, Tiirkiye) Su Kalitesinin, Fizikokimyasal ve Biyolojik Parametreler Ac¢isindan Mevsimsel
Degisimi

Ozet

Murat Nehri, Tiirkiye'de en yiiksek su potansiyeline sahip Firat Nehri’nin en dnemli koludur. Murat Nehri su kalitesi
parametrelerinin mevsimsel degisimi ve su kalitesi durumu “yilizey suyu kalite yonetmeligi” kriterlerine gore tespit edilmistir.
Aragtirma siirecinde dort farkli istasyondan alinan su 6rneklerinde sicaklik, pH, ¢6ziinmiis oksijen, elektriksel iletkenlik,
toplam sertlik, toplam alkalinite, Biyokimyasal Oksijen Ihtiyaci (BOI), toplam fosfat, floriir, kloriir, nitrit, nitrat, amonyum,
stilfat, sodyum, potasyum, kalsiyum, magnezyum ve klorofil-a (Chl-a) olgiilmiistiir. Yiizey suyu kalite yonetmeligine gore,
Murat Nehri sicaklik, ¢6ziinmiis oksijen, BOI, toplam fosfat, floriir, kloriir, nitrat, amonyum, siilfat agisindan "birinci simf"
sodyum, pH i¢in "li¢lincii simif" , ve nitrit i¢in "dordiincti siif" su kalitesine sahipti. Elektriksel iletkenlik ve alkalilik
degerleri normal smirlarda ve "orta sert" su olarak kabul edildi. Tiim sonuglar dikkate alindiginda, Murat Nehrinde dnemli bir

kirlilik sorunu olmadig: tespit edilmistir.

Anahtar kelimeler: Su kalitesi, Chl-a, BOI, pH, Murat Nehri

INTRODUCTION

Murat River is one of the largest rivers and tributary of the Euphrates River in South East Anatolia
of Turkey. The river originates from Mount Muratbasi and is located near Mount Ararat, north of Lake
Van, in Eastern Turkey, and flows westward, from Mus to Bing6l, for 722 km through the
mountainous area. The length of the river in the province of Bingol is 96 km that is one of the most
important water resources of this city (38.8 N, 41.05 E) (Koyun, 2011; Kirici et al., 2016).

Murat River has a vast catchment area, which supports diverse agricultural activities and also
carries high amounts of nutrient matters (especially phosphate). The flow rate of the Murat River can
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be as high as 2000 m® in spring. On the other hand, it carries a mere 30-40 m® during the dry season
(Akbay et al., 1999). Due to these reasons, changes in the flow rate of the Murat River is regarded as a
negative effect to fish fauna. Therefore, this study aimed at the assessment of seasonal changes of
Murat River water quality using physicochemical and biological parameters to determine the present
status of pollution and compared with “Regulation on surface water quality management” acceptable
limit.

MATERIALS and METHODS

Water samples were taken from Sogukpinar (38° 45 818 N "40° 36 690 E), Goyniik (38°53'390" N -
40°57'667"E), Camlik (38°46471" N-040°36'500 E), and Murat Village (38°45'432"N - 40°31'864"E)
stations on Murat River (Figure 1). Figure 1 indicates station numbers; 1-Sogukpinar 2- GOyniik 3-
Camlik 4- Murat Village.

Figure 1. Research Area 1) Sogukpinar 2) GOoyniik 3) Camlik 4) Murat Village

Water samples were taken seasonally, generally in monthly periods during the sampling period
(December 2010-November 2011). Water temperature, pH, dissolved oxygen (DO), electrical
conductivity was measured immediately. Sampling, preservation, and transportation of the water
samples were made by the Fisheries Research Center Analysis Laboratory (FRCAL, Elaz1g). It was
used as per standard methods (APHA, 1998).

The water samples were taken to FRCAL within the shortest time to analyze, since the water
samples which were not capable of analyzing at the riverside. Total phosphorus, chlorophyll-a (Chl-a)
and ammonium (NH;) determination were performed with UV-VIS spectrophotometer (Thermo
Electron Cooperation) and total phosphorus (P), fluoride (F°), chloride (CI'), nitrite (NO;), nitrate
(NOy), sulfate (SO,?), sodium (Na*), potassium (K*), magnesium (Mg*) and calcium (Ca*) analyzes
are carried out with lon Chromatograph device (Dionex ICS-1000). Titrimetric methods were used for
total hardness and total alkalinity (APHA, 1998). Chl-a analysis was done according to Parsons et al.
(1984). For the analysis, two liters of water were filtered through GF/F filters. Filters were stored at -
20 °C till the pigment determination. The pigments on the filter were extracted using a 90% acetone
solution and absorbance of Chl-a measured with a spectrophotometer. Biochemical oxygen demand
(BOD) analyses were analyzed by BOD-System Oxdirect Aqualytic. According to the stations, water
quality parameter values were performed using by SPSS 17 statistical program and Murat Rivers water
quality levels which are based on obtained physico-chemical and biological parameters assessed
according to the classification of surface waters quality management that is cited in “Regulation on
surface water quality management”.

The differences among the mean values obtained for each season and the station in relation to the
water quality variables of the Murat River evaluated by univariate analysis at level significance of
0.01. The data corresponding to these variables were analyzed with an ANOVA mixed model by using
a factorial nested design (Montgomery, 2012). Analyzing the effect of one variable at a time with the
ANOVA technique can provide useful information, and in some cases, the univariate approach is the
best and easiest tool.

306



KOYUN at al. 2020 ActAquaTr 16(3), 305-312

RESULTS and DISCUSSION

Surface water temperature can be affected by latitude, altitude, and season, within a day, air
circulation, weather condition, flow, and depth of water mass. Therefore, the temperature is the most
important parameter that affects physico, chemical, and biological processes of the water (Michaud,
1991; Chapman, 1996). We researched changes in water temperature during a year in different
stations. We observed that water temperatures varied seasonally at all the stations and statistically was
the significant seasonal difference (p<0.01) (Table 1). The average lowest water temperature was
recorded in winter at Murat Village (4.30 °C), while the highest was 21.80 °C at Sogukpinar and
Camlik in summer (Table 1). The assessed temperature averages indicated that Murat River’s water
temperature has first-class water quality according to “Regulation on surface water quality
management”.

In Murat River, pH showed an alteration between 8.20 in summer (Murat Village) and 9.73 in
spring (Camlik) on average of the station. According to “Regulation on surface water quality
management”, the evaluation of the average pH at four different stations showed that Murat River has
third-class water quality. We determined that pH of Murat River varied depending on the station and
the changes were statistically important except for winter and summer (p<0.01) (Table 1). In our
results, pH was not lower than 8 in any station and season on the river during the sampling period and
the water quality for pH was third class. Water quality was first class for pH in the other research.

DO is a barometer of the ecological health in the rivers. If DO content is less than 3 mg/L fishes
cannot survive. Therefore, it is the most important parameter for protecting fish (Novotny, 2002;
Chang, 2005). In the study, DO has varied between 7.80 mg/L in summer (Sogukpiar) and 12.0 mg/L
in winter (Murat Village) in the Murat River, when we consider at the stations average. In the other
study at Porsuk River, DO value showed a variation between 8.74 ppm and 11.04 ppm and the water
was reported as a first-class quality (Altin et al., 2009). We determined that DO of Murat River varied
depending on the station and the changes were statistically important except for winter and spring.
(p<0.01) (Table 1). According to the “Regulation on surface water quality management”, amount of
DO in the Murat River for all seasons in all stations it might be said that has first-class water quality.

Electrical conductivity (EC) Conductivity in a stream can vary as a function of flow. As flow
decreases, the concentration of total dissolved solids can increase, thereby increasing the conductivity.
The lowest EC values were measured in spring, due to high water flow (Varol et al., 2010). Average
electrical conductivity (EC) values were seen in the Murat River varied between 289 uS/cm and 464
uS/cm during the sampling period. The lowest average at Goyniik (289 uS/cm) in spring and the
highest average at Murat Village (464 uS/cm) in autumn have been identified. Seasonally, it seems to
be low in spring (330 uS/cm) and high in autumn (379 uS/cm) on average of all the stations (Table 1).
EC values had also statistically significant differences as seasonal and stations (p<0.01). EC values in
all the seasons and all the stations are compatible with the drinking water value proposed by TS 266
(TSE, 1997).

The average total hardness of river water ranged from 75 mg/L in winter (Sogukpinar) and 170
mg/L in autumn (Sogukpinar). When we evaluate the seasonally highest average (157 mg/L) in
autumn and the lowest (105 mg/L) was found in spring. Total hardness values were lower during rainy
season and higher during summer seasons (Ustaoglu et al., 2017). In our study shows similar results.
Total hardness was the lowest in spring (rainy season). According to EPA, Murat River water can call
slightly hard. Comparative seasonal variation is shown in Table 1. Total hardness was not statistically
important among season and stations (p<0.01).

Total alkalinity ranged from 7.93 mg/L in spring (Sogukpinar) to 11.68 mg/L in autumn (GSyniik).
The average seasonal low alkalinity 9.08 mg/L in spring while the mean highest alkalinity 11.2 mg/L
was recorded in summer (Table 1). The winter and autumn seasons were statistically similar (p<0.01).
Changes of alkalinity were not statistically important among season and stations (p<0.01). The
seasonal averages of all the stations were the lowest in spring with 0.76 mg/L and the highest in winter
with 2.12 mg/L in Murat River. The statistical difference between the seasons was especially
important in these two seasons (p<0.01) (Table 1).

BOD average for all the stations varied 0.53-2.76 (Camlik-Spring; Sogukpinar-Winter). We
showed that BOD values for all the seasons are the first-class quality of river water by “Regulation on
surface water quality management”. Additionally, Murat River has un-pollutant and natural waters
according to WHO and NESREA. There was no organic pollution load at a level that could cause
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pollution because there are no important industrial activities to be a pollutant in the region, especially
the research area.

The average of total phosphorus in Murat River water 0.09 mg/L in winter (Murat Village) and
0.26 mg/L in spring (Murat Village) has been changed (Table 1). The orthophosphates that are used as
fertilizer in agricultural terrains are washed away to the surface water by the rain and this process is
regarded as the main reason for the high amount of total phosphorus in spring (Wetzel, 1983; Beaton
et al., 1995). Also, it is expected that the basic cause of the minimum level of total phosphorus in
river-wide is the lack of industrial plants and the large residential areas. According to “Regulation on
surface water quality management”, the water quality is first class. Changes of total phosphorus were
not statistically important among season and stations (p<0.01).

Fluoride quantity at all the stations of Murat River showed an alteration between 0.08 mg/L in
spring (Murat Village) and 0.34 mg/L in autumn (Goyniik). Seasonal averages of all the stations
measured as 0.18 mg/L (winter), 0.14 mg/L (spring), 0.23 mg/L (summer) and 0.18 mg/L (autumn)
(Table 1). According to “Regulation on surface water quality management” in terms of fluoride
guantity, the river water has first-class water quality.

Chloride quantity showed an alteration between 7.02 mg/L in summer (Gdyniik) and 44.32 mg/L in
autumn (Sogukpinar) during the research (Table 1). According to “Regulation on surface water quality
management”, the river water in terms of chloride, has first-class water quality. Changes of fluoride
and chloride were not statistically important among season and stations (p<0.01).

The lowest nitrite level was seasonally 0.04 mg/L in spring and highest level of 0.16 mg/L in
summer for average all the stations. The highest average between stations was 0.2 mg/L in Murat
Village (summer) (Table 1). According to this result, water quality in terms of nitrite we may say that
Murat River has generally third and fourth-class water quality according to “Regulation on surface
water quality management”.

The lowest nitrate was 1.52 mg/L in autumn (Camlik), and the highest nitrate was 3.21 mg/L in
winter (Sogukpinar). Nitrate was seasonally reached the highest value in spring (2.83 mg/L) (Table 1).
According to these results, in terms of nitrate in river water by “Regulation on surface water quality
management”, first quality can be said. Changes of nitrite and nitrate were not statistically important
among seasons and stations (p<0.01).

The Ammonium level is changed with a minimum 0.02 mg/L (winter-Murat Village) and a
maximum 1.18 mg/L (autumn-Goyniik). Seasonal averages for the stations were identified as 0.15
mg/L (winter), 0.13 mg/L (spring), 0.17 mg/L (summer) and 035 mg/L (autumn). According to EC
Directive, ammonium value in water for salmonid and cyprinid species need to be 1 mg/L or less than
this value (OJEU, 2006). Average value at all stations and during the seasons, 1 mg/L or less than was
determined, and according to “Regulation on surface water quality management” the river has shown
that first-class water quality. Changes of ammonium were not statistically important among seasons
and stations (p<0.01).

The average sulfate values at the stations of Murat River were between 11.84 mg/L in spring
(GOyniik) and 19.56 mg/L in winter (Goyniik). The average sulphate values varied seasonally between
14.95 mg/L (summer) 18.06 mg/L (winter). According to “Regulation on surface water quality
management”, sulphate was the first water quality in Murat River. It was important statistically among
stations and seasons (p<0.01) (Table 1).

Potassium quantities measured between 2.6 mg/L in spring (GOyniik) and 4.81 mg/L in autumn
(Goyniik). Potassium was seasonally the lowest with 2.89 mg/L in spring and the highest with 4.07
mg/L in autumn (Table 1).

Sodium and potassium levels of Murat River are optimum for both of potable water and aquatic
biota in all the stations and all the seasons. Changes of sodium and potassium were not statistically
important among seasons and the stations (p<0.01).

Calcium concentration was between 21 mg/L (GOyniik-spring) and 50.8 mg/L (Sogukpinar-
autumn). Calcium measured seasonally 25.7 mg/L (winter), 30.0 mg/L (spring), 38.6 mg/L (summer)
and 41.7 mg/L (autumn). According to results, calcium level of the river water is optimum in all the
seasons for all aquatic biota.

Magnesium concentration varied between 4.9 mg/L in spring (Goyniik) and 14.27 mg/L in autumn
(Murat Village). While Goyniik and Sogukpinar stations were similar in winter, spring and summer,
Goyniik and Camlik stations were similar in autumn (p<0.01) (Table 1). According to the results, it
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would be said that the rate of magnesium in river water is optimum level in all seasons for all aquatic
biota. Changes of calcium and magnesium were not statistically important among the seasons and the
stations (p<0.01).

Chl-a value changed from 0.4 ug/Lug/L/L (spring- Goyniik) to 3.80 mg/L (summer-Camlik). Chl-a
was the lowest in winter (1.4 pg/L/L) and the highest in summer (1.8 pg/L/L) on average of all the
seasons. Chl-a showed constantly an increase from winter to summer. Additionally, Chl-a had a
significant statistical difference in all the seasons and stations (p<0.01) (Table 1). Phytoplankton
abundance was significantly and positively correlated with Chl-a and temperature (Baykal et al.,
2011). Therefore, in this study, higher Chl-a is an expected result due to the high abundance of
phytoplankton and high temperature in hot seasons (summer). In aquatic ecosystems, physico,
chemical, and biological factors cause variability in the amount of Chl-a overtime. The reason for the
variability in the same parameters in different stations may be spatial variability and anthropogenic
impact (El-Shabrawy et al., 2015).

CONCLUSIONS

In this study, some physico-chemical parameters were evaluated which are used to detect the water
guality of Murat River at four different stations. Murat River water quality was classified by
“Regulation on surface water quality management”. It is regarded as high-quality water in terms of
temperature, DO, BOD, total phosphorus, fluoride, chloride, nitrite, nitrate, ammonium, sulphate, and
sodium. However, Murat River had "third-class water quality” for sodium, pH, and “fourth class water
quality” for nitrite. The EC and alkalinity values were within normal limits and as "medium hard"
water. Considering all the results, it has been evaluated that Murat River is not an important pollution
problem. But it could be categorized as slightly-pollution water and pollution water in terms of pH
and nitrate, respectively. This can cause problems for drinking water and aquatic life. Although Bingol
has not a significant endustrial waste, the main source of the pollution can be sewage and domestic
wastes. For this reason, we have considered that the reasons of pH and nitrate pollution should be
researched in more detail in the next research in the same area.
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Table 1. Physico-chemical and biological parameters of Murat River for the stations and the seasons

Season and Stations

Water Quality Parameters Winter Spring
1 2 3 4 Average 1 2 3 4 Average

Water Temperature (C°) 460+023%  440+04° 450+09° 430+0.73° 445034 9.73:1.15° 997+1.04° 952.11°  937£1.64°  9.6+1.53"
pH 8.50+£0.68° 8.50x0.75% 8.66=121° 856+1.83%" 855:1.02"  9.5+1.94°  9.44+1.63®  9.73:1.42° 9.35:2.14°  9.50+1.72°
DO (ng/L/L) 11.5+1.01%  11.343.93*  11.7+2.83° 12.043.18" 11.6+2.64° 11.3+2.73°  11.04¢1.97% 11.0+2.17% 11.542.73% 11.2+2.11°
Electrical Conductivity (uS/cm) 377 £33.93°  379+30.32°  396425.02° 352428.09% 368.2+26" 303+30.62° 289+25.82% 353.6+31® 376+30.82° 330+24.8°
Total Hardness (mg/L) 75 +4.5° 110+7.98°  119+6.93° 116+4.92° 105+5.83" 129+14.63% 124+10.71*° 152+1029° 159+10.73° 141+ 8.538
Alkalinity (mg/L) 123+£045%  9.6+254°  96+194° 88+1.14° 10.07£1.7°% 793+£101 9.12+241 10.15£2.54 9.12+£2.82  9.08+2.58"
BOD (mg/L) 276 £021%  1.92+0.09®  1.68+0.74° 2.14+0.92° 2.12+036°  1+0.01 0.67+0.14 0.53+026 0.85+035  0.76 £0.16"
Total P (mg/L) 0.16+£0.03 0.16+0.05 0.14+0.09 0.09£0.009 0.13£0.03 0.12+0.06° 0.16+0.09° 0.12+0.02® 0.26+0.07° 0.16+0.04
F (mg/L) 014+0.01  02+0.04 019£0.02 019+0.01 0.18£0.02"® 0.19+0.03* 0.22+0.02* 0.1+0.01* 0.085:0.02° 0.14 £0.02"
CI' (mg/L) 252+3.86° 181+1.73 36.2+5.39° 39.4+3.92° 29.7+3.74%C 19.01+3.76" 3.36+0.50° 28.17+2.61° 33.3+3.10° 20.96+2.5"
NO, (mg/L) 0.12+0.02 0.13+0.03 0.14+0.04 0.17+0.04 0.14+0.04° 0.04+0.002 0.04+0.01 0.05+0.01 0.06+0.008 0.04+0.01"
NO; ‘mg/L) 321+0.97*° 3.41+0.08° 224+1.01° 214+0.07° 2.75+0.73 2.88+0.59 273+125 282+0.07 289+023 283+0.46
SO, (mg/L) 16.64+2.11 1956+582 17.6+2.88  18.37+£1.63 18.06+3.52 14.54+49® 11.84+2.74° 16.49+1.6® 18.13+1.81° 1525+26
Na* (mg/L) 243+4.84% 215+627° 27.8+3.92° 329+424° 266+552% 195+253° 103+1.057 252+2.72™ 28.3+202° 20.8+223"
NH, (mg/L) 0.18+0.01° 0.35+0.03 0.03+0.01° 0.02+0.003" 0.15+0.01" 0.04+0.01* 0.17+0.02° 0.05+0.005° 0.27+0.05b  0.13 £0.02*
K* (mg/L) 357091 371+1.81 355+0.07 3.98+0.05 3.70£0.08°¢ 2.79+091  26+0.09 292025  3.21+1.04  2.89+0.04"
Mg* (mg/L) 81+151° 81+296* 84+251" 120+125" 92+193"® 82+153° 49+152° 104+3.28" 11.442.92° 87+2.02"
Ca*(mg/L) 25.9+5.12%  221+3.71° 255+3.07% 2924218 257+4.02% 357+7.18 21.0+3.92° 305+4.83% 357+3.82° 30.0+3.8"8
Chl-a (ng/L/L) 1.3+0.01 1.0+ 0.01 174019  15+0.15 144007 20+022° 04+004° 17+001° 2.0+042° 1.6+0.12
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Summer Autumn

1 2 3 4 Average 1 2 3 4 Average
Water Temperature (C°) 21.8+3.54°  21.65+2.64° 21.80£1.96° 21.70£1.78° 21.73:£2.1°  11.70£1.47° 11.80+224° 11.70£1.67% 1530£2.63° 12.62+2.03C
pH 8.36+1.52" 829+1.03° 839+1.64° 820+142% 831:143" 930+1.11° 888+284" 882+1.07° 8.62+1.08° 8.90=1.96°
DO (mg/L) 78+0.74°  87+1.01° 88+059° 89+097° 86+099" 97+1.13* 92+1.03° 99+198  88+2.01° 9.4+135°
Electrical Conductivity (ppm)  357.5£21.7% 321+£20.7%  365+24.9°  370.5+229° 353.5:23"%  351£25.64° 342+£34.27° 362+30.83% 464+33.33"  379.75+31.3°
Total Hardness (mg/L) 147£11.45®  149+£1028%  140+10.11°  145£11.18%®  145+10.29°  170+12.36" 152+10.35% 152+7.54% 1561127 157 +11.74°
Alkalinity (mg/L) 1046+7.29 12+9.29 11.48+2.72 10974211 112+1.38% 9.63+245 11684334 10.66=1.58 10.66+2.35  10.6 +2.46"°
BOD (mg/L) 1.15£0.02  1£0.01 1.4+0.02 1.7+0.01 1.31£0.01®  1+0.07 093+027 1=x0.11 1.05+0.18  0.99+0.19%°
Total P (mg/L) 0.06+0.01* 0.14+0.02° 0.11+0.05% 0.05+0.001° 0.09+0.01 0.09+0.01 0.1+0.01 0.07+0.01 014+0.03  0.10+0.02
F (mg/L) 0.3+0.03 032+002 012+0.01 0.18+001 02320.02°5 0.21+0.04* 0.34+0.03* 0.06=0.01" 0.14+0.03* 0.18+0.01"®
CI (mg/L) 23+429°  7.02+091%° 30.3+3.84° 31.49+326° 22.96+2.8"% 4432+4.73° 10.1442.46° 43.23+7.36" 41.68+4.83°  34.84+4.075C
NO, (mg/L 0.17+0.03 0.19+0.01 0.1+0.01 02+0.02  0.16+0.01% 0.1+0.05 0.07+0.01  0.04+0.001 0.06+0.01  0.06+0.008"
NO; ‘mg/L) 1.85£023 203+037 1.85+083 1.99+0.92 1.93+087 1.62+039% 4.42+044° 152+0.75° 156+025% 2.28+0.57
S0, (mg/L) 14.14+1.82 13.85£2.12 1577+2.90 16.06+123 14.95:2.76 16.01+182 19.86+349 14.77+259 17.19+1.75  16.95+2.25
Na* (mg/L) 209+2.18" 16.0+1.83% 248+292° 250+3.11° 21.71+2.1" 353+397° 234+234% 347+3.65" 37.8:3.04° 32.82+3.16°
NH, (mg/L) 0.17+0.01* 0.28+0.02* 0.05£0.01° 0.09+0.01* 0.14£0.01* 0.09+0.03 1.18+0.73 0.05+0.02 0.08+0.01  0.35+0.05%
K* (mg/L) 298+0.12  3.74+£052 3+0.63 3.05+£027  3.19+034"% 383+033 481+124 3.67+036 3.99+039  4.07+0.75°
Mg* (mg/L) 10.8+1.04° 857093 11.86+1.2% 11.9+1.11™ 10.78+0.9% 13.53+234° 99+248  1337+1.35° 14.27+3.83° 12.76+2.57°
Ca* (mg/L) 37.6+582 431+6.01 368+4.16 369+3.87 38.6+4.09°5¢ 395+6.73° 50.8+7.08° 37.3+3.95° 392+4.17% 41.7+5.64°
Chl-a (ng/L/L) 0.7+001° 06+0.02° 3.8+009° 21+008 1.8+005 07+0.07° 10+001° 1.1+0.13* 4+0.88" 1.7 +£0.05

Means followed by different letters and letter groups in the same row are significantly different according to stations (*--%) and seasons (*-P) (p<0.01), values are means+SD 1, 2, 3, 4: Numbers of the stations (Given in

Figure 1)
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Ozet

Bu ¢alismada, Gokceada kiyilarinda 22,4 — 24,8 m derinlikleri arasinda bulunan TCSG-132 isimli gemi batig1 iizerindeki
ve ¢evresindeki denizel biyolojik gesitliligin belirlenmesi amaglanmstir. Bu kapsamda Ekim 2018 — Eyliil 2019 tarihleri
arasinda sualtinda tiirleri tanmiyabilme yetenegine sahip dalgiglar diizenli olarak SCUBA takimlar1 ile daliglar
gerceklestirmistir. Daliglar siiresince verilerin elde edilmesinde gorsel sayim teknikleri (transekt, nokta sayim, kuadrat),
fotograf ¢ekimleri ve video kayitlart kullanilmigtir. Calisma sonucunda 19 familyaya ait 28 tiirden 12708 birey
kaydedilmistir. Bunlarin i¢inde 15 tiiriin ekonomik 6neme sahip oldugu belirlenmistir. En ¢ok gézlenen tiirlerin baliklardan
kupes (Boops boops, %44,55), papaz (Chromis chromis, %26,44) ve izmarit (Spicara maena, %15,50) oldugu tespit
edilmistir. Sonug olarak, TCSG-132 gemi batigiin denizel tiirler i¢in dnemli bir yapay resif olarak hizmet ettigi ve canlilara
yasama, siginma, yumurtlama, beslenme ve koruma imkanlar1 sagladigi belirlenmistir.

Anahtar kelimeler: Gemi batig1, yapay resif, gorsel sayim, biyolojik ¢esitlilik, Ege Denizi
Biodiversity of TCSG-132 Shipwreck Artificial Reef (Gok¢eada, North Aegean Sea)
Abstract

In this study, it was aimed to determine the species composition and marine biodiversity on and around the TCSG-132
shipwreck, which was located between 22.4 and 24.8 m depths in the coasts of Gokceada Island. In this context, aquanauts
regularly conducted SCUBA-equipped dives between October 2018 and September 2019. Visual counting techniques
(transect and point-count (quadrat)), photo shoots and video recordings were used to obtain the data during the dives. As a
result of the study, 12708 individuals from 28 different species belonging to 19 families were recorded. Among these, 15
species were determined to have economic importance. The most commonly observed species were bogue (Boops boops,
44.55%), damselfish (Chromis chromis, 26.44%) and blotched picarel (Spicara maena, 15.50%). In conclusion, TCSG-132
shipwreck has been found to serve as an important artificial reef for marine species and to provide living, sheltering,
spawning, feeding and conservation opportunities for marine species.

Keywords: Shipwreck, artificial reef, visual census, biological diversity, Aegean Sea

GIRIS

Denizel biyogesitlilik, farkli yapisal ve islevsel 6zelliklere sahip gesitlilikte genlerden, tiirlerden,
popiilasyonlardan ekosistemlere kadar her tiirlii biyolojik toplulugu kapsayan birbirine bagl ekosistem
bilesenlerinin veya oOzelliklerinin bir araya getirilmesidir (Cochrane vd., 2016). Ayrica, denizel
biyolojik cesitlilik veya bilesenlerinden herhangi biri, ¢esitli zamansal veya mekansal olgeklerde
degerlendirilebilir. Denizel tiirlerin ¢esitliligindeki degisimler, denizel biyogesitlilik ve ekosistemin
bozulmasina neden olabilmekte ve ticari balik¢ilik faaliyetlerini de etkilemektedir (Roessig vd., 2004;
Worm vd., 2006; Cheung vd., 2008). Tiir gesitliliginin alansal ve/veya zamansal olarak degiskenlik
gostermesi biyogesitlilik, topluluk yapisi ve ekosistem fonksiyonlar1 lizerinde 6nemli etkilere sahiptir
(Sala vd., 2000; Stachowicz vd., 2002; Hooper vd., 2005). Fricke vd. (2020) diinya genelinde
dogrulugu gecerli olan toplam 35401 denizel canli tiiriiniin belirlenmis oldugunu bildirmektedir.
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Denizel canlilarin alansal/zamansal dagilimlari, bulunduklar1 bolgelerdeki ¢esitliliginin arastirilmasi
balikeilik kaynaklariin siirdiiriilebilirliginin saglanabilmesi agisindan biiyiik 6nem tagimaktadir.

Yapay resifler denizel canlilarmin bulundugu mevcut habitatlar1 koruyup gelistirmek veya
secenekli bir yasam alani saglamak i¢in denizlere yerlestirilen yapilar seklinde ifade edilmektedir
(Jensen, 2002). Denizlerdeki bu yapay resifler canlilar i¢in potansiyel barinma, iireme, beslenme ve
korunma gibi yasamsal fonksiyonlar acisindan secenekli yasam alanlari sunmaktadir. Yapay resifler
biyogesitliligin korunmasi, biitiinlesik kiy1 alanlar1 yonetimi, canli deniz kaynaklarindan siirdiiriilebilir
bir sekilde yararlanilmasi, etkili balik¢ilik yonetimi faaliyetlerinin gerceklestirilebilmesi gibi amaglar
dogrultusunda 6nem arz etmekte ve biiylik ilgi gormektedir.

Yapay resiflerin balik¢ilik ve ¢evreyle olan etkilesimleri (Brennan vd., 2011, 2016; Bulleri vd.,
2005; Krumholz ve Brennan, 2015; Jimenez vd., 2016), tiire 6zgii yapay resif calismalar (Ulas vd.,
2011; Ozgﬁl vd., 2017; Acarli vd., 2018; Acarli ve Kale, 2020a) balik tiir ¢esitliliginin belirlenmesi
(Giil vd., 2006; Honorio vd., 2010; Krumhalz vd., 2015) gibi calismalar 6zellikle gorsel sayim
yontemleri (SCUBA dalis ekipmanlar1 veya uzaktan kumandali araglar kullanilarak) (Ulas vd., 2007;
Simon vd., 2010; Genzano vd., 2011; Altinagac vd., 2013; Acarli ve Ayaz, 2015; Horasanli, 2016;
Kocabag ve Acarli, 2019) ve uzatma agi, olta vb. av araglar1 kullanilarak gerceklestirilmistir. Yapay
resiflerdeki tiir cesitliliginin belirlenmesine yonelik calismalarda gogunlukla sualti gorsel sayim
yontemleri kullanilmaktadir. Yapay resiflerin bulundugu alanlarda gorsel sayim teknikleri kullanilarak
gerceklestirilen bazi caligsmalarda yapay resiflerin balik topluluklart {izerindeki etkisi arastirilmistir
(Lok vd., 2002; Giil vd., 2006; Lok vd., 2007; Lok vd., 2008; Giil vd., 2011; Ozgiil ve Lok., 2017).
Ayrica gorsel sayim teknigi ile balik tiirlerinin ve deniz memelilerinin gbzlemlenmesi (Gficii ve Erkan,
2005; Akga, 2010; Acarli vd., 2013), deniz koruma alanlarinin belirlenmesi (Sakinan ve Gucu, 2010),
hayalet aglarin belirlenmesi (Ayaz vd., 2010), balik cezbedici diizeneklerin (FAD) etkisinin
belirlenmesi (Ozalp, 2009; Lok ve Ozgiil, 2010; Acarli vd., 2019a; Acarli vd. 2019b) ve yabanci
tiirlerin incelenmesi (Sala vd., 2011; Bodilis vd., 2014) iizerine de ¢aligmalar gergeklestirilmistir.

Gokceada kiyilarinda ise balik faunasi, tiir cesitliligi ve tiirlerin alansal dagilimlart {iizerine
caligmalar yapilmistir (Keskin ve Unsal, 1998; Keskin, 2004: Karakulak vd., 2006: Keskin ve Oral,
2007; Tiretken, 2009; Cengiz vd., 2011; Yildiz vd., 2012; Kale vd., 2014a; Kale vd., 2014b; Kale vd.,
2014c¢; Altin vd., 2015; Kale vd., 2015a; Kale vd., 2015b; Horasanli, 2016; Bektas, 2017). Dogal
resifler ¢evresindeki balik faunasinin belirlenmesi i¢in de gergeklestirilmis ¢aligmalar bulunmaktadir
(Karakulak vd., 2006; Keskin ve Oral, 2007; Tiretken, 2009; Yildiz vd., 2012; Altin vd., 2015;
Horasanli, 2016). Ancak, yapay resiflerdeki tiir ¢esitlili§inin belirlenmesi {izerine herhangi bir ¢alisma
bulunmamaktadir.

Bu calismada, Kuzey Ege Denizi’nin Gokgeada kiyilarinda 22,4 — 24,8 m derinlikleri arasinda
bulunan TCSG-132 isimli gemi batig1 iizerindeki ve ¢evresindeki tiir kompozisyonu ve denizel
biyolojik ¢esitliligin belirlenmesi amaglanmustir. Yapay resifin sualti tiir gesitliligi tizerindeki etkisi
gorsel sayim teknikleri ile incelenmigtir.

MATERYAL ve YONTEM

Caligma Ekim 2018 — Eyliil 2019 tarihleri arasinda Gékgeada’nin kuzeyinde bulunan Ordek Yalag
mevkiinde (Sekil 1) 22,6 — 24,8 m derinlikleri arasinda yer alan TCSG-132 (Sekil 2) isimli gemi batig1
iizerinde ve c¢evresinde gozlemler yapilarak gerceklestirilmistir. TCSG-132 isimli gemi, Tirkiye
Cumhuriyeti Sahil Giivenlik Komutanligi’ndaki hizmetlerinden sonra hurdaya ayrilmistir. Gemi,
denizde olumsuz etkiler yaratabilecek kirleticilerden (cam, ahsap, yag, yakit deposu vb.)
temizlendikten sonra, 24 Ekim 2016 tarihinde Gokgeada Belediyesi ve Gokgeada Kaymakamligi’nin
ortak calismalari sonucunda batirilmistir (Sekil 2). Geminin boyu 40,3 m eni 6,4 m olup bas kismi
22,6 m derinlikte, ki¢ tarafi ise 24,8 m derinlikte kismen deniz ¢ayirlarinin (Posidonia oceanica)
bulundugu zeminde kiyiya paralel bir sekilde durmaktadir.
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Sekil 2. TCSG-132 isimli geminin ¢aligir durumdayken ve batirtldiktan sonra sualtindaki goriiniimii

Yapilan calismalar sirasinda batik bélgesine ulasim icin Canakkale Onsekiz Mart Universitesi
Gokgeada Uygulamali Bilimler Yiiksekokulu’na ait COMU-3 isimli tekne kullanilmistir. Calisma 12
ay boyunca aylik olarak SCUBA dalig takimlar1 kullanilarak gerceklestirilmistir. Calisma siiresince
hangi gorsel sayim yontemlerinin ve av araglarinin kullanilacagi yapilan 6n ¢aligmalarla belirlenmistir.
Aylik olarak yapilan bu dalislarda sualtinda tiirleri ayirt edebilecek tecriibeye sahip iki dalgigc gorev
almistir (Acarli ve Ayaz, 2015). Dalislar hava sartlarina baglh olarak her ayin 10’u ila 20’si arasindaki
giinlerde ayn1 saat araliklarinda (10.00-12.00) yapilmistir. Arastirma boyunca verilerin elde
edilmesinde sualt1 gorsel sayim teknikleri olarak transekt ve kuadrat yontemlerinden (Harmelin-Vivien
ve Harmelin, 1975) yararlanilmistir. Ayrica sualtt video kayit ve fotograf makinesi (GoPro Hero 4)
kullanilmigtir.

Elde edilecek verilerin daha saglikli olmasi maksadiyla, dalislarin baliklara olumlu ve olumsuz
etkileri olabilecegi diisiiniilerek video kaydi ve fotograf cekimleri en fazla 15 dakikalik siirelerde
yapilmistir. Caligsma sirasinda tiirlerin batik ¢evresinde tercih ettigi bolgelerin belirlenmesi agisindan
gemi batig1 li¢ boliime ayrilmis ve (i) dig-alt bolge (batigin deniz tabaniyla birlestigi bolge), (ii) dig-iist
bolge (batigin giiverte kismi ve listiindeki agik alan), (iii) i¢ bolge (geminin kaptan koskii ve sintine
gibi i¢ kisimlarini kapsayan bolge) olarak siniflandirilmistir (Sekil 3).
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Sekil 3. Batigin bolgelere gore siniflandiriimasi

Dalislar sirasinda balik tiirleri, birey sayisi, su sicakligi ve goriis mesafesi anlik olarak sualt1 yazi
araglarina yazilmistir. Yapilan dalislarda yiizey ve dipteki su sicakliklar1 dalig bilgisayart (Oceanic
CEQ2) ile dlgiilmiistiir.

Gozlenen bireylerin hangi tiirler oldugunun bilimsel olarak belirlenmesinde sualtinda tiirleri
taniyabilme yetenegine sahip dalgiclarm batik c¢evresindeki tiirlerin tespit edilmesi konusundaki
tecriibelerinden yararlanmanin yaninda cekilen fotograf ve video kayitlar1 ayrintili olarak incelenerek
tiirlerin  belirlenmesinde Bilecenoglu vd. (2014), Oztiirk vd. (2014) ve Bakir vd. (2014)
kaynaklarindan da yararlanilmstir.

Tir ¢esitliligi icin bircok farkli indeks bulunmakla beraber bu indekslerin hesaplamalarinda
genellikle tiir sayis1 ve birey adetleri kullanilmaktadir. Bu Calismada Shannon ¢esitlilik indeksi (H)
kullanilmistir. Kullanilan biyocesitlilik indeksi su esitlikten yararlanilarak hesaplanmaktadir:

5
H=> G)np)
i=1

Bu esitlikte p; =1 tilirline ait miktarin toplam 6rnek miktarina oranini ifade etmektedir.

Tiir kompozisyonunda mevsimsel farklilig1 olusturan baslica tiirlerin tespit edilmesi icin SIMPER
istatistiksel analizi kullanilmistir. Biyogesitlilik ve istatistiksel analizler PAST versiyon 3.1 (Hammer
vd., 2001) paket programi ile yapilmistir. Mevsimlere gore birey sayilarinin arasindaki iliskinin
gorsellestirilmesi amaciyla MDS analizi yapilmistir. MDS  6lgeklendirmede koordinatlarin
uzakliklarimin hesaplanmasi i¢in Bray-Curtis formiilii kullamilmistir. Birey adetleri ile yapilan
analizlerde logaritmik (log(n+1)) doniisiim gerceklestirilmistir.

BULGULAR

Arastirma siiresince aylik olarak SCUBA ekipmanlar1 kullanilarak yapilan dalislar ile elde edilen
veriler sonucunda 19 familyaya ait 28 tiir ve bu tiirlerin 12708 bireyi kaydedilmistir (Tablo 1). Sualti
gbzlemleri boyunca tespit edilen 28 tiiriin %51,7’sinin ekonomik 6neme sahip oldugu belirlenmistir
(Tablo 1). Bu tiirler Sparidae familyasindan kupes (Boops boops), karagoz (Diplodus vulgaris), sargoz
(Diplodus sargus), isparoz (Diplodus annularis) ve iskatari (Spondyliosoma cantharus), Mullidae
familyasindan barbunya (Mullus barbatus barbatus) ve tekir (Mullus surmulatus), Centracanthidae
familyasindan izmarit (Spicara maena), Sciaenidae familyasinda igkine (Sciaena umbra) ve Labridae
familyasindan kikla (Labrus bergylta)’dir. Baliklarin disinda batikta Akdeniz midyesi veya kara midye
(Mytilus galloprovincialis), istiridye (Ostrea edulis), boru kurdu (Diopatra sp.) ve madya (Hexaplex
trunculus) da tespit edilmistir.
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Ayrica, Diinya Doga ve Dogal Kaynaklar1 Koruma Birligi (IUCN) tehdit altindaki tiirlerin kirmiz1
listesinde hassas (vulnerable) olarak yer alan Caretta caretta tiirii de batigin bulundugu bolgede
gbzlemlenmistir (Kocabas ve Acarli, 2019).

Tablo 1. TCSG-132 batiginda tespit edilen tiirler

Familyalar Tiirler Birey Ekonomik
Sayisi Deger

Sparidae Iskatari (Spondyliosoma cantharus) 77 *
Sparidae Karagoz (Diplodus vulgaris) 752 *
Sparidae Sargoz (Diplodus sargus) 53

Sparidae Kupes (Boops boops) 5290

Sparidae Isparoz (Diplodus annularis) 156 *
Labridae Kikla (Labrus bergylta) 14 *
Labridae Gelin balig1 (Coris julis) 197

Labridae Crirgir (Symphodus melops) 65

Labridae Crrgir (Symphodus tinca) 78

Serranidae Asil hani baligi (Serranus cabrilla) 57

Serranidae Cizgili hani balig1 (Serranus scriba) 66

Mullidae Barbunya (Mullus barbatus barbatus) 3 *
Mullidae Tekir (Mullus surmuletus) 6 *
Centracanthidae izmarit (Spicara maena) 1990 *
Sciaenidae Iskine (Sciaena umbra) 54 *
Gobiidae Kaya baligi (Gobius sp.) 7
Pomacentridae ~ Papaz balig1 (Chromis chromis) 3640

Congridae Migri (Conger conger) 1

Blenniidae Horozbina (Parablennius sp.) 1

Phycidae Gelincik (Phycis phycis) 2

Loliginidae Kalamar (Loligo vulgaris) 1

Nephropidae Istakoz (Homarus gammarus) 1

Mytilidae Akdeniz midyesi (Mytilus 150

galloprovincialis)
Ostreidae Istiridye (Ostrea edulis) 15 *
Muricidae Madya (Hexaplex trunculus) 1 *
Turritellidae Deniz minaresi (Turritellinella 1
tricarinata)

Onuphidae Boru kurdu (Diopatra sp.) 15 *
Aplysiidae Deniztavsani (Aplysia sp.) 15

* Tirlerin ekonomik 6neme sahip oldugunu ifade etmektedir.

Caligma boyunca yapilan daliglarda goriis mesafeleri kaydedilmis, 5 m ile 20 m arasinda degisiklik
gosterdigi belirlenmistir. Gorlis mesafesinin 5 m’nin altina diigmemesinin gdrsel sayim agisindan
olumlu oldugu diigiiniilmektedir.

Sparidae familyasinin 5 farkli tiir ile en fazla tiiriin gézlendigi familya oldugu ve toplamin %17’sini
kapsadig1 belirlenmistir. Bu familyayi 4 tiir ile Labridae familyas1 (%14) takip etmektedir. Serranidae
ve Mullidae familyalarma ait 2 tiir, Centracanthidae, Nephropidae, Phycidae, Aplysiidae, Muricidae,
Turritellidae, Onuphidae, Blenniidae, Gobiidae, Pomacentridae, Congridae, Sciaenidae, Mytilidae,
Loliginidae ve Ostreidae familyalarina ait ise sadece 1’er tiir tespit edilmistir (Sekil 4).
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Sekil 4. Familyalara ait tiir sayilari

Elde edilen bulgular incelendiginde tiir sayis1 bakimindan ¢esitlilik en fazla Kasim ayinda 19 tiir
olarak belirlenmis, en az cesitlilik ise 7 tiir ile Ocak ayinda gozlenmistir (Sekil 5).
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Sekil 5. Aylik tiir sayilar1

Birey sayisinda bolluk en fazla 4196 birey ile Mart ayinda, en az ise 291 birey ile Subat ayinda
kaydedilmistir (Sekil 6). Ayrica, mevsimsel olarak tespit edilen birey sayilart da belirlenmistir (Sekil
7). Toplam 12708 birey icerisinde en ¢ok gozlenen ve toplamin %94’linii olusturan ilk 5 tiir ve
bunlarin miktarlar1 Sekil 8’de gosterilmistir.

318



ACARLI vd. 2020 ActAquaTr 16(3), 313-329

4500 - 4196

Birey Sayis1
N
o
o
o

2009

1500 1282 1160
835
1000 1 5g4

500 - 291

Batik civarinda

519 528 339 502 483

NS

S IR IR IR R

. N N N
{5‘}. @%. ?5%. Q&. %\go' %\‘{,\' é\%. %\@. «23’4; &6\&\. Y?g @4}.
Aylar
Sekil 6. Aylik birey sayilar
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Sekil 7. Mevsimsel birey sayilari

gozlenen tiirler arasinda en sik gdzlenen tiirlerin kupes (B. boops), izmarit (S.

maena), karagéz (D. vulgaris), papaz (C. chromis) ve gelin baligi (C. julis) tiirleri oldugu tespit

edilmistir (Sekil 8).
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Sekil 8. En ¢ok gozlenen 5 tiir ve miktarlart

Calisma sirasinda yapilan bolgesel smiflandirma kapsaminda tiirlerin gemi batif1 etrafindaki

dagilim oranlar1 be

lirlenmis ve Sekil 9°da gosterilmistir. Tercih ettigi bolgeler belirlenen tiirlerin

toplam birey sayilarinin bolgelere gore dagilimlart hesaplanmistir (Sekil 10).
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Sekil 10. Bolgelere gore birey sayilarinin dagilim oranlart

Batik bolgesindeki yiizey ve dip suyu sicakliklart aylik donemler seklinde kaydedilmistir. Caligma
siiresince hem yiizey suyu hem de dip suyu i¢in en diigiik sicaklik 13°C olarak belirlenirken en yiliksek
sicaklik dip suyu i¢in 26°C ve yiizey suyu i¢in 27°C olarak olgiilmiistiir (Sekil 11). Ayrica, dip suyu
sicakligy ile tiir sayisinin aylik degisimi ve aralarindaki iliski Sekil 12°de sunulmustur.
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Sekil 11. Yiizey ve dip suyu sicakligiin aylik degisimi
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Sekil 12. Dip suyu sicaklif1 ve tiir sayist arasindaki aylik degigsimleri arasindaki iliski

Calismada elde edilen bulgular kullanilarak biyogesitlilik indeksi hesaplanmistir. Biyogesitlilik
indeksinin hesaplanmasinda Shannon-Weaner biyogesitlilik indeksi kullanilmistir. Analiz sonuglarina
gbre Shannon-Weaner biyocesitlilik indeksi en diisiik ilkbahar mevsiminde ve en yiiksek ise sonbahar
mevsiminde tespit edilmistir. Ayrica, Jacard’in diizenlilik indeksi en distik ilkbahar mevsimi ve en
yiiksek kis mevsiminde hesaplanmistir (Tablo 2).

Tablo 2. Gemi batig1 civarindaki mevsimsel biyogesitlilik indeksi ve Jacard’in diizenlilik indeksi.

Mevsim Tiir Sayisi Birey Sayisi d J H’ (log,)
Sonbahar 20 3558 2,32 0,59 2,57
Kis 15 1418 2,07 0,61 2,43
Iikbahar 18 5860 1,96 0,38 1,57
Yaz 22 2142 2,74 0,50 2,25

Mevsimsel olarak gerceklestirilen Bray-Curtis benzerlik analizi sonuglar1 degerlendirildiginde
benzerlik oran1 en fazla olan mevsimler ilkbahar ve sonbahar olarak belirlenmistir. Bu iki mevsime
benzerligi yoniinden ise ki mevsiminin benzerligi yaz mevsiminin benzerliginden daha yiiksek olarak
tespit edilmistir. En diigiikk benzerlik orani ise %70 civar1 yaz mevsimi i¢in hesaplanmustir (Sekil 13).
Diger taraftan, metrik ¢ok boyutlu 6lgekleme analizi (MDS) uygulanmis ve yaz mevsiminin diger
mevsimlerden ayrik oldugu tespit edilmistir. (Sekil 14).
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Sekil 14. Mevsimlerin birey sayilarina gore MDS dagilimi

Benzerlik ytizdeleri SIMPER analizi yapilarak mevsimler arasindaki farklilik oranlari, bu farklara
neden olan tiirler ve bu tiirlerin oranlar1 belirlenmistir. Bu farkliligi olusturan baslica tiirler ve
farkliligin olugsmasindaki yiizde katkilar1 Tablo 3’te verilmistir.
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Tablo 3. SIMPER analizi sonuglar1

Farkiilik (%) Yaz-Sonbahar  Yaz-Kis Sonbahar-  Yaz-ilkbahar Sic;lrllt::lr::: Kis-ilkbahar
(%29,26) (%35,39) Kis (%26,81) (%629,41) (%13.85) (%24,50)

S. cantharus 11,39 14,32 8,45 11,42

S. melops 6,97 10,72 13,44

S. tinca 6,25 10,72 12,22

C. bimaculatum 7,76 9,32

M. surmuletus 6,48 5,84 10,26

Gobius sp. 10,67

S. maena 9,03

D. sargus 8,82

B. boops 9,95 8,91

M.galloprovincialis 12,67 11,05 10,13

Aplysia sp. 7,81 7,77 8,43

D. annularis 6,60 8,21

M. barbatus 5,82 6,28

TARTISMA ve SONUC

Giil vd. (2006) Urkmez kiyilarinda (Ege Denizi) yaptig1 ¢alismada 14-21 m derinliklerde bulunan
yapay resiflerde gorsel sayim yontemleri kullanarak 12 familyaya ait 35 tiir tespit etmistir. Bu
familyalar arasindan Labridae (13 tiir) ve Sparidae (9 tiir) en baskin aileler olarak belirlenmistir. Birey
sayilar1 agisindan ise en yiiksek birey sayisinin C. chromis, S. doderleini ve B. boops tiirlerinde kayit
edildigi bildirilmistir. Mevcut ¢alismada tespit edilen familya ve tiir sayilar1 ile agisindan ortaya ¢ikan
farklihgmn diger ¢alismada degisik derinliklerde bulunan resiflerde yapilan Orneklemelerden
kaynaklandig1 diislinlilmektedir. Buna karsin, baskin tilirler agisindan iki c¢alisma paralellik
gostermektedir. Ayrica, en yiksek birey sayisina sahip tiirler bakimindan da tek bir tiir diginda
(Symphodus doderleini) benzerlik gostermektedir. Bunun da her iki ¢alismalarin farkli bolgelerde ve
su dzelliklerine sahip alanlarda gergeklestirilmesinden kaynaklandig1 diistintilmektedir.

Giil vd. (2011) Ege kiyilarinda (Giimiildiir ve Urkmez) yaptiklari calismada 20, 30 ve 40 m
derinliklere yerlestirilmis yapay resiflerde gorsel sayim yontemleri kullanarak 14 familyaya ait 30 tiir
tespit etmislerdir. Tiir ve familya zenginligi agisindan 20 m derinlikteki resiflerin daha verimli oldugu
bildirilmistir. En ¢ok tiir Sparidae ve Serranidae familyalarinda gozlenmistir. En yaygin tiirler ise C.
conger, S. cabrilla, S. scriba, M. barbatus, M. surmuletus, D. annularis, D. vulgaris, B. boops ve C.
chromis olarak rapor edilmistir. Ayni bolgede Ulas vd. (2007) yaptig1 ¢aligmada uzatma agi, olta ve
gorsel sayim tekniklerini kullanarak 40 tiire ait 2241 birey kaydetmistir. En fazla birey sayisinin (450
birey) C. chromis’e ait oldugu bildirilmistir. Mevcut ¢alisma ile karsilastirildiginda tiir sayisinda
negatif bir fark olmasina karsin birey sayis1 bakimindan pozitif bir fark bulunmaktadir. Lok vd. (2008)
[zmir kiyilarinda iki farkli bolgede (Dalyankdy ve Giimiildiir) gorsel sayim ydntemi kullanarak 20 m
derinlikte 23 familyaya ait 54 tiir tespit etmistir. En baskin familyalar Labridae ve Sparidae
familyalaridir. Mevcut ¢calismada ise benzer derinliklerde ve gorsel sayim yontemleri ile ¢alisilmasina
karsin familya ve 6zellikle birey sayilarinda oldukga yiiksek fark goriilmektedir. Bu durumun nedeni,
caligmalarin farkli bolgelerde yapilmasi ve orneklemelerde av araglarmin da kullanilmasindan
kaynaklandig ifade edilebilir.

Acarli ve Ayaz (2015) Ocaklar Koyu, Erdek Korfezi (Marmara Denizi) kiyilarinda 2 sene boyunca
gorsel sayim teknikleri kullanarak 35 familyaya ait 51 tiir gozlendigini rapor etmistir. Bu taksonlardan;
31 balik tiirti, 11 kabuklu tiirdi, 3 derisidikenliler tiirii, 3 ¢ift kabuklu tiirii, 2 denizanasi tiirii ve 1 adet
stinger tiirli oldugu bildirilmistir. S6z konusu arastirmada tespit edilen familya ve tiir sayisi agisindan
da farklilik gostermektedir. Familya ve tlir sayilarindaki fazlaligin g¢aligmanin farkli bolgede
gerceklestirilmesi ve izleme siiresinin uzunlugundan kaynaklandigi diistiniilmektedir.

Birey sayilaria bakildiginda, Keskin (1996) mevsimsel olarak en yiiksek birey sayisini ilkbaharda
1310 birey, en diisiik birey sayisim sonbahar ayinda 361 birey olarak kaydetmistir. Keskin ve Unsal
(1998) ise en diisiik birey sayisini kis mevsiminde 847 birey, en yiiksek yaz mevsiminde 773 birey
olarak belirlemistir. Giil vd. (2006) ise birey sayisi bakimindan en yiiksek degerleri yaz ve sonbahar
mevsimlerinde bildirmistir. Mevcut ¢alismada en yiiksek deger ilkbaharda 5817 birey, en diisiik deger
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985 birey ile yaz mevsiminde kaydedilmigtir. Olusan farkin mevcut ¢alismanin sabit derinlikte
gerceklestirilmesinden kaynaklandigi tahmin edilmektedir.

Batik ¢evresinde bulunan tiirlerin ve bu tiirlere ait bireylerin batik civarindaki bulundugu bélgelere
gore konumsal siniflandirilmasi yapilmistir. Tiir bazinda bakildiginda en ¢ok dis-alt bolgesi (%58)
tercih edilmis, bunu i¢ bolge takip etmektedir (%26). Tiirlerin en az tercih ettigi bolge ise dig-iist
(%16) bolgededir. Buna karsin, birey sayist bakimindan tercih edilen bolgeler sirasiyla; dis-iist (%73),
i¢c (%20), dig-alt (%7) olarak belirlenmistir. Bolgelere gore dagilimlara bakildiginda tiir ve birey
sayilar1 arasindaki zithgin ozellikle gemi batiginin dig-alt bolgesini tercih eden tiirlerin siirii
olusturmayan tiirler olmasindan kaynaklanmaktadir. Literatiirde denizel canlilarin yapay resiflerin
etrafinda bulunduklarnn konumlara goére siniflandirma yapilarak tiir kompozisyonunun belirlenmesi
tizerine herhangi bir ¢aligma bulunmadigindan herhangi bir karsilagtirma yapilamamaktadir. Bu
yonilyle de mevcut ¢alisma ilk olma 6zelligi tasimakta ve ayri bir 6nem arz etmektedir.

Coker ve Akyol (2018) Saroz Korfezi ve Gokceada kiyilarinda 1998-2018 yillar1 arasinda yapilan
caligmalart derlemis ve 96 familyaya ait 280 balik tiirliniin rapor edildigini bildirmistir. Mevcut
calismada gozlenen balik tiirlerinin tamami da bu raporda yer almaktadir. Diger yandan, literatiirdeki
Gokceada kiyilarinda tiir cesitliliginin belirlenmesine yonelik calismalar (Keskin, 1996; Keskin ve
Unsal, 1998; Keskin, 2004; Karakulak vd., 2006; Keskin ve Oral, 2007; Tiiretken, 2009; Altin vd.,
2015; Acarli vd., 2018) olmasina karsin, gemi batig1 yapay resiflerindeki tiir ¢esitliliginin belirlenmesi
iizerine bir c¢alisma bulunmamaktadir. Ayrica, yontem agisindan literatiirdeki bu c¢alismalar
incelendiginde yalmizca bir tanesinde (Horasanli, 2016) yapay resiflerdeki tiir cesitliliginin
belirlenmesinde gorsel sayim yontemlerinin kullanildigi dikkat ¢ekmektedir. Horasanli (2016) birey
sayilarini aylik olarak en yliksek Mayis ayinda 1245 birey, en diisiik degeri Haziran ayinda 80 birey
olarak bildirmistir. Mevcut ¢alismada en yiiksek deger Mart ayinda 4196 birey, en diisiik deger Subat
aymda 291 birey olarak kaydedilmistir. Iki calismanin da Gokceada’da gerceklestirilmesine karsin
olusan farkliligin ¢aligmalarin gergeklestirildigi derinliklerin ve ¢alisma siiresinin farkli olmasindan
dolay1 kaynaklandig diisiiniilmektedir.

Gemi batiklar1 yer degistirmesi miimkiin olmayan kiiltiirel alanlar ve 6nemli yapay resif habitatlari
olarak hizmet saglayan modern deniz tabanm 6zellikleridir (Walker vd., 2007). Gemi batiklar1 geng
balik tiirlerinin sigmabilmesi i¢in milkemmel bir yapay resif islevi sunmaktadir (Krumholz ve
Brennan, 2015). Gemi batiklar1 sayesinde olusan bu resifler, yetiskin balik yayilimi ile yerel balik¢ilig
artirabilir (Harmelin-Vivien vd., 2008; Forcada vd., 2009; Molloy vd., 2009). Stephan ve Lindquist
(1989) eski ve yeni gemi batig1 yapay resifleri ile balik cezbedici diizeneklerdeki balik topluluklarinin
karsilagtirmal1 analizini yaptig1 calismada eski gemi bati§inin en ¢ok tiir ¢esitliligine sahip oldugunu
bildirmistir. Bununla birlikte, yeni olan gemi batiginda balik cezbedici diizeneklerden daha ¢ok tiir
cesitliligi gozlendigi de rapor edilmistir. Mevcut galigmada arastirilan gemi batigi yapay resifi heniiz
daha 3 yillik bir batik olmasina ragmen cok sayida tiir gesitliliginin gézlenmis olmasi 6nem
tasimaktadir. Ote yandan, Brennan vd. (2016) tarihi gemi batiklarinin bulundugu alanlarin trol aveiligi
nedeniyle biiyiik zarar gordiigiinii belirtmis ve trol aveiligiin batiklardaki tarihi, bentik, ekolojik ve
sediman dogasim1 yok ettigini ifade etmistir. Gemi batigt yapay resifler tiir cesitliliginin
zenginlesmesine, amatdr, sportif ve hobi amach balik¢ilik faaliyetlerinin artmasina ve bolgesel
diizeyde sosyo-ekonomik diizeyin gelistirilmesine imkan saglamaktadir. Benzer sekilde, Brennan vd.
(2016) yapay resifler olarak batik alanlarinin korunmasinin yerel balikgiligi arttiracagi vurgulamustir.
Dolayisiyla, gemi batiklarinin bulundugu alanlarin korunmasi ticari ve sportif balik¢iligin gelismesine
katkilar saglamaktadir. Ayrica, ekosistem yaklasimli balikgilik yOnetiminin saglanmast ve
uygulanmasi baglaminda da balik¢ilik yonetimi uygulamalarinda yonetici ve karar vericiler igin
potansiyel bir uygulama alan1 sunmaktadir. Dolayisiyla, TCSG-132 gemi batigiin denizel canlilar
icin 6nemli bir yapay resif islevi gorebilmesi i¢in olumsuz etkileyecek faktorlerin engellenmesi ve
mimkiin oldugunca batigin korunmasi tiir ¢esitliligindeki siirdiiriilebilirligin saglanmasi agisindan
elzem niteliktedir.

Gemi batig1 ¢evresinde kalamar (Loligo vulgaris) tiirii 1 adet goriinmesinin yaninda bol miktarda
kalamar yumurtalart da gozlenmistir. Bu durum gemi batig1 yapay resifinin de canlilar tarafindan
barinma, beslenme, korunma gibi amaglarin yaninda yumurtlama ve biiylime alanlar1 olarak da
kullanildigim1 gdstermektedir. Benzer sekilde, yapay resiflerin denizel canlilar tarafindan yasamsal
faaliyetlerini devam ettirebilecekleri bir¢ok arastirmaci tarafindan rapor edilmistir (Acarli ve Ayaz,
2015; Acarli vd., 2019a; Acarli vd., 2019b; Acarli ve Kale, 2020a; Acarli ve Kale, 2020b). Bu
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calismada sadece kalamar tiiriiniin gemi batig1 yapay resiflerini yumurtlama alani olarak kullandig
tespit edilebilmis olsa da diger tiirlerin gemi batig1 yapay resifinin ¢evresinde gdzlenmesi diger
yasamsal faaliyetlerin gergeklestirildigini net sekilde ortaya koymaktadir.

Francour vd. (1994) Akdeniz biyogesitlilik desenlerinin degisiklik gosterdigini ve bu degisimin
deniz suyu sicakligindaki artis ile iligkili olabilecegine isaret etmistir. Benzer sekilde, Morri ve
Bianchi (2001) Ligurya Denizi’ndeki ¢alismalarin da denizel biyogesitlilik ve iklim degiskenlikleri
arasindaki iligkiye dair drnekler sagladigini rapor etmistir. Tlirck Bogazlar Sistemi aracilifiyla diisiik
sicaklik ve tuzluluga sahip besleyici element agisindan zengin Karadeniz sulari Ege Denizi’nin
kuzeyine ulasarak bu ortamdaki biyolojik ¢esitliligi ve ekosistemi Oonemli oOlciide etkilemektedir.
Gokgeada, bulundugu konum itibariyle akinti sistemlerinin de etkisi altinda kalmaktadir (Kale, 2014).
Gokgeada kiyilarindaki su sicakligi ve tuzlulugunun mevsimsel olarak degiskenlik sergilemesi, denizel
biyocesitliligi de 6nemli derecede etkilemektedir (Goniilal, 2008). Acarli ve Ayaz (2015) sicaklik
degisimleri ile tiir sayilar1 degisimini degerlendirmis ve paralellik belirlemistir. Benzer sekilde,
mevcut caligmada da su sicakligindaki degisimler ile biyogesitlilik arasinda bir iliski oldugu
diistiniilmektedir.

Bianchi ve Morri (2000) Akdeniz biyocesitliliginin iklim degisikligi ve insan etkileri altinda hizli
bir degisim gosterdigini, fakat hem ekosistemler hem de tiirler i¢in koruma Onlemlerinin halen zayif
oldugunu ifade etmistir. Benzer sekilde, birgok calismada iklim degisikliginin su kaynaklarin
etkiledigi rapor edilmistir (Kale vd., 2016a; Kale vd., 2016b; Ejder vd., 2016a; Ejder vd.,2016b; Kale
vd., 2018; Kale ve S6nmez, 2018a; Kale ve Sonmez, 2018b; Kale ve Sonmez, 2019a; Kale ve S6nmez,
2019b; Kale ve Sonmez, 2019¢c; Kale ve Acarli, 2019a; Kale ve Acarli, 2019b; S6nmez ve Kale,
2020). Ayrica, Canakkale ili i¢in de iklim degisikligi nedeniyle sicaklik (Kale, 2017a) ve buharlagma
(Kale, 2017b) egilimlerinin degistigi ve gelecekte daha ¢ok artacagi tahmin edilmektedir. Dolayisiyla,
bu bolgedeki denizel biyolojik c¢esitliligin iklim degisikliginin olumsuz etkilerinden korunmasi
biyogesitliligin siirdiiriilebilirliginin saglanmasi agisindan hayati dnem tagimaktadir.

Sonug olarak, Tiirkiye’de yapay resif ¢aligmalar1 yapilmasina karsin daha 6nce gemi batig1 yapay
resifi lizerinde ve gevresinde tiir kompozisyonu belirlemeye yonelik bir ¢aligma bulunmamaktadir. Bu
acidan mevcut caligma literatiirdeki dnemli bir boslugun doldurulmasina katki saglamaktadir. Ilerleyen
zamanlarda gerceklestirilecek yapay resif calismalarinda farkli tiirlerin tespit edilmesi agisindan
fotokapan benzeri araglarin kullanilmasi tiir kompozisyonu belirlenmesine ydnelik calismalarda
Oonemli yararlar saglayacaktir. Bu tarz ¢alismalarda, baliklarin gece beslenme davranisi gosterdikleri de
gbze aliarak gece daliglarinda gece goriislii kameralar kullanilmas1 durumunda tiir kompozisyonunun
belirlenmesine faydali olacagi disiiniilmektedir. Ayrica, tiir kompozisyonu hakkinda daha fazla bilgi
edinebilmek igin gece ve giindiiz saatlerinde uzatma aglari, fanyali aglar, alamana aglari, misina aglar
gibi av araglar1 kullanilmasi tavsiye edilmektedir. Diger yandan, yapay resif ¢alismalarinda baliklarin
avlanma yontemlerini ve hareket tarzlarini belirlemek amaciyla telemetrik sistemlerin kullanilmasi
onerilmektedir. Gemi batig1 yapay resiflerinin yasi arttikga daha ¢ok tiir cezbetmesinden dolay1 diger
mevcut gemi batiklarinin da tiir ¢esitliligi agisindan karsilastirmali olarak arastirilmasi tavsiye
edilmektedir.

Tesekkiir: COMU-3 isimli arastirma gemisinin kaptan1 Yilmaz Tokoglu’na lojistik destek sagladig
icin tesekkiir ederiz. Bu ¢alisma Sinan Kocabas’in yiiksek lisans tezinin bir bolimiini igermektedir.
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Abstract

Most of the species migrating to the Mediterranean Sea as a result of the Lessepsian migration have been forming a
sustainable population. In this study, population composition, growth, and fisheries of Nemipterus randalli Russell, 1986, an
Indo-Pacific fish and live in Antalya Gulf, North-East Mediterranean Sea, were analyzed. The monthly samples were
collected (N = 1715) by using experimental bottom trawl. The fish size ranges between 3.9 and 23.8 cm in total length, 0.73
and 171.78 g in weight, males are larger than females, and the length-weight relation was estimated as W = 0.0173 x TL
2884 The male and female ratio was calculated as 1:1.402, females are predominant in the population. The average condition
factor fluctuated seasonally and ranged between 1.089 and 1.346. Five age groups were identified in the population; Von
Bertalanffy Growth Equation was estimated as Lt = 32.56 [1-e % 1] The size, sex, and age composition show that it
established a sustainable population in Antalya Gulf, grows well, reproduce and to be an item of bottom trawl fisheries, and
sold in small percentages.

Keywords: Randall’s threadfin bream, population composition, growth, fisheries, Antalya Gulf.

Antalya Korfezi (Tiirkiye, Akdeniz) Nemipterus randalli Russell, 1986 Poulasyonunun Kompozisyonu, Biiyiimesi ve
Balik¢ihigi

Ozet

Lessepsiyen gogili sonucu Akdeniz'e go¢ eden tiirlerin ¢ogu siirdiiriilebilir bir populasyon olusturmaktadir. Bu ¢alismada,
Kuzey-Dogu Akdeniz'in Antalya Korfezinde yasayan ve Hint-Pasifik baliklarindan Nemipterus randalli* Russell, 1986
popiilasyon kompozisyonu, biiyiimesi ve balik¢ilig1 incelenmistir. incelenen 6rnekler (n = 1715) dip trolii ile, aylik olarak
toplanmistir. Yakalanan baliklarin boylart (TL); 3,9-23,8 cm, Agirliklart ise (TW); 0,73-171,78 g arasinda degismektedir.
Erkeklerin, disilerden daha biiyiik oldugu goriilmiistiir. Boy-agirlik iliskisi W = 0,0173 x TL 84 olarak hesaplanmustir. 1:
1,402, disiler oransal olarak popiilasyonda daha baskindir. Ortalama kondiyon faktorii mevsimsel olarak 1,089-1,346 arasinda
dalgalanma gostermistir. Popiilasyonda bes yas grubu tespit edilmistir. Von Bertalanffy Biiyiime Esitligi Lt = 32,56 [1-e
020 #1791 olarak hesaplanmistir. Biiyiikliik, cinsiyet ve yas kompozisyonlarima bakildiginda tiiriin Antalya Korfezi'nde
siirdiiriilebilir bir popiilasyon olusturdugu, iyi biiylidiigii ve iiredigi; diisiik oranlarda dip trol balik¢ilig1 tarafindan avlandig:
ve pazarlandig1 goriilmektedir.

Anahtar Kelimeler: Telkuyruk mercan , populasyon kompozisyonu, biiyiime, balik¢ilik, Antalya Korfezi

INTRODUCTION

The settlement of Indo-pacific and Red sea species to the Mediterranean Sea, known as the
Lessepsian migration, is a process that began after the opening of the Suez Canal in 1869 and
continues today (Por, 1978; Lelli et al., 2008). One of the Lessepsian fish species, Randall’s threadfin
bream (RTB) Nemipterus randalli Russell, 1986 was reported the first time mistakenly as Nemipterus
japonicus (Bloch, 1791) in East Mediterranean (Golani and Sonin, 2006). RTB is widespread in the
western Indian Ocean, east and west coast of India, Pakistan, Iranian Gulf, the Red Sea including
Agaba and Aden Gulfs, east African coast, Seychelles and Madagascar in sandy or muddy bottoms at
depths of 22-225 m (Russell, 1986; Lelli et al., 2008; Kalhoro et al., 2017). Threadfin breams are an
important component of commercial and artisanal fisheries in the Indo-West Pacific region. They are
caught mainly by bottom trawl or by hang-line, and other fishing methods are used occasionally

330


mailto:mrustuozen@gmail.com.tr
https://doi.org/10.22392/actaquatr.681309
https://orcid.org/0000-0003-4021-3994
https://orcid.org/0000-0001-6085-0128

OZEN and CETINKAYA 2020 ActAquaTr 16(3), 330-337

(Russell, 1990). In their native ranges, threadfin breams are usually taken in multispecies catches (3 or
more species) so there are no separate landings statistics. Among the threadfin breams, RTB is the
most abundant species contributing over 60% of threadfin bream landings of the Kerala, India
(Sobhana et al., 2011). Based on demersal trawl fisheries samples, population dynamics, growth,
mortality, and yield of RTB were investigated in its natural range (Murty, 1982; Russell, 1986;
Russell, 1990; Al-Kiyumi et al., 2014; Kalhoro et al., 2017). This species is first reported by
Bilecenoglu and Russell (2008) in Iskenderun Gulf of the Turkish coast of the North-Eastern
Mediterranean (NEM). The species started to see in the Antalya Gulf (Gokoglu et al., 2009; Ozvarol,
2014). Ergiden et al., 2009; Ergiiden et al., (2010) studied length-weight relationships, age, and
growth characteristics of Iskenderun Gulf's N.randalli. Length-weight relationships and some other
growth characteristics were studied also in south eastern Mediterranean sea (Edelist, 2014), Antalya
Gulf (Ozvarol, 2014) in Gokova Bay (Ates et al., 2017; Uyan et al., 2019) The age and growth were
investigated by Innal et al. (2015) on market samples taken from Antalya Gulf by trawl catch.

In recent years, the marine biodiversity of the Mediterranean has gone through a rapid change.
Mediterranean coasts of southern Turkey are affected by this change. The biodiversity change of the
Mediterranean has been enhanced especially with the entrance of Indo Pacific originated alien species
(Oztiirk, 2010; Ergiiden et al., 2018). Two Nemipterid species are started to exploit by fishermen and
created a new market in the area. Fisheries status of them classified as commercial (N. japonicus) and
minor commercial (N. randalli) in the Mediterranean (Oztiirk, 2010). The alien species (e.g. N.
randalli) might have negative, in some cases fisheries point of view positive, effects on biodiversity
and fisheries on new settlement area. Their population dynamics, effects on native biota, and future
development should be monitored and evaluated for ecosystem and fisheries management. In this
study, it is aimed to collect and evaluate information on population composition, growth, and fisheries
aspects of new established N. randalli population in Antalya Gulf.

MATERIALS and METHODS

The experimental trawl samples were taken from Antalya Gulf in the project of "Histological
examination of gonadal development and reproductive characteristics of Lessepsian fish N. randalli
entered into Antalya Gulf". The monthly samplings were undertaken December 2013 - October 2015
with Akdeniz Su R/V between Lara and Side Deniz Feneri (36°41' N, 31°22' E; 36°41' N, 30°56' E) in
Antalya Gulf. The 9 mm code ended bottom trawl was used in catch operation conducted in depths of
25-55 m. After trawl operation, the caught sorted and N. randalli specimens separated, transferred in
cool condition to Laboratory for measurement. Total lengths (TL), fork lengths (FL), and standard
lengths (SL) were measured near to 0.1 cm, weights to 0.1 g. All calculations and considerations were
made on TL. Sex determination was made the morphological observation of the gonads with the eye, a
granular structure, and larger gonads were considered female and the individuals with small gonads in
the flat structure were males. Age group determined by Bhattacharya methods from length frequencies
using FISAT software (Gayanilo et al., 1995) and Condition Factor calculated as CF =
(W(g)/TL3(cm)) x 100. Length-weight relationship (LWR), von Bertalanffy growth equation (VBGE),
and length conversion formulas were estimated by regression procedures by Excel and SPSS v.17
(Avsar, 2005; Cetinkaya et al., 2010).

RESULT and DISCUSSION
Size composition

A total of 1715 specimens was taken from trawl operations. To be able to compare with the results
of the studies using different size measurements length transformation equations were estimated by
using convenient samples that represent all size groups (n = 601).

FL =1.0746 x SL + 1.6663 (1> = 0.998); TL = 1.1275 x FL - 1.1328 (1> = 0.9972); TL = 1.2125 %
SL+ 0.6685 (1> = 0.9967). Variation coefficients (VC) of mean length values are very close to each
other (VC %) 39.12 for SL; 38.48 for FL; 38.94 for TL. All length values can also be used safely. The
most characteristic feature of the species is that the upper lobe of the caudal fin has an extension of the
whip-shaped (threadfin). This extension may be either broken naturally or by fishing operation so it
should be excluded from TL measurement. The TL of N. randalli was found between 3.9 and 23.8 cm
and the weight range were found as 0.73and 171.78 g in the study. The TL frequency of all individuals
is given in Figure 1.
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Figure 1. Total length frequency of N. randalli, Antalya Gulf.

The males of the Antalya RTB population have a larger size than females (p < 0.01). The size
difference between sexes also found in some Nemipterid (e.g. N. mesoprion, N. japonicus) (Russell,
1990; Raje 1996). No individual was found longer than 23.9 cm in Antalya Gulf similar to Innal et al.,
(2015). TL varied between 4.8 and 21.5 cm, weights from 1.10 to 138.36 g. in Iskenderun Gulf
(Ergiiden et al., 2010). The size composition of RTB in Gékova Bay was found between 10.8 and 21.9
cm on trammel net samples (Uyan et al., 2019). Antalya Gulf's RTB has similar size composition as
the natural range's populations and iskenderun Gulf's. TL distribution of the 1386 N. randalli obtained
from commercial trawl boats on the coasts of Kakinada, East India ranged between 3.2 and 21.5 cm
(Murty, 1982). Following size, ranges were reported as 4-22.2 cm and weight as 1.5-150 g in the
Arabian Sea off Oman (Al-Kiyumi et al., 2014), maximum TL 25 cm weight 251 g in Pakistani waters
of Northern Arabian Sea (Kalhoro et al., 2017).

Sex composition, male and female (M: F) ratio

During this study 425 male (24.8%); 609 female (35.5%) and 681 juveniles and unsexed (39.7%)
were identified (N = 1715). M: F ratio was calculated as 1:1.402. Females are dominant (p<0.05).
While females were dominant in January - March, and November - December in 2014, and April -
August 2015 (p < 0.05), males were found dominant only in September 2014 sampling (p < 0.05). In
other sampling months M: F ratio was found statistically insignificant (p>0.05). The size differences
between males and females affect also the sex ratio of the population. If small individuals are
dominant in the sample, females dominate, in the presence of large individuals M: F ratio develops in
favour of males. Gear selection of commercial fishing takes larger individuals (males) and leave
smaller (females) in population. This selectivity enhances the biological potential of the population
and changes M: F ratio in favour of females. The males were found as 43%, females 48.0%, juveniles
as 11%, and M: F ratio as 1:1.111 (p>0.5) in RTB population of Antalya Gulf (Innal et al., 2015).
Some differences are depending on the sampling equipment (experimental and commercial trawls) and
the sampling months and consequently the emergence activities (only from reproduction to free time
for all years). These differences can be caused also that the species started to form a new sustainable
population in Antalya Gulf, and the low population density and better growth.

In the Veraval Region of India, the M: F ratio was reported to be 2.57: 1 (Raje, 1996). In both the
Veraval region and Waltair Beach, male individuals seem to be more dominant (Raje, 1996; Appa
Rao, 1989). Due to the gathering of male and female fish in the same location in September; M: F
ratio was found 1:1. According to Lelli et al. (2008), Eastern Mediterranean found the sex ratio (F/M +
FSR = 0.53) in the 30 N. randalli that they had sampled from the coast of Lebanon. It is close to a 1:1
ratio, but it hardly represents the population as the number of samples (n = 30) remains very small. In
the same population, sex ratios change by time, place, and sampling techniques. Many Nemipterid
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fishes show size-related differences in sex ratios, with small fishes being mainly females and larger
fish males. The size-related skew appears the ratio in sex to be due to higher growth rates in males
(Russell, 1990).

Lengths-weight relationships

Lengths-weight relationships (LWR) estimated as W = 0.0173xTL?®*** for pooled samples. There
was no significant difference between sexes. The coefficient b (2.8584) mainly is below 3.000 in
monthly samples and decreases to 2.500 - 2.600 in females after reproduction. The population has
negative allometric growth.

LWR was found as W = 0.0105xTL*%? (Innal et al., 2015) in Antalya Gulf as W = 0.0011 x
TL**® in iskenderun Gulf (Ergiiden et al., 2010), W=0.171xTL* in Gokova Bay (Uyan et al., 2019)
and W = 0.0135 x TL* %* (Al-Kiyumi et al., 2014) on the Arabian Sea coast of Oman;
W=0.0101xTL*® in the east Mediterranean (Edelist, 2014). These LWR's are representing isometric
growth, but samples were taken commercial trawls and long lines (i.e. no adequate small fish
represented). Seemingly, the difference can be attributed to the sample composition since those
samples sorted by fishermen and with a good condition; well-grown individuals are landed and sold.
Condition factor

The monthly averages of condition factor (CF) ranged between 1.089 and 1.346 (n = 1715), there
was no statistically significant difference CF among male, female and juvenile in most sampling
months (p> 0.05). The differences were significant (p < 0.05) in favour of females in May 2014 and
2015 samples. Females have higher CF values due to speed gonad development and onset to spawning
activity. While CF was determined highest in May 2014 and 2015 (two years' avg. 1.333), there was a
decrease in August (1.177) following egg-laying and in December (1.155) likely due to winter
condition. CF changes are mainly due to gonadal development and egg-laying, and more pronounced
in females. In the Veraval (Gujarat) region of India (Raje, 1996), females had the highest levels of CF
in April and the values decreased after the spawning (Figure 2). The study area has subtropical
climatic conditions and monsoon rains are effective.
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Figure 2. Condition factor of N. randalli population in the Antalya Gulf.

Age and growth

By applying modal progression analysis on monthly length distribution frequencies of 1715
individuals, there are 5 age groups identified as 0+, I+, I+, 111+ and I\V+. The average TL of each age
group is given in Table 1. VBGE was estimated as Lt = 32.56x[1-e*%®1] (Figure 3).
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Table 1. Age groups and corresponding mean TL of N.randalli population, Gulf of Antalya.

Sampling months Years 0+Age I+Age 11+ Age I+ Age [IV+Age
December 2013 13.65 19.5 21.5

January 8.77 12.7 16.93 21.5

February 11.86 15.19 16.5 21.5

March 12.34 155 20.5

April 14.15 17.84 22.83

May 11.28 15.13 19.79

June 10.5 14.42 15.5 20.92

July 2014 1426 16.5 185 20.5

August 13.85 15.84 17.5 22

September 16.6 19.61

October 15.61 17.5 21.86
November 15.34 19.17

December 6.11 11.84 14.5

January 6.82 10.39 14.68 16.5 21.83
February 9.91 13.64

March 11.85 16.02 20

April 1.7 12.5 14.5 16.5

May 2015 854 14.36 16.5 23.17

June 9.64 14.94 18.5

July 10.22 14.51 20.5

August 11.51 15.35

September 12.1 14.42 17.87 23
October 14.19 16.48 19.15

Mean TL(cm)

10.24333 14.2013 17.46682 20.44615 22.415

Innal et al. (2015) reported maximum age as 11+ in females and IV+ in males, and VBGE as Lt =
33.15x[1- e ~0218®0213 in Antalya Gulf. Maximum age was 11+ for both sexes and VBGE parameters
are L = 34.96 cm K = 0.214 y™ in Iskenderun Gulf (Ergiiden et al., 2010), Lt = 27.57x[1- e ~0183(+288)]
in Gokova Bay (Uyan et al., 2019).
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Figure 3. VVon Bertalanffy growth equation of N. randalli population in Antalya Gulf.
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In natural range, in coasts of Kakinada, India VBGE of N. randalli (as N. mesoprion) was
determined as Lt =21.9 x[1-e™ 82®0- 25627 (\jyrty, 1982).

The maximum age for both sexes reported as I+ and VBGE parameters as Loo = 22,12 cm K =
0.64 y™* in the Arabian Sea off Oman (Al-Kiyumi et al., 2014). N. randalli has a smaller size (Loo=
21.9 and 22.12 cm) and a shorter life span (11+ age). But it grows quickly (K = 0.64 y™) and attains to
asymptotic length (22.12 cm) in shorter time in the Arabian Sea off Oman comparing to Antalya and
Iskenderun Gulfs. The individuals in Antalya Gulf are growing quite well in the first year of life (0+)
(40 — 50% of the current maximum length), followed by a slowdown in growth. The Lo is also close
to the maximum TL in samples. The Nemipterus species do not live longer than 10 years and the life
span of females is shorter. The life span depends on the environmental conditions, growth and fishing
pressure on population (Murty, 1982; Raje, 1996; Naik, 2000). This species is newly settled in Antalya
Gulf, population density is proportionally still low. Due to low density and convenient environmental
conditions (salinity, feed, temperature, etc.), good growth is observed.

Present Fisheries of N. randalli

N. randalli has recently established populations in the Turkish Mediterranean coast and started to
exploit by commercial fishing, there is no minimum catch size limitation yet. The sold fish in markets
are 15-24 cm (TL) (ca. 30-150 g) in size. All Turkish seas, closed fishing period is between 15 April
and 1 September. This is convenient for N. randalli's reproduction period. Length range of N.randalli
in the fishery of Kerala, India was 5 to 29 cm TL, annual mean size being 13.56 cm TL with 2 modes
at 8.5 cm and 11.5 cm. During the first and last quarters of the year, immature fishes dominated the
fishery. Mature fishes were dominant from June to October. Trawl banned period is July (Sobhana et
al., 2011).

In the trawling area of Antalya Gulf, the number of trawled specimens at a depth of 25-55 m was
found to be relatively low (< 1% in all operation). This is probably related to being established newly
of the population (ca. 8 - 10 years) of N. randalli in the Gulf. In the Turkish Mediterranean coast
waters, the abundance of individuals is very low yet (Ergiiden et al., 2010). According to Lelli et al.,
(2008) reported that the small and immature individuals sampling on the Lebanese (Tire) shores is
evidence of mature stock in this region that reproduce and participation to stock took place. A new N.
randalli population has emerged in the Eastern Mediterranean and will be an important species in the
future for regional fishing. N. randalli, even at low amounts, is being fished by trawlers during the
fishing period (01 September-15 April). In the Antalya fish market, it is sold under the names of "kaya
mercant" (rock bream), “telkuyruk mercan" (threadfin bream), and "mercan" (sea bream) and
consumed as fresh. The catch amount record cannot be obtained yet. N. randalli is dominant in its
natural spreading areas (India, North Arabian Sea, Persian Gulf), and is being trawled demersal fishing
areas with other Nemipterus species (Murty, 1982; Raje, 1986; Kalhoro et al., 2017). There is also
reported intense fishing pressure on juvenile individuals at some points (Sobhana et al., 2011). In the
Veraval (Gujarat) region of India, Nemipterus species constitute a significant portion of demersal fish
stocks. N. randalli (as N. mesoprion) was the second among the Nemipterus species caught in the
region by a rate of 16% between 1982 and 1986 (Raje, 1996). The commercial trawl catches of RTB
reached to 14,7% in some east Mediterranean fishing area (Edelist, 2014)

As a result; the population composition, M: F ratio, length-weight relationships of Antalya Gulf
RTB is similar to the natural distribution area. However, age and growth characteristics and possibly
reproduction patterns are different. N. randalli lives longer in the Mediterranean and reaches a higher
asymptotic length (VBGE, Le). In native populations growth rate is higher (VBGE, K) and
individuals have a shorter life span. It has remarkable fishery and moderate economic value in its
native distribution range.

The RTB shows that environmental adaptation from East to West or further north to the
Mediterranean (Giilsahin and Kara, 2013) is not difficult for species. Lessepsian aliens are more
successful in the shallower part. Por (1978) considers that temperature is the most important and single
factor for the colonization success of the Lessepsian migrants and their success in the intermediate
layers at about 20-40 m is attributed to the relatively higher and stable temperature at this is a bath.
While RTBs continue to spread through the Suez Canal and the Mediterranean, it seems impossible to
stop the passage of the Lessepsian alien species (Oztiirk, 2010). RTB is an exotic species in Antalya
Gulf. It will be interested because of its ecological interactions (biodiversity issues, competition with
other native and exotics, etc.) since it could adapt the habitat, grow successfully in the Turkish
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Mediterranean coasts. On the other hand, it has the chance to exploit by fisheries, marketing, and
consumption. It should be considered an economic fish stock also. It is necessary to carry out further
research on stock assessment, feeding, competition, habitat sharing, fishing activity, and yield.
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Abstract

This study aims to determine the cause of mortalities in smooth-hound sharks (Mustelus mustelus, Linnaeus 1758) under
stressful conditions from a marine aquarium in Turkey. Moribund smooth-hound sharks externally had haemorrhages on
various body parts, especially the pectoral fins and certain areas of their skin. A pale liver and spleen pseudo-tubercles were
the main pathological findings internally. For bacteriological examination, samples were taken from visceral organs and
blood and streaked onto marine agar (MA) plates, which were incubated at 22°C for 72 hours. Gram-negative motile rods
that displayed bipolar staining were isolated from several tissues, including the spleen, kidney, and liver. According to their
morphological and biochemical characteristics as well as 16S rRNA gene sequencing, these isolates were identified as
Photobacterium sanguinicancri. Therefore, it was concluded that photobacteriosis was responsible for this disease outbreak
in aquarium-kept smooth-hound sharks. According to the literature survey, this study is the first report describing
photobacteriosis caused by Photobacterium sanguinicancri in a smooth-hound shark.

Keywords: Smooth-Hound Sharks, Photobacteriosis, Photobacterium sanguinicancri, Aquarium
Tazi1 Kopekbalhiklarinda (Mustelus mustelus, Linnaeus 1758) Photobacterium sanguinicancri'nin Tamsi
Ozet

Bu caligma, Tirkiye'de bir deniz akvaryumunda stresli kosullar altinda bulunan tazi kopekbaliklarinda (Mustelus
mustelus, Linnaeus 1758) meydana gelen 6liimlerin nedeninin belirlenmesini amaglamaktadir. Dig bakida, 6lmek tizere olan
taz1 kopekbaliklarinin g¢esitli viicut kisimlarinda, 6zellikle gogiis yilizgeglerinde ve deride belirli bolgelerde hemorajiler vardi.
I¢ bakida ise, soluk karaciger ve dalakta psodotiiberkiiller ana patolojik bulgulardi. Bakteriyolojik inceleme igin ig
organlardan ve kandan alman o6rnekler marine agar (MA) iceren petrilere ekilmis ve 22°C'de 72 saat boyunca inkiibe
edilmistir. Bipolar boyama 6zelligi gosteren gram negatif hareketli basiller dalak, bobrek ve karaciger dahil olmak iizere
¢esitli dokulardan izole edilmistir. Morfolojik ve biyokimyasal 6zelliklerine ve 16S rRNA gen dizilimine gdre, bu izolatlar
Photobacterium sanguinicancri olarak tanimlanmistir. Bu nedenle, akvaryumda tutulan tazi kopekbaliklarinda bu hastalik
salginina photobacteriosis’in neden oldugu sonucuna varilmistir. Literatiir aragtirmasima gore, bu kopekbaligr tiiriinde
Photobacterium sanguinicancri' nin neden oldugu Photobacteriosis'i tanimlayan ilk rapordur.

Anahtar kelimeler: Taz1 Kopekbaligi, Photobacteriosis, Photobacterium sanguinicancri, Akvaryum

INTRODUCTION

Photobacteriosis caused by Photobacterium damselae subsp. piscicida (farmerly Pasteurella
piscicida), was first described in white perch (Morone americana) and striped bass (Morone saxatilis)
as a causative agent of a systemic bacterial infection in Chesapeake Bay, USA (Sniezko et al., 1964;
Janssen and Surgalla, 1968). Agent of the disease is the halophilic bacterium, Gram-negative, non-
motile rod, oxidase, and catalase-positive, fermentative, sensitive to the vibriostatic agent O/129, and
has a strict salt requirement. The disease has become a problem in Mediterranean countries since 1990
and described in many marine fish species, such as Atlantic salmon (Salmo salar), yellowtail (Seriola
guinqueradiata), and sole (Solea solea) (Magarinos et al., 1996). The first epizootic incidence of
photobacteriosis was described by Cagirgan (1993) in sea bream in the Aegean Sea coasts of Turkey.
Since then, this fish disease has been reported in sea bass (Candan et al., 1996; Timur et al., 1999;
Korun and Timur, 2005) and mullets belonging to genus Mugil (Tanrikul and Cagirgan, 2001) and
rainbow trout (Savas and Tiire, 2017) in the different regions of Turkey.
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Currently, this is one of the most significant fish diseases in marine aquaculture, causing important
economic losses (Magarinos et al., 1996). Although photobacteriosis may occur in both acute and
chronic form, the disease eventually develops into a septicaemia. In the acute form, the disease usually
does not show any clinical signs, but in some cases, several disease signs have been reported,
including anorexia, loss of mobility, pale gills, dark pigmentation, and petechiae at the base of fins and
on the operculum. In the chronic form, affected fish have white nodules in the internal organs, so the
disease is also known as pseudotuberculosis; but during acute form disease, affected fish usually have
no obvious gross pathological signs (Magarinos et al., 1996; Timur et al., 1999).

Photobacterium sanguinicancri is one of the motile newest members of genus Photobacterium and
was originally isolated from the hemolymph of spider crabs (Maja brachydactyla) captured in Spain
and from a diseased adult blue mussel (Mytilus edulis) caught in the Netherlands (Gomez-Gill et al.,
2016). However, P. sanguinicancri has never been isolated from any fish species so far.

Mustelus mustelus (Linnaeus, 1758), belongs to Triakidae, is a widespread coastal species from
Northern Europe to South Africa, including the Mediterranean Sea and usually found in shallow
waters at 5-50 m depth, although it occurs to at least 350 m depth (Compagno, 1984; Serena et al.,
2009). In Turkey, only two cases have been reported about parasites of this species of shark. Pandarus
bicolor (Leach, 1986) from Copepoda collected from the ventral surface and fins of smooth-hound
sharks by Oktener and Trilles (2009) and Lernaeopoda galei (Kroyer, 1837) corresponding order
Siphonostomatoida were reported by Karaytug et al. (2004) in cloacal region of this species from
Edremit Bay in the Aegean Sea. In our previous study, we reported and identified that Photobacterium
damselae subsp. piscicida along with Lernaepoda sp. as a main causative agent of photobacteriosis in
same shark species (Yardime et al., 2017).

The present study which is the first report describing photobacteriosis caused by Photobacterium
sanguinicancri in shark was carried out to determine the cause of mortalities in stressed smooth-hound
sharks kept in a public marine aquarium in Turkey.

MATERIALS and METHODS

Smooth-hound sharks (Mustelus mustelus) (20 specimens, approx. 1.5 m long and 3 kg weight)
were caught by trawling the Edremit Bay of the Aegean Sea, then transported to Istanbul and placed
into the quarantine tanks of a public aquarium in 2018. A few days later, mortalities were observed in
the shark population. The water parameters of the aquarium were measured as follows: the
temperature was 24°C, salinity was 28 %o, pH was 8, the dissolved oxygen concentration was 7,6 mg
L™ and oxidation-reduction potential was 175 mV. Two moribund sharks were sampled according to
standard methods (Hall, 1999; Noga, 2000).

For bacteriological examination, samples were taken from visceral organs and blood. They were
streaked onto marine agar (MA) plates and the plates were incubated at 22°C for 72 hours. The
morphological and physiological characteristics of isolates were determined using conventional
biochemical and physiological tests as well as rapid identification kits (APl VITEK GN ID Card),
according to Buller (2004), Austin and Austin (2007), Gomez-Gill et al. (2016) and Bergey's Manual
(Holt et al., 1984).

Molecular methods were used for the identification of bacterial strains. The isolates on marine agar
plates were inoculated into marine broth 2216 (Difco) and incubated overnight at 22°C. Then total
DNA was extracted from liquid cultures and samples using the PureLink™ Genomic DNA Mini Kit
(Invitrogen) according to the manufacturer’s instructions. For bacterial identification, a 540-bp-long
fragment of the 16S rRNA gene was amplified and sequenced using the universal bacteria primer set:
primer S-D-Bact-0008-a-S-20 and primer S-*-Univ-0536-a-A-18 (Suau et al., 1999).

RESULTS

In this study, affected sharks had haemorrhages on the skin, ventral side of the body, and in the
claspers (Figure 1). They also had ulcerative lesions and haemorrhage on the pectoral fin, the skin,
upper jaw, head, and also the torn fin (Figure 2a-d). Internally, there were no symptoms other than a
pale liver or haemorrhages in the liver and pseudo-tubercles in the examined fish spleen (Figure 2e-f).
100 % mortality range was determined inside two weeks.

Shiny, raised, and translucent bacterial colonies were formed on MA. These six bacterial isolates
appeared as Gram-negative, motile rods with a bipolar staining and were oxidase and catalase positive.
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Their morphological, biochemical characteristics and APl VITEK GN ID Card results were shown in
Table 1. These isolates were found biochemically homogeneous. According to their morphological
and biochemical characteristics as well as 16S rRNA gene sequencing, these isolates were identified as
Photobacterium sanguinicancri. One of the sequence was deposited in the GenBank database with
MG696892 accession numbers.

Table 1. Morphological and phenotypical characteristics and APl VITEK GN ID Card results of the isolates

Morphology R Indole

Motility + Voges Proskauer Reaction
Gram Staining - Methyl Red

Catalase + Nitrate Reduction
Cytochrome Oxidase + Degradation of Arginine
Growth on TCBS - Degradation of Starch
Ala-Phe-Pro- Arylamidase - L-Arabitol

H,S Production - D- Glucose

Beta-Glucosidase - D-Mannose

L-Proline Arylamidase + Tyrosine Arylamidase
Saccharose - Citrate (Sodium)

L-Lactate Alkalinisation - Beta-N-Acetly-Galactosaminidase
Glycine Arylamidase - L-Histidine Assimilation

0129 Resistance S L-Malatat Assimilation
Adonitol - D-Cellobiose

Beta-N- Acetl-Glucosaminidase - Gamma-Glutamyl-Transferase
D-Maltose - Beta-Xylosidase

Lipase + Urease

D-Tagatose - Malonate

Alpha-Glucosidase
Ornithine Decarboxylase
Glu-Gry-Arg Arylamidase
L-Pyrroldonyl-Arylamidase
Glutamyl Arylamidase pNA
D-Mannitol

Palatinose

D-Trehalose

Succinate Alkalinisation

Lysine Decarboxylase

Alpha-Galactosidase
Coumarate

L-Lactate Assimilation
Beta-Galactosidase
Fermentation/Glucose
Beta-Alanine Arylamidase pNA
D-Sorbitol

5-Keto-D-Gluconate
Phosphatase

Beta-Glucoronidase

R: rods; S:sensitive; +: positive; -: negative
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Figure 1. Moribund sharks showed haemorrhages on the skin.

3

Figure 2. Moribund sharks showed haemorrhages and ulcerative lesions on the pectoral fin (a), on the torn
fin (b), on the upper jaw and head (c), pale liver (d), haemorrhages on the liver (e) and pseudo-tubercles in
the spleen (f).
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DISCUSSION

Sharks are predators within the marine environment and recent studies have shown that abiotic
factors may be a significant role for caused died. Both acute and chronic changes have also been
linked to their conditions. The marine ecosystems have a relatively more stable environment than
freshwater in terms of water temperature, oxygen, and other water-quality parameters; therefore, much
wild fish usually cannot adapt to artificial conditions, and when they are placed in aquaria, many
disease problems may arise (Schlaff et al., 2014). Few diseases have been reported in species of shark.
Especially, Vibrio species as agents of elasmobranch diseases was founded. V. charchariae is the most
recently recognized species within the genus that can cause lethal infections in shark such as chronic
skin ulceration (Grimes et al., 1984).

In this study, affected sharks have some gross pathological signs in chronic form and these similar
situations decelerated other previous studies (Cagirgan, 1993; Magarinos et al., 1996; Candan et al.,
1996; Timur et al., 1999; Korun and Timur, 2005). In this study, six bacteria isolated, and these
isolates were found biochemically homogeneous. Their morphology such as molecularly, the ability of
lipase production and degradation of arginine and starch had made them distinct from other
Photobacterium spp. (Holat et al., 1984; Cagirgan, 1993; Magarinos et al., 1996; Candan et al., 1996;
Timur et al., 1999; Buller, 2004; Korun and Timur, 2005; Austin and Austin, 2007). And also, these
isolates characteristic is so similar to Photobacterium sanguinicancri which isolated adult blue mussel
by Gomez-Gill et al. (2016). As a result, all isolates were identified as Photobacterium sanguinicancri
by using universal 16S rRNA primer pairs sequence similarities in the GenBank database with the
highest similarity index (each isolate was 99%).

In conclusion, this study represents the first report of Photobacterium sanguinicancri isolation and
identification in aquarium-kept smooth-hound sharks. Environmental conditions and stress probably
play a major role in determining the severity of this disease. It was concluded that the high losses
observed might in part be due to stress during catching and/or transporting of the sharks.
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Ozet

Bu calisma, Mart 2018-Mart 2019 tarihleri arasinda, i¢ Anadolu Bolgesi’nde bulunan Kayseri, Kirsehir, Nevsehir, Sivas
ve Yozgat illerinde yiiriitiilmiistiir. Bu illerin sinirlar1 igerisinde yer alan kooperatifler, kurulus yili, avlak sahalari, balik¢i
sayisi, tekne sayisi, balik¢r teknelerinin 6zellikleri, kullanilan av araglarmim gesitleri ve 6zellikleri, avlanan su {iriinleri
miktar1 ve tiirlerine yonelik veriler anket caligmasi ile elde edilmistir. Bu veriler tam sayim yontemi ile degerlendirilmistir.

Caligma sonucunda; I¢ Anadolu Bolgesinde arastirma yapilan illerde toplam 9 adet Su Uriinleri Kooperatifinin
bulundugu, bu kooperatiflere bagli bulunan balik¢1 sayisiin 175, tekne sayisinin ise 138 adet oldugu tespit edilmistir. Su
irtinleri avciliginda kullanilan sade aglarin uzunlugunun 165920 m, fanyali aglarin uzunlugunun 58400 m, pinter aglarinin
3250 adet ve manyat aglarinin 85 adet oldugu belirlenmistir. Bélgede incelenen teknelerin uzunluklari 3,5-7,5 m, genislikleri
1,2-1,6 m, derinlikleri 0,4-1,4 m ve motor gii¢leri de 7-25 HP arasinda degismektedir.

Anahtar Kelimeler: Balikci tekneleri, Igsu balikgiligi, Su iiriinleri kooperatifi, i¢ Anadolu Bolgesi, Tiirkiye

The Structure of Some Fisheries Cooperatives and Technical Properties of Fishing Gears and Vessels in Internal
Anatolia Region of Turkey

Absract

This study was conducted in Kayseri, Kirsehir, Nevsehir, Sivas and Yozgat provinces in Internal Anatolia Region, of
Turkey between March 2018- March 2019. Data of cooperatives, years of foundation, fishing areas, fisherman number,
number and properties of fishery vessels, types and specifications of fishing gears, fish species and landings were obtained
through a survey study. in these provinces. These data have been determined by complete counts method.

As a result of the study, it was determined that there were 9 cooperatives, 175 fisherman and 138 vessels belonging to
fisheries cooperatives. It was determined that total length of the gillnet 165920 m, trammel net 58400 m, number of fyke nets
3250 and seine nets as 85. The size of fishing vessels were between 3.5 and 7.5 m in length, width 1.2-1.6 m, depth 0.4-1.4 m
and engine power 7.-25 HP.

Keywords: Fishing vessels, Inland water fishing, Fisheries cooperative, Internal Anatolia Region, Turkey

GIRIS

Tirkiye’de hizli niifus artisina paralel olarak ortaya c¢ikan enerji ihtiyact tilkemizin zengin
akarsularinin  kullanilmas1 sonucunu beraberinde getirmistir. Sayilar1 devamli olarak artan
hidroelektrik santralleri ve bunlarla beraber olusan baraj golleri iilkenin enerji ihtiyaglarim
karsiladiklar1 gibi su iiriinleri bakimidan da biiyiik bir potansiyel olusturmuslardir (Duman, 1998). i¢
Anadolu Bélgesi Su Uriinleri Kooperatiflerinin faaliyetlerinin yogun bir sekilde gergeklestirildigi
Hirfanli, Yamula, Bayramhacili, Siireyyabey, Bahgelik ve Pinarbasi barajlari, hidroelektrik
potansiyelinin yaninda, balik {iretimine katki saglayan énemli i¢su kaynaklaridir (Anonim, 2018a).

2017 yil Tiirkiye i¢ su iiriinleri toplam tiretimi 136.155 ton/yil olup, bu iiretimin 32.145 tonu
aveilik yoluyla elde edilmistir. i¢ Anadolu Bélgesi % 21 (6626 ton) ile iiretimde ikinci sirada yer
almaktadir. Kayseri, Kirsehir, Nevsehir ve Yozgat illeri, toplam 3282 ton ile i¢ Anadolu Bé&lgesi
{iretiminin % 50’sini saglamistir (TUIK, 2018).

Yozgat ili Kizilirmak ve Yesilirmak havzalarinda yer almaktadir. Kizilirmak’in kollarindan olan
Delice Irmagi ve Yesilirmak’in kollarindan olan Cekerek Irmagi ilin en 6nemli su kaynaklarindandir.
Balik¢ilik faaliyetlerinin de yiiriitiildiigli Siireyyabey Baraji’ndan sulama ve enerji eldesi, Gelingiillii
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Baraji’ndan ise tarimsal sulamada yararlanilmaktadir. Siireyyabey Baraj1 yiizey alani 4.133 hektar ve
Gelingiillii Baraj1 ylizey alan1 2.320 hektardir (Anonim, 2013). Kirsehir ili, giiney ve gilineybatida
Kizilirmak, bat1 ve kuzeybat1 Kiligdzii deresi, kuzey ve kuzeydoguda Delice 1rmagi, doguda Seyfe
Goli ¢okiintii alant ile cevrilidir. Hirfanli Baraj Goli, Kaman ilgesine bagli Hirfanli Koyii
yakinlarinda elektrik iiretimi ve tarimsal sulama saglamaktadir. Tiirkiye’nin dordiincii en biiyiik baraji
olan Hirfanli Baraj Golii'niin balikgilik faaliyetleri i¢in kullanilan 5. Bolgesinin yiizey alant 6.000
hektar ve 6. Bolgesinin yiizey alani ise 5.000 hektardir (Anonim, 2018b). Nevsehir ilinin baslica
akarsuyunu ise il topraklarindan gegen Kizilirmak olusturur. Nevsehir ili Avanos il¢esinde sinirlar
bulunan Goyniik su iiriinleri kooperatifi Bayramhacili Baraji’nin avcilik yiizey alan1 460 hektar, Urgiip
ilcesi Mustafapasa kasabasi Damsa Baraj1 yiizey alan1 82 hektardir (Anonim, 2018c). Kayseri ilinin
onemli akarsularinin basinda Kizilirmak gelmektedir. Kizilirmak Nehri’nin 128 kilometrelik boliimii
Kayseri il sinirlart igerisinde yer almaktadir. Kayseri ili su iriinleri kooperatifleri tarafindan balik¢ilik
faaliyetlerinin gerceklestirildigi Kocasinan ilgesinde bulunan Yamula Baraji’nin yiizey alani 5.080
hektar, Kocasinan ilgesinin siirlarinda bulunan Bayramhacili Baraji’nin alam1 1.480 hektar ve
Pinarbasi ilgesinde bulunan Bahgelik Baraji’nin yiizey alani ise 588 hektardir (Anonim, 2018d).

Balik¢1 kooperatifleri deniz balik¢iligl, i¢ su balik¢iligr ve yetistiricilik sektoriinde olmak {izere
diinyanin hemen her tarafinda bulunmaktadir. Tiirkiye’de bu kooperatifler daha ziyade geleneksel
balikgilik agirlikli faaliyet gdstermektedir (Karademir ve Arat, 2014). 2018 yili Tarim ve Orman
Bakanlig1 tarimsal orgiitlenme verilerine gore halen Tiirkiye’de, 30.763 ortagiyla, deniz ve i¢ sularda
faaliyet gdsteren 556 su iiriinleri kooperatifi, 17 kooperatif bolge birligi, 1 kooperatif merkez birligi
bulunmaktadir (Anonim, 2019).

Bu calismanin amaci, yukarida belirtilen 4 il smirlart icerisinde kalan bdlgedeki balikeilik
faaliyetlerinin belirlenmesi kapsaminda; bolgedeki kooperatiflerin yapisi ile balik¢ilikta kullanilan av
araclar1 ve balik¢1 teknelerinin teknik 6zelliklerinin belirlenmesidir.

MATERYAL ve YONTEM

Arastirmada, I¢ Anadolu Bolgesi’nde bulunan, Kayseri, Kirsehir, Nevsehir ve Yozgat illeri sinirlari
icerisindeki 7 adet baraj goliinde balikgilik faaliyetlerini yiiriiten 9 adet Su Uriinleri Kooperatifi
incelenmistir. Bu amagla, su triinleri kooperatif bagkanlar1 ve iyeleri ile birebir gortsiilerek anket
formlar1 doldurulmustur. Anket formlarinda; su triinleri kooperatiflerindeki avcilik yapan balik¢ilarin
sayisi, su Uriinleri avciliginda kullanilan balik¢i teknelerinin sayisi ve Ozellikleri (motor markasi,
motor giici, tekne eni, boyu, derinligi, tonaji), su iriinleri avciliginda kullanilan av arag¢ ve
gerecglerinin ¢esitleri ve Ozellikleri (géz genisligi, uzunluklari), avlanan su iriinleri tiirleri ve
miktarmin belirlenmesine yonelik sorulara yer verilmistir. Ayrica arastirma kapsamindaki illerin
Tarim ve Orman Miidiirliikleri’nden de kooperatiflere ve balikgilara ait istatistiki veriler alinmistir.

BULGULAR

Arastirmada I¢ Anadolu Bolgesi’nde yer alan Kayseri, Kirsehir, Nevsehir ve Yozgat illeri sinirlari
icerisinde faaliyet gosteren 9 adet su iiriinleri kooperatifi incelenmistir. Kooperatiflerin isim ve kurulus
yillar1 Tablo 1’de, ¢alisma bolgesindeki kooperatif sayilarmin illere gore dagilimi ise Sekil 1°de
verilmistir.

Tablo 1. incelenen Su Uriinleri Kooperatifleri ve kurulus yillart

Baraj Golleri Su Uriinleri Koopertif Adi Kurulus Yili
Gelingiillii Baraj Golii Esenli Su Uriinleri Kooperatifi 1994
C s Goyniik Su Uriinleri Kooperatifi 1996
Bayramhacih Baraj Golii Bayramhacili Su Uriinleri Kooperatifi 2012
. - Saveili Su Uriinleri Kooperatifi 2006
Hirfanh Baraj Gol Tokliimen Su Uriinleri Kooperatifi 2017
Damsa Baraj Golii Mustafapasa Su Uriinleri Kooperatifi 2000
Bahgelik Baraj Golii Bahgelik (Pmarbast) Su Uriinleri Kooperatifi 2009
Yamula Baraj Golii Yamula Su Uriinleri Kooperatifi 2010
Siireyyabey Baraj Golii Cekerek Su Uriinleri Kooperatifi 2014
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Sekil 1. Su Uriinleri Kooperatif sayilarinin illere gére dagilimi

Arastirmada incelenen su lriinleri kooperatiflerine kayith toplam balik¢1 sayisi 175, tekne sayisi ise
138 olarak belirlenmistir. Esenli Kasabasi ve Cevre Kdyleri Su Uriinleri Kooperatifi 40 kisi ile en
fazla iiye sayisina sahip iken Yamula Su iiriinleri Kooperatifi 38 ile en fazla balik¢i teknesine sahip
kooperatif olarak belirlenmistir (Tablo 2).

Tablo 2. Balik¢1 ve tekne sayilarmin kooperatiflere gore dagilimi

Parsel Balike1 Sayisi Tekne Sayisi
Iller Su kaynag 13{:1;;1 Kooperatifin Ad Say1 % Sayt %
Yamula Barajt 5080 Yamula Su iiriinleri Kooperatifi 20 114 38 27,5
Bayramhacili Bayramhacili Su Uriinleri
Kayseri Baraj1 2. Bolge 1480 Kooperatifi ! 4 6 43
Baheelik Baraji 588 Bahgelik (Pmarbasl)_ Su Urtinleri 7 4 2 14
Kooperatifi
lefanlluBaraJl 5. 6000 Tokliimen Su I_Jr_unlerl 33 18.9 30 217
. Bolge Kooperatifi
Kirsehir Hirfanli Baraj1 6
Bolge g1 - 5000 Saveili Su Uriinleri Kooperatifi 18 10,3 20 14,5
Bayramhacil: 460 Goyniik Su Uriinleri Kooperatifi 17 9,7 2 1,4
. Baraj1 1. Bolge
Nevsehir Mustafapasa Su Uriinleri
Damsa Barajt 82 pasa su 15 8,6 1 0,7
Kooperatifi
Gelingiillii Baraj 2320  [senli Kasabasi ve Cevre Koyleri 22,9 23 17,7
Su Uriinleri Kooperatifi
Yozgat Siireyyabe -
BZerjl y 4133 Cekerek Su Uriinleri Kooperatifi 18 10,3 16 11,6
Toplam 25143 175 100 138 100

Arastirma kapsaminda kooperatiflerde su iirlinleri avciliginda kullanilan teknelerin boyu 3,5-7,5 m,
eni 1,2-1,6 m ve derinligi 0,4-1,4 m arasinda degismektedir. Tamamu fiberglass malzemeden yapilmis
olan teknelerin 5 adedi motorsuz geri kalan 133 adedi ise motorludur (Tablo 3). Teknelerin tamaminda
bas kisminin balta bas, ki¢ kisminin ise 6 metre ve iizerindekilerde ordek ki¢ ve karpuz oturtma
seklinde, 6 metreden kiiglik teknelerde ayna ki¢ bigiminde oldugu belirlenmistir
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Tablo 3. Su Uriinleri Kooperatiflerinin kullandig1 teknelere ait bilgiler

Tekne Boy En Derinlik Tonaj Motor Tipi Yapi
Kooperatifin Ad1 Sayisi (m) _ Malzemesi
(m) (m) (ton) Lombardini Mercury Motorsuz

Yamula Su iiriinleri Kooperatifi 38 7,3-1,5 1,5 0,8 15 38 - - Fiberglass
Bayramhacili Su Uriinleri Kooperatifi 6 45-6,5 1,2-1,5 0,5-0,7 0,3-1,5 4 - 2 Fiberglass
Bahgelik _(I_’marbasl) Su Uriinleri 2 35 12 05 0,15 ) ) 2 Fiberglass
Kooperatifi

Tokliimen Su Uriinleri Kooperatifi 30 7,3-7,5 1,6 0,8-1 1,5-2 30 - - Fiberglass
Savcili Su Uriinleri Kooperatifi 20 7,3-7,5 1,6 0,8-0,9 1,5-2 20 - - Fiberglass
Goyniik Su Uriinleri Kooperatifi 2 7,3-7,5 1,5-1,6 0,7 1 2 - - Fiberglass
Mustafapasa Su Uriinleri Kooperatifi 1 3,5 1,3 0,4 0,1 - - 1 Fiberglass
Esenli Su triinleri Kooperatifi 23 6-7,3 1,5-1,6 0,7-1,4 1-3 23 - - Fiberglass
Cekerek Su Uriinleri Kooperatifi 16 45-7,3 1,4-1,6 0,6-1,3 0,8-3,5 15 1 - Fiberglass
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Arastirmada incelenen kooperatifler tarafindan su iirlinleri avciliginda sade ve fanyali aglar, manyat
ve kerevit sepetleri kullanilmaktadir (Tablo 4). Su iriinleri kooperatifleri tarafindan kullanilan fanyal
ve sade aglarin toplam uzunlugu 224320 m olup, fanyali aglarin uzunlugu 58400 m, sade aglarin
uzunlugu ise 165920 m’dir (Tablo 5). Kerevit avciliginda kullanilan pinterlerin géz agiklign 15-25
mm, boylar1 ise 75-150 cm arasinda degismektedir. Ozellikle giimiis balig1 avciliginda kullamlan
manyat aglarini torba goz agikligi 4-10 mm, kanat uzunluklari ise 50-220 m arasinda degismektedir.

Tablo 4. illere gore kullanilan av araclari ve sayilari

Fanyah Ag Sade Ag Manyat Ag1 Kerevit Sepeti
iller Su Kaynag (1 Tk: 100 m) (1Tk: 100 m) (Adet) (Adet)
Takim % Takim % Adet % Adet %
Yamula Baraji - - 195 12 20 23,5 - -
. Bayramhacili Barajt
Kayseri 2. Bolge - - 30 19 - - - -
Bahgelik Baraji 4 1.0 4 0.2 - - - -
Hirfanli Baraj1 5.
. 234 56,9 966 59,6 30 35,3 1500 46,2
. Bolge
Kirsehir Hirfanl: Baraj1 6
o AT BArJLS. - - 30 222 18 212 1000 308
Bolge
Nevsehir ~ Dayramhacili Barajt - - 20 1,2 2 2,4 - -
1. Bolge
Damsa Baraji - - 6* 0,4 - - - -
Yozgat  Gelingiillii Barajt 100** 243 30** 1,9 10 11,8 500 15,4
Siireyyabey Barajt 73** 17,8 10** 0,6 5 59 250 7,6
Toplam 411 100 1621 100 85 100 3250 100
*1Tk:70m
**1Tk:200 m

Tablo 5. Kooperatifler tarafindan kullanilan sade ve fanyali aglara ait bilgiler

B Toplam f&g Sade Aglarin Gz Fanyah Aglarin Goz A¢ikliklan
Kooperatifin Adi Uzunlugu (mm)
Acikliklar1 (mm)
(m) Fanya Tor
Yamula Su Uriinleri Kooperatifi 19500 60-70-80-90-100 - -
Bayramha_lc_lh Su Uriinleri 3000 70-80-90-120 ) )
Kooperatifi
Bahgelik Su Uriinleri Kooperatifi 800 60-70-80 140-160 34-36-40-45
Tokliimen Su Uriinleri Kooperatifi 120000 65-70-80-90-100-110-120 200-220-240 45-50-65-75
Saveil Su Uriinleri Kooperatifi 36000 55-60-65-70-75-80-90 - -
Goyniik Su Uriinleri Kooperatifi 2000 45-50-60-70-90-120-140 - -
Mustafapasa Su Uriinleri 420 45-55-75-80-85-90 - -
Kooperatifi
Esenli Su Uriinleri Kooperatifi 26000 60-65-70-75-80-85 120-140-160-180 36-38-40-42-45-55
Cekerek Su Uriinleri Kooperatifi 16600 45-55-65-70-80 120-140-160-180 36-38-40-42-45-55

Caligma bolgesindeki su {irlinleri kooperatiflerine iiye balik¢ilar tarafindan yillik avlanan su
iirtinleri miktar1 yaklasik 2295 ton/yil’dir (Tablo 6).
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Tablo 6. illere gére Kooperatifler tarafindan avlanan su iiriinleri miktarlar

Yillik Av Miktari (ton/yil)

Iller Kooperatifin Ad1 Miktar %
Yamula Su Uriinleri Kooperatifi 440 19,2

Kayseri Bayramhacili Su Uriinleri Kooperatifi 16 0,7
Bahcelik Su Uriinleri Kooperatifi 8,8 0,4

Kirschir Tokliimen Su Urﬁgleri Koope?ratiﬁ 478 20,8
Savcilt Su Uriinleri Kooperatifi 567 24,7

Nevsehir Goyniik Su Uriinleri Kooperatifi 16 0,7
Mustafapaga Su Uriinleri Kooperatifi 4 0,2

Yozgat Esenli Su Uriinleri Kooperatifi 315 13,7
Cekerek Su Uriinleri Kooperatifi 450 19,6

Toplam 22948 100

Arastirma bolgesindeki su driinleri kooperatifleri tarafindan avlanan balik tiirleri Tablo 7’de
verilmistir. Sazan balig1, Siraz baligi, Tatl su Kefali ve Giimiis baligi avciligi tiim illerde yapilmakla
birlikte, Siraz baligi, Sudak balig1 ve Tatli su kefali bolgede en ¢ok avciligi yapilan tiirler olarak
belirlenmistir.

Tablo 7. Su Uriinleri Kooperatifleri tarafindan aveciligi yapilan tiirler

. . Iller
Aveilig Yapilan Tiirler Kayseri Kirsehir Nevsehir Yozgat
Giimiig Balig1 (Atherina boyeri) N N N N
Kadife Baligi (Tinca tinca) - \ \ -
Sazan Balig1 (Cyprinus carpio) N \ \ N
Siraz Balig1 (Capoeta pestai) N \ \ \/
Sudak Balig1 (Sander lucioperca) v S - S
Tatli Su Kefali (Squalius cephalus) v S S S
Tatli Su Kereviti (Astacus leptodactylus) - \ - -
Turna Balig1 (Esox lucius) \ - - -
Yayin Baligi (Silurus glanis) v \ -

Kooperatifler tarafindan avlanan su triinlerinin fiyatlar1 0,8-15 TL arasinda degigsmektedir (Tablo
8). Arastirma bolgesindeki illerde avlanan su {irlinleri tiirleri ihracat¢1 firmaya ve bolgede bulunan su
iirlinleri satig yerlerine pazarlanmaktadir.

Tablo 8. Kooperatifler tarafindan avlanan baliklarin belirlenen fiyatlandirmalari

P s . Fiyatlandirma (TL)

Su Uriinleri Tiirleri Kayseri Kirsehir Nevsehir Yozgat
Giimiis Balig: 1 1,5-2 1 1
Kadife Baligi - 2 3,55 -
Sazan Balig1 2-4 5 4-5 3-4
Siraz Balig 0,8 2 2 2
Sudak Balig1 6 5-10 - 8-10
Tath Su Kefali 1 2 3 2
Tatli Su Kereviti - 5-15 - -
Turna Baligi 5 - - -
Yaym Balig 7-10 10-15 - -

Kirgehir ve Nevsehir illerinde su iiriinleri av yasak donemleri (15 Mart-15 Haziran), Kayseri ve
Yozgat illerinde av yasak donemleri (1 Nisan- 1 Temmuz) disinda hava sartlariin uygun oldugu
giinlerde avciligin yapildigi belirlenmistir. Y1l boyu aveciligi serbest olan Giimils baliginin, su
sicakliginin artmasi ile sigliklara gelmesi nedeniyle, en uygun avcilik zamaninin Nisan ayi
baslangicindan 40-50 giin icerisinde oldugu belirtilmistir.
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TARTISMA ve SONUC

Arastirmada, I¢ Anadolu Bélgesi’nde bulunan Kayseri, Kirsehir, Nevsehir ve Yozgat illeri siirlari
icerisinde yer alan 10 adet su firlinleri kooperatifi ve bu kooperatiflere ait balik¢ilik faaliyetleri
incelenmistir.

Dogu ve Giineydogu Anadolu Boélgelerinde incelenen 472 adet teknenin boylarimin 4-12 m ve
motor giiclerinin 4-11 HP ile 100 HP arasinda degistigi, teknelerin 400 adedinin sac, 60 adedinin agag
ve 12 adedinin fiberglas malzemeden oldugu tespit edilmistir (Ural ve Canpolat, 2009). Yeni Karpuzlu
Baraj Goli’ndeki teknelerin boylar1 4-7 m arasinda, motor giigleri 4-15 HP arasinda olup teknelerin %
18,19°u motorsuzdur (Uzmanoglu ve Soylu, 2012). Keban Baraj G6lii’nde 217 adet motorlu teknenin
faal sekilde balik avciligi yaptigi, boylart 5-8 m arasinda degisen bu teknelerin 1,5-4 mm kalinliginda
sac materyalden yapildigi, motor giiglerinin 9-28 HP arasinda, tonajlarimin ise 1-3 ton degistigi
belirtilmistir. Ayrica genelde kamaralar1 bulunan bu balik¢r teknelerinde aglarin atilip ¢ekilmesinde
kullanilan makara, ving gibi herhangi bir mekanik donanima rastlanmadig: ifade edilmistir (Celayir
vd., 2006). i¢c Anadolu Bélgesinin dogu kesimini kapsayan bu ¢alismada, su iiriinleri kooperatiflerine
kayitli 138 tekne incelenmis olup, teknelerin boyu 3,5-7,5 m, eni 1,2-1,6 m, derinligi 0,4-1,4 m,
tonajlart 0,1-3,5 ton ve motor giicleri ise 7-25 HP arasinda degismektedir. Tamami fiberglass
malzemeden yapilmis olan teknelerin 5 adedi motorsuz geri kalan 133 adedi ise motorludur.
Teknelerin tamaminda bag kisminin balta bas, ki¢ kisminin ise 6 metre ve iizerindekilerde 6rdek kig ve
karpuz oturtma seklinde, 6 metreden kiiciik teknelerde ayna ki¢ bigiminde oldugu belirlenmistir.
Fiberglass malzemeden yapilmis teknelerin, daha dayanikli olmasi, az bakim gerektirmesi ve hafif
yapida olmasindan dolayr tercih edildigi tespit edilmistir. Mevcut calisma ve daha Onceki
caligmalarda, avcilikta kullanilan teknelerin biiyiikliikleri ¢ogunlukla birbirine yakin olup bunun
nedeni, kullanilan aveilik yontemleri ve avlanilan balik tiirlerinin benzer olmasi olabilir.

Elaz1g ilinde kullanilan teknelerde motor markast Wiskonsin ve Yomaha olan tekneler benzinle,
motor markasi Pancar, Lombardini ve Onan olanlar ise mazotla ¢alistirilmaktadir. Teknelerin bir
giinliik avcilik i¢in, balik¢ilarin ifadesi ile, yarim yol ilerlendiginde 1 litre, tam yol ilerlendiginde ise 2
It mazot veya benzin harcadigl belirtilmistir (Orsay ve Duman, 2005). Dogu ve Gilineydogu
Bolgesindeki illerde su iiriinleri aveciliginda kullanilan balik¢it teknelerinde Pancar, Lombardini,
Stiperstar, Jonhson, Koéhler, Perkins, Onan, Wiskose, Tames, Ford vb. tekne motor markalarinin
kullanildigi, en yaygin kullanilan markalarin ise pancar (225) ve lombardini (160) marka oldugu
belirlenmistir (Ural ve Canpolat, 2009). Bu ¢aligmada ise kooperatiflerde kullanilan 133 adet motorlu
teknenin 132 adedinin motor markasinin Lombardini, 1 adedinin ise Mercury motorlar1 oldugu
belirlenmigtir.

Dogu ve Giineydogu Boélgesi’nde su iirlinleri avciliginda, fanyali aglar (tor goz genisligi 15-140
mm ve fanya goz genisligi 100-250 mm arasinda), galsama aglar1 (g6z genisligi 18-140 mm arasinda),
pinter (ag boyu 70 cm ve goz genisligi 16-18 mm arasinda) ve manyat (torba gz genisligi 14-18 mm
ve kanat uzunlugu 100-700 m arasinda) kullanilmaktadir. Avlanma sekli ise, fanyali ve sade aglarin
suya birakilip belli bir siire bekletilmesi ve tekrar toplanmasi, kiy1 siiriikleme aletlerinin (manyat) ise
suya birakildiktan sonra kiyiya cekilmesi seklinde gergeklesmektedir (Ural ve Canpolat, 2009).
Duman ve Karadag, (2017), Keban Baraj Golii Kemaliye Bolgesinde inceledikleri toplam 14000 m
uzunlugunda sade agin 12200 m’sinin monofilament sade aglar, 1800 m’sinin de multifilament sade
aglardan olustugunu belirtmiglerdir. Monofilament aglarin g6z genisligi 38-110 mm arasinda
degismekte olup en ¢ok tercih edilen goz genisligi 45 mm’dir. Ayni c¢alismada, fanya g6z genisligi
170-210 mm arasinda, tor géz genisligi ise 38-65 mm arasinda olan toplam 900 m uzunlugunda
fanyali ag ve kerevit avciliginda kullanilan, 17 mm ag g6zii genisligine sahip toplam 1500 adet kerevit
pinteri tespit edilmistir. Celayir vd. (2006), Keban Baraj goliinde faaliyet gosteren su {iriinleri
kooperatiflerinde kullanilan ¢gogunlugu monofilament ve fanyasiz yapida olan 519000 m uzunlugunda
uzatma ag1 ve 40 000 adet kerevit pinteri tespit etmislerdir. Monofilament yapida olan uzatma
aglarinin ag goz acikliklarimin 22-125 mm, multifilament yapida olan uzatma aglarmin ag goz
acikliklarinin ise 28-180 mm oldugunu ve monofilament yapidaki aglarin avlama etkinliklerinin daha
fazla olmasindan dolay1 balikgilarin bu tip aglara yoneldiklerini belirtmislerdir. Ayni c¢alismada,
kerevit avciliginda kullanilan pinterlerin ise tek girisli, ¢ift venterli 5 ¢cemberli ve germeli olup ag g6z
acikliklarinin 13-18 mm oldugu bildirilmistir. Bu ¢alismada, kooperatif iiyeleri tarafindan kullanilan
fanyali ve sade aglarin toplam uzunlugu 224320 m olup, fanyali aglarin uzunlugu 58400 m, sade
aglarin uzunlugu ise 165920 m olarak belirlenmistir. Kerevit avciliginda kullanilan pinterlerin goz
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aciklig1 15-25 mm, boylar ise 75-150 cm arasinda degismektedir. Ozellikle giimiis balig1 avciliginda
kullanilan manyat aglarinin torba géz acikligi 4-10 mm, kanat uzunluklar1 ise 50-220 m arasinda
degismektedir. Uzatma aglar1 tekli veya aglar birbirine baglanarak ikili gruplar halinde, bir giin
oncesinden suya birakilip ertesi giin agin toplanmasi seklinde donek yontemi ile avcilikta
kullanilmaktadir. Manyat aglari, kanatlarin bir ucunun kiyiya sabitlenmesi ve tekneyle acilarak suda
taranacak bolgenin ag ile gevrildikten sonra ikinci kanadin ucundaki halatinda kiyiya alinmasi seklinde
kullanilmaktadir. Tuzaklarin kullanimi ise suya birakilan kerevit pinterleri birkag giin sonra kontrol
edilerek, yakalanan kerevitlerin alinmasi seklindedir. i¢ sularda yapilan su iiriinleri avciliginda
cogunlukla sade uzatma aglarinin kullanildig1 gbéze carpmaktadir. Yapisal olarak ¢ok biiyiik farkliliklar
olmamakla birlikte, avlanilan suyun derinligi ve av miktar1 agisindan verimliligine bagl olarak, av
araglarinin miktar ve biiyiikliikleri degisiklik gostermektedir.

Dogu ve Giineydogu Bolgelerindeki su iiriinleri kooperatiflerine iiye balikcilar tarafindan toplam
530146 ha’lik bir alanda yillik avlanan su iiriinleri miktar1 6355 ton /y1l’dir. Van ili % 70,03’liik oranla
tiretimde birinci sirada yer almaktadir (Ural ve Canpolat, 2009). Adiyaman ilinin 2013 y1l1 su tiriinleri
iiretiminin 643 ton oldugu, bunun 172 ton’unun Siraz balifi, 164 ton’unun Bizir balig1 vel56,5
ton’unun ise Sazan baligindan olustugu belirtilmistir. Ayrica avlanan balik tiirlerinin 1,50-8,00 TL
arasinda degisen fiyatlarda satildig1 ifade edilmistir (Bayhan vd., 2014). Mevcut calismada, i¢
Anadolu Boélgesi’nde calisma yapilan illerdeki avlanan tatlisu iiretiminin 2016-2017 av sezonunda
sirastyla, Kirsehir’de 1045 ton, Yozgat’ta 765 ton, Kayseri’de 464,8 ton ve Nevsehir’de 20 ton
seklinde oldugu tespit edilmistir. Tiim illerde avlanan baliklarin 2017-2018 yili ortalama perakende
satig fiyatlar1 baligin tiiriine, avlanma miktarina, avcilik zamanina ve biiyiikligiine gore 0,80-15 TL/kg
arasinda degistigi belirlenmistir. Avlanan balik miktarlarindaki farkliliklarin en 6nemli nedenlerinin
baginda avlak sahasinin biiyiikliigii gelmektedir. Buna ilaveten balik¢i sayilari ve kullanilan av
araglariin miktar1 da iiretimi etkilemektedir.

I¢c Anadolu Bélgesi Su Uriinleri Kooperatifleri tarafindan avlanan baliklar sadece i¢ pazarlara degil
aym zamanda yurtdisi iilkelerine de ihrag edilmektedir. Ozellikle giimiis balig1, iilkemiz i¢ sularinda
yaygin olarak avlanmakta ve bazi Avrupa Birligi iilkelerine 6nemli miktarlarda ihrag edilmektedir.
Diger balik tiirlerinin aveiligiin yasak oldugu donemlerde, giimiis balig1 balikgilara alternatif gelir
kaynag1 olmaktadir.

Karaya cikarilan av, kabzimallar ve komisyoncular tarafindan karaya ¢ikis noktalarindan alinarak
pazara sunulmaktadir. Su tiriinleri avciliginda en biiyiik sorunlarindan biri de tirlinlerin uygun sartlarda
ve fiyatlarda pazarlanamamasidir (Canpolat vd., 2015). Balik¢ilar avladigi baliklar1 taze veya canli
olarak su iirlinleri igsleme tesislerine, ihracat¢i firmalarina, balik satis yerlerine, seyyar saticilara veya
bolge halkina pazarlamaktadir. Ancak bazi balik¢ilar ekonomik sikintilar nedeniyle komisyoncularla
yillik olarak satis s6zlesmesi imzalamakta ve bu durum balik¢inin avladig: {iriinii daha diisiik fiyata
satmasina neden olmaktadir. Ayrica, su {irlinleri soguk depolama tesislerinin bulunmayisindan dolayz,
avciligin yogun olarak yapildigi donemde, balikgilar su iirlinlerini muhafaza imkanlari bulamayarak
tiriinlerini ucuza pazarlamak zorunda kalmaktadir.

I¢ sularda baraj géllerinin gevresinde bulunan yerlesim yerlerinde yasayan yore halkina gerek
istihdam imkan1 gerekse ek ekonomik katki saglayan balik¢ilik faaliyetlerinin ve balik
populasyonlarinin siirdiiriilebilirligi acisindan yapilacak uygulamalar ve alinacak onlemler biiyiik
onem kazanmaktadir. Ozellikle avlak sahalarindan daha verimli bir sekilde faydalanmak igin, yasak ve
sinirlamalarin uygulanirliginin, bélge halk: ve balikgilarla isbirligi icerisinde gergeklestirilecek kontrol
mekanizmasiyla, etkin olarak saglanmasi, balik tiirlerinin ve av arag¢ gereglerinin kullanimini igeren
mesleki egitim seminerlerinin verilmesi ve kendi iiriinlerini pazarlayabilmelerine yonelik imkanlar
saglayacak tesvik ve desteklerle balik¢ilik faaliyetlerinin artirilmasi miimkiin olabilecektir.

Tesekkiir: Bu calisma Ordu Universitesi BAP birimi tarafindan desteklenmistir (B-1801 nolu proje).
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Abstract

The present study describes the length-weight relationship (LWR) and condition factor of Ponticola turani (Aksu goby)
based on 214 individuals from Terme Stream, the northern Turkey. Fish were collected by electrofishing in four different
months between June 2015 and August 2016. LWRs of females and males were not significantly different within the same
sampling month and among sampling months. The b value of LWR was calculated as 2.86 for females and 2.85 for males.
Negative allometric growth was detected in both sexes, without significant difference between their b values. Fulton's
condition factor (K) ranged from 0.72 to 1.48 in females and from 0.84 to 1.31 in males; the relative condition factor (K,)
ranged from 0.65 to 1.26 for females and from 0.76 to 1.18 for males. There was a significant difference in mean K of sexes,
whereas no considerable difference was detected between their mean K. This research reports some biological parameters of
Aksu goby for the first time.

Keywords: Allometric growth, Fulton’s condition factor, relative condition factor

Terme Cay1 (Tiirkiye)’ndan Aksu Kayabahg, Ponticola turani (Kovadi¢ & Engin, 2008)’nin Boy-Agirhk iliskisi ve
Kondisyon Faktorii

Ozet

Bu ¢alisma, Tiirkiye'nin kuzeyindeki Terme Cay1’dan 214 bireye dayanarak Ponticola turani (Aksu kayabaligi)’nin boy-
agirlik iligkisini ve kondisyon faktoriinii agiklamaktadir. Baliklar, Haziran 2015 ile Agustos 2016 arasinda dort farkli ayda
elektrosok yontemiyle toplanmustir. Disi ve erkeklerin boy-agirlik iliskileri ayn1 6rnekleme aymnda ve farkli 6rnekleme aylari
arasinda O6nemli farklilik gostermemistir. Boy-agirlik iligkisinin b degeri disiler i¢in 2,86 ve erkekler i¢in 2,85 olarak
hesaplanmustir. Her iki eseyde de negatif allometrik biiyliime saptanmustir ve b degerleri arasinda anlamhi bir fark
bulunmamustir. Fulton'un kondisyon faktorii (K) disilerde 0,72 ile 1,48 ve erkeklerde 0,84 ile 1,31 arasinda dagilim
gosterirken; nispi kondisyon faktorii (K,) disiler i¢in 0,65 ile 1,26 ve erkekler i¢in 0,76 ile 1,18 arasinda degismistir.
Eseylerin ortalama K degerleri arasinda anlamli bir fark tespit edilirken, K;, degerleri arasinda 6nemli bir fark saptanmamigtir.
Bu aragtirma Aksu kayabaliginin bazi biyolojik parametrelerini ilk kez rapor etmektedir.

Anahtar kelimeler: Allometrik biiyiime, Fulton’un kondisyon faktorii, nispi kondisyon faktorii

INTRODUCTION

Ponticola Iljin, 1927 is a genus of the family Gobiidae. It was originally described as subgenus of
Neogobius and transferred to the genus level because of molecular analysis (Neilson and Stepien,
2009). Ponticola is endemic to Black and Caspian Seas and does not enter Marmara and
Mediterranean Seas (Freyhof, 2011). This genus includes 17 valid species identified in the Black Sea
and Caspian Sea basins (Fricke et al., 2020). It is represented in Turkish freshwaters by 8 species
(Cigek et al., 2015), 2 of which are endemic to Turkey (Kovaci¢ and Engin, 2008; Cicek et al., 2018).

Aksu goby, Ponticola turani (Kovaci¢ and Engin, 2008) is one of the strict freshwater inhabitants
among the species of the genus Ponticola (Freyhof, 2011). It is categorized as vulnerable (VU) by the
International Union of Conservation for Nature (IUCN) (Freyhof, 2014). To the best of our
knowledge, no study has been carried out on the biology of this species. To this end, length-weight
and length-length relationships and condition factor of Aksu goby inhabiting Terme Stream were
examined.
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MATERIALS and METHODS

Terme Stream is located by the east of Samsun in the Central Black Sea region (Turkey). It is
formed by the merging of Yesilkdy, Ayazma and Caglayan streams which was born from the northern
slopes (1100-1300 m) of the Canik Mountains. Terme Stream takes Kizlar stream, flowing from the
east, near Seyhli Village, and moves towards the northeast. It is poured into the Black Sea from the
Calt1 Cape, 4 km east of Terme district (Figure 1). The total length from upstream to downstream is
approximately 55 km (Uncu, 1995). Ugurlu (2006) reported the occurrence of 14 species from Terme
Stream: Alburnus derjugini, Barbus tauricus, Carassius gibelio, Capoeta tinca, Neogobius fluviatilis,

Babka gymnotrachelus, Oncorhynchus mykiss, Ponticola turani, Rhodeus amarus, Rutilus rutilus,
Salmo labrax, Squalius sp, Syngnathus abaster and Vimba vimba.
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Figure 1. The map of the sampling area

Fish samplings were carried out through four events in June 2015, February 2016, April 2016, and
August 2016. Specimens were collected by electrofishing from one locality (41°09' N-36°53' E) in
Terme Stream. A few of the caught fish were preserved in 4% formaldehyde for the species
identification. All other samples were immediately stored in ice, brought to the laboratory, and kept in

a freezer at -18 °C for further analysis. The species were identified according to Kovaci¢ and Engin
(2008). All frozen fish were thawed at the room temperature, washed in tap water, and dried with a

paper towel. Then, the total length (TL) and standard length (SL) of each specimen were measured by
caliber to an accuracy of + 0.01 mm and length data were converted to cm for standard use, and fish
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weight (W) was weighed by a digital balance to an accuracy of + 0.01 g. Gonads were examined for
sex determination. The deviation of the female: male ratio from the expected 1:1 ratio was checked by
the chi-square (x%) test (Zar, 1999).

Length-weight relationships were determined by applying the exponential regression equation
W=aL®, where W is the fish weight (g), L is the total length (cm), a and b are equation parameters
(Bagenal and Tesch, 1978). Variables a and b were estimated by linear regression of the logarithmic
transformation of the equation in question. LWRs were obtained separately for females, males, and all
individuals. The parameter b values of LWRs of females and males were compared for a significant
difference in the same sampling month and among sampling months by ANCOVA test, sex, or
sampling period as the main factor and total length as a covariate. In determining the growth type of
fish, the difference of b value from 3 was examined (t-test, b=3 isometric growth, b<3 negative
allometric growth, b>3 positive allometric growth) (Zar, 1999).

The conditions of Aksu goby individuals were evaluated both by Fulton's condition factor (K) and
the relative condition factor (K,). Fulton's condition factor is calculated with the formula K=W/L°x100
(Ricker, 1975) and the relative condition factor with K,=W/ (Le Cren, 1951), where W is the fish
weight (g), W is the weight (g) obtained from the length-weight relationship, and L is the total length
(cm) of the fish. K and K, values of fish were determined separately according to sampling month and
total length class (1 cm interval) of female and male specimens. The differences between condition
factors of females and males in the same sampling month were checked by t-test, and ANOVA test
was used to compare the differences in mean K and K, among four sampling months (Zar, 1999). The
TL-SL relationship was determined separately for females, males, and both sexes using linear
regression (y=a+bx).

RESULTS and DISCUSSION

Of the total of 214 individuals, 140 (65%) were females and 74 (35%) were males. The overall sex
ratio of females to males was calculated as 1: 0.52. This ratio was found to be different from the
expected 1: 1 ratio (x*=20.355, P<0.001). In June 2015 and February 2016, it was 1: 0.65 (x°=2.483,
P>0.05) and 1: 0.44 (x*=1.923, P>0.05), respectively. However, female to male ratio was 1: 0.56
(x°=6.050, P<0.05) in April 2016 and 1: 0.40 (x*=11.571, P<0.010) in August 2016. The sex ratio may
change at different times in the same population, being influenced by several factors such as
reproductive behavior, food availability, and environmental conditions (Nikolsky, 1963). Given the
fact that the study species can show complex reproductive behavior in which males excavate nests and
defend territories, obtaining different sex ratios by the same method at different times is possible.

Length and weight descriptive statistics as well as the parameters of the length-weight relationship
of P. turani for each sampling month are given in Table 1. Total length ranged from 4.68 cm to 10.76
cm and total weight from 1.12 g to 12.92 g. The values of coefficient b in this study were within the
expected range of 2.5-3.5 (Froese, 2006), but they can vary between 2 and 4 (Bagenal and Tesch,
1978). The parameter b of monthly LWRs of females and males ranged from 2.77 (August) to 3.12
(February) and from 2.45 (April) to 2.95 (August), respectively. No significant difference was
observed in the b values of LWRs of females and males within the same sampling month and among
sampling months (ANCOVA, P>0.05). TThe variable b of LWR was calculated as 2.86 for females,
2.85 for males, and 2.84 for combined sexes. The difference between the b values of females and
males was found insignificant (ANCOVA, P>0.05). The variations in b values from 3 were
statistically significant (lower) according to sampling months and sexes. This result indicates that the
growth of P. turani is negative allometric, meaning that the fish become less stout as length increases
(Neumann et al., 2012). Length-weight relationships in fish are not constant over the entire year and
vary depending on the factors such as food availability, feeding rate, gonad development and
spawning period (Bagenal and Tesch, 1978), all of which were not considered in this study. The
parameters estimated in the present work should be used only for sampling time since P. turani
specimens were collected in different months and years.
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Table 1. Descriptive statistics and estimated parameters of the length-weight relationship (LWR) of P. turani
from Terme Stream

TL (cm) W (9) Parameters of LWR
Sampling date Sex N "Min Max Min Max a b 95%Clofb
F 35 6.10 1019 257 991 0.015 285 2.65-3.05 0.96
June 2015 M 23 713 964 352 870 0.016 280 2.19-3.41 0.81

Both 58 6.10 10.19 257 991 0.018 2.76 2.56-2.94 0.94

F 9 703 906 382 905 0.008 3.12 2.37-3.88 0.93

February 2016 M 4 751 922 490 881 0014 288 0.95-4.81 0.92
Both 13 7.03 922 382 905 0010 3.04 2.49-3.60 0.93

F 51 581 944 285 918 0.017 281 2.58-3.04 0.93

April 2016 M 29 7.32 1047 505 1237 0.037 245 2.15-2.76 0.91
Both 80 5.81 1047 285 1237 0020 274 2.62-2.86 0.96

F 45 468 1076 1.10 11.19 0.017 2.77 2.62-2.92 0.97

August 2016 M 18 480 1034 120 1292 0.013 295 2.84-3.05 0.99
Both 63 4.68 1076 1.10 1292 0015 285 2.74-2.95 0.98

F 140 468 1076 110 11.19 0.015 2.86 2.77-2.93 0.98

Total M 74 480 1047 120 12.92 0.015 2.85 2.75-2.94 0.98
Both 214 4.68 1076 1.10 1292 0015 2.84 2.79-2.89 0.98

F, female; M, male; N, sample size; TL, total length; W, weight; Min, minimum; Max, maximum; Cl, confidence interval, r?, coefficient of
determination

Fulton's condition factor (K) ranged from 0.72 to 1.48 (mean 1.14) in females and from 0.84 to
1.31 (mean 1.10) in males (Table 2). A significant difference was observed in mean K between
females and males (t-test, P>0.05). In females, the lowest mean K was found in February and the
highest in April; in males, the lowest mean K was found in June and the highest in August (Table 2).
There was a significant difference in the mean K of females and males among sampling months
(ANOVA, P<0.05). The mean K values of sexes were not statistically different within February and
August. The mean Fulton’s condition factor concerning length group is shown in Figure 2. For both
sexes, the highest mean K value was observed in the 5.5-6.49 cm length group. After that, the K
values of specimens with a total length of more than 6.49 cm displayed a downward trend in both
females and males. This situation may be attributed to factors such as feeding regime and state of
gonadal development.
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Table 2. Descriptive statistics of Fulton’s condition factor (K) and the relative condition factor (K,) for females
and males of Aksu goby inhabiting Terme Stream

Sampling date Variable Sex N Mean SD Min Max
F 35 1.10 006 094 124

K M 23 1.04 009 084 121

June 2015 Both 58 1.08 008 084 124
F 35 0.99 006 087 114

K, M 23 1.00 009 08 115

Both 58 0.98 007 077 115

F 9 1.08 008 096 123

K M 4 1.07 008 098 116

Both 13 1.08 008 096  1.23

February 2016 F 9 1.05 008 092 118
K, M 4 0.99 007 090  1.05

Both 13 0.99 007 088 112

F 51 117 010 095 148

K M 29 1.12 009 097 131

. Both 80 1.15 009 095 148
April 2016 F 51 1.00 008 081 121
K, M 29 1.01 006 087 112

Both 80 0.99 007 079 117

F 45 115 010 072 130

K M 18 1.16 006 107 125

Both 63 1.15 009 072 130

August 2016 F 45 1.02 008 071 117
K, M 18 0.98 005 090  1.05

Both 63 1.00 007 067 112

F 140 1.14 009 072 148

K M 74 1.10 009 084 131

Tota Both 214 1.13 009 072 148

F 140 1.00 008 065 126

K, M 74 1.00 008 076 118

Both 214 1.03 008 069  1.30

F, female; M, male; N, sample size; SD, standard deviation; Min, minimum; Max, maximum

1.25

=
)

—
—
h

1.05

Fulton's Condition Factor (K)
—

—

0.95

4.5-549 55-6.49 6.5-7.49 7.5-849 85949 9.5-10.49
Total Length Class (cm)

Figure 2. Mean Fulton’s condition factor per length class for both sexes of P. turani from Terme Stream
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Figure 3. Mean relative condition factor per length class for both sexes of P. turani from Terme Stream

The relative condition factor (K,) ranged from 0.65 to 1.26 (mean 1.00) for females and from 0.76
to 1.18 (mean 1.00) for males (Table 2). No significant difference was detected in mean K, between
sexes (t-test, P>0.05). In females, the highest mean K, was found in February and the lowest mean K,
was found in June; in males, the highest mean K, was found in April and the lowest mean K, was
found in August (Table 2). No significant difference was detected in mean K, between females and
males within the same sampling month (t-test, P>0.05) and among sampling months (ANOVA,
P>0.05). The lowest and highest mean K, values were observed in the 9.5-10.49 cm length class
(Figure 3). The mean K, values were 1 or above in the other length classes for both females and males.
According to Le Cren (1951), K, > 1 status indicates good condition, whereas K, < 1 status indicates
the poor condition. K, values of P. turani show that it is good in terms of condition.

The condition factor is an important variable that indicates whether any fish are healthy or not or
whether it feeds adequately or not. The changes observed in the condition factor value primarily
information about the development of gonad and the degree of nutrition (Wootton, 1990). On the other
hand, the condition factor is affected by several factors including habitat, season, age, and
reproductive period (Williams, 2000), yet they were not accounted for in the current study.

The relationship between total length and standard length was obtained as TL=2.617+1.157SL
(R?=0.998) for females, TL=0.538+1.202SL (R?=0.994) for males, and TL=0.112+1.186SL
(R?=0.991) for all specimens.

In conclusion, this study provides the first data on the length-weight and length-length
relationships, and condition factors of Aksu goby that would be useful for fisheries biologists and
managers in Turkey. Potential conservation actions require much more data on the species biology.
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Abstract

The use of pesticides has been increasing day by day to increase productivity in agriculture. Pesticides used in the
agricultural area mix into the aquatic ecosystem through rains and groundwater etc. and it threatens the life of aquatic
organisms. Nowadays, one of the most used pesticide group is neonicotinoids. Imidacloprid is the most well known in this
group. In this study, it was aimed to observe the histopathological effects of imidacloprid in zebrafish intestinal tissue. Adult
zebrafish individuals were administered imidacloprid in concentrations of 9.5, 19, and 38 mg.L™ for 5 days. When tissues are
examined under light microscopy, deterioration of villi morphology, degeneration in brush border structure of epithelial cells,
hyperplasia in Goblet cells, and enterocytes due to inflammation, enlargement, and disintegration in lamina propria were
detected. Also, hypertrophy of the smooth muscle cells and thickening in the muscularis externa layer were observed.
Dysplasia was detected in the small intestine tissues in samples belonging to the highest concentration group.

Keywords: imidacloprid, intestine, histopathology, zebrafish, teleost

Imidakloprid Uygulamasimin Zebra Bahg (Danio rerio) ince Bagirsak Dokusunda Olusturdugu Histopatolojik
Etkiler

Ozet

Tarimda verimliligi artirmak icin pestisit kullanimi giin gectikge artmaktadir. Tarimsal alanda kullanilan pestisitler,
yagmurlar, yeralti sular1 vb. yollarla sucul ekosisteme karigmakta ve sucul canlilarin yagamini tehdit etmektedir. Gliniimiizde
en ¢ok kullanilan pestisit gruplarindan biri de neonikotinoidlerdir. Imidakloprid, bu grubun iginde en ¢ok bilinenidir. Bu
calismada imidaklopridin zebra baligi bagirsak dokusunda yarattigi histopatolojik etkilerin gozlenmesi amaglanmistir.
Baliklara 5 giin boyunca 9.5, 19 ve 38 mg.L™lik konsantrasyonlarda imidakloprid uygulanmustir. Dokular 1sik
mikroskobunda incelendiginde, villus morfolojisinde bozulma, epitel hiicrelerinde firgamsi kenar yapisinda dejenerasyon,
inflamasyona bagli olarak Goblet hiicrelerinde ve enterositlerde hiperplazi, villuslarda birlesme, lamina propriada genisleme
ve dagilma, muscularis externa tabakasinda kalinlagsma ve bu tabakadaki diiz kas hiicrelerinde hipertrofi gibi etkiler
gbzlenmistir. En yiliksek konsantrasyon grubuna ait 6rneklerde ince bagirsak dokularinda displazi tespit edilmistir.

Anahtar Kelimeler: imidakloprid, ince bagirsak, histopatoloji, zebra baligi, teleost

INTRODUCTION

The use of chemicals in modern agriculture has been increasing efficiency. The most important of
these chemicals are undoubtedly pesticides. Pesticides are chemicals used to kill living things like
insects, weeds, fungi, bacteria, etc. Pesticides generally have the ability to destroy a wide variety of
pests or weeds, but some have been developed against specific pests or pathogens (Jayaraj et al.,
2016).

Neonicotinoids are the group of pesticides that are commonly used in agriculture. Pesticides such
as imidacloprid, acetamiprid, thiloprid, dinotefuran, nitenpyramide, thiametoxam, and clotianidine are
included in the neonicotinoid group (Gupta and Milatovic, 2014).

Imidacloprid [1- (6-Chloro-3-pyridinylmethyl) -N-nitroimidazolidin-2-ylideneamine] is the most
widely used and best-known neonicotinoid pesticide in the world (Zhu et al., 2017). It is a broad-
spectrum pesticide used for killing pests such as termites, fleas, aphids, fly larvae in many food
products, grass and ornamental plant breeding in the agricultural area (Sheets, 2010). Imidacloprid
kills insects by acting on the central nervous system. By blocking nicotinic acetylcholine receptors, it
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prevents impulse delivery of acetylcholine between nerves, resulting in insect paralysis and eventual
death.

As imidacloprid is frequently used in agriculture, they mix with the aquatic ecosystem via storm,
runoff, and groundwater (Gupta et al., 2002; Weston et al., 2015). This situation especially affects the
life of aquatic organisms. Therefore, in this study, it was aimed to investigate the effects of
imidacloprid exposure on zebrafish small intestine tissue by histological methods.

Zebrafish (Danio rerio) is a frequently preferred model organism in developmental biology and
ecotoxicology studies (Kog et al., 2009; Akbulut et al., 2017). These 4-6 cm silver-colored fish are
vertebrate models used to detect toxins in water samples, to reveal diseases and mechanisms caused by
environmental toxins. These fish can be used with genetic modifications not only to model human
diseases but also to better understand the etiology and mechanisms of environmental diseases and
model the effects of environmental toxins on health (Bambino and Chu, 2017).

MATERIALS and METHODS
Test Chemical

Imidacloprid (CAS No: 138261-41-3) was purchased from Sigma Aldrich (Germany).
Test Animal and Experimental Design

Zebrafish were obtained from the Aquaculture Laboratory of the Biology Department of Sakarya
University. During the experiment, the fish were kept alive under standard laboratory conditions (28 +
1°C temperature, 14 hours light / 10 hours dark photoperiod, 7.0 £ 0.5 pH). The fish used in the
experiment were divided into 4 groups (n=10), as 1 control and 3 experimental groups. The
imidacloprid concentrations applied to the experimental groups were determined according to the 96-
hour LCs, concentration (76.08 mg.L™) (Wu et al., 2018). The experimental groups were exposed with
9.5 mg.L?, 19 mg.L™" and 38 mg.L™ imidacloprid, respectively. After 5 days of exposure, zebrafish
were anesthetized with MS-222 and the small intestine tissues were dissected.
Histological Studies

The intestinal tissues were fixed with Bouin’s fixative for 24 hours, then the water in the tissue was
removed by passing through an ascending series of ethyl alcohol (70%, 95%, 100%). The tissues were
cleared in xylene and embedded in paraffin according to the section plane. With the help of
microtome, 5 um thick sections were taken and sections were examined under light microscopy after
staining with Hematoxylin-Eosin (H&E) and Periodic Acid Schiff (PAS).

RESULTS

When the samples belonging to the control group were examined, no histopathological changes
were observed. Transverse sections taken from the small intestine tissue are examined and the villus
structure and layers are photographed. Serosa, muscularis externa, and mucosa layers were observed.
Columnar epithelial cells and Goblet cells located individually and scattered between these cells were
visualized on the lumen-facing part of the mucosa. Lamina propria was observed just below the
epithelial layer. (Figure 1a, 1b).
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Figure 1. Intestinal tissue at the control group, S: serosa, ME: muscularis externa, LP: lamina propria, M:
mucosa, BB: brush border, E: epithelium, G: Goblet cell, V: villus, et: enterocytes, a- H&E stain, b-PAS stain.

In 9.5 mg.L™ imidacloprid exposed group, fusion was detected in the apical of the villi (Figure 2a).
Morphological differentiation was observed in some villi structures (Figure 2b, 2d). Compared with
the control group, hypertrophy was observed in Goblet cells. In the samples belonging to this group,
hyperplasia was detected in the enterocytes within the villi. Vacuolization was observed in lamina
propria (Figure 2¢). Deformation and disintegration were noticeable in lamina propria (Figure 2d).

Figure 2. Intestinal tissue of 9.5 mg.L™ imidacloprid exposed group. V: villus, LP: lamina propria, G: Goblet
cell, ME: muscularis externa, black rectangle: fusion of villi, red rectangle: disruption of muscularisexterna, star:
vacuolization at lamina propria, *: deformation of lamina propria, circle: hyperplasia of enterocytes, a,b- H&E
stain, c,d-PAS stain.
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In Goblet cells, hyperplasia and loss of cell polarity were observed in 19 mg.L™ imidacloprid
exposed group (Figure 3a). When the mucosal region was examined, inflammatory cell infiltrate was
seen in lamnina propria (Figure 3a). In the samples belonging to this group, fusion was detected in the
villi structures (Figure 3b, 3c, 3d). Thickening of muscularis externa and hypertrophy was observed in
smooth muscle cells were also observed. Expansion, disintegration, and bifurcation of connective
tissue were noted. (Figure 3c).

Figure 3. Intestinal tissue of 19 mg.L™ imidacloprid exposed group. V: villus, M: mucosa, G: Goblet cell, LP:
lamina propria, rectangle: loss of cell polarity at Goblet cells, circle: inflammatory cell infiltrate, square:
branching of lamina propria, arrow: hipertrophy of smooth muscle cells, star: fusion of villi,

a,b- H&E stain, c,d-PAS stain.

When the tissues in the 38 mg.L™ imidacloprid exposed group were compared with other groups,
the histopathological effects were found more severe. In this group, total fusion, increase in the
number of enterocytes, inflammatory cell infiltrate were observed in intestinal tissues (Figure 4a).
Disruption in villus morphology and degeneration in lamina propria were noteworthy (Figure 4b, 4c,
4d). Bifurcation (Figure 4b, 4d) and enlargement (Figure 4c) were detected in the lamina propria. The
brush border structure of epithelial cells was disrupted (Figure 4b). The formation of pseudocrypt in
villi was seen (Figure 4c). In muscularis externa, vacuolization (figure 4a, 4b, 4c, 4d) and thickening
(Figure 4c) were displayed. It was observed that some smooth muscle cells in the muscularis externa
were extensive hypertrophic and others were necrotic (Figure 4c). As seen in the 19 mg.L™ exposed
group, loss of cell polarity and hypertrophy were noticed in Goblet cells (Figure 4a, 4d). Nuclear
atypia, cellular pleomorphism and aberrant mitotic cells, which are indicators of dysplasia were
visualized in the cells of the villi (Figure 4d).
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Figure 4. Intestinal tissue of 38 mg.L™ imidacloprid exposed group. V: villus, G: Goblet cell, LP: lamina
propria, ME: muscularis externa, TF: total fusion, Pc: pseudocrypt, black rectangle: loss of cell polarity at
Goblet cells, blue circle: hyperplasia of enteroytes, blue rectangle: inflammatory cell infiltrate, black
arrow: erytrocytes, blue arrow: disruption of brush border, red arrow: hypertorphy of smooth muscle
cells, red rectangle: nuclear atypia and aberrant mitotic cells, a,b- H&E stain, c,d-PAS stain.

DISCUSSION and CONCLUSION

Pesticide residues can be an important source of contamination for environmental factors such as
air, water, and soil. This situation can become a constant threat to the lives of plant and animal
communities (Jayaraj et al., 2016).

Studies examining the damage caused by environmental pollutants in the intestinal tissue of fish by
histological methods are limited. Velmurugan et al. (2007) investigated the histopathological effects of
lambda-cyhalothrin, a pyrethroid pesticide, in intestinal tissues of Cirrhinus mrigala. They detected
atrophy in epithelial cells and eosinophil infiltration in lamina propria in intestinal tissues treated with
lambda-cyhalothrin.

The histopathological effects of lindane, one of the organochlorine pesticides, on the intestine
tissue of Channa punctata, a teleost fish, were investigated (Bhattacharjee and Das, 2015). As a result
of the study, it was concluded that lindane exposure caused inflammatory cell infiltration in intestinal
tissues, vacuolization in epithelial cells, proliferation in Goblet cells, and induced necrosis. In a like
manner, in our study, inflammatory cell infiltration and Goblet cell count increased. Similarly,
mancozeb, an organophosphate pesticide, causes histopathological changes in the intestine tissue of
fish like other pesticides. Das and Gupta (2013) examined the effects of mancozeb on Esomus
danricus in the intestinal tissues using histological methods and as a result of the study, they observed
effects such as ulceration and vacuolization and chronic inflammatory cell infiltration in the mucosa
layer. Unlike this study, no ulceration was found in our study.

The histological effects of thiodan (endosulfan), one of the pesticides frequently used in
agriculture, were investigated on mosquitofish, Gambusia affinis intestine tissues by Cengiz et al.
(2001). Lymphocyte accumulation, edema, degeneration, disintegration of villi, picnotic nuclei, and
necrosis were detected in lamina propria. Unlike this study, edema in the lamina propria and
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fragmentation of the villi were not observed in our study. Similar to the findings of Cengiz et al.
(2001), cells with edema, picnotic nuclei, and atypical nuclei were also observed.

In another study examining the histopathological changes of 2,4-dichlorophenoxyacetic acid in
zebrafish intestine tissue, findings such as hyperplasia in goblet cells, degeneration and edema
formation in villi structures, and necrosis and atrophy in epithelial cells were observed (Yo6n Ertug et
al., 2014). The results of this study are consistent with our findings.

Zebrafish intestinal morphology is quite homologous to that of higher vertebrates (Brugman, 2016).
Therefore, the results obtained here will also be important in terms of understanding the damage
caused by environmental pollutants in higher vertebrates.
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Abstract

This paper presents the first results of a study on water mites (Acari: Hydrachnidia) of Isparta (Turkey) using published
papers a list was compiled of the water mite fauna of Isparta. We obtained the records for 121 species of hydrachnid mites,
representing 39 genera and 21 families. The family Hygrobatidae is the highest number of species in Isparta with 19 species.
Keywords: Acari, Hydrachnidia, Biodiversity, Isparta, Turkey.
Isparta ilinin (Tiirkiye) Su Akarlar (Acari: Hydrachnidia)
Ozet

Bu ¢aligmada, Isparta ili sinirlarindan bugiine kadar tespit edilen su akarlar1 (Acari: Hydrachnidia) liste halinde
sunulmustur. Isparta ili hydrachnid su akarlari 21 familya, 39 cins ve 121 tiir ile temsil edilmektedir. Hygrobatidae 19 tiir ile

en yiiksek tiir sayis1 igeren familya olarak bulunmustur.

Anahtar kelimeler: Akar, Hydrachnidia, Biyogesitlilik, Isparta, Tiirkiye.

INTRODUCTION

Numerous studies on water mites have been carried out by scientists to date from different parts of
Turkey. The total number of known water mites (Acari, Hydrachnidia) of Turkey is 335 species, in 62
genera and 25 families (Erman et al., 2019). The first hydrachnid mite record “Hydryphantes
parmulatus” from Isparta is reported by Boyaci and Ozkan in (2001). After this study, there have been
some studies that had been done in the district of Isparta. But the most comprehensive study which is a
TUBITAK project was performed by (Boyaci et al., 2010a) in the Turkish Lakeland, including Isparta.

MATERIALS and METHODS

The data using in this study are taken from fieldworks between 1993-2010 which contain data on
the distribution of water mites in Isparta are included in the systematic part of this paper. In this study,
we have reported previously water mites of Isparta as a list.

RESULTS and DISCUSSION

According to the published studies (Boyaci, 2010; Boyaci et al., 2010a, b; Boyaci et. al. 20123, b;
Giille and Boyaci, 2012; Giille et al., 2017), the total number of species recorded from Isparta up to
date is 121 species, in 39 genera and 22 families (Table 1). The family Hygrobatidae ranks first with
19 species followed by Torrenticolidae with 15 species, Sperchontidae with 14 species, Arrenuridae
with 13 species, Anisitsiellidae with 8 species, Lebertidae with 8 species, Hydryphantidae and
Aturidae with 6 species, Hydryphantidae with 5 species, Unionicolidae, Pionidae and Protzidae with 4
species, Feltridae with 3 species, Eylaidae, Limnesiidae and Mideopsidae with 2 species, and all
remaining families (Acherontacaridae, Teutoniidae, Oxidae, Axonopsidae, Limnocharidae, and
Hydrovolziidae) with 1 species each. We expect that more collecting in streams and interstitial habitats
in Isparta, temporary habitats, moorland pools, and standing water with a good water quality will
result in a much number of species.
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Table 1. Water mites (Acari: Hydrachnidia) of Isparta

Family Species

Acherontacaridae (1) Acherontacarus anatolicus Boyaci, Ozkan and Didinen, 2010

Eylaidae (2) Eylais extendens (Miiller, 1776)
Eylais setosa (Koenike, 1897)

Hydryphantidae (5)  Dacothyas kandilliensis Oezkan & Bader, 1988
Panisopsis setipes K. Viets, 1911
Panisus michaeli Koenike, 1896
Panisus torrenticolus Piersig, 1898
Trichothyas petrophila (Michael, 1895)

Sperchontidae (14)  Sperchon brevirostris Koenike, 1895
Sperchon clupeifer Piersig, 1896
Sperchon denticulatus Koenike, 1895
Sperchon fundamentalis Bader and Sepasgosarian, 1980
Sperchon glandulosus Koenike, 1886
Sperchon hispidus (Koenike, 1895)
Sperchon longissimus Viets, 1920
Sperchon papillosus Thor, 1901
Sperchon rostratus Lundblad, 1969
Sperchon senguni Ozkan, 1982
Sperchon setiger Thor, 1898
Sperchon thienemanni Koenike, 1907
Sperchon thori (Koenike, 1900)
Sperchonopsis verrucosa (Protz, 1896)

Teutoniidae (1) Teutonia cometes Koch, 1837

Anisitsiellidae (8) Bandakia concreta Thor, 1913
Limnolegeria longiseta Motas, 1928
Nilotonia longipora (Walter, 1925)
Nilotonia tegulata Viets, 1951
Nilotania turcica Ozkan and Soysal, 1989
Nilotania vietsi Bader and Sepasgosarian, 1980
Shivatonia ispartaensis Boyac1 and Ozkan, 2007
Shivatonia turcicus Boyaci, 2010

Lebertidae (8) Lebertia fimbriata Thor, 1899
Lebertia glabra Thor, 1897
Lebertia harnischi Viets, 1926
Lebertia inaequalis (Koch, 1837)
Lebertia leioderma Viets, 1925
Lebertia lineata Thor, 1904
Lebertia martini Giille and Boyaci, 2012
Lebertia tuberosa (Thor, 1914)

Oxidae (1) Oxus longisetus (Berlese, 1885)

Torrenticolidae (15)  Monatractides aberratus (Lundblad, 1941)
Monatractides adoratus Di Sabatino and Gerecke, 1996
Monatractides lusitanicus (Lundblad, 1941)
Monatractides stadleri Walter, 1921
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Torrenticola anomala (Koch, 1837)
Torrenticola barsica (Szalay, 1933)
Torrenticola brevirostris (Halbert, 1911)
Torrenticola disabatinola Pesi¢, 2004
Torrenticola dudichi (Szalay, 1933)
Torrenticola elliptica Maglio, 1909
Torrenticola longirostris (Szalay, 1933)
Torrenticola maglioi Koenike, 1908
Torrenticola nana Di Sabatino and Gerecke, 2003
Torrenticola persica Pesi¢, 2003
Torrenticola thori (Halbert, 1944)

Hygrobatidae (19) Atractides acutirostris (Motas and Angelier, 1927)
Atractides dentipalpis Walter, 1935
Atractides distans (K. Viets, 1914)
Atractides fluviatilis (Szalay, 1929)
Atractides fonticolus (K. Viets, 1920)
Atractides gibberipalpis Piersig, 1898
Atractides gracilipes (Angelier, 1951)
Atractides nodipalpis Thor, 1899
Atractides ovalis Koenike, 1883
Atractides pennatus (K. Viets, 1920)
Atractides persicus Pesi¢ and Asadi, 2010
Atractides protendens K. O. Viets, 1955
Atractides rutae (Lundblad, 1941)
Hygrobates calliger Piersig, 1826
Hygrobates decaporus (Koenike, 1895)
Hygrobates fluviatilis (Strom, 1768)
Hygrobates longipalpis (Hermann, 1804)
Hygrobates nigromaculatus Lebert, 1879
Hygrobates quanaticola Schwoerbel and Sepasgozarian, 1976

Unionicolidae (4) Neumania deltoides Piersig, 1894
Unionicola crassipes Miiller, 1776
Unionicola gracilipalpis (Viets 1908)
Unionicola minuta (Soar, 1900)

Aturidae (6) Albia stationis Thor, 1899
Aturus crinitus Thor, 1902
Barbaxonella taurusensis Boyaci, Giille and Didinen, 2012
Brachypoda mutila Walter, 1928
Kongsbergia lundbladi Szalay, 1956
Kongsbergia materna (Thor, 1899)

Arrenuridae (13) Arrenurus bicuspidator Berlese, 1885
Arrenurus bruzelii Koenike, 1885
Arrenurus dileri Boyaci and Ozkan, 2004
Arrenurus globulator
Arrenurus fontinalis Viets, 1920
Arrenurus furcillatus Viets, 1930
Arrenurus maculator (Miiller, 1776)
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Arrenurus nagysalloensis Szalay, 1934
Arrenurus radiatus Piersig, 1894
Arrenurus robustus (Miiller, 1776)
Arrenurus rodrigensis Lundblad, 1954
Arrenurus truncatellus (Miiller, 1776)
Arrenurus walkanoffi Viets, 1926

Limnesiidae (2) Limnesia undulata (Miiller, 1776)
Limnesia walteri Migot, 1926
Pionidae (4) Piona alpicola (Piersig, 1896)

Piona carnea (Koch, 1836)
Piona obturbans (Piersig, 1896)
Tiphys torris (Miiler, 1776)

Mideopsidae (2) Mideopsis crassipes Soar, 1907

Mideopsis orbicularis (Miiler, 1776)
Axonopsidae (1) Axonopsis paxillatus Uchida and Imamura, 1951
Feltridae (3) Feltria baderi Ozkan, 1982

Feltria minuta Koenike, 1892

Feltria rubra Piersig, 1898
Hydrovolziidae (1) Hydrovolzia placophora (Monti, 1905)
Hydryphantidae (6)  Georgella helvetica (Haller, 1882)

Hydrodroma despiciens (Miiller, 1776)

Hydryphantes dispar (Schaub, 1888)

Hydryphantes flexiosus (Koenike, 1885)

Hydryphantes parmulatus Koenike, 1912

Hydryphantes ruber (Geer, 1778)
Limnocharidae (1) Limnochares aquatica (Linnaeus, 1758)
Protzidae (4) Protzia caucasica (Protz, 1896)

Protzia eximia Protz, 1896

Protzia rotundus Walter, 1918

Protzia squamosa Walter, 1908
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Ozet

Bu caligma, Eyliil 2013 ve Nisan 2014 tarihleri arasinda Dogu Karadeniz sahillerinde avcilik yapan ticari girgir
teknelerinden 6rneklenen hamsi baliginin yasa dayali alt1 farkli biiyiime modeline gére (von Bertalanffy, Gompertz, Lojistik
ya da Richards, Ussel, Morgan Mercer Flodin ve Weibull) biiyiimesi ve dort 6liim oran1 modelline gére (Pauly, 1980; Djabali
vd., 1993; Alagaraja, 1984 ve Srinath, 1998) 6liim oraninin belirlenmesi amaciyla yiiriitiilmiistiir. Toplamda 5486 balik
orneklenmis ve 1265 baligin yas tayini yapilmistir. Disilerin ortalama boyu erkeklerden daha biiylik hesaplanmigtir (P <
0,05). Erkekler i¢in Weibull (AIC = 2593,5; L, = 19,6 cm ve K = 0,031 yiI') ve Morgan Mercer Flodin (AIC = 2593,8; L, =
170cmve K = 0,108 yzl'l), disi i¢in ise von Bertalanffy (AIC = 5725,42; L, = 11,1 cm ve K = 2,064 yll'l) ve Ussel (AIC =
5725.4; L., = 11,1 cm ve K = 2,065 yiI'") bityiime modellerinin en uygun modeller oldugu belirlenmistir. Av egrisi yontemine
gore hesaplanan disilerin toplam 6liim katsayisi (Z = 3,5 yil'Y) erkeklerden (Z = 3,3 yil™Y) daha biiyiik hesaplanmistir. Disi ve
erkek bireyler i¢in hesaplanan dogal 6liim oran1 (M) en diisiik Djabali vd. (1993) modelinde, en yiiksek ise Srinat (1998)
modelinde hesaplanmustir. Farkli bityiime modeli parametreleri kullanilarak hesaplanan dogal 6liim oranlar1 ve M verileri
kullanilarak hesaplanan isletme orani (E) degerleri 2014-2015 av sezonunda hamsi stokunun optimum degerden (E = 0,5)
daha yiiksek bir derecede isletildigini yani av baskisi altinda oldugunu gdstermistir.

Anahtar kelimeler: Hamsi, biiylime modelleri, balik¢ilik yonetimi, Karadeniz

Determination of Growth and Mortality Rates of Anchovy (Engraulis encrasicolus) Caught in the Black Sea in 2013-
2014 Fishing Season with Different Models

Abstract

This study was conducted to describe age-based growth by six different growth models (von Bertalanffy, Gompertz,
Logistic or Richards, Exponential, Morgan Mercer Flodin, Weibull) and mortality by four different empirical mortality
models (Pauly, 1980; Djabali et al., 1993; Alagaraja, 1984; Srinath, 1998) of the anchovy obtained from commercial purse
seine between September 2013 and April 2014 on the coast of the Eastern Black Sea. Of the 5486 sampled fish, the age of
1265 (824 females, 441 males) was determined. The mean total length (TL) of females was significantly greater than the
mean total length of males (P < 0.05). The Weibull (AIC = 2593.5; L., = 19.6 cm and K = 0,031 year™) and Morgan Mercer
Flodin (AIC = 2593.8; L,, = 17.0 cm and K = 0.108 year'l) models for males, the von Bertalanffy (AIC = 5725.4; L, = 11.1
cm and K = 2.064 year™) and Exponential (AIC = 5725.4; L, = 11.1 cm and K = 2.065 year™) models for females
considered as the most suitable growth models. The total instantaneous mortality rate calculated by the catch curve method,
Z, was estimated higher for females (3.5 year™) than males (3.3 year™). Instantaneous natural mortality ratio, M, was
estimated lower in Djabali et al. (1993) model and highest in Srinat (1998) model for both sexes. Natural mortality rates
calculated using different growth model parameters and exploitation rate (E) values calculated using M data showed that the
anchovy stock was exploitation at a higher degree than the optimum exploitation (E = 0.5) criterion, which is indicative of
overfishing in the anchovy population in the 2014-2015 fishing season.

Keywords: Anchovy, growth models, fisheries management, Black Sea.

GIRIS
Hamsi (Engraulis encrasicolus Linnaeus, 1758) tilkemizde en ¢ok avlanan kiigiik boylu pelajik bir
balik olup, 3-4 yasina kadar yasayan kisa dmiirlii ve ¢evresel duyarliligr yiiksek bir tiirdiir (Prodanov
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vd., 1997; Bilgin, 2006; Bat vd., 2007; Agirbas vd., 2010). Bundan 60-70 yil 6nce 1950'i yillarin
ortasinda cinsi olgunluk boyuna ulagsmis bir hamsinin {ireme sezonu boyunca 5 bin - 40 bin civarinda
yumurtay1 4 - 5 batinda yumurtladig1 rapor edilmesine ragmen (Slastenenko, 1955/1956), son yapilan
bir ¢aligmada ise lireme sezonu boyunca (5 ay siireyle) ortalama 184 bin civarinda yumurtayi giinde 2-
3 kez yumurtlayarak yaklagik 50 batinda yumurtladig: bildirilmistir (Lisovenko ve Andrianov, 1996).
Yumurtadan ¢ikan larva baslangicta agiz agikligina uygun biiyiikliikteki plankton ile beslenmekte ve
hayat evresinin diger asamalarinda (6rnegin toplam boyu > 6,1 cm olan bireyler) basta balik yumurtasi
ve larvast olmak tizere Copepoda, Ctenophor gibi zooplanton ile ve Cyanophyceae, Chlorophyceae,
Dinophyceae ve Bacillariophyceae gibi fitoplankton ile beslenir (Mazlum vd., 2017). Bu sekilde
beslenerek cinsi olgunluga kadar (1 yas) hizli bir sekilde biiyliyen hamsi bir yasinda iken Omrii
boyunca ulagabilecegi maksimum boyun %70,6'lik kismina ulasir (Bilgin vd., 2016). Diger balik
tiirlerinde oldugu gibi Karadeniz'de avlanan hamsi stoklari, bu sekilde biiylime ve {ireme ile artmakta,
balikeilik kaynakli 6liimler ve dogal dliimlerle ise azalmaktadir (Erkoyuncu, 1995; Avsar, 2005).

Baliklarda biiylime zamanla boy ve agirlik artisi olarak tanimlanmakla beraber, boyca biiyiime
hayat evrelerinin ilk asamalarinda muhtemelen cinsi olgunluga kadarki asamada hizli ve yas
ilerledikge yavas bir seyir gosterir (von Bertalanffy, 1951; Erkoyuncu, 1995; Avsar, 2005). En yaygin
hayvan biiyiimesi, biiyiime oranlarinin zamanla siirekli olarak azalmasi ve nihayetinde organizmanin
yetiskinlerde sabit bir duruma ulagmasidir (von Bertalanffy, 1951). Belirli bir tiir i¢in bireylerin
biliylime diizenini agiklamak i¢in ¢esitli bliylime modelleri Onerilmistir. Genellikle von Bertalanffy,
Gompertz, Richards, Morgan Mercer Flodin ve Weibull gibi dogrusal olmayan biiyiime modelleri
yasam boyunca belirli bir tiiriin biiylimesini tanimlamak i¢in kullanilmaktadir (Fitzhugh, 1976; Quinn
ve Deriso, 1999; Henderson ve Seaby, 2006). Bu modellerin biiyiime egrisi genellikle sigmoid veya S
seklinde bir egridir. Tiim biiylime modelleri arasinda, von Bertalanffy modeli ¢cogu balik tiiriiniin
biiylimesini tanimlamada en uygun olanidir (Fitzhugh, 1976; Quinn ve Deriso, 1999; Henderson ve
Seaby, 2006; Haddon, 2011). Ancak, hazirlanan yas boy verileri seti kullanilarak yapilan
hesaplamalarda, bazi balik tiirlerinin biiyiimesini tanimlamada veya kullanilan biiyiime modelinin
parametrelerinin biyolojik olarak yorumlanmasindaki uygunluk, veri uyumunun iyi olmasi, viicut sekli
gibi nedenlerden dolay: (Fitzhugh, 1976) Karadeniz'de Zargana baligi (Belone euxini) (Bilgin vd.,
2014) ve Iskorpit balig1 (Scorpaena porcus) (Demirhan ve Can, 2009) diger bdlgelerde ise Pervane
baligi (Masturus lanceolatus) (Liu vd., 2009) ve Vatoz baligi (Bathyraja minispinosa) (Ainsley
vd., 2011) gibi bir ¢ok balik tiirliniin bitytimesi farkli biiylime modelleriyle tanimlanmustir.

Bilgi toplama, analiz, planlama, danisma, karar verme, kaynaklari pay etme, formiillestirme ve
uyarlama, diger balik¢ilik hedeflerinin basarilmast ve kaynaklarin verimliliginin devaminin
saglanmasi i¢in gerekli durumlarda yaptinm uygulanan balik¢ilik aktivitelerini yoneten kural veya
diizenlemeler gibi entegre bir siire¢ olan balik¢ilik yonetimi (Cochrane, 2002) i¢in balik stoklarmdaki
olas1 degisiklikleri izleme g¢aligmalarinin sonuglart olduk¢a O6nemlidir. Tiirkiye’de hamsi balikgilik
yonetimine veri saglamak amaciyla; popiilasyon dinamigi kapsaminda 1985 yilindan giiniimiize kadar
ozellikle av sezonlar icerisinde hamsinin biiylime ve 6liim oranlarini igeren bir ¢ok caligma bazi av
sezonlarinda kesiklikler olsa da periyodik olarak yapilmistir. S6z konusu ¢alismalarda av sezonlarina
gore hamsi i¢in yas-boy kompozisyonu, von Bertalanffy biiyiime denklemi parametreleri (L., K ve to),
balik¢ilik (F) ve dogal 6liim orani (M), isletme orani (E) gibi parametrelerin degisimi izlenmis ve
izlenmektedir. Bu g¢aligmada, Eyliil 2013 ve Nisan 2014 tarihleri arasinda (2013-2014 av sezonunda)
Dogu Karadeniz sahillerinde avcilik yapan ticari girgir teknelerinden 6rneklenen hamsi baliginin (E.
encrasicolus) yas kompozisyonu, boy kompozisyonu, yaslardaki ortalama boy degerleri, farkl
biiylime modellerine gore hesaplanan biiylime parametreleri ve 6liim orani incelenmistir.

MATERYAL ve YONTEM
Cahsma Alam ve Ornekleme

Hamsi baligi o6rneklemeleri aylik olarak Eyliil 2013 ve Nisan 2014 tarihleri arasinda Dogu
Karadeniz sahillerinde (Rize ve Trabzon sahilleri) avcilik yapan ticari girgir teknelerinden elde
edilmistir. Avcilik sonrasinda yakalanan avdan bir kasa (yaklasik 18 kg) hamsi baligi alinmis ve
incelenmek {izere Recep Tayyip Erdogan Universitesi Su Uriinleri Fakiiltesi Laboratuvarina
getirilmiglerdir. Laboratuvarda baliklarin uzunluklar 1 mm hassasiyetle Sl¢iilmiis, agirliklar 0,001 g
hassasiyetle tartilmis ve cinsiyetleri belirlenerek kaydedilmistir. Yas tayininde kullanilmak iizere
sagittal otolitleri cikarilarak iizerine balik numarasi ve Ornekleme tarihi yazili eppendorf tiiplere
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yerlestirilerek ileride yas tayinlerinin yapilmasi i¢in saklanmislardir.
Yas tayini
Yas halkalarim belirlemek icin uygulanan islemler

Hamsi otolitlerinin opak (koyu: kis halkasi) ve hyalin (seffaf: yaz halkasi) halkalarin belirlenmesi
icin farkli boylardaki baliklara ait sagitta otolitleri kullanilmistir. En dogru sekilde yas tayinlerinin
yapilabilmesi i¢cin Avsar (2005) tarafindan Onerilen genel yas tayini islemi oOlgiit alinarak sagitta
otolitlere asagida belirtilen 5 farkli islem uygulanmus, sagitta otolitlerin iizerindeki opak ve hyalin yas
halkalarinin daha belirgin bir hale getirilmesi i¢in uygun yas belirleme prosediirii belirlenmistir.

i) Farkli boylardaki baliklara (n = 20) ait otolitler iizerinden ilk yas okuma islemi yapilmistir.
Ependolf tiiplerinde bulunan otolitler, igerisinde %96’lik etil alkol ¢ozeltisi konulan petri kaplarina
ayr1 ayr yerlestirilmis ve 5-10 dakika kadar bekletilmistir. Otolitlerin iizerindeki zar bas ve isaret
parmagi arasinda ovularak g¢ikarilmis ve otolitler parlak bir goriiniim almistir. Bu sekilde hazirlanan
otolitlerin yas halkalar1 mikroskop altinda incelenmistir. Bu yontem sonucunda incelenen otolitlerin
yas halkalarinin belirgin olmadigi, otolitin ¢ekirdegi ve en fazla bir yas halkasi goriilebilmistir.

ii) Farkli boylardaki baliklara (n = 25) ait otolitler {izerinden ikinci yas okuma islemi yapilmistir.
Ependolf tiiplerinde bulunan otolitlere 1. islem uygulanmis ve otolitler temizlenmistir. Daha sonra bu
otolitler sirasiyla %1°lik HCI1 ¢ozeltisinde 3-5 dakika ve %3-5’lik NaOH ¢ozeltisinde 5-10 dakika
kadar bekletilmistir. Bu otolitler daha seffaf bir goriiniim almasi ve zardan tamamen temizlenmesi igin
icerisinde %40, %50, %60, %70 ve %80’lik konsantrasyonlarda hazirlanmis etilalkol soliisyonu
bulunan petri kaplarina sirasiyla 5-10 dakika kadar daha bekletilmislerdir. Bu sekilde hazirlanan
otolitler, igerisinde gliserin bulunan petri kabinda mikroskop altinda incelenmistir. Bu yontem
neticesinde otolitin ¢ekirdegi ve en fazla bir yas halkasi goriilebilmistir. Yapilan yag okumalarinda yas
halkalarinin mikroskop altindaki goriiniimiinden emin olunamamis ve yas halkalarindan dogru bir
sekilde yas okumasi yapilamamustir.

iii) Farkli boylardaki 15 baliga ait otolitler iizerinden ii¢lincii yas okuma islemi yapilmigtir. Bu
otolitlere 1. ve 2. islemler sirasiyla uygulanmis ancak ikinci islemden farkli olarak otolitler etil alkol
cozeltisine bekletilmeden otolitlerin daha seffaf bir goriiniim almasi ve zardan tamamen temizlenmesi
icin tekrar igerisinde %96’lik etil alkol ¢6zeltisi bulunan petri kaplarinda 5-10 dakika daha
bekletilmistir. Bu sekilde hazirlanan otolitler igerisinde gliserin bulunan petri kabinda mikroskop
altinda incelenmistir. Bu yontemde incelenen otolitlerin yas halkalar1 1. ve 2. girisime gore daha net
bir sekilde goriilebilmis ancak yas okumalarindan 6zellikle kalin otolitler igin emin olunamamustir.

iv) Bu islem kalin yapida olan 40 otolitler i¢in (genellikle 11 ¢cm den daha uzun boydaki balik
otolitleri) uygulanmistir. Ependolf tiiplerinde bulunan otolitler, igerisinde %96’lik etil alkol ¢ozeltisi
konulan petri kaplarina ayr1 ayri yerlestirilmis ve 5-10 dakika kadar bekletilerek temizlenmistir. Bu
otolitler daha sonra sirasiyla 1., 2. ve 3. girisime gore konsantrasyonu artirilan %10’luk HCI
¢ozeltisinde otolitin kalinligina gére 30-90 saniye ve %25°lik NaOH c¢ozeltisinde 10-30 dakika
bekletilmis ve ardindan otolitler %96°lik etil alkol ¢6zeltisinde 5-10 dakika daha bekletilmistir. Bu
sekilde hazirlanan otolitler igerisinde gliserin bulunan petri kabina gémiilerek 1 gece bekletilmis (10-
13 saat) ve mikroskop altinda otolitler incelenmistir. Bu yontem otolitlerin daha kalin olmas1 ve yas
halkalarinin hicbir sekilde belirgin olmamasindan dolay1r uygulanmistir. Bu yontemde incelenen
otolitlerin yas halkalar1 birinci, ikinci ve iliglincli girisime gore genel olarak daha seffaf ve daha
goriilebilir olmus, fakat otolitlerin birgogunda yas halkalar1 yinede net bir sekilde goriilememis ve yas
okumalarindan emin olunamamustir.

v) Ince otolitler icin 3. girisimdeki islemler uygulandiktan sonra sifir numara su zimparasi
(Waterproof Silicon Carbide Paper FEPA P#1200) kullanilarak otolitler hafiften zimparalanmigtir.
Zimparalama isleminde otolitlerin zarar gérmemesi i¢in; otolitler mikroskop altinda incelenerek yas
halkalarimin goriilebilir olmas1 ve zimparadan dolayr yas halkalarinin kaybolmamasina dikkat
edilmistir. Kalin otolitler i¢in (genellikle 11 cm den daha uzun boydaki balik otolitleri) 4. girisimdeki
islemler uygulandiktan sonra sifir numara su zimparasi kullanilarak otolitler hafiften zimparalanmustir.
Kalin otolitleri zzimparalama isleminde de otolitlerin zarar gérmemesi icin otolitler mikroskop altinda
incelenmis, yas halkalarinin goriilebilir olmasi ve zimparadan dolay1r kaybolmamasina dikkat
edilmistir. Bu sekilde hazirlanan otolitler tekrar %96°lik etil alkol ¢6zeltisinde temizlendikten sonra
icerisinde gliserin bulunan petri kabina gomiilerek yas halkalarimin sayilmast mikroskop altinda
yapilmistir. Bu yontem, opak ve hyalin halkalarim daha net bir sekilde goriilmesini saglamistir. Bu
calismada oOrneklenen 5485 bireyden 1265 bireyin sagitta otolitlerinin yag tayinine hazir hale
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getirilmesi 5. girisime gore yapilmis, yas halkalarinin sayilmasi 0,8x ile 8,0x arasindaki biiyiitmede
Nikon DSFII dijital fotograf makinesi bagli Nikon SMZ1000 marka stereomikroskopu altinda
yapilmig ve otolitlerin fotograflar1 ¢ekilmistir (Sekil 1).

Sekil 1. Siyah zemin {izerine konmus otolit zonlarinin yukaridan aydilatmayla mikroskop altindaki goriiniisii
(orijinal).

Biiyiime
Boy - frekans dagilim

Disi ve erkek bireylerin aylik boy - frekans dagilimi 0,5 cm aralikli boy siniflarina gore
hesaplanmistir. Boy dagilimlar1 arasindaki fark Kolmogorov - Smirnov testi ile test edilmistir. Disi ve
erkek bireylerin ortalama boylar1 arasindaki fark ise t - test ile analiz edilmistir. Istatistiksel testler
PAST versiyon 2.14 bilgisayar programi kullanilarak yapilmigtir (Hammer vd., 2001).
Biiyiime modelleri

Hamsinin biiylimesini giivenilir bir sekilde hesaplamak i¢in 6 biiylime modeli (Gompertz, Lojistik
ya da Richards egrisi, Exponential (Ussel), Morgan Mercer Flodin (MMF), von Bertalanffy, Weibull)
parametreleri disi ve erkek bireylerin yas - boy veri seti kullanilarak hesaplanmistir. Hesaplamalarda
kullanilan 6 biiylime modeli Tablo 1'de sunulmustur.
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Tablo 1. Hamsinin yag-boy veri setine Growth II programinda uygulanan biiyiime modelleri

Biiyiime model denklemi Model parametreleri Model adi Kaynak
—k(t-1) L. (cm), K (yaiI™"), I (yil)  Gompertz Gompertz, 1825
1) L[ — Looee ( ) (y ) (y ) p ( p )
L L., K, I Lojistik ya da (Richards, 1959)
2) L = W Richards egrisi
3L =L, —(L _ﬂ)e(f(kt)) L.., K, B (cm) Exponential (Ussel)  (Everhart vd., 1975)
4L =L (1_ e—K(t—to)) L., K, to (y1l) von Bertalanffy (von Bertalanffy, 1938)
L —ﬂ L., K, B Morgan Mercer (Morgan vd., 1975)
5 L=L-——7 Flodin (MMF)
1+ (kt)
5-1 I Morgan Mercer Flodin denkleminin biikiilme noktas1
t=| —
{5 +J
_ —(kt)‘j L., K, ﬂ, b (y1l) Weibull (Weibull, 1951)
o L=L, (L~ pe
1YV 65 -1 E Weibull denkleminin biikiilme noktasi
s

t = yas (y1l), L = t yasindaki boy, L, = asimptotik toplam boy (cm), K = biiyiime katsayis1 (y1I'), t, = balik boyunun kuramsal olarak sifira
esit oldugundaki yas ya da embriyonik yas (y1l), = daha diisiik asymptotik toplam boy (t = 0 daki boy), | = biikiilme noktasindaki yas (y1l),
¢ = biikiilme noktas1 i¢in x ordinatini kontrol eden zaman (y1l) parametresidir.

Tablo 1'de belirtilen biiyiime modellerinin parametreleri, yas boy verileri kullanilarak her bir model
icin Growth II versiyon 2.1.0.48 bilgisayar programi1 (Henderson ve Seaby, 2006) kullanilarak
hesaplanmistir. Akaike Bilgi Kriteri (Akaike, 1974) en uygun modelin secilmesinde o6lgiit olarak
almmustir. Akaike Bilgi Kriteri (AIC) indeksi hangi modelde daha diisiik hesaplandiysa o model igin
veriler diger modellere gore daha iyi fit yapmakta ve en uygun biiyiime modeli olarak atanmaktadir
(Akaike, 1974; Henderson ve Seaby, 2006; Burnham ve Anderson, 2002). Akaike Bilgi Kriteri
asagidaki formiile gore hesaplanmustir.

AIC = N log(WSS) + 2M |

burada, N = veri noktasi sayisi, WSS = Kkarelerinin farkinin agirhikli toplami, M = model
parametrelerinin sayisi olup, WSS asagidaki formiile gére hesaplanmustir.

i=n 1
WSS = F(Yobsj _Ycalculated,i)z '
i=1 i

burada SD = yaslardaki ortalama boylarin standart sapmasidir.
Biilyiime performansi

Biiyiime performansi indeksi (@) Pauly ve Munro (1984) tarafindan onerilen asagidaki formiile
gore hesaplanmustir.

@’ = log(K) + 2 log(L.,).
Oliim oram
Toplam oliim orani

Toplam &liim orani (Z) av egrisi yontemine gore (Pauly, 1984) asagidaki formiil kullanilarak
hesaplanmustir.

In(N,)=a+bt,
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burada, t; = i'nci yas sinifi, N; = i'nci yas sinifindaki balik sayisidir. a ve b ise yaslardaki balik sayisinin
dogal logaritmasina karsilik hesaplanan regresyon denkleminin kesim noktasini (a), egimini (b) ifade
etmektedir. Buradan Z = - b seklinde hesaplanir.
Dogal 6liim oram

Dogal 6liim oranm1 (M); Pauly (1980), Djabali vd. (1993), Alagaraja (1984) ve Srinath (1998)
tarafindan Onerilen asagidaki dort farkli formiil kullanilarak hesaplanmaistir.

logM =0,8(-0,0066 —0,279logTL,, + 0,6543log K +0,463410ogT) (Pauly, 1980)
logM =0,8(-0,736 - 0,114 1logTL, +0,522logK + 0,58310gT) (Djabali vd., 1993)
M =1,680K (Srinath, 1998)

M =1535K (Alagaraja, 1984)

burada M = dogal 6liim oran1 (y1l™), TL,, = asymptotik toplam boy (cm), K = biiyiime katsayis1 (y1l™)
parametreleridir. T ise ortalama yiizey su sicakligi (°C) olup bu ¢alismada 15°C olarak alinmistir (Bat
vd., 2007; Agirbas vd., 2010).
Balikcilik 6liim oram

Balikeilik 6liim oranmi (F) av egrisi yontemine gore hesaplanan toplam 6liim oranindan yukarida
belirtilen dort dogal 6liim oranina [Pauly (1980), Djabali vd. (1993), Alagaraja (1984) ve Srinath
(1998)] gore hesaplanan dogal Oliim oranlarindan ¢ikarilarak asagidaki formiil kullanilarak
hesaplanmustir.

F=Z-M

burada F = balik¢ilik 6liim orani (y11™), Z = toplam 6liim orani (y11™), M = dogal 6liim oramidir (y1™).
Isletme oram
Isletme oram (E, yil'), Ricker (1975) tarafindan &nerilen E =F/Z denklemine gore

hesaplanmugtir. Balik¢ilik 6liim orani, dogal 6liim orani ve isletme orani disi ve erkek bireyler igin alti
biiylime modelinin parametreleri kullanilarak her bir model sonuglarina gore ayr1 ayr1 hesaplanmisgtir.

BULGULAR
Boy kompozisyonu

Aragtirmada 8 aylik siire igerisinde 5485 adet (3336 disi, 2149 erkek) hamsi 6rneklenmistir. Disiler
5,9 ve 13,8 cm arasinda (ortalamal0,8+0,02 cm), erkekler 6,0 ve 13,2 cm arasinda (ortalama
10,1£0,03 cm) dagilim gostermistir. Tiim bireyler (disi+erkek) ise 5,9 ve 13,8 cm arasinda (ortalama
10,5+0,02 cm) dagilim gostermistir. Disilerin ortalama boyu erkeklerden istatistiksel olarak daha
biiyiik olarak hesaplanmustir (t test: P < 0,05). Ayrica disi ve erkek bireylerin boy frekans dagilimlar
arasindaki fark istatistiksel olarak 6nemli hesaplanmistir (Kolmogorov-Simirnov test: d = 0,277045, P
< 0,05). Boy frekans dagilimina goére oOrneklenen bireylerin %60,8'1 disi ve %39,2'si ise erkek
bireylerden olusmustur. 9 cm boy smirinin altinda disilerin oram1 %3,3, erkeklerin orani ise %6,7
olarak hesaplanmistir. Hamsinin minimum avlanabilir boyu (MLS) olan 9 cm boyundaki bireylerin
Eyliil 2013 ile Aralik 2013 tarihleri arasinda 6rneklendigi goriilmektedir (Tablo 2, 3).
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Tablo 2. Cinsiyetlere gore hamsi baliginin aylik boy frekans dagilimi

Disi Erkek
Boy simifi (em) 2013 2014 2013 2014 Toplam

Eyliil EKim Kasim Arahk Ocak Subat Mart Nisan Eyliil EKkim Kasim Aralik Ocak Subat Mart Nisan
<6 1 1 2
6-6,5 1 5 6
6,5-7,0 2 2 1 34 39
70-75 1 1 1 19 3 1 8 28 1 63
75-8,0 1 2 5 20 2 4 15 52 101
8,0-85 3 9 9 27 2 14 7 13 54 138
8,5-9,0 27 12 12 25 1 1 38 8 17 57 1 199
9,0-95 61 43 24 44 3 8 80 35 33 78 2 6 6 2 425
9,5-10,0 119 72 57 72 24 8 30 7 105 64 57 82 21 8 10 5 741
10,0 - 10,5 84 88 105 67 46 42 46 35 97 78 76 46 37 43 28 20 938
10,5-11,0 74 78 79 110 75 60 95 128 42 79 46 35 49 44 38 42 1074
11,0-115 29 41 52 131 76 67 108 172 10 33 22 41 32 34 24 40 912
11,5-12,0 3 17 34 103 59 72 50 79 1 9 13 27 19 21 13 13 533
12,0-12,5 1 8 15 33 31 61 28 24 5 2 4 7 6 3 2 230
12,5-13,0 3 3 6 12 19 9 6 2 3 63
13,0-13,5 3 2 1 1 4 2 4 1 1 19
13,5-14,0 1 1 2
Toplam 404 377 398 660 329 334 378 456 395 324 302 544 171 166 122 125 5485
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Tablo 3. Yas tayini yapilan bireylerin cinsiyetlere gore aylik boy frekans dagilimi

Disi Erkek
Boy smifi (cm) 2013 2014 2013 2014 Toplam

Eyliil EKim Kasim Aralik Ocak Subat Mart Nisan  Eylil EKim Kasim Aralik Ocak Subat Mart Nisan
<6
6-6,5 3 3
6,5-7,0 1 1 1 22 25
70-75 1 1 9 3 1 4 14 1 34
75-8,0 1 1 5 9 1 2 12 19 50
8,0-85 2 6 6 9 2 9 6 9 10 59
8,5-9,0 14 7 8 8 1 1 15 3 7 11 1 76
9,0-95 23 12 5 12 1 6 23 10 4 13 1 4 4 1 119
9,5-10,0 21 8 5 10 14 5 16 5 9 10 9 12 10 5 6 2 147
10,0 - 10,5 4 6 6 9 20 24 18 10 9 3 11 7 8 19 9 2 165
10,5-11,0 9 2 2 14 16 17 31 18 2 4 3 3 4 9 4 4 142
11,0-115 4 9 4 16 15 9 18 28 1 3 7 4 4 2 4 128
11,5-12,0 11 13 36 19 10 15 21 1 8 8 2 1 3 2 150
12,0-12,5 4 11 19 19 24 11 16 4 2 1 3 114
12,5-13,0 1 2 5 7 11 6 4 1 37
13,0- 13,5 2 2 1 4 1 3 1 14
135-14,0 1 1 2
Toplam 79 70 69 158 113 105 124 106 73 48 76 127 35 40 26 16 1265
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Yas kompozisyonu

Yas tayin1 yapilan 1265 bireyin (824 disi, 441 erkek) yaslardaki ortalama boylari, yaslardaki
sayilar1 ve yiizdeleri Tablo 4'de, yas - boy anahtar1 ise Tablo 5'de sunulmustur. Disilerin yas
kompozisyonu: %4,1'1 0 yas, %18'i I yas, %42'si II yas ve %]1'i III yas seklinde, erkeklerin yas
kompozisyonu ise %9'u 0 yas, %11'i I yas, %15' 1I yas ve %1'i III yas seklinde hesaplanmigtir. Hem
disiler (%42) hem de erkekler (%15) Il yasinda daha fazla oranda tespit edilmistir. Yas tayini yapilan
bireylerin baskin olduklari yas iki cinsiyet i¢cinde II yas grubudur. Sifir yas sinifindaki bireylerin boy
araligr disiler i¢in 6,9 ile 8,9 cm arasinda (ortalama = 8,0+0,07), erkekler i¢in ise 6,3 ile 9,4 cm
arasinda (ortalama = 7,6+0,07) tespit edilmistir.

Tablo 4. Yas tayini yapilan bireylerin yaglardaki ortalama boy (TL) + standart hata (en kiigikk - en biiyiik)
degerleri ve yag kompozisyonu. n = drnek sayi, (%) = yaslardaki yilizde orani ifade etmektedir.

v | Disi Erkek Tiim (disi+erkek)
o Fem n @) TLem)  n (%) TLem)  n (%)
. 801007 50 (%4)  7.6:007 111 (%9)  7.7:0.05 161 (%13)
(6,9-8.9) (6,3-9,4) (6,3-9,4)
| 10.8:0.08 222 (%18) 9.7+008 133 (%11) 104007 355 (%28)
(7.0-13.2) (7.9-12,1) (7.9-13.2)
| 11.0£0,05 535 (%42)  103£0,07 190 (%15) 1082004 725 (%57)
(8,7-13,5) (8,4-12.6) (8,4-13,5)
" 12740,15  17(%1) 1232022 7 (%) 12,6£0.13 24 (%2)
(11,9-13.8) (11,2-13.1) (11,2-13.8)
o 10.8£0,05 824 (%65) 9,5:0,07 441(%35) 103004 1265 (%100)
Tim (disiterkek) ¢ 9 13 g) (6,3-13,1) (6,3-13.,8)

Tablo 5. 2014-2015 av sezonunda avlanan hamsinin cinsiyetlere gore yas - boy anahtari

Disi Erkek
Boy simifi (cm) Yas (y1) Yas (y1) Tiim (disi+erkek)

0 | 1 i 0 | 1 11
<6 0
6-6,5 3 3
6,5-7,0 1 24 25
70-75 11 23 34
75-8,0 14 2 31 3 50
8,0-8,5 16 9 17 14 3 59
8,5-9,0 8 9 22 11 18 8 76
9,0-9,5 21 38 2 23 35 119
9,5-10,0 28 56 25 38 147
10,0 - 10,5 31 66 26 42 165
10,5-11,0 22 87 9 24 142
11,0-115 30 73 8 16 1 128
115-12,0 32 89 4 6 18 1 150
12,0-12,5 28 72 4 1 5 4 114
12,5-13,0 7 25 4 1 37
13,0-13,5 3 7 3 1 14
13,5-14,0 2 2
Tiim (digi+erkek) 50 222 535 17 111 133 190 7 1265

Biiyiime modelleri

Hamsinin biiylimesi; Gompertz, Lojistik, Exponential (iissel), Morcan Mercer Flodin, von
Bertalanffy ve Weibull biiylime modellerine gore hesaplanmustir. Erkekler igin 6 biiylime modeli
parametrelerinin hepsi hesaplanmis ancak disiler i¢in ise Morcan Mercer Flodin ve Weibull biiylime
modellerinin parametreleri olusturulan yas - boy veri setinin Growth II programinda uygun fit
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yapmamasi nedeniyle hesaplanamamistir. Hem disi hem de erkek bireyleri igin 6 biiylime modeline
gore hesaplanan biiyiime parametreleri, AIC ve biiyiime performansit sonuglari Tablo 6'da
gosterilmistir.

Tablo 6. Hamsi igin hesaplanan biiyiime model parametreleri. AIC = Akaike Bilgi Kriteri, L,, = asymptotik boy
(cm), K = biiyiime katsayisi (yil"), t, = balik boyunun kuramsal olarak sifira esit oldugundaki yas ya da
embriyonik yas (yil), # = daha diisiik asymptotik boy (t = 0 deki boy), | = etki noktasindaki yas (y1l), 0 = etki
noktasini kontrol eden parametre (y1l), @’= biiylime performans indeksi.

Biiyiime modeli parametreleri Biiyiime

Biiyiitme modeli L., K to B | 0 AlC performansi

cm) i) b (m) @) () @’
Disi
Gompertz 11,1 2,182 -0,510 572799 2,427
Lojistik 11,1 2,429 -0,384 5725,75 2,477
Exponential (Ussel) 111 2,065 7,97 5725,42 2,408
Morgan Mercer Flodin
von Bertalanffy (VBGF) 11,1 2,064 -0,611 5725,42 2,408
Weibull
Erkek
Gompertz 10,7 1,219 -0,891 2599,53 2,145
Lojistik 10,7 1,360 -0,682 2599,31 2,192
Exponential 10,8 1,027 7,64 2597,80 2,078
Morgan Mercer Flodin 17,0 0,108 7,63 0,572 259382 1,494
von Bertalanffy 10,8 1,027 -1,197 2597,80 2,078
Weibull 19,6 0,031 7,63 0,422 2593,05 1,076

Akaike Bilgi Kriteri indeksi disiler i¢in von Bertalanffy (AIC = 5725,42) = Exponential (AIC =
5725,42) < Lojistik (AIC = 5725,75) < Gompertz (AIC = 5727,99) seklinde, erkekler i¢in ise Weibull
(AIC = 2593,05) < Morgan Mercer Flodin (AIC = 2593,82) < von Bertalanffy (AIC = 2597,80) =
Exponential (AIC = 2597,80) < Lojistik (AIC = 2599,31) < Gompertz (AIC = 2599,53) seklinde
hesaplanmistir (Tablo 6). Disi ve erkek bireylerde Gompertz biiylime modelinde hesaplanan AIC
degerinin en yliksek degerde oldugu, daha sonra disiler icin diger iic modelinde (von Bertalanfty,
Exponential, Lojistik) neredeyse ayni AIC degerine sahip oldugu belirlenmistir. Ayrica erkeklerde
Weibull ile Morgan Mercer Flodin ve von Bertalanffy ile Exponential modellerinde hesaplanan AIC
degerleri ise birbirlerine yakin bulunmustur.

Oliim oram
Anlik 6liim orani (Z)

Av egrisi regresyon denklemi disiler igin y = -3,4491x + 13,18 seklinde (Z = 3,4491 y1l™"), erkekler
icin y = -3,3011x + 11,849 (Z = 3,3011 y1l™), tiim bireyler igin (disi+erkek) ise y = -3,4081x + 13,402
(Z = 3,4081 y1l™) seklinde hesaplannustir.

Dogal 6liim oram (M) ve isletme oram (E)

Cinsiyetlere gore farkli biiylime modellerinden elde edilen biiyiime parametreleri (Tablo 6)
kullanilarak, Pauly (1980), Djabali vd. (1993), Alagaraja (1984) ve Srinath (1998) modellerine gore
hesaplanan M degerleri ve bu M verileri kullanilarak hesaplanan E degerleri Tablo 7'de sunulmustur.
Disi ve erkek bireyler i¢in hesaplanan ortalama M degeri en diisiik Djabali vd. (1993) modelinde, en
yiiksek ise Srinat (1998) modelinde hesaplanmustir. Erkeler ig¢in Pauly (1980) ve Alagaraja (1984)
modeline gore hesaplanan ortalama M degerleri birbirine benzer hesaplanmistir. Ancak, disiler i¢in
Alagaraja (1984) modeline gore hesaplanan ortalama M degeri (3,4+0,13 yil™") Pauly (1980) modeline
gore hesaplanan ortalama M degerinden (2,440,05 yil™") yiiksek bulunmustur. Disi bireyler i¢in sadece
Djabali vd. (1993) yontemine gore belirlenen M degerleri kullanilarak hesaplanan isletme oranmi (E =
0,710,005 y11™) 0,5 degerinden biiyiik, diger yontemlere gore belirlenen M degerleri ile hesaplanan E
degerleri ise 0,5 degerinden kiiciik bulunmustur. Diger taraftan erkek bireyler i¢in 4 yOnteme gore
belirlenen M degerleri kullanilarak hesaplanan E degerleri ise 0,5'den biiyiik hesaplanmistir.
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Tablo 7. Farkli bityiime modeli parametreleri kullamlarak hesaplanan dogal 6liim oranlar1 (M, yiI™") ve verileri
kullanilarak hesaplanan isletme oran1 (E, yiI™") degerleri. SH = Standart hata.

Dogal 6liim oram (M) modeli

Biiyiime modeli Pauly Srinat Alagaraja Djabali vd.
(1980) (1998) (1984) (1993)

Disi ¢ Oort. M @

Gompertz 2,370 3,666 3,349 1,014 2,600

Lojistik 2,507 4,081 3,729 1,060 2,844

Exponential (Ussel) 2,303 3,469 3,170 0,991 2,483

VBGF 2,302 3,468 3,168 0,990 2,482

Ort. M + SH 2,371£0,048  3,671+0,144 3,35440,132 1,014+0,016  2,602+0,085

Erkek & ort. M &

Gompertz 1,762 2,048 1,871 0,798 1,620

Lojistik 1,866 2,285 2,088 0,835 1,768

Exponential (Ussel) 1,607 1,725 1,576 0,742 1,413

MMF 0,447 0,181 0,166 0,278 0,268

VBGF 1,607 1,725 1,576 0,742 1,413

Weibull 0,225 0,052 0,048 0,163 0,122

Ort. M + SH 1,25240,294  ],336+0,396 1,22]1+0,361 0,593+0,120  1,101+0,292

Disi ¢ Isletme orani (E) Ort. EQ

Gompertz 0,313 -0,063 0,029 0,706 0,246

Lojistik 0,273 -0,183 -0,081 0,693 0,175

Exponential (Ussel) 0,332 -0,006 0,081 0,713 0,280

VBGF 0,333 -0,005 0,081 0,713 0,280

Ort. E +SH 0,313+0,014 -0,064+£0,042  0,028+0,038 0,706+0,005  0,246+0,025

Erkek & Isletme orani (E) Ort.EJ

Gompertz 0,466 0,380 0,433 0,758 0,509

Lojistik 0,435 0,308 0,368 0,747 0,464

Exponential (Ussel) 0,513 0,477 0,522 0,775 0,572

MMF 0,865 0,945 0,950 0,916 0,919

VBGF 0,513 0,477 0,522 0,775 0,572

Weibull 0,932 0,984 0,986 0,951 0,963

Ort. E+SH 0,621+0,089 0,595+0,120 0,630+0,110 0,820+0,036  0,667+0,089
TARTISMA ve SONUC

Bu ¢alismada incelenen hamsi baliklarinin boy dagilim araliginin daha dénce Karadeniz'de yapilan
bazi ¢alismalardan (Unsal, 1989; Gozler ve Ciloglu, 1998; Kayali, 1998; Samsun vd., 2004) daha
genis, Cadiz Korfezi (Bellido vd., 2000), Akdeniz’in giineybatisindaki Bat1 Cezayir Benisaf Korfezi
(Bacha vd., 2010) ve Karadeniz’de daha dnce yapilmig bazi ¢alismalardan (Karagam ve Diizgiines,
1990; Sahin vd., 2008) ise daha dar oldugu goriilmiistiir. Bu calismada en biiyiik balik boyu 13,8 cm
olarak belirlenmigken, E. encrasicolus i¢in simdiye kadar yapilan ¢aligmalar igerisinde en biiyiik boy
Karadeniz’den 16,9 cm (Karagam ve Diizgiines, 1990) olarak rapor edilmistir. Maksimum boy Cadiz
Kérfezi'nde 18,5 cm (Bellido vd., 2000), Adriatik Denizi'nde 18,7 cm (Sinovcic, 2000), izmir
Korfezi’'nde 14 cm (Uckun vd., 2005) olarak rapor edilmistir. Yine Karadeniz'de av sezonlarina gore
hamsi yas kompozisyonunun ve yaglardaki ortalama boy degerlerinin degisiklik gosterdigi daha once
yapilan ¢aligmalarda detayli olarak ortaya konulmustur (Diizgiines ve Karacam, 1989; Erkoyuncu ve
Ozdamar, 1989; Unsal, 1989; Karacam ve Diizgiines, 1990; Ozdamar vd., 1994; Mutlu, 1994;
Ozdamar vd., 1995; Gozler ve Ciloglu, 1998; Kayali, 1998; Mutlu, 2000; Samsun vd., 2004; Samsun
vd., 2006; Bilgin vd., 2006; Sahin vd., 2008; Saglam ve Saglam, 2013). Bu farkliliklar basta av baskisi
olmak {izere, biiylime oOzelliklerinin zamana ve bolgelere gore farklilik gostermesinden, balik
stoklarinda dolayli olarak degisime neden olan abiyotik c¢evresel faktdrlerin (suyun yogunlugu ve
basinci, tuzluluk, sicaklik, besin tuzlari, oksijen, 151k, akinti, riizgar ve yagis) yillar arasinda farkliliklar
gostermesinden, yillar arasindaki farkli prey-predator iligkisinden, besin madde miktar1 ve besin
kalitesindeki degisimlerin bilylime ve yeni birey katilimi iizerine olan etkisi gibi birgok faktorden
dolay1 kaynaklanmis olabilecegi yine yukarida bahsedilen ¢aligsmalarda vurgulanmistir.

Baliklarda biiylime matematiksel olarak genellikle von Bertalanffy biiylime modeline uygunluk
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gosterir. Ancak baliklarda biiylimenin matematiksel olarak ifadesi; balik tiiriine, aym tiir igerisinde
cografik bolgeye, cinsiyete, balik sekline, gonad olgunluk safhalarina, lireme zamanina, biyotik ve
abiyotik cevresel faktorlere gore degisebilmektedir. Ornegin Zargana baligi (B. euxini) (Bilgin vd.,
2014), iskorpit balig1 (S. porcus) (Demirhan ve Can, 2009), Pervane baligi (M. lanceolatus) (Liu vd.,
2009) ve Vatoz baligi (B. minispinosa) (Ainsley vd., 2011) gibi balik tiirleri i¢in biiyime farkli
biliylime modellerine gore degerlendirilmistir. S6z konusu baliklardaki farkli matematiksel biiyiime
modelleriyle degerlendirmeler, baligin viicut sekline, biiyiime 6zelliklerine, biiylime parametrelerinin
biyolojik olarak yorumlanmasina ve karsilagtirllmasindaki zorluklardan dolay1 yapilmigtir (Fitzhugh,
1976). Farkli biiyiime modellerinin en uygun olanini segmek igin AIC'nin 6lgiit olarak kullanilmasi
onerilmekle ve bu deger hangi modelde en kiiciikse o model matematiksel olarak en uygun model
olarak degerlendirilmektedir (Akaike, 1974; Burnham ve Anderson, 2002; Henderson ve Seaby,
2006). Bunun yaninda baligin biiylime 6zelliginin biiylime modeline uygunlugu da model se¢ciminde
diger bir 6nemli dl¢lit olarak dikkate alinmaktadir (Haddon, 2011). Ciinkii uygun biiylime modelinin
secimi sadece matematiksel ya da istatistiksel uyumun kalitesine bagli olamaz, aym1 zamanda
incelenen baligin biyolojisine dayanmali ve biiyiimenin teorik bakis acgisini yansitmalidir (Haddon,
2011). Biiyiime egrisinin biikiilme noktasina karsilik gelen zaman ya da yas parametresi (I), biiylime
egrisindeki {ireme olgunluguna karsilik gelen yas ya da maksimum biiyiimenin teorik zamani olarak
tanimlanir. Bu parametre genellikle hayvanlarda iireme olgunlugunun baslangici ile ¢akisir (Fitzhugh,
1976; Karkach, 2006). Bu ¢aligmada kullanilan biiyiime modellerinden Gompertz (disi I = -0,51, erkek
| =-0,89) ve Lojistik (disi I =-0,38, erkek | = -0,68) modellerinin parametrelerinden biri olan I degeri
her iki cinsiyet i¢in de hem matematiksel hem de biyolojik olarak uygun bulunmamistir. Diger taraftan
yukaridaki agiklamalar akilda tutuldugunda, hem hesaplanan AIC sonuglar1 agisindan [Weibull (AIC =
2593,5) ve Morgan Mercer Flodin (AIC = 2593,8)] hem de hesaplanan L, ve K parametreleri
acisindan [Weibull (L, = 19,6 cm ve K = 0,031 y1I'™") ve Morgan Mercer Flodin (L., = 17,0 cm ve K =
0,108 y1I'")] erkek bireylerin biiyiimesini tanimlamak igin Weibull ve Morgan Mercer Flodin biiyiime
modellerinin 6 biiyiime modeli arasindan en uygun model oldugu sonucuna ulasilmistir. Bunlara
ilaveten, erkelerin bitylimesinin hesap edildigi diger 4 modelin AIC kriterleri birbirine yakin olmasina
ragmen s6z konusu 4 modelde hesaplanan L., degerlerinin (L., < 10,8 cm) biyolojik olarak erkek
bireylerin biiylimesini temsil etmedigi diisiiniilmektedir. Soyle ki, glinlimiize kadar yapilan otolit
temelli biiyiime calismalar1 incelendiginde erkek bireylerin L., degerleri 13,82 cm (Unsal, 1989) ile
18,40 cm (Samsun vd., 2006) arasinda rapor edilmistir (Tablo 8). Erkek bireylerin tersine, disi bireyler
icin olusturulan yas-boy veri seti Weibull ve Morgan Mercer Flodin biiylime modelleri ile analiz
edildiginde matematiksel olarak sonu¢ hesaplanamamustir. Disi bireylerin biiyiimesini tanimlamak i¢in
kullanilan diger 4 modelde ise AIC degerleri von Bertalanffy = Ussel < Lojistik < Gompertz seklinde
hesaplanmis olup, AIC dlgiitii agisindan von Bertalanffy (AIC = 5725,42) ve Ussel (AIC = 5725,42)
biliylime modellerinin disi bireylerin biiyiimesini tanimlamada en uygun modeller oldugu goriilmiistiir.
Ancak disi bireyler i¢in hesaplanan biiylime parametreleri dnceki caligsmalarla kiyaslandiginda K
degerleri daha yiiksek L., degerleri ise daha diisiik bulunmustur. Giiniimiize kadar Karadeniz ve diger
bolgelerde yapilan ¢aligmalarin sonucunda disi bireylerin erkeklerden daha biiyiik boya ulastiklar ve
erkeklere gore daha hizli biiytidiikleri bildirilmistir (Unsal, 1989; Gozler ve Ciloglu, 1998; Samsun
vd., 2004; Bilgin vd., 2013; Bellido vd., 2000; Bacha vd., 2010). Bu durum bu ¢alisma sonuglariyla da
ortiismektedir.

Hamsi balig1 hizli biiyiliyen ve yaklagik 1 yasinda cinsi olgunluga erisen (%50 cinsi olgunluk boyu
Kayali (1998) tarafindan disiler i¢in 9,3 cm, erkekler i¢in ise 8,9 cm olarak rapor edilmistir) bir balik
olmasinin yaninda biiylime hizt ve bilylime performansi yillara ve bolgelere gore farkliliklar
gosterebilmektedir. Bu farkliliklar, {izerinde calisilan bireylerin boy ve yas kompozisyonunun farklilik
arz etmesinden, biiylime lizerine etkisi olan yaris, prey-predator iliskisi gibi biyotik ve basta sicaklik
dalgalanmalar1 olmak {izere hamsinin besinini olusturan bitkisel ve hayvansal kdkenli plankton
bollugundaki dalgalanmalar, fito-plankton biomas indeksi olarak kabul edilen klorofil - a
konsantrasyonundaki dalgalanmalar gibi abiyotik ¢evresel faktorlerin yillar ve bolgelere gore farklilik
gostermesinden kaynaklanabilmektedir (Avsar, 2005; Bat vd., 2007; Agirbas vd., 2010; Bilgin vd.,
2016). Ayrica Karadeniz'de yillar arasinda av baskisi, dogal 6lim ve avcilik 6liim oranindaki
farkliliklarda (Tablo 9) hamsi baliginin biiylimesine etki eden diger bir Onemli faktor olarak
diistiniilmelidir. Bu farkliliklar hamsinin biiytimesinde mevsimsel olarak ta etki etmekte ve
Karadeniz'de hamsinin mevsimsel biiylime 6zelligi gostermesine neden olmaktadir (Bilgin vd., 2016).
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Tablo 8. Farkli bolgelerden ve farkli av mevsimlerine gére hamsi i¢in rapor edile bityiime parametreleri. L., = asymptotik boy (cm), K = biiyiime katsayisi (y1l*), &= biiyiime
performans indeksi. L, = maksimum toplam boy (cm), L = ortalama boy (cm)

Av Erkek Disi Tiim (disi+erkek)
Sezonu Kaynak
L, K @D’ Lmax  Lort L, K @D’ Lmax  Lort L., K @D’ Limax  Lort

1985-1986 16,77 0,324 1,960 16,1 124 1
1986-1987 16,85 0,324 1964 16,9 10,8 2
1987-1988 1414 0,920 2,265 3
1987-1988 17,99 0,294 153 9,8 4
1988-1989 15,65 0,282 135 10,6 4
1988-1989 13,82 0,528 2,004 13,0 14,03 0,583 2,060 13,0 15,73 0,317 1,895 13,0 5
1994-1995 16,83 0,310 1,944 153 9,0 6
2000-2001 15,86 0,273 1,837 13,8 109 19,27 0,167 1,793 141 112 16,84 0,233 1,820 10,7 7
2001-2002 17,37 0,237 1,854 13,6 109 19,94 0,202 1,905 146 11,8 18,46 0,217 1,869 11,3 7
2002-2003 18,40 0,177 1,778 13,3 10,0 18,78 0,154 1,735 14,9 10,6 18,73 0,156 1,738 10,2 7
1974-1990 19,40 0,570 2,331 8
1989-1993 18,95 0,900 2,509 185 9
1989-1993 18,69 0,900 2,000 185 9
2007 15,36 0,780 2,265 15,76 0,790 2,293 15,61 0,750 2,262 17,0 10
2010-2011 13,01 0,993 2,226 13,8 11,2 13,69 1,249 2,369 144 118 11
2010-2011 14,00 0,800 2,195 134 113 1393 0,994 2285 146 118 11

1: Erkoyuncu ve Ozdamar (1989), 2: Karacam ve Diizgiines (1990), 3: Diizgiines ve Karacam (1989), 4: Ozdamar vd. (1994), 5: Unsal (1989), 6: Ozdamar vd. (1995), 7: Samsun vd. (2006), 8: Sinovcic
(2000), 9: Bellido vd. (2000), 10: Bacha vd. (2010), 11: Bilgin vd. (2013)
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Oliim oranlari ve isletme oram

Av sezonlarma gore hamsi tlizerine yapilmis Onceki calismalardan hesaplanan oliim oram
parametreleri (toplam Oliim orani, dogal 6liim orami ve balik¢ilik 6liim orani) sonuglarina gore,
Karadeniz'de avlanan hamsinin balik¢ilik 6liim oraniyla toplam 6liim oraninin av sezonlar1 boyunca
benzer sekilde dalgalanmalar gosterdigi, isletme oraninin ise optimum seviyenin (E = 0,5) {izerinde
oldugu goriilmektedir (Tablo 9). Bu ¢alismada, av egrisi yontemine gére hesaplanan disilerin toplam
oliim katsayis1 (Z = 3,5 yil™") erkeklerden (Z = 3,3 yil™) biraz daha biiyiik hesaplanmustir (Zy5 >
Zeek)- Yine 6 biiylime modeli icin hesaplanan biiyiime parametreleri 4 dogal 6liim orani formiillerinde
yerine konularak hesaplanan 6liim oranlarina gore disi bireylerin dogal 6liim oraninin erkeklerden
daha biiyiik oldugu hesaplanmistir (Myisi > Menek). Erkek bireyler igin tiim model sonuglarina gore
hesaplanan isletme orani 0,5 degerinden biiyiik hesaplanmigken, disi bireyler i¢in sadece Djabali vd.
(1993) yontemine gore hesaplanan 6liim orami (ortalama M = 1,0/4+0,016 yi™") kullamlarak
hesaplanan ortalama igletme orani (ortalama E = 0,706+0,005) 0,5 degerinden yliksek hesaplanmistir.
Farkli biliyiime modeli parametreleri kullanilarak hesaplanan dogal o6liim oranlar1 ve M verileri
kullanilarak hesaplanan isletme orani degerleri 2014-2015 av sezonunda hamsi stokunun optimum
degerden (E = 0,5) daha yiiksek bir derecede isletildigini yani av baskisi altinda oldugunu
gostermistir.

Tablo 9. Hamsinin Karadeniz'de av sezonlarina gore rapor edilen toplam 6liim orani (Z), dogal 6liim orani (M),
balik¢ilik 6liim orani (F) ve isletme orani (E) degerleri

Parametre
Avsezonlar1  Z (yil'}) M (yiI'") F (yuh) E (yiY) Kaynak
1985 - 1986 1,56 0,46 1,10 0,71 Erkoyuncu ve Ozdamar, 1989
1986 - 1987 1,05 0,53 0,52 0,50 Karagam ve Diizgiines, 1990
1987 - 1988 1,40 0,57 0,83 0,59 Diizgiines ve Karagam, 1989
1987 - 1988 1,06 0,46 0,60 0,57 Ozdamar vd., 1994
1988 - 1989 1,23 0,45 0,78 0,63 Ozdamar vd., 1994
1988 -1989 0,87 0,50 0,37 0,43 Unsal, 1989
1993-1994 1,61 0,53 1,08 0,67 Mutlu, 1994
1994 - 1995 1,25 0,47 0,78 0,62 Ozdamar vd., 1995
1996 - 1997 2,08 0,68 1,40 0,67 Kayali, 1998
1997 -1998 2,07 0,67 1,40 0,68 Mutlu, 2000
1997 - 1998 1,37 0,49 0,88 0,64 Gozler ve Ciloglu, 1998
1998 - 1999 1,44 0,49 0,95 0,66 Samsun vd., 2004
1999 - 2000 1,60 0,46 1,14 0,71 Samsun vd., 2004
2000-2001 3,59 0,36 3,23 0,90 Samsun vd., 2006
2001 -2002 3,37 0,35 3,02 0,90 Samsun vd., 2006
2002 - 2003 1,90 0,29 1,61 0,85 Samsun vd., 2006
2004 - 2005 1,85 0,34 1,51 0,82 Bilgin vd., 2006
2004 - 2005 0,99 0,45 0,54 0,55 Sahin vd., 2008
2005 - 2006 1,56 0,54 1,02 0,65 Sahin vd., 2008
2010-2011 2,84 0,66 2,18 0,77 Saglam ve Saglam, 2013

Sonug olarak, otolit temelli farkli biiyiime modelleriyle belirlenen biiylime parametreleri
kullanilarak, hesaplanan igletme orani sonuglari; hamsi aveiliginda asir1 av baskisinin oldugunu bir kez
daha ortaya koymustur. Siirlidiirebilir balik¢ilik i¢in av baskisinin azaltilmasinin (6rnegin av gabasini
kisitlayic1 tedbirlerin artirilmasi) yaninda, ileriki ¢alismalarda hamsinin farkli av sezonlarinda
biiyiimesinin belirlenmesinde cinsiyetlere gore farkli biiylime modellerinin kullanilmasi 6regin bu
calisma sonuclarma gore erkekler icin Weibull ve Morgan Mercer Flodin, disiler i¢in ise von
Bertalanffy ve Ussel biiyiime modellerinin kullanilmasi dnerilmistir.

Tesekkiir: Bu calisma, yiiksek lisans tezinden Ozetlenmistir. Calisma Recep Tayyip Erdogan
Universitesi, Su Urlinleri Fakiiltesi, Su Urlinleri Avlama ve Isleme Teknolojisi B6liimii tarafindan
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desteklenmistir.
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Ozet

Bu calisma, Ordu’da akvaryum isletmelerinin durumunu ortaya ¢ikarmak, sorunlarmi belirlemek ve ¢6ziim Onerileri
sunmak amaciyla yapilmistir. Calismada 11 adet isletmeye tam sayim anket yontemi uygulanmustir. Isletmelerin 1 tanesinin
akvaryum balig1 iiretim tesisi, 10 tanesinin ise akvaryumcu oldugu tespit edilmistir. Mevcut isletmelerin %55’inin Ordu
merkezde, %18’inin Unye, %18’inin Fatsa ve %9’unun ise Persembe ilgesinde bulundugu belirlenmistir. Akvaryum
isletmelerinin %73 {inlin kirac1 oldugu, %27’sinin ise kendi miilkiinde faaliyet gosterdigi tespit edilmistir. Akvaryum
isletmelerinde tiim personelin %87’sinin erkek, %13’iiniin ise kadin personelden olustugu, personelin %46,6’s1nin ilkokul,
%46,6’smin lise ve %6,6’smn1n ise liniversite mezunu oldugu belirlenmistir. Satilan baliklar1 isletmecilerin %91 inin yurt
icinden, %9 unun ise yurt i¢i ve yurt disindan temin ettikleri tespit edilmistir. Aragtirma bolgesinde 5 familyaya ait 15 balik
tiirtiniin ve 9 familyaya ait 9 bitki tiirliniin satildig1 belirlenmistir. Akvaryum isletmelerinde goriilen hastaliklarin %50’sinin
mantar hastaligi, %45’inin beyaz benek hastaligi ve %5’inin ise diger hastaliklar oldugu saptanmugtir. Arastirma sonucunda
isletmelerin en bilyiik sorunlari arasinda; merdiven alt1 saticilarin varligi, kagak balik satisi, balik hastaliklari, yiiksek kira
giderleri, akvaryum kooperatif¢iliginin kurulamamasi ve veteriner hekim ile ¢aligma zorunlugunun getirilmesi oldugu tespit
edilmistir. Bu ¢alisma ile, akvaryum isletmelerinde 6ne ¢ikan mevcut sorunlarin ¢éziimiinde {liniversite ve kamu kurumlarinin
ilgili paydaslar ile birlikte hareket etmenin, taleplerin ve dnerilerin dikkate alinmasinin énemine vurgu yapilmustir.

Anahtar kelimeler: Akvaryum baligy, iiretim, isletme, ticaret, perakende
The Status, Problems and Solution Suggestsions of the Aquarium Sector in Ordu Province (Turkey)
Abstract

The present study was conducted to determine the condition and problems regarding the aquarium businesses in Ordu and
to suggest solutions. In the study, the complete count survey method was applied to 11 businesses. It was determined that one
of the businesses was an aquarium fish production facility and 10 of them were aquarium sellers. It was determined that 55%
of the businesses were in central Ordu, 18% of them were located in Unye, 18% of them were located in Fatsa and 9% of
them were located in Persembe. It was also determined that 73% of the aquarium businesses were tenants while 27% of them
were operating in their own property. It was observed that 87% of the personnel were male and 13% were female; 46.6%
were primary school graduates, 46.6% were high school graduates and 6.6% were university graduates. It was determined
that 91% of the fish sold by the businesses were procured domestically and 9% of them were procured from abroad. In the
study area, 15 fish species from 5 families and 9 plant species from 9 families were sold. It was found that fungus constituted
50% of the diseases observed in the aquarium businesses while white spots constituted 45% and the remaining 5% consisted
of other diseases. As a result of the study, the major problems of the businesses were found to include illegal production,
illicit fish sale, fish diseases, high rent expenses, inability to establish aquarium cooperatives, and the introduction of the
obligation to work with a veterinary. In the present study, the importance of cooperating with the related stakeholders of
universities and public institutions and taking demands and suggestions into consideration in the solution of the prominent
problems experienced by aquarium businesses were emphasized.

Keywords: Aquarium fish, production, business, trade, retail

GIRIS

Yaklagik 2000 yillik geg¢mise sahip olan akvaryum baliklarinin yetistiriciligi, giliniimiizde en
popiiler hobiler arasinda yer almaktadir. Diinya iizerinde tahminen 225 iilkenin bulundugu, akvaryum
balig1 uluslararasi ticaretinde her yil 4000’den fazla tatli su ve 1400°den fazla tuzlu su tiirii olmak
tizere yaklagik 1 milyar adet akvaryum balig1 alict bulmaktadir (Whittington ve Chong, 2007). Ayrica
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su {riinleri sektoriinde, adet, boy ve uzunluk basina maliyet bakimindan en degerli baligin akvaryum
baliklar1 oldugu bildirilmektedir (Saxena, 2003; Galib ve Mohsin, 2010).

Diinyada canli siis balig1 ithalat1 daha ¢ok niifus yogunlugunun yiiksek oldugu ve ekonomik olarak
gelismis lilkelerce gergeklestirilmektedir. Tiirkiye’de akvaryum baliklar1 ithalati, Singapur, Tayland,
Tayvan ve Cin gibi Uzakdogu Asya iilkelerinden yapilmaktadir (Kiligerkan ve Cek, 2011). Japonya,
ABD ve Avrupa toplam talebin %65’ini Asya iilkelerinden karsilamaktadir (Ghosh vd., 2003). Iklim
sartlarinin uygun olmasi ve geleneksel aliskanliklarla birlikte dogal stoklarin varligi, biyogesitlilik, su
kaynaklarinin yeterli olmasi ve kalifiye is glicii gibi faktorlerden dolayr Uzak Dogu iilkeleri, akvaryum
baliklar iiretim ve ihracatin1 diinya ¢apinda ticari bir boyuta tasimay1 bagarmistir (Celik vd., 2014). En
fazla tiiketim saglayan ve ithalat yapan iilkeler; ABD, ingiltere, Almanya, Japonya ve Fransa’dir
(Goswami ve Zade, 2015). 2018 yilinda kiiresel ¢apta siis baliklar1 pazari 5 milyar $’lik bir degere
ulagsmistir. Bu pazara tropikal tatli su tiirleri 6nciiliik etmis ve 2018 yilindaki kiiresel gelirin %52,2sini
olusturmustur. Tuzlu su akvaryum balig1 tiirlerinin ise 2019’dan itibaren 2025’e kadar %9’luk bir
ortalama yillik biiylime orami gdstererek, en hizli biiyiiyen sektorlerden biri olmasi beklenmektedir
(Anonim, 2019).

Ulkemizde ise son yillarda siis balig1 iiretim isletmeleri sayisinda daha ¢ok 1liman iklimli
bolgelerimizde artis goriilmektedir. I¢ piyasada ihtiya¢ duyulan miktarin bir kismu bu yetistiricilik yolu
ile saglanirken, disaridan hala biiyiik oranda balik ithalati yapilmaktadir (Y1lmaz vd., 2014). TUIK in
dis ticaret istatistikleri veri tabani kayitlarina gére 2019 yilinda; 2.721.699  (476.295 $) degerinde
akvaryum canlisinin ithal edildigi, ihracatta ise toplam degerin 229.505 b (39.802 $) oldugu
bildirilmektedir (TUIK, 2019). Ozgiir vd. (2015) diinya siis baliklar1 ticaretine kiiresel bir bakis adlt
calismada; siis baliklar1 iiretim ve ticaretinde iilkemizin bir hayli geride oldugunu, bu durumu
gelistirmek icin bilimsel olarak desteklenmis ticari yatirimlarin daha fazla yapilmasi gerektigini
vurgulamiglardir.

Yurt i¢indeki kaynaklardan talebin karsilanabilecegini diisiinen girisimcilerin ugraslariyla son
yillarda Antalya’da yeni isletmeler kurulmaya baglanmistir. Bu isletmelerde, 6zellikle Japon baliklari,
lepistes, moli, koi ve ciklit baliklarmnin yetistirilmesine baslanmustir (Giimiis vd., 2013). Ulkemizde
ticari boyut ve kapasitede akvaryum baliklar1 iiretimi yapan kayithh ve ruhsathh 13 isletme
bulunmaktadir. Bu saymin toplamda 30 oldugu tahmin edilmektedir (Celik vd., 2014). Avc1 (2016)
sehir akvaryumlarini inceledigi arastirmasinda, akvaryumlarin iilke ekonomisi ve iilkenin gelismesi
iizerinde faydasi oldugunu, ozellikle halk akvaryumlarinin bir¢cok kisiye is olanagi sagladigin
belirtmistir. Aydin (2018) caligmasinda, akvaryum sektoriinde kalitenin arttirilmasinin ve farkliliklarin
yaratilmasinin gerekli oldugunu belirtmis, tiiketicinin isteklerinin tespit edilmesini ve bu amagcla
gerekli hizmetin olusturulmasinin 6nemli oldugunu ifade etmistir.

Bu aragtirma, Ordu ilindeki akvaryum isletmelerinin durumunu tespit etmek, baslica sorunlarini
belirlemek ve bunlara iligkin ¢éziim Onerileri sunmak amaciyla yapilmistir. Akvaryum igletmeleri
konusunda yapilmis yeterli sayida ¢alisma bulunmamaktadir. Benzer ¢aligmalarin cogu bolgesel olup
isletmelerin genel profilinin ¢ikarilmasi ve ithal edilen balik tiirleri {izerine arastirmalar seklindedir.
Bu ¢alisma, Karadeniz Bolgesi’nde ilk defa yapiliyor olmasi nedeniyle de 6nem arz etmektedir.

MATERYAL ve YONTEM

Arastirma materyalini Oncelikle isletmelerden anket yolu ile elde edilen 2015 yili verileri
olugturmaktadir. Ordu’da toplam 11 adet akvaryum isletmesi arastirma kapsamina alinmis ve bu
isletmelere tam sayim anket yontemi uygulanmistir. Bir popiilasyon iizerinde yapilmakta olan
calismada, popiilasyona ait veriler iki yontemle toplanmaktadir. Bunlardan ilki tam sayim yoOntemi,
digeri ise orneklemedir. Popiilasyonu meydana getiren birimlerin tek tek incelenerek onlardan 6lgme,
tartma, gbzlem ya da sorusturma yoluyla bilgi alinmasina tam sayim denilmektedir (Giines ve Arikan,
1988). Popiilasyondaki birim sayist az ise, tam sayim tercih edilmelidir (Ci¢ek ve Erkan, 1996). Az
sayidaki igletmede; Sayili vd. (1999), Hekimoglu vd. (2005), Kog (2007), Karatas vd. (2008), Sargin
(2009) ve Kocaman (2011) calismalarinda tam sayim anket yontemi kullanmislardir.

Arastirma verilerinin toplanmasinda yiiz yiize goriisme yontemi kullamlnustir. Isletme sahiplerine
ve calisanlarina anketteki sorular kapali ve agik uglu olarak yoneltilmistir. Gerekli agiklamalar
yapilarak, vermis olduklar1 cevaplar isletme sahipleri adina anket formuna isaretlenmistir. Ordu ilinde
akvaryumculuk faaliyetlerine ve sorunlarina genel bir bakis1 ele alan bu calisma; daha dnce Izmir,
Istanbul (geneli), Hatay, Antalya, Mersin ve Istanbul (Avrupa yakasi) (Hekimoglu vd., 2005; Celik
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vd., 2010; Kilicerkan ve Cek, 2011; Kanyilmaz vd., 2013; Ozliiler Hunt ve Koca, 2014; Biiyiiktas ve
Kizak, 2018) illerinde gerceklestirilen arastirmalar esas alinarak yapilmistir.

BULGULAR ve TARTISMA

Ordu merkezde kayith olan akvaryumcu sayis1 6, Unye ve Fatsa ilgelerinde 2 adettir. Persembe
ilgesinde ise Tarim ve Orman Bakanligi’ndan {iretim izni olan 1 adet akvaryum balig1 {iretim tesisi
bulunmaktadir. Toplam dagilima baktigimizda; il genelinde 10 adet akvaryumcu ve 1 adet akvaryum
balig1 iiretim tesisi tespit edilmistir. Akvaryum isletmelerinin %27’si 1987-2005 yillar1 arasinda,
%731 ise 2007-2013 yillar1 arasinda kurulmustur. Ordu ilinde bulunan 11 adet akvaryum isletmesinin
genel dagilimma bakildiginda; %355’inin Ordu Merkez’de, %18’inin Unye, %18’inin Fatsa, %9 unun
ise Persembe ilgesinde bulundugu tespit edilmistir. Celik vd. (2010) calismalarinda; isletmelerin
%11,4’linlin Kadikdy, %6,5’inin Pendik, %5,7’sinin Umraniye, Maltepe ve Uskiidar, %4,9’unun
Gaziosmanpasa ve %71,7’sinin diger ilgelerde oldugunu belirtmislerdir. Kanyilmaz vd. (2013)
caligsmalarinda; tesislerden %66,7’sinin sehir merkezinin hemen yakinindaki tarim arazisi ve yerlesim
alanlarinda, %22,2’sinin merkeze 20-25 km mesafede, %11,1’inin de Serik il¢esi sinirlarinda, Antalya
merkezine 50 km mesafede oldugunu bildirmislerdir. Ozliier Hunt ve Koca (2014) calismalarinda,
akvaryum isgletmelerinin %52’sinin Akdeniz, %30’unun Yenisehir, %13’liniin Mezitli ve %5’inin
Toroslar ilgelerinde bulundugunu belirtmislerdir. Hekimoglu vd. (2005) arastirmalarinda, isletmelerin
%38,2’sinin Konak, %23,5’inin Bornova, %17,6’sinin Karsiyaka, %11,8’inin Buca ve %8,8’inin de
Balgova’da bulundugunu tespit etmiglerdir. Akvaryum isletmelerinin dagilimina bakildiginda daha ¢ok
niifusun yogun oldugu ve ekonomik olarak gelismis ilgelerde veya sahil bolgelerinde toplandigi
goriilmektedir.

Akvaryum igletmelerinin en Onemli masraflarindan birisi de kira giderleridir. Arastirmada
akvaryum isletme sahiplerinin %27’sinin kendi miilkiinde, %73’iiniin ise kirac1 olarak faaliyet
gosterdigi belirlenmistir. Isletme sahibi ve calisanlarin cinsiyet ve egitim durumu Tablo 1°de
gosterilmistir.

Tablo 1. Akvaryum isletme sahibi ve ¢aliganlarin cinsiyet ve egitim durumu

Egitim Durumu
llkogretim Lise Universite Toplam

Sahibi (Erkek) 5 3 1 9
Sahibi (Kadin) 1 1 - 2
Calisani (E) 1 3 - 4
Calisan1 (K) - - - -
Toplam (E) 6 6 1 13
Toplam (K) 1 1 - 2
Genel Toplam 7 7 1 15

Tiim personelin %46,6’sinin ilkdgretim (tamamu ilkokul), %46,6’smin lise ve %6,6’smin ise
universite mezunu oldugu, %87 sinin erkek, %13’liniin ise kadin oldugu belirlenmistir. Hekimoglu vd.
(2005), personelin %94 iiniin erkek %6’smin kadin, %21’inin ilkokul, %53 liniin lise, %26’sinin ise
iiniversite mezunu oldugunu, Ozliier Hunt ve Koca (2014), %95’inin erkek %35’inin kadm, %40’ min
ilkdgretim, %47,5’inin lise, %12,5’inin {niversite mezunu oldugunu, Biyiiktas ve Kizak (2018),
calisanlarin %98’inin su {irlinlerine ait bir mesleki okulu bitirmedigini, %65’inin de mesleki egitim
almadigini bildirmisglerdir. Arastirmada; ilkogretim mezunu oraninin diger ¢calismalardan yiiksek, lise
ve Universite mezunu oraninin diisiik oldugu, ayrica isletmelerde ¢alisanlarin biiylik bir kismini erkek
personelin olusturdugu tespit edilmistir.

Aragtirmada akvaryum isletmecilerinin %82’sinin baska bir kaynaktan gelirinin olmadig
belirlenmistir. Hekimoglu vd. (2005), isletmecilerin %47 sinin, Celik vd. (2010), %62,1’inin, Ozliier
Hunt ve Koca (2014) ise %78,3’liniin baska bir kaynaktan gelirlerinin olmadigini bildirmislerdir.
Akvaryum igletmecilerinin ¢ogunlugunun, elde ettikleri gelirlerinin disinda baska bir geliri
bulunmadig belirlenmistir.

Isletme sahibi ve calisanlarin yaslar1 ve is deneyimleri Tablo 2’de gosterilmistir. Isletme
sahiplerinin yaslarinin 32-59 yag araliginda ve deneyim yillarinin 2-25 yil oldugu, ¢aligsanlarinin 23-31
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yas araliginda ve deneyim yillarinin ise 1-7 yil arasinda degistigi tespit edilmistir. Isletme sahiplerinin
calisanlardan yasca biiyiik ve daha tecriibeli olduklar1 goriilmiistiir. Hekimoglu vd. (2005), isletme
sahiplerinin 21-58 yas, deneyimlerinin ise 0-42 yil, ¢alisanlarin 18-58 yas ve deneyimlerinin 0-25 yil,
Celik vd. (2010), isletme sahiplerinin deneyimlerinin 0-16 yil, Ozliier Hunt ve Koca (2014), isletme
sahiplerinin 18-56 yas araliginda ve deneyimlerinin 1-37 yil, ¢alisanlarinin ise 18-45 yas araliginda ve
deneyimlerinin 1-17 yil arasinda degistigini bildirmislerdir. Yas dagilimi ve is deneyiminin yerlesim
yerlerindeki farkliliklara bagli olarak degiskenlik gosterdigi goriilmiistiir.

Tablo 2. sletme sahibi ve galisanlarin yaslari ve is deneyimleri (yil)

isletme sahibi isletme ¢alisam
Yas1i  Deneyim Yas1i  Deneyim

Enaz (minumum) 32 2 23 1
En ¢ok (maksimum) 59 25 31 7
Ortalama 43 10 27 4

Satilan baliklar1 isletmecilerin %91’inin yurt i¢cinden (Mersin, Adana ve Hatay), %9 unun ise yurt
iginden ve yurt disindan (Tayland-ithalatgi firma araciligi ile) temin ettikleri tespit edilmistir. Celik vd.
(2010) isletmelerin %12’sinin yurt i¢inden, %21’inin yurt disindan, %67’sinin ise her ikisinden,
Hekimoglu vd. (2005) %44’iliniin yurt i¢cinden, %3’linlin yurt disindan, %53 {iniin ise her ikisinden
temin ettiklerini bildirmislerdir. Ozliier Hunt ve Koca (2014), akvaryum isletmelerinde satilan
baliklarin yurt igi olarak Mersin, Antalya, Izmir, Adana ve Ankara’dan, yurt disindan ise Suriye ve
Uzakdogu iilkelerinden Singapur, Tayland ve Malezya’dan getirildigini belirtmislerdir. Arastirmada
balik temininin yiiksek oranda yurt i¢inden saglandigi, Celik vd. (2010) ve Hekimoglu vd. (2005)
tarafindan yapilmig olan ¢alismalarda ise daha ¢ok hem yurt i¢i hem de yurt disindan temin edildigi
belirlenmistir. Ayrica ithalatin yapildigi {ilkelerin ¢ogunlukla Uzakdogu {ilkeleri oldugu
goriilmektedir.

Ordu ilinde isletmelerin bir tanesinin (%9) akvaryum baliklar1 {iretimi yaptigi, {retilen tiirlerin
japon balig1 (teleskop ve altinbas), koi, lepistes, moli ve kiligkuyruk oldugu belirlenmistir. Giimiis vd.
(2013), isletmelerin japon baliklari, koi, canli doguranlar, lepistes ve moli gibi baliklar1 {irettiklerini,
Celik vd. (2010) isletmelerin %35,7’sinin balik yetistirdigini, Hekimoglu vd. (2005), akvaryum
isletmelerinin 8 (%23,5)’inin baz1 balik tiirlerini yetistirdiklerini, bu tiirlerin ise; lepistes, kiligkuyruk,
plati, moli, vatoz, c¢iklit, Japon baligi, ¢Opcii, beta, diskus ve gurami oldugunu bildirmislerdir.
Aragtirma bulgularr; iiretilen balik tiirleri bakimindan Giimiis vd. (2013) ve Hekimoglu vd. (2005)’nin
verileri ile benzerlik gosterirken, liretim yapan isletme orani bakimindan diisiik kalmistir. Arastirmada
en cok iiretilen tiiriin lepistes oldugu, satilan balik tiirlerinden en ¢ok talep goren tiiriin ise Japon balig1
oldugu, bunu lepistes ve ¢iklit balig: tiirlerinin takip ettigi belirlenmistir.

Isletmelerde satilan balik ve bitki tiirleri Tablo 3’te gosterilmistir. Arastirma bolgesinde 5
familyaya ait 15 balik tiiriiniin ve 9 familyaya ait 9 bitki tiiriiniin satisinin gergeklestigi tespit
edilmistir. Sadece bir isletmede (Ordu merkezde) bitki yetistiriciliginin yapildig1 tespit edilmistir.
Aragtirmada satis1 yapilan bitkiler; Vallisneria, Cabomba, Echinodorus, Ludwigia, Bacopa, Anubias,
Vesicularia, Hemigraphis ve Lilaepsis cinslerine ait tiirlerdir. Hekimoglu vd. (2005) Izmir’de bulunan
isletmelerden 27’sinin akvaryum bitkisi sattiklarimi ifade etmislerdir. Satis1 yapilan, bitkileri,
isletmelerin %4 {iniin yurt disindan, %48’inin yurt i¢inden, %48’inin ise yurt i¢i ve yurt disindan
temin ettiklerini belirtmislerdir. Ayrica en ¢ok satis1 yapilan bitkilerin; Vallisneria, Hygrophila,
Elodea, Cryptocoryne, Ceratopteris, Ceratophyllum, Cabomba, Echinodorus, Hygrophila, Ludwigia,
Fontinalis, Bacopa ve Anubias cinslerine ait tiirler oldugunu ifade etmiglerdir. Celik vd. (2010)
isletmelerin, satilan akvaryum bitkilerinin %22’sinin yurt iginden, %19 unun yurt disindan, %59’unun
ise yurt i¢i ve yurt disindan temin ettikleri sonucunu bildirmislerdir. En ¢ok; Elodea, Anubias,
Echinodorus, Ludwigia, Vallisneria, Cabomba, Cryptocoryne, Hygrophila, Bacopa ve Vesicularia’ya
ait tiirlerin satildig1 belirtilmistir. Ozliier Hunt ve Koca (2014) isletmelerin 10 tanesinin (%43,7)
akvaryum bitkisi sattigini, bu bitkilerin; Echinodorus, Ludwigia, Vallisneria, Fontinalis, Anubias,
Elodea, Anthurium, Microsorum, Hygrophila ve Cabomba cinslerine ait tiirler oldugunu tespit
etmislerdir. Arastirma bulgusu Hekimoglu vd. (2005), Celik vd. (2010), Ozliier Hunt ve Koca (2014)
tarafindan yapilan ¢aligmalarla karsilastirildiginda; 5 bitki cinsi bakimindan benzer bulunmustur.
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Tablo 3. Ordu ili akvaryum isletmelerinde satilan balik ve bitki tiirleri

Balik Bitki
Familya Latince ad1 Tiirkge adi Familya Latince ad1 Tiirk¢e adi
Cyprinidae Carassius auratus Japon Balig1 Hydrocharitaceae ~ Vallisneria spiralis Saz
Cyprinus carpio Koi Alismataceae Echinodorus sp. Amazon
Policiliidae Poecilia reticulata Lepistes Araceae Anubias barteri v. Anubias
nana
Poecilia sphenops Moli Hypnaceae Vesicularia dubyana Java Moss
Xiphophorus helleri  Kilickuyruk Onagraceae Lugwigia repens Giil
Cichlidae Symphsodon Diskus Acanthaceae Hemigraphis colorata  Colorata
aequifasciatus
Cyrtocara moorii Yunus Ciklit Apiaceae Lilaepsis sp. Lilaepsis
Labidochromis Sar1 Prenses Scrophulariaceae Bacopa sp. Bacopa
caeruleus
Aequidens rivulatus  Green Terror Cabombaceae Cabomba sp. Cabomba
Astronotus ocelletus  Astronot Ciklit
Blood parrot Papagan Ciklit
Tilapia mossambica ~ Musir Ciklit
orange
Pterophyllum Melek
scalare
Callichthyidae  Corydoras armatus  Copgii
Loricaridae Pterygoplichthys Vatoz
gibbiceps
5 Familya 15 Tiir 9 Familya 9 Tiir

Aragtirmada balik satisi yapan 10 isletmenin baliklarin stoklanmasi i¢in cam akvaryumlar
kullandigi, balik liretimi ve satis1 yapan 1 igletmenin (Persembe ilgesindeki) ise anag¢ baliklar igin
beton havuzlar (16 adet 5-9 ton su hacminde) ile ahsap havuzlar (51 adet), yavrular i¢in de plastik
havuzlar (40 adet) kullandig1 belirlenmistir. Isletmede prefabrik, sera ve acik alanda balik yetistirme
havuzlari bulunmaktadir. Tablo 4’te Persembe ilgesinde bulunan isletmedeki balik yetistirme
havuzlarinin yapisi ve ozellikleri gosterilmistir.

Tablo 4. Persembe Ilgesi’ndeki isletmede bulunan balik yetistirme havuzlarimin yapisi ve 6zellikleri

Sera lcerisinde Say1 (adet) Ebat (cm)
Beton 8 500x270
Ahsap 15 150x120
Plastik 5 130x70

Prefabrik icerisinde Say1 (adet) Ebat (cm)
Ahsap 36 230x120
Plastik 7 130x70

Acik Alanda Say1 (adet) Ebat (cm)
Beton 2 750%x300
Beton 6 700x300
Plastik 28 130x70

Arastirma bolgesindeki diger 10 isletmede kullanilan cam akvaryumlarin ortalama 50-80 litre
oldugu ve her isletmede 1-3 adet yaklasik 200-300 litre hacimli akvaryumlar bulundugu belirlenmistir.
Kiligerkan ve Cek (2011), akvaryumcularin ortalama 60-80 litre hacimli cam akvaryumlar
kullandiklarini, ayrica 1-3 adet olmak {izere 250-400 litre hacimli biiyiik akvaryumlarin da
bulundugunu ve isletmelerde 15-70 adet arasinda akvaryum oldugunu bildirmislerdir. Hekimoglu
(2006), akvaryumcularda ortalama 30-40 litre hacimli cam akvaryumlar bulundugunu ve 4-200 adet
akvaryum oldugunu tespit etmistir. Kanyilmaz vd. (2013), siis balig1 iiretim tesislerinde en planl
havuzlarin Akdeniz Su iiriinleri Uretme ve Arastirma Enstitiisiine ait oldugunu ve burada derinligi
100-200 cm, alan1 100-400 m? arasinda degisen beton havuzlar varken, alabalik isletmelerinde
geleneksel alabalik havuz tipi, digerlerinde ise derinligi 40-80 cm, alan1 16-60 m? arasinda degisen,
bahge duvar1 formunda ya da yine ayni dlgiilerde naylon kaplama havuzlar oldugunu belirtmislerdir.
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Ozliier Hunt ve Koca (2014) isletmelerde kullanilan akvaryumlarin 60-90 It hacimli, 15-25 adet cam
akvaryumlar bulundugunu tespit etmislerdir. Bu arastirma bulgularinda cam akvaryumlarin hacmi,
Kiligerkan ve Cek (2011) ve Ozliier Hunt ve Koca (2014)’nmn bulgular: ile, akvaryum sayisi
bakimindan da Kiligerkan ve Cek (2011)’in verileri ile benzerlik gostermektedir. Genel olarak
bakildiginda akvaryum isletmelerinde 30-100 litre arasinda degisen cam akvaryumlarin bulundugu
goriilmektedir.

Isletmecilerin %27’sinin kendi miilkiinde, %73 {iniin ise kirac1 oldugu, kira giderlerinin yiiksek ve
onemli bir gider oldugu belirlenmistir. Isletmelerin %91’inin perakende %9’unun ise toptan ve
perakende satis yaptig1 tespit edilmistir. Satislarin mevsimlere gore degisiklik gdsterdigi, en fazla balik
satisinin (%55) kis mevsiminde yapildig1 belirlenmistir. Ozliier Hunt ve Koca (2014) balik satigmin
%65,3’liniin, Hekimoglu vd. (2005) %67’sinin, Celik vd. (2010) %90,9’unun ki mevsiminde
yapildigini bildirmislerdir. Biitiin ¢caligsmalarda balik satiglarinin yiiksek oranda kis aylarinda yapildig:
goriilmektedir.

Isletmelerin 10 tanesinde sebeke suyu, bir tanesinde kaynak suyu kullanildigi belirlenmistir.
Isletmelerin %36’smin su ariticist kullandigi, %64 iiniin ise kullanmadigi tespit edilmistir. Uretim
yapan isletmede alabalik yemi (%50 ham protein, %18 ham yag) ve Artemia kullanildigi, diger
isletmelerde ticari olarak satilan akvaryum baligi yemleri kullanildigr belirlenmigtir. Giimiis vd. (2013)
akvaryum balig1 liretim tesislerinin ¢ogunda alabalik yemi kullanildigini, bazi tesislerin hazirladiklar
fakat besin madde kompozisyonunu bilmedikleri yemlerle baliklari beslediklerini belirtmislerdir.
Ayrica aragtirmacilar, baliklarin beslenmesinin anaglarin verimliligi, biiylime ve su kirliligi agisindan
onemli oldugunu, tesislerin bu konudaki eksikliklerini gidermek zorunda olduklarini vurgulamislardir.
Sales ve Janssens (2003) zengin bir tiir ¢esitliligine sahip siis baliklarinin her bir tiirii i¢in farkli besin
madde ihtiyaclar1 oldugunu bildirmislerdir. Ticari olarak yetistirilen japon baliklarina kaliteli yem
verilmesi, onlarin bilylimelerini, renklenmelerini ve genel sagliklarini arttirmada énemli bir rol oynar
(Tacon, 1993). Dolayisiyla isletmeciler yem konusunu titizlikle ele almali, tiire uygun yem
kullanmalidirlar.

Akvaryum isletmelerindeki en temel sorunlardan birisinin de balik hastaliklar: oldugu gézlenmistir.
Isletmelerde goriilen hastaliklarin %50’sini mantar, %45’ini beyaz benek ve %S5’ini ise diger
hastaliklarin olusturdugu, tedavide hastaliklara uygun balik ilaglarinin kullanildigi, etken maddelerinin
ise malahit yesili, metilen mavisi, potasyum permanganat oldugu tespit edilmistir. Kiligerkan ve Cek,
(2011) isletmelerin %90’ninda beyaz benek ve mantar, %10’nunda ise diger hastaliklarin
goriildiigiint, Hekimoglu vd. (2005) hastaliklarin %49’unu mantar, %32 ’sini beyaz benek ve %19 unu
ise diger hastaliklarin olusturdugunu, Ozliier Hunt ve Koca (2014) hastaliklarin %70’ini beyaz benek
ve mantar hastaligmin olusturdugunu bildirmislerdir. Isletmelerde goriilen hastaliklarm biiyiik bir
kismmi benzer sekilde mantar ve beyaz benek hastaliklarinin olusturdugu goriilmektedir. Balik
hastaliklarinin ortaya ¢ikisinda etkili faktorler; balik tiirli, yetistirme sistemi, c¢evresel kosullar1 ve
patojen karakteristikleri olup, balik hastaliklari, bu faktorlerin interaksiyonu sonucu ile meydana
gelmektedir (Yavuzcan vd. 2010). Arastirmada birgok isletmede baliklarin sikisik bir sekilde
stoklandiklar1 ve su sartlarinin iyi olmadigi dikkat ¢ekmistir. Bu sartlar diizeltilirse isletmelerde
goriilen hastaliklarin azalmasi saglanmis olacak ve miisterilere daha saglikli baliklar verilebilecektir.

Yapilan arastirmada isletmelerin  %91’inin akvaryum baligi satisi  yaninda akvaryum
malzemelerinin satigin1 yaptiklari tespit edilmistir. Arastirma bolgesinde satilan malzemelerin; hava
motoru, akvaryum 1siticisi, akvaryum filtresi, hava tasi, hortum, kepce, akvaryum siis malzemeleri ve
akvaryum oldugu belirlenmistir. Kilicerkan ve Cek (2011) isletmelerin %95’inin, Hekimoglu vd.
(2005) %97’sinin, Ozliier Hunt ve Koca (2014) %96 ’sinin balik disinda, malzemelerin de satisim
yaptiklarint belirtmiglerdir. Yapilan c¢alismalara bakildiginda balik satisinin yaninda akvaryum
malzemeleri satig oraninin benzer bir sekilde yiiksek oldugu goriilmektedir.

Isletme sahipleri sektorde kalic1 yer edinebilmelerini ve gelismelerini saglamak amaciyla akvaryum
kooperatifgiliginin kurulmasi gerektigini belirtmislerdir. Isletme sahiplerinin %73 {iniin kooperatif
kurulmasina olumlu, %27’sinin ise olumsuz baktiklar1 belirlenmistir. Kiligerkan ve Cek, (2011)
isletmelerin kooperatifcilige %55’inin olumlu, %45’inin ise olumsuz baktigin1 bildirmistir. Her iki
calismada da akvaryum kooperatif¢iligi kurulmasi hakkinda olumlu diisiinenlerin oran1 daha fazladir.
1.Ulusal Akvaryum Balik¢iligi ve Sorunlart Calistayr sonug bildirgesinde; ticari pek ¢ok faaliyette
oldugu gibi, bu sektdrde de gelisim ve otokontrol igin 6rgiitlenme ihtiyaci olduguna dikkat ¢ekilmistir
(Anonim, 2014). Dogan (2018) Tiirkiye’de Siis Balik¢iligina Yeni Bir Bakis Calistay1’nda; akvaryum
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balik¢iliginda kooperatiflesmenin énemini vurgulamistir. Singapur’un diinyanin en biiyiikk akvaryum
baliklar1 ihracatcist olmasimin en biiyiik sebepleri arasinda; yerel {ireticilerin tek bir cati altinda
toplanarak birlik olmasini ve iiretim kooperatiflerine sahip olmalarini gostermistir. Arastirmaci ayrica
iilkemizde de akvaryum baliklar1 {iretiminde tarim sektdriinde uygulanan orgiitlenme yapisi ve
kooperatiflesmenin uygulanabilir oldugunu, kooperatiflerin ulusal ve uluslararasi pazarda, merkezi
yonetimlerin alacag kararlarda sivil inisiyatif olarak 6énemli isler basarabilecegini belirtmistir.

Veteriner ile galigma zorunluluguna isletmecilerin %64’(i olumsuz, %36’s1 olumlu baktiklarini
belirtmiglerdir. Veteriner ile calisma zorunluluguna olumlu bakan isletme sahiplerinin herhangi bir
konuda (hastalik vb.) veterinerlerden danismanlik hizmeti almadiklari tespit edilmistir. Bu durum da
oldukca diisiindiiriiciidiir. Bu isletmelerde hem yonetmelikte hem de sahada su {irlinleri
miihendislerinin ve balik¢ilik teknolojisi miihendislerinin aktif olarak yer almasi bu sektoriin
gelismesine onemli katkilar saglayacaktir. Celik vd. (2014) akvaryum sektoriiniin baslica sorunlari
arasinda; veterinerlerin balik sagligi ve tedavisinde yeterli teknik destegi saglayamadiklarini da
belirtmislerdir. Biiyiiktas ve Kizak (2018) veteriner meslek grubunun, su iiriinleri miihendislerinin
faaliyet alanlarina girmis oldugunu, yetki ve sorumluluklarinin kisitlanarak, bu haklarin sektoriin
gercek yiiriitiici ve gelistiricisi olan su irlinleri miihendislerine devredilmesini ifade etmislerdir.
Aydin (2019) akvaryum baliklari satig yerlerinde su {iriinleri teknikeri veya miihendisinin aktif olarak
yer almasinin, hem balik refah1 hem de miisteri memnuniyetinin arttirilmasinda énemli oldugunu
vurgulamistir.

SONUC ve ONERILER

Akvaryum igletmesi kurmak isteyen yeni yatirimcilarin sevki ¢ogu zaman devlet kurumlariyla ilgili
karsilasilan yasal mevzuatlar, ¢ok sayida kurumdan izin alma ve bu siirecin gereksiz yere uzamasi gibi
nedenlerle kirilmaktadir. ilgili Bakanlik tarafindan yatirimeilarin 6zendirilmesi ve tesvik edilmesi igin
sistemin, yatirimcilarm biitiin islemlerini hizli ¢6zecek sekilde yeniden yapilandirilmasi ve biirokratik
stirecin kisaltilmas1 gerekmektedir.

Aragtirma bolgesinde bulunan isletmeler balik ihtiyaglarini, Akdeniz Bolgesi’nden Hatay, Mersin
ve Adana illerinden temin etmektedirler. Isletmeciler tarafindan Akdeniz Bolgesi’nin tercih
edilmesinde; iriin tedariginin siireklilik arz etmesi, triin kalitesinin daha yiiksek olmasi ve daha
ekonomik olmasi gibi etkenler dncelik arz etmektedir. Yaklasik 700-800 km gibi mesafelerden tasima
prosediirlerinin tam olarak uygulanmamasi sonucunda taginan baliklar nakil sonrasi deformasyon,
yorgunluk ve adaptasyon gibi sorunlar yasamakta, buna bagli olarak Oliim oranlari artmaktadir.
Persembe ilcesinde bulunan isletmede akvaryum baliklarinin bir kisminin iiretimi yapilmaktadir.
Bunun gibi isletmelerde iiretiminin artirilmasina yonelik destekler saglanirsa, isletmenin sektorde
tutunmasina da katki saglanmis olacaktir.

Aragtirma sonunda tiim personelin %46,6’siin ilkogretim (tamamu ilkokul) mezunu oldugu ve
benzer caligmalardan bu oranin yiiksek oldugu goriilmiistiir. Tiim personel i¢in hem egitim
diizeylerinin arttirilmasina yonelik, hem de meslek egitimleri verilmesi yoniinde ¢aligsmalar yapilabilir.

Akvaryum isletmelerinde donem donem hastaliklar yiiziinden kayiplar yasanmaktadir. Veterinerler
balik hastaliklar1 tedavisinde yeterli destegi saglayamadiklar i¢in, hastaliklarla karsilasan isletmelerin
cogu kendi tecriibelerinden faydalanarak ¢dziim bulmaya calismaktadir. Bu konuda Su Uriinleri
Fakiiltesi, Deniz Bilimleri Fakiiltesi ve Su Uriinleri Arastrma Enstitiisii gibi balik hastaliklari
tedavisinde yardime1 olabilecek kuruluslarla irtibat halinde olunmalidir. isletmelerde yeni alinan
baliklar i¢in herhangi bir karantina uygulanmamakta buna bagli olarak hastaliklar artmaktadir. Bu
nedenle isletmelere disaridan getirilen baliklara karantina uygulanmali ve hasta baliklara farkl
akvaryum ve havuzlarda tedavi uygulanmalidir.

Akvaryumcularin sorun ve ihtiyaglarini gerekli mercilere iletmek igin profesyonel bir organizasyon
(kooperatif vb.) eksikligi bulunmaktadir. Akvaryum isletmeleri bir araya gelmeli sorunlarini ve
sektoriin gelecegi adina eksikliklerini belirleyerek gerekli mercilere iletmelidirler. Mevcut sorunlarim
¢ozlimiinde basar1 saglamak i¢in liniversite ve kamu kurumlarinin ilgili paydaslarn ile birlikte hareket
etmek, gelen talep ve Onerileri iyi degerlendirebilmek gereklidir.

Akvaryum isletmeleri i¢in énemli sorunlardan birisinin de “kagak balik girisi” ve “merdiven alti
saticilarm” varligidir. Bu durum kontrolsiiz balik girisi yapilmasina, yerli iireticilerin rekabet etmekte
zorlanmasina, hastalik girisine ve vergi kaybma neden olmaktadir. ilgili merciler tarafindan yerli
ireticiyi kalkindirmak ve vergi kaybini azaltmak i¢in akvaryum balik ithalati ile ilgili hiikiimler
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yeniden diizenlenmelidir. Ayrica iilkemizde akvaryum baliklar1 {retimininin tesvik edilmesi
gerekmektedir.

Akvaryum baliklar1 diinyada ve iilkemizde daha cok tropikal veya subtropikal bolgelerde
yetistirilmektedir. Karadeniz Bolgesinde akvaryum baligi liretimi yapan tek isletme olmasi
bakimindan Persembe’deki isletme bdlgeye balik temininde énem arz etmektedir. Ulkemizde bunun
gibi yatirimlarin desteklenmesi, sektoriin gelismesine onemli derecede katkilar saglayacaktir.

Tesekkiir: Bu caligma birinci yazarin yiiksek lisans tezinden 6zetlenmistir. Bu ¢alisma, Ekoloji 2017
Uluslararas1 Sempozyumu Kitabi’nda 6zet olarak yaymlanmistir.
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Abstract

Percnon gibbesi is an invasive crab reported for the first time from Linosa Island and the Balearic Islands. This grapsid
crab is the most invasive decapod species to enter the Mediterranean Sea. It was first recorded in 1999 and has since spread
from Spain to Turkey. In this paper, we report the first record in Oran coasts, where it probably established in « la Madrague
beach » in winter of 2017 after its establishment in eastern and central Algerian waters since 2008.

Keywords: Occurrence, Percnon gibbesi, alien spices, Oran Bay, Algeria

istilaci Grapsid Yengeci Percnon gibbesi (H. Milne Edwards, 1853) (Crustacea: Decapoda: Percnida)’nin Oran
Korfezi'ndeki (Kuzeybati Cezayir) ilk gozlem kaydi

Ozet

Percnon gibbesi, ilk kez Linoz Adasi ve Balear Adalari’nda goriilmiis olan istilaci bir yengectir. Bu grapsid yengeg,
Akdeniz'de yayilim gosteren en istilac1 Decaphoda tiiriidiir. flk kez 1999 yilinda kaydi verilen bu tiir o zamandan giiniimiize
kadar Ispanya’dan Tiirkiye’ye kadar yayilis gostermistir. 2008 yilinda Dogu ve Orta Cezayir sularinda (muhtemelen 2017
kisinda) goriilen bu tiirlin, Oran « la Madrague Beach » kiyilarindaki ilk kaydi bu makalede rapor edilmistir.

Anahtar kelimeler: ilk kayit, Percnon gibbesi, istilaci tiir, Oran Kérfezi, Cezayir

INTRODUCTION

Percnon gibbesi is native to the Pacific (California to Chile) and Atlantic (Florida to Brazil) coasts
of the Americas, and the Atlantic coast of Africa (Madeira, the Azores, the Cape Verde Islands and the
coast of Africa from Morocco to Ghana and offshore islands in the Gulf of Guinea) (Manning &
Holthuis, 1981). Reconstituting P. gibbesi invasion Katsanevakis et al., 2011 stated that it was first
recorded in the Mediterranean Sea in 1999 in Linosa Island (Sicily Strait), southeastern Sicily, and the
Balearic Islands (Relini et al., 2000; Garcia and Reviriego, 2000; Miiller, 2001; Mori and Vacchi,
2002). Since then, its population in the Mediterranean Sea has expanded rapidly.

In Algeria, it was first reported in Collo (Skikda district) in 2010 (Katsanevakis et al., 2011) also in
Algiers, in the localities of Rais Hamidou and Sidi Fredj by Lamouti (2010) in central Algerian waters
and then in Eastern Algerian waters Bada and Derbal (2018), Menail et al. (2019) add to this our first
record for northwestern Algerian waters.

The first sighting of P. gibbesi in Algerian shallow waters dates back to 2008 in the region of Jijel
(Noél and Prouzet, 2017). This crab frequented the Oranian coasts probably the winter of 2017.
Herbivorous more or less strict, this stealth crab is active during the day. It frequents rocky shores,
ports, and marinas where it hides in cracks or under stones up to -30 m deep. Generally, its shell is
slightly longer than wide, and the maximum length observed in la Madrague was a specimen of 16 cm.
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As stated by Deudero et al. 2005, Azzurro et al. 2011, Katsanevakis et al. 2011 P. gibbesi
population invaded the coasts in a short time, and specimens were found everywhere. The high
dispersal capacity of P. gibbesi suggests that this species could be a potential competitor for the native
marbled crab Pachygrapsus marmoratus. Nevertheless, Sciberras and Schembri, 2008 observed that
in the shallow rocky intertidal zone, P. gibbesi overlap with the native grapsid, Pachygrapsus
marmoratus where they have been considered potential competitors for space and to a lesser degree
with the native xanthid, Eriphia verrucose. Miiller (2001) found that the two species compete also for
food since they have been observed to occur in close proximity.

MATERIALS and METHODS

Our extensive knowledge and monitoring of invasive species in Oran shoreline past years allowed
us to easily notice the new presence of this species in July 2017. The method used for the reporting of
non-native species consisted of visual patrols, carried out by snorkeling with waterproof camera in the
rocky areas and bottom of Oran shoreline (Mazzoldi and De Girolamo, 1998). Visual surveys were
realized in free diving between 0 and 3 m and ecological parameters studied were: abundance, habitat
(herbarium, sand, rocks, and crevasses), behavior (Indifferent, slow leakage, fast leakage).

RESULTS and DISCUSSION

During our investigation of benthic species richness of Oran coast, we met by chance one specimen
of nimble spray crab P. gibbesi for the first time in July 2017, at la Madrague beach 35°46'02.2"N
0°49'06.6"W (Sugar Loaf) (Figure 1). Since then, the species has been observed in 2018 and 2019
(Figure 2), in the same place between 1 and 3m of isobaths.
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Figure 1. Location of the signaling zone, la Madrague (Sugar Loaf), Western Mediterranean.

P. gibbesi is a very flat crab. Its shell is slightly longer than wide, and its length measures up to 39
mm in males, 34 mm in females, and between 26 and 30 mm in ovigerous females. It has three front
teeth and four-pointed anterolateral teeth. Each ambulatory leg is provided of a row of strong thorns
on the anterior margin of the merus. Male pliers are uneven and stronger than those of females or
juveniles. The general color is brownish-reddish (Williams, 1965; Noél, 2015).

The species is difficult to photograph in scuba diving because it is very fearful and takes refuge
very quickly under stones and in crevices (Noél 2015). It hides with agility in cracks or various
cavities. It particularly appreciates the rocks lined with calcareous red algae in a beaten environment.
It occurs mainly in the intertidal zone and the first three or four meters deep. Large individuals are met
more deeply than young ones (Deudero et al., 2005). It has been reported down to -30 m (Verrill,
1908; Fransen, 1991; Galil, 2006; Otero et al., 2013).
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The zone is characterized by rocks, resulting from local development works (aquaculture farm)
which offer an ideal habitat for the installation of P. gibbesi. As stated previously specimen of this
grapsid crab moves very fast and made the task difficult for us to determine the sexes of individuals
and population was estimated by the visual census (Mazzoldi and De Girolamo, 1998). For 150 m
shorelines we counted 10 individuals in 2017, 30 individuals in 2018, the last estimation was
performed in 2019 as a mean of 8 individuals per 10 m so 120 individuals to date. It is to highlight
that nimble spray crab is difficult to photograph under scuba diving because it is a very fearful crab
and takes refuge very quickly under the cracks and crevices. It was photographed after several
attempts in 2019 (Figure 2).

Figure 2. Prcnon gibbesi photographed in 28! , Seteber 019 inla Madrue, Oran.
Photograph by Dr. Lotfi Bensahla-Talet

Grapsid crab is considered as Herculean species (reached the Mediterranean by the Strait of
Gibraltar). It can be consumed by several fish: common dentex, bar, sea bream, porgies; to this list of
predators we can add cephalopods such as octopus and large crustaceans. Perhaps the Percnon resist
the waves better than the Pachygrapsus, being stronger to hold on a rocky substrate (flatter, taller,
longer legs). Vegetarian, the species does not seem to have a significant effect on the coastal
ecosystems it frequents and to date has no known ecological or economic negative impact.

CONCLUSION

The location of the P. gibbesi is very limited in Oran coast, so we can conclude that its distribution
is currently discontinuous and localized. More in-depth and methodical studies will give us a broader
view of population dynamics and a meaningful response to all relationships with other native species
or any changes that this recently introduced alien species could bring to the marine ecosystem.
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Abstract

It is well-known that for centuries, humans have used plants and herbal remedies to treat many diseases, in addition to the
treatment options brought and applied by modern medicine, which relies on scientific studies and actual evidence. One of
these plants is the squirting cucumber (Ecballium elaterium), or the exploding cucumber. Despite its therapeutic properties,
the squirting cucumber may also cause serious biological damage to humans, as demonstrated several studies. This study was
conducted to determine whether the juice obtained from ripe fruits of squirting cucumber has any effect on the cell
morphology of common carp (Cyprinus carpio). Juice application was carried out on 4 groups, composed of 1 control and 3
experimental groups. Squirting cucumber juice was added to three aquariums containing different experimental groups, in
three different ppm (100, 200, and 300) levels, for 72 hours. Afterwards, blood smear samples of the fish were prepared, and
the preparations were scanned under a microscope to determine the changes in blood cell morphology. The results
demonstrated that squirting cucumber juice caused micronucleus formation during cell division in C. carpio blood cells, and
several abnormalities in blood cell morphology including Lobed nucleus (LB), Bud nucleus (BL), Notched nucleus (NT) and
Binucleated erythrocytes (BN).

Keywords: Ecballium elaterium, Cyprinus carpio, micronuclei, erythrocyte morphology

Ac1 Kavun (Ecballum Elaterium L. 1758)’un Sazan (Cyprinus Carpio L. 1758) Baliklar1 Kan Hiicre Morfolojilerine
Etkileri

Ozet

Yiizyillardir birgok hastaligin tedavisinde modern tip tarafindan uygulanan, kanita ve bilimsel ¢alismalara dayali tedavi
seceneklerinin yani sira bitkiler ve bitkisel ilaglarin da kullanildig1 bilinmektedir. Tedavi amagli kullanilan bitkilerden bir
tanesi ac1 kavun (Ecballium elaterium) bitkisidir. Ac1 kavun bitkinin tedavi edici 6zelliginin yan 1sira, insanlar {izerinde ciddi
biyolojik hasarlar da biraktig1 yapilan ¢aligmalarda goriilmektedir. Bu galismada, aci kavun bitkisine ait olgun meyvelerden
elde edilen 6zsuyun sazan baliklar1 (Cyprinus carpio)’nin hiicre morfolojilerine etkisinin olup olmadiginin belirlenmesi
amaglanmistir. Uygulama 3 deney ve 1 kontrol grubu olmak iizere 4 grup iizerinde yapilmustir. Ug farkli deney grubuna ait
akvaryumlara 3 farkli ppm (100, 200 ve 300) degerinde ac1 kavun 6zsuyu 72 saat uygulanmistir. Baliklardan kan yayma
preparatlart hazirlanmistir ve hazirlanan preparatlar mikroskop altinda taranarak kan hiicrelerinin morfolojilerinde meydana
gelen degisiklikler tespit edilmistir. Sonug olarak act kavun 6zsuyunun C. carpio kan hiicrelerinde boliinme esnasinda
mikroniikleus olusumuna neden oldugu ve kan hiicrelerinin morfolojilerinde Loblu niikleus (LB), Tomurcuklu niikleus (BL),
Centikli niikleus (NT) ve Biniikleat (BN) gibi anormalliklere neden oldugu tespit edilmistir.

Anahtar Kelimeler: Ecballium elaterium, Cyprinus carpio, Mikroniikleus, Eritrosit morfolojisi

INTRODUCTION

Since ancient times, medicinal plants and herbal remedies have been used for the treatment of
certain diseases, besides the treatment options of medical doctors that are based on hard evidence
brought by scientific studies. Diseases emerging as a result of changes in the dietary habits of humans,
along with changes in environmental conditions, and the inadequacy of drugs used for treating these
diseases cumulatively increased the human interest in traditional medicine (Baytop, 1999). For the last
two thousand years, humans have been using the fruits, roots, and leaves of many known plants
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against many diseases including tumors, skin spots, eczema, and sinusitis. One of these medicinal
herbs is the squirting cucumber (Ecballium elaterium).

In scientific studies, the juice of this plant has been observed to show both positive and negative
effects on organisms (Celik, 2009). Specifically, the juice obtained from the ripened fruits of E.
elaterium was determined to show certain destructive effects on living things (Mazokopakis, 2009).
The effects of E. elaterium on living things were tested on mice, plants, and cultured human peripheral
Lymphocytes (Renciizogullari, 2006; Shabbar and Maslat, 2007; Celik, 2009). It is known that
alterations in blood cells of living organisms, and usually the changes in the number and nucleus
morphology of erythrocytes, adversely affect metabolism (Verhovsek, 2017).

In vertebrates, erythrocytes account for more than 99% of the cells found in the blood. Young
erythrocytes, produced in the red bone marrow and added to the blood circulation, lose their nucleus
along with many of their organelles when they mature in vertebrates except the fish (Aktiimsek, 2002).
Since mature fish erythrocytes have nuclei (Claver and Quaglia, 2009; Mumford, 2007), it is easier to
observe the abnormalities and micronuclei (MN) that may develop in fish erythrocytes due to the
effects of E. elaterium juice. Abnormalities seen in the erythrocytes are divided into two groups: 1)
nucleus abnormalities, and 2) cytoplasm abnormalities (Verhovsek, 2004). Micronuclei (MN) can be
seen in cells when cytoplasmic division is disrupted and cells end up containing either entire
chromosomes that fail to travel to the poles of the cell during mitosis or chromosome fragments that
do not have centromeres. During telophase, a nuclear membrane forms around these entire and/or
broken chromosomes, resulting in a structure smaller than the cell’s main nucleus, forming what is
called a "micronucleus™ (Fenech, 2000).

The effect of E. elaterium juice on blood cell morphology has been tested on many organisms
including mice, rabbits, and plants (Uslu et al., 2006). However, there is no study on C. carpio, which
has nucleated erythrocytes. In this context, this study was carried out to observe the effects on the
nucleus morphology of erythrocytes more easily.

MATERIALS and METHODS

Fish specimens (Cyprinus carpio) used in the experiment were obtained from the Yedikir
Aquaculture Station operated by the 73" Branch Directorate of the 7" Regional Directorate under the
General Directorate of State Hydraulic Works (DSI) of the Ministry of Forestry and Water Affairs,
along with necessary legal permissions, and were left to rest in 173-liter aquariums filled with rested
tap water to ensure their adaptation to the new environment. Fish were divided into 4 groups (1 control
and 3 experimental groups), with 7 individuals in each group (Cigremis, 2003; Ozkan, 2011). The fish
used in the experiments had an average body weight of 100-120 grams, and an average length of 18-20
cm.

Ripe fruits of squirting cucumber (Ecballium elaterium) plants used in the experiment were
collected from Manisa, Ankara, and Kirsehir provinces during May and September, and brought to the
laboratory (Table 1). With the circular published in 2016by the Ministry of Health, the cultivation, and
sale of this plant were prohibited. Therefore, the necessary legal permissions were taken from the
Ministry of Agriculture and Forestry.

Table 1. Localities of Ecballium elaterium fruits collected.

Coordinates

Locality Date Latitude Longitude
Manisa - Salihli May - 2017 38.479625° 28.037181°
Ankara- Batikent September - 2017 39.967906° 32.713785°
Kirsehir September - 2017 39.145961° 34.153838°

Ripe fruits brought to the laboratory were crushed in a sterile container. The fruit juice was
obtained from the crushed fruit material by using filter paper. About 500 ml of fruit juice was obtained
from approximately 7-8 kg of ripe fruit. This juice was added to all 3 aquariums in the experimental
group, in volumes of 17.3, 34.6, and 51.9 ml (100, 200, and 300 ppm), respectively (Table 2). The
application continued for 72 hours, as seen in Figure 1 below, and the water in all aquariums was
changed every 24 hours.

401



SEYFI and GAFFAROGLU 2020 ActAquaTr 16(3), 400-408

L inati Application of
Application of Application of R e Blood samplin
E. elaterium juice E. elaterium iuice & Cvt-B E. elate“i‘m luice | Pina
I I | —
Hour 0 24 48 72

Figure 1. Working schedule (timetable).

On the 24" hour of the experiment, 1 mg of Cytochalasin B (Cyt-B) was injected into each fish,
from an 80 ml solution prepared by dissolving 1 ml of Cyt-B (Sigma, 6762) in 79 ml of Dimethyl
Sulfoxide (DMSO), to inhibit telophase (a division of the cytoplasm), which is the final stage of
mitosis (Fenech, 1992; Fenech, 2007).

Table 2. Information on experimental and control groups

Control Experimental Groups
Group 1 2 3
Number of fish 7 7 7 7
E. elaterium ppm value 0 100 200 300

At the end of the juice application period, on the 72" hour, the fish in all 4 aquariums were
knocked on the head to be rendered unconscious. The unconscious fish were then cut with a sharp
knife at about 1-2 cm to the rear of their tail fin (Kocabatmaz and Ekingen, 1984). Blood samples
about the size of lentil were taken directly from the caudal vein onto one side of slides, which were
cleaned beforehand. Drops of blood were then treated with spreader slides, by bringing the short edges
of these second slides towards the drops, held at an angle of 45° degrees. The blood was smeared
thinly over the original slide by first keeping the second slide still until blood spread along its edge,
and then moving it forward in the opposite direction by keeping the same angle between the two
slides. With this method, blood smear preparations were obtained.

The preparations were air-dried for one day, and the dried preparations were then fixed by using
methyl alcohol. Fixed preparations were stacked in shawls and stained by being suspended in 5%
Giemsa solution for 20 minutes. The stained preparations were washed with distilled water until the
last drop was clear, and air-dried once again. Final preparations were sealed with Entellan and made
permanent. For every individual fish, 2 preparations were worked on with this method.

Samples prepared by the in vitro micronucleus (MN) test technique were examined under Leica
DM 3000 research microscope to determine the erythrocytes displaying abnormal nuclei and
micronuclei formations. For each preparation, a random count of 1,000 erythrocytes was conducted.
Among these, the number of erythrocytes displaying MN formations and other abnormalities were
determined, and the numbers were expressed in per thousand (%o) (Fenech, 2000; Sekeroglu, 2011). In
all examined preparations, abnormalities detected in cells were divided into 2 different groups: 1)
Erythrocyte Nucleus Abnormalities and 2) Erythrocyte Cytoplasm Abnormalities.

Abnormalities detected in the nuclei of erythrocytes were divided into 5 groups according to the
method used in the study conducted by Carrasco (1990), and the abnormalities detected in the
cytoplasm of erythrocytes were grouped according to abnormality types identified in the study
conducted by Gill (1985).

The numerical data obtained in the study were evaluated with one-way analysis of variance test to
see whether the fruit juice of squirting cucumber added to the aquariums showed a normal distribution
in terms of ppm values. Abnormal erythrocyte numbers detected in the cells were compared with
multiple analysis of variance. Scheffe’s method (multiple comparison test) was used for statistical
evaluation of data between experimental groups. The differences at P <.05 level were referred to as
significant, and the data for all groups were expressed as mean + standard deviation.

402



SEYFI and GAFFAROGLU 2020 ActAquaTr 16(3), 400-408

RESULTS

In the study, the genotoxic effects of Ecballium elaterium juice on fish were investigated, and the
results were evaluated regarding the relationship between dosage and the number of abnormalities. To
detect MN formations and morphological disorders in erythrocytes, blood samples were taken from all
of the fish specimens in all four groups, two blood sample preparations were made for each specimen,
a random 1,000 cells were counted on each preparation, and a total of 14,000 cells were examined in
each group. At the end of the study, it was observed that the E. elaterium juice added to the aquarium
water in different doses resulted in an increased number of MN formations and other abnormalities in
erythrocytes in line with the increased dose of application.
Erythrocyte Nucleus Abnormalities

When the abnormalities detected in all examined preparations are divided into groups according to
the nomenclature by Carrasco (1990), 5 separate groups can be observed. These groups are formed
according to the type of abnormality seen in the nuclei of erythrocytes. The groups are named as
follows; Micronucleus (MN), Lobed nucleus (LB), Bud nucleus (BL), Notched nucleus (NT), and
Binucleate (BN).

In the overall analysis of cells, the types of abnormalities detected in the nuclei of erythrocytes
were found as shown in Figure 2, and the numerical values belonging to the detected abnormalities
were found as given in Table 2 and Figure 3.

/
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_Figure 2. Types of abno-rmalities detected in the nuclei of C. carpio erythrocytes: Normal erythrocyte (a),
Notched nucleus (b), Micronucleus (c), Lobed nucleus (d), Binucleate (e), Bud nucleus (f).

Table 2. Frequencies of abnormalities detected in the nuclei of erythrocytes (MN: Micronucleus, LB: Lobed
nucleus, BL: Bud nucleus, NT: Notched nucleus, BN: Binucleate).

Abnormality Types
MN LB BL NT BN

Dose No. of Cells
Specimens  Counted

f %0 f %0 f %0 f %0 f %0
Control 7 14,000 0 000 8 057 12 08 14 100 4 0.29
100 ppm 7 14,000 8 057 10 071 18 129 20 143 8 057
200 ppm 7 14,000 14 100 20 143 28 200 34 243 8 057
300 ppm 7 14,000 24 171 34 243 46 329 58 414 17 121
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Figure 3. Average values of abnormalities detected in the nuclei of erythrocytes, (MN: Micronucleus, LB:
Lobed nucleus, BL: Bud nucleus, NT: Notched nucleus, BN: Binucleate).

Regarding the table data, it was determined that the numerical values (%o) of abnormalities detected
in the erythrocyte nuclei showed an increase in correlation with the increase in the dose of E.
elaterium juice added to the aquarium environment.
Erythrocyte Cytoplasm Abnormalities

In the overall analysis of cells, the types of abnormalities detected in the cytoplasm of erythrocytes
were found as shown in Figure 4, and the numerical values belonging to the detected abnormalities
were found as given in Table 3 and Figure 5

. @@@
fs Q 0 |

a b ¢

Figure 4. Types of cytoplasmic abnormalities detected in C. carpio erythrocytes: Spherocyte (a),
Hypochromia (b), Elliptocyte (c).

Upon the examination of erythrocytes with cytoplasm abnormalities detected during the scanning
of preparations, three types of abnormalities were encountered: 1) spherocyte (full round shape of
erythrocyte cytoplasm), 2) hypochromia (pale-colored stain due to haemoglobin deficiency in
erythrocytes), and 3) elliptocyte (elliptical and elongated erythrocytes).
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Table 3. Frequencies of cytoplasmic abnormalities detected in erythrocytes.

Abnormality Types

No. of
Dose (PPM)  giocimens ~ Cells Counted Spherocyte Elliptocyte Hypochromia
f %o f %o f %o
Control 7 14,000 6 0.42 4 0.30 10 0.71
100 7 14,000 14 1 10 0.71 12 0.85
200 7 14,000 18 1.3 14 1.0 20 1.40
300 7 14,000 22 1.57 20 1.50 26 1.90
Erythrocyte Cytoplasm Abnormalities
2
1,8
1,6
1,4
1,2
1
0,8
0,6
0,4
= B _
0
Spherocyte Elliptocyte Hypochromia

m Control m100 ppm m®200 ppm =300 ppm

Figure 5. Average values of abnormalities detected in the cytoplasm of erythrocytes.

The numerical data given in Table 3 shows the frequency of cytoplasmic abnormalities detected in
fish erythrocytes among 14,000 cells counted in each group. Regarding these data, the number of
spherocyte (round-shaped) cells that formed as a result of cytoplasmic abnormalities in erythrocytes
was found as 6, 4, and 10, respectively. The number of erythrocytes with elliptocyte nuclei was 14, 10,
and 12, respectively; and the number of erythrocytes with hypochromia was 22, 20, and 26,
respectively.

Scheffe’s multiple comparison test results for the statistical significance levels between the
numbers of abnormalities detected in the examination of experimental groups are given in Table 4.

Table 4. Significance data regarding the number of nucleus abnormalities detected in erythrocytes (MN:
Micronucleus, LB: Lobed nucleus, BL: Bud nucleus, NT: Notched nucleus, BN: Binucleate).

Groups Comparison Nucleus abnormalities Cytoplasmic abnormalities
(ppm) MN LB BL NT BN  Spherocyte Elliptocyte  Hypochromia
100 ppm P<.05 P>.05 P<.05 P>.05 P>.05 P>.05 P>.05 P>.05
Control 200 ppm P<.05 P<.05 P<.05 P<.05 P>.05 P>.05 P<.05 P<.05
300 ppm P<.05 P<.05 P<.05 P<.05 P<.05 P<.05 P<.05 P<.05
200 ppm P<.05 P<.05 P<.05 P<.05 P<.05 P>.05 P>.05 P<.05
100 ppm 300 ppm P<.05 P<.05 P<.05 P<.05 P<.05 P<.05 P<.05 P<.05
200 ppm 300 ppm P<.05 P<.05 P<.05 P<.05 P<.05 P<.05 P<.05 P<.05

The comparison of numerical values for nucleus abnormalities among all 4 groups showed the
following results;
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Values for micronucleus (MN) formation showed a statistically significant difference among all
groups (P<.05).

Regarding the significance levels of the number of erythrocytes with lobed nuclei (LB), the control
group showed no statistically significant difference from the experimental group that received 100
ppm of juice (P>.05), whereas a significant difference was found in the comparison of all other groups
(P<.05).

Regarding the significance levels of the number of erythrocytes with buds (BL), the difference
among all groups was statistically significant (P<.05).

Regarding the significance levels of the number of erythrocytes with notched nucleus (NT), there
was no statistically significant difference between the control group and the experimental group that
received 100 ppm of juice (P>.05), whereas a significant difference was found in the comparison of all
other groups (P <.05).

When the significance levels of binucleate (BN) numbers were examined, there was no statistically
significant difference between the control group and the experimental groups that received doses of
100 ppm and 200 ppm (P>.05), whereas a significant difference was found in the comparison of all
other groups (P<.05).

The comparison of numerical values for cytoplasmic abnormalities among all 4 groups showed the
following results;

The analysis of significance levels between the numbers of spherocytes showed no statistically
significant difference between the control group and the experimental groups that received doses of
100 ppm and 200 ppm, as well as between the two experimental groups that were given 100 ppm and
200 ppm of juice (P>.05). The significance levels between other groups were determined to show
differences (P <.05).

When the significance levels between the number of elliptocyte-shaped erythrocytes were
examined, there was no statistically significant difference between the control group and the
experimental group that received the dose of 100 ppm, as well as between the two experimental
groups that received 100 ppm and 200 ppm of juice (P>.05). The significance levels between other
groups were determined to show differences (P<.05).

When the significance levels between the number of erythrocytes with hypochromia were
examined, no statistically significant difference was found between the control group and the
experimental group that received the dose of 100 ppm (P>.05), while significance levels between other
groups were different (P<.05).

CONCLUSION

In studies on fish blood cells, erythrocytes were found to be the most common cell type in the
blood (Oriin, 2000). Defects in the structure of erythrocytes are known to have a negative effect on the
organisms. In accordance with this information, the effects of juice obtained from the ripe fruits of
Ecballium elaterium plant on fish erythrocytes was investigated. In this study, MN formation and
morphological abnormalities were detected in the blood cells of Cyprinus carpio individuals that were
given 3 different doses of E. elaterium fruit juice in an aquarium environment.

The limited number of studies carried out to determine the genotoxic effects of E. elaterium fruit
juice on living cells revealed that the juice of this plant caused toxic effects in living organisms. This
study showed compliance with other genotoxicity studies conducted with E. elaterium, and the
applications yielded findings that support the results of previous studies conducted on different
organisms. Studies in which the toxic properties of E. elaterium fruit juice were demonstrated are as
follows:

In a study by Celik and Aslantiirk (2009), the genotoxic effects of E. elaterium juice on onion stem
cells were investigated. MN formation was observed in onion stem cells germinated in environments
where different doses (10 ml/L, 20 ml/L, 50 ml/L) of E. elaterium juice was added to. It was found
that the number of MN detected in onion stem cells germinating in environments with different doses
increased in correlation with the amount of dose.

The doses of E. elaterium used in this study were determined in reference to the study conducted
by Celik and Aslantiirk (2009).

In a different study by Shabbar and Maslat (2009), the effect of E. elaterium juice on mice (Mus
musculus) was investigated. In the study, E. elaterium juice prepared in doses of 160, 113, 100, 87, 74,
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61, 48, and 24 ul was administered orally to 32 mice. When blood samples taken from the mice were
examined, MN formation was observed in cells due to the administration of E. elaterium fruit juice.
As a result of the study, it was concluded that the amount of MN formation in the cells was dependent
on the increase in the dose of fruit juice.

In a study by Bohlooli (2012), the cytotoxicity of E. elaterium juice on connective tissue cells was
investigated. The study showed that Cucurbitacin in the E. elaterium plant may bind to the actin
filaments of cells and disrupt the actin structure, which destroys the cytoskeleton, causing cell
division.

The results of this study are similar to those obtained by Bohlooli (2012). In both studies, E.
elaterium juice was observed to damage cellular structure. Furthermore, cellular damage increased
proportionally with an increase in the E. elaterium dose. Increasing abnormalities in erythrocytes will
result in decreased oxygen transport to tissues and organs.

In this study, when compared with the control group, a statistically significant increase in the
number of MN formations in erythrocyte nuclei and abnormalities in blood cell morphologies of C.
carpio individuals was found depending on the dose of E. elaterium juice added to the aquariums.

When compared to the previous studies in the literature investigating the effect of E. elaterium
juice on other organisms, it was determined that the juice obtained from the ripe E. elaterium fruit had
both positive and negative effects on living things. Upon examining the damage on C. carpio blood
cells as a result of adding E. elaterium juice to the environment of C. carpio individuals, and by
comparing the examined cellular damage with different studies in the literature, it was concluded that
E. elaterium juice may cause adverse effects on the blood cells of C. carpio.

In the future, a different study can be carried out on fish by increasing their exposure times to E.
elaterium juices and with increased dosages. Besides, a comparison study may also be conducted by
examining the effects on two different fish species.

Acknowledgments: This study is a part of MSci thesis of Emin Seyfi. This study was funded by
Kirgehir Ahi Evran University, Scientific Research Project Office with project number
FEF.A4.18.010.
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Ozet

Bu caligmada, Tiirkiye su tiriinleri sektorii hakkinda genel bir degerlendirme yapabilmek ve gelecek yillara ait endeksler
kullanilarak sektoriiniin incelenmesi ve sektdriin gelecegi hakkinda yorum yapabilmek amaglanmistir. Bu amag
dogrultusunda, su iriinleri iiretim ve dis ticaretinin 2000-2018 yillarina ait zaman serisi verileri kullanilarak, gelecek 5 yila
(2019-2023) iliskin 6ngoriilerde bulunulmustur. Su iriinleri iiretiminde zaman serileri ile 6ngoriide bulunabilmek igin ¢ift
iistel diizeltme yontemi kullamlmistir. Calismada, su iiriinleri {iretimine iliskin Kendine Yeterlilik Oranm1 (KYO), ithalata
Bagimlihik Orani (IBO), ihra¢ Edilebilirlik Endeksi (IEE) ve Kisi Basi Tiiketim miktar1 (KBT) endeksleri hesaplanmistir.
Yapilan Ongdrii sonuglarina gore, su iriinleri aveilik iretiminde azalmalarin yasanmasma karsin yetistiricilik tretim
miktarinda artis yasanacagi muhtemel goriilmektedir. Ithalat ve ihracat miktarlarinda tahmin yillarna iliskin bir artis
yasanmasi ve ihracat miktarinin artig oraninim ithalat miktarina oranla daha yiiksek gergeklesmesi miimkiin olabilir. Ayrica,
hesaplanan yeterlilik endeksleri sonuglarma gore 2018 yilinda %112,9 olan kendine yeterlilik diizeyinin 2023 yilinda
%119,4’e ulagmas, ithalata bagimlilik diizeyinde ise 6nemli degisimlerin yasanmayacagi tahmin edilmektedir.

Anahtar Kelimeler: Su iiriinleri, ¢ift tistel diizeltme, projeksiyon, yeterlilik
Estimation of Turkey Aquaculture Production and Proficiency Index
Abstract

In this study, we aimed to make an overall assessment of the fisheries sector in Turkey by using the indices for the next
years and to make a comment about the future of the sector. For this purpose, forecasts for the next 5 years (2019-2023) have
been made by using the time series data of 2000-2018 for fisheries production and foreign trade. Double exponential
smoothing method was used in order to make predictions with the time series in fisheries production. In the study, Self-
Sufficiency Ratio (SSR), Import Dependency Ratio (IDR), Exportability Index (IE) and Per Capita Consumption (PCC)
indices were calculated. According to the results of the forecasts, it is predicted that there will be an increase in the amount of
aquaculture production, although there is a decrease in hunting. It may be possible that there will be an increase in the
amount of imports and exports related to the forecast years and the rate of increase in the export amount will be higher than
the import amount. In addition, according to the results of the calculated competence indexes, it is estimated that the level of
self-sufficiency, which was 112.9% in 2018, will reach 119.4% in 2023, and there will be no significant changes in the level
of dependency on imports.

Keywords: Aquaculture, double exponential smoothing, projection, qualification

GIRIS

Arkeolojik kalintilar insanligin ilk caglardan itibaren yasamsal faaliyetleri nedeniyle balik
aveiligmin ve yetistiriciligi sonucunda elde edilen {iriinlerin temel gida olarak kullanildigim
gostermektedir (OKA, 2014). Fakat artan dinya niifusu, teknolojik gelismeler ve balikeilik
pazarlamasmin kiiresellesmesi son donemlerde av giiciinde biiyiikk artis meydana getirmistir.
(Anticamara vd., 2011). Nihayetinde diinyadaki bircok bdlgede gelisen avcilik filolar1 dogal kaynaklar
iizerinde asir1 av baskisinin olugmasini tetiklemistir (Srinivasan, 2012; Watson vd., 2013). Bunun
sonucunda 1980’lerin sonundan itibaren su iiriinleri rezervi limitlerine ulasarak kiiresel denizlerdeki av
miktarinda azalma ile sonuglanmigtir (FAO, 2017). Yapilan degerlendirmelere gore diinya
denizlerindeki balik stoklarinin %61,3’i tamamen avlanmis, %28,8°1 asir1 avlanmis ve sadece %9,9’u
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az avlanmis durumdadir (FAO, 2017). Smirli miktardaki av miktarindan dolay1 deniz balik avciliginin
siirdiiriilebilirligini tehdit eden ekolojik ve sosyo-ekonomik kayiplar yaganmustir. (Kelleher vd., 2009).
Fakat stirekli azalan av miktarina ragmen kiiresel balik avlama giicii artmaya devam etmis, sektor asiri
kapasite olusumuna ve stoklarin asir1 tiikketilmesine sebep oldugu bilinen ulusal yatinmlar ve tesvik
politikalar1 ile ayakta tutulmustur/stirdiirilmiistiir (Sumaila vd., 2010; Anticamara vd., 2011). Diger
yandan balik¢ilik birgok iilkede, dncesinde yogun bir egitim gerektirmeyen bir girisim olarak kabul
edildigi i¢in ekonomik krizlerin etkisi ile artan igsizlik balik¢r sayisindaki artigla sonuglanmistir (FAO,
2018).

Diinyada deniz ve i¢ su avcilig1 toplam iiretimi son yillarda 90 milyon tonun iizerinde nispeten
sabit bir seviyede seyretmekte; buna karsin su iiriinleri yetistiricilik iiretimi siirekli olarak artmaktadir.
Diinya su firiinleri tiretimi 2016 yilinda 171 milyon ton olarak gerceklesmis; bu tiretimin 90,9 milyon
tonu (%53,2) avciliktan, 79,3 milyon tonu (%46,8) yetistiricilikten elde edilmistir (FAO, 2018).

Yapilan bilimsel aragtirmalara gore, Oniimiizdeki yillarda su firiinlerine olan yatirimin daha da
genisleyerek artacagi, 2030 yilinda yetistiricilik yoluyla elde edilen su iirlinleri miktarinin aveilikla
elde edilen su iiriinleri miktarina esit olacagi ve uzun vadede yetistiricilik sektoriiniin aveilik sektoriinii
gececegi tahmin edilmektedir (FAO, 2018). Bu da diinyadaki denizlerin ve i¢ sularin énemini her
gecen giin artirmaktadir. Su iirlinleri yetistiriciliginin gelecekte potansiyeli yiiksek bir sektor haline
gelecegi tahmin edilmektedir. Ancak, su iriinleri yetistiriciliginin stirdiiriilebilirligi icin g¢evresel
acidan alinacak tedbirlerle su kaynaklarinin korunmasi ve planl kullanimi 6nemli ve gereklidir (FAO,
2018).

Bu c¢aligmanin amaci, Tirkiye’de su iriinleri iiretimi ve dig ticaretine dair Ongoriilerde
bulunabilmek icin ¢ift iistel diizeltme yontemi ile 2000-2018 yillarina ait zaman serisi verileri
kullanilarak gelecek 5 yila (2019-2023) iliskin projeksiyonlarda bulunmaktir.

MATERYAL ve YONTEM

Bu calismanin verileri Tiirkiye su dirlinleri avcilik ve yetistiricilik {iretimi, ithalati ve ihracat
miktarlarini kapsayan 2000-2018 yillar1 zaman serilerinden olugmaktadir. Caligmada kullanilan veriler
Tiirkiye Istatistik Kurumu (TUIK) veri tabanmi ile Balik¢ilik ve Su Uriinleri Genel Miidiirliigii
istatistiklerinden alinmustir. Veriler Minitap 17 istatistik paket programu ile analiz edilmistir. Cift Ustel
Diizeltme (Double Exponential Smoothing) ydntemi kullanilarak verilerin analizi yapilmustir. Ustel
diizeltme yontemi ge¢mis verileri matematiksel olarak diizeltmekte ve veri setindeki en son gozlem
degerine yiiksek, daha onceki verilere ise azalan oranlarda agirlik vermektedir. Cift {istel diizeltme
yontemi ise belli bir trend igeren seriler i¢in kullanilmaktadir (Yereli vd., 2012; Aydogan vd., 2015;
Uysal vd., 2016a; Cigekligil ve Yazici, 2016). Bu yontemle trend ortaya konularak istel diizeltme
yapilmaktadir. Bu yontemde asagidaki esitlik kullanilmaktadir (Uysal vd., 2016b):

Ortalama: A; =x Yy + (1—)(Ap—1 + T¢—1)

Mevcut Trend : CT, = A; — A¢_4

Ortalama Trend : T; = BCT; + (1 — B)T;—4

Tahmin : Vi = A+ T,

Esitliklerde Ay t doneminde seriye ait iistel olarak diizeltilmis ortalamayi, CT. t donemindeki
mevcut trendi, T;: t déneminde iistel olarak diizeltilmis trendi, Y.;: gelecek donem icin tahmini, oc: 0
ile 1 arasinda degisen ortalamaya ait diizeltme faktoriinii, f: 0-1 arasinda degisen trend i¢in diizeltme
faktorlinii ifade etmektedir.

Ayrica, ¢alismada 2019 — 2023 yillart arasinda Tiirkiye balik iiretimine iliskin Kendine Yeterlilik
Orani (KYO), ithalata Bagimlilik Oran1 (IBO), Ihra¢ Edilebilirlik Endeksi (IEE) ve Kisi Bas1 Tiiketim
miktar1 (KBT) gibi endeksler hesaplanmis olup, 2018 yilina ait hesaplamalar ve esitlikler Tablo 1°de
verilmistir.
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Tablo 1. Tiirkiye balik {iretiminde kendine yeterlilik endeksleri ve hesaplamalar1

Parametreler Formiilasyon 2018 yihi degerleri
Uretim Uretim = Aveilik + Yetistiricilik 628631 ton
Ithalat 100557 ton
Ihracat 172412 ton
Tiiketim 499461 ton
Kendine Yeterlilik Oran1 (KYO)  KYO = Uretim/Tiiketim %112,9
Ithalata Bagimlilik Endeksi (IBE) IBE = ithalat/Tiiketim %18,1

Ihrag Edilebilirlik Endeksi IEE)  IEE = Ihracat/Tiiketim %31,0

BULGULAR

Tiirkiye Su Uriinleri Uretim Miktar1 Tahminleri

Bu ¢aligmada 19

yillik (2000-2018) zaman serisi incelenmis ve sd6z konusu zaman serisinde ¢ift

istel diizeltme metodu ile tahmin yapilmistir. Belirtilen zaman serisine iliskin (Kolmogorow-

Smirnow) normallik

testi uygulanmis ve veri setinin normal dagilim gosterdigi tespit edilmistir. Su

tiriinlerinde avcilik diretimi, yetistiricilik miktari, ithalat ve ihracat miktarlarina iliskin zaman serilerine
cift tistel diizeltme yontemi uygulanarak 5 yillik (2019-2023) tahminler yapilmistir.
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Sekil 1. 2019-2023 yillari arasi su iiriinleri aveilik tiretim miktar: tahmini (ton)
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Sekil 2. 2019-2023 yillar1 aras1 su tiriinleri yetistiricilik iiretim miktar1 tahmini
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Toplam su iirlinleri tiretim igerisinde, avcilik yoluyla tretim miktari incelendiginde, gelecek 5 yil
icinde azalma egilimi gosterecegi tespit edilmistir. Sekil 1 incelendiginde, avcilik ile balik iiretiminin
her yil artan oranlarda azalacagi gozlenmektedir. Avcilik ile balik iiretiminin tam tersi bir durum
olarak Oniimiizdeki 5 yil iginde yetistiricilikle ilgili olarak bir %72 oraninda bir artisin yasanmasi
ongoriilmektedir (Sekil 2). Tirkiye 2018 yili aveilik ve yetistiricilik balik tiretim miktarlari
karsilagtirildiginda, her iki iiretimin, {iretim miktarlarinin birbirine esitlendigi ve 2019 yili itibariyle
makasin yetistiricilik iiretimi lehine agilacagi tahmin edilmistir.

Tiirkiye Su Uriinleri Thracat ve ithalat Miktar1 Tahminleri

Tirkiye’nin gelecek 5 yila ait, su iiriinleri ihracat ve ithalat miktarlari, 19 yillik veri seti
kullanilarak tahmin edilmis ve sonuglar Sekil 3 ve 4’de verilmistir. 2019-2023 yillar arasinda Tiirkiye
su iiriinleri ihracat ve ithalat miktarinin artacagi ongoriilmektedir. 2019-2023 yillart arasinda Tiirkiye
su triinleri ihracat miktarinda yasanmasi muhtemel artisin yetistiricilikten kaynaklanacagi tahmin
edilmektedir. ithalat miktarinda yasanacak artisin ise Tiirkiye sularinda avlanmas: ve yetistirilmesi
miimkiin olmayan tiirlerden kaynaklanacagi sdylenebilir. Nitekim ithalat miktarinda yasanmasi
muhtemel artisin ihracat miktarinda yaganmasi muhtemel artistan daha diisiik olacag: tespit edilmistir.
Tiirkiye’nin 2018 yili ithalat-ihracat dengesi incelendiginde su iiriinleri dis ticareti, hem miktar olarak
hem de deger olarak dis ticaret acigimin azalmasinda rol oynayacak diizeyde gelisme gostermistir.
Tahmin yillarinda da ihracat miktarinin ithalat miktarina oranla daha yiiksek diizeyde artacagi
ongoriilmektedir.

300000
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Sekil 3. 2019-2023 yillar: arasi su iiriinleri ihracat miktari tahmini
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Sekil 4. 2019-2023 yillart aras1 su iiriinleri ithalat miktar1 tahmini

Tiirkiye 2019-2023 Yillarinda Su Uriinleri Uretimi ve Dis Ticaret Tahminleri

Tiirkiye su {iriinleri tiretimi, igerisinde avcilik ve yetistiricilik {iretimi olmak {izere ayr1 ayr1 tahmin
edilmis ve sonuclar Tablo 2’de wverilmistir. Su {riinleri yetistiriciligi iiretimi ve isleme
teknolojilerindeki gelismelere paralel olarak su iiriinleri ihracatimizda 6nemli bir artis goriilmektedir.
2000 yilindan sonraki donemde ihracat artist devam etmis, ithalat ise kismen inisli ¢ikisli, kismen
duragan bir seyir gostermistir. 2018 yilinda 314 bin ton olan avcilik liretiminin tahmin yillarinda
azalarak 2023 yilinda yaklasik 240 bin ton seviyelerine diismesi 6ngériilmektedir. S6z konusu diisiistin
sebebi olarak i¢ ve deniz sularindaki kirlenme, yanlis ve yasak avlanma ve iklim degisikligine bagl su
sicakligr degisimleri gibi faktorlerden kaynakli olarak balik stoklarindaki azalma gosterilebilir. Avcilik
iiretimindeki sonuglarin aksine yetistiricilik iiretim miktar1 2018 yilinda 314 bin ton seviyelerinde iken
yaklasik %70 oraninda artis gostererek 540 bin tona ulagmasi1 ongoriilmektedir. Tarimsal destekleme
politikalar1 kapsaminda uygulanan su irilinlerine yonelik politika araglarinin, yeni isletmelerin
kurulmasini saglayacagi ve buna bagli olarak ise yetistiricilik ile liretim miktarinda artis yasanacagi
ongoriilmektedir.

Tablo 2. 2019-2023 yillar1 arasi su triinleri tiretimi ve dis ticareti tahmini

Avcilik (ton)  Yetistiricilik (ton) Ihracat (ton)  ithalat Miktan (ton)

2018* 314094 314537 172412 100557
2019 309381 355768 187530 104647
2020 291990 402395 202649 108737
2021 274600 449023 217767 112827
2022 257209 495650 232885 116917
2023 239819 542278 248003 121007

*Gergeklesen degerler

Yeterlilik Endekslerinin Tahmini

Ulkelerin kendine yeterliliginin boyutunu 6lgmek i¢in Kendine Yeterlilik Orani (KYO) ve Ithalata
Bagimlilik Endeksleri (IBE) kullanilmaktadir. Bu endekslerin ikisi de, bir iilkedeki toplam arzin ne
oranda i¢ Uretimden ya da ithalat yoluyla disaridan karsilandigini 6l¢mektedir. Bunlara ilaveten,
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iiretimin ne kadarinin ihrag edildigini gostermek igin de Ihrag Edilebilirlik Endeksi (IEE) kullanilabilir
(Dagtekin vd., 2019).

Tiirkiye su triinleri sektoriine iliskin olarak ¢aligmada kullanilan endeksleri incelemek, sektoriin
gelecegi hakkinda yorum yapabilmeye olanak saglayacaktir.

Tablo 3. 2019-2023 yillar1 aras1 yeterlilik endekslerinin tahmini

Kendine Yeterlilik ithalata Bagimlihk Thrag Edilebilirlik  Kisi basi Tiiketim

Orani (%) Endeksi (%) Endeksi (%) Miktar (kg)
2018* 112,9 18,1 31,0 6,1
2019 114,2 18,0 32,2 5,8
2020 115,6 18,1 33,7 57
2021 117,0 18,2 35,2 55
2022 118,2 18,4 36,6 54
2023 1194 18,5 37,9 53

*Gergeklesen degerler

Tablo 3°de 2019-2023 yillar1 igin Tiirkiye su iriinleri sektoriine iligkin bazi yeterlilik endekslerin
sonuglar1 yer almaktadir. 2018 yilinda su iiriinlerinde Tiirkiye’nin Kendine Yeterlilik Orant %112,9
olarak hesaplanirken, 2019 yilinda bu oran %114,2 ve 2023 yilinda artig gostererek %119,4’e cikacagi
ongoriilmiistiir. Bu sonuca ek olarak 2018 yilinda %18,1 olarak gerceklesen Ithalata Bagimlilik
Endeksinin 2023 yilia kadar degisim gostermeyip %18,5 civarinda olacag tahmin edilmistir. Ithalata
Bagimlilik Endeksi sonuglarinin aksine ihra¢ edilebilirlik endeksinde tahmin yillarinda artis olacag:
Ongorilmistir. 2018 yilinda %31,0 olarak gergeklesen endeks degerinin, 2023 yilinda %37,9’a
yiikselecegi tahmin edilmektedir. Avrupa da kisi basi balik tiiketimi ortalama olarak 25-26 kg
civarinda iken (Congar, 2018) 2018 yilinda Tiirkiye’de kisi basi tiiketimi 6,1 kg olarak hesaplanmig
olup, 2023 yilina kadar kisi basina tiikketimin azalarak 5,3 kg’a diisecegi ongoriilmiistiir.

SONUC

Tiirkiye su iiriinleri iiretiminin 2019-2023 yillar1 arasindaki durumunun tahmin edilmesinin, sektor
icin hazirlanacak politikalara 151k tutacagi diisiiniilmektedir. Gelecek bes yila iligkin tahmini
gergeklestirilen iiretim miktarlart ve dig ticaret sonuglarindan hareketle Tiirkiye’nin yeterlilik
endeksleri hesaplanmigtir. Tirkiye’nin su triinleri tretiminde kendine yeterlilik oraninin tahmin
yillarinda %114,2 ile %119,4 arasinda gergeklesecek olmasi Tiirkiye su driinleri sektoriiniin gelecek
yillarda da gelisme ve biiylime trendine devam edecegini ortaya koymaktadir. Ayrica, 2018 yilinda
Tiirkiye’deki toplam su iiriinleri arzinin %81,9’u i¢ iiretimden karsilanirken 2023 yilinda bu oranin
%81,5’e gerileyecegi tahmin edilmistir. 2018 yilinda Tiirkiye su triinleri ihrag edilebilirlik endeksi
%31,0 olarak hesaplanmisken bu oranin 2023’de %37,9’a ylikselmesi ve bu sonuca ek olarak kisi basi
su driinleri tiiketiminin azalmasi nedeniyle, Tiirkiye’nin sahip oldugu dis pazarlari artirma veya yeni
pazarlar bulma egiliminde olmas1 gerekliligini ortaya koymaktadir. Bu sonuca ek olarak, Tiirkiye’de
bireylerin saglikli beslenmesi adina kisi basi su {iriinleri tiiketimini artirici ¢aligmalarinda yapilmasi
gerekmektedir. Ayrica su Uriinleri yetistiricilik ve isleme tesislerinin verimli bir sekilde
kullanilabilmesi i¢in iirlin ¢esitlendirilmesine gidilerek katma degeri yliksek iiretim alanlar1 tesvik
edilmelidir.

Diinya su firiinleri dig ticaretinde, Tiirkiye dnde gelen iilkelerden biri olma potansiyeline sahiptir.
Bu potansiyele ulasilabilmesi i¢in uluslararasi ticarette haksiz rekabete yol agmayacak politika araglari
ile sektorii desteklemesi ve markalasma calismalarimi yapmasi gerekmektedir. Ayrica, Tiirkiye’de
diisiik olan su {irlinleri tiiketiminin artirilmasi i¢in ¢aligmalarin yapilmasinin, sektdriin biiyiimesine
katki saglayacag diigiiniilmektedir.
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Abstract

This trial was conducted to determine the effects of feeding a diet containing fermented soybean meal with whey on growth
performance, body composition, hepatosomatic index (HSI), and viscerosomatic index (VSI) of carp. Fermented soybean meal
(FSM) was used to replace fish meal (FM) protein in diets for juvenile carp (Cyprinus carpio) at rates of 10% (FSM10), 20%
(FSM20), 30% (FSM30), 40% (FSM40) and 50% (FSM50). The control diet contained no fermented soybean meal. All
experimental diets were prepared as isonitrogenous and isocaloric. The feeding trial was conducted in 18 glass aquaria. At the
beginning of the experiment, 30 fish (average weight 1.66+0.14 g) were randomly stocked into each aquarium with 3 replications
per treatment. At the end of the experiment, the highest final weight, weight gain, and specific growth rate were obtained in carp
fed with FSM20 group. However, growth parameters and feed conversion ratio (FCR) of fish fed with diets containing fermented
soybean meal up to 50% of fish meal protein were similar to those of the fish fed the control diet. There were no significant
differences between body compositions, HSI, and VSI of all groups. Fermentation with whey of soybean meal increased the
number of lactic acid bacteria in diet. However, lactic acid bacteria levels in the intestine not changed with the use of fermented
soybean meal in the diet. The results of this experiment were showed that fermented soybean meal with whey can be replaced by
up to 50% of fish meal protein in diets for juvenile carp.

Keywords: whey, fermentation, soybean meal, growth, carp

Sazan baliklarinda (Cyprinus carpio L. 1758) fermente soya kiispesi ile balik ununun yer degistirmesinin biiyiime, yem
etkinligi, viicut kompozisyonu, yemde ve bagirsakta laktik asit bakteri miktari iizerine etkileri

Ozet

Bu c¢alisma, peynir alt1 suyu ile fermente edilmis soya kiispesi iceren yemlerle sazan yavru baliklarini beslemenin bilyiime
performansi, viicut kompozisyonu, hepatosomatic indeks (HSI) ve visserosomatik indeks (VSI) iizerindeki etkilerini arastirmak
icin yapilmisgtir. Fermente soya kiispesi (FSM) sazan baliklarmim (Cyprinus carpio) yemlerinde balik unu proteinini %10
(FSM10), %20 (FSM20), %30 (FSM30), %40 (FSM40) ve %50(FSM50)’si yerine kullanilmistir. Kontrol yeminde fermente soya
kiispesi kullanilmamustir. Yemler izonitrojenik ve izokalorik olarak hazirlanmistir. Deneme de 18 adet akvaryum kullanilmistir.
Aragtirmanin basinda, her akvaryuma 30 balik (ortalam agirligi 1.66+0.14 g) konulmus ve deneme 3 tekerriir yiiriitilmiistiir.
Denemenin sonunda, FSM20 grubu ile beslenen sazanlarda en yiiksek agirlik, agirlik artisi ve spesifik biiylime orani elde
edilmistir. Balik unu proteininin %50’si yerine fermente soya kiispesi igeren yemlerle beslenen baliklarin biiyiime parametreleri
ve yem doniigiim oranlar1 (FCR) kontrol yemiyle beslenen baliklarla benzer bulunmustur. Tiim gruplarmn viicut kompozisyonlari,
HIS ve VSI degerleri arasinda istatiktiksel olarak 6nemli bir farklilik bulunmamustir. Bununla birlikte, yemlerde fermente soya
kiispesi kullanimi ile bagirsaktaki laktik asit miktar1 degismemistir. Bu deneme sonuglari, peynir alt1 suyu ile fermente edilmis
soya kiispesinin, sazan yavru yemlerinde balik unu proteininin %50’sine kadar kullanilabilecegini gdstermistir.

Anahtar kelimeler: Peynir alt1 suyu, fermententasyon, soya kiispesi, bilyiime, sazan
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INTRODUCTION

Fish meal has been a major ingredient in fish diets because of its good protein quality and palatability.
However, fish meal is one of the most expensive ingredients in prepared fish diets. Nutritionists have tried
to use less expensive plant protein sources to partially or totally replace fish meal. Among plant proteins,
soybean meal is an important source of dietary protein in fish diet. However, like other plant, soybeans
contain numerous antinutritional factors such as phytic acid, tanen and trypsin inhibitors which decrease
the nutritional value of food and digestibility of nutrients (Rumsey et al., 1994; Anderson and Wolf, 1995;
Smits and Annison, 1996; Cheng and Hardy, 2003, Karakurt et al., 2019).

Fermentation is one of the processes known to reduce the level of antinutrients in food grains, increases
protein digestibility and nutritive value (Sharma and Kapoor, 1996; Sripriya et al., 1997; Egounlety and
Aworh, 2003; Saha and Ray, 2010). Mukhopadhyay and Ray (1999) reported that lactic acid bacteria
fermentation has been shown to give a significant reduction in antinutrients such as tannin and phytic acid
in sesame. In the same study, Rohu, Labeo rohita, fed diet containing sesame seed meal fermented with
lactic acid bacteria gave better growth performance than feeding raw sesame seed meal. Egounlety and
Aworh (2003) showed that phytic acid decreased during fermentation in soybean, cowpea, and
groundbean.

Whey is a by-product of the manufacture of cheese. In the nutritional aspect, whey includes a high
amount of lactose as prebiotic and some major minerals as vital nutrients (Reeves, 1982; Kilara, 1994).
Also, whey is containing lactic acid bacteria (Mondragon-Parada et al., 2006; Shiphrah et al., 2013). There
are few studies on fermentation with whey. Fermented soybean meal with whey could replace up to 40%
of fish meal protein in juvenile tilapia diets (Yigit and Tulay, 2016). Coturnix coturnix japonica fed wheat
fermented with whey showed significantly high weight gain and feed efficiency (Yasar and Gok, 2014).

This study was investigated to determine the effect of partial substitution of fish meal protein with
fermented soybean meal on growth performance, feed utilization, body composition, and amount of lactic
acid bacteria in the intestine of carp.

MATERIALS and METHODS
Fermentation of soybean meal

Soybean meal was fermented using whey according to a process reported by Yasar and Gok (2014) and
Yasar et al., (2016). Soybean meal was grinded to approximately 3mm and transferred to bioreactor with
75 L capacity. Soybean meal was soaked with whey at a ratio of 1:2, to ensure the growth of lactic acid
bacteria, the lemon pulp was added to the mixture to provide 4.5 pH at every two hours (2. 4. and 6.
hours). and incubated at 30°C for 8 h. After, fermented soybean meal was spread onto a clean flat table in
a room in a thickness of 5 cm layer and left for drying at room temperature for 24 h. The mixture was
frequently turned upside down by a hand scraper. When the moisture content of mixture reached 10%,
fermented soybean meal ground to pass 300-500u sieve before their inclusion in the experimental diets.
Proximate analyses of fermented soybean meal, soybean meal, and fish meal were presented in table 1.

Table 1. Nutrient analyses of soybean meal, fermented soybean meal and fish meal (%)

Dry matter Moisture Crude protein Crude fat Crude fiber Crude ash

Bean meal 91.8 8.2 44,53 1.28 4.66 5.86
Fermented soybean meal 92.39 7.61 47.33 1.28 451 6.17
Fish meal 92.34 7.66 67.54 8.25 - 17.33
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Experiment diets and analysis

Experimental diets were prepared as isonitrogenous and isocaloric. Six experimental diets were
prepared by replacing 10%, 20%, 30%, 40%, and 50% of the fish meal protein in the control diet by
fermented soybean meal. Ingredients and chemical composition of the experimental diets are given in
table 2. All experimental diets were prepared as isonitrogenous (36% crude protein) and isocaloric (16.7
MJ/kg). In preparing the diets, the ingredients were first ground to a small particle size in a mill. The
ingredients were thoroughly mixed in a mixer, and then oil and water were added. The diets were pelleted
into 1.5 mm-diameter sizes using a mincing machine. The pellets were dried at room temperature for 24
h. After drying, the diets were broken up into appropriate pellet sizes, sieved and stored at —20 °C.

The moisture, crude protein, crude fiber, ash contents of experimental diets, and body composition
were determined according to standard AOAC methods (AOAC, 2002). The total lipids of all samples
were determined by the chloroform-methanol extraction method (Bligh and Dyer, 1959).

Lactic acid bacteria count

Lactic acid bacteria count (LAB) in diet and the intestine of fish were determined the end of the

experiment. LAB in diet and the intestine of fish were determined according to Baumgart (1993)

Table 2. Ingredients and chemical composition of the experimental diets

Groups

Ingredients Control FSM10 FSM20 FSM30 FSM40  FSM50
Fish meal 48.48 43.64 38.79 33.94 29.09 24.24
Fermented soybean meal 0.00 7.11 14.22 21.33 28.44 35.56
Wheat flour 32.20 32.20 32.20 32.20 32.20 32.20
Corn starch 17.26 13.81 10.35 6.89 3.44 0.00
Fish oil 0.46 1.60 2.75 3.91 5.05 6.19
Vitamin® 1.50 1.50 1.50 1.50 1.50 1.50
Mineral® 0.60 0.60 0.60 0.60 0.60 0.60
Methionine 0.00 0.04 0.09 0.13 0.17 0.22
Chemical composition

Dry matter 91.52 91.49 9145 9142 9139  91.35
Crude protein 36.62 36.68 3674 3679 3685  36.90
Crude fat 5.43 6.21 7.00 7.79 8.57 9.34
Crude fiber 1.62 1.90 2.17 2.44 2.71 2.99
Gross energy (MJ/g) 16.7 16.7 16.7 16.7 16.7 16.7

Vitamin premix contained the following per kilogram; 4 000 000 IU vitamin A, vitamin D3 480 000 1U, 2400 mg vitamin E, 2400 mg vitamin
K3, 4000 mg vitamin B1, 6000 mg vitamin B2, 4000 mg Niacin, 10 000 mg Cal. D. Pantothenate, 4000 vitamin B6, 10 mg vitamin B12, 100 mg
D-Biotin, 1200 mg folic acid, 40 000 mg vitamin C, 60 000 mg inositol. 2 Mineral premix contained the following per kilogram; 23 750 mg
manganese, 75 000 mg zinc, copper 5000 mg, cobalt 2000 mg, iodine 2750 mg, selenium 100 mg, magnesium 200 000 mg.
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Fish and experimental conditions

Carp (Cyprinus carpio, L. 1758) were obtained from Mediterranean Fisheries Research, Production
and Training Institute, Antalya. Turkey. This experiment was carried out in 18 glass aquariums (70 x 30 x
40 cm). At the beginning of the experiment, 30 fish (average weight 1.66+0.14 g) were randomly stocked
into each aquarium with 3 replications per treatment. All of the fish were fed ad libitum for 60 days. At
the end of the trial, five fish from each aquarium were sacrificed by a lethal dose of anesthesia (150 mg/L
MS-222), homogenized in a blender, and stored at -20°C for subsequent protein, ash, and moisture
analysis. During the experimental period, the dissolved oxygen level, temperature, and pH were
maintained at 6.4+0.06 mg/L, 24+0.21°C and 7.08+0.45 respectively.
Statistical analysis

One-way ANOVA was used to compare growth parameters, FCR, body composition, and somatic
indices among the treatments. All data were analyzed using the SPSS computer program (SPSS 2000).
Duncan’s multiple range tests were used to determine the mean differences among the treatments.
Differences were considered significant at p<0.05.

RESULTS

The growth performance and feed efficiency of carp fed fermented soybean meal is presented in table
3. At the end of the experiment, the highest final weight (5.38 g), weight gain (3.71 g), and specific
growth rate (1.96) were obtained in carp fed with FSM20 group. Final weights, weight gain, and specific
growth rates of carp were ranged 4.78-5.38 g, 3.09-3.71g, 1.73-1.96 in all groups. Growth parameters and
FCR of fish fed with diets containing fermented soybean meal up to 50% of fish meal protein were similar
to those of the fish fed the control diet (P>0.05).

Table 3. Growth performance and feed efficiency of juvenile carp fed with fermented soybean meal

CONTROL FSM10 FSM20 FSM30 FSM40 FSM50
Growth Parameters
Initial weight (g) 1.67+0.03 1.69£0.05 1.67+0.04 1.65+£0.04 1.67+0.02 1.64+0.05
Final weight (g)  4.98+0.24 4.78+0.10 5.38+0.10 5.09+0.64 5.03+0.22 4.93+0.14
WG (g) 3.31+£0.22 3.09+0.06 3.71£0.08 3.44+0.61 3.36+0.21 3.30+0.10
SGR (% day™) 1.82+0.06 1.73£0.03 1.96+0.03 1.86+0.18 1.84+0.07 1.84+0.03

Feed Efficiency

FCR 2.18+0.25 1.91+£0.09 1.91+0.08 1.87+0.09 2.08+0.26 2.18+0.23
PEO 0.86+0.08 0.71+0.02 0.87+0.04 0.82+0.18 0.85+0.04 0.82+0.02
Feed intake 2.41+0.16 2.56+0.01 2.35+0.10 2.55+0.41 2.48+0.05 2.34+0.07

Weight gain (WG) = (final body weight - initial body weight)

Specific Growth Rate (SGR) (% day™) = [(In final body weight - In initial body weight)/days] x 100
Feed conversion ratio (FCR) = feed consumed (g)/weight gain (g)

Protein efficiency ratio (PER) = weight gain (g)/protein intake (g)

Feed intake (FI) = total feed intake (g)/fish number/days of the experiment

There were no significant differences between body composition, HSI, and VSI off all groups (P>0.05)
(Table 4). The number of lactic acid bacteria in the diet increased with an increase of fermented soybean
meal level (P<0.05). Lactic acid bacteria levels in the intestine not changed with the use of fermented
soybean meal in the diet (P>0.05) (Table 4).
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Table 4. Somatic indices, body composition and amount of lactic acid bacteria in diet and intestine of
carp fed diets containing different levels of fermented soybean meal

Control FSM10 FSM20 FSM30 FSM40 FSM50
Somatic Indices

HSI 1.5540.06  2.04+£0.11  2.09+0.19  1.88+0.25  1.82+0.15  2.02+0.19
VSl 1532+1.01 14.31+0.67 15.05£0.58 16.31+0.87 16.21+0.81 16.48+0.41
Body Composition (%0)

Moisture 73.33+2.19 71.00+1.73 71.00+1.53 74.33+2.73 71.67+2.19 70.00+3.21
Crude protein 18.85+0.14 18.85+0.49 18.61+0.18 18.00£0.05 17.82+0.03 17.66+0.17
Crude ash 1.89+0.11 1.89+0.39 1.724+0.19 1.9440.16 1.23+0.05 1.374+0.31
Amount of LAB (log CFU/g)

LAB in diet 43340.19°  4.67+0.07°° 4.80+0.12® 4.97+0.12* 5.00+0.10* 5.17+0.09°

LAB inintestine 3.64+0.44  3.80+0.24  3.94+0.35 3.88+0.43 4.58+0.12  4.60+0.29

2 Values in the line having the same superscript are not significantly different (P>0.05)
Hepatosomatic index (HSI) = 100 x liver weight (g)/body weight (g)

Viscerosomatic index (VSI) = 100 x viscera weight (g)/ body weight (g)

LAB: Lactic acid bacteria amount

DISCUSSION

At the end of the experiment, growth parameters and feed efficiency of fish fed with diets containing
fermented soybean meal up to 50% of fish meal protein were similar to those of the fish fed the control
diet (P>0.05). Therefore, the result of this experiment was showed that fermented soybean meal with
whey can be replaced by up to 50% of fish meal protein in diets for juvenile carp. In the studies on the use
of fermented soybean meal in a fish diet, Yigit and Tulay (2016) showed that fermented soybean meal
with whey could replace up to 40% of fish meal protein in juvenile tilapia diets. Zhou et al., (2011) was
reported that fermented soybean meal by Candida utilis could be replaced by up to 20% of fish meal
protein in the diet of black sea bream (Acanthopagrus schlegelii). Azarm and Lee (2012) were showed
that fermented soybean meals using Bacillus subtilis could be replaced by up to 40% of fish meal in
juvenile black sea bream diets. Barnes et al., (2012) was reported that PepSoyGen (commercial fermented
soybean meal) could be replaced by up to 30% of fish meal protein in juvenile rainbow trout
(Oncorhynchus mykiss).

In the current study, fermented soybean meal with whey does not affect palatability and acceptability
of the diets and feed intake was not influenced by dietary fermented soybean meal levels. Similar results
were reported in juvenile rainbow trout (O. mykiss) by Barnes et al., (2012) and in juveniles black sea
bream (Acanthopagrus schlegelii) by Sun et al., (2015). Also, feed conversion ratio and protein efficiency
ratio were not influenced by dietary fermented soybean meal levels in the present study. Azarm and Lee
(2012) and Zhou et al., (2011) informed that the protein efficiency ratio showed a decreasing tendency
with increasing dietary fermented soybean meal level. This discrepancy could be due to the fermentation
process and fish species.

In the present study, body composition was unaffected by the dietary fermented soybean meal level.
Also, fish fed diets containing different levels of fermented soybean meal did not result in noticeable dif-
ferences in HSI and VSI indices in the carp diet. The results were also consistent with previous studies
(Refstie et al., 2005; Azarm and Lee, 2012; Lin et al., 2012, Yigit and Tulay, 2016).

The number of lactic acid bacteria in the diet increased with an increase of fermented soybean meal
level (P<0.05). Lactic acid bacteria levels in the intestine not changed with the use of fermented soybean
meal in the diet (P>0.05) (Table 4). Similar results have also been obtained in studies with tilapia by Yigit
and Tulay (2016).
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The result of this experiment showed that soybean meal fermented by whey could be replaced by up to
50% of dietary fish meal protein without any significant negative impact on growth performance, feed
efficiency, body composition, HSI, and VSI in juvenile carp diet.
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Ozet

Bu ¢alisma farkli yaprak paketlerinde bulunan Trichoptera ve Ephemeroptera bentik faunasinin koloni olugumundaki
bolluk oranlari, tiir ve birey sayis1 farkliliklarini kargilagtirmak i¢in yapildi. Caligmada Tunca Nehri (Edirne)'nde Gg istasyon
belirlendi. Bes farkli aga¢ yaprag: (yapay simgir, ceviz, dut, kuru ¢inar, karaagag) kullanildi. Yapraklarin paketlemesinde 20
kg'lik patates ¢uvali kullanildi. Her istasyona toplamda 25 paket yerlestirildi. Haziran 2012-Ekim 2012 tarihleri arasinda
Trichoptera ve Ephemeroptera drnekleri istasyonlardan toplanarak %70 etil alkole alindi ve laboratuvara getirildi. Daha sonra
stereomikroskop altinda incelendi. Ardindan, Trichoptera ve Ephemeroptera larvalarmin yaprak paketleri, istasyon ve
zamana (aylara) gore analizinde ANOVA testi kullanildi ve tiim testlerde 0,05 a istatistiksel anlamlilik esas alindi. Fark
anlamli bulundugunda ise nedeni Tukey testi ile ortaya konuldu. Varyans analizi test sonuglar1 Trichoptera birey sayisinin
yalnizca 2. istasyonda farklilik gosterdigini ortaya koymustur. Yaprak cesidi ve aylara gore bir fark goriilmemistir.
Ephemeroptera birey sayisinda ise varyans analizi sonuglar1 yaprak cesidi, istasyon ve aylara gore farklilik gostermemistir.
Trichoptera’dan 3, Ephemeroptera’dan 4 olmak tizere toplam 7 tiir bulundu. Trichoptera taksonunun Cyrnus trimaculatus
(Curtis, 1834), Ecnomus tenellus (Rambur, 1842), Hydropsyche instabilis (Curtis, 1834) ve Ephemeroptera’nin Caenis
luctuosa (Burmeister, 1839) tiirleri Tunca Nehri igin yeni kayittir.

Anahtar kelimeler: Makroomurgasiz, ANOVA, Tiirkiye, Tunca Nehri

Investigation of Colony Formations of Trichoptera and Ephemeroptera (Insecta) Fauna in Different Leaf Packages in
Tunca River (Edirne, Turkey)

Abstract

This study was carried out to compare the abundance rates, species, and the number of individuals in colony formation of
Trichoptera and Ephemeroptera benthic fauna in different leaf packs. In the present study, three stations weredetermined in
the Tunca River (Edirne). Five different tree leaves (artificial boxwood, walnut, berry, dry sycamore, elm) were used. A 20
kg potato bag was used in the packaging of the leaves. A total of 25 packages were placed at each station. Between June 2012
and October 2012, Trichoptera and Ephemeroptera samples were collected from stations and taken to 70% ethyl alcohol was
brought to the laboratory. Samples were examined under a stereomicroscope. Then, the ANOVA test was used for the
analysis of Trichoptera and Ephemeroptera larvae according to leaf packs, station, and time (months), and 0.05 a statistical
significance was taken as basis in all tests. When the difference was found significant, the reason was revealed by the Tukey
test. Variance analysis test results revealed that the number of individuals Trichoptera differed only at station 2. There was no
difference according to leaf type and months. In the number of Ephemeroptera individuals, variance analysis results did not
differ according to leaf type, station, and months. A total of 7 species, 3 from Trichoptera and 4 from Ephemeroptera, were
found. The Trichoptera taxon Cyrnus trimaculatus (Curtis, 1834), Ecnomus tenellus (Rambur, 1842), Hydropsyche instabilis
(Curtis, 1834) and Ephemeroptera’s Caenis luctuosa (Burmeister, 1834) species are new records for the Tunca River.

Keywords: Macroinvertebrates, ANOVA, Turkey, Tunca River

GIRIS

Baz1 organik materyaller kiigiik dereler i¢in biiyiik bir besin kaynagidir. Bu organik maddeler
(detritus) yiiksek su sicakligina sahip bolgelerin derelerindeki yillik toplam enerji degisiminin
%350’sini olusturmaktadir (Petersen ve Cummins, 1974). Lignin, tanen, seliiloz, hemiseliiloz, nitrojen
ve karbon konsantrasyonlu karasal yaprak dokintiilerinin ayristirilmasi sirasinda  degisime
ugramaktadir. Bu kimyasal degisimler dekomposor flora ve faunanin ardisik kolonilesme ve
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aktiviteleri ile iliskilidir. ilk 12 ay dekomposérlerin yaprak dokiintiilerinde yaptigi kimyasal degisimler
makroomurgasizlarin aktiviteleri tarafindan etkilenmektedir. Ayrica kimyasal degisimler omurgasiz
predatorlerin aktiviteleri ile ¢ok yakindan iligkilidir (Hunter vd., 2003).

Bentik omurgasizlar kaya ve yaprak paketlerinde hem dogal hem de yapay koloniler olustururlar
(Sylvestre ve Bailey, 2005; Haapala vd., 2003). Akarsularin 6nemli karbon kaynaklarindan biri
agaclardan dokiilen ve suya ulasan yapraklardir. Kurumus yapraklar ozellikle dag derelerinin
vazgegilmez karbon kaynagimi olusturmaktadir. Yapragin bozulmasi ile igerdigi kimyasallar sudaki
besin dinamigini etkilemektedir (Hunter vd., 2003; Welsh, 2007). Bazi bentik omurgasizlarin
aktivitelerinin ¢iliriiyen yaprak miktar1 ile arttigi kanitlanmistir. Yapragin ¢iirlime kimyasi ve
makroomurgasizlarin yapragi parcalama aktiviteleri birbirine bagimlidir. Ciinkii yaprak dokiintiisiiniin
kompozisyonu makroomurgasizlarm koloni kurmalarindaki en &nemli faktordiir. Ozellikle dag
derelerinde koloni olusumu yaprak paketlerinde gozlenmektedir. Bentik omurgasizlarin dagiliminda
clirimiis bitki dokiintiilerinin 6nemli oldugu diisiiniilmektedir. Ciirlimiis yaprak dokiintiilerindeki
hakim mikroflora bentik organizmalarin koloni olusumunda 6nemli olabilir. Fakat koloni igindeki
predatorlerin etkileri heniiz tam olarak ¢alisilmamigtir (Hunter vd., 2003). Bunun yaninda gevresel
sartlar da hem yaprak ¢iirimesi hem de koloni olusturmada etkili olabilir (Costa ve Melo, 2008).
Kolonizasyon, omurgasizlarin hareketleri, substrat yapisi, besin temini, rekabet, habitat ve predatorliik
(Buffagni ve Comin, 2000; Royer ve Minshall, 2003), mevsimler (Williams, 1980) ve akinti
(Townsend ve Hildrew, 1976; Allan, 1975) gibi birgok etmene baglidir.

Agac dokiintiileri nehir ekosistemlerinde dengeleyici bir rol oynamaktadir (Heede, 1972; Nelson,
2000). Coziinmiis organik ve inorganik besinler, partikiil halindeki maddeler ve nehir kiyisindaki
agaclardan kopan dokiintiiler besin dongiisiiniin temelini olusturmaktadir. Agactan diisen agag
parcalart1 nehrin jeomorfolojisini degistirerek bazi taksonlar i¢in yeni habitatlar meydana
getirmektedir. Yaprak dokiintiilerinin birikimi ve bozulmasi, sucul mikroplar ve makroomurgasizlar
icin habitat kaynagi olusturmakta ve yiyecek saglamaktadir (Petersen ve Cummins, 1974).
Makroomurgasiz  topluluklarindaki iliski ve nehirlerde biriken bitki dokiinti tiirlerinin
karakterizasyonu, makroomurgasiz dagilimi ve ekosistem diizeyindeki siirecleri anlamada énemlidir.

Makroomurgasizlarin koloni olusumlar1 konusunda Kuzey Amerika ve Avrupa’da birgok ¢alisma
yapilmig olmasina ragmen (Allan, 1975; Townsend, ve Hildrew, 1976; Williams, 1980; Royer ve
Minshall, 2003; Cupsa vd., 2005), Tiirkiye’de lotik ¢evre konusunda benzer bir arastirma ilk defa
Duran (2006), Duran vd. (2008) ve daha sonra Ozkan (Ozkan, 2018a; Ozkan, 2018b; Ozkan, 2018c;
Ozkan, 2019) tarafindan yapilmistir. Bu ¢alismada, Tunca Nehri’nde Trichoptera ve Ephemeroptera
faunasinin yaprak paketi tercihlerinin, yaprak paketlerinin avantajlarinin ve nehirde bu taksonlarin tiir
cesitliliginin belirlemesi amaglanmistir.

MATERYAL ve YONTEM

Bu caligma, Tunca Nehri’nin Tiirkiye sinirlar icerisinde kalan bdliimiinde gergeklestirildi. Tunca
Nehri, Bulgaristan’da Orta-Balkanlar iizerinde Yumrukgal tepesinden dogar. 100 km kadar aktiktan
sonra Kizanlik, Islimye (Sliven) ile Yanbolu (Yambol) gibi yerlesim birimleri icinden gegerek Edirne
ilinin Lalapasa ilgesi, Suakacagi mevkiinden Tiirkiye’ye girmektedir. Tunca Nehri'nin 12 km’lik
boliimii Tirk-Bulgar sinirini olusturur. Meri¢ Nehri’nin baslica kollarindandir. Sinirlarimiz iginde
yaklasik 30 km yol alir. Bu kesimde %0,2’lik egimle, ortalama 30 m%sn’lik bir debi ile akarak
Edirne’nin giineyinde Meri¢ Nehri ile birlesir. Nehrin toplam uzunlugu 350 km’dir (Kavaz, 1997).

Calisma, Haziran-Ekim 2012 tarihleri arasinda, Tunca Nehri iizerinde belirlenen ii¢ istasyonda
gergeklestirildi. 1. istasyon nehrin Tiirkiye’ye girdigi sinira yakin olan Suakacagi Koyt (46°54'09,00”
D, 46°32'519,00" K, 47 m), 2. istasyon Degirmenyeni Koyt (Egribiik bolgesi) (46°10'67,00" D,
46°23'425,00" K, 40 m), 3. istasyon Trakya Universitesi Tunca Kislast (46°29'65,63" D,
46°19'414,88" K, 37 m) olarak belirlendi (Sekil 1). Istasyonlarin habitatlar1 birbirinden farklilik
gostermektedir. Birinci istasyonun g¢evresinde sogiit ve kavak agaglar1 yaygin bulunmaktadir. Nehrin
ici ve etrafi makrofitlerle (saz, kamis, ot vb.) kaphdir. Dip yapis1 kumlu, baz1 bdlgelerde kumun
iistiinde ¢amurlar mevcuttur. Su seviyesi 50-60 cm civarinda ve zaman zaman biitiin istasyonlarda
cevre ve atmosfer kosullarina bagl olarak degismektedir. Ikinci istasyonun dip yapist camur, kum,
organik detritus igermektedir. Ornekleme alanmin arka kismui sazlik, bitkisel yonden oldukga zengin,
su seviyesi yaklasik 75 cm olan bir bélgedir. Ugiincii istasyonun ise dip yapisi ¢amur fakat alt kisnm
kumludur. Organik materyalden oldukga yoksun ve nehrin yalniz kiy1 kesiminde az miktarda makrofit
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bulunmaktadir. Su seviyesi yaklasik olarak 60 cm’dir. Nehirde akintinin hizi yavas olarak biitiin
istasyonlarda gerceklesmektedir.

Oncelikle Mayis ayma kadar agaglarin yapraklanmasi ve yapraklarin biiyiimesi beklendi. Daha
sonra nehir gevresinde yaygin olarak bulunan ceviz, dut, karaagag yapraklari toplandi. Onceki yildan
toplanmis kurumus ¢imar yapraklar1t ve kontrol amaciyla dogal bir madde olmayan yapay simsir
(plastik) tercih edildi. Daha sonra yapraklar 20 kg’lik patates ¢uvallarina dolduruldu ve belirli bir
diizen dahilinde siralandi. Yaprak paketleri dayanikli ipler ile birbirine baglanarak renkli plastik
numaralar ile isaretlendi. Boylece ilerleyen aylarda yapraklar ¢ilirlimeye basladiginda, hangi numarada
hangi yapragin oldugunu ayirt edebilmek garanti altina alinmis oldu. Her istasyon icin her ay farkli
yaprak paketlerinden birer tane olmak iizere toplamda beser adet yaprak paketi toplanacak sekilde 25
yaprak paketi hazirland1 ve nehrin zeminine yerlestirildi (Sekil 2). Izleyen 5 ay i¢inde (Haziran-Ekim)
ayda bir defa olmak iizere yaprak paketlerinden bir takimi 6rnekleme istasyonlarindan toplandi.
Yapraklar ayr1 ayr1 kova icinde bol su ilavesi ile karigtirildi. Goz araliklart farkli (Delik Araligi-
0.600p, 300u ve 1,18mm) eleklerde yikanarak defalarca siiziildii (Sekil 3). Bireyler eleklerden alinarak
icinde %70 etil alkol bulunan drnek siselerinde toplandi ve istasyon bilgileri, tarih yazili olan kii¢iik
etiketler siselerin icerisine konuldu. Arazide toplanan ornekler laboratuvara tasmarak binokiiler
mikroskop altinda petri kaplarina konularak ¢amurlarindan temizlendi. Daha sonra etiketi yazili olan
kiigiik tiiplere Trichoptera ve Ephemeroptera bireyleri ayr1 ayri konuldu. Ayrica su akisina ters yonde
el camur kepgesi ile iki kepce camur 6rnegi her istasyondan alindi ve ayni iglemler uygulandi.
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Sekil 1. Tunca Nehri 6rnekleme istasyonlart: 1. Suakacagi koyi, 2. Degirmenyeni kdyii, 3. Edirne merkez.
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Sekil 3. 3. istasyonda ¢aligma alani.

Makroomurgasiz 6rnekleri diseksiyon ve binokiiler mikroskoplar kullanilarak tiir diizeyinde teshis
edildi. Teshis anahtari olarak Trichoptera i¢in Rueda vd. (2014), Waringer ve Graf (2011);
Ephemeroptera i¢in Tirkmen ve Kazanci (2013), Bennett (2011), Gaino ve Rebora (2000), Elliott vd.
(1988)’den faydalanildi.

Daha sonra yaprak paketlerindeki Trichoptera ve Ephemeroptera taksonlarinin analizi i¢in yaprak
gesitleri, istasyonlar ve zamana gére ANOVA uygulandi. Biitiin testlerde 0,05 o istatistiksel anlamlilik
kullanildi. Onemli bir farklilik oldugu durumda ise farkliligin neden kaynaklandigi Tukey testi ile
ortaya konuldu.

BULGULAR
Calisma istasyonlarinda yaprak paketleri ve kepcede toplam 7 tiir ve 309 birey bulundu. Tiir ve
birey sayilar incelendiginde 3 tiir ve 194 birey Trichoptera’ya, 4 tiir ve 115 birey Ephemeroptera’ya
aittir. Her iki taksonda da bireylerin oldukg¢a biiyiik kismi (187 birey Trichoptera ve 95 birey
Ephemeroptera) 2. istasyona aittir. Diger istasyonlarda ise olduk¢a az miktarda birey bulundu.
Trichoptera faunasinin yaprak cesitlerine, istasyonlara ve zamana gore farkliliginin varyans analizi
yapilmis, sonuglar Tablo 1, 2, 3 ve 4’te verilmistir.

Tablo 1. Trichoptera faunasinin yaprak gesitlerine gore farkliliginin analizi.

Ortalama icin %95

N  Ortalama S;zn(:r?;t Giiven Arahg Min.  Max. F p
P Alt Simir Ust Simir
Yapay Simsir 15 7,27 16,901 -2,09 16,63 0 62
Ceviz 15 1,27 3,348 -0,59 3,12 0 12
Kuru Cinar 15 2,27 4,818 -0,40 4,93 0 16
Dut 15 0,93 2,344 -0,36 2,23 0 1626 0,177
Karaagac 15 1,07 2,549 -0,34 2,48 0 9
Toplam 75 2,56 8,286 0,65 4,47 0 62

Tablo 1’e gore Trichoptera’nin yaprak cesitlerine gore yuvalanmasindaki farkliliga bakildiginda
varyans analizi farkliligin olmadigim (p>0,05) ortaya koymustur.
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Tablo 2. Trichoptera faunasinin istasyonlara gore farkliliginin analizi.

Ortalama i¢in %95
Séin?r?;t Giiven Arahig Min.  Max. = D Ig:rll::ll
P Alt Stmir  Ust Simir ynag

N  Ortalama

1.istasyon 25 0,08 0,277 -0,03 0,19 0 1

2.istasyon 25 7,40 13,219 1,94 12,86 0 62 2-1
7,528 0,001

3.istasyon 25 0,20 0,500 -0,01 0,41 0 2 2-3

Toplam 75 2,56 8,286 0,65 4,47 0 62

Tablo 3. Trichoptera faunasinin istasyonlara gore ¢oklu karsilagtirmali Tukey testi analizi.

istasyon istasyon Ortalama  Standart Anlamhihik 95% Giiven Al‘flllgl
Farklar Hata Alt Simr Ust Simir
1. istasyon 2. istasyon -7,320(%) 2,161 0,003 -12,49 -2,15
3. istasyon -0,120 2,161 0,998 -5,29 5,05
2. istasyon 1. istasyon 7,320(*) 2,161 0,003 2,15 12,49
3. istasyon 7,200(%) 2,161 0,004 2,03 12,37
3. istasyon 1. istasyon 0,120 2,161 0,998 -5,05 5,29
2. istasyon -7,200(*) 2,161 0,004 -12,37 -2,03

Tablo 2’ye gore Trichoptera’nin istasyonlara gore kolonilesmesinde bir farkliligin olup olmadigina
varyans analizi testi ile bakilmistir. Sonuclara gore farkliligin oldugu (p<0,05) ortaya konulmustur. Bu
farkliligin hangi istasyondan kaynaklandigi Tukey ¢oklu karsilagtirmali test sonucu ile belirlenmigtir
(Tablo 3). Farkin 2. istasyondan ileri geldigi ve bu istasyonun digerlerine gére kendi biinyesinde daha
fazla birey barindirdigi gortilmiistiir.

Tablo 4. Trichoptera faunasinin aylara (zamana) gore farkliliginin analizi.

Ortalama icin %95

N Ortalama S;Zgﬂ?;t Giiven Afal‘g‘ Min. Max. F p
Alt Smir  Ust Simir
17.062012 15 0,67 2,320 20,62 1,95 0 9
21072012 15 033 0,724 0,07 0,73 0 2
18082012 15 4,33 7,907 -0,05 8,71 0 29 1003 0412
16092012 15 513 15,901 3,67 13,94 0 62
20102012 15 2,33 4,685 0,26 4,93 0 16
Toplam 75 256 8,286 0,65 4,47 0 62

Tablo 4’e gore Trichoptera’nin aylara (zamana) gore yuvalanmasindaki farkliligina bakildiginda
varyans analizi testi ile farkliligin olmadigi (p>0,05) ortaya konulmustur.

Ephemeroptera faunasinin yaprak c¢esidi, istasyon ve aylara (zamana) gore farkliliginin varyans
analizi yapilarak sonuglar Tablo 5, 6 ve 7’de gosterilmistir.
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Tablo 5. Ephemeroptera faunasinin yaprak gesitlerine gore farkliliginin analizi.

Ortalama i¢in %95

N  Ortalama Sézn(?;t Giiven Arahg Min.  Max. F p
P Alt Stmr  Ust Simir

Yapay Simsir 15 6,20 16,174 -2,76 15,16 0 62

Ceviz 15 0,73 1,624 -0,17 1,63 0 5

Kuru Cinar 15 0,40 0,828 -0,06 0,86 0

Dut 15 0,00 0,000 0,00 0,00 0 1942 0113
Karaagac 15 0,33 0,724 -0,07 0,73 0 2

Toplam 75 1,53 7,469 -0,19 3,25 0 62

Tablo 5’¢ gére Ephemeroptera faunasinin yaprak tiirlerine gore yuvalanmasinda bir fark olmadig
varyans analizi testi sonuglar1 ile (p>0,05) ortaya konulmustur.

Tablo 6. Ephemeroptera faunasinin istasyonlara gore farkliliginin analizi.

Standart Ortalama icin %95

N  Ortalama Sapma Giiven Afahg‘ Min. Max. F p
Alt Stnir  Ust Simir
1. istasyon 25 0,32 1,069 -0,12 0,76 0 5
2. istasyon 25 3,80 12,738 -1,46 9,06 0 62 1,765 0,178
3. istasyon 25 0,48 0,770 0,16 0,80 0 2
Toplam 75 1,53 7,469 -0,19 3,25 0 62

Tablo 6’ya gore Ephemeroptera faunasinin istasyonlara gore yuvalanmasinda farkliligin olmadigi
varyans analizi testi sonuglarina gore (p>0,05) ortaya konulmustur.

Tablo 7. Ephemeroptera faunasinin aylara (zamana) gore farkliliginin analizi.

Ortalama icin %95

N Ortalama Sézr;c::;t Giiven Afahg‘ Min. Max. F p
Alt Simr  Ust Simir
17.06.2012 15 0,33 0,900 -0,16 0,83 0 3
21.07.2012 15 0,27 0,704 -0,12 0,66 0 2
18082012 15 2,33 4865  -0,36 5,03 0 19 0854 0,496
16.09.2012 15 0,40 1,056 -0,18 0,98 0 4
20.10.2012 15 4,33 15,972 -4,51 13,18 0 62
Toplam 75 1,53 7,469 -0,19 3,25 0 62

Tablo 7’ye gore Ephemeroptera faunasinin aylara gore kolonilesmesinde farkliligin olmadig
varyans analizi testi sonuglarina ile (p>0,05) ortaya konulmustur.

Yaprak paketleri ve kepg¢ede var olan Trichoptera takimina ait 3 (Cyrnus trimaculatus, Ecnomus
tenellus, Hydropsyche instabilis) ve Ephemeroptera takimina ait 4 (Caenis luctuosa, Cloeon dipterum,
Caenis macrura, Potamanthus luteus) tiir teshis edilmistir (Tablo 8).
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Tablo 8. Trichoptera ve Ephemeroptera tiirlerinin yaprak paketleri cesitlerinde ve kepgede dagilimi (Y.$=
Yapay Simsir; CEV= Ceviz; DUT= Dut; K.C.= Kuru ¢inar; K.A.= Karaaga¢; KEP.= Kepge).

Y.S. CEV. K.C. DUT. KA. KEP

Trichoptera

Cyrnus trimaculatus (Curtis, 1834) 4 7 16 0 0
Ecnomus tenellus (Rambur, 1842) 105 12 18 14 0
Hydropsyche instabilis (Curtis, 1834) 2 0 0 0 1 0
Ephemeroptera

Caenis luctuosa (Burmeister, 1839) 30 9 3 0 3 2
Cloeon dipterum (Linnaeus, 1761) 2 0 0 0 0 0
Caenis macrura Stephens, 1835 58 2 3 0 0 0
Potamanthus luteus (Linnaeus, 1767) 1 0 0 0 2 0

Tunca Nehri’nde yapilan bu calismada biitiin yaprak paketlerinde Trichoptera birey sayis1 genel
olarak fazla olmakla birlikte, en yogun olarak yapay simsirde (111 birey) bulunmus, kepgede ise hig
bulunamamustir (Tablo 8). Ephemeroptera ise yine yapay simsirde fazla (91 birey) fakat dut
yapraginda hi¢ bulunamamistir (Tablo 8).

Trichoptera ve Ephemeroptera tiirlerinin istasyonlara gore dagilimi Tablo 9°da verilmistir.

Tablo 9. Trichoptera ve Ephemeroptera tiirlerinin istasyonlara gore dagilimu.

1. istasyon 2. istasyon 3. istasyon
Trichoptera
Cyrnus trimaculatus (Curtis, 1834) 0 35 0
Ecnomus tenellus (Rambur, 1842) 2 149 5
Hydropsyche instabilis (Curtis, 1834) 0 3 0
Ephemeroptera
Caenis luctuosa (Burmeister, 1839) 6 30 10
Cloeon dipterum (Linnaeus, 1761) 0 2 0
Caenis macrura Stephens, 1835 2 62
Potamanthus luteus (Linnaeus, 1767) 0 1 2

Tablo 9°a gére her iki takimin da 2. istasyonda birey sayisinin yogun oldugu goriilmektedir. Ikinci
istasyon az ya da c¢ok teshis edilen biitiin tiirleri bulundurmaktadir. Diger istasyonlarda ise hem birey
sayis1 hem de tiir ¢esitliligi daha az tespit edilmistir.

Trichoptera ve Ephemeroptera tiirlerinin aylara gore dagilimi Tablo 10°da verilmistir.

Tablo 10. Trichoptera ve Ephemeroptera tiirlerinin aylara gore dagilima.

Haziran Temmuz Agustos Eyliil Ekim

Trichoptera

Cyrnus trimaculatus (Curtis, 1834) 0 0 1 0 34
Ecnomus tenellus (Rambur, 1842) 10 5 64 77 0
Hydropsyche instabilis (Curtis, 1834) 0 0 0 0 3
Ephemeroptera

Hnhnhn 2 4 31 6 4
Cloeon dipterum (Linnaeus, 1761) 0 0 0 0
Caenis macrura Stephens, 1835 0 0 1 60
Potamanthus luteus (Linnaeus, 1767) 3 0 0 0
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Tablo 10’da her iki takimin da kolonizasyonunun ozellikle Agustos, Eyliil ve Ekim aylarinda
sularin ¢esitli nedenlerle azaldigi ve akintinin yavasladigi dénemlerde yogun oldugu goriilmektedir.
Haziran ve Temmuz aylarinda nehrin su seviyesinde yagislar ve sulama nedeniyle biiyiik degisimler
yasanmistir.

TARTISMA ve SONUC

Yapraklar Tunca Nehri’ne yerlestirildikten sonra araziden aylik olarak gergeklestirilen toplama
sirasinda bazi yaprak kiitlelerinde ayrismadan dolayr zamanla bir azalma kaydedildi. En ¢ok kiitle
kaybi 1-2 ay igerisinde dut yapraklarinda goriildii. Daha sonra ceviz ve karaaga¢ yapraklar1 az olmakla
birlikte dut yapraklarini izledi. Kuru ¢inar yapraklarinda ise hicbir degisim gozlenmedi.

Tunca Nehri’'nde yapilan bu ¢aligmada biitliin yaprak paketlerinde Trichoptera’ya ait birey sayisi
(194 birey) genel olarak fazla olmakla birlikte 6zellikle en yogun yapay simsirde (111 birey)
bulunmus, kepcede ise hi¢ bulunamamistir. Bu durum bize yaprak paketlerinin koloni olusumundaki
onemini gostermektedir. Ephemeroptera bireyleri ise yine en yogun yapay simsirde (91 birey)
bulunmus, fakat dut yapraginda hi¢ bulunamamistir. Bunun sebebinin dut yapraklarmin hizli
ayrismasindan dolay1 giderek azalmasi oldugu diisiiniilmektedir. Ceviz, karaaga¢c ve kuru cimar
yapraklarinda ayrigsma daha az gergeklesmistir. Veriler bireylerin beslenmeden ¢ok, ¢evre faktorleri ve
diismanlaria kars1 korunma amach olarak yaprak paketlerini kullandiklarim1 gostermektedir (Duran
vd., 2008). Her iki taban makroomurgasiz takiminin birey sayilar1 yaprak paketlerinde, dogal
ortamdan (bentozdan) kepge ile yapilan 6rneklemelere gore fazla bulunmustur. Bu durum lotik fauna
calismalarinda yaprak paketlerinin tercih edilebilecegini gostermektedir. Trichoptera bireyleri 2.
istasyon (187 birey) ve Eyliil ayinda (77 birey), Ephemeroptera bireyleri ise 2. istasyon (95 birey) ve
Ekim ayinda (64 birey) en yiiksek sayilarda tespit edilmistir. Bu sonuglar ikinci istasyonun zemin
cesitliligi ve su akis hizinin azalmasina baglanabilir.

Richardson (1992) ve Hofer ve Richardson (2007) ¢alismalarinda yaprak, odun gesitleri ve plastigi
kullanmiglardir. Yapraklarda kolonize olan makroomurgasiz (Trichoptera, Ephemeroptera,
Oligochaeta, Chironomidae, Nemouridae, Ceratopogonidae vb.) birey sayisi, odun ylizeyler ve
plastige gore ¢ok daha fazla olmustur. Bu sonuglar odun ve plastigin beslenme amagh kullanimindan
cok fiziksel ihtiyaclar (yuvalanma, su akis hizindan korunma, predatorliik vb.) i¢in kullanildigini
gostermektedir. Ornekleme dénemlerinin ¢ogunda Trichoptera larvalari yapraklarda diger inceleme
ortamlarindan daha yogun bulunmustur. Tunca Nehri’nde yapilan ¢alismanin sonuglari bu ¢aligma ile
karsilastirilirsa takson cesitliligi disinda ortlismemektedir. Caligmada kolonilesme en fazla yapay
simgsir paketlerinde bulunmustur. 2012 yilinin Haziran ayinda yagislarin artmasi nedeniyle nehirde su
tagkinlant fazla goriilmiistiir. Bu ise makroomurgasizlarin siiriikklenmesini, birey sayilarmin ve tiir
cesitliliginin azalmasini saglamistir. Ayrica ilerleyen siiregte Temmuz ayinda nehirden tarimsal amaglhi
ozellikle cevrede bulunan celtik tarlalar icin asir1 su ¢ekimi gergeklesmis ve su seviyesinin hizla
azalmasina neden olmustur. Dolayisiyla bu olumsuz ¢evre faktdrleri makroomurgasizlarin yapay
simgiri beslenmeden ¢ok barinma amagl kullandigini géstermektedir (Tablo 8). Bu sonuglar Duran vd.
(2008) ve Fritz ve Feminelle (2011)’nin yaptig1 calismalarin sonuglari ile de tutarlilik gostermektedir.

Caligsma siiresince Trichoptera ve Ephemeroptera’ya ait toplam 7 tiir bulunmustur. Bu tiirlerin 3’1
Trichoptera; 4’i Ephemeroptera takimina aittir (Tablo 7, 8, 9). Camur-Elipek vd. (2006) tarafindan
Tunca Nehri’nde Ekman-Birge ile yapilan érneklemelerde Ephemeroptera’ya ait 6 tiir teshis edilmistir.
Saptanan tiirlerden Baetis sp., Ephoron virgo ve Heptagenia longicauda’ya arastirmamizda
rastlanmamigtir. Ayni ¢alismada Trichoptera faunasinin, bu g¢aligmanin aksine diisiik birey sayilariyla
temsil edildigi belirtilmis olup tiir tayininin yapilmadigi goriillmektedir. Ayrica yapilan bu ¢aligmada
teshis edilen Trichoptera’nin biitiin tiirleri ve Ephemeroptera’nin Caenis luctuosa tiirii Tunca Nehri
icin yeni kayittir. Trichoptera tiirlerinden Ecnomus tenellus (Rambur, 1842) (156 birey) ve
Ephemeroptera’dan Caenis macrura Stephens,1835 (63 birey) en fazla bulunan tiirler olmustur (Tablo
9).

Trichoptera’nin istasyonlara gore koloni olusumunda (Tablo 2) farkliligin oldugu varyans analizi
testi sonuglar1 ile (p<0,05) ortaya konulmustur. Farkliligin Tukey testine gore 2. istasyondan
kaynaklandigi saptanmistir. Bu istasyonda diger istasyonlara kiyasla daha fazla birey bulunmustur
(187 birey). Bu farkliligin nedeni 2. istasyonda makrofitlerin nehir yataginda yogun bulunmasi,
habitatinin ¢amur, kum ve organik detritus bakimindan canli yasam alanmi olarak daha zengin ve
korunakli olmasi ve su akis hizinin yaz aylarinda yavaslamasina baglanabilir. Birinci ve ozellikle
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iiciincil istasyon organik detritus bakimindan nispeten yoksundur. Bentik makroomurgasizlar boyle
ortamlar1 yuvalanmada yogun olarak kullanmadiklar1 ig¢in bu istasyonlarin birey sayilari az
bulunmustur. Trichoptera’dan Ecnomus tenellus, Ephemeroptera’dan sirasiyla Caenis macrura ve
Caenis luctuosa 2. istasyonda yogun olarak bulunmustur. Bu tiirler habitat olarak literatiirle uygunluk
gostermektedir. Yiiksek yogunluklara bazen ulagsamasalar da ova nehirlerinde ¢ok 6nemlidirler. Kumlu
yataklarin camur ile kaplandigi kiy1 kosullarinda, partikiil organik detritus toplayarak beslenirler.
Hidrolik stresin en az oldugu nehrin s1§ bolgelerinde ya da gollerde toplanarak yasamaktadirlar
(Corallini ve Bicchierai, 2011; Glazaczow vd., 2009; Panis vd.,1995; Rempel v., 2000; Zelinka, 1980).

Bu calisma ile Trichoptera ve Ephemeroptera faunasimin su kaynaklarinda yasam bigimlerini
etkileyen faktorler ve dagilimlar1 konusuna katkida bulunmak amaglanmustir. Trichoptera ve
Ephemeroptera faunasi dzellikle calismanin yapildigi Agustos, Eyliil ve Ekim aylarinda (Tablo 10)
daha fazla goriilmiistiir. Bu durumun nedeninin havalarin ifade edilen aylarda sicaklik oranlarmin
canli yasami i¢in daha uygun olmasi, su akinti hizinin azalmasi ile ortamin daha koruyucu olmasi,
besin artig faktorleri oldugu diisiiniilmektedir.

Tesekkiir: Bu arastirma Trakya Universitesi BAP tarafindan desteklenmistir (proje no 2011-130).
Caligma 12-15 Temmuz tarihinde Afyon (Tirkiye)’da diizenlenen III. International Zoology and
Technology Congress’de sozlii bildiri olarak sunulmus ve kongre kitabinda 6zeti yayinlanmustir.
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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 calisma, Egirdir Golii'nde yasayan Astacus leptodactylus tiiriinde mide sindirim enzim aktiviteleri iizerine (proteaz o-
amilaz ve lipaz) mevsim ve eseyin etkisini aragtirmak amaciyla olusturulmustur. Bu amagla kerevitler 1 yilda 4 mevsim olarak
Egirdir Golii’nden avlandi. ilkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamadi. Bu nedenle,
sonuglar iic mevsim (sonbahar, kis, yaz) ve eseyler lizerinden 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 kisin 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 yil1 oncesi 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¢alismada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Golii'nde kerevit (10-15 cm)
avciligr 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 6nemli 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 %0,013+ 0,0011° 0,007 + 0,0006° 20,003 + 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).

0,025 Lipaz
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;’_’.: 0.01 > — o> grkek
é E-"'m, N —s— disi
Z 0,005 S — .
> -
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sonbahar Kis yaz

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

TARTISMA ve SONUC

Mevcut sindirim enzimlerinin profili ve faaliyetleri basta olmak {izere sindirim sisteminde ortaya
cikan fizyolojik siiregler, tiirlerin genis besin cesitliliginden faydalanmasimi etkilemektedir. Farkli
kabuklu tiirleri, farkli beslenme aligkanliklarina ve yasam alanlarin1 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 calisma, yiiksek lisans tezinden 6zetlenmistir. (veya varsa proje destegi yazilmali)
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