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Abstract: In this study, reproductive performances of F5 and F6 generation hatchery- Keywords
originated female Black Sea salmon (Salmo labrax) were evaluated to determine the e Black Sea salmon
effects of the active selective breeding program. The study was conducted in freshwater o Selective breeding
ponds and marine cage systems between 2018 and 2021. For the study, 53 specimens o Reproductive characteristics
from F5 generation females with an average length of 52.71+7.08 cm and weight of o Breeding season
1561.294639.76 gr, and also 56 broodstocks specimens from F6 generation females with

an average length of 51.92+5.35 cm and weight of 1506.12+417.28 gr were used. Gonad

maturity controls and spawning studies were carried out in the 2018-2019, 2019-2020,

and 2020-2021 breeding periods along the entire season, lasting from November to

January. The number of ovulating females, their fecundity, egg diameters, and

fertilization rates of eggs were recorded. In all seasons, 36.17% of F5 females ovulated in

November, and the remaining females (63.83%) ovulated in December. Ovulation time

in F6 females also showed a similar pattern of 1/3 of females (37.40%) ovulating in

November and the remaining majority (62.60%) ovulating in December. According to

the results, total egg yields as 4439.31+1675.69 and 4112.08+£1041.16 egg/broodstock,

relative egg yields as 2313.44+278.48 and 2345.76+516.30 egg/kg, egg diameters as

5.08+0.19 and 5.21+0.17 mm, and fertilization rates as 96.78+3.24% and 96.63+3.73%

were determined for F5 and F6 generations, respectively. In both generations, as the size

of the broodstock increases, the total egg production increases (F5: r=0.9169, F6:

r=0.74254), while the relative egg production (F5: r=-0.2526, F6: r=-0.3486) decreases.

When the total egg yields and fertilization rates were compared, the difference between

the F5 and F6 groups was insignificant (p<0.05). The condition factors of the two

generations were found to be statistically similar (p<0.05). As a result, it is understood

that the maximum broodstock efficiency of the breed has been achieved in the

broodstock management as a result of the selective breeding studies applied for the

broodstock management.

Ozet: Bu calismada, yiiriitiilen segici 1slah programinin iireme performansma etkisini Anahtar kelimeler
belirlemek amaciyla, F5 ve F6 nesil kulugkahane kokenli Karadeniz somonu (Salmo e Karadeniz somonu
labrax) anaglarmim iireme bulgular irdelenmistir. Calisma, 2018-2021 tarihleri arasinda o Segici 1slah

tathsu havuzlarinda ve deniz ag kafes sisteminde yiiriitiilmiistiir. Calismada, ortalama o (Jreme ozellikleri
boylar1 52,71+£7,08 cm ve ortalama agirliklart 1561,29+639,76 g olan F5 nesil anaglardan
53 birey, ortalama boylart 51,92+5,35 cm ve ortalama agirliklar1 1506,12+417,28 g olan
F6 nesil anaglardan 56 birey kullanilmustir. Farkli nesil anaglarin iireme periyodunda
aylik tireme oranlari, toplam yumurta verimi, nispi yumurta verimi, yumurta ¢api ve
dollenme oranlar1 belirlenmistir. 2018-2019, 2019-2020 ve 2020-2021 iireme
periyotlarinda (Kasim-Ocak aylar1) gonad olgunluk kontrolleri ve sagim galismalari
yapilmustir. Sagilan F5 nesil anaglarin oran1 Kasim ayinda % 36,17 iken Aralik ayinda %
63,83, F6 nesil anaglarda ise bu durum Kasim aymda % 37,40 Aralik ayinda % 62,60
olarak tespit edilmistir. Bu sonuglara gore, sagimi gerceklestirilen F5 ve F6 nesil

o Ureme sezonu
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anaglarin, toplam yumurta verimi, nispi yumurta verimi, yumurta c¢aplari ve déllenme
oranlar1 sirasiyla 4439,31£1675,69 ve 4112,08+1041,16 adet/anag, 2313,44+278,48
adet/kg ve 2345,76+516,30 adet/kg, 5,08+0,19 mm ve 5,21+0,17 mm % 96,78+3,24 ve
% 96,63%3,73 olarak belirlenmistir. Her iki nesil anaglarin biiyiikliigii arttik¢a toplam
yumurta veriminde de arttigi (F5: r=0,9169, F6: r=0.74254) fakat nispi yumurta
veriminde ise (F5: r=-0,2526, F6: r=-0,3486) azalma oldugu goriilmistir. Toplam
yumurta verimleri ve dollenme oranlart karsilastirildiginda F5 ve F6 gruplart arasindaki
fark Onemsizdir. (p<0.05). F5 ve F6 nesil anaglarin kondisyon faktorlerinin benzer
oldugu (p<0.05) tespit edilmistir. Sonu¢ olarak, damizlik yonetimine yonelik uygulanan
secici 1slah caligmalar1 sonucunda tiirin damizlik y6netiminde maksimum iireme
verimini ulasildigini anlagilmaktadir.

1. INTRODUCTION

Black sea salmon, which was only a subject of sportive fishing initially, has become quite common
in Tirkiye, especially on the eastern shores of the Black Sea, due to high consumer preference.
Trabzon Central Fisheries Research Institute (SUMAE) determined the species' basic bioecological
and culture characteristics with the scientific studies it started in 1998, thereby revealing the species'
aquaculture potential. Within the scope of these studies, both broodstock individuals and eggs were
provided to several private enterprises and contributed to the expansion of the species breeding in the
Eastern Black Sea Region (Tabak et al., 2001; Cakmak et al., 2007, 2022; Kasapoglu et al., 2020; Ozel
et al., 2021, Cankiriligil et al., 2022). Today, 25 private enterprises, which have a total production
capacity of 23,256,000 juvenile fish per year, are breeding species, and the production amount for
2021 has been reported as 1.603 tons/year (BSGM, 2022; TUIK, 2022). In parallel with the projects,
selective breeding programs were also implemented to improve the species’ culture characteristics. The
characteristics for creating breeding stock with easy adaptation to culture conditions and high
reproductive efficiency were followed in the applied selective breeding programs.

A good start is essential for sustainable farming. This can only be possible by managing well-
known and known breeders with high fertility. Broodstock management practices are essential in
business management and the economy to obtain quality and healthy offspring in Black Sea salmon
farming, whose culture production is increasing daily. Effective broodstock management practices can
improve reproductive performance, resulting in higher-quality offspring and increased sustainability
and efficiency in Black Sea salmon farming. Therefore, evaluating the effects of selective breeding
programs on the reproductive performance of hatchery-originated female Black Sea salmon can
provide valuable insights for future breeding programs and contribute to developing a more
sustainable aquaculture industry. This study aims to evaluate the reproductive performance of F5 and
F6 generation hatchery-originated female Black Sea salmon, and to determine the effects of the
ongoing selective breeding program on their reproductive efficiency. By evaluating the gonad maturity
controls, egg yields, fertilization rates, and egg diameters, we aim to assess the success of the selective
breeding program in improving the culture characteristics of Black Sea salmon. The results of this
study can help inform future breeding programs and improve the sustainability and efficiency of Black
Sea salmon farming.

2. MATERIAL AND METHODS
2.1. Broodstock care

The care and feeding of broodstock were carried out in the freshwater unit in the Of province of
Trabzon and the marine cages research unit of SUMAE in the Yomra province (Figure 1). Water
temperatures were measured daily. The water exchange in ponds is set as 18-20 times/day. The
broodstocks were transferred to the freshwater unit in June when the Black Sea water started to warm
(18°C), and they were transported to the marine unit in February after spawning. The stock density in
cages and ponds was set as 12 kg/m? in initial, and it reached to 15 kg/m? in spawning till February.
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Figure 1. Areas where broodstock individuals are kept. IU: Central Fisheries Research Institute Units, MC:
Marine cage research unit, FU: Freshwater unit, altitude: 644 m. The map was created with Ocean Data View
(ODV) software (Schlitzer, 2023).

40.3°E

2.2. Broodstock Selection

The study used hatchery-origin F5 and F6 broodstock fish of different ages as the primary material.
Among the F5 generation fish stock, there were 53 female fish with an average length of 52.71£7.08
cm, an average weight of 1561.29+639.76 g, and 31 male fish with an average length of 50.224+7.63
cm and an average weight of 1711.98+646.48 g were selected. Moreover, in F6 generations, 56 female
fish with an average length of 51.92+5.35 cm, an average weight of 1506.12+417.28 g, and 32 male
fish with an average length of 49.12+8.78 cm and an average weight of 1645.18+836.35 were selected
(Table 1, 2). Commercial trout feed with 7% moisture, 45% protein, 20% lipid, 10% crude ash, 3%
crude fiber, and 4801 Kcal/kg energy content was used in breeding stock feeding. All individuals were
marked with electronic markers (12 mm, 134 KHz) for individual monitoring of reproductive
efficiency and management of breeding stock (Figure 2).

Figure 2. Marker process of broodstocks (a: Reader, b: injector and markers, c: applitin
muscle tissue)

2.3. Spawning Studies

Maturity controls of the breeders were started in the second week of October, 15 days before the
breeding period, considering the milking dates of the previous years, and milking was carried out at
two-week intervals until the end of the breeding period. Egg and sperm-maturing individuals were
taken into separate tanks in the hatchery. Broodstock individuals were anesthetized before spawning
by exposure to a 50 ppm solution of benzocaine-acetone (Oswald, 1978). The dry spawning method
was applied. Firstly, male individuals were milked, and sperm stock was formed by sperms of at least
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three male individuals. The stock sperm fertilized the spawned eggs of 5 female fish. Twenty-five
minutes after fertilization, the eggs were washed with the water used in the hatchery to remove the
residues and prepared for incubation.
2.4. Determinations of Reproductive Characteristics

A ruler with a precision of 1 mm was used for the length measurements of the broodstocks, and a
scale with a precision of =0.01g was used for the measurements of body weight and total egg weight.
Total egg weight was determined by weighing the eggs with an accuracy of 0.01 g. Average egg
diameters were measured with Von Bayer ruler (Von Bayer, 1910) with 20 eggs for each broodstock,
and the number was calculated by dividing the number of eggs. The same 20 eggs were weighed with
a scale with a precision of 0.001 g, and this weight was divided by the number of eggs. Egg production
(fecundity) was determined by the gravimetric method (MacGregor, 1957), and total egg production
(number of eggs per broodstock) and relative egg production (number of eggs per kg body weight)
were calculated. Eggs were placed in vertical flow brood cabinets fed with spring water using separate
pans for each rootstock. One day after fertilization, the white and opaque eggs were considered
unfertilized, counted, and removed. The fertilization rate was calculated by proportioning the
remaining eggs (fertilized eggs) to the total number of eggs.
2.5. Statistical Analyses

The data of the study were analyzed by t-test. Differences were evaluated at the 5% significance
level (P<0.05). Relationships between parameters were calculated in correlation analysis. Minitab
statistical program was used in analyses.

3. RESULTS

The average water temperature of the marine net cage unit was determined as 11.27+3.06 °C (min:
8.6 °C, max: 20.7 °C), and the salinity rate was determined as 17 %o. The average water temperature of
the freshwater unit was measured as 11.91+4.28 °C (min: 4.0 °C, max: 18.5 °C) (Figure 3).

30,00
25,00
20,00
15,00
10,00
5,00
0,00 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Marine water 9,50 8,67 9,20 11,70 15,40 20,70 24,70 27,00 24,20 21,00 15,60 11,70
Fresh water 5,48 4,93 4,53 6,50 12,00 15,10 16,40 16,30 15,15 11,81 9,67 5,83

e \Varine water e Fresh water

Figure 3. Water temperatures of the marine cage and freshwater units

Breeding studies started in November and were completed at the end of December for each year
36.17% of F5 broodstocks and 37.19 % of F6 broodstocks were spawned in November, and all
remaining broodstocks were spawned in December (Figure 4).
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Figure 4. Reproduction rates of generations during the breeding period (%)

According to the results, total egg vyields were 4439.31£1675.69 egg/broodstocks and
4112.08+1041.16 egg/broodstocks, and relative egg yields were 2313.44+278.48 egg/kg and
2345.76+£516.30 egg/kg for F5 and F6 broodstock individuals, respectively. In broodstock groups, It
was determined that there was a positive relationship between broodstock weight and total fecundity
and a negative relationship between broodstock weight and relative fecundity (Table 1; Figures 5, 6).
It was observed that the difference between egg yields of F5 and F6 generations was statistically
insignificant (Table 1) (P<0.05). Mean egg diameters were found as 5.08+0.19 mm and 5.21£0.17
mm, and mean egg weights were found as 0.083+0.01 g and 0.088+0.01 g for F5 and F6 broodstocks,
respectively. Mean fertilization rates were calculated as 96.78+3.24 % for the F5 generation and
96.63+3.73 % for the F6 generation. It was observed that the difference between fertilization rates and
the egg's diameter and weight was found insignificant for both groups (Table 1) (P<0.05).

10000

p 3600
2000 aa00 |
@ y=0,1052x+2479,3
o S el r=-0,2310
2 7000 £ 3000 |
5 3000 5 2800
g <2 2600 |
< 5000 =
E = 2400
Z 4000 Z
- Y= 25657x+392,59 E 2200 f
3000 r=0,93640 1 2000 }
wor 2 1800
1000 £ - . ! ! | | 1600 _ | ‘ . . ‘ |
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Weight Weight

Figure 5. Total and relative fecundity weight relationship of F5 broodstocks
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Figure 6. Total and relative fecundity weight relationship of F6 broodstocks
Table 1. Reproductive efficiency of F5 and F6 generation broodstocks
Parameters Filial generation
Fs (n=53) Fg (n=56)

Length (cm) 52.71£7.08° 51.92+5.35°
Weight (g) 1561.29+639.76% 1506.12+417.28%
Total egg weight (g) 376.03£165.73% 365.47+109.05%
Egg weight (g) 0.083+0.01° 0.088+0.01°
Egg diameter (mm) 5.084+0.19% 5.2140.17%

Total fecundity (egg count/broodstock)
Relative fecundity (egg count/broodstock kg)

4439.31+1675.69%
2313.44+278.48°

4112.08+1041.16%
2345.76+516.30°

Fertilisation rate (%) 96.78+3.24% 96.63+3.73°
Condition factor 1.07+0.15% 1.05+0.16%
*Different letters in a line indicate a statistical difference.
Table 2. Some characteristics of the male individuals
Length (cm) Weight (g) Condition factor
F5 (n=31) 50.22+7.63% 1711.98+646.48° 1.29+0.18°
F6 (n=32) 49.12+8.78° 1645.18+836.35° 1.26+0.10°

*Different letters in a column indicate a statistical difference.

4. DISCUSSION

Although studies on Salmo labrax are limited, significant studies have been conducted on brown
trout (Salmo trutta) belonging to the same genus. Several studies have been conducted about brown
trout spawning season, fertility, natural behavior, and culture characteristics. The reproduction season
of the brown trout, which takes three months, occurs between October and December in the northern
hemisphere (Needham et al., 1945; Horton, 1961; Thomas, 1964; Moyle, 1976), while it was between
late May and July in the southern hemisphere (Hobbs, 1937; Hopkins, 1970; MacDowal, 1978). It is
reported that brown trout give offspring in Chile in June, and reproduction reaches the maximum in
July and continues until September (Estay et al., 1994). It is known that the maturation and spawning
times of Black Sea salmon individuals in fish production facilities and their natural habitats in the
Northwest Caucasus vary depending on environmental conditions, especially temperature (Makhrov et
al., 2011). According to previous studies, on the Turkish coasts, Black Sea salmon mainly spawns in
November and rarely until mid-December in the natural environment (Tabak et al., 2001), whereas,
under culture conditions, it has been reported that the spawning period begins in November, peaks in
December, and continues until February (Cakmak et al., 2022). A study conducted in a private
enterprise operating in the Eastern Black Sea Region of Tiirkiye determined that rainbow trout
(Oncorhynchus mykiss) gave offspring between the last quarter of December and the last quarter of
February (Salihoglu et al., 2013). Our study determined that F5 and F6 breeding stocks gave offspring
in November and December, and the breeding season was completed in 2 months. It is seen that
selective breeding studies applied for the creation of breeding stock from marine (anadromous)
individuals are effective in completing the milking period in 2 months. This reproduction pattern in the
F5 and F6 stocks is similar to the findings of Needham et al. (1945), Horton (1961), Thomas (1964),
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Moyle (1976), and Tabak et al. (2001). The number of enterprises culturing Black Sea salmon in
Tiirkiye is increasing daily. Especially for private enterprises that breed Black Sea salmon together
with Rainbow trout, breeding Black Sea salmon in the early period and rainbow trout in the late period
will provide an advantage in hatchery usage.

Brown & Kamp (1941) measured the egg diameter of 4.64 mm (n=37) for brown trout (Salmo
trutta) with 1285 eggs per brood in their study in the USA. Toledo et al. (1993) measured the egg
diameter of 4.67 mm (n=24) for Brown trout (Salmo trutta) with 1176 eggs/brood yield in their study
in Spain. Estay et al. (1994) found that the total egg production of brown trout in culture form at
different ages was 1182+344 - 27444605 eggs/broodstock, the relative egg production was 3577471 -
2181£360 eggs/kg, and the egg diameters were 4.64+0.11 - 5.2440.12 mm. Tabak et al. (2001)
reported that the total egg vyield of natural Black Sea trout broodstocks was 3226+320
eggs/broodstock, the relative egg yield was 1747+70 eggs/kg, the egg diameter was 5.48+1.10 mm.
Cakmak et al. (2022), within the scope of selective breeding of Black Sea salmon, it was determined
that the total egg yield, the relative egg yield, and the egg diameter of F2, F3, and F4 generations
varied between 3202+1665- 3664+1220 eggs/broodstock, 2428+709-2417+£586 eggs/kg varied
between, and 5.52+0.34-5.45+0.21 mm under culture conditions. Egg production and egg size of
fishes are affected by several factors. The most important are broodstock size, age, genotype, and
feeding conditions (Haeley & Heard, 1984; Bromage et al., 1990, 1992). The reproductive yields and
eqg sizes of F5 and F6 individuals obtained in this study were similar to studies by Estay et al. (1994),
Tabak et al. (2001), Cakmak et al. (2022), while these were found to be higher than the findings of
other researchers. It is seen that this difference is caused by the fish size used in the studies, the
anadromous feature, and the difference in environmental conditions. The findings obtained in this
study overlap with those of the F3 and F4 generations, and it is understood that the breeding data
remained stable in the breeding study with these generations.

Estay et al. (1994) reported that the fertilization rate in eggs of different ages ranged from
92.0+13.7 % to 98.5+4.01 % in their study with brown trout of culture origin. Cakmak et al. (2022)
calculated the fertilization rate of eggs obtained from natural broodstocks (FO) adapted to the culture
conditions within the scope of the selective breeding program they carried out in Black Sea salmon
93.46+5.35 %. They reported that the fertilization rate of eggs from F1, F2, F3, and F4 generations
ranged from 95.2846.29 % to 98.25+1.81 %. The fertilization rate findings obtained in this study are
similar to those conducted with cultured brown trout.

5. CONCLUSION

The Black Sea salmon is among the new species introduced into production in the aquaculture
sector. To improve the culture characteristics of the fish, selective breeding programs were applied to
create an F6 generation having high adaptability to culture conditions. The results of the study showed
that selective breeding was an effective tool for improving the culture characteristics of the Black Sea
salmon. Some parameters related to reproduction, such as fertilization and hatching rates, were found
to be significantly increased in the F6 generation compared to the wild population. Moreover, the
reproduction data in the last three generations were similar and stable, indicating the success of the
breeding program. These findings suggest that selective breeding can be used to improve the culture
characteristics of Black Sea salmon in the culture environment. Future studies should focus on
improving the species' survival rate, growth, and adaptation to different environmental conditions.
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Ozet: Yesilirmak havzasi 36,114 km? yiizol¢iimii ile Tiirkiye'nin besinci biiyik yagis  Anahtar kelimeler
alanina sahip nehir havzasidir. Niifus artig1, plansiz kentlesme, endiistriyel ve hayvansal e Yesilirmak Havzas:
atiklar, giibre ve zirai ila¢ kullanimi havzada kirlilige neden olan baslica faktorlerdir. Bu o Fitoplankton
calismada, Yesilirmak Havzasinda bulunan yiiksek rakimli, yiizey alani kii¢lik ve derin o Goller

ozellik gosteren bes gol (Boraboy, Biiyiik, Dipsiz, Diiden ve Zinav Golii) fitoplankton o Toplam fosfor
indeksleri (PTI ve Q) ve trofik durum indeksi (TSI) ile degerlendirilmistir. Géllerden o Trofik durum
fitoplankton ve su Omnekleri Mayis, Temmuz ve Eyliil 2018’de toplanmis ve

fitoplanktondan 85 tiir teshis edilmistir. Toplam fosfor, toplam azot, klorofil a ve Secchi

derinligi parametreleri ile gollerin trofik durumu tahmin edilmistir. PTI ve Q indeksleri

ile gollerde simirlayic1 element olan toplam fosfor arasinda ayri ayri lineer regresyon

analizi gerceklestirilmistir. Sonug olarak, Q indeksi PTI indeksine gore toplam fosfor ile

daha yiiksek (1>=0,75) iliskili bulunmustur (p<0,05). Q indeksine gore belirlenen kalite

TSI indeksi ile benzer sonuglar vermistir. Sonuglar fitoplankton kompozisyonu ve trofik

durum agisindan birlikte degerlendirildiginde, Boraboy Goli “iyi/oligotrofik”, Biiyiik

Gol “orta/oligotrofik”, Diidden ve Zinav Golleri “orta/mezotrofik”, Dipsiz GOl ise

“orta/6trofik” olarak degerlendirilmistir. Sonug olarak, Boraboy ve Biiyiikk Goliin kalite

durumlarinin  korunmasi gerekirken Dipsiz, Diiden ve Zinav Gollerinde kalitenin

iyilestirilmesi amaciyla tedbirler alinmalidir.

Abstract: The Yesilirmak basin, with an area of 36.114 km?, is Tiirkiye's fifth-greatest Keywords

area for precipitation. The primary sources of pollution in the basin are population e Yesilirmak Basin
increase, unplanned urbanization, industrial and animal waste, usage of fertilizers and e Phytoplankton
pesticides. In this study, five lakes with high altitude, small surface area, and deep o |_gkes
characteristics in the Yesilirmak Basin (Boraboy, Biiyiik, Dipsiz, Diiden, and Zinav 4 Tqta] phosphorus
Lake) were assessed by using the phytoplankton indices (PTI and Q) and trophic status Trophic status
index (TSI). Phytoplankton and water samples were collected (April, July, and

September 2018), and 85 species were identified. Total phosphorus, total nitrogen,

chlorophyll a, and Secchi depth parameters were used to estimate the trophic status of the

lakes. Linear regression analysis was performed separately for PTI and Q indices with

total phosphorus, the limiting element in lakes. As a result, the Q index correlated with

total phosphorus higher (r>=0.75) than the PTI index (p<0.05). The ecological quality

statuses produced by the Q index were comparable to the TSI index. Considering the

results collectively, the status of Boraboy Lake was assessed as “good/oligotrophic”,

Biiyiik Lake as "moderate/oligotrophic", Diiden and Zinav Lakes as
"moderate/mesotrophic”, and Dipsiz Lake as “moderate/eutrophic” in terms of

phytoplankton composition and trophic status. As a result, while Boraboy and Biiyiik

Lakes' quality should be maintained, steps should be taken to improve the quality of the

Dipsiz, Diiden, and Zinav Lakes.

1. GIRIS

Su yonetimi faaliyetleri, iklim degisikliginin de etkisiyle giderek 6nem kazanan bir konu haline

@ ® This paper is published by Isparta University of Applied Sciences, Egirdir Fisheries Faculty under Creative Commons
Attribution 4.0 International (CC BY 4.0) license. http://creativecommons.org/licenses/by/4.0/
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gelmistir. Su kaynaklarinin biitiinciil bir sekilde havza bazinda yonetim anlayisiyla korunmasi igin
gerekli tedbirlerin belirlenmesi nehir havzasi yonetim planlarinin hazirlanmasiyla artis géstermektedir
(Anonim, 2014a). Tiirkiye hidrolojik olarak 25 nehir havzasina ayrilmaktadir (DSI, 2023). Nehir
havzalarinda yer alan su kiitlelerinin izlenmesi ve karakterizasyonu etkin bir su yonetiminin en 6nemli
bilesenlerini olusturmaktadir. Her bir havzanin yapisi birbirinden farklidir ve suyun kalite ve miktar
acisindan yonetimi havza bazinda degisiklik gostermektedir. Su Havzalarinin Korunmasi ve Yonetim
Planlarinin Hazirlanmasi1 Hakkinda Yo6netmelik (Anonim, 2012) ile yilizeysel sular ve yeralti sularinda
kalite ve miktarin korunmasi amactyla havza yonetim planlarinin hazirlanmasina iliskin usul ve esaslar
belirtilmektedir.

25 nehir havzasindan biri olan Yesilirmak Havzasinda evsel atik sular, endiistriyel faaliyetler,
hayvancilik, tarim, kati1 atiklar, erozyon ve madencilik faaliyetleri énemli su yonetimi konulari
arasinda yer almaktadir (Anonim, 2010). Havzada yer alan mevcut baskilarin ortaya konulabilmesi
icin oncelikli olarak ekolojik durum izleme c¢alismalarmin gerceklestirilmesi gereklidir. izleme
calismalar1 kapsaminda fizikokimyasal, kimyasal, biyolojik ve hidromorfolojik parametreler Yiizeysel
Sular ve Yeralt1 Sularinin Izlenmesine Dair Yonetmelik (Anonim, 2014b) ¢ergevesinde izlenmektedir.
Yonetmeligin amact ekosistem biitiinliigiinii esas alan bir yaklasimla su kiitlelerinin mevcut
durumunun ortaya konulmasidir. Biyolojik izleme giiniimiizde su kiitlelerinin izlenmesinde 6nem
kazanmistir ve Biyolojik Izleme Tebligi (Anonim, 2019) ile yeriistii sularmda biyolojik kalite
bilesenlerinin izlenmesine iliskin usul ve esaslar1 belirleyerek biyolojik izleme calismalarinda
standardizasyon saglanmistir. Teblig kapsaminda izlenen biyolojik kalite bilesenlerinden biri olan
fitoplankton, gollerde ekolojik kalitenin belirlenmesinde ©6nemli bir bilesendir. Avrupa’da
fitoplanktonun degerlendirilmesi i¢in gelistirilen indeksler arasinda Q indeksi (Padisak vd., 2006) ve
PTI indeksi (Phillips vd., 2013) yaygin bir sekilde kullanilmaktadir. Q indeksinde fitoplankton tiirleri
fonksiyonel gruplara ayrilarak degerlendirilirken PTI indeksinde ise tiirlerin toplam fosfora karsi
verdigi yanitlar incelenmektedir. Fosfor, alg artisinda birincil sinirlayict element olarak kabul
edilmektedir (Schindler, 1977). Artan fosfor degerleriyle géllerin verimlilik diizeyi artmakta (Wetzel,
1983) ve asir1 alg artislart gozlemlenmektedir. Bu nedenle toplam fosfor fitoplankton kompozisyonuna
bagh kalite tahmininde yaygin olarak kullanilan bir indikatordiir (Marchetto vd., 2009; Phillips vd.,
2013).

Toplam fosfor disinda klorofil a miktart ve Secchi derinligi gollerin trofik durumunun
belirlenmesinde kullanilan parametrelerdir (Carlson, 1977). Toplam azot parametresi de trofik durum
belirlenmesinde kullanilmaktadir (Kratzer & Brezonik, 1981). Tiirkiye’de g6l ve goletlerde trofik
durum degerlendirmeleri Yeriisti Su Kalitesi Yonetmeligine gore TSI (Trofik Seviye indeksi)
hesaplanarak yapilmaktadir (Anonim, 2021).

Tirkiye’de ekolojik kalitenin fitoplankton indeksleri ile degerlendirilmesine yonelik caligsmalar
yiritiilmektedir (Demir vd., 2014; Sevindik vd., 2017; Celekli vd., 2018; Celekli vd., 2020). Bununla
birlikte dogal gollerin ¢ogunda fitoplanktona yonelik sinirli bilgi bulunmaktadir ve géllerin kirlenme
ve iklim krizi gibi degisimlere yanitlarinin incelenmesi i¢in diizenli izleme yapilmasi gerekmektedir.

Bu calismada, Q ve PTI indeksleri Yesilirmak Havzasinda yer alan yiliksek rakimli, yiizey alani
kiigiik ve derin ozellik gosteren bes goliin (Boraboy Golii, Biiylik Gol, Dipsiz G6l, Diden Gola ve
Zinav Goli) fitoplankton kompozisyonuna uygulanmis ve gollerde sinirlayici element olan toplam
fosfor seviyeleri ile arasindaki iliski incelenmigtir. Ayrica sonuglar trofik durum indeksi ile
karsilagtirilmig ve gollerin trofik durumunun degerlendirilmesi amaglanmustir.

2. MATERYAL ve METOT

Yesilirmak havzasi Tiirkiye’nin toplam alaninin %5’ini olusturmaktadir. Sularim1 Karadeniz’e
bosaltan Yesilirmak Havzasi, Kizilirmak, Firat, Dogu Karadeniz ve Coruh havzalar1 arasinda yer
almaktadir. Yesilirmak Havzasi; Kelkit, Yukar Yesilirmak, Cekerek, Tersakan ve Asagi Yesilirmak
olmak iizere 5 alt havzaya ayrilmistir (Anonim, 2022). Boraboy G6lii, Amasya il sinirlart i¢inde yer
almakta olup heyelan set golidiir. GoOl, tabiat parkidir ve c¢evresinde turistik amagli tesisler
bulunmaktadir. Ancak yogun ziyaretci trafiginden kaynaklanan ¢evre sorunlar1 ve su kirliligi oldugu
bildirilmistir (Senol, 2018). Biiyiikk Gol, Tokat il simirlarinda yer almaktadir. Tektonik olugumlu
oldugu, rekreasyonel degeri oldugu, sulama amagli yapilan miidahalelerin gol alanimi daralttig
bildirilmistir (Zeybek, 2004). Diiden Golii, Tokat il smirlarinda yer almaktadir. G6l ve g¢evresinin
ekoturizm, kirsal turizm amagl degerlendirildigi, rekreasyonel agidan 6nemli oldugu bildirilmistir
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(Kizilarslan & Unal, 2014). Dipsiz Golii, Tokat ili Resadiye ilgesinde bulunmaktadir. Zinav Golii,
Tokat ili sinirlari i¢indedir, heyelan set goliidiir ve tabiati koruma alanidir. Rekreasyonel agidan
onemli bir goldiir, ancak su kirliligi oldugu bildirilmistir (Zeybek, 2002). Calisma alanina ait harita
Sekil 1°de verilmekte olup gollere iligskin koordinat, rakim, yiizey alani ve derinlik bilgileri Tablo 1’de
yer almaktadir.

35°0'0"E 38°0°0"E 40°0'0"E
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Sekil 1. Calisma alan1

Tablo 1. Yesilirmak Havzasinda ¢alisilan gollerin bazi 6zellikleri.

Goller Enlem* Boylam* Rakim (m) Yiizey Alam  Derinlik (m)
(ha)

Boraboy Golii 40,80434 36,15012 1073 8,8 15

Biiyiik Gol 40,37697 37,46522 1046 11,6 8

Dipsiz Gol 40,45276 37,46251 1212 1,0 13

Diiden Golii 40,82831 36,60145 1190 4.4 8

Zinav Golii 40,44594 37,27431 963 32,0 15

* Koordinatlar WGS1984 cografi koordinat sistemine gére verilmistir.

5 dogal golde oOrnekleme calismasi Mayis, Temmuz ve Eylil 2018’de gerceklestirilmistir.
Arastirmada orneklenen gollerin alan1 50 ha’dan kiiciik oldugu i¢in her goélde pelajik bolgeden tek
ornekleme noktasi seg¢ilmis, gollerin orta kismma dogru derinlik 6l¢iilerek gidilmis ve en derin
noktanin koordinatlar1 olgiilerek 6rnek noktasi belirlenmistir. Oncelikle Secchi derinligi 6l¢iilmiis,
Secchi derinliginin 2,5 kat1 6fotik derinlik olarak belirlenmis ve su 6rnek alici ile 6fotik derinlikten
alman su ornekleri birlestirilerek kompoze 6rnek hazirlanmistir. Fitoplankton ve klorofil a analizi i¢in
su ornekleri kompoze oOrnekten alimmustir. Klorofil a analizi su 6rneklerinin siiziilmesi ve filtre
kagitlarinin etanol ile ekstraksiyonu sonucunda spektrofotometrik metot ile yapilmistir (APHA, 2012).
Toplam azot (TN) ve toplam fosfor (TP) analizi ise yiizey ve dipten alinan su 6rneklerinde yapilmis ve
iki derinligin ortalamasi alinmistir. Azot bilesikleri nitrata ve ardindan nitrite indirgenerek
spektrofotometrik olglim ile hesaplanmigtir (APHA, 2012). Fosfor bilesikleri pargalama ve oksitleme
isleminin ardindan spektrofotometrik olarak ol¢iilmiistiir (APHA, 2012). Coziinmils oksijen,




Cetin vd., 2023 Acta Aquat. Turc., 19(4): 298-311 301

elektriksel iletkenlik ve pH arazide Hach HQ40 model prob ile 6l¢iilmiistiir.

Fitoplankton analizi i¢in alinan su 6rnekleri 250-300 ml’lik siselere aktarilmis ve Lugol ¢ozeltisi
ilave edilmistir. Ayrica kalitatif analiz amaciyla plankton kepgesi ile vertikal ve horizontal ¢ekimler
yapilmis ve kamerali trinokiiler mikroskop yardimiyla ilgili literatiire gore tiir teshisleri
gerceklestirilmistir. (Huber-Pestalozzi, 1942; Huber-Pestalozzi, 1950; Prescott, 1973; Lind & Brook,
1980; Komarek & Fott, 1983; Popovski & Pfiester, 1990; John vd., 2002). Fitoplankton tiirlerinin
giincel adlar1 Guiry ve Guiry (2022)’den kontrol edilmistir. Alinan su drnekleri 5-10 ml’lik Hydrobios
sayim hiicrelerinde ¢oktiiriilmiis ve Leica DMIL inverted mikroskop kullanilarak sayilmistir
(Utermohl, 1958; TS EN 15204, 2006). Fitoplankton hiicrelerinin boyutlari kamera atagmanli
mikroskop ve Leica Application Suit programi yardimiyla 6l¢iilmiis ve Hillebrand vd. (1999) ve
Olelina vd. (2006)’ya gore hiicre hacimleri hesaplanmistir. Her bir tiirtin hacmi tiiriin sayis1 ile
carpilarak toplam biyohacim tahmin edilmistir.

Gollerin fitoplanktonun bulunusu Reynolds vd. (2002) tarafindan onerilen ve belirli habitatlarda
bulunan fitoplankton topluluklarinin harf ve sayisal kodlarla gosterildigi fonksiyonel grup yaklasimina
gore degerlendirilmistir. Fonksiyonel gruplar belirlenmis ve fitoplankton topluluk indeksi (Q)
hesaplanmistir (Padisak vd., 2006). Fitoplankton trofik indeksi (PTI) ise Phillips vd. (2013)’e gore
hesaplanmugtir. Q indeksinin 0-1 arasindaki degerleri kotii, 1-2 arasi zayif, 2-3 arasi orta, 3-4 arasi iyi
ve 4-5 arast ¢ok iyi kalite durumunu ifade etmektedir. TSI indeksi Anonim (2021)’e gore
hesaplanmistir. Logaritmik toplam fosfor degerleri (log TP) ile Q ve PTI indeks sonuglar1 arasinda
lineer regresyon analizi XLSTAT (Addinsoft, 2014) ile gergeklestirilmistir. Gollerin kalite durumu
renklere gore degerlendirilmistir. Mavi renk ¢ok iyi, yesil renk iyi, sar1 renk orta, turuncu renk zayif ve
kirmizi renk kotii durumu ifade etmektedir.

3. BULGULAR

Calisma yiiriitiilen gollerde {ic donem yapilan Slglimler sonucunda en diisiik ortalama Secchi
derinligi (0,30 m) ve en yiiksek klorofil a (113,67 ug/l) miktar1 Diiden Goélii’nden elde edilmistir. En
yiiksek ortalama toplam fosfora (73,83 pg/l) Dipsiz Gol’de rastlanirken en diisiik toplam azot orani
(170,33 pg/l) Boraboy Golii'nde ol¢lilmiistiir. Calisma sonucunda gollerin trofik durum
parametrelerine iligkin sonuglart Tablo 2’de yer almaktadir.

Tablo 2. Goéllerdeki parametrelerin mevsimlere gore degisimi (ortalama =+ standart hata).

Parametreler Boraboy Golii Biiyiik Gol Dipsiz Gol Diiden Golii Zinav Golii
Secchi Derinligi (m) 2,00+0,58 3,33+0,66 3,67+0,17 0,30+0,00 1,20+0,47
Klorofil a (ug/1) 3,18+2,68 0,25+0,00 7,38+4,72 113,67£113,17 31,67+26,38
Toplam Fosfor (pg/l) 2,50+0,00 2,50+0,00 73,83+67,13 25,57+17,02 19,37+9,83
Toplam Azot (ng/l) 170,33+39,43 409,33+22,83 347,00+8,39 352,67+133,12 382,33+47,67
Coziinmiig Oksijen (mg/l) 8,00+0,56 7,27+0,47 6,62+0,58 8,40+0,79 5,86+0,34
Elektriksel fletkenlik(uS/cm) 281,67+3,78 585,67+2,88 469,00+1,41 165,83+18,20 330,00+6,60
pH 7,75+0,14 8,04+0,11 8,03+0,17 8,23+0,24 7,84+0,17

Aragtirmada gollerden Bacillariophyta, Bigyra, Chlorophyta, Charophyta, Cryptophyta,
Cyanobacteria, Miozoa, Euglenozoa ve Ochrophyta filumlarina ait toplam 85 fitoplankton tiirii teshis
edilmistir. Fitoplankton tiirlerinin aylara ve toplam biyohacime oranla bulunuglari Tablo 3’te
verilmistir.
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Tablo 3. Boraboy, Biliyiik, Dipsiz, Diiden ve Zinav Gollerinde teshis edilen fitoplankton tiirleri ve gollere ve aylara gore biyohacim bazinda yiizde bulunuslar (Tirtin toplam
biyohacimde oran1 *%20'den az, **%20-60 arasinda, ***%60'dan fazla).
Tiir Boraboy Biiyiik Dipsiz Diiden Zinav
May. Tem. Ey. May. Tem. Ey. May. Tem. Ey. May. Tem. Ey. May. Tem. Ey.
Asterionella formosa Hassall * * * * * * * *
Aulacoseira italica (Ehrenberg) Simonsen *
Cyclotella atomus Hustedt * *
Lindavia radiosa (Grunow) De Toni & Forti *
Nitzschia acicularis (Kiitzing) W.Smith * *
BAC Pantocsekiella ocellata (Pantocsek) K.T.Kiss &
E.Acs
Stephanocyclus meneghinianus (Kiitzing) -
Kulikovskiy, Genkal & Kociolek
Ulnaria acus (Kiitzing) M. Aboal * **
Ulnaria ulna (Nitzsch) Compére * * * * * * * * *
BIG  Bicosoeca planctonica Kisselev * *
Closterium aciculare T. West *
Closterium acutum Brébisson * * *
Cosmarium reniforme (Ralfs) W.Archer
Elakatothrix gelatinosa Wille * * * * * * *
Actinastrum hantzschii Lagerheim .
Botryococcus braunii Kiitzing * * * * * * * * * * **
Carteria pseudoglobosa Ettl * * *
Closteriopsis acicularis (Chodat) J.H.Belcher &
Swale
Coelastrum astroideum De Notaris * *x *
Crucigenia quadrata Morren * *
Desmodesmus abundans (Kirchner) E.H.Hegewald * *
Desmodesmus opoliensis (P.G.Richter) E.Hegewald * *
CHL  Desmodesmus subspicatus (Chodat) E.Hegewald &
AW.F.Schmidt
Diplochloris lunata (Fott) Fott * *
Eudorina elegans Ehrenberg *
Kirchneriella irregularis (G.M.Smith) Korshikov * *
Kirchneriella lunaris (Kirchner) Mobius * *
Lagerheimia ciliata (Lagerheim) Chodat *
Lagerheimia genevensis (Chodat) Chodat * * * * *
Lemmermannia komarekii (Hindak) C.Bock &
Krienitz

*k*k *k%k *k% *k% *k*k *k% * ** * *k%k * *k%k * *

CHA
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CRY

Lemmermannia tetrapedia (Kirchner) Lemmermann
Lemmermannia triangularis (Chodat) C.Bock &
Krienitz

Monactinus simplex (Meyen) Corda
Monoraphidium contortum (Thuret) Komarkova-
Legnerova

Monoraphidium irregulare (G.M.Smith)
Komarkova-Legnerova

Monoraphidium komarkovae Nygaard
Monoraphidium minutum (Négeli) Komarkova-
Legnerova

Monoraphidium tortile (West & G.S.West)
Komarkova-Legnerova

Mucidosphaerium pulchellum (H.C.Wood) C.Bock,
Proschold & Krienitz

Oocystis borgei J.W.Snow

Oocystis lacustris Chodat

Pediastrum duplex Meyen

Phacotus lenticularis (Ehrenberg) Diesing
Pandorina morum (O.F.Miiller) Bory
Pseudodidymocystis planctonica (Korshikov)
E.Hegewald & Deason

Pseudopediastrum boryanum (Turpin) E.Hegewald
Raphidocelis danubiana (Hindak) Marvan, Komarek
& Comas

Scenedesmus ellipticus Corda

Scenedesmus obtusus Meyen

Scenedesmus quadricauda (Turpin) Brébisson
Schroederia setigera (Schroder) Lemmermann
Sphaerocystis schroeteri Chodat

Tetradesmus lagerheimii M.J.Wynne & Guiry
Tetraédron caudatum (Corda) Hansgirg

Tetraédron minimum (A.Braun) Hansgirg
Tetrastrum elegans Playfair

Cryptomonas marssonii Skuja

Cryptomonas ovata Ehrenberg

Plagioselmis nannoplanctica (H.Skuja) G.Novarino,
I.LA.N.Lucas & S.Morrall

CYA Aphanizomenon gracile Lemmermann

*

**

*kk

*k*k




Cetin vd., 2023 Acta Aquat. Turc., 19(4): 298-311 304

Aphanocapsa delicatissima West & G.S.West * * faleie * **
Dolichospermum flos-aquae (Bornet & Flahault)
P.Wacklin, L.Hoffmann & Komarek
Dolichospermum lemmermannii (Richter)
P.Wacklin, L.Hoffmann & J. Komarek
Dolichospermum planctonicum (Brunnthaler)
Wacklin, L.Hoffmann & Komarek
Merismopedia tenuissima Lemmermann * * * * * *
Microcystis smithii Komarek & Anagnostidis e
Planktolyngbya limnetica (Lemmermann)
Komarkova-Legnerova & Cronberg
Snowella lacustris (Chodat) Komarek & Hindak * *
Sphaerospermopsis aphanizomenoides (Forti)
Zapomelova, Jezberova, Hrouzek, Hisem, Rehakova *
& Komarkova
Synechocystis aquatilis Sauvageau * *
Woronichinia naegeliana (Unger) Elenkin *
Ceratium furcoides (Levander) Langhans * * *
Ceratium hirundinella (O.F.Miiller) Dujardin * * * * fal * * * * * * *
Gyrodinium helveticum (Penard) Y.Takano &
T.Horiguchi
Peridiniopsis cunningtonii Lemmermann * * * *
Peridinium cinctum (O.F.Miiller) Ehrenberg * * * * *
Euglenaformis proxima (P.A.Dangeard)
M.S.Bennett & Triemer
EUG Trachelomonas hispida (Perty) F.Stein * * *

Trachelomonas oblonga Lemmermann * * *

Trachelomonas volvocina (Ehrenberg) Ehrenberg * * *

Bitrichia chodatii (Reverdin) Chodat *

Dinobryon divergens O.E.Imhof *
OCH Dinobryon sertularia Ehrenberg * * * * *

Pseudokephyrion entzii W.Conrad * *

Pseudokephyrion ovum (Pascher & Ruttner) Conrad *
BAC; Bacillariophyta, BIG; Bigyra, CHL; Chlorophyta, CHA; Charophyta, CRY; Cryptophyta, CYA; Cyanobacteria, MIO; Miozoa, EUG; Euglenozoa, OCH; Ochrophyta

*kxk

MIO
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Fitoplankton tiirleri igerisinde sentrik diyatomelerden (Bacillariophyta) Pantocsekiella ocellata
tiriiniin Boraboy ve Biiyiik Gollerinde her 6rnekleme déneminde biyohacim orani %60’ tizerinde
olmustur. Diiden ve Zinav Gollerinde de Mayis ayinda yiiksek oranda bulunmustur. Fitoplanktonda
hakim olan tiirlerin bulunusu Reynolds vd. (2002)’nin belirttigi sekilde fonksiyonel grup yaklagimi ile
degerlendirilmistir. Kiigiik/orta biiyiiklikkteki gollerde bulunan P. ocellata tirii B fonksiyonel
grubundadir. Siyanobakteri (Cyanobacteria) tiirlerinden Aphanizomenon gracile tiiriine Diiden ve
Zinav Gollerinde Eyliil doneminde yiiksek oranda rastlanilmustir. A. gracile tiirii fonksiyonel
gruplardan H1 (azot baglayan Nostocaleans) grubunda yer almaktadir. Aynmi sekilde
siyanobakterilerden (Cyanobacteria) Aphanocapsa delicatissima Dipsiz Goliinde Mayis ornekleme
doneminde yiiksek oranda bulunmustur. A. delicatissima kiigiik hiicreli, koloniyel, gaz vakuolsiiz
siyanobakterilerin (Cyanobacteria) oldugu K fonksiyonel gurubundadir. Temmuz déneminde artan
Dolichospermum lemmermannii ise H2 fonksiyonel grubundadir. Géllerde artis gosteren Cryptomonas
tirleri Y, Plagioselmis nannoplanctica X2, Chlorophyta’dan koloni olusturan Botryococcus braunii ve
Oocystis lacustris gibi tiirler ise F fonksiyonel grubunda yer almaktadir.

Gollerin aylara gore fitoplankton biyohacim miktarlari ile aylara gore filumlarin biyohacim bazinda
ylizde dagilim oranlart Sekil 2’de verilmistir. Fitoplankton biyohacmi Boraboy, Biiyiik ve Dipsiz
Gollerinde diisiikken, Diiden ve Zinav Gollerinde yiiksek oldugu belirlenmistir. Dipsiz Goliinde
fitoplankton biyohacmi yiiksek olmamakla birlikte kompozisyonda Mayis ve Temmuz aylarinda
siyanobakterilerin (Cyanobacteria) oransal artiglar1 dikkat cekmektedir.

Gollerdeki fitoplankton topluluklarina iligkin hesaplanan ortalama Q ve PTI indeksi sonuglari ile
trofik durum parametreleri ile hesaplanan TSI indeksine iliskin sonuglar Tablo 4’te verilmistir. Her
indeks a¢isindan Boraboy Golii en iyi sonuglar1 verirken, diger géller Q indeksi agisindan orta durumu
gostermektedir. Q indeksi ve PTI indeksinin logaritmik toplam fosfor degerleri ile lineer regresyon
sonuglar1 Sekil 3’te verilmistir. Q indeksi ve toplam fosfor arasindaki r? oram 0,75 ¢ikarken bu oran
PTI indeksi icin 0,69 olarak sonuglanmigtir. Q indeksi ile Otrofikasyon parametresi olarak
degerlendirilen toplam fosfor derisimi arasinda negatif yonde anlamli bir iligki bulunmaktadir
(p<0,05). PTI ile toplam fosfor arasinda ise pozitif yonde anlaml bir iligki bulunmaktadir (p<0,05).
Nihai degerlendirmede r* degeri daha yiiksek olan Q indeksi dikkate almmustir.
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Sekil 2. a. Gollerde aylara gore toplam fitoplankton biyohacmi (mm?/1) b. Géllerde fitoplanktonun ait oldugu
filumlarin toplam fitoplankton biyohacminde aylara gore oransal dagilimi (%).

Tablo 4. Gollerdeki ortalama indeks sonuglari ve kalite degerlendirmesi (Koyu: iyi, italik: orta durum).

Goller Q PTI TSI

Boraboy Go6li 3,44 -0,14 34 (oligotrofik)
Biiytik Gol 2,88 0,01 30 (oligotrofik)
Dipsiz Gol 2,69 0,66 61 (otrofik)
Diiden Géli 2,64 0,48 52 (mezotrofik)
Zinav Goli 2,36 0,39 49 (mezotrofik)
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Sekil 3. Q indeksi ve PTI indeksinin toplam fosfor derisimi (log TP) ile iliskisi.

4. TARTISMA

Tiirkiye’de gol su kiitlelerinin belirlenmesinde 50 ha siir olarak kabul edilmis ve 652 adet dogal
ve baraj golii kiitlesi belirlenmistir (Anonim, 2015). Ancak 50 ha yiizey alanindan kiiciik ve limnolojik
ozellikleri agisindan higbir kayit bulunmayan gok sayida gl bulunmaktadir. Ozellikle yiiksek rakimli
ve yerlesim yerinden uzak kiiciik yiizey alanina sahip goller limnolojik 6zellikleri agisindan referans
ozellikler tastyabilmektedir. Bu arastirmada incelenen gollerde simirli sayida limnolojik arastirma
bulunmaktadir. Boraboy Goli, zirai ve turistik aktiviteler agisindan énemli olup, dogal radyoaktivite
ve agir metallerin incelendigi bir aragtirmada verilerin saglik agisindan belirtilen limitler i¢inde kaldig:
bildirilmistir (Cetin vd., 2022). Zinav Goliiniin formasyonu, turistik agisindan 6nemi ve kirlenme
durumu bildirilmistir (Zeybek, 2002). 2013 yilinda yapilan arastirmalarda dimiktik olan Zinav
Goliinde otrofikasyon ve alg artislarinin goriildiigii, besin maddeleri, klorofil a ve Secchi derinligi
acisindan goliin otrofik/hipertrofik oldugu bildirilmistir (Buhan vd., 2015; Buhan vd., 2018). Bu
durum Zinav Go6liinde siyanobakteri (Cyanobacteria) artiglarina iliskin bulgularla benzerlik
gostermekte olup, golde 6trofikasyonun devam ettigine isaret etmektedir.

Gollerde trofik durumu gosteren parametrelerin farkli sonuglar belirtmesi nedeniyle Yeriisti Su
Kalitesi Yonetmeliginde (Anonim, 2021) gol, golet, baraj gollerinin 6trofikasyon kriterleri TSI ya
gbre tanmimlanmigtir. Bu aragtirma sonuglarma gore Yesilirmak Havzasi gollerinde trofik durum
Boraboy ve Biiylik Golde oligotrofik, Dipsiz Golde otrofik, Diiden ve Zinav Gdllerinde mezotrofik
olarak belirlenmistir.

Yesilirmak Havzasi derin gollerinde ii¢ drnekleme doneminde de (Diiden Golii Eylil donemi
disinda) siirekli olarak bulunan fitoplankton, sentrik diyatomelerden (Bacillariophyta) Pantocsekiella
ocellata tiirii olarak belirlenmistir. Udovic vd. (2017)’ye gore dogal ve oligo-mezotrofik karstik derin
g0l sistemlerini tanimlamaktadir. Reynolds vd. (2002), P. ocellata tiiriinii kiigiik-orta biiytikliikteki
gollerde tabakalagmaya karsi hassas 151k azligina karsi toleransh sentrik diatomlarin oldugu B grubuna
dahil etmistir. Calisma alaninda yer alan yiiksek rakimli ve derin goller bu durum ile benzerlik
gostermektedir. Toplam fosfor derisiminin tiir dagilhmini etkiledigi baraj gollerinde P. ocellata
tiiriiniin trofik diizeyi diisiik gdllerde yaygm oldugu belirtilmistir (Marchetto vd., 2009). Ozellikle
Boraboy ve Biiyiikk Gollerinde tiim donemlerde toplam biyohacimde yiiksek oranda bulunan P.
ocellata gollerin oligotrofik yapisiyla uyumlu sonuglar sergilemistir. Bu tiir Dipsiz Goliinde daha
diisiik oranda bulunurken Diiden ve Zinav G6llerinde Mayis ayinda artis gostermistir.

Diiden ve Zinav gollerinde Eyliil ayinda siyanobakterilerden (Cyanobacteria) Aphazinomenon
gracile artig1 gergeklesmis, bu tiir Diidden Goliinde toplam biyohacimde %98, Zinav Goliinde ise %87
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oranina ulagsmustir. Aphanizomenon cinsine ait tiirlerin fonksiyonel gruplardan H1 (azot baglayan
Nostocaleans) grubunda yer aldig1 ve habitat olarak 6trofik, diisiik azot iceren s1g veya derin gollerde
bulundugu belirtilmistir (Reynolds vd., 2002; Padisak vd., 2009). Besin kaynaklarinin sinirlanmasi
fitoplankton toplulugunda kompozisyonel degisimlere yol agmaktadir. Eger azot kaynagi sinirlanirsa
fitoplanktonda azot-baglayan Anabaena veya Aphanizomenon gibi siyanobakteriler (Cyanobacteria)
hakim olmaya baslamaktadir (Padisak & Reynolds, 1998). Diiden ve Zinav Gollerinin derin gol olmast
nedeniyle Eyliil ayinda tabakalagsma sonucunda besin sinirlamasinin heterosistli Aphanizomenon
gracile tiiriniin asir1 artis gostermesine neden oldugu diistiniilmektedir. Diiden ve Zinav Gollerinde
Eyliil ayinda siyanobakteri (Cyanobacteria) artiglari ile birlikte toplam fitoplankton biyohacmi de en
yiksek degerlerine ulagmistir. Siyanobakterilerden (Cyanobacteria) artis goésteren bir diger tiir
Aphanocapsa delicatissima tiiriidiir. Dipsiz Goliinde May1s ayinda artis gosteren bu tiir besince zengin
su siitunlarinda yer alan kiiclik hiicreli, koloni olusturan ve gaz vakuolii olmayan siyanobakterilerin
(Cyanobacteria) oldugu K fonksiyonel gurubunda yer almaktadir. Dipsiz Gdéliinde A. delicatissima
Temmuz ayinda yerini Dolichospermum lemmermannii tiiriine birakmustir. Siyanobakterilerden
(Cyanobacteria) D. lemmermannii H2 grubunda yer almaktadir ve tipik olarak daha az otrofik (daha
temiz) gollerin temsilcilerinden biri olarak bildirilmistir (Reynolds vd., 2002). Bu tiiriin habitat1 olarak
oligo-mesotrofik, derin goller tanimlanmistir (Padisak vd., 2009). D. lemmermannii Eyliil ayinda
oransal olarak azalmis ve fitoplanktonda Cryptomonas tiirleri hakim olmustur. Cryptomonas tiirleri
genellikle kiiclik ve zenginlesmis gollerde Y fonksiyonel gurubunda yer almaktadir (Reynolds vd.,
2002). Bu grup Biiylik GOl diginda tiim gollerde hakim durumda olmasa da bulunmustur. Ayrica
Cryptophyta filumundan Plagioselmis nannoplanctica tiirii de stirekli bulunmus ancak diisiik sayilarda
yer almistir (Eylill ayinda Diiden Golii disinda). Bu tiir Reynolds vd. (2002)’ye gore mezo-6trofik
gollerin temiz-karigsan tabakalarinda yer alan X2 grubunda tanimlanmistir. Bu ¢alismanin sonucuna
gore Plagioselmis nannoplanctica tiirtiniin bahar ve yaz aylarinda oligotrofik/mezotrofik kiigiik ve
derin gollerin fitoplanktonunun daimi bir temsilcisi oldugu soylenebilir. Yesilirmak Havzast gollerinde
tiir cesitliligi en fazla olan ve fitoplanktonda hakim olmasa da bulunan fonksiyonel gruplardan biri de
F grubudur (Reynolds vd., 2002). Bu grubun tipik temsilcileri Botryococcus braunii ve Oocystis
lacustris gibi koloni olusturan yesil alglerdir. Botryococcus ve Oocystis cinslerine ait tiirlerin
kirlenmeye karsit hassas tiirler olduklar1 belirtilmistir (WISER, 2023). Sonu¢ olarak, Yesilirmak
havzasinda c¢alisilan yiiksek rakimli, derin ve kiigiik gollerin fitoplankton topluluklarinin genel olarak
gollerin trofik durumu ile Ortiistiigli sOylenebilir.

Bu arastirmada fitoplankton kompozisyonuna dayali Q ve PTI indekslerinin su Kkalitesi
parametrelerinden toplam fosfor ile iligkisi incelenmistir. Fitoplankton géllerin ekolojik durumlarinin
incelenmesinde kullanilan bir anahtar topluluktur. Ozellikle gollerdeki su kalite degisimlerinin
izlenmesi ve yorumlanmasinda bir erken-uyar1 indikatorii olarak kullanilabilir. Yesilirmak havzasinda
incelenen gollerde Q ve PTI indeksleri toplam fosfor ile iligkili bulunmustur. Fitoplanktonun
incelenmesinde kullanilan 7 indeks Avrupa’da 32 golde incelenmis ve bu indekslerin ¢evresel
degiskenlerle ve 6trofikasyonun gostergesi olan toplam fosfor derisimi ile iligkili oldugu belirtilmistir
(Thackeray vd., 2013). Akdeniz’de baraj gdllerinde tiir kompozisyonunu kontrol eden temel faktoriin
toplam fosfor oldugu belirtilmistir (Marchetto vd., 2009). Derinlik, rakim ve yiizey alan1 gollerin
tipolojisinin belirlenmesinde kullanilan kriterlerdendir (Solheim vd., 2009). Yesilirmak Havzasinin
kiiciik, derin ve yliksek rakimli géllerinin fitoplankton ¢esitliligi, kompozisyonu ve trofik durumunun
tanimlanmasi, gollerde ileride olusabilecek degisimlerin yorumlanmasina ve ayni tipolojideki gollerle
karsilagtirma yapilmasina katki saglayacaktir.

5. SONUC

Yesilirmak havzasinin yiiksek rakimli, derin, tabakalagsma goriilen ve kiigiik (50 ha’dan kiiglik)
gollerinin fitoplanktonuna iliskin degerler Avrupa Birligi Su Cergeve Direktifine gore tipe 0zgii
referans degerlerin, biyolojik kalitenin ve ekolojik kalite oraninin belirlenmesinde degerlendirilebilir.
Bu c¢alisma ile ayni havza igerisinde tipolojisi ayni1 olan gollerde (yliksek rakimli, kiigiik ve derin)
fitoplanktonun kompozisyonuna dayali indekslere iliskin bilgiler elde edilmistir.

Goller ¢ok ¢esitli baskilar altinda degismektedir. Bu nedenle diizenli izlemelerin yapilmasi ve
sirdiriilebilirligi saglamak iizere 6nlemler alinmas1 gerekmektedir.
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Abstract: In this study, 89 strains of Aeromonas hydrophila and 88 strains of Keywords
Pseudomonas aeruginosa were isolated from the sewage of a university hospital in e Aeromonas hydrophila
Turkey. The resistance of these bacterial isolates to 11 different cephalosporin classes’ o Pseudomonas aeruginosa
antibiotics belonging to four generations and to 4 heavy metals was investigated. o Antibiotic resistance
Cadmium, lead, manganese, and zinc are the heavy metals employed. There was a high o Heayy metal resistance
incidence of resistance to cefazolin (98.9%), cefaclor (98.9%), and cefprozil (97.8%)

among the A. hydrophila isolates. Lower resistance to cefoxitin (30.3%), cefepime

(30.3%), and ceftazidime (31.4%) were found. Cefazolin, cefuroxime, cefaclor, and

cefoxitin resistance was found to be (100%) among the P. aeruginosa isolates. Moreover,

resistance rates to cefprozil (98.9%), cefixime (96.6%), and ceftizoxime (85.2%) were

detected. No isolates of P. aeruginosa were showed resistance to ceftazidime, cefepime

and cefpirome. Multiple antibiotic resistance (MAR) indexes ranged from 0.27 to 1.0

among A. hydrophila isolates and from 0.46 to 0.72 among P. aeruginosa isolates. All of

the A. hydrophila and P. aeruginosa isolates showed resistance to cadmium. A.

hydrophila and P. aeruginosa isolates showed low resistance to lead of 6.7% and 2.2%

respectively. Results indicate that both species are easily recovered in hospital sewage

and these species gained resistance to different generations of cephalosporins and heavy

metals.

Ozet: Bu calismada Tiirkiye’de bir {iniversite hastane kanalizasyonundan 89 adet  Anahtar kelimeler
Aeromonas hydrophila ve 88 adet Pseudomonas aeruginosa susu izole edilmistir. Bu e Aeromonas hydrophila
bakteriyal izolatlarin dort kusaga ait 11 farkh simf sefalosporin antibiyotigine ve 4 farkli o Pseudomonas aeruginosa
agir metale kargi direngliligi aragtirilmustir. Kullamilan agir metaller kadmiyum, kursun, o Antibiyotik direnglilii,
manganez ve ¢inkodur. A. hydrophila izolatlar1 arasinda sefazoline (%98,9), sefaklora
(%98.9) ve sefprozile (%97,8) kars1 yiiksek insidansta direnglilik bulunmustur. Sefoksitin
(%30,3), sefepim (%30,3) ve saftazidime (%31,4), karsi direnclilik daha diisiik
bulunmustur. P. aeruginosa izolatlar1 arasinda sefazoline, sefuroksime, sefaklora ve
sefoksitine direnglilik (%100) olarak bulunmustur. Ayrica, sefprozile (%98,7), sefiksime
(%96,6) ve seftizoksime (%85,2), oraninda kars1 direnglilik tespit edilmistir. Hicbir P.
aeruginosa izolat: seftazidim, sefepim ve sefpiroma karsi direnglilik gostermemigtir. A.
hydrophila izolatlari arasinda ¢oklu antibiyotik direngliligi (CAD) indeksi 0,27 den 1,0’¢
kadar ve P. aeruginosa CAD indeksi 0,46’dan 0,72 araliginda degisiklik gostermistir.
Tim A. hydrophila ve P. aeruginosa izolatlar1 kadmiyuma kars1 direnglilik gostermistir.
A. hydrophila ve P. aeruginosa izolatlart kursuna karsi sirastyla %6,7 ve %2,2 oraninda
diisiik direnglilik gdstermislerdir. Sonuglar her iki tiiriin de hastane kanalizasyonundan
kolaylikla izole edilebildigini ve bu tiirlerin farkli kusak sefalosporinlere ve agir
metallere karsi direnglilik kazandigini géstermektedir.

o Agir metal direngliligi

1. INTRODUCTION
Among the beta-lactam class antibiotics, cephalosporins are the most widely used for the treatment
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of infectious diseases caused by both Gram-negative and Gram-positive bacteria (Wang et al., 2017).
Since they were discovered by Giuseppe Brotzu in 1945, cephalosporins have become the most
popular antibiotics worldwide. Cephalosporins, which are derived from cephalosporium mold, are a
group of broad-spectrum, semi-synthetic beta-lactam antibiotics. They are divided into three groups:
cephalosporins N, C, and P. Semi-synthetic, broad-spectrum cephalosporins have been produced by
adding different side chains to the cephalosporin C base. Cephalosporins are classified according to
the chronological order in which they were produced. Currently, there are five different generations of
cephalosporin that are used in the treatment of infections. Many of the different antibiotic residues are
discharged into hospital sewage. Because of the lack of appropriate treatment of hospital sewage water
in developing countries, a large number of bacteria, particularly pathogenic species, could gain
resistance from these types of antibiotic residues. Moreover, many antibiotic-resistant pathogenic
bacteria could be found near the hospital and domestic sewage discharging systems (Choi et al., 2003).

In the last fifty years, the widespread use of antibiotics in human and animal infectious diseases has
increased the number of resistant bacteria included as pathogenic species. Many studies have shown
the transmission of drug-resistant bacteria from the environment to humans through the food chain or
through contact with animals (Witte, 1998). Gene transfer mechanisms in aquatic environments are
widely common between bacteria. The most known mechanism for drug-resistant gene transfer is by
mobilizing self-transmissible plasmids in conjunction with transposons, IS-elements, and integrons
(Tennstedt et al., 2003).

Hospitals discharge a considerable amount of water every day. Mishra et al. (2016) reported that
the wastewater generated by developing countries varies from 200 to 400 L/day/bed, while in
developed countries, it varies from 400 to 1200 L/day/bed. It is well known that hospital effluent water
can contain many hazardous residues such as chemicals (heavy metals), radioactive and
pharmaceutical substances, and various toxic remains. Such wastewater, if not treated with appropriate
methods, can affect a change in environmental balance (Gautam et al., 2007). Heavy metals have a
toxic effect on microorganisms and block enzymatic actions, impair nucleic acids, and disrupt cell
membrane functions (Gadd, 1992). As a result of discharging untreated hospital effluent water into
aquatic environments, water pollution due to toxic metals and antibiotic residues has posed important
issues in aquatic environments because pathogenic microorganisms can gain resistance after exposure
to these kinds of agents (Jana & Bhattacharya, 1988). In most countries, including India (Balakrishna
et al., 2017) and Spain (Gutierrez-Sanchez et al., 2022), very few studies were carried out for the
treatment of hospital wastewater. However, a large amount of untreated wastewater is discharged from
hospitals (McCarthy et al., 2021).

Aeromonas hydrophila and P. aeruginosa, which are opportunistic Gram-negative pathogens, have
recently attracted much interest. There are some studies regarding antibacterial and heavy metal
resistance of A. hydrophila and P. aeruginosa isolated from different sources, such as from aquatic
environments (Piotrowska & Popowska, 2014), domestic water (Hassani et al., 1992), aquaculture
(Matyar, 2007), fish (Filik et al., 2021), soil (Malik & Jaiswal, 2000), and nosocomial infections
(Micek et al., 2015; Song et al., 2018). The present study is the first to determine the prevalence and
resistance of A. hydrophila and P. aeruginosa from hospital sewage in Turkey to cephalosporins and
heavy metals. The aims of the present work were investigate the cephalosporin and heavy metal
resistivity of the A. hydrophila and P. aeruginosa isolated from hospital sewage to determine the
frequency of bacterial resistivity and possible relationship between antibiotic and metal resistance.

2. MATERIALS AND METHODS
2.1. Sampling

Hospital sewerage samples were collected from 0-20 cm using sterile 250 ml bottles (APHA,
1992). All of the samples were transported to the laboratory in an ice chest and processed within 3
hours of collection. A total of 24 samples were examined for the presence of Aeromonas hydrophila
and Pseudomonas aeruginosa from Cukurova University Balcali Hospital.

2.2. Isolation of Aeromonas hydrophila and Pseudomonas aeruginosa
For the isolation of A. hydrophila and P. aeruginosa, 25 ml of each water sample was inoculated
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into 225 ml of alkaline peptone water (pH 8.6) with 1% NaCl (w/v) and incubated at 30 °C for 24 h.
Then, the samples were plated onto selective media for each species (Aeromonas medium base (Ryan)
(Oxoid) and Pseudomonas isolation agar (Difco)) and then incubated at 30 °C for 24-72 h. For each
500 mL Aeromonas medium base, 1 vial of ampicillin selective supplement was used. The final pH
was adjusted to 8.0 at 25 °C. Presumptive A. hydrophila isolates were obtained from the Aeromonas
medium based on colony morphology (good growth; opaque colonies with dark centers). A.
hydrophila was identified based on the findings of Gram-negative rods, fermentation of D-glucose, a
positive oxidase test, motility and the absence of growth in 6.5% sodium chloride (Ko et al., 2000).

The isolates were considered to be presumptive P. aeruginosa if they were Gram-negative rods that
produced green to blue-green fluorescent colonies on Pseudomonas isolation agar, were oxidase- and
catalase-positive and were glucose oxidative and positive for citrate.

Presumptive A. hydrophila and P. aeruginosa colonies were subcultured on tryptone soy agar
(Oxo0id) at 30 °C for 24 hours to obtain at least two consecutive pure cultures. The identity was
confirmed using the Becton and Dickinson Crystal E/NF ID system (BBL, Md, USA). These strains
were identified using E/NF identification software (BBL, Md, USA). A number of isolates (20%) were
re-examined to determine the reproducibility of the test.

2.3. Antibiotic resistance tests

In this study, antibiotic resistance was determined using the disc diffusion method (NCCLS, 1997)
and Mueller-Hinton agar (Difco). A total of eleven different antibiotics were selected from the
cephalosporin class and represented 4 different generations used in this study, as shown below.
Cefazolin (CZ, 30 pg), cefuroxime (CXM, 30 pg), cefoxitiny FOX 30 pg), cefaclor (CEC 30 ug),
cefprozil (CPR, 30 pg), ceftizoxime (ZOX, 30 pg), cefixime (CFM, 5 pg), cefotaxime (CTX, 30 pg),
ceftazidime (CAZ, 30 pg), cefepime (FEP, 30 ug), and cefpirome (CPO, 30 ug) were used. The
isolates were determined to be sensitive according to the information supplied by the manufacturer
(BBL, Md, USA).

The reference strains Pseudomonas aeruginosa ATCC 27853 and Escherichia coli ATCC 25922
were used as control organisms for verification of the antibacterial effect of the discs, as recommended
by NCCLS (1997). All discs were purchased from Becton Dickinson (BBL, Md, USA).

For all isolates, the MAR (multiple antibiotic resistance) index values were calculated (a/b, where
‘a’ represents the number of antibiotics the isolate was resistant to, and ‘b’ represents the total number
of antibiotics the isolate was tested against). A MAR index value >0.2 is observed when the isolates
are exposed to high-risk sources of human or animal contamination, where antibiotics use is common;
in contrast, a MAR index value < 0.2 is observed when antibiotics are seldom or never used
(Krumperman, 1983).

2.4. Determination of the minimal inhibitory concentration (MIC) of heavy metals

In this work, the MIC of four different heavy metals (Cd*?, Pb*?, Mn*? and Zn*?) was determined
for each strain using Mueller-Hinton agar (Difco) containing each heavy metal in concentrations
ranging from 12.5 ug/mL to >3200 pg/mL. The following four heavy metals were used in the
compounds CdCl,.2H,0, Pb(NQO3), MnCl,.2H,0, and ZnCl, (Merck). The isolates were considered
resistant if the MIC values exceeded that of the control organism. An Escherichia coli K-12 strain was
used as the control organism as described by Ansari and Malik (2007).

3. RESULTS AND DISCUSSION
3.1. Aeromonas hydrophila and Pseudomonas aeruginosa isolates

In this work, a total of 89 A. hydrophila and 88 P. aeruginosa isolates were obtained from hospital
sewage. Rhodes et al. (2000) isolated 72 mesophilic aeromonads from untreated hospital sewage in
their work. Rahman et al. (2009) isolated 201 Aeromonas spp. in their study, which was performed in
a duckweed aquaculture-based hospital sewage water recycling system in Bangladesh. In another
study, 97 Aeromonas spp. strains were isolated from Southern Turkey’s fresh and brackish water by
Matyar et al. (2007). In Brasil, 25 P. aeruginosa isolates were recovered from raw hospital effluent
(Magalhaes et al., 2016). Hospital wastewater contains high amounts of pathogenic microorganisms
including P. aeruginosa and A. hydrophila. As a member of the genus Aeromonas, A. hydrophila is
found in a wide range of habitats, including soil and different types of aquatic sources. This




Matyar, 2023 Acta Aquat. Turc., 19(4): 312-322 315

microorganism is even found in hospital water supply systems (Picard & Goulled, 1987). A.
hydrophila is capable of secreting different types of extracellular enzymes, including lipase and
aerolysin (Li et al., 2015). Both immunocompetent and immunocompromised patients are susceptible
to Aeromonas-acquired infections. Infections caused by Aeromonas in humans include septicaemia,
soft tissue infections, acute gastroenteritis, hepatobiliary tract infections, and occasionally
pleuropulmonary infections (Janda & Abbott, 1998). Kueh et al. (1992) researched the probability of
wound infection with sewage-related microorganisms following exposure to contaminated seawater.
The authors determined that A. hydrophila, Vibrio cholerae, Vibrio alginolyticus and Vibrio
parahaemolyticus were among the bacteria that were able to cause different kinds of infections.
Furthermore, the authors observed that these bacteria were present in coastal waters and even in
unpolluted regions.

The other species isolated in this study, P. aeruginosa is a bacterium that is common in humid and
aquatic environments such as on plants and in soil, fresh and brackish water. This bacterium can also
colonize hospital environments. These environments may include shower rooms and sinks, and thus, it
is a common cause of hospital-acquired infections (Kerr & Snelling, 2009). As an opportunistic human
pathogen, P. aeruginosa is a leading aetiological factor of nosocomial infections, especially in
immunocompromised patients (Cross, 1985). This bacterium shows a noteworthy capability to resist
different classes of antibiotics either intrinsically or following the acquisition of different resistance
genes.

3.2. Resistance patterns against cephalosporins

As shown in Table 1, a high percentage of A. hydrophila isolates were found to be resistant to first-
and second-generation cephalosporin. A total of 98.9%, 98.9%, and 97.8% of A. hydrophila isolates
were found to be resistant to cefazolin, cefaclor, and cefprozil, respectively. Conversely, A. hydrophila
isolates showed relatively low resistance to third- and fourth-generation cephalosporin: 46.1%, 46.1%,
41.1%, and 31.1% were resistant to ceftizoxime, cefixime, cefotaxime and ceftazidime (third-
generation cephalosporins), respectively, and 43.8% and 30.3% were resistant to cefpirome and
cefepime (fourth- generation cephalosporins), respectively. The trend of resistance among all A.
hydrophila isolates to the eleven antibiotics was the following:

CZ=CEC>CPR>CXM>Z0OX=CFM>CPO>CTX>CAZ>FOX=FEP.

In a study performed in German intensive care units, a dramatic increase in resistance to third-
generation cephalosporin was found among E. coli isolates between 2001 to 2008 (Meyer et al., 2010).
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Table 1. Percentage of resistant isolates of Aeromonas hydrophila and Pseudomonas aeruginosa from hospital
sewage in Turkiye to 4 different generations of cephalosporins. The number of isolates is shown at the top of
each column.

Percentage of resistant isolates

Generation of

. Antibiotic A i i
cephalosporins eromonﬁiggdrophlla Pseudomosizgerugmosa
l. Cefazolin (CZ, 30 pg) 98.9 100.0
1. Cefuroxime (CXM, 30pg) 48.3 100.0
Cefoxitin (FOX, 30 pg) 30.3 100.0
Cefaclor (CEC, 30 pug) 98.9 100.0
Cefprozil (CPR, 30 pg) 97.8 98.9
1. Ceftizoxime (ZOX, 30 pg) 46.1 85.2
Cefixime (CFM, 5 pug) 46.1 96.6
Cefotaxime (CTX, 30 pg) 41.6 20.5
Ceftazidime (CAZ, 30 ng) 31.4 -
V. Cefepime (FEP, 30 ug) 30.3 -
Cefpirome (CPO, 30 ug) 43.8 -

N: The numbers of isolates

Matyar et al. (2010) found a high percentage of Aeromonas spp. resistant to cefazolin (66.6%). The
incidence of resistance to antibiotics among Aeromonas spp. isolated from aquatic environments is
rapidly increasing (Rhodes et al., 2000).

Among the P. aeruginosa isolates all of the strains showed resistance to the first- generation
cephalosporin cefazolin (100%). Therewithal, all of the P. aeruginosa isolates showed resistance to
three of four second-generation cephalosporins tested: cefuroxime (100%), cefoxitin (100%) and
cefaclor (100%). Similarly, a high percentage of P. aeruginosa isolates were found resistant to two of
four third-generation cephalosporins: cefixime (96.6%) and ceftizoxime (85.2%). Conversely, these
isolates showed a low resistance to cefotaxime (20.5%) (a third-generation cephalosporin). None of
the P. aeruginosa isolates showed resistance to ceftazidime (a third-generation cephalosporin),
cefepime or cefpirome (fourth-generation cephalosporins). The trend of resistance among P.
aeruginosa isolates for cephalosporin class antibiotics was found to be the following:

CZ=CXM=FOX=CEC>CPR>CFM>ZOX>CTX>CAZ=FEP=CPO (Table 1).

These results revealed that the resistance to fourth-generation cephalosporins, was relatively
infrequent among the A. hydrophila and P. aeruginosa isolates. Matyar et al. (2010) found in their
study, which was performed at Iskenderun Bay, Turkey, that a high percentage of Pseudomonas
isolates were resistant to cefazolin (84.8%) and cefuroxime (71.7%). The findings of this study were
similar with the results of Matyar et al. In contrast, Blandino et al. (2004) found that 33.3% and 16.7%
of 108 clinical isolates of P. aeruginosa were resistant to ceftazidime and cefepime, respectively. Kato
et al. (2015) indicated that the most used antibiotic class against Pseudomonas was cephalosporin
from 2009 to 2010 and in 2012 in a university hospital in Japan. Recent studies have shown that
among P. aeruginosa isolates the resistance to antimicrobials can be transferred by transduction
(Masuda & Ohya, 1992), conjugation (Watanabe et al., 1991) or transposition (Yobe et al., 1996).
Ben-Mahrez et al. (1999), which indicates that clinical isolates of P. aeruginosa expressed an
inducible chromosomal cephalosporinase in their study.

3.3. Multiple antibiotic resistance index

In this study, A. hydrophila and P. aeruginosa isolates, which were resistant to three or more
antibiotics, were designated as multiple-antibiotic resistant. A high frequency of multi-resistant A.
hydrophila was found in this study. MAR index values ranged from 0.27 to 1.0 for this species (Figure
1). Matyar et al. (2007) found that MAR index values ranged from 0.2 to 0.8 for A. hydrophila isolates
from environmental water in their work performed in southern Turkey.
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Figure 1. Antibacterial multi-resistance of Aeromonas hydrophila and Pseudomonas aeruginosa isolated from
hospital sewage in Turkey.

The findings of this study were similar to those of Radu et al. (2003), who detected a high
percentage of multiple resistant Aeromonas spp. from retail fish in Malaysia. In this work, MAR index
values ranged from 0.46 to 0.72 for P. aeruginosa isolates. Magalhaes et al. (2016) found that MAR
index values were between 0.21-0.86 for P. aeruginosa isolated from a stream receiving effluents
from ineffective hospital wastewater treatment plants. Because of multiple inherent resistance
mechanisms and the presence of a lipopolysaccharide outer membrane and efflux pumps (Fair & Tor,
2014), Gram-negative bacteria create a problem for the treatment of infectious diseases. Uncontrolled
or misuse of different classes of antibiotics for the treatment of infectious diseases promotes resistance
to antibiotics among bacteria. In addition, the hospital sewage environment may be a powerful
incubator for new combinations of virulence properties of bacteria. In the last decade, there has been
an increased effort toward controlling the use of antibiotics and promoting public awareness of the
cautious use of antibiotics.

3.4. Heavy metal resistance

In the present study, resistance to four heavy metals (Cd*?, Pb*?, Mn*? and Zn*?) was investigated
for all of the A. hydrophila and P. aeruginosa isolates. The trend in heavy metal resistance was
Cd>Mn Zn>Pb for A. hydrophila and Cd=Mn>Zn>Pb for P. aeruginosa isolates (Table 2). The
resistance to four heavy metals for A. hydrophila and P. aeruginosa isolates was as follows: to
cadmium, 100.0% and 100.0%; to manganese, 97.8% and 100.0%; to zinc, 51.7% and 100.0%; and to
lead, 6.7% and 2.2%, respectively. In a study performed in bacterial isolates from sea water by Altug
& Balkis (2009), it was found that the trend in resistance to seven heavy metals was
Cu>Mn>Ni>Zn>Pb>Cd>Fe. Matyar et al. (2012) in their study in Iskenderun Bay found a trend in
heavy metal resistance of Cu>Cd>Mn>Cr>Pb. The findings of present research were similar with the
results of Matyar et al.

In this study, the minimal inhibitory concentrations (MIC) of the A. hydrophila and P. aeruginosa
isolates ranged from 25 ug/ml to 3,200 ug/ml. P. aeruginosa isolates showed higher resistance to
manganese and zinc than did the A. hydrophila isolates. Conversely, A. hydrophila isolates showed
higher resistance to lead than did the P. aeruginosa isolates. Resistance to cadmium was similar
between A. hydrophila and P. aeruginosa isolates. Tolerance to the highest MIC (>3,200ug/ml) of
manganese was only found in A. hydrophila isolates. A total of 93.3% of A. hydrophila isolates
showed resistance to the highest MIC of manganese. It is known that aside from antimicrobial
residues, there are a significant number of radioactive elements and heavy metals in hospital effluent
water.
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Table 2. Heavy metal tolerance in Aeromonas hydrophila and Pseudomonas aeruginosa from hospital sewage in
Turkey.

s 3 Metal concentrations (ug/mL) with the number of tolerant Resistant

5 ‘_g isolates isolates
Heavy metal/ species -g 2

3 Tg 25 50 100 200 400 800 1600 3200  >3200 n %
Cadmium a
Aeromonas hydrophila 89 10 40 11 13 4 11 89 1000
Pseudomonas aeruginosa 88 69 4 8 2 5 88 1000
Total 177 177  100.0
Lead a
Aeromonas hydrophila 89 83 6 6 6.7
Pseudomonas aeruginosa 88 86 2 2 2.2
Total 177 8 4.5
Manganese a
Aeromonas hydrophila 89 2 4 83 87 97.8
Pseudomonas aeruginosa 88 23 65 88  100.0
Total 177 175 98.9
Zinc a
Aeromonas hydrophila 89 43 16 12 17 1 46 51.7
Pseudomonas aeruginosa 88 25 46 13 3 1 88  100.0
Total 177 134 75.7

a =Minimal inhibition concentration of standard strain Escherichia coli K12.
n= Total number of tolerant isolates.

The high heavy metal resistance detected in the isolates could result from these types of
contaminants. Metal-resistant A. hydrophila isolates also showed high resistance to three antibiotics:
cefazolin, cefaclor, and cefprozil. However, P. aeruginosa isolates that were metal resistant showed
high resistance to seven antibiotics: cefazolin, cefuroxime, cefoxitin cefaclor, cefprozil, cefixime, and
ceftizoxime. The correlation between heavy metal resistance and resistance to antibiotics is very
common in the same organism (and also in the same transposon, plasmid, or integron), which is
evidence that industrial pollution most likely selects for antibiotic resistance and vice versa (Baker et
al., 2006).

In the present research, antibiotic and heavy metal resistance patterns of A. hydrophila and P.
aeruginosa isolates from the effluent water of a university hospital were investigated. The results of
this study suggest that the hospital effluent water is a reservoir for antibiotic and heavy metal-resistant
A. hydrophila and P. aeruginosa isolates. Contaminated water with antibiotics, disinfectants,
pesticides, and heavy metals might encourage selective activities and result in antibiotic and heavy
metal resistance.

The presence of opportunistic species responsible for serious infectious diseases in hospital
wastewater could cause significant health problems for humans and animals that live close to these
water effluents. In the past 25 years, only two new cephalosporin-beta-lactamase inhibitor
combinations, ceftolozane/tazobactam in 2014 and ceftazidime/avibactam in 2015, have been
approved to treat systemic bacterial infections caused by multi-drug resistant Gram-negative bacteria
(Liscio et al., 2015). Through gene exchange or other means, resistance to new antibacterial agents
could cause newly found antibiotics to be ineffective against bacteria. This situation will force
pharmacologists to discover new and effective antibiotics in the near future.
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Ozet: Bu galismada, kupes bahigmin (Boops boops) et verimi ve elde edilen balik Keywords
koftesindeki bazi kalite ozellikleri arastirilmistir. Bu kapsamda, et verimi yaninda pH, e Kupes

toplam mezofilik aerobik bakteri (TMAB), toplam psikrofilik aerobik bakteri (TPAB) ve o Boops boops
duyusal analizler gergeklestirilmistir. Kofte yapimu i¢in kullanilan kupeslerde et verimi % o Balik kofte
48,10+1,12 olarak tespit edilmistir. Kofte drneklerinde depolama (4+1 °C) siiresince pH o K alite szellikleri
degerinin 6,15+0,03 - 6,64+0,12, TMAB sayisinin 5,23+0,04 - 9,05+£0,04 log kob/g ve Et verimi

TPAB sayisinin da 4,67+0,01 - 9,04+0,01 log kob/g arasinda degistigi belirlenmistir.

Panelistlerin duyusal degerlendirmesi sonucunda kupes baligindan elde edilen koftelerin

begenildigi tespit edilmigtir.

Abstract: This study investigated the meat yield of bogue (Boops boops) and some  Anahtar kelimeler
quality properties of the obtained fish balls. In this context, meat yield pH, total e Bogue

mesophilic aerobic bacteria (TMAB), total psychrophilic aerobic bacteria (TPAB), and Boops boops
sensory analyses were performed. The meat yield of bogue used for producing fish balls o Fish ball

was determined as 48.10£1.12 %. Fish ball samples were determined with pH values of o Quality properties
6.15+0.03 - 6.64+0.12, TMAB count is 5.23+0.04 - 9.05+0.04 log cfu/g and TPAB count
is 4.67£0.01 - 9.04+0.01 log cfu/g during storage (4+1 °C). As a result of the sensory
evaluation of the panelists, it was determined that fish balls obtained from the bogue

were liked.

o Meat yield

1.GIRIS

Su {irlinleri icerdigi besin bilesenleri bakimindan saglikli ve dengeli beslenme i¢in dnemli
kaynaklardan biridir. Balik eti, sindirimi kolay insan beslenmesinde Onemli yere sahip esansiyel
aminoasitler ve dzellikle de uzun zincirli yag asitleri yaninda dnemli mineral ve vitamin igerigi ile
biyolojik degeri yiiksek bir besindir (Ugar, 2020). Su iiriinleri tiikketimimizin 6,7 kg/y1l (BSGM, 2021)
ile 20,2 kg/y1l (FAO, 2022) olan diinya su iiriinleri tiiketiminin oldukga altinda kaldig1 goriilmektedir.
Bunun bir¢ok nedeni olup bu nedenler arasinda da tek diize beslenme aligkanligi 6nemli bir yer
tutmaktadir. Uriin gesitliligi ve farkli lezzetlerle sunum tiiketici tercihleri yaninda tiiketimi tesvik edici
olabilir. Balik satig noktalarinda sik¢a karsilagilan bulunabilirligi ve fiyat1 bakimindan da 6ne ¢ikan
tiirlerden biri de kupes (Boops boops) bahigidir. Giiney Adriyatik kiyilarinda (italya) yapilan bir
calismada kupes baliginin besin bilesenleri Eyliil ve Mart aylarinda belirlenmis olup sirasiyla nem
icerigi %76,20+1,50 ve %79,72+0,17, protein igerigi %20,32+0,65 ve %18,4040,38, lipid igerigi
%2,54+0,94 ve %1,02+0,20, kiil icerigi de %1,46+£0,11 ve %1,47+0,18 oranlarinda belirlenmistir.
Calismada ayrica tiiriin goklu doymamis yag asitlerince zengin oldugu da vurgulanmustir (Orban vd.,
2011). Kupes baliginin iyi bir besin kaynagi oldugu diger galigmalarda da belirtilmistir (Diraman &
Dibeklioglu, 2009; Ugar, 2020). Kupes balig1 tiretimi 2020 y1l1 itibariyle 2.598,8 ton ile deniz baliklar
aveilik iiretimindeki pay1 % 0,9 (TUIK, 2020) olarak bildirilmistir.

Kofte, yediden yetmise herkes tarafindan sevilen bir iiriindiir. Balik kéftesi de hazirlamasi oldukca
kolay herkes tarafindan sevilebilecek tirtinlerden biridir. Farkli baliklarla ve farkli kofte icerikleriyle
yapilan ge¢misten giiniimiize ¢alismalar da vardir (Yanar & Fenercioglu, 1999; Capkin, 2008; Ozpolat
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& Coban, 2012; Can, 2012; Erol & Ilhak, 2015; Hariohoedojo vd., 2015; Kilinggeker, 2015; Minantyo
vd., 2017; Reynaldi vd., 2019; Ucak, 2020; Keser & Izci, 2020; Bilgin & Metin, 2022).

Bu calismada, balik satig noktalarinda kolaylikla bulunabilen kupes baliginin et veriminin tespit
edilmesi ve elde edilen balik koftesindeki bazi kalite 6zelliklerinin belirlenmesi amaglanmistir.

2.MATERYAL VE YONTEM

Kofte iiretiminde Akdeniz’den (Antalya) avlanan (Subat 2020) ve balik haline getirilen kupes
baliklart kullanilmistir. Baliklar strafor kutu i¢inde soguk zincir kurallar1 gercevesinde Egirdir Su
Uriinleri Gida Isleme Laboratuvarina getirilmistir. Baliklarda olgiim tahtast (mm) ve 0,001 g
hassasiyetinde terazi (SHIMADZU BX420H, Japan) ile boy-agirlik ve et verimi i¢in gerekli dlgiimler
yapilmistir. Calismada ham materyal olarak, ortalama 15,3840,16 cm toplam boyda ve 35,72+1,37 g
agirliginda kupes baliklar1 kullanilmgtir.

Kofte tiretimi; baliklar temizlenmis (Bas, i¢c organ, ylizge¢ ve deri) ve filetosu ¢ikartilarak blender
(WARING HGBTWTST, USA) yardimiyla kiyma haline getirilmistir. Kofte iiretimi, Keser ve Izci
(2020)’nin bildirdiginde baz1 modifikasyonlar yapilarak gerceklestirilmistir. Elde edilen 500 g balik
kiymasina 50 g galeta unu, 10 g tuz, 2 g kimyon, 1 g kekik, 2 g toz kirmizi biber, 1 g nane, 2 g yeni
bahar, 2 g kara biber, 1 g rende sarimsak, 20 g rende sogan ve 20 g ay cicek yagi ilave edilerek
homojen bir karisim elde edilinceye kadar yogurulmustur. Yogurma sonrasinda aromanin oturmast
icin 1 saat buzdolabinda iizeri stre¢ filmle ortiilerek dinlendirilmistir. Siire sonunda kofteler 2843 g
olacak bigimde sekillendirilmis ve strafor tabaklara dizilmis ve kilitli posetlerde 4+1 °C’de 15 giin
siireyle depolanmistir. Kofte orneklerinin baslangicta duyusal analizi yapilmig olup pH, TMAB ve
TPAB analizleri depolama siiresince 5 giin arayla yapilmustir.
2.1.Yapilan Analizler
Et Verimi; Baliklarin et verimi hesaplamalarinda, baliklarin yenilebilir ve yenilemez kisimlari
ayrilarak filetolar1 c¢ikartilmig, 0,001 g hasiyetindeki terazide tartma islemleri gerceklestirilmistir.
Fileto agirliklarimin toplam agirliga oranindan elde edilen degerin 100 ile garpimi ile et verimi
hesaplanmustir (Giilyavuz & Unliisayin, 1999; Ozyilmaz, 2019).

Et Verimi (%)= [Fileto Agirlig1 (g) / Toplam Agirlik (g)]x 100
Kimyasal analizler; Orneklerde, pH 1:10 (w/v) 6rnek ve saf su oraninda homojenize (Heidolph DIAX
900, Germany) edilerek dl¢lilmiistiir (Varlik vd., 2007).

Mikrobiyolojik analizler; Analizi yapilacak orneklerden steril stomacher posetine 10 g alinarak
iizerine 90 ml steril peptonlu su ilave edilerek stomacherde (Interscience BagMixer 400, France) 90 sn
homojenize edilmistir. Gerekli seyretmelerle mikrobiyolojik ekimler dokme plak yontemiyle Plate
Count Agar (PCA, Merck 105463) besi yerinde yapilmistir. Toplam mezofilik aerobik bakteri
(TMAB) sayimi 3041 °C’de 3 giin ve toplam psikrofilik aerobik bakteri (TPAB) sayim 441 °C’de 10
giinliik inkiibasyon sonrasinda gerceklestirilmis ve sonuglar log kob/g olarak verilmistir (Arslan vd.,
1997; Patir & Duman, 2006; Diler vd., 2008).

Duyusal analiz; Kofte drnekleri 180 °C’de derin yagda kizartilmis ve 10 deneyimli panelist tarafindan
renk, koku, lezzet, tekstiir ve genel begeni bakimindan 1-9 puan arasinda degerlendirmeleri istenmistir
(Taskaya vd., 2003; Tokur vd., 2006; Kenar, 2009).

Istatistiki analiz; Analizler sonucunda elde edilen bulgular SPSS 17.0 istatistik programu ile
degerlendirilmis ve Onemli varyans kaynaklarina ait veriler Duncan Coklu Karsilastirma Testi
kapsaminda P=0,05 giiven araliginda karsilagtirilmistir.

3.BULGULAR VE TARTISMA

Caligmada et verimine ve bazi kalite 6zelliklerine yonelik analizler ger¢eklestirilmistir. Calismada
kullanilan B. boops orneklerinin et verimi %48,10+1,12 olarak tespit edilmistir. Orban vd. (2011)
Italya'min Giiney Adriyatik kiyilarindan avlanan kupes igin Eyliil ve Mart aylarinda yenilebilir
kisimlar1 sirasiyla 68,74+2,47 ve 62,15+1,66 olarak bildirmistir. Farkli balik tiirleri ile yapilan
calismalarda et verimi, Capoeta capoeta umbla’un Keban Baraj Golii ve Hazar Goli (Elazig)’nden en
fazla yakalanan III. yas bireylerinde (Disi+Erkek) sirastyla %39,1£0,9 ve %40,3+7,4 (Kopriicii ve
Ozdemir, 2003), yetistiriciligi yapilan Argyrosomus regius, Sparus aurata, Dicentrarchus labrax ve
Onchorhyncus mykiss tiirlerinde ise sirasiyla %58,15+0,84, %55,15+0,20, %63,86+£0,22 ve
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%66,23+0,71 (Ozyilmaz, 2019), Gadus merlangus euxinus’un disi ve erkek bireylerinde sirasiyla
%351,2540,775 ve %55,66+0,455 (Samsun vd., 2006), Sander lucioperca’da ortalama %65,63+2,54
(Caglak & Karsli, 2013), Mugil cephalus, Liza saliens ve Chelon labrosus disi bireyleri igin sirasiyla
%39,60, %38,37, % 47,31 ve %49,56, erkek bireyler icin ise %42,40, %40,04, %44,73, ve %46,51
(Alparslan vd., 2017) olarak saptanmustir. Ortaya c¢ikan farkliliklarin et verimi degerlendirme
yontemlerinden, tiir ve bolgesel farkliliklarindan kaynaklanabilecegi diisiiniilmektedir.

pH kalitenin belirlenmesinde basvurulan ve kalitenin belirlenmesinde diger analizlerle birlikte
degerlendirilmesi gereken analizlerden biridir (Bilen, 2009). Cig kupes orneklerinde pH 6,67+0,01
degerinde tespit edilmistir. Kullanilan katkilarla birlikte koftelerde pH degerinde bir miktar azalmanin
oldugu ve bu azalmanin da depolama siiresince siirdiigii goriilmiistiir. Kofte orneklerindeki pH
degerindeki degisim depolamanin 0. giinii ve 15. giinii arasinda énemli (P<0,05) bulunmustur (Sekil
1). Ozpolat ve Coban (2012), karabalik ve saribaliktan iirettikleri kofteleri 4+2 °C’de ve -12+2 °C’de
depolamiglardir. 4 ay boyunca tiiketim Ozelligini koruyan koftelerde pH 6,01 - 6,71 arasinda
degistigini tespit etmistir. Palamut baligimin (Sarda sarda) dumanlanarak kofte diretildigi bir
caligmada, ¢ig balikta 6,09+0,00 pH degerinin dumanlama ile birlikte 5.96+0.01 degerine diistiigii ve
depolamanin son giiniinde de (10. giin) 6,03+0,03 degerine ulastig1 bildirilmistir (Kaba vd., 2013).
Aynali sazan baligindan (Cyprinus carpio) yapilan koftelere sodyum laktat ve timol ilavesinin bazi
kalite 6zelliklerine etkisi arastirilmistir. Arastirmada ¢ig balik etinde 6,71 olan pH degerinin depolama
(4+1°C) siiresince yapilan analizler sonucunda, kontrol grubu orneklerde pH degeri 6,56 - 6,69
arasinda bulunurken sodyum laktat, timol ve kombinasyonlarinin kullanildigi 6rnek gruplarinda 6,54 -
6,71 arasinda tespit edilmistir (Erol & Ilhak, 2015). Bu calismada, kofte drneklerinde depolama
siiresince pH degerindeki degisimin yapilan ¢alismalarla benzerlik gosterdigi goriilmiistiir.

6,8 -
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~
|
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1
I
1
.
/
/
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Sekil 1. Kupes kofte 6rneklerinde depolama siiresince pH degerindeki degisimler

Su {irtinleri etleri mikroorganizma gelisimi igin uygun ortamlar sunar. Su iriinlerinden elde edilen
iriinlerin  tiiketim agisindan degerlendirilmesinde basvurulan Onemli analizlerden biri de
mikrobiyolojik analizlerdir. Toplam bakteri igin sinir deger 7 log kob/g olarak belirtilmistir (ICMSF,
1986). Calismamizda, ¢ig kupes etinde TMAB ve TPAB sayilar sirasiyla 4,29+0,02 log kob/g ve
4,50+0,04 log kob/g belirlenmis olup kofte yapimiyla birlikte 5,2340,04 log kob/g ve 4,67+0,01 log
kob/g’a artmistir. Kofte drneklerindeki mikroorganizma sayisindaki artis depolama stiresince 6nemli
(P<0,05) diizeyde olmustur (Sekil 2 ve Sekil 3). Aynali sazandan koéfte tiretiminde sodyum laktat ve
timol kullaniminin bazi kalite 6zelliklerinin arastirildig: bir ¢calismada, ¢ig balik etindeki 3,56+0,32 log
kob /g olan TMAP sayisinin kofte {iretimi sonucunda bir miktar arttig1 ifade edilmistir. Ayrica kofte
orneklerinin depolanmasi siirecinde de tiim kofte 6rnekler gruplarinda bu artigin siirdiigii gériilmiis
olup kontrol grubu 6rneklerde depolamanin 6. giiniinde TPAB sayisinin 7,55+0,18 log kob/g diizeyine
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ulast1g1 tespit edilmistir (Erol & Ilhak, 2015).

Ugak (2020) gokkusagi alabaligindan elde ettigi burgerlerde nar kabugu ekstraktlarinin etkileri
lizerine yaptig1 arastirmada, nar kabugu ekstrakti ilave edilmemis burgerlerde diger burger gruplarinda
oldugu gibi depolama siiresince TMAB ve TPAB sayilarinda diizenli bir artis saptamigtir. TMAB
sayist 2,9240,34-7,42+0,00 log kob/g arasinda degisirken TPAB sayis1 2,65+0,16-7,15+0,03 log kob/g
arasinda degisim gostermistir. Aynali sazan balig1 kdftelerinin raf dmrii tizerine yapilan bir ¢caligmada,
eugenol ilave edilmis ve edilmemis kofte gruplari olusturulmustur. lavesiz grupta depolamanin 0.
giiniinde 4,48+0,1 log kob/g olarak belirlenen TMAB sayis1 9. giinde 8,82+0,1 log kob/g’a artig
gostermistir (Can, 2012). S. lucioperca’dan yapilan koftelerde portakal ve limon suyu kullanilarak
kalite 6zellikleri iizerine etkileri arastirilmig, kontrol, portakal, limon ve portakal+limon gruplarinda
TMAB ve TPAB sayisinin depolamaya bagli olarak arttigi belirlenmistir (Bilgin & Metin, 2022).
Keser ve Izci (2020) gokkusag alabaligindan kofte iiretiminde bazi ugucu yaglarin mikrobiyolojik
kaliteye etkisini degerlendirmis ve depolama siiresince mikrobiyolojik degerlerin tiim gruplarda
arttigini, ugucu yag ilave edilmemis kofte orneklerinde belirtilen sinir degerin TMAB ve TPAB igin 7.
giiniinde asildigin1 saptamistir. Arastirmamizda da yapilan mikrobiyolojik analizler sonucunda bezer
sekilde depolama siiresiyle iliskili olarak TMAB ve TPAB sayilarinin arttigi, depolamanin 10.
giiniinde de belirtilen sinir degerin oldukea iizerinde olduklar tespit edilmistir (Sekil 2 ve Sekil 3).
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Sekil 2. Kupes kofte drneklerinde depolama siiresince TMAB sayisindaki degisimler (log kob/g)

TPAB

log kob/g
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Sekil 3. Kupes kofte drneklerinde depolama siiresince TPAB sayisindaki degisimler (log kob/g)
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Duyusal analiz; bir gidanin iiretiminde ve tiiketiminde, bir gidanin tiiketici tarafindan kabul
edilebilirligi konusunda 6nemli bilgiler veren ve gidanin bu yonde gelistirilebilmesine olanak saglayan
ve bu konuda bagvurulan en 6énemli analizlerden biridir. Arastirmamizda, duyusal degerlendirme i¢in
tiretilen kofteler derin ay ¢igek yaginda (180 °C) kizartilarak panelistlerce belirlenen kriterler
iizerinden puanlanmis ve tiim parametreler 8 ve {izerinde puan almustir (Sekil 4). Yapilan bir
caligmada, kara balik (Capoeta trutta) ve sar1 balik (Capoeta umbla) koéfte olarak degerlendirilerek
farkl1 depolama sicakliklarinda (442 °C ve -1242 °C) depolanan kofte 6rnek gruplarinda siireyle iliskili
duyusal 6zelliklerde kayba ugradiklari belirtilmistir (Ozpolat & Coban, 2012). O. mykiss’den burger
elde edilmesi ve nar kabugu ekstraktinin etkisinin degerlendirildigi bir calismada, tiim Ornek
gruplariin panelistlerce degerlendirilmesi sonucunda koku, tekstiir, lezzet, goriiniis ve genel begeni
parametrelerinin oldukca yiiksek puanlar aldigi goriilmiistiir (Ucak, 2020). Yanar ve Fenercioglu
(1999) sazandan farkli katkilarla {irettigi balik koftelerinin panelistlerce 10 puan iizerinden
degerlendirmeleri sonucunda, 7,4-9,07 puan ile yiiksek begeni aldigini ifade etmislerdir. Aynali sazan
baligt kiymasindan {iretilen balik koftelerinde, panelistlerin  duyusal degerlendirmelerinde
baslangictaki genel begeni puaninin eugenol ilave edilmemis grup koftelerde daha yiiksek
bulunmustur (Can, 2012). Sudak baligindan yapilan koftelerde diger grup koftelere gdére en c¢ok
begenilenin portakal suyu ilavesiyle yapilan kofte oldugu bildirilmistir (Bilgin & Metin, 2022).
Gokkusagi alabaligindan iretilen balik koftelerinde biberiye ve defne ugucu yaglarmin etkisinin
incelendigi baska bir calismada, degerlendirmeye alinan tiim parametrelerde depolama siireciyle
birlikte duyusal kalite kaybinin yasandigi saptanmistir (Keser & Izci, 2020). Kofte drneklerinin
duyusal degerlendirilmesi i¢in panelistlere derin kizgin ay ¢igek yaginda her iki yiizi
kahverengilesinceye kadar kizartilmis ve sicak sunum yapilmistir. Panelistlerin degerlendirmesi
sonucunda kupes kofte orneklerinde degerlendirmeye alinan tiim parametrelerde 8 ve lizerinde puan
alarak oldukca begenildigi gézlemlenmistir (Sekil 4).

9 -

7 T 1
Renk Koku Lezzet Tekstiir Genel Begeni

Sekil 4. Kupes kofte drneklerinin duyusal olarak degerlendirilmesi

4.SONUC

Su firtinleri besin icerigi bakimindan oldukca degerli bir besin olup saglikli ve dengeli beslenme
acisindan sofralarimizda her zaman yer bulmasi gereken gidalardandir. Baliklarin tek diize tiiketiminin
disinda farkli lezzetlerle sunumu tiikketimi de tesvik edici olabilecektir. Calismamizda, kupes
baliklariin et veriminin 6énemli diizeyde oldugu, pH degerinin depolama siiresince azaldigi, gerek
TMAB gerekse TPAB sayisinin ise artis goOsterdigi saptanmustir. Panelistlerin - duyusal
degerlendirmeleri sonucunda da kupes baligindan elde edilen koftelerin oldukca begenildigi tespit
edilmistir. Calismamizda elde edilen sonuclarin 15181nda, balik satis noktalarinda bolca rastlanan ve
diger baliklara gore ekonomik olan kupesin balik koftesi olarak degerlendirilebilecegi ve su iiriinleri
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iirlin yelpazesinde yer alabilecegi diisiincesindeyiz.

FINANS
Bu calismada herhangi bir finans destegi alinmamustir.

CIKAR CATISMASI BEYANI

Yazarlar, bu ¢alismayi etkileyebilecek finansal ¢ikarlar veya kisisel iligkiler olmadigini beyan eder.

YAZAR KATKILARI . ' '
Kurgu: LI; Metodoloji: LI; Deneyin gerceklestirilmesi: LI; Veri analizi: LI; Makale yazimi: LI,
FU; Denetleme: Li, FU. Tiim yazarlar nihai taslagi onaylamstir.

ETiK ONAY BEYANI
Bu ¢alismada deney hayvanlar1 kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

VERI KULLANILABILIRLIK BEYANI
Bu calismada kullanilan veriler makul talep iizerine ilgili yazardan temin edilebilir.
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Abstract: The nutrient and fatty acid composition of the muscle tissues in the dorsal (D), Keywords

ventral (V), and caudal (C) regions of the pike perch were determined in this study. Pike e Atherogenicity index
perch had 19.63% protein, 0.92% lipid, 78.36% moisture, and 1.04% ash. The whole & Thrombogenicity index
muscle (WM) (0.92%) of pike perch had the highest lipid content, followed by C o Fatty acid composition
(0.82%), V (0.73%), and D regions (0.69%). The results of the study revealed that total 4 pifferent muscle tissue
polyunsaturated fatty acid (PUFA) (32.37%-37.05%) values were higher than those of | gander lucioperca
total saturated fatty acids (SFA) (29.96%-31.76%) and monounsaturated fatty acid

(MUFA) (17.26%-20.81%) in all whole muscle (WM) and different regions (D, V, and

C) of the pike perch. The highest SFA, MUFA, and PUFA amounts were in D, WM, and

D regions, respectively. In all groups, the amount of Docosahexaenoic acid (DHA)

(12.97-15.43%) was higher than Eicosapentaenoic acid (EPA) (5.66-6.97%). While there

was no difference between regions in terms of EPA value, the difference between regions

in terms of DHA values was found to be important (p <0.05). The highest EPA and DHA

values were detected in the D region. Atherogenicity index (Al) (0.47-0.48),

thrombogenicity index (TI) (0.33-0.35), hypocholesterolemic/hypercholesterolemic ratio

(H/H) (2.01-2.07) and n-6/n-3 (0.47-0.51) ratios were at recommended levels in all

regions (WM, D, V, and C) and there was no regional difference (p > 0.05). The results

showed that the fatty acid composition of the pike perch varies according to different

body regions, it is rich in nutrient content and has the recommended level of Al, TI, H/H,

and n-6/n-3 ratios. It can be concluded that pike perch has beneficial health effects on

human nutrition.

Ozet: Bu calismada Sudak baligiin dorsal (D), ventral (V) ve kaudal (C) bolgelerindeki ~ Anahtar kelimeler
kas dokularmin besin ve yag asidi bilesimi belirlenmistir. Sudak balig1 % 19.63 protein, e Atherogenicity indeks
% 0.92 lipit, % 78.36 nem ve % 1.04 kil iceriine sahip oldugu saptanmustir. Sudak e Thrombogenicity indeks
baliginin en yiiksek lipit igerigi (WM) bolgesinde (0.92%) bulunurken bunu C (%0.82), o Yag asitleri kompozisyonu
V (%0.73) ve D bolgeleri (%0.69) izlemistir. Calismanin sonuglari, Sudak baliginin tim ¢ Earkly kas dokulart
(WM) ve farkli bolgelerindeki kaslarda (D, V ve C) toplam ¢oklu doymamus yag asitleri o gander lucioperca
(PUFA) (%32.37 -37.05) degerlerinin toplam doymus yag asitlerinden (SFA) (%29.96-

31.76) ve tekli doymamis yag asidi (MUFA) (%17.26-—20.81) degerlerinden daha yiiksek

oldugunu goéstermistir. En yiiksek SFA, MUFA ve PUFA miktarlar1 sirasiyla D, WM ve

D bolgelerinde belirlenmistir. Tiim gruplarda Docosahexaenoik asit (DHA) (%12.97-

15.43) miktari, eikosapentaenoik asitten (EPA) (%5.66-6.97) daha yiiksek bulunmustur.

EPA degeri agisindan bolgeler arasinda fark olmadig: tespit edilirken, DHA degerleri

acisindan bolgeler arasindaki fark 6nemli bulunmustur (p <0.05). En yiiksek EPA ve

DHA degerleri D bolgesinde tespit edilmistir. Atherogenicity indeks (AI) (0.47-0.48),

thrombogenicity indeks (TI) (0.33-0.35), hipokolesterolemik/hiperkolesterolemik oran

(H/H) (1.53-1.57) ve n-6/n-3 (0.47-0.51) oran1 tiim bolgelerde (WM, D, V ve C) dnerilen

seviyelerde olup bolgesel fark bulunmamistir (P> 0.05). Sonuglar, sudak baligmin yag

asidi bilesiminin viicudunun farkli bolgelerine gore degistigini, besin igerigi acisindan

zengin oldugunu ve Onerilen AI, TI, H/H ve N-6/N-3 oranlarina sahip oldugunu

gostermistir. Sudak baliginin insan beslenmesinde yararli saglik etkileri oldugu sonucuna

varilabilir.
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1. INTRODUCTION

Fish is one of the most important foods that contribute to a healthy diet of people due to its
nutritive qualities such as being rich in essential amino acids, unsaturated fatty acids, minerals, and
vitamins (Can et al., 2015; Caglak & Karsli, 2017), and trace metals and being easy to digest due to
the absence of connective tissue (Can et al., 2015). In addition, fish is the only important source of
polyunsaturated fatty acid (PUFA) in the human diet, especially those in the n-3 group characterized
by eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are considered essential
since they are not synthesized by the human body and must be obtained through diet (Carvalho et al.,
2006; Briggs et al., 2017). n-3 fatty acids, which have a protective effect against many diseases such as
colon cancer, cardiovascular diseases, and immune system disorders, have an important role in human
health (Lee et al., 2020; Kheiri et al., 2022). Studies have shown that fish consumption helps prevent
cardiovascular diseases, high blood pressure, cholesterol, Alzheimer’s disease, and various types of
cancer (McNaughton et al., 2008; Guler et al., 2011). Therefore, consumers are becoming increasingly
aware, in recent times, of the beneficial effects of n-3 PUFA in preventing, delaying, and intervening
in many diseases (Liu et al., 2022).

To create effective seafood consumption policies, each country is very concerned with trends and
forecasts of global seafood consumption (Coro et al., 2016). Moreover, it is stated that in addition to
the geographical, social, and cultural characteristics of consumers, some sensory (taste, smell, texture,
etc.) and non-sensory factors (behaviour, beliefs, personal characteristics, risk perception, etc.) affect
fish consumption, frequency, and preferences (Honkanen et al., 2005; Pieniak et al., 2011). In general,
consumers in Turkey consume fish mostly fresh and without removing the skin of the dorsal (D) and
ventral (V) muscles of the fish, as in many Asian countries (Ling et al., 2013; Can et al., 2015).

The fish pike perch (Sander lucioperca) is one of the most important species for aquaculture in
terms of its rapid growth, high meat quality, and economic value (Zakes$, 1997, Hamza et al., 2008;
Yanes-Roca et al., 2020). Pike perch, which has an important economic value in Turkey, especially in
the Central Anatolian region (Cakmak et al., 2012), is also widely available in Central, Eastern, and
Northern Europe (Yanes-Roca et al., 2020). This species, which has the potential to offer quality and
valuable products due to being a white, delicious, and low-fat fish (T6nif3en et al., 2022), has become
popular both in the aquaculture and gastronomy sector (Yanes-Roca et al., 2020), as well as for
consumers and anglers- fisherman (Kanainé Sipos et al., 2019). Pike perch is a valuable carnivorous
fish species (Kéanainé Sipos et al., 2019) belonging to the Percidae family (T6niflen et al., 2022) that
lives in fresh and less salty waters and usually feeds on small fish and invertebrates. They reproduce in
April and May depending on weather conditions and water temperature (Cinar et al., 2006; Oksiiz et
al., 2019).

Gelingiillii Dam is located in the southeast of the Yozgat province in the Central Anatolia Region,
Turkey, at 39°36'30"N latitude and 35°03"20"E longitude coordinates (S. G. Kirankaya & Ekmekgi,
2007). The most important river source feeding the dam built on Delice Irmak, a branch of Kizilirmak,
is Kanak Stream ( Kirankaya & Ekmekgi, 2004). In general, the growth properties and reproductive
biology of fish in this dam lake have been evaluated (Ekmek¢i & Ozeren, 2003; Kirankaya &
Ekmekgi, 2004;2007). Moreover, there are lots of studies about reproduction, food and feeding
characteristics (Ozvarol & Ikiz,1999; Ozvarol, 2006), and meatballs quality characteristics of pike
perch (Unliisayin et al., 2002; Bilgin & Metin, 2021). However, no reports have been published about
the nutritional values and fatty acid composition of pike perch in Gelingiillii Dam Lake. Therefore, it
is important to emphasize collecting data on the nutritional content and lipid composition of pike perch
in this reservoir if recommendations for human consumption are to be considered. Therefore, this
study aims to determine the nutritional composition of pike perch and the fatty acid compositions in
their different body parts (D, V, and caudal C) muscles and human health-related indexes of pike
perch.

2. MATERIAL and METHODS
2.1. Fish material

Pike perch (S. lucioperca) used in this research, were caught from Gelingiilli Dam Lake in 2019 in
the summer season (July). Ten individual fish were sampled for nutrient and fatty acid composition
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analysis from this area. Gender differences were not taken into account. The caught fish were
immediately placed in a frosted styrofoam box and transferred to the laboratory. The weight and
length of all fish were measured and labeled, and they were stored at —24°C until analyzed. The mean
length and weight values were 44 cm and 792 g, respectively, in July for pike perch. At the beginning
of the analysis, the frozen fish was thawed in a refrigerator (2—4°C) overnight. After thawing, the fish
was immediately gutted and the D, V, and C parts of fish muscle (Figure 1) were removed by knife
and minced for proximate and fatty acid analyses. Analyses were performed in triplicate.

J".‘

e

Figurel. The different (O,V, and C) .povrfions of pike perch used in the analysis.

2.2. Determination of proximate compositions

Ash and moisture contents of pike perch were determined by AOAC method (Association of
Official Analytical Chemists, 1984), protein by Kjeldahl method (AOAC, 1998), and lipid by Bligh
and Dyer method (Bligh & Dyer, 1959).
2.3. FAME (Fatty Acid Methyl Esters) analyses

Methyl esters were prepared by transmethylation using 2M KOH in methanol and n-heptane
according to the method as described by Ichihara et al. (Ichihara et al., 1996) with minor
modifications. Extracted lipids (10 mg) were dissolved in 2 ml heptanes followed by 4 ml of 2M
methanolic KOH. The tube was then vortexed for 2 min. After centrifugation at 4000 rpm for 10 min,
the heptanes layer was taken for Gas chromatography (GC) analyses. GC conditions: The fatty acid
composition was analyzed by GC Clarus 500 with an autosampler (Perkin Elmer, USA) equipped with
a flame ionization detector and a fused silica capillary SGE column (30 m x 0.32 mm, ID x 0.25 Im,
BP20 0.25 UM, USA). Three replicates of GC analyses were carried out and the results were
expressed in GC area % as mean value + standard deviation.
2.4. Fat nutritional quality indices

Atherogenicity index (Al) Eqg.(1) and Thrombogenicity index (T1) Eq.(2) according to Ulbricht and
Southgate (1991), Santos-Silva et al. (2002) with changes and
Hypocholesterolemic/Hypercholesterolemic ratio (H/H) Eq. (3) indices were calculated as follows:

AI=[(C12:0 + (4 x C14: 0) + C16: 0)]/[MUFA + ¥ (n — 6) + ¥ (n — 3)]. 1)
TI=(C14:0 + C16:0 + C18:0) / [(0.5 x IMUFA) +(0.5 x n-6 + (3 x =n-3) + (En-3/Zn-6)]  (2)

H/H = [(C18:1n-9 + C18:2n-6 + C18:3n-3 + C20:4n6+ C20:5n3+ C22:5n-3 + C22:6n-3) / (C14:0 +
C16:0)] 3)

2.5. Statistical Analysis

Analysis per sample was carried out in triplicates and the results are shown as mean and standard
deviation. All data obtained separately for each sampling period were subjected to analysis of variance
(one-way ANOVA), and the Duncan’s Multiple Range Test was applied to determine significant
differences at a p-value of <0.05 using the software SPSS version 22 (SPSS, Chicago, Illinois).
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3. RESULTS and DISCUSSION
3.1. Proximate composition

The protein, moisture, ash, and fat contents of pike perch, as well as the fat content of the D, V, and
C regions, are given in Table 1.

Tablel. Nutritional composition of Sander luciaperca

Nutritional values

Protein Lipid Moisture Ash
S. luciaperca (WM) 19.63+0.40 0.92+0.07% 78.36+0.32 1.04+0.04
Dorsal (D) 0.69+0.15"
Ventral (V) 0.73+0.08%
Caudal (C) 0.82+0.10%

Data are shown as mean =+ standard deviation. Different letters in the same column show that there are significant differences between
regions in terms of the amount of oil in pike perch (p<0.05).

In this study, it was found that the pike perch fish caught from the Gelingiilli dam in July
contained 19.63% protein, 0.92% lipid, 78.36% moisture, and 1.04% ash. Similarly, Oksiiz et al.
(2019) reported the protein content of pike perk as 19.9% in Beysehir Lake, Turkey. Bilgin et al.
(2005), Celik et al. (2005) and Bouriga et al. (2020) reported that moisture and ash contents were
similar to our results. However, they reported lower protein content for pike perch from Egirdir Lake
and Seyhan Dam Lake, from the Turkish Lake Egirdir, and from the dam of Sidi El Barrak,
respectively. Bilgin et al. (2005) reported the total lipid content of pike perk as 0.93% in Beysehir
Lake, Turkey similar to our results; while Guler et al. (2011) found higher (1.18%) values in winter
and lower values in summer (0.60%) than our results. Differences in protein and fat content can be
attributed to the fishing season and regional fish diet.

In the present study, the caudal part body of pike perch had the highest lipid content (0.82%),
followed by the V part (0.73%) and the D part (0.69%) (Table 1). The lipid content of pike perch was
higher especially in the V and C parts than in the dorsal part (p < 0.05). Similar results were observed
in the studies of Asian catfish (Pangasius bocourti) (Thammapat et al., 2010) and rainbow trout
(Fjellanger et al., 2001). It is stated that factors such as the season in which the fish are caught,
nutrition, sexual maturity status, and the size of the fish have a significant effect on the amount of lipid
and fatty acids in the fish (Guler et al., 2011; Cakmak et al., 2012). Even between different muscles of
a fish, there is a significant variation in fat content. In a study, the amount of fat in the white muscle of
Thunnus alalunga was 2.98%, in the dark muscle 3.69%, and in the abdominal muscles 10.43%
(Perez-Villarreal & Pozo, 1990). Moreover, it has been determined that the lipid and protein contents
of cultured fish are dependent on exercise or fish muscle movement, as well as nutrition. Therefore,
there are high differences in protein and lipid contents in different fish portions (Nakamura et al.,
2007; Thammapat et al., 2010).

3.2. Fatty Acid Composition of pike perch

The fatty acid composition of the whole muscle (WM) and different body regions (D, V, and C) of
the muscle tissues of the pike perch caught from Gelingiillii dam is given in Table 2. We identified a
total of 27 fatty acids. In all groups, essential fatty acids included myristic acid (C14:0), palmitic acid
(C16:0), stearic acid (C18:0), palmitoleic acid (C16:1), oleic acid (C18:1n9), waxenic acid (C18:1n7),
linoleic acid (C18:2n6), linolenic acid (C18:3n3), arachidonic acid (C20:4n6), EPA (C20:5n3), and
DHA (C22:6n3).
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Table 2. Variations on total (%) fatty acid compositions in different part of body muscle lipids of the Sander
luciaperca from Gelingiillii Dam Lake

Fatty acids Whole Muscle (WM) Dorsal (D) Ventral (V) Caudal (C)
C12:0 0.03+0.01% 0.03+0.01% 0.04+0.00° 0.03+0.00°
C14:0 1.56+0.49° 1.12+0.09° 1.31+0.01° 1.27+0.352
C15:0 0.63+0.212 0.46+0.022 0.50+0.012 0.45+0.022
C16:0 19.34+0.73° 20.79+0.14% 20.63+0.53° 20.47+0.58%
C17:0 0.63+0.06° 0.64+0.02° 0.68+0.02° 0.68+0.05%
C18:0 7.48+0.90° 8.43+0.07% 7.60+0.19% 8.25+0.33%
C20:0 0.19+0.022 0.19+0.012 0.20+0.012 0.20+0.012
C22:0 0.03+0.00? 0.03+0.00? 0.05+0.00? 0.03+0.00?
C24:0 0.06+0.00° 0.06+0.012 0.06+0.01% 0.08+0.012
TSFA 29.96+0.99" 31.76 £0.062 31.07+0.33% 31.44+1.20%°
Cl4:1 0.26+0.05° 0.18+0.02° 0.24+0.01%° 0.20+0.02™
C15:1 0.22+0.012 0.19+0.01° 0.22+0.012 0.20+0.01°
C16:1 5.30+1.67° 3.4240.22° 4.18+0.03% 3.5240.25"
C17:1 0.11+0.06% 0.10+0.012 0.1140.022 0.10+0.022
C18:1n9 10.51+0.37% 9.28+0.34° 10.96+0.31° 10.27+0.11°
C18:1n7 3.51+0.20% 3.02+0.14° 3.27+0.04® 3.17+0.06°
C20:1n9 0.04+0.01° 0.14+0.012 0.14+0.03? 0.11+0.012
C22:1n9 0.13+0.022 0.03+0.00° 0.15+0.012 0.15+0.012
C24:1n9 0.74+0.16° 0.90+0.172 0.81+0.072 0.90+0.042
TMUFA 20.81+1.44% 17.26+0.57° 20.08+0.26%° 18.60+0.28>
C18:2n6 4.36+0.55 4.40+0.07° 4.85+0.13° 4.46+0.16%
C18:3n6 0.12+0.02° 0.11+0.00° 0.11+0.00° 0.10+0.01°
C18:3n3 2.69+0.27" 2.58+0.03" 3.05+0.13° 2.61+0.19"
C20:2 cis 0.30+0.02° 0.30+0.01° 0.31+0.00° 0.30+0.00°
C20:3 n6 0.50+0.00° 0.51+0.00° 0.51+0.01° 0.48+0.01°
C20:4 n6 5.73+0.37¢ 6.64+0.23° 6.13+0.07° 6.27+0.22%
C20:5n3 5.66+2.86° 6.97+0.232 6.42+0.102 6.16+0.152
C22:2 cis 0.03+0.01° 0.11+0.012 0.11+0.00? 0.08+0.04%
C22:6 n3 12.97+0.99° 15.43+0.36% 13.59+0.34 14.27+0.51°
TPUFA 32.37+2.22° 37.05+0.77% 35.08+0.42° 34.72+0.67°
Al 0.48+0.02° 0.47+0.012 0.47+0.012 0.48+0.04%
TI 0.35+0.04% 0.33+0.012 0.34+0.00% 0.35+0.02°
H/H 2.01+0.122 2.07+0.022 2.05+0.022 2.03+0.09?
PUFA/SFA 1.08+0.09° 1.16£0.02° 1.13£0.01° 1.11+0.06°
*n3 21.33+2.31° 24.98+0.57° 23.06+0.38% 23.03+0.54%
*né 10.71+0.53° 11.66+0.23% 11.60+0.15% 11.31+0.09%
n6/n3 0.51+0.082 0.47+0.01° 0.50+0.01° 0.49+0.01°
DHA 12.97+0.99° 15.43+0.36° 13.59+0.34% 14.27+0.51°
EPA 5.66+2.86° 6.97+0.23° 6.42+0.10% 6.16+0.15°
DHA/EPA 2.98+2.08% 2.21+0.02% 2.12+0.04% 2.3240.05%

Data are shown as mean + standard deviation (SD). SFA: Saturated fatty acid; MUFA: Monounsaturated fatty acid; PUFA: Polyunsaturated
fatty acid; DHA: Docosahexaenoic acid; EPA:Eicoesapentaenoic acid; Xn-6 PUFA.: total n-6 polyunsaturated fatty acid; £n-3 PUFA: total n-
3 polyunsaturated fatty acid. In Table 2, different letters (a-c) in the same line show significant differences for different regions of fish

(p<0.05).

Total PUFA values (32.37%-37.05%) were higher than total saturated fatty acids (SFA) (29.96%—
31.76%) and total monounsaturated fatty acids (MUFA) (17.26%-20.81%) values in tissue samples
obtained from the D, V, and C regions and WM. Carnivores, due to their consumption of other fish,
which undergo a series of elongation and desaturation, were rich in longer-chain n-3 PUFAs (Guler et
al., 2011). Moreover, Oksiiz et al. (2019), Bouriga et al. (2020) and Toniben et al. (2022) also found
that the total PUFA value was higher than the total SFA and MUFA for pike perch, a carnivorous fish

species.

Total SFA was 29.96% in the WM and 31.07%-31.76% in the muscle tissues of different regions
(D, V, and C) of pike perch (Table 2). These results are in line with previous studies on the fatty acid
content of the pike perch (Celik et al., 2005; Guler et al., 2011; Oksiiz et al., 2019; Ozogul et al., 2007;
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Ozparlak, 2013).

In our study, the lowest total SFA value was found in the WM region, while the highest total SFA
value was found in the D region (p < 0.05). Palmitic acid (C16:0) value was lowest in WM with
19.34% (p < 0.05), while in the D, V, and C regions, it varied between 20.47%-20.79%, and there was
no significant difference between regions (p > 0.05). The value of stearic acid (C18:0) was between
7.60%-8.43%, and the lowest and highest value was found in WM and D regions, respectively. Stearic
acid values showed no significant difference between different regions (p > 0.05). Guler et al. (2011)
investigated the fatty acid content of pike perch in different seasons and found that stearic acid
(7.05%), palmitic acid (22.20%), and total SFA (32.23%) values in the summer season were similar to
those in our study, while the values taken in winter season were lower than those in our study.

Total MUFA showed variability (p < 0.05) according to different body regions of pike perch. The
highest MUFA value (20.81%) was found in the WM region and the lowest MUFA value (17.26%)
was found in D region. Similar to the previous studies with pike perch, palmitoleic acid (C16:1,
3.42%-5.30%), oleic acid (C18:1n9, 9.28%-10.96%), and vaccenic acid (C18:1n7, 3.02%-3.51%)
were the major MUFA acids in our study (Celik et al., 2005; (")zogul et al., 2007; Guler et al., 2011;
Ozparlak, 2013; Oksiiz et al., 2019). In addition, it was observed that the fatty acid composition in
different body regions of the pike perch showed variation (p < 0.05).

Total PUFA varied between 32.37%-37.05% and the highest and lowest value was found in D and
WM regions, respectively. Similar results have been found by other researchers (Guler et al., 2011;
Oksiiz et al., 2019). Total PUFA value showed no difference between the D, V, and C regions of pike
perch (p > 0.05). In our study, linoleic acid (C18:2n6, 4.36%—4.85%), linolenic acid (C18:3n3, 2.58%—
3.05%), arachidonic acid (C20:4n6, 5.73%-6.64%), EPA (C20:5n3, 5.66%-6.97%), and DHA
(C22:6n3, 12.97%-15.43%) were the most common PUFAs. It was determined that except EPA and
linoleic acid, other acid values changed according to different regions of the pike perch (p < 0.05).

It has been determined that S. lucioperca is rich in PUFA, especially in DHA and EPA, which are
the major ones, which is in line with the literature (Uysal & Aksoylar, 2003; 2005; Bouriga et al.,
2020; Kheiri et al., 2022; Ténien et al., 2022). In most carnivorous fish and invertebrates, DHA is
generally more abundant than EPA. The limnetic food chain is characterized by linoleic acid, alpha-
linolenic acid, and EPA fatty acids, and freshwater fish can obtain high levels of 20:4n-6 by
consuming aquatic insects (Misir, 2014). In this study, it was determined that the DHA value of pike
perch, a carnivorous fish species, was higher than that of EPA and it contains a high rate of
arachidonic acid (C20:4n6, 5.73%-6.64%).

Nutritionists recommend an n-6/n-3 ratio of 4 (Valencia et al., 2006). The low n-6/n-3 ratio in the
diet helps to prevent coronary heart disease, while a high ratio is considered a major risk factor for
coronary heart disease (Aberoumand & Baesi, 2022). In the present study, the n-6/n-3 ratio in all
regions of the pike perch was between 0.47-0.51 and did not exceed the maximum recommended
ratio. Ozogul et al. (2007) determined that the n-6/n-3 ratio of zander is 0.46, which is similar to our
result.

Al, TI, and h/H ratios were used due to the correlation between fatty acids and human health. Al
and T1 >1.0 are reported to be harmful to human health (Ouraji et al., 2009). The Al (0.47-0.48) and
T1 (0.33-0.35) values obtained in this study were lower than risky values in the WM and different
body regions (D, V, and C) of the pike perch (Table 2), and it was determined that there was no risk
for human health. Caglak and Karsli (2017) found Al (0.38-0.49) and Tl (0.22-0.31) values for S.
lucioperca, which were similar to the values found in the results of our study. The H/H ratio has been
used as one of the indexes to assess the nutritional and health aspects of the product (Rincon-Cervera
et al., 2020). The H/H values for the WM and different body regions (D, V, and C) of the pike perch
were found between 2.01-2.07 in this study.

4. CONCLUSION

There was no study in the literature that determined the nutritional content and fatty acid
composition of pike-perch caught from Gelingiillii dam. In this study, the nutritional content and fatty
acid profile of pike perch were determined and the difference in fatty acid between different body
parts of the fish was investigated. It was found that pike perch had a high protein value; the C region
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had the highest fat content, followed by the V and D regions. The total PUFA value was higher than
the total SFA and MUFA values. A significant difference in SFA and MUFA values between different
regions of the fish was observed, except for the PUFA value. Al, Tl, H/H, and n-6/n-3 ratios were
found to be in the recommended range.

In conclusion, pike perch has high nutritional value, its fatty acids composition vary according to
different body regions, and it can be beneficial for human consumption and health based on Al, TI,
H/H, and n-6/n-3 ratios.
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Ozet: Sucul ekosistemler icin tehdit olusturan kirleticilerin bir RAMSAR alam olan Keywords

Uluabat Golii’'ndeki etkisini aragtirmak amaciyla 2017 yaz, 2018 sonbahar, 2019 ilkbahar e Uluabat Golii

ve 2020 kis donemleri olmak iizere bes istasyondan almman su Orneklerinde bazi e Sy Kkalitesi
fizikokimyasal degiskenler, agir metaller ve toksik elementler degerlendirilmistir. o Aciklayicr faktér analizi
Agiklayicr faktor analizi sonuglarina gdre Uluabat Golii havzasinda yapilan madencilik o Toksik metaller
faaliyetlerinin ve havzanin jeolojik yapisinin goliin su kalitesini etkileyen en Onemli
faktor oldugu tespit edilmistir. Al, As, B, Fe ve Mn gibi baz1 agir metal ve toksik
elementlerin toplam varyansin %30,54’tinii agiklayarak I. eksende pozitif faktor yiikii
olusturmustur. Ugiincii ve dordiincii faktor yiiklerinde ise otrofikasyon ve besin tuzu
yiiklerinin g6l su kalitesine olan etkileri tespit edilmistir. Faktor analizi sonucunda
belirlenen dort faktor yiikiiniin toplam varyansi %85,47 olmustur. Kruskal-Wallis analizi
sonuglarina gore 31 fizikokimyasal degiskenden 19’u yillara gore farklilik gosterirken,
istasyonlara gore sadece PO4-P’nin anlaml farklilik gosterdigi tespit edilmistir. Cluster
analizi tiim fizikokimyasal degiskenlerin istasyonlara ve yillara gore farkliligini belirgin
olarak agiklamistir. Bu analize gore Uluabat Golii’'nde en kirli nokta Akgalar bolgesi
olarak belirlenirken en farklt mevsim kis olmustur. Yeriistii Su Kalitesi Yonetmeligi’ne
gore Al, As, B ve Fe’nin maksimum cevresel kalite standardi iizerinde oldugu tespit
edilmistir. Sulama suyu kriterlerine gore ise B, izin verilen maksimum konsantrasyon
iizerinde bulunmustur. Carlson Trofik Seviye Indeksi’ne gore gol suyu
degerlendirildiginde ise, toplam azot ve toplam fosfor’a gore hiperétrofik, klorofil-a
degerine gore ise 6trofik karakterde oldugu tespit edilmistir.

o Trofik seviye

Abstract: To investigate the impact of pollutants that pose a threat to aquatic ecosystems  Anahtar kelimeler

in Uluabat Lake, a RAMSAR area, a number of physicochemical variables, heavy e Lake Uluabat

metals, and toxic elements were evaluated in water samples collected from five stations e Water quality

in the summer of 2017, fall 2018, spring 2019 and winter 2020. According to the results o Explanatory factor analysis
of the Explanatory Factor Analysis, it was determined that mining activities in the o Toxic metals

Uluabat Lake basin and the geological structure of the basin are the most important
factors affecting the water quality of the lake. Some of the heavy metals and toxic
elements such as Al, As, B, Fe, and Mn explained the 30.54% of the total variance and
created a positive factor load on the first axis. In the third and fourth factor loadings, the
effects of eutrophication and nutrient loadings in water quality of the lake were
determined. The total variance of the four factor loadings was determined as 85.47%.
According to the results of the Kruskal-Wallis analysis, 19 out of 31 physicochemical
variables differed by years, while only PO4-P showed significant differences by stations.
Cluster analysis significantly explained the differences of all physicochemical variables
for both by stations and years. According to this analysis, the most polluted site in
Uluabat Lake was determined as Akgcalar region and the most different season was
winter. According to the Regulation on Surface Water Quality, Al, As, B, and Fe were
found to be above the maximum environmental quality standards. According to irrigation
water criteria, B was found to be above the maximum permissible concentration. When
the lake water was evaluated according to Carlson Trophic State Index, it was found to
be hyper-eutrophic in accordance with the total amounts of nitrogen and phosphorus and

o Trophic state
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eutrophic in accordance with the concentrations of chlorophyll-a.

1. GIRIS

Sucul ortamlar endiistriyel, tarimsal ve evsel faaliyetler sonucu ortaya c¢ikan ve c¢evreye salinan
cogu toksik maddenin nihai alicisidir. Sulak alanlara giren toksik maddelerin yonetimi zordur, ¢iinkii
kirleticiler genellikle bir su sistemine birden fazla veya daginik kaynaktan giris yapar (Rand, 1985).
Biyogesitliligi yiiksek olan sulak alanlarin korunmasi ekolojik dengenin saglanmasi i¢in oldukca
onemlidir. Bu nedenle sulak alanlarda gerceklestirilecek siirekli su kalitesi calismalar1 kirleticilerin
cevreye salimiminin sonuglariin aydinlatilmasinda biiylik 6neme sahip olmaktadir.

Uluabat Go6lii RAMSAR Sozlesmesi ile koruma altina alinmis, sanayi, tarimsal faaliyet ve niifus
yogunlugunun fazla oldugu Bursa ilinde (Karacabey ve Mustafakemalpasa ilcelerinde) yer alan 6nemli
bir sulak alandir. Uluabat Goli’nii Mustafakemalpasa Cayi ile iki kolu olan Emet Cay1 ve Orhaneli
Cay1 beslemektedir. Bu akarsu havzalarindan kaynakli tarimsal, evsel ve endiistriyel kirleticiler golii
onemli dlgiide etkilemektedir. Orhaneli ve Emet ¢aylarinin her ikisi de Kiitahya il sinirlari iginde olup
Hisarcik, Tavsanli, Cavdarhisar, Emet ve Domanig¢ ilgelerinden kaynakli kirliligi ve madencilik
faaliyetleri sonucu olusan kirleticileri Mustafakemalpasa Cayi’na tasimaktadir. Bu nedenle bu
bolgelerde olusan kirlilik {ilkemiz i¢in ¢ok O6nemli olan Uluabat Golii’ne Mustafakemalpasa Cay1
araciligryla taginmaktadir.

Uluabat Golii yiliksek biyolojik zenginlige (Dalkiran, 2015) ve ekolojik dneme sahip s1g bir sulak
alan olmasi nedeni ile uzun yillardir arastirmacilarin dikkatini iizerine ¢ekmistir. Ik ¢alismalar 1986-
1990 yillart arasinda ¢ogunlukla yaz aylarim1 kapsayacak sekilde gerceklestirilmistir (Dalkiran vd.,
2006). 1998 yilindan itibaren ise aylik 6rneklemeler yapilarak goliin su kalitesini belirlemek i¢in daha
ayrmtili calismalar gerceklestirilmeye baslanmistir (Dalkiran vd., 2006; Elmaci vd., 2007; Filik Iscen
vd., 2008; Bulut vd., 2010; Katip ve Karaer, 2011; Katip vd., 2012; Ileri vd., 2014; Ziinbiilgil, 2015;
Hacisalihoglu ve Karaer, 2016; Hacisalihoglu ve Karaer, 2018). Ancak Uluabat G6lii havzasinin
madencilik faaliyetleri (Barlas vd., 2005; Cigek vd., 2013; Hacisalihoglu ve Karaer, 2016; Omwene
vd., 2019), tarimsal faaliyeler (Hacisalihoglu ve Karaer 2020) ve insan aktiviteleri nedeni ile siirekli
baski altinda olmasi goliin kirlilik yiiklerinin ve trofik seviyesinin takip edilmesi gerektigini ortaya
koymaktadir.

Cok degiskenli istatiksel yontemler, 6zellikle kompleks veri datasi igeren su kalite ¢alismalarinda
veri indirgemek, su kalitesine etkili olabilecek faktorler ve bunlarin etki dereceleri ve muhtemel
cevresel baskilar1 belirlemek amaciyla uzun yillardir uygulanmaktadir (Sengoriir ve Isa, 2001; Filik
Iscen vd., 2008; Bulut vd., 2010; Varol vd., 2012; Tokatli vd., 2014; Tokatl1 vd., 2016; Dalkiran vd.,
2020; Varol vd., 2022). Cluster ve faktor analizi gibi ¢ok degiskenli istatiksel yontemler zamansal ve
mekéansal degisime bagh olarak antropojenik faktorlerin su kalitesi iizerindeki etkilerini belirlemek
icin en yaygin olarak kullanilan istatiksel yontemlerdir. Veri indirgeme ve iliskili degiskenlerden
iligkisiz ve daha az boyutlu yeni faktdr yapilar olusturmak faktér analizinin temel iki amacidir.
Cluster analizi ise su kalitesi parametrelerinin zamansal ve mekénsal degisimlerini belirlemek i¢in
uygun c¢ok degiskenli bir analiz olarak bilinir. Bu nedenle Uluabat Goli su kalitesini degerlendirmek
icin ¢ok degiskenli istatiksel yontemlerden yararlanilmigtir.

Bu calismada Uluabat Golii’'nde belirlenen bes ornekleme istasyonundan 2017-2020 tarihleri
arasinda alman su Orneklerinde belirlenen fizikokimyasal degiskenlerin goliin ylizey suyu kalitesini
belirlemek i¢in ¢ok degiskenli istatistiksel yontemler kullanilarak degerlendirilmesi amaglanmustir.
Ayni zamanda ulusal yonetmeliklere gore su kalitesinin degerlendirilmesi ¢aligmamizin bir diger
amacini olusturmaktadir.

2. MATERYAL ve YONTEM
2.1. Cahsma Alam ve Ornekleme Noktalar

Uluabat Golii havzasi iilkemizin 25 akarsu havzasindan biri olan Susurluk havzasinin alt
havzalarindan biridir. Tiirkiye’nin kuzeybatisinda Marmara Bolgesi’nde, 40°10' kuzey ve 28°35' dogu
koordinatlar1 arasinda yer alan Uluabat Golii, sucul ekosistem yoniinden Tiirkiye’nin en zengin
gollerinden biri olarak bilinir (Dalkiran, 2015; Karacaoglu vd., 2004). Onceki yillarda yapilan
calismalara gore goliin, 1984°de 133,1 km?, 1993°de 120,5 km? ve 1998°de 116,8 km? yiizey alanina
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sahip oldugu belirtilmektedir (Aksoy & Ozsoy, 2002). Uluabat Golii ve gevresinde Marmara iklimi
egemendir.

Bu ¢alismada Uluabat Gélii’'nde bes farkli rnekleme noktasi belirlenmistir. Ornekleme, 2017 yaz,
2018 sonbahar, 2019 ilkbahar ve 2020 kis mevsimlerinde yapilmistir. 1. istasyon (40°10'38"N,
28°40'19,18"W) Akgalar yerlesim alanlarina ve Akgalar Organize Sanayi Bolgesi’ne yakin olmasi
nedeniyle segilmigtir. 2. istasyon (40°9'50"N, 28°32'25"W) Mustafakemalpasa Delta agiklarindadir ve
Emet, Orhaneli ve Mustafakemalpasa ¢aylarinin ve bu c¢aylara etki eden yerlesim yerlerinin etkilerini
gozlemlemek igin segilmistir. 3. istasyon (40°10'57"N, 28°27'19"W) Uluabat Koyl agiklaridir ve
goliin  bogalimini saglayan Kocasu Deresi yakinlarindan secilmigtir. 4. istasyon (40°10'52"N,
28°32'40,1"W) ve 5. istasyon (40°10'8,9"N, 28°38'16"W) Eskikaraaga¢ ile Golyaz1 kiyilar
aciklarindan secilmistir.

{ 2.000 m

Kocasu

. Orhaniye
Deresi

Yenikaraaga¢

Baskoy
@ 3. istasyon
@
4. Istasyon
y Eskikaraagag
. Akgalar
5. Istasyon{™> )
Halilbey @ 1. Istasyon
o Adasi Golyazi
2. Istasyon Msthes Fadill

ULUABAT
GOLU

Mustafakemalpasa
Cayi

Akgapinar

Sekil 1. Uluabat G6lii 6rnekleme noktalari

2.2. Su kalitesi analizleri

Bu c¢alismada Uluabat Golii su kalitesini belirlemek icin bes 6rnekleme noktasindan 2017-2020
yillar1 arasinda su 6rnekleri alinmistir. Su 6rnekleri 1 litrelik polietilen siselerin yilizeyden dibe dogru
daldirilmasi ile standart yontemler ile alinmistir. Su sicakligi (°C), Elektriksek Iletkenlik (EI) ve
Coziinmiis Oksijen (CO) Hach-Lange marka multi prob (HQ40D) kullanilarak arazide yerinde
Olgiilmigtiir. pH ise HANNA HI8314 marka pH metre kullanilarak yine arazide anlik &lgiim
yapilmustir.

Bikarbonat, karbonat (CO; ve HCQOg), toplam alkalinite (Alk) (APHA 2320 B) ve kalsiyum (Ca)
(APHA 3500-Ca B) titrimetrik yontemlerle belirlenmistir. Magnezyum (Mg) (APHA 3500-Mg B) ve
toplam sertlik (TH) hesaplama yontemi ile belirlenmistir. Fosfat fosforu (PO,-P) askorbik asit yontemi
(APHA 4500-P E), toplam fosfor (TP) ise (APHA 4500- P B) persiilfat parcalama metodunun
ardindan askorbik asit yontemi ile belirlenmistir. Nitrit azotu (NO,N) kolorimetrik yontemi ile
(APHA 4500-NO, B), nitrat azotu (NO3-N) kadmiyum indirgeme yontemi ile (APHA 4500-NO; E),
toplam azot (TN) ise alkalin persiilfat par¢alama yontemini takip eden kadmiyum indirgeme kolonu
yontemi ile (APHA 4500-N C) tayin edilmistir. Kjeldahl azotu (TKN) ise toplam azottan nitrit ve
nitrat azotunun ¢ikarilmasi ile hesaplama yontemi ile belirlenmistir. Siilfat turbidimetrik yontemi
(APHA 4500-S0O, E), akida kati madde (AKM) filtrasyon yontemi (APHA 2540 D), klorofil a (Chl-a)
ise aseton ekstrasyon yontemi ile (APHA 10200 H) tayin edilmistir. Permanganat indeksi ise (pV)
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titrasyon yontemi ile (ISO 8467, 1993) belirlenmistir (APHA, 1998). Baz1 agir metal ve toksik element
analizleri (Al, As, Mn, Cr, Zn, Fe, Ni ve B) ICP-OES ile akredite olmus Bursa BUSKI atiksu
laboratuvarinda yaptirilmistir.

G0l suyunu sulama suyu kriterleri agisindan degerlendirmek icin ‘Atiksu Aritma Tesisleri Teknik
Usuller Tebligi (AATTUT, 2010)’ eklerinde yer alan Tablo E7.2 “Sulama suyunun kimyasal
kalitesinin degerlendirilmesi i¢in gelistirilmis tablo” ve Tablo E7.7, “sulama sularinda izin verilebilen
maksimum agir metal ve toksik elementlerin konsantrasyonlar1” tablolarindan faydalanilmistir. Ayrica
g0l suyu kalitesi Yeriisti Su Kalitesi Yonetmeligi (YSKY, 2012) Ek 5, Tablo 4 (Yeriistii Su
Kaynaklar1 i¢in Belirli Kirleticiler ve Cevresel Kalite Standartlari)’e gore de degerlendirilmistir.

Carlson Trofik Seviye Indeksi (TSI) Carlson (1977), Kratzer ve Brezonik (1981) ve Yertiistii Su
Kalitesi Yonetmeligi (2012)’nde verilen esitliklere gére TN, TP ve Chl-a’ya gore hesaplanmistir
(Tablo 1). Goliin trofik seviyesi ise Yeristii Su Kalitesi Yonetmeligi Ek 6’da (YSKY, 2012) verilen
trofik seviye araliklarma gore degerlendirilmistir (Tablo 2).

Tablo 1. Trofik seviye indeksi hesaplama denklemleri
TSI-Chl-a = 9.81¢In(Chl-a) + 30.6

TSI-TP = 14.42+In(TP) + 4.15

TSI-TN = 54,45 + 14,43¢In(TN)
Chl-a: Klorofil-a (ng/L), TP: Toplam Fosfor (ug/L), TN: Toplam Azot (mg/L)

Tablo 2. Yer Ustii Su Kalitesi Yénetmeligine gore (YSKY, 2012) trofik seviyeler (Y&netmelik Ek 6, Tablo 9)

Trofik Seviye indeks Degeri (TSI) Trofik Seviye
>62 Hipertrofik
62 Otrofik
60" 52 Mezotrofik
44 Oligotrofik
<29 Ultraoligotrofik

" Baraj ve goletler igin gegerlidir.

2.3. istatistiksel analizler

Bu c¢aligmada Uluabat G6lii tizerinde baski olusturan fizikokimyasal degiskenleri, agir metalleri ve
toksik elementleri belirlemek igin ¢ok degiskenli istatistiksel yontemlerden Agiklayici faktor analizi
(AFA) kullamilmistir. Veri setinde boyut indirgemek ve dondiiriilmiis yeni faktor yapilar olusturmak
icin varimaks rotasyonu, faktorlerin ekstraksiyonu icin ise Ana Bilesenler Analizi (ABA, PCA)
uygulanmistir. Faktor analizinde korelasyon matrisinin anlamliligini 6lgmek igin Kiiresellik testi
(Bartlett, 1950) kullanilmistir (p<0,05). Kaiser-Meyer-Olkin 6rneklem yeterliligi testi (KMO) (Kaiser,
1970) degiskenlerin tutarhiligini 6lgmek icin kullanilan bir 6lgiittiir ve veri setine faktér analizinin
uygulanabilmesi i¢in kabul edilen sinir deger 0,5’tir (Kaiser, 1974). KMO’nun 6zel bir bi¢imi olan her
bir degisken igin belirlenen drneklem uygunluk dlgiisii (OUO), her bir degisken igin belirlenir ve
KMO gibi degerlendirilir (Kaiser ve Rice, 1974; Cerny ve Kaiser, 1977). OUO i¢in bazi arastirmacilar
sinir deger olarak 0,5°1 kabul ederken (Kaiser ve Rice, 1974; Dziuban ve Shirkey, 1974; Cerny ve
Kaiser, 1977; Field, 2013), baz1 arastirmacilar 0,6’nin simir deger olarak alinmasini sdylemektedirler
(Pett ve ark., 2003). Bu nedenle diisiik OUO degerleri igeren fizikokimyasal degiskenler analizden
cikarilmistir (Pett ve ark. 2003). Faktor analizi IBM SPSS 25 istatistik paket programinda
gergeklestirilmistir.

Cluster analizi (Kimeleme) gol yiizey suyunda belirlenen tiim fizikokimyasal degiskenler
kullanilarak su kalitesinin zamansal ve mekansal degisimlerini belirlemek amaciyla uygulanmistir.
Cluster analizi UPGMA metoduna gore Bray Curtis benzerlik analizine ile gergeklestirilmistir. Birgok
fizikokimyasal degisken normal dagilim gostermedigi igin gruplar arasi karsilastirmalarda parametrik
olmayan “Kruskal-Wallis” analizi ve yine parametrik olmayan bir Post-Hoc testi olan Dunn’s testi
uygulanmigtir. Cluster analizi ve Kruskal-Wallis analizi PAST 4.03 paket programinda
gercgeklestirilmistir.
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3. BULGULAR
3.1. Fiziksel ve Kimyasal Bulgular

Uluabat Golii yiizey suyunda olgiilen fizikokimyasal degiskenlere ait analiz sonuglar1 (minimum,
maksimum, yillik ortalama, standart sapma) Tablo 3’de verilmistir. Uluabat Goli’niin her yil i¢in
biitiin istasyonlarda saptanan Ei degerlerine gore goliin II. Simif su kalitesinde oldugu tespit edilmistir
(YSKY, 2012). Al, As, B ve Fe’nin ise maksimum c¢evresel kalite standardi (MAK-CKS) {izerinde
oldugu belirlenmistir (YSKY, 2012). Sulama suyu kriterlerine (AATTUT, 2010) gore ise sadece B,
izin verilen maksimum konsantrasyon (IVMK) iizerinde tespit edilmistir. Ayrica B degerine gore gl
suyu Tehlikeli- III. Sinif su kalitesindedir (> 3) (AATTUT, 2010).

Tablo 3. Gol suyunda tespit edilen fiziko-kimyasal degiskenlerin, tanimlayici istatistikleri

Birim n Ort+SH Medyan Min Maks
pH 20 8,441+0,05 8,45 7,90 8,90
) pS/cm 20 595,05+15,5 579,50 484,00 737,00
El 3
Cco mg/L 20 8,68+0,39 9,00 6,10 13,10
T °C 20 18,15+0,94 17,95 13,60 23,65
AKM mg/L 20 14,90+3,03 11,75 3,40 64,70
pV mg/L 20 13,04+1,40 12,00 6,40 35,20
NO,-N mg/L 20 0,0140,001 0,01 <0,01 0,02
NO;-N mg/L 20 0,19+0,03 0,13 0,03 0,57
TN mg/L 20 3,4140,50 2,52 1,54 9,54
TKN mg/L 20 3,2240,50 2,37 1,29 9,44
PO,-P mg/L 20 0,0340,01 0,01 <0,01 0,29
TP mg/L 20 0,13+0,05 0,07 0,03 1,03
Ca mg/L 20 79,56+6,17 82,16 24,05 124,25
Mg mg/L 20 76,1249,08 91,20 7,30 116,74
mg/L 20 323,95+28,3 378,32 76,03 490,36
TH 5
cl mg/L 20 15,5242 34 14,50 3,00 54,98
mg/L 20 185,91+14,4 189,37 70,42 301,65
SO, 6
mg/L 20 237,26+20,9 248,27 106,14 511,18
HCO;, 7
Co; mg/L 20 34,86+5,59 45,60 0,00 74,40
mg/L 20 272,12+19,3 280,78 156,62 537,58
Alk 0
Al mg/L 20 0,59+0,10 0,52 0,09 2,21
Fe mg/L 20 0,40+0,07 0,37 0,08 1,63
B mg/L 20 4,33+0,57 4,81 0,17 8,62
As pg /L 20 44,87+6,79 33,25 12 123,50
Mn pg /L 20 20,40+3,41 13 <10 60
Ni pg /L 20 9,40+0,61 8,25 6 17
Zn pg /L 20 16,55+2,94 12 <10 51
Cr pg /L 20 3,07+0,48 2,75 1 10
TSI TN mg/L 20 69,96+1,68 67,75 60,69 86,99
TS |_-|—p mg/L 20 67,62+2,65 64,91 51,12 104,21
TSI _Chl mg/L 20 54,75+2,57 50,95 36,40 79,36

Chla ug /L 20 23,13+7,34 8,03 1,81 144,03
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Tim fizikokimyasal degiskenlerin bir arada kullanilarak yapilan cluster analizine gore 4.
(Eskikaraagag¢) ve 5. (Golyazi) istasyonlari birbirine en ¢cok benzeyen noktalar olarak belirlenmistir
(Sekil 2). 1. istasyonun (Akgalar) ise diger tiim noktalara gore benzerliginin diisiik oldugu tespit
edilmistir. cluster analizine gore fizikokimyasal degiskenler yillara gore karsilastirma yapildiginda,
2018 sonbahar ve 2019 yaz donemlerinin benzerlik gosterdigi Sekil 3’te goriilmektedir. Cluster
dendrogramina gore en farkli olan ¢alisma donemi 2020 kis olarak belirlenmistir.

0.9504

0.9754

0.9604

0.545+

Similarity

0.9304

0.515+

0.500+
Sekil 2. Istasyonlara gore cluster dendrogrami (Kofenetik korelasyon katyasis1 0,812)
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Sekil 3. Yillara gore cluster dendrogrami (Kofenetik korelasyon katsayist 0,943)
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Kruskal-Wallis analizine gore istasyonlara gore sadece PO,-P (H:11,933, p:0,018) degiskeni
anlamli farklhilik gostermistir. Yillara gore ise fizikokimyasal degiskenlerden 19 tanesinde anlamli
farklilik tespit edilmistir.

3.2. Goliin Trofik Seviyesinin Belirlenmesi

Goliin trofik seviyesinin belirlenmesinde kullanilan her mevsim i¢in TN, TP ve Chl-a degerlerinin
ortalamasi1 Tablo 3’de verilmistir. Kruskal-Wallis analizine gére TP, TN, Chl-a degerleri yillara gore
istatiksel olarak anlamli farklilik géstermemistir (p>0,05) (Sekil 4-5-6).

1.0+
N
¥ e
E &
D é |
1 2 = o )
= = =
0 .
ZUl;Yaz 2018 Sllmlzahar 2019 Hllcbalnr ZUZUI Kis 2011" Yaz 2018 Sl:nbahar 2019 il.‘kbahar ZOZUI Kis
Sekil 4. Uluabat Golii TN degerleri Sekil 5. Uluabat Goli TP degerleri

*

"'?éT@

T T T T
2017 Yaz 2018 Sonbahar 2019 Ilkbahar 2020 Kas

Sekil 6. Uluabat Golii Chl-a degerleri
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Tablo 4. Yillara gore trofik seviye indeksi ortalama degerleri

Dénem TSI Ort+SH Medyan Min Maks n
TSI-TN 69,8+4,77 64,103 60,691 86,986 5
2017 TSI-TP 82,23+5,602 77,850 74,25 104,21 5
YAZ
TSI-Chla 63,89+6,274 68,050 41,48 79,356 5
TSI-TN 69,82+1,592 68,105 66,815 75,302 5
2018 TSI-TP 61,64+2,002 63,015 55,81 66,584 5
SONBAHAR
TSI-Chla 50,19+3,906 52,308 39,865 61,082 5
TSI-TN 69,16+4,317 65,150 62,191 85,514 5
2019 TSI-TP  63,19+4,643 60,353 51,117 78,418 5
ILKBAHAR
TSI-Chla 52,964,271 49,331 46,904 69,937 5
TSI-TN 71,05+3,084 70,347 64,688 80,918 5
2020 TSI-TP 63.,4+2.205 62,181 58,259 70,921 5
KIS
TSI-Chla 51,97+4,903 49,519 36,404 63,088 5

Carlson TSI-TN ve TSI-TP degerlerine gore Uluabat Golii’niin hiperétrofik karakterde (>62, Tablo
2, Tablo 4) oldugu tespit edilmistir. Carlson TSI-Chla degerlerine gore ise Uluabat Golii'niin 6trofik
karakterde oldugu belirlenmistir (Tablo 4). Kruskal-Wallis analizine gére TSI-TN ve TSI-Chl-a yillara
gore istatiksel olarak anlamh farklilik gdstermezken, TSI-TP ise yillara gore istatiksel olarak anlamli
farklilik gostermistir (H:6,185, p:0,005, 2017 1.grup-2018, 2019, 2020 2.grup) (Sekil 7-8-9).

90+
B85+

80+

i . :

60
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2017 Yaz 2018 Sonbahar 2019 flkbahar 2020 Kis
Sekil 7. Uluabat Golii toplam azot (TSI-TN) degerleri
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Sekil 8. Uluabat Golii toplam fosfor (TSI-TP) degerleri
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Sekil 9. Uluabat Golii TSI-Chl-a degerleri

3.3. Faktor Analizi Bulgular

Faktor analizi uygulamadan oOnce fizikokimyasal degiskenler arasindaki korelasyon iligkisine
bakilmis ve ¢oklu baglantiyr (multikolinearite) engellemek igin 0,9’un lizerinde korelasyon iliskisi
gosteren fizikokimyasal degiskenler analizden g¢ikarilmistir. Her bir degisken i¢in belirlenen 6rneklem
uygunluk dlgiisii (OUO) degerleri kontrol edilerek 0,5 altinda OUO degerine sahip degiskenler
analizden cikarilmigtir (Pett vd., 2003). Son faktdr analizi veri setinde 14 fizikokimyasal degisken
kullanilmistir. Bu fizikokimyasal degiskenler Tablo 6’da verilmistir. Analiz sonunda KMO degeri
0,614 olarak belirlenmistir.

KMO degerinin 0,6’nin {izerinde bulunmasi veri setinin faktér analizi i¢in uygun oldugunu
gostermektedir. Bartlett kiiresellik testi (Bartlett, 1950) istatistiksel olarak anlamli bulunmus (0,614,
X?: 281,225; df: 91; p: 0,000) ve faktor analizinin bu veri setine uygulanilabilecegine karar verilmistir.
Uygun faktor sayisini belirlemek i¢in uygulanan yamag egim testi (Cattell, 1966), 6zdegeri (1) 1'den
bliyiik olan dort faktor oldugunu gostermistir. Bu faktorlerin degerleri Tablo 6’da verilmistir. Faktor
6zdegerlerinin () yamag egim grafigi asagida verilmistir (Sekil 10). Ik dort faktdr toplami %85,47
olmus ve aciklanan varyans kriteri i¢in istenen %67 sinir1 (agiklanan varyansin en az 2/3’{) asilmistir
(Tablo 5).
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Sekil 10. Faktor 6zdegerlerinin (L) yamag egim grafigi

Tablo 5. Tahminlenmis ve dondiiriilmiis faktor yiiklerinin varyanslari

Tahminlenmis Yiiklerin Kareler Dondiiriilmiis Yiiklerin Kareler Toplami

Toplam
o S5 Py -
Faktor Toplam % Varyans 7 Yigilmal Toplam % Varyans 7o Yialmal
Varyans Varyans
1 4,276 30,541 30,541 4,113 29,38 29,38
2 3,164 22,601 53,142 3,09 22,075 51,455
3 3,109 22,205 75,346 2,651 18,936 70,391
4 1,417 10,123 85,469 2,111 15,078 85,469

Faktor I’de Al, Fe, Cl, B, As, Mn ve su sicakligi pozitif faktor yiikii olusturmustur. Faktor I1I’de ise
pH ve B negatif, Ei, sicaklik ve toplam sertlik ise pozitif faktor yiikii olusturmustur. AKM ve toplam
fosfor III. Faktor yiikiinde ve toplam alkalinite ve nitrat azotu ise IV. Faktor yiikiinde pozitif yiik
olusturmustur. Bu bulgulara goére havzanin jeolojik yapisi ve madencilik faaliyetleri 1. faktor yiikiinde
belirlenirken, besin tuzu ve otrofikasyonun gol su kalitesine etkisi III. ve IV. faktor yiiklerinde
belirlenmistir. Dondiirtilmiis faktdr matrisinin bilesenleri ise asagida verilmistir (Tablo 6 ve Sekil 11).
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Sekil 11. Dondiiriilmiis faktér matrisinin bilesen yiikleri
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Tablo 6. Dondiiriilmiis faktor matrisinin bilesenleri

Faktorler

| 1 i v
T 0,442 0,619
pH -0,826
Ei 0,757
T™H 0,896
Alk 0,922
AKM 0,94
NO;-N 0,774
TP 0,967
Cl 0,876
Al 0,963
As 0,525 -0,638
Fe 0,96
B 0,575 -0,702
Mn 0,651 0,692

4. TARTISMA

Ulkemizin 6nemli RAMSAR alanlarindan biri olan Uluabat Gélii antropojenik aktiviteler,
madencilik, tarim faaliyetleri, dogrudan ve dolayli yoldan desarjlar sonucunda kirlenmekte ve su
kalitesi bozulmaktadir. Bu ¢alisma ile sucul ekosistem i¢in énemli bir tehdit unsuru olan Kkirleticilerin
Tiirkiye’nin degerli sulak alanlarindan biri olan Uluabat Goli’niin yiizey suyu kalitesi lizerine
etkisinin agiklanmasi amaglanmustir.

Fizikokimyasal degiskenlerin istasyonlara gore farkliliklarimi belirlemek i¢in uygulanan Kruskal-
Wallis analizine gore sadece PO,-P istasyonlarda anlamli farklilik gdstermistir. Ancak cluster analizi
sonuclar1 fizikokimyasal degiskenlerin istasyonlara gore degisimini giizel aciklamistir (Sekil 2).
Cluster analizi dendrograminda 1. istasyon (Akgalar) ayr1 bir kiime olusturmustur. Akgalar Uluabat
Goli’niin noktasal olarak kirlenen en kirli noktasi olarak bilinir (Hacisalihoglu ve Karaer, 2020). Bu
istasyonun ayr1 kiimelenmesinin en onemli nedeninin endiistriyel ve evsel atik sularin gole desarj
edildigi Akcalar Deresi vasitasi ile bu noktada kirlilik yiikiiniin artmasi oldugu diisiiniilmektedir. Katip
vd. (2013) calismalarinda, Uluabat Golii'ne ulasan azot ve fosfor yiiklerinin kaynaginin Akcalar
Koyti’nde bulunan et kesimhanelerinden kaynaklandigini tespit etmislerdir. Yillarin karsilastirildig:
cluster analizi sonuglarina gore ise 2020 kis dénemi diger yillardan ayr1 kiimelenmistir (Sekil 3). Bu
durumun temel nedeninin kis aylarinda gol suyu seviyesinin yiikselip, i¢cinde bulunan kimyasallarin
seyrelmesi olabilecegi diistinlilmektedir.

Uluabat Golii hipertrofik karakterde olmasina (Elmact vd., 2009; Akdeniz vd., 2011) ve tarimsal,
evsel ve sanayi kirliligi su kalitesi iizerinde baski olusturmasina (Hacisalihoglu ve Karaer, 2020)
ragmen faktor analizi sonuglarina gore bu kirleticiler III. ve IV. faktorlerde temsil edilmislerdir. Filik
Iscen vd. (2008) Uluabat Golii’nde yaptiklar1 calismada faktdr analizi sonucunda ii¢ faktor yiikiinden
ilkinin mikrobiyolojik, ikincisinin organik besin tuzu, Ugiinsiiniin ise fizikokimyasal faktorler
oldugunu tespit etmislerdir. Bulut vd. (2010), Uluabat Go6li’niin su kalitesini degerlendirmek igin
faktor analizi uygulamiglardir. Yaptiklar1 ¢alismada ilk faktdr toplam varyansin %58,70'ini agiklamis
ve evsel-tarimsal drenaj faktorii olarak isimlendirilmistir. Ikinci faktdr ise toplam varyansin %41,30'n1
aciklamis ve nutrient faktdr olarak isimlendirilmistir. Eski yillarda yapilan galismalar (Filik iscen vd.,
2008; Bulut vd., 2010) Uluabat Golii'ntin oncelikle evsel, mikrobiyolojik ve tarimsal faktorler
tarafindan kirletildigini gostermektedir. Bu ¢alismada ise havzanin jeolojik yapist ve madencilik
faaliyetlerinin Uluabat Golii’ne etkisi I. faktor yiikiinde belirlenirken, besin tuzu ve 6trofikasyonun su
kalitesine etkisi III. ve IV. faktor yiiklerinde belirlenmistir. Bu farkin nedenlerinden birinin 2018
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yilinda devreye giren ve Golyazi, Catalagil, Karacaoba, BaskOy, Akgalar ve Fadilli bolgesine hizmet
veren Akgalar Atiksu Aritma Tesisi’nden kaynaklanabilecegini diisiinmekteyiz. Bu aritma tesisi; ilk
olarak fiziksel, sonrasinda ileri biyolojik ve ultraviyole dezenfeksiyon aritma gergeklestirmektedir.
Ancak Uluabat Golii'ne yiiksek oranda tarimdan donen sulama sularmi tasiyan iic pompa
istasyonundan ve Mustafakemalpasa Cay1’ndan yiiksek oranda besin tuzu girisi oldugu Hacisalihoglu
ve Karaer’in (2020) calismasinda ortaya konmustur. Faktor analizinde madencilik faaliyetlerinin 1.
faktor ylikiinde belirlenmesinin temel nedeninin havzada gerceklestirilen madencilik faaliyetlerinin
artis gostermesi ve Uluabat Golii’nii etkileyen en onemli kirletici kaynak olarak 6n plana ¢ikmasi
oldugu diistincesindeyiz. Son 15 yilda Uluabat Golii’nii besleyen akarsularin havzalarinda, 6zellikle
Emet Cay1 havzasinda madencilik faaliyetlerinin yiliksek oranda artis gosterdigi ve su kalitesi lizerine
olumsuz etkiler olusturdugu cesitli calismalarda gosterilmistir (Tokatli vd., 2012; Tokath vd., 2013;
Tokatl vd., 2014; Helvaci, 2015; Omwene vd., 2019; Dalkiran vd., 2020). Artisin diger bir nedeninin
ise Kiitahya ili civarinda maden atigi bertaraf tesisi bulunmamasindan (KCSIDIM, 2021)
kaynaklanabilecegi de géz ard1 edilmemesi gereken énemli bir sorundur.

Faktor analizi sonuglarina gére Al, As, B, Fe ve Mn gibi bazi metaller 1. faktor yiikiinde pozitif
faktor yiikil olusturmustur. 2011 yilinda Uluabat Golii’nde yapilan bir ¢calismada Fe, Zn, Cr, Ni, B ve
Pb konsantrasyonlarimin diger dogal su kaynaklarindan daha yiiksek seviyelerde oldugu tespit
edilmistir (Katip ve Karaer, 2011). GOl yiizey suyunda agir metal analizleri yapan cesitli
calismalardaki (Celenli, 2000; Elmac1 vd., 2010; ileri, 2010; Katip & Karaer 2011; Katip vd., 2014;
Hacisalihoglu ve Karaer, 2016) veriler bu caligmadaki veriler ile karsilagtirildiginda Fe, Mn, Cr
konsantrasyonlariin diistiigii, As ve Fe konsantrasyonlarinda belirgin bir artis olmadigi, Mn
konsantrasyonunun ise 1 ile 4 kat arasinda arttig1 tespit edilmistir. Fe ve Al’nin baz1 donemlerdeki
konsantrasyonlarinin MAK-CKS’nin (YSKY, 2012) neredeyse 6-8 kati {izerinde oldugu tespit
edilmistir. Al yeryiiziinde en ¢ok bulunan metaldir ve ¢ogunlukla aliiminyum oksit ve silikat olarak
bulunur. Sanayi alanlarinin oldugu bolgelerde, biiyiik sehirlerin atmosferik havasinda Al varligi tespit
edilmistir. Hava kirliligi ve asit yagmurlar1 nedeniyle toprakta kolayca mobilize olan Al, gdl sularina
ve sucul canlilara ulasir (Guibaud ve Gualthier, 2003). Madencilik faaliyetleri ve toprak erozyonu da
diger 6nemli girdi kaynaklarini olusturur. Ozellikle gélde (Celenli, 2000; Katip ve Karaer, 2011) ve
golii besleyen akarsularda (Omwene 2019, Dalkiran vd., 2020) Fe ve/veya Al fiizerine yapilan
calismalar smirli sayidadir. Onceki yillarda golii besleyen Mustafakemalpasa Cayi’nda yapilan
caligmalar bu metallerin konsantrasyonlarinin oldukga yiiksek oldugunu gostermistir (Omwene 2019;
Dalkiran, 2020). Tarimsal faaliyetler ile goliin sediman yiikiiniin artmasina bagli olarak su seviyesi
ginden giine azalmakta, Fe ve Al gibi metaller Orhaneli ve Emet c¢aylar1 ile tasimarak
Mustafakemalpasa Cayi’na, oradan da Uluabat Golii'ne ulagmaktadir (Omwene vd., 2019; Dalkiran
vd., 2020; Yurtseven ve Randhir, 2020).

Uluabat Go6lii’nde kirlilige neden olan diger bir kaynak B elementidir. G6l suyu sulama kriterlerine
gore degerlendirildiginde (AATTUT, 2010) B degerine gore (ort 4,33 mg/L) Tehlikeli- III. Smif su
kalitesinde (> 3) oldugu tespit edilmistir. Ayrica maksimum deger (8,62 mg/L) (Tablo 3) izin verilen
MAK CKS konsantrasyonun (1,472 mg/L) (YSKY, 2012) yaklasik 6 kat1 kadardir. Celenli (2000),
Uluabat Go6li yiizey suyunun B konsantrasyonunu 0,24-1,15 mg/L araliginda, Dalkiran vd. (2006)
0,36-1,79 mg/L araliginda, Elmaci vd. (2010) ortalama 0,96 mg/L, Katip vd. (2014) ortalama 2,17
mg/L olarak tespit etmislerdir. Bu bulgular dogrultusunda onceki yillarda golde yapilan ¢aligmalar
degerlendirildiginde B konsantrasyonunun kademeli olarak arttigi goriilmektedir. Uluabat Golii
havzasi Kiitahya ili sinirlarinda dogan Orhaneli ve Emet ¢aylar1 ile beslenir. Kiitahya lilkemizin en
onemli maden kaynaklarmin bulundugu ilimizden biridir. Kiitahya Eti Maden Emet Bor Isletme
Miidiirligii Hisarcik ve Espey olmak iizere iki agik ocaktan kolemanit (Ca,B¢O;,.5H,0) cevheri
iiretimi gergeklestirmektedir. Emet Cayi’nda yapilan ¢aligmalar ise B konsantrasyonunun daha yiiksek
oldugunu goéstermektedir (Arslan, 2013; Benzer, 2016; Tokatl vd., 2016;). Ayrica Dalkiran vd. (2006)
Mustafakemalpasa Cayi’'ndan Uluabat Goli’'ne eski yillarda 0,701 ton B girisi oldugunu tespit
etmiglerdir. 2020 yilinda Mustafakemalpasa Cayi’nda yapilan bir ¢alismada ise B konsantrasyonu
ortalama 9,32 mg/L olarak tespit edilmistir (Dalkiran vd., 2020). Ozellikle son 20 yilda yapilan
caligmalarda Uluabat G6l suyu 6rneklerinde tespit edilen B miktarinin giderek arttigi goriilmektedir
(Celenli, 2000; Bebek, 2001; Dalkiran vd., 2006; Elmaci vd., 2010; Katip ve Karaer, 2011; ileri vd.,
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2014;). Ayrica Semiz (2014) yaptig1 calismada Uluabat Golii'nde tespit edilen yiiksek B
konsantrasyonu nedeniyle gol suyunun sulama suyu olarak kullanilmasinin uygun olmadigini
belirtmistir. Bu bulgular golde B konsantrasyonundaki artisin  madencilik faaliyetlerinden
kaynaklandigini1 desteklemektedir. B madeni disinda Kiitahya havzasinda feldispat (XA 1-2Si3-2O)),
manyezit (MgCOs), florit (CaF,), talk (MgsSi;O10(OH),, Ag, Cu, Pb, Zn, antimon, Fe, Mn, Cr
madenleri de bulunmaktadir (Ozgenc, 1993; Oygiir & Erler, 1999).

Yapilan ¢alismada As yaz ve ilkbahar donemlerinde MAK-CKS iizerinde tespit edilmigtir. As
jeolojik ve antropojenik faaliyetler ile su, hava ve toprak yoluyla insanlara ulagir. Ozellikle Uluabat
Goli'nii besleyen akarsulardan biri olan Emet Cay1 (Tokathi vd., 2014; Tokatli vd., 2016) ve
Mustafakemalpasa Cayi’nda As seviyesi donem donem sinir degerlerin iizerine ¢ikabilmektedir
(Dalkiran vd., 2020). Bunun en temel nedeni Kiitahya iline bagh B yataginda As-boratlardan terugit ve
kahnit-B minerallerinin bulunmasidir (Helvaci, 1984). Ozellikle yiiksek derisimlerde igme suyu yolu
ile stirekli As maruziyeti cilt kanseri ve ekstremitelerde hiperkeratosis ve As melanozu ile
karakterizedir (C6l vd., 1999; Abdul vd., 2015). Ozellikle Emet Cay1 havzasinda icme suyu ve yeralti
sularinda yiiksek As varligi 2000’li yillarda yapilan ¢alismalarda gézlenmistir (Colak vd., 2003; Col
ve C6l, 2004). Insan ve cevre saglig1 iizerindeki bu etkileri nedeni ile As’nin sucul canlilar iizerindeki
etkileri de arastirma konusu olmustur. Bunun yaninda tiim mevsimlerde 6l¢iilen gol suyu degerlerinde
Zn, Mn, Ni, Cr derisimleri IVMK ve MAK-CKS altinda tespit edilmistir. Mn derisimleri IVMK ve
MAK-CKS altinda tespit edilmesine ragmen faktor analizi sonuglarina gore faktdr I’de pozitif yiik
olusturmustur. Bu calisma ile agir metallerin ve diger toksik elementlerin Uluabat Golii’ne
Mustafakemalpasa Cay1 yoluyla tagindigi ve golde kirlilik yarattigi tespit edilmistir.

Bu ¢aligmada Uluabat Golii trofik seviyeleri Tablo 4’de gosterilmistir. Uluabat Goli Carlson TSI-
TN ve TSI-TP (>62, YSKY, 2012) degerlerine gore hiperotrofik karakterde oldugu belirlenmistir.
Carlson TSI-Chl-a (52-62, YSKY, 2012) degerlerine gére ise otrofik karakterdedir. Otrofikasyon su
kalitesi ve sucul canli popiilasyonunu etkileyen bir faktordiir. Daha 6nce yapilan ¢alismalarda gol suyu
TP, TN ve Chla degerlerine gore degerlendirildiginde Strofikten hiperdtrofige gegis tespit edilmistir
(Akdeniz vd., 2011; Katip vd., 2015; Hacisalihoglu ve Karaer, 2016; Yilmaz vd., 2017). Antropojenik
etkiler her gegen gilin diinya tatli su gollerinde oldugu gibi Uluabat Goli'nde de etkili olmus ve
otrofikasyonu arttirmigtir (Dalkiran vd., 2006). Bunun yaninda dzellikle azotlu ve fosfath giibrelerin
tarimda yaygin olarak kullanilmasi bu besin tuzlarinin su kaynaklarinda yiiksek seviyelere ¢ikmasina
ve Otrofikasyona neden olmaktadir. Mustafakemalpasa Cay1 civarindaki tarim arazilerinden gelen
kirlilik yiiklerinin (Hacisalihoglu ve Karaer, 2020) Uluabat Goli’ne tagmmasi &trofikasyonu
arttirmakta ve goliin trofik seviyesini degistirmektedir.

5. SONUC

Elde edilen verilere gére B su an Uluabat Golii’nde sinir degerdedir ve bu derisimde toksik etki
yaratmayacagi disiiniilmektedir. Fakat ileriki donemlerde Mustafakemalpasa Cayi’nda ortalama 20
mg/L olan B miktar1 géle giris yapmaya devam ederse sucul canlilar iizerine ve buna bagl olarak
insan sagligi lizerinde ciddi olumsuz etkiler yaratabilir. Uluabat G6li’nii besleyen Orhaneli ve Emet
caylar1 havzalar etrafinda yer alan yerlesim yerleri ve madencilik faaliyetleri nedeniyle gdle dnemli
Olciide agir metal ve B girdisi olmaktadir (Celenli, 2000; fleri, 2010; Tokath vd., 2012; Katip vd.,
2013; Dalkiran vd., 2020). Halihazirda havzada faaliyet gosteren sanayi alanlarina ek olarak yeni bir
sanayi bolgesinin kurulusuna baslandigi ve su ihtiyacim1i Uluabat Golii havzasindan saglayacagi
bilinmektedir. Bu durum gdle giren su miktarinin azalmasina ve gol suyunda agir metal, toksik
element ve besin tuzu konsantrasyonlarmin artmasina neden olabilir. Gole agir metal ve toksik
element girisinin bu seviyelerde devam etmesi durumunda, gol suyunun sulama suyu olarak
kullanilmasi nedeniyle g¢evredeki tarim arazilerinde yetisen sebze ve meyvelerin tiiketilmesi de
toksisiteye neden olabilir. Bu g¢aligma metal ve B kirliliginin 6nlenmesi i¢in gerekli onlemlerin
alinmasinin gelecekte insan sagligi ve su ekosisteminin tehlikeye girmemesi ig¢in 6nemli oldugunu
gostermektedir.
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Ozet: Bu calismada, kiit burun farebaligi Coelorinchus caelorhincus (Risso, 1810) Keywords
tiiriiniin pre-anal boyu (PAL) ve otolit biyometrisi arasindaki iligkiler incelenmistir. Balik o Farebalig
ornekleri, Temmuz 2016 — Haziran 2017 tarihleri arasinda “R/V Akdeniz Arastirma 1”7 o Boy-Agirhk iliskisi
gemisi ile Antalya Koérfezi'nde yapilan aylik trol gekimleri sirasinda yakalanmustir. o Otolit Boyu
Degerlendirilen 232’si disi 152°si erkek toplam 384 bireyde PAL = 18-73 mm ve total 4 o¢o)it Agirhg
agilik (W) = 0,6-72 g araliginda dagilim gostermistir. PAL-W iligkisi cinsiyetler

arasinda farkhhik gdstermeyip biitiin baliklar W = 0,208 x PAL**7 (=0,94) olarak

bulunmustur. Ustel katsay1 “b” icin olusturulan %95 giivenirlik arahig1 (2,863-3,011),

varsayimsal 3 degerini kapsadigindan C. caelorhincus tiiriiniin bu habitatta izometrik

biiyiime gosterdigi belirlenmistir. Otolit boyu (OL), otolit genisligi (OB) ve otolit agirlig

(OW) sirasiyla; 3,717-11,353 mm, 2,717-6,606 mm ve 0,008-0,0186 g arasinda

degismistir. Sag ve sol OL, OB ve OW ortalamalar1 arasindaki farkliliklar eslenik t-

testine gore istatistiksel agidan Onemsiz bulundugundan, PAL ve otolit biyometrisi

arasindaki iligkilerin incelenmesinde yalnizca sag otolitlerin dlgiimleri kullanilmustir.

OL-PAL arasindaki dogrusal iliski, OL = 1,737 + 0,129 x PAL (+* = 0,88) ve OB—-PAL

arasindaki dogrusal iliski ise 0B =2,212 + 0,060 x PAL (2= 0,81) olarak bulunmustur.

OW-PAL ve OW-OL arasindaki iistel bagintilar, OW = 0,00004 x PAL"**° (2 = 0,87) ve

OW=0,0004 x OL***® (42 = 0,93) olarak belirlenmistir.

Abstract: In this study, the relationships between otolith biometrics and pre-anal length  Anahtar kelimeler
(PAL) of the hollowsnout grenadier Coelorinchus caelorhincus (Risso, 1810) were e Hollowsnout grenadier
investigated. The fish samples were obtained from monthly trawl surveys conducted with o |ength-Weight Relationship
the "R/V Akdeniz Aragtirma 1" in Antalya Bay between July 2016 and June 2017. PAL o Otolith Length

and total weight (W) were in the range of 1873 mm and 0.6-72 g, respectively, inatotal o otolith Weight

of 384 specimens, including 232 females and 152 males. The PAL-W relationship did not

differ between sexes and was determined as 7 = 0.208 x PAL*%* (2= 0.94) for all fish.

The 95% confidence interval for the exponential coefficient "b" (2.863-3.011) included

the hypothetical value of 3, indicating that C. caelorhincus showed isometric growth in

this habitat. Otolith length (OL), otolith breadth (OB), and otolith weight (OW) were in

the range of 3.717-11.353 mm, 2.717-6.606 mm, and 0.008-0.0186 g, respectively.

Since there were no statistically significant differences between the means of right and

left OL, OB, and OW, according to the paired t-test, only measurements of the right

otoliths were used in the examination of the relationships between PAL and otolith

biometry. The linear relationship between OL-PAL was found to be

OL =1.737+0.129 x PAL (+*=0.88) and the linear relationship between OB—PAL was

0B =2.212+0.060 x PAL (*=0.81). The exponential relationships between OW-PAL,

and OW-OL were determined to be OW=0.00004 x PAL'*° (2 =0.87) and

OW=0.0004 x OL***® (2= 0.93) , respectively.
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1. GIRIS

Farekuyruklugiller (Macrouridae), diinyanin biitiin derin denizlerinde kitasal yamaglarda yogun
olarak yayilim gostermekte ve batiyal zon besin zincirinde 6nemli bir yer tutmaktadir (Merret &
Haedrich, 1997). Macrouridae familyasinin Akdeniz'de yasayan tiirleri, derin sularda yapilan ticari trol
avciliginin hedef dis1 avlart arasinda bol miktarda bulunmaktadir (D’Onghia vd., 1998; Sartor vd.,
2003; Sion vd., 2012). Farebalig1 Coelorinchus caelorhincus (Risso, 1810), Macrouridae familyasinin
Akdeniz’de bulunan sekiz tiiriinden biri olup Atlantik Okyanusu'ndan Akdeniz’e kadar uzanan genis
bir dagilima sahiptir (Golani vd., 2006). Besinini poliket, decapod, amfipod, kopepod, gastropod ve
kafadanbacaklilar gibi ¢esitli omurgasiz bentik organizmalar olusturmaktadir (Geistdoerfer, 1986;
Cohen vd., 1990; Sever vd., 2008).

Akdeniz'de bu tiir iizerine yapilan gesitli arastirmalarda; popiilasyon yapist (Moranta vd., 1998;
Labropoulou & Papaoconstantinou, 2000; Madurell vd., 2004), beslenme aliskanliklar1 (Kabasakal,
1999; Sever vd., 2008; Scacco vd., 2022) yas ve biiyiime (Massuti vd., 1995; D'onghia vd., 2000; Filiz
vd., 2006; Isajlovic vd., 2009), boy-agirlik iliskileri (Diaz vd., 2000; Borges vd., 2003; Morey vd.,
2003; Filiz & Bilge, 2004; Filiz vd., 2006; Filiz vd., 2008; Isajlovic vd., 2009; Basusta & Basusta,
2018) konular1 ¢alisilmistir. Fakat, Akdeniz’de C. caelorhincus tiiriiniin otolitleriyle ilgili yapilmis
calismalar ¢ok simirlidir (Labropoulou & Papaconstantinou, 2000; Tuset vd., 2008; Giirel, 2013).

Otolitler, baliklarin basinda bulunan hem isitme hem de denge islevlerinde rol oynayan kalkerli
yapilardir (Quist & Isermann, 2017). Her tiiriin kendine 6zgii otolit sekil ve boyut farkliklar1 sebebiyle
(Campana, 1990), otolitlerle; giinliik bliylimeleri, erken yasam &ykiileri, av aver iliskileri, filogenetik
iligkilerin belirlenmesi, ekomorfoloji c¢alismalari, arkeolojik arastirmalar, baliklarin taksonunu,
popiilasyonlarini belirlemek, balik biiyiimesi ile otolit biiylimesi arasindaki iligkilerin belirlenmesi,
biliylime orani ve kararli izotop bilesimi arasindaki iligkiler, gibi alanlarda c¢aligilmaktadir (Pannella,
1971; Harvey vd., 2000; Uehara vd., 2005; Tuset vd., 2008).

Bu calisma ile Antalya Korfezi’nde trol avciligi ile yakalanmig olan C. caelorhincus’un otolit
bliylimesi ve boyca biiyiimesi arasindaki iligkiyi belirlemek amaglanmaktadir. Ayni zamanda iilkemiz
kiyilarinda farebaliklariyla ilgili sinirh sayidaki calismalardan kaynakli bilgi eksikligine katkida
bulunmak hedeflenmektedir.

2. MATERYAL VE METOT

Bu calismada, Antalya Korfezi’'nde Temmuz 2016 — Haziran 2017 tarihleri arasinda “R/V Akdeniz
Arastirma 17 gemisi ile aylik olarak gergeklestirilen trol c¢aligmalar1 sirasinda yakalanan C.
caelorhincus tiirtine ait toplam 384 bireyin pre-anal boy (PAL) (£1 mm), total agirlik (W) (£0,1 g) ve
sagittal otolitlerinin Sl¢timleri kullanilmistir. Tiiriin ince ve nazik kuyruk yapisi nedeniyle trol ¢ekimi
sirasinda kuyruklarimin zarar gorerek kismen ya da tiimden kopmasi yiiziinden temel olarak PAL
Olgtimleri yapilabilmistir. Kuyruklart zarar gérmemis, biitiin olan bireylerden ayrica total boy (TL)
Olciimleri de alinmustir. Bu iki farkli boy 6l¢iimlerinin istendigi zaman birbirine doniistiirilmesini
saglamak icin gereken oransal katsayilar1 belirlemek icin basit dogrusal regresyon modeli (Sokal &
Rohlf, 2012) kullanilmistir. Dogrusal regresyon analizi dncesinde bu katsayir degerlerinin cinsiyete
gore degisip degismedigini belirlemek i¢in kovaryans analizi (Sokal & Rohlf, 2012) yapilmistir. W ve

PAL arasindaki iliskinin degerlendirilmesinde, W =a x PAL® olarak verilen allometrik boy-agirlik
iligkisi bagintisindan yararlanilmistir (Le Cren, 1951). W ve PAL arasindaki dogrusal olmayan {istel
iligki, carpimsal hata yapisi varsayimm ile tiim veri giftlerine dogal logaritmik doniigiimiin
uygulanmasiyla dogrusallastirilmig ve basit dogrusal regresyon analizi kullanilarak a ve b katsayilar
hesaplanmigtir (T1irasin, 1993). W ve PAL arasinda oransal bir katsay1 olan a ile baligin boyca (PAL)
biliyiimesi sonucunda viicut agirliginda (W) goriilen tstel artis1 gosteren b katsayist degerleri
bakimindan disi ve erkekler arasinda bir fark olup olmadigimi belirlemek i¢in kovaryans analizi
yapilmistir. Izometrik bilyiimeden sapmalar, yani kestirilen b degerinin, varsayimsal “3” degerinden
istatistiksel olarak farkli olup olmadigi, b igin olusturulan %95 giivenirlik araliginin, “3” degerini
igerip igermedigi incelenerek degerlendirilmistir (Sparre & Venema, 1998). PAL o&lgiimleri dogrusal
regresyon analizi oncesinde a katsayis1 degerinin diger ¢aligmalarla karsilastirilmasini kolaylastirmak
icin cm’ye ¢evrilmistir.

Otolit boyu (OL) anterior rostrum bolgesinden posterior sinira kadar olan mesafedeki en genis
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olgtimii temsil etmektedir. Otolit genisligi (OB) ise otolitin dorsal ve ventral kenarlar1 arasindaki en
genis hat baz alinarak Olciilmiistiir (Sekil 1). Bu dl¢limler, Leica S6D marka mikroskobu ve Leica
Application Suit (LAS V4.12) program kullanilarak 0,001 mm duyarlilikla gerceklestirilmistir. Otolit
agirliklar1 (OW) ise 0,0001 g duyarhiliktaki dijital terazi ile saptanmustir. Sag ve sol bolge otolitleri ayri
ayr1 Olciilmiis ve otolit ciftleri arasinda fark olup olmadigi eslenik t-testi ile arastirilmistir (Sokal &
Rohlf, 2012). OL-PAL ve OB-PAL iliskileri dogrusal regresyon analizi ile irdelenmistir. OW—PAL ve
OW-OL arasindaki iliskiler ise dogrusal degil de iistel olduklarindan (Harkénen, 1986), oncelikle
verilerin dogal logaritmalarinin alinmasiyla iliskiler dogrusallastirilmis, ardindan da dogrusal
regresyon analizi ile degerlendirilmistir.

Dogrusal regresyon analizi, kovaryans analizi ve t-testlerinden elde edilen sonuglarin gegerli olmasi
icin kalintilarin normal dagilmasi ve varyanslarin homojen olmasi gerekmektedir. Anilan modellerin
normallik ve varyanslarin homojenligi varsayimlarina uydugunu dogrulamak i¢in kalintilar, kantil-
kantil ¢izgeleri, Shapiro-Wilk normallik ve F-testleri ile kontrol edilmistir (Sokal & Rohlf, 2012). iki
farkl1 ortalama degerinin kiyaslanmasinda, normallik ve varyanslarin homojenligi kosullar
saglandiginda bagimsiz t-testi, varyanslarin heterojen oldugu yalnizca normallik kosulunun saglandig:
durumlarda Welch t-testi ve her iki kosula da uymayan durumlarda ise parametrik olmayan Wilcoxon-
Mann-Whitney testi kullanilmistir (Sokal & Rohlf, 2012). Normal dagilmayan veriler igin ¢arpiklik
(91) ve basiklik (g,) testleri de uygulanmistir (Sokal & Rohlf, 2012). Tium istatistiksel testler ve
grafikler, R yaziliminin 4.0.4 siiriimii (R Core Team, 2021) ile yapilmis ve istatiksel bakimdan anlamli
farklilik diizeyi 0,05 olarak secilmistir.

Sol otolit Sag otolit

2.752 mm

o
—
)
=
o
2
=
=
N

Otolit genisligi (OB)

Sekil 1. C. caelorhincus tiiriiniin sag ve sol otolitlerinin OL ve OB &l¢iimleri

3. BULGULAR

Toplam 384 C. caelorhincus oérneginden yalnizca 195 bireyin (135’1 disi ve 62’si erkek), TL
Olciimii yapilabilmigtir. TL Slgtimleri 60-258 mm araliginda bulunmustur. PAL, disilerde 18—73 mm
ve erkeklerde 18-62 mm; W ise disilerde 1,1-72,0 g ve erkeklerde 0,6-51,3 g arasinda dagilim
gostermektedir (Tablo 1). Disi bireylerin hem PAL hem de W olgiimlerinin varyanslari
erkeklerinkinden daha buyiiktiir (PAL: F = 2,099, df, = 231, df, = 151, P < 0,001; W: F = 2,552, df; =
231, df, = 151, P < 0,001). Erkek baliklarin PAL &l¢imleri normale yakin dagilirken disilerinki
simetrik (g; = 0,01 + 0,159) ama normalden farkli ve plati-basik (g, = -2,75 £ 0,006) olarak
dagilmaktadir (Sekil 2). Parametrik olmayan Wilcoxon-Mann-Whitney testi, PAL o6lgtimleri
bakimindan eseyler arasinda istatistiksel agidan 6nemli bir fark bulmamistir (W = 19620, P = 0,062).
W 6lgiimlerinin dagilimlar ise her iki esey i¢in de normalden ¢ok farkli ve asir1 saga carpiktir (disi gy
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= 0,94 + 0,159; erkek g; = 1,23 £ 0,197). W 0lgtimleri bakimindan disilerle erkekler arasinda
istatistiksel agidan 6nemli bir fark vardir (W = 20125, P = 0,019).

Tablo 1. C. caelorhincusun PAL ve W 6l¢limleri (n: 6rnek sayisi, ss: standart sapma).

Cinsiyet n PAL (mm) W (g)
Ortalama =+ ss Min. — Mak. Ortalama =+ ss Min. — Mak.
Disi 232 43,4+13,82 18 -73 20,83 + 17,082 1,1-72,0
Erkek 152 40,9+ 9,54 18 - 62 14,64 + 10,692 14-51,3
Toplam 384 42,4 +12,35 18 -73 18,51 £ 15,142 0,6-72,0
------ I - | been - -

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

3%
Disiler Erkekler

30 4 n =232 n =152
25 —
20
15
10 —
5
0 -
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Balik sayisi

Sekil 2. C. caelorhincus’un disi ve erkek bireylerinin PAL dagilimlar

Kovaryans analizinin sonuglari, iki boy degiskeni TL ve PAL arasindaki dogrusal iliskinin hem
kesisim (a) hem de egim (b) degerleri bakimindan cinsiyete gore istatiksel olarak bir farklilik
gostermedigini ortaya koydugundan (F = 0,193, df; = 1, df, =191, P = 0,661), ¢evirim i¢in gereken a
ve b katsayilari, esey ayrimi olmadan biitin gozlemler birlestirilerek yapilan dogrusal regresyon
analizi ile saptanmistir. Asagidaki esitlik ile mm cinsinden yapilan PAL &lgiimlerinden, TL degerleri
kestirilebilir:

TL = 15,535+ 3,363 x PAL (n =195, ¥ = 0,91)

W ve PAL arasindaki fonksiyonel iliski, disiler igin W =0,217 x PAL**** (+* = 0,95) ve erkekler
icin W=0,195 x PAL**> (2 =0,91) olarak bulunmustur. Kovaryans analizi, a ve b degerleri
bakimindan disi ve erkek baliklar arasinda istatiksel bir fark olmadigini gdstermis oldugundan (F =
0,163, df;, = 1, df, = 380, P = 0,686), W-PAL iliskisi biitin baliklar igin
W=0,208 x PAL**’ (*=0,94) olarak ifade edilebilir. Regresyon katsayilari, a ve b’nin %95
giivenirlik araliklar1 sirasiyla 0,187-0,232 ve 2,863-3,011°dir. b igin olusturulan %95 giivenirlik
araligi, varsayimsal 3 degerini igerdigi i¢in C. caelorhincusun izometrik biiytime gosterdigi
belirlenmistir. Dolayisiyla W—PAL iliskisi daha basitlestirilerek W = 0,191 % PAL? seklinde verilebilir.
Bu yeni a degeri, regresyon analizi sonrasinda a i¢in olusturulmus olan %95 giivenirlik araliginca
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kapsanmaktadir.

C. caelorhincus’un sag ve sol OL, OB ve OW ol¢iimlerinin ortalama degerleri sirasiyla 7,158 ile
7,152 mm, 4,804 ile 4,814 mm ve 0,05482 ile 0,05478 g olarak hesaplanmistir (Tablo 2). Sag ve sol
OL, OB ve OW ortalamalar1 arasindaki farkliliklar eslenik t-testleri sonucunda (OL: t = 0,756, df =
341, P =0,45; OB: t = 1,688, df = 252, P = 0,093 ve OW t = 0,555, df = 252, P = 0,579) istatistiksel
acidan Onemsiz bulundugundan, PAL ve otolit boyutlar1 (OL, OB ve OW) arasindaki iligkilerin
incelenmesinde 6rneklerin yalnizca sag otolitlerine ait 6lgtimler kullanilmistir (Tablo 2).

Tablo 2. C. caelorhincus’un sag ve sol OL, OB ve OW dl¢iimleri (n: otolit ¢ifti sayis, ss: standart sapma).

Degisken n Sol - Sag -

Ortalama + ss Min. — Mak. Ortalama % ss Min. — Mak.
OL (mm) 342 7,152 +1,6189 3,718 - 11,353 7,158 + 1,6048 3,717 — 11,253
OB (mm) 253 4,814 +0,7790 2,717 — 6,606 4,804 +0,7726 2,769 — 6,443
OW (g) 253 0,055 + 0,0299 0,008 — 0,186 0,055 + 0,0298 0,009 - 0,184

OL, OB ve OW gibi otolit biyometrisi verileri, eseylere gore de ayr ayr1 degerlendirilmistir. C.
caelorhincus’un disi ve erkek bireylere iliskin OL, OB ve OW o&lglimlerinin ortalama degerleri
sirastyla 7,328 ve 7,074 mm, 4,809 ve 4,698 mm, 0,0573 ve 0,0515 g olarak saptanmustir (Tablo 3).
Welsh t-testi sonuglar1 (OL: t = 1,505, df = 373,03, P = 0,133 ve OB: t = 1,385, df = 376,79, P =
0,167), disi ve erkeklerin OL ve OB ortalamalarinda goriilen farklarin istatistiksel agidan Onemsiz
oldugunu belirtmektedir. Parametrik olmayan Wilcoxon-Mann-Whitney testi de OW olgtimleri
bakimindan eseyler arasinda 6nemli bir fark bulmamustir (W = 19024, P = 0,191).

Tablo 2. C. caelorhincus’un eseylere gore OL, OB ve OW o6lgiimleri (n: 6rnek sayisi, ss: standart sapma).
Disi n Erkek

Ortalama + ss Min. — Mak. Ortalama + ss Min. — Mak.

OL (mm) 232 7,328 £1,8651 3,700 - 11,300 152 7,074 + 11,4248 3,205 - 10,562

OB (mm) 232 4,810 +0,9132 2,480 — 6,750 152 4,698 +0,6723 2,451- 6,733

OW (g) 232 0,057 £ 0,0340 0,008- 0,184 152 0,052 + 0,0254 0,006 — 0,123

Degisken n

Antalya Korfezi’'ndeki C. caelorhincus bireylerinde OL ve PAL arasindaki dogrusal iliski,
OL=1,737+0,129 x PAL (*=088) ve OB ile PAL arasindaki dogrusal iliski ise
OB =2,212 + 0,060 x PAL (+*=0,81) olarak bulunmustur. Her iki dogrusal iliskide de kesisim (a)
degerlerinin %95 giivenirlik araliklar1 sirasiyla 1,522-1,952 ve 2,082-2,343 olup 0 degerini
icermemektedir. Yani dogrular iki eksenin birlestigi merkezdeki 0 degerinden gegmemektedir. Egim
(b) degerleri igin olusturulan %95 giivenirlik araliklar1 da 0,125-0,134 ve 0,057-0,063 tiir.

OW-PAL ve OW-OL arasindaki iistel bagmtilar, OW=0,00004 x PAL'* (2=0,87) ve
OW =0,0004 x OL>*?8 (> =0,93) olarak bulunmustur (Sekil 3). Dogrusal olmayan bu iliskilerin
katsayilar, a ve b i¢in olusturulan %95 giivenirlik araliklari, sirasiyla; 0,00003-0,00005, 0,0004—
0,0005, 1,827-1,972 ve 2,361-2,495"tir.
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Sekil 3. C. caelorhincus’ un OL-PAL, OB-PAL, OW-PAL ve OW-OL arasindaki iliskileri

4. TARTISMA VE SONUC

Antalya Korfezi'nde C. caelorhincus tiiriinin PAL o6lgiimleri kullanilarak degerlendirilen boy-
agirhik iliskisi katsayilar1 a ve b degerleri, disi ve erkek baliklar arasinda istatiksel olarak anlamli
farklilik géstermemis ve b i¢in olusturulan %95 giivenirlik araligi, varsayimsal 3 degerini i¢erdigi igin
bu bolgedeki bireylerin izometrik biiylime gosterdigi sonucuna ulagilmistir.

C. caelorhincus’un PAL o6lgiimleri kullanilarak Giiney Adriyatik (Ungaro vd., 1994) ve Bati
Akdeniz (Morey vd., 2003) kiyilarinda ve TL o6lgiimleri kullanilarak Dogu Atlantik’in Portekiz
kiyilarinda (Borges vd., 2003) yapilan ¢alismalarda, boy-agirlik iligkisi bakimindan, pozitif allometrik
biiyiime goriildiigii bildirilmistir. Adriyatik Denizi, Sicilya Bogaz1 ve Iyon Denizi’nin Yunanistan
kiyilarinda, PAL kullanilarak yapilan ¢alismalarda (Labropoulou & Papaconstantinou, 2000; Vitale
vd., 2006; Isajlovi¢ vd., 2009) ise tiiriin negatif allometrik biiylime gosterdigi bulunmustur. Bununla
birlikte Lelli vd. (2017), Liibnan kiyilarinda TL 6l¢iimleri kullanarak yaptiklari ¢alismada, tiiriin bu
calismada oldugu gibi, izometrik biliyiime gosterdigini belirlemistir. Tiirkiye sularinda TL kullanilarak
yapilan ¢alismalarin (Filiz & Bilge, 2004; Filiz vd., 2006; Filiz vd., 2008; Basusta & Basusta, 2018)
sonuglari ise tiirde izometrik biiyiime oldugunu saptayarak ¢alismamizla benzerlik géstermistir (Tablo
4). Farkli calismalarda boy-agirlik iliskisi agisindan allometrik ya da izometrik biiylimenin
goriilmesinin, bu calismalarda  degerlendirilen birey sayilarimin  farkliligindan, besin
bulunabilirliginden ve yasam alanlarmin aym Ozellikleri gostermemesinden kaynaklandigi
diisiiniilmektedir (Tiragin, 1993).

Bu calisma Tiirkiye’nin Akdeniz kiyilarinda, C. caelorhincus tiiriiniin otolit biyometrisi ve balik
biiyiikliigii arasindaki iliskiyi ortaya koyan ilk incelemedir. Sag ve sol otolitlerin biyometrik Sl¢timleri
arasinda istatistiksel bakimdan 6nemli bir farkliligin olmamasi, OL, OB ve OW kullanilarak bu tiirle
ilgili yapilacak ¢alismalarda, herhangi bir tarafta yer alan otolitin ayrim yapilmadan kullanilabilecegini
gostermektedir. Labropoulou & Papaconstantinou (2000) ve Giirel (2013) de calismalarinda ayni
sonucu bulmus, otolitleri sag ve sol ayrimi yapmadan degerlendirmistir.

Bu tirin OL, OB ve OW dlglimlerinin ortalama degerleri cinsiyetlere gore ayri ayri
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hesaplandiginda goriilen farkliliklar, istatistiksel agidan onemsiz bulundugundan, otolit biyometrisi
caligsmalarinda bu degiskenlere iligkin verilerin cinsiyet ayrimi yapilmaksizin kullanilabilecegini
gostermektedir. Diger ¢alismalarda bu ayrim belirtilmemis olmasina ragmen bulgular ¢alismamizdaki
gibi verilmistir.

Tablo 4. Akdeniz’in farkli bolgelerinde C. caelorhincus iizerine yapilan ¢aligmalarda saptanan boy-agirlik
iligkilerinin karsilastirilmasi

Cahisma Bolge a b r’
Ungaro vd. (1994) Adriyatik Denizi 0,105 3,04 -
Labropoulou & Papaconstantinou Iyon Denizi 0,0011** 2,42 0,87
(2000)
Morey vd. (2003) Bat1 Akdeniz 0,0925** 3,14 0,97
Borges vd. (2003)* Giiney Dogu Portekiz 0,0022 3,11 0,93
Filiz & Bilge (2004)* Sigacik Korfezi 0,0065 2,74 0,78
Filiz vd. (2006)* Sigacik Korfezi 0,0032 3,08 0,92
Vitale vd. (2006) Sicilya Bogazi 0,172% 2,747 -
0,175% 2,763 -
Filiz & Taskavak (2008)* Sigacik Korfezi 0,0083** 2,83 0,93
Isajlovi¢ vd. (2009) Adriyatik Denizi 0,0004** 2,65 0,92
Lelli vd. (2017)* Liibnan Kiyilari 0,004** 3,11 0,56
Basusta & Basusta (2018)* Iskenderun Kérfezi 0,0024** 3,01 0,95
Bu calisma Antalya Korfezi 0,208 2,94 0,94
0,0002** 2,94 0,94

*TL 6l¢timleri iizerinden yapilan ¢alismalar, **6l¢iim birimi mm olan ¢alismalar, I: disi ve 1: erkek.

Toplam 384 otolitin incelenmesi sonucunda; OL-PAL ve OB-PAL arasinda dogrusal iliskiler
bulunmustur. OW-PAL ve OW-OL arasinda ise dogrusal olmayan {istel iligkiler goriilmiistiir.
Analizler sonucunda 0,81-0,93 araliginda bulunan belirtme katsayilari (r?), otolit boyutlarinin biiyiik
Olciide balik boyu tarafindan belirlenebilecegini ortaya koymaktadir (Sekil 3). Masuti vd. (1995),
Katalan Denizi’nde Macrouridae familyasina ait bazi tiirlerin biyolojisi ve dagilimi iizerine yaptigi
calismada, 85 C. caelorhincus bireyinde OL ve PAL arasindaki iligkiyi, mevcut ¢aligmadan farkli
olarak dogrusal olmayan ustel bir  baginti kullanarak ~ degerlendirmis ve
OL = 0,488 x P4L"%8! (r2 =0,97) olarak belirlemistir. Ayn1 arastirmaci, OW ve OL arasindaki iligkiyi

de OW=0,2778 x OL*%** (r2= 0,92) olarak bulmustur. Rapor edilen bu iistel deger ¢alismamizda
bulunan degerden biraz daha yiiksektir.

Labropoulou & Papaconstantino (2000), Iyon Denizi’nde yaptiklar1 ¢aligmada 252 C. caelorhincus
bireyinin olgiimlerine dayanarak OW-PAL iliskisini, OW=0,013 x PAL"* (= 0,87) olarak
vermislerdir. Bu tstel b katsayisi degeri 1’den biiyiik olup mevcut ¢alismada bulunan degere ¢ok
yakindir. Ayni ¢alismada, 244 bireyin iistel OW-OL iliskisi, OW = 0,002 x OL**" (+*= 0,86) olarak
bildirilmis olup bu b degeri, istatiksel olarak ¢alismamizda bulunan degere esittir. Diger yandan s6z
konusu c¢alismada, OL =24,47 + 1,68 x PAL (r2= 0,85) seklinde verilmis olan OL-PAL dogrusal
iligkisinin katsayilari, ¢alismamizin bulgularindan farklidir. Isajlovi¢ vd. (2009), Adriyatik Denizi’nde
C. caelorhincus’un yas, biiyiime ve boy-agirlik iliskisi {izerine 175 bireyle yapmis oldugu calismada,
OL-PAL arasinda dogrusal bir iliski bulup bagintiyr, OL = 2,585+ 0,09 x PAL (+* = 0,95) olarak
hesaplamistir. Biiylimeye iliskin ¢esitli parametrelerin kiyaslanmasinda popiilasyonlar arasinda
farkliliklarin olmasi siklikla gozlenen bir durumdur (Tirasin, 1993).

Giirel (2013), Turkiye’nin Ege kiyilarinda yaptigi calismada, otolit biiyiikliikleri ve balik boy
Olciimlerini karsilastirilarak av-avci iligkilerinde kullanimini amagladigi ¢alismasinda, 96—172 mm TL
araliginda dagilim gosteren C. caelorhincus bireylerinin OL-TL arasinda dogrusal bir iligski bulup
regresyon denklemini OL =24,379 - 12,069 x TL (r2= 0,77) olarak vermistir. Egim katsayisinin “-”
degerli ¢ikmasi cok siipheli bir durum olup muhtemelen yazim sirasinda yapilan bir hatadan
kaynaklanmaktadir.

Sonu¢ olarak; otolit biiylimesi ve balik biiylimesi arasindaki iliskiyi tim yonleriyle
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degerlendirebilmek i¢in bu iliskiyle etkilesimde olan tiim diger etkenlerin de bilinmesi ve arastirilmasi
gerekmektedir. Bu calisma ile C. caelorhincus’un yasi ve biiyiimesi iizerine gelecekte yapilacak
aragtirmalar i¢in otolitlerin, sag veya sol bolgede yer almalarina bakilmaksizin veya eseysel farkliliklar
dikkate alinmadan degerlendirilebilir oldugu bulunmustur. Otolitlerin biiylimesine iliskin bulgular,
balik popiilasyonlariin biiyiime ve yasam dongiisii hakkinda énemli bilgiler saglayabilir ve balik¢ilik
yonetimi i¢in degerli bir aragtir. Calisgmamizin, Tiirkiye denizlerinde farebaliklari {izerine yapilmis az
sayidaki aragtirmaya katki saglayacagi diigiiniilmektedir.
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Abstract: Lake Abant became a nature park on October 21, 1988. The Park is connected Keywords
to Mudurnu (Bolu) district and is spread over an area including high mountains up to e Lake Abant
1800 meters. Lake Abant, located at 1350 m a.s.1, is one of the most critical areas in the o Bjology
center of the park. With a maximum depth of about 18 meters, the Lake is a landslide ¢ Ecotourism
lake, and its area is about 125 ha. Due to the changing climatic conditions, a more humid o Endemic
and rainier environment is dominant in the region. The existence of many species (e.g.,
fungi, insects) is not known yet due to the limited number of studies on the biodiversity
in the park, which is rich in fauna and flora. However, the potential biological richness of
the park is estimated to be much greater than the available information. This article deals
with Lake Abant from historical, geographical, ecological, and many other aspects.

o Trophic State

Ozet: Abant Golii 21 Ekim 1988 yilinda Tabiat Parki olmustur. Park, Mudurnu (Bolu) Anahtar kelimeler
ilgesine bagli olup, 1800 metreye kadar yiiksek daglarin bulundugu bir alana yayilmigtir. e Abant Golii

Deniz seviyesinden 1350 m yiikseklikte bulunan Abant Goli, parkin merkezindeki en o Biyoloji

6nemli alanlardan biridir. Maksimum derinligi yaklasik 18 metre olan gdl heyelan o Ekoturizm
goliidir ve alani yaklagik 125 hektardir. Degisen iklim kosullari nedeniyle bélgede daha o Endemik

nemli ve yagish bir ortam hakimdir. Fauna ve flora agisindan zengin olan parkta
biyogesitliligi ile ilgili smirli sayida calisma olmasi nedeniyle pek ¢ok tiiriin (6rnegin
mantar, bocek) varligi heniiz bilinmemektedir. Ancak parkin potansiyel biyolojik
zenginliginin mevcut bilgilerden ¢ok daha fazla oldugu tahmin edilmektedir. Bu makale
Abant Golii'nii tarihi, cografi, ekolojik ve daha birgok yoniiyle ele almaktadir.

e Trofik Durum

1. INTRODUCTION

Turkey is in one of the world's leading regions, with its freshwater treasures. It has 90 natural lakes
of 946,400 ha. In addition to being used for electricity, irrigation, drinking water, and fishing,
Turkey’s existing water resources are also used for recreational purposes due to their natural beauty.
Lake Abant is one of Turkey's most important natural lakes and is a frequent destination for many
local and foreign tourists due to its natural beauty. The first tourism activities in the Abant region
started with the construction of the first 12-room wooden building in the 1930s. Due to its biological
richness and natural beauties, the General Directorate of National Parks converted an area of 1150
hectares into Abant Nature Park on October 21, 1988, with the second paragraph of the 23" article of
the National Parks Law dated August 9, 1983, and numbered 2873 (Miiderrisoglu et al., 2005). Lake
Abant, which is located in the park area, is prohibited from fishing. After Lake Abant was declared a
nature park, it turned into a water system without human intervention. The reeds, lotus fields, and
underwater trees around the lake started to increase. Despite its rich biodiversity, practices, climate
change, and acid rain residues, the roots of the trees have been flooded, the diversity has decreased and
even endemic species such as otters are on the verge of extinction. The fact that not much research has
been done on Lake Abant has forced us a lot while writing this article. Therefore, in this article, Lake
Abant has been comprehensively discussed.
1.1. Lake Abant

Lake Abant is a natural lake located in the Western Black Sea Basin, 30 km from Bolu, at the
coordinates of 31°, 16' 735 E, and 40°, 36' 713 N (Figure 1). The area of Lake Abant is 125 ha; its
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height above sea level is 1340 m; its maximum depth is approximately 18 m (Figure 2); and its
circumference is 6 kilometers (Celekli & Kiilkdyliioglu, 2006; Karakaya et al., 2011). Abant Lake is a
natural landslide-set lake that closes the Abant Stream valley to the mass falling from steep and
sloping slopes (Tosun, 2014). The main water sources of the lake are rain and melting snow waters
and various streams. It is known that the behavior of the lake is completely mixed at least once a year,
and the volume of water obtained varies according to the season and the year. The rapid cooling of the
air in winter causes the lake to freeze completely from the shore (Mater & Sunay, 1985; Miiderrisoglu
et al., 2005). The lake is fed by snow and rainwater, especially in the winter and early spring seasons,
and excess water from Lake Abant merges with Abant Creek and flows into Biiyiiksu Stream flowing
towards the Bolu region (Kiilkdylioglu et al., 2005; Celekli, 2006).

| ¢ Bolu City Boundaries

The tectonic-origin lake is located on the North Anatolian fault line. Lake Abant is controlled by
tectonic activities in the west of the study area, at the western end of the Gerede segment, where the
main fault direction changes between 75-80 and 80-85 degrees. The lake is located at the end of the
1944 earthquake rupture and the beginning of the 1957 and 1967 earthquake ruptures (Demirtas,
2000). Earthquake fractures passed through the northwest corner of the lake and continued in the
northeast-southwest direction.

The development of Lake Abant and its surroundings formed sandy, clayey, and calcareous soils by
melting the schist and serpentine forming the bedrock during various Paleozoic tectonic events (Mater
& Sunay, 1985). However, the most effective change occurred when the first humans settled around
the lake (Bottema et al., 1995). At this stage of events, the lake surface area was expanded to create
shallow habitats for rainbow trout (Oncorhynchus mykiss, Walbaum, 1792).
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1.2. Physicochemical Variables

Physicochemical variables (e.g., temperature, pH, dissolved oxygen, carbon dioxide, Secchi disc
depth, orthophosphate, etc.) are one of the ecological factors that affect the lake ecosystem and its
biodiversity. Environmental variables of Lake Abant between 2003 and 2005 are given in Table 1. In
the study, the highest value in temperature was 15.54 °C in August 2004, and it is seen that the
temperature increases with the mixing of the lake and the change in the climate in spring and autumn,
and the dissolved oxygen decreases accordingly (Celekli & Kiilkoylioglu, 2006). Another
limnological study showed that the water temperature in Lake Abant seasonally varied from 5.1 °C in
winter to 25 °C in summer, and dissolved oxygen decreased from 9.3 mg/L in winter to 8.5 mg/L in
spring (Atici et al., 2019). Physicochemical variables changed seasonally as well as depending on the
year. Celekli (2006) reported that chlorophyll-a varied from 0.98 pg/L in April 2004 to 4.65 pg/L in
January 2005. Aticit and Obali (2002a) found that chlorophyll-a concentration in Lake Abant ranged
from 3.5 pug/L and 10.8 pg/L. They reported that electrical conductivity (EC) varied from 200
umhos/cm in the winter to 280 umhos/cm in the summer. Celekli (2006) stated that eEC ranged from
207,83 uS/cm to 236,14 uS/cm and its average is 219,51 uS/cm. According to Turkish surface water
quality regulation standards (TSWQR, 2016), Lake Abant has class | water quality based on EC, PQO,,
NOs-N, dissolved oxygen, and pH variables.

Table 1. Physical and chemical variables of Lake Abant during two years between August 2003 and August
2005 (Kiilkdylioglu et al., 2005; Celekli & Kiilkoyliioglu, 2006).

Temp pH DO Cond. BOD NTU Chlo-a SD N-NO; P-PO,

August03 1409 8.21 5.52 236.14 310 129 191 498

September03 1520 8.12 6.51 21116 345 039 171 645

October03 13.38 8.13 6.05 21210 362 070 177 745 0.038
November03 952 814 6.38 210.17 330 477 293 355 0.043
December03 568 794 1186 21034 760 425 326 5.08 0.037
January04 147 809 1020 213.07 511 019 445 278 0.033
April04 3.07 7.64 8.96 220.30 530 1390 098 310 0.001 0.036
March04 789 786 1032 22807 526 082 346 265 0.001 0.039
June04 11.05 7.50 7.63 22549 380 133 355 450 0.001 0.050
July04 13.06 7.54 6.49 227718 254 393 247 6.08 0001 0.034
August04 1554 7.99 7.69 216.76 396 114 178 295 0.000 0.018
September04 1524 7.74 7.74 21222 452 249 189 674 0.003 0.048
October04 1401 7.71 6.92 20783 573 706 267 635 0.004 0.035
November04 1166 7.22 6.54 208.23 3.09 10.05 312 6.08 0.003 0.041
December04 493 735 1078 21080 508 359 132 513 0.001 0.039
April05 537 749 1143 21865 598 785 282 3.68 0.001 0.052
March05 1129 738 1295 22918 881 184 465 343 0.001 0.035
June05 13.14 7.26 8.39 23069 6.12 166 227 462 0001 0.052
July05 13.7 8.24 7.30 23473 395 299 389 535 0001 0.031
August05 144 8.05 6.60 22645 353 122 18 39 0.001 0.017
Mean 10.68 7.78 8.31 21951 469 357 264 474 0.001 0.038

Temp. temperature, DO dissolved oxygen, Cond. conductivity, Chlo-a chlorophyll-a, BOD, biological oxygen demand, SD Secchi depth, N-
NOs-nitrate, P-PO4-phosphate, and NTU Nephelometric turbidity unit.

Cadmium, lead, mercury, and chromium were found in the samples of water and planktonic
organisms in Lake Abant (Atici et al., 2019). The heavy metal level varied seasonally. The order of
heavy metals in water samples is Cd > Pb > Cr > Hg in spring; Pb > Cr > Cd > Hg; Pb > Cd > Cr > Hg
in autumn; and Pb > Cr > Cd > Hg in winter. Cadmium (Cd) was at its highest concentration at 108.5
pg/l in the water in the spring period and with 100.81 pg/gr in plankton during the winter in Lake
Abant. The maximum concentrations of lead (Pb) were found in the water during the summer at 267.0
ug/l and in the plankton in the autumn at 589.82 pg/gr. Mercury (Hg) was at its highest concentration
in the water during the winter at 1.28 pg/l and in the plankton at 1.63 pg/gr in the spring. In the spring,
the water contained 58.00 pg/l of chromium (Cr), while the plankton contained 144.64 pg/gr during
the summer (Atici et al., 2019).
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1.3. Biological feature

Lake Abant and its surroundings are very rich in flora and fauna due to factors such as the
coexistence of forest and lake ecosystems, climate, land structure, and height difference. There are
approximately 1305 scientifically defined species in the nature park area of Lake Abant
(Kiilkdyliioglu, 2014). It is reported that there are more than 50 endemic plants in this area (Tiirker &
Giiner, 2003). Among these, one of the best-known is Crocus abantensis (Abant Crocus, Figure 3).
This plant grows on some high plateaus in a special soil structure that has adapted to cold climates and
is very sensitive to aeration expectations. For this reason, the European Committee has included this
species in the Treaty on the Conservation of European Wildlife and Natural Habitats. In addition, there
are animal and vegetation samples defined in the lake and park area, and there are many living things
that have not yet been studied in the basin and their contribution to biological diversity has not yet
been determined. Apart from these, Panthera pardus, known to have lived in this region for a while
when it became extinct, is one of them (Kiilkdyliioglu, 2014). The most important forest and shrub
species are Pinus nigra, Pinus sylvestris L., Abies nordmanniana, Abies bornmulleriana, Populus
tremula L., Fagus orientalis, Acer sp., Salix sp., Crataegus sp., Tamarix sp., Corylus sp., llex sp.,
Juniperus sp., Vaccinium sp. and others (Cakir et al., 2016).

Figure 3. Crocus abantensis (Cevik, 2015).

The lake is surrounded by a protected forest, meadow, and wetland that support a variety of plant
and animal life. Some of the vegetation found around the lake includes coniferous and deciduous trees
such as pine, spruce, oak, and beech, as well as a variety of shrubs and wildflowers. The wetlands
around the lake also support a variety of aquatic plants, such as reeds and water lilies. 50 out of 664
species in the lake are endemic: at least 5 out of 12 mammal species (mouse, rat, Muscardinus
avellanarius abanticus), 7 fish species (Salmo trutta abanticus), 285 phytoplankton species are
endemic; 16 of more than 150 lichen species, 1 of 13 ostracoda species, 4 of 22 new rotifera species
are new records for Turkey and 3 tailed frog species (Small salamander, Triturus vulgaris koswigii)
are type species (Kiilkoyliioglu, 2012). Salmo trutta abanticus and Triturus vulgaris koswigii are given
in Figures 4 and 5, respectively.
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Figure 5. Triturus vulgaris koswigii (Taskin & Olgun, 2003).

Phytoplankton are microscopic organisms that are the primary food source for aquatic life. They
are also important for the global carbon cycle and oxygen production. Phytoplankton assemblages are
among the biological components that are frequently utilised to evaluate the ecological characteristics
of lentic ecosystems and provide important knowledge about ecosystem health (Celekli and Ozpinar,
2021). Phytoplankton exhibit different responses to a variety of pollution gradients, making them
powerful indicators in ecosystems (Reynolds et al., 2002).

Phytoplankton as bioindicator taxa have become an integral part of water quality monitoring in the
majority of the world (Reynolds et al., 2002). There is likely to be a very diverse phytoplankton
population in Lake Abant, but more information will be needed to provide a specific response. In the
study (Celekli & Kiilkdyliioglu, 2006), 285 taxa were identified in 69 different genera between 2003
and 2005. Some taxa from the species (for example, Chroococcus turgidus, Microcystis aeruginosa,
Oscillatoria limosa, O. sancta, Spirulina maior, Anabaena bergii, A. planctonica, Cylindrospermum
minutissimum, Trachelomonas volvocina, Cryptomonas ovata, and Ceratium hirundinella) are
observed at almost all sampling times (Figure 6), while others have a certain seasonality. A total of 42
phytoplankton species from Lake Abant was the first report for the algal flora of Turkey and 30
species were the first record for Lake Abant (Celekli et al., 2007). In a previous study, Atict and Obali
(2002a) determined that 68 and 62 phytoplankton species were identified in Lake Abant and Lake
Yedigoller, respectively. Bacillariophyta is the most abundant group with 25 species in Lake Abant,
followed by Chlorophyta with 23 taxa and Cyanobacteria with 9 species. Bacillariophyta comprises
the majority of phytoplankton in Lake Yedigoller, followed by Chlorophyta with 11 species and
Cyanobacteria with 9 species. In Lake Abant, Asterionella formosa, Fragilaria intermedia, Synedra
ulna, Merismopedia tenuissima, Scenedesmus bijuga, Oocystis borgei, Sphaerocystis polycocca,
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Ceratium hirundinella, Staurastrum polymorphum, and Trachelomonas volvocina had been observed
almost throughout the studied period (Atict & Obali 2002a). In another study (Atict & Obali 2002b),
83 phytoplankton taxa were identified, of which 34 to Bacillariophyta, 26 belong to Chlorophyta, 10 to
Cyanophyta, 4 to Euglenophyta, 6 to Dinophyta and 3 to Chrysophyta divisions. 10 of the determined
taxa are new records for the algae flora of Tiirkiye.

A total of 138 benthic algal taxa were identified from Lake Abant (Atict el al.,, 2005).
Bacillariophyta is the dominant group with 69 species, followed by Chlorophyta with 28 taxa and
Cyanobacteria with 29 species. Other algal groups were represented by Euglenophyta with 7 species,
Chrysophyta with 3 species, and Pyrrophyta with 2 species.

b f

Figure 6. a) Microcystis aeruginosa, b) Chroococcus turgidus, ¢) Anabaena planctonica, d) Anabaena bergii,
e) Spirulina maior, f) Trachelomonas volvocina (scale 10 um) (Celekli et al., 2007).

Atici & Tokatli (2014) reported that the physicochemical properties and phytoplankton
compositions of Lake Abant indicate that the eutrophic tendency is present. The eutrophication of the
lake is primarily the result of human activities and an urbanized catchment area (Atic1 & Tokatl,
2014). Therefore, it is imperative to take conservation measures to prevent further eutrophication of
these lakes, and the relevant authorities of the municipality are firmly advised to implement their
restoration programs and minimize the impacts of human activities in and around the lakes.

Diatoms are found all over the world in a variety of environments where conditions are suitable for
some essential elements (such as light, temperature, and chemical components), including freshwater
and marine waters (Smol & Stoermer, 2010). Diatoms are also important bioindicators of water quality
and are used in a wide range of studies, including environmental monitoring and assessments (Celekli
et al., 2021). Diatoms are especially useful for detecting changes in aquatic communities because of
their rapid response to changes in the aquatic environment. They are sensitive to changes in water
quality, including levels of nutrients, acidity, and pollutants such as heavy metals and organic
chemicals (Celekli et al., 2021). In the previous study (Celekli & Kiilkdyliioglu, 2006), a total of 123
taxa, including 4 genera and 11 taxa belonging to the Centrales and 29 genera and 112 taxa belonging
to the Pennales, were identified and some species are shown in Figure 7.
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Figure 7. a) C. amphicephala, b) C. leptoceros c) C. ehrenbergi, d) C. aspera,
e) C. helvetica, (Scale 10 um), (Celekli & Kiilkoylioglu, 2006).

Agquatic macrophytes in rivers and lakes are used as indicators for monitoring environmental
impacts and eutrophication is being developed for macrophytes in various countries (Coskun &
Demir,2019). Aquatic macrophytes in Lake Abant; Juncus articulatus, Lemna minor, Phragmites
australis, Trinex steud, Schoenoplectus lacustris, Nuphar lutea, Nymphaea alba, Potamogeton natans,
Myriophyllum spicatum, and M. verticillatum were detected (Coskun & Demir, 2019). When the
distribution of macrophyte species in the lake is examined according to the sampling periods, P.
australis, S. lacustris, and N. lutea species proliferated in the northern, western, eastern, and southern
regions of the lake, while N. alba multiplied only in the southern regions (Coskun & Demir, 2019).

Benthic macroinvertebrates are bioindicator organisms that show the ecological structure and water
quality of lentic and lotic systems by analyzing their characteristics, such as species composition,
biomass values, numbers, life cycles, and seasonal changes (Simsek, 2015). In the study; as a result of
the examination of benthic macroinvertebrate samples collected from 7 stations selected from Lake
Abant, which was carried out seasonally between November 2015 and July 2017, an average of 10085
organisms and 49 taxa were identified. About 12 species from the Oligochaeta, 21 species from the
Chironomidae and one species from the Chaoboridae were identified in Lake Abant (Tereshenko,
2019).

A total of 16 ostracod species were found in and around Lake Abant (Bolu, Turkey); Physocypria
kraepelini, llyocypris bradyi, Heterocypris incongruens, Notodromas monacha, Pseudocandona
conspressa, Eucypris pigra, Herpetocypris chevreuxi, Psychrus, psychrussychrus, Psychrodromus
fontinalis, Cypris pubera, and Leucocythere sp. (Diigel et al., 2008). While 80% of these species have
a cosmopolitan distribution at least within the Holarctic region, two species (P. fontinalis and E. pigra)
are new records for the region (Diigel et al., 2008).

1.4. Trophic state and Ecological status of Lake Abant

Two methods are used to monitor waters and determine their ecological status. The first of these is
the use of biological quality elements (bioindicators), and the second is the use of physicochemical
methods. As a result of the researches, it has been seen that besides the physical and chemical
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properties, the use of biological indicators in studies is much more appropriate. In the European
Union, there are more than twenty directives on the protection of the earth's water reserves
(Maastricht, 1991). Among these, the Water Framework Directive dated November 22, 2000,
consisting of 26 articles and 11 annexes, has an important place (Directive, 2000). The basic principle
of WFD is the identification, prevention, control, and maintenance of pollution sources. In the
directive, biological quality elements (diatoms, phytoplankton, macrophytes, fishes, and benthic
macroinvertebrates) are used to determine the ecological status of surface waters (Directive, 2000).
Phytoplankton as bioindicator taxa are frequently used to evaluate the ecological characteristics of
lakes and reservoirs and provide important knowledge about the ecological status of ecosystems
(Reynolds et al., 2002).

Carlson (1977) and OECD (1982) methods were used to determine the trophic state of Lake Abant.
Temporary changes in trophic state index (TSI) values of Sechi depth, phosphate, and chlorophyll-a
measured monthly between 2003 and 2005 are given in Figure 8 (Celekli, 2006). According to the
results of Carlson (1977) and OECD (1983) based on Secchi depth, chlorophyll-a, and phosphate
concentrations, Lake Abant showed mesotrophic features.
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Figure 8. Temporary changes in TSI values of Secchi depth, total phosphorus, and chlorophyll-a measured
monthly between 2003 and 2005. The code for each month (e.g., June 2003 (J3)) is the trophic status code
(TSl+p, TSlcho, and TSlsp) (Celekli, 2006).

The water quality of Lake Abant was evaluated not only by chlorophyll-a, Secchi depth, and
phosphorus content but also by the BODs and the total number of coliform bacteria. BODs values
showed that this lake was in beta mesosaprobic state. The maximum total coliform bacteria were
recorded as 4x10* cfu/ml in this lake in the autumn and spring seasons. Also, Escherichia coli was
found in Lake Abant, probably due to the high organic matter flow from the sewage of its surrounding
settlement (Figure 9). As a result, the values suggest that Lake Abant is not suitable for swimming due
to its high coliform bacteria content (Celekli, 2006).
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a oS
Figure 9. a and b) Colonies of total coliform bacteria (Celekli, 2006).

1.5. Ecotourism of Lake Abant

Bolu city center stands out in terms of tourism with its historical and cultural sites, thermal springs,
health tourism, and sports tourism. Lake Abant, one of Bolu's natural beauties, and its route are a
center of attraction for ecotourism in all seasons (Figure 10). In this way, people benefit from the
blessings of tourism through hotels, motels, restaurants, and businesses selling local products along the
way. In addition, there are activities such as bird watching, paragliding, cycling and trekking, and
horseback and carriage tours in and around Lake Abant, and the number of visitors for the last 10
years is given in Figure 11 (Geng et al., 2017). In the last 20 years, the highest number of tourists was
in 2019.
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Vegetation and soil compaction are the most frequently evaluated ecosystem features. Effects on
vegetation are typically clear, but significant data collection is re quired to determine effects on soil.
Plants, riverbanks, and water resources are damaged by visitor activities around the lake and human
interventions such as roadworks. Reduced riparian vegetation has the potential to affect fish species
and populations, resulting in changes in water temperatures and reduced uptake of organic matter
(Cole & Landres, 1995).
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Figure 11. Number of visitors in Lake Abant

1.6. Challenges in Lake Abant

A report (Tuncer, 2013) incited environmental destruction in Lake Abant Nature Park (Figure 12).
The report focused on:

i. As can be observed, there is a conflict between the 1/10 000 scale of Long-Term Nature
Conservation and National Parks, and the actions carried out in the Lake Abant Nature Park between
2009 and 2010 (Tuncer, 2013).

ii. To maintain this width, excavations were constructed on the forest side of the lake while filling
the lakeside, and the existing soil structure and vegetation in these regions were modified. The road
surrounding the lake was widened to 15-16 m in some locations, (Tuncer, 2013).

iii. Sections of the flora and fauna, which are living things with living spaces, were "destroyed"
recklessly and carelessly on the filled-in lakeside, where the lake shore-side line was altered, and on
the filled parts (Figure 12) (Tuncer, 2013).

iiii. Additionally, excavations are done on steep slopes where erosion could carry the soil cover into
the lake; these excavations are not reinforced with vegetation or machinery and are vulnerable to
erosion (Tuncer, 2013).
like otters, turtles, and small mammals (Rodentia and Insectivora) from passing. It has been reported
that this is contrary to the provision that "new roads cannot be opened and existing ones cannot be
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expanded". The trees near the water were submerged by the increasing water level in the lake (Tuncer,
2013).
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Bu béliimde ¢aligmanin yiiriitiilmesine finansal destek saglayan kurumlar destek numarasi kullanilarak belirtilir.

Ornek-1: Bu galisma 3241-E2-14 proje numaras ile Isparta Uygulamali Bilimler Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir.

Ornek-2: Bu ¢alismanin yiiriitiilmesinde herhangi bir finans destegi alinmamuistir.

CIKAR CATISMASI BEYANI
Bu béliimde yazarlarin varsa ¢ikar ¢atismalari belirtilir.

Ornek: Yazarlar, bu calismay: etkileyebilecek finansal ¢ikarlar veya kisisel iliskiler olmadigini beyan eder.

YAZAR KATKILARI
Bu boliimde isim ve soy ismin ilk harfleri kullanilarak yazarlarin ¢alismanin ilgili agsamalarina yaptiklar1 katkilar
belirtilir.

Ornek:
Kurgu: BT; Metodoloji: CT, FU; Deneyin gergeklestirilmesi: FM, CT, FU; Veri analizi: FU, TA; Makale yazimu:
CT, FU, Denetleme: CT. Tiim yazarlar nihai taslagi onaylamistir.

ETIK ONAY BEYANI

Bu boliimde ¢alismanin yiiriitiilmesinde alinan etik kurul onaymin alindigi kurum, tarih ve numarasi belirtilir.
Omurgali hayvanlarla yiiriitillen calismalarda Yerel Etik Kurul Onayi, anket/miilakat g¢alismalarinda ise
Girisimsel Olmayan Arastirmalar Etik Kurulu Onay:1 gerektirdigi halde beyan edilmeyen makaleler bilimsel
degerlendirmeye alinmamaktadir.

Ornek-1: Bu galismada deney hayvanlari kullanilmamasi nedeniyle Yerel Etik Kurul Onay1 alinmamustir.

Ornek-2: Bu g¢alisma Isparta Uygulamali Bilimler Universitesi Hayvan Deneyleri Yerel Etik Kurul onay ile
yuritilmistiir (Tarih: 01.07.2010, No: 21438139-147).

VERI KULLANILABILIRLIK BEYANI
Bu boliimde makalede kullanilan verilerin anonim kullanilabilirligine iliskin beyanda bulunulmalidir. Acta
Aquatica Turcica dergisi, yazarlar1 arastirma verilerini paylasmaya tesvik etmektedir.

Ornek-1: Bu calismada kullanilan veriler Figshare platformunda ttps://doi.org/10.6084/m9.figshare.11815566.v1
DOI adresi ile erisime agiktir.



Ornek-2: Bu ¢aligmada kullanilan verilere ilgili yazardan talep iizerine erisilebilir. Veriler, gizlilik veya etik
kisitlamalar nedeniyle kamuya agik degildir.

Ornek-3: Bu ¢alismada kullanilan veriler makul talep iizerine ilgili yazardan temin edilebilir.

Ornek-4: Bu caligmada yeni veri olusturulmadigi veya analiz edilmedigi igin veri paylasimi bu makale igin
gegerli degildir.

Ornek-5: Arastirma verileri paylasiimaz.
Ornek-6: Bu ¢alismada kullanilan veriler bu makalenin ekinde mevcuttur.

ATIFLAR
Atiflar yil sirasina gore ve aralarinda noktali virgiil (;) olacak sekilde asagidaki formatlarda yazilir:

- Tek yazar:

(Yazar, yil)

-- ... oldugu diisiiniilmektedir (Kiigiik, 2008; Giiglii, 2018a; Giiglii, 2018b).
-- Kiigiik (2008)’e gore ...

- Iki yazar:

(Yazar-1 ve Yazar-2, yil)

-- ... dbnemli parametreler arasinda yer almaktadir (Kiigiik ve Giiglii; 2001; Ekici ve Koca, 2021a; Ekici ve Koca,
2021b).

-- Ekici ve Koca (2021b)’a gore ...

- Ug ve daha ¢ok yazar:

(Yazar vd., yil)

-- ... donemsel olarak tekrarlayabilmektedir (Yigit vd., 2006a; Yigit vd., 2006b; Boyac1 vd., 2020)
-- Boyac1 vd. (2020)’e gore ...

KAYNAKLAR

Kaynaklar APA 7. versiyona gore yazilmalidir. Tiim yazarlarin isimleri verilmelidir, ancak 10. yazardan sonra
“vd.” kisaltmas1 da kabul edilmektedir. Ozel kullanimlar hari¢ olmak iizere tiim eser tiirlerinde eser isminin
sadece ilk harfi biiyiik, eserin yaymlandigi veya sunuldugu dergi, yayinevi, kongre isimlerinde gegen tiim
kelimeler biiyiik harfle baslanarak yazilmalidir.

1-Makale
Dergi ismi kisaltilmadan (italik), cilt (italik), sayi, sayfa numaralari ve aktif link igerecek sekilde DOI
numarasina yer verilmelidir:

Petrauskiené, L., Utevska, O., & Utevsky, S. (2009). Can different species of medicinal leeches (Hirudo spp.)
interbreed? Invertebrate Biology, 128(4), 324-331. https://doi.org/10.1111/j.1744-7410.2009.00180.x

Wagenaar, D. A., Hamilton, M. S., Huang, T., Kristan, W. B., & French, K. A. (2010). A hormone-activated

central pattern generator for courtship. Current Biology, 20(6), 487-495.
https://doi.org/10.1016/j.cub.2010.02.027

2-Kitap
Kitap basligi italik olacak sekilde ve yayin kurulus ismi olacak sekilde verilmelidir.

Nesemann, H., & Neubert, E. (1999). Annelida, Clitellata: Branchiobdellida, Acanthobdellea, Hirudinea.
Spektrum Akademischer Verlag.

Sawyer, R. T. (1986). Leech biology and behavior. Oxford University Press.

3-Kitap boliimii
Boliim baslig1 normal, kitap bashg: italik olacak sekilde, editor(ler), boliimiin sayfa numaralari, yayinci kurulus



ve varsa aktif link icerek sekilde DOI numarasina yer verilmelidir:

Le Couteur, D., Kendig, H., Naganathan, V., & McLachlan, A. (2010). The ethics of prescribing medications to
older people. In S. Koch, F. M. Gloth, & R. Nay (Eds.), Medication management in older adults (pp. 29-42).
Springer. https://doi.org/10.1007/978-1-60327-457-9 3

McCormack, B., McCance, T., & Maben, J. (2013). Outcome evaluation in the development of person-centred
practice. In B. McCormack, K. Manley, & A. Titchen (Eds.), Practice development in nursing and healthcare
(pp. 190-211). John Wiley & Sons.

4-Web sitesi
Sayfa baglig1 italik, websitesinin ismi ve sayfanin aktif linki olacak sekilde verilmelidir.

International Union for Conservation of Nature. (2010). Chondrostoma nasus.
https://www.iucnredlist.org/species/4789/97800985

Wikipedia. (2021). Toxicology. https://en.wikipedia.org/wiki/Toxicology

5- Tezler
Tez bagligr italik olacak sekilde, tez tiirii (Doktora, Yiiksek lisans, Tipta Uzmanlik) ve iniversite ismi
belirtilmelidir.

Filik, N. (2020). Kiiltlir baliklarindan izole edilen Aeromonas hydrophila suslarinda fenolik bilesenlerin ¢evreyi
algilama sistemi iizerine inhibisyon etkisi ve suglar arasindaki klonal iligkinin pulsed field jel elektroforez
yontemiyle belirlenmesi [Doktora tezi, Isparta Uygulamali Bilimler Universitesi].

Ozdal, A. M. (2019). Effects on growth and coloration of red pepper suplementation as pigment sources to diets
of jewel cichlid (Hemichromis guttatus) [Yiiksek lisans tezi, Isparta Uygulamali Bilimler Universitesi].

6- Konferans, sempozyum sunumlari

Etkinlik tarihi, sunu bashg (italik), sunum tiri (S6zIli sunum, Poster sunum), etkinlik adi, sehir ve iilke
verilmelidir.

Ceylan, M., Cetinkaya, O. (2017, Ekim 4 - 6). Assessment of population structure and size of medicinal leech
Hirudo verbana, inhabiting some model wetlands of Turkey [S6zli sunum]. International Symposium on
Limnology and Freshwater Fisheries, Isparta, Tiirkiye.

Snoswell, C. (2016, Ekim 31 - Kasim 3). Models of care for store-and-forward teledermatology in Australia
[Poster sunum]. 7th International Conference on Successes and Failures in Telehealth, Auckland, Yeni Zelanda.

NOT: Dergi yazim kurallarina uygun olarak hazirlanmayan makaleler degerlendirmeye



