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Abstract

Sampling studies in Antalya Bay revealed the presence of two species of Pycnogonida belonging to the genus
Tanystylum. These species are identified as T. conirostre (Dohrn, 1881) and T. orbiculare Wilson, 1878. The presence of T.
conirostre is reported herein for the first time from the Antalya Bay, also the second time from the Mediterranean coast of
Turkey and the Levantine Sea. The record therefore further extends the known distribution of the species from the Mersin
Bay to the Antalya Bay in the Levantine Sea. T. orbiculare is reported in this study the second time from the Antalya Bay
and the third time from the Mediterranean coast of Turkey. Distribution map of both species in the eastern Mediterranean Sea
is provided, together with photographs and line drawings of the species.

Keywords: Pycnogonida, Tanystylum, Antalya Bay, Turkey, eastern Mediterranean
Antalya Koérfezi (Tiirkiye, Dogu Akdeniz)’nden deniz ériimcekleri (Arthropoda: Pycnogonida)
Ozet

Antalya Korfezi’nde yapilan 6rnekleme calismalar, Tanystylum cinsine ait iki piknogonid tiirii olan T. conirostre (Dohrn,
1881) ve T. orbiculare Wilson, 1878 nin varhigmi ortaya koymustur. T. conirostre Antalya Korfezi’nden ilk kez,
Tiirkiye’nin Akdeniz Kiyilarindan ve Levantin Denizi’nden ise ikinci kez bu ¢aligmada rapor edilmektedir. T. orbiculare ise
Antalya Korfezi’nden ikinci kez, Tirkiye’nin Akdeniz kiyilarindan ise iiglincii kez rapor edilmektedir. Her iki tiiriin dogu

Akdeniz’deki dagilimi, fotograf ve ¢izimi ¢aligmada verilmistir.

Anahtar Kelimeler: Pycnogonida, Tanystylum, Antalya Korfezi, Tiirkiye, Dogu Akdeniz

INTRODUCTION

The only scientific report to date of the pycnogonids of the Antalya Bay in Turkey (Stock, 1962)
recorded two species (Tanystylum orbiculare Wilson, 1878 and Achelia sp.). T. orbiculare is reported
also in this study from the Bay. Until now, only these two pycnogonid species were known from the
region. Additional samplings carried out in Antalya Bay revealed also the presence of Tanystylum
conirostre (Dohrn, 1881). The present study provides a new locality for T. conirostre in the
Mediterranean coast of Turkey and the Levantine Sea, also information about the distribution of both
species in the eastern Mediterranean Sea.

MATERIALS AND METHODS

Pycnogonids were collected at two sampling stations from hydroids (Figure 1) in the upper
infralittoral zone (0.5-0.7 m depth) of Antalya Bay (Figure 2). Coll. F. Durucan. Collected specimens
were fixed in 5% formaldehyde in the field and later rinsed with fresh water, and were then preserved
in 70% ethyl alcohol in the laboratory. The specimens sampled were examined under a
stereomicroscope. Drawings were made with the aid of a drawing tube mounted on an Olympus CX31
compound microscope. All pycnogonid specimens were identified to the species level using works by
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Stock (1968), Child (1992), and Lehmann et al. (2014). The specimens were deposited in the Museum
of the Faculty of Fisheries, Ege University, Izmir, Turkey (ESFM).

- " . -
Figure 1. Pennaria disticha Goldfuss, 1820, where the pycnogonid specimens are
collected (photographed by F. Durucan).
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Figure 2. Known distribution of Tanystylum orbiculare Wilson, 1878 and Tanystylum conirostre
(Dohrn, 1881) in the eastern Mediterranean Sea: filled rectangle, previous records of T. orbiculare;
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asterisk, previous records of T. conirostre; filled circle, indicating the present sampling area, i.e.,
Antalya Bay, as reported upon in this study
RESULTS

A total of 15 pycnogonid specimens belonging to one genus (Tanystylum) and 2 species (T.
orbiculare, T. conirostre) were found from the Antalya Bay.
Systematics

Class PYCNOGONIDA Latreille, 1810

Order PANTOPODA Gerstaecker, 1863

Family AMMOTHEIDAE Dohrn,1881

Genus Tanystylum Miers, 1879
Tanystylum orbiculare Wilson, 1878 (Figure 3)

Synonymised taxa: Clotenia orbiculare (Wilson, 1878)

Material examined: St. Inciralt, (36.859913 N, 30.728615 E), Pennaria disticha Goldfuss, 1820,
0.7 m, 13, 399, 1 subadult &, 1 subadult @ (EFSM-PYC/2020-1), 03.07.2020; St. Hamitbey,
(36.875957 N, 30.7068491 E), P. disticha, 0.5 m, 299, (EFSM-PYC/2020-2), 14.07.2020.

Previous records of T. orbiculare from the eastern Mediterranean Sea: ISRAEL. Haifa Bay (Stock,
1958a), Tantura (Stock, 1958b); EGYPT. Alexandria (Helfer, 1936); GREECE. Santorini Island
(Arnaud, 1987); TURKEY. Aegean coast of Turkey (Izmir Bay (Arnaud, 1976; Krapp et al. 2008),
Mediterranean coast of Turkey (Antalya Harbour (Stock, 1962); Mersin Bay (Kogak and Alan, 2013)
(Figure 2).

Worldwide Distribution: Atlantic-Mediterranean (Soler-Membrives and Munilla, 2015).

Figure 3. Tanystylum orbiculare Wilson, 1878, &, from Antalya Bay. A- Dorsal view; B-Tarsus and propodus
of left leg 4.

Tanystylum conirostre (Dohrn, 1881) (Figure 4)

Synonymised taxa: Clotenia conirostris Dohrn, 1881

Material examined: St. Inciralti, (36.859913 N, 30.728615 E), P. disticha, 0.7 m, 2 33, 2 subadult
??, 2 juveniles (EFSM-PYC/2020-3), 03.07.2020; St. Hamitbey, (36.875957 N, 30.7068491 E), P.
disticha, 0.5 m, 1 subadult @ (EFSM—-PYC/2020-4), 14.07.2020.

All previous records of T. conirosre in the eastern Mediterranean Sea were from Turkey: Aegean
coast of Turkey (Izmir Bay: Arnaud, 1976; Krapp et al. 2008; Cinar et al. 2008. Gencelli cove: Krapp
et al. 2008. Torba-Bodrum: Krapp et al. 2008). Mediterranean coast of Turkey (Mersin Bay: Kogak
and Alan, 2013) (Figure 2).

Worldwide Distribution: Atlantic-Mediterranean (Soler-Membrives and Munilla, 2015).
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Figure 4. Tanystylum conirostre (Dohrn, 1881), &, from Antalya Bay. A-Dorsal view; B-Tarsus and propodus of
left leg 4.

DISCUSSION

In this study, two pycnogonid species were identified belonging to the genus Tanystylum (T.
conirostre and T. orbiculare) from the study area. T. conirostre is reported herein for the first time
from the Antalya Bay, also second time from the Mediterranean coast of Turkey and the Levantine
Sea. This species was reported from the Levantine Sea (Mersin Bay) by Kogak & Alan (2013). The
record in the present study therefore further extend the known distribution of the species from the
Mersin Bay to the Antalya Bay in the Levantine Sea. The presence of T. orbiculare is reported in this
study the second time from Antalya Bay and third time from the Mediterranean coast of Turkey.

The earlier study by Stock (1962) reported two pycnogonid species (T. orbiculare and Achelia sp.)
from the research area, T. orbiculare was also obtained in the present study. With the addition of T.
conirostre, the known pycnogonid fauna of Antalya Bay rises to a total of three species. These three
different species of pycnogonids, out of a total number of 29 species in Turkey (Kocak, 2019),
represent 10.3% of all known pycnogonid species. To date, a total number of eight pycnogonid species
were found in the Turkish Mediterranean Sea (Kocak, 2015). Thus, the reported three species in the
Antalya Bay represent 37.5% of the actual Turkish Mediterranean Sea species.

The known pycnogonid species in Antalya Bay were reported in shallow water. Therefore, we
believe that deep-sea samplings in Antalya Bay and more detailed examinations along the coasts of
Antalya Bay will result in a more accurate count of the species of pycnogonida occurring in the region.

Acknowledgments: We are grateful to Dr. Daniela Pica (Department of Life and Environmental
Sciences, Polytechnic University of Marche, Ancona, Italy) who made the taxonomic identification
of Pennaria disticha Goldfuss, 1820.
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Abstract

An economically important species of Citharus linguatula was investigated in the Sea of Marmara (Eastern
Mediterranean, Turkey). Length-weight relationships, growth parameters, reproductive time, and first sexual maturity length
of the species were determined. A total of 236 individuals were analyzed, total length and weight varied from 7.5 to 26.5 cm
TL (17.11£3.62 cm) and 2.67 to 180.81 g (44.07+1.84 g), respectively. The length-weight relationship was calculated as
W=0.0047*TL** in total. The growth type was positive allometry for both sexes. Total individuals were ranged in age
between 1 and 4. According to sexes, von Bertalanffy growth parameters were calculated as L,,=23.44 cm, K=0.74 per year,
and t,;=-0.09 year for females and L,,.=20.75 cm, K=0.56 per year, and t;=-1.14 year for males. The size at first maturity was
17.6 cm TL for males, and 16.7 cm TL for females. When sexual maturity, K, and GSI values were evaluated together, the
reproduction period of C. linguatula was determined between September and December.

Keywords: Marmara Sea, spotted flounder, growth, length-weight relationships, sexual maturity
Marmara Denizi’nde Citharus linguatula (Linnaeus, 1758)’min Biiyiime Parametreleri ve Ureme Biyolojisi
Ozet

Marmara Denizi'nde ekonomik agidan 6nemli bir tiir olan Citharus linguatula aragtirilmistir. Tiiriin boy-agirhik iligkisi,
yas, biiylime, lireme zamani ve ilk eseysel olgunluk boyu belirlenmistir. Toplam 236 birey analiz edilmistir, toplam boy ve
agirlik degerleri sirastyla 7,5 — 26,5 cm TL (17,11 £ 3,62 cm) ve 2,67 — 180,81 g (44,07 + 1,84 g) arasinda degismistir. Boy-
agirhik iliskisi parametreleri tiim bireyler i¢in W=0,0047xTL>' olarak hesaplanmistir. Biiylime tipi her iki cinsiyet igin de
pozitif allometridir. Bireylerin yaglar1 1 ile 4 arasinda degismektedir. Cinsiyetlere gore von Bertalanffy biiylime
parametreleri, disilerde L,=23,44 cm, K=0,74 y11'1 ve t,=-0,09 yil, erkeklerde L,=20,75 cm, K=0,56 yll'1 ve tp=-1,14 yil
olarak belirlenmistir. ilk eseysel olgunluk boyu erkekler i¢in 17,6 cm TL, disiler igin 16,7 cm TL bulunmustur. Eseysel
olgunluk, K ve GSI degerleri birlikte degerlendirildiginde, C. linguatula'nin tireme donemi Eyliil ve Aralik aylari arasinda
belirlenmistir.

Anahtar Kelimeler: Marmara Denizi, kancaagiz pisi baligi, biiyiime, boy-agirlik iliskisi, eseysel olgunluk

INTRODUCTION

Spotted flounder (Citharus linguatula Linnaeus, 1758) is a member of the Citharidae family that
distribute confined geographical areas in worldwide. It occurs in Eastern Atlantic and Mediterranean.
It is a common flatfish around the Turkish coasts except for the Black Sea. The adults of this species
common in soft, muddy, and sandy habitats and generally catch at depths lower than 200 m (Nielsen,
1981). The members of the family Citharidae distinguish from all other flatfish families (Bothidae,
Cynoglossidae, Pleuronectidae, and Soleidae) with its single spine in pelvic fin (Nielsen, 1981). The
family has six members worldwide, whereas it is represented single species in Turkish waters (Nelson,
1994).
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C. linguatula is a target species of the local trawl fisheries (Demestre, 2006) but vulnerable for
fishing activities (de Juan et al., 2006). It is identified as a highly selective predator (de Juan et al.,
2007) and feeds on small fish and crustaceans (Fischer et al., 1987). It is ranked as the least concern
status in the IUCN Red List (Tous et al., 2015). It is well represented in trawl catches and has a
moderate commercial interest.

The length-weight relationship parameters about C. linguatula have been estimated in several
studies (Campillo, 1992; Dul¢i¢ and Kraljevi¢, 1996; Merella et al., 1997; Stergiou and Moutopoulos,
2001; Abdallah, 2002; Cicek et al., 2006; Sangun et al., 2007; Ozekinci et al., 2009; Demirel and
Dalkara, 2012).

Previous studies related to age, growth, and reproduction biology for C. linguatula is scarce
(Stergiou et al., 1997; Garcia—Rodriquez and Esteban, 2000; Cakir et al., 2005; Bayhan et al., 2009;
Cengiz et al., 2012; Cengiz et al., 2014; Cengiz and Ismen, 2018).

To our knowledge, this study reveals the first findings on the population parameters of this species
in the Sea of Marmara, Turkey. This study aimed was to determine the age, growth, mortality, and
reproductive biology of C. linguatula in the Marmara Sea.

MATERIALS and METHODS

Monthly trawl surveys were conducted between March 2017 and December 2018 from 34 stations
in the Sea of Marmara (Turkey) (Figure 1). Sampling stations were selected to represent varied depth
structures (0-50 m, 50-100 m, and 100-200 m depths). Trawl tows were realized according to
MEDITS’s standards. Each tow was conducted in daylight with 3 miles tow speed and 30 m duration.

The total length (TL) was measured to the nearest millimeter and the total weight (TW) was
recorded to the nearest gram. Sex and maturity stages were determined by examining the gonads
macroscopically. The length-weight relationship was estimated by the Sparre et al. 1989’s equation.

W=axTL" where W is the total weight (g) and TL is the total length (cm), a and b are regression
parameters. The growth type was identified according to equation (Sokal and Rohlf, 1987):
ts=(b-3)/SE(b) where ts is t-test value, b is a slope, and SE(b) is a standard error of the slope.

The catch per unit effort (CPUE) values (kg h™) were determined and the mean values were
computed based on depths. Biomass (kg km™?) estimations were calculated by the swept area method
(Sparre & Venema, 1998).
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Figure 1. Sampling stations and study area

Sagittal otoliths from the blindside were used for age determination. In flatfishes, the otoliths from
the blindside were used for age estimation, as the nucleus is more central and the zones were easier to
be interpreted compared to otoliths from the ocular side (Cengiz et al., 2012a, 2012b; Cengiz et al.,
2013). Growth parameters were estimated using the von Bertalanffy growth equation: Lt= L., /1-exp(
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k(t-t )./ where L(t) is the length at age, L., is the asymptotic length, K is the growth factor, and t, is
the theoretical age when the size of fish is zero. Growth parameters were estimated using the FISAT Il
program package (Sparre and Venema, 1998). The ¢ growth performance index was calculated as
follows; ¢ = logK+ 2xlog L.,

Total mortality (Z) was found with the linearised catch curve using the mean age composition
(Sparre and Venema, 1998). Natural mortality (M) was determined using Pauly’s (1980) formula:

Log(M) = (-0.0066) —0.279xlog(L)+ 0.6543xlog (K)+ 0.4634xlog (T) where the T (15 °C) is the
annual average temperature.

Fishing mortality was calculated using the following formula F=Z-M. The exploitation rate (E) was
obtained using the formula E=F/Z.

Stages of maturity were determined by Holden and Raitt (1974): immature, maturing, ripening,
ripe, and spent. To calculate the Gonadosomatic index values (GSI), the formula was used by Gibson
and Ezzi (1980): GSI= (GW/(BW—GW)) x100. The length at first maturity (Lso) was estimated by
fitting a logistic function using the Newton algorithm which is defined as P (1) =1/1+e—(a+bl)
where P (1) was the proportion of mature specimens at length 1, and a and b the parameters of the
logistic equation (Pifieiro and Sainza, 2003).

RESULTS
Sex Ratio, Length-Frequency, Length-Weight Relationships, and Biomass

In total, 236 individuals of C. linguatula were evaluated for analyses. The sex of individuals was
determined as 125 females (52.9%) and 83 males (35.2%). The sex of the remaining 28 (11.9%)
individuals was not determined due to immature gonads. The sex ratio was 1:1.5.

The total length and weight of individuals varied from 7.5 to 26.5 cm TL (17.11£3.62 cm) and 2.67
to 180.81 g (44.07+1.84 g), respectively. According to sexes, females ranged in length between 8.0
and 26.8 cm TL with a mean of 18.17+3.55 cm TL and in weight from 3.74 to 180.81 g with a mean of
52.3+2.76 g, whereas males ranged in length between 8.7 and 24 cm TL with a mean of 16.1£2.9 cm
TL and in weight from 4.6 to 102.4 g with a mean of 35.3+3.88 g. The length-frequency distribution
showed a normal curve and 23% of the total individuals were situated in 17 and 18 cm TL length
groups. In some length groups such as 12 cm (males) and 21 cm (females), dominance was observed
high upon sex (Figure 2). The LWR parameters were calculated as W=0.0043xL%?" for males,
W=0.0041xL%% for females, and W=0.0047xL3!" for both sexes (Table 1, Figure 3). The growth types
were determined as a positive allometric (t-test, p<0.05).

Mean biomass and catch per unit effort (CPUE) values were determined as 0.12 kg h™* and 1.65 kg
km2. In terms of depth contours, it has been determined that as the depth increases, the biomass and
CPUE also increases. The biomass and CPUR values were calculated as 0.27 kg h™, 3.72 kg km?
between 100 and 200 m depths. While biomass and CPUE were calculated as 0.13 kg h™, 1.79 kg km
for 50-100 m and 0.05 kg h™, 0.69 kg km™ in 20-50 m depth contours.
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Figure 2. Length-frequency distribution of C. linguatula for females and males

Table 1. Length-weight relationship parameters of C. linguatula for female, male and combined.

Sex a b R? N Growth type
F 0.0043 3.21 0.97 125 A+
M 0.0041 3.21 0.98 83 A+
C 0.0047 3.17 0.98 236 A+

F: female, M: male, C: combined, A+: positive allometry

W =0.0047xL317
122 R?=0.98 *
N=236
140 Total
120 A
£ 100
2 80 A
60 1
40
20
0 ; . : : . .
0 5 10 15 20 25 30

Total length [cm]
Figure 3. Length-weight relationship of C. linguatula for both sexes

Age, Growth, and Mortality

Spotted flounder aged | up to IV taers were present in the samples. The maximum age was
determined as 111 and IV for males and females, respectively (Table 2). In total, the most represented
age class was 11, representing 48.1% of the total.

According to sexes, the von Bertalanffy growth parameters were calculated as L.=23.44 cm,
K=0.74 y'l, and t,=-0.09 y for females, and L,=20.75 cm, K=0.56 y'l, and t,=-1.14 y for males. The
von Bertalanffy growth curves were shown in Figure 4.
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The total mortality (Z), natural mortality (M), fishing mortality (F), and exploitation rate (E) were
calculated as 1.03, 0.79, 0.24, and 0.23, respectively.

Table 2. The age-length key of C. linguatula

A Female Male
ges Min- Max Mean N Min- Max Mean N
1 14.3 14.3 1 13.5-17.5 15.13+0.85 4
2 15-21.7 18.72+0.81 9 14.7-19.6 16.96+0.42 11
3 18-22.7 20.58+0.46 11 19-19.8 19.4+0.40 2
4 20.3-26.5 22.86+0.82 6 - - -

Sexual Maturity and Reproductive Biology

The size at first maturity was 17.6 cm TL for males and 16.7 cm TL for females (Figure 5). The
condition factor (KF) of females was higher than males during the sampling period. According to
sexes, GSI values were ranged between 0.27 and 2.91 with a mean of 1.46 for females and ranged
from 0.16 to 2.16 with a mean of 0.71 for males. In terms of seasonal variation, GSI was highest in
October, whereas the minimum in April for both males and females. The mature gonads were found
between October and December for females and were observed between July and December for males.
When the sexual maturity, KF, and GSI values are evaluated together, the spawning period of C.
linguatula was determined between September and December and its peak in November.
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Figure 5. The logistic curve for estimating the size at first maturity (Lso) for female (A) and Male (B)

DISCUSSION

This study constitutes the first data deal with population parameters and reproduction biology of C.
linguatula for the Sea of Marmara. Although trawling is restricted, beam trawls and illegal fishing of
trawls are damaging all living creatures of demersal habitat in the Sea of Marmara. The slow-motion
capability of C. linguatula makes difficulties for escaping dragnets such as trawl and beam trawls.
Besides, Marmara Region hosts a great population, lots of industrial facilities, and commercial ports.
Industrialization and dense marine traffic create marine pollution and damage benthic life of the Sea of
Marmara.

Considering the population parameters, it must be known that biomass and stock structure of C.
linguatula gives negative signs in this study. Mean catch per unit effort (CPUE) was determined as
0,12 kg h™ and 1,65 kg km™. With increasing depth, biomass was increased as 0,27 kg h™: 3,72 kg km-
2 between 100 and 200 m depths. It was determined that the C. linguatula was mostly distributed
around the Southwest part of the Sea of Marmara. In this respect, C. linguatula keeps oneself a lot of
from the polluted area (Northeastern part). Torcu Kog et al., (2012) were determined that 4.49% of the
total demersal fish biomass of the Marmara Sea consisted of C. linguatula. In this study, C. linguatula
constituted 0.1% of the total biomass. As can be seen biomass values C. linguatula is under threatened
in the Sea of Marmara. According to TUIK, catch reports on C. linguatula validate this risk. While the
catch value was 53 tons in 2010, it decreased to 3.6 tons in 2018 (TUIK, 2018). Thus, knowledge of
population parameters becomes more critical for understanding the stock structure and taking
measures for sustainability.

C. linguatula ranged in age between 1 and 4. The von Bertalanffy growth parameters were
determined as L.,=26.1 cm, K=0.43 y™, and t,=-0.63 y. The total mortality (Z) was determined as 1.03
t and the natural mortality (M) was estimated as 0.79 t *. The fishing mortality (F) was calculated as
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0.24 t* and the exploitation rate (E) was determined as 0.23 t. As can be seen that, contrary to
expectations, the fishing mortality and exploitation rate were calculated low. Similarly, Tiirker-Cakir
et al., 2005 determined the mortality rates as Z = 0.60, M = 0.75, F = 0.15, and E = 0.25 in the Edremit
Bay and showed that the C. linguatula stock is being exploited at a lower than optimal level. When
compared with the growth parameters, the results were not different in terms of the phi-prime index.
According to the growth parameters, the females grow faster than the males similar to other results.
(Table 3). In all flatfishes, females grow larger and faster than males. This may be due to the
differences in metabolism between females and males, such as differences in oxygen consumption
differences in excess energy levels between reproduction and somatic growth, and different food
intake (Cengiz et al., 2014).

Tiirker-Cakir et al. (2005) were determined that C. linguatula was ranged in age between 1 and 5,
and nearly the same exploitation rate was given in Edremit Bay, Turkey. In another study, Bayhan et
al. (2009) were stated the same pattern with regards to age distribution. It was observed that in the
studies conducted around Turkish coasts, the asymptotic length values were close, whereas, in the
studies that revealed around Western Mediterranean (Teixeira et al., 2010; Garcia-Rodriguez and
Esteban, 2000), the values were high. It may be a result of varied seawater characteristics stemmed
from geographical differences. Besides, the fishing effort and the existence of sheltered areas may
affect it. The comparison of the length-weight relationship parameters of C. linguatula was shown in
Table 4. In previous studies, the b values were ranged between 2.82 and 3.45. It can be thought that
this great difference is caused by the abundance of nutrients in the environment. Besides the stomach
fulness at the time of fishing may be caused by this variation. As it is known, fish stomachs may
explode due to squeezing in the trawl bags, and in this case, it cannot possible to measure true weight.

Table 3. Comparison of the von Bertalanffy growth parameters of C. linguatula with previous studies

Author (s) Area Sex Lo Length K to [4)

. Middle Aegean M 22.9 TL 0296 -046 2.19
Stergiou etal., 1997 Sea F 259 TL 025/ 042 224
. . From Gibraltar M 30 TL 0.25 -0.04 2.35
Garcia-Rodriquez and Esteban, 2000 to Creus Cape 3 3 TL 025 016 > 13
Tiirker-Cakir et al., 2005 Edremit Bay  Both Sexes 25.3 TL 0.25 -1.68 2.2
Ulutiirk, 2007 Izmir Bay Both Sexes 27.4 TL 0.21 -164 2.2
Bayhan et al., 2009 Izmir Bay Both Sexes 26.2 TL 0.3 -0.62 2.31
Teixeiraetal., 2010 Portuguese M 30.8 TL 015 -44 2.15
Coasts F 30.2 TL 019 -34 2.24

. M 21.7 TL 029 -196 214
Cengiz and Ismen, 2018 Saros Bay E 556 TL 024 164 %
S . M 20.8 TL 056 -1.14 2.19

This study €a o F 2344 TL 074 -009 238

Marmara

Both Sexes  26.1 TL 0.43 -0.63 2.61

The spawning period of C. linguatula was determined between September and December and its
peak in November. The spawning period of C. linguatula was determined between August and
November in the Western Mediterranean (Sabatés, 1988); on Autumn in Portuguese Coasts (Teixeira
et al., 2010). In nearby areas, Kinacigil et al. (2008) were determined that the highest GSI values
between September and October in the Aegean Sea. Cengiz et al. (2014) were found the spawning
season of C. linguatula between September and November in the northern Aegean Sea. The results
that deal with the spawning period were consistent with the previous studies. It may be thought that C.
linguatula is a strong autumn spawner.
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Table 4. Comparison of length-weight relationships of C. linguatula with previous studies

Author Area Length-weight relationship parameters
Sex a b R’

Campillo, 1992 Adriatic Sea M+F 0.011 2.87
Dul¢i¢ and Kraljevi¢, 1996 Eastern Adriatic M+F 0.009 3.24 0.910
Merella et al., 1997 Balear Island, Spain M+F 0.003 3.30 0.986
Evvoikos, Greece M+F 0.009 2.98 0.980
Stergiou and Moutopoulos, (E;;:g;lgos and Trikeri Strait, M+F 0.001 3.45 0.820

2001

Northern Aegean Sea, Greece F 0.005 311 0970
' M+F 0.005 3.12 0.980
Abdallah, 2002 Alexandria, Egypt M+F 0.008 3.04 0.986
Santos et al., 2002 Algarve, Portugal M+F 0.011 2.87 0.810
Borges et al., 2003 Algarve, Portugal M+F 0.012 2.78 0.846
Mendes et al., 2004 Nazaré to St André, Portugal M+F 0.004 3.21 0.747
Cicek et al., 2006 Babadil Liman1 Bight, Turkey M+F 0.006 3.08 0.979
Karakulak et al., 2006 Gokgeada Island M+F 0.001 3.73 0.954
Sangun et al., 2007 Eastern Mediterranean, Turkey M+F 0.011 2.82 0.980
Giacalone et al,, 2010 Castellammare Bay, Italy M+F 0.006 3.14 0.990
2D($1n2" rel and Murat-Dalkara, Sea of Maramra, Turkey M+F 0.029 2.83 0.915
Torres et al., 2012 Cadiz Bay, Spain M+F 0.006 3.08 0.980
Moutopoulos et al., 2002 Korint Bay, Greece M+F 0.007 3.01 0.962
M 0.0043 3.21 0.97
This study Sea of Marmara, Turkey F 0.0041 3.21 0.98
M+F 0.0047 3.17 0.98

Length at first maturity was determined as 17.6 cm TL for males and 16.7 cm TL for females. The
previous results on length at first maturity was determined by Vassilopoulou and Papaconstantinou
(1994) as 12.4 cm for males and 15.1 cm for females; by Kinacigil et al. (2008) as 12.9 cm for males
and 12.0 for females and by Cengiz et al. (2014) as 15 cm for males and 14 cm for females. In some
studies, it was identified that male flatfish reach the length at first maturity earlier than females (Roff,
1982; Cengiz et al., 2014). This situation was observed in some studies for C. linguatula but was not
observed in this study and Kinacigil et al. (2008)’s study.

Consequently, the knowledge of growth parameters and reproduction biology of fish is a vital tool
for evaluating the stock status in a given area. Due to its variable nature, these works should be
determined for all species in all independent areas. It could complete the important missing parameters
related to the biology of the C. linguatula in the Sea of Marmara and provide necessary information to
fisheries authorities. And is considered to be the basis for the revision and amendment of regulations
regarding the capture and sustainable production. Therefore, this study is thought to fill a gap in this
sense.

CONCLUSION

The fisheries management authority can regulate minimum catch length according to Lsg
information if applicable. In Turkey, there is no valid knowledge of the first catch length of C.
linguatula. According to our Ls, results, the minimum catch length can be regulated as not less than 17
cm TL for each sex. The fishing mortality and exploitation rate results of this study showed that C.
linguatula stock in the Sea of Marmara is not in great danger in terms of sustainability. The low values
related to fishing mortality against high fishing pressure in the Sea of Marmara are remarkable.
According to CPUE values due to distribution depths, C. linguatula is mostly distributed in deeper
areas. Whereas beam trawls are generally fishing shallower depths than the distribution depths of C.
linguatula. This situation may cause less exposure to high catch pressure.
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Ozet

Bu ¢alismada, iilkemizde ekolojik ve ekonomik dneme sahip birka¢ dalyandan biri olan Koycegiz Dalyani’ndaki Altinbas
(Chelon auratus) ve Mavri (Chelon labrosus) kefal tiirlerinin besinsel igerikleri aylik olarak incelenmistir. Koycegiz
Dalyant’na giren bu kefal tiirlerinin 12 ay boyunca protein, yag, nem, kiil ve yag asidi olmak tizere besin kompozisyonu
analizleri yapilmistir. Bu sayede dalyandan kefal avlayarak satisa sunan DALKO kooperatifi igin bu tiirlerin besin igerigi
etiket bilgileri olusturulmustur.

Calisma sonucunda Altinbag kefal; Ocak, Subat, Mart, Haziran, Temmuz, Eyliil, Kasim ve Aralik aylarinda ve Mavri
kefal; Ocak, Mart, May1s, Haziran, Temmuz, Agustos ve Eyliil aylarinda temin edilmistir. En yiiksek protein miktar1 Altinbag
kefal ve Mavri kefal i¢in sirasiyla Eyliil (%22,50) ve Ocak aylarinda (%23,24); en yiiksek yag degerleri ise %4,46 ve %3,01
olmak tizere Temmuz aymnda bulunmustur. Yag asidi kompozisyonu agisindan her iki kefal tiiriinde de doymus yag
asitlerinden Miristik asit, Palmitik asit, Stearik asit; tekli doymamis yag asitlerinden Palmitoleik asit, Oleik asit ve goklu
doymamus yag asitlerinden Linoleik asit, Eikosatrienoik asit, Eikosapentaenoik asit (EPA) ve Dokosaheksaenoik asit (DHA)
major yag asitleri olarak tespit edilmistir.

Anahtar Kelimeler: Koycegiz Dalyani, Kefal Baligi, Besin Kompozisyonu, Yag asitleri

Nutrient Composition and Seasonal Change of Fatty Acid Profile of Golden Grey Mullet (Chelon auratus) and
Thicklip Grey Mullet (Chelon labrosus) Mullets Caught from Kéycegiz Lagoon

Abstract

In this study, the nutritional content of the mullet species Golden grey mullet (Chelon auratus) and Thicklip grey mullet
(Chelon labrosus) in Kdycegiz Lagoon, which is one of the few ecologically and economically important in our country, was
determined and the changes of these values depending on the months were examined. Nutritional composition analysis of
protein, lipid, moisture, ash, and fatty acid was carried out for 12 months of these mullet species entering into Koycegiz
Lagoon. In this way, for the DALKO cooperative, which is selling mullet from the lagoon, the nutritional content label
information of these species has been created.

As a result of the study, Golden grey mullet; in January, February, March, June, July, September, November, and
December; Thicklip grey mullet in January, March, May, June, July, August, and September were supplied. It was found that
the highest protein amount for Golden grey mullet and Thicklip grey mullet in September (22.50%) and January (23.24%);
the highest oil values were found in July with 4.46% and 3.01% respectively. In terms of fatty acid composition, in both
types of mullet, saturated fatty acids; Myristic acid, Palmitic acid, Stearic acid; monounsaturated fatty acids Palmitoleic acid,
Oleic acid, polyunsaturated fatty acids; Linoleic acid, Eicosatrienoic acid, Eicosapentaenoic acid (EPA) and
Docosahexaenoic acid (DHA) have been identified as major fatty acids.

Keywords: Koycegiz Lagoon, Grey mullet, Nutritional composition, Fatty acids

GIRIS

Su tiriinleri iyi bir protein kaynagi olmasinin yani sira A, B, D, E ve K gibi vitaminler, selenyum,
fosfor, kalsiyum, demir, magnezyum gibi mineraller sayesinde insan sagligma faydali etkileriyle diger
etlerden daha iistiin durumdadir (Yeltekin, 2012). Balik yag1; insan sagligina olan yararh etkileri ve
biiyiime ve gelisme igin gerekli olan besin maddelerinden olan uzun zincirli omega-3 ¢oklu doymanus
yag asitlerini (PUFA) icermesi nedeni ile son yillarda gittik¢ce artan bir 6nem kazanmustir (Ugak,
2018). Baliklari, et grubunda yer alan diger besinlerden ayiran en &nemli bileseni siiphesiz uzun
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zincirli coklu doymamis yag asitleridir ve baliklar bu yag asitlerinin tek kaynagidir (Yeltekin, 2012).
Balik yag1 ortalama olarak %20 doymus, %80 doymamis yag asidi iermektedir (Ozalp, 2008). n3 ve
n6 ¢oklu doymamus yag asitlerinden 6zellikle eikosapentaenoik (EPA, C20:5 n3), dokosaheksaenoik
(DHA, C22:6 n3) ve arasidonik asit (C20:4 n6) 6nem arz etmektedir (Rabeh vd., 2015). Bu uzun
zincirli yag asitlerinden 6zellikle eikosapentaenoik asit (EPA, C20:5n3) ve dokosaheksaenoik asit
(DHA, C22:6n3), kardiyovaskiiler hastaliklar ve bazi kanser tiirleri riskini, depresyon, migren tipi bas
agrilarini azaltma, eklem romatizmasi, seker hastalig, yiiksek kolesterol ve tansiyonu dnleme ve viicut
gelisimine katki saglama gibi insan sagligina pek ¢ok faydali etkiden sorumlu olarak kabul edilmistir
(Achouri vd., 2018). Bu nedenle, son beslenme kurallarma gore, 6zellikle yag asidi bilesimi nedeniyle
saglikl bir diyet i¢in haftada en az iki kez balik tiiketimi dnerilmektedir (Lena vd., 2016).

Baliklarin besin degerlerini ve tiiketim kalitesini saglamak i¢cin mevsimsel olarak biyokimyasal
acidan degerlendirmeleri gereklidir (Norouzi ve Bagheri, 2015). Besin bilesimi, tiirlerin boyutuna,
mevsime, bulundugu cografyaya, habitata, cinsiyet, yas ve dogal veya iiretim balig1 olmasina bagh
olarak tiirden tiire, ayni tiiriin bireylerine biiyiik 6l¢iide degisir (Syama Dayal vd., 2019).

Ekolojik olarak biiyilk 6nem tasiyan sulak alanlar ve lagiinler, 6zel ekosistemler olup, bircok
islevsel gorevler iistlenmektedir. Kara ve deniz arasinda yer alan kiyisal lagiinler, hem karasal hem de
denizel faktorlerin etkisinde ve deniz suyu ile tatli su ortamlari arasindaki gecis bolgeleridir (Acarlt
vd., 2009). Koycegiz Lagiinii, 28,38 km kiy1 seridi uzunluguna sahip, 32,8 km?’si denizel olmak {izere
toplam yiizolglimii 461,5 km? ve deniz derinligi ise en fazla 100 m olmak iizere Mugla’nin Ortaca
ilgesinde bulunan bir lagiindiir ve iilke ve bolge ekonomisine katma deger katan bir balik¢1 kooperatifi
olan Dalyan Su Uriinleri Kooperatifi (DALKO) tarafindan kiralannustir. Koycegiz Lagiinii’nden
avlanan en Onemli ticari tiirlerden olan kefal baliklart Mugilidae familyasina aittir (Cayhan, 2009).
Kefaller tropikal ve sub-tropikal bolgelerdeki tiim okyanuslar, nehirler ve act sularda olmak iizere ok
genis bir dagilima sahiptir (Syama Dayal vd., 2019). Kdycegiz Lagiin kuzuluklarina giren baliklarin
9%90’11k boliimiinii kefal tiirleri olugturmaktadir (Alparslan vd., 2017). Kdycegiz Dalyani’ndaki baslica
kefal baligi tiirlerini Mugil cephalus, Chelon auratus, Chelon labrosus, Chelon saliens
olugturmaktadir. Kdycegiz Lagiin balik¢ilig ile yapilan ¢aligmalarda lagiine giren temel kefal tiirleri
arasinda yaz mevsiminde yumurtlayan Mugil cephalus ve Liza saliens tiirleri ile kis mevsiminde
yumurtlayan Liza ramada, Liza aurata ve Chelon labrosus tiirleri oldugu belirtilmektedir (Akin vd.,
2005).

Kefal baliklarinin besinsel igeriginin ¢alisildigi daha dnceki ¢aligmalarda farkli bolgelerden avlanan
Liza parsia (Syama Dayal vd., 2019); acisuda yetistirilen Mugil cephalus ve Liza parsia (Syama Dayal
vd., 2017), Mersin Korfezi'nden yakalanan Liza ramada (Kalay vd.,2008), Hindistan’in Parangipattai
kiy1 sularindan avlanan Mugil cephalus, (Kumaran vd., 2012), Nijerya’nin Cross River, deniz ile
nehrin birlestigi yerde yakalanan, Mugil cephalus (Udo ve Arazu, 2012) gibi kefal balig1 tiirlerinin
besin kompozisyonlari, yag asidi, amino asit profili ve mineral igerikleri incelenmistir. Altinbas ve
Mavri kefal tiirlerinin besin igerigine siklikla rastlanmamakla birlikte; bu calismada bu tiirlerin
besinsel kompozisyon ve yag asidi profilinin belirlenerek mevsimsel olarak degisimi, bu sayede bu
tiirlerin verimli oldugu aylarin tespit edilip Dalyan Su Uriinleri Kooperatifi (DALKO)’ne bilgi
saglanarak tiiketime tesvik edilmesi amaglanmustir.

MATERYAL VE YONTEM
Materyal

Calismada materyal olarak, caligmanin yiiriitiildigii Mugla ili sinirlarinda bulunan Kdoycegiz
Dalyani’ndan temin edilen kefal tiirlerinden (Mugilidae) Altinbas kefal (Chelon auratus) ve Mavri
kefal (Chelon labrosus) tiirleri kullanilmistir. Ornekler, DALKO Balikeilik Kooperatifi’nde bulunan
kuzuluklardan Temmuz 2015 ile Haziran 2016 arasinda 12 ay boyunca firma tarafindan yakalanan
baliklar arasindan temin edilmistir. Nisan ve Ekim aylarinda kuzuluklara balik girmediginden dolay:
ornek temin edilememistir. Her deneme grubu igin ayni kefal tiiriine ait rastgele se¢ilmis 30 adet balik
kullanilmustir. 20 adet balik tiir tespiti, boy-agirlik dlglimleri ve et verimi igin, 10 adet balik ise
analizler i¢in kullanilmistir. Calisma bir yil siiresince dalyan balik¢iliginin hasatina bagl olarak her ay
gerceklestirilmistir. Baliklar higbir kimyasal islem uygulanmadan, 20 litrelik soguk tagima kab1 i¢inde
soguk zincir sartlarina uygun bir sekilde, 2 saat icerisinde Mugla Sitki Kogman Universitesi Su
Uriinleri Fakiiltesi Isleme Teknolojisi Laboratuvarlarma getirilmistir.
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Yontem

Ornekler laboratuvara getirildikten sonra tiir-cinsiyet ayrimlari yapilarak boy-agulik ve et verimi
Olgtimleri yapilmistir. Daha sonra uygun sartlarda laboratuvara getirilen her iki kefal tiirii igin protein,
yag, nem, kiil ve yag asidi olmak iizere besin kompozisyonu analizleri uygulanmistir. Her 6rnek grubu
icin yapilan analizler 3 paralelli olacak sekilde yapilmustir.
Yapilan Analizler
Boy-Agirhik-Yas ve Et verimi

Balik 6rneklerinin total boy degerleri 1 mm sinif araligina sahip cetvel ile, total agirlik ise 0,0001g
hassasiyette hassas terazi ile ol¢iilmiistiir. Viicut bas, yiizgegler, i¢ organlar (dalak, sindirim kanali,
safra kesesi), karaciger, bobrek, gonat ve net et agirliklari 0,01 g hassasiyetle tartilmistir. Basg,
yiizgecler ve tiim i¢ organlar alindiktan sonra baliklarin et agirliklar tartilarak ve bunun toplam viicut
agirligina orani, yenilebilir net et verimi olarak ifade edilmistir (Erkoyuncu vd., 1994).
Besin Icerigi Analizleri

Ham protein analizleri AOAC (2006a, 984.13)’ye gore Kjeldahl metodu esas alinarak yapilmustir.
Homojen hale getirilen kefal 6rneklerine 420°C’de yakma islemi uygulanarak distilasyon {initesine
aktarilmig, indikator ilavesinden sonra 0,2 N HCI ile titre edilerek 6rneklerdeki protein miktari
hesaplanmgtir. Ham yag analizinde Bligh ve Dyer (1959)’in metodu esas alinarak kloroform+metanol
ekstraksiyon yontemi uygulanmistir. Ham kiil analizleri AOAC (2002, 920.153) yontemine gore
yapilmistir. Bu analiz i¢in 6rnekler kiil firini igerisinde porselen krozelerde 550°C’de tamamen kiil
haline gelinceye kadar 6 saat boyunca yakilmig ve desikatérde sogutulduktan sonra tartim islemi
yapilarak kiil miktar1 hesaplanmistir. Orneklerin nem icerigi AOAC (2006b, 934.01) metodu esas
almarak belirlenmistir. Homojenize balik etleri cam petri kaplarina tartilarak 105°C’lik etiiv icerisine
alinip 3 saat boyunca kurutularak son tartimlar1 alindiktan sonra nem miktar1 hesaplanmigtir.
Yag Asidi Kompozisyonu Analizi

12 ay boyunca kefal 6rneklerinin yag asitleri kompozisyonu gaz kromatografisi-alev iyonlastirici
detektdr (GC-FID) kullanilarak belirlenmistir. Yag Orneklerinin temininde Bligh ve Dyer (1959)
yontemi kullanilmis ve elde edilen yaglar 4 ml 2 N potasyum hidroksit eklendikten sonra vorteks ile 1
dk karistirilmig ve 2 ml isooktan eklenerek metillendirme islemi yapilmigtir. Daha sonra vorteks ile 1
dk karistirilmis ve +4°C’de 4 000 rpm’de 10 dk santrifiij edilmistir. Siipernatant kismi ependorf
tilplerine almarak gerekli oldugu durumda 1/3 oraninda isooktan ile seyreltme uygulanmustir (Ichihara
vd., 1996). Ornekler GC cihazina verilinceye kadar -85°C’de saklanmustir. Metilesterlerine
doniistiirtilen yag asitleri Agilent 7820 GC model gaz kromatografi cihazinda FID detektorii ile HP-88
kapiler kolon (60 m, 0.25 mm ID ve 0.25 um) kullanilarak analiz edilmistir. Enjektor ve detektor
sicakliklar1 sirasiyla dnce 220°C sonra 280°C’ye ayarlanmustir. Bu esnada firin sicakligi 5 dakikada
140°C’de tutulmustur. Sonrasinda 200°C’ye kadar, her dakika 4°C arttirilarak, 200°C’den 220°C’ye
de her dakika 1°C arttirilarak getirilmistir. Ornek miktar1 1 pl olup, tasiyict gazi kontrolii 16 psi’de
olmast saglanmistir. Split uygulamasi 1:50 oraninda gergeklestirilmistir. Yag asitleri standart 37
bilesenden olusan FAME (Supelco) karigimmin gelme zamanlarina bagli olarak karsilagtirilmasiyla
tanimlanmustir. Ayni sekilde yapilan iki paralelli GC analiz sonuglar1 + standart sapma degerleri ile %
olarak ifade edilmistir.
Istatistiksel Analiz

Aragtirmada elde edilen veriler IBM SPSS Statistics 22 paket programui (SPSS, CHICAGO, IL,
USA) kullanilarak bilgisayar ortaminda degerlendirilmistir. Grup ortalamalari arasindaki farkin 6nemli
olup olmadigi One-Way ANOVA kullanilarak belirlenip, onemli ¢ikan farklarmm hangi gruplar
arasinda oldugu Tukey coklu karsilastirma testi ile istatistiksel olarak tespit edilmistir. Istatistiksel
onem seviyesi p<0,05 olarak kabul edilmistir.

BULGULAR
Boy/agirhik ve et verimi bulgulari

Altinbag kefal tiirliniin biyometrik analiz ve et verimi sonuglar1 Tablo 1’de gosterilmistir. En kiigiik
ve en biiyiik boy sirasi ile; 26,2 cm (Haziran) ve 48,9 cm (Aralik), en diisiik ve en yiiksek agirlik sirasi
ile; 121,58 g (Subat) ve 1 005,16 g (Aralik) olarak tespit edilmistir. Altinbas kefal tiiriinlin et verimi
erkek bireylerde disi bireylere oranla daha yiiksek bulunmustur. Disi ve erkek bireylerde en diisiik et
verimi sirastyla %33,63 ve %35,04 iken, en yiiksek et verimi ise sirasiyla %43,30 ve %43,59 olarak
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belirlenmistir. Disi ve erkek bireylerin et verimi agisindan aralarindaki fark istatistiksel agidan 6nemli
bulunmustur (p<0,05).

Tablo 1. Altinbas kefal tiiriiniin ortalama boy/agirlik ve et verimi degerleri
Et verimi (%)

Ocak ZLTRSEITTIRAZES s o s0aas2al”
subae 20 TSRS e pasia
Mart 2RSS IIRBET ) 0 a1sasoos
dazian 2020 BAMSBOSTT 55 s0ssi 06
Temmuz o202 WTSERIAT g0 109
pia 0T IR0 s a9t
Kasim 3237,'57/13:% 137386%12(2):;;/ 33,63+1,51% 35,04+1,43%
Arahk 3247, '579/1212/2 134652’:2713&?2?:;?/ 37,19+2,33° 42,65+1,99°

Ortalama+Std Sapma, Ayni siitunda Gstsel olarak gosterilen kiigiik harfler aylara bagli bireyler arasindaki istatistiksel
farki géstermektedir (p<0,05).

Mavri kefal tiiriintin biyometrik analiz ve et verimi sonuglar1 Tablo 2’de gosterilmistir. En kiigiik
ve en biiylik boy sirasi ile; 23,0 cm (Eyliil) ve 42,5 cm (Haziran), en diisiik ve en yiiksek agirlik ise
sirast ile; 122,9 g (Eyliil) ve 809,55 g (Haziran) olarak belirlenmistir. Mavri kefal tiiriinde disilerde
goriilen et verimi erkeklere oranla daha yiiksek bulunmustur. Disi ve erkek bireylerin et verimi
acisindan aralarindaki fark istatistiksel agidan dnemsiz bulunmustur (p>0,05).

Tablo 2. Mavri kefal tiiriiniin ortalama boy/agirlik ve et verimi degerleri
Et verimi (%)

Disi Min/Max /

Erkek Min/Max/

Aylar ort. boy (cm) Ort. agirhik (g) Disi Erkek
Ocak 2285’59/2?:3/7 123076’?93623312}/ 52,79+1,49% 51,65+2,73%
Mar 2SI 0 st
s SRR AR g g seas
dazian 028 OGS T g0 asassaat
Temmuz 2088 TBSAOSTT o an0ms0gst
agustos o030 IREAOST ) s et
Eyliil 3213:’20(412”2/5 2%242153393'?6/6 49,56+1,70° 47,32+4,53%

Ortalama=+Std Sapma, Aym siitunda iistsel olarak gosterilen kiigiik harfler aylara bagli bireyler arasindaki istatistiksel
farki gostermektedir (p<0,05).

Besin kompozisyonu analiz sonuclar:

Altinbag kefal ve Mavri kefal tiirlerine ait besin igerigi analiz bulgular1 Tablo 3’te gosterilmistir.
Altinbas kefal igin en yiiksek protein icerigi Eyliil aymnda (%22,50) belirlenmistir (p<0,05). Aylara
bagl olarak protein miktarindaki farkliliklar 6nemli bulunmustur (p<0,05). Yag igerigi Haziran ve

178



METIN vd. 2020 ActAquaTr 17(2), 175-185

Temmuz aymda (%3,14 ve %4,46) yiiksek iken, Subat ve Mart aymda (%1,25 ve %1,04) disiik
bulunmugtur (p<0,05). En yiiksek nem igerigi Subat ve Mart aymda (%78,64) tespit edilmistir
(p>0,05). Kiil miktari ise en yiiksek Eyliil ayinda (%2,07) belirlenmistir (p<0,05). Yag igerigi ile nem
miktar1 arasinda ters bir orant1 oldugu gozlenmistir.

Mavri kefal i¢in en yiiksek protein igerigi Ocak aymda (%23,24) belirlenmistir (p<0,05). Temmuz
aymda alinan baliklarda yag orani (%3,01) yiiksek iken, Ocak aymdaki baliklarda (%1,42) diisiik
bulunmustur. Nem icerigi Temmuz ayinda yag icerigine ters olarak diger aylara oranla daha diisiik
(%74,84) bulunmustur (p<0,05). Kiil miktar1 aylara bagl olarak degisimler gostermis ve en yliksek
Mart ayinda %1,77 olarak belirlenmistir.

Tablo 3. Aylara baglh olarak Dalyan kuzuluklarindan avlanan kefallerin besin kompozisyonu

Altinbas kefal

Protein Yag Nem Kiil
Ocak 19,47+0,06°F  1,85+0,32P 77,060,125 1,33+0,13P
Subat 18,80+0,28% 1,25+0,7% 78,64+0,13% 1,57+0,15°
Mart 20,39+0,35¢ 1,04+0,17" 78,64+0,06" 1,34+0,08"
Haziran 20,194022°°  3,14+0,44° 75,56+0,40° 1,55+0,07°
Temmuz 21,99+0,16° 4.46+0,28" 74,47+0,387 1,40+0,07°
Eyliil 22,50+0,05% 2,29+0,48% 76,06+0,12° 2,07+0,20%
Kasim 15,78+0,87" 2,51+0,27¢ 74,95+0,27° 1,29+0,04°
Aralk 16,600,107 1,71+0,75° 76,960,235 1,44+0,04°

Mavri kefal

Protein Yag Nem Kiil
Ocak 23,24+0,07" 1,42+0,08" 76,61+0,38° 1,34+0,05°P
Mart 19,90+0,60% 1,52+0,25° 76,470,197 1,774£0,11%
Mayis 20,250,407 2,29£0,31° 76,10£0,14¢ 1,23£0,02°
Haziran 19,72+0,55F 2,250,147 76,13+0,30° 1,46+0,13°
Temmuz 22,2740,37° 3,010,237 74,84+0,47° 1,29+0,025F
Agustos 21,69+0,54° 1,52+0,22° 76,69+0,89° 1,63+0,33"
Eyliil 22,1740,46°  2,10£0,63° 77,78+0,39% 1,49+0,08°

Ayni satirda iissel olarak gosterilen biiyiik harfler aylar arasindaki istatistiksel farki (p<0,05) gostermektedir.

Yag asidi kompozisyonu analiz sonuglari

Aylara bagl olarak Altinbas kefal tiiriine ait yag asidi kompozisyonu analiz bulgular1 Tablo 4’te
gosterilmistir. Doymus yag asitlerinden Miristik, Palmitik ve Stearik asit, tekli doymamis yag
asitlerinden Palmiteolitik, Oleik ve Cis-11-Eikosenoik asit, ¢oklu doymamis yag asitlerinden ise
Linoleik, Cis-8-11-14-Eikosatrienoik, EPA ve DHA major yag asitleri olarak belirlenmistir. EPA orani
Ocak ve Temmuz aylarinda, DHA oram ise Ocak, Subat ve Mart aylarinda diger aylara gore daha
yiiksek bulunmustur (p<0,05). Toplam doymus yag asitleri en yiiksek Haziran ayinda (%33,95), tekli
doymamus yag asitleri en yiiksek Eyliil ayinda (%22,62) ve ¢oklu doymamis yag asitleri en yiiksek
Mart aymda (%42,60) tespit edilmistir. En yiiksek n3/n6 orani ise Haziran ayindaki (%2,67) baliklarda
bulunmustur.

Mavri kefal tiiriine ait yag asidi kompozisyonu analiz bulgulart Tablo 5’te gosterilmistir. Doymus
yag asitlerinden Miristik, Palmitik ve Stearik asit, tekli doymamis yag asitlerinden palmiteolitik, oleik
ve Cis-11-Eikosenoik asit, ¢coklu doymamis yag asitlerinden ise Linoleik, Cis-8-11-14-Eikosatrienoik,
EPA ve DHA major yag asitleri olarak belirlenmistir. EPA ve DHA miktar1 Mart ayinda diger aylara
gore daha yiiksek bulunmustur (p<0,05). Toplam doymus yag asitleri en yiiksek Ocak ayinda
(%33,67), tekli doymamis yag asitleri en yiiksek Eyliil ayinda (%28,50) ve ¢oklu doymamis yag
asitleri en yiiksek Mart ayinda (%32,01) tespit edilmistir. En yiiksek n3/n6 orani ise Mayis ayindaki
(%3,72) baliklarda bulunmustur (p<0,05).
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Tablo 4. Altinbas kefal tiiriiniin yag asitleri kKompozisyonu

Altinbas kefal Aylar
Yag asidi bilesenleri Ocak Subat Mart Haziran Temmuz Eyliil Kasim Aralik
Undekanoik asit C11.0 0,03 0,00 0,05 0,08 0,15 0,09 0,11 0,06
Laurik asit C12:0 0,19 0,10 0,16 0,62 0,48 0,30 0,35 0,19
Tridekanoik asit C13:0 0,06 0,08 0,07 0,08 0,14 0,15 0,19 0,07
Miristik asit C14:0 4,15+1,55°  3,30+0,08" 2,81+0,12° 7,38+0,05° 6,06+0,10° 6,86+0,05 6,15+0,18° 5,33+0,26°
Pentadekanoik asit C15:0 0,28 0,31 0,37 0,65 0,47 0,44 0,50 0,41
Palmitik asit C16:0 14,94+7,60"  16,19+0,38° 17,46+0,17° 19,41+0,08" 20,040,082 20,26+0,15% 18,51+0,24 18,11+1,48°
Heptadekanoik asit C17:0 0,19 0,28 0,36 0,44 0,34 0,34 0,39 0,37
Steraik asit C18:0 3,0142,02° 525+0,14° 6,56+0,31° 3,61+0,27 3,73+0,15° 3,85+0,01° 4,40+0,02° 531+1,19°
Arsidik asit C20:0 0,99 0,70 0,61 1,00 0,98 1,33 1,11 1,09
Behenik asit C22:0 0,62 0,53 0,47 0,42 0,29 0,38 0,48 0,52
Trikosanoik asit C23:0 0,16 0,11 0,11 0,13 0,13 0,18 0,18 0,16
Lignoserik asit C24:0 0,13 0,30 0,29 0,14 0,15 0,15 0,10 0,22
¥ Doymus 24,74° 27,15' 29,30° 33,95 32,96° 34,322 32,48° 31,86"
Miristeloik asit Cl4:1 0,07 0,07 0,05 0,12 0,08 0,07 0,06 0,06
Cis-10-Pentadekanoik asit C15:1 0,05 0,17 0,03 0,08 0,06 0,05 0,07 0,05
Palmiteloik asit C16:1 11,97+0,70°  7,55+0,61° 5,91+0,25 9,95+0,20 12,28+0,46° 13,79+0,05% 12,12+0,21% 10,59+1,31¢
Cis-10-Heptadekanoik asit C17:1 0,21 0,65 0,19 0,23 0,22 0,21 0,22 0,10
Trans-Oleik asit C18:n9t 0,14 0,10 0,12 0,26 0,17 0,15 0,17 0,14
Oleik asit C18:1n9¢c 7,940,670 6,44+0,07° 6,72+0,29° 7,110,02° 7,66+0,13° 6,79+0,16° 6,78+0,13° 5,99:0,19°
Cis-11-Eikosenoik asit C20:1n9 1,41£0,14  0,94+0,01° 0,87+0,02° 1,50+0,03° 1,47+0® 1,56+0,02° 1,51+0,09% 1,34+0,15°
Erusik asit C22:1n9 0,09 0,13 0,18 0,09 0,10 0,11 0,19 0,23
% Tekli Doymamis 21,79° 15,93' 13,899 19,24° 21,95° 22,622 20,92° 18,26°
Trans-Linoleik asit C18:2n6t 0,16 0,21 0,30 0,21 0,16 0,17 0,22 0,23
Linoleik asit C18:2n6c 3,86+0,46°  2,.86+0,03% 2,62+0,08° 3,01£0,05% 3,38+0,05 3,81+0° 3,62+0,02% 3,53+0,30
Gamma-Linoleik asit C18:3n6 0,16 0,05 0,08 0,11 0,13 0,13 0,15 0,14
Alfa-Linoleik asit C18:3n3 0,60 0,48 0,56 0,53 0,53 0,48 0,47 0,46
Cis-11-14-Eikosadienoik asit C20:2 0,37 0,27 0,36 0,27 0,32 0,27 0,20 0,30
Cis-8-11-14-Eikosatrienoik asit C20:3n6 6,43+1,65° 7,48+0,28% 7,65+0,12% 4.26+0,15¢ 3,58+0,12° 3,84+0,11° 5,22+0,09° 5,58+0,42°
Cis -11-14-17- Eikosatrienoik asit C20:3n3 0,14 0,10 0,15 0,17 0,16 0,18 0,15 0,14
Arasidonik asit C20:4n6 0,95 0,71 0,62 0,80 0,73 0,84 0,81 0,83
Cis-13-16-Dokosadienoik asit C22:2 1,29 0,97 0,72 0,56 0,69 0,68 0,56 0,58
Cis-5-8-11-14-17-Eikosapentanoik asit C20:5n3 7,26+0,13% 6,58+0,01¢ 5,41+0,05° 6,96+0,01° 7,25+0,01° 5,89+0,11¢ 6,58+0,01° 6,64+0,01°
Dokosahegzaenoik asit C22:6n3 18,43+3,94°  22,90+1,29° 23,98+0,61° 12,59+0,37° 12,34+0,22° 10,55+0,16" 12,59+0,48° 15,410,101
~Coklu Doymams 39,66° 39,66° 42,60° 42,442 29,47¢ 29,28° 26,85° 33,85°
T n3 20,47° 26,44° 30,06° 30,10° 20,24° 20,28° 17,11° 22,65°
% n6 11,567 11,56° 11,317 11,26 8,40° 7,999 8,80° 10,31°
n3/n6 1,77° 2,29° 2,667 2,67% 2,41 2,54 1,949 2,20°
Tanimsiz 14,34 14,02 14,10 17,13 15,64 16,04 14,34 14,02

*Veriler tizerinde gosterilen kiigiik harfler aylar arasindaki istatistiksel farki (p<0,05) gostermektedir.
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Tablo 5. Mavri kefal tiiriiniin yag asitleri kompozisyonu

Mavri kefal Aylar
Yag asidi bilesenleri Ocak Mart Mayis Haziran Temmuz Agustos Eyliil
Undekanoik asit C11:0 0,00 0,00 0,03 0,02 0,03 0,04 0,00
Laurik asit C12:0 0,06 0,08 0,36 0,07 0,12 0,07 0,04
Tridekanoik asit C13:0 0,02 0,03 0,05 0,02 0,03 0,03 0,04
Miristik asit C14:0 3,48+0,42° 3,99+0,82° 5,44+0,91° 4,01+0,11° 3,74+0,16% 4,96+0,07° 4,69+0,01°
Pentadekanoik asit C15:0 0,62 0,85 0,69 0,45 0,50 0,49 0,34
Palmitik asit C16:0 21,86+1,51° 20,36+0,86° 21,09+1,09° 22,05+0,14° 20,49+0,549 20,06+0,45° 22,37+0,17%
Heptadekanoik asit C17:0 0,64 0,62 0,33 0,28 0,45 0,39 0,27
Steraik asit C18:0 5,56:+0,06° 4,82+0,43" 3,40+0,13° 3,55+0,01° 3,66+0,01° 4.26+0,08° 3,07+0,09°
Arsidik asit C20:0 0,78 0,73 0,67 0,96 0,74 0,88 1,06
Behenik asit C22:0 0,29 0,23 0,19 0,23 0,20 0,26 0,24
Trikosanoik asit C23:0 0,18 0,17 0,18 0,17 0,15 0,21 0,23
Lignoserik asit C24:0 0,19 0,20 0,13 0,15 0,16 0,20 0,16
TDoymus 33,67% 32,08° 32,57° 31,97° 30,279 31,85° 32,52°
Miristeloik asit Cl4:1 0,08 0,09 0,11 0,08 0,09 0,09 0,09
Cis-10-Pentadekanoik asit C15:1 0,06 0,08 0,09 0,05 0,05 0,08 0,05
Palmiteloik asit C16:1 10,72+0,70° 11,94+1,63° 13,17+0,96° 15,64+0,54° 10,89+0,49° 11,64+0,439 16,39+0,01°
Cis-10-Heptadekanoik asit C17:1 0,16 0,59 0,16 0,07 0,07 0,07 0,04
Trans-Oleik asit C18:n9t 0,29 0,11 0,33 0,55 0,28 0,31 0,78
Oleik asit C18:1n9¢c 5,26+0,06° 5,04+0,05 7,20+0,16° 6,88+0,20° 9,41+0,08° 7,73+0,19° 7,79+£00°
Cis-11-Eikosenoik asit €20:1n9 1,31+0,06 0,85+0,05 1,70+0,04 2,45+0,06 2,05+0,11 1,76+0,16 3,37+0,05
Erusik asit C22:1n9 0,07 0,05 0,05 0,10 0,07 0,13 0,11
Y Tekli Doymamis 17,90' 18,70° 22,76° 25,72° 22,84° 21,69° 28,50
Trans-Linoleik asit C18:2n6t 0,24 0,18 0,14 0,47 0,21 0,22 0,09
Linoleik asit C18:2n6¢c 2,08+0,05% 1,73+0,09° 1,98+0,01° 2,10+0,06° 3,62+0,10° 2,96+0,06° 3,48+0,01°
Gamma-Linoleik asit C18:3n6 0,12 0,10 0,11 0,10 0,09 0,12 0,10
Alfa-Linoleik asit C18:3n3 0,41 0,40 0,38 0,39 0,52 0,47 0,40
Cis-11-14-Eikosadienoik asit C20:2 0,25 0,20 0,21 0,07 0,45 0,07 0,18
Cis-8-11-14-Eikosatrienoik asit C20:3n6 5,45+0,30° 4,61+0,64° 3,07+0,29° 3,43+0,08% 3,69+0,22° 4,78+0,10° 3,26+0,04°
Cis -11-14-17- Eikosatrienoik asit C20:3n3 0,06 0,06 0,16 0,10 0,14 0,14 0,13
Arasidonik asit C20:4n6 0,33 0,38 0,41 0,40 0,46 0,40 0,42
Cis-13-16-Dokosadienoik asit C22:2 0,47 0,52 0,61 0,52 0,58 0,63 0,61
Cis-5-8-11-14-17-Eikosapentanoik asit C20:5n3 10,13+0,05° 11,82+0,04% 11,13+0,06° 10,08+00° 9,27+0,01° 9,17+0,02° 8,68+0,02°
Dokosahegzaenoik asit C22:6n3 11,86+1,08° 12,02+1,79° 9,58+1,12° 9,20+0,46° 10,78+1,19° 9,59:£0,84° 5,52+0,02°
Coklu Doymamms 31,41° 32,01° 27,78° 26,86' 29,83° 28,56 22,87°
n3 22,46° 24,30° 21,24° 19,77° 20,72° 19,37' 14,749
n6 8,22 6,99° 5,71 6,50° 8,08° 8,49° 7,34°
n3/n6 2,73° 3,48° 3,72° 3,04° 2,57° 2,28° 2,01"
Tammsiz 16,96 17,00 16,97 15,03 17,00 17,28 15,92

*Veriler tizerinde gosterilen kiigiik harfler aylar arasindaki istatistiksel farki (p<0,05) gostermektedir.
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TARTISMA
Boy-Agirhik-Yas ve Et Verimi Analiz Sonuclari

Koycegiz Dalyan kuzuluklarindan avlanan Altinbag kefal tiirliniin en diisiik/yiiksek boy ve
agirliklarinin sirasiyla 26,2/48,9 cm ve 121,58/1 005,16 g arasinda oldugu tespit edilmistir. Altinbas
kefal tiirliniin et verimi erkek bireylerde disi bireylere oranla daha yiiksek bulunmustur. Disi ve erkek
bireylerde en diisiik et verimi sirasiyla %33,63 ve %35,04 iken, en yiiksek et verimi ise sirasiyla
%43,30 ve %43,59 olarak belirlenmistir. Mavri kefal tiirliniin ise en diisiik/yliksek boy ve agirlik
strastyla 23,0 cm/42,5 cm ve 122,9 g /809,55 g arasinda oldugu, oldugu gozlenmistir. Mavri kefal
tirlinde disilerde goriilen et verimi erkeklere oranla daha yiiksek bulunmustur. Disi bireylerde en
diisiik/yiiksek et verimi %40,14/%52,56, erkek bireylerde ise bu oran %41,04/%50,80 olarak
belirlenmistir.

Baliklarda et verimi, balign tiiriine, cinsiyetine, yasina, lireme mevsimine, beslenme durumuna,
avlandig1 siradaki mide igerigine gore degismektedir. Ozellikle disi baliklarda yumurtlama zamani
yumurtalar viicut agirhigmin %30-40’n1 olusturur ve et verimi bu durumda ¢ok diistiktiir (Glilyavuz ve
Unliisaym, 1999). Bascinar ve Okumus (2005) iireme ddneminde balhiklarin gonad olusturmalari
nedeniyle et verimlerinin ve et kalitelerinin diistiigiinii, Karadeniz’de pelajik olarak av veren diger
tirlere gore Pasifik kefalinin et verimindeki diigiikliigiin temel nedeni bu oldugu bildirmislerdir.
Calismamizda Mavri kefal tiiriiniin et verimi Altinbas kefale gore daha yiiksek bulunmustur.

Acarli vd. (2009) Homa lagiiniinde yaptiklar1 aragtirmada C. auratus ve C. labrosus tiiriiniin
min/max boy araligmni sirastyla 22,0-34,0 cm ve 28,1-33,5 cm olarak belirlemislerdir. Hossucu
(2001)’de Giilliik Lagiinii’'ndeki kefal populasyonlarinin bazi biiylime 6zelliklerini ortaya koydugu
calismasinda L. saliens i¢in ortalama boy ve agirligin 25,3 cm ile 151,5 g, yas dagiliminin 2-6 arasinda
oldugunu, C. labrosus i¢in de ortalama boy ve agirligin 25,3 cm ile 151,5 g, yas dagiliminin ise 2-6
arasinda oldugunu tespit etmistir. Caligma sonuglarimiz diger ¢aligmalarla karsilagtirildiginda boy ve
yas dagilimlar1 arasinda benzerlik goriilirken, agirliklar arasinda farkliliklar oldugu belirlenmistir.
Farkliligin kullanilan av araglarinin, av mevsiminin, baligin olgunluk durumu, yakalandiklari bolgenin
cografik durumu ve besin ortamindaki degisikliklerden kaynaklanabilecegi diistiniilmektedir.

Besin kompozisyonu analiz sonuglari

Su {irlinleri, icerdigi besin bilesenleri yoniinden en degerli besin maddesidir. Protein oraninin ¢ok
yiiksek olmasi, dogada bulunan hemen hemen tiim aminoasitleri bulundurmasi, vitamin ydniinden
zengin olmasi, biyolojik degerinin yiiksek olmasi su iiriinlerini degerli kilmaktadir. Su iiriinleri etinin
bilesiminin ana maddesi su, yag ve proteindir. Balik eti genel olarak; %66-84 su, %14-20 protein
(MEGEP, 2011a), %0,1-22 yag, %0,8-2,0 mineral madde ve %0,1-3 glikojen igerir (Ozalp, 2008). Yag
oranlar1 balign tiiriine, cinsiyetine, yasina, mevsime, beslenme durumuna ve yasadigi ortama bagh
olarak degiskenlik gostermektedir. Yag asitleri profilini %20 doymus ve %80 tekli ve goklu doymamus
yag asitleri olusturmaktadir (MEGEP, 2011a).

Altinbas kefal tiiriine ait protein igerigi %15,78 ile %22,50 arasinda belirlenmistir. Yag igerigi
Haziran ve Temmuz ayimnda (%3,14 ve %4,46) yiiksek iken, Subat ve Mart ayinda (%1,25 ve %1,04)
diisiik bulunmustur. En yiiksek nem igerigi Subat ve Mart aymnda (%78.64) tespit edilmistir. Kiil
miktar1 ise en yiiksek %2,07 en diisiik %1,29 olarak belirlenmistir. Mavri kefal tiiriine ait besin protein
icerigi en diigiik %19,72 ve en yiiksek %23,24 olarak belirlenmistir. Temmuz ayinda alinan baliklarda
yag oranit %3,01, Ocak ayindaki baliklarda %1,42 olarak bulunmustur. Nem icerigi Temmuz ayinda
yag igerigine ters olarak diger aylara oranla daha diisiik (%74,84) bulunmustur. Kiil miktar1 aylara
bagl olarak degisimler gostermis ve %1,23 ile %1,77 arasinda tespit edilmistir. Tiim kefal tiirlerinin
yag igerigi ile nem miktar1 arasinda ters bir oranti oldugu gozlenmistir. Khitouni vd. (2014)’nin
yaptiklar1 ¢alismada Tunus kiyilarindan avlanan Chelon aurata tiirliniin su igeriginin erkeklerde
%64,86-77,68, disilerde %63,77-77,89 araliginda oldugunu belirlemislerdir. Yillik yag igerigi, protein
ve kiil ortalamasini ise sirasiyla erkek ve diside %4,58 ve %5,09; %19,93 ve %20,20; %1,56 ve %1,59
olarak bildirmislerdir. Ben Khemis vd. (2019) ise Italya ve Iran’da denizden avlanan Liza aurata’nin
yag miktarlarini sirasiyla; %35,9 ve %9,3; Tunustan avlanan tatlisu ve denizlerden avlanan Chelon
labrosus’un yag miktarini sirasiyla; %4,9 ve %1,8, nem miktarin1 %56,0 ve %63,0 olarak bildirmistir.
Jo vd. (2019) tuzlanmig ve yar1 kurutulmus kefal baliginin (Chelon haematocheilus) fizikokimyasal ve
besinsel parametrelerini inceledikleri caligmasinda taze baliketinde nem, kiil, yag ve protein miktarini
strasiyla; %79.18, %1,45, %1,74 ve %14,11 olarak belirlemistir. Protein degerleri ¢alismamizda elde
edilen degerlerden diigiik bulunmustur.
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Altinbag kefal ve Mavri kefal tiirlerine ait yag asidi kompozisyonu incelendiginde doymus yag
asitlerinden Miristik, Palmitik ve Stearik asit, tekli doymamis yag asitlerinden Palmiteolitik, oleik ve
Cis-11-Eikosenoik asit, ¢oklu doymamis yag asitlerinden ise linoleik, Cis-8-11-14-Eikosatrienoik,
EPA ve DHA major element olarak belirlenmistir. Aylara bagl olarak Altinbas kefalin EPA orani
Ocak ve Temmuz aylarinda, DHA orani ise Ocak, Subat ve Mart aylarinda diger aylara gore daha
yikksek bulunmustur. Toplam doymus yag asitleri %24,74 ile 33,95, tekli doymamis yag asitleri
%13,89 ile 22,62 ve ¢oklu doymamus yag asitleri %26,85 ile 42,60 arasinda degisim gostermistir.
n3/n6 orani ise Haziran ayindaki (%2,67) baliklarda yiiksek bulunmustur. Aylara gére Mavri kefal
tirinin EPA ve DHA miktar1 (%11,82 ve 12,02) Mart ayinda diger aylara gore daha yiiksek
bulunmugstur. Toplam doymus yag asitleri %30,27 ile 33,67, tekli doymamuis yag asitleri %17,90 ile
28,50, ¢oklu doymamis yag asitleri %22,87 ile 32,01 ve n3/n6 orani ise %2,01 ile 3,72 arasinda tespit
edilmistir.

Khitouni vd. (2014)’nin yaptiklar1 ¢alismada Tunus kiyilarindan avlanan Chelon aurata tiiriinde
¢oklu doymamis yag asitleri iceriginde Eikosapentaenoik asit (EPA) (C20:5) ve Dokosaheksaenoik
asitlerin (DHA) (C22:6) major, Linoleik asit (C18:2), Linolenik asit (C18:3), Arasidonik asit (C20:4)
ve Dokosapentaenoik asitlerin (C22:5) ise mindr olarak yer aldig1 bildirilmistir. Doymus yag asitleri
olarak %20,03-30,98 araliginda Palmitik asitin (C16:0) ve tekli doymamus yag asitleri olarak da Oleik
asitin (C18:1) dominant oldugunu tespit etmislerdir. Kamdem vd. (2008)’nin L. ramada, L. aurata ve
L. saliens tiirlerinin baz1 giivenlik indeksleri (patojenik mikrobiyal tiirler ve agir metal ve biyojenik
amin konsantrasyonlarinin varligimi) ve besin igeriklerini (ylizde bilesimi ve yag asidi profili)
belirlemek amaciyla yaptiklart ¢alismada; yag asitleri agisindan tiirler incelendiginde doymus yag
asitlerinden Palmitik asiti (C16:0) L. saliens i¢in %13,27, L. aurata i¢in %13,56; tekli doymamis yag
asitlerinden Palmitoleik asiti (C16:1 n-7) L. saliens igin %19,48, L. aurata i¢in %25,38 olarak
belirlemislerdir. Coklu doymamis yag asitleri i¢in L. aurata ve L. saliens’i karsilagtirdiklarin da n3/n6
oranin L. saliens tiirtinde 3 kat daha diisiik oldugunu bildirmislerdir. Yapilan farkli bir ¢aligmada
Akdeniz kiy1 lagiiniindeki avlanan Liza saliens igin doymus, tekli ve ¢oklu doymamis yag asitleri
miktar1 sirastyla %43,5, 33,7, 22,8; EPA ve DHA degerleri ise %4,9 ve 2,4 olarak tespit edilmistir
(Koussoroplis vd., 2011). Rabeh vd. (2015)’nin balik yetistirme giftliginden alinan canli Chelon
labrosus tiirlerinin deniz suyundan tatli suya gegirilmesi ile besin kompozisyonu tizerindeki etkilerini
inceledikleri ¢aligmada Chelon labrosus tiiriiniin dominant yag asitlerini C14:0 (Miristik asit), C16:0
(Palmitik asit), C18:0 (Stearik asit), C18:1n9 (Oleik asit), C18:2n6 (Linoleik asit), C18:3n6 (y-
linolenik asit), C18:3n3 (alfa-linolenik asit), C20:5n3 (Eikosapentaenoik asit) ve C22:6n3
(Dokosaheksaenoik asit) olarak belirtmigleridir.

Calismamizda kefal tiirlerinin 6zellikle {ireme dénemlerinde protein, yag ve yag asitleri igerikleri
onemli derecede yiiksek bulunmustur. Yapilan diger g¢aligmalarla besin kompozisyonu agisindan
benzerlikler goriilmiistiir. Erdem vd. (2006), Sinop kiyilarinda avlanan Pasifik Kefali filetolarinda
besin igeriklerinin dagilimi iizerine yaptiklar1 ¢alismada protein miktarinin, baligin yasama bolgesi,
iireme mevsimi, beslenme ve aymi tiirlin farkli bireyleri arasinda degisiklik gosterdigini yapilan
analizlerle ortaya koymuslardir. Calismamizdaki protein, yag ve yag asitleri icerigindeki yiiksekligin
baliklarin ireme donemine, avlanma bdlgesine, yas, besin ortami farkliligi ve cografik farkliliklardan
olmasindan kaynaklandigi diisiniilmektedir.

SONUC

Koycegiz Dalyan kuzuluklarinda Altinbas kefal ve Mavri kefal olmak tizere iki kefal tiiriiniin besin
kompozisyonu ve yag asitleri profili mevsimsel olarak galistlmustir. Ozellikle {ireme déneminde et
verimi agisindan disi baliklarin et veriminin erkek baliklarinkine oranla daha yiiksek bulundugu
goriilmiistiir. Besin icerigi ve yag asidi kompozisyonu kefal tiirlerinde avlama mevsimine, lireme
doénemine ve baligin yasina gore farkliliklar gstermistir. Ozellikle {ireme dénemlerinde baliklar hem
yag hem de yag asidi kompozisyonu ozellikle EPA ve DHA bakimindan zengin oldugu, bu
donemlerin diginda da et verimlerinin diistigii gozlemlenmistir. Kefal tiirlerinin et veriminin diger
deniz baliklarina oranla daha diigiik bulunmasi 6zellikle bu tiir baliklarin pul ve kemik gibi atiklarinin
degerlendirilmesi ile yeni bir is sahas1 olusturabilecegi, ayrica kefal ile ¢alisacak akademisyenler i¢in
de atik degerlendirilmesi konusunda yeni projelerin gerekli duyuldugu tavsiye edilmektedir. Kdycegiz
Dalyan ile ilgili olan bu ¢aligmada elde edilen verilerin DALKO kooperatifi tarafindan kullanilmasi
sonucunda isletmenin taze lirlin satisinda ve kefallerin en uygun oldugu zamanlarda fiska ve mumlu
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havyar iiretiminde kullanmalarinda 6nemli bir veri olusturacagi disiiniilmektedir. Ayrica bu
kooperatifin daha iyi sartlara getirilmesi ile iilke ekonomisine verecegi katkilar daha da artacaktir.

Tesekkiir: Bu calisma TUBITAK 1002 Projesi kapsaminda Proje No: 1150839 ile desteklenmistir.
Desteklerinden dolayr TUBITAK birimine ve tiir tayini ve biyometrik dlgiimler icin Hasan Cerim’e,
laboratuvarda gergeklestirilen analizlerdeki yardimlarindan dolayr Hatice H. Yapici, Zerrin Eksi ve
Umran Ates’e tesekkiirlerimizi bir borg biliriz.
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Abstract

The damselfish Chromis chromis is typically the most common fish species in the rocky shores of the Mediterranean Sea
and the Black Sea. Despite having no commercial value, C. chromis was considered as a key species for the rocky littoral
environment. In this study, the biometric properties and length-weight relationships were examined in 112 specimens of C.
chromis sampled from the Black Sea in 2018. Fifteen morphometric and six meristic characteristics were measured. We also
used a molecular approach employing mitochondrial genes (16S rRNA and COI) for the first time to further characterize C.
chromis specimens collected from the Black Sea. Morphometric and meristic characters of male and female specimens were
similar and there were no differences between sexes. The average length and weight were calculated as 99.54 + 11.49 mm
(72.0-115.1) and 18.35 + 595 g (5.96-26.56), respectively. The length-weight relationship was calculated as W =
0.0127TL3 (R?= 0.834) and the growth indicates a positive allometric growth (b>3). 165 rRNA and COI partial sequences
analysis indicated a close genetic relationship with C. chromis specimens from the Aegean Sea and the Mediterranean Sea.

Keywords: Chromis chromis, morphometric and meristic characteristics, mtDNA

Karadeniz'de Yayiim Gosteren Papaz baliginin, Chromis chromis, Biyometrik Karakterleri, Boy-Agirhk iliskisi ve
Genetik Ozelliklerinin Belirlenmesi

Papaz baligi, Chromis chromis, Akdeniz ve Karadeniz’in kayalikli kiyilarinda goriilen en yaygin balik tiirlerinden bir
tanesidir. Ticari bir degeri olmayan C. chromis, kayalikli litoral bolge i¢in 6nemli bir tiirdiir. Bu ¢alismada, 2018 yilinda
Karadeniz’den 6rneklenen 112 C. chromis 6rneginin biyometrik 6zellikleri ve boy-agirlik iligkisi incelenmistir. Bu amagla
toplam 15 morfometrik ve 6 meristik karakter 6l¢timii yapilmistir. Ayrica C. chromis drneklerinin mtDNA’larinin 16S rRNA
ve COI gen bolgeleri analiz edilerek tiir genetik olarak da karakterize edilmistir. Caliyma sonunda olgiilen erkek ve disi
bireylerin morfometrik ve meristik karakterlerin benzer oldugu ve istatistiksel olarak cinsiyetler arasinda fark olmadigi
belirlenmistir. Baliklarin ortalama boy ve agirliklari sirasiyla 99,54 + 11,49 mm (72,0-115,1) ve 18,35 + 5,95 g (5,96-26,56)
olarak &lgiilmiistiir. Baliklarm boy-agirlik iliskisi W=0.0127 [TL) ~3.1172 (R"2=0.8341) olarak hesaplanmis ve pozitif
algoritmik biiyiime (b>3) tespit edilmistir. 16S rRNA ve COI gen bdlgelerinin kismi analizi sonucunda Karadeniz’deki
orneklerin Ege ve Akdeniz’deki 6rnekler arasinda genetik benzerlik oldugu tespit edilmistir.

Anahtar Kelimeler: Chromis chromis, morfometrik ve meristik karakter, mtDNA

INTRODUCTION

Genus Chromis is globally distributed in temperate and tropical waters and represented with 100
species (Cooper, Smith, & Westneat, 2009; Quenouille, Bermingham, & Planes, 2004; Tang, 2001).
The damselfish Chromis chromis (Linnaeus, 1758) is among the most common species of the genus
Chromis in the eastern Atlantic Ocean, the Mediterranean Sea (Domingues, Bucciarelli, Almada, &
Bernardi, 2005), and the Black Sea (Bilecenoglu, Kaya, Cihangir, & Cigek, 2014) which inhabits
rocky reefs of shallow waters in small flocks (Jardas, 1996). It is also reported as the most abundant
fish species in the rocky littoral environment of the Mediterranean Sea (Pinnegar, 2018).

C. chromis reach sexual maturity at 6.8-7.3 cm (Total length) and fecundity increases with the age
(Dulcic & Kraljevic, 1994). Age, growth (Dulcic & Kraljevic, 1995), sex-ratio, and body condition
(Bracciali, Piovano, Sara, & Giacoma, 2014) were previously described. The absence of sexual
dimorphism was reported in most of the species of genus Chromis (Calado, Olivotto, Oliver, & Holt,
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2017) and spawning takes place in summer (Dulcic & Kraljevic, 1994). Despite having no commercial
value, C. chromis is represented as a key species in a rocky littoral environment (Pinnegar, 2018).
Previous studies suggested C. chromis as an indicator species for human disturbances (Bracciali,
Campobello, Giacoma, & Sara, 2012), sewage contamination (Azzurro et al., 2010), and fishing
pressure on other species (Kruschel, Schultz, Bakran-Petricioli, & Petricioli, 2012; Pinnegar, 2018).
Due to their ecological importance, C. chromis was subjected to numerous scientific investigations
including biology of the species (Dulcic, 2005; Dulcic & Kraljevic, 1995), morphologic
characterizations (Dulcic, 2005; Kapiris & Klaoudatos, 2011), and phylogenetic studies (Cooper et al.,
2009; Domingues et al., 2005). However, there are no studies except the faunal studies (Bilecenoglu et
al., 2014) in the Black Sea. In this study, morphometric, meristic, and mtDNA-based genetic
characters of C. chromis were characterized. This study is important for being the first genetic
characterization study carried out in the Black Sea.

MATERIAL and METHODS

A total of 112 C. chromis specimens (59 female and 53 male) from the southeastern Black Sea
(Coasts of Ordu) (Figure 1) were morphologically and genetically analyzed. C. chromis specimens
were monthly sampled from discard fish caught by commercial trammel nets between January and
December 2018.
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Figure 1. Sampling area of C. chromis in the Black Sea

All length measurements were made using a digital compass with 0.01 mm sensitivity and weight
measurements were taken with an electronic scale with a sensitivity of 0.01 g. Forty-four specimens of
different sizes were used for metric and meristic measurements and these measurements were
performed while fish were fresh. There were no differences in metric and meristic characters between
sexes. Therefore, morphometric characters were measured without separating sex. All morphometric
characters used in this study are schematically presented in Figure 2.
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Figure 2. Overview of the morphometric measurements used in this study (modified from Dulcic, 2005) (1:total
length, 2:fork length, 3: standard length, 4: head length, 5: post orbital length, 6: eye diameter, 7: predorsal fin
distance, 8: dorsal fin base length, 9: preanal fin distance, 10: anal fin base length, 11: body depth, 12: minimal

caudal peduncle depth, 13: pectoral fin length, 14: ventral fin length).

Total length and weight relations were calculated according to the exponential equation W =
aTLP?, where W is the total weight of the fish (g), TL is the total length (mm), a and b are the
parameters of the equation (Bagenal & Tesch, 1978). The t-test employed to test whether the slopes
(b) were significantly different from 3, indicating the growth type: isometric (b=3), positive allometric
(b>3), or negative allometric (b<3) (Pauly, 1986).

Molecular Identification and Characterization

Molecular identification and characterization of the C. chromis specimens (n=5) were conducted
using universal primer sets that amplify the 16S rRNA and COI gene region of the mitochondrial
DNA. Genomic DNA was extracted from fin tissue using Wizard SV Genomic DNA Purification Kit
(Promega, USA) according to the manufacturer's instructions. PCR amplification was performed using
WizPure Pfu 2x Master Mix (Wizbiosolutions, Korea) in a total volume of 25 pl containing 12.5 pl 2X
PCR Master Mix, 1 uM of each primer, 100 ng template DNA, and water. The universal primers of
16sbr-H (5°- CCG GTC TGA ACT CAG ATC ACG T -3”) and l6sar-L (5’-CGC CTG TTT ATC
AAA AAC AT-3’) (Palumbi, 1996) were used to amplify the 16S rRNA gene. The PCR protocol is as
follows; Initial denaturation at 95 °C for 5 min followed by 35 cycles of denaturation at 95°C for 30s,
annealing at 54°C for 30s, extension at 72°C for 30 s followed by a final extension at 72°C for 5 min.
The universal primers of FishF1 (5'- TCA ACC AAC CAC AAA GAC ATT GGC AC-3') and FishR2
(5'-ACT TCA GGG TGA CCG AAG AAT CAG AA -3") (Ward et al. 2005) were used to amplify
cytochrome ¢ oxidase subunit 1 (CO1) gene. The PCR protocol is as follows; Initial denaturation at
95°C for 5 min followed by 35 cycles of denaturation at 95°C for 30s, annealing at 49°C for 40s,
extension at 72°C for 40 s followed by a final extension at 72°C for 5 min. PCR products were
visualized on 1% agarose gel and sequenced on ABI PRISM 3730x1 genetic analyzer (Applied
biosystem) using BigDye Terminator 3.1 cycle sequencing kit at Macrogen Inc.

Generated raw sequences were trimmed and aligned using ClustalW algorithm (Thompson,
Higgins, & Gibson, 1994) in BioEdit v. 7.0.5.3 (Hall, 1999). Reference 16S rRNA sequence data for
Chromis chromis (EF489733, EF489734, EF489735, EF489731, EF489732, FJ616425), C. atrilobata
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(EF489728, EF489729, EF489730), C. multilineata (EF489727) C. fumea (KC767733), C. albicauda
(KC767731), C. xanthura (JF457405), and C. mirationis (KF957467); reference COI sequence data
for Chromis chromis (KT003887, KF564300), Chromis cadenati (CQ341589), Chromis alta
(GU440280), Chromis degruyi (EU358588), Chromis earina (AB689677), and Chromis bowesi
(MH170487) were obtained from NCBI GenBank database. Altrichthys curatus (COI: KY963993; 16S
rRNA: FJ616408) and Acanthochromis polyacanthus (COI: KP194731; 16S rRNA: FJ616407) were
selected as outgroups. Genetic distances were calculated in MEGA X (Kumar et al. 2018) using the
Kimura two—parameter model (K2P) (Kimura, 1980) with 1000 bootstrap replications. The best fit
nucleotide substitution model was determined based on the Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC). Phylogenetic trees were generated with the maximum
likelihood method using Kimura 2 parameter with 5000 randomized bootstrap iterations.

RESULTS

There was no difference in terms of morphometric and meristic characters between male and
female specimens. Thus, morphological data were analyzed as a whole. The mean length of 112
specimens in the study was determined as 99.54 + 11.49 mm (min: 72.0-max: 115.1 mm) and the
average weight was determined as 18.35 + 5.95 g (min: 5.96—max: 26.56 g). Detailed morphometric
characteristics and measurements were given in Table 1.

Standard length/total length ratio (TL%) was calculated as 74.83 + 1.38% (min: 72.58—max: 78).
The ratio between head length and standard length is 29.51 + 0.83% (min: 28.26—max: 31.29). Almost
90% of the 112 specimens consist of individuals within the length group of 9-10 cm (Figure 3).

Table 1. Some metric and meristic properties of C. chromis from the Black Sea.

Measurements Number Mean+SE ~ Minimum  Maximum TL%

Total length (mm) 44 99.85+9.14 72.00 115.10

Fork length (mm) 44 82.85 +7.62 57.38 95.29 82.98

Standard length (mm) 44 74.57 +6.65 53.60 83.93 74.77

Weight (g) 44 18.23 +4.92 5.96 26.56 18.43

Body depth (mm) 44 3154 +4.59 21.00 38.66 32.37

Head length (mm) 44 21.66 +2.12 15.58 25.59 22.08

Post orbital length (mm) 44 9.51+1.15 5.83 11.58 9.66

Eye diameter (mm) 44 7.39+1.06 471 8.80 7.49

Predorsal fin distance (mm) 44 28.69 + 2.45 21.18 31.78 28.69

Dorsal fin base length (mm) 44 41.79 + 4,59 28.19 49.21 41.94

Preanal fin distance (mm) 44 49.09 +5.51 35.13 55.78 49.43

Anal fin base length (mm) 44 1476 + 1.61 11.75 19.21 15.10

Minimal caudal peduncle depth (mm) 44 10.02 +0.97 7.26 11.55 10.08

Pectoral fin length (mm) 44 22.62 +2.82 16.66 28.31 23.10

Ventral fin length (mm) 44 22.13 + 2.47 15.96 26.95 22.52
Meristic characters

Dorsal fin XIV/9-10

Anal fin 11/9-11

Pectoral 17

Ventral 1/5

Caudal 23

Lateral line 26
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Figure 3. Length frequency distribution of C. chromis from the Black Sea

The TL-W relationship between the sampled individuals was presented in Figure 4. The “b” value
in this study indicated a positive allometric growth (b=3.12) (p<0.05) (Table 2).

Table 1. Regression parameters of the TL-W relationship (W=aTL®) of C. chromis from the Black Sea
N a b SE(b) Cl(b) R? Pauly t-test 3
112 0.0127 3.1172 0.132 2.854-3.379 0.8341 t=0.884 P<0.05

N: number, a and b: intercept and slope of the regression line SE: standard error, R% coefficient of determination, CI: 95%
confidence interval

30 -
W = 0.0127TL3 17
25 1 R2=0.834
N=112
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Figure 4. Length-weight relationship of C. chromis from the Black Sea

Molecular Identification and Characterization

DNA extracted from each specimen were successfully amplified, sequenced, and analyzed.
Generated COI (a single haplotype) and 16S rRNA sequences (two haplotypes; H1 and H2) were
submitted to GenBank database (accession numbers: MN401300, MN401301 and MN528744)
Sequences of partial COl and 16S rRNA genes were 606 and 587 bp long, respectively. BLAST
provided a species match with higher than 99% sequence similarity for 16S rRNA gene, 99.83% and
100 % sequence similarity for COl gene. Neighbor—joining trees generated based on 16S rRNA and
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COI sequences produced well-defined clusters with available reference sequences (Figure 5-6).
Specimens were clustered with reference taxa in the same manner as the BLAST results. Analysis of
606 bp of COI sequences showed that our specimens are closely related to C. chromis sampled from
the Adriatic Sea and the Levantine Sea with low genetic distance (d=0.001). On the other hand,
analysis of 516 bp of 16S rRNA sequences revealed that genetic distance between our specimens and
C. chromis specimens sampled from Aegean and the Tyrrhenian Sea is lower than 0.002.

Chromis chromis (EF489731) Aegean Sea
EF489732) Tyrrhenian Sea
EF489735) Aegean Sea
Chromis chromis (EF489734) Aegean Sea
Chromis chromis (EF489733) Aegean Sea
Chromis chromis H1 (This Study) Black Sea
Chromis chromis H2 (This Study) Black Sea
Chromis chromis (FJ616425) North Atlantic
Chromis xanthura (JF457405)
Chromis fumea (KC767733)
Chromis mirationis (KF957467)
Chromis albicauda (KC767731)
Chromis multilineata (EF489727)
Chromis atrilobata (EF489730)
: Chromis atrilobata (EF489728)
Chromis atrilobata (EF489729)
T Altrichthys curatus (FJ616408)
100! Acanthochromis polyacanthus (FJG16607)

Chromis chromis
Chromis chromis

74
2

100

—

oma

Figure 5. Neighbor—joining tree constructed by the 16S rRNA sequences of C. chromis with
reference sequences of specimens belonging to genus Chromis and outgroups.

gg | Chromis chromis (This Study)Black Sea

100 | Chromis chromis (KT003887) Adriatic Sea

100 Chromis chromis (KF564300) Levantine Sea

100 Chromis cadenati (GQ1341589)

Chromis alta (GU440280)

al —— Chromis degruyi (EU358588)
100 Chromis earina (ABB896TT)
100 . .
Chromis bowesi (MH170478)

Altrichthys curatus (KY963993)

Acanthochromis polyacanthus (KP194731)

—

0.020

Figure 1. Neighbor-joining tree constructed by the COI sequences of C. chromis with reference
sequences of specimens belonging to genus Chromis and outgroups
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DISCUSSION

In the present study, biometric properties and mtDNA based genetic characters of C. chromis
sampled from the southern Black Sea were determined. The damselfish population of the sampled
region is relatively homogeneous and morphological characters appeared to be similar between sexes.
The total length of the specimens was varied between 72 mm and 115 mm with an average length of
99.54+11.49 mm. Similarly, Dulcic (2005) reported similar length and weight data for C. chromis
population in the Adriatic Sea. Whereas Duka and Shevchenko (1980) carried out the study on the
morphology of C. chromis in which the length and weight range of the species was given as 61-120
mm, 3.0-27.0 g for the Mediterranean Sea population and 7-100 mm and 6.0-17.7 g for the Black Sea
population. The mean standard length of males and females of the C. chromis sampled from the
central Mediterranean Sea were reported as 66.5 mm and 62.3 mm, respectively (Bracciali et al.,
2014). Dulcic and Kraljevic (1995) determined the length ranges of 40 mm-134 mm, the weight
ranges of 3.24 g—40.21 g in the Adriatic Sea. In this study, length and weight values were measured as
72.0-115.1 mm and 5.96—26.56, respectively. According to the results obtained in this study, it can be
said that the Black Sea population composes of comparatively smaller individuals. Ecological
differences, environmental conditions, and nutritional differences in the environment might be one of
the reasons behind morphological differences. The “b” values (3.08 - 3.12) calculated by Dulcic and
Kraljevic (1995) and “’b” value obtained in this study (b = 3.11) were similar. Positive allometric
growth was found in both studies. Duka and Shevchenko (1980) calculated this value as 2.945 in the
Mediterranean Sea and 2.867 in the Black Sea and they stated that there is an isometric growth. These
differences are also closely related to gender, length, age, and reproductive period. C. chromis reach
sexual maturity at 68-73 mm in length. In the present study, the length of individuals ranged from 72
mm to 115.1 mm. Therefore, it can be said that analyzed specimens in the present study were possibly
sexually mature.

The ratio between total and standard length was found as 75.0-76.9% in the Azores (Re & Gomes,
1982) and 72.58-75.83% in the Adriatic Sea (Dulcic, 2005). Similarly, the ratio between total and
standard length was determined as 74.77% in this study. Based on these ratios (body proportions),
both studies have similar values. The ratio between head length/standard length is calculated as
30.0-32.5% by Banarescu (1964), as 27-27.4% by Duka and Shevchenko (1980), 30.17-34.06% by
Dulcic (2005). In this study, this ratio was found similar (29.53). In several studies, meristic characters
were found as D XIV / 10, A 1l / 10, P 17, V | / 5 (Dulcic, 2005), D XIV / 9-11, A 1l / 10-11
(Svetovidov, 1964), D XIV /10-11 and A 11/ 10-12, P17,V I / 5 (Bini, 1967), D XIV /10, A 11/ 10, P
18 (Arruda, 1977) and, D XIlI-XIV / 10-11, A 11 / 10-11by (Quingnard & Pras, 1986). The meristic
characters of the C. chromis analyzed in the present study were compared with data generated in
previous studies (Table 3).

Table 3. Meristic characters of damselfish from the Adriatic, Mediterranean, and Black Seas

Author Dorsal fin Anal fin  Pectoral  Ventral Lateral line  Location
Dulcic, (2005) XIV/10 11/10 17 1/5 27 Adriatic

Bini, (1967) XIV/10-11 11/10-12 17 1/5 24-30 Mediterranean
Tortonese, (1975) XIV/10-11 11/10-12 18-19 Mediterranean
Wood, (1977) XIV/10 11/10 18(17) 19 Mediterranean
Arruda, (1977) X1V /10 11/10 18 25 Mediterranean
Quingnard & Pras, (1986) XI11-X1Vv/ 10-11 11/10-11 24-30 Mediterranean
Banarescu,(1964) XI1V/9-10 11/10-11 1/15-16 1/5 26-29 Black Sea
Svetovidov, (1964) XIV/9-11 11/10-11 19 Black Sea
This study X1V/9-10 11/9-11 17 1/5 26 Black Sea

Chromis is a diverse genus of Pomacentridae represented more than 100 species. Systematic status
and genetic diversification of damselfish including genus Chromis are well documented (Cooper et al.,
2009; Hubert et al. 2011). C. chromis is the only representative species of the genus Chromis in the
Black Sea and only a handful of genetic studies are available for the species worldwide. In the present
study, C. chromis sampled from the Southeastern Black Sea were genetically characterized based on
two mtDNA gene regions. C. chromis specimens sampled from the Black Sea appeared to be closely
related to C. chromis specimens sampled from the Aegean Sea, the Levantine Sea, the Tyrrhenian Sea,
and the Adriatic Sea. This pattern is congruent with the phenotypic similarity found among different
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geographic locations. Phylogenetic analyses indicate that genus Chromis is polyphyletic consisting of
2 major clades. Domingues et al. (2005) evaluated population structure and gene flow in C. chromis
within the Mediterranean basin. While high levels of gene flow were detected between the Atlantic
Ocean and the Mediterranean Sea, gene flow between eastern and western Mediterranean Sea was
comparatively lower. Whereas lack of genetic divergence between the Black Sea specimens and
available reference sequences from different parts of the Mediterranean Sea, including the Aegean Sea
and the Levantine Sea, indicates genetic homogeneity and possible gene flow between populations. It
is worth mentioning that the reference 16S rRNA and COI sequences of C. chromis are limited which
restricts location-based genetic comparisons. Despite being one of the most abundant fish species,
there is no study on the biology or genetic properties of C. chromis is the Black Sea possibly for not
being economically valuable. This study is important for being the first study focused on the length-
weight relationship, biometric, and genetics properties of the Black Sea C. chromis population. 16S
rRNA and COI sequence data were generated for the first time from the Black Sea which would be
useful for the population and phylogenetic studies.
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Abstract

Artemia salina L.is an important model organism for the world ecosystem, which is very sensitive, easily available,
allows to work in the laboratory environment, is used in toxic effect studies, and gives safe results. This study was designed
to evaluate the toxic effect of water extract of fresh and underground parts of some species of five geophyte genera (Arum
rupicola var. virescens (Stapf) P.C. Boyce, Cyclamen cilicium Boiss. & Heldr, Gagea bohemica (Zauschn.) Schult. & Schult.
f., Narcissus tazetta subsp. tazetta L., Paeonia kesrouanensis J. Thiébaut) against A. salina. All taxa were found to be more
toxic in the fresh part than in the underground part. The fresh part of P. kesrouanensis was shown the highest toxic effect
with 44.44 + 2.78% (1.56 + 0.13 mg/mL, LCs) and the underground part of N. tazetta subsp. tazetta was shown the lowest
toxic effect with 8.33 £ 0.00% (294.68 + 1.54 mg/mL, LCss). The underground part of N. tazetta subsp. tazetta and Gagea
bohemica were not found toxic with > 1000 mg/ml, LCg,. Based on the studies showing that A. salina toxic effect studies are
related to insecticide and anticancer studies, it is seen that especially the fresh part of P. kesrouanensis has potential
insecticide and anticancer properties, but more studies are needed.

Keywords: Artemia salina (L.), Toxicity effect, Narcissus tazetta subsp. tazetta, Paeonia kesrouanensis

Bazi Geofit Tiirlerin Biyoaktif Bilesiklerinin Tuzlu Su Karidesi (Artemia salina)'ne Kars1 Toksisite Aktivitesinin
Degerlendirilmesi

Ozet

Artemia salina L. ¢ok hassas, kolay ulagilabilir, laboratuvar ortaminda in vivo ¢aligmaya olanak saglayan, toksik etki
¢aligmalarinda kullanilip giivenli sonuglar veren, diinya ekosistemi i¢in 6nemli bir model organizmadir. Bu ¢alisma, geofit
olan bes cinse ait baz: tiirlerin (Arum rupicola var. virescens (Stapf) P.C. Boyce, Cyclamen cilicium Boiss. & Heldr, Gagea
bohemica (Zauschn.) Schult. & Schult. f., Narcissus tazetta subsp. tazetta L., Paeonia kesrouanensis J. Thiébaut) toprak tistii
ve toprak alti kisimlarmin su ekstraktinin A. salina’ya karsi toksik etkisini degerlendirmek igin tasarlanmugtir. Biitiin
taksonlarda toprak tstii kisim, toprak alt1 kisima gore daha toksik oldugu bulunmustur. P. kesrouanensis’in toprak tistii kismi
44.44 +2.78% (1.56 £ 0.13 mg/mL, LCsp) degeri ile en yiiksek toksik etkiyi gosterirken N. tazetta subsp. tazetta’nin toprak
alt1 kismut 8.33 + 0.00% (294.68 + 1.54 mg/mL, LCs) degeri ile en diisiik toksik etkiyi gostermistir. N. tazetta subsp. tazetta
ve G. bohemica’nin toprak alti kismi > 1000 mg/ml, LCy ile toksik bulunmamugstir. A. salina toksik etki ¢aliymalarinin
insektisit ve antikanser ¢aligmalari ile ilgili oldugunu gosteren ¢aligmalara dayanarak, 6zellikle P. kesrouanensis'in yer tstii
kismmin potansiyel insektisit ve antikanser Ozelliklere sahip oldugu ancak daha fazla ¢alismaya ihtiya¢ duyuldugu
goriilmistiir.

Anahtar Kelimeler: Artemia salina (L.), Toksik etki, Narcissus tazetta subsp. tazetta, Paeonia kesrouanensis

INTRODUCTION

Bioactive phyto-compounds found in plants include anthocyanins, phenolic acids, catechins,
tannins, etc. compounds with complex structures. These compounds, which are necessary for the
reactions in the metabolism of the living organism, can cause adverse problems when poorly applied
and the plant used may have a toxic effect and have a mutagenic or genotoxic potential (Tiilay and
Ozlem, 2007; Almeida et al., 2020). Various experiments are used to investigate the potential toxicity
of herbal extracts with in vivo tests on laboratory animals designated as models (Carballo et al., 2002;
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Mayorga et al., 2010; Veni and Pushpanathan, 2014). Recently, numerous studies have focused on
both the pharmacology and toxicity of the herbs used (Parra et al., 2001).

Artemia is a genus that can survive in high salinity rates (4.5-340%) belonging to the Artemiidae
family (Basbug, 1999; GBIF, 2019%). It can survive and improve, especially in a hypertonic
environment, and can be found all over the world. It is one of the few organisms that can survive in the
world's most saltwater lakes with microalgae and certain types of bacteria (Asem et al., 2010; Johari et
al., 2019; Sellami et al., 2020). It is highly preferred both scientifically and in aquaculture due to its
structures that have good nutritional value, can be readily available, low cost, high reproduction rate,
easy to cultivate, and are not easily affected by environmental conditions (McLaughlin et al., 1991;
Yun et al., 2020). Brine shrimp (Artemia salina) Toxicity Assay (BSTA) method, which uses A. salina
larvae as test animals, is a competent, fast, and low-cost simple biological bioassay test that requires a
minimal amount of sample created by exposing the larvae to the test sample in saline solution
(McLaughlin et al., 1991; Montanher et al., 2002; Hamrun et al., 2020). The method is easily
understood and uses small amounts to analyze the content (Pisutthanan et al., 2013). This bioassay is a
widely used method to search for novel anticancer compounds derived from plants, and it has been
shown that toxicity test results are associated with the cytotoxic compounds of the anticancer with this
method. This bioassay suitable correlates with its cytotoxic activity in some human solid tumors and
pesticide, insecticidal activity (McLaughlin et al., 1998; Hamrun et al., 2020; Mughni and Yusop,
2020). BSTA made from plant extracts has been successfully used to biomonitor the isolation of
cytotoxic (Siqueira et al., 1998), antimalarial (Perez et al., 1997), insecticidal (Oberlies et al., 1998),
and antifeedant (Labbe et al., 1993) compounds. This bioassay also provides the forefront screen that
can be backed up with a more detailed assay once the active compound has been isolated (Pisutthanan
et al., 2013). In this study, the results of a screening of water extracts of five geophyte used for toxicity
against A. salina larvae are presented.

MATERIALS and METHODS
Plant Materials and Extract Preparation

The plants were collected in 2018-2019 during the flowering period and were identified by Dr.
Olcay Diisen and stored with herbarium number at PAMUH in Pamukkale University, Denizli, Turkey
(Table 1). At room temperature, dried fresh part (leaves and fruits), underground part (bulb and root)
cut into 5 mm x 5 mm cubes. 100 g of the cut samples and the solvent was added (acetone, methanol,
or water). It was kept in a shaking water bath for 6 hours and filtered through Whatman paper, and the
solvent was added again. After filtration, the alcohol and water were evaporated. Extracts were kept at
-20 °C (Turan and Mammadov, 2020).

Table 1. Features of collected species of geophyte genera.

Plant Name Locality Altitude (m)  Date Herbarium Number
gli?trlijizit?glgl\ég)r - virescens Tunceli Province 1230 June, 2019 EAA.'\TAE?nloos
(L:%/St;!azn&igb(;ilicium (Plant Antalya Province 938 December, 2019 i/lA"\rAlljﬁaHn 1004
(Gpallgﬁfll_big:ezr?)ilcgc)(Zauschn.) Denizli Province 777 March, 2019 IF\)/IA.\"\I'ALﬁaHanZ
gz;:t:ti;s(u(g ézﬁ:ettzzz)igbb)s P. Mugla Province 6 February, 2019 i/IA"\I'AJ:aHn 1001
E’Gagﬁgi‘azléelsgr%uanensis. Burdur Province 1649 May, 2018 iAS'\: \llJI: 1700

Brine Shrimp (Artemia salina) Toxicity Assay (BSTA)

The assay of investigating the toxic effects of extracts against A. salina was determined by
modifying the Krishnaraju et al. (2005) method. Water extracts of plants were used in the experiment.
Two days before the experiment, Artemia eggs sold commercially (Rotifish Artemia Mix, 18g) put in
a jar containing 500-600 mL of distilled water, and an air hose connected to the air motor is placed
inside the jar for continuous air ventilation. The jar is placed in the aquarium filled with 25% water.
The aquarium was kept bright at 28-29 °C. Artemia eggs were expected to hatch for two days. After
two days, 0.5 M sea saline solution was prepared. The extract solution prepared with extracts in 4
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different concentrations as 0.1, 0.25, 0.5 and 1 mg/mL was added to each test tube. By shining light
from the bottom, 12 live Artemia were added to the test tubes, and test tubes are placed in a tube
holder. The tube holder was placed in the aquarium kept lighting at a temperature of 28-29 °C. After
24 hours, each test tube was poured into a petri dish, and the Artemia that remained still for a long
time and was certain to be lifeless were counted and noted. The test was considered valid if less than
10% of the control nauplii were immobile.
Statistical Analysis

All assays were performed in 3 replicates. The mean =+ standard error was analyzed using Microsoft
Excel, and the results were analyzed using the Statistical Package for Social Sciences (SPSS)
statistical software (2017). Significant differences among groups were identified by one-way analysis
of variance (ANOVA) with Duncan’s multiple range test, setting p < 0.05 as the level of significance.
LCso(minys LCso, LCsomax), LCg0, and x? were made by Probit Analysis in STATPLUS (2015) program in
larvicidal activity assays.

RESULTS and DISCUSSION

The use of A. salina as an animal model for the assessment of acute toxicity is increasing because
this micro-shellfish is characterized by high sensitivity, ease of use, low cost, and visualization with
the naked eye (Demarchi et al., 2020). The average mortality rates (%) and statistical results of the A.
salina after 24 h of exposure are shown in Table 2. The LCx, values of the plant extracts were obtained
by a plot of the percentage of the shrimp nauplii killed against the concentrations of the extracts. The
best-fit line was obtained from the data through regression analysis in Figure 1.

The LCx, value is the concentration value that kills 50 % of a population, and the LCq value kills
90 percent of a population, and the lower this value, the more toxic the substance used. When the toxic
effect value of the underground and fresh parts of the five taxons against A. salina is compared, the
fresh part extract of the P. kesrouanensis has the highest toxicity with the 44.44 + 2.78% (1.56 + 0.13
mg/mL, LCsp) value, while the underground part of the N. tazetta subsp. tazetta species with the least
toxicity is shown with the 8.33 £ 0.00% (294.68 + 1.54 mg/mL, LCs) value. In the study of Turan and
Mammadov (2018), C. alpinum was studied in ethanol extract of underground and aboveground parts
and found that it was more active in the underground part with the value of 0.257 mg/mL, LCsy.
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Table 2. Average mortality rates (%) of the concentrations of the genera studied at 24 h exposure to A. salina
and statistical values.

24 h of exposure LCso miny LCso(mg/mL  LCsq (max LCqo (mg/mL 2
Plant\ Solvent (1 mg/mL, %) (mg/mL) =+ std error) (mg/mL) =+ std error) X
Fresh Part

A. rupicola X
var. virescens 33.33+£4.81 ab 1.23 1.81+0.12 3.67 13.03 £ 0.27 0.73
C. cilicium 27.78+2.78 a 1.84 3.77+0.27 21.26 65.11+0.60 0.05
G. bohemica 30.56 + 5.56 ab 141 2.24+0.15 5.52 18.69 = 0.33 0.75
N. tazetta subsp. - 36 17 4 556 ap 136 2194016 552 21002035  1.39
tazetta
P. kesrouanensis  44.44+2.78 b 1.03 1.56 £0.13 3.44 19.66 + 0.35 2.45
Underground Part
A. rupicola 22.22+2.78 ab® 392 21.70+£124  >10000  2443.69+2.69  0.60
var. virescens
C. cilicium 13.89 £ 2.78 ac 4,04 17.40+0.87  >10000 451.20+1.64 0.02
G. bohemica 13.89 +£2.78 ac 7.60 134.16 £9.70  >10000 >10000 0.068
gzg?fgtta SUDSP- g 3340000 ¢ 028  29468+1.54 >10000  >10000 0.41
P. kesrouanensis  30.56 + 5.56 b 2.16 5.34+0.38 68.40 148.06 +0.86 2.62
Negative Control 00.00 + 00.00

(Distilled water)

a": If the lower cases in the column are the same, there is no statistical difference in Duncan's multiple range test (p < 0.05). Each part was
statistically calculated among themselves.
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Figure 1. Regression curve plot of fresh (a) and underground (b) parts of P. kesrouanensis showing the best
results

Umaru et al. (2020) studied stem-bark extracts of Barringtonia asiatica (L.) Kurz and found the
best result with an LCs of 34.059 (ug/mL) in methanol extract. Itam and Anna (2020) found the best
result in ethyl acetate extract with 70.03 (ug/mL, LCs) in their study with Syzygium malaccense (L.)
Merr. & L. M. Perry leaves. Ogbole et al. (2020) studied the toxicity of the peptide-rich and methanol
crude extracts against brine shrimp, and the crude methanol extract of Calliandra portoricensis Benth.
was more toxic (5.13 pg/ mL, LCsy) compared to the Arginine-rich Peptide extract (6.12 pg/mL,
LCso). Rosyadi et al. (2020) found the 67.17 (ug/mL, LCso) value in their study with methanolic
extract of Piper crocatum Ruiz & Pav. leaf. In the study of Hamrun et al. (2020), the most significant
number of larvae mortalities was seen at a concentration of 1000 ppm and found the 58.82 ppm, LCs,
value with methanolic extract of Eucheuma spinosum J.Agardh red algae extract. Osamudiamen et al.
(2020) investigated the anticancer and brine shrimp toxic activity of hexane, dichloromethane, ethyl
acetate, and methanol extracts of Mezoneuron benthamianum Baill species, the results show that
dichloromethane and hexane extracts had the highest activity against the A. salina, with a lethal
concentration of 29.29 mg/mL, LCs, and 99.96 mg/mL, LCs, values, respectively. Ara et al. (1999)
studied six seaweed and found the best results in aqueous extracts with Stokeyia indica Thivy & Doshi
value of 64 png/mL, LCsx, after 24 hours. Padmaja et al. (2002) found the best result after 24 hours with
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6.9 ug/mL, LCy, value in the fruit of Piper longum L. in their study with India medicinal herbs. Santos
Pimenta et al. (2003) studied eighteen extracts of Brazilian medicinal plants and found the lowest LCs
value in the ethanolic extract of the Annona nutans R.E.Fr. seed with the 0.20 pg/mL, LCs, value.

A good correlation between larvicidal activity against Aedes aegypti L. and brine shrimps was also
found in Luna et al. (2005) studies, indicating general toxicity of the active components. Especially A.
aegypti and Culex pipiens L. are a mosquito species responsible for the transmission of yellow fever,
dengue fever, chikungunya, and zika virus, which has become a matter of public health since the last
three decades (Carvalho and Moreira, 2017). Of the studied extracts, P. kesrouanensis will likely
increase toxicity to A. aegypti larvae since its cytotoxic effect against brine shrimp is significantly
increased, and more studies are needed to prove this when there are not many studies in the literature.
As the studies on this subject increase, it has been reported that the increase in toxic effect activity
leads to an increase in larvicidal activity and can assist public health programs against mosquito
reproduction (Maia-Neto et al., 2020). The results of our study are consistent with all other studies
reported in the literature, especially P. kesrouanensis, with its toxic effect, which can potentially have
anticancer and insecticidal properties.

CONCLUSION

Especially the fresh part has toxic activity against brine shrimp (A. salina) according to the BSTA
method. The P. kesrouanensis showed the highest activity both fresh and underground. With this
feature, P. kesrouanensis can be said to have potential anticancer and insecticidal properties. Based on
the possible relationship between brine shrimp lethality, cancer, and insecticide, this study could serve
further ethnobotanical, phytochemical, agricultural, medical, pharmaceutical research.
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Ozet

Aeromonas hydrophila viriilens 6zellikleri agisindan 6nemli bir patojen olup baliklarda Sliimciil bir hastalik olan Motile
Aeromonas Septisemisine (MAS) neden olur. Bu ¢alismada hasta baliklardan izole edilen 20 A. hydrophila susunun ve A.
hydrophila ATCC 7966 susunun 28 farkli antibiyotige karsi duyarliligi arastirilmigtir. Arastirmada A. hydrophila suslarinda
antibiyotik duyarlilk profilleri Kirby-Bauer disk diflizyon yontemiyle saptanmig ve heri bir susa ait Coklu Antibiyotik
Direngliligi (CAD) indeksi hesaplanmugtir. Elde edilen sonuglara gére suslarin 12 antibiyotige direngli, 14 antibiyotige
duyarli, 2 antibiyotige orta dercede duyarli oldugu belirlenmistir. CAD indeksi sonuglarina gore suslarn toplam 14
antibiyotige kars1 ¢oklu antibiyotik direnci gosterdigi tespit edilmistir. Suslarin CAD indeks degerleri 0,21-0,75 araliginda
tespit edilmistir. Son yillarda yapilan ¢aligmalarin ortaya koydugu bir bulgu A. hydrophila’nin oksitetrasikline karsi
gelistirdigi direngtir. Bu agidan aragtirma bulgularinda en dikkat ¢eken oksitetrasiklin direnci olmustur. A. hydrophila
suglarmin aragtirmada kullanilan antibiyotiklerin biiyiik bir kismina ve yapilan bazi ¢alismalarla tedavide en etkili antibiyotik
oldugu bildirilen oksitetrasikline karsi direng gelistirdiginin tespit edilmesi suslarn direng profilinin yiiksek oldugunu
gostermektedir.

Sonug olarak, balik patojenlerinin olusturdugu hastaliklarin tedavisinde yanlis antibiyotik kullanimi sonucu patojenin
direng kazandigi, bu durumunda balik hastaliklari ile miicadelede ciddi bir sorun olugturdugu goriilmektedir.

Anahtar Kelimeler: Aeromonas hydrophila, Balik, Antibiyogram, Coklu Antibiyotik Diren¢liligi, CLSI
Antibiotic Resistance Profiles of Aeromonas hydrophila Strains
Abstract

Aeromonas hydrophila virulent is a pathogen with important virulent properties and causes Motile Aeromonas
Septicemia (MAS), a deadly disease in fish. In this study sensitivity of 20 A. hydrophila strains and A. hydrophila ATCC
7966 strains isolated from sick fish to 28 different antibiotics were investigated. In the study, antibiotic susceptibility profiles
of A. hydrophila strains were determined by Kirby-Bauer disk diffusion method and the Multiple Antibiotic Resistance
(MAR) index for each strain was calculated. According to the results, it was determined that the strains were resistant to 12
antibiotics, sensitive to 14 antibiotics, and 2 antibiotics moderately. According to the results of the MAR index, the strains
were found to have multiple antibiotic resistance against the total of 14 antibiotics. MAR index values of strains were
determined in the range of 0.21-0.75. One of the findings of recent studies is the resistance developed by A. hydrophila
against oxytetracycline. In this respect, oxytetracycline resistance was the most striking in the research findings. The fact that
A. hydrophila strains developed resistance to most of the antibiotics used in the research and oxytetracycline, which was
reported to be the most effective antibiotic in treatment, shows that the resistance profile of strains is high.

As a result, it is seen that pathogen has gained resistance as a result of the use of broad-spectrum antibiotics in the
treatment of diseases caused by fish pathogens, and this situation creates a serious problem in the fight against fish diseases.

Keywords: Aeromonas hydrophila, Fish, Antibiogram, Multiple Antibiotic Resistance, CLSI

GIRIS

A. hydrophila 28°C'de optimal tireyen ancak 4°C ile 37°C arasindaki sicakliklarda da tireyebilen
firsatg1 bir bakteridir (Agger vd., 2018). A. hydrophila, agik yaralar yoluyla, su veya yiyeceklerle
yeterli sayida organizmanin yutulmasi yoluyla baliklarda, amfibiyanlarda ve insanlarda hastaliklara
neden olabilir. A. hydrophila ¢ig sebzelerden de izole edilmistir (Harris vd., 2003).

Patojenik olarak degerlendirildiginde A. hydrophila hem baliklarda (Austin ve Austin, 2016;
Rehulka, 2002) hem de insanlarda hastalik olusturan zoonoz bir bakteridir (Castro, 2002; Davies vd.,
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2001, Lehone ve Rawlin, 2000; Werner ve Rutherford, 1990). Aeromonas tiirleri baliklarda Hareketli
Aeromonas Septisemi (Motile Aeromonas Septisemisi: MAS) hastaligina neden olur ve bu hastalik
ciddi mortaliteyle sonuglanir (Austin ve Austin, 2016). A. hydrophila hemorajik septisemisi Motile
Aeromonas Septicemia “’Red Fin Disease’’, “’Red Pest’’, “’Infectious Abdominal Dropsy’’ adlar1 da
literatiirlere gegmis olup (Roberts ve Shepherd, 2001; Oztiirk ve Altinok, 2014) 1-2 hafta gibi kisa bir
stirede %80-100 6liim oraniyla sonuglandigi bilinmektedir (Lukistyowati, 2012; Kusdarwati vd.,
2017). MAS hastaligmin en onemli semptomlar: baliklarda deri ve kaslarda kanama seklinde,
karaciger, bobrek ve dalakta hiperemi, i¢ organlarda doku kaybi, dropsi, iilserler, yiizge¢ kaybi,
epidermiste hiperplazi, agiz c¢evresinde erozyonlar, periorbital &dem, ekzoftalmus olarak
goriilmektedir (Mancini vd., 1997, Erer, 2002; Saglam vd., 2006).

A. hydrophila’da antibiyotik direnci ve A. hydrophila kaynakli hastaliklarda risk yonetim
stratejileri incelendiginde A. hydrophila yiiksek genetik heterogenezis gosterdigi igin bu hastaliga karst
koruyucu as1 ve probiyotik gibi profilaktif uygulamalarin hastaligin kontrolii agisindan zorluk
olusturdugu bildirilmektedir (Poobalane vd., 2010). Ulkemizde hareketli Aeromonas septisemi
etkenleri de yaygi olarak izole edilmistir (Baran vd., 1980; Timur, 1983; Giivener, 2001; Oztiirk,
2007; Durmaz ve Tiirk, 2009; Korun ve Toprak, 2010; Boran, 2013; Onuk vd., 2013). Antibiyotiklerin
yaygin kullanimi, balik ve c¢evresel patojenlere karsi antimikrobiyal direng gelisimine neden
olmaktadir (Angulo ve Griffin, 2000; Witte, 2000; Petersen vd., 2002; Angulo vd., 2004; Alcaide
vd.,2005). Balik patojenlerinde antimikrobiyal direncin ortaya ¢ikmasi akuakiiltiirde hastaliklarin
tedavisinde kullanilan antimikrobiyallerin etkisinin azalmasina, antimikrobiyal diren¢ gelistirmis olan
patojenlerin ve diren¢ genlerinin karasal hayvanlara, insanlara gegisine neden olabilmektedir (L’ Abee-
Lund ve Sorum, 2001; Sorum, 2006; Duman 2017). Dolayisiyla antibiyotik direnci, diinya ¢apinda
modern tibbin karsilagtigi en biiyiik zorluklardan biridir (Andersson vd., 2020). Bazi antimikrobiyaller
baliklarda immun sistemin baskilanmasina neden olmakta ve buna bagli olarak hastaliklarin
olusumuna yol agmaktadir (Naylor ve Burke, 2005; Cabello, 2006). Antibiyotiklere karsi direncli
bakteri populasyonlarin ortaya ¢ikmasiyla antibiyotikler artik etkisiz kalmakta ve hastaliklar tam
anlamiyla tedavi edilememektedir (Rasko ve Sperandio, 2010).

Ulkemizde streptomisin, oksitetrasiklin, trimetoprim ve nitrofurantoin gibi antibiyotiklere karst
Motil Aeromonaslar’in olduk¢a direng kazandiklari saptanmistir (Durmaz ve Tirk, 2009).
Antibiyotiklere bu denli direng¢ kazanmig A. hydrophila’yla miicadelede artik yeni stratejilerin
belirlenmesi kaginilmaz hale gelmistir.

Bu makalenin amact A. hydrophila’nin neden oldugu hastaliklarla miicadelede ilk akla gelen
stratejilerden biri olan antibiyotiklerden siklikla kullanilan 28 antibiyotige karsi 20 A. hydrophila
susunun antibiyotik diren profillerinin belirlenmesi, ayrica ¢oklu antibiyotik direngliligi indekslerinin
saptanmasi ve sonuglarin litliratiirlere gegmesiyle tedavi siirecinde bagariyi artirmaya yon vermektir.

MATERYAL VE YONTEM
Materyal
Kullanilan antibiyotikler

Antibiyogram testinde Gram negatif bakterilerin neden oldugu hastaliklarin tedavisinde en ¢ok
tercih edilen ve literatiir taramasinda en cok kullanildigi belirlenen 28 farkli Oxoid marka
antibiyotikler kullanilmustir (Tablo 1).
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Tablol. Aragtirmada kullanilan antibiyotikler

Antibiyotik Antibiyotik kodu  Antibiyotik dozu  Antibiyotik markasi
Siilfadiazin SD300 (300 pg) Oxoid
Nalidiksik Asit NA30 (30 ng) Oxoid
Enrofloksasin ENR5 (5 ug) Oxoid
Cefoperazone CEP75 (75 ng) Oxoid
Colistin CT10 (10 pg) Oxoid
Oksitetrasiklin T30 (30 pg) Oxoid
Norfloksasin NOR10 (10 ng) Oxoid
Ceftriaksone CRO30 (30 pg) Oxoid
Oksasilin OX1 (1 pg) Oxoid
Apramisin APR15 (15 pg) Oxoid
Siprofloksasin CIP5 (5 ng) Oxoid
Klindamisin DA2 (2 ug) Oxoid
Tylosin TY15 (15 pg) Oxoid
Flumequin FLM30 (30 pg) Oxoid
Sefalotin KF30 (30 ng) Oxoid
Pristinamisin PT15 (15 ng) Oxoid
Nitrofurantoin F300 (300 ug) Oxoid
Gentamisin CN10 (10 pg) Oxoid
Siilfametoksazol/Trimetoprim SXT25 (25 ng) Oxoid
Oksolinik Asit 0A2 (2 pg) Oxoid
Kanamisin K30 (30 ng) Oxoid
Doksisiklin DO30 (30 pg) Oxoid
Kloramfenikol C30 (30 pg) Oxoid
Streptomisin S10 (10 pg) Oxoid
Ampisilin AM10 (10 ng) Oxoid
Eritromisin E15 (15 pg) Oxoid
Vankomisin VA30 (30 pg) Oxoid
Penisilin G P10 (10 pg) Oxoid

Kullanilan suslar

Calisma da Bursa Uludag Universitesi (BUU), Isparta Uygulamal1 Bilimler Universitesi (ISUBU),
Ondokuz Mayis Universitesi’nden (OMU) hasta baliklardan izole edilmis 20 A. hydrophila susu ve A.
hydrophila ATCC 7966 referans susu kullanilmigtir (Tablo 2.) Suslar ¢alismada kullanilincaya kadar -
-80°C’de depolanmuistir (Ausubel vd., 1988).
A. hydrophila suslarinin iiretim ve depolanmasi

Deneylerde kullanilan her sus uzun siireli saklama amaciyla, %20’lik gliserinli 2-3 ml TSB
ortaminda cryo tiiplerde (3-6 ay), -80°C’de muhafaza edilmistir. Depolanan bakteriler giinliik kullanim
i¢in -80°C’den almarak -20°C’de bekletildikten sonra aseptik sartlarda TSA besiyerlerine saf koloni
olacak sekilde ekilmistir. Ekimleri yapilan bakteriler 25°C’de 24 saat siireyle inkiibe edilmistir. Daha
sonra giinliik kullanim amactyla maximum 7 giin siireyle +4°C’de saklanmustir.
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Tablo 2. Calismada kullanilan A. hydrophila suslar

Say1 Sus kodu izolasyon bélgesi izolasyon kaynag
Referans Sus ATCC 7966 Amerika Birlegik Devletleri Konserve siitten
1. Sus AH RSKK 05049 Refik Saydam Ulusal Tip Kiiltiir Koleksiyonu (RSKK) RSKK
2. Sus AH SAHA Karadeniz/Tiirkiye Gokkusag1 Alabaligt
3. Sus AH S Akdeniz/Tirkiye Sazan Balig
4. Sus AHJ Akdeniz/Turkiye Japon Balig1
5. Sus AH 2 Karadeniz/Tiirkiye Gokkusag1 Alabalig
6. Sus AH 3 Ege/Tiirkiye Gokkusag1 Alabalig
7. Sus AH 4 Karadeniz/Tiirkiye Gokkusagi Alabalig
8. Sus AH12.1 Karadeniz/Tiirkiye Gokkusagi Alabalig
9. Sus AH 14 Karadeniz/Tiirkiye Gokkusag1 Alabaligt
10. Sus AH 15 Karadeniz/Tiirkiye Gokkusagi Alabalig
11. Sus AH 16 Karadeniz/Tiirkiye Gokkusagi Alabalig
12. Sus AH 108 Ege/Tiirkiye Gokkusagi Alabaligt
13. Sus AH 113 i¢ Anadolw/Tiirkiye Gokkusag1 Alabaligt
14. Sus AH 216 Ege/Tiirkiye Kefal
15. Sus AH 217 Ege/Tiirkiye Levrek
16. Sus AH 219 Ege/Tiirkiye Tekir
17. Sus AH 220 Ege/Tirkiye Cipura
18. Sus AH 222 Ege/Tiirkiye Kefal
19. Sus AH 230 Ege/Tiirkiye Gokkusag1 Alabalig
20. Sus AH 232 Ege/Tiirkiye Gokkusagr Alabaligt

AH: A. hydrophila
ATCC: American Type Culture Collection
RSKK: Refik Saydam Ulusal Tip Kiiltiir Koleksiyonu

Yontem
A. hydrophila suslarin identifikasyon testleri

Farkli hasta baliklardan izole edilmis A. hydrophila suslari pasajlar yapilarak genglestirilmistir.
Genglestirme isleminde daha 6nceden izole edilerek identifikasyonlar: yapilan ve -80°C’de tutulan A.
hydrophila suslar1 aseptik sartlarda TSA besiyerine ekilerek 25°C’de inkiibasyona birakilmustir.
Inkiibasyon sonucu genclestirilen A. hydrophila suslarimin ve A. hydrophila ATCC 7966 referans
susunun saf koloni olacak sekilde Pseudomonas aeromonas selective agar base (Glutamate starch
phenol red agarda: GSP Agarda) sar1 pigmentli koloni olusturmasi ayirici teshisiyle tiir tespiti
yapilmistir. Ayrica Gram boyama testi, vibriostat testi, O/F testi, suglarin hareketli olup olmadiklarinin
belirlenmesi amaciyla lam iizerinde mikroskopta incelemeyle hareketlilik testi, katalaz testi, sitokrom
oksidaz testi ile fenotipik testleriyle A. hydrophila suslarinin testleri yapilarak tekrar dogrulanmistir
(Cappuccino ve Sherman, 1992; Lasee, 1995; Austin ve Austin, 2016).
Kirby-Bauer disk difiizyon yontemi antibiyogram testi

Caligmada kullanilan suslarin antibiyotik duyarliliklari Clinical Laboratory Standards Institute
(CLSI) kriterler temel alinarak Mueller Hinton agarda Kirby-Bauer disk difiizyon yontemiyle
belirlenmistir. Caligmada A. hydrophila ATCC 7966 referans susu ve A. hydrophila suslarmin
antibiyotik direng profilleri 28 g¢esit antibiyotige karsi in vitro arastirilmugtir. Testte Gram negatif
bakterilerin tedavisinde en ¢ok tercih edilen ve literatiir taramasinda en ¢ok kullanilan Siilfadiazin
(SD300, 300 pg), Nalidiksik Asit (NA30, 30 pg), Enrofloksasin (ENRS, 5 pg), Cefoperazone (CEP75,
75 pg), Colistin (CT10, 10 pg), Oksitetrasiklin (T30, 30 pg), Norfloksasin N(OR:10, 10 pg),
Ceftriaksone (CRO30, 30 pg), Oksasilin (OX1, 1 pg), Apramisin (APR15, 15 pg), Siprofloksasin
(CIPS, 5 pg), Klindamisin (DA2, 2 pg), Tylosin (TY15, 15 pg), Flumequin (FLM30, 30 ug), Sefalotin
(KF30, 30 pg), Pristinamisin (PT15, 15 pg), Nitrofurantoin (F300, 300 pg), Gentamisin (CN10, 10
ug), Silfametoksazol/Trimetoprim (SXT25, 25 pg), Oksolinik Asit (OA2, 2 pg), Kanamisin (K30, 30
ng), Doksisiklin (DO30, 30 pg), Kloramfenikol (C30, 30 pg), Streptomisin (S10, 10 pg), Ampisilin
(AM10, 10 pg), Eritromisin (E15, 15 pg), Vankomisin (VA30, 30 pg), Penisilin G (P10, 10 pg) Oxoid
marka antibiyotikleri kullanilmigtir. Mc Farland 0,5 (Biosan DEN-1) bulanikliginda hazirlanan bakteri
stispansiyonundan Miiller Hinton Agar (Merck) besiyerine 0,1 ml konularak besi yeri ylizeyine steril
ekiivyon c¢ubuklar ile yayilmasi saglannustir. Daha sonra petriler oda sicakliginda 5-10 dakika
bekletilmistir. Agarin yilizeyine ¢esitli konsantrasyonlarda farkli antibiyotikleri igeren diskler steril
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pens ile yerlestirilerek 25°C’de 24-48 saat inkiibe edilmistir. 24-48 saat siiren inkiibasyon sonunda
diskler etrafinda gelisen zonlarin ¢aplari milimetrik olarak 6lgiilerek suslarin duyarh ve direngli olup
olmadiklari hassas (S), direngli (R) ve orta derece de duyarli (I) olarak CLSI, 2017 kriterlerine gére
degerlendirilmigtir (Mueller ve Hinton, 1941; CLSI, 2017). Testler 3 tekrarli olarak
gergeklestirilmistir.
Coklu antibiyotik direngcliligi (CAD) indeksinin hesaplanmasi

Coklu antibiyotik direngliligi (CAD) “’Multi Drug Resistant, MDR’’ indeksi test organizmalarinin
direngli oldugu antibiyotik sayisinin toplam kullanilan antibiyotik sayisina orani ile hesaplanmustir.
Hesaplanan CAD indeksi sonucunda 0,2’den daha biiyiik olan suslarin ¢oklu antibiyotik direngliligi
oldugu belirlenmistir (Krumperman, 1983; Paul vd., 1997; Ehinmidu, 2003; Matyar, 2016).

BULGULAR
Kirby-Bauer disk difiizyon yontemiyle antibiyogram testi sonuglari

A. hydrophila suslarinin zon ¢aplarinin mm bazinda olgiilerek yapildig1 bu testte farkli suslarin
farkli antibiyotiklere karsi olusturduklart direng ve duyarliliklar: belirlenmistir (Sekil 1. ve Tablo 3.).

Arastirma sonucunda 20 A. hydrophila susunun ve A. hydrophila ATCC 7966 referans susunun 28
farkli antibiyotik kullanilarak yapilan antibiyogram test sonuglari incelendiginde, her bir susun farkli
diizeyde antibiyotik duyarliliklarmimn oldugu tespit edilmistir (Tablo 3.). A. hydrophila suslarinin 28
antibiyotigin, 14’iine duyarli oldugu 12’sine karsi direngli oldugu ve 2’sine orta derecede duyarli
oldugu saptanmigtir.

Calismada A. hydrophila suslarinin oksasilin’e %100, ampisilin’e %100, vankomisin’e %100,
penisilin - G’ye %100, klindamisin’e %95,23, tilosin’e %95,23, oksitetrasiklin’e  %90,47,
siprofloksasin’e %90,47, pristinamisin’e %90,47, sefalotin’e %80,95, oksolinik asit’e %80,95,
nitrofurantoin’e %61,90 oraninda direngli oldugu belirlenmistir. Yine suslarmin norfloksasin’e %100,
gentamisin’e  %95,23, enrofloksasin’e %95,23, flumekuin’e %90,47, kloramfenikol’e 990,47,
kolistin’e %80,95, streptomisin’e %80,95, nalidiksik asit’e %71,42, sulfametoksazol/trimetoprim’e
%71,42, seftriakzon’a %66,68, sefoperazon’a %52,38, siilfadiazin’e %47,61, kanamisin’e %47,61,
doksisiklin’e %42,85 oraninda duyarli oldugu saptanmistir. Ek olarak eritromisin’e %76,19 ve
apramisin’e %57,14 oraninda orta derecede duyarli oldugu bulunmustur. Caligmada elde edilen
antibiyotik duyarlilik yiizdeleri Tablo 4’de verilmistir.

Coklu antibiyotik direnci (CAD) indeksi sonuglarina gore A. hydrophila suslarinin siilfadiazin,
oksitetrasiklin, oksasilin, apramisin, klindamisin, tilosin, sefalotin, pristinamisin, nitrofurantoin,
sulfametoksazol/trimetoprim, oksolinik asit, ampisilin, vankomisin ve penisilin G olmak {izere 14
farkli antibiyotige kars1 ¢coklu antibiyotik direncinin oldugu belirlenmistir (Tablo 4.).
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Tablo 3. A. hydrophila suslarinin antibiyogram sonuglar1 (CLSI, 2017)

= Sensitivity; R: Resistans, S: Susceptible I: Intermediate (Zon ¢api: mm) Suslar

>

3 ATCC  AHRSKK AH AH AH AH AH AH AH AH AH AH  AH __AH __AH __AH __AH __AH __AH __AH _ AH

< 7966 05049 SAHA S J 2 3 4 12.1 14 15 16 108 113 216 217 219 220 222 230 232
SD300 S(19) R(0) S(20) R(0) S(2) S(16) S(20) S(23) S@8) 14  R@0)  R(O) S(0) S(2) RO RO RO RO S8 RO  I(13)
NA30 S(26) R(0) S(34) S(30) S(25) s(27) s(27) S(26) s@5) RO  S(@3)  R(O) S(25) 1(18) S@7) S(22) S@4) S@1) S(25 RO  R()
ENRS S(30) S(28) S(40) S(34) S(40) s(31) S(30) S(30) R(10)  S(25)  S(3)  S(B35) S(31) S(26) S(31) S(34) S(35) S(34) S@0) S(33)  S(27)
CEPT75 1(20) 1(19) S(30) 1(20) S(24) 1(20) 1(20) S(22) S@6)  S(29)  S(25)  120)  1(20)  S(30) (20) S(27) S(26) R(14) S(21) S(22)  1(20)
CT10 s(12) R(10) S(13) s(12) s(12) s(13) s(12) S(13) S(14)  s(2) RO  S(2) S(1) S(13) S(20) S(19) RO  S(15) S(11) RO  S(3)
T30 R(0) R(20) 1(23) R(0) R(20) R(0) R(0) R(0) R(0) 1(22) R(9) RO) RO RO RO RO RE) RO RO R@6) RO
NOR10  S(33) S(33) s(a1) S(33) S(35) S(32) S(31) S(32) S@8)  S(23)  S(19)  S(32) S(0) S(20) S(27) S(34)  S(24) S(26) S(29) S(24)  S(30)
CRO30  S(25) S(42) S(33) S(24) S(24) S(26) S(25) S(26) R@6)  SGB1)  1(22)  S(28) S(25) R(@8) 1(21) S(30) R(16) R(15) S(26) R(@)  S(25)
ox1 R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(9) RO RO RO RO RO RO RO RO RO RO
APR15 I(15) 1(15) I(15) I1(15) R(13) 1(14) I(15) I(15) s@8) 115  R@2)  I15) (15 R(@1) R(13) I(16) S@8) R(12) R(@3) R@3)  I(16)
CIP5 S(35) S(28) S(42) S(35) S(38) s@37) S(37) S(35) S(34)  S(26)  S(33)  S(35) S(36) S(30) S@33) RO  S@7) 1(20) S(38)  S(26)  S(29)
DA2 R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(9) R@ RO RO RO RO RO RO RO S22 RO
TY15 R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) RO) RO RO RO RO RO RO RO S@1) RO
FLM30 S(34) S(43) S(36) S(35) S(34) S(33) S(34) S(34) S@2) R  S(@Bl)  S(34) S(25) S(36) SB35) S(29) S@BL)  S(7) S35 S@7)  1(22)
KF30 R(0) R(0) R(0) R(0) S(20) R(0) R(0) R(0) R(0) R(0) R(8) RO) RO R@0) S@3) S(@22) RO S22 RO R@® RO
PT15 R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) RO) Rl R0 RO RO R0 RO RO S5 R@0) RO S(25 R(l1)
F300 R(0) R(13) S(26) R(0) s(21) R(0) R(0) R(0) RO)  S(20)  R() RO) RO RO RO S@0) S(U7) 115 RO S(19)  S(23)
CN10 S(20) R(11) S(20) S(20) S(20) s(21) S(20) s(21) S@4)  S(20)  S(21)  S(0) S(21) S(15) S(18) S(1) S(24) S(23) S(21) S@1)  S(22)
SXT25 S(25) R(0) S(29) R(0) S(25) s(@7) S(24) S(26) S(23)  S(16)  S(26)  S(25) S(24) S(27) S(26) R(®) RO RO S@7) RO  S(1)
0A2 R(0) R(0) 1(26) R(0) 1(27) R(0) R(0) R(0) R(0) RO) R(18) RO RO 125 R@A7) R(0) R@0) I(26) RO RE2) R(O)
K30 s(18) S(19) s18) s(18) 1(16) 1(17) 117) s(18) S19)  s@8)  S20) S8 (14 RO RO 114 117) RO  S@1) 1(14)  1(17)
D030 I1(11) S(24) S(24) S(24) s(18) R(10) I(12) I(11) S(2)  s(25)  s(6)  I12) R@ RO 1(12) 1(13) S(8) 1(13) R(0) S(23) R(10)
c30 S(35) S(36) S(37) S(36) s(32) S(35) S(35) S(36) S(34)  S(32)  I16)  S(35) S(33) S(18) S(28) S(24) S(34) S(22) S(39) S(30)  R(l1)
s10 S(20) s(21) S(22) S(20) s(22) S(20) S(20) S(20) S(9)  S(20)  S(25)  S(20) S(21) S(18) R(10) I(14)  S(28) 1(12)  S(21) S(16)  R(0)
AM10 R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(9) RO) RO RO RO RO R@ RO RO RO RO
E15 I1(15) 1(15) 1(20) 1(14) 1(17) 1(16) I1(15) 1(15) 122) 1(13) 119 114 114 RO RO RO 121 RO I(17)  SE1) 122
VA30 R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) RO) RO RO RO RO RO RO RO RO RO
P10 R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) R(0) RO) RO  R(0) R(0) R(0) R(0) R(0) R(0)

CLSI: The Clinical & Laboratory Standards Institute

R: Resistant: Direngli, I: Intermediate: Orta duyarli, S: Susceptible: Duyarli

SD300: Sulfadiazine, NA30: Nalidixic Acid, ENR5: Enrofloxacin, CEP75: Cefoperazone, CT10: Colistin, T30: Oxytetracycline, NOR:10 Norfloxacin, CRO30: Ceftriaxone, OX1: Oxacillin, APR15: Apramycin, CIP5:
Ciprofloxacin, DA2: Clindamycin, TY15: Tylosin, FLM30: Flumequine, KF30: Cephalothin, PT15: Pristinamycin, F300: Nitrofurantoin, CN10: Gentamicin, SXT25: Sulphamethoxazole/Trimethoprim, OA2: Oxolinic
Acid, K30: Kanamycin, DO30: Doxycycline, C30: Chloramphenicol, S10: Streptomycin, AM10: Ampicillin, E15: Erythromycin, VA30: Vancomycin, P10: Penicillin G
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Tablo 4. Antibiyotik duyarlilik yiizdeleri ve ¢oklu antibiyotik direnci (CAD) indeksi sonuglari

Antibiyotik Antibiyotik Direngli Direngli Orta Duyarh  Orta Duyarh  Duyarh Sus Duyarh _CAD
Dozu Sus Sayisi n (%) Sus Sayis1 n (%) Sayisi n (%) Indeksi

SD300 (300 pg) 9 %42,85 2 %9,52 10 %47,61 0,32
NA30 (30 pg) 5 %23,80 1 %4,76 15 %71,42 0,17
ENR5 (5 ng) 1 %4,76 0 %0 20 995,23 0,03
CEP75 (75 pg) 1 %4,76 9 %42,85 11 %52,38 0,03
CT10 (10 pg) 4 %19,04 0 %0 17 %80,95 0,14
T30 (30 pg) 19 %90,47 2 %9,52 0 %0 0,67
NOR10 (10 pg) 0 %0 0 %0 21 %100 0

CRO30 (30 pg) 5 %23,80 2 %9,52 14 966,68 0,17
OX1 (1 ng) 21 9%3100,00 0 %0 0 %0 0,75
APR15 (15 pg) 7 %33,33 12 %57,14 2 %9,52 0,25
CIP5 (5 ng) 1 %4,76 1 %4,76 19 %90,47 0,03
DA2 (2 ng) 20 995,23 0 %0 1 %4,76 0,71
TY15 (15 pg) 20 %095,23 0 %0 1 %4,76 0,71
FLM30 (30 pg) 1 %4,76 1 %4,76 19 %90,47 0,03
KF30 (30 pg) 17 %80,95 0 %0 4 %19,04 0,60
PT15 (15 pg) 19 %90,47 0 %0 2 %9,52 0,67
F300 (300 ng) 13 961,90 1 %4,76 7 %33,33 0,46
CN10 (10 pg) 1 %4,76 0 %0 20 995,23 0,03
SXT25 (25 pg) 6 %28,57 0 %0 15 %71,42 0,21
OA2 (2 ng) 17 %80,95 4 %19,04 0 %0 0,60
K30 (30 pg) 3 %14,28 8 %38,09 10 %47,61 0,10
DO30 (30 pg) 5 %23,80 7 %33,33 9 %42,85 0,17
C30 (30 pg) 1 %4,76 1 %4,76 19 %90,47 0,03
S10 (10 pg) 2 %9,52 2 %9,52 17 %80,95 0,07
AM10 (10 pg) 21 9%3100,00 0 %0 0 %0 0,75
E15 (15 pg) 4 %19,04 16 %76,19 1 %4,76 0,14
VA30 (30 pg) 21 %100,00 0 %0 0 %0 0,75
P10 (10 pg) 21 %100,00 0 %0 0 %0 0,75

R: Resistant: Direngli, I: Intermediate: Orta duyarli, S: Susceptible: Duyarlt

CAD: Coklu antibiyotik direnci indeksi

SD300: Sulfadiazine, NA30: Nalidixic Acid, ENR5: Enrofloxacin, CEP75: Cefoperazone, CT10: Colistin, T30: Oxytetracycline, NOR:10
Norfloxacin, CRO30: Ceftriaxone, OX1: Oxacillin, APR15: Apramycin, CIP5: Ciprofloxacin, DA2: Clindamycin, TY15: Tylosin, FLM30:
Flumequine, KF30: Cephalothin, PT15: Pristinamycin, F300: Nitrofurantoin, CN10: Gentamicin, SXT25: Sulphamethoxazole/Trimethoprim,
OA2: Oxolinic Acid, K30: Kanamycin, DO30: Doxycycline, C30: Chloramphenicol, S10: Streptomycin, AM10: Ampicillin, E15:
Erythromycin, VA30: Vancomycin, P10: Penicillin G

Sekil 1. A. A. hydrophila AH108 susunun gentamisin duyarliligi penisilin direnci, B.ve C. A. hydrophila
AH217 susunun enrofloksasin, flumekuin duyarlilif1 oksitetrasiklin, sulfametoksazol/trimetoprim
direnci, D. A. hydrophila AH220 susunun sadece kolistin duyarliligi tilosin, vankomisin,
eritromisin, Kloramfenikol direnci
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TARTISMA ve SONUC

Bakteriyel direng her agidan tehdittir. Son zamanlarda diinya ¢apinda antibiyotiklere direngli, hatta
¢oklu direngli, patojenik bakterilerde bir artig s6z konusudur. Su iiriinleri yetistiriciligi yonetiminde
profilaktif amagla probiyotik uygulamalari (Gatesoupe, 1999; Verschuere vd., 2000),
immunostimulantlar (Sakai, 1999) ve asilar (Gudding vd., 1999; Heppell ve Davis, 2000) basaril1 bir
sekilde kullanilmaktadir. Ancak tedavi siirecinde kullanilan antibiyotiklere kars1 gittikce gelisen direng
hastaliklarin kontrol altina alinmasinda yeni metotlara olan ihtiyaci arttirmistir.

Birgok antibiyotige karsi gerek intrinsik, gerekse kazanilmis direng gostererek tedaviyi zorlayan bir
bakterinin antibiyotiklere direnci diger bakterilere kolaylikla transfer eden ve intestinal florada
asemptomatik persistent kolonizasyon gosteren bu bakterilerin hastaliklardaki 6nemi giderek
artmaktadir (Uttley vd., 1988).

Aeromonaslarm, penisilin G, ampisilin, karbenisilin, tikarsilin, streptomisin, sefalotin ve 1. ve 2.
kusak sefalosporinlerin ¢oguna karsi direngli oldugu; cogu aminoglikozide, azlosilin, piperasilin
kloramfenikol, tetrasiklin, sulfametoksazol/trimetoprim, Kinolonlar ve 3. kusak sefalosporinlere
duyarli olduklar1 belirtilmektedir. Bununla beraber her giin bu ilaglara karsi direng gelismektedir.
Yapilan ¢aligmalarla Aeromonas cinsinde ¢oklu direng gelisimine neden olan R plazmidlerin varligi
saptanmugtir (Altwegg ve Johl, 1989). Bu ¢alismada A. hydrophila’nin giin gectik¢e duyarh oldugu ve
tedavide Onerilen bagta oksitetrasiklin olmak tizere 12 antibiyotige karsi artik direng¢ kazandigi
belirlenerek Altwegg ve J6hl (1989) ile benzer sonug vermistir.

Sarkodie vd. (2019) 15 klinik A. hydrophila susu 12 antibiyotik sinifi olmak {izere 25 farkli
antibiyotige karsi antibiyotik hassasiyetleri agisindan incelenmis ve neredeyse birgok antibiyotige
kars1 direng gelistirdigini bulumuslardir. Suslarin aminoglikozid sinifina kars1 % 97,7 duyarlilik, -
laktam'a %96,7 yiiksek direng, %60,0 polipeptide orta direng gosterdigini bildirmislerdir. Hatta A.
hydrophila hastaliklarinin  tedavisinde penisilinden ve tetrasiklinden kagmilmasi gerektigini
savunmuslardir. Caligmamizda da benzer durum s6z konusu olup A. hydrophila suslarmin nerdeyse
yarisinin ¢aligmada kullanilan tiim antibiyotiklere direng gelistirdigi goriilmistiir ve penisilin G
(%100) ve oksitetrasiklin’e (%90,47) kars1 goriilen yiiksek diizeydeki diren¢ Sarkodie vd. (2019)
bulgularini desteklemektedir.

Hossain vd. (2019) tarafindan zebra baligi kaynakli 43 Aeromonas spp. (26 A. veronii biovar
veronii, 3 A. veronii biovar sobria, 8 A. hydrophila, 3 A. caviae ve 1 A. dhakensis) suslarinin
antibiyogrami, antimikrobiyal diren¢ genleri ve integronlart ¢aligilmistir. Suglarin amoksisilin’e
%100,00, nalidiksik asit’e %100,00, oksitetrasiklin’e %100,00, ampisilin’e %93,02, tetrasiklin’e
%74,42, rifampisin’e %67,44 ve imipenem’e %65,15 oraninda direngli olduklart bildirilmistir.
Aragtirmamizda da Hossain vd. (2019)’a benzer olarak oksitetraksiklin’e 19 susun (%90,47),
ampisilin’e 21 susun (%100,00) direng gosterdigi bulunmustur. Aragtirma sonucumuzda Hossain vd.
(2019)’den farkli olarak nalidiksik asit’e sadece 5 susun (%23,80) direng gosterdigi saptanmustir.

Radu vd. (2003) baliklarda Aeromonas hastaliklarinda antibiyotik direncini aragtirmig ampisilin,
karbenisilin, eritromisin ve streptomisine karsi oldukga direngli oldugunu bildirmistir. Arastirmamizda
da Radu vd. (2003) galismasiyla benzer olarak ampisiline kars1 21 susla yiiksek direng goriiliirken s6z
konusu c¢aligmadan farkli olarak A. hydrophila suslarinin streptomisine karsi duyarli oldugu,
eritromisine karsi orta derecede duyarli oldugu belirlenmistir.

Aeromonas suslar1 genel olarak amioglikozitlere duyarli olarak bilinmektedir (Laith ve Najiah,
2013). Aksit ve Kum (2008) test ettikleri Aeromonas suslarinin tamamiin gentamisine duyarl
oldugunu saptamislardir. Aragtirmamizdaki sonuglarda da benzerlik s6z konusu olup bir aminoglikozit
olan gentamisine karsi suslarin %95,23’1 (20 sus) gentamisine duyarli oldugu saptanmustir.

Durmaz ve Tiirk (2009) streptomisin, oksitetrasiklin ve nitrofurantoin gibi antibiyotiklere karsi
Motil Aeromonaslar’m olduk¢a diren¢ kazandiklarini saptamustir. Arastirmamizda benzer sekilde
oksitetrasiklin’e ve nitrofurantoin’e kars1 direng goriilmiistiir ancak farkli olarak streptomisin’e duyarlt
oldugu gorilmiistiir.

Del Castillo vd. (2013) A. hydrophilanin CAD plazmitini tagidigini belirledigini bildirmistir.
Aragtirmada da 28 antibiyotikten 14’iline kars1 suslarin gelistirdigi ¢coklu antibiyotik direncinin tespiti
bu ifadeyi desteklemektedir.

Zhu vd. (2020) tarafindan A. hydrophila’nin neden oldugu septiseminin tedavisinde CAD
probleminin son on yilda katlanarak arttigin1 ve endise verici bir orana ulastigini bildirerek hasta
baliklardan izole ettikleri suslarin antibiyotik hassasiyetlerinin tiim suslarda farklilik gosterdigini her
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susun farkli bir antibiyotige direngli oldugu rapor edilmistir. Yapilan bu calismada da benzer bir
durum s6z konusu olup her susun farkl bir antibiyotige direngli oldugu bulunmus ve bu direngli
suslarin antibiyotik sayisinin toplam kullanilan antibiyotik sayisina oraniyla 14 antibiyotige ¢oklu
antibiyotik direnci gelistirdigi saptanmugtr.

Arastirmamizda suglarin CAD indekslerine bakildiginda siilfadiazin (9 sus), oksitetrasiklin (19
sus), oksasilin (21 sus), apramisin (7 sus), klindamisin (20 sus), tilosin (20 sus), sefalotin (17 sus),
pristinamisin (15 sus), nitrofurantoin (13 sus), siilfametaksazol/trimetoprim (6 sus), oksolinik asit (17
sus), ampisilin (21 sus), vankomisin (21 sus), penisilin G (21 sus) antibiyotiklerine kars1 A. hydrophila
suslarinin ¢oklu antibiyotik direncinin oldugu belirlenmistir.

Thenmozhi vd. (2014) 21 A. hydrophila susu 12 antibiyotige karsi test etmisler ve A. hydrophila
suslarmin ¢oklu antibiyotik direncinin varligini géstermisledir. 21 susun tamaminin ampisilin'e 0,5-1,0
CAD indeksiyle en yiiksek coklu antibiyotik direnci gosterirken siprofloksasin’e 0,1 susun ve
gentamisin’e 0,07 karsi c¢oklu antibiyotik diren¢ gdstermedigini bildirmiglerdir. Aragtirma
sonuglarimiz A. hydrophila suslarinin ampisilin’e 0,75 ¢oklu direng gosterip siprofloksasin’e 0,3 ve
gentamisin’e 0,14 karsi coklu antibiyotik direng gelistiremediginin tespitiyle Thenmozhi vd. (2014)
bulgularini desteklemektedir.

Kaskhedikar ve Chhabra, (2010) aminoglikozidler, sefalosporinler, nitrofurantoin, fluroquinolones,
kloramfenikol, siilfonamidler, tetrasiklinler, penisilin ve polimiksin olmak tizere 9 farkli antibiyotik
grubuna ait 14 antibiyotige kargt A. hydrophila suslarinin antibiyogram testini yapmuslar ve tim A.
hydrophila suslarinda ¢oklu antibiyotik direnci oldugunu bildirmislerdir. Aragtirmamizda da benzer
durum s6z konusu olup nitrofurantoin’e 0,46 indeksiyle, tetrasiklin’e 0,67 indeksiyle, penisilin’e 0,75
indeksiyle bu antibiyotiklere kars1 0,2 indeksinin tizerinde sonuglarin bulunmasiyla ¢oklu antibiyotik
direnci tespit edilmistir ve Kaskhedikar ve Chhabra, (2010) bulgularini desteklemektedir.

Aragtirma bulgularimizla A. hydrophila bakterisin yiiksek oranda g¢oklu antibiyotik direngliligi
tasidig1 goriilmiistiir. S6z konusu bakterinin direnglilik genleri acisindan tasiyici olmasi nedeniyle, gen
transfer yontemleriyle sahip olduklar1 direnglilik genlerini firsatgr diger bakterilere aktarmasi
acisindan ciddi tehdit olusturmaktadir.

Onuk vd. (2017) farkli oranlarda antibiyotik direncinin saptanmis olmasi hem balik hem de insan
hastaliklarinin tedavisinde uygun antimikrobiyal ajanlarin se¢ilmesinin Onemini ortaya koymakla
birlikte Aeromonas tiirleri igin etkin ulusal antimikrobiyal direng izleme sistemlerine ihtiyag
duyuldugunu bildirmislerdir. Aragtirmamizda da benzer durum s6z konusu olup farkli oranlarda ilag
direnci tespit edilmistir ve sonu¢larimiz Onuk vd. (2017)’nin bu ifadesini desteklemektedir.

Theguardian (2020), antibiyotik direnci hakkinda yapilan arastirmalar kapsaminda yeni
antibiyotikler gelistirilemezse, 2050 yilina kadar her y1l 10 milyon canlinin hastaliklardan dolay1 risk
altinda olabilecegi konusunda uyarida bulunmuslardir. Ote yandan en giiclii veya en zeki olan degil,
degisime en ¢ok uyum saglayabilen hayatta kalir ifadesini bildiren Megginson (1963) bakterilerde
¢evrenin degisimine uyum saglamis antibiyotik direncini neredeyse zirveye ¢ikarmistir. Giiniimiizde
400 farkli mikroorganizmaya ait 20.000'in iizerinde potansiyel direng geninin (R geni) varlig
bilinmekte olup (Aksoy, 2015) antibiyotik direnci sadece bugiinii degil gelecegi de ilgilendiren ve tiim
diinyay: tehdit eden 6nemli bir sorundur. Biyofilm matriksinde bulunan ve enfeksiyona neden olan
bakterilerin antibiyotik direnclilik problemi, yiiz yiize kaldigimz biiyiikk problemlerden birisidir
(Costerton vd., 1999).

Antibiyotiklere bu denli direng kazanmmg A. hydrophila’yla savasta artitk yeni Onlemlerin
gelistirilmesi ve s6z konusu patojen iizerinde fenomen stratejilerin denenmesi sarttir. Hastaliklarla
miicadelede yeni stratejilerin gelistirilerek denenme siireci devam ederken bu aragtirma sorusunun
sonuglartyla hastaliklarin tedavisinde dogru antibiyotik secimine yon verilecegi ve hastaligin tedavi
stirecine katki saglayacagi kanaatindeyiz.

Tesekkiir: Bu calisma doktora tezinden 6zetlenmistir. Tiirkiye Bilimsel ve Teknolojik Arastirma
Kurumu (TUBITAK) 1002 Hizli Destek Programi kapsaminda 1190671 Proje Nosuyla
desteklenmistir. Arastirma da kullanilan A. hydrophila suslar1 Bursa Uludag Universitesi (BUU)’ nin,
Isparta Uygulamali Bilimler Universitesi (ISUBU) nin ve Ondokuz Mayis Universitesi (OMU)’nin
degerli Ogretim Elemanlar1 tarafindan temin edilmis olup kendilerinin sahislarina ve bagh
bulunduklar1 Universitelerine tesekkiirlerimizi sunariz.
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Abstract

The main objective of this research was in the utilization of agro-wastes from fruit processing and consumption. This
waste has resulted to environmental nuisance and the need for incorporation into aquaculture feed as energy source is
inevitable. The utilization of waste from fruit processing can be used to reduce the cost of feed production. This research
utilized fermented Mango Seed Kernel Meal (MSKM) as a replacement for maize in the diets of Clarias gariepinus
juveniles. A 40% isonitrogenous diet was formulated at inclusion levels of Ty (0%), T, (25%), T3 (50%), T, (75%), and Ts
(100%) MSKM and fed at 3% body weight. One hundred and fifty (150) Clarias geriepinus juveniles average, the weight of
10.00g+0.14 were randomly allocated to Treatments in plastic tanks (49x33.5x33.5cm) at 10 fish per treatment/tank in
triplicate. Mean Weight Gain (MWG) was highest in T1 (756.37+13.61g) and significantly differs (P<0.05) from other
treatments. Feed Conversion Ratio (FCR) was highest in T4 (1.46+0.18¢) and lowest in T1 (0.99+0.01g). Specific Growth
Rate (SGR) was significantly different in T4 when compared to other treatments. Feed intake and feed cost decreased with
the inclusion level of MSKM while net profit was not significantly different (P>0.05) in T1 and T3. Profit index and net
profit were significantly compared in T2, T3, and T5. The diet showed no implication on fish survival. In conclusion, the
growth performance of Catfish could be improved by substituting MSKM at 50% level without implication on cultured fish.

Keywords: Agro-waste, Catfish, Feedstuff, Mangifera indica,

Clarias gariepinus Bahklarimin Yemlerine Farkh Diizeylerde Fermente Mango Cekirdegi ile Beslemenin Yavrularin
Biiyiime Performansina Etkisi

Bu arastirmanin amaci, meyve isleme ve tiiketiminden kaynaklanan tarimsal atiklarin degerlendirilmesidir. Bu atiklar
gevresel rahatsizliklara yol agmaktadir ve bu {iriinlerin su iriinleri yemlerine enerji kaynagi olarak katilmasi diistiniilmiistiir.
Meyve islemeden kaynaklanan atiklarin kullanimu ii¢ tekerriirlii olarak tanklarda yiiritiilmiistiir. Ortalama Agirhik Kazanci
(MWG) en yiiksek T1 (756.37 + 13.61g) grubunda tespit edilmis ve diger gruplarla 6nemli derecede farkli bulunmustur (P
<0.05). Yem Déniisiim Orani (FCR) en yiiksek T4 (1.46 + 0.18 g) ve en diisiik T1 (0.99 + 0.01 g) grubundan elde edilmistir.

Spesifik Bilyiime oran1 (SGR) T4 grubunda diger gruplara gore 6nemli 6lgiide farkli bulunmugtur. Yem alimi ve yem
maliyeti, MSKM'nin dahil edilme seviyesi ile azalirken, net kar T1 ve T3 grubunda benzerdi(P> 0.05). Deneme yemleri,
baliklarin hayatta kalmasi iizerinde higbir etki gostermedi. Sonug olarak, yayin baliklar tizerinde herhangi bir etki yapmadan
MSKM'nin% 50 seviyesinde ikame edilmesi biiylime performansini iyilestirilebilir.

Anahtar Kelimeler: Tarimsal atik, Yayin baligi, Yem hammaddesi, Mangifera indica

INTRODUCTION

Utilizing cheaper alternative energy feedstuffs can reduce fish feed cost which is of paramount
importance and imperative. Carbohydrates feedstuffs abound in nature and are important in animal
feeds formulation to meet their nutritional requirement for growth and physiological processes of life.
Carbohydrates are the major source of dietary energy for terrestrial animals; however, the ability of
fish to utilize carbohydrates varies among fish species (NRC, 1993). Maize is a cereal crop consumed
by man and livestock. The increasing prohibitive cost of maize due to human and livestock
competition has necessitated the need to search for an alternative source of energy in livestock
nutrition. Hence the need to explore cheaper energy sources to replace expensive cereals in fish feed
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formulation (Falaye, 1992). Researches have documented the utilization of plant sources and
agricultural wastes such as plantain peel meal (Falaye and Oluruntuyi, 1998); cassava leaves (Bichi
and Ahmadu, 2010); maize brans (Falaye, 1998); cocoa pod husk (Falaye and Jauncey, 1999); MSKM
and palm kernel meal (Omoregie, 2001); mango peel meal (Omojowo et al., 2010) and star apple
(Jimoh et al., 2013) in aquaculture as an energy source which had relieved the food feed competition
between man and animal and profit maximization in production operations.

Falaye (1992) reported that large quantities of these crop residues and agro-industrial wastes that
can be utilized as diet components are wasted annually. The ready availability and digestibility of
maize made it a choice in human and livestock nutrition. The rising cost of maize and its
accompanying scarcity is making it increasingly uneconomical to utilize it for livestock including fish
(Sotolu and Byanyiko, 2010). The abundance of MSKM could serve as an alternative energy source,
therefore, contribute huge benefit for the sustainability of the aquaculture industry, if harnessed.
Research is lacking on the use of MSKM in the catfish diet. Hence this study evaluated the growth
response of Clarias gariepinus juvenile fed fermented MSKM at varying inclusion levels in
replacement for maize.

MATERIAL AND METHODS
Experimental design and trial experiment

Mango Seed was collected from the local market in the Ibadan metropolis and the kernel of the
samples obtained by cutting the seed coat using a kitchen knife. The Mango Seed Kernel (MSK)
obtained was fermented for 72 hours at 100 g/L of water in a container for 3 days with water exchange
at 8 hours intervals and sundried. A 40% crude protein experimental diet was prepared at different
inclusion levels of MSKM (0, 25, 50, 75, and 100%) (Table 2).

The feeding trial was conducted in Laboratory C, Department of Aquaculture and Fisheries
Management; University of Ibadan, for 12 weeks duration. Clarias gariepinus juveniles were obtained
from a reputable fish farm were acclimated for two weeks in the rectangular plastic tank of 35 liters
(49x33.5x33.5 cm). A total of One Hundred and Fifty (150) C. gariepinus juveniles (10.00+0.14 g)
were allotted randomly in replicate at ten fish per treatment (T, T,, T3, T4 and Ts) in a complete
randomized design.

Fish were fed at 3% body weight daily. The weight of each experimental tank fish was taken
biweekly using an electronic weighing scale. The water quality parameters were measured and
recorded biweekly, between 8:00-10:00 am using API® Freshwater Master Test Kit. The proximate
composition of experimental diets and fish carcass were analyzed according to AOAC (2005).
Metabolizable energy value was calculated according to Pauzenga (1985). Amino Acid profile of feed
was determined as described by Benitez (1989) using Applied Biosystems PTH Amino Acid Analyzer.
Mineral analysis of feed was by the use of Nitric acid and perchloric acid for Ca, Mg, Mn, Fe, Cu, and
Zinc. K and Na and P were determined by molybdo-vanado method using the Atomic Absorption
Spectrophotomer.

Table 1: Nutritional composition of Fermented Mango Seed Kernel Meal and Maize.

MSKM Maize

Crude protein % 5.95 9.00
Ether extract % 14.90 5.40
Crude fibre % 9.80 2.96
Ash % 1.10 2.10
Moisture content % 35.46 12.00
Nitrogen Free Extract (NFE) 32.79 68.54
Energy (Kcal/kg) 2586.62 3176.62

Energy calculation: (37*%Crude protein) + (81.8*%ether extract) + (35*%NFE)
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Table 2: Diet composition and nutritional profile of experimental diet.
Treatmentl Treatment2 Treatment3 Treatment4 Treatment5

Maize 26.55 19.90 13.28 6.65 0
Mango seed meal 0 6.65 13.28 19.9 26.55
Soybean meal 23.53 23.53 23.53 23.53 23.53
Groundnut cake meal 23.53 23.53 23.53 23.53 23.53
Fish meal 23.53 23.53 23.53 23.53 23.53
Bone meal 1.00 1.00 1.00 1.00 1.00
Oyster Shell 0.50 0.50 0.50 0.50 0.50
Salt 0.25 0.25 0.25 0.25 0.25
Premix 0.60 0.60 0.60 0.60 0.60
Methionine 0.25 0.25 0.25 0.25 0.25
lysine 0.25 0.25 0.25 0.25 0.25
Chemical analysis

Moisture Content (%) 1.90°% 1.68° 0.97° 1.20° 1.79°
Crude Protein (%) 39.88° 39.34% 39.10° 39.53% 39.21°
Crude Fat (%) 4.12° 4.02° 479 4.98° 472°
Crude Fibre (%) 5.77° 5.02¢ 6.60° 6.80° 5.79°
Ash Content (%) 30.89° 31.19° 29.81¢ 32.21° 29.51°
N.F.E (%) 17.44° 18.75° 18.72° 15.28° 18.98°
Energy (kcal) 2422.74° 2440.67" 2493.69°% 2404.89" 2501.17°
Amino acid analysis

Leucine (g/100g) 7.18 6.48 6.07 6.94 6.89
Lysine (g/100g) 4.29 3.42 3.18 3.92 411
Isoleucine (g/100g) 3.66 3.14 2.94 3.30 3.44
Phenylalanine (g/100g) 4.25 3.37 3.19 3.72 4.08
Tryptophan (g/100g) 0.97 0.81 0.70 0.86 0.92
Valine (g/100g) 3.59 3.05 3.10 3.15 3.39
Methionine (g/100g) 2.27 2.08 2.00 2.13 2.24
Proline (g/100g) 3.35 2.84 2.64 3.14 3.04
Arginine (g/100g) 6.36 4.64 4.47 4.98 5.16
Tyrosine (g/100g) 3.95 3.09 2.92 3.26 3.09
Histidine (g/100g) 2.23 2.11 1.98 2.01 2.17
Cystine (g/100g) 1.09 0.84 0.84 0.90 0.97
Alanine (g/100g) 4.36 3.56 3.71 3.94 4.02
Glutamic acid (g/100g) 9.61 8.78 7.87 9.98 9.08
Glycine (g/100g) 3.51 2.90 2.54 3.11 3.37
Threonine (g/100g) 3.11 2.94 3.16 2.99 2.94
Serine (g/100g) 3.46 3.00 2.89 3.45 3.29
Aspartic acid (g/100g) 7.41 6.54 6.14 6.88 6.94
Mineral analysis

Ca (%) 8.325 7.975 8.588 8.363 8.963
Mg (%) 0.202 0.238 0.261 0.263 0.286
K (%) 1.025 0.925 0.850 0.928 0.900
Na (%) 0.800 0.701 0.750 0.725 0.775
Mn (mg/kg) 149.00 124.50 173.50 127.50 141.50
Fe (mg/kg) 537.00 660.00 515.00 535.00 700.00
Cu (mg/kg) 5.50 10.35 10.25 10.85 11.45
Zn (mg/kg) 62.45 11.65 44.20 41.15 47.90
P (%) 1.073 1.053 1.081 1.119 1.094

Ca: calcium; Mg: magnesium; K: potassium; Na: sodium; Mn: manganese; Fe: iron; Cu: copper; Zn: zinc; P: phosphorus
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Statistical Analysis: Data resulting from the experiment was subjected to a one-way analysis of
variance (ANOVA). Duncan’s multiple range test was used to test for differences among means
(P=0.05) using IBM SPSS version 20.

RESULTS

The proximal analysis of fermented MSKM indicated lower crude protein, ash, NFE, and energy
to maize (Table 1). The result of the proximate composition of the experimental diets (Table 2)
showed percentage crude protein with no significant difference (P>0.05). Crude fiber, fat, moisture
content, ash content, and carbohydrate parameters measured for the feed proximate composition were
significantly different for all treatments. Amino acid analysis of the experimental diets showed T1 had
values greater than other dietary treatments. The elemental mineral content of experimental diets
showed variations in ranges of content.

The growth response of fish fed varying levels of mango seed kernel meal showed MWG T1 was
significantly different (P<0.05) from other dietary treatments (Table 3). FCR in T4 was significantly
different from control and other treatments. SGR in T2, T4, and T5 was significantly different from
control and T1. Feed intake and cost of feed were reduced at T5 and significantly different from other
treatments.
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Figure 1: Biweekly Weight Gain (g) of Experimental Fish fed MSKM.

Table 3: Growth Performance of C. gariepinus Fed Varying Levels of MSKM diets
Parameters Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5

Initialweight (g)  108.67+1.45° 107.33+0.33% 107.00+1.53% 108.33+1.76° 109.00:£0.58*
Final weight (g) 865.03£13.84°  617.17£59.31°  661.83+24.27°  567.60+87.71°  577.27+39.31°

MWG (g) 756.37£13.61%  509.84+59.44°  554.83+24.38%  459.27+88.71°  468.27+39.75"
PWG (g) 696.26+14.95%  475.13£56.06®°  518.81£24.99®°  425.69+84.79°  429.92+38.43°
FCR 0.99+0.01% 1.26+£0.06® 1.19+£0.06b%° 1.4620.18° 1.3120.08%®
SGR (%/g/day) 1.07£0.012 0.90+0.05° 0.94+0.02% 0.84+0.09" 0.86+0.03°

P1 (g) 301.29+9.18° 250.67+18.74®  258.56+11.85®  253.81+23.08"°  238.80+12.61"
PER 0.87+0.00° 0.82+0.01%° 0.84+0.01% 0.80£0.04° 0.81£0.01%
NM (%) 2245243282 167.06£13.65°  177.28+5.59% 155.86£19.99"  158.24+896.42°
Survival Rate %  83.336.67° 90.00-+0.00° 83.33+3.33° 83.33+3.33% 93.33+6.67°
Feed Intake 755.57+23.20°  637.00+46.45°  661.13+28.73°  642.34+59.52%  609.19+33.69"
Cost feed N 275.78+8.472 224.86+16.40%°  230.73+10.03®°  222.25420.59®  208.34+11.52°
Value of fish ¥ 605.52+9.69* 432.02+41.52°  463.28+16.99°  397.32+61.40°  404.09+27.52°
Profit index 3.14£0.05° 2.74+0.10% 2.88+0.14% 2.52+0.17° 2.77+0.15%®
Incidence cost 0.32+0.00% 0.37+0.01% 0.35+0.02% 0.40+0.03° 0.36£0.02%
Net profit 329.74+1.22° 207.15+26.87°  23255+17.25°  175.07+41.03°  195.74+22.42°

*Means in the same row with the same superscript are not significantly different from each other.
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The growth performance parameters were calculated accordingly:

Mean Weight gain (MWG) = Final weight — Initial weight.

Specific Growth Rate (SGR) = (LOGe final weight — LOJe initial weight/ Time) X 100.

Feed Conversion Ratio (FCR) = Feed fed (g)/Fish weight gain.

Protein intake (PI) = Feed intake x % of protein in the diet.

Protein efficiency ratio (PER) = Mean weight gain (g)/Protein consumed.

Percentage weight gain (PWG) = (Mean weight gain (g)/Mean initial weight (g) x 100.

Protein Productive value (PPV) = increment in body protein of fish / protein intake.

Net metabolism (NM) = 0.549 * (w1l + w2) * T/ 2.

Survival rate % = (Initial fish stocked — mortality)/Initial fish stocked * 100.

Feed intake = Daily feed intake x 84 days.

Value of fish = Final weight x Market Price of fish (:0.7/kg).

Cost of feed = Feed intake x value of feed (¥/kg). (Note: Value of feed (¥/kg) at T1= ¥0.365,

T2=%0.353, T3 =¥0.349, T4 = R0.346, TS = ¥0.342).

Profit index = Value of fish produced (3/kg)/Cost of feed used in production (¥/kg).

Incidence cost = Cost of feed used (3/kg)/Total weight of fish produced (kg).

Net profit = Total cost of fish cropped — Total expenditure.

Carcass analysis showed a significant difference among all parameters and significantly different
from the initial fish carcass (Table 3). Crude protein and ash content were least in control fish but
higher than an initial fish carcass.

Table 4: Carcass Composition of initial and final fish fed Experimental Diets.

Parameters Initial T1 T2 T3 T4 T5

Moisture Content (%)  19.93+0.01* 4.12+0.019  4.11£0.019  4.05£0.01°  5.00:0.01>  4.51£0.01°
Crude Protein (%) 58.66£0.01" 61.18£0.02° 61.99£0.02° 64.08+0.03° 65.14+0.03*  63.90+0.06°
Crude Fat (%) 11.2120.017  21.51£0.02* 20.08£0.01° 19.55+0.03° 15.49+0.01° 15.30+£0.01°
Ash Content (%) 10.21£0.017  13.19+0.01° 13.81£0.01° 13.31+0.01° 14.37+0.20° 16.29+0.07°

*Means in the same row with the same superscript are not significantly different from each other.

The physico-chemical parameter (Table 4) of water for the feeding period indicated slight changes
in ranges of temperature, P" dissolved oxygen, ammonia, nitrate and nitrite values which were not
significantly different from initial water quality parameters.

Table 5: Biweekly water quality parameters of fish tank fed MSKM.

Initial Week 2 Week 4 Week 6 Week 8 Week 10 Week 12
DO (mg/L) 4.25+0.10  5.79+0.39  5.50£0.34  5.08+0.15  4.88+0.10  5.19+0.07  5.30+0.08
pH 7.42+0.20 7.37+0.03 7.29+0.02 7.27+0.02 7.25+0.01 7.12+0.03 7.11+£0.02

Ammonia (mg/L)  0.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00

Nitrate (mg/L) 0.00+0.00 0.08+0.04 0.11+0.05 0.11+0.05 0.11£0.05 0.11£0.05 0.11+0.05

Nitrite (mg/L) 0.00£0.00 0.08+0.04 0.11+0.05 0.11+0.05 0.11+0.05 0.11+0.05 0.11+0.05

Temp. (OC) 27.03+£0.06 26.99+0.03 26.73+£0.11 27.15+0.10 27.674£0.13 25.57+0.10 24.45+0.25
*Means in the same row with the same superscript are not significantly different from each other.

DISCUSSION

The nutritional content of fermented MSKM was within the range reported by Shittu et al., (2013)
and Diarra (2014) but lower to Obasa et al., (2013). High-fat content of the fermented MSKM was
similar to the range reported by Obasa et al., (2013) and Diarra (2014). While nitrogen-free extract in
this study was lower in value than that of Shittu et al., (2013), Obasa et al., (2013), and Dakare et al.,
(2014). This variation resulted from species difference in the mango seed, processing methods
employed, and high moisture content in the fermented MSKM for this study.

The experimental range of water quality parameters was within the acceptable ranges for catfish
culture (Orisasona et al., 2016). The crude protein content of the experimental feed was within the
recommended value for cultured C. gariepinus and this was in line with Faturoti et al., (2002) and
Akegbejo-Samson et al., (2004). Lower crude fat in all dietary tratments of MSKM differs from
observation reported by Obasa et al., (2013) and Sanogo (2018) for O. niloticus fingerlings and
juveniles fed MSKM.
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The reduced response to feed has been asserted by Falaye and Oloruntuyi (1998) to be due to
different carbohydrates contained in the energy by-products compared to maize. Also, Jansman (1993)
reported tannin carbohydrate interaction to be better than its protein interaction. The performance of
fish fed with T5 over T4 indicated the ability of C. gariepinus to digest high fiber content feed and this
was also observed by Falaye et al., (2015) for fermented maize sievate.

Cost reduction and profitability concerning profit index, incidence cost, and net profit were highest
at T3 (50%) inclusion of MSKM and this is in line with Joseph and Abolaji (1997) on cost-
effectiveness of MSKM usage that can enhance farmers profitability. Cost of feed and value of feed
reduction with an increased level of MSKM was similar to Orisasona et al., (2016). The body
composition values of initial and final fish fed in this study were contrary to those reported by Falaye
and Oloruntuyi (1998) as carcass protein increased in this study.

CONCLUSION

This study concludes that with the seasonal abundance of mango, the MSKM can adequately
replace yellow maize in diets of C. gariepinus at 50% inclusion levels without affecting the fish
performance and profit of fish farmers.
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Ozet

Isparta ili Yalvag ilgesi sinirlart iginde Egirdir Golii Havzasi’nda yer alan Siiciillii Baraj G6lii (SBG) sulama ve taskin
kontrolii amactyla 1973 yilinda insa edilmistir. Bu ¢aliymayla SBG’niin kafes balik¢ilig1 tagima kapasitesinin tahmin edilmesi
amaglanmigtir. Arastirma Mayis 2017- Nisan 2018 arasinda SBG’ne dokiilen iki derede ve baraj goliinde segilen toplam 9
ornekleme noktasinda yiiriitilmistir. Calismada SBG niin ortalama derinligi 7,77 m; uzunlugu 3000 m; genisligi 275 m kiy1
¢izgisi uzunlugu 6000 m ve kiy1 ¢izgisi gelisimi (D) 1,86 olarak bulunmustur. Aragtirmada ortofosfat fosforu 7,9+3,17
mg/m® ve toplam fosfor 41,14+21,5 mg/m° olarak belirlenmistir. SBG’niin gokkusag alabaligi igin kafes balikgihigi tasima
kapasitesi Dillon-Rigler yontemine gére minimum su kotunda (26,28 ha alan ve 0,57 hm® hacim) 0,4 ton/yil ve mevcut su
kotunda (82,32 ha alan ve 6,4 hm® hacim); 18,94 ton/yil hesaplannustir. Bu iki degerin ortalamasi olarak SBG’niin kafes
balik¢iligr tagima kapasitesi 9,67 ton/yil bulunmustur. SBG gibi su seviyesi degisimlerinin yiiksek oldugu baraj gollerinde
kafes balik¢ilig1 tagima kapasitesinin hesaplamalarinda sadece mevcut su kotundaki verilerin degil, minimum su kotundaki
alan ve hacim verilerinin dikkate alinmasinin daha uygun olacagi kanisina varilmistir. Ayrica, son yillarda kafeslerde ulasilan
balik iiretim degerlerinin, tahmin edilen tasima kapasitesine gore daha yiiksek oldugu sonucuna vartlmstir.

Anahtar Kelimeler: Ag kafes, Gokkusagi Alabalig, Yetistiricilik, Tagima Kapasitesi
Estimation of the Carrying Capacity of Siiciillii Dam Lake (Isparta, Turkey) for Trout Farming
Abstract

The Siiciilli Dam Lake (SDL), located in the Egirdir lake basin within the borders of the Yalvag district of Isparta
province. It was built in 1973 for irrigation and flood control. This study, it was aimed to estimate the carrying capacity for
cage fish farming. The research was carried out between May 2017 and April 2018, a total of 9 sampling points selected in
two streams inflow to SDL and in the dam lake. In the study, the average depth of SDL as 7.77 m, its length as 3000 m, its
width as 275 m, the coastline as 6000 m, and the coastline development (DL) as 1.86 were found. In the study
orthophosphate phosphorus 7,9+3,17 mg/m3 and total phosphorus 41,14+21,5 mg/m3. were determined. SDL's carrying
capacity for rainbow trout cage farming was estimated according to Dillon-Rigler method. Carrying capacity at minimum
water level (26.28 ha area and 0.57 hm3 volume) estimated as 0.4 ton/year and at current water level (82.32 ha area and 6.4
hm3 volume) 18.94 tons/year. The average of these two values, SDL's carrying capacity was calculated as 9.67 tons/year. It
was concluded that it would be more appropriate to consider the area and volume data at the minimum water level, not the
data at the current water level only, in the estimations of the carrying capacity in the dam lakes where water level changes are
high such as SDL. In addition, it concluded the achieved fish production values in cages in the past years, was considered
higher comparing to estimated carrying capacity.

Keywords: Cage Fish Farming, Rainbow Trout, Aquaculture, Carrying Capacity

GIRIS

Diinya yiizeyindeki toplam su rezervinin yaklasik % 3’iinii olusturan tatl su kaynaklar1 icerisinde,
canlilar tarafindan kullanilabilir haldeki gol ve nehirlerin orani sadece % 0,27’dir. Sanayilesme ve
niifus artigina bagl olarak icme ve kullanma suyu ihtiyact giinden giine artmaktadir. Bu yiizden
mevcut dogal kaynaklarin korunmasi ile birlikte baraj ve golet gibi yeni su kaynaklarinin
olusturulmasina ihtiya¢ duyulmaktadir (Wetzel, 2001).

Tiirkiye’de i¢ sular kafes kiiltiirii igin 6nemli bir potansiyel olusturmaktadir. Ulkemizde baraj
gollerinde su irtinleri diretimi 1994 yilinda 100 ton/y1l kapasiteli alabalik igletmesi ile baslamig olup,
2018 yili itibariyle baraj gollerinde toplamda 104887 ton/yil kapasiteli 1860 adet ag kafes isletmesi
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bulunmaktadir (TOB, 2019). Ancak, su kiitlesinin siirdiiriilebilir kullanimini garanti altina alinarak ve
diger kullanim alanlarmni kisitlamadan i¢ sularda yetistiricilik sektoriiniin gelismesi, bu alanda ¢aligan
aragtirmacilarin, kamu kuruluslarinin, sivil toplum o&rgiitlerinin ve yetistiricilerin sorumlulugu
altindadir. I¢ sularda kafes balikgihigmin cevresel etkisini tahmin etmek icin tagima kapasitesinin
belirlenmesi sorumlu siirdiiriilebilir balik¢iligin gelisiminde baglangi¢ asamasi olarak kabul edilmelidir
(Ayekin vd., 2018).

Gol, golet ve baraj gollerinin su iriinleri yetistiriciliginde degerlendirilmesi dnemlidir. Ancak bu
ekosistemlerde, zamanla meydana gelebilecek biyolojik degisimlerin izlenmesi ve kontrol altinda
tutulmas1 da siirdiiriilebilir yetistiricilik bakimindan gereklidir. Kontrolsiiz kafes balik¢ilig
isletmelerinden ortaya g¢ikan atiklar ¢evreyi olumsuz etkilemektedir. Kafes balik¢iligi isletmelerinin
cevre ile etkilesimlerinde en biiyiik rolii yem ve yeme bagl atiklar oynamaktadir. Su kaynaklarinin su
kalitesi; tiirlerin bilesimini, verimliligini ve fizyolojilerini etkilemektedir. Su kalitesinde bozulma,
sadece i¢inde yasayan canlilar1 olumsuz etkilemekle kalmayip, olumsuz etkiler besin zinciri yolu ile
insana kadar ulagmaktadir. Bu nedenle su iiriinleri yetistiriciliginde kullanilan suyun kalitesi ¢ok iyi
bilinmeli ve sulardaki ekolojik denge korunmalidir. Gerekli 6nlemlerin alinmasi i¢in su ortamindaki
fiziksel, kimyasal ve biyolojik faktorlerin periyodik olarak aragtiriimas gerekir. Ozellikle yetistiricilik
yapilan sularda suyun kalitesi, kirlilik durumu ve kafeslerin bulundugu ortama ne sekilde etki ettigi
belirlenmelidir (Ugkun, 2011).

Su iiriinleri yetistiriciliginden kaynaklanan atik sularin 6trofikasyondaki roli, atiklarin birakildigi
suyun Kimyasi, hidrolojisi ve tasima kapasitesine baglidir. Stigebrandt vd (2004) bir balik isletmesi
icin tagima kapasitesini var olan makrofaunayi tahrip etmeksizin maksimum balik iiretimi olarak tarif
etmektedir.  Simanjuntak ve Muhammad (2018)’a gore tasima kapasitesi; bir su kaynaginin
verimliligini arttirmadan ag kafeslerde iiretilebilecek balik miktaridir. Tasima kapasitesi su kaynaginda
stirdiirtilebilir ag kafeslerde balik yetistiriciliginin gelistirilmesinde dikkat edilmesi gereken 6nemli
hususlardan biridir. Yeristi Sular1 Kalitesi yonetmeligi (YSKY), tasima (6ziimleme) kapasitesini, su
kiitlesinin kirlenmemis durumuna donmek i¢in biitiin kirleticileri, su ortamindaki canlilara veya suyu
tiiketen insanlara zarar vermeden alabilme kapasitesi olarak tanimlamistir (Anonim, 2012). Balik
isletmelerinden kaynaklanan besin elementi yiikii; yemleme ve yem degerlendirme oranlari, yemin
azot ve fosfor igerigi, yemin sindirilebilirligine iliskin veriler kullanilarak tahmin edilebilir (Asir 2007;
Pulatsii vd., 2014).

Bu aragtirmayla SBG’nlin limnolojik o6zellikleri ile birlikte kafes balik¢iligi igin tasima
kapasitesinin tahmin edilmesi amaglanmistir. Sunulan caligmada tagima kapasitesi tahmini {izerinde
durulmaktadir. Bilimsel aragtirma verileri ve modeller kullanilarak yapilan tahminlerin i¢ su
kaynaklarimizin dogru yonetimi, korunmasi, siirdiiriilebilir kullanimi agisindan yararli bilgiler
iretecegi, c¢evre dostu kafes balik¢iligt ve kapasite belirleme c¢aligmalarina 151k tutabilecegi
beklenmektedir.

MATERYAL VE YONTEM
Calisma alam

Calisma alani Siiciillii Baraj Golii (SBG); Orta Akdeniz (Antalya) havzasinda Isparta'nin Yalvag
ilgesi sinirlari iginde, Isparta ili merkezinin 110 km kuzeydogusunda yer almaktadir (Sekil 1.) . SBG
Yalvag ilge merkezi ile ii¢ yerlesim yerinde 2062 ha tarim arazisinin sulanmasi, yerlesim birimleri ve
arazilerinin tagkinlarindan korunmas1 amaciyla 1973 yilinda insa edilmistir. DSI’den saglanan 2017
yilina ait bilgilerde SBG’niin mevcut su kotu 1178,03 m, mevcut su kotunda alan1 82,32 ha ve hacmi
6,40 hm® olarak verilmektedir. SBG; Baglarbasi Deresi ve Gemredik (Demirci) Cay1 olmak iizere iki
su kaynag: tarafindan beslenmektedir. Baglarbasi Deresi’nde yil boyu yiizeysel akis goriiliirken;
bolgede icme suyu kaynagi olarak kullanilan Gemredik Cayi’nda yaz ve sonbahar aylarinda yiizeysel
akig goriilmemistir. G6liin ¢ikis suyu; Siiciillii Deresi’nde yilin bazi zamanlarinda akis goriilmektedir.
SBG de yogun olmamakla birlikte sportif balik¢ilik yapilmakta, sazan (Cyprinus carpio), havuz baligi
(Carassius gibelio) ve ¢cok az miktarda gokkusagi alabaligi (Oncorhynchus mykiss) avlanmaktadir.
SBG de ruhsat kapasitesi 300 ton/yil olan bir alabalik isletmesi bulunmakla birlikte son dort yildir
faaliyet gostermemektedir. Bu tesis 2013 yilinda 157 tonluk iiretim bildirilmigtir. Gélden SKKY
(2009) ve APHA (2005) uygun olarak Mayis 2017- Nisan 2018 tarihleri arasinda 9 Ornekleme
noktasindan aliman su Ornekleri koyu renkli 1 litrelik polietilen sigelerle laboratuvara taginmis ve
analizleri yapilmistir. Bazi parametrelerin 6l¢iimii yerinde yapilmistir.
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Sekil 1. Calisma alani, dl¢tim ve 6rnekleme istasyonlari.

Yontem

Orto fosfat fosforu (PO4-P) ve toplam fosfor (ug/L) analizleri: Merc fotometrik test Kitleri
kullanilarak Nova 60 Spektroquant marka spektrofotometre ile yapilmistir.

Golin fiziksel limnolojik 6zelliklerini belirlemek iizere goliin morfolojisi, besleyen kaynaklar,
topografik yapi, kiy1 sekilleri ve 6zellikleri, derinlik ve degisimi, taban yapisi lizerinde gbzlem, 6l¢iim
ve incelemeler Wetzel ve Likens (2000)’e gore yapilmistir. SBG yiizey alani, maksimum ve minimum
hacim, debi, seviye ve su bilangosuna ait veriler DSI den; su toplama havzasmin yilhik yagis verileri
Yalvag Meteoroloji Istasyon Miidiirliigii'nden saglanmuistir. Hesaplanan morfometrik 6zellikler
asagida belirtilmistir;

Derinlik (Z): SBG derinligi 6rnekleme yapilan bottan iskandil yardimiyla Slgiilerek bulunmustur.

Ortalama derinlik (Z): SBG’niin hacminin (V, hm3) yiizey alanina (A, ha) béliinmesi ile
hesaplanmustir.

Z=V/A

Uzunluk (1): Gollerin iki kiyis1 arasindaki en uzak mesafedir. Olgiimii 1/2000 6lgekli haritadan
yapilmustir. olarak verilmistir.

Genislik(B): Alanin (A, ha) maksimum uzunluga (1, km) bdliinmesi ile bulunmustur.

B=A/l

Kyt gizgisi uzunlugu: Olgiimii 1/2000 6lgekli batimetrik haritadan ip yontemiyle maksimum su
kotundaki alan dikkate alinarak yapilmustir.

Kiy1 ¢izgisi gelisimi (DL): Kiy1 ¢izgisi uzunlugunun gélle ayni alana sahip dairenin g¢evresine
boliinmesi ile hesaplanmistir. DL = L/(2 N (t x A))

SBG’niin Su Biitcesinin Hesaplanmasi

Caligmada kullanilan su biitgesi denklemi agagida verilmistir (Hacisalihoglu ve Karaer 2018).

Su Biitgesi = Qgere + Qyagis = Quere = Qsulama- Buharlasma +Yeralt1 suyu

Su biitcesini olugturan elemanlardan meteorolojik olaylar buharlasma ve yagis faktorleridir. SBG
biitce elemanlarinin hesaplanmasi i¢in géle en yakin meteoroloji istasyonu olan Yalvag Meteoroloji
Istasyonundan buharlagma miktarlar1 (mm) ve yagis yiiksekligi (mm) verileri almnustir. Toplam
buharlasma hacmi (hm®); buharlasma yiiksekligi (mm) ve gl yagis alan1 (km? ) garpilarak; toplam
yagis hacmi (hm®) ise, yagis yiksekligi (mm) ve gl yagis alam (km®) carpilarak hesaplanmustir.
Ayrica,SBG’nde su biitcesinin olusturulmas: asamasinda gole giren iki su kaynagi olan Baglarbasi
Deresi ve Gemredik Cayi’nin aylik debi degerleri ile golin ¢ikis suyunun debileri igin ¢alisma
donemine ait Devlet Su Isleri 18. Bélge Miidiirliigii’nden temin edilmistir.
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SBG kafes balik¢ilig1 tasima kapasitesi tahmini

SBG Alabalik kafes kiiltiirii tasima kapasitesini belirlemek amaciyla Dillon ve Rigler(1974)
tarafindan gelistirilip, Beveridge (1984) tarafindan diizenlenen, gollerin fosfor yiiklenmesine karsi
sucul ekosistemin verdigi tepkiyi Olgen tasima kapasitesi modeli kullanilmistir. Dillon ve Rigler
(1974) ‘in gelistirmis oldugu fosfor biitge modelinde goliin hidrolojisi, alani, ortalama derinligi,
mevcut fosfor konsantrasyonu, yetistiricilikte kullanilan yemin fosfor igerigi ve yem doniigiim
oranlarindan yararlanilarak baraj goliinde uygulanabilecek maksimum alabalik tiretim miktari tahmin
edilmistir.

Dillon ve Rigler(1974)’ gore alabalik yetistiriciliginde izin verilebilir toplam fosfor miktari 60
mg/m?’tiir. Eger goliin mevcut ortalama toplam fosfor (TP) konsantrasyonu 60 mg/m® veya daha fazla
ise bu goliin alabalik yetistiriciligi acisindan tasima kapasitesi sifirdir ve alabalik kiiltiirline izin
verilmemelidir. Dolaystyla miisaade edilebilir maksimum TP konsantrasyonundan (60 mg/m®) gliin
mevcut TP konsantrasyonu ¢ikartilarak yetistiricilik yoluyla gole yiiklenebilecek TP miktar1 belirlenir.
Goliin mevcut TP konsantrasyonu ne kadar diisiik ise gole yiiklenecek TP miktar1 ya da
yetistirilebilecek balik miktar1 o kadar artar. Hesaplamalarda goliin ortalama derinligi, gdliin su
degisim orani, sedimentin fosfor tutma katsayisi ve yem doniisim oranlart kullanilarak tagima
kapasitesi hesap edilmistir. (Dillon ve Rigler 1974, 1975). Tasima kapasitesi hesaplamalarinda
2,4,5,6,7,8 nolu 6rnekleme noktalarina ait veriler dikkate alinmistir (Sekil 1.).

Dillon ve Rigler (1974)’in fosfor biitge modeline gore kafes balik¢iligi tagima kapasitesi hesaplama
adimlar agagida gosterilmistir.

1.  Géle yiiklenebilecek maksimum fosfor miktart : AP= 60 mg/m® — Pgsi

Pgsi: goliin ort. toplam fosfor konsantrasyonu (mg/ m?)

2. Sedimentin fosfor tutma katsayis1 (R) =1/ (1 + 0.747 * ¢ (0,507))

o: : GOl Suyu Yenilenme Siiresi (¢ ): Baraj g6lii hacminin bir yilda kazanilan su miktarina boliimii
ile bulunmustur (Dillon ve Rigler 1975).

o=V/NSK

3. Kafes balik¢iligindan kaynaklanacak fosforun sedimentte tutulma katsayist (Ryayi)

Rpax =X+ [ (1 =X) *R]

4. Kafes balik¢iligr ile gole yiiklenebilecek fosfor miktart (Lyqp):

Ly = AP * Z * 5 / (1- R(balik))

Z = Ortalama derinlik (m) = V/A

5. Kabul edilebilir maksimum fosfor yiiklemesi (L,):

L= Lpaw * A *10°

6. Goliin tasima kapasitesi (K):

K= L,/ 1 Ton alabalik yetistiriciliginde ¢evreye verilecek fosfor miktari

Calismada SBG’niin mevcut su kotundaki hacim ve alan degerleri ile minimum su kotundaki hacim
ve alan degerleri dikkate alinarak SBG i¢in mevcut su kotu igin ve minimum su kotu igin iki ayri
tasima kapasitesi hesaplamasi yapilmistir.
istatistiksel Analizler

Elde edilen verilerin istatistiksel olarak degerlendirilmesi amaciyla SPSS 20 bilgisayar programi
kullanilmistir. Fizikokimyasal parametrelerin drnekleme noktalarina gore farkliliklari igin varyans
analizi (ANOVA), grup ortalamasi arasindaki farkliliklar Tukey testi ile ¢oklu karsilagtirma testine
gore belirlenmis ve onem seviyesi olarak P<0.05 kullanilmistir. Normal dagilis gostermeyen veri
setleri icin Kruskal-Wallis nonparametrik testi kullanilmistir. Cizelge ve grafikler igin Microsoft Excel
2013 ve SPSS 20 programlar1 kullanilmistir.

BULGULAR VE TARTISMA

Derinlik: Calisma boyunca yapilan lgiimlerde en yiiksek derinlik degeri Nisan 2018 ayinda VI
Istasyonda (12,57 m), en diisiik derinlik degeri ise Ekim 2017°de VIII. Istasyonda (0,5 m) dl¢iilmiistiir
(Sekil 2.).
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Sekil 2. stasyonlara gére maksimum, minimum ve ortalama derinlik degerleri

Ortalama derinlik

Hesaplamalar sonucunda SBG’niin ortalama derinligi 7,77 m olarak bulunmustur (Sekil 2.).

Z=VIA

Z =6396896,69 m®/ 823168,00m* Z =7,77m

Wetzel (2001), ozellikle ortalama derinlik olmak iizere, gol morfometrisinin g6l verimliligi
iizerindeki iklimsel ve edafik faktorlere bagli etkisi iizerine dikkat ¢ekmistir. Ortalama derinlik
morfometrik kosullar i¢in en iyi indeks olarak kabul edilir ve genellikle biiyiik goller arasinda birgok
trofik diizeydeki iiretkenlikle ters korelasyon gosterir.

Uzunluk (1) : SBG’niin maksimum su kotunda uzunlugu yaklasik 3000 m olarak 6lgiilmiistiir.
Genislik (B): SBG’niin genisligi yaklasik 275 m olarak bulunmustur

B=A/l B=0.8232km’/3km B=275m
Kiy1 Cizgisi Uzunlugu: Olgiimii 1/2000 6lgekli batimetrik haritadan (Sekil 4.2.3.) maksimum su
kotundaki alan dikkate alarak ip yontemi ile 6000 m olarak Sl¢lilmiistiir.

Kiyr cizgisi gelisimi (D.): Kiy1 ¢izgisi uzunlugunun gélle ayni alana sahip dairenin cevresine
oranlanmast ile hesaplanmistir

D =L/2V(x xA)) n=314

D.=6/(2V (3.14 x 0,8232)) A=82,32 ha=0,8232 km?’ D, = 1,86

Daire seklinde gollerde D= 1°dir. Cok sayida goliin yapist dairesellikten biiyiik oranda sapma
gosterir. Cogu goliin DL degeri yaklasik 2 olup, sekil olarak dairesel degildir veya eliptiktir. SBG’nde
bu degere heniiz ulasilmadigt icin kiyr gelisimi olgunlasmamustir. Kiy1 ¢izgisi olusumu gol hacmine
oranla daha fazla litoral kommunite gelisimine olanak verdigi i¢in ayrica 6nemlidir. (Wetzel, 2001).
SBG’niin Su Biitcesi

Gole giren toplam ortalama debi olarak Baglarbasi Deresi ve Gemredik Cayi’nin ortalama
debilerinin toplamu olan 0,217 m*sn olarak alinmustir. Bu akim SBG’ne yilda 6,85 hm?® su girisi
saglamaktadir.

Gélden ¢ikan ortalama debi ise SBG’niin ¢ikis noktasimin ortalama debisi 0,647 m*/sn’dir. Baraj
goliinlin ¢ikis noktasindan bir yil boyunca yalmizca Temmuz ayinda akis goriildiigiinden dolay1
SBG’nden 1,7 hm® su ¢ikist gergeklesmektedir.

Isparta Meteoroloji 11 Miidiirliigii’nden alman verilere gére Yalvag ilgesinin 2017 yili yillik yagis
yiiksekligi 518 mm; yillik buharlagma yiiksekligi 342,7 mm olarak bildirilmistir (Isparta Meteoroloji il
Miidiirliigii, 2018) . SBG’niin yagis alani 134 km? olarak bildirilmistir (DSI, 2018). Su biitgesi
hesaplamalarinda kullanilan bir diger biit¢e eleman1 yeralti suyu miktaridir. Yeralt1 suyuna ait veri
bulunmadigindan yeralt1 suyundan giren ya da ¢ikan su miktar1 hesaplamalara katilmamustir.
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Tablo 1. SBG su biitgesi elemanlari

SBG’ne gelen su miktari

Baglarbasi Deresi Gemredik o Toplam Toplam Gelen Su
(hm°) Cayi(hm®)  YPESOMW  yags (hmd) (hm)
5,05 1,80 518 69 75,9
SBG’nden ¢ikan su miktari
Siiciillii Baraj1 Buharlasma Toplam 3y Toplam Cikan Su
Cikis (hm3)J (mm)S Buharlagma (hm¥)  Sulama(hm’) i (hg3)
1,7 342,7 45 8,78 55,5

Bu hesaplamalardan SBG’niin net su kazanci (NSK) = Toplam Gelen Su — Toplam Cikan Su
esitliginden hesaplanmisg ve;

NSK= 75,9 hm*/y1l — 55,5 hm*/y1l

NSK= 20,4 hm*/yil olarak bulunmustur.

SBG’niin Toplam Fosfor Degerleri

SBG yillik ortalama TP degerleri 27,6 — 130,89 mg/m? arasinda degisim gdstermistir. Baraj goliinii
besleyen dereler haric SBG’niin ortalama TP konsantrasyonu 41,14£21,5 mg/m3 olarak
hesaplanmustir. Hesaplanan bu deger goz oniine alindiginda SBG suyu TP a¢isindan YSKY’ne gore I1.
Smif (iyi) ile III. Smuf (orta) arasinda su kalitesini saglamaktadir (Anonim, 2012).

Ornekleme aylarinda TP degerlerinin normal dagilis gdstermedigi ve varyasyonun énemli oldugu
tespit edilmistir (p<0,05). Tukey ve Duncan ¢oklu karsilastirma testlerine gére Eyliil ve Kasim aylar1
en yiiksek TP degerlerine sahip oldugu; bu aylari sirasiyla Mart, Aralik; Ocak, Haziran, Subat, Ekim
ve Temmuz aylarinin takip etmektedir. Ancak aralarindaki fark dnemsizdir (p>0,05). En diisiik TP ise
Mayis, Nisan ve Agustos aylarinda goriilmiistiir.

Ornekleme noktalarinda en yiiksek TP degeri I. istasyonda Kasim ayinda (767 mg/m®) 6l¢iilmiistiir.
Yine Listasyonda Kasim ayinda ortofosfat fosforu, AKM ve Chl-a degerleri de en yiiksek degerde
goriilmiistiir. Goriilen bu ekstrem degerin sebebinin bunlar olabilecegi kanisina varilmaktadir. SBG
icerisindeki Grnekleme noktalarinda en yiiksek TP degeri 663 mg/m® ile VI. Istasyonda Eyliil ayinda
Ol¢lilmiistiir. SBG niin gévdesine yakin, derinligi ve sediment birikimi daha fazla olan VI. istasyonun
TP konsantrasyonunun daha yiiksek bulunmasi beklenen bir durumdur. Bu deger golde gecmis
yillarda yapilan kafes balik¢ilig1 faaliyetlerinin etkisinin golde halen devam ettigini géstermektedir.
SBG’ne besin elementi girisini saglayan en dnemli kaynaklar golii besleyen dereler ve géliin etrafinda
bulunan tarim arazileridir.
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Sekil 3. Istasyonlarda toplam fosforun TP aylara gore degisimi.
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SBG’niin Kafes Bahk¢iligi Tasima Kapasitesi Tahmini

Calismada géliin mevcut su kotundaki 6,40 hm® hacim ve 82,32 ha alan degerleri ile minimum su
kotundaki 0,57 hm?® hacim ve 26,28 ha alan degerleri dikkate alinarak Siiciillii Baraj Golii igin mevcut
su kotu i¢in ve minimum su kotu igin iki ayr1 tasima kapasitesi hesaplamasi yapilmistir (Tablo 2. ve
Tablo 3.).

Tablo 2. SBG’niin mevcut su kotunda hidrolojik verileri, ortalama fosfor konsantrasyonu ve tagima

kapasitesinin hesaplanmasi.

Parametre Deger
Mevecut su kotundaki gol alani (A) (ha) 82,32
Meveut su kotundaki gol hacmi (V) (hm®) 6,40

Ort. Derinlik (Z= V/A) (m) 7,77

Net su kazanci (NSK) (hm®/y1l) 20,4 hm*yil
Yillik su degisim orani (y2) (6 =V/ NSK) 0,31

SBG ort. Fosfor konsantrasyonu (mg/m°) 41,1

Ticari alabalik yeminin P igerigi (%) 15

1 ton alabalik yemindeki P miktar1 (kg) 15
Alabaligin P igerigi (%) 0,48

Hasat edilen 1 ton alabaliktaki P miktar1 (kg) 4.8

FCR 1,2:1 yem doniisiim oraninda 1 ton alabalik yetigtirmek igin 12
kullanilacak yem miktari (ton)

1.2 ton alabalik yemindeki P miktar1 (kg) 18

FCR 1,2:1 yem doniisiim oraninda 1 ton alabalik yetigtirmek igin 18-4,8=13,2

cevreye verilecek fosfor (kg)
Gole yiiklenebilecek maksimum. P miktar1 (AP= 60-P)

Sedimentin P tutma katsayisi (R= 1/ (1+0,747* o °%07))

Kafes balik¢iligindan kaynaklanacak fosforun sedimentin tutulma
katsayist (Rpg =X+ [ (1-X) *R]

Kafes balikgiligi ile yiiklenebilecek fosfor miktari (Lyg= AP * Z *
c/l- Rballk) (g/mz/yll)

Kabul edilebilir max. Fosfor yiiklemesi

(La= Loua*A*10%)

SBG mevcut su kotunda tasima kapasitesi

(K= L4/ 1.2 yem doniigiim oraninda 1 ton alabalik yetistirmek
icin cevreye verilecek fosfor (kg) )"

60 —41,1 = 18,9 mg/m®

R= 1/ (1+0,747*0,31%%7) = 0,75
Reani= 0,5 + [( 1- 0,5)* 0,75]= 0,85
Lpa= 18,9%7,77%0,31 / (1-0,875)= 0,3
L.= 0,3*0,82*10° = 0,25 * 10°

K=0,25*10°/ 13,2 =18939 kg/y1l =18,94
ton/y1l

TRy

x” 0,35 ile 0,55 arasinda 6nerilmektedir. Bu ¢alismada 0,5 alinmistir.

SBG’niin mevcut su kotunda kafes balik¢ilig1 tasima kapasitesi 18,94 ton/yil olarak bulunmustur.
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Tablo 3. SBG’niin mimimum su kotunda hidrolojik verileri, ortalama toplam fosfor konsantrasyonu ve

tagima kapasitesinin hesaplanmasi.

Parametre Deger
Minimum su kotundaki gél alani (A) (ha) 26,28
Minimum su kotundaki g6l hacmi (V) (hm®) 0,57
Minimum su kotundaki ortalama derinlik 21
(Z=VIA) (m) '

Net su kazanc1 (NSK) (m%/y1l) 20,4
Minimum su kotundaki yillik su degisim orani (y™) 0027
(0 =VI NSK) '
SBG ortalama fosfor konsantrasyonu (mg/m°) 411
Ticari alabalik yeminin P igerigi (%) 15

1 ton alabalik yemindeki P miktar1 (kg) 15
Alabaligin P igerigi (%) 0,48
Hasat edilen 1 ton alabaliktaki P miktar1 (kg) 4.8

F CR 1,2:1 yem dﬁnﬁsﬁn_l oraninda 1 ton alabalik yetistirmek 12
i¢in kullanilacak yem miktari (ton)

1.2 ton alabalik yemindeki P miktar1 (kg) 18
FCR 1,2:1 yem doniisiim oraninda 1 ton alabalik yetistirmek 18-4,8= 132

i¢in gevreye verilecek fosfor (kg)
Gole yiiklenebilecek maksimum P miktar1 (AP= 60-P)

60 —41,1 = 18,9 mg/m®

Sedimentin P tutma katsayisi
(R= 1/ (1+0,747* 5 °°7))

Kafes balik¢iligindan kaynaklanacak fosforun sedimentin
tutulma katsayist (Rpa =X + [ (1-X) *R]

Kafes balik¢iligr ile yiiklenebilecek fosfor miktart (Ly, = AP *
Z*cll- Rualik)

Kabul edilebilir max. Fosfor yiiklemesi

R= 1/ (1+0,747*0,027>%") = 0,9
Rpai= 0,5+ [(1-0,5)*0,9]= 0,95

Loanc= 18,9%2,1%0,027 / (1-0,95)= 0,02 g/m?/yl
(Le= Loau*A*10°)

SBG minimum su kotunda tagima kapasitesi (K= L,/ 1.2
yem doniisiim oraninda 1 ton alabahk yetistirmek i¢in
cevreye verilecek fosfor (kg))

Foeg?
X

L,= 0,02*0,262*10° = 0,005 * 10°

K=0,005*10°%/ 13,2 = 379 kg/yil
Yaklasik 0,4 ton/y1l

0,35 ile 0,55 arasinda 6nerilmektedir. Bu ¢aligmada 0,5 alinmustir.

SBG’niin minimum su kotunda kafes balik¢ilig1 tasima kapasitesi 0,4 ton/yil olarak bulunmustur.

Mevcut su kotu ve minimum su kotunda tagima kapasitesi hesaplamalarinin ortalamalar1 aliarak
SBG’niin kafes balik¢iligi tasima kapasitesi ortalama 9,67 ton/yil olarak hesaplanmigtir.

Goriildigii gibi tasima kapasiteleri arasinda ¢ok biiyiik farklar vardir. SBG gibi su seviyesi
degisimlerinin yiiksek oldugu baraj gollerinde kafes balik¢ilig1 tagima kapasitesinin hesaplamalarinda
mevecut su kotuna goére degil, minimum su kotundaki alan ve hacim verilerine gore tasima
kapasitesinin hesaplanmasi hem baraj géliiniin su kalitesinin korunmasi hem de siirdiiriilebilir kafes
balik¢iligr faaliyetleri i¢in daha uygun olacagi kanisina varilmistir. Ayrica Dillon ve Rigler (1974),
alabalik yetistiriciliginde izin verilebilir toplam fosfor miktarin1 60 mg/m® olarak belirtmis olmakla
birlikte, genel 6zelliklerine gore otrofik olarak smiflandirilan géllerin gogunlugu 30 mg/m® miktarin
iizerinde toplam fosfor igermektedir. Tasima kapasitesinin hesaplanmasinda onerilen 60 mg/m?®
miktarin yani sira, baraj géliiniin ekolojik biitiinligiiniin bozulmamasi dikkate alinarak, alt siirinin
belirlenmesinde 30 mg/m® olarak almmasi séz konusu baraj golinde balik iiretimi yapilmamasi
gerektigini daha net bir sekilde ortaya koymaktadir (Ayekin vd., 2018).

ASC (Aquaculture Stewardship Council) Tathi Su Alabalik Standardi igin belirledigi
gerekliliklerde “Su kiitlesinin baslangigtaki toplam fosfor konsantrasyonu < 20ug/L olmalidir” sarti
yer almaktadir. (ASC, 2013). SBG’niin ortalama toplam fosfor konsantrasyonu 41,14 mg/m® olarak
hesaplanmigtir ve gol 6trofik durumdadir. Dolayisiyla Siiciilli Baraj Goélii'nde agilacak bir kafes
balik¢iligr isletmesinin ASC standartlarin1  karsilayamayacagi, bu sistemde kafes balikeiligi
yapilamayacagi goriilmektedir.

YSKY (2012)’nde Madde 14’iin 4 ve 5. Bentlerinde; baraj gollerinde minimum su kotundaki BG
alaninin Bakanlik¢a tasima kapasitesi belirlenene kadar, en fazla %3’line kadar alanda Bakanligin
uygun gorlisii ile balik yetistiriciligi tesislerinin kurulmasina izin verilir.
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SBG’niin minimum su kotundaki 26,28 ha alanin %3’ olan 0,78 ha golde yetistiricilik
yapilabilecek alandir. SBG’nde 6nceki yillarda faaliyet gosteren kafes balikgiligr isletmesi 300 ton/y1l
kapasitede acilmigtir. Bu deger 0,78 ha’lik alan i¢in uygun bir kapasite olmamakla birlikte s6z konusu
isletme 2015 yilinda 157 ton/yil diretim bildirmistir. Bulut vd.(2012); SBG’ndeki alabalik
isletmesindeki balik 6liimlerini arastirdiklart ¢aligmalarinda isletmedeki baliklarin karaciger, dalak ve
bobrek dokularindan besiyerlerine yapilan ekimlerde herhangi bir bakteri iiremesi goriilmedigini
bildirmiglerdir. Balik 6liimlerine SBG’niin su kalitesi problemleri ve baliklarda goriilen stresin sebep
oldugunu 6ne slirmiiglerdir.

Dillon ve Rigler (1974)’in fosfor biitge modelinin uygulandigi tasima kapasitesi tahmini
caligmalarinda; Ayekin vd., 2018; iilkemizdeki {ligincii biiyiik baraj golii olan Karakaya Baraj
Goli’'nde kafeslerde alabalik yetistiriciligi igin tasima kapasitesinin fosfor yiliklenme modeli
kullanarak tahmin etmislerdir. Arastirmacilar; kabul edilebilir fosfor yiikii 30 mg/m®, yemdeki fosfor
igerigi % 1.5, yem doniisiim oran1 1.5-2.0 arasinda kabul edilerek ortalama derinligi 35.75 m, ylizey
alam 268 km® ve ortalama toplam fosfor konsantrasyonu 14,5 mg/m® olan gdlde kafeslerde alabalik
yetistiriciligi i¢in kapasitesi en diisiik 50 bin ton/y1l olarak hesaplamustir. Ancak g¢evresel kaygilar ve
hata paylart g6z Oniine alindiginda fosfor konsantrasyonunun en yiiksek oldugu temmuz ayi igin
hesaplanan 43 bin tonluk tagima kapasitesinin ¢evresel agidan daha anlamli olacagi, ayrica alt
havzadaki baraj gollerinin 6trofik durumlar1 da dikkate alinarak; 10 bin ton kapasiteye ulasilmasini
takiben Otrofikasyon izleme programlar1 olusturulmas: gerektigini bildirmislerdir. Pulatsii (2002)
tarafindan, ag kafeslerde entansif gokkusagi alabalig: yetistiriciliginin yapildig1 ortalama toplam fosfor
konsantrasyonu 53,10 mg/m? olan Kesikképrii Baraj Golii’niin (Ankara) tasima kapasitesi 3335 ton/yil
bulunmustur. Tahmin edilen bu degerin goliin o déneme ait kapasitesinin yaklagik olarak on katindan
fazla oldugu belirtilmistir. Kesikkoprii Baraj Goli'nde pelet ve ekstrude yem kullanan iki farkli ag
kafes isletmesi verileri baz alinarak elde edilen kantitatif bulgular aracilifiyla, yetistiriciligin
otrofikasyona etkisini minimuma indirmek acisindan ekstrude yem kullaniminin uygun olacagi
belirlenmistir. Biiyiikcapar ve Alp (2006) Menzelet Baraj Golii’niin (Kahramanmarag) toplam kabul
edilebilir fosfor yiiklemesi ve tasima kapasitesini sirasiyla 84,67x10° g/y1l ve 6998 ton/yil olarak
tahmin etmislerdir. Buhan vd., (2010) Almus Baraj G6lii’niin (Tokat) tagima kapasitesini 5536 ton/y1l
alabalik olarak tahmin etmistir. Polat (2009) ise Almus Baraj Golii’'nde 4023,33 — 6981,76 ton/yil
degerleri arasinda yetistiricilik yapilabilecegini ileri stirmistiir. Alp (2015); Karkamis Baraj Goli
(Gaziantep)’niin ortalama TP konsantrasyonu 46,2 mg/m® ve géliin alabalik yetistiriciligi agisindan
tagima kapasitesini 26144 ton/y1l olarak hesaplamustir.

SONUC ve ONERILER

Bu ¢aligsmada Dillon ve Rigler (1974)’in fosfor biitge modeli kullanilarak SBG’niin fosfor tagima
kapasitesi hesaplanmig ve sonucunda golde oOtrofikasyon riski olusturmadan ne kadar alabalik
yetistiriciligi yapilabilecegi belirlenmistir. Hesaplamalarda SBG i¢in minimum su kotunda 0,4 ton/y1l
ve mevcut su kotunda 18,94 ton/y1l olarak iki ayr1 tagima kapasitesi degeri hesaplanmustir. Hesaplanan
bu iki degerin ortalamasi alinmis ve SBG’niin tasima kapasitesi ortalama 9,67 ton/yil olarak
bulunmustur. Uretim yapilmaya devam edilecekse iiretim kapasitesi diisiiriilmelidir.

Baraj gollerinde yapilacak su iirlinleri yetistiriciligi igin tagima kapasitesi belirlenirken maksimum
ve minimum su seviyelerinin dikkate alimmmas1 gereklidir. SBG gibi su seviyesi degisimlerinin yiiksek
oldugu baraj gollerinde kafes balik¢iligi tasima kapasitesinin hesaplamalarinda mevcut su kotuna gore
degil, minimum su kotundaki alan ve hacim verilerine gore tasima kapasitesinin hesaplanmasi
gereklidir. Bu yontem hem baraj goliiniin su kalitesinin korunmasi hem de siirdiiriilebilir kafes
balikciligt faaliyetleri i¢in daha uygun goriilmektedir.

SBG’niin ortalama TP konsantrasyonu 41,14 mg/m® olarak hesaplanmustir, ayrica SBG 6trofik
durumdadir. Dolayisiyla SBG’nde agilacak bir kafes balik¢iligi isletmesinin ASC standartlarini
karsilayamayacagi, bu sistemde kafes balik¢ilig1 yapilamayacag goriilmektedir.

SBG’ne besin elementi yiikleyen baslica kaynaklar golii besleyen dereler ve goliin ¢evresindeki
tarim arazileridir. Goliin su kalitesinin gelecegi agisindan SBG igin bir yonetim plan1 olusturulmali ve
goliin su kalitesi izleme g¢aligmalari yapilmalidir. Bu haliyle kafes balik¢iligma uygun olmadigi
goriilen SBG’de yapilacak kafes balik¢iligr faaliyetleri yapilacaksa goliin su kalitesi iyilestirildikten
sonra buna karar verilmelidir. Ayrica SBG’niin Gelendost-Afsar Cay1 vasitasiyla Egirdir Goli’nii
etkileme potansiyeli oldugundan igcme suyu kaynagi olarak kullanilan Egirdir Golii’ne etkisi goz
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oniinde bulundurulmalidir. SBG’niin su kalitesinin korunmast ve iyilestirilmesi icin SBG’nii besleyen
kaynaklardan Baglarbasi Deresi’ne evsel atik su desarjimin 6nlenmesi, yerlesim yerlerine aritma
sistemleri kurulmas1 ve SBG etrafinda tarim arazilerinden kaynaklanan besin elementi yiiklemesinin
azaltilmasi gereklidir.

Su dirtinleri yetistiriciliginden kaynaklanan fosfor kirliliginin azaltilmasi ¢aligmalar1 tilkemizde
yeterli seviyede degildir. Ozellikle yem sektdriinde ¢alisan firmalarin ve piyasada bulunan yemlerdeki
fosfor oranlariin azaltilmasina yonelik ¢alismalar i¢in ekonomik olmamaktadir. Bu yiizden iilkemiz
icin yapilacak caligmalar; isletmelerin yogun bir sekilde gozlenmesi, su kaynaklarinin tasima
kapasitelerinin belirlenmesi, isletmelerin kurulacagi yerlerin seg¢iminde 6zen gosterilmesi ve en
o6nemlisi yemleme oranlar1 ve tekniklerin gelistirilmesi ile miimkiin olacaktir. Bu tiir ¢aligmalar dogal
cevrenin korunmasi yaninda isletmelerin karsilasacagi risklerin dnlenmesi ve ekonomik ydnden
gelismesine de yardimet olacaktir.

Yapilan ¢aligma SBG’niin limnolojik 6zellikleri ile ilgili ilk bilimsel ¢aligmadir. Bilimsel arastirma
verileri ve modeller kullanilarak yapilan tahminlerin i¢ su kaynaklarimizin dogru yonetimi, korunmasi,
stirdiiriilebilir kullanimi agisindan yararli bilgiler iiretecegi, ¢evre dostu kafes balik¢igi ve kapasite
belirleme ¢aligmalarina 11k tutabilecegi beklenmektedir.
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Ozet

Bu calismada, Bafa Golii balik¢iliginin karakteristik 6zelligi olan kiigiik 6lgekli av araglarinin teknik ve yapisal 6zellikleri
incelenmistir. Av araglarinin donamsal ve operasyonel 6zellikleri 2018-2019 yillar1 arasinda yerinde ve balikeilar ile yiiz
yiize yapilan goriismeler ile elde edilmistir. Av araglarinin teknik ve detay planlari FAO kataloglarina uygun standartlarda,
MS-Visio Programi kullanilarak ¢izilmistir. Golde 200-250 tekne olmasina ragmen bu teknelerin sadece %10-15’i diizenli
balik¢ilik faaliyetinde bulunmaktadir. Kiigiik 6lgekli av araglarindan galsama ve fanyali uzatma aglari ile birlikte yogun bir
sekilde pinterlerin kullanildig: tespit edilmistir. Bu av araglar ile levrek, ¢ipura, kefaller, giimiis balig1 (camgéz) ve yilan
baliklar1 yakalanmaktadir. Bu tiirler igerisinde en fazla kefal tiirleri yakalansa da en yiiksek kazanci yilan baliklart
saglamaktadir. Bafa Golii balik¢iligim siirdiiriilebilirligi, gol ekosistemi ile dogrudan iliskilidir ve baglantili Bilyiik Menderes
Nehri sular1 gol igin hayati bir 6nem tasimaktadir. Bu nedenle, Bafa Golii ve balik¢iliginin siirdiiriilebilirligi i¢in en kisa
stirede Ekosistem Temelli Balik¢ilik yonetimine gegilmelidir.

Anahtar Kelimeler: Bafa Golii, galsama uzatma agi, fanyali uzatma ag, pinter, stirdiiriilebilirlik
Structural Features of Fishing Gears Used in Small Scale Fishing in the Lake Bafa
Abstract

In this study, technical and structural characteristics of the small-scale fishing gears used in Lake Bafa were evaluated.
The rigging and operational features of the fishing gears were obtained in situ and through face-to-face interviews with
fishermen between 2018 and 2019. The technical and detailed plans of the fishing gears were drawn by means of the MS-
Visio Program in standards complying with FAO catalogs. Although there are 200-250 boats in the lake, among these only
10-15% are used as regular in fishing activities. It has been determined that fyke nets are used intensively together with gill
and trammel nets among small-scale fishing gears. Seabass, sea bream, grey mullets, big-scale sand smelt (camgéz), and eels
are caught by these fishing gears. While mullets are the most landed species, eels have the highest commercial value. The
sustainability of fishing in Lake Bafa is directly related to the lake ecosystem and the associated the Biiyiik Menderes River
waters are vital to the lake. Therefore, ecosystem-based fisheries management should be implemented for the sustainability
and fisheries of Lake Bafa.

Keywords: Bafa Lake, gill nets, trammel nets, fyke nets, sustainability

GIRIS

Bafa Golii, Bat1 Anadolu’nun Aydm ili Soke Ilgesi ile Mugla {linin Milas Ilge smirlar igindedir.
Bafa Golii Tiirkiye nin yasam miicadelesi veren sayili 6nemli biiyiik gollerinden biridir. Daha 6nceleri
Ege Denizi’nin bir pargasi olan Bafa Golii, Biiyilk Menderes Nehri’nin tasidig: aliivyonlara denizden
ayrilarak oligohalin 6zellige sahip bir gol halini almisti ve yakin zamana kadar golde sazan ve yayin
balig1 gibi ekonomik tatlisu baliklar1 yasamaktaydi. Ancak, golii besleyen Biiyiikk Menderes Nehri ve
g0l civarinda yapilan 6nemli su yapilart g6l suyunun tuzlulugunun artisina neden olmus, golde
yasayan balik tiirleri ve populasyonlari da son 15 yilda degismistir. Sakizburnu dalyaninin da
faaliyette oldugu donemlerde 500 tonu gegen av iiretimi ve yurtdigina balik ihracati yore halki igin
biiyiik bir ekonomik faaliyetti (Tosunoglu vd., 2017).

Tagkinlara karsi Onerilen setlerin ekosistem yaklagimli bir yonetim anlayisiyla yonetilememesi
Bafa goliinde biiyiik sorunlara neden olmustur (Artiiz, 1958; Tosunoglu vd., 2017). Goliin Biiyiik
Menderes ile olan baglantisinin Haziran Ay1 basi ve Eyliil Ay1 ortalarina kadar kesilmesi, goliin hem
Ege Denizi baglantis1 olmamasi hemde tatlisu girisi engellenmis olmasi goldeki ekosistemi olumsuz
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yonde etkiledigi goriilmektedir. Bu etkilesimde su kalite degiskenlerinde diizensizlikler meydana
gelmistir. En bariz 6rnegi tuzlulukta goriilmistiir. Tuzluluk 1986 yilinda 4,5 ppt (Balik ve Ustaoglu,
1989) olan tuzluluk degeri 18,4 ppt (Kesici vd., 2013) degerine ulagmis, ancak giliniimiizde ise
tuzlulugun 14,3 ppt’ye kadar geriledigi, ancak eski dalyan kalani gol agizinda 31,7 ppt gibi yiiksek
diizeye ¢iktig1 saptanmistir. Golde 1997 yilinda yapilan caliymada daha onceden bilinen 9 tatl su
baligindan sadece Cyprinus carpio, Gambusia affinis ve Salaria fluviatilis bulundugu (Sar1 ve
Bilecenoglu, 2000), giiniimiizde ise tatlisu baliklarindan kalmadigi belirlenmistir. Ancak Kapikir
mahallesi mevkindeki tatlisu girisinde Gambusia holbrooki tiirii azda olsa bulunmaktadir (Kurtul ve
Sari, 2019).

Bafa Goli’'nde ekonomik degeri olan kefal, Mugil spp., levrek, Dicentrarchus labrax, cipura,
Sparus aurata ve yilan baligi, Anguilla anguilla bulunmaktadir. Goliin balik ¢esitliligi tizerine yapilan
caligmalarda Kasparek (1988) ve Balik vd. (1989) golde toplam 17, Sari vd. (1999a, b) ile Kuru vd.
(2001) 20 balik tiirii oldugunu bildirmislerdir. Bafa Golii 2015 yili sonrast %43’liik (6 ton) iiretim ile
Ege Bolgesi yilan balig1 aveiliginin lideridir (Kaykac ve Tosunoglu, 2018).

2011 yilina kadar Bafa Golii tiretimine 6nemli katki saglayan Sakizburnu Dalyan1 toplam {iretimin
1/3’1inii saglamaktaydi (Selguk, 1988). Dalyanin ortadan kaybolmasiyla golde sadece kiiciik 6l¢ekli av
araglar ile aveilik gerceklestirilmektedir. Bafa G&lii S.S. Sergin Koyii Su Uriinleri Kooperatifi
tarafindan balikgilik yapmak iizere 2014-2019 Yillar1 arasinda 5 yilligina kiralanmustir. Bu durum
goldeki yasa dig1 aveiligi ve asirt aveiligi dnlenmesi agisindan 6nemlidir.

Bafa Golii, son 20 yila kadar balik¢ilik ve tarihsel kiiltiirel mirasi ile adindan s6z ettirirken,
gliniimiizde arttk daha ok kirlilik kaynakli ani balik &liimleri ile giindeme gelmektedir. Ege
Bolgesi’nin en biiyiik goli olan Bafa ile ilgili yapilan arastirmalarin ¢ogu kirlilik ve balik
populasyonlari tizerinedir. Golde siirdiiriilebilir balik¢ilik, yenilenebilir bir kaynak ile miimkiindiir. Bu
da ancak iyi bir balik¢ilik yonetimi ile miimkiindiir (Aksoy ve Kog, 2012). Bu nedenle balikeilik av
giicii ile direkt etkilesim i¢inde olan av araglarinin 6zeliklerinin iyi derecede bilinmesine gereksinim
vardir. Golde kullanilan av araglarinin teknik ve yapisal dzellikler ilk defa bu ¢alisma ile detayli olarak
ortaya konmaya caligilmigtir.

MATERYAL ve YONTEM

Calisma, 2018-2019 yillar1 arasinda Aydin Soke ve Mugla Milas ilge sinirlari i¢indeki Bafa
Golii’nde yiiriitiilmiistiir (Sekil 1). Bu calismaya ait veriler Bafa Golii’ndeki tekne ve balik¢1 sayist
S.S. Sercin Kyii Su Uriinleri Kooperatifi’nden temin edilmistir.

of 2 L E.fi i o
BAFA GOLU Sapikir

‘Danisment

Sekil 1. Calisma alani.
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Av araglarmin teknik ve detay planlart FAO kataloglarina uygun standartlarda (Nédéléc, 1975;
FAO, 1978) MS-Visio programi kullanilarak ¢izilmistir. Donam ve operasyonel 6zellikleri, aveilik
donemleri balikgilar ile yiiz yiize yapilan goriismeler (anket) ve av araglarinin yerinde incelenmesi ile
elde edilmistir. Ankette aktif balik¢1 ve tekne sayisi, kullanilan av araglarinin sayisi, ¢esidi ve teknik
ozellikleri (materyal, biilyiikliikk, donam 6zelligi vs.), balik¢ilik sorunlari ve avlanan tiirler iizerine
birgok soru bulunmaktadir.

BULGULAR

Bafa Golii'nde 200-250 tekne ile balikgilik yapilmakta olup, bu teknelerden sadece bir adedi S.S.
Sergin Su Uriinleri Kooperatifine kayithdir. Kooperatife kayith 286 {iye bulunmakla birlikte, ydre
halki balik¢iligin yaninda tarim (zeytin, incir vs.) ve hayvancilikla da ugragmaktadir. Teknelerin
yarisindan fazlast %85-90’1 sadece bu isler igin kullanilmakta iken geri kalanlar balikgilik
aktivitelerinde kullanilmaktadir. Avcilikta kullanilan tekneler farkli ag g6zii agikligindaki zatma aglari
(galsama ve fanyali) ve farkli boyutlardaki pinterler kullanmaktadirlar. Daha 6nceleri paragat takimlari
ile aveilik yapilmis olsa da giiniimiizde kooperatif iiyeleri arasinda alinan karar geregi artik bu
takimlar g6lde kullanilmamaktadir.

Galsama Uzatma Aglan

Galsama aglar1 genelde voli yontemi ile levrek aveiliginda kullanilmaktadir. Bu aglar 45, 50, 55 ve
60 mm goz agikliginda 100 veya 120 goz derinligindeki misina aglardan olusmaktadir. Aglarmn ip
kalmliklar1 0,18 - 0,26 mm ve derinligi ise donama bagli olarak 8-10 m arasindadir. Genelde hemen
hemen hepsi ayni donam ozelliklerine sahip olsa da balik¢ilar yapim asamasinda tecriibe ve
deneyimlerine gore aglarini donatim asamasinda bazi ufak degisiklikler yapabilmektedir. Bu durumda
her bir posta agin boyu farkli olabilmektedir. Galsama aglarinin donam faktérleri 0,35-0,45 arasinda
degismekte olup genelde 0,40 donam faktorii uygulanmaktadir. Mantar yaka 5 mm c¢apinda
polipropilen (PP) halattan, kursun yaka da kogmali olup 4-5 mm ¢apindaki PP halatlardan olusur. Sekil
2’de, Bafa Golii’'nde yaygin olarak kullanilan 90 mm ag g6z boyunda, 100 goz derinligindeki galsama
agm teknik plani verilmistir. Alti postadan olusan bu ag, goliin derin yerlerinde voli yontemi ile
kullanilmaktadir. Voli yontemi; avcilik yapilacak alanin aglar ile gevrildikten sonra Giipbek (Labut)
aleti ile giiriiltii yapilarak baliklarin korkup aga yonlendirilmesi ve aga takilarak yakalanmasi seklinde
gerceklesmektedir.

80.00PPO 5
2222

100 90 mm Mono @ 0.18-0.26 100

2222
81.00 PP O 4-5

Sekil 2. Ag g6z boyu 90 mm (45°lik) olan misina galsama aginin 6lgekli teknik plani.
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Yukarida teknik plani verilen agin donam detaylar1 sekil 3’deki gibidir. 18 cm uzunlugundaki
cakoya (donam ¢ubugu) 90 mm boyundaki 5 ag gozii donatilirken 13-15 cm boyundaki bir cakoya ise
120 mm’lik 3 ag g6zii donatilir. Bu aglarin donatildiktan sonraki derinligi 8 m civarindadir. Mantar ve
kursun yakada kullanilan mantar ve kursunlar genelde 3 bos 1 dolu olacak sekilde donatilir. Bazen
mantar yaka 2 bos 1 dolu seklinde de olabilir. Genelde 3 numara plastik (PL) yiizdiiriiciiler ve 40-50 g
agirliginda kursun (Pb) batiricilar tercih edilmektedir.
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SISO IO IO IS99
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L
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>

)
99998,
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[

Sekil 3. Galsama uzatma aginin donatilmis detay plani.

Fanyal Uzatma Aglan

Golde kullanilan fanyali uzatma aglar1 genelde donege birakilarak kullanilmaktadir. Kullanilan tiim
aglar farkli g6z genisliginde ve kalinligindaki misina aglardan olugmaktadir. Bu aglara 0,35-0,45
arasinda donam faktdrii uygulanmaktadir. Bu durumda her bir posta ag 70-90 m arasinda
degismektedir. Yaygin olarak kullanilan aglar 0,44 donam faktorii ile donatildigindan uzunluklar: 88
m’dir. Tor ag 32-60 mm goz genisliginde 0,18-0,26 mm ip kalinliginda, fanya (manoz) 140-180 mm
g6z genigliginde, 0,33 mm kalinligindadir. Tiim aglar monoflament (misina) aglardan olugsmaktadir.
Aglarin derinlikleri, ag g6z biiyiikliigtindeki farkliliklara gore sirastyla 100, 120 ve 150 g6z tor igin 13,
22 ve 27 manoz (fanya gozii) seklindedir. Golde yaygin olarak kullanilan fanyali uzatma aginin 6lgekli
teknik plani sekil 4’de verilmistir. Mantar yakada 5 numara PP halat kullanilirken kursun yakada
kosmali 4 ve 5 numara PP halat kullanilmstir.
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88.00 PP O 5

625

13 280 mm PA Mono @ 0.33 13

625

3125

100 64 mm PA Mono © 0.18 100

3125

625

13 280 mm PA Mono @ 0.33 13

625

90.00 PP @ 4-5

Sekil 4. Ag g6z boyu 64 mm (32’lik) olan fanyali uzatma aginin 6lgekli teknik plani.

Her teknede donek avciliginda kullanilan bu aglardan yaklagik 6-8 posta bulunmaktadir. Ancak, 35
tekneye yakininda 12 posta ag olanlarda mevcuttur. Aglar donatilirken ¢ako boyu tek bir fanya koluna,
5 g6z tor ag alinarak donam yapilir (Sekil 5). Bu durumda tor ag donamu 0,44 iken, fanya donami 0,50
olmaktadir. Agin donatildiktan sonraki derinligi ise yaklasik 3,2 m civarindadir. 40-45 mm goz
genisliginde kullanilan tor aglarda, fanya gz genisligi yaklasik 180 mm’dir. Bu aglarda ¢ako boyu bir
fanya kolundan yaklasik 1 cm daha az olup, buraya 5 tor ag goz donama alinmaktadir. Bu aglarda 100
g0z derinligindeki tor ag icin yaklasik 21 manoz (fanya gozii) kullanilmaktadir. Mantar yakada 3
numara PL ylizdirciiler kullanilirken, kursun yakada 50 g batiricilar 4 bos 1 dolu seklinde
donatilmaktadir. Topan kefal, levrek ve biiyiik ceran kefal bu aglar ile yakalanan baslica tiirlerdir.
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Sekil 5. Fanyali uzatma aginin donatilmis detayli plani.

Pinterler

Golde 100 kadar tekne pinter ile yilan balig1 avciligi yapmaktadir. Pinterler ilk ¢emberdeki g6z

sayisina gore isimlendirilmekte ve gélde 70, 80, 100, 120, 150 ve 200 gz biiyiikliigiine sahip pinterler
kullanilsa da en yayginlart 70 ve 150 goz biyiikliigiindekilerdir. Fakat 250 boyutunda pinterlerde
kullanilabilmektedir. Bu pinterlerin neredeyse tamamina yakini D girislidir. Giris oniinde yaklasik 2,5
— 3 m uzunlugunda germe ag mevcuttur. Germe aglar genelde 32 mm ag géz boyunda ve 210d/9
numara ip kalmhgmnda olup, 25-30 géz derinligindedir. Germe agmin yaklagik 15-20 gozii D girisli
¢embere iceriye dogru donatilmakta, kalan kismi yonlendirmede germe ag1 olarak kalmaktadir (Sekil

6-A).
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Sekil 6. 70 gozli pinter ve germe aginin teknik plani.
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70 gozli pinterin tamaminda 210d/9 numara ip kalinhiginda 32 mm ag g6z boyunda aglar
kullanilmaktadir. Pinterlerde 6zel bir donam uygulanmakta ve aglar donatilirken pinter hazneleri
(bogazlar) ekstra bir ag kullanilmadan yekpare ag parcalarmnin katlanmasi ile olusmaktadir. 70 gozli
pinter;

Ayni ag goz boyunda 70*32,5 goz agdan 2 adet ve 70*60 goz agdan 1 adet olmak iizere toplam 3
pargadan olugmaktadir (Sekil 6-B).

70%*32,5 gozlii iki parga birbirine donatilirken ikinci parga agda 14 goz sayilir ikiye katlanir.
Buradaki gozler ilk parcanin sondaki 18,5’luk gdziine yarim goz teknigi ile sekil 6-C’deki gibi g6z
tamamlanarak donatilir. Boylece 14 gozlii ikinci bogaz ortaya ¢ikar.

Son olarak 70*60 gozlii pargadan 17 g6z sayilip katlanarak ondeki 18,5 gozli aga yarim goz
olusturularak birlestirilir. Buras: pinterin ii¢iincii bogazidir.

Bu birlestirmelerden sonra enine 70 g6z, boyuna 80 géz 3 bogazli pinter olusturulur (Sekil 6-D).
Cevresi 70 goz olacak sekilde yarim g6z ile birlestirilen noktalar birbirine sekil 7°deki gibi birlestirilir.

1 Kot Pt 5
Brs 3 d O A 18 7%

N 2
ve bogazlarin olusturulmasi.

ekil 7. Pinter aginin yarim goz ile ¢atilmasi

Daha sonra sekil 8-1V’deki 5 mm kalinligindaki iizeri plastikle kaplanmis demir cemberler sirastyla
kiigiikten biiyiige dogru planda belirtilen noktalara donatilir. Bu iglem yapilirken pinter gergin olacak
sekilde bastan ve sondan asilir (Sekil 9).

Cemberler donatildiktan sonra pinter bogazlar1 sekil 8-III’deki donatilir. Pinterde D giristen
itibaren ilk bogaz ii¢gen, ikinci bogaz baklava ve son bogaz daha dar ve yandan bakildiginda hilal
seklinde yapilir.
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Sekil 8. 70 goz biiyiikliigiindeki pinterde ¢emberlerin konumu, bogazlarin sekli ve germe agin detaylari.
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Golde 250 goz biiylikliigiinde az sayida pinter de yilan baligi avciliginda kullanilmaktadir (Sekil
10).

Sekil 10. Bafa Golii’'nde kullanilan 250 goz bﬁyﬁklgﬁndeki pinter.

Donatilan pinterler kullanim agsamasinda su iginde sekil 11°deki gibi olmakta ve sekil 12°deki gibi
sirayla avcilik igin gole birakilmaktadir. Golde farkli biyiikliiklerde toplam 1500-2000 adet pinter

kullanilmaktadir. Yilan baligi aveiliginda kullanilan pinterler 12 ay avcilik yapmakta, 2 giinde bir
kontrol edilmektedir.

Sekil 11. Germe ag1 donatilmis bir pinterin yerlestirme sekli.
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Sekil 12. Bafa Goli’nde kullanilmis ve terkedilmis (hayalet) pinterler.

Balikgilik av araglarina zarar veren makrozoobentik tiir serpulid poliketlerden ve Ficopomatus
enigmaticus’tur (Sekil 13).

A

T e |

Q N
8" ‘ P ] -
iket Ficopomatus enigmaticus

: q. i .i & .
1 13. Bafa géliinde balikgilarin av araglarina ve teknelere zarar veren

Sekil

Mo 3

pol

TARTISMA ve SONUC

Bafa Goli'nde aveilik kiigiik  6lgekli av  aragalarindan uzatma aglari ve pinterlerle
gergeklestirilmektedir. Golde 200-250 civart tekne olmasina karsin sadece 1 kayitli tekne olmast
onemli bir veridir. Oysaki S.S. Sergin Su Uriinleri Kooperatifinin 286 iiyesi bulunmaktadir.
Sakizburnu dalyanit varken toplam {tretimin 2/3’tinlin kiigiikk Olgekli av araclar ile yapildig:
belirtilirken (Selguk, 1988; Tosunoglu vd., 2017), giiniimiizde bu avin tamammina yakini bu kiiciik
o6lgekli av araglariyla yapilmaktadir.

Bafa Goli’nde levrek, ¢ipura, kefal tiirleri ve yilan balig: ticari aveiligt yapilan tiirler arasindadir.
Aragtirmacilar gélde 1980-1990°11 yillarda 17-20 gesit balik tiirliniin oldugu (Kasparek, 1988; Balik
vd., 1989; Sar1 vd., 1999a, b; Kuru vd., 2001), giinliimiizde halen ticari degeri olan yukardaki tiirler
avlanmaktadir. Daha 6nceleri sazanin ticari tiirler arasinda olmasina ragmen son 30 yildaki tuzluluk
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artig1 ile golde yok oldugu belirlenmistir. Golde levrek, ¢ipura, kefal tiirleri, glimiis balig1 ve yilan
balig1 baskin tiirler olup en fazla avi kefal tiirleri vermektedir. 1 Mayis — 31 Temmuz arasinda ii¢ ay
stire ile golde yilan balig1 hari¢ su iriinleri aveiligi yasaktir (Anonim, 2020). Goldeki yilan baligi
avcilig yiiksek ticari degere sahiptir. Bu talep tiiriin ihracaat {irlinii olmasindan kaynaklanmaktadir. Bu
tiiriin avciliginda ise yogun olarak pinterlerin yil boyunca (1 Aralik - 1 Mart tarihleri harig)
kullamldig1 belirtiimektedir. Bununla birlikte, Ticari Amagh Su Uriinleri Avcihigmi Diizenleyen
Teblige (5/1 Numaral teblig-2020, Madde 33) gore 1 Mayis — 31 Temmuz tarihleri arasinda golde
yilan balig1 haric su iiriinleri avcili1 yasaktir. Tebligde bu tiir i¢in 50 cm boy yasagi olmasi ile birlikte
bakanlik tarafindan belirlenen kota uygulamasina tabidir (Anonim, 2020).

Kullanilan uzatma aglarinda fanyali ag derinligi 3,20 iken galsama ag derinligi 8 m civarindadir.
Fanyali aglar galsama aglara oranla daha fazladir. Genelde galsama aglar ile gélde voli yontemiyle
avcilik yapilirken iken fanyali aglar ile donege birakilarak avcilik tercih edilmektedir. Golde kullanilan
uzatma aglarmnm tamamina yakini misina aglardan olugmaktadir. Denizlerde yapilan su iiriinleri
avciliginda monofilament misina aglarin ve multimonofilament misina aglarin kullanilmasi,
gemilerde, balik¢1 barmaklarinda, barimma ve c¢ekek yerlerinde bulundurulmas: yasaktir (Anonim,
2020). Balik¢ilar g6l sularinda, ip aglarin misina aglara oranla daha fazla kirlendigini belirtmektedir
(Stirer ve Kusat, 2013). Bu durum uzatma agina gore daha kiigiik gozlii ip ag kullanilan pinterlerde
daha barizdir. Bafa Golii’'nde karsilagilan bu soruna benzer durumdan Siirer ve Kusat (2013) Egirdir
Goli’nde yaptiklart caligmada da bahsetmistir. Ip aglarin monofilament aglara nazaran yapi
bakimindan ¢abuk kirlenen ve temizlenmesi monofilament aglara gére zor olan aglardir. Egirdir
Goli'nde caligan balikgr monofilament aglari kolaylikla temizleyebildigini ancak multifilament aglar
temizlemek icin ¢amasir suyu veya kimyasal maddeler kullandigini belirtmektedir. Ag agartmak igin
kullanilan bu ¢amasir suyu veya kimyasal maddeler g6l igerisinde ya da gol kiyisinda uygulandiginda
kirlilige neden olacaktir seklinde belirtmistir (Siirer ve Kusat, 2013). Ayrica birbagka kirlenme olay1
olan fouling organizma (herhangi bir yiizeyi delerek veya yapisarak islevini engelleyen organizma)
olup, sert ylizeyler lizerinde tutunup koloniler (biiyiik gruplar) olusturmakta ve tutunduklar1 yiizeye
zarar verirler. Bu nedenle tutunduklar yilizey eger bir arag veya alet ise islevini yapmasina da engel
olurlar. Bu organizma ya tizerine tutundugu bir ara¢ ile (tasimada vb. kullanilan), teknelerin i¢inde
kalmis su ile veya lizerine tutundugu baska organizmalar araciligi ile bir yerden baska bir yere
taginabilmektedir. Tuzluluga kars1 ¢cok direnglidirler. Yiiksek tuzluluklara dayanabilmesine karsin daha
¢ok acisularda yasamayi tercih ederler. Genelde hali¢ ve nehir agz1 gibi acisularda, gel-git bolgesinde
ve s1g sularda kaya, beton, agac ve kabuklular gibi materyaller iizerinde bulunurlar. Dogal olmayan
objelere (Tekne, kaziklar, samandiralar ve yiizer rihtimlar) yapigirlar. F. enigmatus 2015°de Bafa
Goli'nde kaydedilen egzotik bir tiirdiir (Sas1 ve Yabanli, 2015). Orijini Bati Hint Pasifigi olan tiir
1953 yilinda Akdeniz’de rapor edilmistir.

Ficopomatus enigmaticus (Serpulidae: Polychaeta) diger istilacilar gibi Bafa Goli’ne uyum
goOstermistir. Ficopomatus enigmaticus operkulumlari kapali iken bir siire su diginda kalsa bile kendini
koruyabilmektedir. Bu yiizden tiiriin bir vektor yolu ile bir yerden baska bir yere kolayca taginmast
olasidir. Habitata girmis bir istilaci tiirii tamamen yok etmek c¢ok zordur. Ciinkii istilaci tiirler ¢evresel
sartlara kars1 oldukc¢a direnglidirler. Kendisine benzer tiirler ile basarili rekabete girerler ve ortamda
hizla ¢ogalarak yayilirlar. Golde organik partikiil maddenin bol olmasi sonucu olusan dtrofikasyonun,
g0l suyunun acisu olmasi ve goliin 1liman bir kusakta olmasi nedeniyle ¢ok iyi uyum gostermistir.
Golde bulunan tekneler ve bekletilen av araglart 6zelliklede pinterler zarar vermektedir. Pinterler uzun
stire suda kalmakta sadece 2 giinde bir kontrol edilmektedir. Balik¢1 bu istilaci tiirle miicadele
edemedigi i¢in pinterlerde kullanilan ag ip kalinliklarini1 daha ince yapma yolunu tercih etmislerdir.
Istilact tiiriin ip aglart kaplamas: ile kalnlastigi zaman zaman ag gozlerinin sekil 13°deki gibi
kapandig1 goriilmektedir.

Sonug olarak, balik¢ilikta, stoklar {izerinde av baskis1 olugturan balik¢i teknesi ve av araglar sayisi
énemlidir (Ozbilgin vd., 2009). Bafa G&lii balikgiligi da dinamik bir yapida oldugu icin gdlde
kullanilan av araglarinin teknik 6zelliklerinin bilinmesi ve siirekli izlenmesi gerekmektedir. Avlanan
balik miktar1 kadar bunlarin hangi av araglan ile nasil avlandigi bilinirse siirdiiriilebilir balik¢ilik
yonetimi agisindan fayda saglamaktadir. Bafa Golii lizerine yapilan ¢aligmalarin ¢ogunda bu tiir veriler
detayli bir sekilde ele alinmamistir. Calisma sonuglarmin Bafa Golii’nde bundan sonra balikeilik ile
ilgili yapilacak olan ¢aligmalara fayda saglayacagi diigiiniilmektedir.
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Tesekkiir: Bu calisma Ege Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan
18-SAUM-001 nolu proje ile desteklenmistir.
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Abstract

Whale shark (Rhincodon typus) records were reported incidentally from offshore vessels in Nigerian deep waters in 2013
and 2016. The two records were observed directly by the authors and were identified from photographs. Visual observation
showed that the size of the species sighted could be approximately 10 -15 m long. This present work, however, highlighted
and confirmed the possible abundance of the whale shark in Nigerian deep water. Reports from the areas of sighting showed
the presence and abundance of phytoplankton, zooplankton, and benthic organisms. These could have contributed to the
presence and occurrence of this species within the areas where they are sighted. This report, however, confirms the
occurrence of the whale shark in Nigerian deep water and the need for a concerted and dedicated survey to properly
document the presence of this species in Nigeria and the adjoining countries.

Keywords: Nigeria, Phytoplankton, Rhincodon typus, Whale shark, Zooplankton
Nijerya'min Derin Sularinda Balina Kopekbahig Varhig:: ileri Calismalar Yapilmasi i¢in Oncii Bir Arastirma
Ozet.

Balina kdpekbalig1 (Rhincodon typus) kayitlar: tesadiifen 2013 ve 2016 yillarinda Nijerya'nin derin sularindaki agik deniz
gemilerinden rapor edildi. Tki kayit dogrudan yazarlar tarafindan gozlemlendi ve fotograflardan teshis edildi. Gorsel gozlem,
goriilen tiirlerin boyutunun yaklagik 10-15 m uzunlugunda olabilecegini gosterdi. Bununla birlikte, bu mevcut ¢aligma, balina
kopekbaliginin Nijeryanin derin sularindaki olasi bollugunu dogruladi. Gériilme alanlarindan gelen raporlar, fitoplankton,
zooplankton ve bentik organizmalarin varligini ve bollugunu gosterdi. Bu veriler, tiiriin goriildiikleri alanlarda bulunmasina
ve ortaya ¢tkmasina katkida bulunmus olabilir.

Bununla birlikte bu rapor, Nijeryanin derin sularinda balina kopekbaliginin varligin1 ve bu tiiriin Nijerya ve komsu
iilkelerdeki varligin1 dogru bir sekilde belgelemek i¢in uyumlu ve &zel bir aragtirmaya duyulan ihtiyaci dogrulamaktadir.

Anahtar Kelimeler: Nijerya, Fitoplankton, Rhincodon typus, Balina kdpekbaligi, Zooplankton

INTRODUCTION

Whale shark (Rhincodon typus) is one of the known Shark species which belongs to the family
Rhincodontidae. It is characterized by large size, slow growth, late maturation and extended longevity,
which probably limit recruitment and make it particularly susceptible to exploitation (Weir, 2010;
Colman, 1997a). It is the world’s largest fish, and a filter-feeding shark along with the basking shark
(Cetorhinus maximus), and the Megamouth Shark (Megachasma pelagios). The whale shark is easily
recognized based on its broad, flattened head, its largemouth, and its pattern of light spots and stripes
on a dark background (Last & Stevens 1994). The ventral surface is typically whitish (Norman, 2000).
The available records showed that the largest Whale Shark found to date measured 20 meters and
weighed 34 tones (Chen et al., 1997, in Chen & Phipps, 2002). Despite its immense size, the whale
shark is harmless to humans. It has few defenses, although its ability to reach a very large size
combined with a tough (thick) skin present on the dorsal surface can be used for protection (Norman,
1999).

R. typus is always sighted as a single individual or as an aggregation of about hundreds where food
is abundant (Compagno, 1984; Colman, 1997; Norman, 1999; Compagno, 2001). Other environmental
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factors such as sea surface temperature, current and primary productivity can influence the occurrence
of whale shark (Colman, 1997; Wilson et al., 2001; Sleeman et al., 2007). This species of shark is
found in varying warm temperate and tropical waters worldwide including coastal, neritic, and pelagic
habitat such as 28-32°C (Eckert and Stewart, 2001), 18-30°C (Fowler, 2000), an average of 27°C
(Norman, 1999) or cooler temperatures (Wolfson, 1986). However, Compagno (1984) suggested that
this species prefers waters with temperatures between 21-25°C. Whale sharks are scarce, their
geographical distribution and biology are poorly known and they are susceptible to worldwide
exploitation ranging from incidental by-catch in fisheries to directed capture in some regions (Alava et
al., 1997; Colman, 1997; Compagno, 2001; Hanfee, 2001). Consequently, the whale shark is listed as
“Vulnerable’ by the International Union for Conservation of Nature and Natural Resources and is on
IUCN red list (IUCN, 2003 and 2007) and they are rapidly depleting in population (David, 2007). The
decline in the population could be attributed to their being the target for fishermen due to the market
for whale shark fins in some parts of the world (Alava, 2002; David, 2007; Weir, 2010).

The whale shark is a filter feeder (Compagno, 1984) and feeds on a wide variety of planktonic and
nektonic prey, including small crustaceans, small schooling fishes such as sardines, anchovies, and
mackerel, and occasionally on small tuna and squid (Compagno, 1984; Last and Stevens, 1994),
swarms of the tropical krill Pseudeuphausia latifrons (Taylor, 1994; Norman, 1999), a surface slick of
coral spawn (Norman, 1999), localized concentrations of mysids (Anisomysis spinata) and crab
megalopa (G. natalis), calanoid and harpacticoid copepods, larval decapods and the scales of small
fishes (Norman, 1999) and crustacean namely P. latifrons (Wilson and Newbound, 2001; McKinney et
al., 2012).

Off-shore Nigeria studies have shown that crustaceans are one of the most abundant and frequently
occurring plankton in the area (SNEPCO, 2014; OML 118 (SNEPCO, 2008, 2011 and 2014), OML
132 (CNL, 2013), and OML 140 (CNL, 2012). These findings are supported by Omori and Ikeda
(1984) reported the abundance of crustaceans in tropical marine waters of the Gulf of Guinea.
Compagno (1984); Norman (1999), Wilson and Newbound (2001) and McKinney et al., (2012) have
reported that whale shark feeds on crustaceans.

In some parts of the world, the occurrence of whale shark is well-documented especially in
Western Australia, the Indian Ocean, and the Sea of Cortez, where research has focused primarily on
coastal areas where whale sharks aggregate seasonally in response to fish or invertebrate spawning
events (Colman, 1997). However, their occurrence in oceanic waters worldwide remains poorly
documented (Eckert and Stewart, 2001). Little is known about the occurrence of this species of shark
in West African waters and Nigeria in particular (Weir, 2010). Though there is a report of 10 sightings
of whale sharks in Angolan and Nigerian waters (with only one in Nigeria), Weir (2010) further stated
that there was no photograph to authenticate the Nigerian report. The first sighting or record of a
whale shark in Nigerian ocean waters was in January 2006 (Weir, 2010) thereafter, there is no other
record of this species in Nigeria. Therefore this report brings to fore the two new sightings of whale
sharks including preliminary physical-chemical, plankton, and benthos characteristics of the sea
waters off Nigeria coast where this species is sighted.

MATERIALS and METHODS

Whale shark records were reported incidentally from offshore vessels in Nigerian waters in 2013
and 2016. The two records were observed directly by the authors and were identified from
photographs and descriptions in Weir (2010). The records of the depth, physical-chemical, plankton,
and benthic characteristics of the sea waters within the areas where the whale sharks were sighted
were drawn from reports of some of the Environmental Impact Assessment (EIA) studies conducted
within the area between 2007 and 2014.

RESULTS and DISCUSSION

Between April 14" 2013, and March 20" 2016, we observed the whale shark in Nigerian deep-
water twice (Table 1). The photographs and visual observation showed that the size of the species
sighted could be approximately 10 -15 m long (Figures 1 and 2). These species were sighted on either
side of the old one (Figure 1). The only published record on the presence and occurrence of this
species in Nigerian deep-water is that of Weir (2010). In the author’s report, she noted that the record
from Nigeria was not backed-up with the picture. This present work, however, highlighted and
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confirmed the possible abundance of whale sharks in Nigerian deep-waters based on the fact that
between April 14™ 2013, and March 20™ 2016, we have seen this species twice during our surveys. It
is worthy to note that these species are rarely seen within the area under review. In our two sightings,
we saw a single individual that corroborates with the previous report that stated that the whale shark
mainly occurs as a single individual (Colman, 1997; Compagno, 2001; Weir, 2010). In New Zealand,
sighting of whale sharks mainly occurred between November and April and mostly (89.6%) from
January to March with 55% reported in February (Duffy, 2002). Also, those whale sharks are the
world’s largest living fish and can grow to 18 meters, a weight of 34 tons, and may live for 100 years
(Pierce and Norman, 2016).
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Figure 1. Location of old and new sightings of whale shark (Rhincodon typus) in Nigerian deep water

Published EIA reports from the areas of sighting showed the presence and abundance of
phytoplankton, zooplankton, and benthic organisms (Tables 2). These could have contributed to the
presence and occurrence of this species within the areas where they were sighted. This is evident in the
fact that the whale shark feeds and breeds in areas with an abundance of plankton organisms
(Compagno, 1984; Last and Stevens, 1994; Taylor, 1994; Norman, 1999; Wilson and Newbound,
2001; McKinney et al., 2012).

Table 1. Record of whale shark (Rhincodon typus) sighting off the Nigerian coast

Group Estimated The estimated

S/N Platform Coordinate Date . . Source  distance from the
size size (m) . S
previous sighting
04°33.75'N; Weir
1  Bonga FPSO 2937 47 13/01/2006 1 15 (2010) -
. 5°33°10.27"°N New
2 MYV Orient 4018’ 26.59°E 14/04/2013 1 12-14 sighting 112 km
RV Brone 5037 47.11°N New
8 Explorer 4°5°835”E 20/03/2016 1 15 sighting 102 km
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Figure 2. Whale shark (Rhincodon typus) observed off Nigerian coast onboard MV Orient on
April 14" 2013 (Photograph: Dr. Ekeke, Chimezie)

Some physicochemical characteristics of the seawater (Table 1) such as pH, temperature, and
dissolved oxygen (DO) varied from 7.04 — 8.75, 27.00 — 32.80°C, and 3.06 — 10.00 mg/I respectively
within the area (Table 1). Also, the characteristics of the water body in the area are typical of that
which supports the breeding of this species (Eckert and Stewart, 2001; Onyema and Bako, 2015). This
temperature range reported in this survey corresponds to those in which the survival and striving of
whale shark 28-32°C (Eckert and Stewart, 2001), 18-30°C (Fowler, 2000), an average of 27°C
(Norman, 1999) 21-25°C (Compagno, 1984) and 15.1-35°C (Hector et al., 2018). This, however,
suggests that there is a high possibility that Nigerian deep water may harbor this species and the need
for a further and comprehensive study to establish this fact since their distribution is also believed to
be linked to specific environmental conditions, such as narrow temperature ranges and areas of
upwelling (Colman 1997, Sequeira et al. 2014, Hoffmayer et al. 2005). This species is thought to
prefer surface sea-water temperatures between 21 - 25°C. Sightings at Ningaloo Marine Park,
however, are most common in water temperatures around 27°C (McKinney et al., 2012).
Bacillariophyta (diatoms) with a relative abundance of 44-87% were the dominant phytoplankton
division that also includes cyanophyta, chlorophyta, euglenophyta and dinophyta. Copepods
contributed 32-6% of the zooplanktonic fauna. The characteristics of ocean waters concerning
biological and physicochemical) across deep offshore Nigeria are in accordance with literature reports
(Puyate and Rim-Rukeh 2008, Oketoki 2015, Onyema and Bako 2015).

The whale sharks were sighted within Nigerian deep water in dry seasons (January and March) and
the beginning of the wet season (April). Also, the sighting at Bonga in January 2016 i.e. dry season
(Weir, 2010) corresponds to when the abundance of planktons and pelagic species are high and could
account for the presence of this species (Compagno, 1984; Colman, 1997; Norman, 1999; Compagno,
2001). The presence of this species in Nigerian waters is also supported by the earlier stated
physicochemical characteristics and the fact that the study area is a comfortable feeding and foraging
grounds for this species of fish (Compagno, (1984); Omori and lkeda, 1984; Norman, 1999; Wilson
and Newbound, 2001; and McKinney et al., 2012).

The new sightings were on northward southern axis of the old sighting at approximately 112 km
and 102 km suggesting that the whale shark may have traveled to these areas in search of food. Whale
sharks travel long distances and the timing of their movements is typically associated with localized
blooms of planktonic organisms and water temperature changes (Compagno, 2001; John et al., 2013).
Works have shown that this species of whale can travel as far as 7,772 km (with an average minimum
of 48.1 to 51.81 km/day) (John et al., 2013), 20,000 km in 841 days (Hector et al., 2018) and, 4,567
and 8,025 km with an overall mean travel rate of 24.7 km/day (Eckert et al., 2002) in search of food
and that their movements may correspond to the presence of zooplankton assemblages and fish
populations that are known to accumulate near these features (Balch and Byrne 1994). This is evident
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to the fact that the area has a high abundance of phytoplankton 5.56x10° — 3.28x10° organisms/litre of
seawater and zooplankton 7.8x10° — 4.34x10" organisms/litre of seawater (Table 2).

Figure 3. Whale shark (Rhincodon typus) observed off Nigerian coast onboard RV Brone Explorer on March 20,
2016 (Photograph: Dr. Ekeke, Chimezie)

It is worthy to note that this species of whale sharks are currently listed as an ‘endangered/threatened
species by the International Union for the Conservation of Nature and Natural Resources (Pierce and
Norman, 2016) and included in Appendix Il of the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES; www.cites.org). These listings are based on their
susceptibility to fisheries collapse and slow recovery due to their k-selected life-history characteristics
(Stevens 2007).

CONCLUSION

This report, however, confirms the occurrence of whale sharks in Nigerian deep water and the need
for a concerted and dedicated survey to properly document the presence of this species in Nigeria and
the adjoining countries.
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Table 2. Some characteristics of seawater of the Nigerian coast

Water Dominant Dominant Temperature Dissolved - No. of No. of
Project Coordinate depth pH range P 0 oxygen phytoplankton  zooplankton
phytoplankton zooplankton range (°C) - .
(m) (mg/1) per litre per litre
SNEPCo 4°33°N; 1000- Bacillariophyta  Crustaceans/not 6.93
(2015) 4°36’E 1300  (Diatoms) stated 8.30 (mean)  26.50 (mean) 10y
OPL 222 750 -  Bacillariophyta . 5.56x10° — 7.8x10% -
(2009/2007) ; 800  (Diatoms) 4495 COPEPOUs32:40%  7.10-7:24  20.20-27.1 - 38345 35,4 4.34x10*
Bacillariophyta
TEPNG - 35-42  (Diatoms) Arthropods 745823  20.02-23.86 not stated not stated
(2010) 83.42%
76.21%
SNEPCo 4°26'51.739"N;  1160- Bacillariophyta o i )
(2014b) 4°39'14.462"E 1340 (Diatoms) 87% Crustaceans/68.7% 7.04-8.48 27.80-32.80 3.06-5.04 not stated not stated
4°25'9.263"N; A
CNL (2013) 4°35' 700- - Bacillariophyta o1 ceans/62%  6.87-8.30  28.12-29.30  5.81-10.0 not stated not stated
" 1500 (Diatoms) 77%
25.208"E
4.480813N; 1250- Bacillariophyta o
CNL (2012) 4.594725E 2300 (Diatoms) 75% Crustaceans/50% 8.05-8.81 27.1-30.03 4.86-6.20 not stated not stated
SNEPCo 4°38° Bacillariophyta
(2011) 38.462°°N; 40 - (Diatoms) Crustaceans 7.40-7.80 29.00-31.80 5.60-7.40 not stated not stated
34’ 40.498E
Usan OML  005° 54’ —_
138EIA,  32.6”N;03° ;gg'm ?gg::)anz':)phyta Copepods 710-830  840-2910  1.93-855 not stated not stated
2009 53°56.28"E
Bacillariophyta
SNEPCo 900- . Crustaceans 9.15-
(2014b) 1500 E;E;IZE%?S) 60.30% 8.24-8.34 25.90-28.30 10.10 not stated not stated

CNL = Chevron Nigeria Limited, OML = Qil Mineral License, EIA = Environmental Impact Assessment, SNEPCo = Shell Nigeria Exploration and Production Company Limited, TEPNG = Total

Exploration and Production Nigeria Limited, OPL = Oil Prospecting License
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Abstract

This study aimed to determine the changes in the quality of sous vide meagre (Argyrosomus regius) fillets that have been
treated with oregano and rosemary extracts during the cold storage (4+1 °C). Saturated fatty acids, monounsaturated fatty
acids, and polyunsaturated fatty acids dominant in meagre fish were found to be palmitic acid, oleic acid, and linoleic acid,
respectively. pH values fluctuated during storage in sous vide samples. It was determined that total volatile basic nitrogen
(TVB-N), thiobarbituric acid (TBA) and trimethylamine nitrogen (TMA-N) values did not exceed the limit values during the
storage period in the Control SV, Rosemary SV, and Oregano SV groups. The total number of mesophilic aerobic bacteria
(TMAB) and total psychrophilic aerobic bacteria (TPAB) on the 42" day did not exceed the limit values in the Control SV,
Rosemary SV, and Oregano SV groups. During the cold storage, lactic acid bacteria, yeast, and mold were not detected in
sous-vide cooked groups. It has been determined that rosemary and oregano extracts improve the sensory quality of the
product in taste and smell.

Keywords: Meagre, Argyrosomus regius, plant extract, sous vide, quality properties

Bitki oziitlerinin Sous Vide Uygulamasinda Sariagiz Bahg (Argyrosomus regius) Filetolarinin Kalite Ozelliklerine
Etkisi

Ozet

Bu ¢aligmada, sariagiz bahigi (Argyrosomus regius) filetolarinin biberiye ve kekik 6ziitleri ile muamele edilerek sous vide
teknolojisinin uygulanmasi, soguk muhafaza (4+1 °C) siirecindeki bazi kalite ozelliklerindeki degisimlerin belirlenmesi
amaglanmigtir. Doymus yag asitleri, tekli doymamis yag asitleri ve ¢oklu doymamis yag asitlerinin i¢inde baskin yag
asitlerinin sirastyla palmitik asit, oleik asit ve linoleik asit oldugu tespit edilmistir. Sous vide uygulanmis orneklerde pH
degerleri muhafaza siiresince dalgali bir seyir izlemistir. Toplam ugucu bazik azot (TVB-N), tiyobarbitiirik asit (TBA) ve
trimetilamin azot (TMA-N) degerlerinin, sous vide uygulanan Kontrol SV, Biberiye SV ve Kekik SV gruplarinda muhafaza
stiresince limit degerleri agmadig1 saptanmustir. Kontrol SV, Biberiye SV ve Kekik SV gruplarinda 42. giin toplam mezofilik
aerobik bakteri (TMAB) sayist ve toplam psikrofilik aerobik bakteri (TPAB) sayist limit degerlerini asmamstir. Depolama
stiresince sous vide uygulanan gruplarda laktik asit bakterileri, maya ve kiif tespit edilmemistir. Biberiye ve kekik oziitlerinin
tat ve koku agisindan triiniin duyusal kalitesini gelistirdigi belirlenmistir.

Anahtar Kelimeler: Sariagiz, Argyrosomus regius, bitkisel 6ziit, sous vide, kalite 6zellikleri

INTRODUCTION

Fish is an important food source for human health. Average fish consumption per capita in Turkey
decreased from 8.0 kg in 2000 to 6.3 kg in 2019 (BSGM, 2020). Fish consumption per capita in
Turkey is far below the average fish consumed globally (FAO, 2020). Considering this situation, it is
of great importance to encourage fish consumption. Fish meat, which is easy to chew and digest, is a
good nutrient that can be easily consumed by all society segments (Oksiiz et al., 2017). Fish should be
delivered to consumers not only in the fishing area but also in every region. Fish meat is susceptible to
spoilage due to poor connective tissue, high enzyme activity, pH value, and high water content (Ufuk
and Sarimehmetoglu, 2016).

Meagre has attracted attention with its increasing production amount in our country and Europe in
recent years (Bodur, 2018). Meagre has attractive features for the market with its good processing
efficiency, low-fat content, excellent taste, and tight texture (Monfort, 2010).
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In the last ten years, eating habits have changed, and accordingly, the ready-made food sector has
also changed. The family structure has changed and the number of people living alone has increased.
As the more educated conscious consumers of today's women, they turn to health-oriented and
prepared foods in a short time (Monfort, 2010).

In recent years, the demand for fresh, high-quality, preservative-free foods that can be prepared in a
short time has been increasing. Thus sous vide technology is frequently used in new food products
with a long shelf life, pasteurized with minimal processing methods at lower temperatures, and stored
in refrigerator conditions (Betts and Gaze, 1995). Sous vide cooking refers to a process in which
vacuum-packed foods are immersed in a temperature-controlled water bath or cooked in a steam oven
(BCCDC, 2016). Sous vide means "under vacuum" in French (Beauchemin, 1990). Unlike traditional
cooking methods, in the sous vide method, food is cooked longer at lower temperatures (usually below
100 °C) (Schellekens, 1996).

Sous vide products can be served by heating in a hot water bath or microwave oven. This method is
a useful method for preserving perishable foods such as fish and easy consumption (Mol and Ozturan,
2009). Long shelf life sous vide products are increasingly being used in catering companies,
restaurants, and homes (NSW, 2018). Since pasteurization only destroys vegetative cells, considering
the spores’ presence, the shelf life varies between 6-42 days (Schellekens, 1996). The reason why sous
vide products are appreciated in terms of taste is that they have the closest aroma to fresh produce
(Garcia-Linares et al., 2004). Applied low temperatures preserve the moisture, flavor, and colour of
foods (BCCDC, 2016). A strict cold chain follow-up is required for sous vide products. The safety of
sous vide products throughout the shelf life depends on the initial microbiological load of the raw
material and the suitability of the cold storage conditions (Beauchemin, 1990).

With the increasing awareness of consumers, natural additives instead of synthetic chemical
additives in the protection of foods have become popular (Holley and Patel, 2005). In terms of the
modern food industry market, essential oils and bioactive compounds obtained from aromatic plants
can be a good industrial raw material, especially for functional food production (Giacometti et al.,
2018). Rosemary, a member of the Laminaceae family, is the most studied herb. Rosemary extract was
the first herb to be marketed as a natural antioxidant. Oregano, which belongs to the same family, is of
interest to many researchers regarding its antioxidant potential (Lagouri and Boskou, 1996).

Fish is a popular raw material for sous vide (Garcia-Linares et al., 2004). Several studies have been
conducted on the shelf life and sensory properties of sous vide fish products (Gonzalez-Fandos et al.
2004; Garcia-Linares et al., 2004; Gonzalez-Fandos et al., 2005; Diaz et al., 2009; Mol et al., 2012;
Cetinkaya 2013; Ibarra et al., 2013; Espinosa et al. 2015; Dogruyol and Mol, 2016; Altikaya 2016;
Kato et al., 2017; inanh and Yaz, 2020).

This study aimed to apply sous vide technology on meagre’s fillets with different plant extracts and
determine the chemical, microbiological, and sensory quality changes during the cold storage.

MATERIAL and METHODS
Sample preparation

The meagre, which were purchased from a local retailer, an average of 36.90+0.16 cm length and
488.04+6.33 g weight, were thoroughly washed with cooled water, then the head, viscera, and skin
were removed and the skinless fillets were obtained.
Obtaining plant extracts and preparation of samples

According to Baydar (2013), El-Hanafy et al. (2011), and Bozkurt (2006), plant extracts were
obtained with some modifications. Rosemary and oregano spices were infused at the rate of 5% (w/v,
spice/distilled water) in 95+1 °C distilled water for 5 minutes. At the end of the time, the plant and
liquid extract were separated. Skinless fillets at a ratio of 1:1 (w/v, fillet /extract) were immersed in
5% (w:v) chilled rosemary and oregano liquid extract in a refrigerator at 4+1 °C for 30 minutes. Fillets
drained from liquid extract were vacuum-packed and cooked in a water bath at 85 °C for 36 minutes
with the sous vide method (Betts and Gaze,1995). Sample groups consisted of Raw fish (fish fillet),
Control SV (Sous vide), Rosemary SV (Rosemary extract-treated fish fillet with sous vide), and
Oregano SV (Oregano extract-treated fish fillet with sous vide) groups.
Chemical analysis

Moisture analysis (Kern DBS Moisture Analyzer), crude protein (AOAC, 2000), crude fat (Bligh
and Dyer, 1959), and crude ash (Ash Furnace Core TS 500) analysis (AOAC, 2002a) were made.
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Fatty acid composition analysis was performed by the Innovative Technologies Application and
Research Center (YETEM) in the Siileyman Demirel University (SDU). After crude fat extraction
from the samples (Bligh and Dyer, 1959), the methylation process was carried out according to AOAC
(2002b).

Also, pH (Varlik et al., 2007), thiobarbituric acid (TBA, mg MDA/kg) (Erkan and Ozden, 2008;
Erkan et al., 2009), total volatile basic nitrogen (TVB-N, mg/100g) (Nicholas, 2003), trimethylamine
nitrogen (TMA-N, mg/100g) (Varlik et al., 2007; Schormiiller, 1968) analyzes were made.
Microbiological analysis

10 g sample and 90 ml sterile peptone water homogenized with stomacher under aseptic conditions.
Dilutions were made up to 10°® and cultivation was made according to the pour plating method (Arslan
et al., 1997; Harrigan and McCance, 1976). PCA was used for TMAB and TPAB. Plates were
incubated for TMAB at 30+1 °C for 72 hours (Varlik et al., 1993), and TPAB at 4+1°C for 15 days
(Arslan et al., 1997). Lactic acid bacteria were determined using MRS agar incubated at 30 °C for 5
days (Geng et al., 2013). YGC agar plates were incubated at 30 °C for 3-5 days for yeast and mold
(Amariei et al., 2016). Results are given in log cfu/g.

Sensory analysis

The hedonic scale reported by Altug and Elmaci (2005) and Cetinkaya (2013) was modified and
used in the evaluation of sensory characteristics. Sous vide meagre samples were evaluated in terms of
color, odor, appearance, texture, taste, and general evaluation. 8 panelists were asked to assess
between 1 and 10. Samples scoring less than <4.0 were considered impaired before evaluating the
sensory experiment samples heated in the microwave oven and served with plain crackers and water.
Statistical analysis

The data obtained in the study were subjected to variance analysis (one-way ANOVA) with the
SPSS 18.0 statistical package program. The means of important variance sources were compared with
the Duncan Multiple Comparison Test at P=0.05 confidence interval.

RESULTS and DISCUSSION

Chemical composition analysis has been made in all samples and is given in Table 1. It was
determined that the samples’ moisture value decreased significantly compared to raw fish (P <0.05).
While the protein values of the groups treated with oregano and rosemary extract were statistically
similar, it was found to be significantly higher than the other groups (P <0.05).

Table 1. Chemical composition of raw fish and sous vide samples *

(%) Raw fish Control SV Rosemary SV Oregano SV
Moisture 79.70+0.51% 77.72+0.41° 75.07+0.14° 75.38+0.46°
Crude fat 1.06+0.14™ 1.31+0.02% 1.03+0.09° 1.57+0.01°
Crude protein 18.30+0.15¢ 20.26+0.46°  21.59+0.20° 21.74+0.10°
Crude ash 1.02+0.01° 0.99+0.01° 0.86:+0.01° 0.95+0.04°

*There is a statistical difference between the means with different letters on the same line (P<0.05)

The significant decrease in moisture value observed after sous vide is similar to the results of the
studies conducted by Garcia-Linares et al. (2004), Gonzalez-Fandos et al. (2005), Mol et al. (2012),
and Cetinkaya et al. (2015). The crude protein compared to the raw sample after sous vide is similar to
Garcia-Linares et al. (2004), Mol et al. (2012), and Cetinkaya et al. (2015) studies and not similar to
Ramos et al. (2016) study. Crude fat value increased significantly in the Oregano SV group after sous
vide (P<0.05), while it did not significantly change in the Control SV and Rosemary SV groups
(P>0.05). In general, with the crude ash results obtained in our study, Mol et al. (2012) and Cetinkaya
(2013) 's results are similar.

According to the fatty acid composition analysis results, it was determined that 10 of these fatty
acids were saturated (SFA), 6 were monounsaturated (MUFA) and 9 were polyunsaturated (PUFA).
SFA, MUFA, and PUFA dominant in meagre fish were found to be palmitic acid, oleic acid, and
linoleic acid, respectively. XSFA, XMUFA, ZPUFA, X(DHA+EPA) and 2n3/Zn6 in raw fish were
determined at 19.97+0.02%, 27.35+0.01%, 34.36+0.00%, 9.10+0.00 and 0.49+0.00, respectively.

In the sous vide samples were determined that palmitic acid (C16:0) between 12.68+0.01% and
17.3340.02%, oleic acid (C18:1n-9¢) between 20.07+0.01% and 28.26+0.01%, linoleic acid (C18:2n-
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6¢) between 15.28+0.00% and 18.75+0.01% during the storage. Changes in XSFA, XMUFA, and
YPUFA values at the end of storage were found to be significant (P<0.05) in all sous vide samples.
The Zn3/Zn6 was determined as the lowest 0.45+0.00 and the highest 0.84+0.00 in sous vide sample
groups during storage (Table 2). It was determined that the amount of eicosapentaenoic acid (C20:5n-
3) (EPA) varied between 0.96+0.02 % and 1.62+0.01% and docosahexaenoic acid (C22:6n-3) (DHA)
varied between 5.17+0.00 % and 13.79+0.00 % during storage.

In our study, it was determined that the dominant SFA and MUFA are palmitic acid and oleic acid
similar to the Grigorakis et al. (2011), Giogios et al. (2013), Martelli et al. (2013), Mesa et al. (2014),
Saavedra et al. (2015), Bilgin et al. (2016) and Fountoulaki et al. (2017) studies. Similar to this study,
Giogios et al. (2013), Saavedra et al. (2015), and Bilgin et al. (2016) studies, it was determined that
C18:2n-6 and C22:6n-3 were the most prominent fatty acids among PUFA. Similar to our study,
Cetinkaya (2013) found a significant change in PUFA at the end of storage in sous vide rainbow trout
samples treated with rosemary and thyme.
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Tablo 2. Fatty acid composition of the samples (%)

Fatty
Acids ISFA IMUFA IPUFA ¥n3/Zn6 (DHA+EPA)
Group Day

0 20.82+0.01° 31.40+0.02° 32.37+0.00" 0.59+£0.00° 9.55:0.00°
7 20.81£0.02° 31.35+0.02° 32.42+0.08" 0.59+0.01° 9.57+0.00°

2 14 20.44+£0.01" 30.84+0.027 39.18+0.02° 0.84+0.00° 15.23+0.01°
E 21 22.70+0.00% 34.95£0.01% 33.42+0.01° 0.56£0.00° 9.330.00°
§ 28 24.77+0.00° 35.05£0.03° 34.44+0.01° 0.58+0.00° 10.05+0.01°
35 23.43£0.00° 35.66+0.00° 33.89+0.02° 0.52+0.00"  8.95+0.00°
42 23.49+0.00° 36.25+0.02° 33.58+0.02° 0.54+0.00° 9.09+0.00"
0 20.78+0.01" 28.68+0.02" 35.87+0.02° 0.49+0.00° 9.40+0.01°
S 7 20.34£0.039 28.10+0.02° 34.25+0.00° 0.45+0.00" 8.37+0.01°
© 14 2375:0.04° 35.8120.01° 32.98+0.03" 0.51£0.00" 8.56+0.01°
E 21 24.48+0.01° 36.48£0.00° 33.16+0.00° 0.52+0.00° 8.63+0.00°
g 28 24.34£0.02° 34.82+0.01° 34.58+0.03° 0.57+0.00° 10.03+0.03"
© 35 22.83+0.00° 35.58+0.00% 37.09+0.02° 0.66+0.00° 11.95+0.00%
42 27.56£0.02° 36.90+0.03% 27.81+0.02° 0.45£0.00"  6.13£0.01°
0 21.05+0.019 31.78+0.04% 32.30+0.05" 0.587+0.00° 9.54+0.00°
7 21.18+0.017 34.73+0.02° 34.30£0.04° 0.540+£0.00° 9.43+0.01°
% 14 23.41+0.01° 36.36+0.00° 33.85+0.02¢ 0.511+0.007 8.76+0.01¢
% 21 24.47+0.04° 36.69+0.04* 32.75+0.00° 0.507+0.00° 8.38+0.01°
g 28 24.71£0.01° 34.96x0.02¢ 32.79+0.00° 0.530£0.00° 8.81+0.02

35  23.98+0.019 35.55£0.00° 34.74+0.02% 0.579+0.00° 10.16+0.00°
42 24.60+0.01° 33.71£0.05" 34.44+0.08° 0.589+0.00° 10.20+0.03%
“The means with different letters in the same column are significantly different (P<0.05).

In the post-mortem period, pH rises with the decomposition of nitrogenous compounds depending
on microbiological activity. pH change is also affected by the storage temperature and above 7.1
indicates deterioration (Hernandez et al., 2009). In the study, the pH value of raw fish was determined
as 6.71+0.03. The Control SV’s pH value, Rosemary SV and Oregano SV samples were measured as
6.87+0.02, 6.90+0.01, 6.96+0.01 on day 0, respectively. pH were fluctuated during storage in sous
vide samples (Table 3, 4, 5). Bolat et al. (2019) applied sous vide technology (90 °C, 10 min) to sea
bass, by adding laurel and curcuma. It has been reported that the pH value of sous vide samples to
which laurel and curcuma were added during storage varied between 6.61-6.91 and 6.64-6.86,
respectively.

Total volatile basic nitrogen (TVB-N) is one of the most commonly used methods for determining
fish meat spoilage (Ruiz-Capillas and Moral, 2001). It is not preferred to have a TVB-N value above
20 mg N/100 g TVB-N for fish to be used in canned fish products and 30 mg N/100 g TVB-N for
frozen tuna fish (Connell, 1995). TVB-N value in raw fish samples was initially determined as
14.54+0.22 mg/100g. It has been determined that TVB-N values did not exceed the limit value in the
sous vide samples during storage. According to a study the use of rosemary extract alone or in
combination with nisin reduces the TVB-N value by 14-38% during cold storage of raw Trachinotus
ovatus fillets (Gao vd., 2014). Cetinkaya (2013) stated that the limit values were not exceeded in all
rainbow trout sous vide samples during storage. It has been reported that in the sous vide group which
thyme was applied, the change range in the TVB-N value was smaller and the product showed a more
stable structure (Cetinkaya, 2013). Kenar et al. (2010) investigated the antimicrobial and antioxidant
effects of rosemary and sage extracts, sardine fish were immersed in these extracts (4 min) and stored
at 3°C by vacuum packaging. It has been stated that the application of rosemary and sage is effective
on TVB-N value. In the sea bass sous vide study, it was stated that control sous vide, laurel and
curcuma added sous vide samples were of good quality in terms of TVB-N values during storage and
the limit values were not exceeded (Bolat et al., 2019). Similar results were obtained in our study.
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According to these results, it can be said that sous vide processing, oregano and rosemary extract are
effective in retarding the increase in TVB-N value (Table 3, 4, 5).

The amount of TMAO in fish muscle tissue varies according to the species, season and fishing
location. TMA, formed by the bacterial breakdown of TMAO, a volatile compound, has a very
characteristic "fishy" odour (Huss, 2007). It is stated that the TMA-N value should be between 1 mg
N/100g and 8 mg N/100g in seafood suitable for consumption (Varlik et al., 1993). TMA-N value in
raw fish is determined as 2.66+0.01 mg/100 g. In Control SV, Rosemary SV and Oregano SV group
samples, the TMA-N value, which was 2.57+0.08; 2.63+0.03 and 3.04+0.07 mg/100 g on day O,
respectively, increased to 2.78+0.02, 2.90+0.04 and 4.16+0.03 mg/100 g values significantly on day
42 (P<0.05). Nieva-Echevarria et al. (2017) indicated that TMA can be used in a limited way as an
indicator of freshness in cultured fish. Bolat et al. (2019) stated that the sea bass sous vide samples did
not exceed the limit values in terms of TMA-N values during storage. Although TMA-N values
fluctuate during storage in sous vide samples, they did not exceed the limit value in this study. Sous
vide process is thought to be effective in the TMA-N value (Table 3, 4, 5).

Oxidative rancidity begins when oxygen forms hydroperoxide with unsaturated fatty acids,
especially in fatty fish (Connell, 1995). The limit value consumed in TBA terms is specified as 8 mg
MDAV/kg (Ozden ve Erkan, 2006; Ramos et al., 2016). TBA in raw fish samples was determined to be
0.52+0.13 mg MDA/kg. TBA value fluctuated in all sous vide sample groups during storage. Due to
the oxygen-free environment provided by vacuum packaging and the low fat content of meagre, high
TBA values may not have been observed in sous vide samples. When the TBA values in the sous vide
sample groups were examined, it was seen that the TBA values in the Rosemary SV and Oregano SV
samples were lower than the Control SV values. Nissen et al. (2004), Sebranek et al. (2005), Tironi et
al. (2010), Gao et al. (2014), Ugak et al. (2011) and Cetinkaya (2013) in studies found similar results.
The application of rosemary and oregano extract in the meagre sous vide process can be said that
retarding effect on TBA values. Also, It was determined that the limit value was not exceeded in all
sous video sample groups during storage (Table 3, 4, 5).

Table 3. Chemical and microbiological analysis results of the Control SV group

Day oH TVB-N, TBA, TMA-N,  TMAB TPAB L|oAg,B Kj?fg
mg/100 g mg MDA/kg mg/100 g log cfulg log cfu/g cfulg log cfulg
0 6.87+0.02%  15.80+0.61° 0.25£0.03°  2.57+0.08° <1.0 <10 <1.0 <1.0
7 6.89+0.01%  17.56+0.37°  0.47+0.06"  3.20+0.03° <1.0 <1.0 <1.0 <1.0
14 6.85£0.01°  17.82+0.30*  0.60£0.01*®  2.40+0.01% <1.0 <1.0 <1.0 <1.0
21 6.85+0.02°  17.48+022°  0.47+0.05°  2.32+0.07° <10 <1.0 <10 <1.0
28 6.79+0.02°  17.65+0.14°  0.66£0.06°  2.60+0.06° <1.0 <1.0 <1.0 <1.0
35 6.88£0.01%°  15.97£0.22°  0.670.03%  2.49+0.06™ <1.0 <1.0 <1.0 <1.0
42 6.91+0.01*  16.39+0.14 0.71+0.08°  2.78+0.02°  2.76£0.05  2.88+0.02 <1.0 <1.0

*The means with different letters in the same column are significantly different (P<0.05).
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Table 4. Chemical and microbiological analysis results of the Rosemary SV group

Day oH TVB-N, TBA, TMA-N,  TMAB TPAB "I'g‘gB I:ifé
mg/100 g mg MDA/kg  mg/100 g log cfulg log cfulg cfulg log cfulg
0 6.90£0.01™  14.62+0.15"  0.17£0.02°  2.63£0.03° <1.0 <1.0 <1.0 <1.0
7 6.99+0.00°  14.71+0.22™  0.28+0.02®  2.99+0.05%® <1.0 <1.0 <1.0 <1.0
14 6.92+0.01° 15.88+0.39% 0.18+0.03"  2.56+£0.09° <1.0 <1.0 <1.0 <1.0
21 6.86+0.01°  15.38+0.14®  0.23+0.02®  2.18+0.01° <1.0 <1.0 <1.0 <1.0
28 6.88+0.02™ 1521030  0.18£0.02°  3.20+0.12° <1.0 <1.0 <1.0 <1.0
35 6.91+0.02° 14.20+0.30° 0.18£0.03°  2.74+0.13% <1.0 <1.0 <1.0 <1.0
42 6.93+0.02°  14.88+0.15™  0.38£0.18%  2.90+£0.04° 5.69+0.03 5.11+0.03  <1.0 <1.0
*The means with different letters in the same column are significantly different (P<0.05).
Table 5. Chemical and microbiological analysis results of the Oregano SV group
Day oH TVB-N, TBA, TMA-N, TMAB TPAB LIOAgB ﬁifg
mg/100 g mg MDA/kg  mg/100 g log cfu/g log cfulg cfulg  log cfulg
0 6.96£0.01*  14.87+0.39°  020+0.01°  3.04£0.07° <1.0 <1.0 <10 <10
7 6.89£0.01°  14.5420.22%  0.24+0.05°  2.53£0.08° <10 <1.0 <10 <10
14 6.88£0.02°  16.05£022°  0.23£0.01°  3.43+0.09 <1.0 <1.0 <10 <10
21 6.84£0.01°  15.30£0.22%°  0.14£0.03°  2.70+0.01¢ <1.0 <1.0 <1.0 <1.0
28 6.86£0.01™  15.63£0.29% 0.29+0.08°  2.29+0.08° <1.0 <1.0 <1.0 <1.0

35 6.88+0.02° 14.12+0.14¢ 0.1440.01°  3.56+0.04°  5.63+0.03°  5.25+0.02® <1.0 <1.0
42 6.90+0.01° 15.13+0.14% 0.18£0.01%  4.16£0.03%  5.96+0.04°  5.29+0.01* <1.0 <1.0

*The means with different letters in the same column are significantly different (P<0.05).

Microbiological evaluations are one of the important quality parameters used in seafood. The
microbiological load is under the influence of many factors. The limit value for aerobic bacteria is
accepted as 7 log cfu/g (ICMSF, 1986). The number of total mesophilic aerobic bacteria (TMAB),
total psychrophilic aerobic bacteria (TPAB), lactic acid bacteria, and yeast-mold in raw meagre fish is
6.29+0.13 log cfu/g, 6.43+£0.00 log cfu/g, 4.16+0.01 log cfu/g, and 5.63+0.05 log cfu/g, respectively
(Tablo 3, 4, 5). In vacuum-packed products, the proliferation of aerobic bacteria is prevented since
there is no air in the package (Giilyavuz and Unliisayin, 1999). It has been observed that the heat
treatment used in sous vide application is effective on TMAB, TPAB, lactic acid bacteria, yeast and
mold. The sous vide method at different temperatures and times has been applied to the O. mykiss
(Gonzalez-Fandos et al., 2004) and S. salar (Gonzalez-Fandos et al., 2005) and it has been stated that
the applied heat treatment is effective on the bacteria. Altikaya (2016), applied sous vide technique at
three different temperatures (60°C, 70°C, and 80°C) to the Sander lucioperca, and stated that the
TMAB value in the fresh sample decreased with the application of sous vide process. Kenar et al.
(2010), in a study on the antimicrobial and antioxidant effects of rosemary and sage extracts, it was
found that the total number of bacteria increased in all groups in vacuum packed sardine fillets stored
at 3 °C, but the increase in the control group developed faster. Ha¢-Szymanczuk et al. (2011) found
that dried rosemary increased the number of mesophilic aerobic bacteria depending on the initial load.
Bolat et al. (2019), at the end of storage (59 day) of control, laurel and curcuma sous vide, determined
for TMAB count 2.85+0.53 log cfu/g, 6.30+0.32 log cfu/g and 6.01+0.02 log cfu/g, for TPAB count
4.00+2.32 log cfu/g, 6.12+0.42 log cfu/g and 5.75+0.30 log cfu/g, respectively. In the Control SV,
Rosemary SV and Oregano SV samples, the number of total mesophilic aerobic bacteria and total
psychrophilic aerobic bacteria on the 42™ day did not exceed the limit values. Lactic acid bacteria and
yeast-mold were not detected in all sous vide groups during storage.

Sensory evaluation is one of the most important analyzes used to determine whether a product is
suitable for consumption. Sensory analyzes to be made beforehand are important. Because the final
product is evaluated by consumers according to its sensory quality (Huss, 2007). Sensory features
contribute greatly to the acceptance of sous vide products. Sous vide products have the flavour closest
to fresh produce (Garcia-Linares et al., 2004). Considering all the sensory parameters, it was
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determined that the panelists initially liked the Rosemary SV and Oregano SV samples more than the
Control SV samples (Table 6). In this study, similar to the studies conducted by Kenar et al. (2010)
and Amariei et al. (2016), the samples that applied plant extract were generally appreciated in terms of
odour. Similar to the Nissen et al. (2004), Kenar et al. (2010), and Cetinkaya (2013) studies, it was
determined that the plant extract application improved the taste values.

Table 6. Sensory evaluation of Control SV, Rosemary SV and Oregano SV samples*
Day Control SV Rosemary SV Oregano SV

0 7.38+0.73%® 8.25+0.70° 8.50+0.63%
7 7.75+0.41° 7.13+0.48%® 7.63+0.68%
= 14 6.38£0.32°  6.75+0.31° 6.3840.26™
2 21 6.25+0.41" 6.88+0.23" 6.38+0.42"
o 28 5.75+0.45° 6.00+0.46° 5.88+0.44°
35 5.50+£0.46° 6.13+0.55° 5.88+0.52°
42 4.13+0.30° 3.50+0.42° 3.25+0.41°
0 7.50+0.50° 8.00+£0.53% 8.50+0.63%
7 5.88+0.69" 7.1340.67% 8.88+0.48°
= 14 5.75+0.31° 6.38+0.42° 7.88+0.44%
3 21 5.63+0.42° 6.63+0.18% 7.38+0.32%
o 28 5.00:£0.38" 6.50:£0.42° 7.50:£0.33%®
35 3.75+0.70% 6.25+0.25" 7.13+0.35°
42 2.38+0.38¢ 3.88+0.55¢ 4.88+0.67°
0 7.50+0.732 8.38+0.53% 8.38+0.60%
3 7 7.63+0.42° 7.38+0.46% 8.00+0.63%
= 14 6.25+0.31%® 6.88+0.35° 6.25+0.45°
g 21 6.25+0.45°  6.50+0.42° 6.88+0.48%
S 28 5.88+0.48° 6.63+0.18° 6.50+£0.19°
< 35 5.63+0.42° 6.50£0.46" 6.63+0.42%
42 4.13+0.30° 3.38+0.42° 3.63+0.46°
0 8.50+0.50° 8.75+0.37° 9.00+0.38%
7 6.50+0.46" 7.88+0.64% 8.63+0.38°
g 14 5.75+0.49" 7.000.27% 7.000.42°
£ 21 6.00+0.42" 7.25+0.25™ 7.00+0.38"
i 28 5.38+0.38" 6.75+0.16™ 6.88+0.35"
35 5.13+0.44° 6.25+0.31° 5.75+0.53"
42 2.63+0.50° 3.38+0.42° 3.88+0.52°¢
0 7.50£0.50° 8.88+0.44° 8.50+£0.50°
7 6.88+0.48% 8.13+0.52% 8.25+0.73°
® 14 5.63+0.89™ 7.13+0.13" 7.88+0.44%
2 21 6.00:£0.42%° 7.13+0.23" 7.25+0.31%
= 28 5.75+0.45% 6.75+0.16% 7.50£0.46%
35 5.00+0.46° 5.88+0.35¢ 6.25+0.62°
42 2.63+0.42¢ 3.50+0.38¢ 3.50+0.60°
< 0 7.75+0.45% 8.63+0.56% 8.75+0.53%
e 7 7.25£0.31% 7.88+0.44% 8.63+0.53%
= 14 6.25+0.37" 6.75+0.31° 7.00+0.38°
@ 21 6.13+0.30° 7.25+0.25" 7.38+0.32"
g 28 5.38+0.32° 7.00+0.00™ 7.1340.35°
5 35 5.13+0.48°¢ 6.50+0.27¢ 6.50+0.46°
© 42 2.88+0.35¢ 3.75+0.31¢ 3.75+0.56°

*The means with different letters in the same column are significantly different (P<0.05)

CONCLUSIONS

Today, natural plant products that preserve the quality and enrich the sensory properties are used
instead of synthetic additives in sous vide technology. In our country, where fresh fish consumption is
at the forefront compared to processed products, it has been observed that the meagre fish can be
evaluated with the sous vide processing method. Sous vide meagre fillet is thought to have an
alternative processed product and also nutritional value in terms of the fatty acids it contains. This
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study determined that pH, TVB-N, TMA-N and TBA values of sous vide sample groups did not
exceed the deterioration limit values during cold storage. It was observed that the TVB-N and TBA
values of the samples treated with oregano and rosemary extract were lower than the control sous vide
group samples. Although the limit values for TMAB and TPAB are not exceeded and lactic acid
bacteria, yeast and mold are not found at the end of the storage period in sous vide samples, pathogen
microorganism control should be done for food safety. It can be said that panelists appreciated the
sous vide meagre fillets. It has been determined that the extracts of oregano and rosemary, which are
used as natural additives, also improve the sensory quality of the product.
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supported by the project number 5087-D1-17 of Siileyman Demirel University Scientific Research
Projects Coordination Unit.
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Abstract

In this study, we aimed to describe otoliths to provide information about the stomach contents of three small foraging
species and to contribute to the currently limited biological and ecological evidence about the species. Seasonal experimental
bottom trawl surveys were conducted along the shelf areas of the Kizilirmak-Yesilirmak and Melet Rivers to collect
investigation materials which were abundant in the bycatch composition of the target catch. The information about body size
measurements, abundance values, depth, season, and locality of samplings was recorded for further evaluations. Otolith
shapes were defined as discoidal to ovate for the Aphia minuta, discoidal for the Pomatoschistus marmoratus, and square for
the Arnoglossus kessleri. The mean length and weight values of the Aphia minuta, which was abundant along shallow coastal
waters (0-30 m), were significantly different between localities and sampling season, but no difference was found between
depth ranges. Pomatoschistus marmoratus, whose distribution varied significantly between depths and seasons had dense
distributions along with the depth range of 30-60 m. Arnoglossus kessleri was most abundant along with the depth range of 0-
30 m and had no samples in depths of over 60 m. It was found that the mean values of length and weight of this species were
only significantly different among seasons but similar over the depth ranges and localities.

Keywords: Aphia minuta, Pomatoschistus marmoratus, Arnoglossus kessleri, abundance, Black Sea.

Giiney Karadeniz kiyllarinda dagilim gosteren ii¢ kiiciik yem baliginin otolit yapis1 ve bazi ekolojik 6zelliklerine dair
bilgiler

Ozet

Bu ¢aligmada, ti¢ kiigiik yem baligiimn mide igerigi ¢aligmalarina bilgi saglamak igin otolitlerinin tanimlanmasini ve bu
tirler hakkinda halihazirda smirli olan biyolojik ve ekolojik bulgulara katki saglamak amaglanmistir. Hedef
kompozisyonunda bol miktarda bulunan arastirma materyallerini toplamak i¢in Kizilirmak-Yesilirmak ve Melet Nehirleri self
alanlar1 boyunca mevsimsel deneysel dip trol surveyleri yiiriitiilmiistiir. Orneklemin, viicut boyutuna ait élgiimleri, bolluklar,
derinlik, mevsim ve lokalite bilgileri daha sonraki degerlendirmeler i¢in kaydedilmistir. Otolit sekilleri Aphia minuta i¢in
‘diskoidal oval, Pomatoschistus marmoratus igin ‘diskoidal’ ve Arnoglossus kessleri igin ‘kare’ olarak tanimlanmistir. S1g
kiy1 sular1 boyunca (0-30 m) bol miktarda bulunan Aphia minuta tiiriiniin ortalama boy ve agirlik degerleri, lokaliteler ve
orneklendigi mevsimler arasinda onemli Olglide farklilik gosterirken, derinlikler arasinda fark bulunmamustir. Dagilimi
derinlikler ile mevsimler arasinda anlaml farklilik gdsteren Pomatoschistus marmoratus, 30-60 m derinlik araliginda yogun
bir dagilim gostermektedir. Arnoglossus kessleri en fazla 0-30 m derinlik araliginda yogundur ve 60 m iizerinde ise drnege
rastlanmamustir. Bu tiirlin ortalama boy ve agirlik degerleri sadece mevsimler arasinda énemli dlgiide farkli ancak derinlikler
ve lokaliteler arasinda ise benzerdir.

Anahtar Kelimeler: Aphia minuta, Pomatoschistus marmoratus, Arnoglossus kessleri, bolluk, Karadeniz

INTRODUCTION

Fishbones, otoliths, scales, vertebrae, teeth, eye lenses, and other soft tissue particles were removed
from the stomachs or feces of sea mammals, sea birds, fish, and squid to identify the prey in diet
composition studies (Battaglia et al., 2013; Elliott et al., 2015). Information derived from otoliths is a
major tool in age, growth, population dynamics, and feeding studies. The otolith pairs asterisci and
lapilli are quite small in size in most of the fish species and rarely used in stomach content research.
The largest of the otolith pairs, sagitta, are the most frequently reported in the diet composition of
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marine organisms (Bethea et al., 2004; Elliott et al., 2015). Otoliths are primary structures and provide
basic information for the identification of the type of prey consumed by marine piscivores (Fitch and
Brownnell, 1968) as they have species-specific characteristics (Tuset et al., 2008). Since otoliths are
slowly digested elements, not only the type of prey but also the size could be determined (Fitch and
Brownnell, 1968).

There are numerous studies of the relationship between otolith and body size (Viva et al., 2015),
providing data for a robust estimation of the length and weight of the foraging species (Aguilar-Perera
and Quijano-Puerto, 2016). This has become another requirement for otolith atlases and guides about
morphology and morphometry to enable the identification of the stomach contents of the piscivorous
marine organism throughout their life histories (Baremore and Bethea, 2010; Lin and Chang, 2012).

The three species investigated in this study are the transparent goby, Aphia minuta (Risso, 1810);
the marbled goby, Pomatoschistus marmoratus (Risso, 1810); and the scaldback, Arnoglossus kessleri
Schmidt, 1915. None of the three species are targeted by any fisheries on the southern Black Sea coast,
but they are known to be important components of bycatch in bottom trawl fishery (KARTRIP, 2013).
Though they have no commercial value, they play ecologically significant roles as being the prey of
carnivores in the ecosystem. The otolith atlas of Black Sea fish fauna (Kasapoglu and Duzgunes,
2015) includes no information about the transparent goby marbled goby or the scaldback. When
stomach content studies conducted along the Black Sea coasts were reviewed (Avsar, 2001; Engin and
Seyhan, 2010; Samsun et al., 2011; Kaya and Saglam, 2017), it was observed that most of the small
pelagics (e.g. anchovy, sprat, and horse mackerel) and the small benthopelagic species (e.g. red mullet
and gobies) were reported as the fish prey groups, but there is no study recording these three species as
prey. These species are also known for their schooling habits which promote them being preyed upon
by other predators (Breitburg, 1991; La Mesa et al., 2005; KARTRIP, 2013). A lack of record of these
three species as prey substances in feeding studies maybe because their otoliths could not be identified
in stomach contents, or their otoliths were misidentified as anchovy or sprat.

The transparent goby is a small, neritic, and widespread species (Chesalin et al., 2004). This
species inhabits coastal areas, estuaries, and freshwater. And, unlike other gobiid species, they occur in
the pelagic zone (Miller, 1986a). Though it has no commercial value in the Black Sea fishery, it is a
target species and provides substantial income in western and central Mediterranean artisanal and
small-scale fisheries (La Mesa et al., 2005). In the Black Sea, Fortunatova (1949) recorded demersal
species such as Merlangius merlangus, Mullus barbatus, Platichthys flesus, Scorpaena porcus, Solea
spp., and Trachinus spp. as the predators of the transparent goby. However, it is also highly possible
that Trachurus mediterraneus, Pomatomus saltatrix, and Alosa immaculata are potential predators
since they have been caught with the transparent goby in the same trawl hauls (KARTRIP, 2013).

The marbled goby is a small demersal species, mostly inhabiting lagoon, estuarine, and coastal
waters and distributed along eastern Atlantic waters: the Mediterranean, Black, Azov, and Aegean
Seas; and the Suez Canal (Malavasi et al., 2005; Apostolou et al., 2011). Mostly appearing in shallow
waters and tolerating low and high salinities, it is also observed around 70 m depth in winter in the
Black Sea (Miller, 1986b; Apostolou et al., 2011).

The scaldback is a benthic species distributed along the Black, Marmara, Aegean, and Levantine
Seas (Nielsen, 1986; Bilecenoglu et al., 2014). It is not a target species in Black Sea fisheries and
mostly appears in bycatch compositions. Besides not being a common species, the information about
the scaldback population is also limited. The Arnoglossus spp. is known as a foraging species and is
preyed on by piscivorous demersal species (Bariche et al., 2009).

MATERIALS and METHODS

This study was conducted seasonally along the continental shelf of the southern-middle Black Sea
within the Kizilirmak-Yesilirmak shelf area (KYSA) and the Melet River shelf area (MSA) between
2010-2011. The KYSA is the major fishery area of the mid-east of the southern Black sea. The trawl
fisheries have been active in this region for long years. The MSA has a narrower shelf area than the
KYSA and is closed to commercial bottom trawl fishery. The KYSA and the MSA have similar
ecosystem characteristics such as substrate type, currents, and being discharged by large rivers like the
Kizilirmak, Yesilirmak, Terme Stream, and Melet Rivers.

Six stations were defined in an east-west direction. In the MSA; the three of stations were named as
follows: O1 (Melet River offshore), 02 (Persembe), and O3 (Unye port). In the KYSA, the other three
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stations were named as follows: S1 (Calticape), S2 (Azot offshore), and S3 (Atakum-Derekdy) (Figure
1). The sampling depths were designed in three different ranges (0-30m, 30-60m, 60+ m) for each
station. Two hauls were conducted to gain variation in each sampling coordinate. In total, 144
operations were completed for six stations, three depth zones, two repeated hauls, and four seasons.
The experimental bottom trawl survey was performed by the “Siirat Arastirma-I” research vessel
belonging to the Central Fisheries Research Institute (CFRI). The mesh size in the cod-end of the
sampling gear was 13 mm, known as a ‘blind net’.
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Figure 1. Map of the study area showing sampling locations

The individual total length (£0.1 cm) and individual total weight (+0.01g) were measured. The
otoliths were removed from specimens of three species using a dissection microscope since all fish
species were too small for a routine otolith removal. The otoliths were cleaned and kept dry and were
recorded by a Leica S8 APO stereo microscope attached to a camera (Leica DC 500) and an image
analysis system (Application Suite Version 4.3.0). Campana (2004) and Tuset (2008) were taken as
references when defining the otolith structure. The count of individuals for each species and each
sampling were recorded and assessed for total catch for estimation of abundance (N.km®). The length-
weight relationships were estimated by W = a x TLP equation, where W is the total weight (g), TL is
the total length (cm), a is the intercept, and b is the slope (Froese, 2006). The mean values of total
length and weight were tested for any significant difference between stations, depths, and seasons by
means of a one-way analysis of variance (ANOVA) and a t-test. The swept area was calculated by the
equation a = D * hr * X% where a is the area covered by the trawl, D is the distance covered, hr is the
length of the head rope, X? is the fraction of the head rope length which is equal to the width of the
path swept by the trawl; D = V * t where V is the velocity of the trawl over the ground while trawling,
and t is the hauling duration to estimate the abundance values (Sparre and Venema, 1992). All
analyses were performed using SPSS v17.0.1, and the statistical significance was set at p < 0.05.
ArcGIS v9.2 was applied to form the maps of the species abundance distribution in the sampling area.
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RESULTS
Transparent goby

The transparent goby was sampled in both regions (KYSA and MSA) and six stations. The density
map is presented in Figure. 2. Abundance values were estimated as 23.891 (N.km?) within a depth
range of 0-30 m while it was 4.303 (N.km™®) within 30-60 m. The abundance of the transparent goby
calculated as 482.0 N.km was relatively low at depths over 60 m. The transparent goby exists in all
stations from Samsun Atakum-Derekoy to Ordu-Melet River offshore in different intensities. The
highest abundances were observed at S2 and O3 stations.

A total of 567 transparent goby individuals were obtained from the MSA (N = 259) and the KYSA
(N = 308) stations. The length range was 2.9-5.8 cm, and the weight range was 0.07-1.10 g for the
pooled data. The mean total length was 4.14 = 0.03 cm, and the mean weight was 0.37 + 0.01 g for the
MSA while they were estimated as 3.99 + 0.02 ¢cm and 0.34+0.08 g respectively for the KYSA. A
significant difference was determined between the east and west locations in the mean values of both
total lengths (t-test, t=4.048, p< 0.001) and weight (t-test, t= 2.279, p < 0.05) revealing slightly larger
individuals in the MSA location. Seasonal variations in mean values of total length (ANOVA, F
(3.563)= 163.637, p< 0.001) and weight (F (3,563)= 267.629, p< 0.001) of the transparent goby
indicated a significant difference. The highest mean value of total length was recorded in the spring as
4.66 + 0.04 cm and the mean weight as 0.64 = 0.02 g where the lowest values were observed in fall as
3.57 £ 0.03 cm and 0.19 + 0.01 g respectively. The post-hoc test (Tukey HSD) showed that the
transparent goby is different in size in different seasons. There was no significant difference in the
mean total length and weight between depth ranges (ANOVA, F (2,564) = 0.758, p> 0.05). However,
there was a remarkable difference in species abundance in terms of depth. The L-W relationship of
transparent goby revealed the parameters as a= 0.002 and b= 3.751 (bse= 0.073) (r’= 0.82), implying a
positive allometric type.
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Figure 2. The mean density map of the transparent goby along MSA and KY SA shelf areas

The otolith of the transparent goby was quite small, discoidal to ovate, and extremely fragile
(Figure 3) Its Sulcus acusticus can be defined as heterosulcoid, mesial, and ascending; its Ostium as
round to oval, longer and wider than cauda, and not reaching to the anterior margin; and its Cauda as
round to oval, not reaching the posterior margin. Growth rings are not very distinct but slightly visible
on the axis through the rostrum and postrostrum.
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04 mm

Figure 3. The morphology of the otolith of a transparent goby specimen (4.8 cm TL and 0.53 g W) from
distal and proximal surface (Otolith length=0.996 mm and otolith width=0.768 mm)

Marbled goby

The marbled goby was sampled from both the KYSA and the MSA at all stations. The distribution
density map is shown in Figure 4. The mean density was estimated as 8326 N.km™, and the highest
intensities were recorded at 30-60 m depth range. The mean densities were calculated as 2480 N.km™
for 0-30 m and 3885.7 N.km™ for 60+ m depth ranges. The highest aggregation was determined at the
S3 and S2 stations.

The biometric measurements of the total of the 716 individuals sampled indicated that the total
length range in the marbled goby was between 2.5-6.5 cm, and the weight ranged between 0.07-1.81g
for the pooled data. The mean total length was 4.41+0.05 cm, and the weight was 0.59 + 0.02 g in the
MSA stations where they were estimated as 4.470 £ 0.03 cm and 0.64 + 0.01 g respectively for the
KYSA stations. The mean total length and weight values for the MSA and the KYSA were not
significantly different (in the t-test, for total length, t= -1.068, p> 0.05 and for weight, t= 0.141, p>
0.05). The mean total length and weight in terms of seasons reached their maximum in the fall
(4.5340.05 cm and 0.69+0.02 g) and their minimum in the spring (4.30£0.06 cm and 0.55+0.02 g).
ANOVA displays significantly different mean total length and weight values between seasons
(ANOVA, F (3,712)= 4.492, p< 0.05 and ANOVA, F (3,712)= 8.137, p< 0.001), respectively. The
marbled goby showed a dispersion throughout all depth ranges. The mean total length and weight
values were 4.07+0.04 cm and 0.484+0.02 g at depths of 0-30 m and 4.644+0.04 cm respectively,
0.70+0.02 g at 30-60 m, and 4.74+0.06 cm-0.73+0.03 g at 60+m. The significantly different size
values between the different depth ranges (ANOVA, F (2, 713)= 67.766, p< 0.001) also implied that
the individuals smallest in size were distributed in the waters near the shore. The parameters of the L-
W relationship were estimated as a = 0.005 and b= 3.175 (bsz= 0.04) (r’= 0.90), pointing to a positive
allometry.
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Figure 4. The mean density map of the marbled goby along MSA and KYSA shelf areas

05mm

Figure 5. The morphology of the otolith of a marbled goby specimen (4.3 cm TL and 0.54 g W)
from distal and proximal surface (Otolith length=1.494 mm and otolith width=2.008 mm)

The shape of marbled goby sagitta is discoidal, round in dorsal, and slightly undulated in the
ventral region (Figure 5); round in the posterior and slightly peaked in the anterior region. The Sulcus
acusticus is hardly visible, heterosulcoid, and mesial. Growth rings are distinctly visible on the distal
surface. The sagittal core is clear and surrounded by hyaline and opaque concentric bands more widely
spaced through the posterior axis.

Scaldback

The scaldback was sampled from all stations of the KYSA and the MSA except stations over 60 m.
Though it has been observed at a depth range of 30-60 m, the mean density value was as low as 101.5
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N.km. The highest mean density was estimated as 6643 N.km™at the depth range of 0-30 m. Figure 6
implies that the highest abundancies are at S2, 02, and O1.

The total length and total weight of the 528 scaldback specimens ranged from 2.9-12.8 cm and
0.03-16.70 g respectively for the pooled data. For the KYSA, the mean total length and weight was
estimated as 5.19+0.07 cm and 1.43+0.07 g where they were 2.9-12.8 cm and 1.58+0.08 g respectively
in the MSA. There was no significant difference between mean length (t-test, for length, t= 1.035, p>
0.05) and mean weight (t= 1.447, p> 0.05) for the KYSA and the MSA. The summer (5.39+0.07 cm)
and fall (5.39+0.07 cm) have the highest mean length values, and the maximum mean weight was
observed in summer (1.65+£0.07 g). The lowest mean length (5.00+£0.09 cm) and weight (1.27+0.09 g)
values were recorded in winter. The mean values were tested for any differences between seasons, and
the following were determined to be significant: ANOVA, for length F (3,524)= 4.849, p< 0.05 and
ANOVA, for weight F (3,524)= 2.751, p< 0.05. Scaldback individuals were not found within depths
over 60 m. However, dense aggregation was observed at a depth range of 0-30 m. The mean length
and weight values were 5.20+0.04 cm and 1.44+0.04 g at 0-30 m depth and 7.29+0.996 cm and
4.92+1.737 g at 30-60 m (N= 11), implying that individuals smaller in size are distributing along
shallow waters while larger ones preferred the deeper zones. However, there was no significant
difference between mean values for different depths (t-test, for length, t=-2.096, p> 0.05 and t-test, for
weight, t= -2.003, p> 0.05). The estimated parameters of the L-W equation were a= 0.009 and b=
3.005 (bse= 0.05) (r’= 0.90), revealing an isometric relationship in the scaldback.

The sagitta of the scaldback is highly transparent, fragile, and square in shape; the Sulcus acusticus
is heterosulcoid, median, and ostial (Figure 7). The Ostium is tubular, straight and longer than cauda
reaching to the anterior margin. The Cauda is round-oval, rather short, and ending far from the
posterior margin. Growth rings are not distinct and are hardly visible on the otolith surface towards the
posterior margin in the dorsal direction.
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Figure 6. The mean density map of the scaldback along MSA and KYSA shelf areas
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Figure 7. The morphology of the otolith of a scaldback specimen (5.0 cm TL and 1.12 g W) from distal and
proximal surface (Otolith length=0.969 mm and otolith width=0.828 mm)

DISCUSSION

This study aimed to display the otolith descriptions for a potential background to stomach content
studies of carnivorous fish species and to demonstrate the distributions of three prey species in the
southern Black Sea shelf with additional ecological information.

The transparent goby is one of the smallest species in the Gobiidae family. The maximum total
length in the samples in this study was recorded as 5.8 cm, and positive allometry (a= 0.002 b= 3.751
N= 567) was detected in the L-W relationship. Iglesias et al. (1997) also recorded a range of total
length of 1.2 and 4.9 cm and a positive allometric (a= 0.00071 b= 3.55 N= 1965) L-W relationship for
the transparent goby distributed along the Island of Majorca (the northwest Mediterranean). It is
reported that the maximum length for the transparent goby is 6.0 cm which was rarely reached in the
Lagoon of Nador (Morocco) (Ramdani et al., 2016). Veiga et al. (2009) recorded 6.9 cm as the highest
total length and a strong positive allometric (a= 0.0039 b= 3.31 N= 124) L-W relationship in the
population sampled from the Arade estuary (southern Portugal). La Mesa (1999) found that the length
range was between 1.3-5.5 cm with a L;,s of 6.87 cm and positive allometry (a= 0.00088 b= 3.47
N=245 for the whole population) in the L-W relationship.

The seasonal values of the mean total length may give information about the one-year lifespan of
the transparent goby. In this study, the highest mean length was recorded in the spring (4.66 cm), and
it gradually decreased in summer (3.75 cm) and reached its lowest value in the fall (3.57 cm),
indicating the new recruitment in late spring and early summer. The mean length increased in winter
(4.10 cm) reaching its maximum in spring. La Mesa (1999) explained by monthly length-weight
analysis that two cohorts are displayed in late spring and early summer.

The transparent goby distribution has a wide depth range from the sea surface to 80-100 m (Miller,
1986b). La Mesa (1999) sampled the population at a depth range of 10-40 m in the Adriatic Sea. In
this study, the transparent goby was sampled through the depths of 0-60+ m with different intensities.
The highest abundance was at depths of 0-30 m and especially in winter, probably the result of the
schooling behavior of the species. Hence, it is reported that transparent goby enters an “aggregated
phase” in winter (Auteri et al., 2000).

Tuset et al. (2008) described the otolith shape of transparent goby as squared. But the samples in
this study that indicate an external morphology as discoidal/elliptical are more compatible with the
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report of La Mesa (1999). The transparent goby is known to be a very short-lived fish species (La
Mesa, 1999). The life span of nearly one year may explain the weak growth ring formations. Iglesias
et al. (1997) investigated the otoliths of the transparent goby in detail and reported that sagittal otoliths
are disc-shaped in small individuals and transform to slightly oval as the fish get larger. It has also
been discovered that otoliths lack a “settling mark,” unlike most of the otoliths of the other goby
species as a natural result of the pelagic lifestyle of the adults.

The marbled goby is a small-sized species. The total length range was determined as between 2.5-
6.5 cm and the L-W relationship as a positive allometric (a= 0.005 b= 3.175 N= 716) in this study are
compatible with previous records. Verdiell-Cubedo et al. (2006) reported the length range of the
population as between 1.4-5.5 cm and the L-W relationship as a positive allometric (a= 0.00756 b=
3.150 N= 1710) in the Mar Menor coastal lagoon (the western Mediterranean Sea). The length range
was recorded as between 1.2-6.7 cm with an L-W relationship of positive allometry (a= 0.005 b=
3.168 N= 1678) (Altin et al., 2015) in the northern Aegean Sea. Koutrakis and Tsikliras (2009)
reported a sex-based length range for the marbled goby as 2.5-6.0 cm for males and 2.8-5.7 cm for
females in the Strymon River estuarine system (northern Greece).

The marbled goby was found to be distributed along the depths of 0-60+ m in the sampling area.
Though it typically inhabits inshore waters, Miller (1986b) reported that it can spread into depths of 70
m in winter. Furthermore, in this study, it was observed that larger individuals prefer deeper waters
while the smaller ones were more abundant in shallow zones.

The density maps also indicated that the population has higher intensities per area in the KYSA,
having a substrate type of muddy sand at maximum depths of 30-60 m. Malavasi et al. (2005) reported
that the marbled goby avoids seagrass habitats and is mostly seen in muddy flats and salt marsh creeks
in Venice Lagoon. In the same region, Franco et al. (2006) indicated that the marbled goby has higher
intensities along sparsely vegetated and unvegetated mudflats. The marbled goby is one of the major
components of bycatch with Gobius niger in the bottom trawl operations in the study area, and its
mean abundance is 7159 N.km?within the sampling region. The short life span, opportunistic feeding
strategy, and resistance to temperature variations and salinity may enhance the adaptation of the
marbled goby to its environment (Fouda, 1995). All of this information implies that the life traits and
the abundance value of marbled goby may have a definitive role in the ecosystem in which it exists.

The otolith characteristic of marbled goby was described as a discoidal form by Tuset et al. (2008).
The finding of this study regarding the otolith shape of the marbled goby is compatible with the report
of Tuset et al. (2008). Mazzoldi and Rossotto (2001) observed the otolith edge feature as opaque from
October to March and hyaline from April in marbled goby otoliths.

The scaldback is a small-sized species with a mean total length of 5.4 cm for the sampled
population in the southern Black Sea. It appears at a significant rate as a bycatch species in bottom
trawl fisheries. Though it has been caught as a commercial species in the northern Black Sea until the
mid-1970s (Shiganova, 1998), currently it has no commercial value.

In this study, the length range was determined as 2.9-12.8 cm. Furthermore, an isometric
relationship was estimated between L-W variables (a= 0.009 b= 3.005 N= 528). Cakir et al. (2008)
reported the length range as between 5.2-9.5 cm and a L-W relationship with parameters a and b as
4.10° and 3.1243 respectively (N= 32) in Edremit Bay (the north Aegean Sea). Cakir et al. (2003)
defined negative allometry for the L-W relationship (a= 0.0174 b= 2.6824 N= 32) for a similar length
range and the same sampling region. llkyaz et al. (2008) recorded the length range between 6.9-9.6
cm for the scaldback with an isometric LWR (a= 0.0185 b= 2.74 N=7) in the central Aegean Sea.
Altin et al. (2015) reported a positive allometric LWR (a= 0.005 b= 3.292 N= 393) while Bayhan et al.
(2008) recorded a negative type (a= 0.0179 b= 2.601 N= 76) for the Aegean Sea. Here, it seems that
the LWR of the scaldback is highly variable in the Aegean Sea. On the other hand, the only other
record from the eastern Black Sea is in accordance with the findings of this study since the length
range was as 4.3-9.8 cm and an isometric type of LWR (a= 0.021 b= 2.984 N= 60) (Ak et al., 2009).

There is no certain information about the schooling habits of the scaldback. According to the
sampling observations in this study, it is highly possible that the individuals aggregate and form
schools, especially around depths of 30-35 m, in fall and winter. The distribution of the scaldback was
between 0-60 m in the sampling area but intensified at a depth zone of 0-30 m. Cakir et al. (2003)
reported the distribution depth around 5-80 m for Edremit Bay (the north Aegean Sea) and Keskin
(2012) as 24 m in the south-western Black Sea shelf.
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The mean density for the scaldback was determined as 6738 N.km within 114 experimental trawl
operations (hauling with blind nets) while Keskin (2012) estimated the density as 114 N.km™ and the
biomass as 0.36 kg.km? in bottom trawl operations (hauling with a mesh size of 16 mm cod-end)
along the south-western Black Sea shelf.

CONCLUSION

Here, the main problem seems to be the disappearance of these small-sized species from the
stomach contents of many piscivorous species due to fast digestion. The overlooking of otoliths, which
are the only remaining part of the prey organisms, is very possible. Since the scaldback and the
transparent goby otoliths are quite small and transparent, the risk of missing them in stomach content
analysis is reasonably high. The otoliths are species-specific, and they are hard to digest for many
predators. There is no other record for the otolith descriptions of these three species distributed along
the southern Black Sea shelf, and they have never been mentioned in studies regarding the stomach
content of carnivorous or piscivorous species though it is well known that they share a habitat with
many species. This study may contribute to the definition of the transparent goby, the marbled goby,
and the scaldback in future studies of feeding conducted on the southern shelf of the Black Sea.
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Ozet

Aksaray ili ihtiyofaunasini belirlemek amaciyla Eyliil 2015-Agustos 2018 tarihleri arasinda yapilan arazi ¢aligmalari
sonucunda Aksaray ilinde 11 familyaya ait 19 tiir tespit edilmistir. Bunlar; Anatolichthys anatoliae, Atherina boyeri, Capoeta
mauricii, C. tinca, Cobitis turcica, Cyprinus carpio, Gambusia holbrooki, Gobio gymnostethus, Oxynoemacheilus
eregliensis, O. angorae, Oncorhynchus mykiss, Paraphanius similis, Pseudophoxinus crassus, Sander lucioperca,
Seminemacheilius ekmekciae, Silurus glanis, Squalius cappadocicus, S. pursakensis ve Tinca tinca. Bu tiirlerden A.
anatoliae, P. similis, C. mauricii, C. tinca, C. turcica, G. gymnostethus, O. eregliensis, O. angorae, P. crassus, S.
cappadocicus, S. pursakensis ve S. ekmekciae endemik tiirlerdir. Squalius pursakensis, C. tinca, O. mykiss, O. angorae ve G.
holbrooki ise il i¢in yeni kayit niteligi tasimaktadir.

Anahtar Kelimeler: Tatli su baliklari, Konya Kapali Havzasi, Kizilirmak Havzasi, Tuz Golii, Mamasin Baraji
Ichthyofauna of Aksaray Province (Turkey)
Abstract

As a result of the field studies carried out between September 2015 and August 2018, 19 species, including 11 families,
were identified to determine the Ichthyofauna of Aksaray. These are Anatolichthys anatoliae, Atherina boyeri, Capoeta
mauricii, C. tinca, Cobitis turcica, Cyprinus carpio, Gambusia holbrooki, Gobio gymnostethus, Oxynoemacheilus
eregliensis, O. angorae, Oncorhynchus mykiss, Paraphanius similis, Pseudophoxinus crassus, Sander lucioperca,
Seminemacheilius ekmekciae, Silurus glanis, Squalius cappadocicus, S. pursakensis, and Tinca tinca. Of these species, A.
anatoliae, P. similis, C. mauricii, C. tinca, C. turcica, G. gymnostethus, O. eregliensis, O. angorae, P. crassus, S.
cappadocicus, S. pursakensis, and S. ekmekciae are endemic species. Squalius pursakensis, C. tinca, O. mykiss, O. angorae,
and G. holbrooki species are new records for the province.

Keywords: Freshwater fishes, Konya Closed Basin, Kizilirmak Basin, Salt Lake, Mamasin Dam Lake

GIRIS

Tiirkiye, Avrupa ve Orta Dogunun en zengin biyolojik ¢esitlilige sahip iilkelerinden biri olup
Avrupa kitasindaki biyolojik cesitlilik siralamasinda dokuzuncu sirada yer alir. Ulkenin 7 cografi
bolgesinin her biri ayri iklim, flora ve fauna 6zellikleri gostermektedir. Tiirkiye’nin cografi yapisinin
bu farklilig1, endemizm ve genetik ¢esitlilik bakimmdan zengin bir yap1 gostermesini saglar (Tarim ve
Orman Bakanlig1, Doga Koruma ve Milli Parklar Genel Miidiirliigii, 2020).

Tiirkiye i¢ su kaynaklar1 bakimindan zengin olmasinin yani sira tiir ¢esitliligi anlaminda da oldukc¢a
biiyiik bir potansiyele sahiptir. I¢ sularimizdaki giincel galigmalar géz 6niine alindiginda yeni tiir
bildirimleri, sinonimlikler, yeni kayitlar ve revizyonlarla birlikte Tiirkiye’de dagilim gdsteren tiir
sayisinin 400’e yakin oldugu tespit edilmistir (Cigek vd., 2015, 2018, 2020; Bektas vd., 2020; Giiclii
vd., 2020; Secer vd., 2020; Baygelebi vd., 2021). S6z konusu tiirlerin yarisindan fazlasi tilkemiz igin
endemiktir (Cicek vd., 2018, 2020).

I¢ Anadolu Bélgesinin Orta Kizilirmak bélgesinde yer alan Aksaray’mn, kuzeyinde Kirsehir ve
Ankara, dogusunda Nevsehir, giineydogusunda Nigde, giineyinde Konya, kuzeybatisinda Tuz Go6lii
bulunmaktadir. 11 smirlarindaki su kaynaklarmin biiyiik bir kismi Konya Kapali havzasi igerisinde
kalmakta olup ¢ok az bir kismi1 Kizilirmak havzasina dahildir.
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Bugiine kadar yapilan g¢aligmalarda ilin balik faunasinin belirlenmesine yonelik bir ¢aligmaya
rastlanmamustir. Farkli kaynaklarda belirtilen 14 tiiriin dagilim gosterdigi belirlenmistir (Ekmekei ve
Kirankaya, 2010; Ozulug ve Freyhof, 2011; Altmsacli vd., 2014; Kirankaya vd., 2014; Yogurtcuoglu
vd., 2020; Kurtul ve Sar1, 2020).

Bu calismada Aksaray ili i¢ su kaynaklarinda dagilim gosteren balik tiirlerinin bir listesinin
hazirlanmasi, s6z konusu tiirler i¢in 6nem arz eden ekosistemlerin belirlenmesi, endemizm durumlari
ve tilirlerin koruma statiileri ile birlikte koruma 6nerilerine yer verilmesi amaglanmusgtir.

MATERYAL ve YONTEM

Aksaray ili balik faunasmin belirlenmesi amaciyla Eyliil 2015-Agutos 2018 tarihleri arasinda arazi
caligmalar1 gerceklestirilmistir.

Aksaray li’nde yer alan en 6nemli akarsu kaynagi Melendiz Daglarindan dogan Melendiz Cayi
olup Mamasin Baraji'na dokiilmektedir. Karasu Cayida Giilaga¢ giizergahindan dogarak Catalsu
mevkiinde baraja dokiilmektedir. Bunlarin disinda Ekecik ve Pegenekozii dereleri giineydoguda,
Helvadere kaynaklari giineyde, Esmekaya pinar1 batida, Oteyiiz ve Inatli dereleri ise doguda bulunur.
Ildeki en 6nemli durgun su ekosistemi ise icme ve tarimsal sulama amacl olarak kullanilan Mamasin
Barajidir (CSB, 2016).

Ornekleme istasyonlar1 Google Earth Pro programi kullanilarak uydu goriintiileri iizerinden
belirlenmis olup arazi caligmas: siiresince revize edilmis ve toplamda 31 noktadan Ornekleme
yapilmustir (Sekil 1, Tablo 1). Akarsu noktalarinda balik 6rneklerinin toplanmasinda TS EN 14011 ve
TS EN 14962, gbl icin ise TS EN 14757 standartlar1 dahilindeki yontemler esas almmustir. Ornekleme
¢aligmalarinda elektrosoker (SAMUS 725MP) ve her biri 2,5m olmak tizere 12 farkli (5-6,25-8-10-
12,5-15,5-19,5-24-29-35-43-55 mm, koldan kola) gbz acikligina sahip panellerden olusan 30 m
uzunluga sahip uzatma aglart kullanilmugtir. Ornekleme istasyonlarinin koordinatlari ve rakim
degerleri kaydedilmis, alanlarin genel ekolojik ozellikleri not edilmis ve orneklenen bireylerin
fotograflart gekilmistir. Bu iglemlerden sonra morfometrik ve meristik 6zelliklerin belirlenmesi ve tiir
tayinlerinin yapilmasi amaci ile ornekler %10’luk formaldehit ¢ozeltisinde tespit edildikten sonra
%4’lik formaldehit ¢ozeltisinde muhafaza edilerek Nevsehir Haci Bektas Veli Universitesi,
Hidrobiyoloji Laboratuvarina getirilip tiir teshisleri Bogutskaya (1997), Naseka vd. (2006), Ozulug ve
Freyhof (2011)’e gore yapilmigtir. Sistematik kategorileri igin Stout vd. (2016), Tan ve Armbruster
(2018) ve Fricke vd. (2020) takip edilmistir. Tespit edilen tiirlerin IUCN tehlike kategorileri kontrol
edilmistir (IUCN, 2019).

Istasyonlarda tespit edilen tiirlerin popiilasyon durumu &zgiin olarak olusturulan iic kategori
seklinde degerlendirilmistir. Bunlar; P1) Nadir: Istasyonda nadiren rastlantyor ve farkli &rnekleme
donemlerinin tamaminda rastlanmiyor, P2) Orta: Istasyonda yogun olarak rastlanmiyor ancak farkl
ornekleme dénemlerinin tamaminda rastlaniyor, P3) Yogun: Istasyonda yogun sekilde dagilim
gosteriyor ve farkli 6rnekleme donemlerinin tamaminda rastlaniyor.
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Sekil 1. Calisma alanini gosteren harita

Tablo 1. Ornekleme istasyonlarina ait koordinatlar (G: Gol, A: Akarsu istasyonu)

istasyon No istasyon ismi Enlem Boylam
G1 Mamasin Baraji 38°24'30.5"K  34°10'33.2"D
G2 Helvadere Baraj Golii 38°11'55.8"K  34°12'38.8"D
G3 Giizelyurt Goleti 38°1624.2"K  34°21'15.0"D
G4 Cetin Goleti 38°39'13.3"K  34°08'15.2"D
G5 Balc1 Goleti 38°42'07.6"K  34°03'36.2"D
G6 Bozkir Baraji 38°45'46.4"K  34°05'06.5"D
G7 Ortakdy Goleti 38°44'40.4"K  34°04'53.1"D
G8 Balikli G6l 38°23'46.7"K  34°21'59.9"D
G9 Hirfanli Baraji 39°02'10.4"K  33°55'23.6"D
Al Agzikarahan Kaynak Kanali 38°27'15.3"K  34°08'55.9"D
A2 Cimeli Kaynak Kanali 38°29'01.1"K  33°54'36.0"D
A3 Nurgdz Kaynak Kanali 38°3328.4"K  33°59'33.7"D
Ad Bozkir Baraj1 Giren Kol 38°45'40.1"K  34°04'53.0"D
A5 Pegenek Deresi 38°45'30.4"K  34°04'19.4"D
A6 Hostir Deresi Yan Kol 38°5045.1"K  34°08'35.0"D
AT Giilpmar Kaynak Kanali 38°24'18.2"K  34°2222.8"D
A8 Giilaga¢ Kaynak Kanali 38°23'44.3"K  34°21'39.8"D
A9 Melendiz Cay/Ilisu 38°13'56.5"K  34°20'37.8"D
Al0 Melendiz Cay1/Belisirma 38°16'00.9"K  34°17'17.9"D
All Melendiz Cayi/Selime 38°19'33.6"K  34°1426.1"D
Al2 Melendiz Cayy/Ihlara Vadisi 38°15'02.2"K  34°18'40.6"D
Al3 Melendiz Cayi/Aksaray Merkez 38°21'50.8"K  33°57'43.2"D
Al4 Melendiz Cayi/Dogantarla 38°21'52.1"K 34°13'09.2"D
Al5 Saglik Koyl Kaynak Kanali 38°17'16.3"K  34°03'05.5"D
Al6 Yesilova Kaynak Kanali 38°24'05.2"K  33°53'45.1"D
Al7 Alagorakozii Deresi 38°36'48.3"K  34°17'17.9'D
Al8 Kiigiikhortu Deresi 38°59'12.8"K  33°54'09.2"D
Al9 Hostir Deresi 38°4923.5"K  34°0729.4"D
A20 Uluirmak Deresi 38°24'01.7"K  34°0720.5"D
A21 Helvadere Baraj Girisi 38°11'55.8"K  34°12'38.8"D
A22 Biiget Koyii Kaynak Kanali 38°18'48.4"K  33°27'08.2"D
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BULGULAR

Arazi caligmalar1 9 g6l ve 22 akarsu istasyonunda gergeklestirilmistir. Arazi ¢aligmalar siiresince 6
tiir ile en fazla gesitlilik Thlara Vadisi’nde goriiliirken Agzikarahan kaynak kanali (A1), Cimeli kaynak
kanali (A2), Nurg6z kaynak kanali (A3), Hosiir Deresi yan kolu (A6) ve Yesilova kaynak kanalinda
(A16) herhangi bir tiire rastlanmamuigtir.

Caligma siiresince 11 familyaya (Atherinidae (1 tiir), Cobitidae (1 tiir), Cyprinidae (3 tiir),
Aphaniidae (2 tiir), Gobionidae (1 tiir), Leuciscidae (3 tiir), Percidae (1 tiir) Poeciliidae (1 tiir),
Salmonidae (1 tiir), Siluridae (1 tiir), Tincidae (1 tiir) ve Nemacheilidae (3 tiir)) ait toplam 19 tiir elde
edilmistir (Sekil 2-18). Caligma sonucunda tespit edilen tiirlerin istasyonlara gore dagilimlar1 Tablo
2’de verilmistir.

Tablo 2. Tespit edilen tiirlerin istasyonlara gore dagilimi (familyalar alfabetik olarak siralanmustir)

.. Bulunma . Popiilasyon
Tiir IUCN Sekli Istasyonlar Durumu
Atherinidae
Atherina boyeri Risso, 1810 LC Istilact A20 P1
Aphaniidae
Anatolichthys anatoliae (Leidenfrost, 1912) NT Endemik Al13, Al4, Al15 p2
Paraphanius similis (Aksiray 1948) NE Endemik Gl P2
Cobitoidae
Cobitis turcica Hanko, 1925 EN Endemik All, A12, A20 p2
Cyprinidae
ggggem mauricii Kiigiik, Turan, Sahin & Giille, EN Endemik A10, A12 P2
Capoeta tinca (Heckel, 1843) LC Endemik A18, G9 P1
Cyprinus carpio Linnaeus, 1758 VU Dogal gé gg G3, G4, G5, G6, G7, P3
Gobionidae

. . . A7, Al10, All, A12, Al4,
Gobio gymnostethus Ladiges, 1960 CR Endemik A15, A18, A2l G1 P3
Leuciscidae

) e . A4, A5, A8, A9, A10, All,

Squalius cappadocicus Ozulug & Freyhof, 2011 CR Endemik A12, A19, A20, G5, G7, G8 P3
Squalius pursakensis Hanko, 1925 LC Endemik Al8, G9 P1
Pseudophoxinus crassus (Ladiges, 1960) EN Endemik A7, A8, A12, Al4, Al5, G8 P2
Nemacheilidae
Oxynoemacheilus angorae (Steindachner, 1897) LC Endemik Al7, A18 P1
Oxynoemacheilus eregliensis (Banarescu & - A10, All, A12, Al4, A15,
Nalbant, 1978) VU Endemik  n1g A21 P3
Seminemacheilus ekmekciae Yogurtguoglu, Kaya, .
Geiger & Freyhof, 2020 NE Endemik A22 P1
Percidae
Sander lucioperca (Linnaeus, 1758) LC Dogal G1,G9 P1
Poeciliidae )
Gambusia holbrooki Girard, 1859 LC Istilact G1, A7 P1
Salmonidae
Oncorhynchus mykiss (Walbaum, 1792) NE istilac1 Al8 P1
Siluridae
Silurus glanis Linnaeus, 1758 LC Dogal G9 P1
Tincidae
Tinca tinca (Linnaeus, 1758) LC Dogal G8, G9 P2
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Sekil 3. Anatolichthys anatoliae (42,2 mm SB, Melendiz Cay1)

Sekil 4. Capoeta mauricii (98,5 mm SB, Melendiz Cay1)

—

Sekil 5. Capoeta tinca (118,1 mm SB, Biiyiikhortu Nehri)

Sekil 6. Cobitis turcica (92,4 mm SB, Ihlara Vadisi)
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f"’ w

Sekil 7. Cyprinus carpio (122,9 mmVSB, Mamasin Baraj1)

Sekil 9. Gobio gymnostethus (132,4 mm SB, Melendiz Cay1)

Sekil 10. Oncorhynchus mykiss (115 mm SB, Biiyiikhortu Nehri)
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Sekil 11. Oxynoemacheilus angorae (82,6 mm SB, Alagorakozii Deresi)

Sekil 12. Oxynoemacheilus eregliensis (89,6 mm SB, Melendiz Cay1)

Sekil 14. Pseudophoxinus crassus (74,6 mm SB, Giilpinar Kaynak Kanali)
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Sekil 17. Squalius pursakensis (125,7 mm SB, Biiyiikhortu Nehri)

Sekil 19. Seminemacheilus ekmekciae (115 mm SB, Biiget Kaynak Kanali)
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Arazi ¢aligmalar1 sonucunda tespit edilmis olan S. pursakensis, C. tinca, O. mykiss, O. angorae ve
G. holbrooki tiirlerine daha onceki ¢alismalarda rastlanmamis olup bu tiirler il i¢in yeni kayit
niteligindedir.

TARTISMA ve SONUC

Ornekleme galismalar1 sonucunda Aksaray ili smirlari igerisinde 19 balik tiiriiniin dagilim
gosterdigi tespit edilmistir. Bu tiirlerden A. boyeri, G. holbrooki ve O. mykiss tiirleri istilaci tiirlerdir.
Squalius pursakensis, C. tinca, S. glanis, O. mykiss ve O. angorae tiirleri Kizilirmak Havzasi
elemanlari olup diger 12 tiir ise Konya Kapali Havzasi fauna elemanlarindan olugmaktadir.

Aksaray ili’nde daha 6nce yapilmis kapsamli bir ihtiyofauna galismasina rastlanmamustir. Farkli
calismalarda Esox lucius, Alburnus alburnus ve Scardinius erythrophthalmus tiirlerine yer verilmistir
(Altinsach vd., 2014; Ekmekgi ve Kirankaya, 2010; Ozulug ve Freyhof, 2011). Ancak bu calismada
s6z konusu tiirlerin hig¢ birisine rastlanmamugtir. Nitekim S. erythrophthalmus tiirii cografik dagilimu
geregi il sinirlan igerisinde bulunmasi miimkiin degildir. Altmsa¢hi vd. (2014) Balikli ve Kay:
gollerinde S. erythrophthalmus tiiriniin dagilim gosterdigini bildirmislerdir. S6z konusu tiir Bati
Anadolu ve Trakya’da dagilim gosteren bir tiirdiir. Balikli ve Kay1 gollerinde yapilan bu calisma
faunastik bir ¢aligma olmayip makrofit ile alakali bir ¢alismadir. Bu nedenle balik tiirlerine ait
teshislerin yanlis tanimlanmig olabilecegi diistiniilmektedir.

Yine Altinsagh vd. (2014) tarafindan bildirilen Alburnus cinsine mensup herhangi bir tiire de
rastlanmamustir. S6z konusu tiiriin tip lokalitesi Avrupa olup Tiirkiye’de Meri¢-Ergene ve Marmara
havzalarinda dagilim gostermektedir (Cigek vd., 2015). Tip lokalitesi ve dagilim alam
diigiiniildigiinde bu c¢alismada A. alburnus olarak bildirilen tiirin yanlis tanimlanmis olabilecegi
diistiniilmektedir.

Esox lucius tiri dlkemizin farkli bolgelerine tasinmis ve istilaci Ozellik tasiyabilecek ve
ekosistemde dramatik degisikliklere sebep olabilecek tiirlerden birisidir. Bolge halkiyla yapilan
goriismelerde tiirlin bolgede hi¢ goriilmedigi teyit edilmistir. Her ne kadar yapmus oldugumuz
ornekleme caligmalarinda rastlanmamis olsa da bu tiiriin detayli ¢alismalarla takip edilmesi biiylik
onem tagimaktadir.

Aksaray 11 smirlarinda istilacilik potansiyeli yiiksek olan A. boyeri ve G. holbrooki tiirlerine
rastlanmigtir (Tarkan vd., 2014). Atherina boyeri tiirine Mamasin ve Hirfanl Barajinda rastlanmustir.
Mamasin barajindaki balikgilar ile yapilan goriismeler sonucunda Atherina boyeri popiilasyonunun
sanilanin aksine diisiik oldugu ve bu tiiriin ticari avciliginin yapilmasini gerektirecek bir popiilasyon
yogunlugunun bulunmadig1 séylenebilir. 11 icin yeni kayit niteligi tasiyan G. holbrooki tiiriine ise
diisiik bir popiilasyon yogunlugunda Mamasin Baraji (Gl) ve Giilpinar Kaynak Kanali (A7)
ornekleme noktalarinda rastlanmustir. I¢ sulardaki biyogesitliligi tehdit eden unsurlardan biri olan
istilaci tiirler endemizm orani (A. anatoliae, C. mauricii, C. tinca, C. turcica, G. gymnostethus, O.
eregliensis, O. angorae, P. similis, P. crassus S. ekmekciae, S. pursakensis ve S. cappadocicus) yiiksek
olan bolge i¢in tehdit olusturmaktadir. Tespit edilen tiirlerin istilacilik potansiyelinin ¢ok yiiksek
oldugu bilindiginden kontrol edilmesine yonelik tedbirlerin alinmasi gerekmektedir.

Tuz Goli havzasinda bulunan ve A. anatoliae tiirii i¢in uygun habitat 6zelliklerine sahip Egsmekaya
Sazliklar1 gibi sulak alanlarin biiyiik bir kismi giiniimiizde artik tamamen kurumustur. Bu nedenle su
anda sz konusu tiiriin il igerisinde dar bir alanda sadece drenaj kanallarinda sikisip kaldig: tespit
edilmistir. Bunun yani sira bolgede istilaci tiirlerin bulunmasi da bir tehdit olusturmaktadir.

Ozulug ve Freyhof (2011) tarafindan S. cappadocicusun tip lokalitesi Melendiz Cay: Thlara
bolgesi olarak bildirilmistir. Tiir tizerindeki tehditler diisiik yagis miktarr, dagilim alaninin kisith
olmasi, yaz doneminde akarsularin seviyesinin azalmasi ve hatta kurumasi seklinde siralanmistir
(Freyhof, 2014). Melendiz Cayr’nin Aksaray ve Nigde illerinde kalan bélgelerinde yiiriitiilen arazi
caligmalar1 sirasinda tiirtin Freyhof (2014) tarafindan belirtilen alandan ¢ok daha genis bir alanda
dagilim gosterdigi, tiiriin dagilim gosterdigi alanlarda sorunsuz bir sekilde iireyebildigi, kirlilik, habitat
kayb1 vb. gibi antropojenik etkilerin diigiik seviyede oldugu gozlemlenmistir.

Kirlilige karsi toleransi diisiik demersal bir tiir olan G. gymnostethus’un dar bir alanda (Melendiz
Cay’nin temiz kisimlar1) dagilim gosterdigi gézlemlenmistir. S6z konusu tiiriin  habitatinin
korumasina yonelik ¢aligmalarin yapilmasinin gerektigi diisiiniilmektedir.

Capoeta mauricii I¢ Anadolu Bblgesi, Beysehir Golii drenajinda Kiiciik vd. (2009) tarafindan
morfometrik karakterler kullanilarak tanimlanmistir. Ozdemir (2013) yapmus oldugu tez ¢aligmasinda
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morfometrik ve meristik karakterler bakimindan C. mauricii’nin C. pestai’nin varyasyon araligi
igerisinde oldugunu belirtmis ve s6z konusu tiiriin C. pestai’nin sinonimi oldugunu ileri stirmiigtiir.
Sonraki yillarda yapilan caligmalarda ise morfometrik ve molekiiler veriler s6z konusu durumu
dogrulamaktadir (Geiger vd., 2014; Alwan vd., 2016; Ozdemir 2013; Ozeren vd., 2019). Bu calisma
kapsaminda Melendiz Cayi’nin Selime ve Belisirma bolgelerinde 6rneklenen Capoeta popiilasyonlari
morfometrik ve meristik karakterler bakimindan detayli bir sekilde incelenmistir ve karakterlerin C.
pestai ile ortiistiigii gozlemlenmistir. Ancak C. mauricii tiiriiniin halen gegerli tiir olmasi nedeniyle
listede C. pestai tiiriine yer verilmemistir.

Asirt aveilik, sulak alanlarin zararli oldugu bakis agisi ile ve tarim alani olarak degerlendirilmesi
amaglar1 ile kurutulmaya calisilmasi, baraj ve HES yapimlarinda tiir dagilimlarmin dikkate
almmmamasi, tarimda diizensiz ve asir1 pestisit ve herbisit kullanimlar1 i¢ su ekosistemlerini tehdit eden
temel sorunlardir. Aksaray {li i¢in de bu tehditlerin pek ¢ogundan bahsedilebilir. Bolgedeki baslica
sorunlar biiytik ve kiiglik 6lgekli fabrikalarin sularini aritim yapmadan desarj etmesi, kanalizasyon
sebekelerinin eksikligi, evsel atiklarin aritim yapilmadan desarj edilmesi ve bolgede yapilan yogun
tarim sonucunda kullanilan zirai atiklardir. Ayrica zaten kisitli olan akarsu dnlerine bentler ¢ekilerek
suyun tarimsal faaliyetlerde kullanilmasi Aksaray il sinirlar igerisinde siklikla karsilagilan bir
sorundur ve bu durum hakkinda onlemlerin alinmasi tiirler iizerindeki baskiy1 hafifletmede biiyiik
onem tagimaktadir.

Endemizm orani yiiksek olan ve kisitli bir dagilim alanina sahip olan hassas tiirlerin bulundugu
bdlge icin evsel ve tarimsal alanlardan kaynaklanan kirlilik yiikiiniin azaltilmasina yonelik 6nlemlerin
alinmasi bilylik onem tagimaktadir. Su kaynaklarina yapilan bilingsiz miidahalelerin oniine gecilerek,
ozellikle endemik ve diisiik toleransli dogal tiirlerin habitat kaybmnin 6nlenmesi miimkiin olacaktir.
Aksaray Ili su kaynaklarindaki istilact balik tiirlerinin de takip edilmesi yerli ve endemik tiirlerin
korunmasi bakimindan 6nem tagimaktadir.

Tesekkiir: Bu ¢alisma Aksaray Ili [htiyofaunasi baslikli, birinci yazara (Muhammed KELLECI) ait
olan yiiksek lisans tezinden hazirlanmistir. Calisma kapsamindaki orneklemelerin bir bolimil ise
Aksaray Ili Biyolojik Cesitlilik Envanter ve Izleme Projesi kapsaminda toplanmustir. Bu nedenle T.C.
Tarim ve Orman Bakanlig 8. Bolge Miidiirliigii, Aksaray Sube Miidiirliigii personeline tesekkiir etmek
isteriz.
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Abstract

Pollution of surface waters with coliform bacteria having antibiotic and heavy metal resistance has become an increasing
public health risk. For this reason, antibiotic and heavy metal resistance profiles of fecal microorganisms in surface water
samples collected from two different points (Seve Dam and Konak Pond, Kilis, Turkey) were analyzed in this study. The
various physicochemical parameters such as pH, Temperature, Total Dissolved Solids (TDS), Electrical Conductivity (EC) of
samples were also examined. The total coliform load in each sample was >1100 (MPN)/100 mL. As fecal indicator
microorganisms, 21 Escherichia coli strains were isolated from sampling points. Despite the high coliform contamination, the
multiple antibiotic resistance (MAR) index of E. coli was recorded as 0.187. The multiple heavy metal resistance (MHMR)
index (0.202) was remarkably higher than the MAR value. Most isolates showed minimal inhibition concentrations (MIC) in
the range of 25-1.600 pg/mL based on concentrations of heavy metals. These results indicate that surface waters may be
discharge points of industrial and domestic wastewaters

Keywords: Antibiotic, Heavy metal resistance, Coliform pollution, Water quality.

Konak Goleti ve Seve Baraji’ndan, (Kilis, Tiirkiye) izole edilen Escherichia coli suglarinin antibiyotik ve agir metal
direncliligi

Ozet

Antibiyotik ve agir metal direngliligi gosteren koliform bakterilerle yiizeysel sularin kirliligi artan bir halk saglig: riski
olusturmaktadir. Bu nedenle, calismamizda Kilis Tlinde iki farkli bolgeden (Seve Baraji ve Konak Goleti) toplanan yiizey
suyu &rneklerindeki fekal bakterilerin antibiyotik ve agir metal direnglilik profilleri arastirilmistir. Orneklerin pH, sicaklik,
toplam ¢6ziinmiis kat1 madde (TDS) ve elektrik iletkenlik (EC) gibi ¢esitli fizikokimyasal degiskenleri incelenmistir. Her
ornekteki total koliform sayis1 >1100 (EMS)/100 mL’dir. Ornek noktalarinda fekal kirliligin indikatorii olarak 21 Escherichia
coli susu izole edilmistir. Yiiksek koliform kirliligine karsmn, E. coli izolatlarinin goklu antibiyotik direng (CAD) indeksi
0.187 olarak kaydedilmistir. Coklu agir metal direng (CAMD) indeksi (0.202) ise ¢oklu antibiyotik direncinden yiiksek
bulunmustur. Cogu izolatn 25-1.600 pg/mL araliginda minimum inhibibe edici konsantrasyon goésterdigi belirlenmistir. Bu
sonuglar yiizey sularinin endiistriyel ve evsel atiksularin etkisi altinda olabilecegini gostermektedir.

Anahtar Kelimeler: Antibiyotik, Agir metal direng, Koliform kirliligi, Su kalitesi

INTRODUCTION

Increased interaction between human and domestic animals adversely affects wildlife and
ecosystem such as soil and surface waters (Hacioglu et al., 2015). Especially surface waters often are
polluted with waste products of industrial, hospitals, and pharmaceutical companies. This is caused
that surface waters are suitable environmental media for the growth of fecal coliform bacteria. The
occurrence of coliform bacteria (Escherichia coli, Klebsiella spp., Enterobacter spp., Citrobacter spp.
and Serratia spp.) in the water system such as brackish and fresh waters is indicated to contamination
originated by human and animal feces (Dobrijevi¢ et al., 2017; Akkan and Topkaraoglu, 2019).
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As well as fecal contamination in water, the antibiotic resistance of bacterial pathogens as a factor
of disease emergence is a serious and growing problem around the world (World Health Organization,
[WHO] 2018; Eduardo-Correia et al., 2020). Antibiotics have been spread to the environment and
pose a threat to the human society and ecosystems due to their large-scale usage in human healthcare,
livestock management, and aquaculture (Li et al., 2020). However, most of the antibiotics performed
to target organisms are poorly absorbed and released via feces or urine in the form of metabolites
(Heuer et al., 2008). Though some of the excreted antibiotics and their metabolites can be degraded by
abiotic and biotic pathways, the continuous-release may be caused to pseudo persistent antibiotics in
the aquatic environments. (Wang et al., 2018). The untreated antibiotic wastes in the aquatic
environments are contributed to the proliferation of bacteria having multiple antibiotic resistances
increased virulence (Matyar et al., 2014; Akkan, 2017).

Metal contamination of aquatic environments often originates from mining activities, wood
processing, shipping, dredging, urbanization, agrochemicals, and industrial processes (Jacquiod et al.,
2018). Heavy metals toxicity and accumulation in surface waters are constituted a serious ecological
hazard on wildlife and public health (Jie et al., 2016; Uncumusaoglu et al., 2016). Akkan et al., (2011)
had shown that an important proportion of gram-negative bacteria isolated from seawater
contaminated with hospital waste discharge was resistant to cephalosporins and this situation carries a
potential risk for public health. Tee and Najjah (2011) indicated that overdosing on antibiotics and
chemical agents in prophylaxis may also be induced by antibiotic-heavy metal resistant bacteria.
Similarly, George and Wan (2019) reported that antibiotic resistance linked to mobile genetics
elements is co-occurred with heavy metal resistance in many bacteria. Bacterial metal resistance is
associated with the precipitation of metals, presence of negatively charged groups in extracellular
polymeric substances (EPSs), energy-dependent metal efflux systems, and metal volatilization via
methyl or ethyl group addition (Matyar et al., 2014; Le and Yang, 2019).

This study is aimed to investigate physicochemical properties, the level of coliform pollution, the
presence of Escherichia coli, antibiotic and heavy metal resistance of water-borne E. coli in surface
waters obtained from the Seve Dam and Konak Pond, Kilis, Turkey.

MATERIAL AND METHODS
Collecting surface water samples

Surface waters were sampled in June 2020 from the Seve Dam and Konak Pond in Kilis. The
geographic coordinates of the sampling sites were 37°14'46.1"E, 36°45'01.0"N (Site 1) and
37°13'30.2"E, 36°46'24.2"N (Site 2) (Fig. 1). Surface samples were collected by using 250-mL sterile
bottles in accordance with APHA 2005. All samples were transported to the laboratory in an icebox
and processed within 2-4 h.

Figure 1. Sampling location

291



MERCIMEK TAKCI et al. 2021 ActAquaTr 17(2), 290-297

Physicochemical properties of samples

Physicochemical properties such as the total dissolved solids (TDS), electrical conductivity (EC),
pH and temperature of the surface water samples taken from 2 different sites were determined using
HI 9812-5 Portable pH/EC/TDS/°C meter.

Bacteriological analyses

The level of coliform pollution of water samples was analyzed by the most probable number
(MPN) method. Serial dilution of samples was inoculated including Lauryl Sulfate Broth (LST,
Merck) in tubes and incubated at 37°C for 24-48 h. Following incubation, bacterial proliferation and
gas bubbles collected in the inverted Durham tube present in tubes were examined. The presence of
gas in tubes is showed to use the lactose in the medium by coliforms. In water samples, the number of
total coliforms was calculated by counting the tubes giving positive reaction and comparing with
standard statistical tables. For screening fecal coliform, 100 pL of positive tubes was transferred into
the fresh LST and incubated at 44.5°C for 24-48 h. The gas formation in Durham tubes after
incubation is revealed to the presence E. coli in surface water samples.

Endo C agar for isolation E. coli strains was used. 100 uL of the fecal coliform positive cultures
was inoculated on Endo C agar and incubated at 37°C for 24-48 h. Subsequently, colony colors of E.
coli were observed. On Endo C if E. coli is grown, a distinctive metallic green sheen will have
occurred. Isolated colonies were identified by applying morphological (Gram staining and cell
morphology) and standard microbiological (indole, methyl red, voges proskauer, citrate, and MUG (4-
Methylumbelliferyl B-D-Glucuronide) agar test systems) procedures.

Antibiotic and Heavy Metal Resistance

Antibiotic resistance test was carried out on Mueller Hinton Agar (MHA) by Kirby-Bauer disc
diffusion assay according to the Clinical Laboratory Standard Institute (CLSI) guidelines (Bauer et al.,
1966). 16 different commercial antibiotic including Ampicillin (AMP; 10 pg), Cefazolin (CZ; 30 ug),
Cefepime (FEB; 30 ng), Cefixime (CFM; 5 ug), Cefoperazone (CEP; 75 pg), Ceftizoxime (ZOX; 30
ng), Chloramphenicol (C; 30 pg), Clindamycin (CD; 2 pg), Erythromycin (E; 15 pg), Gentamicin
(GEN; 10 pg), Imipenem (IMP; 10 pg), Meropenem (MRP; 10 pg), Metronidazole (MT; 5 pg),
Streptomycin (S; 10 mcg), Tetracycline (TE; 30 mcg) and Trimethoprim (TR; 5 pg) were tested for all
strains. The turbidity of the overnight bacterial culture was adjusted to 0.5 McFarland standard
reference range. Following the inoculation, the plates were incubated at 37°C for 12-24 h. Then, the
diameter of the inhibition zone was measured and the results were evaluated as susceptible,
intermediate resistant, or resistant by comparing to CLSI standard results (Table 1).

Table 1. Zone diameter interpretive criteria for testing antibiotic resistance (in terms of mm)

Standard antibiotics Susceptible (S) Intermediate (1) Resistant (R)
Ampicillin >17 14-16 <13
Cefazolin >23 20-22 <19
Cefepime >18 15-17 <14
Cefixime >19 16-18 <15
Cefaperazone >21 16-20 <15
Ceftizoxime >25 22-24 <21
Chloramphenicol >18 13-17 <12
Clindamycin >21 15-20 <14
Erythromycin >23 14-22 <13
Gentamicin >15 13-14 <12
Imipenem >23 20-22 <19
Meropenem >23 20-22 <19
Metronidazole >21 16-21 <16
Streptomycin >15 12-14 <11
Tetracycline >15 12-14 <11
Trimethporim >16 11-15 <10
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E. coli ATCC 25922 was used as the control for antibiotic and heavy metal resistance tests. The
multiple antibiotic resistances (MAR) index of E. coli strains was calculated based on method declared
by Krumperman (1983). The following formula was used:

MAR index = X/(YxZ), where X is the total of antibiotic resistance cases, Y is the total antibiotic
tested and Z is total isolates. A MAR index value <0.20 is observed that antibiotics are seldom or
never used, whereas value >0.2 is indicated that bacteria isolates are exposed to the antibiotics
(Hacioglu et al. 2015).

The minimal inhibitory concentration (MIC) for four heavy metals against E .coli isolates was
tested. Heavy metal resistance of E. coli strains was detected by using Nutrient Agar (Merck)
supplemented with concentrations ranging from 25 to 3.200 pug/mL of Cd*?, Cu*?, Mn*2and Pb*2. The
metals were used as CdCl,, CuS0O,.5H,0, MnCl,.4H,0 and (CH;COO),Pb.3H,0. Multiple heavy
metal resistance index (MHMR) was calculated as defined above MAR index formula.

RESULTS and DISCUSSION

Physicochemical parameters of Seve Dam and Konak Pond surface waters are shown in Table 2.
The pH values of the present study were within the standard limit (6.5-8.5) of Quality Criteria of
Continental Surface Water Resources, Turkey.

Table 2. Physicochemical parameters of surface water samples

Standard Limit

Site 1 Site 2 (25730 Regulations, 2015
and WHO, 2008).
pH 8.2 8.2 6.5-8.5
Temperature 25°C 25°C <25°C
TDS (mg/L) 190 170 max. 500
EC (uS/cm) 390 350 <400

These values of samples are revealed to the surface waters of Kilis were alkaline. This may be
explained to discharge the industrial and agricultural effluents including alkali into the water sources.
The alteration of water temperature such as increase, decrease or fluctuation can be caused to the
slowdown, speedup, and/or stop together of metabolic activities. Because of this, water temperature is
an important factor that affected the biological activity of aquatic organisms and the variety of aquatic
life (Jannat et al., 2019). The temperature of water samples was determined as 25°C (Table 2) and this
was an acceptable limit (<25) according to surface water quality criteria of Turkey. TDS
concentrations of the water samples were in the range of 170 to 190 mg/L, within the maximum
allowable value (500 mg/L) of the World Health Organization (WHO 2008). Electrical conductivity
(EC) related to the concentration of ions in the water is a measure of passing electrical flow. EC values
of water samples were lower than 400 pS/cm which was the standard limit (<400) quality criteria of
Turkey. Bulbul and Camur Elipek (2017) revealed the water temperature, pH values, and electrical
conductivity of Meric River (Edirne, Turkey) were ranged between 4.5-22°C; 7.4-8.4; 172-798 pS/cm,
respectively. Similar results were acquired by Hulyar and Altug (2020) who stated that pH values and
temperature of Cirpict River (Istanbul, Turkey) and its flowing areas recorded between 6.0-8.38 and
10.3-29.5°C. The other study in Pindare River (Brazil) predicated that pH, temperature, TDS, and EC
values in the three sampling points in the dry season were 7.06-8.13; 24-27°C; 140.66-185 mg/L and
213-363.33 uS/cm, respectively (Muniz et al., 2020).

The counts of total coliform bacteria in the water samples taken from the Seve Dam and Konak
Pond were >1100 MPN per 100 mL of sample. E. coli strains isolated from tubes giving positive
reaction at 44.5°C for 24-48 h. All isolates showing Gram-negative bacilli morphological character
were identified by biochemical test (indole, methyl red, voges proskauer, citrate, and MUG test
systems). These isolates giving positive reaction were evaluated as E. coli. A total of 21 E. coli
isolates were obtained from Site 1 (14 strains) and Site 2 (7 strains), respectively. Based on the WHO
(2017) and TS 266 (2005) guidelines, water resources used for drinking water and water intended for
human consumption should not contain total and fecal coliform bacteria (0/100 mL). Bacteriological
findings in this study are clearly emphasized to discharge of household and industrial wastewater
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systems into the dam without control. This anthropogenic activities may affect the metabolic activities
in aquatic ecosystems and the biodiversity of aquatic life.

In many surface water studies, it is stated to domestic and industrial originated bacterial pollution
(Kayis et al., 2017; Hulyar and Altug, 2020). Similarly, total coliform levels in samples obtained from
three ponds of Nigeria were declared to range from 120 to 1200 MPN per 100 mL and the presence of
fecal coliform was reported (Douglas and Isor, 2015). For Karasu River (Sinop, Turkey), the
maximum total and fecal coliform level was reported as 240 MPN/100 mL in June (Avsar, 2018).

In addition to bacteriological load, several papers screened the antibiotic resistance potentials of
bacteria isolated from surface waters (Ozgumus et al., 2007; Toroglu and Toroglu, 2009; Akturk et al.,
2012). As shown in Figure 2, the results of the antibiotic susceptibility test indicated that 100% of the
E. coli strains isolated were resistant to clindamycin, erythromycin, and metronidazole. However,
none of the isolates developed any resistance to 56.25% of standard antibiotics (against cefepime,
cefixime, cefoperazone, ceftizoxime, chloramphenicol, gentamicin, imipenem, meropenem, and
trimethoprim).

100
90
80
70
60
50
40
30
20
10

% Resistance

Tested Standard Antibiotics
Figure 2 Antibiotic susceptibility profiles of E. coli isolates

Among screening 16 standard antibiotics, isolates were determined to be intermediate resistance
against ampicillin (80.95%), cefazolin (66.67%), streptomycin (19.04%), and tetracycline (14.28%).
E. coli ATTC 25922 showed only resistance to clindamycin and metronidazole antibiotics, while it
had the intermediate resistance to erythromycin, ampicillin, and cefazolin. Kurekci et al., (2017) found
that E. coli strains recovered from the Asi River (Turkey) showed resistance against extended-
spectrum B-lactam antibiotics. In coliforms isolated from ten rivers in the northern region of Turkey,
Ozgumus et al., (2009) notified resistance to ampicillin, streptomycin, trimethoprim, tetracycline, and
chloramphenicol in contrast to our susceptibility results. A previous study reported the high coliform
pollution (>1100 MPN/100 mL) in Aksu River, (Turkey) noted that 42.2% of E. coli strains were
resistant against p-lactam antibiotics (Toroglu et al., 2005). Also, Akkan et al., (2019) reported that
TC, FC, and FS rates were determined to 45%, 71.66%, and 56.66%, respectively, in the sixty surface
water samples collected from Yaglidere Stream, thus this situation indicating bacteriological pollution.
The study on the Gram-negative bacteria was isolated from the seawater of Iskenderun Bay showed
that antibiotic resistances of 161 isolates were at high percentages for erythromycin: 94.4%,
ampicillin: 72.7%, streptomycin: 68.3%, cefazolin:64.6%, and carboksipeneme: 57.1% (Akkan et al.,
2011).

This revealed to be the antibiotic resistance 18.75% or 63 cases and intermediary antibiotic
sensitive case (11.30% or 38 cases) of 336 total cases. The recorded MAR index value was 0.187.
Similar to this study result, the low MAR index for E. coli isolates in Kucukcekmece Lagoon
(Istanbul, Turkey) was determined as 0.14 (Kimiran-Erdem et al., 2015). A recent study carried out in
Karasu River; MAR index values of isolated E. coli strains were in range from 0.4-0.7 (Avsar, 2018)
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which these values higher than the result of this study. In a study conducted on the Enterobacteriaceae
isolated from the Giresun coast, the researchers found that 91% of all isolates' multiple antibiotic
resistance (MAR) index values were higher than 0.2 (Akkan and Mutlu, 2016). Matyar et al. (2014)
reported that MAR index ranged from 0.2 to 0.81 for Gram-negative bacteria isolated Seyhan River
and Seyhan Lake Dam.

All E. coli isolates showed high resistance to lead and manganese heavy metal. Tolerance to the
highest MIC of this heavy metal was found as 1600 pg/mL. This value of copper was 400 pg/mL. All
isolates were observed to sensitive against cadmium heavy metal. MHMR index of E. coli strains was
calculated as 0.202. For E. coli ATCC 25922, it was observed to the different tolerance against Pb*?
(25-1600 pg/mL), Cu*? (25-200 pg/mL) and Mn*? (25-1600 pg/mL). Trends in heavy metal resistance
of E .coli strains were Pb=Mn>Cu depending on concentrations. Similarly, Icgen and Yilmaz (2014)
expressed the resistance to heavy metals including Cu*?, Mn*? and Pb*? in Kizilirmak River isolates.
Matyar et al. (2008) found that the heavy metal resistance of Iskenderun Bay (Turkey) isolates was in
the order of Cd>Cu>Pb>Cr>Mn. Similarly, another study of Matyar et al., (2009) showed that the
heavy metal resistance of fish samples collected from Iskenderun Bay were; for gill Cd>Cu>Mn>Cr=
Pb, and for intestine: Cd>Cu>Cr>Mn=Pb. Sipahi et al., (2013) reported that 134 isolates of the
Enterobacteriace were resistant to copper while manganese 61.94% and lead 46.27% were resistant.

Ciftci Turetken et al. (2019) informed the frequency of bacterial antibiotics and heavy metal
resistance and bioindicator bacteria in the water samples taken from Sapanca Lake. They notified that
the highest bacterial resistance was recorded as 88.10% against ampicillin in a total of resistant Gram-
negative strains. The heavy metal resistance against Cu and Cd was detected as 52.38% and 26.19%,
respectively. This result showed that the lowest resistance property was observed against cadmium.
Benhalima et al. (2020) investigated the determination of copper and cadmium concentrations and
heavy metal-resistant bacteria identification in water samples obtained from Seybouse River, Algeria.
The pH of the water samples was alkaline. The MIC value of E. coli KZ1 isolate was determined as
400 pg/mL and 200 pg/mL for copper and cadmium, respectively. Their results are similar to the
results of this study especially in terms of copper value. Maal-Bared et al. (2013) noted that the
distribution of antibiotic-resistant Escherichia coli and E. coli 0157 isolated from water in an
intensive agricultural watershed in Elk Creek, British Columbia. Both E. coli and E. coli 0157 isolates
showed the highest frequency of resistance to tetracycline, ampicillin, streptomycin, respectively.
Their results are similar to the results of this study in terms of ampicillin value. On the other hand,
tetracycline (14.28%) and streptomycin (19.04%) values are not similar. In contrast to the highest
resistance values for tetracycline and streptomycin, the results showed that sensitive values for this
study.

Even though isolated E. coli strains had a low MAR index (0.187), the study findings indicated the
presence of high coliform contamination and fecal pollution in the Seve Dam and Konak Pond water
samples. Multiple antibiotic resistance (MAR) analysis is a practice method performed to differentiate
sources of fecal pollution. In brief, MAR patterns of coliform and/or fecal coliform strains may be
informed of the types (human or animal origin) of pollution in waters. Kimiran Erdem et al. (2015)
reported that the low MAR index was observed in E. coli of animal origin. According to this literature,
it is clear that E .coli contamination in Seve Dam and Konak Pond originated waste of animals on
which antibiotics were seldom or never used. The MHMR index (0.202) of E. coli strains was
remarkably higher than the MAR index value. This MHMR value is indicated that marine
environments such as Seve Dam and Konak Pond may be the discharge point with the heavy metal
load from originated from various industrial facilities. This heavy metal tolerance level of E. coli
isolates is showed that they could be used in bioremediation research of metal-contaminated aquatic
sites.

CONCLUSION

In a conclusion, a high level of MHMR index and high counts of coliform bacteria is indicated that
the Seve Dam and Konak Pond under the influence of human-sourced pollution as a potential reservoir
of animal and industrial wastes. Therefore, the uncontrolled discharges and overloaded into Pond and
Dam should be prevented to provide sustainable usage of these water sources in Kilis, Turkey.
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Ozet

Bu galismada Ozbek-Urla (Izmir)’de dagilim gosteren Avrupa istiridyesinin (Ostrea edulis L. 1758) biiyiime ve yasama
oranlarini belirlemek amaciyla biiylitme sistemlerine yerlestirilmis spatlar incelenmistir. Y1l boyunca su parametrelerinden
sicaklik, tuzluluk, toplam partikiil madde (TPM) (partikiil organik-POM ve partikiil inorganik-PIM) ve klorofil-a degerleri
kaydedilmigtir. Toplam partikiil madde en yiiksek haziran ayinda 34,62 mg/l bulunmustur. Haziran ayinda partikiil madde
icerisindeki inorganik madde oran1 %77,61, organik madde orani ise %22,39 olarak tespit edilmistir. Biiylitme sistemlerine
alinan istiridye yavrular1 boy ortalamalar1 ¢aligmanin baglangicinda 26,39+4,00 mm’den ¢alimanin sonunda 60,84 +10,71
mm’ye ulagmustir. Istiridyelerin yasama oram1 % 61,9 olarak bulunmustur. Yasama orani ile Sicaklik ve PIM arasinda anlamli
negatif korelasyon (sirasiyla 1*=-0,654, r’=-0,644) bulunmustur (p<0,05). Elde edilen yagama ve biiyiime orani sonuglari, bu
bolgenin Ostrea edulis yetistiriciligi igin uygun olabilecegini gostermektedir.

Anahtar Kelimeler: Yasst istiridye, Ostrea edulis, spat, yasama orant, Partikiil inorganik madde
Growth Study of Flat Oyster (Ostrea edulis L. 1758) on the Coasts of Izmir (Ozbek-Urla)
Abstract

European oyster (Ostrea edulis L. 1758) in Uzbek-Urla (Izmir) in this study examined individuals placed in
Augmentation systems to determine the growth and survival rates of their spats. Temperature, salinity, total particulate matter
(TPM) (particulate organic-POM and particulate inorganic-PIM) and chlorophyll-a values were recorded from water
parameters throughout the year. The highest in total particulate matter was found at 34.62 mg/I in June. In June, the ratio of
inorganic matter in particulate matter was 77.61% and the ratio of organic matter was 22.39%. Mean length of Oyster larvae
taken into Augmentation Systems reached from 26.39+4.00 mm at the beginning of the study to 60.84 £10.71 mm at the end
of the study. A significant negative correlation was found between survival rate with temperature and PIM (r2 = -0.654, r2 = -
0.644, respectively) (p <0.05).The survival rate of oysters was found to be 61.9%. The results of the survival and growth rate
obtained indicate that this region may be suitable for the cultivation of Ostrea edulis.

Keywords: flat oyster, Ostrea edulis, spat, survival rate, particulate inorganic matter

GIRIS

Istiridye (Ostrea edulis L. 1758) ¢ok eski donemlerden beri insan gidasi olarak kullanilmaktadr.
Diinyada 2016 yili itibari ile istiridye yetistiriciliginin yaklasik %86’s1 Cin tarafindan
gerceklestirilmektedir (Botta et al. 2020). Ulkemizde istiridye yetistiriciligi heniiz yapilmamakta, 2013
verilerine gore 11,2 ton aveciligl yapilmasina karsin son yillarda istatistiklere yansimis bir veri
bulunmamaktadir (TUTK,2020). Bununla birlikte FAO 2018 diinya toplam istiridye avciligi 147 023
ton (FAO, 2020a), yetistiriciligi 5 994 895 ton iken, yetistiricilik i¢in diinya toplam pazari yaklasik 7,2
milyar dolardir (FAO, 2020b). Istiridye yetistiriciliginde yavru temini hagerilerde larva iiretiminin
maliyetinden dolayr daha cok spat toplama yontemi ile gergeklestirilir (Yigitkurt vd., 2020).
Avrupa’daki en bilyiik iiretici olan Fransa’da 1980°li yillarin sonlarinda Bonamiosis ve Marteliosis
hastaliklart nedeniyle ortaya ¢ikan Sliimler, istiridye stoklarinin tiikenmesine yol agnmistir (Haure vd.,
1998; Da Silva vd., 2005, Lynch vd., 2014). Bu problemle karsilasan Fransa gibi tilkeler istiridye
tretimini devam edebilmek i¢in bu hastaliklara direnci olan uzak dogu kokenli Crassosteria gigas
tiiriindi kiiltiire alinmug, biiyiitme ¢aligmalarinda basar1 saglanmasiyla tiretime gecilmistir (Raillard vd.,
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1993). Uretimin planlanmas1 ve artirilmasi igin kiiltir ortamimda yetistiriciligin yapilmasi
gerekmektedir. Ulkemizin kiyilarinda bulunan O. edulis yerli tiirliniin yasadign ortamda
yetistiriciliginin ilk basamaklari olan biilyiitme denemelerini ger¢eklestirmek amaglanmustir. Boylelikle
iilkemizde de bu tiiriin iiretilebilecegi ortaya konacak ve fikrin ticarilesmesine olanak saglanarak, iilke
ekonomimize yeni bir sektdr kazandirilmasi konusunda dncii olunacaktir.

MATERYAL VE YONTEM

Calisma Izmir’in 40 km batisinda, 38°20'50.8” kuzey; 26°41'09.2" dogu koordinatlarmda bulunan
Utla’ya bagli Ozbek (Izmir) sahilinde gergeklestirilmistir (Sekil.1). Bolge ortalama derinligi Sm olup
dip kisimlar1 kumlu-gakillidir, zeminde deniz ¢ayirlar1 (Posidonia oceanica) mevcuttur.

Ege Denizi

Sekil 1. Caligma alani olan 38°20'50.8" kuzey; 26°41'09.2” dogu koordinatlarinda bulunan
Ozbek-Urla (Izmir, Tiirkiye)

Biiyiitme yapilacak O. edulis spatlar1 Agustos 2013- Kasim 2013 tarihleri arasinda ayni bolgeden
kolektdrlerle temin edilmistir. Istiridye spatlar1 Mart 2014 tarihine kadar Ege Universitesi Su Uriinleri
Fakiiltesi Urla Yerleskesinde bulunan, siirekli su degisimi yapilan 1 tonluk tanklarda adaptasyon igin
bekletilmis, filtrasyon uygulanmadan deniz suyu direk kullanildigi icin 6zel bir beslenme rejimi
uygulanmamustir. Yavru bireyler Ozbek Kiyisinda hazirlanan biiyiitme sistemlerine aktarilmistir. Mart
ile Kasim 2014 aylar1 arasinda biiylime ve yasam oranlar1 takip edilmistir.

Adaptasyon siireci tamamlanan bireylerin dijital kumpasla (Mitutuyo CD15 PK (0,01mm)) boy
Olctimleri yapilmig, hassas terazide (Sartorius GW3202-0CE (0,01 g)) agirliklart alinmistir. Boy
Olgiimlerine gore 3 tekrarli olacak sekilde ortalama 25 mm boy grubu olusturulmustur. Boylanan
bireyleri yerlestirmek i¢in ¢ap1 20 cm, derinligi 5 cm olan, her iki tarafi Smm — 20mm g6z uzunlugu
(birey biyiikligiine gore arttirildi) olan ag ile kapli PVC kasnaklardan biiyiitme sistemleri
hazirlanmistir (Acarli vd., 2011). Her bir diizenek bir iple uzun bir hata baglanmistir. Bu sekilde
olusturulan biiylitme sistemi su yiizeyinden 2 metre derinde kalacak sekilde 10 litrelik samandiralarla
yiizdiiriilmis, 25 kilogramlik batiricilarla kiyidan 50-60 m agiga ve su derinliginin 5-6 metre oldugu
bir alana sabitlenmistir (Sekil 2). Aylik olarak, sistem {izerine yerlestirilmis biiyiitme sepetleri kiyiya
getirilmig, firca yardimiyla sepetler ve bireyler iizerindeki fouling organizmalar temizlenmis,
bireylerin boy (Mitutuyo CD15 PK (0,01mm) (anterior-posterior) ve agirlik (Sartorius GW3202-0CE
(0,01 g) 6lgtimleri alinarak sepetler tekrar sistem {izerine baglanmigtir.
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Sekil 2. O. edulis bireylerinin yerlestirildigin biiyiitme sistemi semasi

Calisma alaninda aylik olarak su parametrelerinden sicaklik (°C), tuzluluk (%o), toplam partikiil
madde miktar1 (TPM), partikiil organik madde miktar1 (POM), partikiil inorganik madde miktari
(PIM) ve klorofil-a (pg/l) degerleri takip edilmistir (Strickland & Parsons 1972). Sicaklik cival
termometre ile yiizeyden Ol¢iilmiistiir. Tuzluluk miktar1 Mohr-Knudsen yontemi ile tespit edilmistir
(Egemen ve Sunlu 1996). TPM, POM, PIM ve klorofil-a degetleri Strickland ve Parsons (1974)
yontemine gore belirlenmistir.

Boy 6l¢iimlerinden elde edilen verilerle Spesifik Biiylime Orani (SBO) hesaplanmustir.

SBO= Ln (L-Lo).t* (Clausen ve Riisgard 1996).

Lt: t zamandaki boy

Lo: Baslangi¢ boyu

t*: Zaman

Istatistik analiz olarak aylik ortalama agirlik ve boy verilerinin arasindaki farkliligin tespiti igin tek
yonlii varyans analizi yapilmistir. Boy ile agirlik arasindaki iliskiyi ayrica sicaklik, tuzluluk, TPM,
PIM ve POM degerlerinin biiyiime ve yasama orani arasindaki iliskiyi belirlemek igin verilerin normal
dagilimma Kolmogorov-Smirnov testi ile bakildiktan sonra Pearson korelasyon analizi yapilmistir.
Yapilan testler igin segilen giiven araligi %95 ve anlamlilik diizeyi p<0,05 dir. Istatistik analizleri igin
SPSS (Versiyon 25), tanmimlayici istatistikler igin MS Office Excel (Versiyon 2016) programi
kullanilmugtir.

BULGULAR

Caligma siiresince aylik olarak yapilan 6lglimlerde en diisiik su sicakligi Aralik ayinda 16,1 °C, en
yiiksek su sicakligi ise Eyliil ayinda 28,6 °C olarak kaydedilmistir (Sekil 3a). En diigiik tuzluluk degeri
Haziran ve Mart aylarinda %o 36,2 iken, en yiiksek tuzluluk degeri ise Eyliil ayinda %o 39,19 olarak
Olctilmiigtiir.

TPM degerleri Mart (20,05 mg/l), Haziran (34,62 mg/l), Ekim (20,85 mg/l) ve Aralik aylar1 (9
mg/l) olmak {izere dort kez artig gostermistir. TPM miktart Mayis (5,16 mg/l) ve Kasim (2,93 mg/1)
aylarinda en diisiik degerlerdedir. POM degerleri Haziran (7,75 mg/l) ve Ekim (4,57 mg/1) aylarinda
yiikselme gosterirken, PIM degerleri Mart (16,3 mg/1), Haziran (26,87 mg/1), Eyliil (13,1 mg/l), Ekim
(16,28 mg/l) ve Aralik (7,95 mg/l) aylarinda fazla artis ortaya koymustur (Sekil 4). Klorofil-a en
yiiksek Ekim ayinda 7,75 pg/l, en diisiik ise Nisan ayinda 0,51 ng/l olarak tespit edilmistir (Sekil 3b).
Calisma boyunca ortalama klorofil-a degeri 2,14+2,3 olarak hesaplanmustir.
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Sekil 3. Biiyiime denemelerinin yapildigi Ozbek-Urla (Izmir) kiyisinda a) aylik olarak &lgiilen yiizey su

sicakliklari (°C) ve tuzluluk degisimi (%o), b) aylik olarak 6lgiilen partikiil madde miktarlar1 (mg/l) ve
klorofil-a (ug/1) degerleri

Istiridye yavrularinin ortalama boyu baslangicta 25+4,0 mm iken, ¢alisma sonunda 60,84 +10,71
mm degerine ulagmistir (Sekil 4a). Calisma basginda ortalama agirlik 2,14 +0,81 g olarak odlgiiliirken,
calisma sonunda 21,76 +7,27 g olmustur (Sekil 4b). Istiridye yavrularinin aylik olarak boy ve agirlik
artiglart istatistiksel olarak anlamli bulunmustur (p<0,05). Boy ile agirlik arasinda ¢ok yiiksek bir
korelasyon (r* = 0,905) bulunmaktadir (p<0,05).

Calismanin baglarinda %95 gibi yiliksek bir degerde seyreden yasama orani su sicakliginin
artmastyla diismeye baslamigtir. Bununla birlikte Nisan, Agustos, Kasim ve Aralik aylarinda 6liim
goriilmemistir. Caligma sonunda yasama orani %61,9 olarak bulunmustur (Sekil 4c).
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Sekil 4. Bilyiime denemelerinin yapildigi Ozbek-Urla (Izmir) kiyisinda aylik a) istiridye yavrularinin
ortalama boy degerleri, b) istiridye yavrularinin ortalama agirlik degerleri, c) istiridye yavrularinin
yasama orani (%) degerleri

En yiiksek spesifik bilyiime oranini (SBO) Mart aymda ‘0,54’ olarak ve Nisan aymda ise ‘0,74’
olarak saptanmig, Haziran aymda ise 6nemli bir diisiis gosterdigi tespit edilmistir. Ekim ayna kadar
diismeye devam eden SBO Kasim ve Aralik aylarinda yiikselmeye baglamistir (Sekil 5). Ortalama
SBO degeri 0,33 +0,22 olarak bulunmustur.
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Sekil 5. Boy ortalamalarindan hesaplanan Spesifik Bityiime Orani (SBO) degisimi

Spesifik biiylime oran1 (SBO) ile diger parametreler arasinda anlamli bir korelasyon bulunmamigtir
(p>0,05). Yasama orani ile sicaklik ve PIM arasinda ise anlamli bir negatif korelasyon (sirastyla r*=-
0,654, r’=-0,644) bulunmustur (p<0,05). TPM, PIM ve POM arasinda istatistiksel olarak anlamli
pozitif korelasyon tespit edilmistir (Tablo 1).

TARTISMA VE SONUC

Bivalve tiirlerinin yetistiricilik caligmalar1 sirasinda ¢evresel faktorler (yani sicaklik, tuzluluk,
ortamda bulunan besinin bollugu), tercih edilen kiiltiir sistemi, ve iglem sirasindaki stres (elleme) gibi
etkenlere bagli olarak bireylerin hayatta kalmasi iizerine dogrudan etkilidir (Lok vd., 2006, Lok vd.,
2007; Vural vd., 2015). Yapilan bu ¢alismada istiridyelerin yasama orani %61,9 olarak bulunmustur.
Calisma alaninda yaz aylarinda goriilen yiiksek sicaklik (28,6°C) istiridye yavrulart yasama orani
iizerinde olumsuz bir etkisi oldugunu géstermektedir. izmir Mersin Kérfezi’nde yapilan bir ¢alismada
(Acarli vd., 2011) odlgiilen maksimum sicaklik 24,5 °C olmasina ragmen yasama oraninin %51 de
kalmasi, yasama oranmi diigiiren faktoriin sadece yiiksek sicaklik olmadigini bildirmislerdir. Ayni
sekilde Fransa Thau da yapilan caliymada (Paquotte ve Vioriceau, 1987) 6-26,5°C arasindaki
sicaklikta %90°1ik yiiksek bir yasama oran1 bulunmustur. Bu ¢alismada ise 28,6°C deniz suyu sicakligt
yasama oranini istatistiksel olarak diisiirdiigii ortaya ¢ikarmistir.

Klorofil-a en yiiksek Ekim ayinda 7,75 pg/l, en diisiik ise Nisan ayinda 0,51 pg/l olarak tespit
edilmistir. En yiiksek SBO degeri Mart aymnda ‘0,54’ olarak ve Nisan aymda ise ‘0,74’ olarak
saptanmigtir. Ortalama SBO degeri 0,33 +0,22 olarak bulunmustur. Bu galismada klorofil-a degeri ile
yasama orani ve spesifik bilylime orani arasinda anlamli bir korelasyon bulunmamistir. Bununla
birlikte ¢aligma alanindaki klorofil-a degerlerinin Akdeniz’de yiiriitiilmiis ¢aligmalarla (Sawusdee vd.,
2015, Robert vd., 1990, Vural vd., 2015) yakin oldugu 6zellikle minimum degerinin neredeyse tiim
caligmalarda ayni oldugu goriilmektedir. Bu sonug istiridyelerin yasama ve biiyiime icin ihtiyag
duydugu besini bu ¢aligma alaninda da karsilayabilecegini gostermektedir.

Yiiksek yogunlukta askida partikiil inorganik madde, istiridyelerin filtrasyon oranlarmi ve
biiyiimesini engeller (Preston ve Jones 1998). Celik vd. (2013) O. edulis tiriiniin yetistiriciliginde
biiyiimesi ve yasama orani iizerinde gevresel faktdrlerin etkili oldugunu bildirmisler. Caliymada PIM
ile yasama orani arasinda ters iligki oldugunu ve ¢alisma alaninda 3,25 mg/1 ile 8,25 mg/l arasinda
degisim gosterdiginden bahsetmislerdir. Toro vd (1995) O. chilensis tiiriiniin yasama oranin1 %71,8
olarak tespit etmis ve diisiik tuzlulukla birlikte yiiksek konsantrasyonda PIM miktarinin etkili
oldugunu bildirmislerdir. TPM degeri en yiiksek haziran ayinda 34,62 mg/l bulunmustur. Haziran
ayinda partikiil madde icerisindeki inorganik madde oran1 %77,61, organik madde orani ise %22,39
olarak tespit edilmistir. TPM miktarinda kaydedilen yiiksek degerlerin, PIM miktarlarindaki gériilen
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artiglardan kaynaklanmaktadir. Bu artig biiylimeyi etkilemese de yasama oranmi distrdigi
goriilmektedir.

Yasama orani ile sicaklik arasinda bulunan negatif korelasyon hesaplanmigtir. Bunun anlami
yiiksek sicakliklarda yasama oraninin azaldigin gostermektedir. Ayn1 zaman da PIM ile yasama orani
arasinda da negatif korelasyon hesaplanmistir. PIM degerinin yiikseldigi aylarda yasama oraninin
diistiigii tespit edilmistir. Klorofil degerlerinin yiikselmesi ile yagama orani arasinda istatistiksel olarak
anlamli bir iligki bulunamamistir.

Biiyiitme sistemlerine alinan istiridye spatlarinin boy ortalamalart g¢alismanin baslangicinda
26,39+4,00 mm’den calismanmn sonunda 60,84 +10,71 mm’ye ulasmustir. Acarli et al. (2011) izmir
Mersin korfezinde yiirlitmiis olduklar1 ¢aligmalarinda istiridye yavrularmin 10 ayda ortalama boy
degerini 58,01+5,05 mm olarak bildirmiglerdir. ~Fransa’nin Archachon ve Thau dalyanlarinda
yiiriitiilen istiridye yavru biiyiitme ¢aligmalarinda elde edilen degerler sirasiyla 64 mm ve 71 mm
olarak bildirmiglerdir (Robert vd., 1991, Paquotte ve Vioriceau, 1987). Bu c¢aligma ile
karsilagtirildiginda elde edilen sonuglar diger arastirmacilar ile paralellik gostermektedir.

Sonug olarak diinyada 7,2 milyar dolarlik yetistiricilik pazari olan istiridye kiiltiiriiniin {ilkemizde
de yapildig: takdirde ekonomik bir girdi saglayacagi ortadadir. Bu ve benzer ¢aligmalar yetistiricilik
icin 6n ¢aligmalardir ve ilerde yapilmasi kaginilmaz yetistiricilik faaliyetleri igin yol gostericidir.
Ozellikle cift kabuklu yavru iiretim ¢alismalarinin diger tiirlerde de artarak devam etmesi ve farkl gift
kabuklu tiirlerinin de yetistiricilik faaliyetleri arasina alinmasi gerekmektedir. Elde edilen yasama ve
biiyime orani sonuglari, bu bolgenin yassi istiridye O. edulis yetistiriciligi i¢in uygun olabilecegini
gostermektedir. Ancak daha ileri diizeyde arastirmalarla yetistiricilik imkanlarinin ortaya ¢ikarilmasi
gerektigi sonucuna varilmistir.
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Abstract

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

Keywords: Kig1 Dam Lake, species distribution, zooplankton.

INTRODUCTION

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

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

MATERIAL and METHODS

Kig1 Dam Lake was built on Peri Stream between 1997 and 2003. The maximum water capacity is
507.55 hm3 and has surface area 8.35 km2 and maximum depth of 168 m (Simsek, 2016) (Figure.1). The
species were identified according to Edmondson (1959), Flossner (1972), Ruttner-Kolisko (1974),
Kiefer (1978), Koste (1978), Negrea (1983), Segers (1995), and Einsle (1996).

Figurel. Stations of Kig1 Dam Lake
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RESULTS

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

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

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

Autumn Winter Spring Summer
\Water temperature (C) 16 7.2 17.2 225
pH 7.0 6.8 6.9 7.3
D.O (mgL-1) 6.2 7.3 6.0 5.2
DISCUSSION

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

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

Bu ¢alisma, Egirdir Golii’'nde yasayan Astacus leptodactylus tiiriinde mide sindirim enzim aktiviteleri tizerine (proteaz a-
amilaz ve lipaz) mevsim ve eseyin etkisini aragtirmak amaciyla olusturulmustur. Bu amagla kerevitler 1 yilda 4 mevsim olarak
Egirdir Golii’nden avlandi. Tlkbahar mevsiminde kerevitlerin pinterlere girmemesi nedeniyle 6rnekleme yapilamadi. Bu nedenle,
sonuglar li¢ mevsim (sonbahar, ki, yaz) ve eseyler lizerinden faktoriyel diizeyinde varyans analizi ile degerlendirildi. Bulgular,
esey ve mevsim faktorlerinin kerevitlerin midesindeki proteaz ve lipaz aktivitesini dnemli diizeyde etkiledigini (p<0,05), a-
amilaz aktivitesinde ise istatistiksel olarak Onemli diizeyde etkili olmadigin1 gosterdi (p>0,05). Bulgular ayrica,
kerevitlerin,proteaz enzim aktivitesinin sonbahar ve kigin, lipaz enzim aktivitesinin ise kigin eseyler arasi donemli degisim
gosterdigini ortaya ¢ikardi (p<0,05).

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

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

Abstract

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

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

Astacus leptodactylus, diinyada Tiirk 1stakozu (kerevit) olarak da bilinen (Koksal,1988) ve iilkemiz
icsularinda dogal olarak bulunan bir decapoda (on ayakli) tiiriidiir. Astacus ekonomik degeri yiiksek
kabuklu tiirlerinden biridir (Bolat, 2001). Kerevit 1986 yili dncesi 6zellikle Egirdir Goli balikgilariim
baslica gelir kaynagi iken bu tiiriin daha sonra gerek asirt avcilik ve gerekse hastalik nedeniyle
popiilasyonu azalmistir (Koksal, 1988; Ackefors, 2000; Bolat, 2001; Harlioglu ve Aksu 2002; Harlioglu
ve Mise 2007; Bilgin vd., 2008).
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MATERYAL ve YONTEM

Bu ¢alisgmada, Ekim 2014 ile Haziran 2015 tarihleri arasinda Egirdir Go6lii'nde kerevit (10-15 cm)
aveiligr gerceklestirilmistir. Avcilikta kerevit pinterleri kullanilmig, 6rneklemeler mevsimsel olarak
yapilnustir. {lkbahar mevsiminde, kerevitlerin pinterlere girmemesi nedeniyle drnekleme yapilamanustir.
Enzim aktivite analizler

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

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

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

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

Esey/Mevsim Sonbahar Kis Yaz
Disi 30,013+ 0,0011° 0,007 + 0,0006” 0,003 + 0,0010°
Erkek 20,013 + 0,0035° £0,022 + 0,0026a 0,006+ 0,0006°

Lipaz aktivitesi erkek kerevitlerde sonbahar mevsiminden ki mevsimine kadar artan ve kig
mevsiminden yaz mevsimine kadar azalan bir grafik olusturmus, disi bireylerde ise sonbahar
mevsiminden yaz mevsimine kadar azalan bir grafik olusmustur (Sekil 3).
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Sekil 3. Kerevit midesinde farkli mevsimlerdeki lipaz aktivitesi (U/mg protein)

TARTISMA ve SONUC

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

Ayrica, maksimum enzim aktivitesini belirleyebilmek igin; farkli pH, sicaklik ve reaksiyon
stirelerinde denemeler yapilmasi da énemli tagimaktadir.........
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