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RESEARCH ARTICLE ARASTIRMA MAKALESI

Population parameters of the pontic shad, Alosa immaculata Bennett, 1835
in the Fatsa coast of the south-eastern Black Sea

Glney-dogu Karadeniz'in Fatsa kiyilarinda tirsi baliginin, Alosa immaculata
Bennett, 1835 populasyon parametreleri
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Abstract: The aim of this study is to estimate population parameters of pontic shad, Alosa immaculata Bennett, 1835 in the Fatsa coast of the south-eastern
Black Sea. A total of 314 pontic shad specimens were collected from study area using artisanal fishing gears from March 2013 to February 2014. In the
study, parameters of the von Bertalanffy growth equation were found as L-=43.05 cm; k=0.430 per year and t=-0.451 year. The growth performance index
(9') was estimated as 2.90. The total mortality (), natural mortality (M), fishing mortality rates (F) were calculated as 1.33 year?, 0.75 yeartand 0.58 year?,
respectively. The annual instantaneous fishing mortality rate was greater than both the target (Fon=0.375 year?) and limit (Fim=0.50 year?) biological
reference points. Similarly, the present level of exploitation rate (E=0.43) was higher than the exploitation ratio for maximum yield per recruit (Emax=0.375)
suggesting that overexploitation occurred. These results showed that this species has been over-exploited in the Fatsa coast of the south-eastern Black
Sea. Measures should be taken to reduce the current exploitation rate for sustainable fishing of pontic shad in the Fatsa coast of the south-eastern Black Sea.

Keywords: Black Sea, pontic shad, Alosa immaculata, growth, mortality, exploitation

Oz: Bu caligmanin amaci, Giiney-dogu Karadeniz'in Fatsa kiyilarinda tirsi baligi Alosa immaculata Bennett, 1835'nin popiilasyon parametrelerini
belirlemektir. Geleneksel uzatma aglari kullanilarak, Mart 2013 ile Subat 2013 tarihleri arasinda yapilan érnekleme avciligi calismalarinda toplam 314 tirsi
baligi yakalanmistir. Calismada, von Bertalanffy biylime denkleminin parametreleri L-=43,05 cm, k=0,430 yil1 ve t=-0,451 yil olarak bulunmustur. Bliylime
performans indeksi ise (§') 2,90 olarak hesaplanmistir. Toplam 6liim (Z), dogal 6lim (M) ve balikgilik éltimi (F) oranlari sirasiyla 1,33 yil, 0,75 yilt ve 0,58
yilt olarak tahmin edilmistir. Yillik anlik balikgilik élimi orani, hem optimum balikgilik dlimi orani (Fop=0,375 yilt) hem de limit (Fimi=0,50 yil%) biyolojik
referans noktalarindan daha yiiksek bulunmustur. Mevcut sémiirilme orani (E=0,43), stoka katilim basina diisen maksimum verim igin hesaplanan
maksimum sémiirilme oranindan (Emax=0,375) daha yiiksektir. Bu sonuglar, tirsi baliginin Gliney-dogu Karadeniz'in Fatsa kiyilarinda asiri av baskisi altinda
oldugunu géstermektedir. Tirsi baliginin siirdirlebilir aveiligr igin meveut somiirii oranini azaltacak énlemler alinmalidir.

Anahtar kelimeler: Karadeniz, tirsi, Alosa immaculata, bliylime, 6lim orani, sémiiriiime

INTRODUCTION Pontic shad is a fish species that lives scattered in mid-

In Black Sea including the Sea of Azov, three shad August until December, Turkey's Black Sea waters. They are

species of the genus Alosa are known: Pontic shad, Alosa
immaculata Bennett, 1835; Caspian shad, Alosa tanaica
Grimm, 1901 and Black Sea shad Alosa maeotica Grimm, 3500
1901 (Tiganov et al., 2013). The Pontic shad, Alosa 3000
immaculata Bennet, 1835 is the largest species of the family
Clupeidae in the Black Sea. It is an anadromous fish species
which inhabits Black Sea and Azov Sea, and for spawning
enters the big rivers (Navodaru, 2001; Visnjic-Jeftic et al., 1500
2013; Raikova-Petrova, 2013; Rozdina et al., 2015; Lenhardt 1000
et al., 2016). Pontic shad is an endemic fish species for the
Black Sea (Turan et al., 2015) and it is found off the coasts of
the Black Sea and the Marmara Sea in Turkey (Turan et al., 0
2007). According to TUIK data, the total catches of Alosa
SPECIes C?“g,h‘ from Turkish waters between 2009 and 2018 Figure 1. Total catches of Alosa species caught from Turkish seas
are seen in Figure 1. between 2009 and 2018 (Ton)
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usually fished with midwater trawl, purse seine and gillnets
(Erguden, 2007; Ozdemir et al., 2010; Tiganov et al., 2016).
The meat has a high fat content and is a good source of
nutrients. Therefore, consumption is particularly recommended.
Although the meat of this species is excessively bony, it is a very
tasty (Polat and Ergun, 2008).

This species migrates upriver to spawn at 3 years, rarely
earlier and only a few individuals spawn two seasons. It appears
along coast in March-April, enters rivers when temperatures
reach about 6-9°C, between late March and late April. Migration
usually peaks in May. Spawning starts when temperature rises
above 15°C, in April-August. Spent individuals migrate back to
sea to feed. Juveniles inhabit floodplain and shallow riverine
habitats, migrate to the sea or estuarine habitats during first
summer; in autumn, they move to the sea, remaining there until
they mature. At sea, feeds on a wide variety of zooplankton
(especially crustaceans) and small fish. Impoundment of main
rivers (all happened more than 10 years ago) has significantly
reduced available spawning sites and migration routes. The
current threat to the species is overfishing, at sea and in the rivers
during the migration runs, which is causing a population decline
of unknown levels (Freyhof and Kottelat, 2008).

In IUCN (2018) reported that pontic shad is a vulnerable fish
species. Overfishing is the major current threat to the species. It
is caught both at sea and in the lower courses of rivers during the
migration. Dam construction in the Black Sea basin (over 10
years ago) has led to the loss of large areas of spawning
grounds.

The sustainable exploitation of this commercial fish species
requires detailed study of the population and mortality parameters
of populations. The species has been regularly studied on the

|
N41°09"

o

g

N4;1°03!

E 37°33'

Turkish coast of the Black Sea (Samsun, 1995; Ozdamar, 1995;
Kalayci et al., 2007; Erguden et al., 2007; Yilmaz and Polat,
2011; Samsun et al., 2017). In this study, population parameters
such as the growth, mortality and exploitation rate for pontic shad
caught from the Fatsa coasts of the south-eastern Black Sea
were investigated.

MATERIALS AND METHODS
Study area

The study was carried out in Fatsa (Ordu) coast of Black Sea
(Figure 2). Pontic shad specimens were monthly collected by
using multifilament gillnets with mesh sizes of 32, 34, 36 and 38
mm, from March 2013 to February 2014. The fishing experiments
were conducted three times for each month except for July and
August. In July and August, fishing experiments could not be
conducted due to in maintenance of fishing boat. During the
sampling, the total length (L) of each specimen collected was
measured.

Data analysis

For data analysis was used software package FiSAT Il (FAO
- ICLARM Stock Assessment Tool) based on length frequency
distribution (Gayanilo et al., 2003).

The estimation of the growth parameters

The growth parameters (L-, k) were estimated by the length
frequency analysis using the ELEFAN model implemented by the
FiSAT Il program (Gayanilo et al., 2005). The theoretical age at
birth (o) was calculated using the empirical formula (Pauly,
1979):

BLACK SEA ~ 7~

E 37°39! £ 37°45

Figure 2. Study area
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Log(-t0)=-0.3922 - 0.275*Log1o(L=) - 1.038*Logo (k). The
general equation of the increase in length as a function of age
(Von Bertalanffy) is: Li=Le+[1-e )],

Where; Lt = length at age t, L~ = the asymptotic length of
fish; k = curvature parameter that determines how fast the fish
approaching to Leo; to= the theoretical age at which the fish
length is 0.

The growth performance index was calculated from the
below expressed equation:

(®') =2*Log (L) + Log (K) (Munro and Pauly, 1983).
The mortality

The estimation of mortality rates represent an important
component of fisheries management. Total mortality (Z) was
computed using the length converted catch curve analysis
method in FiSAT Il computer software package. The natural
mortality (M) was estimated by the Pauly's empirical formula,
using a mean surface temperature (T). Water temperature
was monthly measured using thermometer and determine as
17.7 °C. Log M = -0.0066 - 0.279*Log (L) + 0.6543*Log (k)
+ 0.4634*Log (T) (Pauly, 1980). Where; M is the natural
mortality, L is the asymptotic length, T is the mean surface
temperature and k refers to the growth rate coefficient of the
VBGF. Fishing mortality (F) was calculated using the
relationship: F=Z-M (Gulland, 1971), where; Z is the total
mortality, F is the fishing mortality and M is the natural
mortality. The exploitation level (E) was obtained using the
relationship: E=F/Z (Gulland, 1971). Fishing mortality rate
with target (Fopt) and limit (Fimi) biological reference points
were estimated by formula of Patterson (1992): Fop=0.5M
and Fimi=2/3M.

Probabilty of capture

The ascending left arm of the length converted catch
curve incorporated in FISAT Il tool was used to estimate the
probability of length at first capture (Lc) in addition to the
length at both 25 and 75 captures which corresponded to the
cumulative probability at 25% and 75% respectively. The
probability of capture gives clear idea about the estimate of
the real size of the fish in the fishing area that is being caught
by specific gear. It is an important tool for fisheries managers
in sustainably managing a target fishery, because it helps
would be managers determining the minimum mesh size of a
fishing fleet.

Length at recruitment (Lr) and Length at first capture
(Lc)

Length at recruitment (Lr) was estimated also in the same
manner by applying the growth equation of Von Bertalanffy: Lr
= = L -k¥(L»-L)/Z. Where; L' is the length for which all fish of
that length and longer are under full exploitation, L™ is the
mean length and Z is the instantaneous total mortality
coefficient. Length at first capture (Lc) was investigated from
the equation of Beverton and Holt (1956) which applies the

growth constants of Von Bertalanffy: Lc =L -k (L« - L)/ Z
Where; L is the mean length of the catch, k and L- are the
constants of Von Bertalanffy equation and Z is the
instantaneous total mortality coefficient.

Relative yield per recruit (Y/R) and relative biomass
per recruit (B'/R)

Relative yield per recruit (Y/R) was based on the Beverton
and Holt model (1966). The relative biomass per recruit (B'/R)
was estimated as B/ R=(Y'/R)/F. Emax depicts exploitation rate
producing maximum yield. Eo. highlighting exploitation rate at
which the marginal increase of Y'/R is 10% of its virgin stock
with Eos implying exploitation rate under which the stock is
reduced to half its virgin biomass were computed using the
procedure incorporated using the Knife-edge option fitted in
the FISAT Il Tool. The length frequency data were pooled into
groups with 1cm length intervals. Then the data was analyzed
using the FiSAT II (FAO-ICLARM Stock Assessment Tools)
software (Gayanilo et al., 1993).

RESULTS

Growth parameters

A total of 314 pontic shad were collected during the
sampling studies. The total lengths of the fish studied were
between 13 and 41 cm, with an average value of 30.5 cm.

Table 1. Mean, minimum and maximum total lengths (L) of pontic
shads collected from study area (N: Fish number, SD:
Standard Deviation)

Month N L SD min. max.
March 2013 68 29.5 5.7 13.0 37.0
April 30 34.0 27 280 38.0
May 8 30.1 29 270 35.0
January 8 321 30 290 38.0
September 20 29.5 3.8 26.0 39.0
October 82 31.2 4.1 19.0 41.0
November 30 30.7 2.8 26.0 36.0
December 17 29.8 3.0 26.0 34.0
January 2014 27 28.6 30 235 335
February 24 29.6 55 210 41.0
Total 314 30.5 44 130 41.0

The L~ and k were estimated as 43.05 cm and 0.430 year!
from length frequency data using ELEFAN | by FiSAT II
software (Figure 3). Since very few pontic shads were caught
in some sampling periods, the data were seasonally
evaluated. Then, the to was calculated as -0.451 year using
the empirical formula.

The von Bertalanffy growth function fitted to size-at age
relationship for pontic shad in the Fatsa coast of the south-
eastern Black Sea was shown in Figure 4. The growth
performance was calculated as ¢'=2.90 from L, k and mean
annual water temperature (17.7 °C).
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Figure 3. Restructured Length frequency distribution output from
FiSAT Il with superimposed growth curves (Dark bars=
actual frequency bars & White bars=reconstructed bars)
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Figure 4. The von Bertalanffy growth function fitted to size-at age
relationship for pontic shad in the Fatsa coasts of the
south-eastern Black Sea

Mortality coefficients and current exploitation rate

The instantaneous rate of natural mortality (M) was
estimated to be 0.75 year! by using Pauly (1980)'s empirical
formula, with an average temperature of 17.7 °C. A length-
converted catch curve (Figure 5) was utilized for the
calculation of the instantaneous total mortality at Z=1.33
(0.88-1.79) year. The fishing mortality (F) was estimated to
be 0.58 year! which was much greater than both the target
(Fop=0.375 year?) and limit (Fimt=0.50 year?) biological
reference points. The exploitation rate (E) was estimated to
be 0.43 year.

Length-Converted Catch Curve
(for Z=1,33; M (at 17,7°C)=0,75; F=0,58; E=0,43)

In(Mrdt)

1,0

1 1
1 EP_IJ 2,0 4,0 5,0
Relative age (years-t0)

Figure 5. FiSAT Il output of linearized length-converted catch curve
for pontic shad in Fatsa coast of the south-eastern Black
Sea (Yellow and white dots were not used in calculations)

Length at first capture (Lc)

The typical selectivity for pontic shad caught in the Fatsa
coast of the south-eastern Black Sea showed that at least
25% of fish of 26.93 cm, 50% of the fish of 29.53 cm and 75%
of all fish of 32.13 cm total length were caught by gillnets (Figure
6). The midpoint of lower length classes in the sampled data
was used as a length at recruitment which is 20.8 cm. The
length at first capture (Lc) was adopted as 26.4 cm.
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Figure 6. Estimated probability of capture by length of pontic shad
caught from the Fatsa coast of the south-eastern Black
Sea

FiSAT Il output of the probability of capture for pontic
shad in the fisheries waters of Fatsa coast of the south-
eastern Black Sea (0.25, 0.50 and 0.75 relates to 25%, 50%
and 75% respectively)

Relative yield per recruit (Y'/R)

The Beverton and Holt relative yield per recruit model in
Figure 7 showed that the indices for sustainable yield were
0.244 for optimum sustainable yield (Eos), 0.375 for the
maximum sustainable yield (Emax) and 0.307 for economic
yield target (Eos). The current exploitation rate was estimated
0.43 from the analysis of mortality rates, which was already
above the maximum, optimum and economic yield indices.
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Figure 7. Beverton and Holt's relative yield per recruit and average
biomass per recruit models, showing levels of yield
indices for pontic shad in the Fatsa coast of the south-
eastern Black Sea (Red dashes=Eo.1, Green dashes=Eos
and Yellow dashes=Emax)
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DISCUSSION

Maximum length of pontic shad was determined as 41 cm
in the south-eastern coast of the Black Sea which was slightly
larger than the values reported by Yiimaz and Polat (2011),
Samsun (1995), Ozdamar (1995), Kalayci et al. (2007),
Ozdemir et al. (2010), Yankova et al. (2011), Ozdemir and
Duyar (2013) in the Black Sea and by Ibanescu et al. (2017)
in the Romanian section of the Danube river and Rozdina et
al. (2013) in the Bulgarian sector of the Danube.

The growth parameters L, k and to are constants in an
equation we can predict the fish body size when it reaches a
certain age. The asymptotic length (L~-=43.05 cm) and the
growth coefficient k (0.430 year?) of the pontic shad were
close to the values reported in the some studies. For
example, the L- and k were found to be L»=40.06 cm, k=0.32
year! in the Turkish coast of the Black sea (Ozdemir et al.,
2018), L»=40.43 cm, k=0.380 year! in the Romanian section
of the Danube river (Ibanescu et al., 2017), L»=35.7 cm,
k=0.493 year! in the Bulgarian sector of the Danube river
(Rozdina et al., 2013), L»=57.38 cm, k=0.1067 year?! in the
Danube river (Kolarov, 1980), L»=40.43 c¢m, k=0.27 year! in
the Black Sea (Kolarov, 1983). In the present study, the phi-
prime index (®') of Munro was calculated as 2.90. This value
is higher than values reported in the Romanian section of the
Danube river (Ibanescu et al., 2017), Bulgarian sector of the
Danube river (Rozdina et al, 2013), the Danube river
(Kolarov, 1980) and Black Sea (Kolarov, 1983). These
comparisons show that the pontic shad grow faster in the
Fatsa coast than in some other regions of the Black sea and
the Danube river.

The growth difference among different populations of the
same species may be due to environmental conditions, gonad
development and reproduction period (Bagenal and Tesch,
1978), as well as sampling site, sampling time, characteristics
of sampling nets and sampling methods (Tirasin, 1993). For
example, our research area and Samsun coasts are very
close each other. However, the results show significant
differences. Probably, this difference may be due to the
sampling method. While the samples of our study were
collected with gillnets, Ozdemir et al. (2018) investigated
samples collected by midwater trawl from the Samsun coastal
areas in 2011-2012.

Morphometric and meristic structure of Black Sea Shad
populations sampled from Marmara Sea (Adalar) and Black
Sea (Sile, Sinop, Samsun, Trabzon) were investigated by
Turan et al. (2010). According to the results of that study,
Trabzon and Sinop populations were different morphologically
from other populations and from each other. It is thought that
these differences may be due to the geographical location of
the rivers preferred by the populations. In this study, it is
stated that populations move away from each other with
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Abstract: The potential toxic effects of mancozeb exposure on some antioxidant enzyme were investigated on heart tissue of zebrafish in this study.
Zebrafish groups were exposed to different doses of mancozeb (Group A: 5 mgL-! and Group B: 7.5 mgL-1) for 120 hours. In this study, catalase (CAT)
activity, malondialdehyde (MDA) level and total protein (TP) level were determined with spectrophotometer. Our results showed that CAT activity was found
2.541+0.771 mg Lt in A group and 2.011+0.201 mg L% in B group in this study. CAT and MDA activity levels decreased in the experiment group according
to control group. MDA levels were found 0.025+0.003 mg L1 in A group and 0.025+0.003 mg L in B group. TP levels were found 9.75+1.51 mg L1 in A
group and 10.18+0.32 mg L in B group. TP levels increased in the all experiment groups according to control group. We observed that the changes in the
CAT activity and MDA levels were time and as well as mancozeb dose dependent. As a result, mancozeb is a very toxic substance for zebrafish and other
aquatic organisms.

Keywords: Mancozeb, oxidative stress, catalase, malondialdehyde, zebrafish

Oz: Bu calismada, zebra baligi kalp dokusunda mancozeb'in bazi antioksidan enzimler iizerindeki potansiyel toksik etkileri aragtiriimigtir. Zebra baligi
gruplari, 120 saat boyunca farkli dozlarda mancozeb (Grup A: 5 mg L ve Grup B: 7,5 mg L) maruz birakildi. Bu ¢alismada, katalaz (CAT) aktivitesi,
malondialdehit (MDA) ve total protein (TP) seviyeleri spektrofotometre ile belirlenmistir. Elde ettigimiz sonuglar CAT aktivitesinin ve MDA seviyesinin tim
deney gruplarinda azaldigini gosterdi. Bu calismada CAT aktivitesi A grubunda 2,541+0,771 mg L?, B grubunda ise 2,011+0,201 mg L olarak
bulunmustur. CAT ve MDA aktiviteleri tim deney gruplarinda kontrol grubuna gére azalmistir. MDA seviyeleri A grubunda 0,025+0,003 mg L ve B
grubunda 0,025+0,003 mg L olarak bulunmustur. TP seviyeleri A grubunda 9,75+1,51 mg L, B grubunda ise 10,18+0,32 mg L* olarak bulunmustur.
Deney grubunda TP diizeyi kontrol grubuna gére artmistir. CAT aktivitesi ve MDA seviyelerindeki degisikliklerin deney siiresine ve mancozeb dozuna bagl
oldugu belirlenmistir. Sonug olarak; mancozeb zebra baligi ve diger sucul organizmalar igin oldukca toksik bir maddedir.

Anahtar kelimeler: Mancozeb, oksidatif stres, katalaz, malondialdehit, zebra baligi

INTRODUCTION

Aquatic biota of existing agricultural areas are often
exposed to broad spectrum of pesticides that reach water
ecosystems through unintended direct application, sprey drift
and runoff, thus posing a possible risk for nontarget aquatic
organisms (Wagner et al., 2014; Faggio et al., 2016).
Pesticides are chemicals used to control pests, their primary
use is to increase agricultural yields and prevent the spread of
vector-borne disease that have implications to health and the
economy (Kumar et al., 2019). Mancozeb (Manganese
ethylenebis/dithiocarbamate) is one of the most widely used
fungicide in agriculture particularly in many fungal diseases in
a various agriculture areas (EPA, 2005). Fish expose to
various stressors in their environment such as heavy metals,
pesticides, industrial wastes etc. In recent years many of their
natural habitats are being altered by anthropogenic effects,
including industrial waste and urban pollutants. Zebrafish

(Danio rerio) is a significant vertebrate model organism.
Recently the zebrafish has frequently been used for
toxicological studies in various organs and tissues such as
liver, gills, intestine, pancreas, brain and heart. Although the
stuctural organization of zebrafish organ and tissues different
from humans, the two species are similar in terms of function
of metabolic pathways of antioxidant enzymes (Qiu et al.,
2019). The use of zebrafish as a toxicity model for mammals
and humans is well established (McCollum et. al., 2011;
Ribas and Pifeffer, 2013). CAT, SOD and GPx enzymes
constitute the first step of the antioxidant defence systems
(Percin and Sogut, 2010). In this study different mancozeb
levels present in the water were investigated in zebrafish
under laboratory conditions to describe maximum
concentrations allowed in the water and to determine
concentrations of fish intake appropriate for human
consumption (Andreu-Sanchez et al., 2012). Thus to better
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understand the harmful effects of mancozeb and oxidative
stress process induced by mancozeb, this study examined
dose dependent oxidative stress in zebrafish heart tissue by
determining the MDA and protein level and CAT activity.

MATERIAL AND METHODS
Experimental design

Mancozeh is the member of ethylene bisdithiocarbamates
(EBDC) fungicides a broad spectrum protectant from fungi for
the control of a wide range of diseases in agricultural areas
(EPA 2005). First, a stock solution of mancozeb was
prepared. The mean body lengths of zebrafish were body
length =31.6 + 1.17 mm (n=25). Zebrafish acclimatized for
two week under standard laboratory conditions. Fish were fed
twice a day on well-aerated tap water in glass aquariums and
with a photoperiod consisting of 14h light/10h dark period
during experiments. Healty zebrafish groups were divided into
two experimental groups (A and B) and a control (C) group.
Different doses of mancozeb were applied in the experimental
groups 5 and 7.5 mgL? respectively. 120 hours exposure of
mancozeb was accepted as an indicator of chronic effect
during the tests. After 120 hours fish were dissected
immediately with sterile surgical instruments. The heart
tissues of fish were removed. The heart tissue samples added
cold 0.1M phosphate buffer (pH 7.4) and homogenized by
using glass beads with ice bath cooling. Then homogenates
centrifugated at 10.000g for 30 min at 4°C to obtain the
supernatant for analysing the biochemical parameters the
supernatants were stored at 4°C and all applications were
performed under ice-bath cooling to keep the enzyme
activities stable. CAT, MDA and TP levels were detected
using spectrophotometric methods.

Catalase (CAT) activity assay

CAT activity was determined according to the method by
Aebi. The principle of assay is based on the determination of
rate constant of hydrogen peroxide decomposition by the
CAT. Briefly the activity was determined by measuring the
decrease in absorbance at 240 nm of a reaction mixture
consisting of H20z, in phosphate buffer, pH7.0 and requisite
volume of tissue sample (Aebi, 1984).

Malondialdehyde (MDA) estimation assay

MDA levels was determined according to the method by
Ledwozyw. The MDA content was measured after incubation
at 95°C with thiobarbituric acid in aerobic conditions. The pink
color produced by the reactions was measured with
spectrophotometer at 532 nm. Specific activity was defined as
the unit of activity per milligram protein (Ledwozyw, 1986).

Total protein (TP)

Soluble protein concentration was measured with the
Coomassie Brilliant blue G-250 using bovine serum albiimin
as a standard at 595 nm (Bradford, 1976).

Statistical analysis

The SPSS 23.0 package program was used for analysis.
Study data were given as arithmetic means and standard
deviations. The one way analysis of variance and student t-
test were used for the determination of the significance of the
differences between the groups. A value of p<0,05 was
considered statistically significant.

RESULTS

Our results show that mancozeb cause changes at a
biochemical level in heart tissue of zebrafish. In this study, we
determined low CAT activity in the heart tissue of samples
after both of mancozeb treatment. Our results demostrated
reduced levels of CAT and MDA in zebrafish heart tissue
when compared to the control group. The decrease in CAT
activity could be due to the excess production of superoxide
radicals. MDA which is itself responsible for some of the
damaging effect of free radicals on cell membranes whereas
severe oxidative stress in the cells can cause cell injury and
death of cell. The decreased MDA levels may be
consequence of cellular oxidative damage due to pesticide
exposure. Total results of this study including MDA and
protein levels, CAT activity in heart tissue of zebrafish with or
without exposed to mancozeb are in Table 1.

Table 1. Catalase (CAT) activity, malondialdehyde (MDA) and total
protein (TP) level changes related to after different doses of
mancozeh exposure (Values were expressed as mean+ SD)

Exposure concentration mg Lt
A group B group C group
(Mancozeb 5mg | (Mancozeb 7,5 mg (Control group)
L) L)

CAT 2541+ 0.771 2.011+0.201 3.230 £0.698
MDA 0.025+ 0.003 0.025 +0.003 0.118 £ 0.012
TP 9.75+151 10.18+0.32 8.46 +1.49

DISCUSSION

All pesticides cause nondegredable residues on soil,
water and living organisms. CAT plays a significant protective
role in animal tissues against reactive oxygen species (ROS)
attack. CAT is one of the primary enzyme which involves in
peroxide detoxification and has a special importance for the
clearance of H202. In this study we found low CAT activity in
the heart tissue of zebrafish. Similar results have also been
reported in various fish species. (Plhalova et al. 2017)
investigated the subchronic effects of neem-azal T/S (it is a
biopesticide and containing 1% of the active ingredient
azadirachtin A) on the mortality, growth and histopathology of
juvenile zebrafish. Also the researchers reported that
influenced indices of oxidative stress on liver of zebrafish.
They found that the results of their study indicate that these
tested concentrations of neem-azal T/S affect fish growth and
have a negative effects on the indices of oxidative stress in
the juvenile stage of zebrafish, as well as cause mild
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histopathological changes in liver tissue. Blahova et al.( 2013)
reported a considerable decline in CAT activity in all test
groups of zebrafish exposed to atrazine (Blahova et al.,
2013). Environmental toxicants such as pesticides cause
oxidative damage by directly increasingly cellular
concentration of ROS and also by reducing the cellular
antioxidant capacity. In our study, catalase activity decreased
in heart tissue of zebrafish after exposed to mancozeb for 120
hours. This situation may be as the consequence of cellular
oxidative damage due to pesticide exposure at different
concentrations during the experiment. So, we can infer that
oxidative balance might play an important role in prevention of
antioxidative enzyme activity due to mancozeb exposure. If
the decrease of CAT levels because of high superoxide
radicals, it can be cause to inhibit CAT activity. Zhu et al.,
(2019) reported that fenobucarb  (2-sec-butylphenyl
methylcarbamate) is a possible risk factor for cardiovascular
and cerebrovascular systems in fish. They found that
fenobucarb induced severe heart failure, reduced heart
contractions and myocardial apoptosis in their study (Zhu
etal., 2019). Our results demonstrated that pesticides could
induce organ failure in a dose dependent manner. Our results
mean that pesticides would have potential to cause harmful
effects in aquatic animals.

Lipid peroxidation (LPO) is one of the most important
early events in cell degeneration leading to necrosis and
occurs primarily in the cell membrane (Tabassum 2016).
Environmental toxicants such as heavy metals, pesticides,
can generally cause oxidative stress and LPO has been
widely used as a marker of oxidative stress in living cells (San
and Yonar 2017; Tsaboula et al., 2016). MDA is one of the
most preferred indicator of LPO in all living organisms. MDA
is the product formed as a result of LPO and is a parameter
extensively used to show the oxidative damage on cells and
tissues (Zengin, 2018). Alterates on the levels of main
metabolites such as MDA and on the activity of some
antioxidant enzymes such as CAT have been described as
biomarkers of oxidative stress (Pascual et al., 2003; Morales
et al., 2004. According to Clasen et. al., (2018) pesticides
have severe adverse consequences in fish and their potential
risk to human health due to their bioaccumulation in farmed
fish too (Clasen et. al., 2018).

Although proteins are now used generally as a marker of
ROS, they infrequently have been investigated in aquatic
pollution. TP levels are one of the main targets for the
explanation of effects of environmental toxicants such as
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Abstract: This paper reports on six marine halacarid species collected from the coasts of Antalya (3 stations) and Mersin (1 station), Turkey. The species
are respectively: Actacarus bacescui, Camactognathus tesselatus, Coloboceras drachi, Halacarus rismondoi, Rhombognathus paratonops, and
Rhombognathus parvulus. Among the species, 2 genera (Camactognathus and Coloboceras) and 4 species (Camactognathus tesselatus, Coloboceras
drachi, Halacarus rismondoi and Rhombognathus parvulus) are being newly reported from the coasts of Turkey for the first time. Each species found in the
area was briefly described with comments on their habitat preferences and geographical distributions.

Keywords: Systematics, meiofauna, Antalya, Mersin

Oz: Bu calismada, Antalya (3 istasyon) ve Mersin (1 istasyon) kiyilarindan elde edilen 6 deniz halacarid kayd: verilmistir. Bu tiirler sirasiyla, Actacarus
bacescui, Camactognathus tesselatus, Coloboceras drachi, Halacarus rismondoi, Rhombognathus paratonops ve Rhombognathus parvulus'tur. Bunlardan
2 cins (Camactognathus ve Coloboceras) ve 4 tiir (C. tesselatus, C. drachi, H. rismondoi ve R. parvulus) Tiirkiye kiyilarindan daha 6nce kaydedilmemistir.
Calismada, her bir tiiriin tanimlari, habitat bilgileri ve diinyadaki dagilimlari verilmistir.

Anahtar kelimeler: Sistematik, meiofauna, Antalya, Mersin

INTRODUCTION

The family Halacaridae is meiobentic and generally live in
submerged habitats in a variety of substrata (e.g. on many
animal groups and algae) (Bartsch, 2004; 2006; Giere, 2009).
Many species are predators, but some genera evolved the
ability to feed on macroalgae (Pepato et al., 2018). The family
includes marine, brackish and freshwater species occupying
areas from littoral to the deep sea (Bartsch, 2006). To date
about 1200 species of Halacaridae have been reported
worldwide (Bartsch, 2009; WoRMS Editorial Board, 2019).
The first study about halacarids in Turkey was started by Dr.
llse Bartsch (2000), who described a halacarid species
“Isobactrus ponticus” new to science from the Sinop coast.
She (2001, 2004, 2013 and 2015) also reported some species
from the Black Sea region. Afterwards, three new species
records were given from the Sea of Marmara (Bostanci coast,
Istanbul) by Bilecenoglu et.al. (2013), Kapiris et al. (2014),
Durucan and Boyaci (2016). The first study on the Levantine
Sea (Antalya, Kas) halacarids was started by Mytilineou et al.
(2016), who gave a new record of the species “Agauopsis
microhyncha”.  Recently, several papers (Durucan and
Boyaci, 2017; 2018a; 2018b; Durucan, 2018; 2019; Stamouli

et al. 2017; Chartosia et al. 2018) have been published about
the distribution of halacarid mites on the coast of Antalya.

In the present study, six species belonging to five genera
were recorded and discussed from the Levantine coast of
Turkey.

MATERIAL AND METHODS

Samples of Cystoseira barbata and various size of sand
habitats (interstitial, medium coarse and fine sand from 0,5 m
to 12 m depths) were collected by hand using snorkelling and
SCUBA diving at 4 stations along the coasts of Antalya and
Mersin in 2017 (Figure 1 & Table 1). Immediately after
collection, mites were extracted by washing the substrates.
The meiofauna were retained in the set of sieves (63 um, 500
pm, 1000 pum). The halacarids were sorted under binocular
stereo microscope (Nikon SMZ10). In the laboratory, mite
specimens were cleared in lactic acid and mounted in Hoyer's
medium. Figures were drawn with the aid of a camera lucida
(Nikon Eclipse E400). All measurements are given as
micrometers (um). The specimens were kept in the author’s
personal collection in Antalya, Turkey.

© Published by Ege University Faculty of Fisheries, lzmir, Turkey


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.36.4.03
https://orcid.org/0000-0002-6168-2135
mailto:f_durucan@hotmail.com
http://doi.org/10.12714/egejfas.36.4.03

Durucan, Ege Journal of Fisheries and Aquatic Sciences, 36(4): 329-336 (2019)

Table 1. List of recorded halacarid species in this study with their
locations and habitats

Stations Coordinates Species Habitat

Actacarus bacescui interstitial water (50 cm)

Sta.l 36.069263°N

Anamur  32.866953°E

Rhombognathus paranotops  Cystoseira barbata (6 m)

Sta.2 36.845556°N

Vakamoz 30.799167°E Camactognathus tesselatus

well sorted fine sand (2 m)

Coloboceras drachi medium-size sand (6 m)

Sta.3 36.854722°N
Bilem 30.743889°E

Rhombognathus parvulus Cystoseira barbata (6 m)

Sta.4 36.156944°N

Halacarus rismondoi fine sand (12 m)

Kas 29.628333°E
28 30° b
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Figure 1. Map of sampling locations

RESULTS
SYSTEMATICS
Family Halacaridae Murray, 1877
Genus Actacarus Schulz, 1937
Actacarus bacescui Konnerth-lonescu, 1970 (Figure 2)

Material examined. Sta. 1; interstitial water at 50 cm
depth below on the shore near the water, 5 99, 7 &, 5
deutonymphs.

Morphology. Idiosoma of female 210-225 pum long, 90-
100 um wide, that of male 170-200 um long, 75-85 um wide,
that of deutonymphs between 175-187 um long, 63-85 um
wide. Anterior dorsal plate 65 pum long, 80 um wide in female.
Ocular plate 12 pum long. Posterior dorsal plate 150 um long,
90 um wide in female. Anterior epimeral plate 85 pum long, 100
um wide. Posterior epimeral plate 85 pm long, 17 um wide
(Figure 2A, B & E-G). Male genital opening surrounded by 20
perigenital setae and 2 pairs of subgenital setae (Figure 2D).
Female genitoanal plate with 3-4 pairs of perigenital setae.
Gnathosoma 55 pm long 50 pm wide. Palps are slender and 4
segmented. Total palp length 61 pum long (Figure 2C).

Remarks. The morphological characteristics and habitat
preferences of the specimens reported here accord with the
previously given records by Durucan and Boyaci (2018a) and
original descriptions by Morselli and Mari (1979). This species
is well characterized by possesses a median spine on the
tectum which easily separates it from related species (A.
ponticus and A. pygmaeus) (Bartsch, 1999).

Habitat. The species is found in sandy bottom in tidal
areas (Bartsch, 2009).

Distribution. Atlantic coast, Mediterranean and Black
Sea (Bartsch, 2009; Durucan and Boyaci, 2018a).

Figure 2. Actacarus bacescui Konnerth-lonescu, 1970: A. idiosoma, dorsal view, female; B. idiosoma, ventral view, female; C. gnathosoma, ventral view, female;
D. Genitoanal plate of male; E. idiosoma, dorsal view, deutonymph; F. idiosoma, ventral view, deutonymph; G. dorsal view, female (gac; genital
acetabula, ovo; ovopositor, spr; spermatopositor, T; tectum) Scale bars: A-C= 50 pum; D-G= 25 um
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Genus Camactognathus Newell, 1984
Camactognathus tesselatus (Morselli & Mari, 1982) (Figure3)

Material examined. Sta. 2; well sorted fine sand (2 m), 1 <.

Morphology. Idiosoma 260 um long, 127 um wide. Dorsal
plates uniformly foveated. Anterior dorsal plate 88 pum long, 75
pm wide. Ocular plate 85 pum long, 23 pm wide. Posterior dorsal
plate 174 pm long, 98 um wide. Dorsal setae-1 on anterior dorsal
plate, dorsal setae-2 on integument. Anterior epimeral plate 105
pum long, 114 pm wide, epimeral pores lacking. Posterior
epimeral plate 100 um long, 50 um wide. Anterior epimeral plate
and genitoanal plate almost equal in length. Genitoanal plate with
four pairs of perigenital setae (Figure 3A,B & D). Gnathosoma

missing. Leg | 180 pum long. The chaetotaxy of leg | as follows
from trochanter to tarsus 1, 2, 4, 4, 8,5 (Figure 3C).

Remarks. This is the second record of this species from
Turkey. The morphological characteristics, habitat preferences
and body sizes of the specimens reported here accord with the
previously given records by Bartsch (2013).

Habitat. The species was previosly recorded from mixture of
shell remains and muddy sand (3 m) in Sinop, Turkey by Bartsch
(2013).

Distribution. Mediterranean and Black Sea (Bartsch,
2009; 2016).

Figure 3. Camactognathus tesselatus (Morselli & Mari, 1982) (female): A. idiosoma, dorsal view; B. idiosoma, ventral view; C. leg I, lateral view; D. detail of
ocular plate and second dorsal setae (ds-2; second dorsal setae, glp; gland pore) Scale bars: 50 um

Genus Coloboceras Trouessart, 1889
Coloboceras drachi Monniot, 1962 (Figure 4)

Material examined. Sta. 3; medium-size sand (6 m), 1 @,
1 deutonymph.

Morphology. Idiosoma of female 450 pum long, 185 pm
wide. Anterior dorsal plate 150 pm long, 100 pm wide in
female. Ocular plate 85 pm long, 17 um wide in female.
Posterior dorsal plate 260 pm long, 125 pum wide in female.
Female anterior epimeral plate 235 um long, 210 pm wide
without epimeral vesicles or epimeral pores. Genitoanal plate
161 pm long, 105 pm wide with three pairs of perigenital
setae and two pairs of subgenital setae in female (Figure 4A
& B). Idiosoma colour is slightly brown.

Gnathosoma missing in both female and deutonymph.
Idiosoma of deutonymph 310 pum long, 185 um wide (Figure
4C).

Remarks. This is the first record of this species from the
Eastern Mediterranean, Levantine Sea of Turkey. With regard
to the external morphological characters, the specimen
corresponds with the record given by Monniot (1962).

Habitat. Coloboceras drachi was found in subtidal sediment
(Bartsch, 2009).

Distribution. Northeastern Atlantic, Mediterranean Sea
(Bartsch, 2009).
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Figure 4. Coloboceras drachi Monniot, 1962: A. idiosoma, dorsal view, female; B. idiosoma, ventral view, female; C. idiosoma, ventral view, deutonymph; D. leg
I, lateral view, female; E. leg IV, medial view, female; F. leg | (from telofemur to tarsus), lateral view, deutonymph. (gac; genital acetabula) Scale bars:

50 pm

Genus Halacarus Gosse, 1885
Halacarus rismondoi Viets, 1940 (Figure 5)

Material examined. Sta. 4; fine sand (12m), 2 92,1 3.

Morphology. Idiosoma of female 375 pm long, 183 um
wide, that of male 365 um long, 190 um wide, anterior dorsal
plate in male 88 pm long, 65 pm wide with frontal process.
Ocular plate with corneae and porus canalicus. Posterior
dorsal plate 89 pum long, 65 pm wide. Anterior epimeral plate
88 um long, 163 um wide. Posterior dorsal plate 137 um
long, 65 um wide with 1 dorsal and 3 ventral setae. Dorsum
with 6 pairs of idiosomatic setae. First dorsal setae on anterior
dorsal plate, second to fifth on integument, sixth dorsal setae
on posterior dorsal plate. Epicuticula on plates, gnathosoma
and legs with striae in parallel and fingerprint-like
arrangement. Pair of first dorsal setae posterior to first gland
pore. Pairs of gland pore 3 and gland pore 4 striated
integument, gland pore 5 on posterior dorsal plate. Male

genital opening surrounded by 34 perigenital setae, 4 pairs of
outlying setae. Female genitoanal plate with pair of crescent
cerotegumental areas; anterior pair of perigenital setae on
genito-anal plate (Figure 5A-C). Gnathosoma 87 um long 62
pm wide. Palps slender and 4 segmented. Total palp length
78 um long (Figure 5D). Leg I 355 um long. The chaetotaxy
of leg | as follows from trochanter to tarsus 1, 2, 8, 10, 10, 8
(Figure 5E).

Remarks. Halacarus rismondoi was originally described
by Viets (1940) from the Adriatic Sea (Croatia-Rovinj). The
morphology of the specimen is similar to given by Viets
(1940) and Bartsch (2017) .

Habitat. This halacarid mite was found by Viets (1940)
among variety of macroalgae (Geodia sp., Udothea sp. and
Cystoseira sp.)

Distribution. Mediterranean Sea

(Bartsch, 2009).

(Rovinj, Croatia)
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Figure 5. Halacarus rismondoi Viets, 1940: A.idiosoma, dorsal view, male; B. idiosoma, ventral view, male; C. gnathosoma, ventral view, female; D.
gnathosoma, ventral view, male; E. leg |, lateral view, male (ch. chelicerae; ds-1 to ds-6. dorsal setae, from anterior to posterior; gac. genital acetabula;
glp-1 to glp-5. gland pore/s, from anterior to posterior; P-1 to P-4. first to fourth segments of palp; pc. porus canalicus) Scale bars: 50 um

Genus Rhombognathus Trouessart, 1888
Rhombognathus paranotops Bartsch, 1986 (Figure 6)

Material examined. Sta 1; Cystoseria barbata (6 m), 5

33.

Morphology. Idiosoma of male 288 um long, 186 um
wide. Anterior dorsal plate 93 pm long, 118 um wide. Ocular
plate 83 pum long, 65 pum wide with two corneae. Uniformly
reticulated posterior dorsal plate 155 pm long, 96 pum wide.
First dorsal setae (37 pum) on anterior dorsal plate, ds-2 to ds-
4 (striated in integument). All ventral plates fused. Male GO
surrounded by 22-24 perigenital setae and 2 pairs of
subgenital setae (Figure 6A & B). Palps are slender and 4
segmented. Total palp length 90 pum long (Figure 6C). Leg |
275 pum long. The chaetotaxy of leg | as follows from
trochanter to tarsus 1, 2, 7, 4, 5, 6 (Figure 6D & E).

Remarks. Rhombognathus paratonops is common in the
Mediterranean Sea, and is distinguished from the other
congener, R. tonops by having an accessory process and
reticulation on the plates. In R. paratonops, the posterior
dorsal plate is uniformly reticulated whereas in R. tonops the
median and the pair of lateral foveate portions of the plate
separated by longitudinal areas which are delicately porose
but lack of a foveate or reticulate ornamentation; the
accessory process on the claws of R. paratonops bear 13-14
tines, those of R. tonops 8 tines (Bartsch, 1986;1996).

Habitat. The species previously was found from shallow
water among seagrass and various red algae (Corallina
officinalis, Cystoseria barbata and C. crinita) (Bartsch, 2009).

Distribution. Mediterranean and Black Sea (Bartsch,
2009).
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Figure 6. Rhombognathus paranotops Bartsch, 1986 (male): A. idiosoma, dorsal view; B. idiosoma, ventral view; C. palp, lateral view; D. Leg |, lateral view; E.
tarsus |, lateral view (ac. accessory process with tines; adj. adjunct seta; ca. carpite; co. corneae; glp. gland pore; pgs. perigenital seta; sgs. subgenital

seta) Scale bars: 50 pm

Rhombognathus parvulus Viets, 1939 (Figure 7)

Material examined. Sta.3; Cystoseria barbata (6 m), 1 <.

Morphology. Idiosoma of female 287 um long, 165 pum
wide. All dorsal and ventral plates fused. Ocular plate with 2
corneae. Five pair of perigenital setae are found on the sides
of the genital opening. Ventral shield separated from anal
plate by striated integument (Figure 7A & B). Gnathosoma 75
pm long and 50 pm wide (Figure 7C). Tibia | with two
bipectinate setae (Figure 7D).

Remarks. The general morphological characteristics, habitat
preferences and body sizes of the specimens reported here

agree with the previously given records by Viets (1939) and
Bartsch (1986; 2009). Rhombognathus parvulus is similar to
R. peltatus. But, two species are distinguished eachother by
long of carpite and comb structure on claws. In R. parvulus,
carpite not conspicuously long while in R. peltatus carpite
long. In R. parvulus, accessory process with teeth present,
but no long claw comb while in R. peltatus, teeth of claw
comb running along the concave side to base of the claw
accoding to the Bartsch (1986).

Habitat. The species has been found in association with a
variety of macroalgae (Bartsch, 2009).

Distribution. Mediterranean Sea (Bartsch, 2009).
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Figure 7. Rhombognathus parvulus Viets, 1939 (female): A. idiosoma, dorsal view; B. idiosoma, ventral view; C. gnathosoma, dorsal view; D. tarsus and tibia I,
lateral view adj. adjunct seta; AP. anal plate; bs. bristle shaped setae; co. comneae; glp. gland pore; gs. genital sclerite; pgs. perigenital setae; sgs. subgenital

setae) Scale bars: 50 um

CONCLUSION

Six halacarid species belonging to five genera were found
from various habitats of the Eastern Mediterranean, Levantine
Sea of Turkey (Antalya and Mersin) in the present study. The
genera Camactognathus and Coloboceras and the species of
Coloboceras  drachi,  Halacarus  rismondoi  and
Rhombognathus parvulus have not previously been recorded

from Levantine Sea of Turkey. The summary of my findings
are contributed to an increase in the number and better
knowledge of halacarid diversity. Knowledge about marine
halacarid mites has increased considerably within the last few
years. Further reports of new halacarid taxa from Turkey
aimed to improve our knowledge in terms of their biodiversity
and ecological remarks.
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Oz: Bu galigmada, Nisan 2012-Mart 2013 tarihleri arasinda bazi hidrolojik ve fiziko-kimyasal ozellikleri izlenerek, Atatiirk Baraj Goliine dokiilen Kahta
Gayrnin su kalitesinin belirlenmesi amaglanmistir. Bu amagla, kaynaktan mansaba dogru belirlenen bes istasyonda aylik dlgiimler yapilmis ve su drekleri
alinmistir. izleme periyodu boyunca érnekleme noktalarinda su sicakligi 5,0-25,2 °C; elektriksel iletkenlik 216-359 uS/cm; toplam ¢éziinmiis kati madde
147-244 mg/L; ¢ozinmis oksijen 8,67-13,36 mg/L ve pH 7,08-8,76 araliginda dlgtimistir. Askida kati madde 2-138 mg/L; bulaniklik 0,92-96,70 NTU;
toplam alkalinite 102-200 mg CaCOs/L; klorir 0,71-5,02 mg/L; amonyum azotu 0,007-0,400 mg/L; nitrit azotu 0,003-0,060 mg/L; nitrat azotu 0,12-1,19 mgiL;
¢6zlinmus reaktif fosfor 0,007-0,033 mg/L; silika 5-23 mg/L; siilfat 8-33 mg/L ve kimyasal oksijen ihtiyaci 0,63-9,18 mg/L arasinda tayin edilmistir.

Hafif alkali karaktere sahip Kahta Cayi, izlenen parametreler bakimindan; Yeriistii Su Kalitesi Yonetmeligi'nin Cevresel Kalite Standartlarina gére I. Sinif
(yiksek kaliteli su) 6zelligine sahip oldugu belirlenmistir. Bu karakteristigiyle Kahta Cayrnin icme suyu temini igin kullaniima potansiyelinin yiksek oldugu
rekreasyonel amagli kullanim, alabalik yetistiriciligi, hayvan tretimi ve diger ciftlik ihtiyaglari i¢in kullanilabilir oldugu tespit edilmistir. Ayrica degiskenlerin
zamansal iligkisi istatistiksel agidan incelendiginde, SiO. harig diger tim degiskenler arasinda anlamli bir fark bulunmustur (p<0,05). Bu sonug, degiskenlerin
mevsimsel degisikliklerinden etkilendigini ortaya koymaktadir.

Anahtar kelimeler: Kahta Cayi, Atatirk Baraj Golu, su kalitesi, limnoloji

Abstract: In this study, it is aimed to determine the water quality of Kahta Stream which is poured into Atatiirk Dam Lake by following some hydrological
and physico-chemical characteristics between April 2012 and March 2013. For this purpose, monthly measurements were made at five stations from the
source to the downstream and water samples were taken. During the monitoring period, water temperature 5.0-25.2 °C; electrical conductivity 216-359
uS/cm; total dissolved solids 147-244 mg/L; dissolved oxygen 8.67-13.36 mg/L and pH were measured in range of 7.08-8.76. Suspended solid 2-138 mg/L;
turbidity 0.92-96.70 NTU; total alkalinity 102-200 mg/L; chloride 0.71-5.02 mg/L; ammonium nitrogen 0.007-0.400 mg/L; nitrite nitrogen 0.003-0.060 mgiL;
nitrate nitrogen 0.12-1.19 mg/L; dissolved reactive phosphorus 0.007-0.033 mgiL; silica 5-23 mg/L; sulphate 8-33 mg/L and chemical oxygen demand were
determined betwen 0.63-9.18 mg/L.

Kahta Stream with slightly alkaline character, in terms of the parameters monitored, it is determined that the Surface Water Quality Regulation has the
characteristics of Class I (high quality water) according to the Environmental Quality Standards. With this characteristic, it has been determined that Kahta
Stream has a high potential to be used for drinking water supply, it can be used for re-use, trout farming, animal production and other farm needs. In
addition, when the temporal relationship of variables was analyzed statistically, a significant difference was found among all variables except SiO2 (p <0.05).

This result shows that the variables are affected by seasonal changes.
Keywords: Kahta Stream, Atatiirk Dam Lake, water quality, limnology

GIRiS

Hizla artan dlinya niifusu ve insanoglunun daha iyi yagam
standartlarini yakalama arzusu, dogal kaynaklar Uzerinde
baski olusturmaktadir. Ginimuzde yerUsti su kaynaklarinin
sahip olduklari su kalitesinin belirlenmesi ve buna bagli
olusturulan su kalite yonetimi tim diinyada 6nemli aragtirmalar
arasinda ciddi bir yer tutmaktadir. Su kalitesi ile ilgili yapilan
calismalar, suyun kullanim amacinin belilenmesinde ok
6nemli olmasinin yani sira, yiizey su kaynaklarinin stirdirilebilir
kullanimi agisindan da 6nem arz etmektedir. Bu nedenle
yiizey su kaynaklarinin su kalitesinin slrekli ve dlzenli
izlenmesi gerekmektedir.

Ulkemizde son zamanlarda lotik sistemler ile ilgili olarak
cesitli galismalar yapilmistir (Sen vd., 1999, 2002; Boran ve

Sivri, 2001; Tasdemir ve Goksu, 2001; Tepe vd., 2006; Sen
ve Golbasi, 2008, 2014; Varol ve Sen, 2009; Mutlu vd., 2016;
Zeybek ve Kalyoncu, 2016; S6nmez ve Battal, 2017). Bu
calismalarin ¢ogunlugunda akarsularin fiziksel ve kimyasal
ozeliklerinin izlenmesi én plana gikmaktadir.

Kahta Cayi, Adiyaman ili sinirlari igerisinde kalan ve
Gakal Cayi, Kalburcu Cayi, Egri Cayl ve Ziyaret Cay ile
birlikte Atatiirk Baraj Goli'nlu besleyen baslica akarsulardan
biridir (Anonim, 2003). Kahta cay! Uzerine sadece arazi
kullanimi,  jeomorfolojisi, sedimantasyon ve morfometrik
ozellikleri ile ilgili birkag calisma (Elmastas, 2008; Sunkar ve
Karatas, 2012, 2013, 2014) ylrittlmastir. Buna karsilik
Atatirk Baraj Goli'ne dokilen 6nemli bir akarsu olmasina
ragmen, arastinldigi kadariyla ¢ayin su kalitesi (zerine
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yayinlanmis bir aragtirma verisine ulagilamamistir. Bu arastirma
Kahta Cayrnin su kalite Ozelliklerinin belirlenerek, bu
husustaki veri eksikligini gidermek ve gelecek yillarda yapilacak
calismalara referans olabilmesi amaciyla gergeklestirilmistir.
Bu amag dogrultusunda kaynaktan mansaba dogru belirlenen
bes istasyondan bir yil sliresince su kalitesi verileri toplanmig
ve Kahta Cayi su kalitesinin ulusal Yerlsti Su Kalitesi
Yénetmeligi'ne gore siniflandiriimasi yapilmistir.

MATERYAL VE METOT
Galigma alani ve 6rnekleme noktalari

Adiyaman il sinirlari igerisinde kalan ve Atatlirk Baraj
GOli'nu besleyen, kaynagini Malatya ile Adiyaman havzalari
arasinda kalan Giineydogu Toros Daglar’ndan alan Kahta
Gayi, Firat Nehri'nin 6nemli kollarindan biridir. Kaynagini
daglik alanlardaki karstik kaynaklardan alan Kahta Cayi, 46
km uzunluga sahip olup, havzanin kapladigi alan ise yaklasik
1575 km2'dir (ElImastas, 2008).

Kahta Cayrnin su kalitesini belilemek amaciyla Nisan
2012-Mart 2013 tarihleri arasinda periyodik olarak her ayin
Uclincl haftasi icinde akarsuyu kaynaktan mansaba dogru en
iyi temsil edecek sekilde belirlenen 5 drnekleme noktasinda
(Sekil 1) izleme galigmas ylrattlmastar.

1.istasyon

2.igtasyon

CENDERE GAYI .

Y Q.
A}

4_istagyon

c.istasyon

Sekil 1. Arastirmanin yapildigi Kahta Cayi Havzasi ve érnekleme

noktalari (Elmastas, 2008'den diizenlenmistir)

Figure 1. Kahta Stream Basin and sampling points where the
research was conducted (Elmastas was composed in
2008) the research was conducted (Elmastas was
composed in 2008)

. istasyon (38°01'39.18'N ve 38°43'29.74'E) deniz
seviyesinden 877 m yikseklikte bulunmakta olup, taban
yapisi kayalardan ve taslardan olugsmaktadir. Yatagi ok
genis olmayip iki vadi arasindan akmaktadir. Yer yer akarsu
yamaglarinda tarim arazileri bulunmaktadir. II. istasyon (38°
00'40.67"N ve 38°41'51.17"E) deniz seviyesinden 819 m
yukseklikte yer almaktadir. Taban yapisi tas ve cakillardan
olusmaktadir. Akarsu cevresi agaclarla kaplidir. IIl. istasyon
(37°57'03.29"N ve 38°39'46.03"E) deniz seviyesinden 680 m
yikseklikte bulunmaktadir. Taban yapisi kaya ve taslardan
olusmaktadir. Yamaglari dik olup yatagi dardir. Cendere Cayi
Uzerinde Cendere Kdpristi mevkii IV. istasyon (37°55'58.04"N ve
38°36'31.34"E) olarak segilmistir. Ornekleme noktasi deniz
seviyesinden 615 m yikseklikte yer almaktadir. Taban yapisi
tas, cakil ve kumdan olusmaktadir. Cendere Képriisi'nden
sonra akarsu yatagl genislemekte ve egimi oldukca
azaldigindan akis hizi yavaglamakta olup sediment birikimi
ortaya ¢ikmaktadir. Yaklasik 4-4,5 km sonra Kahta Cayi ile
birlesmektedir. V. istasyon (37°52'03.03"N ve 38°37'07.73'E)
deniz seviyesinden 555 m yiikseklikte bulunmaktadir. Taban
yapisi cakil ve kumdan olusmaktadir. Yatagi oldukca
genislemis olup sediment birikimi fazladir. Cendere Cayi ve
Kahta Cayi'nin sularinin birlesmesiyle akan akarsu, orgulli bir
ag seklinde genis bir yataga yayilarak Atatlirk Baraj Goli'ne
bosalmaktadir.

Analiz metotlari

Kahta Cayi'nda su sicakhigi (T), ¢dzinmis oksijen (DO),
pH, elektriksel iletkenlik (EC) ve toplam ¢dzlinmis katl madde
(TDS) Hach-HQ40d model multi-parametre 6lgiim cihaziyla
arazide Olgilmastir. Su 6rnekleri 1,5 litrelik polietilen siselere
hava boslugu kalmayacak sekilde doldurularak alinmistir.
Alinan drnekler giin igerisinde laboratuvara ulastirilarak
analizleri gergeklestirilmistir.

Bulanikik HACH 2100P model tlrbidimetre ile
laboratuvarda 6lgliimUstir. Askida kati madde (SS) tayini
icerisine 0,45 um filtre kagidi yerlestiriimis olan Gooch
krozesinden belirli hacimdeki numune suzildukten sonra
Gooch krozesinin 100-105 °C’de kurutularak tartilmasiyla
gravimetrik olarak (TSE, 2007), toplam alkalinite (TA),
titrasyon metodu ile dlctilmstir (TSE, 1998).

Klorir (CI), nitrat azotu (NOs-N) ve siilfat (SO«) (TSE,
2012) Dionex ICS Model iyon kromatografi ile tayin edilmistir.

Nitrit azotu (NO2-N), Hach-Lange LCK 341 nolu test kiti;
amonyum azotu (NHs*-N), Hach-Lange LCK 304 nolu test kiti;
¢Ozlinmus reaktif fosfor (PO43-P) Hach-Lange LCK 349 nolu
test kiti, silika (SiOz), Hach-Lange PP 2429600 nolu test kiti
ve kimyasal oksijen intiyaci (KOI), Hach-Lange LCK 414 nolu
test kiti ile Hach-Lange DR 5000 marka spektrofotometre
kullanilarak tayin edilmigtir.

istatistik analizler

Verilerin degerlendirilmesi ve kutu grafiklerin giziminde
GraphPad Prism 5.0 paket programi, verilerin istatistiksel
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olarak analizinde ise IBM SPSS Statistic 22.0 paket programi
kullaniimistir.  Incelenen  parametreler arasindaki iliski
Pearson korelasyonuna gore yapilmistir. Degiskenler ve
mevsimler arasinda bir fark olup olmadigini tespit etmek
amaclyla parametrik degiskenler icin tek yonli varyans
analizi, parametrik olmayan degiskenler icin ise Kruskal-
Wallis testi yapilmistir. Ortalama degerler + standart hata ile
birlikte verilmistir.

BULGULAR

Kahta Cayr'ni karakterize ettigi distinllen bes istasyonda
dlcllen bazi su kalite parametrelerinin aylik degisimi Sekil 2-
5de gosterilmistir. Degiskenler arasindaki iliski Pearson
korelasyon analizi ile yapilmis olup sonuglar Tablo 1'de
verilmistir.

Su sicakligi en distik Aralik 2012'de 5,0 °C, en yilksek
ise Temmuz 2012'de 25,2 °C élglimUs olup, yillik ortalama
deger 13,23£0,65 °C olarak bulunmustur (Sekil 2). Mevsimler
arasindaki fark énemli bulunmustur (F-16=19,934; p=0,000;
r=0,89; p<0,05).

Cozlnmis oksijen konsantrasyonu en disik Eyll
2012'de 8,67 mg/L, en yilksek ise Nisan 2012'de 13,36 mg/L
olarak kaydedilmis olup, yillik ortalama deger 10,62+0,14
mg/L olarak hesaplanmistir (Sekil 2). Mevsimler arasindaki
fark onemli bulunmustur (F16=8,460; p=0,001; r=0,87;
p<0,05).

30

25

Su Sicakhig (°C)
o

Elektriksel lletkenlik (uS/cm)
Y B
(=] o

Sekil 2.

Elektriksel iletkenlik degerleri en disik Mayis 2012'de
216 pS/cm, en yiiksek ise Eylil 2012'de 359 uS/cm
kaydedilmigtir. Yillk ortalama deder 287+5,42 uS/cm olarak
hesaplanmistir  (Sekil  2). Mevsimler arasindaki fark
istatistiksel agidan 6nemli  bulunmustur  (F3-16=16,672;
p=0,000; r=0,95; p<0,05).

Toplam ¢ézinmUs kati madde konsantrasyonu en disuk
Nisan 2012'de 147 mg/L, en yiiksek ise Eylil 2012'de 244
mg/L 6lglimus olup, yillik ortalama deger ise 194,53+3,58
mg/L olarak kaydedilmistir (Sekil 2). Mevsimler arasindaki fark
énemli bulunmustur (F-16=16,672; p=0,000; r=0,87; p<0,05).

Askida kati madde degerleri en distk Ekim 2012'de 2
mg/L, en yiksek ise Nisan 2012'de 138 mg/L olarak tayin
edilmistir. Yillik ortalama de§er 47,96+5,06 mg/L olarak
hesaplanmistir (Sekil 3). Mevsimler arasindaki fark énemli
bulunmustur (x(3)=16,760; p=0,001; p<0,05).

Bulaniklik degerleri en disik Ekim 2012'de 0,92 NTU, en
yiksek ise Ocak 2013'te 96,70 NTU olarak tespit edilmistir
(Sekil  3). Yilik ortalama deger 12,34+2,24 olarak
bulunmustur. Mevsimler arasindaki fark énemli bulunmustur
(x2(3)=15,823; p=0,001; p<0,05).

pH degderleri en disik Mayis 2012'de 7,08 en yiiksek ise
Mart 2013'te 8,76 olarak olclimistir. Yillik ortalama deger
8,20+0,05 olarak hesaplanmistir (Sekil 3). Mevsimler
arasindaki fark 6nemli bulunmustur (x3(3)=12,897; p=0,005;
p<0,05).

Pag,e

Coéziinmis Oksijen (mg O L)

@
X

@
=]
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Kahta Gayr'ndaki su sicakligi, cozinmiis oksijen, elektriksel iletkenlik ve toplam ¢6ziinmiis kati madde degerlerinin aylik degdisimi

Figure 2. Monthly change of water temperature, dissolved oxygen, electrical conductivity and total dissolved solids values in Kahta Stream
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Toplam alkalinite konsantrasyonlari en dusik Mart
2013'te 99 mg CaCOslL, en yiksek ise Kasim 2012'de 200
mg CaCOs/L olarak tespit edilmistir. Yillik ortalama deger
127,1743,08 mg CaCOs/L olarak hesaplanmistir (Sekil 3).
Mevsimler arasindaki fark istatistiksel agidan Gnemli
bulunmustur (x3(3)=14,701; p=0,002; p<0,05).

Klorlr degerleri en dusik Mart 2013'te 0,71 mg CI/L, en
yiksek ise Eylil 2012'de 5,02 mg CIL olarak kaydedilmis
olup, yillik ortalama deger 2,89+0,15 mg CI/L olarak
hesaplanmistir  (Sekil 4). Mevsimler arasindaki fark
istatistiksel agidan oénemli  bulunmustur  (F(3-16=100,902;
p=0,000; r=0,97; p<0,05).

Amonyum azotu degerleri en disik Haziran 2012'de
0,007 mg NH4*-N/L, en yuksek ise Mayis 2012'de 0,400 mg
NH4*-N/L olarak bulunmustur. Yillik ortalama deger 0,07+0,01
mg NH4*-N/L olarak hesaplanmigtir (Sekil 4). Mevsimler
arasindaki fark istatistiksel agidan &énemli bulunmustur
(x4(4)=17,596; p=0,001; p<0,05).

150+

Askida Kati Madde {mg/L)

Aylar

Nitrit azotu degerleri en dislk Haziran ve Temmuz
2012'de 0,003 mg NO2z-N/L, en yiksek ise Ocak 2013'de
0,060 mg NO2-N/L olarak kaydedilmis olup yillik ortalama
deger 0,02+0,002 mg NO2-N/L olarak hesaplanmistir (Sekil
4). Mevsimler arasindaki fark istatistiksel agidan 6nemli
bulunmustur (x3(3)=16,476; p=0,001; p<0,05).

Nitrat azotu konsantrasyonlari en distk Mayis 2012'de
0,12 NOs-NIL, en yuksek ise Eylul 2012'de 1,19 NOs-N/L
olarak tayin edilmis olup, yillik ortalama deger 0,58+0,03 mg
NOg-N/L olarak hesaplanmigtir  (Sekil 4). Mevsimler
arasindaki fark istatistiksel agidan dnemli bulunmustur (Fe-
16=7,272; p=0,003; r=0,76; p<0,05).

Cozlnmis reaktif fosfor degerleri en diisiik Nisan 2012'de
0,007 mg PO43-PIL, en yuksek ise Aralik 2012'de 0,033 mg
PO43-P/L  olarak kaydedilmistir. Yilik ortalama deger
0,015+0,001 mg PO43-P/L olarak hesaplanmistir (Sekil 5).
Mevsimler arasindaki fark istatistiksel agidan Gnemli
bulunmustur (x2(3)=14,008; p=0,003; p<0,05).

1204
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Sekil 3. Kahta Gayr'ndaki askida kati madde, bulaniklik, pH ve toplam alkalinite degerlerinin aylik degisimi
Figure 3. Monthly change of suspended solids, turbidity, pH and total alkalinity values in Kahta Stream
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Siilfat konsantrasyonu en diisik Mart 2013'te 8 mg SO«
2L, en yiiksek ise Arallk 2012'de 35 mg SOs2/L olarak
kaydedilmis olup, yillik ortalama deger 18,28+0,79 mg SO«
2L olarak hesaplanmigtir (Sekil 5). Mevsimler arasindaki fark
istatistiksel agidan 6nemli  bulunmustur  (x3(3)=11,274;
p=0,010; p<0,05).

Silika konsantrasyonu en diisik Mart 2013 ve Nisan
2012'de 5 mg SiO2/L, en yiiksek ise Mayis 2012'de 23 mg
SiO2/L olarak kaydedilmistir. Yillik ortalama deger 8,85+0,35
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Sekil 4.

mg SiO2L olarak hesaplanmistir (Sekil 5). Mevsimler
arasindaki fark istatistiksel agidan onemli bulunmamistir
(Fe-16=0,536; p=0,664; r=0,30; p>0,05).

Kimyasal oksijen ihtiyaci degerleri en dlstk Nisan
2012'de 0,63 mg/L, en yliksek ise Agustos 2012'de 9,18 mg/L
olarak tayin edilmistir. Yillik ortalama deger 3,83+0,32 mg/L
olarak bulunmustur (Sekil 5).
énemli

Mevsimler arasindaki fark
istatistiksel ~ agidan bulunmustur  (x?(3)=14,840;

p=0,002; p<0,05).
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Kahta Gayr'ndaki klorlir, amonyum azotu, nitrit azotu ve nitrat azotu konsantrasyonlarinin aylik degisimi

Figure 4. Monthly changes in chloride, ammonium nitrogen, nitrite nitrogen and nitrate nitrogen concentrations in Kahta Stream
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Sekil 5.  Kahta Cayr'ndaki gozlinmUs reaktif fosfor, stilfat, silika ve kimyasal oksijen ihtiyaci konsantrasyonlarinin aylik degisimi
Figure 5. Monthly change of dissolved reactive phosphorus, sulfate, silica and chemical oxygen demand concentrations in Kahta Stream
Tablo 1. Kahta Cayr'nda izlenen su kalitesi degiskenleri arasindaki Pearson korelasyon analizi
Table 1. Pearson correlation analysis among water quality variables in Kahta Stream

T EC DS SS  Bulanklk  pH DO TA Ck NOssN NOz-N NH4-N POs3-P Si0; SOs2 KOI
T 1
EC 0,295' 1
DS 0322 0,986" 1
SS 0149 -0376" -0,374" 1
NTU -0,306° -0,150 -0,167 0,334" 1
pH 0,182 0148 0141 -0,657" 0,025 1
DO -0,689" -0,409" -0424" 0,212 0,063 -0,225 1
TA 0,252 0,334" 0359" -0,336" 0192 0312 -0,033 1
ck 0693" 0335" 0381" 0,149  -0,338" -0456" -0404" -0,143 1
NOsN  0317° 0,716 0,726" 0,349" 0007 0158 -0,439" 0186 0274 1
NOz-N  -0721* 0,150 -0,184 -0,377*  0616* 0315 0269° 0357* -0,721" 0,006 1
NHs#N  -0,368" -0,410" -0414" -0,275° -0,024 -0,407" 0596" -0,175 -0,103 -0,485" -0,008 1
POsP  -0,394" 0,263 0244 0,329 0166 0061 0173 0268° -0,170 0284' 0439" 0,073 1
Si0; 0181 0242 0237 -0,326' 0,044 -0311' 0124 0157 0242 0114 -0050 -0,044 0,168 1
SO42 0,067 0484" 0519° 0016 -0351" 0073 0051 0154 0276 0429" -0099 0064 0482 0,038 1
KOi 0453" 0505" 0534" -0,357"  -0450" 0,070 -0470" 0,079 0416" 0308 -0441" -0,345" -0,028 0,196 0249 1

*: p<0,05; **: p<0,01
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TARTISMA

Su sicakiginin azalip artmasina etki eden faktorler
arasinda enlem, ylkseklik, mevsimler, atmosfer sartlari, akinti
hizi ve akarsu yataginin dnemli yer tuttugu (Chapman ve
Kimstach, 1996; USEPA, 1997; Tasdemir ve Goksu, 2001,
Hauraki District Council, 2003) Kahta Gayrnda sonbahar
sonu ve kis bagslangicinda oldukga azalan su sicakliklari,
ilkbahardan itibaren havalarin i1sinmasina paralel olarak
artmis ve yaz ortasinda en yuksek seviyesine ulasmistir.
Ayrica genel olarak ayni aylar igerisinde st akarsu
bdlgesinden alt akarsu bdlgesine gidildikge rakima, suyun
akis hizina ve akarsu yataginin genislemesine bagli olarak
(Sen ve Golbasi, 2008; Zeybek ve Kalyoncu, 2016) su
sicakliklarinda azalip ve artmalar meydana gelmistir.

Dogal sularin oksijen igerigi sicaklik, tuzluluk, su
karisimlari, atmosferik basing, fotosentez aktiviteleri ve bazi
biyolojik aktiviteler nedeniyle degismektedir (Chapman ve
Kimstach, 1996; Webb ve Walling, 1992). Soguk sular daha
fazla oksijen tutma kapasitesine sahip oldugundan,
akarsularda ¢dzinmUs oksijen konsantrasyonlarinin kisin
daha yiksek, yazin ise daha distk oldugu ifade edilmistir
(Hem, 1985).

Kahta Cayrnda ¢Oziinmls oksijen ile sicaklk ve
¢6zinmis kati madde arasinda negatif ydnde (p<0,01) bir
iliski  bulunmus  olup, dusik ¢ozlinmls  oksijen
konsantrasyonlarina ¢ézinmis kati maddenin ve kimyasal
oksijen inhtiyacinin yiksek oldugu sonbahar baglangicinda
rastlanirken, yiiksek konsantrasyonlara ise sicakligin nispeten
dusuk, akis hizi ve ylzey suyu havalanmasinin yiiksek
oldugu ilkbahar aylarinda rastlaniimistir.

Elektriksel iletkenligin, su akiglari vasitasiyla bélgenin
jeolojisi tarafindan birinci derecede etkilendigi ve sicakliga
badli olarak azalip artigi (USEPA, 1997); bir akarsuyun
kondUktivitesinin ani artisinin bélgede bulunan ¢dzinmis
iyonlarin artigiyla ilgili oldugu (Vaishali ve Punita, 2013) ve
elektriksel iletkenligin akim ile ters, sicaklik ve ¢ézinmis kati
madde miktariyla ise dogru orantili olarak degistigi (Sen ve
Golbasi, 2008) rapor edilmigtir.

Kahta Cayr’'nda ilkbahar aylarinda yagislarin artmasiyla
birlikte ¢dzlinmis maddelerin akarsu icinde seyrelmesi ile
elektriksel iletkenlik dederi azalirken, yagislarin durdugu ve
ylksek sicakhgin devam etti§i sonbahar aylarinda ise
artmigtir. Ayrica, sicaklik (p<0,05) ve ¢dzinmis kati maddeyle
(p<0,01) arasinda pozitif yonde bir iliski bulunmugtur.
Galismamizin bulgulari USEPA (1997), Vaishali ve Punita
(2013), Sen ve Golbasi (2008)'nin yaptiklari ¢alismalarin
sonugclariyla benzerlik gostermistir.

Toplam ¢ozlinmis kati maddelerle ilgili olarak gél ve
akarsu karakteristikleri arasindaki baglica farklarin, maddelerin
akarsu boyunca dagilimi, bilegimi ve nispi konsantrasyonuyla
ilgili oldugu ve drenaj havzasinin jeokimyasal yapisinin yani

sira ylzey akislardaki ve dlisen yagis miktarindaki mevsimsel
degisimlerin de akarsularin bilesimini etkiledigi bildirilmistir
(Reid, 1961; Jain, 2002). Kahta Cayr'nda da benzer sonuglar
bulunmus olup, yagislarin ve yiizey akislarin artmasiyla
birlikte diisik degderler ilkbahar aylarinda, yiksek degerler ise
akimin azaldigi ve sicakhdin arttigi yaz sonu ve sonbahar
aylarinda kaydedilmistir.

Allan (1995) ve Lewis vd. (2002), askida kati madde
miktarlarinin akarsu akiminin dismesi ve yiikselmesi ile
azalip arttigini ve askida kati madde miktarinda gorllen
farkliliklarin - havzanin  egiminden, jeolojisinden, toprak
yapisindan, bitkilerden ve kara kullanimindan kaynaklandigini
bildirmislerdir. Calismamizda disik degerlere yagislarin
tamamen durdugu sonbahar aylarinda, yiksek degerlere ise
yadislarin ve ylzey akiglarin devam ettigi ilkbahar aylarinda
rastlaniimistir. Elde edilen bulgular, bu arastirmacilarin
bulgulariyla benzerlik gdstermistir.

Webb ve Walling (1992), bulaniklik ile askida kati madde
arasinda pozitif bir iliskinin oldugunu; Dodds (2002),
akarsularda yagislardan sonra bulanikligin arttigini ve bunun
karadan sediment giriginin artisina  baglanabilecegini
belirtmislerdir. Kahta Cayr’'nda genellikle diisiik degerleri
yagislarin tamamen durdugu yaz sonu ve sonbahar aylarinda,
yiksek degerler ise yagislarin etkisiyle ilkbahar ve kis
aylarinda kaydedilmigtir. Ayrica, askida kati madde ile
arasinda pozitif (p<0,01) bir iligki bulunmus olup ve yapilan
calismalarin bulgulariyla benzerlik gostermistir.

Hauraki District Council (2003), suyun pH seviyesinin
onemli olclide akarsu havzasinin toprak yapisi ve
jeolojisinden etkilendigini ve genellikle pH araliginin 6,5-8,5
arasinda dedistigini kaydetmistir. Meybeck ve Helmer (1989),
volkanik kaya tipi havzaya sahip akarsular igin pH degerlerinin
genel olarak 7,2 ve kireg tag! tipi havzaya sahip akarsular igin
ise 7,9 oldugunu ifade etmislerdir.

Kahta Cayi ortalama pH degeri 8,20 olarak hesaplanmig
olup, alkali su sinifina girmektedir. Akarsu havzasinin karstik
bir yapiya sahip olmas bunda oldukga etkili olmustur. Olgiilen
pH degerleri Meybeck ve Helmer (1989)in bulgulariyla
benzerlik gostermektedir.

Bir suyun alkalinitesi, o suyun asitleri nétralize edebilme
kapasitesi olarak tanimlanir. Tatl sularda baslica bikarbonat,
karbonat ve hidroksil iyonlarindan kaynaklandi§i ifade
edilmistir (Wetzel, 1975).

Kahta Cayrnda toplam alkalinite degerleri sonbahar ve
kis aylarinda diger aylara nazaran daha yuksek bulunmustur.
Elektriksel iletkenlik ve toplam ¢dzinmis kati madde ile
arasinda pozitif yénde (p<0,01), askida kati madde arasinda
ise negatif ydnde (p<0,01) bir iliski bulunmus ve bu iligki
yapilan diger arastirmalarin (Sen vd., 2002; Tepe vd., 2006;
Sen ve Golbasl, 2008) sonuglariyla paralellik gdstermistir.
Gedik vd. (2010), dogal sularin alkalinite degerlerinin su
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havzasinin jeolojisiyle yakindan iligkili oldugunu ve 5-500 mg
CaCQOs/L arasinda degistigini ifade etmislerdir. Bu bulgu,
yaptigimiz galismamizdaki toplam alkalinite konsantrasyonlari
ile ilgili bulgular desteklemektedir.

Samsunlu (1999), sularda klorir iceriginin normal olarak
mineral igeriginin artmasi ile arttigini ve daglik alanlardaki su
kaynaklarinin ¢ok disik klorir konsantrasyonlari igerdigini
ifade etmigtir. Allan (1995), dinya nehirlerinin klorir igeriginin
ortalamasini kirlenmemis dogal sularda 5,8 mg/L olarak,
insan aktivitelerinden etkilenen nehirlerin ortalamasini ise 8,3
mg/L olarak bildirmistir.

Kahta Cayrnda dusuk klorir degerlerine yiizey akiglarin
devam ettigi kis sonu ve ilkbahar baslangicinda, yliksek
degerlere ise ylizey akislarin tamamen durdugu, buharlagmanin
ise ylksek oldugu yaz sonu ve sonbahar baglangicinda
rastlanilmigtir. Samsunlu (1999) ve Allan (1995)'in bulgulari,
calismamizin bulgular ile benzerlik gostermis olup, Kahta
Gayrnin  kirlenmemis dogal akarsu sinifina  girdigini
gostermektedir.

Wetzel ve Likens (1991), ¢ogu alkalin (pH> 9) sartlar
haric, tatl sularda amonyagin (NHs) ¢ogunun iyonik formda
(NH4*) bulundugunu ve amonyumun akarsularda ve gollerde
ylksek yapili bitkiler, algler ve bakteriler igin azotun énemli bir
kaynagini olusturdugunu bildirmiglerdir. Vaishali ve Punita
(2013), dogal olarak kirlenmemis nehirlerde amonyum
konsantrasyonun genellikle kisin ylksek oldugunu ve
nehirlerdeki  nitrifikasyon  islemlerinin  ylksek  yaz
sicakliklarindan daha ¢ok etkilendigini ifade etmiglerdir. OWW
(2005), guglu yiizey akiglarin oldugu donemlerde toprak
partikilleri tarafindan adsorbe edilmis amonyumun akarsular
ve goller igine tagindigini rapor etmistir.

Kahta Cayr’nda nitrifikasyonun bir sonucu olarak,
amonyum azotu ile sicaklik ve nitrat azotu arasinda negatif
yonde (p<0,01) bir iliski bulunmus olup, en ylksek degerlere
kis ve ilkbahar aylarinda, en dislik konsantrasyonlara ise yaz
ve sonbahar aylarinda rastlaniimistir. Bu bulgular, Vaishali ve
Punita (2013) ve OWW (2005)'nin sonuglari ile paralellik
gostermistir.

Nitrit, nitrat ve amonyum arasinda bir ara riin olup
digerlerine nazaran kararli degildir. Iyi oksijenlenmis sularda
nitrit oldukga duslk seviyelerde bulunur. Amonyumca zengin
atik sularin alici ortamlara bosalmasi sonucu artis gosterir ve
bu 06zelliginden dolayl sularda kirlilik indikatéri olarak
kullanilir (Hauraki District Council, 2003).

Kahta Cayr'nda nitrit azotu ile sicaklik arasinda negatif
yonde (p<0,01) bir iliski bulunmus ve genellikle disik
degerler yaz ve sonbahar aylarinda, yiksek degerler ise kis
ve ilkbahar aylarinda kaydedilmigtir. Varol (2004)'un, Hazar
Goli'ne dokiilen Behrimaz Cayi'nda en dislk nitrit azotu
konsantrasyonlarini akisin az oldugu aylarda, en yiksek
konsantrasyonlari ise akisin yiiksek oldugu aylarda; Sénmez

ve Battal (2017), Han Cayr'nda yaptiklari calismada en
yiksek nitrit degerini kis ay olan aralik ayinda tespit etmis
olmalari ¢alismamizin bulgularini desteklemektedir.

Eberhardt ve Larson (2000), nitratin nehir ve akarsularda
topraktan, hayvan ve bitki atiklarindan, atik sulardan ve
gubrelerden kaynaklandigina; Chapman ve Kimstach (1996),
nitrat  konsantrasyonun  mevsimsel  dalgalanmasinin
ekosistemdeki bitkilerin gelisimi ve bozulmasiyla dogrudan
etkilendigine isaret etmislerdir.

Yapilan arastirmalarda (Tasdemir ve Goksu, 2001; Boran
ve Sivri, 2001; Tepe vd., 2006; Sen ve Golbasi, 2014) nitrat
azotu degerlerinin distk sicakliklarda ve yagislarin - karlarin
erime dbnemi olan ilkbahar aylarinda tarimsal arazilerden
gelen glbrelerin karigmasiyla artig gosterdigi, buna karsin
sicakigin artmasiyla birlikte ylizey akislarin azalmasinin bir
sonucu olarak organik madde girdisinin azalmasi ve alg
gelisimine bagli olarak ise nitrat kullaniminin fazla olmasindan
dolay! diizenli bir sekilde azalma g6sterdidi bildirilmistir. Kahta
Cayrnda nitrat konsantrasyonunun ilkbahar aylarinda diistik,
yaz sonu ve sonbaharda ylksek degerlerde kaydedilmis

olmasi  yukaridaki calismalarin  bulgulariyla  uyumlu
olmamistir. Bununla birlikte bu bulgu, Mutlu vd. (2016)'nin,
Cinarll  Cayrnda nitratin - mevsimsel  degisimiyle ilgili

sonuglarina benzerlik gdstermektedir.

Jain (2002), ¢ozlinmis reaktif fosfor miktarinin giibrelerin
yani sira toprak yapisinin bozulmasi ve aginmasiyla arttigini;
Bordalo vd. (2001), fosfor degerlerinin yagisli mevsimlerde
yuksek, kurak mevsimde ise diiglk oldugunu ifade etmiglerdir.
Bu calismalarin sonuglari Kahta Gayi'nin bulgulari ile
paralellik gbstermis olup, akarsu boyunca yiksek reaktif
fosfor degerlerine sonbahar ve ki ayalarinda, disik
degerlere ise ilkbahar ve yaz aylarinda rastlaniimistir.
Cozinmis reaktif fosfordaki mevsimsel dalgalanmalarin
fosfatll glbreler ve biyolojk olaylar ile ilgili oldugu
dusundimektedir. Meybeck ve Helmer (1989), kirlenmemis
nehirlerde ortalama reaktif fosfor (PO43-P) konsantrasyonunu
0,01 mg/L olarak bildirmiglerdir. Arastirmamizda ortalama
reaktif fosfor konsantrasyonlarinin 0,015 mg/L olarak
hesaplanmis olup Meybeck ve Helmer (1989)in bildirdigi
degerlere oldukga yakin bulunmustur.

Allan (1995), silikanin genellikle silikat taglarinin aginmasiyla
olustugunu ve bu ylzden konsantrasyonlarin bdlgenin
jeomorfolojisi ile degistigini bildirmigtir. Hem (1985), dogal
sularda silika konsantrasyonlarinin degisim aralgini 1-30
mg/L oldugunu ve yiizey sulari icin ortalama silika degerini ise
14 mg/lL olarak bildirmigtir. Kahta Cayi’'ndaki silika
konsantrasyonlari tim istasyonlarda Hem (1985)'in bildirdigi
sinirlar igerisinde bulunmustur. Havza jeolojisine bagl olarak
dusuk silika konsantrasyonlarinin kireg tasi yapidaki havzaya
sahip akarsularda, ylksek silika konsantrasyonlarinin ise
granit ve bazalt yapida havzaya sahip akarsularda ortaya
ciktigr (Meybeck, 1986) distndldigiinde, kireg tasi tipi bir
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havzaya sahip olan Kahta Cayrnda gorilen distk silika
konsantrasyonunun havza jeolojisiyle ilgili oldugu anlagiimaktadir.

Allan (1995), sulardaki slfatin kirlilik ve sedimentte
bulunan taglarin asinmasiyla kaynaklanabilecegini ifade
etmistir. Wetzel (1975), sularda siilfat miktarinin 5-30 mg SO«
2JL arasinda degistigini ve ortalama degerin ise 11 mg SO42/L
oldugunu bildirmistir.

Kahta Gayr'ndaki stilfat miktari en yiksek (35 mg SO42/L)
seviyesine kis baslangicinda ulasmistir. Bu sonu¢ tarimsal
amagcl kullanilan silfath glbrelerin yiizey akiglar vasitasiyla
suya karismasiyla agiklanabilir. Kahta Cayrnin ortalama
stilfat konsantrasyonu (18,28 mg SO4?/L), bildirilen ortalama
degerlerden yiksek olmasina ragmen, Aralik 2013 ayi hari¢
tespit edilen stlfat miktarlari Wetzel (1975)'in bildirdigi sinirlar
icerisinde kalmistir.

Chapman ve Kimstach (1996), Kkirletiimemis ylzey
sularinda KOI konsantrasyonun 20 mg/L civarinda iken, atik
su desarjl yapilan sularda ise 200 mg/L ve iizerinde oldugunu
bildirmigtir.

Kahta Gayrnda, organik maddenin pargalanmasi
sirasinda oksijen tliketilmesinin (Uslu ve Tirkman, 1987) bir
sonucu olarak, KOI konsantrasyonlari ile ¢éziinmis oksijen
arasinda negatif ydnde (p<0,01), sicaklik arasinda ise pozitif
yénde (p<0,01) bir iligki bulunmus olup, disik KOI
degerlerine kis ve ilkbahar aylarinda rastlanirken, yiiksek
degerlere ise yaz ve sonbahar aylarinda rastlaniimigtir. Tespit

KAYNAKCA

Allan, J.D. (1995). Stream ecology structure and function of running waters.
London: Kluwer Academic Publishers.

Anonim, (2003), Adiyaman il gevre durum raporu. Adiyaman: T.C. Cevre ve
Orman Bakanligi Adiyaman Valiligi Il Cevre ve Orman Mudurlugu.

Ballance, R. (1996). Chapter 6 - Field Testing Methods; Chapter 7- Physical
and Chemical Analyses. In J. Bartram, R. Ballance (Eds.), Water Quality
Monitoring- A Practical Guide to the Design and Implementation of
Freshwater Quality Studies and Monitoring Programmes, London: E&FN
Spon,

Boran, M. & Sivri, N. (2001). Trabzon (Turkiye) il sinirlari igerisinde bulunan
Solakli ve Sirmene Derelerinde niitrient ve askida kati madde
yiklerinin belirlenmesi. Ege Journal of Fisheries and Aquatic Sciences,
18(3-4), 343-348.

Bordalo, A.A., Nilsumranchit, W. & Chalermwat, K. (2001). Water quality and
uses of the Bangpakong River (Eastern Thailand). Water Research,
35(15), 3635-3642. DOI:10.1016/S0043-1354(01)00079-3

Chapman, D. & Kimstach, V. (1996). Chapter 3-Selection of water quality
variables. In D. Chapman (Ed.), Water quality assessments-A guide to
use of biota, sediments and water in environmental monitoring, Second
Edition. London: Great Britain at the University Press.

Dodds, W.K. (2002). Freshwater ecology: Concepts and environmental
applications. London: Academic Press.

Durfor, C.N. & Becker, E. (1964). Public water supplies of the 100 largest
cities in the United States 1962. U.S. Geological Survey Water-Supply
Paper 1812, Washington: United States Government Printing Office.

Eberhardt, A. & Larson, L. (2000). Water quality monitoring in the Mystic
River watershed: A study of 10 sites (July-December 2000).
Massachusetts: Report of the Mystic River Watershed Association.

Elmastas, N. (2008). Kahta Cay Havzasi'nda arazi kullanimi. Cografi Bilimler
Dergisi, 6(2), 159-190.

edilen degerler, Chapman ve Kimstach (1996)'in bildirdigi
kilenmemis  sulardaki KOI konsantrasyonunun altinda
bulunmustur.

Yaptigimiz galismada, Yerlsti Su Kalitesi Yonetmeligi
(T.C. Resmi Gazete, 2012), Kitaigi Yertsti Su Kaynaklarinin
Genel Kimyasal ve Fizikokimyasal Parametreler Agisindan
Siniflarina Gére Kalite Kriterleri dikkate alindiinda; pH,
iletkenlik, ¢dzinmis oksijen, amonyum azotu, nitrat azotu,
reaktif fosfor ve kimyasal oksijen ihtiyaci parametrelerinin
ortalama degerleri bakimindan, hafif alkali karaktere sahip
Kahta Cayrnda izlenen drnekleme noktalarinin 1. Sinif Su
Kalitesine sahip oldugu belirlenmistir. Bu karakteristigiyle
Kahta Cayinin igme suyu temini igin kullanilma potansiyelinin
ylksek oldugu, rekreasyonel amagli kullanim, alabalik
yetistiriciligi, hayvan uretimi ve diger ciftlik ihtiyaclar igin
kullanilabilir oldugu sonucuna ulagilmigtir. Ayrica degis-
kenlerin, zamansal iligkisi istatistiksel agidan incelendiginde,
SiO2 hari¢ diger tim degiskenler arasinda anlamli bir fark
bulunmustur (p<0,05). Bu sonug, degiskenlerin mevsim
degisikliklerinden etkilendigini ortaya koymaktadir.
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Abstract: Optimization of photocatalytic degradation of two natural estrogenic compounds, estrone (E1) and 17f-estradiol (173-E2) in aqueous medium
was performed on TiO, coated Pilkington Activi™ self-cleaning glass as a novel approach to eliminate free nano-TiO; releasing to the intended environment
after treatment. The active glass was characterized by Atomic Force Microscopy (AFM), X-ray diffraction (XRD), and Raman spectroscopy to characterize
the TiO2 nanoparticles. The main purposes were mineralization of target compounds in the treated water during the photocatalytic reaction and also to
investigate the oxidation by products. Response Surface Methodology (RSM) has been applied to optimize the photocatalytic degradation by changing time,
pH, and light intensity as effective factors. According to the results, time was the more effective parameter. The maximum efficiency degradation was
achieved in alkaline media. Due to interactive effects between variable factors, 1 mg/L aqueous solution of E1 and 178-E2 in water was totally decomposed
by TiO2 photocatalyzed reactions under UV-C irradiation of 10.08 W/m2 for 52.49 min at pH 9.42. Results of GC-MS analysis were introduced 17-deoxy
Estrone and 2-Hydroxyestradiol as intermediate products for E1 and 17B-E2, respectively. All of the peaks finally disappeared after 170 min. Optimized
conditions were applied for real sample of wastewater, presenting 30.40% and 56.84% in the efficiency degradation of E1 and 173-E2, respectively.

Keywords: Photocatalytic degradation, TiO2, Endocrine Disrupting Chemicals (EDCs), Estrone, 17B-estradiol, Response surface methodology

INTRODUCTION

Endocrine Disrupting Chemicals (EDCs) comprise a
group of active organic compounds which interfere with
regular function of the hormonal system in the organisms
(Deguchi et al., 2008; Noppe et al., 2008). EDCs are
exogenous biologically active compounds by both natural and
anthropogenic origins. Human's body, animals, also plants
and fungi synthesize biologically derived estrogens. Synthetic
EDCs can be found as a constituent component of various
daily used products like plasticizers, pesticides, herbicides,
detergents, pharmaceuticals, personal care products, and
others (lwanowicz & Blazer, 2011; Song et al., 2018; X.
Zhang et al, 2009). Estrogenic Endocrine Disrupting
Chemicals (EEDCs) have emerged as concern chemicals
over the last two decades (Hamid & Eskicioglu, 2013; Mockler
et al.,, 2017; Wert et al., 2009). Lipophilic character and long
biological half-life of these group of chemicals make them
more stable and easily accumulated in organisms body
(Adeel et al., 2017; Cai et al., 2015). Exposure of aguatic
organisms to EEDCs leads to inappropriate genetic induction
for estrogen sensitive genes, abnormal development of
reproductive organs and gametes, fertility reduction especially
in males, reduction in the quality and quantity of male sperm,

the vitellogenin elevation in male fishes, existence of intersex
forms, disturbance in sex change of protandrous
hermaphrodites and high female-to-male (F/M) ratios, also
EEDCs modulate immune responses of fishes (Adeel et al.,
2017; Blanchfield et al., 2015; Iwanowicz & Blazer, 2011;
Long et al., 2014).

Factors such as distributed chemical substance type,
duration and frequency of exposure, season, sex, and
developmental stage could change the severity of EEDCs
effects on organism (Iwanowicz & Blazer, 2011; D.-G. Wang
et al, 2011). The introduction of EEDCs into the natural
environment is a consequence of both natural estrogenic
compounds such as estrone (E1), 17a-estradiol (a-E2),17p-
estradiol (178-E2) and estriol (E3) and synthetic ones such as
ethinyl estradiol (EE2) which are the main components in oral
contraceptive pills and hormone therapy, that was originated
from exorcise the human urinary and fecal. Meanwhile, liquid
and solid waste effluences from livestock, poultry, and fish
crop farming system that contains great amounts of
estrogenic compounds (Adeel et al., 2017; Song et al., 2018;
Vulliet & Cren-Olivé, 2011). Degradation of E1 and 17B-E2
has concerned in this study due to their abundant excreting
and toxic effects on natural environment.
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Numerous studies have indicated aquatic environment
sufferance from EEDCs pollution due to adverse wastewater
treatment systems. Notable residual concentrations of the
estrogens in treated wastewater effluents and conventional
wastewater treatment plants (WWTPs), are considered as the
major source for continuous entry of estrogens into the
environment (Marfil-Vega et al., 2010; Wert et al., 2009; A.
Zhang & Li, 2014). There is no official limitation for EEDCs in
treated wastewaters, nonetheless, there has been increased
concern regarding accumulation characteristic and adverse
ecological and health effects of EEDCs, thereby advanced
technologies and innovation needs to reinforce conventional
wastewater treatment systems to decrease EEDCs effluent
flowing into the aquatic environment.

Advanced Oxidation Processes (AOPs) are widely utilized
as treatment techniques for persistent organic pollutants by
high chemical stability and low biodegradability property.
Photocatalytic processes are a successful way to mineralize
the contaminants into carbon dioxide, water, and inorganics
during AOPs (Blanco-Galvez et al., 2007). Photocatalytic
treatment has proven as a convenient method for organic
pollutants degradation, whereas the hbiological treatment
processes are insufficient for treating trace levels of this group
of chemicals (Mayer et al., 2019; Paredes et al., 2019).
Photocatalysis are chemical processes that are considered as
environmentally friendly approach in purification system
(FUJISHIMA et al., 2008; Han et al., 2012a). Electronic
structure, light absorption properties, charge transport
features, and excited life time attribute metal oxides to their
usage as photocatalyst. Among these metal oxides, TiOz,
ZnO, SnOz, and CeO. due to their biocompatibility and
exceptional stability in various conditions, have been
extensively used as photocatalyst (Belver et al., 2019; Oturan
& Aaron, 2014). Two oxidation and reduction at least occur in
photocatalytic system which equilibrium between two steps is
of system efficiency determination (Daghrir et al., 2013).
Oxidation process in photocatalytic reactions focused on the
toxic chemicals mineralization into CO2 and H20. TiOz which
has selected as catalyst in this study, is useful for the water
and air purification, cleaning up and sterilization of surfaces,
photolytically split water to hydrogen and oxygen, and also to
perform selective reactions in organic chemistry (Kurtoglu,
Longenbach, & Gogotsi, 2011). Rutile, anatase and brookite
are three main types of TiO2 structures with different stability
depending on particle size by similar photocatalytic effect
which has been proved by previous studies, hence it is
essential to choose the more suitable structure and apply
method regarding the research's purpose (FUJISHIMA et al.,
2008). TiO2 Degussa P25-slurry treatment has been attracting
great interest in estrogenic pollutants elimination (Gmurek et
al., 2017; Han et al., 2012a; Ohko et al., 2002; Sornalingam et
al., 2016; Y. Zhang et al., 2007) although it has
disadvantages such as: adversely effects of particles on UV

transmission and inhibiting the photocatalysis reaction,
release of free ions to the intended environment and cause to
secondary pollution (Huy et al., 2019), negative effects of
nano-TiO2 as a variety of inorganic pollutant on aquatic
natural life (Battin et al., 2009; Christian et al., 2008; Lee et
al., 2011; Marfil-Vega et al., 2010; Mueller & Nowack, 2008;
Tong et al, 2013). Also, it has been demonstrated that
phosphate ions which abundantly found in waste water,
adsorb on TiO2 and inhibits the reaction rate (Blanco-Galvez
etal., 2007).

To the best of our knowledge, there is no study about the
photocatalytic E1 and 178-E2 degradation with the anatase
TiO2 nanocrystals in the immobilized form on glass. To
maximize the efficiency degradation, Response Surface
Methodology (RSM) was applied as it has been utilized
successfully to evaluate the significance of several factors
affecting on the prcesses response even in the presence of
complicated interactions in the processes (H.Myers et al.,
2016; Khayet et al., 2011; Zodi et al., 2010). Also, some
recent publications have reported the RSM prosperity for
optimize the EDCs photodegradation (Chong et al., 2010;
Daghrir et al., 2013).

MATERIAL AND METHOD
Experimental
Chemicals and reagents

E1 and 17B-E2 analytical standards were obtained from
Sigma-Aldrich (USA). HPLC gradient grade acetonitrile and
water were purchased from Chem-Lab NV (Belgium).LC-MS
grade water, methanol, acetone, 1-Octanol, hydrochloric acid
and sodium hydroxide were purchased from Merck
(Germany). Ultrapure 18.2 MQ.cm water was collected from a
sartorius arium® 611Dl purification system (Sartorius AG,
Gottingen, Germany). Pilkington Activi™™ TiO2 coated glass
(self-cleaning glass) was purchased from Pilkington
(Pilkington UK Ltd, U.K.). Accurel® PP Q3/2 polypropylene
hollow fiber (inner diameter: 600 um, wall thickness: 200 um,
pore size: 0.2 um) was purchased from Membrana GmbH
(Wuppertal, Germany).

Apparatus and instruments

Photocatalysis reactor equipped with UV-C TUV 15W
lamps (100-280 nm), model SLV/25 (Phillips, Netherlands)
was made in our laboratory. Magnetic mini-stirrer from KA
(Germany) was used for solutions agitation. TiO2 coated on
self- cleaning glass was characterized by X-ray diffraction
patterns (XRD) that recorded by Bruker AXS model D8
advanced diffractometer (Cu Ka radiation (\=1.54187 A) at 40
kv and 35 mA with Bragg angle ranging from 3 to 70).
Surface morphology of the self-cleaning glass was studied by
atomic force microscopy (FlexAFM, Nanosurf, Switzerland).
Raman spectra were recorded by Renishaw InVia
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spectrometer (Renishaw RM1000, Gloucestershire, UK). A
high-performance liquid chromatograph model SY-8100 from
BRFL Co. (China) equipped with an isocratic pump, a
reversed phase Cascolumn (250x4.6 mm I.D, 3 um particle
size) from Macherey Nagel (Germany) and a UV detector was
used for following the estrogens degradation via
photocatalytic reaction. A 7890 A model gas chromatograph
hyphenated with a 5970-model mass spectrometer
(Quadrupole mass analyzer and El source) equipped with
DB-5MS capillary column (30mx0.25 mm I.D., 0.25 pm film
thicknesses) from Agilent (USA) was used for separation and
identification of photocatalytic reaction byproducts. A WTW
pH meter, model 3110 (Germany) was used for pH
adjustments.

Photocatalytic procedure

The reactor box (50 cm x 50 ¢cm x 120 cm) was made of
medium-density fiber board and equipped by ventilation fan.
Two 15W UV-C lamps were installed in the center of ceiling of
the reactor to irradiate the solutions from the top with a total
power of 30W. The photocatalytic glass was placed in the
crystallization dishes with nickel-chrome stands in direction of
the UV source.

Different radiation intensity of the experimental setup was
attained by adjusting distance of active surface of glass and
UV lamps. The 1 mg.L* mix solution of E1 and 178-E2 was
prepared by dissolving appropriate amounts of them in
methanol and diluted to the mark with ultra-pure water, stored
in refrigerator at the temperature of 4 °C, and protected from
light.

Aqueous solutions of estrogenic compounds were filed in
the dishes in the way that rose about 1 cm from the active
level of glass. All of the solutions were stirred during tests.
The experimental setup used in the photocatalytic tests
consisted of irradiating solutions in selected values of
independent variables proposed by RSM. The concentrations
of target compounds at different conditions followed by high
performance liquid chromatography that were obtained
through sampling 1 mL of treated solutions. Separation of the
analyses were performed on Cis column (250x4.6 mm I.D, 3
um particle size), eluted by acetonitrile: water (80:20) at 1 mL
min flow rate. The E1 and 17- E2 concentrations were
measured by UV detector at 220 nm. In order to identification
byproducts degradation, treated samples at optimized
conditions that were obtained from RSM were analyzed by
GCIMS. Separations were performed on DB-5MS capillary
column (30mx0.25 mm I.D., 0.25 um film thickness) under
temperature programming. Initial temperature was set at 50
°C for 2 min, raised to 300 °C at 10 °C min‘! rate and hold for
15 min. lonization source (El: 70 eV) and transfer line
temperatures were set at 250 °C and 260 °C, respectively.
Scan range was 25-500 (m/z). The efficiency degradation was
calculated from the following formula:

c-Co
Co

X = (1)
Where Co and C are the initial concentration and
concentration of E1 and 178-E2 at sampling times (mg.L%).

Experimental design

The photocatalytic wastewater treatment methods are
influenced by various factors. Controllable variables can
optimize to maximize the response (dependent variable).So in
this study, solution pH, irradiation time (min) and light intensity
(W.m2) were investigated as independent variables. Coded
and actual values of RSM input variables are given in Table 1.
The coded values of variables were applied for RSM
optimization procedure, according to the following equation:

Zi—Zy

v 2)
Where Xi is the dimensionless coded level, Z, Zo and

AZare the actual value, center point of the variable and

interval variation, respectively.

Xi:

Table 1. Coded and actual values of operational parameters
(independent variables) utilized in experimental design

actual values of coded levels

Input variables Symbol

-0@ -1 0 +1 +a

Light Intensity, W/m2) ~ Xi 829 10 125 15 1670
pH X 447 55 7 85 952
Time (min) Xe 447 15 30 45 5522
a=1.682

To assay the individual and interactive effects of three
independent variables on the response (photocatalytic
efficiency degradation), Central Composite Design (CCD) was
utilized as the most popular design of RSM. 20 experiments
with 8 orthogonal two levels full factorial design points (coded
as 1), six axial points (coded as +o= 1.682) and six
replications of the central points were performed based on
CCD procedure. The design of experiments and analysis of
experimental data were performed by Design Expert 10. The
matrix of experiments is given in Table 2.

RESULTS AND DISCUSSIONS

Characterization of TiO2 coated self- cleaning glass
as photocatalyst

Surface of the proposed photocatalytic Pilkington Activ™
self-cleaning glass was studied by Atomic Force Microscopy
(AFM). From the top-down view (TiO2-coated surface of
glass), the average TiO. nanoparticle diameter is about
90£30 nm (Figure. 1a). The hemispherical peaks are
observable in the topographical view (Figure 1b). From the
sectional AFM view (Figure 1c) the thickness of TiO2 layer on
the glass is about 8+3 nm. The results indicate the
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appropriate  roughness with high surface for the  (bare surface of glass) AFM images exhibit very smooth
photocatalyticaly active surface of glass. The top-down view  surface in comparison with active surface (Figure 1d-f).
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Figure 1. Demonstrates AFM images of Pilkington Activ™™ glass in (a, b) a top-down view and (c, d) a topographical view, (e, ) sectional view
for active and bar surfaces, respectively

The existence of TiO2 on the active surface of glass was  demonstrated Recorded XRD pattern. A sharp peak at 26 =
investigated by XRD and Raman spectra. Figure2a  25.28° confirms the existence of TiO2 as anatase phase. No
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peaks related to the rutile phase of TiO2 are observed. The
characterization of TiO2 phase coated on the active surface of
glass was more investigated by Raman spectroscopy which
would be considered as an accurate way for the analysis of
surface morphology of thin TiOz films (Kurtoglu, Longenbach,
& Gogotsi, 2011; Kurtoglu, Longenbach, Reddington, et al.,
2011). The Raman spectra of surface film showed an obvious
characteristic peak of TiO; anatase phase at 144, 396, 514
and 636 cm-! frequencies (Figure 2b).
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Figure 2. (a) XRD pattern and (b) Raman spectra of Pilkington
Activi™ glass active surface

Photocatalytic performance of Pilkington ActivTM
glass in degradation of E1 and 17f-E2

Figure 3 demonstrated the efficiencies degradation of E1
and 17B-E2 vs. time in adsorption (in dark), direct photolysis
(without active glass), and photocatalytic (with active glass
under UV irradiation) processes. Under UV light irradiation,
the efficiency degradation of E1 and 17f3-E2after 120 min was

61.26 and 41.52%, respectively. The removal efficiency of
estrogenic compounds in dark (adsorption process) was
negligible. As shown in Figure 3 significantly greater
degradation of each estrogenic compound is obtained from
the coated TiO2 on the active surface of Pilkington Activi™
glass in compared to direct photolysis. At the same UV
irradiation (10.08 W/m2) and time (120 min) more than 90% of
degradation occurs in the existence of coated TiO2 on the
active surface of Pilkington Activ™ glass for both E1 and 178-
E2. The observed difference in efficiencies degradation is due
to the fact that the dominant mechanism of degradation
becomes hydroxyl or superoxide anion radical mediated
advanced oxidation when active glass is placed in the
exposing of UV light.
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Figure 3. Efficiency Degradation E1 and 178-E2 indirect photolysis
(in absence of active glass and UV irradiation) and
photocatalysis (by existence of active glass and UV light
intensity of 10.08W/m2)

Modeling, effect of operational parameters and
optimization of the photocatalytic degradation process
by RSM

Model development and analysis

A second-order polynomial or quadratic regression
equation (Eg. (3)) was utilized to fit the experimental results
that were achieved from CCD. This response surface
modelprovides polynomial experimental results estimation.

y= bo + Z?:l(bixi)+2ir]:1(biixii2) +Zin,j—1(bii Xixi) &)

Wherey and bare the predicted responses (efficiency
degradation, %) and regression of coefficients. For each
experiment, the efficiency degradation was experimentally
obtained from the experimental design results (Table 2), the
quadratic equations for specifying the photocatalytic

degradation of E1 and 17B3-E2 by TiO2 coated self-cleaning
glass were obtained from the least square approximation.

The equations are presented as equations 4 and 5 for E1
and 17B-E2, respectively:
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Ye, =0.66—0.021X, —0.015X , + 0.19X, +0.022X 2 +0.022X % —0.047 X 2

(4)

~1.125x107° X, X, +1.125x10° X, X ;+1.125x10° X, X,

Yirpes =0.73-0.035X, —0.019X,, +0.18 X, +0.046X 2 +0.067X ? —0.053X ?

(5)

—8.625x107° X, X, —3.875x107° X, X ;~2.625x107° X, X,

Table 2. Applied central composite design matrix and efficiency degradation values for photocatalytic degradation of the estrogens

Degradation efficiency E1 DG B AT

Run order L.l (W/m2) pH Time (min) 178-E2
Experimental Predicted Experimental Predicted

1 15 8.5 15 0.45 0.431 0.578 0.583

2 15 8.5 45 0.791 0.811 0.902 0.907

3 125 9.52 30 0.708 0.699 0.894 0.886

4 15 55 15 0471 0.466 0.621 0.626

5 125 7 30 0.62 0.6611 0.752 0.731

6 125 7 30 0.675 0.661 0.711 0.731

7 125 4.47 30 0.784 0.749 0.964 0.956

8 10 85 15 0.477 0.478 0.622 0.627

9 125 7 30 0.671 0.661 0.721 0.731

10 8.29 7 30 0.802 0.759 0.964 0.956

11 125 7 30 0.658 0.661 0.749 0.731

12 125 7 30 0.64 0.661 0.751 0.731

13 10 8.5 45 0.818 0.853 0.971 0.976

14 125 7 55.22 0.909 0.844 0.931 0.923

15 10 55 15 0.498 0.508 0.64 0.645

16 125 7 30 0.697 0.661 0.701 0.731

17 125 7 477 0.193 0.214 0.247 0.239

18 16.70 7 30 0.688 0.687 0.772 0.764

19 10 55 45 0.83 0.878 0.99 0.995

20 15 55 45 0.812 0.840 0.965 0.970

Table 3. Analysis of variance (ANOVA) for the developed models
s DE* ANOVA for E1 degradation ANOVA for 178-E2 degradation
ource SS* Adj-MS™ F-Value P-Value SS Adj-MS F-Value P-Value
35.55 62.02

Regression o 0.54 0.06 (Critical F-value=3.02) 0.0001< 063 007 (Critical F-value =3.02) 0.0001<
Residual error 10 0.017 1.685x103 - - 0.011 1.133x10°3 - -

) 353 342
Lack-of-fit 5 13x103 2.627x103 (Critical F-value =5.05) 0.0962  8.77x103 1.754x103 Critical F-value =5.05) 0.1017
Pure error 5 3.72x103 7.438x10°3 - - 2.56x103  5.13x10* - -
Total 19 0.56 - - - 0.64 - - -

* DF = Degrees of freedom. * SS = Sum-of-squares. *Adj-MS = Adjusted mean squares.

The experimental and predicted efficiencies degradation
of E1 and 178-E2 (from Egs. (4) and (5)) has shown in Table 2.

Table 3 demonstrates the analysis of variance (ANOVA)
results. The ANOVA is carried out to evaluate the significance
and adequacy of the obtained response surface models.
Based on the ANOVA results, the Fisher F-values of both
regressions were remarkably higher than the tabulated F-
value (35.55 and 62.02 for E1 and 17B-E2, respectively at
95% significance) implying that the obtained models predict
the experimental results, suitably. Furthermore, P-values that
are related to the Fisher test are lower than 0.05 signifying
that the response surface models are significant by a
statistical point of view. The next criterion for evaluating the

achieved models was Lack of Fit (LOF) test. Indeed, it
compares the residual with pure error. The pure error
calculated by the replicated experiments at the central level of
variables from the ANOVA results, the F-values that are
related to the LOF of response surface models were less than
tabulated ones. Also, the P-values of LOF test were equal
t00.0962 and 0.1017, respectively. The results of LOF have
shown the insignificant lack of fit for the developed models for
predicting the degradation efficiency of E1 and 17f-E2.

The coefficient of determination (R2) and Adj-R? values,
which compared experimental and predicted degradation
efficiencies, were equal to 96.97% and 94.24% for developed
model of E1 degradation and they were equal to 98.24% and
96.60%, for 17B-E2, respectively (Figure 4).
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Figure 4. Experimental degradation efficiency vs. calculated ones by developed models for a) E1 and b) 178-E2
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Figure 5. Experimental efficiency degradation vs. calculated ones by developed models for a)E1 and b) 178-E2

Determination of importance of model terms

The well-known Pareto analysis was used in order to
determine the effective terms in the response surface models.
In Pareto analysis the percentage of independent variables
(Pi) was calculated to evaluate the effectiveness of model
parameters using the following formula:

b-2
>b;
i=1

According to the Pareto results (Figure 5), during the
photocatalytic degradation process the irradiation time
showed the most effect (90.16% and 74.49% for E1 and 17p-
E2, respectively) on the efficiency degradation of the studied
hormones. The coefficient of the quadratic effects of time, pH
and light intensity were also significant. In this mechanism,
the maximum efficiency degradation is achieved by alkaline
media. Therefore, pH effect as 10.32% quadratic terms
predicted by Pareto is expectable.

P

x100  i#0 (6)

Optimized conditions for photocatalytic degradation
of E1 and 17B-E2

The main purpose in designing experiments by RSM is
achieving the optimized conditions of operational factors to
attain the desired response. The optimized values of the
variables for obtaining the maximum efficiency degradation of
E1 and 17B-E2 are given in Table 4. Other experiments were
performed to optimized conditions proposed by RSM and
experimental efficiency degradations for both estrogenic
compounds that were obtained to verify the optimized values
of the factors. The experimental results demonstrated that the
maximum degradation efficiency was equal to 0.921 and
0.986 for E1 and 178-E2 which were in a good agreement
with the predicted ones.

Table 4. Optimum values of factors to obtain the maximum photocatalytic
degradation of the E1 and E2

Predicted optimized
. values of factors Predicted Experimental
Degrr;lgea}st;on Light Ti degradation degradation
# intensity pH ([]'1Tne'; efficiency efficiency
(W/m2)
El 10.084 9.421 52.498 0.915 0.921
17B-E2 10.084 9.421 52.498 1.040 0.986
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Effects of variables on estrogens' efficiency degradation

Figure 6 demonstrates the three-dimensional response
surface plots for investigating the effect of pH and light
intensity and irradiation time on the degradation of studied
hormones. It is clear that the efficiency degradation of
hormones increased by irradiation time increasing. Also, the
light intensity had a negligible effect on photocatalytic
degradation in comparison with irradiation time. The
photocatalytic degradation mechanism is summarized as
follow:

TiO, + hv > h* +e” @)
h* + e~ - heat (8)
H,0 + TiO, — H,0,4s — TiO, 9)
OH™ + H* + Ti0, — OHgy — TiO, + H* (10)
Estrogen + TiO, — [Estrogen],q4s — TiO, (12)
H,0,4s — TiO + h* - OHgs — TiO, + HY  (12)
OHyy — TiO, + h* > ‘OH,qs—TiO, (13)
‘OH,4s + [Estrogen],qs — [Intermediate] (14)
OHy 4 + TiO,h* » ‘OH,qs (15)
HO, +Ht+e - H,0, (16)

H,0,+e - OH,4s+ OH™ )]
05 + H* - HO, (18)
HO; + H* + Ti0,e~ — H,0, (19
H,0, + Ti0,e™ - ‘OH,qs + OH™ (20)

‘OH,qs + [Estrogen],qs — [intermediates] (21)
03(ads) + [Estrogen],qs — [intermediates] (22)

The reaction between hydroxide ions and positive holes
on TiO2 surface can lead to formation of hydroxyl radicals
(Eq. 13). The hydroxyl radicals can be easily formed in
alkaline media by oxidizing more hydroxide ions. The
photocatalytic efficiency degradation of both estrogens is
enhanced in alkaline solution more significantly, even though
the efficiency increases for both acid and alkaline pH. From
Egs. 14 - 17, the formation of the superoxide anion radicals
and their conversion of the hydroxyl radicals is favorable at
low pH. Even though at the acidic solution, oxygen reduction
by electrons in conduction band may play an important role in
the degradation, highest efficiency degradation of target
compounds were observed under alkaline conditions. For
achieve better sight in photocatalytic degradation of E1 and
17B-E2, in comparison to other previous studies was reported
in Table 5.

Table 5. A compilation of comparative studies on AOPs in degradation of EEDCs

i . " . Effici
Dngradatlon Target Experimental conditions Intermediates clency Ref.
rocess %
P25 TiO2" suspension 50 mg L1
Photocatalytic E1 [UVA 60 min 95 (Han et al., 2012h)
/Irradiating Batch system
P25 TiO2" suspension 100 mg L 0 Heménd
Photocatalytic 17B-E2 /UV-C 60 min >85 (Orozco-Hernandez
. etal., 2019)
/Irradiating Batch system
17B-E2 P25 TiO2 suspension 1.00 g L 10e-17p-Dihydroxy-
/UVA 180 min / irradiation 1,4-estradien-3-one
ic (Co=0.003 mglL X : hk l., 2002
Photocatalytic (Co o) intensity: 6mW.cm2/ Irradiating ~ and testosterone like 100 (Ohko etal., 2002)
Batch system species
1.8 x 10 M FeCl3/NaNO2 under (L. Wang et a
Photocatalytic 173-E2 natural light irradiation / 1440 min / >86.6 ' 9 b
L 2007)
Irradiating Batch system
PTT™/ UV-C -LED / ~120 / 100for £1 and
Photocatalytic E1and 17-E2 iradiation inefficient (Arlos et al., 2016)
. - 2 degradation of 17f-
intensity: 0.390 mW.cm 2
Anatase TiOzas glass coated
’ immobilized form / UV-C 52.5 min / >92 for E1
PROIOCAIANC &1 ang 176-£2 iadiation 173;3;‘3’)(5;;?2;5‘ z and This study
intensity: 10.084 W.cm2/ >98 for 17B-E2

Irradiating Batch system

‘P25 TiOz: Titanium dioxide, anatase nanopowder, Particle Size < 25 nm, CAS Number: 1317-70-0

“EDDS: Ethylenediamine-N,N’-disuccinic acid
*PTT. Porous Titania-TiO>
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Figure 6. Response surface plots for investigating the time and light intensity effects on photocatalytic degradation of (a) E1 and (c) 17 B-E2
and effect of pH on (b) E1 and (d) 17 B-E2 efficiency degradation

For identification of the active species in the
photocatalytic degradation process, a series of experiments
were accomplished. Hydroxyl radicals(OH"), trapped
photogenerated holes on the TiO2 and superoxide anion
radicals(0; ) are the main reactive oxidative species in
photocatalytic degradation of estrogenic hormones. In the
new series of experiments, three test were separately
conducted in the existence of tert-butyl alcohol (t-BuOH),
benzoquinone (BQ), and ammonium oxalate (AO) as a
hydroxyl radical, superoxide anion radicals and
photogenerated holes scavengers, respectively. The
photocatalytic tests were performed at the optimized
conditions obtained from RSM (Table 4). Figure 7 shows the
ranking of different radical scavengers effect of efficiency
degradation was in order of BQ > t-BuOH >AOQ. Therefore, the
superoxide anion radicals and hydroxyl radicals are the main

oxidative specie for
compounds.

degradation of both estrogenic

0.8

0.6
mE1

0.4 017B-E2

0.2

Without BQ added AO added tert-BuOH
scavenger added
Figure 7. Effect of different radical scavengers on photocatalytic
degradation of of E1 and 178-E2 (1 mg/L of mix solution,
light intensity=10.08 W/m2, pH=9.421 and irradiation
time=52.5 min)
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HPLC and GC/MS study of the photocatalytic
degradation of E1 and 17B-E2 in aqueous media

Photocatalytic tests were also performed at the optimized
conditions that were proposed by RSM and the degradation of
E1 and 17B-E2 was studied by high performance liquid
chromatography with determining the changes in the
hormones concentrations during tests. The chromatograms of
mixed estrogen solutions under optimized pH, light intensity,
and varying times were investigated. It has clearly shown that
E1 and 17B-E2 peaks were disappeared during 0-115min of
UV-C irradiation with 10.08W/m2 light intensity and 9.42
solution pH in the existence of self-cleaning glass as
proposed photocatalyst. From comparison of the HPLC
chromatograms, it could be seen growth of the new peaks at
retention times 4.45 and 5.15 min, which was related to
degradation byproducts of the studied hormones. The first

peak growth was continued till 115 min and then with further
light irradiation that was disappeared (HPLC chromatogram
forl70 min). The second peak reached to maximum at 22.5
min and at longer irradiation times the peak disappears from
22.5 up to 60 minutes.

The test solutions of individual hormones were examined
by GC/MS in order to identify reaction byproducts. Figure 8
shows the total ion chromatograms of GC/MS analysis. As
can be seen the peaks that are related to the E1 and 17B-E2
were disappeared photocatalytic degradation. However, the
byproduct peaks grew at the first minutes of processes and
then omitted. The proposed byproduct compounds are 2-
hydroxyestradiol as intermediate compound before complete
oxidation and mineralization of 17p-E2 and 17-deoxy estrone
as intermediate compound in photocatalytic degradation of E1
which were identified by mass spectra of GC/MS analysis.
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Figure 8. Total ion chromatogram of individual (a) 17-E2 and (b) E1 during photocatalytic degradation process that performed at optimized

conditions proposed by RSM
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Figure 9. HPLC chromatograms of real sample of wastewater effluent of MBR system before (a) and after

(b) photocatalytic degradation at RSM optimized conditions

Evaluation of applicability the method for real
wastewater matrix

To evaluate the optimized method applicability, a real
sample from effluent of a WWTP which membrane bioreactor
(MBR) technology employed as treatment process, were
collected. Profile of mentioned WWTP's influent was in the
ration of 40% domestic (originated from ~ 7000 personnel)
and 60% industrial approximately.120 mL of real sample was
treated under optimized conditions that were established by
RSM. 50 mL of treated samples were extracted following the
hollow-fiber liquid-phase micro extraction procedure.

HPLC analyses were performed and Figure 9 shows the
HPLC chromatograms. Efficiency degradation of E1 and 17§-
E2 was equal to 30.40% and 56.84%, respectively; which is
lower than performance of the system for synthetic
wastewater; it can be in the result of containing complex
matrices of organic matter and other competing chemicals in
real samples and higher level of organic content of them
naturally(Bodhipaksha et al., 2017); in addition, phosphate
ions which abundantly found in wastewater, can inhibit the
reaction rate by adsorption on TiO2 crystals (Blanco-Galvez et

al., 2007). This result highlights the importance of moderation
of AOPs in pilot tests before real scale application. Regard to
main role of superoxide and the hydroxyl radicals in the case,
existence of effective electron scavenger (e.g. phosphate
and nitrate anions) over illuminated TiO2 being able to
compete successfully with molecular oxygen for the
photogenerated electrons (Gu et al., 2002).

CONCLUSION

Deficiency of conventional WWT systems to decrease
EEDCs effluent flowing on the aquatic environment alert
needs an advanced treatment systems development. E1 and
178-E2 as a representing estrogenic compound undergo
photocatalytic degradation process under UV irradiation in the
existence of TiO.coated on Pilkington Activ™™ glass. UV
irradiation is conducted at room temperature which is near to
realistic conditions for feature real scale tests. The optimal
efficiency degradation was obtained in alkaline pH under
10.08 W/m2 UV light irradiation and after52.49min of process
which were obtained from RSM. According to the Pareto
analysis, the irradiation time is the most important parameter
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in treatment process which should be suit to remove of
primary compounds. Anatase crystal phase of TiO2 as glass
coated immobilized form is used by obtaining self-cleaning
commercial glass Pilkington Activ™™ which is available to
purchase for real scale photo reactors is advantageous due to
eliminate secondary pollution of aquatic ecosystems. The
results of this study provide new insight for the benefits and
efficiency of using the TiO2 coated self-cleaning glass to
purify the wastewater. In comparison with other previous
studies, achieved results in this study provide further
justification for AOP development applications in real scale
WWT systems. Presented evidences advices to ideal
management practices, use this material in reinforce
treatment systems after further ecotoxicological researches,
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Abstract: The effects of individual rearing technique on the growth and survival of Octopus vulgaris (Cuvier, 1797) were investigated. Therefore, wild
octopuses were reared in the transparent, perforated and caped polyethylene terephthalate (PET) pots (10 I). The assay was established as one free group
rearing as a control (12.7 kg/m? of stoking density) and two individual rearing groups as 11 and 12 (13.8 kg/m3 and 18.3 kg/m?® of stoking density,
respectively). The individuals were fed mainly fresh or thawed fish at 5% body weight per day. The experiments lasted for 120 days. The acclimatization
period of the octopuses lasted within 3-5 days in the individual rearing and 7-10 days in the free group rearing. The final survival rates were 100% for the
control and 11 or 85.7% for 12 (P>0.05). Statistically differences were not found among the growth or specific growth rates (between 0.5 and 0.6%/day for the
trials) (P>0.05). The maximum density (30.7 kg/m3) was obtained from the 12 trial.

Keywords: Octopus vulgaris, individual rearing, growth, survival

Oz: Bireysel yetistiriciligin Octopus vulgaris (Cuvier, 1797)'in gelisimi ve yasama orani (izerine etkileri aragtirildi. Bunun igin dogadan yakalanan ahtapotlar,
10 litre hacmindeki seffaf, delikli ve kapakli polietilen tereflat (PET) kaplarda yetistirildi. Denemeler, bir serbest grup yetistiricilik (12,7 kg/m? stok
yogunlugunda, kontrol grubu) ve iki bireysel yetistiricilik (11, ve 12 olarak sirasiyla, 13,8 kg/m3 ve 12, 18,3 kg/m3 stok yogunlugunda) grubu olarak kuruldu.
Ahtapotlar, agirlikli olarak taze ve/veya taze donmus ¢ézilmis balik ile giinlik olarak viicut agirliklarinin %5'i oraninda beslendi. Denemeler 120 giin stirdi.
Adaptasyon periyodu bireysel yetistiricilik gruplarinda 3-5 glinde, serbest grup yetistiricilik grubunda 7-10 glinde tamamlandi. Hayatta kalma oranlari kontrol
ve |1 icin %100, 12 icin %85,7 olarak hesaplandi (P>0,05). Ahtapotlarin gelisimleri veya spesifik gelisim oranlari (denemeler icin 0,5 ve 0,6%/giin) arasinda
istatistiksel olarak 6nemli farkliliklar saptanmadi (P>0,05). Maksimum stok yogunlugu (30,7 kg/m3) stoklamanin en fazla oldugu 12 denemsinden elde edildi.

Anahtar kelimeler: Octopus vulgaris, bireysel yetistiricilik, gelisim, yasama orani

INTRODUCTION

Octopus vulgaris (Cuvier, 1797), has become a potential
species for the aquaculture industry, due to the high growth
rate, high nutritional value, an easy adaptation to controlled
conditions and high market demand (Vaz-Pires et al., 2004;
Iglesias et al., 2004; Iglesias et al., 2007; Garcia Garcia et al.,
2009). However, O. vulgaris culture has cannot be performed
as commercially yet, due to the low survival rate of the
paralarvae and lack of specific live and/or compound diets for
its paralarvae and subadults (Vaz-Pires et al., 2004; Iglesias
et al., 2007; Valverde et al., 2015). Despite these constraints,
fattening of O. vulgaris, using floating cages in Spain (Galicia,

ongrowing (Chapela et al., 2006; Rodriguez et al., 2006;
Estefanell et al., 2012a; Estefanell et al., 2012b).

Further, in the previous studies, it's clearly pointed out
that better growth results in the common octopus have been
obtained by free group rearing technique, but higher survival
rates have been achieved by individual rearing (Chapela et
al., 2006; Garcia Garcia and Valverde, 2006; Petza et al.,
2006; Rodriguez et al., 2006; Valverde et al., 2008;
Biandolino et al., 2010; Prato et al., 2010; Garcia Garrido et
al., 2011; Estefanell et al., 2012a). Therefore, the individual
rearing seems to be a highly considerable method for O.
vulgaris on growing when consideration of the handicaps of
the free group rearing technique for O. vulgaris that

NW) was achieved in 1998 and 1999 (FAO, 2002).

In recent years, most studies on the improvement of
growth in O. vulgaris is concentrating on the development of
specific enrichments and compound or formulated diets
(Valverde et al., 2013; Valverde et al., 2015; Morillo Velarde
et al., 2015; Querol et al., 2015a; Querol et al., 2015b). On
the other hand, a few studies have been performed in order to
test new rearing systems and/or techniques for O. vulgaris

mentioned above. The purpose of the current study was to
test the growth and survival of O. vulgaris by individual
rearing technique, and also whether it can solve the main
problems in the free group rearing method.

MATERIALS AND METHODS

Wild live octopuses were obtained from local fishermen
using by a jigging line, of Urla Port (Izmir Bay, Aegean Sea).

© Published by Ege University Faculty of Fisheries, lzmir, Turkey


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.36.4.06
https://orcid.org/0000-0003-0878-3583
mailto:halil.sen@ege.edu.tr
http://doi.org/10.12714/egejfas.36.4.06

Sen, Ege Journal of Fisheries and Aquatic Sciences, 36(4): 361-366 (2019)

The octopuses were transferred with no mortality to the
laboratory immediately after collection. They kept together till
coming into the laboratory in a 40 | tank with the water being
renewed every 20 minutes; the temperature was 16-18°C and
oxygen above 6.5 mg/l. The specimens were weighed one by
one after the sex determination. Then, the octopuses were
randomly distributed according to the rearing technique
(individual or free group). The adaptation period of the
octopuses was performed in circular polyester 430 | tanks and
open flow-through filtered seawater system (860 I/h). In the
free group rearing trial, polyvinyl chloride (PVC; 110 mm in
diameter and 350 mm in length) tubes as shelters, and a net
cover to prevent octopuses from escaping were provided. In
the individual rearing groups, transparent, perforated and with
caps polyethylene terephthalate (PET) pots (10 I) were used
(Figure 1). During the period, the octopuses were fed as ad
libitum once a day at 09:00 hour, with a mixed diet including
fresh or thawed bogue (Boops boops), annular seabream
(Diplodus annularis), picarel (Spicara smaris) and mantis
shrimp (Squilla mantis), provided on consecutive days.

Totally 17 octopuses (1132.9 + 218.2 g) were weighed
following controlled of their sexes and were stocked at
different initial densities (Table 1). The experiment was
established as one free group rearing as a control (12.7 kg/m3
of stoking density) and two individual rearing groups as 11 and
2 (138 kg/m3 and 18.3 kg/m3 of stoking density,
respectively). No significant differences were found in the
weights of the individuals (P>0.05). The rearing experiments
were carried out in the same tank conditions as mentioned
above. In the control group, a net cover and the PVC tubes as
the same number of the octopuses were used. In the
individual rearing groups, the octopuses were placed one by
one into the PET pots (Figure 1).

Table 1. Beginning data of the experiment (mean + SD).

C 11 12
Ni 5 5 7
Female:Male 32 1.4 5:2
Average Wi(g) 1093 + 2432 1187 £3132 1122 + 1352
Min Wi (g) 784 809 937
Max Wi (g) 1447 1450 1324
Di (kg/m3) 12.7 13.8 18.3

Ni, initial number; Dy, initial density; Different superscript letters show the
significant

During the trials, the specimens were fed a mixed diet as
fresh and/or thawed fish (93%; 48% of D. annularis, 33% of S.
smaris, 12% of B. boops) and mantis shrimp (S. mantis as
7%) once a day as 5% body weight per day (Domingues et
al., 2010). The next morning, remaining foods were collected
from the tanks by hand or net, and were weighed before
feeding. This was used to determine food ingestion of the

octopuses. The food ratio was arranged after each weighting
period. The specimens were weighed individually every 15
days during the assay.

110

Figure 1. The polyethylene terephthalate
(dimensions in mm)

(PET) pot (10 L)

The experiments were finished in the 120th days of the
trial since at this time mating behavior began among the
octopuses in the control group.

Through the experimental period, each experimental tank
illuminated by a 40W daylight fluorescent lamp.
Photoperiodicity was natural (38°21’K, 26°46’D; December to
April). The water parameters were measured by YSI
EcoSense DO 200A for oxygen and temperature, YSI
EcoSense pH 100A for pH, and YSI EcoSense EC300A for
salinity.

For every sampling period, the weight data were used to
calculate: absolute growth rate (AGR)= (Wf - Wi) / t; specific
growth rate (SGR) = (LnWf - LnWi) x 100 / t, where Wf and
Wi are the final and initial weights of the octopuses,
respectively, Ln the natural logarithm, and t the number of
days of the experimental period; feeding rate (FR)= [IF /
Average W(t)] x 100, where IF is the ingested food and
Average W(t) is the average weight of the octopus during that
period; food conversion (FC) = (Wf - Wi) / IF, where Wf - Wi is
the weight gained by the octopus during that period; octopus
density (D) per tank = total biomass of the octopuses (kg) x
(1000 / 430); where 430 was available water volume (1) of the
tank. Survival (%) was calculated by counting for each tank
for each sampling period.

Statistical analyses of the data (means + SD) were
performed with SPSS 25.0 statistical software in 95%
confidence interval (P < 0.05); following the ANOVA to test
differences in weight, growth rate, feeding rates and feed
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conversion rates, the significance of differences was tested
using a Tukey multiple comparison test. The normal
distribution analysis after the square root transformation of the
data was carried out with the Kolmogorov-Smirnov test.
Homogeneity of variances was tested with Levene’s test (Zar,
1999). Differences in survival rates between were tested with
the chi-square (x?) test.

RESULTS

The acclimatization periods of the octopuses in the
individual and free group rearing completed within 3-5 days
and 7-10 days, respectively. In addition, mortality related to
cannibalism was not detected. During the period, the water
temperature, salinity, oxygen, and pH were 15.2-17.3°C,
37.7-38.6%o0, 8.5-9.6 mg/l and 8.1-8.2, respectively. During the
assays, the experimental water parameters were given in
Table 2.

Table 2. Experimental water parameters (Mean + SD)

C 11 12
Temperature (°C) 134+132  133+122 1391092
Salinity (%o) 39.4+082 394+09a 394+082
Oxygen (mg/l) 94+0.72 94+0.62 92+0.72
pH 80+£0.072 80%0.07a 8.0+0.072

Different superscript letters show the significant differences (P < 0.05)

The final survival of 85.7 for 12 and 100% for 11 and
control groups were recorded (P > 0.05). The mortality
occurred in 12 with one octopus on the 90th day of the
experiment.

The average weight gains of the octopuses were shown in
Figures 2 and 3, respectively. The absolute growth rates, the
specific growth rates, the feeding rates, and the food
conversion rates were not significantly affected by the method
of rearing (P> 0.05). The experimental results were
summarized in Table 3.
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Figure 2. The mean weights (g) of O. vulgaris
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Figure 3. The stock densities of O. vulgaris

Table 3. The experimental results (mean £ SD).

C 11 12

Average Wr(g) 2275+2352  2475+7058 2197 + 3702
Min W () 1980 1749 1894
Max Wi () 2564 3491 2853

Dr (kg/m?) 26.52 28.82 30.72

S (%) 1002 1002 85.72
AGR (g/day)  636+21.2¢ 513 532  50.8+11.72
SGR (%/day) 0.6 +0.52 0.6 +0.42 05+0.3
FR (%/day) 219+8.3 20.8+9.82 20.1+4.72
FC (%) 41 £ 262 39+ 222 50 £ 422

Different superscript letters show the significant differences (P < 0.05);
Dy, final density

In the control group, except -cannibalism, food
competition, aggressiveness, injuries, escape and mating
behaviors were recorded. In the individual groups, these
behaviors were not detected.

DISCUSSION

In this study, the individual rearing method for Octopus
vulgaris ongrowing was applied for the first time. The present
results showed that the individual rearing technique can be
used for the octopus on growing due to the higher growth and
survival rates.

It's pointed out that in the prior studies, the acclimatization
period completes within 7-15 days for O. vulgaris in free
group rearing method (Cagnetta, 2000; Iglesias et al., 2000a;
Garcia Garcia and Valverde, 2006; Domingues et al., 2010;
Delgado et al., 2011; Estefanell et al., 2012a; Estefanell, et
al., 2012b). However, Sen (2012) notified that this period
lasted 3-5 days for O. vulgaris by individual rearing technique.
These results were found parallel to the present findings for
both techniques. According to the current results, the
individual rearing technique reduced the adaptation period of
the octopus by almost one of the third when comparing to that
of the free group rearing method.
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The water parameters during the experimental period
were optimal for the development of the octopuses, but
especially the salinity value (41%0) was relatively higher than
the previous data (Garcia Garcia et al., 2009; Delgado et al.,
2011; Boletzky and Hanlon, 1983; Aguado Gimenez and
Garcia Garcia, 2002). However, it's thought that the salinity
data did not affect to the results.

For the free group rearing method, it's suggested that
initial stocking density should be up 10 kg/m3 for O. vulgaris
ongrowing (lglesias et al., 2000a; Garcia Garcia et al., 2004;
Rodriguez et al., 2006). However, the present survival rates
showed that culture density up to 18 kg/m3 could be used for
on growing of the octopus by the individual technique. On the
other hand, reason of the mortality in 12 could not have been
understood, clearly.

Common octopus reaches 2.5-3 kg in 3-5 months in the
optimal conditions (Garcia Garcia et al., 2009). However, the
rearing period should not exceed 3.5 months in order to
commercial farming of the octopus, otherwise, the rearing
practice would not be economically successful (Garcia Garcia
et al., 2004; Garcia Garcia et al., 2009). In the present study,
according to the current growth results, the octopuses
reached almost to the commercial market size within 120
days (4 months). The major factor related to the delay in the
growth of the specimens was the water temperature, which
was under the suggested values (18-21°C) (Garcia Garcia et
al., 2009). Likewise, the feeding with mainly fish might have
been caused by the delay of the growth. Because, Aguado
and Garcia Garcia (2002) reported that a diet mainly of fish,
leads to comparatively poor growth.

The current growth rates (below to 1%/day) were nearly
close to the ones reported for O. vulgaris at lower
temperatures (Otero et al., 1999; Iglesias et al., 2000a;
Chapela et al., 2006). Also, these data were lower than those
reported for the ones rearing at a higher temperature (Garcia
Garcia and Giménez, 2002). Temperature is the major factor
that effects to cephalopod growth, food conversions and
ingestion (Domingues et al., 2010).

Reported feeding rates for O. vulgaris range 2-8% in the
previous studies (Sanchez et al., 1998; Iglesias et al.,
2000a,b; Garcia Garcia and Valverde, 2006; Biandolino et al.,
2010; Domingues et al., 2010; Estefanell et al., 2012a).
However, given the average feeding rates, the current values
were below the reported rates. Further, it's thought that the
low FRs in this study might stem from the low water
temperature and/or mainly fish diet (Aguado Giménez and
Garcia Garcia, 2002).

Food conversions between 30 and 60% are reported for
0. vulgaris (Aguado Giménez and Garcia Garcia, 2002; Vaz-
Pires et al., 2004). In the present study, the food conversions
got from the trials stayed within this range. Besides, food

conversions in the trials indicated that the rearing methods did
not affect normal growth, and the conditions were convenient
for the on-growing of octopuses. More, since feeding rates in
the assays were similar for the three groups, the octopuses in
[2 did not consume more energy in order to metabolic
purposes and biomass increment. This might indicate that the
initial density of the octopuses could be raised up to 18 kg/m3
by the individual rearing technique.

In the free group rearing trial, it was observed that the
female and male octopuses kept with together demonstrates
mating behavior ending with spawning. These events were
also emphasized in previously (Otero et al., 1999; Iglesias et
al., 2000a,b; Vaz-Pires et al., 2004; Garcia Garcia and
Valverde, 2006; Domingues et al.,2010). Although there were
no contact possibilities between the octopuses in the
individual rearing method, only the one female octopus laid
eggs in 12 group, interestingly. It is thought to be that the
female octopus was mating in its natural environment before
being caught, probably. Because, in O. vulgaris, 580 ¢
females and 250 g males can reach sexual maturity and
reproduce (Silva et al., 2002).

In conclusion, using the individual rearing method is a
common application for high priced and highly cannibalistic
farmed species (Nicholson et al., 2008; Perez et al., 2010).
So, it's thought that the present results supported the authors’
findings. Because it's obvious that the individual rearing
technique for O. vulgaris on growing can be used due to the
positive effects on the survival and growth of the octopuses.
Furthermore, according to the present results, the individual
rearing method presented important advantages, when
compared to the free group rearing; no mortality related to
cannibalism, no shelter, no aggressiveness, no food
competition, a high survival rate, high growth rate, high initial
stocking density, co-rearing of female and male octopuses,
co-rearing of large and small octopuses, a short adaptation
period, and any marketing size harvesting possibility. As a
result, the preliminary findings showed that the individual
rearing technique could solve the main problems in the free
group. Finally, the preliminary results showed that for O.
vulgaris on growing, the individual rearing technique could
solve the main problems in the free group. However, there are
needed more detailed studies should be carried out to the
improvement of this technique.
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Abstract: The aim of study was to investigate four commercial available antioxidants (groups A (300 mg propyl gallate (PG)+10 mg rosemary extract
(RE)/2000 mg), B (240 mg butylated hydroxy anisole (BHA)+80 mg PG+80 mg citric acid (CA)/1000 mg), C (120 mg BHA+120 mg PG+50 mg CA)/1000
mg), D (150 mg butylated hydroxytoluene (BHT)+100 mg BHA+10 mg PG)/1000 mg) used to evaluate oxidation during the storage in fish oil. Antioxidants
were added to the fish oil to determine which ones were most effective in preventing oxidation, and fish oil was stored in the amber bottles at room
temperature (20 °C) for 90 days. The control group samples were stored under the same conditions and antioxidant was not added. To determine the effect
of antioxidants, the recommended by the manufacturer dose of commercial antioxidant (1000 mg kg fish oil) was used in the experimental groups. The
formation of the primary and secondary oxidation products in fish oil storage trial was examined by conducting the peroxide value (PV) and p-anisidine value
(AV) analyses. The total oxidation value (TOTOX) was calculated based on the PV and AV measurements. Minor changes were observed in the PV of the
fish oil during the first 30 days. In the study, antioxidant added samples (groups B, C, D > 5 meq kgt) were oxidized on the 45t day; on the other hand, both
control and group A oxidized on the 75th day. A possible prooxidative effect was seen for some of the antioxidants. There was a very little change
secondary oxidation of fish oil and no significant effects of all four antioxidant groups on the changes of AV (<20) during the storage period (P>0.05). In
addition TOTOX was calculated under GOED (<26) limit during the storage for 90 days. At the end of the study, control samples were not significantly
different from the other samples with antioxidant-added. Due to the results obtained at the end of the 90-day study, it was found that none of the
antioxidants were used efficiently in this study.

Keywords: Fish oil, antioxidants, lipid oxidation, stabilization

Oz: Bu calismanin amacl, balik yaginda depolanma sirasindaki oksidasyonu degerlendirmek igin kullanilan dért ticari antioksidani (A (300 mg propil gallat
(PG)+10 mg biberiye ekstrakti (BE)/1000 mg, B (240 mg biitil hidroksi anisol (BHA)+80 mg PG+80 mg sitrik asit (SA)/1000 mg, C (120 mg BHA+120 mg
PG+50 mg SA)/ 1000 mg, D (150 mg hiitil hidroksi toluene (BHT)+100 mg BHA+10 mg PG)/1000 mg) incelemektir. Antioksidanlar, hangilerinin
oksidasyonun onlenmesinde en etkili oldugunu belirlemek icin balik yagina eklenmis ve balik yaglari, 90 giin boyunca oda sicakliginda (20 °C) amber
siselerde saklanmistir. Kontrol numuneleri ayni kosullar altinda muhafaza edilmis ve antioksidan eklenmemistir. Antioksidanlarin etkisini belirlemek igin,
deney gruplarinda Uretici firma tarafindan dnerilen ticari antioksidan dozu (1000 mg kg? balik yagina) kullaniimistir. Balik yagi depolama denemesinde
birincil ve ikincil oksidasyon drdnlerinin olusumu, peroksit degeri (PV) ve p-anisidin degeri (AV) analizleri yapilarak incelenmistir. PV ve AV élgiimlerine
dayanarak toplam oksidasyon degeri (TOTOX) hesaplanmistir. ik 30 giin boyunca balik yaginin peroksit degerlerinde kiigiik degisiklikler gézlenmisti.
Calismada, antioksidan takviyeli 6rnekler B, C, D > 5 meq kg?), 45. glinde okside olmus, ancak kontrol ve A grubu 75. glinde okside olmustur. Bazi
antioksidanlar icin olasi bir prooxidatif etki gorlilmistir. Balik yaginin sekonder oksidasyonunda kiiglik degisiklikler gerceklesmis ve depolama siresi
boyunca dért antioksidan grubunun da AV degisiklikleri iizerinde Snemli bir etkisi olmamistir (p>0.05). llaveten TOTOX 90 giinliik depolama boyunca GOED
(< 26) limiti altinda hesaplanmistir. Calismanin sonunda kontrol 6rnekleri ile antioksidan ilaveli drnekler arasinda 6nemli fark bulunmamistir (P>0,05). 90
guinliik calismanin sonunda elde edilen sonuglara gore antioksidanlarin higbirinin verimli bir sekilde kullaniimadigi tespit edilmistir.

Anahtar kelimeler: Balik yagi, antioksidanlar, yag oksidasyonu, stabilizasyon

INTRODUCTION

Fish meal and fish oil are used as feed ingredient in
aquaculture. Small pelagic and demersal species having no
economic value are preferred for the production of fish meal
and oil. Fish used for obtaining fish oils for commercial
production today are herring, cod, sardine, anchovy,
menhaden, horse mackerel, sharks and dolphins (Kasho,
2011; Boran, 2004). Fish oil is the major source of
unsaturated omega-3 fatty acids ie. eicosapentaenoic acid
(20:5 n-3, EPA) and docosahexaenoic acid (22:6 n-3, DHA)

(Fakir and Waghmare, 2015). However, due to their high level
of unsaturation these omega-3 PUFA are extremely
susceptible to oxidative spoilage (Morales et al., 2015).

The content of EPA and DHA in fish oil is dependent on the
type of fish, the fish diet, sea water temperatures and
geographic location of the catch (Kasho, 2011). Due to the
fish oil structure and environmental factors such as enzyme,
light, metal ions, temperature it oxidizes rapidly during the
processing and storage (Baek, 2012; Palupi et al., 2016).
Oxidation of fish oil produces undesirable flavors. It may also

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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reduce the nutritional quality and safety of the oils (Eritsland,
2000; Korkut et al., 2007). Thus, studies that are intended to
prevent oxidation in fish oil and prolong its shelf life are
required.

There are several methods to protect the oil from
oxidation. The most common methods are use of metal
inactivators, minimizing exposure to air, heat and light,
minimizing the loss of naturally occurring antioxidants and
adding additional antioxidants (Fennema, 2008).

Antioxidants are chemical compounds which have been
shown to prevent and delay oxidative deterioration in oil.
These chemical compounds have an effect at the beginning
of oxidative and auto oxidative processes and thus inhibiting
oxidation which leads to the formation of the reaction products
(Fennema, 2008).

Many studies have been carried out so far to protect fish
oil against oxidation. Natural and synthetic antioxidants were
used in these studies. Some researchers focused on
antioxidative effects of rosemary extract (Hra$ et al., 2000).
Morales et al., (2015) compared the effects of natural and
synthetic antioxidants on oxidation in sardine oil and the
following researchers tested the effects of synthetic
antioxidants on oxidative stability, in herring oil (Carvajal et
al., 2014; Baek, 2012), mackerel oil (Fakir and Waghmare,
2015), sardine oil (Chandrasekar et al., 2016) and cod liver oil
(Kasho, 2011), respectively. However, there have not been
any studies carried out to investigate the effects of the
addition of newly released commercial antioxidants in the
market prepared with the addition of different antioxidant
combinations in anchovy oil obtained from the Black Sea
region on oxidative stability. In this study, four different (A
(300g PG+10 g RE)/1000 g, B (240 g BHA+80 g PG+80 g
CA)/1000 g, C (120 g BHA+120 g PG+50 g CA)/ 1000 g, D
(150 g BHT+100 g BHA+10 g PG)/1000 g) commercial
antioxidants were added to fish oil obtained from anchovy fish
and their resistance to oxidation in the storage conditions was
tested.

MATERIALS AND METHODS

Materials

Anchovy oil was obtained from Sirsan Incorporated
Company (Samsun). Fatty acid composition of anchovy fish
oil is analyzed in EcoSmyrna Laboratories (by gas
chromatography). Fatty acid composition of anchovy oil is
shown in Table 1.

Group Control no antioxidant added

Table 1. Fatty acid composition of anchovy oil used in the study

Fatty Acids %

14:00 myristic acid 8.46
16:00 palmitic acid 26.20
18:00 stearic acid 451
18:01 oleic acid 22.90
18:3-3 a-linolenic acid 131
20:3 w-3 eicosatrienoic acid 0.30
205 w-3 eicosapentaenoic acid (EPA) 11.30
22:5 w-3 decosapentaenoic acid 0.59
226 w-3 docosahexaenoic acid (DHA) 15.30
w-3 Total w-3 Total 28.80
182 w -6 linoleic acid 131
18:3 w-6 gamma linolenic acid 0.28
20:2 w-6 eicosadienoic acid 0.23
20:3 w-6 eicosatrienoic acid 0.27
20:4 w-6 arachidonic acid 0.25
w -6 Total w-6 Total 2.82
18:1 Trans trans oleic acid 0.04
18:2 Trans trans-linoleic acid 0.48
18:3 Trans trans linolenic acid 0.05
23:.0 Trans trans tricosanoic acid 0.00

Total 93.78

Anchovy oil, tocopherol content was analyzed in
Siileyman Demirel University Applied Basic Sciences and
Technologies Research Laboratory (with HPLC RF-10AXL
Fluorescence detector). Tocopherol content of anchovy oil is
shown in Table 2.

Table 2. Tocopherol content of anchovy oil (ppm) used in the study

o-tocopherol  f-tocopherol

Anchovy Oil 71.59 <0.10 0.37

y-tocopherol  &-tocopherol

<0.005

Antioxidants; Miaradox L PV 301, Miaradox L AP 248,
Miaradox L AP 1212 were supplied Miavid Company
(Germany) and Oxy-Nil Eqgzero Plus Liquid was supplied
Nutriad Company (United Kingdom).

The antioxidants presented are propyl gallate (PG),
rosemary extract (RE), butylated hydroxyanisole (BHA), citric
acid (CA), butylated hydroxytoluene (BHT).

The contents of the antioxidants used in the experiment
are as follows:

Group A (Miaradox L PV 301) (300.000 mg PG +10.000 mg RE) kgt

Group B Miaradox L AP 248 (240.000 mg BHA + 80.000 mg PG + 80.000 mg CA) kg

Group C Miaradox L AP 1212 (120.000 mg BHA + 120.000 mg PG + 50.000 mg CA) kg

Group D Oxy-Nil Egzero Plus Liquid (150.000 mg BHT + 100.000 mg BHA + 10.000 mg PG) kg!
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Sample preparation

This study was carried out in the laboratories of Skretting
Incorporated Company. Fish oil was weighed and placed in
separate plastic containers.

Commercial antioxidants were added to fish oil at the
recommended rate (1000 mg kg?) by the manufacturer. The
antioxidants weighed in petri dishes were added to the fish oil
and mixed with a plastic-tipped beater for 5 minutes to be
homogenized. The sample without antioxidants was used for
the control group. The fish oil was then filled into the amber
bottles, each of 100 ml with a screw cap. In this study a total
of 70 amber bottles was used. The bottles were stored in a
dark room at 20+1 °C.

The determination of oxidative stability

Fish oil samples were measured by the use of peroxide
value (PV), p-anisidine value (AV) and free fatty acid value
(FFA). Samples were analyzed every two weeks during the
trial. All samples were tested in duplicate.

The peroxide value (PV)

The primary oxidation of fish oil was determined by
measuring the peroxide value. GOED has defined a limit of
PV 5 meq kg for accepted quality of oil (GOED, 2019).

The PV of the fish oil were measured according to a
modification of the method of the American Oil Chemist's
Society Official method Cd 8b-90 (AOCS 2017h).
Approximately 5 g of fish oil was weighed into a 250 ml
Erlenmeyer flask. To this flask was added 18 ml of acetic
acid/chloroform mixture (3/2) (v/v) and the contents were
continuously stirred in order to fully dissolve the fish oil. 0.5 ml
potassium iodide (KI) solution was added and the flask was
allowed to stand for 1 min with occasional shaking. Distilled
H20 (30 ml) was added to the flask and was titrated against
0.01 N sodium thiosulphate (Na2S203) using 2 ml of 1%
starch indicator. Blank samples were determined by titration
of samples which did not contain fish oil. The PV was
calculated as follows:

PV (meq Oz2kg? oil) = (S - B) * N *1000 / sample weight (1)

where, S is sample titre (ml); B is blank titre (ml) and N is
Normality of Na2S20s.

The p-Anisidine value (AV)

The measurement of the AV is a common method for
determining the level of secondary oxidation products in oils.
GOED has been defined a limit of AV 20 for accepted quality
of fish oil (GOED, 2019).

p-Anisidine value was determined according to AOCS Cd
18-90 (AOCS 2017a). This method determines the amount of
aldehydes (principally 2-alkenals and 2.4—dienals) in animal

and vegetable fats and oils, by reaction in an acetic acid
solution of the aldehydic compounds in the oil and the p-
anisidine, and then measuring the absorbance at 350 nm.

The anisidine values were calculated as in Eqg. (2)
pAV= (25%1.2 As- Ab)/ m 2

As is the absorbance of oil after reaction with p-anisidine,
Ab is the absorbance of oil in isoocatane, m is the weight of
anchovy oil used for analysis (g).

The total oxidation value (TOTOX)

The total oxidation values (TOTOX) of the oil samples
were used in this study as an indication of overall oxidative
stability. TOTOX was defined as the addition of both the
peroxide and anisidine value;

TOTOX value = (2 PV + p-AV) (3)

PV: Peroxide value
AV: p-anisidine value

The GOED monograph states TOTOX of 26 as the limit
for oxidative status (GOED, 2019).

The free fatty acid (FFA)

The formation of FFA is an important measure of food
rancidity. Determination of FFA, expressed as percentage of
oleic acid, were done by acidimetric titration after adding
ethanol and using phenolphthalein as an indicator, following
AOAC (1990) method. Hertrampf and Piedad-Pascual (2000)
has defined a limit of FFA 5 % for accepted quality of oil.

FFA= (M1*0.25%28.2) / My (4)

Free fatty acid = (FFA) (as oleic acid %)
M1 amount of sodium thiosulfate consumption (ml)
Mz: sample amount (gr)

Statistical analysis

Statistical analysis comprised a one-way ANOVA using
the probability level of 0.05. The significant differences
between the means of parameters were determined using
Duncan’s test. All statistical analyses were performed using
SPSS 14.0 for Windows (SPSS INC. Chicago, IL, USA). Each
replicate is expressed as mean + SE. All experiments were
replicated two times.

RESULTS AND DISCUSSION
The effect on peroxide value (PV)

Peroxides are the first compounds formed when
polyunsaturated fatty acids oxidized, and this is the first step
of lipid oxidation. The level of primary oxidation products,
hydroperoxides, can be measured by using PV as a method
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(Kasbo, 2011). Changes in peroxide values of anchovy oil
during 90 days of storage are shown in Table 3.

Table 3. Changes in peroxide value of anchovy oil during 90 days of storage

Groups
Control A B Cc D
Days

Initial 3.93+0.06°E¢ 3.93+0.06%¢  3.93+0.06°F 3.93£0.06°  3.93+0.06%
15th Day ~ 4.23+0.13%C 4.33£0.09%® 4.53+0.03%¢ 4.85+0.04%  4.70+0.38%CDE
30thDay  3.66+0.04% 3.92+0.17%BC  4,22+0.12CF  4,65+0.01°®  4.43+0.01%0F
45th Day ~ 3.97+0.14°BC 4.42+0.358 5.12+0.17%%®8 5.6110.17A  5.69+0.43%8
60th Day  2.64+0.02¢° 3.48+0.05¢ 3.000.02¢F 3.69+0.06°  3.13+0.00°
75thDay  4.44£0.27°A8C  4.28+0.07°® 4.11+0.04°°F  511+0.05®  5.33+0.29°8C
90th Day _ 5.32+0.67** 5.74+0.25% 5.59+0.16% 5.92+0.24*  6.14+0.00%

* Values are presented as mean +SE, n=2

ab Values that contain different superscript lowercase letters in the same row are
significantly different (P<0.05)

A8 Values that contain different superscript uppercase letters in the same column are
significantly different (P<0.05)

The PV of the fish oil, stored at 20 °C, changed
insignificantly till the 30t day during the storage in all the
experimental groups (P>0.05). Control samples were not
distinguished from samples with added antioxidants until the
45t day. For the first time the B (5.124£0.17 meq kg?), C
(5.61£0.17 meq kg?!) and D (5.69+0.43 meq kg?) groups
exceeded over the limits of GOED (PV 5 meq kg) on the 45t
day. However, there was a limited increase in control
(3.97+0.14 meq kg?) and group A (4.42+0.35 meq kg?). The
effects of antioxidants are dependent on the concentration.
Too high concentration of antioxidants may change the action
of antioxidants to work as prooxidants (Kasbo, 2011). This
result could be due to the possible effects of prooxidative
effects of antioxidants as stated by Kasbo (2011). PV values
of all fish oil samples decreased at 60t day. The decrease in
the PV of oil samples, as stated by Hras et al., (2000) may be
attributed to a decline in the rate of hydroperoxide formation
in associated with a rise in the production of the secondary
oxidation products.

The control and the group A remained below the PV 5
meq kg* throughout 75 days. It has been determined that all
groups have exceeded the limit of PV 5 meq kg on the 90t
day. As of 90t day, the control samples did not distinguish
from samples with antioxidant added.

At the beginning of the study, the tocopherol level of
anchovy oil was measured as 71.59 ppm. It can be
considered that the a-tocopherol naturally found in anchovy
oil might have protected fish oil from oxidation. This situation
could explain why the PV of control group was lower than the
groups supplemented with antioxidant throughout the trial.
Similar to our results, Morales et al., (2015) stated that the
low concentrations of a-tocopherol (50 ppm) in sardine oil
together with ascorbyl palmitate was effective in eliminating
the hydroperoxides. This is due to the destruction ability of a-

tocopherol with non-radical processes like the elimination and
reduction of hydroperoxides or hydrogen donation. It was
reported in the same study that the high levels of a-tocopherol
demonstrate prooxidative behaviors and thus accelerating the
oxidation of fish oil (Kulas and Ackman, 2001; Drusch et al.,
2008; Frankel, 2005).

Throughout the trial, it was revealed that there was lower
PV in the group (A) in which PG and rosemary extract were
added when compared to the other groups supplemented with
antioxidants. However, the group A exhibited similar PV with
the control group but it could not demonstrate a better
performance than the control group. It was reported by
Tsimidou et al., (1995) and O’Sullivan et al., (2005) that when
rosemary was added to the mackerel oil and cod liver oil,
there was a similar decrease in oxidation.

The effect on p-Anisidine values (AV)

AV is an indicator of the formation of secondary oxidation
products such as aldehydes and ketones formed by the
decomposition of peroxide and hydroperoxides. AV can be
used as a rough estimator of future storage stability of freshly
processed oil (Frankel, 2005). Changes in p-anisidine values
of anchovy oil during 90 days of storage are shown in Table 4.

Table 4. Changes in p-anisidine value of anchovy oil during 90 days of storage

Groups
Control A B C D
Days
Initial 6.61+0.25%° 6.61+0.2528C 6.61+0.25%¢ 6.61+025%® 6.61+0.252¢
15th Day 6.68+0.38%° 6.44+0.46%C 6.75+0.54%¢ 6.65+0.50%8 7.30+0.04%8¢
30th Day 6.69+0.02%° 6.85+0.2128C 6.970.222¢ 6.75+0.10% 7.02+0.28%8¢
45th Day  6.77+0.34%P 7.44+0.138 7.21+1.0428¢ 7.12+0.58%8 6.64+0.31%¢
60th Day ~ 7.57+0.09°¢ 7.57+0.03%A8  7.95+0.07%ABC  8.18+0.07%"®  7.81+0.06%BC
75th Day ~ 8.01+0.01%® 8.02+0.09% 8.59+0.07%48 9.58+1.03%"  8.05+0.02%A8
90th Day 8.48+0.02 8.06+0.51 8.84+0.13 7.84+0.04% 9.09+0.86%

* Values are presented as mean +SE, n=2

@b Values that contain different superscript lowercase letters in the same row are
significantly different (P<0.05)

AB Values that contain different superscript uppercase letters in the same column are
significantly different (P<0.05)

Small changes were recorded for AV which was found to
be 6.61 + 0.25 (P> 0.05) at the beginning of the experiment
but there was a difference between the groups on the 60t day
(P <0.05). At the end of the experiment, the lowest values
were observed in the group C (7.84+0.04) and the AV of all
groups were found to be similar (P>0.05). At the end of the
experiment, the AV remained below the GOED (<20) limits in
all groups. Fakir and Waghmare (2015) in their study added
synthetic antioxidants in mackerel oil and AV showed small
differences throughout the storage and the addition of
antioxidant did not have an effect on this parameter (P>0.05).
This result revealed that the secondary oxidation was very
little throughout the storage. These results are compatible
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with our results regarding the AV. Wang et al, (2011)
determined that in addition to the concentration and type of
the antioxidant added to the fish oil and the temperature of
the environment was effective on the fish oil oxidation.

The total oxidation value (TOTOX)

PV and AV change over time as hydroperoxides are
produced and decomposed in fish oil. ~ TOTOX gives
complete information about the oxidative state of the oail,
combines the history of the oil (AV) with the present status
(PV). TOTOX considers both primary and secondary
oxidation products (Kasho, 2011). Changes in total oxidation
value of anchovy oil during 90 days of storage are shown in
Table 5.

Table 5. Changes in total oxidation value of anchovy oil during 90 days of

storage
Groups
Control A B (o] D
Days
Initial 14.48+0.00°°F  14.48+0.00* 14.48+0.00%F 14.48+0.00°° 14.48+0.00°°
15th Day ~ 15.13+0.12°°®  1510+0.63®F  15.80+0.48:°°¢  16.36+0.59°5  16.69+0.80%5C
30th Day  14.01+0.11°°F  14.69+0.56F  1541+0.47%°F  16,05+0.08°°  15.88+0.26%°
45th Day  14.71#0.61°°F  16.27+0.58%8C  17.46+0.71%8 18.34+0.92#48  18.01+1.17%8C
60th Day 12.86+0.044 14.53+0.14% 13.95+0.03F 15.56+0.05°®  14.07+0.05°
75th Day  16.88+0.55%C  16.58+0.04%® 16.81+0.01%¢ 19.80+1.13* 18.72+0.59%
90th Day  19.12+1.04°*  19.54+0.01%A  20.02+0.45%4 19.69+0.51%A  21.38+0.84%4

*  Values are presented as mean +SE, n=2

ab Values that contain different superscript lowercase letters in the same row are
significantly different (P<0.05)

Values that contain different superscript uppercase letters in the same column are
significantly different (P<0.05)

A

@

The TOTOX of the fish oil was calculated as 14.48 at the
beginning of the trial. Insignificant increases were observed
from the first day to the 15t in all groups but there were not
significant differences between the groups (P>0.05). On the
30t and 45t days, TOTOX continued to increase and except
for the group D, all groups exhibited similarities (P>0.05). On
the 60t day, based on the decreases in peroxide values, very
clear changes in TOTOX caused significant differences
among the groups (P<0.05). It was also verified by O’Sullivan
et al., (2005) that the decrease of PV occurred due to the
reduction of hydroperoxides. On the 75" day, the TOTOX
increased in all the groups (P>0.05). At the end of the
storage, on the 90" day the TOTOX in group D was
considerably higher than the control group (P<0.05); however,
it was found similarly in the other groups (P>0.05). For 90t
day storage, the TOTOX was calculated below the limits of
GOED (26) just like the PV and AV.

Similar to our findings, the results shown by Kasbo 2011
the added different commercial antioxidants stated that due to
the unclear results, the most efficient antioxidants and
concentrations were not obtained. However, O'Sullivan et al.,
(2005) carried out a study in which they added natural

antioxidants in cod (Gadus morhua) and white pollack
(Pollachius pollachius) oils and they reported that the TOTOX
in the groups supplemented with antioxidants was quite lower
than the control group (P<0.05). According to their findings,
they stated that the natural antioxidants added in the fish oil
were quite successful in stabilizing. The results obtained from
the different studies reveal that the effectiveness of the
antioxidants depend on such factors as the types of fish ail,
storage temperature, and synergic effect of the antioxidants
(Baek, 2012; Kasbo, 2011; Wang et al., 2011; O'Sullivan et
al., 2005).

The effect on free fatty acids (FFA)

FFA formation is due to the hydrolysis of triglycerides; this
process may be promoted by the reaction of oil with moisture
(Igbal and Bhanger, 2007). Lipid rancidity gives in increase in
the number of effects such as hydrolysed and oxidation
rancidity. In particular, polyunsaturated acids easily oxidized
by air, producing peroxide which breaks down into aldehydes
and ketones. The production of aldehydes and ketones
causes unpleasant taste (Wang et al., 2011). Changes in free
fatty acid value of anchovy oil during 90 days of storage are
shown in Table 6.

Table 6. Changes in free fatty acid value of anchovy oil during 90 days of

storage
Groups
Control A B © D
Days
Initial 1.53+0.022°P 1.53+0.0228¢ 1.53+0.02#48  153+0.02¢  1.53+0.022°
15th Day ~ 1.48+0.022° 1.38+0.0228¢ 0.9540.18%  1.24+0.08%F  1.23+0.03%E
30th Day ~ 1.530.09°CP  1.40+0.18C 1.35+0.16®®  2.03+0.02**  1.86+0.00%*
45th Day  2.48+0.17%A 1.95+0.05°%¢  1.84+0.14°A  18.2+0.02°%C  1.67+0.03°
60th Day ~ 1.75+0.06%¢ 1.70+0.03%° 1.7640.03%A  1.72+000°°°  1.72+0.02%¢
75th Day ~ 1.67+0.01%8¢P 1.62+0.00%8¢  1.71+0.05*  1.67+0.05°°  1.68+0.04C
90th Day  1.80+0.02°® 1.95+0.02%A 1.76+0.03°A  1.93+0.00#8 1.79+0.03%A8

*  Values are presented as mean +SE, n=2

ab Values that contain different superscript lowercase letters in the same row are
significantly different (P<0.05)

A8 Values that contain different superscript uppercase letters in the same column are
significantly different (P<0.05)

FFA values decreased on the 15t day of fish oil storage
study (ranging from 0.95 to 1.48 %) but on the 30t day FFA
increased in all the groups (ranging from 1.35 to 2.03 %). The
highest FFA contents (2.48 %) were observed in the control
group (P<0.05) on the 45" day while C and D showed the
lowest FFA contents (1.82% and 1.67% respectively) on the
same day of the storage. Except for the control sample, the
FFA levels of the other groups showed no difference in the
45t days. High FFA increases were not detected during the
storage between the 60t — the 90t days. There were no
statistically significant differences between the control and
with antioxidant added groups. This is explained by the lack of
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hydrolysis due to the low moisture content in stabilized oil
(Aidos et al., 2002). Throughout the trial, the moisture level
was between 0.15 and 0.37% in all the groups and did not
reach the upper limit of 1% during the trial. Similarly, the FFA
level was between 0.95 and 2.48%, but did not reach 5%
higher in all groups. (Hertrampf and Piedad-Pascual, 2000).
Similar to our results, Morales et al., (2015) stated that during
the storage period, FFA content of oils stabilized with different
concentrations of a-tocopherol did not increase, but a slight
decrease occurred. On the other hand, Wang et al., (2011)
reported that different concentrations of carnosic acid (CA)
and TBHQ provided much better FFA than the control group
at two different temperatures (4-30 °C) in the 66-day storage
study and the highest FFA was detected in the control group.
Researchers reported that although oils have been
supplemented with antioxidants, the oils should be stored at
low temperatures and that low moisture content should be
maintained during the storage.
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Oz: Avrupa yayin baligi (Silurus glanis L.) hizli bilyiimesi ve etinin lezzetli olmasindan dolayi ekonomik degeri yiiksek olan bir baliktir. Bu galismada, kapali
devre sistemde, hem tatli suda hem de %05 tuzluluktaki suda yayin baliklarinin bilylime performanslari arastiriimistir. Calisma, ortalama agirigi 507+13,02
g ve ortalama total boyu 42,85+0,45 cm olan baliklar kullanilarak, i¢ ay boyunca tatli su (Y1, Y2, Y3) ve %5 tuzluluktaki artezyen suyunda (T1, T2, T3)
olmak Uzere tiger tekerrlir seklinde dizayn edilmistir. Baliklara gtinde iki 6gtin agirliklarinin %30 kadar besleme yapilmistir. Deneme sonucunda ortalama
canli agirlik artisi, total boy artisl, yem tiiketimi miktari ve orani, SGR ve FCR oranlari Y grubunda daha ytiksek bir deger gostermistir (P<0,05). Gruplarin
yasama oranlari arasinda herhangi bir istatistiksel fark gorilmemistir (P>0,05).

Sonug olarak, bu tliriin hem tatli su hem de %05 tuzluluga sahip sularda yetistiriciliginin yapilabilecegdi kanaatine varilmistir.
Anahtar kelimeler: Avrupa yayin baligi, Silurus glanis, kapali devre sistem, yetistiricilik, balik besleme

Abstract: European catfish (Silurus glanis L.) is a fish that has a high economic value due to its rapid growth and delicious flesh. In this study, the growth
performance of European catfish was investigated in freshwater and 5% salinity in recirculating system. The study was carried out using fish with an
average weight of 507+13.02 g and an average total length of 42.85+0.45 cm in freshwater (Y1, Y2, Y3) and 5% salinity of ground water (T1, T2, T3)
designed as three replications for three months. Fish were fed with 3% of the total weight two meals a day. The mean body weight gain, total lenght
increase, amount and percentage of feed consumption, specific growth rate (SGR) and feed conversion rate (FCR) were higher in group Y (P<0.05). No
statistical difference was observed between the survival rates of the groups (P>0.05). As a result, it is concluded that this species can be reared in both
fresh water and 5%. saline water.

Keywords: European catfish, Silurus glanis, recirculating system, aquaculture, fish feding

beslenebilmesi, ilik sularda yasayabilmesi (retiminde artisa

GIRiS L LS
yol agmistir (Mocanu vd., 2012). Stok yogunlugu ile ilgili

Avrupa yayin baligi (Silurus glanis) 100 yili agkin stiredir
Avrupa'da yetistiriciligi yapilan tatli su baligi tlirldir (Linhart
vd., 2002). Yayin baligi Giiney ve Gilineydogu Anadolu harig
Turkiye'deki hemen hemen tim i¢ sularda dodal olarak
bulunan bir tir olup, hizli blylmesi ve etinin lezzetli
olmasindan dolayi ekonomik degeri yiiksek olan bir tiirdlr
(Celikkale, 1994). Maksimum 5 m boy, 306 kg agirliga
ulasabilen bu balik, tatli su baliklari arasinda en blyiik balik
olarak gorilmektedir (Copp vd., 2009). Orta ve Dogu Avrupa
ile Bati Asya akarsu ve gdllerinde yasamaktadir. Birgok
Avrupa  Ulkesinde  Kkultlr  kosullarinda  yetigtiriciligi
yapilmaktadir. Tirkiye'de ise yetistiriciligi konusunda 6nemli
bir uygulama bulunmamaktadir (Alpbaz, 2005). Gegmiste bu
tirdin yogun yetistiricilik sartlarina uygun olmadigi dustinulse
de, glinimiizde yetistiriciligi Gnem kazanmaya baglamis olup,
ozellikle monokdiltir olarak yodun vyetistiriciligi  mUmkuin
gorilmektedir (Talpes vd., 2009). Etinin lezzetli olmasi,
yiksek stok yogunlugunda yetistirilebilmesi, pelet yem ile

calismalar oldukca az olup 60 kg/m3'e kadar stoklanabilecegi
belirtilmekle birlikte (Placinta vd., 2014) Mocanu vd. (2012)
yaptiklari ¢alismada baglangi¢ stok yogunluklarini 1,46 ve
2,78 kg/m3 olarak belirlemiglerdir. Bu tiir ile ilgili stok
yogunlugu galismasi sinirlidir. Yayin baliginin 1993 yilindaki
toplam (retimi 602 ton, 2002 yiinda 2000 ton (Linhart vd.,
2002), 2010 yilinda 3515 ton, 2016 yilinda 3699 ton, 2017
yilinda ise 3871 ton olarak gergeklesmistir (FAO, 2019).
Nispeten distk sicakliklarda (<10°C) bile biyuyebildikleri
bildiriimektedir (David, 2006). Yayin baliginin kapali devre
sistemlerde pelet yem ile hem monokiiltir hem de polikiiltir
olarak (sazan (Cyprinus carpio), kadife baligi (Tinca tinca) ve
mersin  baligi  (Acipenser sp.)) yodun yetistiriciligi
yapllabilmektedir (Linhart vd., 2002; Ulikowski, 2003). Kapali
devre sistem yetistiricilikte diger sistemlere gore ortam sartlari
daha iyi kontrol edildiginden daha yodun bir Uretim
yapilabilmekte olup, yil boyunca tezgahlara (rin sunulmasi
kolaylasmaktadir (Mocanu vd., 2012).

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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Uzun yillardan beri yayin baliginin Avrupa’da yetistiriciligi
yaplimasina ragmen tlkemizde yetistiriciligi ile ilgili galismalar
oldukga sinirhdir. Bu tlirlin yetistiriciligi bilgi ve tecrlibe
gerektirdiginden ve (reticiler risk almak istemediklerinden
yetistiriciligine yonelmekte tereddiit etmektedirler. Bu calisma
Ulkemizdeki yayin baligi vyetistiriciligine nispeten 151k
tutabilmek, Ureticileri cesaretlendirmek ve ekonomik éneme
sahip bu tirin kontrolli sartlarda yetistirilebilirligini ortaya
koymak igin yuritilmistir. Calismada, kapali devre sistemde
tath suda ve dislk tuzluluktaki (%05) artezyen suyunda
yetistirilen yayin  baliklarinin~ (Silurus  glanis)  bilyiime
performanslarinin karsilastirimasi amaglanmigtir.

MATERYAL VE METOT
Balik

Denemede kullanilan yayin baligi (Silurus glanis) ticari bir
isletmeden yavru iken alinip, blyitilmastir. Calismaya
baslamadan dnce baliklar bulunduklari ortama 15 giin sire ile
adapte edilmiglerdir. Ortalama agirhgi 507+13,02 g ve
ortalama total boyu 42,85+0,45 cm olan baliklar ¢ ay
boyunca giinde iki 6gun agirliklarinin %3'l kadar (sabah
09:00, aksam 17:00) beslenerek aylk olarak bylime,
beslenme ve yasama oranlarina bakilmistir. Denemede %45
protein icerikli 4 mm alabalik yemi (Skretting) ile beslenmistir
(Tablo 1).

Tablo 1. Denemede kullanilan yemin kimyasal kompozisyonu
Table 1. Chemical composition of the feed used in the experiment

igerik Miktar
Ham protein(%) 45.0
Ham yag (%) 20.0
Seliiloz (%) 3.0
Kl (%) 6.5
Fosfor (%) 1.0
Sindirilebilir Enerji (MJ/kg) 17.8
Vitamin A (Ul/kg) 4000
Vitamin D (Ul/kg) 2500
Vitamin E (mg/kg) 150
Vitamin C (mg/kg) 100

Deneme diizenegi

Calisma izmir Katip Celebi Universitesi Su Uriinleri
Fakilltesi tesisinde yuriitilms olup, 2017 yili Nisan — Haziran
aylar arasinda U¢ ay sureyle ydritilmastir. Baliklar 15'er
adet olarak 1000 litre hacme sahip 6 adet silindir konik
tanklarda stoklanarak bakimlari yapilmistir. Deneme tatli su
(Y1, Y2, Y3) ve %05 tuzluluktaki artezyen suyunda (T1, T2,
T3) olmak Uzere U¢ paralel olarak tasarlanmistir. Calisma 2
adet farkli kapali devre sistemden, (3 adet 1 tonluk silindir
konik tank ve filtrasyon unitelerinden (kum filtresi, mekanik
filtre, torba filtre, UV lamba ve biyolojik filtre ve oksijen
Unitesi)) olusmaktadir (Sekil 1). Calismada %05 tuzluluga,

27°C sicakliga sahip 80 m derinden ¢ikan artezyen suyu,
dinlendirildikten sonra kullanilmistir. Tatli su olarak ise cesme
suyu dinlendirilerek  kullaniimigtir.  Glnlik olarak su
parametrelerinin 6lglimi (oksijen, sicaklik, pH) Hach Lange
Multiparametre HQ40D cihazi ile suyun nitrat azot dlgimu ise
Hach DR 6000 cihazi ve Hatch kitleri (Nitrat: LCK 340,
Amonyum: LCK 304, Nitrit: LCK 341) ile 6lgiilmistir. Kapali
devre sistemlerin gunliik su degisim orani %20 olarak
ayarlanmigtir.

A

4 .
uv F|Itre
ﬂ Blyolouk F|Itre

lll Torba Filtre

2
I

=
|

BaI|k Tanklari

||| .

Tambur

Sekil 1. Denemelerin yiiritildigi kapali devre sistemlerin genel

dizayni
Figure 1. The general design of the recirculating system in which
trials are carried out

Blylime parametreleri

Ug ay siiren deneme boyunca tiim baliklardan baslangig
ve birer aylik periyodlarin sonunda bireysel olarak toplam boy
ve agirhk olgimleri yapilmistir. Adirlik Slgiimlerinde £1 g
hassasiyetli terazi kullanilmigtir. Total boy Olctimleri ise
milimetrik (1 mm) cetvelle yapilmistir. Biiyiimede etkili olan
parametreler asagdida verilen formdllere gére hesaplanmistir.

Agirlik artisi (g) =

Yem Doéniistim Orani (FCR)
Agirlik Artisi (g)

Spesifik Bliylime Orani (SGR) = 100 x [(In Son Agirlik - In
ik Agurlik) / Siire]

Yasama Orani (%) = (Canli Balik Sayisi- Olen Balik
Sayisi) x 100 / Toplam Balik Sayisi

Son agirlik - Baglangig Agirligi
= Tuketilen Yem Miktari (g) /

istatistiksel analizler

Blyume verilerinin istatistiksel olarak degerlendirimesinde
elde edilen ortalama degerler “OrtalamazStandart Sapma’
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seklinde verilmistir. istatistiksel analiz SPSS 22.0 Windows
programi ile yapilmistir. Gruplar arasindaki istatistiksel farklar
T testi ile test edilmigtir. Tim testlerde yanilma diizeyi P<0,05
olarak kabul edilmigtir.

BULGULAR

Uc ay stireden denemenin sonucunda tatli su ve %5
tuzluluga sahip ortamda blyitllen baliklara ait blylime
performanslari Tablo 2'de yer aimaktadir. Ug ayin sonunda
toplam canli agirlik artisi Y grubunda daha yliksek gortllirken
bu durum istatistiksel agidan énemsiz gérilmistar (P>0,05).
Ortalama canli agirlik artisinda istatistiksel agidan fark
gérilmese de (P>0,05) Y grubu daha yiksek bir deger
gostermistir. Total boy artisi yine Y grubunda daha ylksek
gorilmekle birlikte aralarindaki fark istatiksel olarak 6nemsiz
bulunmustur (P>0,05). Yem tiiketimi miktari ve orani yine Y

grubunda yiiksek gérilmesine ragmen istatistiksel agidan
onemsiz gortimistir (P>0,05). Spesifik blyime orani T
grubuna nazaran Y grubunda daha yiksek gorlimls olup
gruplar arasinda istatistiksel farklilik ortaya ¢ikmistir (P<0,05)
. Yem déniisiim orani yine Y grubunda daha yliksek ¢ikmakla
birlikte T grubu ile arasindaki fark istatistiksel agidan anlamsiz
clkmistir (P>0,05). Gruplarin yasama oranlari arasinda
herhangi bir istatistiksel fark gériilmemistir (P>0,05).

90 glinlik deneme siiresince aylik agirlik degisimi Sekil
2'de, aylik boy artisi ise Sekil 3'te yer almaktadir. Aylik
artiglara baktigimizda degerler birbirlerine yakin olmakla
birlikte Y grubundaki baliklar birinci aydan itibaren T grubuna
gore daha fazla agirk artisi gostermistir. Gruplarin total
boylarindaki artilar yakin seviyelerde olmakla birlikte en fazla
boy artisi sirasiyla Y grubu baliklarinda gérilmistiir. Calisma
stiresince takip edilen su kriterleri Tablo 3'te yer almaktadir.

Tablo 2. Kapali devre sistemde tatli su ve %05 tuzlulukta yayin baliklarinin (Silurus glanis) biiylime performanslari
Table 2. Growth performance of catfish (Silurus glanis) in freshwater and %5 saltywater in recirculating system

DENEME GRUPLARI Y T
Baslangi¢ biomassi (g) 7584 +239,752 7650 £129,08 2
Sonug biomassi (g) 17912 + 566,29 2 17451,67 £ 300,90 2
Toplam canl agirlik artisi (g) 10328 + 357,41 2 9801,67 + 173,122
Baslangi¢ ortalamasi () 505,6 + 15,98 2 510+8,062
Sonug ortalamasi (g) 1194,13+0,002 1163,44 + 0,002
Ortalama canli agirlik artisi (g) 688,5+23,83 2 653,4+11,54 2

ilk ort. total boy (cm) 42,6 +0,502 431+0,072
Son ort. total boy (cm) 55,90 +£0,142 55,0 +£1,054
Boy artisi (cm) 134+0,802 119+1,012
Yem tliketimi (gr) 18866,67 + 1065,622 16681,67 + 966,23 2
SGR% 0,95+0,012 0,92+0,02°b
FCR 1,83+0,062 1,70+0,072
Yasam orani % 100 £ 0,00 100 £ 0,00
Balik adedi 45 45
Deneme slresi (gin) 90 90

*Ayni satirdaki farkli harflerle gosterilen ortalamalar istatistiksel olarak farklidir (P<0,05)

1400,00
1200,00
1000,00
800,00
600,00
400,00

Ortalama Agirlik (g)

Aylar
Y

0 l.ay

2.ay 3.ay

Sekil 2. Deneme gruplarinin 3 ay boyunca ortalama agirlik artilari
Figure 2. The increasing of average weight of the experiment groups for 3 months
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Sekil 3. Deneme gruplarinin 3 ay boyunca ortalama boy artislar
Figure 3. The increasing of average lenght of the experiment groups for 3 months
Tablo 3. Deneme gruplarinin 3 aylik dénemde ortalama su parametreleri
Table 3. Average water parameters of experimental groups in 3 months period
Y1 Y2 Y3 T1 T2 T3
Sicaklik 21,45%2,15 21,40+2,21 21,28+2,56 20,34%1,25 21,16+1,57 21,28+1,42
Oksijen 6,73+0,71 6,77+0,84 7,58+2,16 7,19+1,46 8,20+0,88 7,33+1,12
pH 7,76£0,31 7,63+0,42 7,67+0,39 6,94+0,55 7,14+0,27 7,36+0,48
NOs-N 30.2+4,33 29.3+4,2 29,8 45 29,4+3,54 30,1+3,14 30,3+4,35
NO2-N 0.07+0,04 0.08+0,08 0.075+0,035 0,077+0,06 0,081+0,017 0,08+0,02
NHz-N 0.240,11 0.18+0,14 0.1940,07 0,21+0,34 0,19+0,32 0,21+0,61
TARTISMA deniz suyunda 43 giin boyunca beslenmis, en iyi blyime

Yapilan bu ¢alisma ile ekonomik dedere sahip, bircok
Ulkede oldugu gibi Ulkemizdeki tath sularda da dogal olarak
bulunan yayin baliklarinin 3 ay boyunca hem tatli su, hem de
%05 tuzluluga sahip yeralti suyu ile blyime denemesi
yapiimistir. Ulkemizde killtir yoluyla yayin bali§ Gretimi
yapan sadece bir isletme bulunmakla birlikte, su ana kadar
kayda deger bir yetistiricilik Gretimi mevcut degildir. Ancak
Avrupa ve Amerika’da talep g6ren 6nemli tirler arasinda yer
almaktadir.

Tatli ve tuzlu su ortamlarindaki gelisimleri ile ilgili farklr
tirler Uzerine cesitli calismalar mevcut olup yayin baliginin
hem tatli su, hem de tuzlu suda karsilagtirmali biyitiimeleri
Uzerine ve biylk boyda vyetistiriciligi ile ilgili basili bir
makaleye ulasilamamigtir.  Mevcut olan  galismanin
sonucunda en iyi agirlik, boy artisi ve SGR orani fazla bir fark
olmamakla birlikte tatli suda yetisen (Y) grupta, FCR orani ise
en iyi T (%05 tuzlu suda blylyen) grubunda tespit edilmistir.
Ortalama agirhgr 88,08+0,91 g ve 8558+1,15 g olan
gokkusadl alabahdinin (Oncorhynchus mykiss) 90 giin
boyunca Karadeniz’de hem deniz suyunda hem de tatl suda
yetistiriciligi yapilmistir. Deniz suyunda yetisen baliklarin daha
iyi gelisim gosterdigi saptanmigtir (Yigit ve Orhan, 1999). Bir
baska calismada Mozambik tilapiasi  (Oreochromis
mossambicus) %1, %010, %019, %028 ve %036 tuzluluktaki

orani %036 tuzluluktaki suda, en iyi yasama orani ise %028
tuzlulukta tespit edilmistir (Watanabe vd., 1993). Liao ve
Chang (1983). Mozambik tilapiasi ile tatll, aci ve tuzlu suda
yaptiklari ¢alismada ortalama 105 g'lik baliklari kullanmislar.
En iyi blylime ve yagama oranini tatli su, ikici sirada en iyi
blylme oranini ise acl su grubunda tespit etmigler. En iyi
SGR oranini ise sirasiyla tatll su ve aci suda tespit etmisler.
Ayni aragtiricilar ayni galismada ortalama 18 g'lik baliklarda
en iyi blylime oranini dncelikle aci su daha sonra tatli su
grubunda, en iyi SGR oranini ise sirasiyla aci su ve tuzlu
suda tespit etmislerdir. Bu arastirmacilarin ilk ¢calismalarindaki
sonuglar mevcut galismayla benzer durumlari gdsterirken
ikinci  calismalarinin  sonuglariyla  tersi  bir  durum
sergilemektedir. Ortalama agirligi 0.56-1.20 g olan kirmizi
tilapia (Oreochromis sp.) baligi ile 22, 27 ve 32°C’de, %0,
%018 ve %036 tuzlulukta yapilan 58 glinlik calismada en iyi
biyime ve yem tiketimi artan sicaklikta yiksek olmakla
birlikte en iyi yem tiketimi ve biyime orani ise %018
tuzlulukta saptanmistir (Watanabe vd., 1993). Clay (1977)
karabaliklarla (Clarias lazera) %05, %010 ve %020 tuzlulukta
yapti§gi denemede %020 tuzluluga kadar herhangi bir stres
belirtisi gorilmedigini, %020 tuzlulukta ise 20 saat igerisinde
baliklarin  6ldugini  belirtmistir. Afrika karabaligi (Clarias
gariepinus) larvalari ile %e0, %02,5, %05, %07,5 ve %010
tuzlulukta yapilan denemenin sonucunda %0 ve %05
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araligindaki tuzluluklarda yasama ve biyime oranlari
arasinda fark gorllmezken %o7,5 tuzluluktaki yasama ve
biyime orani daha asagi tuzluluk degerlerine gére daha
duistik ¢ikmis, %010 tuzluluk degerinde ise tim baliklar 48 saat
icerisinde  dlmustir (Britz vd., 1989). Distk tuzlulukta
gelisimin daha iyi olmasi mevcut c¢alisma ile benzerlik
gostermektedir. Florczyk vd. (2014) juvenil yayin baliklari ile
yaptiklari  besleme galismasinda 37/12, 45/15, 45/20
protein/yag icerigi olan yem kullanmig, 50 ginliik besleme
sonucunda ortalama 4,22 - 4,25 g araligindaki baliklarin
protein ve yagd orani yiksek olan yemle en iyi blylime
performansi ve SGR orani artigi gésterdigini belirtmiglerdir.

Yayin baliginin biylime, yem tliketimi ve yumurtlama igin
itiyag duydugu optimum su sicakhg 25-28°C olarak
belirtiimistir (Copp vd., 2009). Calisma siiresince kapali devre
sistemde yayin baliklarinin buyituldigl tanklarin sicakligi
20,34+1,25 ile 21,45£2,15 °C arasinda degisim g6stermis
olup, sonuglar bagka bir calisma ile benzer ¢ikmistir (Havasi
vd., 2010). Mocanu vd. (2012) juvenil yayin baliklariyla 37
glin boyunca siren kapall devre sistemdeki stok yogunlugu
calismasinda su sicakhigini 26-26,5 °C olarak saptamiglardir.
Adamek vd. (1996) kapali devre sistemde 22,5 g ve 99 g'lik
yayin baliklari ile yaptiklari probiotk katkili yem galismasinda
su sicakhgini 22-26 °C’ler arasinda Olgmislerdir. Bu ik
calismadaki  sicaklik degerlerinin  mevcut calismanin
degerlerinden farkli oldugu gérilmistir. Tanklardaki NOs-N
degerleri 29.3+4,2 ile 30,3+4,35 arasinda degisirken yavru
yayin baliklarinin bulundugu tanklarin degerleri bu galismanin
degerlerinden daha yiiksek (Mocanu vd., 2012), yavru
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boydaki yayin baliklari ile kapali devre sistemde yapilan
besleme denemesinde NOs-N degeri bu calismadan oldukga
disik, NO2-N degeri ise oldukga yiksek ¢ikmistir (Bekcan
vd., 2006). Yapilan galismanin NHs-N degerleri Adamek vd.
(1996) buldugu degderlerden digtk, Mocanu vd. (2012) yaptidi
calismanin  degerlerinden  yiksek  ¢ikmigtir.  Bu
arastirmacilarin sonuglari mevcut ¢alismamin sonuglariyla
farklilk gostermektedir. Bu galismadaki NHs-N degerleri su
degisimi ve biyolojik aritmadan dolayr duslik seviyelerde
clkmistir. NOs-N degerlerinin yiksek olmasi ise baliklar
agisindan sorun yaratmamistir. Deneme boyunca her ik
grupta herhangi bir 6lime rastlanmamstir. Adirliklar 79,64-
80,09 g olan yayin baliklari ile yapilan besleme ¢alismasinda
balik gruplarinda yasama orani %100 ¢ikmistir (Zaikov vd.,
2008). Deneme boyunca aylik olarak agirlik ve boy dlglimleri
takip edilmistir. Sonuglarin istatistiksel agidan bir fark
tasimadigi saptanmistir. Dolayisiyla hem tatl sularda hem de
acl sularda bu tdrin yetistiriciliginin yapilabilecegi kanaatine
varilmistir. Yayin baligi hizli biylyen ve ekonomik degeri
yiksek olan bir tiirdiir. Ulkemiz sularinda da dogal olarak
bulunmakla birlikte yetistiriciliginin yapilmiyor olmasi eksiklik
olarak degerlendirilmektedir. Yapilan ¢alisma sonucunda,
elde edilen bilgiler 1s1§inda (reticiler bilgilendirilerek ve tegvik
edilerek  bu tirin  yetistiricilije  kazandirilabilecegi
umulmaktadir. Bu tlriin yetistiriciligi ile ilgili daha birgok
calismaya ihtiya¢ vardir. Anaglardan yumurta elde edilmesi,
larval yetistiricilik vb. kisimlari oldukga eksiktir. Calismalarin
devam ettirilmesi amaciyla yapilan bu ¢alismanin sonraki
calismalara 1s1k tutacag! disintimektedir.

Celikkale, M.S. (1994). igsu Baliklari ve Yetistiriciligi. KTU Siirmene
Deniz Bilimleri Fak. Genel Yayin, (124).

David, J.A. (2006). Water quality and accelerated winter growth of
European catfish using an enclosed recirculating system. Water
Environment Journal, 20(4), 233-239.
DOI:10.1111/).1747-6593.2006.00021.x

FAO. (2019). Food and Agriculture Organization Statistics
<faostat.fao.org>, (Access Date: 29.08.2019).

Florczyk, K., Mazurkiewicz, J., Przybylska, K., Ulikowski, D.,
Szczepkowski, M., Andrzejewski, W. & Golski, J. (2014). Growth
performance, feed intake and morphology of juvenile European
catfish, Silurus glanis (L.) fed diets containing different protein
and lipid levels. Aquaculture International, 22(1), 205-214.

DOI: 10.1007/s10499-013-9667-0

Havasi, M., Gorzas, A., Levai, P., Merth, J. & Bercsenyi, M. (2010).
Intensive rearing of wels (Silurus glanis) fed with plant protein
based feed. Aquaculture, Aquarium, Conservation & Legislation
International Journal of the Bioflux Society, 3(5), 347-353.

Liao, C. & Chang, L.S. (1983). Studies on the feasibility of red tilapia
culture in saline water International Symposium on Tilapia in
Aquaculture. Nazareth Israel 8-13 May 1983 P. 524

Linhart, O., Stech, L., Svarc, J., Rodina, M., Audebert, J.P., Grecu,
J. & Billard, R. (2002). The culture of the European catfish,

377


http://doi.org/10524/19170
http://doi.org/10.1111/j.1439-0426.1989.tb00492.x
http://doi.org/10.1111/j.1467-2979.2008.00321.x
http://doi.org/10.1111/j.1747-6593.2006.00021.x
http://doi.org/10.1007/s10499-013-9667-0

Hamzacelebi and Serezli, Ege Journal of Fisheries and Aguatic Sciences, 36(4): 373-378 (2019)

Silurus glanis, in the Czech Republic and in France. Aquatic
Living Resources, 15, 139-144.
DOI:10.1016/S0990-7440(02)01153-1

Mocanu, M. T., Antache, A., Bocioc, E. & Petrea, $.M. (2012). The
influence of stocking density on Silurus glanis (L, 1758) growth
performance in a recirculating aquaculture system. Lucrari
Stiintifice - Seria Zootehnie, 58, 306-310.

Placinta, S., Cristea, V., Tiberiu, C.M. & Petrea, S.M. (2014).
Hematological profile of juvenile European catfish (Silurus
glanis) reared under different stocking densities in recirculating
system conditions. scientific papers: Animal Science and
Biotechnologies/Lucrari Stiintifice: Zootehnie si Biotehnologii,
47(1), 239-244.

Talpes, M., Patriche, N., Tenciu, M. & Arsene, F. (2009). Prospects
for the development of technology for intensive rearing of
Silurus glanis in Romania. Lucr St Zootehnie si Biotehnologii,
Timisoara 42(2), 130-135.

Ulikowski, D. (2003). Intensive production of European catfish
(Silurus glanis L.) in water recirculating systems, Komunikaty
Rybackie, 2, 10-12.

Watanabe, W.O., Ernst, D.H., Chasar, M.P., Wicklund, R.l. & Olla,
B.L. (1993). The effects of temperature and salinity on growth
and feed utilization of juvenile, sex-reversed male Florida red
tilapia cultured in a recirculating system. Aquaculture, 112(4),
309-320. DOI:10.1016/0044-8486(93)90392-C

Yigit, M. & Aral, O. (1999). Gokkusagi Alabaliginin (Oncorhynchus
mykiss W, 1792) tatisu ve deniz suyundaki blylime
farkliliklarinin karsilagtiriimasi. Turkish. Journal of Veterinary
and Animal Sicences, 23, 53-59.

Zaikov, A., lliev, I. & Hubenova, T. (2008). Investigation on growth
rate and food conversion ratio of wels (Silurus glanis L.) in
controlled conditions. Bulgarian Journal of Agricultural Science,
14(2), 171-175.

378


http://doi.org/10.1016/S0990-7440(02)01153-1
http://doi.org/10.1016/0044-8486(93)90392-C

http://www.egejfas.org Su Uriinleri Dergisi (2019)
Ege Journal of Fisheries and Aquatic Sciences, 36(4): 379-385 (2019) DOI: 10.12714/egejfas.36.4.09

RESEARCH ARTICLE ARASTIRMA MAKALESI

Gonadal development of the holothurian Holothuria polii (Delle Chiaje, 1823) in spawning period at
the Aegean Sea (Mediterranean Sea)

Ege Denizi'nde (Akdeniz) Holothuria polii (Delle Chiaje, 1823) tiirti deniz hiyarinin yumurtlama
donemindeki gonad geligimi

Mustafa Tolga Tolon* e Serhat Engin2

1Ege University, Faculty of Fisheries, Aquaculture Department, 35040, Bornova, Izmir, Turkey
2Ege University, Faculty of Fisheries, Aquaculture Department, 35040, Bornova, izmir, Turkey

http://orcid.org/0000-0002-2233-0663
http://orcid.org/0000-0002-1663-1769

*Corresponding author: tolga.tolon@ege.edu.tr Received date: 24.07.2019 Accepted date: 23.09.2019

How to cite this paper:
Tolon, M.T. & Engin, S. (2019). Gonadal development of the holothurian Holothuria polii (Delle Chiaje, 1823) in spawning period at the Aegean Sea
(Mediterranean Sea). Ege Journal of Fisheries and Aquatic Sciences, 36(4), 379-385. DOI: 10.12714/egejfas.36.4.09

Abstract: The Mediterranean Sea cucumbers including Holothuria polii has become commercially important in international trade due to the high demand of
consumers from Far East countries. Sea cucumbers fisheries is a valuable income for the regional fishermen but natural stocks endangered by overfishing
in recent years. Fisheries regulations and aquaculture studies are important precautions for preserving natural stocks. All these efforts are based on
reproduction biology of this species which slightly differed among regions. In this study, the reproduction biology including morphological characteristics,
gonadosomatic index and gonadal development stages of H.polii at the eastern coast of Aegean Sea (Izmir, Turkey) were investigated during the
reproduction (spawning) period from July to October 2018. Gonads and gonad sections of 60 sea cucumbers (120.60 + 19.56 g) have been observed by
macroscopic and microscopic inspections. Three gonadal development stages have been identified by histologic observations as mature (lll), spawning (IV)
and post-spawning stage (V) in gonadal tubules. Results indicate that both female and male gonads are at mature and spawning stage in July and all
gonads are at post-spawning stage in October. The mean gonad weight was 12.53 + 1.33 g at the beginning of the spawning period (July) and 1.87 + 0.58
g at the end of the spawning period (October). Gonadosomatic index decreased from 17.53 + 0.02% (July) to 3.37 + 0.01% (October) after spawning. The
gonadosomatic index, gonad weight, and spawning were related to the seawater temperature. According to this study, the spawning period of H.polii at the
eastern coasts of the Aegean Sea starts in July and completely ends in October. As a result, the data related to the reproduction biology in spawning period
of H.polii would guide stock management and artificial breeding of this species under controlled conditions.

Keywords: Mediterranean, sea cucumber, gonadal development stage, reproduction biology, gonadosomatic index, Holothuria polii

Oz: Holothuria polii tiriiniin de dahil oldugu Akdenizde yagayan deniz hiyarlari uzak dogu llkeleri tiketicilerinin yogun talebi kargisinda uluslararasi
ticarette 6nem kazanmislardir. Son yillarda deniz hiyari avciligi bolgedeki balikgilar icin iyi bir gelir kaynagi olmakla birlikte asir aveilik nedeniyle dogal
stoklari tehlike altina girmistir. Bu anlamda av diizenlemeleri ve yetistiricilik ¢alismalari dogal stoklarin korunmasinda énemli 6nlemlerdir. Bu girisimlerin
tiimii tiiriin bolgeler arasinda farkliliklar gésteren tireme biyolojisini temel almaktadir. Bu galismada, Ege Denizi'nin dogu kiyilarindaki (izmir, Tiirkiye) H.polii
tiri deniz hiyarlarinin morfolojik 6zellikleri, gonadosomatic indeksi ve gonad gelisim evrelerini igeren tireme biyolojisi, Temmuz-Ekim 2018 arasindaki
Ureme (yumurtiama) déneminde incelenmistir. Bu kapsamda, ortalama agirliklari 120,60 + 19,56 g olan 60 deniz hiyarinin gonad ve gonad kesitleri
makroskobik ve histolojik incelemelerle gdzlenmistir. Yumurtiama dénemindeki H.polii ergin bireylerinin gonad tibillerinin histolojik incelemesinde olgun
(1), yumurtlama (IV) ve yumurtlama sonrasi (V) olmak iizere i¢ gonad gelisim evresi tanimlanmistir. Elde edilen sonuglar her iki cinsiyetteki deniz hiyari
gonadlarinin Temmuz ayinda olgun ve yumurtlama asamasinda, Ekim ayinda ise yumurtlama sonrasi asamada oldugunu ortaya koymaktadir. Turiin
yumurtlama donemi basinda (Temmuz) ortalama gonad agirigi 12,53 + 1,33 g iken, yumurtiama dénemi sonunda (Ekim) 1,87 + 0,58 g olarak
kaydedilmistir. Gonadosomatik index ise %17,53 + 0,02 (Temmuz)'den yumurtiama sonrasi agamada (Ekim) %3,37 + 0,01’e dismustir. Gonadosomatik
indeks, gonad agirhigi ve yumurtlama déneminin deniz suyu sicakligi ile dogru yonli ve dnemli bir etkilesim icinde oldugu saptanmistir. Bu calisma
sonucuna gore, H.polii tirli deniz hiyarinin Ege Denizi'nin dogu kiyilarindaki yumurtlama dénemi Temmuz ayinda baslayip, Agustos ve Eyliil aylarinda
yogun olarak devam etmekte ve Ekim ayinda tamamen son bulmaktadir. Sonug olarak tiiriin yumurtlama dénemindeki Greme biyolojisine iliskin elde edilen
veriler hem stok yonetiminde hem de yetistiricilik calismalarinda yol gdsterici niteliktedir.

Anahtar kelimeler: Akdeniz, deniz hiyari, Greme biyolojisi, gonad gelisim evreleri, gonadosomatik indeks, Holothuria polii

2010). In addition to their ecological importance, the body wall
of cucumber is valuable seafood that is particularly demanded
by Asian consumers. Moreover, hio-extracts obtained from

INTRODUCTION

Sea cucumbers, distributed in almost all seas of the world

with approximately 1711 species (WoRMS, 2018). They feed
on detritus such as diatoms, cyanophytes, macroalgae,
crustaceans, bivalve shells, sponge ossicles and nematodes
accumulated on the seafloor (Belbachir and Mezali, 2018)
and transform matter and energy by processing organic
nutrients in the benthic ecosystems (Purcell et al., 2016).
They stimulate nutrient conversion, sediment mixing,
bioturbation and microalgae growth in marine sediment due to
their feeding and movement patterns (Wolkenhauer et al.,

sea cucumbers are used in the production of pharmaceutical,
nutraceutical and cosmetics products (Purcell, 2014).
Approximately ten thousand tons of dried sea cucumbers are
subject to international trade (Purcell et al., 2013), which
means that approximately 200 million sea cucumbers are
collected each year from the marine ecosystem (Purcell et
al., 2016). The high price and economic value of sea
cucumber bring the danger of overfishing and the depletion of
its stocks. Today, natural stocks of sea cucumbers are

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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threatened by overfishing in many parts of the world. Less
known sea cucumber species that are not consumed
regionally are gaining commercial importance in international
trade due to the decrease in trade amount of high-value
species (Sellem et al., 2017).

Holothuria polii (Delle Chiaje, 1823), a member of
Holothuroidea class of Echinodermata phylum, is widely
distributed in soft sandy sediments and sea meadows of the
sublittoral zone at the Mediterranean coasts of Algeria,
Croatia, Egypt, France, Italy, Spain, Tunisia and Turkey.
H.polii are mainly collected by the fishermen of Turkey and
the other Mediterranean countries. Mediterranean sea
cucumbers, including H.polii, are exported in dried and frozen
form to Far East countries at prices of approximately 19 to 48
USD per kg (TURKSTAT, 2019) and became an important
source of income for fishermen in the region. Due to the
increasing economic importance of sea cucumbers, fishing
arrangements, restocking and aquaculture efforts are required
to ensure the sustainability of natural stocks (Toscano et al.,
2018). Researches on the breeding biology of H. polii could
have several applications (Rakaj et al., 2019). Although some
pioneering research on the aquaculture of H. poli has
resulted successfully (Rakaj et al., 2019; Tolon, 2017) but
there is still scarce information on spawning period and
gonadal development which are needed for breeding under
controlled conditions.

Entire studies on the reproductive biology of sea
cucumber species clearly show that reproductive dynamics
differ according to the geographical regions (Bulteel et al.,
1992; Costelloe, 1988; Despalatovic et al., 2004;

.
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Figure 1. Sampling area in Gulf of Izmir, Aegean Sea (Mediterranean) (38°21'55.42"N; 26°46'8.88"E) (Google Earth, 2019)

Despalatovi¢ et al., 2003; Fajardo-Ledn et al., 2008; McEuen,
1988; Navarro et al., 2012; Tuwo and Conand, 1992; Valls,
2004). The effect of water temperature that determines the
spawning period is prominent in the temperate zones like the
Mediterranean, where seawater temperature significantly
varies between regions (Conand, 1981; Costelloe, 1988;
Despalatovic et al., 2004; Tuwo and Conand, 1992).
Considering the limited mobility of sea cucumbers, it is
important to define the region-specific reproductive biology
including gonadal development and spawning periods
required for aquaculture and stock management studies.

This study aims to determine the morphological
characteristics, gonadosomatic index and gonadal
development stages of H.polii distributed on the eastern coast
of the Aegean Sea (Mediterranean) during the reproduction
(spawning) period. Thereby, findings derived from the study
would be a good reference in the literature concerning
microscopic observations of Mediterranean sea cucumber
H.polii's reproduction biology. Moreover, the data related to
the reproduction biology in spawning period of H.polii would
beneficial in both stock management and artificial breeding of
this species under controlled conditions.

MATERIAL AND METHOD

H. polii individuals were sampled from the Urla (38°
21'55.42 "N; 26° 46'8.88" E) coasts of the Gulf of Izmir
(Turkey), at the Aegean Sea. The dense H.polii stocks and
prohibition of fishing were the main reasons for the selection
of this location (Figure 1).
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Two samplings were carried out in July and October
2018, when the seawater temperature at the selected region
reached their highest and the lowest level within the year. In
order to determine the sampling period, 10-year monthly
average seawater temperatures in Urla (izmir) region and
daily seawater temperature data covering the working period
were obtained from the data of Urla Mendirek Station of
General Directorate of Meteorology of Turkey (MGM, 2018).
In addition, seawater temperatures were recorded with a dive
type thermometer (Mares Puck Pro) in each sampling.

H.polii adults were hand-picked from a depth of 2-4 m by
scuba diving. The collected sea cucumbers were immediately
brought to Ege University Fisheries Faculty, Urla Research
Unit Laboratories (38°21'48.46 "N; 26 ° 46'14.95" E).
Samples kept in an ice-molded tank during transfer to prevent
them from ejaculating viscera due to stress. Total 60 sea
cucumbers, mean wet weight of 120.60 + 19.56 g were
selected from a group of adult individuals in the study. Sea
cucumbers were dissected by longitudinal incision on their
ventral side. Total length (TL), total weight (TW), gutted body
weight, (GBW) and gonad weight (GW) were measured for
each sea cucumber (Conand, 1981). The gonadosomatic
index (GSI) to determine the level of gonadal development
was calculated according to the following formula (Asha and
Muthiah, 2008; Conand, 1981; C. J. M. B. Conand, 1993;
Ramofafia et al., 1995) :

GSI=GW /GBW

where GSI=Gonadosomatic index; GW=Gonad weight and
GBW-= Gutted body weight

Gonads were removed and fixed in 10% buffered neutral
formalin solution for 24 hours. Gonad samples were
dehydrated in graded alcohol series according to Roberts and
Ekman (2012). Sections from the samples embedded in

paraffin were cut at 5-6 pum by Rotary Microtome Device
(Leica RM2125 RTS), cleared in xylene and stained with
hematoxylin-eosin. Gonad tissues inspected and pictured
under a phase-contrast microscope (Olympus CX-31). The
gonadal development stages were identified according to
Despalatovic et al. (2004) as Stage I: recovery (resting or
indeterminate tubules); Stage II: growing (increasing tubules);
Stage IlIl: mature (ripe tubules); Stage IV: spawning (partly
emptied tubules); and Stage V: post-spawning (empty
tubules). Sex of the individuals was determined by
microscopic observation of the gonads.

Statistical analysis

Data are presented as mean + standard error of the mean
unless otherwise stated. The homogeneity of variances was
tested (Levene test) and, whenever necessary, the log
transformation log (x + 1) was used (Zar, 1996). Differences
between TL, TW, GBW and GW values of male and female
individuals were tested by ANOVA and t-test. The average
values of the GSI by sex were analyzed by a Mann and
Whitney test. Pearson test was used to analyze the existing
correlation between the GW, GSI, and temperature. Mean
GSI differences between the sampling periods were analyzed
by t-test. SPSS v.24 software package was used for all
statistical analysis.

RESULTS

Sex was primarily determined by macroscopic
observations based on gonad color. The tubules of the female
gonads are usually yellow or orange, and male gonads are
pale white (Figure 2). However, to make a complete gender
determination, reproductive cells in the gonads of all H.polii
individuals were examined and the gender was confirmed by
microscopic observations.

Figure 2. Mature gonads of female (A) and male (B) H.polii adults
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Total of 60 samples (28 male and 32 female) were inspected
in this study. Gender ratio did not show significant difference
from 1. 1 distribution according to chi-square test results
(x2=0.133; df=1; p=0.72). Average length (TL) of sampled sea
cucumbers was 14.14 + 1.83 cm (13.99 + 1.66 cm male;
14.29 + 2.03 cm female). There was no significant difference
between the genders in terms of mean lengths (t-test; p =
0.66; p> 0.05). The average weight (TW) of the sampled sea
cucumbers was 120.60 + 19.56 g (120.81 + 17.30 g male;
120.38 + 22.21 g female). There was no significant
difference between female and male mean weights (t-test; p =
0.95; p> 0.05). The mean gutted body weight was 64.41 +
12.08 g (67.30 + 9.85 g male; 61.53 + 13.69 g female). There
was no significant difference between male and female
individuals in terms of gutted body weight values (t-test; p =
0.20; p> 0.05) (Table 1).

Table 1. Morphological observations on the H.polii specimens

TL (cm) TW (9) GBW (9)
Male 13.99 + 1.662 120.81 £17.30°  67.30 £ 9.852
Female 14.29 + 2.032 120.38 £22.21>  61.53 + 13.692
Mean 1414 +1.83 120.60 £19.56  64.41+12.08
;I'L): Toé%l length (cm); TW: Total wet weight (g); GBW: Gutted body weight
g); n=

Data with different superscripts in columns indicate significant differences
from each other (p< 0.05)

The mean gonad weight of all samples was 12.53 + 1.33 g
(11.81 + 2.16 g male gonads; 13.34 + 1.56 g female gonads)
at the beginning of the spawning period (July). The mean
gonad weight at the end of the spawning period (October)
was determined as 1.87 + 0.58 g (2.13 £ 0.93 g male gonads;
1.64 + 0.76 g female gonads). There was no significant
difference in gonad weights between genders in both
sampling periods (ANOVA; July p=0.87; p>0.05) (ANOVA;
October p=0.99; p>0.05). However, significant differences
were found between the mean gonad weights of H.polii
individuals in July and October in both genders (t-test;
p=0.00; p<0.05) (Table 2).

Table 2. Mean gonad weights of H.polii within the reproduction

period
Period Male gonad  Female gonad Meap gonad
@ (@) weight (g)
July 2018 11.81+£2162 1334+1562 12.53+1.332
October 2018 2.13+0.93° 1.64 +0.76° 1.87 £ 0.58°

Data with different superscripts in columns indicate significant differences
from each other (p< 0.05)

The mean gonadosomatic index of all specimens was
17.53 £ 0.02% at the beginning of the spawning period (15.97
+ 0.03% male; 19.30 £+ 0.02% female). It was decreased to
3.37 £ 0.01 % at the end of the spawning period (3.70 %
0.02% male; 3.08 £ 0.01% female). There was no significant
difference in gonadosomatic index between genders in both

sampling periods (ANOVA; July p=0.74; p>0.05) (ANOVA;
October p=0.99; p>0.05). However, a significant difference
was found between the mean gonadosomatic index in July
and October in both male and female individuals (t-test;
p=0.00; p<0.05) (Table 3).

Table 3. Gonadosomatic index of the H.polii during the reproduction

period
Period Male (%) Female (%) Mean (%)
July 2018 15,97 £0.032 19.30+0.022  17.53 +0.022
October 2018 3.70 £ 0.020 3.08 £0.01° 3.37 £0.010

Data with different superscripts in columns indicate significant differences
from each other (p< 0.05)

There is a significant difference between the monthly
seawater temperature means of the sampling area during the
study period (ANOVA; p=0.00; p<0.05). Gonadosomatic index
(Pearson; p = 0.77) and gonad weights (Pearson; p = 0.92) of
the sampled sea cucumbers were positively and significantly
correlated with the seawater temperature at the studied
location (Figure 3). Gonad weight and gonadosomatic index
mean values were the highest in July parallel with the highest
mean seawater temperature (25.80 = 0.95 °C), while they
decreased significantly in October when the mean seawater
temperature dropped to 19.81 + 1.17 °C.

Microscopic observations of the gonads

Morphological and histological examination of gonads
tissues revealed three gonadal development stages in male
and female individuals. Mature (Ill) and spawning stages (IV)
were determined in gonads of female and male individuals in
July samples, while gonads of both genders were in post-
spawning stage (V) in October. Since the aim of the study
was to determine the developmental stages of female and
male H. polii gonads during the spawning period, Stage |
(recovery: resting or indeterminate tubules) and Stage Il
(growing: increasing tubules) phases were not observed.

Observations on the gonads of female H.polii by
development stages

Stage Il (Mature): The gonad wall was thin in this stage.
The development of oocytes was completed and the
presence of previtellogenic oocytes was not observed in the
germinal layer, but the number of vitellogenetic eggs
increased (Figure 4A).

Stage IV (Spawning): The gonad wall was still thin in this
stage. Gaps were detected in the tubules for easy ovulation
(Figure 4B).

Stage V (Post-spawning): After spawning, a large
migration of phagocytic hemocytes from thick-walled
phagocytic gonadal tubules and gametes remaining in the
resorption process observed in the gonads. Tubules were
empty, flaccid and wrinkled. Large gaps are visible in the
gonads (Figure 4C).
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Figure 3. Mean seawater temperature versus (a) gonad weight and (b) gonadosomatic index of H.polii

Figure 4. Microscopical characteristics of gonadal stages of the females. (A) mature stage; (B) spawning stage; (C) post-spawning stage.

Scale bars: A, B, 50 um, C, 100 pm.

Microscopic observations on gonads of male H.polii
by development stages

Stage Ill (Mature): Lumens have reached their maximum
diameter and were filled with seminal fluid. Histologically, the
walls of the lumens were smooth and thin, with germinal folds.
The lumen of the spermatozoa tubules looks like a mature
testicle. Spermatogenesis formation was accelerated and
apparent. Gonad wall was thin (Figure 5A).

Stage IV (Spawning): The expulsion of gametes from the
gonad began, the gonad wall thickened. Histologically, the
walls of the tubules are smooth and thin, with germinal folds.
Cells and tubules found in early spermatogenesis stages
were characterized by mature spermatozoa (Figure 5B).

Stage V (Post-spawning): After resorption gonad was
almost empty (Figure 5C).
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Figure 5. Microscopical characteristics of gonadal stages of the males. (A) Mature stage; (B) spawning stage; (C) Post-spawning stage. HS,
haemal sinus; SC, spermatocyte columns; SZ, spermatozoa. Scale bars: 50 um

DISCUSSION

Gonadal development stages of H.polii in spawning
period were evaluated in this study to fully identify the
gonadosomatic index, gonad size and morphological
properties of both sex in a wild population from Izmir (Turkey)
coasts of the Aegean Sea. Results derived from the study
indicate the occurrence of three development stages in
gonads. Mature and spawning stages observed at the
beginning of the spawning period, and only postspawning
stage at the end.

Reproduction and gonadal development in holothuroids
are depending on water temperature. Gonadal development
reaches to the highest level in the periods when the water
temperature also reaches the highest levels, and spawning
occurs (Conand, 1981; Costelloe, 1988; Tuwo and Conand,
1992). Morphological examinations of the gonads in this study
revealed that gonadosomatic indexes and gonad weights of
the sampled sea cucumbers were high in July when the water
temperature reached the highest value of the year. Seasonal
changes in water temperature by regions may cause changes
in the reproduction period of sea cucumbers. In the study
covering the northern part of the Aegean Sea, Bardanis and
Batjakas (2018) reported that spawning for H.polii occurred
between July and August and that the gonads had gone
through the recovery stage from September. The rapid
decrease in water temperature from September is effective in
the early termination of the spawning period. In the southern
regions of the Mediterranean, Slimane-Tamacha et al. (2019)
and Sellem et al. (2017) reported that the gonad development

was completed in May with the effect of earlier warming in the
summer period and the ovulation started in June and ended in
September. In the current study, the post-spawning stage
observed in some individuals revealed that ovulation started
in July, extensively continued in August and September, and
ended completely in October at Eastern coasts of the Aegean
Sea. However, not only the temperature but also many other
environmental factors such as sediment types, feeds, water
quality etc. are known to affect the sea cucumbers gonadal
development in the nature. Therefore, the effects of these
factors on gonad development should be examined in detail in
future studies.

In terms of gonad weights and gonadosomatic indexes,
there were no significant differences among the gender in
both periods which means that gonad development is
synchronous in H.poli male and female. The mean
gonadosomatic index calculated in this study is 17.53%,
which is above the gonadosomatic indexes calculated in
previous studies during the same periods of the year.
Bardanis and Batjakas (2018) observed the highest
gonadosomatic index by 14% in late June and Sellem et al.
(2017) observed 16% in May. The highest values of
gonadosomatic index, which is an important indicator of
gonad development, do not vary excessively among the
regions, but the periods in which they reach these highest
values may be different.

Studies on reproduction biology of economic sea
cucumber species that are widely distributed in the
Mediterranean like H.polii are important for the sustainability
of natural stocks, which are endangered due to overfishing.
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This study reveals that the reproductive period and gonadal
development of this species differ even between the close
geographic locations. The future studies on reproduction
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Oz: Bu galigmada, hematolojik ve histolojik degisiklikleri incelemek igin pangasus baliklari (Pangasius hypophthalmus) 0,0; 2,5; 5,0; 10,0 mg L bakir siilfat
konsantrasyonlarina 48 saat siireyle maruz birakilmistir. Ardindan her akvaryumdan dérder balik segilmistir. ilk 24 saatte ve ikinci 24 saatte kan érnekleri
alinmistir. Sonrasinda histolojik analiz igin bobrek, karaciger, dalak ve solungag doku érnekleri toplanmistir. Hematokrit, hemoglobin, eritrosit sayisi, MCHC,
MCH ve MCV degerleri igin kan drekleri analiz edilmistir. Histolojik degerlendirme icinde doku 6rnekleri hematoksilen ve eozin boyama yontemi kullanilarak
analiz edilmistir. Bakir konsantrasyon artislarina bagli olarak pangasus baliklarinda hematolojik ve histolojik bazi dnemli degisiklikler saptanmistir. = 2,5 mg
Lt Cu konsantrasyonlarina maruz birakilmis pangasuslarin hematokrit oraninda, hemoglobin miktarlarinda ve eritrosit sayisinda 48 saat icinde dnemli
artiglar olmustur. Fakat MCHC, MCH ve MCV degerlerinde istatiksel bir farklilik gézlenmemistir. llk 24 saatlik stiregte = 2,5 mg L Cu konsantrasyonlari
pangasuslarinin solungaglarinda ddeme, hiperplaziye, ve fiizyona yol agmistir. 48 saat sonunda = 2,5 mg L konsantrasyonlar solungaglarda yogun
hiperplaziye ve kikirdak ve epitel dokuda dejenerasyonlara neden olmustur. Karaciger hiicrelerinde piknotik nikleus ve dejenerasyonlar, dalakta nekroz ve
hemosterin kiimecikleri artisi, bobrek tiibiillerinde dejenerasyon ve siyah lekeler goriilmiistiir. Sonug olarak = 2,5 mg Lt akut bakir konsantrasyonlari
pangasus baliklarinda 48 saat siire iginde yiiksek mortaliteye ve histolojik bozukluklara neden olmustur.

Anahtar kelimeler: Bakir, Hematoloji, Histoloji, Pangasius hypophthalmus

Abstract: In this study, to examine hematological and histological alterations, striped catfish exposed to 0.0, 2.5, 5.0, 10.0 mg L copper concentrations for
48 hours. After that, four fish were selected per aquarium. First 24 and second 24 h, blood samples were taken. And then, their gills, liver, kidney, and
spleen samples were collected. The blood samples were analyzed for hematocrit, hemoglobin, number of erythrocytes, MCHC, MCH and MCV. The tissue
samples stained with standart technique of haematoxylin and eosin for histological assessment. Copper depending on concentrations increase caused
some important hematological and histological alterations on striped catfish. Number of erythrocyte, hematocrit and hemoglobin of striped catfish exposed
to = 2.5 mg L of Cu concentrations increased in 48 h. Within first 24 h, = 2.5 mg L1 of Cu caused edema, hyperplasia and fusion in gills. After 48 h, = 2.5
mg L of Cu formed very intense hyperplasia and degeneration of cartilage and epithelium tissue in the gills. Pyknotic nuclei and degenation in liver;
necrosis and increased number of hemosterin clustering in spleen; degeneration of renal tubules and black spots in kidney were seen. As a result of that, =
2.5 mg L of Cu caused high mortality and histological disorders within 48 h.

Keywords: Copper, Hematology, Histology, Pangasius hypophthalmus

GIRIS

Gagimizin en 6nemli sorunlarindan bir tanesi evsel,
endustriyel, tarimsal ve madencilik faaliyetleri sonucu olugan
atiklarin tamamen aritiimadan gél, nehir ve deniz gibi dogal
sulara birakilmasidir (Marcussen vd., 2007; Cagdas vd.,
2017). Bu atiklar iginde agir metallerde yer almaktadir. Agir
metaller normalde sularda iz miktarda bulunurlar. Yalniz bu
miktar  bolgenin  endustriyel, tarimsal ve madencilik
faaliyetlerine ve jeokimyasal yapisina gére de artis ya da
azalis gostermektedir.

da dip sedimentinde birikir ve burada bir takim oksidasyon ve
redlksiyon islemlerine maruz kalir. Diger bir kismi da suda
yasayan canlilarin blinyesinde birikir (Sener ve Sener, 2015).

Agir metaller baliklarin organlarinda (kas, karaciger,
solungag, bdbrek, badirsak) birkim yaparak onlarin
vicutlarinin - morfolojisinde ve biyokimyasinda bir takim
degisimlere sebep olmaktadir (Abdel-Warith vd., 2011; Youis
vd., 2013; Olsson, 1998). Besin zincirinin bir halkasindan
giren agir metaller ilk girdigi miktarin kat kat Ustiinde dozlara
ulagarak besin halkasinin en Ust kisminda yer alan insanlara
kadar yikselebimekte ve onlarin  hayatini  tehdit

Endustriyel ve tarimsal faaliyetlerin atigina bagli olarak edebilmektedir (Ozkan vd., 2018; Percin vd., 2011).

suda yogunlagan agir metallerin tasinimi ve birikimi birgok

parametre degisimine paralel olarak degdisim gdsteren
karmasik prosesler icerir. Su igindeki agir metallerin bir kismi
birok fiziksel ve biyokimyasal etkilesimlere ugrar. Bir kismi

Pangasuslar (Pangasius hypophthalmus) bir tath su baligi
tirlidir. Uzakdogu Asya kokenlidirler. Chordata subesinin
Actinopterygii sinifinin Siluriformes takiminin  Pangasiidae
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familyasinda yer alirlar. Bu baliklarin Tayland ve Vietnam’da
yetistiriciligi yapiimaktadir. Bular pulsuz, ¢iplak derilidirler ve
ayrica gok yumusak, beyaz ve tatlimsi bir etleri vardir. Bu tat
bizim damak lezzetimize ¢ok hitap etmemektedir.

Baliklar deri, solunga¢ ve bagirsak yoluyla aldiklar agir
metalleri gesitli organlarinda (solungag, karaciger, bobrek,
kas, gonad, beyin, vb.) biriktirmektedirler. Bu konuda yapilmig
oldukga gok galisma bulunmaktadir (Unlii vd., 1995; Kalay ve
Canli, 2000; Calta vd., 2000; Mol vd., 2010; Per¢in vd., 2011,
Begum vd., 2013). Percin vd (2011) Dogu Akdeniz'deki dogal
ve ¢iftlik ortaminda bulunan mavi ylizgegli orkinos baliklarinin
(Thunnus thynnus) kas dokularindaki agir metal (Cu, Mn, Ni,
Zn ve Fe) birikimini saptamistir. Unli vd.(1995) Dicle
Nehrinde Capoeta trutta baliginda adir metal birikimini
arastirmistir. Balik kas ve karaciger dokusunda Co, Cd, Cu,
Ni, Mo ve Zn birikimini arastirmigtir. Cu ve Zn'nin kas
dokusundaki birikim degderlerinin agir metal kabul degerlerinin
uzerinde oldugunu rapor etmistir. Fakat Co, Cd, Mo
degerlerini AAS (Atomik absorpsiyon spektrofotometresi)’nin
tayin sinirlari iginde saptayamamistir. Kalay ve Canli (2000)
Tilapialari (Tilapia zilli) 1 mg L* derisimde Cu, Zn, Cd ve Pb
metallerine 10 giin slreyle maruz birakmis ve karaciger,
solungag, beyin ve kas dokularinda metal birikimini
saptamistir. Cd’nin 7 glin sonunda solungag ve karacigerde
yaklasik 80 pg g? (k.a.) civarinda birikime sebep oldugunu
bildirmistir. Sonrasinda bu baliklar 1, 7, 15 ve 30 giin siireyle
temiz suda (metal igermeyen) bekletilerek dokularda aritim
yapilmis ve metal birikim miktarlarini AAS'de alevli teknigi ile
olgmustlr. Pb, Cd ve Cu miktarlarinin solungaglarda
azaldigini; karacigerde ylkseldigini bildirmigtir. Calta vd.
(2000) Keban Baraj Goli'nde bulunan Capoeta trutta
baliginin  kas, deri, karacider, gonad, bdbrek ve
solungaglarinda bazi metal (Cu, Fe, Mn, Zn, Co, Cr, Cd, Pb)
birikim dizeylerini arastirmigtir. Cu kas, gonad, bobrek ve
solungagta; Mn, Fe ve Zn'yi tim dokularda tespit etmistir. Mol
vd. (2010) Firat Nehri Uzerindeki Atatlrk Baraj Goli'nde yedi
balik tlriniin Zn, Cu, As, Cd, Hg ve Pb seviyelerini
saptamistir. Metal miktarlarinin her tirde farkli oldugunu ve
bu baliklarin Zn, Cu, Cd ve As bakimindan insan tliketiminde
kullaniimasinin bir sakinca yaratmadigini bildirmistir. Fakat,
Hg'nin yayinda (Silurus triostegus) ve Pb'nini Dicle
cipurasinda (Acanthobrama marmid) yliksek oldugunu
saptamistir. Begum vd. (2013) Heteropneustes fossilis
tiriinlin kas, solungag, mide, bagirsak ve karacigerinde baz
agir metal (As, Pb, Cd, Cr, Zn ve Cu) seviyelerini belirlemistir.
Agdir metal konsantrasyonlarinin farkli dokularda 6nemli
farklilik  gosterirken  istasyonlar arasi  bir  farklilik
gostermedigini bildirmistir. Cd'yi solungaglarda 2.87-4.27 pg
g! ve karacigerde 2.25-5.50 pg g gibi en yiksek, kasta
0.30-0.40 pg g* kadar dustk degerlerde bulmustur. Kaslarda
bulunan adir metal miktarinin gidalarda izin verilen miktari
gecmedigini agiklamistir.

Agdir metaller canli viicuduna girdiginde bir takim
bozukluklara neden olmaktadir. Bu nedenle vicutlarinda
metalloprotein (MT) adi verilen 6zel proteinler Ureterek

metalleri baglamakta ve zararsiz hale getmektedirler. MT'ler
dustk molekiller agirlikta, tek zincirli, sistein amino asitince
zengin ve sitosiklik polipeptid yapida bulunan molekllerdir.
MT'lere ilk olarak 1957 yilinda at bdbreginde rastlanmistir
(Margoshes ve Vallee, 1957). Daha sonra memeli, bitki,
fungus, protozoa, balik ve diger tirlerde bulunmustur (Hamer,
1986; Yu vd., 1998, 2000; Liu vd., 2000; Yildiz vd., 2012).
MT'ler memelilerde 4 grupta temsil edilmektedir. MT-1 ve
MT-2 viicutta Zn dengesinin saglanmasinda, agir metal
toksisitesinde ve oksitatif stresle bas etmede etkin
kullanilirken MT-3 sinir ve sinir bagi dokularinda ve MT-4
epitel dokularda yogun bulunmustur (Vasak, 2005). Su
canlilarindan pisilerde (Plathichtys flesus) (Overnell ve
Abdullah, 1988), beyaz karideslerde (Peneaus vannamei)
(Moksnes vd., 1995; Wu ve Chen, 2005), kahverengi
alabaliklarda (Salmo trutta) ve yilan baliklarinda (Anguilla
anguilla) (Linde vd., 2001), deniz midyelerinde (Mytillus sp.)
(Acker vd., 2005), tathsu yengeglerinde (Sinopotamon
henanense) (Ma vd., 2008), sazanlarda (Cyprinus carpio)
(Kovarova vd., 2009), tathsu midyelerinde (Anadonta
woodiana) (Li vd., 2015), kefallerde (Leuciscus cephalus) ve
tathsu levreklerinde (Perca fluviatilis) (Bayhan ve Uniibol
Ayhan, 2016) MT'ler tespit edilmistir.

Bakirin farkli balik tiirleri (izerine toksik etkisinin histolojik
olarak incelendigi bazi calismalar olmasina ragmen (Wani
vd., 2011; Salman vd., 2012; Velcheva vd., 2013; Atabati vd.,
2015; Al-Tamimi vd., 2015; Alkobaby ve Abd El-Wahed,
2017), akut bakir toksisitesinin pangasus baliklarinda iizerine
histolojik etkileri hakkinda henliz mevcut bir arastirma
bulunmadigindan bu galisma yapilmigtir. Ayrica alti aylik
sazanlar (Cyprinus carpio) i¢in 48 saat LCso degeri 8,00 mg L-
1 (Karan vd., 1998); tilapia baliklari (Oreochromis niloticus)
icin 96 saat LCso degeri 25,00 mg L (Naseem vd., 2015) ve
31,20 mg L1 (Alkobaby ve Abd El-Wahed, 2017); Labeo
rohita baligi i¢in 96 saat LCso degeri 33,41 mg L (Kousar ve
Javed, 2012) olarak bildirimistir. Bu sonuglara bagli olarak bu
calismada LCso degerine (% 50 o6limin gerceklestigi letal
konsantrasyonu)  yakin  konsantrasyonlar  denenmek
istendiginden yuksek Cu konsantrasyonlari tercih edilmigtir.
Bu c¢alismada, farkli bakir dozlarina (0,0; 2,5; 5,0; 10,0 mg
L'1) 48 saat slreyle maruz birakilan pangasus baliklarinda
olusan hematolojik ve histolojik degisimlerin incelenmesi
amaclanmigtir.

MATERYAL VE METOT
Baliklarin bakir maruziyeti

Bu calismada, laboratuvarda yetistirimis 102,13+22,59
mm'lik ve 16,21+13,47 g'lik pangasus baliklari kullaniimistir.
Baliklar 0,0; 2,5; 5,0; 10,0 mg L bakir stilfat (CuSOa.5H20,
Merck katalog no: 1.02790.1000) konsantrasyonlarina 48 saat
slreyle maruz birakilmigtir, 15 adet ballk 20 L suya
stoklanmis (50x20x30 cm) ve 24 saatte bir ayni bakir
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konsantrasyonlarina sahip sularla % 100 su degisimi
saglanmigtir. Calisma iki tekrarli (toplam 8 akvaryum) olarak
yurtdlmastir. Ortam sicakh§r 24 °C'de sabit tutulmusgtur.
Deneme siresince her akvaryuma ilave havalandirma
yapilmigtir. Gunlik kontroller yapilarak 6li balik sayilari kayit
edilmistir. Deneme boyunca her akvaryumda sicaklik,
¢Oziinmiis oksijen, pH gibi su kalite parametrelerinin Glgiimi
gunde bir kez Multi Parameter Cihazi (WTW Multi 3420 set G)
kullanilarak  yapilmigtir. Su kaynaginin toplam sertlilik,
alkalinite 6lgtimleri bir kez deneme baslangicinda élgtilmustir.

Baliklardan Kan Alimi

Her akvaryumdan 24 saatte bir olmak Uzere dérder balik
rastgele secilip baliklarin kuyruk venalarindan vakumlu tip ve
igneler kullanilarak kan 6rnekleri alinmis ve soguk zincir takip
edilerek +4 °C'de 1-2 glin muhafaza edilmistir. Sonrasinda
Mission Ultra Hb aygiti (Acon, Amerika) kullanilarak
hematokrit ve hemoglobin miktarlari &lgUlmastdr. Alinan
kanlardan Thoma lami ve Natt-Herrick soliisyonu kullanilarak
tim orneklerin eritrosit sayisi belirlenmigtir. Daha sonra
eritrosit ~ indeksleri  asagidaki  formdller  kullanilarak
hesaplanmigtir (Alwan vd., 2009; Duman ve Sahan, 2014).

MCHC (Ortalama Eritrosit Hemoglobin Konsantrasyonu) (%)
= (HB-HCT)x100

MCH (Ortalama Eritrosit Hemoglobini) (pg) = (HB-RBC)x10
MCV (Ortalama Eritrosit Hacmi) (u3) = (HCT/RBC)x10

HB = Hemoglobin (g L)

HCT = Hematokrit (%)

RBC = Eritrosit sayisi (106 mm-3)

Histolojik inceleme

Her akvaryumdan rastgele segilen dorder baliktan kan
ornekleri alindiktan sonra ayni baliklardan solungac,
karaciger, bobrek ve dalak doku ornekleri toplanmistir.
Ornekler % 107luk tamponlu nétral formalin soliisyonuna
koyularak en az 24 saat fikse edilmistir. Fiksasyondan sonra
doku Ornekleri Roberts (2012)'e gore yikselen alkol
serilerinde dehidre edilmistir. Sonrasinda doku Ornekleri
parafin icinde dondurularak Rotary Mikrotom Cihazi (Leica
RM2125 RTS) kullanilarak 5-6 um kaliniginda doku kesitleri
alinmigtir. Ardindan doku kesitleri ksilen ile seffaflastirilip
hematoksilen-eozin boyama (H&E) yontemi ile boyanmigtir
(Culling vd.,1985). Bu sekilde hazirlanan preparatlar sk
mikroskobu (Euromex-Novex B serisi) altinda incelenmis ve
histopatolojik  degerlendirmeleri  yapiimistir.  Bulunan
bulgularin fotograflari kamera (Novex Cmex DC 5000) ile
cekilmis ve sonuglar dijital ortamda kayit altina alinmistir.

istatiksel analizler igin SPSS programi  kullanilarak
General Linear Model- Univariate ve Duncan testi

uygulanmistir. Konsantrasyon gruplari arasindaki farkliliklarin
onem derecesine bakilmistir (P<0,05).

BULGULAR

Akvaryumlarda su kalite parametrelerinden sicaklik
25,4+0,15 °C, pH 8,41+0,34 ve oksijen 7,68+0,15 mg L7,
toplam sertik 670 mg L' CaCOs, alkalinite 565 mg L+
CaCOs, olarak dlgilmistir. Gunlik su degisimi sirasinda
akvaryumlarin tabaninda az miktarda mavi-beyaz kireg
tarzinda ¢okelmelerin oldugu gérulmustr.

2,5-5,0 mg L1 bakira 24 saat sureyle maruz birakilmig
baliklarin  solungaglarinda &dem, yodun hiperplazi ve
sekonder lamellerin kikirdak yapisinda dejenerasyon, 10,0
mg L1 bakirda da yogdun hiperplazi, 6dem ve dejenerasyon
gortimUstir (Sekil 1). 48 saatte 2,5-10,0 mg L1 akut bakir
konsantrasyonlarina maruz kalan baliklarin karacigerlerinde
piknotik nlkleus saptanmis ve bu durum bakir
konsantrasyonu artisina bagli olarak artmistir (Sekil 2). 2,5-
10,0 mg L akut bakir konsantrasyonlarina maruz kalmis
baliklarin dalaklarinda vakuollesmeler, nekroz ve hemosterin
kime sayisinda artis (Sekil 3), bobreklerinde tubiiller
dejenerasyon ve nekroz (dagiimalar) bulunmustur (Sekil 4).
Denemenin ilk 24 saatinde 50 ve 10,0 mg L! Cu
konsantrasyonlarinda ilk kayiplar g6zlenirken son 24 saatte
mortalite % 73,3-76,7 olmustur (Tablo 1).

Tablo 1. 24 ve 48 saat akut bakir konsantrasyonlarina maruz
birakilan pangasuslarin yasama orani

Table 1. Survival of striped catfish exposed to 24 and 48 h acute

copper concentrations
Grup 24 saat 48 saat
Kontrol 100,0+0,00 100,0+0,00
2,5mg/L 100,0+0,00 53,3+37,71
5,0 mg/L 93,3+4,71 16,7+2,36
10,0 mg/L 73,3+18,86 26,7+18,86

Akut bakir konsantrasyonlari pangasus baliklarinin kan
parameterlerinde degisimlere neden olmustur (Tablo 2).
Hematokrit oraninda, hemoglobin miktarlarinda, eritrosit
sayisinda 2,5-10 mg L Cu konsantrasyonlari arasinda ilk 24
saatte istatistiki olarak farklilik gorlilmemistir ama = 2.5 mg L+
Cu konsantrasyonlari hematokrit oraninda, hemoglobin
miktarlarinda ve eritrosit sayisinda 48 saat iginde
yikselmelere neden olmustur. Fakat MCHC, MCH ve MCV
degerlerinde istatistiksel olarak bakir konsantrasyonlari
acisindan bir farklilik olmamistir.
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Tablo 2. 24 ve 48 saat akut bakir konsantrasyonlarina maruz birakilan pangasuslarin kan parametrelerinin degisimleri

Table 2. Blood parameter changes of striped catfish exposed to acute copper concentrations for 24 and 48 h

24 saat

RBC (10 mm=3)  HCT (%) HB (g L) MCHC (%) MCH (pg) MCV (u3)
Kontrol 100,13,3+14,032  27,60+3,502 59,25+11,812 213,09+16,732 5,93+1,092 2,78+0,372
2,5 mg/L 123,0,14£20,9320  45,50+10,44 69,25+12,552 160,36+53,832 5,751,492 3,75+0,892
5,0 mg/L 131,50+16,200¢ 50,95+16,870 81,00+11,52b¢ 170,24+47,772 6,16+0,372 3,88+1,242
10,0 mg/L 149,25+9,47¢ 60,78+14,96p 93,00+11,40° 162,55+52,302 6,24+0,752 4,08+1,022

48 saat

RBC (108 mm?)  HCT (%) HB (g LY MCHC (%) MCH (pg) MCV )
Kontrol 104,00£14,212 28,70£3,912 61,75£12,692 218,33+53,602 6,02+1,462 2,84+0,802
2,5 mg/L 148,00+25,97° 58,45+16,34b 72,25+26,272 143,92+102,012 5,082,402 3,930,912
5,0 mg/L 197,50+35,94¢ 68,159,860 107,00+15,36° 157,72+17,302 5,460,382 3,48+0,332
10,0 mg/L 216,25+25,62¢ 76,10+13,99° 117,00+20,56° 155,01+20,362 5,400,572 3,52+0,522

D

Sekil 1. Solungag, A) Kontrol 40x (H&E), B) 2,5 mg L1 Cu 24 saat 40x (H&E) ve C) 5,0 mg Lt Cu 40x (H&E) 24 saat siireyle

maruz birakilmis baliklarda sekonder lamellerin kikirdak yapisinda dejenerasyon, édem ve hiperplazi, D) 10,0 mg L

Cu 40x (H&E) 48 saat siireyle maruz kalmis baliklarda yogun hiperplazi, 6dem ve dejenerasyon

Figure 1. Gills, A) Control 40x (H&E), B) 2,5 mg L1 Cu for 24 h 40x (H&E) ve C) 5,0 mg L* Cu 40x (H&E) degeneration in the
seconder lamella cartilage structure of fish exposed for 24 h, edema, hyperplaia, D) 10,0 mg L Cu 40x (H&E) intense

hyperplasia, edema and degeneration in fish exposed for 48 h
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Sekil 2. Karaciger, A) Kontrol 40x (H&E), B) 2,5 mg L* Cu 40x (H&E) 24 saat stireyle, C) 5,0 mg L* Cu 40x
(H&E) ve D) 10,0 mg L't Cu 40x (H&E) 48 saat slireyle maruz kalan baliklarda piknotik niikleus

Figure 2. Liver, A) Control 40x (H&E), B) 2,5 mg L Cu 40x (H&E) for 24 h, C) 5,0 mg L* Cu 40x (H&E) ve D)
10,0 mg L' Cu 40x (H&E) picnotic nuclei in fish exposed for 48h

B

Sekil 3. Dalak, A) Kontrol 10x (H&E), B) 2,5-5,0 mg
L1 Cu 10x (H&E) ve C) 10,0 mg L1 Cu 10x
(H&E) 48 saat slreyle maruz kalmis
baliklarda hemosterin kiime sayisinda
artig, vakuollesme ve nekroz

Figure 3. Spleen, A) Control 10x (H&E), B) 2,5 -5,0
mg L Cu 10x (H&E) and C) 10,0 mg L?!
Cu 10x (H&E) increase of number of
hemosterin  clustering, vacuolation and
necrosis in fish exposed for 48 h
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Sekil 4. Bobrek, A) Kontrol 10x (H&E), B) 2,5 mg L Cu 10x (H&E) ve C) 5,0-10,0 mg L Cu 10x (H&E) 24 saat siireyle D)
10,0 mg L2 Cu 10x (H&E) 48 saat stireyle maruz kalmig baliklarin bdbrek tiibiillerinde dejenerasyon ve nekroz

Figure 4. Kidney, A) Control 10x (H&E), B) 2,5 mg L* Cu 10x (H&E) ve C) 5,0-10,0 mg L* Cu 10x (H&E) for 24 h D)
10,0 mg L Cu 10x (H&E) degeneration in kidney tubulles and necrosis in fish exposed for 48 h

TARTISMA

Bu calismada, = 2,5 mg Lt Cu konsantrasyonlarina
maruz birakilmig  pangasuslarin  hematokrit  oraninda,
hemoglobin miktarlarinda ve eritrosit sayisinda 48 saat iginde

artislar olmustur. Fakat MCHC, MCH ve MCV degerlerinde
istatiksel bir farklilik gozlenmemistir. Literatlire bakildiginda
bu sonuglari destekleyici calismalar mevcuttur (Tablo 3).

Tablo 3. Literatiirde bakir maruziyetine birakilmis baz balik tirlerine ait kan parametre sonuglari
Table 3. Blood parameter results of some fish species exposed to copper in literature

Tir Metal Sonug Kaynak Maruziyet Suresi
M ik tilapi
ozambi |.ap|aS| ) Cu Hemoglobin artigi Cyriac vd., 1989 24-168 saat
(Oreochromis mossambicus)
Heteropneustes fossilis Cu Hemoglobin miktarinda artis Singh ve Reddy, 1990 24 saat-30 giin
Karabalik Hemoglobin degerinde ve eritrosit Van Vuren vd., 1994
. . Cu 96 saat
(Clarias gariepinus) sayllarinda artis
Nil Tilapiast o Cu, Pb Hematokrit sayisinda artis, eritrosit Giftgivdl, 2015 7-30 giin
(Oreochromis niloticus) sayisinda azalis
Hematokrit, hemoglobin ve eritrosit
Catla catla Cu,Cd  sayisinda azalma (Cd kaynakl HCT ~ Hasan vd., 2018 24-96 saat
ve HB de diisme olabilir)
P . . o
angasus Cu Hemoglobin, hematokrit ve eritrosit Bu galigma 2 giin

(Pangasius hypophthalmus)

sayisinda artis
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Cu maruziyetinin Mozambik tilapialarinda (Oreochromis
mossambicus) hemoglobin artisina sebep oldugunu Cyriac
vd. 1989°de bildirmigtir. Ayni sekilde Singh ve Reddy (1990)
Cu maruziyetinin (0,25 mg L*) Heteropneustes fossilis
baliginin ~ kanindaki  hemoglobin  miktarini  arttirdigini
bildirmistir. Van Vuren vd. (1994) 48 saatlik akut Cu
maruziyetinin Clarias gariepinus baliklarinin - hemoglobin
degerinde ve eritrosit sayilarinda artiglara neden oldugunu
rapor etmistir. Ciftci vd. (2015) akut Cu konsantrasyonlarina
maruz biraktiklari Nil tilapialarinin (Oreochromis niloticus)
eritrosit sayisinda azalig ve hematokrit oranlarinda artis
oldugunu bildirmistir. Fakat Hasan vd. (2018) Catla catla
baliklarinda Cu ve Cd maruziyeti sonucunda hematokrit

oraninda, hemoglobin ve eritrosit sayisinda bir azalmanin
oldugunu bildirmistir.

Akut bakir konsantrasyonlarina maruz  birakilmig
pangasuslarin solungaglarda, &dem, hiperplazi, epitel ve
kikirdak dokuda dejenerasyon; karacigerde, hepatositlerde
piknotik niikeus; dalak hucrelerinde hemosterin  kime
sayilarinda artis, vakuollesme ve nekroz; bdbrek tibdllerinde
dejenerasyon ve nekroz (dagiimalar) saptanmistir. Bakirin
cesitli balik turleri Gzerine histolojik etkisi bazi galismada
incelenmistir. Bu ¢alismanin sonuglari ile 6nceden yapilmig
calismalarin sonuglari arasinda oldukga biylk benzerlikler
bulunmustur (Tablo 4).

Tablo 4. Literatiirde bakira maruz birakilmis bazi balik tiirlerinde saptanmig semptomlar
Table 4. Symptoms detected in some fish species exposed to cooper in literature

Maruziyet

Tur Dok Semptomlar : Kaynak
. . P Stiresi 4
Sazan Solungag Hiperplazi, o6dem, hipertrofi, telanjiektazi, 14 gin Karan vd., 1998
(Cyprinus Carpio) lamellerde kivrilma
Nil Tilapiast Solungag Odem, epitel dokuda dokintiler, lamellar 21 giin Figueiredo-Fernandes
(Oreochromis niloticus) damarlarda  vazodilasyon (tikanma), az vd., 2007
miktarda fiizyon, proliferasyon, aneurizm
Kara Balik Solungag Kisa sirede, fuzyon, 6dem, epitel dokuda 30-60 giin Wani vd., 2011
(Clarias gariepinus) dokuntu, hiperplazi
Uzun siirede, hipertrofi, aneurizm
G.Alabaligi Solungag Hiperplazi, fizyon, hipertrofi, etipel dokuda 24-96 saat Salman vd., 2012
(Oncorhynchus mykiss) dokuntuler
Bobrek Tiibullerde dejenerasyon
Havuz baligi Solungag Proliferasyon, vazodilasyon, aneurizm, ddem, 21 giin Velcheva vd., 2013
(Carassius gibelio) fizyon
Sazan Solungag Dejenerasyon, konjesyon 3-6 hafta Al-Tamimi vd., 2015
(Cyprinus carpio) Karaciger Dejenerasyon, nekroz
Bobrek Dejenerasyon, konjesyon, nekroz
Ot Sazani Solungag Hiperplazi, epitelial dejenerasyon 24-96 saat Atabati vd, 2015
(Ctenopharyngodon idella)
Asya Deniz Levregi Solungag Epitelial  nekroz, hipertrofi,  Aneurizm, 28 giin Maharajan vd., 2016
(Lates calcarifer) hemoraji, 6dem, flizyon
Karaciger Vakuolesme, hipertrofi
Nil Tilapiasi Solungag Hiperplazi, epitel dokuda ddkuntiler, édem, 96 saat Alkobabby ve Abd EI-
(Oreochromis nilaticus) lamellerde kivriima Wahed, 2017
Karaciger Vakuolesme, piknotik niklei
Pangasus Solungag Yogun hiperplazi, 2 gln Bu calisma
(Pangasius hypophthalmus)  Karaciger Piknotik niikleus,
Dalak Hemosterin kiimelerinde artis, vakuollesme ve
nekroz
Bobrek Tiibullerde dejenerasyon ve nekroz

Karan vd. (1998) Cua maruz kalan sazanlarin
solungaglarinda hiperplazi, 6dem, hipertrofi, telanjiektazi,
lamellerde  kivrilma  oldugunu  saptamistir. ~ Figueiredo-
Fernandes vd. (2007) Cu’ya maruz birakilan Nil tilapialarinin
(O. niloticus) solungaclarinda ddem, epitel dokuda dokintler,
lamellar damarlarda vazodilasyon (tikanma), az miktarda
fuzyon, proliferasyon, andrizm oldugunu bildirmistir. Wani vd.

(2011) karabal§ (Clarias gariepinus) 0, 2 ve 5 mg L1 Cu
konsantrasyonlarina 30 ve 60 gin sireyle maruz birakmistir.
30 gunlik strede fiizyon, 6dem, lamellar epiteliumda
kalkmalar ve hiperplazi; 60 gunliik sirede hipertrofi, andrizm
(talenjiektazi) ve epitel dokularda hemoraji saptanmistir.
Salman vd. (2012) gokkusagl alabahdi (Oncorhynchus
mykiss) yavrularini (0,5 g) 0,0; 0,1; 0,2 ve 0,4 mg L! Cu
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konsantrasyonlarina 24, 48, 72 ve 96 saat slreyle maruz
birakarak solungag, karaciger, bdbrek ve sindirim kanalini
histolojik  olarak incelemistir.  Solungaglarda,  flizyon,
hiperplazi, epitel hucrelerde kalkmalar (dokuntiler), nekroz;
karaciger de, nikleus deformasyonlari; bobrek tibllerinde
dejenerasyon; mide de vakuollesme oldugunu bildirmistir.
Velcheva vd. (2013) Carassius gibelio baligini 0,00, 0,05,
0,10 mg L* Cu konsantrasyonlarina 21 gln streyle maruz
birakip solungaglarindaki histolojik degisiklikleri incelemistir.
Odem, fiizyon, hiperplazi, anérizm ve vazodilasyon bulmustur.
Atabati vd. (2015) ot sazanlarini (Ctenopharyngodon idella) 0,0;
2,5 ve 5,0 mg Lt Cu konsantrasyonlarina 96 saat boyunca
maruz birakmigtir. Primer ve sekonder lamellar epitelial
hiicrelerde  dejenerasyon ve hiperplazi  gorildugini
bildirmistir. Al-Tamimi vd. (2015) sazanlari (C. carpio) 0,0;
0,5; 0,9 ve 1,2 mg L Cu konsantrasyonlarina 3 ve 6 hafta
stireyle maruz birakarak solungag, karaciger, bdbrek ve kas
dokusunda olusan histolojik degisiklikleri —aragtirmistir.
Solungaglarda, sekonder lamellar  dejenerasyon ve
konjesyon; karaciger hiicrelerinde dejenerasyon ve nekroz ve
inflamasyon; bobrek hiicrelerinde  konjesyon, hemoraji,
dejenerasyon ve nekroz; kas hucrelerinde hyalizasyon ve
interstitial ~ fibrillerin ~ kaybi, dejenerasyon ve nekroz
gordldugind bildirmistir. Maharajan vd. (2016) Cu'ya maruz
biraktigt  Asya deniz  levreginin  (Lates calcarifer)
solungaglarinda epitelial nekroz, hipertrofi, andrizm, hemoraj,
odem, fiizyon; karacigerinde  vakuolesme, hipertrofi
gordldagind belirtmistir. Alkobaby ve Abd El-Wahed (2017)
Nil tilpialarini (O. niloticus) (2,97 g) 0, 5, 10, 15, 20, 25, 30, 35
ve 40 mg L1 Cu konsantrasyonlarina 96 saat sireyle maruz
birakmistir. Solungaglarda, hiperplazi, lamellar epiteliumda
dokuntdler, fuzyon, 6dem, sekonder lamellerde kivrilmalar;
karaciger de, sitoplazmik vakuollesme ve piknotik nikleus
oldugunu bildirmistir.

Bakir toksisitesi, baliklarin tim organlarini etkileyip
onlarda histolojik bozukluklara yol agabilmektedir. Zira bakir,
ballk kaninda Ca*2, Na*, Cl, K* seviyelerinde inislere, kan
sekeri ve Mg*2 seviyelerinde ylkselmelere; ayrica deri,
bagirsak ve solunga¢ mukoz salgisinda artisa, solungaglarda
klorid hiicre sayisinda artisa ve omurgada deformasyonlara
sebep oldugu Olsson (1998) tarafindan bildirilmistir.
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Bu calismada yiiksek bakir dozlar kullaniimasi ylksek
mortaliteye yol agmistir. Fakat bakir sudaki fazla karbonat
iyonlari ile etkilesime girip bakir karbonat seklinde (suda mavi
beyaz kireg) ¢okelmelere neden olmustur. Clnki suyun
toplam sertlik ve alkalinite degerleri yuksektir. Sonug olarak
bu durum bakir toksisite dederini kismen zayiflatmis olabilir
(Wurts ve Perschbacher, 1994; Ebrahimpour vd., 2010).

Pangasus baliklari bakir toksisitesine gok asiri hassasiyet
gostermislerdir. Denemenin ilk 24 saatinde 5,0 ve 10,0 mg L
Cu konsantrasyonlarinda ilk kayiplar gozlenirken 48. saatte
mortalite ¢ok yikselmistir (% 73,3-76,7). Benzer calismalarda
da bakir toksisitesinin mortaliteyi artirdigi - gordlmstar.
Gokkusagi alabaliklart 0,5 mg L Cu konsantrasyonuna
maruz birakildiklarinda mortalite % 70 olurken bakir
konsantrasyonu 2 mg L-*ye ¢ikarildiginda mortalite % 100'e
ylkselmistir (Gundogdu, 2008). Sazanlar 8-10 mg L Cu
konsantrasyonuna maruz birakildiklarinda mortalite 24 saatte
% 54-60'a ylkselmistir (Thangan, 2016).

SONUC

Bu calismada, bakir toksisitesini histolojik olarak
incelemek icin pangasus baliklar 0,0; 2,5; 5,0; 10,0 mg L1
CuS04.5H.0 konsantrasyonlarina 48 saat slireyle maruz
birakilmigtir  Bu  galismanin  sonuglari  kisaca  soyle
dzetlenebilir:

Bakirin LCso degerine yakin olmasi amaciyla kullanilan
yiksek dozlardan 2,5 mg L?! pangasus baliklari icin
maksimum doz olmustur. Clinkii bu doz ile daha yiksek
dozlarin (5,0, 10,0 mg L) olusturdugu hematolojik (HCT, HB
ve RBC artisi) ve histololojik (solungaglarda yogun hiperplazi;
karacigerde piknotik nikleus; dalakta hemosterin kiimelerinde
artis, vakuollesme ve nekroz; bobrek tlbdllerinde
dejenerasyon ve nekroz) sonuclar benzer bulunmustur. llerde
yapllacak toksisite calismalarda 2,5 mg L Cu pangasus
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Oz: Giderek artan diinya akvaryum ticareti sucul ortamlardaki istilalara neden olan énemli yollardan birisidir. Son yillarda tatlisu akvaryum baliklarinin dogal
tathsu kaynaklarinda varliklarinin tespit edilmesi giderek artmaktadir. Tirkiye igsularinda yerli olmayan tiirlerin gériilmesinde akvaryum ticaretinin sinirli olsa
da etkisi giderek biyiiyen oranda artmaktadir. Bu calismada, Lepistes (Poecilia reticulata) Tirkiye'de dogal igsularinda ilk kez kaydedilmistir. P.
reticulata’nin bilyiik ihtimal ile dogaya birakildiklari Cesme-lldir (izmir) akiferine yerleserek iireyebildikleri goriilmiistiir.

Anahtar kelimeler: Poecilia reticulata, yabanci tiir, akvaryum baligi, Ttirkiye

Abstract: The ever-increasing global trade of ornamental aquarium fishes is one of the most important pathways for aquatic invasion. Occurrence of
ornamental freshwater fishes in natural freshwaters has been increasing in recent years. The ornamental trade accounts for a limited but steadily growing
proportion of fish introductions to Turkish inlandwaters. In this study, Guppy, Poecilia reticulata, is recorded for the first time from natural inlandwaters of
Turkey. P. reticulata was probably released into the wild, but is now established in aquifer of Cesme-Ildir (izmir).

Keywords: Poecilia reticulata, alien species, aquarium fish, Turkey

GIRI$

Lepistes baligi (Poecilia reticulata Peters, 1859)'nin dogal
yasam alani  Venezliella-Guayre Nehri olup Giiney
Amerika’nin Kuzeydogusunda Brezilya, Guyana, Barbados,
Veneziella ve Trinidad ve Tobago'da tatlisu ve acisularda
dogal olarak dagilim gésterirler (Rosen ve Bailey, 1963).

Yiksek ve hizli dreyebilme kapasiteleri sayesinde yogun
seleksiyon yontemleri ile birgok varyeteleri gelistirilmis ve gok
kisa bir sirede diinya akvaryum ticaretinde popiiler
olmuslardir.  Ayrica lepistes baliklari laboratuvar ve
sivrisineklere karsl biyolojik kontrol ¢alismalarinda da
kullanilan tirlerin baginda gelmektedir (Magurran, 2005).
Ginimiizde diinyada 11 (lkede dogal olarak bulundugu ve
74 farkl Ulkede ise biyolojik kontrol amagli dogal su
kaynaklarina asilandi§i rapor edilmektedir (CIBA, 2019).
Avrupa kitasinda Arnavutiuk, Cekya, Hollanda, ingiltere,
ispanya, italya, Macaristan, Romanya, Sirbistan ve
Slovakya’da dogal ortamlarda bulunduklari rapor edilmistir
(Milenkovic vd., 2014). Son dénemde birgok akvaryum balik
tirindn dogal ortamlarda yabanci tir olarak rapor edildigi
buna neden olarak da akvaryum meraklilarinin bir stire sonra
bu hobiden sikildiklari veya akvaryuma sigmayacak boyutta
biyuyen baliklari dogal ortamlara birakmalarinin etkili oldugu
bildirilmektedir (Sandilyan, 2016). Turkiye’de bu etkinin sinirli
oldugu ancak akvaryum ticaretinin her gegen giin biyimesi
ile bu oranin arttigi vurgulanmistir (Tarkan vd., 2015). Bu
glne kadar Tirkiye'de dogal habitatta 5 farkli tatlisu

akvaryum baliginin  (Carassius auratus, Pygoplichthys
nattereri, Pterygoplichthys disjunctivus, Pterygoplichthys,
pardalis, Pangasius sanitwongsei) varligi rapor edilmistir
(Yogutguoglu ve Ekmekgi, 2018). Bu galisma ile Tirkiye'de
dogal tatlisu kaynaklarinda P. reticulata tiriintin varhii ilk kez
rapor edilmektedir.

MATERYAL VE METOT

Calismadaki P. reticulata Ornekleri Temmuz 2019
tarihinde izmir ili Gesme-lldirda bulunan lidir Akiferleri (TOB,
2018) yerel adi lldir Azmadr'ndan 38° 22 49" K, 26° 29 15"D
0.5 mm g6z agihginda kepce kullanilarak yakalanmistir (Sekil
1). Baliklar yakalandiktan sonra karanfil yagi ile bayiltilarak
resimlenmis ve bazi morfometrik dzelliklerinin tespiti amaciyla
%4'lik formaldehit sollisyonu ile tespit edilmistir. Toplamda 7
erkek ve 5 digi birey olmak Uzere 12 birey érneklenmistir. TUr
tayininde McDowall (1999) ve Poeser vd. (2005)
kaynaklarindan yararlaniimigtir. Standart boy 6lctimleri 0.1
mm hassasiyette kumpas ile gerceklestiriimis boy araligi ve
“ortalamazstandart hata” olarak sunulmustur. Bas uzunlugu
6lciimi standart boy élgiminiin ylzde (%) orani olarak ifade
edilmigtir. Stereo mikroskop kullanilarak yanal ¢izgi pul ve
ylizgeg Isinlari sayilari tespit edilmigtir. Dorsal, anal, pektoral
ve pelvik ylizgeg 1sinlarinda toplam i1sin sayisi kaudal yiizgeg
te ise dallanmis 1sin sayisi dikkate alinmistir (Rosso vd.,
2017). Ylzgeg 1sin sayllari tepe degerleri (mod) ile birlikte
verilmistir.
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Sekil 1. Tirkiye'de P. reticulata'nin ilk kaydedildigi ¢alisma alanini gdsterir harita (Google Earth, 2019)
Figure 1. Map of the study area showing the first records of P. reticulata in Turkey (Google Earth, 2019)

BULGULAR VE TARTISMA

Yakalanan bireylerde vicut i§ seklinde ve bas bolgesi
basiktir. Bag ve vicut iri sikloyid pullar ile ortiiliddr. Alt cene
Ust ¢eneden biraz uzun olup adiz kiglk ve terminal
konumludur. Sekstiel dimorfizm yetiskin erkek bireylerde
gérilen gonopodium ile karakteristiktir. Vicut rengi erkek
bireylerde mavimsi-yesilimsi veya mavimsi-grimsi olup, yanal
cizgi boyunca celik-mavimsi bant ve ventral bolgelerde
turuncu desenler ile farkli bolgelerde koyu renkte lekelerden
olusur  (Sekil 2). Kuyruk yizgeci farkl yapilarda
gordlebilmektedir (Sekil 4f). Disilerde viicut rengi grimsi-
yesilimsi olup celik-mavimsi yansimalar gérilebilmektedir.
Karin st beyazi rengindedir (Sekil 3).

Erkek bireylerde ortalama standart boy 17,940,30 mm
boy arali§i ise 16.8-18.9 mm arasinda degisirken, disilerde
ortalama standart boyun 21,8+0,48 mm boy araliginin ise
20.4-23.2 mm arasinda degistigi gorllmustir. Yanal gizgideki
pul sayisi erkeklerde 25-26, disilerde 26-28 arasinda tespit
edilmigtir. P. reticulata bireylerinde tespit edilen bazi meristik
ve morfometrik &zellikler Tablo 1'de sunulmustur. Dorsal
yizge¢ disi bireylerde anal yiizge¢ hizasinda baslar iken
erkek bireylerde biraz arkasinda baglamakta ve her iki eseyde
de toplam 1sin sayisi 7 olarak tespit edilmistir (Sekil 4a).
Pektoral 1sin sayisi erkeklerde 14-15 (Sekil 4b), disilerde 14

olarak; kuyruk yiizgecindeki dallanmis 1sin sayisi erkeklerde
13-14 (Sekil 4c), disilerde 12-13 arasinda degistigi tespit
edilmistir. Pelvik yiizgeg 1sin sayisi erkek ve disi bireylerde de
6 olarak belirlenmistir (Sekil 4d). Erkek bireylerde kopilasyon
organi olarak kullanilan gonopodiumun bas boyundan daha
uzun oldugu goriilmistir (Sekil 4¢).

Sekil 2. Yakalanan erkek Poecilia reticulata birey
Figure 2. Collected male specimen of Poecilia reticulata

Sekil 3. Yakalanan disi Poecilia reticulata birey
Figure 3. Collected female specimen of Poecilia reticulata
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Tablo 1. Yakalanan P. reticulata bireylerinin bazi meristik ve morfometrik 6zellikleri
Table 1. Some meristic and morphometrics of collected speciemens of P. reticulata

Erkek (n=7) Disi (n=5)
Standart Boy (mm) 17,9+0,30 (16,8-18,9) 21,8+0,48 (20,4-23,2)
Bas Uzunlugu (%SB) 22,7-26,3 23,5-25,2
Dorsal Yiizgeg (toplam isin) 7
Anal Yiizgeg (toplam isin) 8 9
Pektoral Yiizgeg (toplam isin) 14-15 (mod:14) 14
Pelvik Yiizgec (toplam 1sin) 6 6
Kaudal Yuizgeg (dallanmis 1sin) 13-14 (mod:13) 12-13 (mod:12)
Yanal Cizgi (pul sayis) 25-26 (mod:26) 26-28 (mod:28)

a. erkek dorsal-ylizgeg Isinlari b. erkek pektoral-yiizgeg I1sinlari
a. male dorsal-fin rays b. male pectoral-fin rays

c. erkek kuyruk-yiizgeci isinlari d. disi pelvik-yiizgeg isinlari
¢. male caudal-fin rays d. female pelvic-fin rays

f. erkek P. reticulata

e. gonopodium X
f. male of P. reticulata

e. gonopodium

$Sekil 4. Yakalanan P. reticulata bireylerinde bazi meristik 6zellikler
Figure 4. Some meristics of collected specimens of P. reticulata
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Tablo 2. Tirkiye igsularinda rapor edilen akvaryum balik tiirleri
Table 2. Ornamental fish species reported from various inlandwaters of Turkey

Tir Adi Lokasyon

Referanslar

Carassius auratus
Pygocentrus nattereri
Pterygoplichthys disjunctivus
Pterygoplichthys pardalis
Pangasius sanitwongsei

Bircok lokasyon -1950
Sakarya Nehri, 2006

Asi Nehri, 2007
Pinarbasi-Sakarya, 2016
Sakarya Nehri, 2018

innal, 2012

Tarkan, 2006

Ozdilek, 2007

Emiroglu vd., 2016
Yogurtguoglu ve Ekmekgi, 2018

Yére halki ile yapilan s6zlli gdrlismede azmak alaninda
10 yili agkin bir slre 6ncesinde amat6r amagli akvaryum
baliklar yetistiriciligi yapan kigik capli amatérce bir
isletmenin oldugu bilgisine ulasiimistir. Biiyik olasilik ile bu
isletmeden  kacan lepistes baliklarinin  bu alanda
yasayabildikleri ve (reyebildikleri, bu sayede streklilik arz
eden bir popilasyon olusturabildikleri dlstinGlmektedir. lldir
Akiferi yillik emniyetli yer alti suyu verimi ortalama 11 m3/saat
olup Kiigiik Menderes Havzasin'da yer alir. Bu havzada yillik
bazda 25 C° lik yaz giinleri sayisi toplami 155 glndiir. Bu
sicaklik degerinde Turkiye ortalamasi olan 112 gundir. Ayni
havzada g6zlenen 35 C° lik yaz glini sayisi da 20 gin ile
yine ortalamanin ¢ok (izerindedir (TOB, 2018). Bélgenin iklim
ozelliklerinin  s6z konusu populasyonun olusmasinda ve
devaminda 6nemli rol oynadigi saniimaktadir.

Bu guine kadar Tiirkiye sularinda 5 farkli akvaryum balik
tirintin varh@ rapor edilmistir (Tablo 2). Bu tirlerden sadece
Carassius auratus tlrii ve Pterygoplichthys disjunctivus ve
Pterygoplichthys pardalis tlirlerinin dodal popilasyonlarinda
stireklilik sagladiklari bildirilmistir (Yogurtcuoglu ve Ekmekgi,
2018). Turkmen ve Karadal (2019) Turkiye'de en ¢ok ticareti
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Abstract: During the seasonal trawling studies between September 2017 and August 2018, one specimen of the Lophius budegassa (Spinola, 1807) was
found as one-eyed. This is the first record of this type, morphological abnormality of this fish species from Aegean Sea. Abnormality could be caused by
environmental or genetic factors. The other reason might be a one-eyed specimen could be attacked by other camivores when specimens at early stages.
However, based on morphological investigations there were no visible assault scar or wound lesion were found on orbital skin tissue.

Keywords: One-eyed, abnormality, Lophius budegassa, Central Aegean Sea

Oz: Eylil 2017 — Agustos 2018 tarihleri arasinda gergeklesen mevsimsel trol dreklemeleri sirasinda bir adet Lophius budegassa (Spinola, 1807) bireyi tek
g6zl olarak bulunmustur. Bu tip bir bildiri Akdeniz'de morfolojik anormallik olarak bu tiir igin bir ilktir. Anormallik faktorii gevre ve genetik kaynakli olabilecegi
gibi diger bir sebep olarak, tek gozlii bireyin erken blyime evrelerinde yirticilar tarafindan saldirlya ugramis oldugudur. Ancak morfolojik incelemeler
sonucunda orbital deri dokusunda gériinir higbir yara izi ve yara lezyonu gorilmemistir.

Anahtar kelimeler: Tek gozliilik, Anormallik, Lophius budegassa, Orta Ege Denizi

INTRODUCTION

Black-bellied angler Lophius budegassa occurs shallow
waters to down to depths and they feed on benthic species,
fish and crustaceans because they are carnivorous
(Whitehead, 1986). Black anglerfish are typical bottom living
species, the former having a depth range between 70 m and
800 m and the latter extending to depths >1000 m
(Dardignac, 1988). Also, these two species are important in
European fisheries. Anglerfish are known to be one of the top
demersal predators in European waters. However, despite
their high economic value, little is known about their biology
and ecology (Farina et al., 2008; Landa et al., 2001; Issac et
al., 2017). Black anglerfish has a more southern distribution
therefore Mediterranean and Eastern North Atlantic from
British Isles to Senegal (Fishbase, 2019). Anglerfishes are
gaining high economic value day by day and becoming
demand species in Turkish fish markets.

Diagnosis of Lophius budegassa; dorsal fin ray; 8 or 9 anal fin
rays; 22-26 pectoral fin rays; length of third dorsal fin spine
greater than snout width but less than distance between
posterior frontal spines; length of forth dorsal fin spine
approximately equal to snout width; esca a simple pennant-
like flap; peritoneum dark (Caruso, 1983). So far, there is no
explanatory study has been made about the cause of

monocularism or being one-eyed of Lophius budegassa. The
aim of this study is to identify this morphological abnormality
and report this case.

MATERIALS AND METHODS

During the seasonal trawling studies between September
2017 and August 2018, one specimen of L. budegassa
specimen were captured in offshore of Karaburun — Foga side
of Turkey, 38°46'58.89" N - 26°24'38.10" E (Figure 1). All the
trawls occurred between 45 — 360 m. However, there is no
certain data of bathymetric existence of this abnormal
specimen. One-eyed individual transported from the vessel
with ice filled styrofoam box and were kept in the freezer. The
morphometric features of the sample were measured. The
total height measurement of the sample was measured with a
1 mm precision measuring board and the weight was
measured with an electronic weighting machine with 0.01 g
sensitivity.

RESULTS AND DISCUSSION

Eye deformations in Lophius species generally observed
as blindness and blindness has been always described in
albino individuals or with pale body coloration (Alonso-
Allende, 1983; Bucke et al., 1994; Landa et al., 1998;

© Published by Ege University Faculty of Fisheries, Izmir, Turkey


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.36.4.12
http://orcid.org/0000-0001-6613-8932
http://orcid.org/0000-0003-0198-4286
mailto:a.mertsenbahar@gmail.com
http://doi.org/10.12714/egejfas.36.4.12

Senbahar and Ozaydin, Ege Journal of Fisheries and Aquatic Sciences, 36(4): 401-403 (2019)

Do
GERENCE BAY

37°

Figure 1. Sampling area of obtained one-eyed individual

Colmenero et al., 2016). One-eyed or monocularism is a very
rare abnormality in Lophius budegassa.

Until now, there was only one report that occurred about
being one-eyed and this was Monocular-leucism in SE lIrish
Sea, by Quigley et al. (2015). However, that species has two
abnormalities. These are Monocularism and leucism. Overall,
it is wrong to ignore the relations between coloration and eye
deformations. However, in this report, the one specimen of L.
budegassa has dark-brown coloration as other Lophius
species. In the study of Colmenero et al. (2016), a single blind
individual of L. budegassa was found and the coloration of

that species was reported as same as in this study but in the
end, they could not find the cause of blindness.

Until now, researchers focused on 4 major inducement
factors that are related to eye abnormalities. These are
parasitic, genetic alteration during the embryonic
development of the eye structure, genetic changes, and
pollution effects. According to studies of Bucke et al. (1994),
there is no relationship between blindless anomaly and
genetic changes or pollution effect but in the report of
Colmenero et al. (2016), the microsporidian parasite S. lophii
mentioned as could be associated with anatomical anomalies
such as eye deformities. As a result of these inferences and
previous reports, the cause of being one-eyed or
monocularism is currently unknown. Based on the
measurements and observation, it has been seen no
significant differences except abnormal morphology as one-
eyed. L. budegassa species from this research sex, length
and weight measurements found as female ({), 21.7 cm and
1511 g respectively. Comparing the pictures of two
individuals of L. budegassa (Figure 2), it is clearly shown that
there is an orbital cavity under the skin tissue but no eyes
(Figure 3). The etiology of monocularism is currently
unresolved and abnormality could be caused by
environmental or genetic factors.
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Figure 2. Left photo: Monocular abnormality in Lophius budegasssa (left of the eye), Central Aegean Sea, 2018. Right photo:
Monocular leucism in Lophius budegassa (right of the eye), SE Irish Sea, January 2013. Photo: Declan Quigley
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Figure 3. There is an orbital cavity under the skin tissue
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