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Abstract: A pretreatment albumin (ALB)-to-globulin (GLB) ratio (AGR) with a predictive
significance has been used as an indispensable marker among cancer types for recurrence and
prognosis in human patients. This study aims to determine whether the pretreatment AGR and total
calcium (tCa), magnesium (Mg), ionised phosphorus (iP), total protein (TP), and haematology
parameters as bedside markers differs in dogs with naturally occurring parvovirus infection (PVI).
Fourteen client-owned dogs aged 2-8 months that were naturally infected with parvovirus (PV)
were enrolled as the study group. Seven client-owned, healthy dogs of the same age formed the
control group. Pretreatment mean complete blood counts, serum tCa, Mg, iP, TP, ALB, globulin
GLB and AGR values, were compared between groups. The pretreatment mean WBC, NEU, LYM,
EOS, GLB, and TP levels were found to be significantly lower (P < 0.05) in the study group, when
compared to the control group. On the other hand, pretreatment AGR with iP was found to be
statistically higher (P < 0.05) in the study group, when compared to the control group. There was a
significant positive correlation between mean serum GLB and WBC levels in the current study. A
significant positive correlation between mean serum TP and WBC levels was also found. This
preliminary study demonstrates that pretreatment serum GLB levels and the AGR as easy,
inexpensive, objective, and non-invasive biomarkers could be the new prognostic marker
candidates in dogs with naturally occurring PV1.

Keywords: Albumin-to-globulin ratio, canine, globulin, parvovirus, prognostic marker candidate.
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Globuline Oraninin Degerlendirilmesi

Oz: Tedavi 6ncesi albiiminin (ALB) globiiline (GLB) oran1 (AGO) gesitli kanser vakalarinin niiks
ve prognozunun degerlendirilmesinde prediktif dneme sahip ve vazgecilmez bir belirtegtir. Mevcut
caligmanin amaci ise tedavi Oncesi basucu belirteclerinden AGO ile total kalsiyum (tCa),
magnezyum (Mg), iyonize fosfor (iP), total protein (TP) ve hematolojik belirteglerin dogal olarak
parvovirus enfeksiyonu (PVE) sekillenen kdpeklerde degisip degismediginin belirlenmesidir. On
dort adet yaglar1 2 ila 8 aylik arasinda degisen, dogal parvovirus (PV) ile enfekte kdpek caligma
grubunu olusturmustur. Yedi adet, ayni yas araliginda saglikli ve sahipli kopek ise kontrol grubunu
olusturmustur. Tedavi 6ncesi ortalama total kan sayimi, serum tCa, Mg, iP, TP, ALB, GLB ve AGO
degerleri gruplar arasinda karsilastirilmistir. Tedavi 6ncesi kontrol grubu WBC, NEU, LYM, EOS,
GLB ve TP seviyelerinin kontrol grubuna gore istatiksel (P < 0.05) olarak diisiik oldugu tespit
edilmistir. Diger taraftan ¢alisma grubunun tedavi 6ncesi AGO ile iP degerleri kontrol grubuna gére
istatiksel olarak (P <0.05) yiiksek bulunmustur. Serum GLB ile WBC degerleri arasinda ise mevcut
calismada pozitif bir korelasyon bulunmustur. TP ile WBC degerleri arasinda ise giiglii bir
korelasyon tespit edilmistir. Bu oncii ¢alisma ile tedavi oncesi GLB ile AGO degerlerinin,
maliyetsiz, objektif ve non-invazif biyobelirtecler olarak dogal PVE sekillenen kopeklerde yeni
prognostik belirteg adaylar1 olabilecegi ortaya konulmustur.

Anahtar kelimeler: Albuminin globuline orani, globulin, kanin, parvovirus, prognostik belirteg
aday1.
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INTRODUCTION

Parvovirus (PV), which first emerged in the mid-
1970s, is an important infectious disease with high
morbidity and mortality, especially in dogs younger than 6
months, and has remained as a major enteric pathogen
worldwide (Appel et al., 1978; McCaw et al., 2006). The
characteristic signs of parvovirus infection (PVI) in dogs
include haemorrhagic diarrhoea, vomiting, loss of appetite,
lethargy, fever, severe dehydration, sudden collapse, and
death (Goddard & Leisewitz, 2010; Yilmaz & Senturk,
2007). There are factors, including the host, pathogen,
secondary infections, underlying  stressors and
environment that affect the severity and outcome of PVI in
dogs. However, it has been reported that the chances of
death are higher in PV-infected dogs who have evidence of
systemic inflammation at the time of admission, compared
with those who do not (Kalli et al., 2010). Numerous
clinicopathologic biomarkers, including haematology
(Goddard et al., 2008), coagulation (Otto et al., 2000) and
serum biochemistry (Kalli et al., 2010; McClure et al.,
2013; Yilmaz & Senturk, 2007) have been introduced as
prognosticators in dogs naturally infected with PV,
especially for predicting survival and duration of
hospitalisation. The availability of several predictors may
help the clinician identify patients at a high risk of death
and assist in decision making when discussing treatment
options or euthanasia with clients (Schoeman et al., 2013).

The determination of the serum total protein (TP)
level is a main assessment tool in general biochemistry and
is routine in daily clinical veterinary practice (Tothova et
al., 2016). The assessment of serum protein differences
over the duration of a disease is fundamental for their use
as valid biomarkers (Okutucu et al., 2007). Serum proteins
can be separated into four main fractions—albumin (ALB),
a-, B-, and y-globulins—based on their electrophoresis
(Bossuyt, 2006); these fractions display significant
differences in domestic animals. ALB, o1-, az-, f1-, B2-, and
v-globulins are the determined fractions in healthy dogs
(Abate et al., 2000). ALB and globulin (GLB) represent
the two major reflector constituents of serum proteins that
have roles in systemic inflammation in animals (Kaneko,
1997). ALB is the most important—negative acute-phase
protein found in serum and constitutes 35-50% of the TP
(Kaneko, 1997). Increased serum GLB levels may show a
chronic inflammatory response and cumulative exposure to
different inflammatory cytokines (Sugimoto et al., 2012).
Alterations in serum GLB levels are associated with
changes in its fractions, and alterations in the concentration
of ALB and GLD lead to changes in the albumin-to-
globulin ratio (AGR), which provides a systematic
approach to the interpretation of protein dyscrasias
(Eckersall et al., 2008).
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Therefore, determination of serum TP panels with
individual fractions provides an excellent basis for
probable diagnosis and for additional examination of the
patient (Eckersall et al., 2008). Recently, pretreatment
AGR with a prognostic significance has been used as an
indispensable marker among various cancer types for
recurrence and prognosis in human patients (Chen et al.,
2017; He et al., 2017; Lin et al., 2017). A higher AGR
reflects the underproduction of globulins and provides
significant information about the alterations in the
electrophoretic pattern with classifying disruption of
protein fractions (Alberghina et al., 2011). AGR
measurement is inexpensive, easy to test for, and a
standardised evaluation criterion in numerous diseases
worldwide (Zhou et al., 2016). None of the common
bedside blood serum biochemistry panels have yet been
able to predict survival, outcome, or DOH in dogs naturally
infected with PV (Mann et al., 1998).

However, the acute response of pretreatment GLB
levels and the AGR in dogs naturally infected with PV has
not yet been investigated. Thus, the determination of GLB
levels and the AGR may provide important prognostic
value for dogs naturally infected with PV. Therefore, our
primary interest in the current study is to determine
whether pretreatment serum GLB levels and the AGR, as
bedside markers, differ in dogs naturally infected with PV
from healthy dogs.

MATERIAL AND METHOD

Research Material: Twenty-one client-owned
dogs, 2-8 months of age, of any breed and either sex,
brought to the Veterinary Teaching Hospital from April
2017-May 2018 were enrolled in the current study.
Fourteen dogs naturally infected with PV—diagnosed
based on the positive result of a rapid detection kit (ASAN
Easy Test®) for PV antigens in facces—were placed in the
study group. None of the 7 healthy dogs had any clinical
sign of PVI, or other diseases, prior to the sampling. The
healthy dogs had been brought into the clinic by clients for
general examinations and routine blood checks. The
healthy dogs formed the control group. Data from the
complete blood count of the dogs including signalment,
result of rapid detection kit for PVI obtained from the
medical records. This study was approved by the Local
Ethical Committee for Animal Studies (certificate no.
2016/64). The dogs naturally infected with PV were treated
according to a standard protocol reported by Hoskins
(1998).

Procedures: Venous blood was taken from the
cephalic vein of each dog in the study at the time of
admission to the Veterinary Teaching Hospital, with 2 ml
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evacuated into a plain additive tube with K3 EDTA (7.5%
0.040 ml) and 5 ml into a vacutainer without anticoagulant,
for biochemical analysis. The 5 ml sample was centrifuged
at 3000g for 10 minutes at room temperature. Serum
samples were separated and stored at -80°C until analysis.
Complete blood count analysis was performed by a BC-
5000 Vet Auto Haematology Analyzer Mindray®, and
results were recorded. Serum tCa, Mg, iP, ALB, and TP
values were measured using a BS 120 Chemistry Analyzer
Mindray®. GLB was calculated using the equation GLB =
TP - ALB. The AGR was calculated using the equation
AGR = ALB / GLB.

Statistical Analysis: The complete blood count
(NEU, LYM, MONO, EOS, BAS, NEU%, LY%,
MONQO%, EOS%, BAS%, RBC, HGB, HCT, MCV, MCH,
MCHC, RDW-CV, RDW-SD, PLT, PCT, MPV, and
PDW); serum tCa, Mg, iP, ALB, GLB, and TP; and the
AGR were the analysed parameters. The resulting datasets
were analysed for normality using the Shapiro-Wilk test.
The Student-t test was used for the parameters that showed
normality. The Mann-Whitney U test was used for the
variables that did not show normality. Pearson's correlation
coefficients were calculated to determine whether serum
TP and GLB concentrations and the AGR were linearly
associated with WBC and LYM values. All comparisons
were considered statistically significant when P < 0.05.

RESULTS AND DISCUSSION

The mean WBC of the study group (7.569 x 10°/
L) was found to be statistically (P = 0.000) lower than the
mean WBC of the control group (15.636 x 10°/ L). There
were significant differences (P = 0.000) found in the mean
NEU and LYM (P = 0.013) levels of the study group versus
the control group (Figure 1). On the other hand, mean
MON, EOS, BAS, MONO%, MCV, and MCH levels not
showed normality. The Mann-Whitney U test performed to
the mean MON, EOS, BAS, MONO%, MCV, and MCH
levels. Only the mean EOS level in the study group was
found to be statistically significant (P = 0.006), when
compared to the control group (Figure 1).

Of the serum biochemistry variables, only the
serum iP level showed normality. Same as the Mann-
Whitney U test performed for analysing mean serum iP
levels. The mean serum iP level in the study group was also
found to be statistically higher (P = 0.044), when compared
to the control group (Figure 2).

Mean serum GLB (P = 0.001) and TP (P = 0.003)
levels were found to be statistically lower than control
levels (Figure 3). The mean serum AGR in the study group
(0.64) was found to be statistically higher (P = 0.012) than
the control mean serum AGR (0.50) (Figure 3).
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Figure 1. Box-and-whiskers plot of pretreatment WBC, NEU,
LYM, and EOS values in dogs with infected PV (blue boxes) or
healthy controls (red boxes). The box incorporates the middle
50% of observation; the bottom of the box is the first quartile (25™
percentile) and the top of the box is the third quartile (75%
percentile). The horizontal line in the middle of the box is the
median (50™ percentile). The cross within each box represents the
mean value. The whiskers extend to the smallest and largest
observations that are 1.5 times removed from the interquartile
range are plotted separately as dots.

*Significant difference between dogs with study and control
group, P <0.05.
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Figure 2. Box-and-whiskers plot of pretreatment serum tCa, Mg,
and iP levels in dogs with infected PV (orange boxes) or healthy
controls (green boxes). The box incorporates the middle 50% of
observation; the bottom of the box is the first quartile (25%
percentile) and the top of the box is the third quartile (75%
percentile). The horizontal line in the middle of the box is the
median (50th percentile). The cross within each box represents
the mean value. The whiskers extend to the smallest and largest
observations that are 1.5 times removed from the interquartile
range are plotted separately as dots.

*Significant difference between dogs with study and control
group, P <0.05.
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Figure 3. Box-and-whiskers plot of pretreatment serum ALB,
GLB, TP and AGR values in dogs with infected PV (purple
boxes) or healthy controls (turquoise boxes). The box
incorporates the middle 50% of observation; the bottom of the
box is the first quartile (25" percentile) and the top of the box is
the third quartile (75™ percentile). The horizontal line in the
middle of the box is the median (50™ percentile). The cross within
each box represents the mean value. The whiskers extend to the
smallest and largest observations that are 1.5 times removed from
the interquartile range are plotted separately as dots.

*Significant difference between dogs with study and control
group, P < 0.05.

In addition, a positive significant correlation (P <
0.05) between serum TP and WBC was found (Table 1). A
positive significant correlation (P < 0.05) was also found
between serum GLB and WBC levels (Table 1).

Table 1. Pearson correlations of mean TP, GLB, AGR, WBC, and
LYM values.

TP GLB AGR WBC LYM
Pearson Correlation 1 .951" -.616™ .554™ .303
TP Sig. (2-tailed) .000 .003 .009 .181
N 21 21 21 21 21
Pearson Correlation 951" 1 -.822™ 463" .213
GLB  Sig. (2-tailed) 1000 .000 035 354
N 21 21 21 21 21
Pearson Correlation  -.616™ -.822™ 1 -.184 -.026
AGR  Sig. (2-tailed) 003 .000 424 910
N 21 21 21 21 21
Pearson Correlation  .554™ 463" -.184 1 .675™
WBC  Sig. (2-tailed) 1009 035 424 001
N 21 21 21 21 21
Pearson Correlation  .303 213 -.026 .675™ 1
LYM  Sig. (2-tailed) 181 354 910 001
N 21 21 21 21 21

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

A WBC count below 4.5 x 10°/ L indicates a poor
prognosis and the need for aggressive treatment in dogs with PVI
(Castro et al., 2013). A significantly transient lymphopenia is
frequently characterised in dogs with PV1 results in a decrease in
the leucocyte number (Ling et al., 2012). Destruction of the
haematopoietic progenitor cells leads to this leucopoenia, which
is usually proportional to the severity and stage of the disease
(Hoskins, 2001). Neutrophils are the most numerous types of
leukocytes in dogs’ blood and provide the first line of defence
against invading microorganisms, tissue trauma, or any inciting
inflammatory signal. Severe neutropenia is also seen in dogs with
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PV1 resulting the destruction of myeloblasts in bone marrow with
a massive loss of neutrophils from the intestinal wall (Rertveit et
al., 2011). Lymphopenia is an important finding that reflects
suppressed humoral and cell-mediated immune responses in dogs
with PVI. Goddard et al. (2008) report that lymphopenia in PVI-
infected puppies in their research might have occurred as a direct
effect of the virus, leading to atrophy or destruction of lymphoid
tissues or the releasing of high amounts of cortisol. In the study
reported here, only the mean WBC, NEU, LYM, and EOS values
of the study group were seen to be statistically decreased versus
the control group of dogs. All mean WBC, NEU, LYM, and EOS
parameters for the dogs enrolled in the study were under the
reference ranges for puppies aged 28-60 days (Rertveit et al.,
2011). Our results were consistent with those previously reported
for the decreasing mean WBC, NEU, LYM, and EOS values
expected in dogs naturally infected with PVI (Goddard et al.,
2008; Ling et al., 2012).

Changes in serum biochemistry related to infections are
believed to be nonspecific (Schoeman et al., 2013). Research
determining mean serum tCa, Mg, and iP levels are limited of the
studies investigating serum biochemistry changes in dogs with
PVI. Jacobs et al. (1980) emphasised that total blood Ca
concentrations may be diminished due to hypoalbuminemia in
dogs with PVI. Jacabs et al. (1980) also advocated that increased
blood urea, creatinine, and inorganic phosphate are all associated
with dehydration. Contrary to the findings of Jacobs et al. (1980)
our results showed the mean tCa levels of the dogs infected with
PV were not decreased. There was no statistical significance
found in the mean serum tCa concentrations between the study
and control groups in the present study. Even though up to 60%
of all critically ill human patients are found to be Mg-deficient
(Escuela et al., 2005). Mann et al. (1998) reported that total and
ionised Mg concentrations were not significantly different
between healthy dogs and dogs with PVI or between dogs
surviving and those not surviving PVI. Our results are consistent
with those of Mann et al. (1998); the serum Mg levels in the study
group were not different from the healthy controls. In accordance
with the results of Jacobs et al. (1980), serum iP levels in the
current study were found to be statistically higher in the study
group than in the control group.

Abnormal serum protein profiles provide significant
diagnostic assistance in clinical practice, though a definitive
diagnosis can seldom be made with their determinations
(Eckersall et al., 2008). Hypoproteinaemia with hypoglycaemia
was found to be related to poor survival in dogs with PV (Castro
et al., 2013). Same as our results for mean serum TP in the study
group showed a statistically important decrease comparing to the
control value. Protein-losing enteropathy, intestinal haemorrhage,
SIRS-mediated  vascular  permeability, and subsequent
rehydration therapy are the accepted factors affecting plasma
proteins throughout the course of PVI in dogs (Mazzaferro et al.,
2002; Van den Broek, 1990). Decreased serum ALB levels
indicate poor nutritional status and poor survival for different
types of cancers, including lung, nasopharyngeal, breast, and
laryngeal cancers in humans (Chen et al., 2017; He et al., 2017,
Linetal., 2017). Low serum ALB concentrations in dogs infected
with PV Castro et al. (2013) was found to increase DOH (Kalli et
al., 2010). Contrary to the low serum ALB concentrations in dogs
with PVI found in previously published research, our results
demonstrated that mean serum ALB levels did not differ among
the study and control groups (Castro et al., 2013; Kalli et al.,
2010). Our mean serum ALB levels in both groups were found to
be in the reference ranges for dogs aged 60 days (Rertveit et al.,
2011). Aforementioned globulins in healthy dogs in the serum
reflect particular health conditions. Despite the determination of
various biochemical parameters, including APPs, in naturally PV
infected dogs; information about serum GLB levels, and their
fractions, in dogs infected with PV is very limited. VVan den Broek
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(1990) found a significant decrease in the mean level of y-
globulins, and increased az-globulins, in dogs with confirmed
PVI by determining the agarose gel electrophoresis before
treatment. An important study that investigated serum protein
electrophoresis in dogs with PVI demonstrated that there are
relative and absolute hypoalbuminemia, hypo-y-globulinemia,
and hyper-az-globulinemia (Van den Broek, 1990). Recently,
Castro et al. (2013) showed that dogs with PVI also had
hypoglobulinemia. In accordance with those published results,
the mean GLB level in our study group was found to be
statistically lower than in the control group.

The a and B GLB fractions include APPs, such as
haptoglobin, ceruloplasmin, C3 complement, C4 complement, C-
reactive protein (CRP), and fibrinogen (Shibutani et al., 2015).
Recently, studies conducted on the determination of APPs,
especially CRP, in dogs naturally infected with PV show that the
concentration of this APP increases over the course of the disease
and may be used as a prognostic indicator (McClure V et al.,
2013). However, these researchers did not give information about
the mean serum GLB levels in PV-infected dogs with high levels
of CRP (McClure V et al., 2013). At first sight, there seems to be
a parallel between increasing levels of CRP and low GLB
concentrations. Therefore, agarose gel electrophoresis should be
performed to indicate which fractions of these globulins are
altered.

Van den Broek (1990) found hyper-az-globulinemia in
dogs with PVI; this GLB fraction reflects the amount of APPs.
Van den Broek (1990) also found that, in addition to hyper-az-
globulinemia, there was also hypo-y-globulinemia in dogs with
PVI. While hypo-y-globulinemia and this pattern are typical for
foetal or pre-colostral sera in some animal species, it may also be
seen in patients with recurrent infections or in cases of immune
deficiency (Weaver et al., 2000). Occurrence of hypo-y-
globulinemia in dogs naturally infected with PV may be
associated with the lack of passive immunisation.

Changes in the concentrations of ALB and GLB also
lead to shifts in the AGR. Normal AGR in dogs and cats presents
as 0.6-1.1 (Krimer, 2011). Rertveit et al. (2011) also found AGRs
of 1.0-1.2 in puppies aged 16-60 days. However, our results—
even in the healthy controls—were all lower than those reported
by Rertveit et al. (2011). The main explanation of our different
AGRs in healthy dogs may be attributed to analytical methods
(Rortveit et al., 2011). Rertveit et al. (2011) used different
analytical methods for measuring serum ALB and TP in that
study. Our ALB and TP results were all obtained using a
chemistry analyser, and the GLB levels were calculated using the
equation GLB=TP-ALB. In addition, various disease conditions
may alter the relative amounts of ALB and GLB and lead to
changes in their proportions (Kaneko, 1997). Therefore, the
significant decrease in mean GLB levels in the dogs infected with
PV in the present study—with no alteration in mean ALB
levels—Ied to a significant increase in the AGR, compared to the
control values in our study. Meanwhile, a significant positive
correlation between serum GLB and WBC levels was also found
in the current study. Same as a significant positive correlation
between serum TP and WBC levels were also found.

The availability of prognostic tests does not completely
release the practitioner from making clinical decisions
(Schoeman et al.,, 2013), and prognostication remains a
challenging topic (McClure et al., 2013). The clinician has to face
the stressful situation of deciding which the appropriate test to
measure is and what cut-off value would constitute enough
evidence to support a decision for euthanasia or continued
treatment in a dog with PVI (Schoeman et al., 2013). Though the
composite clinical score introduced by Mobhr et al. (2003) as an
indispensable prognosticating tool in dogs with PV is still valid,
the establishment of new, cost-effective laboratory biomarkers
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for prognostication of survival, outcome, and DOH would be
useful (Prittie, 2004).

CONCLUSIONS

The main limitation of the current study was the
absence of information about the electrophoretic patterns of the
study materials. Mispresenting the DOH with survival rates of
dogs with PVI is the other limitation. Furthermore, a more
detailed look at the predictive and prognostic values of
pretreatment serum GLB levels and the AGR using multivariate
analysis in the form of logistic regression or Cox proportional
hazard analysis needs to be demonstrated with future studies
about this highly contagious disease.

In summary, this preliminary study demonstrates that
pretreatment serum GLB levels and the AGR are easy, cost-
effective, objective, and non-invasive biomarkers that could be
the new prognostic marker candidates in dogs naturally infected
with PV.
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Salvia verticillata L., Salvia tomentosa Mill. ve Phlomis lychnitis L.'nin Toplam
Fenolik ve Flavonoid icerikleri ve Antioksidan Aktivitesi

Oz: Calismamizin amaci, Salvia verticillata L., S. tomentosa Mill. ve Phlomis lychnitis L.'nin
metanol ve etil asetat ekstraklarinin toplam fenolik, toplam flavonoid ve antioksidan 6zelliklerini
aragtirmaktir. Ekstraktlarin antioksidan potansiyelleri DPPH (2,2-difenil-1-pikrilhidrazil) serbest
radikal temizleme etkinligi kullanilarak belirlendi. Toplam fenolik igerik (TPC) ve toplam
flavonoid igerik (TFC) spektrofotometrik yontem kullanilarak degerlendirildi. S. verticillata’ nin

;S‘?r””;'l“L)l’éﬁ’; e metanol ekstrakti, TPC ve TFC’de en yiiksektir. Ayni ekstrakt, 0.01 + 0.00 mg / mL SCso degeri
mine . .. . . .« . .

Deparimentaf Ghentisiry, Fasully OF Arts ile en iyi antioksidan aktivite ortfihya.‘koydy: Ayrica DPPH ve TFC (r :.0..9(7)4, p <0.0.1) ve TPQ (r
and Sciences, Recep Tayyip Erdogan =0.963; p <0.01) arasinda da gii¢lii pozitif korelasyon bulundu. Bu iliski, flavonoidlerin diger
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DX: emine.selvi@erdogan.edu.tr

Cep telefonu : +90 (505) 243 39 72 ayrica S. verticillata L.'nin metanol ekstraktinin, ilag ve gida endiistrilerinde kullanim igin yiiksek

kaliteli bir antioksidan oldugunu ileri siirmektedir.
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INTRODUCTION

Salvia verticillata L., S. tomentosa Mill., and
Phlomis lychnitis L. belong to the Lamiaceae family, which
is an important family of the flowering plants because of
the valuable essential oils and secondary metabolites
contained in its various species (Baser, 2002; Flamini etal.,
2007). Comprising more than 900 species, Salvia is
considered to be one of the largest genera in Lamiaceae
(Walker et al., 2004).

Members of this genus are known to be used as
medicinal plants to treat various conditions, such as cold,
flu, tonsillitis, diarrhea, gonorrhea, hemorrhoids, and eye
diseases in many parts of Turkey (Rizk et al., 1995; Polat
& Satil, 2012). Studies on this genus have revealed that
Salvia spp. have various properties, such as antimicrobial
(Ozkan et al., 2003; Tepe et al., 2004; Cardile et al., 2009;
Tenore et al., 2011), antibacterial (Haznedaroglu et al.,
2001; Tepe et al., 2005), antioxidant (Kolak et al., 2009),
insecticidal (Copping & Menn, 2000; Karakoc, et al.,
2006; Selvi, et al., 2019), antitumor (Cardile et al., 2009),
and antidiabetic (Cardile et al., 2009) activities.

Members of this genus have been the subject of
several research studies for their bioactivities and bioactive
compounds, such as phenols and their derivatives,
terpenes, phenolic carbonyls, acids/esters, hydrocarbons,
and volatile oils (Tenore et al., 2011). Rosmarinic acid was
found as a main phenolic compound in Stevia species (Lu
& Foo 2002; Askun et al., 2009; Dincer et al., 2012).
Moreover, catechin, caffeic acid, vanillic acid, ferulic acid,
rutin, apigenin, quercetin, and luteolin were also identified
in different Salvia species (Lu & Foo, 2002; Papageorgiou
et al., 2008; Askun et al., 2009). Chlorogenic acids,
benzoic acids, and rosmarinic acids were found as the main
phenolic compounds in Phlomis species (Zhang & Wang,
2009; Sarikurkcu et al., 2014; Sarikurkcu et al., 2015).

The purposes of this study were to 1) determine
total phenolic content (TPC), and total flavonoid content
(TFC) in ethyl acetate and methanol extracts of selected
plants, 2) assess the antioxidant activity of the extracts as
determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH),
and 3) explore the correlation among antioxidant activity
and TPC and TFC.

MATERIALS AND METHODS

Chemicals and solvents: Phenolic standards
(analytical grade) were obtained from Sigma-Aldrich
Corporation (St. Louis, MO, USA). Other chemicals were
supplied by Merck (Darmstadt, Germany).

Sample preparation: Salvia verticillata L. and S.
tomentosa Mill. were collected from Antalya, Turkey, in
April and May 2018, respectively. Dried aerial parts of P.
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lychnitis L. were purchased from a market in Konya,
Turkey, in May 2018.

Solvent extractions: All plant samples were air
dried together and the dried samples were powdered using
a blender. The resulting powder was divided into two flasks
at 10 g/flask. Each sample was defatted with 100 mL
chloroform at 30°C for 30 min. Two different solvents
(methanol and ethyl acetate) from each residue were
extracted using 2 x 40 mL solvent at 40°C for 1 h in an
ultrasonic bath (Bandelin, Germany). Extraction was
repeated twice for each adequate amount of solvent, and
the resulting extracts were combined. The extracts were
then filtered and concentrated by rotary evaporation at
40°C. The stock solution of each crude extract was
resuspended in methanol and stored at below 4°C until
analyses.

Determining total phenolic content: TPC
contained in the extracts were analyzed using Folin-
Ciocalteu’s phenol reagent (Singleton, 1985). Gallic acid
and quercetin were used to generate a standard curve
ranging from 0.015 to 0.250 mg/mL (r? = 0.999). Briefly,
20 pL methanolic plant extract, 400 puL 0.5 N Folin-
Ciocalteu reagent, and 680 pL distilled water were
combined and vortexed. After incubating for 3 min, 400 uL
10% sodium carbonate was added and vortexed. After 2 h,
the absorbance of the mixture was measured at 760 nm.
The concentration of TPC was calculated as mg of gallic
acid equivalent (GAE) and as mg of quercetin equivalent
(QE), respectively, for phenolic and flavonoid
compounds/g of dried extract. All measurements were
conducted in triplicate.

Determining total flavonoid content: TFC was
analyzed using the aluminum chloride (AICls) method as
described by Marcucci (1998). First, 0.1 mL 10% AICls,
0.1 mL 1 M potassium acetate, and 4.3 mL 80% ethyl
alcohol were added to 0.5 mL methanolic plant extract. The
samples were incubated for 40 min at room temperature,
and the absorbance of the mixture was measured at 415 nm.
Quercetin was used for the standard calibration curve. The
concentration of TFC was calculated as QE/g dried weight
(dw). All measurements were conducted in triplicate.

Assay for scavenging free radicals: Radical
scavenging activity of the extracts against DPPH was
spectrophotometrically studied at 517 nm (Molyneux,
2004). Briefly, different concentrations of 0.75 mL
methanolic plant extracts were mixed with 0.75 mL 0.1
mM DPPH in methanol, well vortexed, and incubated for
50 min at room temperature. Gallic acid and quercetin were
used as representative phenolic and flavonoid standards.
The results are expressed as SCso (mg/ mL), which indicates
the concentration of extracts required to inhibit 50% of the
radicals.
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Statistical analyses: The results are presented as
the mean values and standard deviations of three replicates.
SCso values were determined using a linear regression
analysis (Microsoft Excel for Windows, v. 2010). Data
were analyzed using SPSS v. 16.0 (SPSS Inc., Chicago, IL,
USA\) and statistical significance between mean values was
assessed using Tukey’s test at a 95% confidence level. P <
0.01 was considered significant.

RESULTS AND DISCUSSION

Total phenolic content: Organic solvents at
different polarities, such as methanol, ethanol, ethyl
acetate, acetonitrile, acetone, hexane, n-butanol, diethyl
ether, and water, are normally used for the extraction of
bioactive compounds from plants (Naczk & Shahidi, 2004;
Stalikas et al., 2007). Among those solvents, methanol was
the most efficient solvent for the extraction of phenolic
compounds from the plants used in our study (Dhawan &
Gupta, 2017) because the phenolic composition of these
plant samples is mostly soluble and stable in this solvent.
Ethyl acetate exhibited a good dissolving capacity for most
of the flavonoids (flavon and flavonols) and phenolic acids
in various studies (Hayder et al., 2004; Dmitrienko et al.,
2012; Mokrani & Madani, 2016; Sukeksi & Sarah, 2016);
therefore, plant extractions were performed using these
solvents.

TPC in the methanol and ethyl acetate extracts of
S. verticillata L., S. tomentosa, and P. lychnitis L. were
determined spectroscopically (Table 1). The levels of
phenolic compounds ranged from 32.01 to 347.04 mg
GAE/g, and between 17.85 and 213.02 mg QE/g (r* =
0.999) for both phenolic standards (Supplemental Fig. 1-
2). The highest TPC was in the methanol extract of S.
verticillata; the lowest was in the ethyl acetate extract of P.
lychnitis.

Tepe et al. (2005) have investigated different
solvents for extraction of TPC in S. tomentosa, such as hot
water, methanol, hexane, and dichloromethane, and found
that TPC in this plant ranges from 10 to 275 ug GAE/mg.
The highest TPC was recorded using hexane, followed by
polar subfraction of methanol extract, polar subfraction of
deodorized methanol extract, and polar subfraction of
deodorized hot water extract. The lowest amount of TPC
was obtained from the nonpolar subfraction of the
deodorized methanol extract. Dinger et al. (2013) have
used cultivated and wild S. tomentosa plants to compare
their TPC and antioxidant properties. Methanolic aqueous
(80%) was used for extraction of TPC, which they
determined to be between 49.27 and 63.26 mg GAE/g dw.
TPC from the cultivated plants was higher than that from
the wild plants. Tosun et al. (2009) have measured the TPC
levels in S. aethiopis, S. candidissima, S. limbata, S.
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microstegia, S. nemorosa, S. pachystachys, S. verticillata,
and S. virgate using gallic acid as the standard. The results
of their study showed that the highest TPC levels are from
the methanol extract of S. verticillata (167.1 mg GAE/g
dw), followed by that from S. virgata (101.2 mg GAE/g
dw), S. candidissima (100.3 mg GAE/g dw), and S.
microstegia (50.3 mg GAE/g dw).

Gallic acid-TPC
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Supplemental Figure 1. Calibration curve of standard gallic acid
for determination of TPC.
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Supplemental Figure 2. Calibration curve of standard quercetin
for determination of TPC.

According to another TPC bioassay study using a
methanol extract of S. verticillata L. var. amasiaca, and S.
microstegia, S. verticillata L. var. amasiaca had TPC of
119.45 mg GAE/g, and S. microstegia had TPC at 118.08
mg GAE /g dw (Erbil et al., 2015).

Tagkin et al. (2018) have assessed the methanol
extract of P. pungens and have found that the plant contains
30.0 mg GAE/g TPC. Previous studies have indicated that
hydromethanolic extracts of P. biloba Desf. leaves and
flowers result in 153.46 + 1.36 pg GAE/mg from the leaves
and 81.33 + 2.29 ug GAE/mg from the flowers (Merouane
et al., 2019). Compared with other species of P. biloba
Desf., the methanolic and water extracts of P. armeniaca
were 55.22 + 1.95 and 54.39 + 2.77 png GAE/mg,
respectively (Sarikurkcu et al., 2015). In another study,
TPCs were 50.83 + 1.11 and 50.90 + 0.47, respectively, in
the methanolic and water extracts from P. nissolii, while P.
pungens var. pungens yielded 41.10 + 2.69 and 57.68 +
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1.52 ng GAE/mg, respectively, in the methanolic and water
extracts (Sarikurkcu et al., 2014).

These species showed significant differences in
terms of TPC levels. For example, the TPC of S. tomentosa
extracted using different solvents varies widely from 10 to
275 ug GAE/mg (Tepe et al. 2005; Erdogan-Orhan et al.
2010); however, we determined it to be between 62.18 and
125.44 mg GAE/g dw and suggest that the difference is
related mainly to the extraction procedures. In fact, our
study used methanol and ethyl acetate, while earlier studies
used other solvents as well, such as hot water, hexane, and
dichloromethane. In addition, the differences in the various
results may be a result of different geographical locations
of the plants, environmental and ecological variations
(temperature, climate, diseases, etc.), harvest year, and
growing conditions (Papageorgiou et al., 2008; Kallithraka
et al., 2009). Dinger et al. (2013) have reported TPC of S.
tomentosa decreased in the harvest year, and growing
condition. These differences can be explained by different
climatic conditions.

Total flavonoid content: Quercetin was used as a
representative standard with a linear calibration curve at r?
= 0.999 for TFC (Supplemental Fig. 3). The highest TFC
were in the methanol extract of S. verticillata at 51.90 +
1.64 mg QE/g, while the lowest were in the ethyl acetate
extract of S. tomentosa at 7.78 + 0.20 mg QE/g (p < 0.01)
(Table 1).

Ouercetin-TFC
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Supplemental Figure 3. Calibration curve of standard quercetin
for determination of TFC.

Miliauskas et al. (2007) have investigated TFCs in
S. officinalis, S. sclarea, S. glutinosa, and S. pratensis and
found that S. glutinosa has the highest TFC at 5.7 + 0.3
mg/g extract rutin equivalent. Tusevski et al. (2014) have
reported the TFCs in methanol extracts of S. nemorosa L.,
S. ringens Sibth. & Sm., and S. sclarea L. and found that S.
ringens Sibth. & Sm. has the levels at 49.43 + 1.35 mg
catechin/g dw. In another report, the TFC in the methanol
extract of P. biloba Desf. leaf (53.84 + 0.24 pg QE/mg)
was significantly higher than that in the plant’s flower
(14.86 = 0.21 pg QE/mg) (Marouane et al., 2019).

Because of the differences in the procedures used
to quantify TFC, reference compounds used (e.g., catechin
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and rutin), and different plant species used, it is not
accurate to directly compare the data from the results of
other studies with those from our study.

DPPH radical scavenging activity of the
extracts: The free-radical scavenging activity of the
extracts was determined using the DPPH test. Gallic acid
and quercetin were used for the phenolic standards for the
SCso values 0.002 £+ 0.000 and 0.003 £+ 0.000 mg/mL,
respectively.

The methanol extract from S. verticillata, the
strongest DPPH scavenging activity, was recorded with the
lowest SCso value of 0.010 + 0.000 mg/mL. Similarly, the
same extract had the highest TFCs and TPCs. The ethyl
acetate extract from S. tomentosa had the lowest
scavenging activity with an SCso value of 0.55 + 0.01
mg/mL (Table 1).

Table 1. TPC, TFC and radical scavenging activity of the extracts

TPC TFC DPPH
Extracts

mgGA/g* mgQ/g* mgQ/g** SCso (mg/mL)
S. verticillata -MeOH 347.04+1.42 213.02+0.92 51.90+1.64 0.01+0.00
S. verticillata - EtOAC 116.01£1.04 69.28+0.67 18.52+0.77 0.07+0.00
P. lychitis,- MeOH 56.76+0.42 33.70+0.38 21.74+0.18 0.06+0.00
P. lychitis- EtOAC 32.01+0.31 17.85+0.20 8.94+0.35 0.07+0.03

S. tomentosa- MeOH

S. tomentosa - EtOAC
Gallic acid 0.002+0.000
Quercetin 0.003+0.000

125.44+0.65
62.18+0.46

75.41+0.42
37.36+0.26

38.73+0.31
7.78+0.20

0.03+0.00
0.55+0.01

*Total phenolics are expressed in mg GAE/g dried extract and mg QE/g dried extract.

** Total flavonoids are expressed in mg QE/g dried extract.

GAE, Gallic acid equivalent; QE, quercetin equivalent; DPPH, 2,2-diphenyl-1-picrylhydrazyl;
SCso (mg/ mL), which indicates the concentration of extracts required to inhibit 50% of the radicals.

Examination of the antioxidant potential of 11
Salvia species has determined based on DPPH scavenging
activity. The assessment found that S. santolinifolia, S.
nemorosa, S. atropatana, and S. eremophila have the most
DPPH scavenging activity with the highest TPC (Firuzi et
al., 2013). Nickavar et al. (2007) have reported the DPPH
scavenging activity of S. hypoleuca and four other Salvia
species. All the ethanolic extracts show free-radical
scavenging activity, and S. verticillata and S. virgata were
the most active species with SCsp values of 23.53 and 27.01
pg/mL, respectively. In addition, the extracts were
investigated for their TFCs, and the ethanol extracts of S.
hypoleuca (TFC = 53.16 + 1.95 pg/mg) and S. reuterana
(TFC = 46.97 + 4.43 pg/mg) had the highest TFCs. No
favorable correlation was detected between free-radical
scavenging potency and TFC. In another report, the
methanol extracts of S. verticillata L. var. amasiaca and S.
microstegia exhibited antioxidant effects against DPPH
and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
free-radical agents (Erbil et al., 2015). In their study on the
antioxidant activity of eight species of Salvia. Tosun et al.
(2009) have reported that the antioxidant activity of eight
species of Salvia. Methanol extracts of S. verticillata and
S. microstegia showed higher DPPH free radical
scavenging activity than other extracts. Another study has
reported that the methanol extracts of S. fruticosa Mill., S.



Kikligkaya Selvi, 5(2), 125-130, (2020)

pomifera Mill., and S. tomentosa Mill. within the Marmara
region of Turkey show that S. pomifera collected from
Topagac, Marmara, has the highest DPPH free-radical

scavenging activity with an SCso value of 450.51 pumol

trolox equivalent/100 g dw, while the that of S. fruticosa
from the Kumbag forest camp, Tekirdag, has an SCso value

of 287.57 pmol trolox equivalent/100 g dw (Erdogan et al.,

2014). Merouane et al. (2019) have reported the
antioxidant properties of P. biloba Desf. leaves and flowers
of using 80% methanolic extract. The extract of the leaves
has higher DPPH free-radical scavenging activity with an
SCso value of 47.78 £ 1.12 pg/mL than that of the flower
with 90.85 +1.04 pg/mL.

In this study, correlation analyses between among
scavenging activity (DPPH) and TPC and TFC levels were
conducted. The correlation coefficients (r) are shown in
Table 2. Significant positive linear correlations (Table 2)
were established between TPC and TFC (r = 0.898; p <
0.01). Strong positive correlations (Table 2) were also
found between DPPH and TFC (r = 0.904; p < 0.01) and
TPC (r = 0.963; p < 0.01). This relationship indicated that
flavonoids together with other phenolic compounds
contribute greatly to this bioactivity. In accordance with
the previous study, phenolic compounds significantly
contributed to the antioxidant activity in the medicinal
plants used in the study (Cai, et al., 2004; Apak et al.,
2006), which suggested that the methanol extract of S.
verticillata L. had higher free-radical scavenging activity
and TPC and TFC than other extracts; therefore, the
methanol extract of S. verticillata L., has proved to be a
high-quality source of natural antioxidants for use in the
medical and food industries.

Table 2. Correlation analysis between scavenging activity and
TPC, TFC.

r TFC TPC
TPC 0.898**
DPPH 0.904** 0.963**

r, Correlation coefficient,
*The values of DPPH assay were taken as 1/SCso,
**Correlation is significant at p < 0.01.
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Abstract: In this study, the effect of temperature, pH, initial metal concentration and adsorbent
15 https://orcid.org/0000-0002-5304-9436 dosage on Cu(ll) adsorption onto carbonized peanut hull (PHC) was investigated. Activated
carbon was prepared from peanut hull. It was produced by carbonization in carbon dioxide
atmosphere at 500°C for 1.0 h. The maximum Cu (II) adsorption capacity was obtained as 168.16
mg/g for 500 mg/L initial Cu (1) at pH = 4.0 and 60 °C. The Freundlich and Langmuir adsorption
models were used for the mathematical description of the adsorption equilibrium. The best
interpretation for the experimental data was given by the Freundlich isotherm and the maximum

. adsorption capacity was obtained. Batch adsorption models, based on the assumption of the
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Gillsad USLU SENEL pseudo-first and pseudo-second order mechanism, were applied to examine the kinetics of the
Department of Environmental Engineering, adsorption. Kinetic data fitted the pseudo-second kinetic order model. Thermodynamic functions,
izt Uliivaiistidy, 22000 (2w, TG the change of free energy (AG®), enthalpy (AH°) and entropy (AS®) of copper adsorption on PHC
>4 quslu@firat.edu.tr were calculated as -23.21 kjmol™* (at 60°C), 15.94 kjmol and 117.59 kjmol K-, respectively,
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The results show that adsorption of Cu (1) on PHC is an.
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Karbonize Fistik Kabugu Kullanilarak Sulu Cozeltilerden Bakar (11)'nin Adsorpsiyonu:
Denge, Kinetik ve Termodinamik Parametrelerin Belirlenmesi

Oz: Bu calismada, karbonize fistik kabugu (PHC) iizerine Cu (II) adsorpsiyonuna sicaklik, pH,
baslangi¢ metal konsantrasyonu ve adsorban dozajin etkisi arastirilmistir. Aktif karbon fistik
kabugundan hazirlanmistir. PHC, karbon dioksit varliginda 500 ° C'de 1.0 saat siiresince
karbonizasyon ile iiretilmistir. Maksimum Cu (II) adsorpsiyon kapasitesi, pH = 4.0’de 60 °C'de
ve 500 mg/L baslangic Cu (II) iyon konsantrasyonunda 168.16 mg/g olarak bulunmustur.
Adsorpsiyon dengesinin matematiksel olarak ifadesinde Freundlich ve Langmuir adsorpsiyon

*Sorumlu yazar: modelleri kullanilmigtir. Deneysel veriler i¢in en iyi Freundlich izotermi ile verildi ve maksimum

Giilsad USLU SENEL adsorpsiyon kapasitesi elde edildi. Adsorpsiyon kinetigini incelemek igin yalanci birinci ve
Firat Universitesi, Miihendislik Fakiiltesi, yalanci ikinci derece diizeneginin varsayimina dayanan bir seri adsorpsiyon modelleri
%;’I:z Mithendisligi Boliimi, 23100 Elazig, uygulanmistir. Kinetik veriler, yalanci ikinci derece kinetik diizen modeline uymustur. PHC
B:galsllu@ﬁrat.edu.tr tizerinde bakir adsorpsiyonunun termodinamik fonksiyonlari, serbest enerji degisimi (AG®),
Mobile telephone : +90 (533) 748 35 53 entalpi (AHP) ve entropi (AS®) degeleri sirastyla -23.21 kjmol* (60°C'de), 15.94 kjmol* ve 117.59
Telephone 1 +00 (424) 23700 00/8403  kjmol ! K1 olarak hesaplanmigtir. Cu?* adsorpsiyonu endotermik bir reaksiyondur. Sonuglar, Cu

(1) iyonlarmm adsorpsiyonunda PHC kullaniminin bir alternative olacagini gostermistir.

Anahtar kelimeler: Adsorpsiyon, denge, fistik kabugu karbonu, karbonizasyon, Kkinetic,
termodinamik.
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INTRODUCTION

The water pollution by toxic heavy metals through
the discharge of the industrial waste is a world-wide
environment problem (Jiang et al., 2009). Heavy metal ions
such as cobalt, copper, nickel, chromium and zinc are
detected in the waste streams from mining operations,
battery manufacturing processes, the production of paints
and pigments, ammunition, ceramic and glass industries
tanneries, electronics, electroplating and petrochemical
industries, as well as in textile mill products (Argun &
Dursun, 2008; Dursun, 2006). From the environmental risk
and health hazards point of views, one of the most dangerous
heavy metals is copper. Copper is heavily used metal in
industries such mining and smelting, brass manufacture,
electroplating industries, petroleum refining and excessive
use of copper based agrichemicals mining. These industries
produce much wastewater and sludge containing Cu(ll) ions
with various concentrations, which have negative effects on
the water environment (Demirbags et al., 2009). Although
copper is an essential micronutrient and is required by the
body in very small amounts (20-80 pg/kg of body weight per
day), excess exposure to copper can cause acute as well as
chronic effects (WHO, 2006). Hence, the removal of copper
from aques solutions is extremely important.

Heavy metal removal from aqueous solutions has
been commonly carried out by several processes: chemical
precipitation, solvent extraction, flotation, ion-exchange,
electrolytic recovery, membrane filtration, biological
process, adsorption, biosorption (Wang et al., 2007; Cetin &
Pehlivan, 2007; Giwa & Bello, 2007). Most of these methods
are extremely expensive or inefficient, especially for a large
amount of solution of relatively low concentrations (Jiang et
al., 2009). Adsorption is highly effective and economical
method to remove heavy metal ions from aques solutions
(Ozgimen & Ersoy-Mericboyu, 2009). Among these
processes, the adsorption with the selection of a suitable
adsorbent can be an effective technique for the removal of
heavy metals from wastewater (Bayat, 2002). The respective
and widely used adsorbent material in the adsorption
processes is activated carbon. Even though it has a high
adsorption capacity, surface area and has a micro porous
structure; it is restricted to use due to its relatively high price;
high operation costs, and problems with regeneration for the
industrial scale applications. This led to a search directed to
developing the low-cost and locally available adsorbent
materials with the maximum adsorption capacity (Solener et
al., 2008; Dursun et al., 2005; Ozer et al., 2007).

The aim of this study is the evaluation of peanut hull
carbon an effective, low cost, biomass adsorption media for
the removal of metal ions from dilute aqueous waste streams.
In order to achieve the aim of developing an effective
adsorber, the parameters and mechanisms affective metal ion
capture by peanut hull carbon must be identified and the
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physical and chemical limitations of the proposed
technology assessed. A few researches in literature studied
on copper binding ability onto PHC and they investigated the
effect of pH on adsorption. However there is still lack of the
studies focusing on temperature effects on the adsorption of
copper (I1) onto PHC. In earlier works, peanut hull carbon
obtained from different methods to use as an adsorbent was
studied for removing heavy metals such as copper (II)
(Periasamy & Namasivayam, 1996) and nickel (I1) (Gong et
al., 2005) ions and dyes (Gong et al., 2005). The present
study, deals with understanding of the temperature effects on
the biosorption and one of the main objective of the work is
to investigate the feasibility of using PHC in the batch model
for adsorption of copper (11). The sorption phenomena were
expressed by the Langmuir and Freundlich adsorption
models and model constants were evaluated depending on
temperature. As there is no information about the kinetic
analysis of the adsorption of copper (II) by PHC, the
experimental data was also analyzed using the pseudo-first
and pseudo second-order adsorption kinetic models and
kinetic constants were calculated. An understanding of the
kinetics of sorption gives useful knowledge for on-site full-
scale applications. Since the evaluation of the heat change of
the adsorption process is very important for reactor design,
the thermodynamics of the adsorption process was also
investigated.

Equilibrium modeling in a batch system:
Adsorption is a well-known equilibrium separation process
for wastewater treatment. Adsorption isotherms are the
equilibrium relationships between the concentrations of
adsorbed metal and metal in solution at a given temperature.
The well-accepted adsorption isotherm models of Freundlich
and Langmuir have successfully described Cu (1)
adsorption isotherms.

The well-known expression of the Langmuir model
is given by Equation (1)

Orex KCy

qeq -
1+KC,, @

where K is the adsorption equilibrium constant
including the affinity of binding sites (L mg™), Ceq and geq
are unadsorbed metal ions in solution and adsorbed metal
ions on the sorbent at equilibrium, respectively. gmax is the
maximum amount of metal ion per unit weight of adsorbent
to from a complex monolayer on the surface (mg g%)
(Langmuir, 1916).

The empirical Freundlich equation based on
sorption on a heterogeneous surface is given by Equation (2)

1/
qeq = KFCeqn (2)
where Kr and n are the Freundlich constants related

to the adsorption capacity and adsorption intensity of the
sorbent, respectively (Freundlich, 1906; Tewari, 2006).
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Kinetic Modelling: The capability of pseudo-first
order and pseudo-second order kinetic models were
examined in this study. The pseudo-first order equation of
Lagergren is generally expressed as follows (Lagergren,
1998):

dg

dt ©)

where q is adsorbed dye quantity per gram of
sorbent at any time (mg g1), ki is the rate constant of pseudo-
first order sorption (min?). The integrated form of the
differential equation becomes,

= kl(qeq - q)

lo —-q)=1Io ———t
9(9, —a) =log(a,) 2303 "
The pseudo-second order kinetic rate equation is
expressed as (Ho & Mckay, 1999):

dq _
dt (5)
where k» is the rate constant of pseudo-second order
sorption (g mg* mint). For the same boundary conditions
the integrated form of Equation (5) becomes

t 1 1

= 4+ —
q kzqezq Qeq (6)

The second order rate constant can be determined
from the intercept of the linearized pseudo-second order rate
equation.

Thermodynamics of adsorption: In engineering
practice, entropy and Gibbs free energy factors should be
considered in order to determine what processes will occur
spontaneously. The Gibbs free energy change (AG®°) can be
determined using equilibrium constant (The Langmuir
constant Kp) (Equation 7)

(AG®) =-RT InK, (7

where R is the universal gas constant (8.314 J mol
K1) and T is the absolute temperature (K), Kp is the
equilibrium constant (The Langmuir constant) (Ho &
Mckay, 1999; Kara, 2003). The higher negative value of the
Gibbs free energy reflects a more energetically favourable
adsorption. The equilibrium constant can be used in the Van't
Hoff equation to determine the enthalpy (AH®) and entropy

change of biosorption (AS®) as a function of temperature.

As®  AHO
anb = T — F (8)

kZ (qeq - q)Z

MATERIALS AND METHODS

Preparation of peanut hull carbon (PHC): Raw
peanut hull material used in this study was obtained from a
local market in Elazig, Turkey. It was extensively washed
with top water to remove soil and dust, sprayed with distilled
water than the raw peanut hulls were prepared by air-drying
to environmental equilibrium moisture in the lab on shallow
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trays at room temperature followed by grinding and sieve
analysis. It was grounded and sieved to 50-100 mesh size
(0.34-0.15 mm) to separate the material into discrete particle
size ranges. Then, powder of peanut hull (25 g) was placed
in a horizontal ceramic tube furnace and heated up to 500 °C
at a rate of 5 °C/min. It was left at this temperature to
thermally decompose to porous carbonaceous materials for
1 h and than allowed to cool to room temperature in carbon
dioxide atmosphere carbon production yield from peanut
hull was %25.

Physical and Chemical Characterized of
Adsorbent: Characterization of the peanut hull was
performed by infrared spectroscopy (IR) and by
determination of the BET surface area.

Fourier transforms infrared spectroscopy (FT-IR)
was used to determine the vibration frequency changes in the
functional groups in the peanut hull. The spectra of PH were
measured by on FTIR spectrometer within the range of 500-
4000cm™ wave number. The infrared spectrum of raw PH
and PHC were obtained with Mattson 1000 FTIR
spectrometer with a pellet of powdered potassium bromide
and sample.

Surface area is related to the adsorption capacity of
an adsorbent. The BET surface area was determined from
nitrogen isotherms using a Micromeritics Flow Sorb 11-2300
Surface Area Analyzer.The measured BET surface area for
PHC was 41.3 m?g™.

The BET surface area was determined from
nitrogen adsorption isotherms using a Micromeritics Flow
Sorb 11-2300 Surface Area Analyzer. The BET surface area
of PHC was measured as 41.3 m?g. The infrared spectrum
of raw peanut hull and PHC were obtained with a Mattson
1000 FTIR spectrometer with a pellet of powdered
potassium bromide and sample.

Chemicals: Metal ion solution was prepared by
dissolving 1.0 g/L of stock metal ion solution, which was
obtained by dissolving a weight quantity of nitrate salts of
the metal (Merck). The pH of the each solution was adjusted
to the required value with dilute of concentrated HNO3 and
NaOH solutions before mixing with the PHC. While there
was no significant changes observed on pH in the
equilibrium, the uptake pH was assumed constant during the
experiments. The concentration of residual Cu (1) ions in the
adsorption media were determined by using an atomic
adsorption spectrophotometer (UNICAM, 929).

Adsorption studies: Copper (Il) adsorption studies
were performed at various initial concentrations and
temperatures at constant 150 rpm shaking glass flasks of
0.25 L containing of 0.1 L copper (1) ion solution at desired
concentration including 0.5 g peanut hull carbon using a
rotabit shaker from Selecta. Samples 5 mL were taken from
mixture during stirring at predetermined time intervals for
determining the residual Cu (Il) ion concentration in the



Uslu Senel, 5(2), 131-137, (2020)

solutions. Before analysis, samples were filtered by using
blue type whatman filter paper and supernatant fluid was
analyzed for the remaining metal ions. All the experiments
were carried out in duplicates and average values were used
for further calculations. For isotherm studies, a series of flask
containing (0.1 L Cu (1) ion solution in the range of 25-500
mg/L were prepared. The weighed amount of 0.5 g PHC was
added to each flask and then the mixtures were agitated at
constant temperature of 20, 40 and 60 °C. These experiments
were carried out at a constant pH of 4.0 for duration 24 h.

RESULTS AND DISCUSSION

Adsorption of copper (lI) ion onto peanut hull was
investigated as a function of pH, temperature, adsorbent
dosage and initial Cu (lI) ion situation in a batch stirred
reactor in this study. The kinetics and equilibrium results
were given as units of adsorbed metal ion concentration at
equilibrium result (Cag,eq: mg/L), adsorbed metal ion quantity
per gram at PHC end unadsorbed metal ion concentration
(Qeqy O Ceq, mglg, respectively and adsorption yield
(Ads%= 100X(Co-Ceo/Co)).

FTIR analysis: The presence of functional groups
depends on the treatment procedure of the sample. Figure 1
shows the FT- IR spectrum raw material and peanut hull
carbon in the spectroscopic region 4000-500 cm L. The first
peak is centered 3900 cm™. In the spectra of the carbon
materials the band of stretching OH vibrations (3600-3100
cm?) is due to carbon surface hydroxyl and amino groups.
The second broad peak at 1700 cm* has been assigned to the
carboxyl stretching. The decreasing intensity of adsorption
band of carboxyl groups at 1700 cm™ may be attributed to
the destruction of carboxyl groups during the treatment of
peanut hull.

Effect of pH on Cu (I1) adsorption: The pH of an
aqueous solution is an important controlling parameter in the
process of adsorption. The effect of pH on the adsorption
capacity of copper (I1) ion by PHC was evaluated within the
pH range of 2-5.5. Removal of copper (Il) ions increases
with increasing solution pH and a maximum value was
reached at an equilibrium pH of around pH 4 at 100 mg/L
initial copper (1) ion concentrations. Experiments were
carried out up to pH value of 6 due to the fact that metal
precipitation occurred at higher pH values. At very low pH
values (pH=2-3), copper (I1) ion adsorption was found to be
very low due to competition between H3O* and copper (1)
ions for the adsorption sites. In addition when the pH
increases, there is a decrease in positive surface charge,
which results in a lower electrostatic repulsion between the
positively charged metal ion and the surface of PHC,
favoring adsorption. Loading of copper (1) ions onto PHC
also found to increase till pH 4, remained constant till pH 5
and beyond pH 6 hydroxide precipitations took place, which
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in addition to adsorption contributes to the removal of metal
ion.

4000 3500 3000 2500 2000 1500 1000 500

Figure 1. The IR spectrum of the peanut hull.

Effect of temperature Cu (I1) adsorption: The
effect of temperature Cu (I1) uptake capacity onto PHC was
studied at 100 mg/L initial metal ion concentration. The
variation of equilibrium uptake with temperature was given
in Table 1. Results given in Table 1 clearly showed that
initial sorption of Cu (I1) ion occurred very rapidly and reach
equilibrium in 100 min for 100 mg/L initial Cu (Il) ion
concentrations at 20, 40 and 60°C studied. Figure 2 shows
that the adsorption of Cu (1) ions onto PHC as a function of
contact time at all temperatures. Adsorption studies were
carried out for 24 h and it was observed that, the amount of
adsorbed Cu (Il) increased linearly with time at the
beginning of adsorption. A larger amount of Cu (lI) ions
were removed in the first 10. min of contact time and the
equilibrium was established in 30-60 min at the and of a
rapid adsorption for all temperatures studied. After an
equilibrium time of 120 min, no more Cu (lI) was
adsorption. The optimum adsorption temperature for Cu (I1)
was determined to be 60 °C. It was shown that the removal
of copper (1) ions increased with increasing temperature up
to 60 °C. The adsorption of Cu (Il) was endothermic, thus
extend of adsorption increased with increasing temperature.
The maximum Cu (Il) adsorption vyields and desorption
yields were determined as 60.20 %, 68.44 % and 83.56 %
and 80.73 %, 95.52 % and 99.88 % at 25 mg dm initial
copper (II) ion concentration for 20, 40 and 60 °C,
respectively (Table 1).

Effect of initial metal ion concentration on Cu (I1)
adsorption: The effect of initial copper (1) ion concentration
on the sorption capacity onto PHC was investigated at
different temperatures and pH 4.0. The equilibrium uptake
capacities of the PHC increased with increasing initial metal
ion concentration up 500 mg/L because the initial Cu (I1)
concentration provides an important driving force to
overcome mass transfer resistances between the adsorbent
and adsorption medium. Higher sorption capacities were
obtained at higher initial concentrations for copper (I1) ion at
all temperatures (Table 1). Increasing the metal ion
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concentration generally caused a decrease in the adsorption
yield and maximum copper (II) ions adsorption yield
determined as 83.56% an initial concentration 25 mg/L at 60
°C. At higher concentrations, the ratio of initial number of
metal ions to the available sites of adsorption became fewer
and the saturation of the sorption sites was observed so
adsorption yields decreased.
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Figure 2. Copper (1) adsorption curves at given conditions.

Effect of the adsorbent dosage on the adsorption
of Cu(ll): The effect of adsorbent dosage on the removal of
copper (I1) ion at Co= 100 mg/L was studied. While other
experimental conditions were kept constant as the adsorbent
concentration was varied 0.5 to 2.5 g/L. The influence of
adsorbent dosage in percentage adsorption and equilibrium
uptake is depicted in Figure 3. It is clear that copper (1) ion
uptake increased with increasing adsorbent dosage from 0.5
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to 2.5 g/L, as the percentage of copper (I1) ions removal yield
decreased from 60.09 to 34.16 %, as the number of binding
sites would be increased, but the adsorption of copper (I1)
ion per unit weight of adsorbent decreased from 120.18 to
68.32 mg/g of adsorbent. This is because of the availability
of more and more binding sites for complexation of copper
(I1) ions. Adsorption sites remain unsaturated during the
adsorption reaction. This is due to the fact that as the dosage
of adsorbent is increased, there is less commensurate
increase in adsorption resulting from the lower adsorptive
capacity utilization of the adsorbent. The decrease in
adsorption capacity can be explained with the reduction in
the effective surface area.
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Figure 3. Influence of adsorbent dosage in adsorption yield and
equilibrium uptake (Co= 100 mg L%, pH= 4.0, T= 60 °C, X: 0.5 g
L%, agitation rate= 150 rpm).

Table 1. The equilibrium uptake capacities adsorption yields and desorption yields obtained at different initial concentrations and

temperatures.

Co 20°C 40°C 60°C

mg dm® Qeq, Mg g-* % Ad. % Des. Qeq,Mgg-* % Ad. % Des. Jeq(Mgg?) % Ad. % Des.
25 30.10 60.20 80.73 34.22 68.44 95.52 41.78 83.56 99.88
50 42.92 42.92 79.68 48.38 48.38 95.05 76.24 76.24 99.45
75 58.60 39.07 76.96 75.66 50.44 94.52 99.54 66.36 99.28
100 77.44 38.72 75.43 97.18 48.59 93.89 120.18 60.09 99.10
200 99.58 24.89 75.37 110.56 27.64 93.21 175.62 43.91 98.55
300 137.12 22.85 73.23 149.18 24.86 92.53 242.18 40.36 98.15
500 168.16 16.82 72.79 184.38 18.44 92.14 381.16 38.12 95.02

Determination of equilibrium parameters: The
equilibrium adsorptions isotherms are very important for
the design of adsorption systems since they represent how
the metal ions are partitioned between the adsorbent and
liquid phases at equilibrium as a function of metal ion
concentration. Various isotherm equations were well
known and two different isotherms were selected in this
study, which are the Langmuir and Freundlich isotherms.
The linearized Langmuir and Freundlich adsorption
isotherms of copper (1) ions obtained at the temperatures
20, 40 and 60 °C. The Langmuir and Freundlich adsorption
constants evaluated from the isotherms and correlation
coefficient are given in Table 2. As observed from the
Table 2, the isotherms appeared to follow Freundlich

model more closely than the Langmuir model at all the
temperatures studied. The Langmuir equation is based on a
monolayer adsorption by the adsorbent with the same
energy of active sites. The surface of this material was
expected to have nearly homogenous sites for adsorption,
so a much better fit was obtained. The experimental data
indicate that the amount of Cu (l1) sorbed increased from
117.99 to 212.88 mg/g with increase in temperature from
20 °C to 60°C. The other Langmuir constant, K indicates
the affinity for the binding of Cu (I).The higher value of
K found at 60°C showed strong bonding of Cu (ll) to the
PHC at this temperature. The Freundlich isotherm is an
empirical equation employed to describe heterogeneous
system. The Freundlich isotherm model exhibited a good
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fit to the experimental sorption data since the r? values were
0.99, 0.98 and 0.99 at 20, 40 and 60°C. The Magnitude of
Kr and n of the Freundlich isotherm constants showed the
tendency of Cu (Il) uptake from the adsorption medium
with high capacity of PHC especially at 60°C. The highest
Kr value was determined as 21.49 at this temperature. All
n values were found high enough for adsorption.

Table 2. Isotherms constants for Cu (l1) ion adsorbed on PHC.

T (C) Langmuir Model Freundlich Model

Qmax K R? Ke n R?
20 117.99 0.032 0.90 9.67 2.09 0.99
40 133.19 0.040 0.86 14.49 2.33 0.98
60 212.88 0.069 0.86 21.49 2.40 0.99

Kinetic parameters of adsorption: Various
kinetic models namely the lagergren’s pseudo-first order,
pseudo-second order and intraparticle diffusion models
have been used for the validity with the experimental at
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adsorption process for Cu (1) onto PHC. With the average
shaking speed of 150 rpm, it was assumed to offer no mass
transfer resistance to the overall adsorption process. The
values of various kinetic parameters are tabulated in Table
3. The results showed that, the correlation coefficient for
the pseudo-first order kinetic model obtained 20-60°C was
very low and they increased with increasing temperature.
The theoretical geq.cal Values found from this model did not
give reasonable values especially at low temperature so
pseudo-first order model could not describe the adsorption
results of Cu (I1) onto PHC.

The values of second order adsorption rate
constant, ko, were calculated. Theoretical and experimental
Jeq and correlation coefficients are also given Table 3. In
the view of these results, it can be said that the pseudo-
second order kinetic model provided a good correlation for
the adsorption of Cu (Il) onto PHC in contrast to the
pseudo-first order model.

Tablo 3. Change of the pseudo- first and second order reaction rate constants with temperature.

First order kinetic model

Seconder order Kinetic model

T, OC qeq,exp kl C|eq‘cal kz qeq,cal
(mg g*) (dm® min *) (mg g*) R? (g mg* min) (mg g*) R?
20 77.44 0.023 9.017 0.83 0.019 77.52 0.99
40 97.18 0.015 9.090 0.61 0.015 97.20 0.99
60 120.18 0.014 9.175 0.59 0.012 120.18 0.99
Determination of thermodynamic parameters: CONCLUSION

Thermodynamic parameters such as free energy change
(AG?), enthalpy change (AH°), and entropy change (AS°)
can be estimated by using equilibrium constants changing
with temperature. The value of AG® for the adsorption of
Cu (1) onto PHC at different temperature (20, 40 and 60°C)
is given in Table 4. The magnitude of AG®° increased with
the rise in temperature. Gibs free energy values for the
adsorption process were obtained as -18.55, -20.49 and -
23.21 kJmol? for the temperatures 20, 30 and 60 °C,
respectively. The K values increased with increasing
temperature. The negative value of AG° confirms the
feasibility of the process and the spontaneous nature of
adsorption of Cu (I1) onto PHC. AH° for the adsorption of
Cu (1) onto PHC was found to be 15.94 k J mol* while
AS® was 117.59 k J mol*Kt, The positive value of AH°
suggested the endothermic nature of adsorption, while
positive values of AS° reflect the affinity of Cu (Il) for
sorbent used. In addition, positive value of AS°® shows the
increasing randomness at the solid/liquid interface during
the sorption of Cu (I1) on selected sorbent.

Table 4. The thermodynamic constants of adsorption obtained
PHC.

T,°C  K(@dm3®mg?) -AG(kImol?) AHO(kimol?l) AS°(J K'mol?)
20 7.618 18.55 117.72
40 7.839 20.49 15.49 116.05
60 8.385 23.21 117.59

136

PHC is an effective adsorbent for the removal of
Cu (I1) from aqueous solution. The results indicated that
adsorption capacity of the adsorbent was considerably
affected by initial pH, temperature and initial Cu (1)
concentration. The optimum pH value was determined to
be 4.0. It was found that Cu (I1) adsorption increased with
temperature up to 60°C and initial Cu (I1) ion concentration
up to 500 mg/L. The Langmuir and Freundlich adsorption
equations were used to expiries adsorption phenomenon of
the Cu (lI). The Freundlich isotherm model at those
optimum conditions best defined the equilibrium data. The
PHC can be used as an effective low-cost agricultural
waste adsorbent for the removal of Cu (1) with its
adsorption capacity of 120.18 mg/g at 60°C. The kinetics of
Cu (I1) adsorption onto PHC was examined using the
pseudo-first and pseudo-second order kinetic models. The
results indicated that the pseudo-second order equation
provided the best correlation of the sorption data. The
thermodynamic constants of adsorption were also
evaluated. The negative value of AG° confirms the
spontaneous nature adsorption process. The positive value
of AS® showed the increased randomness at the solid-
solution interface during adsorption and the positive value
of AH® indicated the adsorption process was endothermic.
It can be concluded that the PHC would be useful for the
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economic treatment of wastewater containing Cu (1) to use
on agricultural by-product such as peanut hull as an
adsorbent.
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Oz: Gelecek kusaklarm kendi ihtiyaclarni karsilayabilme olanagmdan 6diin vermeksizin
bugiiniin ihtiyaglarmi karsilayabilecek kalkinma olarak tanimlanan siirdiiriilebilirlik kavramu,
calisma iceriginde siirdiiriilebilir kalkinma boyutuyla incelenmistir. Calismada Tiirkiye’nin en
kuzey ucunda, Karadeniz kiyisinda bulunan ve gecimini biiyiik oranda balik¢ilikla saglayan,
ihracatinin %28,7’sini su iiriinleri sektoriinden gerceklestiren Sinop Il Ticaret ve Sanayi Odasina
kayitli su tirtinleri firmalar1 analiz edilmistir. Firma yetkililerinin “stirdiiriilebilirlik/siirdiiriilebilir
kalkinma” kavramlari bilgi diizeyleri 6l¢lilmiistiir. Firmalarin ¢evre egitimi, biyolojik gesitlilik
ve dogal hayat1 koruma, ekosistem ve ¢evre koruma ve tarim/siirdiiriilebilir tarim konularinda
kullandiklar1 ya da kullanmayr disiindiikleri c¢evre fonlari ve ¢evre mevzuati hakkindaki
diisiinceleri derinlemesine miilakat yapilarak incelenmis ve veriler betimsel analiz edilmistir.
Firmalarin finansman araci olarak %55,55 oraninda banka kredilerine, %44,44 oraninda 6z
kaynaklarima yoneldikleri tespit edilmistir. Arastirmada incelenen firmalarin %60’1 ihracat
tesviklerinden yeterince yararlanabildiklerini belirtirken; %40’1 yeterince yararlanamadiklarini
belirtmistir. Bunun nedeni olarak %45,5’1 tesvik prosediirlerinin agir olmasini ve dokiimantasyon
siireclerinin uzun siirmesini gostermislerdir. Calisma kapsaminda incelenen tiim firmalar
stirdiiriilebilirlik kavrami konusunda bilgi sahibi olup ihracat mevzuati ve ¢evre mevzuati
konusunda sorun yasamamaktadirlar. Bu durum Sinop ilinin lokomotif sektdrii olan su iiriinleri
sektoriiniin gelismislik diizeyinin bir gostergesidir.

Anahtar kelimeler: Bankacilik, cevre fonlari, Sinop, su triinleri, siirdiiriilebilir kalkinma.

Evaluation of Fishery Products Enterprises in Sinop Province by Sustainable Development

*Corresponding author’s:

Zafer KARSLI

Sinop University, Vocational School,
Underwater Technology Program, 57000
Sinop, Tiirkiye.

X: zakarsli@sinop.edu.tr

Mobile telephone : +90 (537) 413 40 03

Abstract: The concept of sustainability, which is defined as development that can meet today's
needs without compromising the ability of future generations to meet their own needs, has been
examined with the sustainable development dimension in the study content. Work at the northern
tip of Turkey, at the Black Sea coast and livelihood to a large extent in providing fisheries,
carrying 28,7% of the exports of fishery products from the sectors of Sinop registered aquaculture
Commerce and Industry firms have been analyzed. Knowledge levels of the company officials'
sustainability / sustainable development concepts were measured. Firms' environmental
education, biodiversity and wildlife conservation, ecosystem and environmental protection and
their opinions about environmental funds and environmental legislation they use or plan to use in
agriculture / sustainable agriculture were analyzed through in-depth interviews and datas were
analyzed descriptively.

It was determined that firms turned to 55,55% bank loans and 44,44% equities as financing
instruments. While 60% of the companies examined in the research stated that they can benefit
from export incentives adequately; 40% stated that they could not benefit enough. The reason for
this is that 45,5% showed that the incentive procedures are heavy and the documentation
processes are long. All the companies examined within the scope of the study are aware of the
concept of sustainability and do not have problems with export legislation and environmental
legislation. This situation is an indicator of the development level of the seafood sector, which is
the locomoative sector of Sinop province.

Keywords: Aguaculture, banking, environmental funds, Sinop, sustainable development.
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GIRiS

[cinde bulundugumuz yiizyilm 6nem verdigi
baslica kavramlardan biri olan siirdiiriilebilirlik,
sektorlerin ilgi ve faaliyet alanlarma girmistir. Gliniimiiz
kaynaklarinin miimkiin oldugu kadar en az hasarla, kayipsiz
bir sekilde gelecek nesillere aktarimin saglanmas: olarak
tanimlanabilecek olan siirdiiriilebilirlik kavrami kiiltiirel,
cevresel, gida kaynaklarmin etkin kullanimi gibi pek ¢ok
alanla birlikte ticaret, ekonomi, kalkinma gibi alanlarda da
onem kazanmaktadir.

Insanlik  doganin kaynaklara sahip
oldugunu diislinerek {iiretime gecmis ve farkli teknikler
gelistirmistir. Refah ve kalkinma gdstergesi olarak mal ve
hizmetlerin niceliksel artisin1 dikkate almis, daha fazla
iretimin refah artis1 icin yeterli olacagina inanilmustir.
Diinya niifusunun artis1 ve teknolojik gelismeler, iiretimin
hizlanmasim1 ve kaynaklarin daha ¢ok kullanilmasim
beraberinde getirmistir. Kaynaklarin daha ¢ok kullanilmasi
ise ¢evresel problemlerin gelismesine neden olmustur.

Sirdiiriilebilirlik ¢evreden turizme, ekonomiden
arkeolojiye kadar tiim bilim dallarinda anlam bulur ve tiim

tim

SINIrsiz

uluslar  tarafindan  6zenle takip edilir olmustur.
Stirdiiriilebilir kelimesi agirlikli olarak ekonomik bir terim
gibi goriinse de, sadece iiretim ve tilketimde, i¢ ve dis
ticarette, biiylime ve kalkinmada
Bunlarin yaninda kiiltiirel, siyasal, sosyal, ¢evresel pek ¢ok
alanda yogun bir sekilde kullanilmaktadir (Kusat, 2013).
Gilman (1992) siirdiiriilebilirlik  kavramini
“toplumun, ekosistemin ya da devam eden herhangi bir
sistemin ana kaynaklar tiiketmeden belirsiz bir gelecege dek
Ruckelshaus
(1989) ise “ekolojinin en genis smirlar iginde ekonomik
biiyiimenin karsihikli  etkilesim
saglanacagr ve zaman iginde korunacagi doktrin” olarak
ifade edilmistir. yonelik
tanimlamalardan bir digeri ise “gelecek kusaklarin kendi

kullanilmamaktadir.

islevini siirdiirmesi olarak” tamimlamigtir.

ve kalkinmanin ile

Siirdurilebilirlik  kavramina

ihtiyaglarini karsilayabilme olanagindan odiin vermeksizin
bugiiniin ihtiyaglarim karsilayabilecek kalkinma”™ seklinde
yapilmistir (Brundtland Raporu, 1987). Bu tanimlama
stirdiiriilebilir kalkinmanin gliniimiizde de en kabul géren en
etkili tansimlamalarindan biri olarak kayitlara gegmistir.
Siirdiiriilebilir ~ kalkinma, gelecek  nesillerin
ihtiyaglarini  karsilama olanaklarini ellerinden almadan,
simdiki neslin ihtiyaglarinin karsilanabildigi gelisme siireci
olarak  tamimlanmaktadir (World Commission on
Environment and Development, 1987). Bojo ve vd. (1992),
stirdiiriilebilir kalkinma hususunda su sorulara yanit
aramuglardir: “1. Siirdiiriilebilir kalkinma gergekten miimkiin
miidiir?, 2. Dogal kaynaklarin telafisi i¢in nasil yatirim
yapilmaldir?, 3.Stirdiiriilebilir
gergeklesebilmesi icin nasil tesvikler tasarlanmalidir?, 4.

kalkinmanin

Stirdiiriilebilir kalkinmanin finansman maliyetlerine etkileri
nelerdir?”.

139

Anadolu Cev. ve Hay. Dergisi, Yil:5, No:2, (138-145), 2020

Strdiiriilebilir kalkinma kavrami yukarida da
belirtildigi gibi pek ¢ok disiplini kapsayan cevresel, sosyal,
ekonomik boyutlara sahip bir olgudur, bu alanda olusan
degisimlerin sonucunun etkilerinin ¢ok yonli olmasi da
kaginilmazdir. Bu sonug siirdiiriilebilir kalkina kavraminin
tanimlanmasini ve algilanmasimi zorlagtirmaktadir. Bu
sorunu agmanin temel yolu siirdiiriilebilir kalkinmanin
yeterli sayida ekonomik, toplumsal, ¢evresel degisken ile
uygun yontemler kullanilarak 6l¢iilmesini saglamaktir. Bu
amacla hazirlanan siirdiiriilebilir kalkinma gostergelerinin
belirlenmesinde genellikle BM (Birlesmig Milletler),
OECD, Diinya Bankasi ve AB (Avrupa Birligi) gibi cesitli
uluslararast  kuruluslarin = gelistirdikleri  ¢ok  ¢esitli
gostergeler kullanilmaktadir (Cemrek ve Bayrag, 2013).

Sinop 11i 2016 y1li niifusu 205.478 dir. ilde Merkez
ve Boyabat Ilgesinde olmak iizere iki adet Organize Sanayi
Bolgesi bulunmaktadir. Il bazinda Sanayi sicil belgesine
sahip 441 firma vardir. Bu firmalarin 110’u gida sektoriinde
faaliyet gostermekte olup sektérde 814 kisiye istihdam
saglanmaktadir. 2016 yilinda Sinop ili ihracat oranlar1 2013
yilina kiyasla geride kalmis ancak dis ticaretteki partner iilke
sayisi artarak 59 farkli iilkeye ihracat, 22 iilkeden ise ithalat
gerceklesmistir. Sektorel dis ticaret verilerinde ise Sinop
Ilinin su iiriinleri sektdriinde diizenli olarak yogun ihracat
gerceklestirdigi goriilmektedir. 2016 yilinda 7.314,679 dolar
“balik, kabuklu hayvan, yumusak¢a ve suda yasayan diger
omurgasiz hayvan” ihracati gergeklesmistir (KUZKA
2016a). Calisma grubunun belirlenmesi i¢in; Sinop Ili
Tarimsal Yatirim Rehberi (Tarim, 2016) incelenmis il
bazinda biiyiik 6l¢ekli yatirimlarin yapilmadigi goriillmiistiir.
il bazinda hububat ve bakliyat iiretimi yapan tesis sayis1 10,
siit ve siit Urlinleri iiretimi yapan tesis sayisi {i¢, yem
fabrikast iki, su {irlinleri igleme tesis sayisi ise bestir.
Bunlarin diginda kalan tesisler ise daha kii¢iik olgekli
isletmelerdir. Tiirkiye Thracatcilar Meclisi tarafindan verilen
2012 yilina ait Sinop ili Uriin Gruplarina Gore ihracat
Dagilimi incelendiginde il bazinda en ¢ok ihracati yapilan
iiriinlerin Su Uriinleri ve Hayvancilik mamulleri oldugu
gorlilmiistiir (KUZKA, 2016b).

Bu ¢alisma; oncelikli olarak ge¢imini biiylik oranda
balik¢ilikla saglayan, ihracatinin ise %28,7’sini su iriinleri
sektoriinden gergeklestiren Sinop Il Ticaret ve Sanayi
Odasmma kayitli su diriinleri firmalarinin siirdiiriilebilirlik

kavramina  iliskin  farkindaliklarinin  belirlenmesini
amaglamaktadir. Bununla birlikte; bu harcamalarda
finansman olarak hangi kaynaklar1  kullandiklan?,
sirdiiriilebilir  kalkinma kavramindan haberdar olup

olmadiklar1?, bu kavrama yonelik yatirimlari finanse eden
finans kaynaklarindan haberdar olup olmadiklar1?, haberdar
iseler bu finans kaynaklarini ne 6l¢iide kullandiklar1?” nm
belirlemeyi amaglamaktadir. Bunun yani sira, siirdiiriilebilir
kalkinma kavramini destekleyen ulusal ya da uluslararasi



Karsli & Kocatepe, 5(2), 138-145, (2020)

kuruluslarin (Birlesmis Milletler, Avrupa Yatirim Bankasi,
Avrupa Kalkinma Bankasi, Diinya Bankasi, Avrupa Birligi,
Yerel Yonetimler, Kalkinma Bakanlig1 vb. ) ¢evre egitimi,
biyolojik ¢esitlilik ve dogal hayat1 koruma, siirdiiriilebilirlik,
stirdiiriilebilir kalkinma, ekosistem ve g¢evre koruma vb.
konularda verdikleri ya da verme isteginde olduklar1 fonlara
olan farkindaliklarin belirlenmesi, fonlara ulasmada
yasadiklar1 varsa zorluklarin belirlenmesi, s6z konusu
fonlardan yararlanmig iseler bu fonlar1 hangi alanlarda
kullandiklar1  (bilinglendirme kampanyalar1, tesisleri
mevzuata uygun hale getirme, eksiklikleri tamamlama,
egitim calismalari, yayinlar, toplanti ve konferanslar vb.);
ayrica ¢evre fonlar1 ve ¢evre mevzuati konusunda firma
yoneticilerinin bilgi diizeylerinin dlgiilmesi amaglanmistir.

MATERYAL VE METOT

Calisma grubu: Arastirmada Sinop ilinde Ticaret
ve Sanayi Odasma kayitli su iiriinleri sektoriinde faaliyet
gosteren ve ihracat yapan isletmeler tercih edilmistir. Sinop
Ticaret ve Sanayi Odas1 kayitlari incelenmis ve konu ile ilgili
ihracat yaptig1 belirlenen 5 firma; A, B, C, D ve E gruplart
seklinde adlandirilmistir.

Tablo 1. Calisma grubunun 6zellikleri.
Table 1. Characteristics of the working group.
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Caligma grubu icerisinde yer alan firmalarin ticari
yapisi, ¢alisan sayis1 ve kapasite vb. bilgileri Tablo 1.’de
verilmistir.

Veri toplama araci: Arastirmada veri toplama
amaciyla oncelikli olarak kaynak taramas1 yapilmis, bununla
birlikte arastirma sorularindan (Tablo 2) yola ¢ikarak
derinlemesine miilakat sorulart hazirlanarak yiiz yiize
goriisme teknigi uygulanmistir. Miilakat sorular1 Sinop ili
Ticaret ve Sanayi Odasina kayitli ve ihracat yapan su
fabrikalarina uygun olarak gelistirilmistir.
Gelistirilen goriisme sorularinin hazirlanmasinda, sorularin
kolayca anlasilabilir olmasi, ¢ok boyutlu ve kafa karistirict
olmamasi, miilakat yapilan kisiyi yonlendirici olmamasi gibi
hususlara dikkat edilmistir (Yilmaz ve Altinkurt, 2011).
Hazirlanan goriisme formunun uygunlugu hususunda
alaninda uzman akademisyenlerden goriis alinmigtir. Uzman
Onerileri  dikkate alinarak form edilmistir.
Arastirmada yliiz ylize gériisme amaciyla firma yetkilileri ile

uriinleri

revize

goriisiilmiis ve ayrintili bilgiler alinmaya calistimustir.
Miilakat Oncesi, c¢alismanin amaci
yetkililerini anlatilmis gergekei cevaplar verilmesi talep
edilmistir.

ve Onemi firma

A B C D E
Isletmenin faaliyet siiresi 11-20 y1l 11-20 y1l 11-20 y1l >20 >20
Isletmenin hukuki yapist Limited Sirket Limited Sirket Limited Sirket Anonim Sirket Anonim Sirket
Faaliyet alan Su Uriinleri Su Uriinleri Su Uriinleri Balik Unu ve Yagi  Balik Unu ve Yag!
Inracat Tecriibesi Var Var Var Var Var

Japonya
Ihracat yapilan iilkeler Uzak gg’gi’]f %ﬁi’ejlzzonya’ KC(:LE P:illl’(ﬁgg: E:;:Z:: E:Z:;l:rﬁ;’ S Avrupa Ulkeleri Giircistan
Uzakdogu Ulkeleri

Kadin ¢aligan sayis 30 40 2 1 5
Erkek ¢alisan sayisi 10 10 59 27 45

Tablo 2. Arastirma sorulari.
Table 2. Research questions.

1.  Firmalar finansman ihtiyaglarini nasil saglar?

b.  Cevre mevzuati hakkindaki gorisleri nelerdir?
4,

2. Firmalarin ihracat tesvikinden yararlanma oranlar1 ve ihracat mevzuati hakkindaki gorisleri nelerdir?
a.  Firmalar ihracat tesvikinden yeterli diizeyde yararlanmakta midir?
b.  Firmalarmn ihracat mevzuati hakkindaki goriisleri ve yasanilan sikintilar nelerdir?

3. Firmalar gevre kredisi, ¢cevre fonlar1 hakkinda bilgi sahibi mi? ve bu fonlar1 kullaniyorlar mi1? Cevre mevzuati hakkinda gortsleri nelerdir?
a.  Firmalann ¢evre fonlari hakkindaki diisiinceleri ve faydalanma oranlari nedir?

Firmanin siirdiiriilebilirlik ve stirdiiriilebilir kalkinma konusundaki bilgi diizeyi nasildir? Suirdiriilebilirlige firmanin verdigi destekler nelerdir?
5.  Firma dogal hayati koruma, ¢evre ve halk sagligi, ¢evre egitimlerine yeterli destegi veriyor mu?

Verilerin toplanmasi: Verileri, miilakat yapilan
firma yetkililerinin kendilerini rahat ifade edebilecegi ve
yliz yiize goriigmenin etkin yapilabilecegi bir ortamda,
randevu verdikleri zaman diliminde yapilmistir. Goriisme
sorular1 her bir firma yetkilisine ayn1 tonlama ve diksiyon
ile sorulmustur.

Goriigmelerin ¢oziimlenmesi sonrasinda 14 sayfa
veri elde edilmistir. Oncelikli olarak yaziya dkiilen veriler

140

iki kez istiinden gegilerek diizenlenmis ve dogrulugu
kontrol edilmis, eksiklikler giderilmistir.
Verilerin  analizi:  Arastirma
¢Oziimlenmesinde betimsel icerik analizi
teknikleri kullanilmigtir. Elde edilen verilerin, 6nceden
tespit edilen temalara gore 6zetlenip yorumlanmasi, daha
etkili olmast amaciyla dogrudan alntilarin siklikla
kullanildig1 ve yorumlamanin neden-sonug iligkisine gore
yapildigr analizlere betimsel denilmektedir

verilerinin
analiz ve

analiz
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(Yildirrm ve Simgek, 2003). Bu analiz,
azaltilmast, verilerin sunumu, sonug ¢ikarma ve dogrulama
cergevesinde gerceklestirilmistir (Yidirim ve Simsek,
2003). Formlardan elde edilen veriler Windows Word 2010
Office programina aktarilmis, ¢ok kez okunmus ve
kodlamalar yapilmistir. Kodlar birlestirilerek kategorize
edilmis ve betimsel igerik analizi yapilmistir.

verilerin

BULGULAR

Arastirma sorularindan yola ¢ikilarak hazirlanan
miilakat sorular1 analiz edildikten sonra elde edilen
bulgular asagidaki bagliklar altinda gruplandirilmistir.

Firmalar  finansman  ihtiyaclarimi  nasil
sagladiklarinin incelenmesi: 11k arastirma sorusuna yanit
bulmak amaciyla firmalara “Genel olarak finansman
ihtiyacimi nasil saglarsimiz?”, tesvik-fonlar farkindalik
diizeyleri hakkindaki ve daha Once tesvik kullanip
kullanilmadig1 dair bilgilere erismek i¢in firmalara;
“Tegvik, fon programlarina iligkin bilgi saglamak
amaciyla hangi kurumlara basvuruyorsunuz? Eger daha
once basvuru yaptiysaniz bunlar nelerdir? Daha once
firmamiz kalkinma fonlarmmdan faydalandr mi?” gibi
sorular1 sorulmus ve cevaplart aranmustir. Firmalarin
finansman ihtiyaglarindan kullandiklar araglar, yiizdeleri
Sekil 1°de verilmistir.

Sekil 1. Firmalarin finansman araglar yiizde dagilimu.
Figure 1. Firm's financing instruments percentage distribution.

Firmalarin tesvik, fon gibi programlara iliskin
bilgi almak amaciyla bagvurduklari kurumlarin ve daha
once kullandiklar1 tegvik fon ve yatirnm desteklerinin
ylizde ve frekans tablolar1 sirasiyla Sekil 2 ve 3’°de
verilmistir.

Firma yetkililerinin hepsi finansman ihtiyacini
yogun olarak 6z kaynaklarindan ve banka kredilerinden
karsiladiklarini belirtmigslerdir. C firma yetkilisi “ézellikle
fabrikanin kredi
duyduklaring” belirtmistir. Yine ayni firma “makine destegi
icin Tarim Bakanhgi 'ndan 2015 yili igerisinde 250 bin TL
tesvik kullanildi.” seklinde beyan vermistir.

kurulus  asamasinda ihtiyaci
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Tarim ve Orman . .
Ticaret ve Sanayi

o // %/ /%
< /////

0%

Sekil 2. Firmalarin tesvik, fon vb. programlara iliskin bilgi
aldiklart kaynaklar.

Figure 2. Firms incentives, funds, etc. the sources from which
they receive information about the programs.

Ticaret ve
Sanayi Odas1
8%

KUZKA (Kuzey
Anadolu Kalkinma
Ajansi

8%

Diger
0%

Bankalar

Tarim ve Orman 38%

Bakanhgi (Tarim

ve Kirsal
Kalkimay1
Destekleme
Kurumu) : Dis Ticaret
38 / / Miistesarlig1
/ Ozet 0%
et Danigsmanlik
EXIMBANK anigmanli

Kuruluslari

0%
Sekil 3. Firmalarin kullandiklar1 fon-tegvik kaynaklar1 hakkinda
bilgiler.
Figure 3. Information about fund-incentive sources used by
firms.

8%

“Eximbank’tan kredi kullandik, Gida Tarim ve
Hayvancilik Bakanligi’ndan %50 makine hibe destegi ile
soguk hava deposu yapildi. Yine paketleme iizerinde
KUZKA dan bir proje sonuglandwrdik, iki projemizi de
KUZKA ya sunduk ve onay bekliyoruz.” seklinde ise B
firma yetkilisi agiklama yapmustir.

A firmasi ise “Cogunluklu olarak Gida Tarim ve
Hayvancilik  Bakanhgi ile Kirsal Kallinma Ajansi
tarafindan verilen proje desteklerini takip ediyoruz. 2011
yilindan Kirsal Kalkinma vasitastyla soklama kapasitesi
artirnmi yapildi. 500 bin TL destek saglandi.” seklinde
belirtmistir.

Firmalarin ihracat tegvikinden yararlanma
oranlart ve ihracat meviuati hakkindaki goriislerinin
incelenmesi: Bu arastirma sorusu kapsaminda firmalara
ihracat tesviklerinden yeterince
yararlanmadiklar1 konusunda ne distindiikleri, ihracat
tegviklerinden yeterince yararlanmadiklarini diisiiniiyorlar
ise yararlanmama sebeplerini siralamalari istendi ve
verilen cevaplar asagida Tablo 3 ve 4’de frekans ve ytlizde
tablosu olarak verilmistir.

yararlanip
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Tablo 3. Firmalarin ihracat tegviklerinden yeterince yararlanip
yararlanmadiklar1 hakkindaki bilgiler.

Table 3. Information on whether firms have sufficiently benefited
from export incentives.

f %
Yeterince yararlantyoruz 3 60
Yeterince yararlanmiyoruz 2 40

5 100

Tablo 4. Thracat tesviklerinden yararlanmama sebepleri.
Table 4. Reasons for not benefiting from export incentives.

f %
Bilgi eksikligi 5 455
I¢ problemler 2 18.9
Tesvik prosediirlerinin agir olmasi 2 18.9
Evrak, dosya, hazwrlik vb. islemlerin uzun siirmesi 2 18.9

11 100

Calisma kapsaminda goriisme yapilan firmalarin
timii ihracat yaparken mevzuat sikintisi yagamadiklarini
mevzuata uygun davrandiklarini ve kendi otokontrolleri
icin mevzuatin yol gosterici oldugunu belirtmislerdir.

Firmalarin c¢evre kredisi, cevre fonlari, cevre
mevzuat hakkinda bilgi diizeyleri ve gériislerinin
incelenmesi:  Firmalarin ¢evre fonlar1  hakkindaki
goriisleri, kullanip kullanmadiklari, kulland1
hangilerinin tercih edildigi ve fayda goriip gérmedikleri ve
kullanmadilar kullanmay1r  disiiniip
diisiinmedikleri miilakat esnasinda soruldu. Thracat yapan
bes firmanin da daha once g¢evre fonu kullanmadiklari
ancak ¢evre dostu yatirimlar yaptiklari tespit edildi.

Firmalarin ¢evre fonlari saglayan kuruluslar
hakkinda bilgi diizeylerini yansitan frekans ve yiizde
tablosu Sekil 4’de verilmistir.

iseler

ise ilerde

Elgilikler Higbir bilgi R
0% sahibi degil Tulgk Vallzllf ve
= 14% ernekler
Tiirk ve ) ,-’4/!/ 0%
Yabanci / 5 KOSGEB
Bankalar ) / 14%
29% -
Yerel
% : Y o6netimler
0%
f{""// Avrupa Birligi
Destek Fonlari
KUZKA 14%
29% //f, ingiliz Biiyiikelgiligi

DEFRA
0%

Sekil 4.
diizeyi.
Figure 4. Level of knowledge about institutions providing
environmental funds.

Cevre fonlar1 saglayan kuruluslara hakkinda bilgi

A ve D firmasi yukarida belirtilen gevre
fonlarina ilerleyen tarihlerde bagvurabilecegini belirtirken
E firmasi ve B firmasi ¢evre fonlar1 hakkinda bilgi sahibi
oldugunu buna karsin “firma olarak bu fonlara ihtiyaci
olmadigint” belirtmistir.
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Caligma kapsaminda tiim firmalar hali hazirda
yiirlirliikte olan ¢evre mevzuat1 kapsaminda higbir sorun
yasamadiklarini belirtmislerdir.

Firmalarin siirdiiriilebilirlik ve siirdiiriilebilir
kalkinma konusundaki bilgi diizeyleri ve
siirdiiriilebilirlige verdikleri desteklerin incelenmesi:
Firmalara siirdiiriilebilirlik kavramini duyup duymadiklari
miilakatta  soruldu, firmalar bu  soruya
“surdiiriilebilirlik duyduk” cevabini
vermislerdir. Ayrica siirdiiriilebilirlik kavramini farkli
sekillerde tanimlamiglardir.

tim
kavramini

A firmas1 “Ihracat yaptuigimiz icin ¢ok siki

denetimlerden  gegiyoruz.  Dolayisiyla ~ hammadde
alimlarinda ozellikle balik boy uzunluklarinda ¢ok hassas
davraniyoruz.  Yonetmelik  disi  balik  boylarim

kullanmiyoruz”, B firmas1 “Hammadde siirdiiriilebilirligi
olduk¢a onemli bir konu, 3-4 cm altindaki ag acikligi bizim
icin olgiitiidiir”  seklinde  cevap
vermiglerdir.

C firmast “9 cm’den kiigiik baliklar almamaya
dikkat ettiklerini, %15 hata pay: ile c¢alistiklarint”
vurgulamistir. D firma yetkilisi siirdiiriilebilirlik kavramini
diliminde  belirli  ihtiyaglar
duymaktayiz. Bu ihtiyaglarimiz  bugiin  oldugu kadar
gelecekte de devam edecektir. Siirdiiriilebilir kalkinma

stirdiiriilebilirlik

“Yasadigimiz ~ zaman

olabilmesi icin uluslararast kararlar alinmalidir. Bunun
nedeni giintimiizde ¢evresel zararlarin giin gectikge
artmasidwr. Bu zararlarin yok edilmesi gerekir ve cevresel
ivilestirilmeler yapilmaldir. Ulkelerin uyumu bence bu
noktada onem tasimaktadir. Giiniimiizde, sularimizdaki
biyolojik ¢esitlilik azalmakta hatta yok olmaktadir. Cevreyi
icin  tilkeler hareket  etmeli,
kararlarindan  siireklilik  saglamalidy”  seklinde
belirtmistir. E firmasi da D firmasi ile benzer sekilde
“Diinyadaki kaynaklarin  gelecek
aktarimint  saglayacak onlemleri gozeterek kalkinma
planlarimiz yapmamiz gerekliligi’nden bahsetmistir.

korumak beraber

tiikenir nesillere

Firmalarin dogal hayati koruma, cevre ve halk
saghg, cevre egitimlerine verdigi desteklerin tespiti:
Calisma kapsaminda firmalardan biinyelerinde caligan
personellerine ¢evre egitimi verip vermedigi, bu egitimleri
nasil verdikleri, dogal hayati koruma, siirdiiriilebilir tarim,
cevre konularinda yaptiklar1 harcamalar konusunda bilgi
vermeleri talep edildi. Verilen cevaplara iliskin frekans
tablolar1 ile yilizde degerleri Tablo 5, Sekil 5 ve 6°da
verilmistir.

Firmalara “Daha énce kurulusunuzda personele
gevre egitimi verildi mi?” seklinde soruldu ve bu soruya B
firmasinda ¢alisan  yetkili;  “Cevre  miihendisligi
konusundan alaminda uzman bir danismanlik firmasindan
destek almaktayiz. Atk yonetimi, ambalajlarin ¢evresel
etkileri  vb. aldik.”  seklinde

cevaplamistir. ise danmismanlik

konularda
D firmasi

egitimler
yetkilisi
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firmasindan aldiklar1 egitimler sonucunda “Is yerinde
calisan personelin bilinglenmesi saglandi. Cevre ile ilgili
konularda daha detayli ve diisiinerek hareket etmeleri
saglandi” demistir.

Tablo 5. Cevre egitimi frekans ve yiizde tablosu.
Table 5. Environmental education frequency and percentage
table.

f %
Cevre egitimi firma yetkilileri tarafindan verilmektedir. 4 80
Cevre egitimi anlasmali danigmanlik firmalari tarafindan her | 1 20
yil diizenli olarak verilmektedir.
Cevre egitimi verilmemektedir. =
5 100
Firmalardan ¢evre ve halk sagligi agisindan

yaptiklar1 yatirnmlar hakkinda bilgi vermeleri istendi. Bu
kapsamda alinan cevaplara iligkin frekans ve yiizde
dagilim tablosu Tablo 5’de verilmistir. C firmasi “Cevresel
aritma sistemini, evaporasyon sistemini 1,5 milyon TL
bedelle kurduk. Yedek bir tane daha alndi Atiklarin
icerigindeki oksijen atilim degeri az oldugu icin 300 bin TL
bedel ile biyolojik aritma tesisi kurduk.” seklinde cevap
vermigtir.

Yakin zamanda bu

konuda bir .
yatirmmimiz p E
olmamustir. f//
13% /
Yedek % Biyolojik
"ev'apqrasyon aritma tesisi
tnitesi vardir. vardir.

12% 50%

Son teknoloji
evaporasyon
tinitesi. ..

Sekil 5. Cevresel kirleticileri minimize etmek amaciyla yapilan
yatirimlar.
Figure 5. Investments to minimize environmental pollutants.

Isyeri hekimi
bulunmakta ve
diizenli olarak
saglik kontrolii

Is ve isci ) Ailk ise
sagligt giriglerde ve
i igi her yil diizenli
guivenligi i y
konusunda 7 7 olarak
danigmanlik / callsan"lara
firmalarindan ) portdr
profesyonel muayenesi
destek % yapilmaktadir,
almmaktadir, / 41%
17% /5? /

yapmaktadir,
17%

Tiim personel isletme i¢i hijyen ve sanitasyon egitimlerinden ge¢gmektedir, 25%

Sekil 6. Halk saglig1 ve calisan personel sagligi ve giivenligi
acisindan yaptirimlar ve olanaklar.

Figure 6. Sanctions and opportunities in terms of public health
and employee health and safety.
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Hem halk hem de calisan saglig1 agisindan Sekil
6’da goriildiigii gibi tiim firmalar portér muayenesi takibini
yapmaktadir. C firmas1 yetkilisi “Sirket doktorumuz
haftada 2 giin gelerek ¢calisanlarin sikdyetlerini dinlemekte
ve muayene etmektedir.” demistir. D firmas1 ise “Is¢i
saghgi acgisindan, is saghgi ve giivenligi uzmanlarimiz
periyodik ve planli kontrollerini yapip, gerekli, yapiimasini
diigtindiikleri seyleri bizimle paylasiyorlar. Bizde onlarla
birlikte uygulamasini gergeklestiriyoruz.” seklinde beyan
vermistir.

TARTISMA VE SONUC

Calismamiza konu olan su firiinleri sektoriiniin
stirdiiriilebilirlikle ilgili farkindalik oranlarinin arastirildig
calismalara literatiirde rastlanilmamis olup arastirma
Ozgilinligiinii buradan kazanmaktadir. Bu nedenle veriler
kendi i¢inde ve bazi ekonomik veriler géz oniinde tutularak
tartigilmugtir.

Aragtirma elde
incelendiginde Sinop ili Ticaret ve Sanayi Odasina kayitl
su iiriinleri alaninda ihracat yapan firmalarin Sinop Ili
Dikmen Ilgesi mevkiinde bulundugu, %60’ 1inin faaliyet
stiresinin 11-20 yil arasinda ve Limited sirket yapisinda
oldugu tespit edilmistir. Firmalarda c¢alisan 229 personelin
78’1 kadin 151’1 erkektir. Kadin ¢alisanin en fazla oldugu
firma A firmasidir. Fabrikalarda calisan erkek personel
sayisimin fazla olmasinin nedeni fabrikalarin Dikmen Ilgesi

sonucunda edilen bulgular

merkezine uzak olmasi olabilir.

Firmalarda idareci, liretim sorumlusu olarak ¢alisan
ve miilakat yapilan personellerin lisans/yliksek lisans
diizeyinde egitime sahip olmasi sektor agisindan oldukga
onemlidir.

Firmalarin finansman araci olarak %55,55 oraninda
banka kredilerine, %44,44 oraninda 6z kaynaklarina
yoneldikleri  tespit edilmistir.  Firmalarm faaliyet
stirelerinin 20 yila yakin olmasi, pek ¢ok iilkeye ihracat
yapiyor olmalari; su {iriinleri sektoriinde dnemli ve biiylik
bir yere sahip olduklarinin bir gostergesidir.

Sinop 1li merkez ve diger ilgelerde bulunan banka
sube verileri Tablo 6’da verilmigtir. Tablo 6’de goriildiigi
gibi arastirmada incelenen firmalarin konuslandigi Dikmen
Ilgesinde higbir bankaya ait sube bulunmamaktadir.
Dikmen Kaymakamligi (2018) resmi sitesinde “Sadece
cuma giinleri ilgemizde banka subesi agilmaktadir” bilgisi
yer almaktadir. KUZKA (2016a) tarafindan hazirlanan
Sinop ili Sanayi ve Ekonomi Analizi kitapgiginda da yer
aldig1 gibi “Firmalarin sermayeleri agisindan Sinop 1li
genelinin %7,5’ini olusturan Dikmen Ilgesinde herhangi
bir bankanin faaliyette olmamas1” oldukca dikkat ¢ekicidir.
Bu konu hassasiyetle incelenmeli ve ¢dziime
kavusturulmalidir.
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Firmalar Oncelikli olarak Ticaret ve Sanayi
Odasindan ve Tarmn ve Orman Bakanlig1 Tarim ve Kirsal
Kalkinmay1 Destekleme Kurumu’ndan ¢esitli tesvik ve fon
gibi programlar konusundan bilgi almaktadir. Bunlari,
%14,3 ile calistiklar1 bankalar ve %7,1 ile KOSGEB ve
0zel danigmanlik firmalar1 takip etmektedir. Firmalarin
hicbiri Digs Ticaret Miistesarligi’'ndan bahsi gegen
programlara iliskin bilgi edindiklerini beyan etmemistir.
Dikmen Tlgesi il merkezine 75 km, Samsun-Sinop
karayoluna 9 km uzakliktadir (Dikmen Kaymakamlig,
2018). Bu verilerden yola ¢ikarak il merkezine 75 km
uzaklikta bulunan ilgede, ihracat yapan firmalarin Sinop ili
TSO ve Tarim ve Orman Il Miidiirliigii ile baglantilarinin
olduk¢a kuvvetli oldugu, Ozellikle proje/ tesvik
danigsmanligr yapan firmalarin sektdrden oldukca uzak
kaldig1 ve mutlak suretle yonlendirilmesi gerekliligi acik
ve nettir.

Tablo 6. Banka sube sayilart (Sinop, 2012-2016)(KUZKA,
2016a).
Table 6. Number of bank branches (Sinop, 2012-2016) (KUZKA,
2016a).

f=]

R s - .

2 % é '§> ks ] 5 =S T 2

S 2 x 5 €& § &3 § 5 2

£ o 8 A o o = & £ &
2012 4 4 0 1 1 3 9 0 3 25
2013 4 4 0 1 1 3 9 0 3 25
2014 4 4 0 1 1 3 9 1 3 26
2015 4 5 0 1 1 3 10 1 3 28
2016 4 5 0 1 1 3 10 1 3 28

Arastirmada  incelenen  firmalarin  %38,5’1

Bankalar, %38,5’i Tarim ve Orman Bakanligi Tarim ve
Kirsal Kalkinmayr Destekleme Kurumu’ndan, %7,7’si ise
TSO, Eximbank ve KUZKA’dan daha oOnce tesvik-fon
kullandiklarini belirlenmistir. Ozellikle fabrikanin kurulus
asamasinda kredi ihtiyaci duyduklarini belirten C firmast
yetkilisi, Tarim ve Orman Bakanligi’ndan 2015 yilinda
250 bin TL’lik makine destek kredisi kullandigini da
bildirmigtir. Benzer sekilde A firmasi da 2011 yilinda
Tarim ve Orman Bakanligi’ndan 500 bin TL‘lik kirsal
kalkinma destegi, B firmas1 ise Bakanliktan %50 makine
hibe destegi aldiklarini bildirmislerdir. Firmalarin Tarim
ve Orman Bakanligi kaynakli hibe desteklerinden
faydalaniyor ve takip ediyor olusu, ihracat yapan firmalarin
Bakanlik baglantilarinin olduk¢a iyi diizeyde oldugu
seklinde yorumlanabilir.

Farkli kuruluslar tarafindan saglanan tesvik, fon,
kredi vb. desteklerin kullanici firmalarca goriiniir alanlarda
sergileniyor olmast hem firma agisindan hem de
destekleyici kurulusun goriiniirliigiiniin artmasi agisindan
olduk¢a onemli bir faktordiir. Firmalarin desteklenmesi
tiiketici/alic1 agisindan prestij unsuru olarak gosterilebilir.

Calisma kapsaminda Sinop Ilinde faaliyet gosteren
sektoriinde ihracat

ve su driinleri yapan firmalar
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incelenmistir. Firmalar Uzak Dogu iilkeleri, AB iilkeleri,
Israil, Norveg, KKTC, Kanada, Fas, Giircistan gibi farkli
iilkelere ihracat yapmaktadir. Firma yetkililerin %60’1
ihracat tesviklerinden yeterince yararlanabildiklerini
belirtirken, %40°1 yeterince yararlanamadiklarini belirtmis
ve bunun nedeni olarak; %45,5’1 tesvik prosediirlerinin
yogun olmasini ve evrak, dosya, hazirlik vb. islemlerin
uzun siirmesini gostermislerdir.

Degerlendirme verilerinden de goriildigi gibi,
firmalar Sinop ilinin Saraydiizii’nden sonraki ikinci en
diisiik niifusa sahip olan Dikmen ilgesinde yer
almaktadirlar (KUZKA, 2016a). Bu durum Dikmen’in
ekonomik yatirimlar acisindan
desteklendiginin de bir gostergesidir. ilimizde yiiksek
ihracat rakamlarna sahip olan su iriinleri sektdriiniin
ekonomik anlamda 6nemli bir yer teskil ettigi Dikmen

daha az oranda

ilgesinde ihracat tesvik duyurumlarinin yetersizligi net bir
bulgudur. Bu bulgudan yola ¢ikarak 6zellikle Sinop Ticaret
ve Sanayi Odasi’nin burada bulunan ihracatci firmalara
tegvikler konusunda daha yogun birliktelik saglamasi
gerekliligi gbze carpmaktadir.

Caligma kapsaminda goriisme yapilan tiim firmalar
mevzuat acisindan ihracatta sorun yasamadiklarini ve
ihracat kurallarina harfiyen uyduklarmi, bu konuda
oldukga hassas olduklarini vurgulanuglardir. Sinop ili
kapsaminda ihracat yapilan pek ¢ok iilke bulunmakta olup,
firmalar bu tilkelerin ihracat sartlarim takip etmekte ve
uluslararasi kurallara gore islem yapmaktadir. Bu hem
Sinop Ili hem iilkemiz hem de su iiriinleri sektérii agisindan
oldukg¢a olumludur.

fhracat tesviklerinden %60 oraninda yeterince
yararlandigini diigiinen firmalarin tiimii ¢evre fonlarini
daha 6nce kullanmadiklarint ancak gevre dostu yatirimlar
yaptiklarini belirtmistir. Bu durum c¢evre fonu saglayan
kuruluslarin ~ bolgemize  ve  sektore
ulagamadiginin bir gostergesidir. Firmalarin hepsi gevresel
ve sirdiiriilebilir proje ya da yatirimlari destekleyen
Avrupa Yatinm Bankasi, Avrupa Kalkinma Bankasi,

yeterince

Diinya Bankas1 vb. uluslararasi finans kuruluslar hakkinda
yeterli bilgiye sahip olmadiklarini ifade etmislerdir. Buna
karsin KUZKA ya da KOSGEB gibi daha yerel diizeydeki
kuruluslarinin destekleri konusunda daha yiiksek oranda
bilgiye sahiptirler.

Isletmelerini siirdiiriilebilir kalkinma kavranmni
gbzeterek doniisiim saglayan ve bu amagla ¢evre fonlarmi
kullanan firmalarin bu aksiyonlarinin firmalara hem maddi
hem de sayginlik agisindan 6nemli etkileri olacagi agikken
B ve E firmalarinin “Bu fonlara ihtiya¢ duymuyoruz.”
seklinde vurgulama yapmalar1 dikkate deger bulunmustur.
Miilakat esnasinda firmalarin biiyiik oranda evrak, yazisma
vb. prosediirlerden sikayet¢i oldugu, fonlara bagvurduktan
sonra bekleme siiresinin uzun olmasi gibi durumlar
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vurgulamislardir. Bu da firmalarin fonlardan uzak
durmalarina neden olmaktadir.

Siirdiiriilebilirlik kavrami konusunda tiim firma
yetkilileri bir¢ok fikir ifade etmis ve 6zellikle hammadde
strdiirtilebilirligine 6nem verdiklerini, boy yasagina
uyduklarimi belirtmiglerdir.

Ihracat mevzuatinda oldugu gibi gevre mevzuati
konusunda da firmalar hi¢bir sorun yasamadiklarini
vurgulamislardir. Miilakat yapilan firmalarin %80°i kendi
biinyelerinde ¢evre egitimlerini diizenli olarak verdiklerini
%20’1 ise g¢evre egitimlerini danigmanlik firmalarindan
aldiklarini belirtmistir. Diizenli olarak c¢evre egitimi alan
firmalarin mevzuat konusunda da sikinti yasamamasi
egitimin Onemi ve yeterliliginin de bir gostergesidir.
Firmalar 6zellikle evoporasyon ve ¢evre aritma sistemleri
lizerine yatirimlar yapmakta oldugu tespit edilmis olup,
hem c¢evreyi hem de dogal hayati koruma konusunda
sektoriin  hassas davrandigi tespit edilmistir. Ancak
firmalarin sadece birinde yedek evoporasyon tesisi vardir.
Balik unu-yagi iireten diger firmalarinda farkli cevre
fonlari ile bu alanda yatirim yapmalar1 gerekliligi agiktir.

Firmalarin tiimii ilk ise girislerde ve her yil diizenli
olarak calisanlarina saglik kontrolii, portér muayenesi
yaptirmaktadir. Yine firmalarin %25’inde personele
isletme i¢i hijyen ve sanitasyon egitimleri verilmektedir.
%17’sinde is yerine diizenli olarak gelen hekim vardir.
%]17’sinde ise is ve is¢i sagligi, giivenligi konusunda
danigmanlik firmalarindan profesyonel destek
almmaktadir. Firmalarin isletme i¢i hijyen ve sanitasyon
egitimleri, is ve is¢i sagligl, giivenligi konusunda daha
duyarli davranmalar1 gerekmektedir.

Sonug olarak, firmalarin timinin
stirdiiriilebilirlik kavramina vakif olmalar1 ve bu kavrami
onemli  bulmalari  olumlu  bir sonug¢  olarak
degerlendirilmektedir.  Bununla  birlikte  firmalarin
tamaminin siirdiiriilebilirlik ve siirdiiriilebilir kalkinma
kavramlarini sadece hammaddenin bilingli tiikketimi olarak
sinirlandirmalar1 firmalarin kavrami dar bir gergevede
degerlendirdikleri ~ sonucunu  ortaya  koymaktadir.
Hammaddenin iiretim siireglerindeki 6nemi tabi olmakla
birlikte siirdiiriilebilirlik kavrami, iiretim siireglerinin
tamaminda hatta T{retim sonrasinda dahi gozetilmesi
gereken bir politika oldugu konusunda daha fazla
bilinglendirilmeleri gerekliligi tarafimizca
degerlendirilmektedir.
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Abstract: Turkey, a country affected by natural disasters is natural disasters such as flooding and
landslides are seen frequently. Floods and landslides are one of the common natural disasters in
Turkey. The use of GIS-based spatial statistical analysis in disaster studies has increased in recent
years. From this point, it is essential to examine the spatial distribution of disasters to prevent and
mitigate disasters. In this study, flood and landslides disasters that occurred between 1960 and
2018 in Turkey is aimed to determine the spatial analysis using spatial autocorrelation methods.
The problem of how these two disaster types distribute is the most pressing thing in disaster risk
assessment. Data set was taken from the Disaster Knowledge Base system (TABB) of the
Republic Of Turkey Ministry Of Interior Disaster And Emergency Management Presidency.
Various indices related to spatial autocorrelation were classified and also they were explained
mathematically. Spatial autocorrelation indices such as Moran's I, Getis Ord G, and Geary C were
used to determine whether there were clustering in the data set. The rates of flood and landslide
in the provinces showing clustering and their distribution are examined and also Flood and
landslide distributions in clustered provinces were examined, tested with indices and compared
and the results are presented in detail.

Keywords: GIS, natural disasters, spatial analysis, spatial autocorrelation, temporal analysis.

Tiirkiye'deki Sel ve Heyelan Afetlerinin 1960-2018 Yillar1 Arasindaki
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Zamansal ve Mekansal Analizi

Oz: Tiirkiye, dogal afetlerden etkilenen bir iilke olup, sel ve heyelan gibi dogal afetler sik
goriilmektedir. Sel ve heyelanlar Tiirkiye'deki yaygin goriilen dogal afetlerdendir. Afet
calismalarinda, Cografi Bilgi Sistemi(CBS) temelli mekansal istatistik analizinin kullanimi son
yillarda artmistir. Bu nedenle, afetlerin 6nlenmesi ve hafifletilmesi i¢in afetlerin mekansal
dagiliminin incelenmesi dnemlidir. Bu ¢alismada, Tiirkiye'de 1960-2018 yillar1 arasinda meydana
gelen sel ve heyelan felaketlerinin mekansal otokorelasyon yontemleri ile mekansal analizi
belirlemesi amaglanmustir. Afet risk degerlendirmesinde en 6nemli noktalardan biri bu iki afet
tiiriiniin nasil dagilim gésterdigidir. Calismada kullanilan veriler T.C. Igisleri Bakanlig1 Afet ve
Acil Durum Yonetimi Bagkanligi'nin Tiirkiye Afet Bilgi Bankasi (TABB) sisteminden alinmustir.
Mekansal otokorelasyon ile ilgili gesitli indeksler simiflandirilmis olup matematiksel olarak
aciklanmustir. Veri kiimesinde kiimeleme olup olmadigini belirlemek i¢in Moran I, Getis Ord G
ve Geary C gibi mekansal otokorelasyon indisleri kullanilmistir. Kiimelenme gosteren illerde
tagkin ve heyelan dagilimlari incelenmis, indisler ile test edilmig ve karsilastirilmis olup sonuglar
ayritili bir sekilde sunulmustur.

Anahtar kelimeler: CBS, dogal afetler, mekansal analiz, mekansal otokorelasyon, zamansal
analiz.

1, This article was presented at ISAG 2019 symposium.

Bu makale ISAG 2019 sempozyumunda sunulmustur.
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INTRODUCTION

Disaster is defined as an event that “causing
unexpected loss of life and property, injuries and negative
environmental consequences, affecting the society
economically and socially, cannot be overcome with local
resources, need national or international help, often occur
due to natural causes, but can also occur due to human
causes.” According to the center for research on the
epidemiology of disasters (CRED) statistics; at least 17%
of all deaths caused by natural disasters in the world occur
as a result of landslides. Landslide events and their results
are often included in losses caused by the main triggering
factor such as earthquake and excessive rainfall. In this
respect, their direct effects could not be revealed
realistically and they were included in the reports very soon
because they were referred to as secondary events (CRED,
2019; Fidan & Gorum, 2019). Turkey, the majority of the
territory is located in Asia, is a country of 780 thousand
square kilometers in the bridge position between Europe
and Asia. Turkey, because of geological, meteorological
and topographical structure is located in a geographical
nature often exposed to disasters. Turkey struggles with a
variety of disasters such as landslides, floods, earthquakes,
rock falls, and avalanches. Disaster types that have the
most damaging effects occur in our country as earthquakes,
landslides, and floods. Landslides and flooding disasters
because of the negative impact it creates in both Turkey
and in the nature of the world holds an extremely important
place. Landslide incidents are frequently experienced due
to wrong land use and geological, climatic, geographic
features and are often repeated and turned into disasters
(AFAD, 2015; Gokce et al., 2008). It is important to
understand the geographical distribution and pattern of
natural disasters. Examining the spatial and temporal
distributions of landslides offers the opportunity to
recognize areas that may be sensitive to landslides in the
future. GIS is a very useful technology to show the
distribution and pattern of natural disasters. GIS is a
powerful tool for the management, analysis, visualization,
interpretation and presentation of spatial data (Qiu et al.,
2019; Wang et al., 2020). GIS in spatial data analysis
provides stronger results when integrated with statistical
methods, therefore this integration is demanded in many
studies. This study emphasizes the distribution of spatial
patterns of natural disasters such as flooding and landslides
in Turkey. In the study, for the 1960-2018 period of
flooding and landslides in Turkey geographical patterns are
analyzed by statistical regions at different levels.
According to the Nomenclature of Territorial Units for
Statistics (NUTS), Turkey is divided into 12 regions TSI,
(2006) (Figure 1).

The data used in the study were obtained from
TABB application of the Republic Of Turkey Ministry Of
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Interior Disaster And Emergency Management Presidency.
These data were used to determine the geographical and
temporal distribution of landslides and floods in the
country. Mapping and spatial autocorrelation tests were
performed using ArcGIS (ESRI) and GeoDa (Spatial
Analysis Laboratory, Urbana).
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ArcGIS using the source of TSI.

MATERIAL AND METHOD

In this study, data from 81 provincial-level data
belonging to landslides and floods that took place in
Turkey are used to indicate the spatial distribution.
ArcMap software is used to run the analyses and visualize
the result maps. The analyses that were run in this study are
also described in detail. Classical statistics assume that
observations are chosen independently and are spatially
independent. Spatial statistics were laid by Tobler. It can
be concluded that the correlation in one space is a natural
thing occurring between one location and another, and this
causing spatial autocorrelation (Hayati et al., 2019; Tobler,
1970). According to Tobler; although everything is related
to each other, those in close range tend to be more related
than those in long distances. This observation,
geographical data analysis, and emphasizes the concept of
autocorrelation  Salima et al., (2018). Spatial
autocorrelation can also be expressed as the process of
evaluating the properties of spatial objects as positive or
negative depending on the distance. Spatial autocorrelation
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is expressed in three different ways. Positive
Autocorrelation is called the clustering of objects close to
each other and showing similar properties. Negative
Autocorrelation is defined as the objects being close to
each other but not showing similar characteristics. And
finally, zero autocorrelation means that there is a random
pattern and attributes are independent of location
(Goodchild, 1986; Griffith, 1992). Spatial autocorrelation
indices such as Moran’s I, Geary C and Gets G are
frequently used in the literature. The first step in spatial
autocorrelation analysis is to create spatial weights. The
distance of objects is entered as a weight to define spatial
relationships; here autocorrelation of neighboring objects
is more important than autocorrelation of distant objects
(Anselin, 2003; Redecker et al., 2020).

Spatial Weight Matrix: An important aspect of
defining spatial autocorrelation is the determination of
"neighborhoods” of the data set in a particular area. The
neighborhood structure of a dataset is optimally formulated
in the form of a spatial weight matrix W. The spatial weight
matrix nxn is a positive matrix also it expresses the
existence of a neighboring relationship as a binary
relationship Fischer and Wang, (2011). Spatial Weight
Matrix (SWM), spatial between observations it is a clear
expression of addiction. In other words, spatial values exist
between values in a dataset. It provides a numerical
expression of relationships and can be determined in many
ways. The weight matrix can be calculated based on the
polygonal border (shape) contiguity or distance between
points. It takes 1 if the zone boundaries are shared and O if
not shared in the contiguity based weight matrix. It means
that symmetric matrix (Anselin, 2002; Seya, 2020; Zeng,
2019). The most used SWMs in the literature are known as
rook's case, queen's case, nearest neighbor, reverse
distance, fixed distance. In the rook based contiguity
relationship, only the edge neighborhoods are taken into
account in four directions adjacent to each cell while in the
queen-based relationship, neighbors in all directions are
taken into account. Moreover, in Bishops contiguity
relationship only is taken into account the diagonals of the
location Mathur, (2015). First-order rook contiguity SWM
was created in the study because first-order rook contiguity
SWM describes with neighbors observations that share
common boundaries.

Moran’s I, Geary C and Gets Ord G Indices: The
Moran’s index was developed by Patrick A Alfred Pierce
Moran in 1950 as a statistical tool to calculate spatial
autocorrelation Moran, (1950). Moran’s I and Geary ¢
indices have statistic local versions that are used to define
similar values. In literature, Moran's | index is one of the
most widely used indices to show spatiality. Moran’s I is
an indicator for both measuring spatial autocorrelation and
distinguishing the spatial clusters and outliers. In order to
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calculate the Moran's I, it first calculates mean value then
both the values of neighboring features and target feature
compare with the mean value. Moran’s I can be defined as
equation 1:

NZZ\Nij(Xi _K)(Xj —Y)
OHRTHACTIS
B ®

Here, the number of spatial units is denoted by N.
Wij represents the spatially weighted matrix, while Xi and
Xj represent the value of the variables (Pujianto et al.,
2020; Sung et al., 2020). The calculated | value takes a
value between [-1,1]. It means that, a positive
autocorrelation when the value converges to 1, a negative
autocorrelation when converging towards -1. If | value is
equal to zero, it means that there is no spatial
autocorrelation. Positive spatial autocorrelation in the
dataset means that similar values tend to be spatially
clustered, but in negative spatial autocorrelation it means
that higher values tend to accumulate near the low values;
this means that similar values are not clustered in space
(Aksha et al., 2018; Mitchel, 2005).

Although the calculation of Geary C and Moran's
| indices are similar, their interpretation is different. C
value calculated in Geary C index gets value in the range
from 0 to 2. Typically it can be interpreted as positive
spatial autocorrelation if the C value takes values less than
1 (that is, between 0 and 1), and negative spatial
autocorrelation if it indicates values greater than 1 (that is
between 1 and 2) (Geary, 1954; Wu & Kemp, 2019).
Formally Geary c index is defined as Eq. (2):

~ NESw(xix;)
- 2(IZ§J:WU-)Z(XF7)2 (2

While Moran's | compare the neighboring values
with the mean value, Geary C index compares the two
neighboring values directly to each other Anselin, (2019).
Gi index calculates the using the distance-based
neighborhood or adjacent features. To calculate Gi index
(equation 3), once the value of each neighbor is multiplied
by the weight of the target neighboring pair and the results
are collected, the founded value is divided by the sum of
the values of all features in the study area (Getis et al., 1992
; Levine, 2013). Getis ord G index mathematical is defined

as follows.

G Zj:Wij(d)X i
@)=t

2X,
! @)
While the attribute values are multiplied by 1
neighbors feature, the others are multiplied by 0. Therefore
only the values of the neighbors are included. If the
calculated G value is larger from the expected value, it
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indicates that the high values are clustered together, which
indicates the hot spots. In contrast, if the value of G is less
than the expected value, the low values are clustered
together, which indicates cold spots (Mitchel, 2005; Ren et
al., 2020).

The geostatistics program GeoDa used in the
study is a free and open-source software tool which is an
introduction to spatial data analysis. It is designed to
provide new insights from data analysis by exploring and
modeling spatial patterns. GeoDa was developed by Dr.
Luc Anselin and his team. The program provides a user-
friendly and graphical interface for the implementation of
spatial data analysis (ESDA) methods such as spatial
autocorrelation statistics for aggregate data and basic
spatial regression analysis for point and polygon data
GeoDa, (2003). ArcGIS is software produced by ESRI and
helps to solve all GIS related problems. ArcGIS provides a
scalable framework for implementing GIS for a single user
or many users on desktops, in servers, over the webs, and
in the field.

RESULTS AND DISCUSSION

According to TABB data, all provinces except
Nevsehir have experienced a flood incident. The total
number of floods recorded is 776. Flooding disaster
occurred the most frequently in Istanbul (52), Erzurum
(49), Giimiishane (39), Ankara (29) (Figure 2).

2

Number of Flood
Declarations

o8

0 60120 240 360 480
T — — T

-

Figure 2. The Number of flood declarations in Turkey.
According the TABB data, the map shows the number of times
floods were declared in Turkey.

In the assessment made for landslide disaster, it is
seen that all provinces are affected to a specific extent by a
landslide. When provinces are examined one by one
according to the number of landslide incidents; the most
common landslide events are observed in Artvin (76),
Trabzon (73), Rize (68), Giresun (61) and Erzurum
(60)(Figure 3).

Firstly, Moran’s I value was tested by using the
spatial weight matrix formed according to neighborhood
relationships in order to examine the spatial auto-
correlation of landslide and flood data. The Moran scatter
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plot is a useful tool that can visually describe the
relationship between observations and their neighbors. A
Moran scatter plot is a plot that is variable of interest on the
x-axis and the spatial lag on the y-axis. Figures 4 and 5
show the relationship between the landslide and flood
numbers (X-axis) and the mean values of the neighboring
landslide and flood number (Y-axis) whose weight is
calculated using first-order rook contiguity spatial weight
matrix.

0 60120 240

360 480
Km

Figure 3. The Number of landslide declarations in Turkey.
According the TABB data, The map shows the number of times
landslides were declared in Turkey.

Moran's I = 0.473642

-260 -1.00 080 220 380
The Number of Landslide Disaster

Figure 4. Moran scatter plot of the number of landslide disasters
of provinces in Turkey.

In the Moran scatter plot, there are four quarters
express the type of spatial relationship between
observations and their neighbors. This scatter plot shows
the value of the original variable (the number of landslide
disaster) on the horizontal axis and the spatial lag of the
variable (average the number of landslide disaster
neighbors) on the vertical axis.

The four quarters on the graph are expressed as
high-high (top right), low-low (bottom left), high-low
(bottom right) and low-high (top left). While high-high
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(upper right) and low-low (lower left) indicate positive
spatial autocorrelation, low-high (upper left) indicate
negative spatial autocorrelation. The upper-right quarter of
the graph corresponds to the areas where the provinces
with the highest landslide numbers are surrounded by the
provinces with the highest landslide numbers. The left-
lower quarter indicates that the provinces with low
landslides again surrounded by the provinces with low
landslides (low-low).

—_—
Moran's [ = -0.0486384
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Figure 5. Moran scatter plot of the number of the flood disaster
of provinces in Turkey.

In our study, the slope of the regression line in the
Moran scatter plot for landslides is 0.473642 while the
slope of the regression line in the Moran scatter plot for the
flood is -0.0486384. In this case, the landslide distribution
in Turkey implies that there is positive spatial
autocorrelation. In the flood distribution in Turkey is seen
as negative autocorrelation. Therefore, dispersed values
are observed.
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[ Mot Significant (5)
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Figure 6. Spatial distribution of the number of landslides
according to Moran's | index.

The landslide map obtained by Moran's | method
is shown in Figure 6. The high-high and low-low locations
is that mean spatial clusters, although the high-low and
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low-high locations are typically referred to as spatial
outliers. Accordingly, landslide settlements in Turkey,
particularly are concentrated in the east and northeast of the
Black Sea region of Anatolia. On the other hand, it is
observed that landslide disasters constitute a significant
spatial class in low-low classification too (Table 1). The
regions that indicate low-low locations are the Aegean,
Western  Anatolia, Central Anatolia, and the
Mediterranean. In our study, it is understood that there is
no clustering since the Moran's value calculated for flood
disaster is below zero. In other words, it appears to be a
dispersed pattern. It is shown in figure 7.

Table 1. According to Moran's | analysis, the distribution of

landslide events according to settlement units.
Class Statistical Region Province

High-High TR9 Giresun,Rize3Ordu,Artvin,Trabzon,Gﬁmﬁshane
TRA Erzurum,Erzincan
TR3 Denizli,Manisa, Usak,Afyon
TR2 Tekirdag
Low-Low TR6 Antalya
TR7 Nevsehir
TR5 Konya

- o
> and
L 3

| Not Significant (52)

owe-Law (4)
Low-High (8]

T ]

Figure 7. Spatial distribution of the number of flood disaster
according to Moran's | index.

Another spatial autocorrelation index used in this
study is Geary C. Positive spatial autocorrelation in Geary
C method is defined as small differences imply similarity.
This association can identify as high-high or low-low. For
negative spatial autocorrelation in Geary C implies large
values imply dissimilarity.

Not Significant (57)
I High-High (8)
M Low-Low (10)
[ ] other Positive (2)
[ negative (3)

Rt o

Figure 8. Spatial distribution of the number of landslides
according to Geary C index.

As shown in Figure 8, there are 9 such high-high
locations and 8 low-low locations. There are 2 locations
with positive spatial autocorrelation classified as other
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positive in this case. There are three observations with
negative spatial autocorrelation. Three locations are shown
dispersed. According to the Geary c index, the settlements
where the number of landslides is high, are concentrated in
the Black Sea region (Artvin, Rize, Trabzon, Giresun),
North-eastern Anatolia region (Erzurum, Erzincan),
Middle East Anatolia (Bing6l, Malatya). It is observed that
the provinces showing low-low relationship where the
number of landslides is low, constitute a spatial class in the
Aegean region (Afyon, Denizli, Manisa, Aydin),
Mediterranean region (Adana), Central Anatolia region
(Nigde, Nevsehir) and Western Anatolia region (Konya).
On the other hand, as shown in Figure 9, no significant
spatial distribution was observed for floods.

L 3

B
i

Mot Significant (72)

I High-High (1)

I Low-Low (2)
Other Pasitive (0)

B Negative i8)

Figure 9. Spatial distribution of the number of floods according
to Geary C index.

Getis and Ord suggested third indices for local
spatial autocorrelation. The Get-Ord G index is interpreted
as high-high clustering or hot spots if the G value is larger
than the expected value and it is interpreted as low-low
clustering or cold spots if the G value is smaller than the
expected value. While Local Moran and Local Geary
statistics consider the spatial outliers, the Getis-Ord G does
not take into account spatial outliers.

iw

|_ Not Significant (56)
Il High (1)
W Low (14)

Figure 10. Spatial distribution of the number of landslides
according to Getis Ord G index.

The corresponding cluster map, illustrated in
Figure 10, shows 11 high-high cluster cores or hot spots (in
red on the map), and 14 low-low cluster cores or cold spots
(in blue on the map). For landslide data, it was observed
that the locations determined for Local Moran were the
same.
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Figure 11. Spatial distribution of the number of landslides
according to ArcGIS.

ArcGIS is a full-fledged GIS application with
editing, mapping, data analysis and database management
features. While the GeoDa program has the advantage of
being free software for spatial data analysis that focuses on
time series and spatial clustering, there are also
cartographically insufficient aspects (Figure 11).

CONCLUSION

Spatial autocorrelation can be a useful tool to
examine how spatial patterns change over time. This study
has tried to investigate and reveal spatial patterns of
landslides and floods in Turkey. In this respect, the spatial
distribution of landslides and flood disasters were
examined using spatial autocorrelation techniques.
Moran’s I value was calculated for both landslide and flood
disaster and relationship types were shown with Moran
scatter diagram. Local spatial relations were investigated
by local analysis.

As a result, the Eastern Black Sea region and
North-East Anatolia around the cities of Erzurum and
Erzincan was emerged as the mostly landslide occurred
settlements with the clusters of three applied indices. It
helps the decision makers to direct the strategic efforts to
reduce landslide damages or their risks and concentrate the
efforts on these regions. According to TABB data TABB,
(2019) flood incidents have occurred in all provinces of the
study region Turkey within the studied time period.
Clustering was not observed when these indexes were
applied due to the dispersed data of the provinces. That’s
why, different spatial indices which do not focus on the
location but the distribution of the events with respect to
reasons of the incidents could be helpful for the dispersed
data for the future studies. An example for flood another
incidence like meteorological events may also be added
with the topography and the most prone areas for flood can
be identified with the TABB (2019) data. Presenting the
distribution of disasters with spatial autocorrelation
methods will give a different dimension to the studies. And
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using the real world data like in TABB will help to estimate
the upcoming disasters in the future.
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Abstract: Antibiotic pollution has the potential to directly affect the health of people, animals and the
ecosystem. The presence of antibiotics in the environment can impede the structure of microbial
community, having both acute and chronic effects on microbial and planktonic communities. In Turkey,
the three most prevalent antibiotics detected in aquatic environment are Amoxicillin, Tetracycline and
Nitrofurantoin, but there is almost no information on their toxicity on natural microbial communities.
Particularly, there is no data available for marine microorganisms. While the amount of toxicity levels for
humans is well known, there is less knowledge about toxic concentration in wildlife, especially smaller and
more vulnerable organisms. Consequently, the purpose of this current study is to evaluate the acute toxicity
of Amoxicillin, Tetracycline and Nitrofurantoin to the natural water ecosystem, a complex ecological group
comprising a variety of bacterial and planktonic species. It is seen that antibiotics are practically non-toxic
(>100 mg/L) in the classification of acute toxicity according to Daphnia magna. It is not possible to mention
about toxicity in this case, but when considering the toxicity of antibiotics among themselves, the ranking
is like Tetracycline > Nitrofurantoin > Amoxicillin. The same toxicity ranking is encountered in the acute
toxicity test made with Vibrio fischeri. However, in the acute toxicity test made with Vibrio fischeri, the
results are toxic for Tetracycline (2.53 mg/L), Nitrofurantoin (15.67 mg/L) and Amoxicillin (56.23 mg/L).
While antibiotics have an acute effect on bacterial structures, they tend to have a chronic effect and
bioaccumulation properties on Daphnids.

Keywords: Antibiotics, acute toxicity, bioassays, Daphnia magna, Vibrio fischeri, Turkey.
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Uzerindeki Toksik Etkileri

Oz: Antibiyotik kirliligi, insan, hayvan ve ekosistem sagligini dogrudan etkileme potansiyeline sahiptir.
Cevrede antibiyotiklerin varligi, mikrobiyal topluluk yapisini engelleyebilir ve mikrobiyal ve planktonik
topluluklar tizerinde hem akut hem de kronik etkileri olabilir. Tiirkiye'de su ortaminda tespit edilen en
yaygin U¢ antibiyotik Amoksisilin, Tetrasiklin ve Nitrofurantoin’in, dogal mikrobiyal topluluklar
iizerindeki toksisiteleri hakkinda neredeyse higbir bilgi yoktur. Ozellikle, deniz mikroorganizmalari igin
higbir veri yoktur. Insanlar i¢in toksisite seviyeleri oldukga iyi bilinse de, dogal hayatta 6zellikle daha kiigiik
ve daha duyarli organizmalardaki toksik konsantrasyon hakkinda daha az bilgi vardir. Bu nedenle, bu
caligmanin amaci Amoksisilin, Tetrasiklin ve Nitrofurantoin'in ¢esitli bakteriyel ve planktonik tiirleri iceren
karmasik bir ekolojik topluluk olan dogal su ekosistemi tizerindeki akut toksisitesini degerlendirmektir.
Daphnia magna'ya gore akut toksisite siniflandirmasinda antibiyotiklerin pratik olarak toksik olmadigi
(>100 mg/L) goriilmektedir. Bu durumda toksisiteden bahsetmek miimkiin degildir, ancak kendi aralarinda
antibiyotiklerin toksisitesi géz Oniine alindiginda, siralama Tetrasiklin> Nitrofurantoin> Amoksisilin
seklinde olmaktadir. Vibrio fischeri ile yapilan akut toksisite testinde ayni toksisite siralamasina
rastlanmaktadir. Bununla birlikte, Vibrio fischeri ile yapilan akut toksisite testinde, sonuglar Tetrasiklin
(2.53 mg/L), Nitrofurantoin (15.67 mg/L) ve Amoksisilin (56.23 mg/L) i¢in toksik olmaktadir.
Antibiyotikler, bakteriyel yapilar izerinde akut bir etkiye sahipken, Daphnidler iizerinde kronik bir etki ve
biyoakiimiilasyon 6zelliklerine sahip olma egilimindedir.

Anahtar kelimeler: Antibiyotikler, akut toksisite, biyodeneyler, Daphnia magna, Vibrio
fischeri, Tiirkive.
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INTRODUCTION

Antibiotics are often found in the aquatic
environment, because of their utilization in human and
veterinary medicine. Information relating their exposure,
fate and ecotoxicology has been reviewed by Kiimmerer,
(2009a, 2009b) and Santos et al., (2010) (Johansson et al.,
2014). Up to 90% of antibiotics applied to the organism are
excreted from the body before being metabolised (Kemper,
2008; Topal et al., 2015) and discharged into sewage
system (Diwan et al., 2018; Gomez-Olivan, 2016; Yasser
& Adli, 2015). The conventional wastewater treatment
plants (WWTPs) are not fully effective at antibiotic
elimination. Several antibiotics are partially removed
between 20% and 90% (Ai & Jiang, 2012; Liu et al., 2017;
Watkinson, 2007) due to recalcitrant compounds (Chen &
Zhou, 2014). WWTPs are considered as the source of
antibiotics and antibiotic resistance genes for surface
waters (Diwan et al., 2018; Gomez-Olivan, 2016). For this
reason, studies are carried out on the development of
innovative technologies for antibiotic removal in WWTPs.
However, these implementations are not covered
sufficiently because of operating costs (Grenni et al.,
2018).

Antibiotics occur in surface waters at very low
concentrations (ng/L-pg/L) (Gomez-Olivan, 2016). It can
be observed that there are differences regarding seasonal
distribution of pharmaceutical products usage in Turkey. It
is known that antibiotic concentrations in wastewater are
higher in winter with changes in annual consumption data
(Grenni et al., 2018). For instance, in winter months at
coastal area of Istanbul, the concentration of antibiotic
agent sulfamethoxazole varied between 6,7 and 14,0 ng/L.
The availability of antibiotics in the aquatic environment is
depending on not only continuity of their discharges but
also their permanence in the aquatic environments. For
instance, while Penicillins can easily deteriorate,
Ciprofloxacin and Tetracyclines are far more stable
(Grenni etal., 2018). Even this low concentration can cause
negative effect on the survival, growth and body weight of
the aquatic organisms (Ahmed et al., 2015; Ji et al., 2012;
Lai et al.,, 2009; Wollenberger et al., 2000). Some
antibiotics can cause both acute and chronic toxicity, as
well as a variety of negative effects including disruption of
aquatic photosynthetic organisms, impacts on indigenous
microbial groups, and damage to antibiotic resistance
genes in microorganisms (Aristilde et al., 2010; Hong et
al., 2013; Liu et al., 2017, Akkan & Topkaraoglu, 2019;
Sezener et al., 2019). For that reason, the presence of
antibiotics can affect water quality of surface water, and in
the long run cause negative impact on coastal areas and
naturally the biodiversity (URL 1).

It is known that over 250 different antibiotics are
being used in human and veterinary medicine (Ahmed et
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al., 2015; Kiimmerer & Henninger, 2003). Antibiotics have
been used to treat infection-related diseases
therapeutically, and to protect their health for years
(Ahmed et al., 2015). Each antibiotic is a synthetic
structure with a complex formula containing the properties
of its own class. For instance, Amoxicillin is a
semisynthetic penicillin and a medicine which is an
analogue for ampicillin (Gomez-Olivan, 2016). It is one of
the antibiotics used in treatment of infections of ear,
respiratory tract, sinus, skin and urinary system caused by
bacteria. It is included in Essential Medicine List of World
Health Organization, and it is one of the most prescribed
antibiotics for children (URL 2). In addition, according to
the data published by the Republic of Turkey Ministry of
Health, prescribed antibiotics is over 30% across Turkey in
2015 (URL 3). In the light of this information, the most
prescribed antibiotic is the Amoxicillin-derived antibiotics.
Tetracycline is an antibiotic which is used to treat and
prevent the infectious diseases. However, the explanation
for this intensive production is both its low cost and its use
as a food additive to increase the growth rate of healthy
animals (Daghrir & Drogui, 2013; Martins et al., 2015).
Nitrofurantoin is another antibiotic and commonly used in
the treatment of urinary tract infections. It is active on
many gram-positive and gram-negative bacteria, especially
Escherichia coli, Staphylococcus aureus and enterococci
strains (Eldem & Hincal, 1987).

Amoxicillin, Tetracycline, Nitrofurantoin are
amongst the most used antibiotic classes and they are often
found in aquatic environments in Turkey. However, all the
classes are mainly observed in freshwater environments,
with simplest a very few researches published on their
occurrence inside the marine environment in Turkey.
Similarly, it is essentially absent the statistics on the
toxicity of these three antimicrobial classes to marine
microorganisms which are possibly the most vulnerable
group of marine organisms.

In literature, different toxicity test organisms have
been used to determine the acute and chronic toxicity of
antibiotics (Halling-Sorensen, 2000; Jung et al., 2008;
Robinson et al., 2005; Wang et al., 2008; Wollenberger et
al., 2000). Daphnia magna, which is a zooplankton
generally observed in freshwater lakes and ponds, is one of
the most frequently used organisms in ecotoxicity tests
(Celebi & Sponza, 2009; Zhu et al., 2009). In Ecological
Risk Assessments of Antibiotics, toxicity tests are used that
target bacteria such as Vibrio fischeri with OECD and ISO
methods (Backhaus et al., 2000; Backhaus & Grimme,
1999; Celebi & Sponza, 2008; Grenni et al., 2018; Tongur
etal., 2019; Yildirim, 2015).

Therefore, aim of this current study is to evaluate
the acute toxicity of Amoxicillin, Tetracycline and
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Nitrofurantoin on natural water ecosystem which is a
diverse ecological population comprising a number of
bacterial and planktonic species. Thus, the effect of
antibiotics on organisms at two different trophic levels of
the aquatic ecosystem was evaluated.

MATERIAL AND METHOD

The Selection and Preparation of Antibiotics: In
this study, synthetic samples were prepared with medicines
containing the active ingredients of Amoxicillin,
Tetracycline and Nitrofurantoin. With distilled water,
stock solutions were prepared. Because the selected
antibiotics have low water solubility, hydro alcoholic (<
1% ethanol) solution was used. According to standard
international procedures, it is stated that hydro alcoholic
solution is not toxic for test organisms in cases that ethanol
concentration is not more than 1% (Yildirim, 2015). This
ratio has been confirmed by preliminary experiments.
When preparing stock solutions for each medicine, the
medicine is dissolved with <%1 ethanol by volume and
then completed with distilled water. Orbital shaker was
used to provide homogeneous mixture (URL 4).

Daphnia magna Acute Immobilisation Test: The
acute test was conducted as 1SO 6341: Water Quality -
Determination of the Inhibition of the Mobility of Daphnia
magna, Straus (Cladocera, Crustacea). Daphnids
(especially Daphnia magna) which are younger than 24
hours were exposed to sample concentrations. The vessels
were filled with suitable amounts of dilution water and
samples. Then, Daphnids were placed into test vessels. at
least 2 ml of test solution needed for each test organism, so
the volume of 20 ml test media for 10 daphnids was
examined. During the test, the organisms were not fed and
there was no aeration. At the same time, the temperature
was adjusted to 22°C. Under the same conditions, the
controls were carried out. After 24 and 48 hours, both
immobility and unnatural behaviours were reported. At
24" and 48" hours, each vessel was inspected for
immobilised daphnids. The daphnids were considered as
immobile unless they were able to swim inside the vessel,
all these were recorded. In order to calculate the average
effective concentration (ECso) value, immobilized/dead
daphnids corresponding to each concentration will be used
within the 95% confidence interval through Probit
Analysis, suggestion of EPA (URL 5; EPA, 1991). Probit
analysis is a type of regression used to analyze binomial
response variables. It transforms the sigmoid dose-
response curve to a straight line that can then be analyzed
by regression either through least squares or maximum
likelihood.

Bacterial
Toxicity Test):

Bioluminescence Bioassay (Acute
Microtox® Acute Toxicity Test is
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predicated on luminescence inhibition of the marine gram-
negative bacteria. As test organism, Lyophilized Vibrio
fischeri (NRRLB-11177) was selected and tested in
standard protocol for producers (Microtox® Manual,
1992). Bacterial suspension was added to the sample
osmotically arranged with 2% NaCl and to the sample
dilutions. Photometry was performed regularly after the
bacteria had been exposed to the sample. Acute toxicity
tests were performed via Microtox Model 500 Analyser.
The manufacturer suggested the Basic Test (45%) for
samples of uncertain toxicity and wastewater (Sonmez &
Sivri, 2016; Sonmez & Sivri, 2020). For implementation of
this test, the exposure time was selected as 15 minutes and
ECso values were found.

RESULTS AND DISCUSSIONS

In this study, two main topics were focused. The
first one was to evaluate the effects of acute toxicity of
antibiotics on natural water ecosystem with bacterial and
planktonic species. The other aim was to compare and
interpret the acute toxicity results found. For acute toxicity
test with Daphnia magna, preliminary tests were made, and
the concentration range was chosen that daphnids could
respond as dead/immobile against the antibiotics.
Accordingly, all antibiotics were studied at the
concentration of 2000 mg/L for Daphnia magna acute test.
The result values of Daphnia magna's 24-hour exposure to
three different antibiotics (Amoxicillin, Tetracycline and
Nitrofurantoin) as EC1o, EC2, ECsp and ECgy are given in
Figure 1. These results were found with the mean values
obtained as a number of repetitions (n=14). Especially
when examining the ECso results, it is seen that its value is
over 1000 mg/L for all antibiotics. Accordingly, it can be
stated that 24-hour exposure of antibiotics on Daphnia
magna has non-toxic property when they are subjected to
the classification of acute toxicity.

It is seen that low concentrations of general
antibiotics such as Streptomycin and Erythromycin affect
the survival and behaviour of organisms in primary
consumer trophic class such as Daphnia magna (Flaherty
& Dodson, 2005) and Artemia sp. (Migliore et al., 1997).
In further studies, it is emphasized the effect of antibiotic
toxicity after exposure of organisms to the UV radiation in
natural environment. For this reason, it becomes difficult
to evaluate the relationship between laboratory studies and
antibiotic toxicity in natural environments (Kraemer et al.,
2019).

The result values of Daphnia magna's 48-hour
exposure to three different antibiotics (Amoxicillin,
Tetracycline and Nitrofurantoin) as EC19, EC20, ECs and
ECqy are given in Figure 2. Unlike the 24-hour results,
values of this exposure are below 1000 mg/L. Accordingly,
ECso values of the exposure result of Amoxicillin,
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Tetracycline and Nitrofurantoin with Daphnia magna are
respectively 627, 198, 878 and 432 mg/L. When examining
the acute toxicity results according to the exposure times,
it can be said that 48-hour exposure is more sensitive, but
it is stated as practically non-toxic (>100 mg/L) in
classification of acute toxicity. In this case, it is not
possible to mention about toxicity. Yet still, it may provide
insight into their effect levels, because antibiotics have
chronic effects on daphnids-like organisms and cause
bioaccumulation in high-level organisms. Considering
their toxicity among themselves, the ranking can be
expressed as Tetracycline > Nitrofurantoin > Amoxicillin.
It can be thought that this difference is due to its chemical
structure, like Grenni et al., (2018) stated in their studies,
which is each of them has a more persistent structure
compared to the other.

Amoxicillin
60 Tetracyelin

Nitrofirantoin

Effective Concentration (EC)
2

0 2500 5000 7500 10000 12500 15000 17500 20000 22500

Concentration (mg/L)

Figure 1: Results of acute toxicity test with Daphnia magna (24
hours).
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Figure 2: Results of acute toxicity test with Daphnia magna (48-
hour).

Preliminary tests (n=11) were carried out to
conduct the acute toxicity test with Vibrio fischeri. High
concentrations of daphnids were studied but it was not
possible to obtain a numerical value as all bacteria were
inhibited. For this reason, antibiotic tests were prepared in
the minimum concentration range that we can get a result
from test (that bacteria can emit light). Accordingly,
concentrations of Amoxicillin 4000 mg/L, Tetracycline
125 mg/L and Nitrofurantoin 250 mg/L were selected. 15™
minute results of acute toxicity test with Vibrio fischeri are
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given in Figure 3. All values obtained are below 100 mg/L
and show toxic properties. These results were found with
the mean values obtained as a number of repetitions
(n=14).

Tetracycline, which was studied at the lowest
concentration, has the highest toxicity (2.53 mg/L) as it has
the lowest value with ECso Nitrofurantoin (15.67 mg/L)
comes after Tetracycline in terms of toxicity. Both
antibiotics are included in "extremely toxic" class.
Amoxicillin has the lowest toxicity with an ECso value of
56.23 mg/L and it is included in "toxic" class with this
result.

It is obvious that the potential effects of the
studied antibiotics on natural microbial communities
involved in important ecosystem functions are harmful.
Some antimicrobials are bactericide for one bacterial
pathogen, while they are bacteriostatic for another.
Selected bacteriostatic agents inhibit the growth of
bacterial cells but do not kill them; but bactericidal agents
kill the bacteria instantly. As a result, these categories are
not absolute, because the lethal effect of each medicine
varies according to the test method and the tested species.
As a result of the study, it is seen that some microbial
groups may be lost because of bactericidal and
bacteriostatic effects of antibiotics at high concentrations
in the environment. Many studies have shown that the
presence of antibiotics cause a decrease in microbial
biodiversity. It is seen that antibiotics, even those with
broad-spectrum, have a selective effect on various
microbial groups (Genni et al., 2018).

ECs50(mg/L)
3

ig —_— )

Amoexicillin Tetracyeline

Antibiotics

Nitrofurantoin

Figure 3: Results of acute toxicity test with Vibrio fischeri (15
minutes).

Comparing the results of acute toxicity tests with
Daphnia magna and Vibrio fischeri, the studied antibiotics
showed non-toxic properties on Daphnia magna, while
they showed extremely toxic / toxic properties on Vibrio
fischeri. It is seen that the studied Amoxicillin,
Tetracycline and Nitrofurantoin are more sensitive and
able to respond acutely on Vibrio fischeri. Another
remarkable result is that the quantity of Daphnia magna’s
response to these antibiotics has parallels with Vibrio
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fischeri. Accordingly, the highest toxicity was found in
Tetracycline and the lowest toxicity was found in
Amoxicillin.

Tongur & Yildiim, (2015) have studied the

toxicity of antibiotics used in human and animal medicine
and they have found that Vibrio fischeri is more sensitive
than Lepidium sativum. In studies to reveal the toxic effect
in aquatic environments, LCso value was found as 1000
mg/L as a result of 96-hour-exposure to Amoxicillin on
Oryzias latipes and it has not been identified as an
important toxic substance in the literature (Gomez-Olivan,
2016). Nevertheless, Andreozzi et al., (2004) have detailed
that Amoxicillin includes a high toxicity at 96 hours within
the blue green algae S. leopoliensis (ECso value of 2.22
pg/L) in concentrations between of 50 ng/L and 50 mg/L.
Gomez-Olivan, (2016) explained that this difference in
toxicity arose from organisms may be caused by trophic
levels, even antibiotics at low concentrations may cause
high toxicity in low structured organisms such as algae and
bacteria. It is obvious that this effect, especially seen in
single cells, will cause damage in aquatic environments.
It is found in studies that antibiotic pollution in aquatic
environments reduces the microbial diversity of the
ecosystem, including taxa responsible for carbon cycle and
primary production. In addition to aquatic ecosystem,
antibiotic-based pollution observed in soil changes the
microbial community structure and leads to loss of biomass
and reduce of microbial activity (nitrification,
denitrification and respiration) (Kraemer et al., 2019). For
this reason, as determined in this study, it can be stated that
the toxic effects of antibiotics are seen more clearly in
bacterial species due to the difference in trophic levels in
organisms.

CONCLUSION

The presence of antibiotics in the environment can
impede the structure of microbial community, having both
acute and chronic effects on microbial communities.
Antibiotics may have effects on change of phylogenetic
structure, resistance expansion, and ecological function
disturbance in the micro-ecosystem. Moreover, it has also
been detected the effects on ecological functions, such as
nitrogen transformation, methanogens, and sulphate
reduction. A lot of studies have found changes in the
structure of microbial population upon the introduction of
antibiotics in soil and water environments. These study
results include findings and comments supporting previous
studies. As a result of the studies, it can be predicted that
irreversible destructions will occur in both aquatic and
terrestrial ecosystems.

As recommendations considered necessary
because of these study results, the factors influencing
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antibiotic effects on microbial communities in soil and
aquatic environments, including antibiotic concentration,
exposure time and combination of effects of more than one
antibiotic, should be examined in detail.

Furthermore, this study provides possible toxic
effects of antibiotics in the natural environment.
Nonetheless, it needs further study after the findings
concerning the acute toxicity in order to provide a
extensive risk assessment on the effects of anthropogenic
antibiotic exposure in natural systems.
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Oz: Diinya enerji ihtiyacimn ciddi bir kismi petrolden tedarik edilmektedir. Farkli ulastirma modlarryla
taginsa da petrol ticareti i¢in diigiik maliyetli oldugu i¢in en ¢ok deniz ulagtirma modu kullanilmaktadir.
Denizlerdeki yogun petrol tagimaciligi gevresel riskleri tetiklemektedir ve petrol tankerlerinden
kaynaklanan kazalar sadece kiy1 devletlerindeki yapilari degil kirlenen alanlardaki insanlarin
yasamlarini da etkilemektedir. Bu sebebe binaen petrol kirliliginden zarar gérenlerin tazmin edilmesi
bir gereklilik olarak ortaya ¢ikmaktadir. Tanker gemileri kaynakl petrol kirliligi magdurlarinin tazmin
edilmesi i¢in bazi gabalar gosterilmistir. Bu baglamda 1969 Hukuki Sorumluluk Sézlesmesi (CLC
1992) ve 1971 Fon Sozlesmesi (Fon 1971) gelistirilmistir ve bunlar sonradan CLC 1992 ve Fon 1992
Sozlesmeleri ile ve son olarak tigiincii kademe tazminat sistemini teskil eden Ek Fon Protokolii ile
ikame edilmistir. Bu diizenlemelerde, mesuliyet yiikiiniin ¢ogunlugu Petrol Kirliligi Tazminat (IOPC)
Fonlarma (1992 Fonu ve Ek Fon) katkida bulunan petrol ithal eden sirketlerin omuzuna yiiklenmistir
ve bu petrol ithal eden sirketler ve tanker gemisi malikleri arasinda agik bir esitsizlige yol agmugtir.
Bundan dolayt, petrol ithal eden sirketler lehine, gemi malikleri adina Uluslararasi P&I Kuliipler Grubu
goniillii olarak STOPIA ve TOPIA adli iki mekanizma geligtirmistir. Bu ¢aligmada {i¢ basamakl
tazminat sistemi, STOPIA ve TOPIA mekanizmalar1 analiz edilmistir. STOPIA ve TOPIA’nin ilk on
yillik gézden gegirme periyodu mesuliyetin dagitilmas: hususunda degerlendirilmistir ve goriilmektedir
ki gelinen durum itibari ile tanker malikleri ile petrol alicilart arasinda mesuliyetin paylastirilmasi
hususunda bir dengeye ulasildig1 goriilmektedir.

Anahtar kelimeler: CLC 92, fund 92, petrol kirliligi tazmini, STOPIA, TOPIA.
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Abstract: A significant part of the world's energy need are supplied from oil. Although it is transported
with different modes of transportation, marine transportation mode is the most used for oil trade due to
it’s low cost. Intense oil transportation in the seas triggers environmental risks and accidents stemming
from oil tankers affect not only marine environment but also structures in the coastal states and people
living in the polluted areas. For this reason, compensation of those who suffer from this oil pollution
becomes a necessity. There have been some efforts to compensate the victims of tanker vessel sourced
oil pollution. In this context, 1969 Civil Liability Convention and 1971 Fund Convention was
developed and later on these were replaced with 1992 Civil Liability Convention, 1992 Fund
Convention and finally Supplementary Protocol 2003 constituting third-tier compensation system. In
these regulations, majority of the liability burden was put on the shoulder of the petrol importing
companies by contributing to IOPC Funds (Fund 92 and Supplementary Fund) and this led to an
apparent inequality between shipowners and petrol importing companies. Due to this, on behalf of the
shipowners, International Group of P&I Clubs voluntarily developed two mechanisms called STOPIA
and TOPIA in order to balance this situation for petrol receiving companies’ favor. In this study, third
tier compensation scheme, STOPIA and TOPIA mechanisms have been analyzed. First annual review
of STOPIA and TOPIA has ben evaluated with regard to liability distribution and it seems that a balance
has been reached so far between tanker owners and petrol receivers regarding sharing of liability.

Keywords: CLC 92, fund 92, oil pollution compensation, STOPIA, TOPIA
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GIRiS

1967 yilinda vuku bulan ve biiyiik capli kirlenmeye
neden olan Torrey Canyon kazasi akabinde ortaya g¢ikan
tablonun neticesi olarak wuluslararas1 alanda petrol
kirliliginden zarar goren taraflarin tazmin edilmesi meselesi
hususunda diizenleme ihtiyact ortaya c¢ikmistir. Bu
baglamda o donem ismi IMCO olan uluslararasi denizcilik
orgiitii tarafindan (IMO) Hukuki Sorumluluk Soézlesmesi
(CLC 69) sekillendirilmistir (Kiglikyildiz, 2014). Bu
sozlesme ile petrol kirliliginden zarar gorenlerin magduriyet
miktarlarini tazmin etmesi i¢in donatanlar mesul tutulmustur
ve paralel olarak donatanin mali giiclinii teminat altina
alabilmek i¢in zorunlu sigorta yaptirmast da ongoriilmiistiir
(Acar, 2009).

CLC 69 sozlesmesi petrol kirliligi kaynakli zarar
gorenlerin tazmin edilebilmesi i¢in ciddi bir girisim olsa da
bu sozlesme daha yiiriirliige girmeden mahkemelerin yetki
siirlarinin tespiti, zararlarin 6denmesi ile alakali hususlarin
yeteri kadar netlestirilemedigi ortaya ¢ikmistir. Ayrica IMO
konferanslarinda baz1 {ilke temsilcileri tarafindan
donatanlarin 6ngéremedigi durumlar karsisinda dogrudan
mesul tutulmalar1 kabul gérmemekle beraber bazi iilke
temsilcileri de donatanlarin mesuliyet limitlerinin daha da
arttirllmasi1 gerektigini savunmuslardir. Bu durum agik¢a
tasitan pozisyonunda olan {iilkeler ile daha ¢ok tasiyan
tarafinda ilkelerin  menfaatlerinin ~ dengede
olarak Hukuki Sorumluluk
ihtiyac1  hasil

olan
olmamasindan  kaynakli
Sozlesmesinin tadil edilmesi
(Kiigiiky1ldiz, 2014).

Deniz tagimaciligr endiistrisini agir sorumluluk
altina sokan bu sorumluluk rejimini takiben 1971 Fon

olmustur

Sozlesmesi (Fund 71) sekillendirilmistir. Fon S6zlesmesi
vesilesi ile petrol kirliliginden zarar goren taraflarin tazmin
edilmesi hususunda tamamlayici bir fonksiyon icra edecek
olan bir fon (71 Fonu) kurulmasi kararlastirilmistir. Bu fona
yapilacak olan katkilarin petrol ithal eden sirketler tarafindan
finanse edilmesi Ongodrilmiistir. CLC 69 ve Fon 71
Sozlesmeleri baglaminda petrol kirliligi magdurlarinin
ylikliniin donatanlar ve petrol ithal eden sirketler arasinda
esit olarak dagitilmasi Ongoriilerek, 2 basamakli bir
sorumluluk sistemi teskil edilmistir (Acar, 2009). Boylece
bir petrol kirliligi olayinda hasil olan tazminat taleplerinden
evvela geminin maliki mesul iken, malikin mesuliyetini agan
tazminat taleplerinin ortaya c¢ikmasi halinde 71 Fon
Sozlesmesi baglaminda kurulan Uluslararas1 Petrol Kirliligi
Tazmin  Fonu (IOPC Fund) devreye girmektedir
(Kiiciikyildiz, 2014). Ayrica sozlesmelere taraf devlet
sayisinin artmasiyla paylagilmasi gereken yiikiin o denli
azalacag diisiiniilmiistiir (Acar, 2009).

1978 yilinda meydana gelen Amaco Cadiz
kazasinda Uluslararast Fon’nun yeterli olmadigi ortaya
¢ikmis ve mesuliyet {ist sinirlarinin yiikseltilmesi hususu
giindeme gelmistir. Buna paralel olarak 1984 yilinda CLC
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69 ve Fon 1971 Sozlesmeleri igin yeni protokoller kabul
edilmis ve bu vesile ile mesuliyet {ist siurlari yukari
cekilmistir. Fakat protokoller yiiriirliige girme agisindan
basarisiz olmustur zira daha c¢ok tasitan iilke pozisyonunda
olan ve kirlilik tazmini fonuna en ¢ok katkida bulunan ABD
protokollerle mesuliyet miktarlarinin yiikseltilmesine itiraz
etmis ve donatanlarm smirli mesuliyet yerine sinirsiz
mesuliyetini savunmustur. Ayrica fona en ¢ok katki yapan
devletlerden biri olan Japonya da katki miktarinin ¢ok fazla
artacagi ¢ekincesiyle Protokolleri onaylamayacagini deklare
etmistir (Abdullayev, 2003). Bdylece protokoller yiirtirliige
girmemis ve ABD uluslararasi tazmin sisteminden ayrilip
kendi Petrol Kirliligi Yasasim (OPA 90) ¢ikartarak yeni bir
rejim ortaya koymustur (Kiigiikyildiz, 2014). Burada
ABD’nin uluslararasi fondan tamamen ayrilmasini ve kendi
tazmin mekanizmasini kurmast hususunu tetikleyen olay ise
yasadigi en biiylik kazalardan biri olan ve 1989 yilinda
meydana gelen Exxon Valdez kazasidir (Abdullayev, 2003).

1991 yilinda meydana gelen Haven kazasi ile
tazminat rejiminde tereddiitsiiz yenilik yapilmasi fikri
benimsenmekle beraber ABD’nin katilimi1 olmadan 1992
protokolleri  kabul 1984
Protokollerinde miktarlart

edilmistir. Burada aslinda
yiikseltilen mesuliyet
degistirilmemis fakat yirirliige girme kosullarinda
degisiklige gidilmis ve bdylece protokoller 1996 yilinda
yiriirliige  girmistir  (Abdullayev, 2003). Bu
protokollerle 16 Mayis 1998 tarihinden itibaren yeni rejim
olarak sayilan 1992 Protokollerine akit olan devletler CLC
69 ve Fon 71 Sozlesmelerinden ayrilmis sayilmistir ve
feshedilen bu sozlesmelerin yerine getirilen protokoller
Hukuki Sorumluluk Sézlesmesi (CLC 1992) ve 1992 Fon
Sozlesmesi (FUND 1992) olarak anilmaktadir (Kiigiikyildiz,

2014).

yeni

Petrol kirliligi kaynakli tazminat miktarlarinin
artmasina binaen 2005 yilinda Ek Fon Protokolii 2003
devreye girmistir. Burada tazminat mesuliyetinin ciddi bir
kismini iistlenen petrol alicilarinin yiikiinii dengeleme adina
2006 yilinda STOPIA ve TOPIA mekanizmalar1 devreye
almmigtir. Bu c¢aligmada belirtilen hususlar
incelenmistir ve aradan gecen siire boyunca tazminat

sirasiyla

mesuliyetlerinin taraflar arasinda dengelenmesi hususunda
arzu edilen gayeye ulasilip ulasilmadiginin tespiti amacina
binaen STOPIA ile TOPIA sonrasit donem ve gozden
gecirme periyodu ayrintili olarak degerlendirilmistir.

1. Hukuki Sorumluluk Sozlesmesi (CLC 1992) ve
1992 Fon Sozlesmesi (FUND 1992): 1992 Hukuki
Sorumluluk S6zlesmesi ve 1992 Fon Sézlesmelerinin temel
gayesi uluslararas1 diizeyde petrol kirlenmesinden magdur
olanlarmn zararlarinin miimkiin mertebe mahkemelere
gidilmeksizin ve biitiin alacakli olanlara adil davranilarak
hizli bir gekilde tazmin edilmelerini temin etmektir. Bu
baglamda kirlilik magdurlari i¢gin CLC 92 birinci kademe
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giivenceyi ve 92 Fon Sozlesmesi ikinci kademe gilivenceyi
teskil etmektedir (Demir, 2012). Petrol kirliligi karsisinda
zarar goren taraflarin tazmin miktarlar1 evvela CLC 92
baglaminda hususen bu sozlesmeye binaen zorunlu hale
getirilen sigortadan ~ karsilanmaktadir. Mesuliyet
miktarlarinin CLC 92°de yer alan limitleri asmas1 ve bu
sozlesme hiikiimlerine gére tazmin edilememesi durumunda
Fon 1992 So6zlesmesi devreye girerek belirtilen sinirlar
dahilinde  kirlilik magdurlarina  tazminat ddemesi
yapilmaktadir (Demir, 2012).

1992 yilinda getirilen Protokollerle dizayn edilen
yeni sistemde Fon Soézlesmesi ve Sorumluluk arasindaki
iliski dikkate alinarak olay, gemi, gemi maliki, petrol, sahis,
koruma tedbirleri gibi kavramlar her iki sdzlesmede de ayni
manaya gelecek sekilde diizenlenmistir (Abdullayev, 2003).

30 Mayis 1996 yilinda vyirirlige giren bu
sozlesmeler diinya ¢apinda kabul gérmiis ve denize kiyisi
olan biitin AB iilkeleri bu sozlesmelere taraf olmustur.
Tirkiye ise bu sdzlesmelere Avrupa Birligi uyum
baglaminda 9/5/2001 tarihinde taraf olmustur ve 24397
sayili Resmi Gazete’de yayinlanarak yiiriirliige girmistir
(Demir, 2012).

1.1. Hukuki Sorumluluk Sozlesmesi (CLC 1992):
1992 Hukuki Sorumluluk Sézlesmesi 2 no’lu madde de
belirtildigi tizere (a) akit devletlerden birinin karasular1 da
dahil olmak tizere kendi iilkesinde, uluslararasi hukuka gére
belirlenmis veyahut tespit edilmemis ise bu devlet tarafindan
uluslararast hukuk temeline gore belirlenmis miinhasir
ekonomik bolgesinde veyahut bitisik bolgesindeki sebep
olunan kirlilik zararina (b) nerede alindigina bakilmaksizin
boyle bir zarar1 minimize etmek veya Onlemek i¢in alinan
onleyici tedbirlere uygulanmaktadir (IOPC, 2011).

CLC 92 donatanin  mesuliyet
genisletilmis ve belirli bir meblag ile smirlandirilabilir.
Sozlesmenin 5. Maddesinde belirtildigi tizere, 5000 tonaj
birimini gegmeyen gemiler igin 3 milyon Ozel Cekme Hakk1
(SDR) ile daha tonajli gemiler i¢in bu meblaga ton basina
420 SDR eklenerek gemi malikinin mesuliyeti sinirlanabilir.
Ote yandan malikin mesuliyeti higbir halde 59.7 milyon
SDR’yi gecemez. Bu smirlama hakkindan istifade etmek
isteyen gemi malikinin CLC 92 S6zlesmesine taraf olan ve
konvansiyonun hiikiimlerine gore yetkisi bulunan bir devlet
mahkemesinde bir smirlama fonu kurmasi gerekmektedir
(Acar, 2009).

Bu simirlar artis gosteren kazalar ve yasanan
tecriibeler dogrultusunda 2000 yilinda zimni kabul (tacit
acceptance) yontemiyle degistirilmis ve 1 Kasim 2003
tarihinde bu degisiklik yiiriirliige girmistir. Yapilan bu

ile sinirlari

degisiklik ile mesuliyet miktarlar1 % 50.37 oraninda
yiikseltilmis ve 5000 grostonu asmayan gemiler igin 4.51
milyon SDR olurken 5000 ile 140.000 groston arasindaki her
bir gemi igin 3 milyon SDR’ye ilave olarak her bir ek tonaj
icin 631 SDR ve 140.000 grostonu asan gemiler i¢in 89.77
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milyon SDR olarak giincellenmistir. Ote yandan hasil olan
kirliligin malik tarafindan zarar vermek kastiyla veyahut
muhtemelen zarara sebebiyet verebilecegini bilerek ve
dikkatsizce malikin yaptig1 kisisel bir hareketten veyahut
ihmalinden kaynaklandiginin ispatt durumunda, geminin
mesuliyetini  sinirlama  hakkindan  istifade
edemeyecektir. Ayrica belirtilmelidir ki CLC 69
Soézlesmesinde gemilerin net tonu hesaba katilirken CLC
92°de gemilerin grostonu hesaba katilmaktadir. Eger ki
kirliligin olugmasinda malikin kusuru olmasa bile, malik
kendi gemisinden sizan veya dokiilen petroliin sebep oldugu
icin Odeme yapmakla mesuldiir

maliki

zararlarin  tazmini
(Kiiciikyildiz, 2014).

Ote yandan ispat yiikiimliiliigii gemi malikine ait
olmak iizere, smirli olarak bazi durumlarda malike
mesuliyetten kurtulma imkani verilmistir. Asagida belirtilen
kirlenme zararlart i¢in gemi malikinin higbir mesuliyeti
yoktur.

a) Savas, i¢ savag, ayaklanma, beklenmeyen ve
Onlenemeyen tabiat hadiselerinde,

b) Zararin tamamen bir lgilincli sahsin zarara
sebebiyet verme niyetiyle yaptigi bir hareket veyahut
hareketsizligin sonucu ise,

c) Ilgili devletin seyir yardimcilar1 ve fenerlerin
bakim-tutum goérevindeki bir ihmalin veyahut baska yanlis
hareketinin sonucu ise.

Ayrica, gemi maliki zarar goren tarafin kasitl
olarak ve bilerek bu zarara tamamen veyahut kismen
fiillerinin veyahut ihmalinin sebep oldugunu ispatlamasi
durumunda, gemi goren kars1
sorumluluktan tamamen veyahut kismen Kurtulabilecektir
(Acar, 2009).

1.1.1. Zorunlu Sigorta: CLC 92 madde 7 (1)’de
belirtildigi lizere s6zlesmeye akit bir devletin siciline kayitlt
ve 2000 tondan fazla petrolii kargo olarak tasiyan bir
geminin maliki bu konvansiyonun madde 5 (1)’de belirtilen
mesuliyet miktarint karsilacak miktarda sigortaya sahip
olmak zorunda veyahut banka garantisi/uluslararasi tazminat

maliki zarar tarafa

fonu tarafindan saglanan sertifika gibi diger finansal
giivenceyi bulundurmakla miikelleftir (IOPC, 2011). Buna
binaen sozlesmeye taraf devletler kendi sicillerine kayitl
gemiler igin belirtilen sigortaya sahip olan veyahut finansal
giivenceyi sunan gemiler i¢in CLC sertifikalar1 diizenlerler
ve kendi sularina giris-¢ikis yapan gemilerin de boyle bir
giivenceye sahip olup olmadiklarini denetlerler. Zira
sozlesmeye akit bir devletin siciline tescil edilmis olan ve
2000 ton iizeri petrol yiikii tagiyan bir geminin aktif bir P&I
sigortasini gosteren CLC sertifikasi yoksa o taraf devletce bu
geminin ticaretine izin verilmez.

Zorunlu sigortanin birgok faydasi vardir. Ornegin
zorunlu sigorta ihmalkar bir gemi malikinin tek gemilik
sirket (one ship company) teskil ederek sirketin mal
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varliklariin degerini diisiik tutarak mesuliyetten kagmasini
onlemektedir (Billah, 2011).

Tanker kazalari olan tazminat
taleplerinin bilyiik gogunlugu IOPC Fonu’nun dahli olmadan
IG kuliipleri tarafindan elle¢lenmektedir. Toplam tanker
tonajinin yaklasik % 90’11 sigortalayan 13 bilyilk Koruma
ve Tazminat Kuliibiinin (P&l Kulip) olusturdugu
Uluslararasi Koruma ve Tazminat Kuliipleri Grubu (IG)
bilinyesindeki kuliipler miisterileri olan gemi maliklerine
sundugu mavi kart (blue card) vesilesi ile hasar tazminat
talebinde bulunanlarin taleplerini teminat altina almakta ve
bu baglamda IG kuliipleri yillik yaklasik olarak 7000 mavi
kart (blue card) hazirlamaktadir (Oil spills India, 2018). Bu
hususta dikkat edilmesi gereken bir husus ise CLC 92 madde
7 (2) (e) fikrasinda belirtildigi lizere sertifikanin gegerlilik
periyodu sigorta veyahut banka teminat mektubunun
gegerlilik tarihinden uzun olmamalidir (IOPC, 2011).

1.1. 1992 Fon Sézlesmesi (FUND 1992): 1992 Fon
Sozlesmesi ile CLC 92’nin yetersiz kaldig1 ¢capta meydana
gelen kirlilik zararlarinin tazmin edilmesi amaglanmaktadir
ve uygulama alani CLC 92 Soézlesmesi ile aynidir. Fon
Sozlesmesine gore herhangi bir akit devlette bir yil
icerisinde toplamda 150.000 tondan fazla petrol ithal eden
sahislarin Fon’a katkida bulunmasi gerekmektedir ve burada
“sahis” terimi netlige kavusturulmus ve ortakliklarin
veyahut yardimci sirketlerin de sahis oldugu o&zellikle
belirtilmistir. Zira bu vesile ile taraf devletteki tek bir
sirketin farkli farkli isimler adi altinda faaliyette bulunarak

sonucu hasil

katkida bulunmasi gereken asgari tonaji
girisiminin de Oniine geg¢ilmis olmaktadir (Kiiclikyildiz,
2014). Fon Sozlesmesine akit bir devletteki petrol alicist
olan petrol sirketlerinin aldig1 petrol miktarlar1 sirket bagina
belirtilen miktara ulagsmasa bile bu devlet herhangi bir
kirlilik durumundan Fon’dan tazminat almaya devam
edecektir. Bu baglamda 2009 yilinda Fon S6zlesmesine taraf
olan 104 devletten 25 tanesi Fona herhangi bir katkida
bulunmamis iken 2017 yilinda 42 taraf devletten katki
petrolii alinamamigtir (IOPC, 2018b; Billah, 2011). Bu
iilkeler genel olarak nispeten ekonomisi kiigiik gelismekte
olan tilkelerdir.

Fon Sozlesmesi asagida belirtilen hallerden biri

geememe

sebebiyle tazmin edilememis zararlarin  tazminini
ongormektedir.
a) Gemi maliki CLC 92 Sozlesmesindeki

mesuliyetten kurtulma sebeplerinden istifade etmisse veya

b) Gemi maliki CLC 92 baglaminda tazmin etmesi
gereken miktar1 ifa etmede mali agidan yetersiz ise veyahut
kuliip sigortasi tazminat taleplerini kapsamamakta ya da
yetersiz ise, veya

¢) Kirlenme zararindan hasil olan tazminat meblag1
malikin CLC 92’deki siirli mesuliyet limitlerini asiyorsa
Fon Sozlesmesi baglaminda kurulan Fon devreye
girmektedir.
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Ote yandan kirlenme Fon 1992
Sozlesmesi'ne taraf olmayan bir devlette vuku bulmussa
veyahut tazminat talebinde bulunan taraf kirlenme zararinin
bir veyahut birden fazla geminin karigtig1 bir olayin neticesi
oldugunu ispatlayamaz ise Fon &deme yapmamaktadir.
Ayrica Fon bir savas, i¢ savas, ayaklanma sonucu veya bir
savas gemisi ya da ticaret gemisi olmayan bir devlet
gemisinden sizan petroliin kirlenme zararina sebep oldugunu
ispatlarsa tazminat 6demesi yapmaktan kurtulur. Buna ek
olarak, kirlenme hadisesinden zarar goren tarafin kendi
kusuruyla zarara katkida bulunmasi durumunda CLC 92°de
oldugu gibi Fon’un da bu tarafa karsi sorumluluktan
kurtulma imkan1 mevcuttur (Acar, 2009).

CLC 92 ile Fon 92 Sozlesmeleri kargo olarak petrol
tasimak i¢cin insa edilmis veyahut sonradan buna
doniistiiriilmiis bir tanker gemisinden dokiilen ve kalict
kirlilige sebebiyet veren petrol minerallerinin (persistent oil)
dahil oldugu olaylar1 kapsamaktadir. Kalici kirlilige sebep

zarari

olan petrol tiirevi gesitleri olarak ham petrol, fuel oil, agir
dizel yagi, gres yagt gibi yavas dagilan ve temizleme
gerektiren petrol mineralleri belirtilebilir. Belirtilmelidir ki
kerosene, gazolin ve hafif dizel yag1 gibi dayanikli olmayan
petrol mineralleri dokiilmesine binaen olusan zararlar
sozlegsmeler kapsaminda tazmin edilmez. Zira bunlar
dokiildiiglii zaman hizlica buharlasir ve temizleme faaliyeti
gerektirmezler (Kegeli vd., 2013; Kiiciikyildiz, 2014).
Diger taraftan bu belirtilen kalic1 kirlilige sebebiyet
veren petrol mineralleri dolayisiyla IOPC Fon’u tarafindan
kirlenme zarari (a) petroliin gemiden kagmasi veyahut
bosaltilmasinin  sonucu olusan hasarlar (b) Onleyici
tedbirlerin maliyetleri ve Onleyici tedbirlerin sebebiyet
verdigi hasarlar olarak belirtilmektedir. Buna paralel olarak
IOPC Fonlarmin bugiine kadar kabul edilebilir gérdiigii en
mithim kirlilik zararlar1 olarak miilkiyet zararlari, zarara
bagli kayip, saf ekonomik kayip ve ¢evre zararlar ile kirlilik
zararim olay olduktan sonra Onlemeye matuf veyahut
etkisini minimize etmeye yonelik herhangi biri tarafindan
alman makul bir tedbirler belirtilebilir. Burada miilkiyet
zararlarindan kasit petrol bulasan balik¢1 aglari, yatlar
veyahut iskelelerin temizlik, tamir wveyahut yenilenme
maliyetleri ifade edilmekte iken zarara bagli kayip ise
petroliin kirlettigi miilkii temizlenene kadar maruz kaldigi
kazang kaybi olarak ifade edilmektedir. Saf ekonomik kayip
olarak ise eger ki kirlilik olmasaydi umulan kazanci kaybi
olarak ifade edilmektedir ve miisteri kaybeden otelin, plajin
veyahut restoranin sahipleri ile tekneleri ve aglarina petrol
bulagsmasa bile baliklarin kagmasi sonucu avlanamayan
balikgilarin maruz kaldigi kazang kaybi bu baglamda
degerlendirilir. Cevre zararlar1 baglaminda kabul edilebilir
bulunan hasar tazminat talepleri olarak tahrip olan ¢evrenin
eski haline getirilmesi igin alman Onlemlerin bedelleri
baglaminda sunulan talepler belirtilebilir (Acar, 2009)
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Fon 92 Sozlesmesine gore Fon tarafindan kaza
basina tazminat talepleri i¢in 6denecek meblag 135 milyon
SDR’dir ve buna gemi malikinin CLC 92 baglaminda
O0demesi gereken meblag dahildir. Bu baglamda Fon’un
mesul tutuldugu miktar hesaplanirken donatanin veyahut
onun adina P&l kuliibiiniin 6dedigi miktar 135 milyon
SDR’den diisiiliir. Ote yandan belirtilmelidir ki istisnai
olarak Fon’a katkida bulunan 3 taraf devletin iilkesinde bir
onceki yil ilgili sahislar tarafindan yillik petrol ithalati 600
milyon tona esit ya da iizerine ¢ikmasi durumunda 135
milyon SDR olan tazminat st sinir1 200 milyon SDR’ye
cikartilmistir (Kiiclikyildiz, 2014) .
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CLC 92’de oldugu gibi 10 Ekim 2000 tarihinde
kabul edilen ve 1 Kasim 2003 tarihinde yiirlirliige giren
Protokol ile Fon’un sagladig1 tazminat iist sinirt % 50.37
oraninda yiikseltilmistir. Bu durumda Fon tarafindan
Odenecek tazminat st st 203 milyon SDR’ye
yiikseltilmistir. Fon’a katki yapan 3 taraf devletteki
sahislarin y1llik 600 milyon ton tizeri petrol alimi durumunda
ise belirtilen st sinir yaklagitk 300 milyon SDR’ye
yiikseltilmistir.
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Sekil 1. 2017 Yilinda 1992 Fonu Tarafindan Uye Devletlerden Alman Katki Petrolii (IOPC, 2018(b)).
Figure 1. Contributing Oil Received in 2017 by Member States of 1992 Fund (IOPC, 2018(b)).

IOPC Fon verilerine gore 2020 yili itibariyle Fon
Sozlesmesi'ne taraf devlet sayist Tirkiye dahil 115°dir
(IOPC, 2020). Normal sartlarda CLC 92’ye taraf olan bir
devlet 1992 Fon Sozlesmesine de taraf olmaktadir fakat
belirtilmelidir ki bdyle bir zorunluluklar1 yoktur ve 2009
rakamlarina gore 18 devlet CLC 92’ taraf olup 92 Fon
Sozlesmesi’ne taraf olmamistir (Acar, 2009). IOPC Fonu
2018 yillik raporuna gore kurulus tarihi olan 1978 Ekim
aymdan itibaren IOPC Fonlar1 150 petrol kazasi olayina
miidahil olmustur. Devreye girdigi 1978 yilindan beri IOPC
Fonlar1 petrol kirliligi magdurlarina 684 milyon pound
O0deme yapmistir ve bu miktarin 331 milyon poundluk kismi1
1971 Fon’u baglammda yapilmistir (IOPC, 2018(b)).
Asagidaki Sekil 1’de goriildiigii iizere 2017 yili rakamlarina
gore 1992 Fon’una en ¢ok katkida bulunan devlet % 14’liik
bir ylizde ile Hindistan’dir ve bunu Japonya ve Giiney Kore
takip etmektedir ve paralel olarak devletlerin Fon’a katkida
bulunduklar1 petrol miktarlar1 Tablo 1°de gosterilmektedir.

Tablo 1. Taraf Devletlerin 2017 Yilinda Katkida Bulunduklar
Katk1 Petrolii”

Table 1. Amount of Contributing Oil by Member States in 2017"
2017 Yilinda Alinan Katki

Uye Devlet Petrolii Miktari (ton) Yiizdesi
Hindistan 218.709.791 13.84 %
Japonya 196.693.667 12.45 %
Giiney Kore 132.489.698 8.39 %
Singapur 122.208.460 774 %
italya 114.873.264 7.27%
Hollanda 104.841.136 6.64 %
Ispanya 72.020.982 4.56 %
Fransa 64.330.030 4.07 %
Birlesik Krallik 53.322.219 3.38%
Tayland 52.436.479 3.32%
Kanada 36.076.678 2.28%
Malezya 30.120.554 191 %
Yunanistan 29.891.033 1.89 %
Tiirkiye 28.279.675 1.79 %
Almanya 22.779.972 144 %
Birlesik Arap Emirlikleri 22.142.210 1.40 %

(10PC, 2018(b)) ~
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Japonya’da 1997 yilinda meydana gelen Nakhoda
kazasi, Fransa’da 1999 yilinda meydana gelen Erika ve
Ispanya’da 2002 yilinda meydana gelen Prestige gibi biiyiik
¢apli kazalardan sonra petrol kirliliginden kaynaklanan
zararlarin tazmini edilmesi hususunda yeni arayiglarin ortaya
¢ikmasina sebebiyet vermistir. Cevre hususunda sivil toplum
orgiitleri ve bu kazalardan etkilenen devletlerin ilgili
Idareleri 1 Kasim 2003 tarihinde iist limitleri zaten arttirilmis
olan 92 Sorumluluk S6zlesmesi ve 92 Fon Sozlesmesindeki
iist limitlerin daha da arttirilmasini talep etmis ve bu hususta
daha radikal kararlar alinmasi Onerilmistir (Kiiclikyildiz,
2014). Ornek olarak gevre zararlarmin tazminine ek olarak
cevre zararlarinin bilimsel metotlarla saptanmasi hususunda
yapilan giderlerin de tazminat baglaminda degerlendirilmesi
savunulmustur (IOPC, 2003).

Uluslararasi1 Denizcilik Orgiitii (IMO) énciiliigiinde
16 Mayis 2003 tarihinde Londra’da gergeklestirilen
diplomatik Konferans’ta 1992 Fon So6zlesmesi’ne iliskin
olarak yeni bir Protokol (Supplementary Fund Protocol)
kabul edilmis ve bu baglamda Petrol Kirliligi Ek Tazminat
(Supplementary ~ Fund)
kararlastirilmistir. Bu Protokol geregince, Petrol Kirliligi Ek
Tazminat Fonu’ndan tahsil edilebilecek tazminat miktari,

Fonu’nun tesis  edilmesi

1992 Sorumluluk ve Fon S6zlesmeleri baglaminda 6denecek
meblaglar dahil, 750 milyon Ozel Cekme Hakki (SDR)
olarak Ongériilmiistiir (Abdullayev, 2003). Bu rakam 27
Ocak 2020 tarihi itibariyle 6.105.000.000 TL’ye tekabiil
etmektedir (IMF, 2020). Bu vesileyle EK Fon Protokolii’niin
temel gayesi CLC 92 ve Fund 92 S6zlesmelerinin yetmedigi
yerde magdurlarin tam ve zamaninda tazminatlarinin
O0denmesini temin etmek ve bdylece mezkiir sozlesmeleri
tamamlamaktir. Bu baglamda denilebilir ki Ek Fon, petrol
kirliliginin tazmini hususunda {iglincii kademeyi teskil
etmektedir ve 3 Mart 2005 tarihinde yirirliige girmistir
(Demir, 2012).

IOPC Fon verilerine gore 2020 yili itibariyle Ek
Fon Protokolii’ne taraf devlet sayis1 Tirkiye dahil 32°dir
(IOPC, 2020).

1992 Fon Soézlesmesine paralel olarak Ek Fon’a
yapilacak katkilar petrol ithal eden firmalar tarafindan bir
onceki takvim yilinda alinan petrol miktar1 iizerinden
hesaplanmaktadir. Bu hususta Protokol’e taraf olan devletler
Fon’a her y1l 150.000 ton iizeri petrol ithal eden firmalarin
listesini bildirmekte ve bu firmalar da Fon tarafindan
hesaplanan katki miktarin1 6demektedirler. 2019 yil1 itibari
ile 1992 Fon Sozlesmesine katkida bulunan petrol alicisi
olan sahis sayis1 yaklasik 440 civaridir ve bunlarin yaklagik
200 tanesi ligiincii kademe tazminat mekanizmasini tegkil
eden Ek Fon’a katkida bulunmaktadir (2018(b)).

Ayrica belirtilmelidir ki; Ek Fon’a daha yiiksek
miktarda kaynak saglayabilmek i¢in Ek Fon Protokolii
madde 14’te ifade edildigi tizere Protokole taraf her devlette
yillik minimum 1 milyon ton petrol ithal edildigi kabul
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edilmektedir. 1 milyon ton ile Fon’a sunulan miktar
arasindaki katki meblaginin 6denmesi hususunda ilgili
devlet sorumlu tutulmaktadir (2018(a)). Ornegin IOPC
Fon’u 2018 yillik raporuna bakildiginda Macaristan,
Slovenya, Slovakya gibi devletlerde mukim petrol alicilarin
toplam alim miktar1 1 milyon tona ulasmadigindan dolay1
aradaki farki bu {ilke idarelerinin 6dedigi sonucuna
ulagilabilir (IOPC, 2018(b)). Ote yandan Ek Fon’a taraf bir
devletin orantisiz olarak biiyllk meblaglarda katkida
bulunmasini engellemek i¢in Protokol madde 18/1°de bir
sinirlandirma hiikmii belirtilmistir ve bu hitkkme gore tek bir
akit devletin yapacagi yillik katki miktar1, akit devletler
tarafindan yapilan yillik toplam katki miktarinin % 20’sini
gecemez (IOPC, 2018(a)). Eger % 20’yi gecer ise madde
18/2°de belirtildigi gibi ilgili iilkedeki petrol ithal eden
firmalarin yaptig1 katkilar % 20’ye ulasincaya kadar orantili
olarak digirilir (IOPC, 2018(a)). Asagidaki Tablo 2’de
goriilecegi tizere Ek Fon’a en ¢ok katkida bulunan devlet
yaklasik % 20’lik bir oran ile Japonya’dir ve Ek Fon’a
katilim orani arttik¢a protokole taraf her bir devlettin yaptigt
katk1 orani da kademeli olarak azalacaktir.

Tablo 2. Ek Fon'a Taraf Bazi Devletlerde 2017 Yilinda Alinan
Katki Petrolii*.

Table 2. Contributing Oil Received by Some Supplementary Fund
Member States in 2017"

Uye Devlet 2017 Yilinda Alinan Katki Petrolii Yiizde %
Japonya 196.693.667 19.85 %
Giiney Kore 132.489.698 13.37 %
Italya 114.873.264 11.59 %
Hollanda 104.841.136 10.58 %
Ispanya 72.020.982 7.27%
Fransa 64.330.030 6.49 %
Birlesik Krallik 53.322.219 5.38 %
Kanada 36.076.678 3.64 %
Yunanistan 29.891.033 3.02%
Tiirkiye 28.279.675 2.85%
Almanya 22.779.972 2.30 %
Isveg 21.539.869 2.17
(IOPC, 2018(b))*
3. Petrol Kirliligi Tazmininde Yeni Diizen:

STOPIA ve TOPIA: Tablo 3’den de goriilecegi lizere petrol
kirliligi tazmin sisteminde giiniimiizde gegerli olan CLC 92,
FUND 92 ve Ek Fon Protokolii’nden miitesekkil 3 kademeli
sisteme gore kirlilik magdurlart igin 750 milyon SDR yani
Ozel Cekme Hakki’na kadar miktari
saglanabilmektedir. Fakat asagidaki Tablo 3°de agikga
goriildiigii iizere kirlilik magdurlarin tazmininde gelinen
noktada sorumluluk adil dagilmamaktadir ve makas petrol
alic1 sirketleri aleyhine ciddi bir sekilde agilmistir. Ornegin,
tonaj olarak 5000 grostondan kii¢iik bir tanker geminin
maliki yol act1g1 kirlilik sebebiyle maksimum 4.510 milyon
SDR ile mesul tutulabilecek iken yol acgtig1 kirliligin
boyutuna gore petrol ithalatgilar: tarafindan finanse edilen
92 Fonu 203 milyon SDR’ye kadar ve eger ki tazminat
miktarlarinin bu meblagi agmast durumunda yine petrol

tazminat
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alicist firmalar tarafindan finanse edilen Ek Fon 750 milyon
SDR’ye kadar mesul tutulabilmektedir. Bu rakamlara gemi
malikinin mesul tutuldugu miktarlar dahildir. Her durumda
bir geminin malikinin mesul tutulabilecegi meblag
maksimum olarak yaklasik 90 milyon SDR olmakta iken bu
petrol alicilar1 agisindan 750 milyon SDR (buna tanker
maliki mesuliyeti dahil) olmaktadir.

Tablo 3. Petrol Kirliligi Tazmin Sisteminde Maksimum Tazmin
Degerleri (Milyon SDR).

Table 3. Maximum Compensation Values in Oil Pollution
Indemnification System (Million SDR)”

Tanker GT CLC92 (2003 sonrast) Fon 92 (2003 sonras1) 2003 Ek Fon
5.000 4.510 203 750
10.000 7.665 203 750
50.000 32.905 203 750
100.000 64.455 203 750
140.000 89.770 203 750
250.000 89.770 203 750

(Kiigiikyildiz, 2014 )*

Mesuliyetin paylagtirilmast hususunda Ek Fon
Protokolii ile aleyhine gelisen bu duruma binaen petrol
alicist firmalar adina Petrol Sirketleri Uluslararasi Denizcilik
Forumu (OCIMF) tarafindan IMO’ya bir degerlendirme arz
edilmigtir. Bu degerlendirmede OCIMF kirlilik tazminati
hususunda  getirilen Ek Fon’u
destekledigini fakat Ek Fon’u gegici bir ¢oziim sekli
gordiiglinii ifade etmektedir. Bu baglamda konvansiyonlarda
sinirlama hakkinin yitirilmesi ve sorumluluk gibi hususlarda
degisiklikler yapilmas1 gerektigini savunmaktadir. Ote
yandan ayni siiregte Uluslararasi P&I Kuliipler Grubu (IG)
gemi malikleri adina IMO’ya bir degerlendirme sunmus ve
mevcut sistemin basari ile isledigini ve devam eden sistemde
herhangi  bir gerektigini
savunmustur. Aslinda bu mesuliyetin paylastirilmast hususu
OCIMF ve IG tarafindan 2001-2003 yillar1 arasinda
Petrol Kirliligi Tazmin Fonu (IOPC)
toplantilarinda ¢etin bir ¢ekismeye sahne olmustur. Bu
stirecte OCIMF tarafindan savunulan argiimanlar soyledir:

a) Kirlilik konvansiyonlarmin tasarladigi sistem
kazalarda herhangi bir payr olmayan petrol
alicilarinin sagladigi katkilarla magdurlarin finanse
edilmesine dayalidir. Zamanla makasin petrol
alicist olan firmalar aleyhine agilmasi dengeyi
bozmaktadir.

Denize dokiilen petrol

konvansiyonlar1  ve

oynamanin  yapilmamasi

Uluslararas:

b) kaynakli kirlenmeler
tamamen gemi operasyonlarindaki kusurlardan
kaynaklanmaktadir. Bu hususta operasyona
herhangi bir dahli mevzubahis olmayan petrol
alicilarinin mesul tutulmalar1 makul degildir.
Donatanin gemisinin diisiik standartli olmasindan
kaynaklanan kusurlardan petrol alicilarinin mesul
tutulmalar1 makul degildir.

Amerikan Petrol Kirliligi Kanunu (OPA 90)
yurtirliige girdiginden beri Amerika’da gemi
kaynakli petrol kirliligi % 95 oraninda azalma

d)
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gostermistir. Burada basart OPA 90°nin 6ngordiigii
kirleten 6desin temeline dayali olan ve CLC 92°den
daha sert bir mesuliyet rejimi 6ngdren ve ayrica
donatanin mesuliyetini sinirlama limitlerinin daha
yiiksek oldugu bir konvansiyonun basarisidir. Bu
baglamda CLC 92’nin 0Ongérdiigic mesuliyet
rejiminde degisiklikler yapilmali ve malikin
mesuliyet limitleri arttirtlmalidir.

Uluslararas1 Koruma ve Tazminat Kuliipleri

Grubu’nun (IG) savundugu argiimanlar ise;

a) CLC 69 ve Fon 71 konvansiyonlarinda “kirleten
6desin” prensibi kabul edilmis ve kirleten olarak
petrol tankeri malikleri ve petrol alicilar1 baz
alinmistir.  Zira petrol alicilarmin  kirlilikten
sorumlu tutulmalart petroliin iiretimi ve taginmasi
faaliyetinden ¢ok ciddi kar elde etmesindendir.
Malikin geliri olan navlun petrol pompa fiyatinin
yalnizca % 8’ine denk gelmektedir ve bu baglamda
malikin kirlilik tazmini i¢in tek adres gosterilmesi
adil degildir.

b) 1990 ve 1999 yillar1 arast meydana gelen 360
tanker kazasi incelendiginde tazminatlarin esit
olarak paylasildigi ve bu dengeyi bozmaya gerek
olmadig belirtilmektedir.

c) Kirlilik konvansiyonlarinda arzulanan amag

suglunun cezalandirilmasindan ziyade magdurlar
igin etkili ve hizli bir tazminat mekanizmasi tegkil
etmektir. Bu baglamda geminin kiracis1 veyahut
isleticisi gibi ayrimlara gidilmeden direk geminin
kayitli maliki mesul tutulur ibaresi getirilmistir.
Buradaki gaye kusurun kiracidan m1 isletenden mi
vs. kaynaklandiginin tespitinin uzun mahkeme
stirecleri gerektireceginden magdurlarin tazmini
hususunun uzamasi mevzu bahistir. Bazen geminin
malikinin petrol dokiilmesi ile hicbir alakasi
olmamasina ragmen sistem tarafindan mesul
tutulmusgtur. Benzer olarak yiik tarafina ait olan
katkilar da tek bir petrol alicis1 firmadan
toplanmamakta ve bunun yerine biitiin alicilarin
katkida bulundugu bir fondan yapilmaktadir.

Bu argiimanlar 1s18inda  petrol  kirliliginin
tazmininden mesul olan 2 taraf birbirlerine ¢esitli uzlagsma
teklifleri sunmus ve nihai olarak OCIMF’in tezlerine yakin
bir yerde uzlasi saglanmistir. Bu baglamda P&I kuliipleri
adma IG ile IOPC Fonlar1 (1992 Fonu ve Ek Fon) arasinda
bir memorandum imzalanmis ve petrol kirliligi kaynakli
zararlarin paylastirilmast hususunda yeni bir diizenleme
getiren bu diizenleme STOPIA 2006 (Small Tanker Oil
Pollution Indemnification Agreement) ve TOPIA 2006
(Tanker Oil Pollution Indemnification Agreement) adli iki
ayr sozlesmeye dayanmaktadir (Acar, 2007). Bu vesile ile
92 CLC’nin tadil edilmesi engellenmekle beraber goniilliiliik
esasina dayali olarak tanker gemisi maliklerinin mesuliyet
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miktarlar1 arttirilarak IOPC Fonlarmin tazmin edilmesi
amaclanmaktadir (Kiiclikyildiz, 2014). 1G iyesi P&l
kuliipleri memorandum geregi kendi tiyeleri olan tanker
maliklerinin bu iki sdzlesmeye taraf olmasini saglamay1
yiikklenmektedir.

Kiigiik tanker sahipleri arasindaki bir s6zlesme olan
STOPIA ile 29.548 GT’den kiigiik tonaja sahip olan tanker
maliklerinin 6demesi gereken tazminat miktarini 20 milyon
SDR’ye yaklasik 27.500.000 dolara yiikseltmektedir. Bu
sozlesmenin Kloz III (B) kisminda belirtildigi tizere 1G’ye
iiye herhangi bir P&I kuliibiine giren ve Havuz Sozlesmesi
(Pooling Agreement) vesilesi ile reastire edilen biitiin kiiciik
tanker bu mekanizmaya basvurabilecektir.
Sozlesmenin Kloz III (B) kisminda belirtildigi lizere bu
tankerler ilgili gemi (relevant ship) olarak ifade edilmekte ve
ilgili gemilerin IG iiyesi bir P&I kuliibliine girmekle
STOPIA’ya otomatik girdigi kabul edilmektedir (IOPC,
2006). Ozetle, 1992 Fonu STOPIA kapsamina giren
gemilere iliskin {iglincii taraflarin tazmini hususunda
sorumlu olmaya devam edecek fakat 29.548 GT’den kiigiik
tankerlerin petrol kirliligine yol ag¢mast
mesuliyet limitleri olan 20 milyon SDR’ye kadar 92 Fonu
tarafindan yapilacak olan ilave ddeme kullip tarafindan
sonradan Fona geri 6denecektir.

TOPIA’da STOPIA ile ayni esasa dayalidir ve fark
olarak TOPIA’da IG iiyesi olan bir P&I kuliibiine girmis
olan ve Havuz Sozlesmesi mekanizmasi ile reasiire edilen
biitiin tanker malikleri basvurabilmektedir. TOPIA’da ilgili
gemi hususunda herhangi bir grosston sinirlamasi yoktur ve
bu sozlesmeye gore katilan malik tanimlamasina uyan
herhangi bir kimse Ek Fon’un petrol kirliligi zararinin
tazmini i¢in 6dedigi miktarin % 50’si sonradan Ek Fon’a geri
Odenecektir.

malikleri

durumunda

2006 yilinda gonilliilik esasmna dayali olarak
devreye giren STOPIA ve TOPIA mekanizmalarinin 10 yil
icinde meydana gelen kirlenme zararlari 1s1§inda 2016
yilinda gozden gecirilmesi ve bundan sonra da her bes yilda
bir gozden gecirilmenin icra edilmesi Ongorilmistiir.
Burada sozlesmelerin Kloz VIII (C) kisminda belirtildigi
iizere gemi malikleri ile petrol alicis1 firmalar tarafindan
yapilan ddemelerin incelenmesi ve taraflardan herhangi
birinin 6dedigi miktarin % 60’1 astiginin anlagildig1 durumda
bozulan esitligin temin edilmesi igin gerekli onlemlerin
alinmas1 dngoriilmistiir (IOPC, 2006).

4, STOPIA 2006-TOPIA 2006 GOZDEN
GECIRME VE DEGERLENDIRME: 1G, 1992 Fon’una
STOPIA’ya giren tankerlerin listesini tedarik etmektedir ve
bu baglamda 2015 yilinda STOPIA’ya giren tanker sayisi
6.485 iken bu rakam gozden gegirmenin yapildigi 2016 yili
Agustos ayinda 6.180°e dismiistiir. Ayrica IG tarafindan
IOPC Fon’una yapilan bilgilendirmede IG kuliiplerine giren
ve STOPIA 2006’ya katilmayan ilgili gemi sayist sifir ve IG
kuliipleri tarafindan sigortalanip STOPIA 2006’ya giren ve
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akabinde STOPIA 2006’dan ¢ikis yapan ilgili gemi sayist da
sifir olmustur. IG kuliiplerine giren baz1 tankerler
STOPIA’ya girmemislerdir zira bunlar Uluslararas1 Grup’un
havuz anlagmalart yoluyla reasiire edilmemektedirler. Bu
kapsamda yer alan tanker sayis1 2015 yilinda 415 iken 20
Agustos 2016 tarihi itibari ile 404’ diismiistiir. Ote yandan
bu kategoride yer alan tankerler gemi malikleri ve P&l
kuliipleri arasinda yapilan yazili anlagmaya gore ilgili gemi
olarak diistiniilebilir. Yazili anlagma ile STOPIA’ya giren
tanker gemisi sayis1 2015 yilinda 291 iken bu say1 2016 yil1
Agustos ayinda 282’ye diismiistiir. Ornegin 20 Agustos 2016
tarihinin rakamlar1 incelendiginde goriilmektedir ki 404
gemi IG iiyesi P&I kuliiplerinden sigorta hizmeti almakta
fakat IG havuz anlasmalarinda reasiire edilmemektedir. Bu
404 tankerin 282 tanesi bagimsiz bir yazili anlagsmaya dayali
olarak STOPIA kapsamina almmistir ve aradaki farka
bakarsak 122 adet tanker Dbelirtilen tarihnte STOPIA
mekanizmasima katilmamustir. 20 Agustos 2019 tarihine
geldigimizde STOPIA’ya giren gemi sayist 6.339 tanesi
ilgili gemi olarak ve 239 tanesi de yazili anlagsmaya dayali
olmak iizere toplamda 6.578 olarak gerceklesmistir. Ayrica
IG kuliiplerinden birine giren 29.548 ton ve asagisindaki
tonajdaki gemilerden 347 tanesi IG’nin havuz anlagmalarina
katilmamakta ve boylece STOPIA’ya otomatik olarak
girmemektedir. Bunlardan 239 tanesi yazili bir anlagsmaya
dayali olarak STOPIA’ya kapsamina alindig1 i¢in aradaki
fark olan 108 gemi belirtilen tarih itibariyle STOPIA
kapsamina girmeyen tanker sayisin1 vermektedir (IOPC,
2016(a); IOPC(c), 2019).

Tablo 4.‘te gorildiigii iizere iizere IG, iiyesi olan
P&I kuliiplerinden sigorta hizmeti alan tankerlerin g¢ok
biylik bir kismin1 giderek artan bir sekilde tesis ettigi
STOPIA mekanizmasina soktugu goriilmektedir ve bu oran
20 Agustos 2019 tarihi itibariyle % 98.4’e ulagsmustir. Burada
IG’nin petrol kirliliginin tazmini hususunda taraflar arasinda
mesuliyetin esit paylagtirilmast baglaminda etkili bir
performans sergilemistir.

Diger tarafta IG iiyesi bir P&I kuliibiine girmekle
beraber IG’nin havuz anlagmasi yoluyla reasiire edilmeyen
ve bdylece STOPIA mekanizmasina katilmayan belli bir
sayida tanker gemisi mevcuttur. Tablo 5.’te de goriilecegi
tizere bunlarin ciddi bir kismmin IOPC Fonu’na en ¢ok
katkida bulunan iilkelerden bir olan Japonya’daki koster
tanker filosundan kaynaklandigi1 goriilmektedir. Japon koster
tanker gemileri analiz edildiginde goriilmektedir ki Japon
P& Kuliibiine Giren 200 grosston iizeri tanker maliklerinin
hemen hemen hepsi (% 99) havuz anlagmalar1 yoluyla
reasiire edilmekte ve STOPIA mekanizmasma katilim
saglamakta iken Japon P&I kuliibiine giren toplam Japon
koster tanker gemi sayisi incelendiginde bu oran % 65’lere
diismektedir. Burada agik¢a goriilmektedir ki 2011 ve 2012
yillar1 baz alindiginda 200 GT’dan kii¢iik olan ortalama 170
Japon koster tanker gemisi IG iiyesi olan Japan P&I
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Kuliibiinden sigorta hizmeti almasina ragmen kuliibiin de
tarafi oldugu havuz anlagmalarina katilmamakta ve bdylece
STOPIA’ya dahil olmamaktadir. Giiniimiizde de IG tiyesi bir

Tablo 4. STOPIA 2006’ya katilim oranlari.
Table 4. Participating Ratios to STOPIA 2006
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kuliipten sigorta hizmeti tedarik etmekte olup mezkir
mekanizmaya dahil olmayan filonun c¢ogunun buradan
geldigi diistiniilmektedir.

Yil STOPIA’ya giren tanker sayist (lgili gemi ve IG kuliipleri tarafindan sigortalanan fakat Toplam STOPIA’ya giren toplam yiizde

yazili anlagma ile katilan gemilerin toplami) STOPIA’ya girmeyen tanker sayisi (%)
20.02.2011 6.173 208 6.381 96.7
20.08.2011 6.317 174 6.491 97.2
20.02.2012 6.039 164 6.203 974
15.08.2015 6.776 124 6.900 98.2
20.08.2016 6.462 122 6.584 98.1
20.08.2018 6.758 116 6.874 98.3
20.08.2019 6.578 108 6.686 98.4

Tablo 5. Japon Koster Filosu STOPIA Penetrasyon Oranlart”
Table 5. Japanese Coastal Fleet STOPIA Penetration Ratios*

Yil

Japon P&I Kuliibiine Giren Japon Koster Tanker Gemi Sayisi

STOPIA’ya Giren Gemi Sayis1

STOPIA’ya Girme Yiizdesi (%)

20.02.2011 506 331 65
20.08.2011 501 327 65
20.02.2012 478 314 66
il Japon P&[ Kuliibiine Giren 200 GT Uzeri Japon Koster STOPIAya Giren Gemi Sayist STOPIAya Girme Yiizdesi(%)
Tanker Gemi Sayist
20.02.2011 144 143 99
20.08.2011 141 139 99
20.02.2012 144 143 99

(IOPC Fon raporlari)*

IG tarafindan Ek Fon’a yapilan raporlamada ifade
edildigi iizere, 2016 yili rakamlarina gore IG iyesi bir
kuliibe giren ve TOPIA’ya girmeyen ilgili gemi sayisi
sifirdir. IG kuliipleri tarafindan sigortalanirken TOPIA
mekanizmasina giren ve sonradan TOPIA’da yer almaktan
vazgegen ilgili gemi sayisi da sifirdir. Ayrica IG tarafindan
Ek Fon’a yapilan raporlamada yer aldig1 tizere herhangi bir
IG tiiyesi kuliibe giren tankerlerden STOPIA 2006’ya yazilt
anlagma ile girmis olan gemiler (282 adet) TOPIA 2006’ya
girmemislerdir. Ciinkii bu koster tankerlerin kapasitesi cok
kiigiiktir ve boyle tankerlerden kirlilik hasar1 sonrasi
olusan hasar tazminat talep maliyetlerinin 1992 Fon
Sozlesmesi limitlerini (203 milyon SDR) agmasi ihtimal
dis1 olarak diigiiniilmektedir. Ayrica belirtilmelidir ki
IG’nin tesis ettigi havuz anlagsmalarina girmedigi igin
TOPIA 2006’ya girmeyen tanker sayisi 404°diir. 2019
Ekim itibariyle IG kuliiplerinden sigortalandig1 halde 1G
havuz anlagsmalarmma katilmayan gemi sayist 347’ye
dismistiir ve bunlarin 239 tanesi yazili anlagmaya
istinaden STOPIA’ya girmislerdir fakat yukarida belirtilen
sebebe binaen TOPIA’ya girmemislerdir. Her ne kadar bu
ufak tonajli gemilerin Fon 92 limitlerini asmayacagi
disiiniilse de teoride bu gemilerden herhangi birinin liiks
bir otele, restoranta, denizde {iretim yapan balik ¢iftlikleri
bolgesine, likks yatlara, balik¢1 aglarina vs. verebilecegi
zararlarin toplaminin Fon 92 limitlerini agmasi ihtimal
dahilindedir ve bir risk unsuru tasidigi asikardir. Bu
baglamda IG’nin STOPIA baglaminda gosterdigi
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etkinligin bir benzerinin TOPIA hususunda da gosterilmesi
beklenmektedir.

IOPC Fon’u bu iki s6zlesmeye taraf degildir ve bu
sozlesmelere yapilacak herhangi bir diizenleme i¢in IOPC
Fon’unun rizasmin alinmasma gerek yoktur. Ote yandan
gozden gegirme siiresince IOPC Fon sekretaryasi
tarafindan yapilan yorumlarin IG dokiimanlarinda genis bir
sekilde yansitilmasina binaen Fon direktorii, gozden
gecirme sonuglarint ve Onerilen diizeltmeleri uygun
bulmustur (IOPC, 2016(a)).

Her ne kadar 1992 Fonu bu iki sézlesmeye taraf
olmasa da sozlesmelere uygun olarak gemi maliklerinden
tazminat elde etme hususunda yasal hakka haizdir. IOPC
Fon’u 2018 yillik raporuna gore su ana kadar STOPIA
altinda 1992 Fonu’na Solar 1 (Filipinler, 2006) kazasi
hususunda 6deme yapmustir ve ayrica STOPIA nin Trident
Star (Malezya, 2014) kazasina da uygulanabilecegi
belirtilmektedir. OCIMF 2018 y1llik raporunda Double Joy
(Malezya, 2014) kazasi sonucu olusan tazminat bedelinin
CLC 92 limitlerini asarak 92 Fon’unun devreye
girebilecegini yani STOPIA’ nin uygulanabilecegi belirtse
de IOPC Fon’u 2018 yillik raporunda, biitlin hasar tazminat
taleplerinin gemi maliki/sigortacisi ile anlagmaya varilarak
¢Oziime kavusturuldugu ve buradaki meblagin CLC 92
limitleri igerisinde oldugu ve IOPC Fon’unun devreye
girmesine gerek kalmadigi belirtilmistir (IOPC, 2018b;
OCIMF, 2018).
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Ek Fon’un dahil oldugu herhangi bir kaza su ana
kadar meydana gelmedigi icin TOPIA 2006 mekanizmast
su ana kadar heniiz uygulanmamustir. Ek Fon’un tazminat
O0demesi gereken her bir kaza i¢in bir Hasar Tazminat Fonu
(A Claim Fund) kurulur ve su ana kadar Ek Fon’un déhil
oldugu herhangi bir kaza meydana gelmedigi i¢in herhangi
bir Hasar Tazminat Fonu kurulmamustir (IOPC, 2018). Ote
yandan Ek Fon’a taraf bir iilkede meydana gelen ilk kaza
2012 yilinda Yunanistan’da meydana gelen Alfa | kazasidir
fakat bu kaza sonucu hasil olmasi1 beklenen tazminat talep
miktarmin 92 Fon limitini agmasi ihtimal dis1 olarak
goriilmektedir. 1992 Fon’un da dosyas1 kapatilmayan bir
vaka olarak duran Alfa | kazasinda, Yunanistan bayrakli
tanker gemisinin malikinin sabit prim P&I kuliibii olan
Aigaion Sigorta Sirketi, malikin sigortacisi olarak sundugu
kirlilik sigortasi teminat kapsaminin herhangi bir kaza i¢in
toplam hasar tazminat talebinin gemi bagina 2 milyon Avro
ve police sartlarinda agikga belirtildigi lizere teminatin
kalict olmayan kargolar (non-persistent) igin gegerli
oldugu argiimanlarina binaen malikin CLC 92 baglaminda
bulunan 4,51 milyon SDR’ye denk gelen mesuliyetini
kabul etmemektedir. Ote yandan malikin gemisi i¢in CLC
sertifikas1 diizenleyen Yunanistan’in Pire Merkez Liman
Idaresi, sigorta sirketi tarafindan kendilerine sunulan mavi
kartin, sigorta poli¢esinin CLC 92 madde 7’ye atif yaparak
s6zlesmenin uygulanabilecegi mekan ve zaman (where and
when applicable) hiikmiine uydugunu tedarik ettigini ifade
etmektedir. Yunan idareleri tarafindan bu sigorta
poligesindeki teminat kapsami ve liman idaresine sunulan
mavi karttaki teminat kapsamindaki uyugmazlik i¢in ayrica
sorusturma agilmistir. 1992 Fon’unun hukuk danigmaninin
goriislerine gore sigortanin mesuliyeti teminat kapsami ve
sertifikadaki acik ¢eliskiye bakilmaksizin olusmaktadir ve
sigortacinin, teminatin ihlali iddiasina binaen herhangi bir
hasar tazminat talebini reddetmemelidir (IOPC, 2012) . Bu
vaka, zorunlu sigorta konusunun ne kadar ihmale
gelmeyecek mithim bir mesele oldugunu gostermesi ve
liman idarelerine dikkate almalar1 gereken bir husus
oldugunu agik bir sekilde gostermektedir. Bu baglamda
Yunanistan’daki liman idarelerine 6rnek olmasi agisindan
belirtilmelidir ki Ulastirma ve Altyap1 Bakanligi, Tiirkiye
Cumbhuriyeti limanlarina giris yapacak tankerlerin petrol
kirliligi hususunda sahip olabilecegi P&I
kuliiplerinin listesini her yil giincelleyerek Muteber P&I
kuliipleri olarak sitesinden deklare etmekte ve bunlarin
biiylik cogunlugunu IG kuliipleri teskil etmektedir.

1G, STOPIA ve TOPIA mekanizmalarinin 2006
yilinda devreye girmesinden sonraki 10 yillik periyodu

teminati

gozden gegirmistir ve bu baglamda bu soézlesmelere ufak
diizeltmeler yapmustir (Oil spills India, 2018). Her iki
anlagma 20 Subat 2006 ve 20 Subat 2016 arasi gegen 10
yillik periyot i¢in CLC 92, IOPC Fon’u ve Ek Fon hasar
tazminat talepleri verisi igin benzer gozden gegirme
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klozlar1 ihtiva etmektedir. IG bu gozden gecirmeyi IOPC
Fon Sekreteryast ve petrol alicilari adina OCIMF ile
beraber 2016 yili basinda baslamistir. Gozden gegirme
sonucu bu 10 yillik periyotta gemi malikleri tarafindan
O0denen hasar tazminat taleplerinin toplam maliyetinin
petrol alicilarinin &dediginden ¢ok daha fazla oldugu
vurgulanmigtir. Her iki sozlesme de herhangi bir
esitsizligin hasil olmasi durumunda finansal mesuliyetin
dengelenmesi hususunda klozlar ihtiva etmektedir.

10 yillik gézden gegirme periyodu verilerine gore
gemi maliklerinin/IG kuliiplerinin dahil oldugu vaka sayist
348 ve IG kuliip iiyesi tanker maliklerinin 6dedigi toplam
maliyet 256.810.499 dolardir. Ote yandan IOPC Fon’unun
dahil oldugu vaka sayisi 2 ve maruz kaldig1 toplam maliyet
41.777.445 dolardir. Bu baglamda denilebilir ki yapilan
O0demelerin % 86’s1 IG kuliip iiyesi tanker malikleri
tarafindan % 14’0 ise 1992 IOPC Fon’u tarafindan
tistlenilmistir. Aradaki farkin bu kadar keskin olmasi1 IOPC
Fon’unun genellikle biiyiikk c¢apli kazalarda devreye
girmesinden ve malik mesuliyetinin asan kismindan sonra
devreye girmesinden kaynaklanmasidir. Ayrica bu
rakamlar sadece gdzden gegirme periyodu i¢cin 6denen
meblagr gostermektedir ve bu periyotta vaki olup da
6denmemis tazminatlarin da olmasi muhtemeldir. Bu
rakamlar IG kuliip harici kuliiplerden kirlilik teminat1 alan
gemi maliklerini hesaba katmamaktadir (IOPC, 2016b).
Sozlesmelerin Kloz VIII (C) kisminda belirtildigi iizere
gemi malikleri ile petrol alicisi firmalar tarafindan yapilan
O0demelerin incelenmesi ve taraflardan herhangi birinin
0dedigi miktarin % 60’1 astigmin anlasildigi durumda
bozulan esitligin temin edilmesi i¢in gerekli dnlemlerin
alinmas1 ongériilmiistiir. Ote yandan Uluslararas1 Deniz
Ticaret Odast (ICC) ve Uluslararast Bagimsiz Tanker
Sahipleri Dernegi’ne (INTERTANKO) danigma sonucu
IG, finansal mesuliyetin dengelenmesi ile ilgili Kloz VIII
(C) hususunda herhangi bir 6nlemin icra edilmemesine
karar vermistir. IG, Heberei Spirit vakasinda bu 10 yillik
donem boyunca bir araya getirilen verilerin IOPC Fon’u
tarafindan yapilan toplam Odemeleri tam olarak
yansitmadigii  ve IOPC Fon’u tarafindan dosyasi
kapatilmayan bu vakanin gelecek 10 yilik gdzden
gecirmede yer alacagini belirtmistir. Bu vaka i¢in beklenen
O0demeler dikkate alindiginda yiikiin esit bir sekilde
dagildiginin goriilecegi ifade edilmektedir. Ote yandan IG
gelecekte herhangi bir aleyhine esitsizligin olusmasi
durumuna binaen sozlesmeler tizerinde gerekli degisikligi
yapma hakkini sakli tutmaktadir (Britannia, 2017).

STOPIA ve TOPIA sozlesmelerine 10 yillik
gozden gecirme sonucu bazi degisiklikler yapilmigtir ve
bundan bdyle STOPIA 2006 (2017 diizeltilmis hali) ve
TOPIA 2006 (2017 diizeltilmis hali) olarak yeniden
adlandirilmustir.

Burada yapilan degisiklikler sunlardir:
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e Gelecek gozden gegirmelerin 5 yillik hasar
tazminat talep verisi (claim data) yerine orijinal
sozlesmede ilk gozden gegirme icin gecerli olan
10 yillik bir siireg i¢in yapilmasi kararlastirilmistir
ve bu baglamda gelecek gbozden gegirme 2026
yilinda icra edilecektir. Zira IG’ye gore 5 yillik
periyotlarla yapilacak gbzden gegirmelerde
taraflar arasinda mesuliyetlerin paylastiriimasi ile
alakali olarak herhangi anlamli bir sonuca
ulagsmanin zor oldugu ve siirenin ¢ok kisa oldugu
belirtilmistir.

e Gelecek gozden gecirmede o donemin hasar
tazminat talep verisinin yerine biitlin gozden
gegirme periyotlarinda toplanan kiimiilatif hasar
tazminat talep verilerinin dikkate alinmasi
kararlagtirtlmistir.

e Gemi maliklerini ve sigortacilarini herhangi bir
uygulanabilir yaptirim rejimi kapsamina giren bir
o0deme yapilmasini engelleyen bir yasamanin
sonucu olarak, gemi maliklerini ve IG kuliiplerini,
kontrolleri disindaki sebeplerin gelistigi durumlar
karsisinda, sozlesmelere uygun olarak 1992
Fonu'na ve Ek Fon’a geri 6deme yapmasini
onleme hususunda korumak igin giincellenen
sozlesmenin IV (H) kismina ilgili hiikiimler
eklenmigtir  (Britannia, 2017). Zira deniz
ulagtirmasi, ticareti ve ilintili olarak sigorta ve
reasiirans aktiviteleri iizerindeki uluslararasi

yaptirimlar ve engellemeler 1G kuliiplerinin ve

daha genis kapsamda sigorta endiistrisinin sigorta
teminati ve kurallar1 iizerinde sona erme/fesih
klozlarmi (cesser clause/ termination clause)
devreye sokmasi ile sonuglanmaktadir. Sigortali
tarafin yaptirnmi delen sefer yapmasi durumuna
binaen IG kuliiplerinin ve
korunmasi i¢in bu onlemler gereklidir. Avrupa

Birligi veyahut ABD yaptirimlarinin ihlali birgok

maddi  bazen de hapis  gibi

cezalandirmalara sebebiyet verebilmektedir.

reasurorlerinin

acidan

SONUC

Tanker gemilerinin sebep oldugu petrol kirliligi
tazminat rejiminin ilk ayagt CLC 1969 ve Fon 1971
Sozlesmeleri ile teskil edilmistir. Daha sonradan tanker
malikinin ve IOPC Fonu’nun mesuliyet miktarlarini
arttiran CLC 1992 ve Fon 1992 Konvansiyonlari ile tadil
edilen bu iki basamakli tazminat sistemine, kaza kaynakli
tazminat miktarlarinin artmasma binaen 2005 yilinda
devreye giren Ek Fon Protokolii 2003 getirilerek bdylece
iic basamakli tazminat sistemi olusturulmustur. Ek Fon,
CLC 92 ve Fon 92 Soézlesmelerine binaen hala tazmin
edilmeyen meblaglar mevcut ise aradaki farki kapatmak
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icin devreye girmekte ve giinlimiiz rakamlariyla yaklagik
olarak 6.100.000.000 TL’ye kadar teminat
sunabilmektedir. Bu capta yiiksek teminat sunabilen Ek
Fon’un finansman yiikiiniin petrol alicilar1 tarafindan
iistlenilmesi beraberinde tartigmalari da getirmistir. Bu
baglamda petrol alicilarinin yiiklendigi mesuliyetin
dengelenmesi hususunda 13 biiyiikk P&I kuliibiini
biinyesinde barindiran Uluslararas1 P&I Kuliipler Grubu,
STOPIA ve TOPIA adli iki mekanizmay1 devreye sokarak
tanker malikleri adina mesuliyetlerin taraflar arasinda esit
bir sekilde dagitilmasini hedeflemistir. Bu mekanizmalarla
CLC 92 ile sorumlulugu sinirlandirilan tanker maliklerinin
mesuliyet miktarlar1 arttirillarak IOPC Fon’larimi tazmin
etmesi saglanmistir. Uluslararasi Grup’un, iiyesi olan P&I
kuliiplerinden sigorta hizmeti alan tankerlerin ¢ok biiyiik
bir kismini tesis ettigi STOPIA mekanizmasina soktugu
goriilmektedir. Burada Uluslararasi Grup’un petrol
kirliliginin tazmini hususunda taraflar arasinda mesuliyetin
esit paylastirilmasi baglaminda etkili bir rol oynamistir. Bu
caba sozlesmelerin yeniden tadil edilmesi tartismalarinin
oniinii  kesmigtir fakat denebilir ki petrol kirliligin
tazminine dair CLC 92, Fon 92, Ek Fon Protokoli,
STOPIA ve TOPIA gibi diizenlemeler ¢ok parcali bir
goriintii  sergilemektedir ve yeknesak bir mesuliyet
rejiminin getirilmesi uygulamada kolaylik saglayacaktir.
Ayrica Uluslararasi Grup’un konu hususunda olusturdugu
mekanizmalarina girmeyen az sayida tankerin tazminat
rejiminde dengenin saglanmast hususunda risk unsuru
ihtiva etmeye devam etmektedir ve bu baglamda
Uluslararast Grup’un STOPIA hususunda gosterdigi
etkinligin bir benzerini TOPIA hususunda da gdstermesi
beklenmektedir.
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Abstract: Clarias gariepinus was exposed to 1 ppm Pb singly and in mixture with 75 ppm
chitosan (CT) and the levels of Pb in gill, liver, spleen, kidney and muscle tissues were determined
after 1, 7 and 15 days. Lead accumulation increased in gill tissue compared to control when
exposed to Pb alone and in mixture on 7" day. A significant decrease, however, was observed in
gill level on exposure to Pb+CT mixture on day 15. Exposure to Pb alone increased the level in
liver significantly after 15 days compared to control fish. Exposure to Pb alone and to mixture
had no effect on kidney accumulation. Pb accumulation increased in spleen tissue compared to
control when exposed to Pb alone on 1% and 7™ days, it decreased when exposed to Pb+CT
mixture at these exposure periods. Muscle Pb accumulation was higher in fish exposed to Pb only
as compared to controls and in fish exposed to Pb+CT mixture on 1% day. The studied lead
concentrations caused alterations in the metal accumulation especially gill and liver tissues.
Chitosan seemed to decrease the harmful effects of Pb on long term exposures.

Keywords: Accumulation, Clarias gariepinus, chitosan, lead, mixture.

Kursun ve Kursun-Kitosan Karisiminin Clarias gariepinus'da doku birikimi
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uizerine etkileri

Oz: Bu arastirmada 1 ppm kursunun tek basina ve 75 ppm kitosan ile karigimlarinin 1, 7 ve 15
giinliik etki siirelerinde C. gariepinus 'un solungag, karaciger, bobrek, dalak ve kas dokularmdaki
metal birikiminin belirlenmesi amaglanmigtir. Kursunun tek basina ve karisimin 7 giinliik etki
stiresinde solunga¢ dokusunda biriktigi belirlenmistir. Karigimin 15 giinliik etki siiresinde ise
solunga¢ dokusundaki kursun birikimi azalmustir. Kursunun tek basma 15 giinliik siireyle
etkisinde karacigerde birikim artig gostermistir. Bobrek dokusunda kursunun tek basma ve
karisimin etkisinde birikim gézlenmemistir. Dalak dokusunda kursunun tek basma 1 ve 7 giinliik
etki siiresindeki kursun birikimi artig gosterirken, karisimin aym siirelerle etkisindeki birikim
diislis gostermistir. Kas dokusunda ise kursunun tek basina ve karigimin etkisinde yalnizca 1
giinliik etki siiresinde birikim gdzlenmistir. Incelenen kursun derisimleri 6zellikle solungag ve
karaciger dokusunda birikme neden olmus, kitosanin uzun siireli etkisi kursun birikimini
azaltmigtir.

Anahtar kelimeler: Birikim, Clarias gariepinus, karisim, kitosan, kursun.
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INTRODUCTION

Lead (Pb) has physical and chemical properties
that make it extremely useful in various industries such as
lead battery production and colored inks and paint
preparation. Discharge of Pb containing urban, agricultural
and industrial waste waters to aquatic environments result
in a number of physiological and biochemical disturbances
to organisms living in these environments. (Shaw et. al.,
2006; Kusemiju et al., 2012). Pb have no biological
function and is toxic even at very low concentrations. It is
a potentially toxic chemical for aquatic animals such as fish
and shellfish (Cicik, 2003). Chitin is a polymer of
glucosamine which is found in shells or walls of
invertebrates, fungi and yeasts. Chitosan (CT), an amino
polysaccharide, is prepared from shellfish chitin by
treatment with alkali. (Muzzarelli, 1977). CT is able to
form complexes with many of the transition metals. The
heavy metal-polymer complexes are believed to form as a
result of dative bonding with CT (Muzzarelli, 1973).
Physiological and biochemical profiles in fish and other
aquatic organisms under heavy metal stress serve as
important bioindicators in aquatic environment monitoring
(Abbas et al., 2007; Firidin, 2019, Tungsoy, 2019). Clarias
gariepinus was chosen as an experimental fish species
since the species is commonly found in streams and
drainage channels of Mediterranean region, its
consumption as a protein source in the region, its wide
tolerance against pollutants and its habitat being under the
effect of agricultural and industrial activities.

Aquatic organisms uptake the metals from water
and sediment mainly via their gills and digestive track and
accumulate them in various tissues. CT is well known as
an excellent biosorbent for metal cation removal in near-
neutral solutions because the large number of NH; groups
(Seyedi, 2013). Hence the aim of the present study was to
determine metal levels in gill, liver, kidney, spleen and
muscle tissues of C. gariepinus after exposing the animals
to 1ppm Pb and 1ppm Pb+75ppm CT over 1, 7 and 15 days.

MATERIAL AND METHODS

C. gariepinus was obtained from a private fish
farm in Silifke-Mersin-Turkey. The mean length and
weight of the animals were 21.9 + 2.5 cm and 73 = 3.11g
respectively. Fish were adapted to laboratory conditions for
one month in glass aquaria 40x120x40 cm in height. The
same sized five aquaria were used in the experiments. The
first two aquaria were filled with 120 L of 1.0 ppm Pb and
1.0 ppm Pb + 75 ppm CT, respectively while the third one
was filled with the same amount of lead-free tap water and
used as control. Lead nitrate (Pb(NOs3)2) was used in the
preparation of experimental solution and trisodium citrate
(CsHsNazO7 .5H,0) was used to prevent precipitation and

174

J. Anatolian Env. and Anim. Sciences, Year:5, No:2, (173-177), 2020

adsorption of the metal. Experimental solutions were
replaced daily, by serial dilution of freshly prepared 1000
ppm stock solution of the metal. 1 % acetic acid was used
to prepare CT stock solution (Aldrich, GR, Deacetylation
C75 %). Some physical and chemical properties of
experimental water were as follows;

Temperature: 21.5 £1°C,

Total alkalinity: 305 + 0.5 mg CaCOs/L

Dissolved Oxygen: 7.01 + 0.6 mg/L,

pH: 8.2 £0.5.

Experiments were run in triplicate being 3 fish in
each replicate, hence 9 fish were placed in each aquarium
totaling to 27 fish. Fish were fed once a day with
readymade fish feed (Pinar, Pellet No: 2) at amounts of 2%
of total biomass. Fish were anesthetized with MS222. They
were then washed with tap water and dried with Whatman
filter papers.

Three fish were removed from each aquarium at
the end of 1, 7, and 15 days of exposure periods, they were
washed dried and dissected for their gill, liver, spleen,
kidney and muscle tissues. Tissues were placed in petri
dishes after being wet weighted and were placed in a drying
oven set at 150°C for 48 hours. Dried tissues were then
transferred to experimental tubes and digested in nitric acid
(Merck, 65%) / perchloric acid (Merck, 60%) mixture (2/1;
v/v) at 120°C for three hours (Muramoto, 1983). Digested
tissues were transferred to polyethylene tubes and their
volumes were made up to 10 ml with distilled water. Metal
levels in tissues were determined using atomic absorption
spectrophotometric techniques.

Statistical analysis of the data was carried out by
Analysis of Variance and Student Newman’s Procedure
(SNK) using SPSS-21 statistical package program (Sokal
and Rohlf, 1995).

RESULTS AND DISCUSSION

There was no mortality of fish during the
experiments which was probably due to low metal
concentration tested. The gills are considered as the main
site of entry for the dissolved metal salts. They are sensitive
to any change in water components hence serve as a good
indicator of in water quality since gill filaments and
lamellae provide a very large surface area for direct and
continuous contact with contaminants in water (Gaber,
2007).

Metals entering from gills are firstly transferred to
liver by the circulatory system, and when the carrying
capacity of liver is exceeded, they are transferred and
stored in metabolically active tissues, especially in kidney.
Liver is a metabolically active tissue since it plays role in
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conversion of food, binding of harmful substances and in
digestion of macromolecules especially lipids (Heath,
1995). When the metal binding capacity of liver is
exceeded, the excess amount of metals is sent to kidneys
for excretion (Hollis et al., 1999). Spleen is an important
member of the body's immune and lymphatic system as
well as it is a hematopoietic organ in which blood cells
synthesized and stored (Tayel et al., 2008), also it acts as a
filter and purifier of the blood (Garcia-Abiado et al., 2004).
Exposure to Pb alone and mixture had no effect on kidney
accumulation (Figure 1C; P>0.05). Pb accumulation
increased in spleen tissue compared to control when
exposed to Pb alone on 1% and 7" days whereas its
accumulation decreased with increasing periods (Figure
1D; P<0.05). Muscle is not an effective tissue in binding
metals, it is, however, important to know metal levels in
this tissue as far as food chain and human health is
concerned (Duran et al., 2015). Pb accumulation in gill
tissue exposed to Pb alone increased with increasing
exposure periods and in mixture increased on 7™ day while
decreased on 15" day. Exposure to Pb alone increased Pb
accumulation of C. gariepinus on 7" day whereas its
accumulation decreased with increasing periods (Figure
1A; P<0.05). Pb accumulation increased in gill tissue of C.
gariepinus compared to control when exposed to Pb alone
on 7" and 15" days while decreased in this tissue exposed
to mixture on 15" day (Figure 1A; P<0.05). Pb
accumulation increased in liver tissue compared to control
when exposed to Pb alone on 15th day. Exposure to Pb
alone increased Pb accumulation of C. gariepinus on 7th
day whereas its accumulation decreased with increasing
periods (Figure 1B; P<0.05). Pb accumulation increased in
muscle tissue of C. gariepinus compared to control when
exposed to Pb alone on 1% day while decreased in this tissue
exposed to mixture at same exposure periods (Figure 1E;
P<0.05).

Metals entering from gills are firstly transferred to
liver by the circulatory system, and when the carrying
capacity of liver is exceeded, they are transferred and
stored in metabolically active tissues, especially in kidney.
Liver is a metabolically active tissue since it plays role in
conversion of food, binding of harmful substances and in
digestion of macromolecules especially lipids (Heath,
1995). When the metal binding capacity of liver is
exceeded, the excess amount of metals is sent to kidneys
for excretion (Hollis et al., 1999). Spleen is an important
member of the body's immune and lymphatic system as
well as it is a hematopoietic organ in which blood cells
synthesized and stored (Tayel et al., 2008), also it acts as a
filter and purifier of the blood (Garcia-Abiado et al., 2004).
Exposure to Pb alone and mixture had no effect on kidney
accumulation (Figure 1C; P>0.05).
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Pb accumulation increased in spleen tissue
compared to control when exposed to Pb alone on 1% and
70 days whereas its accumulation decreased with
increasing periods (Figure 1D; P<0.05). Muscle is not an
effective tissue in binding metals, it is, however, important
to know metal levels in this tissue as far as food chain and
human health is concerned (Duran et al., 2015). Pb
accumulation in gill tissue exposed to Pb alone increased
with increasing exposure periods and in mixture increased
on 7™ day while decreased on 15" day. Exposure to Pb
alone increased Pb accumulation of C. gariepinus on 7%
day whereas its accumulation decreased with increasing
periods (Figure 1A; P<0.05). Pb accumulation increased in
gill tissue of C. gariepinus compared to control when
exposed to Pb alone on 71" and 15" days while decreased
in this tissue exposed to mixture on 15" day (Figure 1A;
P<0.05). Pb accumulation increased in liver tissue
compared to control when exposed to Pb alone on 15th day.
Exposure to Pb alone increased Pb accumulation of C.
gariepinus on 7th day whereas its accumulation decreased
with increasing periods (Figure 1B; P<0.05). Pb
accumulation increased in muscle tissue of C. gariepinus
compared to control when exposed to Pb alone on 1% day
while decreased in this tissue exposed to mixture at same
exposure periods (Figure 1E; P<0.05).

Chitosan has recently been recognized as a
biopolymer with significant potential for use as biosorbent
for removal of metal ions from wastewater. Dynamic and
static adsorption experiments with heavy metal ions
indicated that chitosan can be effectively used to adsorb
these metals by establishing their different interactions
with its amino and hydroxyl groups (Vieira and Beppu,
2014). Several values have predicted the trend of
adsorption behavior with respect to the stability of metal-
bio-adsorbent complexes of Pb > Cu > Ni > Zn > Cd
(Spostio, 1981). Pb ions are adsorbed to chitosan by
coordinate and covalent linkages, ion exchange
mechanisms, and electrostatic forces (Krishnamurthy and
Harris, 1960). Copper-Chitosan complex increased metal
accumulation in gill tissue while decreased in liver tissue
of C. gariepinus (Tungsoy et al., 2016).

Various biosorbents such as chitin and chitosan
(CT) are known to form stable complexes with many metal
ions. Chitin is widely distributed in nature, especially in the
exoskeletons of marine invertebrates such as prawn, crab
and lobster whereas its derivative CT has reactive amino
groups which forms complexes between metal ions and the
polymer chain. It was concluded that the studied lead
concentrations caused alterations in the metal
accumulation especially gill and liver tissues. Chitosan,
which is a natural adsorbent, seemed to decrease the
harmful effects of Pb on long term exposures.
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Oz: Son yillarda siit sigirlarinda protein beslenmesinin anlagilmasinda 6nemli ilerlemeler
kaydedilmistir. Metabolize edilebilir protein(MEP) ihtiyaci, hayvanin yasama pay1 ve verim
paymi canli agirlik artisi, gebelik ve siit iiretimi gibi net olarak karsilayan protein miktaridir. MEP
ince bagirsak tarafindan emilen hem mikrobiyal hem de rumende pargalanmayan
proteinden(RUP) olusmaktadir. Bu nedenle, sadece rasyon ham protein(HP) degerini kullanarak
ruminant rasyonlarininin hazirlanmasi hatali olmaktadir. Wende analizi ve deterjan analizi gibi
geleneksel yem analizi yontemleri, yem HP’i tek bir birim olarak kabul eder; yem proteini
fraksiyonlarinin rumen pargalanabilirligini, mikrobiyal protein sentezini, bagirsaga akis hizlarmi
ve bunlarin emilimini hesaba katmaz. Bu nedenle, siit ineklerinin protein ihtiyaglarini karsilamak
icin hazilanan rasyon sadece rasyon protein kaynagi olarak HP’i degil ayn1 zamanda rumende
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Metabolizable Protein Systems in Dairy Cattle Nutrition

Abstract: In recent years, significant improvements have been achieved in understanding protein
nutrition in dairy cattle. The metabolizable protein(MEP) requirement is defined as the amount
of protein that meets precisely the animal's maintenance and productions such as live weight
gain, pregnancy and milk yield. This MEP consists of both microbial and also rumen
undegradable protein(RUP) absorbed by the small intestine. Therefore, the preparation of
ruminant diets using only the diet crude protein(CP) value is not correct. Conventional feed
analysis methods, such as Wende analysis and detergent analysis, accept the feed crude
protein(CP) as a single unit; it does not take into account rumen degradability of feed protein
fractions, microbial protein synthesis, intestinal flow rates and their absorption. Therefore, the
diet prepared to meet the protein requirements of dairy cows should include not only CP as a

jiCorrespondingiauthords: source of diet protein, but also microbial protein synthesized in the rumen. Microbial protein(MP)
o rOR King i both f degradabl in(RDP) and RUP, th

Ondokuz Mayss University, Faculty of systems, taking into account both factors, rumen degradable protein(RDP) an , the
Veterinary Medicine, Department of Animal individual rumen microbes and the synthesis of MP to meet the protein requirements of the animal
Nutrition and Nutritional Diseases, 55139 as well as the estimation of the MEP and thus accurately determine protein requirements. In this

ST, 457 . review article, the objective is to evaluate the principles and concepts with the latest developments
BX: yigithanogut@gmail.com

Cep telefonu : +90 (538) 404 64 79 in MEP systems developed after the simple feeding system which considers only CP in protein
nutrition of dairy cattle.

Keywords: Crude protein, dairy cattle, metabolizable protein, protein evaluation system.

178


DOI:
https://doi.org/10.35229/jaes.696143
https://orcid.org/0000-0003-4103-4736
https://orcid.org/0000-0002-9977-2937
mailto:%20yigithanogut@gmail.com
%20yigithanogut@gmail.com

Ogiit & Cetinkaya, 5(2), 178-184, (2020)

GIRiS

Ruminantlar tek midelilerden farkli bir protein
metabolizmasina sahiptir. Yem proteinleri
mikroorganizmalar tarafindan rumende amonyak ve yag
asitlerine parcalanirlar. Bakteriler amonyagi kullanarak
¢ogalirlar. Amonyagin MP sentezinde kullanim kapasitesi
biiyiik oranda karbonhidrat fermantasyonunun irettigi
enerjiye baghdir. Ortalama 100 g organik maddenin
rumende fermante olmasi sonucu 20 g MP sentezlenir.
Rasyondaki azot miktarmin diisiik oldugu durumlarda,
bliylik miktarda {ire rumene geri doner ve rumende
mikroorganizmalar tarafindan kullanilabilirler. Ineklerin
rasyonlarinda tek azot kaynagi olarak NPN kullanarak
giinde 500-600 g yiiksek kalitede siit proteini ve laktasyon
boyunca 4000 kg siit {iretimi alinabilmektedir (Wattiaux,
2017). Siit sigirlarinda protein degerlendirme sistemleri
rasyon HP’i i¢in basit beslenme standartlarindan, rumen
amonyak ve rumende parcalanabilen protein (RDP) ve
bagirsaktan emilebilir amino asit (AA) igin ihtiyaglart
ongormek tasarlanmis  kompleks beslenme
modellerine donistiiriilmiistiir. Cornell net karbonhidrat ve
protein sistemi-(CNCPS) ve CPM-Dairy sistemi rasyonun
icerdigi AA’leri dikkate alan ilk gelistirilmis modellerdir
(CNCP, 2003). NRC (1989) protein verilerinin sinirlt
olmasi ve yeni verilerin ortaya ¢ikmasiyla, NRC (2001)
komitesi yeni bir AA modeli gelistirmistir. Bu modellerde
metabolize edilebilir proteini kullanilmaktadir. Bu derleme
makalesinde siit sigirlarinin protein beslenmesi konusunda
sadece rasyondaki HP dikkate alan basit besleme
sisteminden sonra gelistirilmis kompleks modelleri igeren
MEP sistemlerinde yer alan prensipleri ve kavramlart son

lizere

geligsmelerle birlikte incelemek amaglanmuistir.
Siit
Ruminantlarda

Sigwrlarinda  Protein  Metabolizmasi:

protein tek  mideli
hayvanlara gore oldukca kompleks bir yapi igerir. MP
sentezinin sigirlarinda rasyonun
sindirilebilirligine bagli olarak 400-1500 g/giin arasinda
degisebilir. Bakterilerde %38-55
arasinda degisir. Rasyondaki protein ruminal sindirime
direng gosterir ve sindirilmeden ince bagirsaklara

gecebilir. MP’lerin ¢ok az1 rumende parcalanirken, biiyiik

metabolizmasi

sinirlari siit

proteinin  ylizdesi

¢ogunlugu abomasuma gecer. Abomasumdaki asidik
ortam biitiin mikrobiyal aktiviteyi durdurur ve sindirim
enzimleri proteinleri AA’lere pargalamaya baslar. Ince
bagirsaklara gelen AA’lerin yaklasik %60°1 bakteriyel
proteinden %40°1 rumende par¢alanmamis proteinlerden
olugur (Wattiaux, 2017).

Rumende Parcalanan ve Parcalanmayan
Protein: Rasyondaki RUP ve RDP’nin belirlenmesi
olduk¢a Onemlidir. Siit {retimindeki Azot (N)
verimliligininin optimum hale getirilmesi, rumende MP
olusumun desteklenmesi igin yeterli miktarda RDP’nin
saglanmast  gereckmektedir. Laktasyondaki ineklerin
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ginliik tiikettikleri yemlerin RDP degerlerinin in vivo
olarak belirlenmesi gerekir. Fakat in vivo metotlar rutin
kullanim igin pratik degildir. [n vitro metotlar1 desteklemek
amactyla in vivo metotlar kulanilmalidir..

In situ metotlar, yemlerin seliiloz ve protein
pargalanmasint degerlendirmede daha pratiktir. Bazi
siirlanmalara ragmen in situ naylon kese sonuglariin in
vivo belirlenen degerlerle ve protein pargalanmasinin
ckstrapolerasyonlartyla iligkili oldugu belirtilmistir.
Protein degerlendirme modellerini olusturmak igin in situ
metot tercih edilmektedir (NRC, 2001).

Bazi  yemlerde protein  parcalanmasini
hesaplamak i¢in standart metot olarak kullanilan in situ
naylon kese metodu ile dogru sonu¢ alinamadigindan
alternatif metot arayislari devam etmektedir (Broderick
vd., 2016).

RUP  degerlerini  belirlemek i¢in yapilan
calismalarla, abomasum ve duedenuma kaniil takilmus siit
sigirlart ve diivelerde MP ve RUP ¢ikisinin 6lgiimleri
yapitlmigtir. Yapilan ¢alismalarda ince bagirsaga AA
gecigleri hesaplanmistir. MP’leri, RUP’dan ayirt etmek
i¢in kullanilan marker’lar niikleik asitler (RNA ve DNA),
diaminopimelik asit (DAPA), amino etil fosfonik asit
(AEPA) ve 15N izotopudur. Bu marker’lardan en iyi sonug
veren rumene 15N izotopu infiizyon metodudur. Sindirim
sisteminde ge¢isleri hesaplamak igin ¢ok gesitli farkli sivi
ve kati faz marker’lart kullanilmistir. Son ¢alismalarda
rumende yem c¢ikisi hesaplamalarinin, degisen vakum-
basing cihazina duyulan ihtiyaci ortadan kaldiran retiikiiler
ornekleme kullanarak da yapilabilecegi gosterilmistir
(Krizsan vd., 2010). Siit sigirlar1 ve diiveler i¢in ince
bagirsaga AA gecisini hesaplamak icin gelistirilen
modelleri makalelerin verilmistir (NRC, 2001). White vd.
(2017) laktasyonda ve kurudaki siit sigirlar1 {izerinde
yapilan besleme denemesini ¢aligmalarini inceleyerek
hesaplama modellerini giincellemislerdir.

Broderick ve Colombini (2010) tarafindan
ruminal protein parcalanmasi ve par¢alanmadan rumenden
gecen protein konusunda son yillarda yapilan in vitro
calismalarin  bir  derlemesi Protein
pargalanmasint  degerlendirmek i¢in izole edilmis
proteazlart kullanmanin avantaji, rumen kaniilii takilmis
hayvanlara olan ihtiyaci ortadan kaldirmistir. Genel olarak
¢ozlinebilir azottan Olgiilen in vitro proteaz pargalanma
oranlari in situ parcalanma oranlariyla karsilastirildiginda
korelasyonlar daha diisiik bulunmustur.

yapilmustir.

Mikrobiyal Protein ve Rumende Par¢alanmayan
Proteinin  Sindirilebilirligi: Rumenden alt sindirim
sisteme gegen MP bakteri, protozoa ve mantar karigimidir.
Rumende 200°den fazla bakteri tiirii, 20’den fazla protozoa
tiirli ve en az 12 mantar tiiri bulunur. MP’in ince bagirsaga
gecen HP’in %50’sinden fazlasini olusturdugu ¢ok sayida
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arastirmayla  ortaya  konmustur. Bu  yiizden,
mikroorganizmalarin HP’inin fraksiyonunun kimyasal
bilesimini ve bunlarin hayvana saglanan AA kaynagina
katkisin1 bilmek 6nemlidir (Schwab & Broderick, 2017).
Sok vd. (2017) sigirlarda yapilan ¢aligmalarda elde edilen
verileri kullanarak, sivi ve kat1 fazda bulunan bakteriler ve
protozoalar i¢in ortalama AA  kompozisyonunun
degerlerini belirlemislerdir. Bir ¢ok besleme modelinde
kullanilan bakterilerin %80 HP degerinden daha yiiksek
ortalama %82.4’liikk bir HP degeri oldugu ortaya
konmustur.. Protozoa ve bakterilerde bulunan 10 esansiyel
AA’ten 5’inin AA seviyelerinin farkli oldugu bulunmustur.
Bu caligmada belirlenen en 6nemli farkin, bakterilerde
protozoalardan %42 daha diisiik lizin konsantrasyonu un
oldugunun ileri siiriilmesidir. Schwab ve Broderick (2017),
tarafindan sivi ve kati fazla ilgili bakteriler arasinda
bulunan kiigiik farklarin bakteri ve protozoa arasindaki
farklardan daha az oldugu belirtilmistir. Schwab ve
Broderick (2017), ayrica rasyondaki AA’lerin 3 ana
ruminal mikroorganizma popiilasyonu {izerine etkisini
daha iyi anlamak icin daha fazla arastirma yapilmasina
ihtiya¢ duyuldugunu 6nermislerdir.

Rumende sentezlenen MP’in  bagirsak
sindiriminin dogrudan belirlenmesinde birkag yontem
kullamlmaktadir.  Storm  vd. (1983)  koyunlarin
abomasumlarina kademeli olarak intragastrik infiizyonla
dondurularak ruminal bakterilerin
preparatlarint  vermislerdir. Bireysel AA’lerin gergek
sindirilebilirligi, gecen bakteriyel AA’lerin
geciginin - Olcililmesiyle  hesaplanmuistir.  AA’lerin
sindirilebilirligi %65 ve %88 arasinda degismis ve
ortalama olarak %85 olarak hesaplamistir. Ayni metotlari
kullanarak  koyunlarda  konvansiyonel  rasyonlarla
beslemede, Tas wvd. (1981) mikrobiyal AA
sindirilebilirligini %87 olarak hesaplamiglardir. Genellikle
MP’in siit sigirlari i¢in en iyi kalitede oldugu kabul edilir.
Bunun nedeni MP’in yiiksek sindirilebilirliginin olmasi ve
yagsiz viicut dokusu ile siitlin protein yapisma benzer bir

kurutulmus

ileuma

esansiyel AA kompozisyonda olmasindandir. RUP’un AA
kompozisyonu ve bagirsak sindirilebilirligi, RUP’un
hayvan i¢in besin degerini ortaya koyan en Onemli
parametrelerdir.

Metabolize Edilebilir Protein Sistemi: Siit
sigirlarinda protein beslemesi, rasyon HP’ini dikkate alan
basit beslenme standartlarindan, rumen amonyak, peptitler,
RDP ve bagirsaktan emilebilir AA icin ihtiyaglarim
dikkate alan kompleks beslenme modellerini iceren
standartlara Ancak rumen
fermantasyonunun kompleksligi ve siit sigirinin doku
proteini ve AA metabolizmas: ile ilgili yeterli nicel
verilerin  bulunmamas1 nedeniyle, gelismis protein
beslenme modellerinin olusturulmas: gecikmigtir. CNCPS
(O’Corner vd., 1993; Fox vd., 2004) ve CPM-Dairy sistemi

doniistiirilmistir.
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(Boston vd., 2000; Tedeschi vd., 2008) rasyonun AA’ini
dengelenmesi i¢in ortaya konulan ilk iki modeldir.

NRC (1989) protein verilerinin sinirli olmasi ve
yeni verilerin ortaya ¢ikmasiyla, NRC(2001) komitesi yeni
bir AA modeli geligtirmigtir. NRC (2001)’de rasyonda
RDP ve RUP ihtiyaglart MEP olarak ifade edilmektedir.
NRC (2001)’de mikrobiyal HP net enerji (NE) tiiketimi
yerine toplam sindirilebilir organik madde tiiketiminden
hesaplanmaktadir. Bu iki fraksiyonun miktarlarinin sabit
olmadigint ve kuru madde tiketimi ve rasyon
kompozisyonundan etkilendigini varsayan yemlerin RDP
ve RUP igerigini hesaplamak icin bir sistem
kullanilmaktadir. Farkli sindirilebilirlik hesaplamalarinin
nedeni her bir yemin RUP fraksiyonuna baglidir. Endojen
protein akiglart hesaplanip ve duedenal protein igindeki
Esansiyel Amino Asit (EAA)’in profili belirlenerek
EAA’in gegisi ve bunlarin MEP igindeki miktart
belirlenmektedir.

NRC (2001) komitesi mevcut verilerin AA
ihtiyaglari1  hesaplamak i¢in bir model olusturmada
yetersiz oldugunu aciklamistir. Ancak, MEP’in EAA
degerinin ideal profilini belirlemek igin ¢aligmalar
yapilarak ileri modellerin gelistirilmesi gerekliligini
belirtmistir. NRC (2001) MEP’deki lizin ve metiyonin
konsantrasyonunu hesaplayan bir model gelistirerek,
modelde siit verimindeki olglilen
degisikliklerle iliskili doz-yanit grafiklerini kullanarak
ideal konsantrasyonlariin
hesaplanabilecegini bildirmislerdir.

Siit sigirlarinda protein ve AA  kullanimin
tanimlayan bir ¢ok besleme modeli ve bu modelleri
degerlendiren caligmalar yapilmistir (Schwab vd., 2005;
Pacheco vd., 2006; Tedeschi vd., 2014; Tedeschi vd.,
2015). Tedeschi vd. (2014), 6 temel besleme modeli
(cogunlukla ampirik sistemler) ve 5 karmasik besleme
modeli (¢ogunlukla mekanik sistemler) incelemesinden,
daha karmasik modellerin bazilarmin siit iiretimini tahmin
etmek icin liretim kosullarina gore degiseceginden uygun

siit proteini ve

lizin  ve  metiyonin

olmadig1 sonucuna varmilmistir.

Son yillarda protein beslenmesi ile ilgili model
gelistirme caligmalart yapilmustir. Pacheco vd. (2006)
tarafindan NRC(2001) modelinde hem RUP hem de MP
fonksiyonlarinin gergek bagirsak sindirilebilirliginin
arttirilmasi gerekliligini belirtmistir. Bir¢ok protein modeli
hala yagama pay1 ve verim fonksiyonlari icin MEP ve AA
kullaniminin sabit verimlilikte oldugunu varsayilmakta
olup bunun dogru olmadigi kanitlanmustir (Arriola Apelo
vd., 2014). Ormegin; siit sigirlar1 tarafindan MEP
kullanimmin etkinligi MEP’deki EAA dengesinden
etkilenmektedir (Chen vd., 2011; Osorio vd., 2013).
NorFor besleme modeli (Volden, 2011) MEP ve
metabolize edilebilir AA i¢in degisken kullanim verileri
ortaya koymustur. Laktasyondaki siit sigirlarinda AA’in
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ara metabolizmasi lizerine; EAA’lerin i¢ organ dokular1 ve
meme bezine affinitesini 6lgmeye odaklanan genis bir
arastirma yapilmistir. Affinite Olciimleri EAA’in siit
protein sentezi oranlarini diizenleyen sinyal yollarini
aktivite etme potansiyeline sahip oldugunu gdstermistir
(Arriola Apelo vd., 2014; Castro vd., 2016).

Metabolize Edilebilir Protein Kavrami: Uzun
yillar boyunca, rasyon proteininin karmagik ruminal
mikrobiyal ortamdaki yamit1 ile ilgili ¢ok az bilgi
bulundugundan  laktasyondaki sigirlart  igin
rasyonlarinin hazirlanmasinda HP degeri kullanilmistir.
Rumende sentezlenen yiiksek kaliteli MP’nin, rumen
fermentasyonundan kacan RUP kalitesindeki eksiklikleri
tamamlayacag1 belirtilmistir. Bununla birlikte, yiiksek
verimli siit sigirlarinda MP sentezi, gerekli proteinin bir
kismini saglar ve hayvanin protein ihtiyacinin karsilanmasi
icin rasyona konulan protein kaynaginin RUP oraninin
yiksek  olmast  gerekir. HP  sistemi,
mikroorganizmalarin ihtiyaglar1 ile hayvanin ihtiyaclari
arasinda ayrim yapamaz. Bu nedenle, HP sistemine dayal
beslemeler hayvanda protein eksikligine neden olabilir. Bu
durum, mevcut protein degerlendirme sisteminin, eskilere
gore bircok avantaja sahip olan MEP sistemine gegilmesi
gerektigini gostermektedir. MEP sistemi, rasyon yaglarinin
ve fermantasyon son iiriinlerinin enerji miktarinda azaltma
yaparak mikrobiyal biiylime i¢in mevcut olan fermente
metabolize edilebilir enerjinin (FME) daha rasyonel bir
sekilde tammlamaktadir (Beever & Cottrill, 1994). MEP
sisteminin bir diger avantaji, AA’lerin ince bagirsaktan net
emiliminin, hayvanin ihtiyacina gore hesaplanabilmesine
olanak saglamasidir (Beever & Cottrill, 1994). MEP
sistemi ayrica laktasyondaki hayvanlarda istenilen siit
verimini almak icin HP'e gore daha iyi bir hesaplama
yontemidir (Schwab & Ordway, 2004). Bu nedenle,
konvansiyonel HP  sisteminin  MEP sistemi ile
degistirilmesi, bu sistemin ruminantlarin biyolojisine iyi
uymasi nedeniyle protein kullanimint  ve
formiilasyonunu tanimlamak ve gelistirmek i¢in daha iyi
bir yontem gibi goriinmektedir (NRC, 2001).

Ruminantlarda protein beslenmesinde ii¢ temel
amag vardir. ilk olarak, maksimum karbonhidrat ve MP
sentezi i¢in rumen mikroorganizmalarimin (amonyak,
AA’ler ve peptitler) RDP ihtiyaglarini karsilamaktir.
Ikincisi, minimum RUP tiiketimiyle yasama pay1, bilyiime,
optimum saglik ve iireme i¢in hayvanin MEP ihtiyag¢larini
karsilamaktir. Son olarak, minimum rasyon HP'i ile istenen

stit

rumen

rasyon

seviyede protein ve yag iceren bir siit verimi igin siit
sigirmin MEP ve AA ihtiyaglarmin karsilamasidir. flk
MEP sistemleri kavrami, Burroughs vd. (1974) ABD'de,
Tarimsal Aragtirma Konseyi (ARC) (ARC, 1984) ve
Ulusal Arastirma Konseyi (NRC) (NRC, 1985) beslenme
modelleriyle daha da degistirilmistir. Bununla birlikte,
sistem 1992 Tarim ve Gida Arastirma Konseyi'nin,
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Ingiltere Parlamentosu sistemi olarak bilinen Teknik
Komite Raporunda (AFRC, 1992) tam olarak
aciklanmaktadir. ince bagirsakta sindirilmis gercek protein
(PDI) ad1 verilen benzer bir sistem Fransa'da, Hollanda'da
Hollanda MEP sistemi (DVE/OEB sistemi) gelistirilmigtir.
Tiim bu sistemlerde temel ilke, bir ruminantin protein
ihtiyaglarinin en mantikli olarak iki kisimda dikkate
alinmasidir, bunlar: rumen mikroorganizmalarinin ve
hayvanin protein ihtiyacidir. Siit sigirlart icin MEP'in
besleyici degeri, esansiyel AA’ler, Ozellikle lizin ve
metiyonin profiliyle belirlenir (Whitehouse vd., 2009).
Yapilan c¢aligmalari, siit veriminin ve protein degerinin
MEP'deki AA’lerin profilini iyilestirerek, rasyondaki fazla
protein miktarin1 azaltarak ve rasyondaki fermente
edilebilir karbonhidrat miktarini artirarak
arttirilabilecegini gostermistir (Rius vd., 2010; Aboozar,
2012; Lee vd., 2012).

Siit Sigwrlarinda Metabolize Edilebilir Protein
Intiyaclari:  MEP  ihtiyaclari, iki kaynaktan yani
sindirilebilir MP ve RUP’dan karsilanmaktadir. NRC
(2001), siit sigirlarinda MEP ihtiyaglarinin
hesaplanmasinda faktoriyel yaklagim benimsenmistir.

Ortalama 16 aylik olan Nellore diivelerinde,
bogalarda ve kastre edilmis bogalarda MEP ihtiyaglar
degerlendirilmistir (Robson vd., 2007). Nellore sigirlarinin
yasama payl icin MEP ihtiyaclarimin 4,0 g/kg CA%™
oldugu hesaplanmustir.

Yem Proteinin Metabolize Edilebilir Proteine
Doniigiimii: Raggio vd. (2004) tarafindan yapilan bir
arastirmada, farkli protein seviyelerine sahip rasyonlardan
MEP'in kullanilabilirligi belirlenmistir. Izoenerjik ¢
rasyonla MEP miktarlarim1 hesaplamislardir. % HP
seviyeleri %12,7, %14,7 ve %16,6. olan bu rasyonlardan
gelen MEP degerleri sirasiyla 1992, 2264 ve 2501g/giin
olarak belirlenmistir. Cin Holstayn ineklerinde MEP
miktarini degerlerini %HP igerikleri %11,9, %13,0, %14,2
ve %15,4 olan dort farkli rasyon igin degerlendirilmistir
(Wang vd., 2007). Her bir KM’de MEP miktar1 farkli HP
seviyeleri igin sirastyla %8,3, %8,9, %9,7 ve %10,4'ine
karsilik 1,75 kg/giin, 1,91 kg/giin, 2,09 kg/giin ve 2,16
kg/giin bulunmusgtur. Das (2012) tarafindan CNCP sistemi
kullanarak, %HP degerleri sirasiyla %13,5, %15 ve %16,5
olan 3 farkli Total Mixed Ration (TMR)'n hesaplanan
MEP igeriginin sirasiyla %7,7, %8,69 ve %9,28 bulundugu
yaymlanmigtir.  Yapilan caligmalar  incelendiginde
rasyonun HP diizeyi ile MEP kullanilabilirligi arasinda
dogrusal bir artisin oldugu goriilmektedir.

Kanola kiispesi (sar1 ¢ekirdekli ve kahverengi
cekirdekli) ve preslenmis kanola kiispesinin MEP
seviyeleri hesaplanarak ¢ ana MEP sistem (PDI,
DVE/OEB ve NRC) ile karsilastirilmigtir. Sart ¢ekirdekli
kanola kiispesinin MEP degeri lic model ile de en yksek
bulunmustur(sirasiyla DVE/OEB, 312 ve 192 ve 128
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a/kgkM; NRC, 287 ve 193 ve 168 g/kgkM; PDI, 264 ve
168 ve 137 g/kgKM). Biyoetanol isleme iinitelerinden elde
edilen yan triinlerin MEP degerleri hem DVE/OEB hem
de NRC sistemleri ile degerlendirilmistir ve iki modelden
hesaplanan MEP degerleri birbirine ¢ok yakin bulunmustur
(Nuez Ortin & Yu, 2010).

Chase (2011), alt1 ticari siit sigir1 rasyonunda
bulunan MEP degerini degerlendirmistir. %14,3, %]15,9,
%15,7, %15,8, %15,5 ve %16,2 HP’ ine sahip olan
rasyonlar ile beslendiginde sirastyla 2600, 3322, 2710,
2744, 2720 ve 2779 g/giin MEP degerleri hesaplanmigtir
ve siit sigirlarindan 35-50kg siit/giin verim alinmigtir. Siit
rasyonlarinin MEP degerleri sirastyla %10,5, %12,2,
%11,1, %11,2, %11,1 ve %12,1 hesaplanmistir. Huhtanen
vd. (2011), kanola kiispesi, muamele edilmis kanola
kiispesi, soya kiispesi ve soya kiispesi+ balik unu i¢in MEP
degerlerini sirastyla 92, 90, 95 ve 96 g/kg hesaplamiglardir.

Das vd. (2014) in situ naylon kese metodu
kullanarak dokuz tropik ruminant yeminin MEP seviyesini
belirlemislerdir. Misir gevregi, yer fistig1 kiispesi, hardal
kiispesi, pamuk tohumu kiispesi, yagsiz piring kepegi,
bugday kepegi, Iskenderiye iicgiilii, misir ve sorgumun
MEP seviyelerini sirasiyla 95,26, 156,41, 135,21, 125,06,
101,68, 107,11, 136,81 ve 76,65 g/kgkM olarak
hesaplamiglardir. Ayrica, yemin MEP degerinin protein
parcalanma &zelliklerine tamamen bagli oldugundan HP
icerigindeki kadar sabit olmadigini ortaya koymuslardir.

Siit Sigirlarinda Metabolize Edilebilir Proteinin
Verime Etkisi: Whitlock vd. (2002) meme gelisimi
iizerindeki etkisini gormek i¢in prepubertal Holstayn
diivelere (ortalama CA 134 kg) artan protein oranlar1 iceren
rasyonlar1 TMR olarak vermislerdir. Ug¢ deneme rasyonu,
benzer enerji diizeyi ile 2,85 Mcal/lkgkM ME, ancak % HP
degerleri disiik, orta ve yiiksek olarak sirasiyla %13,7
%16,2 ve %18,8 olarak hazirlanmistir. Bu rasyonlarin
%HP seviyelerine gore hayvana sirasiyla %10,6, %11,6 ve
%12,65 oraninda MEP saglamislardir. Meme gelisimi,
artan rasyon MEP diizeyi ile daha yiikselmistir.

Raggio vd. (2004) ii¢ farkli MEP diizeyindeki
rasyonun alti adet birden fazla dogum yapmus
laktasyondaki holstayn siit sigirlarinda siit verimi ve
bilesenleri {lizerindeki etkisini arastirmiglardir. Siit verimi,
artan MEP seviyeleriyle dogrusal olarak artmistir. Siit HP
konsantrasyonu ve her bir siit proteini fraksiyonunun
miktarlari, artan MEP seviyeleriyle dogrusal olarak
artmustir. Stit HP konsantrasyonu dogrusal olarak artarken
gergek protein konsantrasyonu azalmistir. Siit yagi
konsantrasyonu dogrusal olarak azaldigi ve en yiiksek
MEP seviyesinde yag veriminin diistiigii belirlenmistir.

Wang vd. (2007) 40 adet Cin Holstayn siit
sigirinda dort MEP diizeyinin siit iiretimi ve N kullanim
iizerindeki etkisini aragtirmiglardir. Hayvanlara %8,3,
%8,9, %9,7 ve %10,4 olmak tzere 4 farkli MEP
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seviyelerinde rasyonlar verilmistir. %9,7 ve %10,4 MEP
diizeylerinde siit verimi ve siit proteini yiizdesinin arttig1
ortaya konulmustur. Sonuc¢ olarak Cin Holstayn siit
sigirlarinda 30 kg siit/giin verim almak igin %9,7 MEB
igeren rasyonun en uygun oldugu sonucuna varilmustir.

Huhtanen vd. (2008) silajda ¢Oziinir N
bilesenlerinin MEP konsantrasyonu {izerindeki etkisini
degerlendirmek i¢in meta-analiz yontemleri
gelistirmislerdir. ~ Yontemde, artan silaj protein

¢Oziinlirliigiinlin, diisiik siit proteini verimi ve N kullanim
etkinligi ve artan MUN konsantrasyonuyla iligkili
oldugunu gostermistir. Silaj azotundaki ¢6ziiniir amonyak
olmayan azotun orani, MEP verimi {izerinde ve dolayisiyla
gercek silaj konsantrasyonu iizerinde etkili olmamastir.

Rius vd. (2010) laktasyondaki siit sigirlarinda azot
veriminin belirlenmesinde enerji etkilesimi ve dngdriilen
MEP degerlerini arastirmis ve iki faktor arasinda yiiksek
bir korelasyon bulmuslardir.

SONUC

Sonu¢ olarak siit sigirlarinda protein ve AA
beslemesinde 6nemli ilerlemeler kaydedilmistir. Tiirkiye
dahil diinya ¢apinda ¢ogu yem firetici ve hayvan besleme
uzmani, proteince zengin yemleri ve hayvan ihtiyaglarini
degerlendirirken hala sadece HP’i dikkate almaktadir.
Ancak, protein ve AA beslenmesi konusunda yapilan
aragtirmalar diisiik proteinli rasyonlarla beslenmeye
odaklanmistir ve bu durumun degismesi gerekmektedir.
Odaklanmanin nedenleri arasinda diisiik yem maliyeti,
geligmis tiretim verimliligi ve rasyon protein kullanim,
daha yiiksek iiretim ve g¢evre sorunlart yer almaktadir.
Hayvanlar1 belirli bir zamanda dogru miktarda spesifik
rasyonlarla besleyerek, liretim maliyetleri de Onemli
Olglide azaltilabilir. Bu nedenle, siit sigirlarinda protein
rasyonunu RDP, RUP ve MEP cinsinden dengelemek,
besin maddelerinin verimli kullanim1 ve siit {iretimini en
iist diizeye ¢ikarmak i¢in miimkiin olan en iyi yoldur. Bu
nedenle besleme stratejilerinden protein ve AA
ihtiyaglarin1  belirleyen modellerin iyilestirilmesi, MP
sentezinin etkinliginin arttirilmast ve metabolizmada geri
dontistiiriilen azotun yakalanmasi ve protein ve AA
katkilarinin daha giivenilir hale gelmesi konusunda
aragtirmalar yapilmasi gerekmektedir.

KAYNAKLAR

Aboozar, M. (2012). Impacts of dietary metabolizable protein
on performance and ruminal parameters of Holstein
cows at early lactation, Research Opinions in Animal
and Veterinary Sciences, 2(2), 102-108. DOI:
http://www.roavs.com/pdf-files/Issue_2_2012/115-
121.pdf


http://www.roavs.com/pdf-files/Issue_2_2012/115-121.pdf
http://www.roavs.com/pdf-files/Issue_2_2012/115-121.pdf

Ogiit & Cetinkaya, 5(2), 178-184, (2020)

Arriola Apelo, S.1., Knapp, J.R. & Hanigan, M.D. (2014).
Invited review: Current representation and future
trends of predicting amino acid utilization in the
lactating dairy cow. Journal of Dairy Science, 97,
4000-4017. DOI: https://doi.org/10.3168/jds.2013-
7392

Beever, D.E. & Cottrill, B.R. (1994). Protein systems for

feeding ruminant livestock: A European assessment.

Journal of Dairy Science, 77(7), 2031-2043. DOI:

10.3168/jds.S0022-0302(94)77148-4

R.C., Fox, D.G., Sniffen, C.J., Janczewski, R.,

Munsen, R. & Chalupa, W. (2000). Modelling

Nutrient  Utilization in  Farm Animals, In:

McNamara, J. P., France, J., & Beever D. (Ed), The

conversion of a scientific model describing dairy

cow nutrition and production to an industry tool:

The CPM Dairy project, 361-377p, CABI

Publishing, Oxford, UK.

Broderick, G.A. & Colombini, S. (2010). In vitro methods
to determine rate and extent of ruminal protein
degradation, In: Crovetto, G. M. (Ed), In Energy and
Protein Metabolism and Nutrition, 691-702p,
EAAP Publication No. 127 Wageningen Academic
Publishers, Wageningen, the Netherlands.

Broderick, G.A., Colombini, S., Costa, S., Karsli, M.A. &
Faciola, A.P. (2016). Chemical and ruminal in vitro
evaluation of Canadian canola meals produced over
4 years. Journal of Dairy Science, 99, 7956-7970.
DOI: 10.3168/jds.2016-11000

Burroughs, W., Trenkle, A. & Vetter, R.L. (1974). A
system of protein evaluation for cattle and sheep
involving metabolizable protein (amino acids) and
urea fermentation potential of feedstuffs. Veterinary
Medicine Small Animal Clinician, 69(6), 713. DOI:
https://www.ncbi.nlm.nih.gov/pubmed/4494868

Castro, J.J., Arriola Apelo, S.1., Appuhamy, J.AD.R.N. &
Hanigan M.D. (2016). Development of a model
describing regulation of casein synthesis by the
mammary target of rapamycin (mTOR) signaling
pathway in response to insulin, amino acids, and
acetate. Journal of Dairy Science, 99, 6714-6736.
DOI: 10.3168/jds.2015-10591

Chase, L.E. (2011). Maintaining milk yield while lowering
dietary protein content. WCDS Advances in dairy
technology, 23, 153-164. DOI:
https://wcds.ualberta.ca/wcds/wp-
content/uploads/sites/57/wcds_archive/Archive/201
1/Manuscripts/Chase.pdf

Chen, Z.H., Broderick, G.A., Luchini, N.D., Sloan, B.K. &
Devillard, E. (2011). Effect of feeding different
sources of rumen-protected methionine on milk
production and N-utilization in lactating dairy cows.
Journal of Dairy Science, 94, 1978-1988. DOI:
10.3168/jds.2010-3578

CNCP. (2003). The net carbohydrate and protein system for
evaluating herd nutrition and nutrient excretion.

Boston,

183

Anadolu Cev. ve Hay. Dergisi, Yil:5, No:2, (178-184), 2020

CNCPS Version 5.0., Cornell University, 130
Morrison Hall, Ethaca, New York.

Das, L.K. (2012). Metabolizable protein availability from
different feeds and the effects of its graded levels in
the diet on nutrient utilization in growing Sahiwal
calves. M.V.Sc. Thesis, Division of Dairy Cattle
Nutrition, National Dairy Research Institute, Karnal,
Haryana, India

Das, L.K., Kundu, S.S., Kumar, D. & Datt, C. (2014). The
evaluation of metabolizable protein content of some
indigenous feedstuffs used in ruminant nutrition. Vet

World, 7(4), 257-261. DOI:
http://www.veterinaryworld.org/\Vol.7/April-
2014/14.pdf

Fox, D.G., Tedeschi, L.O., Tylutki, T.P., Russell, J.B., Van
Amburgh, M.E., Chase, L.E., Pell, AN. &
Overton, T.R. (2004). The Cornell Net
Carbohydrate and Protein System model for
evaluating herd nutrition and nutrient excretion.
Animal Feed Science and Technology, 112, 29-78.
DOI: 10.1016/j.anifeedsci.2003.10.006

Huhtanen, P., Rinne, M. & Nousiainen, J. (2008). Effects
of silage soluble nitrogen components on
metabolizable protein concentration: A meta-
analysis dairy cow production experiments. Journal
of Dairy Science, 91(3), 1150-1158. DOI:
10.3168/jds.2007-0323

Huhtanen, P., Hetta, M. & Swensson, C. (2011). Evaluation
of canola meal as a protein supplement for dairy
cows: A review and a meta-analysis. Canadian
Journal of Animal Science, 91, 529-543.

Krizsan, S.J., Ahvenjirvi, S., Volden, H. & Broderick,
G.A. (2010). Estimation of rumen outflow in dairy
cows fed grass silage-based diets by use of reticular
sampling as an alternative to sampling from the
omasal canal. Journal of Dairy Science, 93, 1138-
1147. DOI: 10.3168/jds.2009-2661

Lee, C., Hristov, A.N., Heyler, K.S. & Cassidy, T.W.
(2012). Effect of metabolizable protein supply and
amino acid supplementation on nitrogen utilization,
milk production, and ammonia emission from
manure in dairy cows. Journal of Dairy Science,
95(9), 5253-5268. DOI: 10.3168/jds.2012-5366

NRC. (2001). Nutrient Requirements of Dairy Cattle. 7th rev.
ed. National Academy Press, Washington, DC.

Nuez Ortin, W.G & Yu, P. (2010). Modeling the metabolic
characteristics of proteins in dairy cattle from co-
products of bioethanol processing: Comparison of
the NRC 2001 model with DVE/OEB system.
Journal of the Science of Food and Agriculture,
91(3), 405-411. DOI: 10.1002/jsfa.4199

Osorio, J.S., Ji, P., Drackley, J.K., Luchini, D. & Loor, J.J.
(2013). Supplemental Smartamine M or MetaSmart
during the transition period benefits postpartal cow
performance and neutrophil function. Journal of


https://doi.org/10.3168/jds.2013-7392
https://doi.org/10.3168/jds.2013-7392
https://doi.org/10.3168/jds.S0022-0302(94)77148-4
https://doi.org/10.3168/jds.2016-11000
https://www.ncbi.nlm.nih.gov/pubmed/4494868
https://doi.org/10.3168/jds.2015-10591
https://wcds.ualberta.ca/wcds/wp-content/uploads/sites/57/wcds_archive/Archive/2011/Manuscripts/Chase.pdf
https://wcds.ualberta.ca/wcds/wp-content/uploads/sites/57/wcds_archive/Archive/2011/Manuscripts/Chase.pdf
https://wcds.ualberta.ca/wcds/wp-content/uploads/sites/57/wcds_archive/Archive/2011/Manuscripts/Chase.pdf
https://doi.org/10.3168/jds.2010-3578
http://www.veterinaryworld.org/Vol.7/April-2014/14.pdf
http://www.veterinaryworld.org/Vol.7/April-2014/14.pdf
https://doi.org/10.1016/j.anifeedsci.2003.10.006
https://doi.org/10.3168/jds.2007-0323
https://doi.org/10.3168/jds.2009-2661
https://doi.org/10.3168/jds.2012-5366
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jsfa.4199

Ogiit & Cetinkaya, 5(2), 178-184, (2020)

Dairy Science, 6248-6263. DOl:
10.3168/jds.2012-5790

Pacheco, D., Schwab, C.G., Berthiaume, R., Raggio, G. &
Lapierre, H. (2006). Comparison of net portal
absorption with predicted flow of digestible amino
acids: Scope for improving models. Journal of Dairy
Science, 89, 4747-4757. DOI: 10.3168/jds.S0022-
0302(06)72524-3

Raggio, G., Pacheco, D., Berthiaume, R., Lobley, G.E. &
Pellerin, D. (2004). Effect of level of metabolizable
protein on splanchnic flux of amino acids in lactating
dairy cows. Journal of Dairy Science, 87(10), 3461-
3472. DOI: 10.3168/jds.S0022-0302(04)73481-5

Rius, A.G., Mcgilliard, M.L., Umberger, C.A. & Hanigan,
M.D. (2010). Interactions of energy and predicted
metabolizable protein in determining nitrogen
efficiency in the lactating dairy cows. Journal of
Dairy  Science, 93(5), 2034-2043. DOI:
10.3168/jds.2008-1777

Robson, G.L.V., Filho, S.C.V., Diniz, R.V.F., Luciana,
N.R., Veiga, P.P.R. & de Souza M.A. (2007).
Effects of increasing dietary crude protein levels on
nitrogen balance and metabolizable protein
requirements for maintenance in Nellore cattle.
Revista Brasileira de Zootecnia, 36(4), 1212-1217.
DOI: https://www.scielo.br/pdf/rbz/v36n4s0/30.pdf

Schwab, C.G. & Ordway, R.S. (2004). Balancing diets for
amino acids: Implications of production efficiency
and feed costs. Proceedings of Pennsylvania State
Dairy Cattle Nutrition Workshop, Grantville, PA. 1-
16p.

Schwab, C.G., Huhtanen, P., Hunt, C. & Hvelplund, T.
(2005). Nitrogen requirements of cattle, In: Pfeffer,
E. & Hristov, A. (Ed), Nitrogen and Phosphorus
Nutrition of Cattle, 13-70p, CABI Publishing,
Wallingford, UK. Schwab, C.G., L.D.

Schwab, C.G. & Broderick, G.A. (2017). A 100-Year
Review: Protein and amino acid nutrition in dairy
cows. Journal of Dairy Science, 100, 10094-10112.
DOI: 10.3168/jds.2017-13320

Sok, M., Ouellet, D.R., Firkins, J.L., Pellerin, D. &
Lapierre, H. (2017). Amino acid composition of
rumen bacteria and protozoa in cattle. Journal of
Dairy  Science, 100, 5241-5249. DOl
10.3168/jds.2016-12447

Storm, E., Brown, D.S. & Orskov, E.R. (1983). The
nutritive value of rumen micro-organisms in
ruminants. 3. The digestion of microbial amino and
nucleic acids in, and losses of endogenous from, the
small intestine of sheep. British Journal of Nutrition,
50, 479-48. DOI: 10.1079/BJN19830116

Tas, M.V., Evans R.A. & Axford, R.F.E. (1981). The
digestibility of amino acids in the small intestine of
the sheep. British Journal of Nutrition, 45, 167-174.
DOI: 10.1079/BIJN19810089

96,

184

Anadolu Cev. ve Hay. Dergisi, Yil:5, No:2, (178-184), 2020

Tedeschi, L.O., Chalupa, W., Janczewski, E., Fox, D.G.,
Sniffen, C., Munson, R., Kononoff, P.J. & Boston
R. (2008). Evaluation and application of the CPM
Dairy Nutrition model. The Journal of Agricultural

Science, 146, 171-182. DOl:
10.1017/S0021859607007587
Tedeschi, L.O., Cavalcanti, L.F.L., Fonseca. M.A.,

Herrero, M. & Thornton, P.K. (2014). The
evolution and evaluation of dairy cattle models for
predicting milk production: An agricultural model
intercomparison and improvement project (AgMIP)
for livestock. Animal Production Science, 54, 2052-
2067.

Tedeschi, L.O., Fox, D.G., Fonseca, M.A. & Cavalcanti,
L.F.L. (2015). Invited Review: Models of protein
and amino acid requirements for cattle. Revista
Brasileira de Zootecnia, 44, 109-132. DOI:
10.1590/S1806-92902015000300005

Volden, H. (2011). NorFor-The Nordic Feed Evaluation
System. EAAP Publication No. 130, Wageningen
Academic Publishers, Wageningen, the Netherlands.

Wang, C., Liu, J.X,, Yuan, Z.P., Wu, Y.M., Zhai, SW. &
Ye, HW. (2007). Effect of level of metabolizable
protein on milk production and nitrogen utilization
in lactating dairy cows. Journal of Dairy Science,
90(6), 2960-2965. DOI: 10.3168/jds.2006-129

Wattiaux, M.A. (2017). Protein Metabolism in Dairy Cows.
Babcock Institute for International Dairy Research
and Development. University of Wisconsin-
Madison
https://federated.kb.wisc.edu/images/group226/527
45/5.ProteinMetabolisminDairyCows.pdf.  Erigim
tarihi: 27.02.2020.

White, R.R., Roman-Garcia, Y., Firkins, J.L., Kononoff,
P., VandeHaar, M.J., Tran, H., McGill, T. &
Garnett, R. (2017). Hanigan MD. Evaluation of the
National Research Council (2001) dairy model and
derivation of new prediction equations. 2. Rumen
degradable and undegradable protein. Journal of
Dairy Science, 100, 3611-3627. DOI:
10.3168/jds.2015-10800

Whitehouse, N., Schwab, C., Luchini, D., Tylutki, T. &
Sloan, B. (2009). Comparison of optimal lysine and
methionine concentrations in metabolizable protein
estimated by the NRC (2001), CPM-Dairy (v.3.0.10)
and ATMS. Cattle (v.2.1.1) models. Journal of
Animal Science, 92 (Suppl. 1), 103. (Abstr.)

Whitlock, B.K., Vandehaar, M.J., Silva, L.F.P. & Tucker,
H.A. (2002). Effect of dietary protein on prepubertal
mammary development in rapidly growing dairy
heifers. Journal of Dairy Science, 85(6), 1516-1525.
DOI: 10.3168/jds.S0022-0302(02)74221-5


https://doi.org/10.3168/jds.2012-5790
https://doi.org/10.3168/jds.S0022-0302(06)72524-3
https://doi.org/10.3168/jds.S0022-0302(06)72524-3
https://doi.org/10.3168/jds.S0022-0302(04)73481-5
https://doi.org/10.3168/jds.2008-1777
https://www.scielo.br/pdf/rbz/v36n4s0/30.pdf
https://doi.org/10.3168/jds.2017-13320
https://doi.org/10.3168/jds.2016-12447
https://doi.org/10.1079/BJN19830116
https://doi.org/10.1079/BJN19810089
https://doi.org/10.1017/S0021859607007587
http://dx.doi.org/10.1590/S1806-92902015000300005
https://doi.org/10.3168/jds.2006-129
https://federated.kb.wisc.edu/images/group226/52745/5.ProteinMetabolisminDairyCows.pdf
https://federated.kb.wisc.edu/images/group226/52745/5.ProteinMetabolisminDairyCows.pdf
https://doi.org/10.3168/jds.2015-10800
https://doi.org/10.3168/jds.S0022-0302(02)74221-5

— 1%

ARASTIRMA MAKALESI

JAES

Year: 5, No: 2, 2020 (185-190)

ACEH

Yil: 5, Say1: 2, 2020 (185-190)

Journal of Anatolian Environmental and Animal Sciences

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi)
DOI: https://doi.org/10.35229/jaes.678664

RESEARCH PAPER

Mollusca Fauna of the Coruh River and Its Tributaries

Ahmet Mutlu GOZLER*

Hazel BAYTASOGLU

Recep Tayyip Erdogan University, Faculty Fisheries and Aquatic Science, 53100, Rize, Turkey

Gelis/Received: 22.01.2020

Kabul/Accepted: 31.05.2020

How to cite: Gozler, A.M. & Baytasoglu, H. (2020). Mollusca Fauna of the Coruh River and Its Tributaries. J. Anatolian Env. and Anim. Sciences, 5(2), 185-

190.

Atif yapmak icin: Gozler, A.M. & Baytasoglu, H. (2020). Coruh Nehri ve Kollarinin Mollusca Faunasi. Anadolu Cev. ve Hay. Dergisi, 5(2), 185-190.

*U: https://orcid.org/0000-0002-0991-6395
: https://orcid.org/0000-0002-9959-1829

*Corresponding author’s:

Ahmet Mutlu GOZLER

Recep Tayyip Erdogan University, Faculty
Fisheries and Aquatic Science

X: ahmet.gozler@erdogan.edu.tr

Mobile telephone : +90 (542) 896 78 48
Telephone 1 +90 (464) 223 33 85
Fax 1 +90 (464) 2234118

*Sorumlu yazar:

Ahmet Mutlu GOZLER

Recep Tayyip Erdogan University, Faculty
Fisheries and Aquatic Science, 53100,
Rize, Turkey

DX: ahmet.gozler@erdogan.edu.tr

Cep telefonu : +90 (542) 896 78 48

Abstract: In this study, Mollusca (Gastropoda, Bivalvia) samples obtained from different
distributaries drains the Coruh River Basin were examined. It was aimed to contribute to the
knowledge of mollusc species distribute in inland waters of Turkey. The samples were taken from
21 different locations at different times. At the end of the study, a total of 9 species of Dreissena
polymorpha Pallas, 1771, Gyraulus piscinatum Bourguignat, 1852, Pisidium casertanum Poli,
1791, Planorbis intermixtus Mousson, 1874, Galba truncatula O.F. Miiller, 1774, Valvata
piscinalis Miiller, 1774, Valvata macrostoma Morch, 1864, Radix labiata Rossmasler, 1835,
Ancylus fluviatilis Schiitt, 1964 were determined. The identified species were recorded for the
first time for the Coruh Basin.

Keywords: Bivalvia, Coruh, Gastropod, stream systems, Turkey.

Coruh Nehri ve Kollarimin Mollusca Faunasi

Oz: Bu calismada, Coruh Nehir Havzasimi besleyen farkli kollardan elde edilen Mollusca
(Gastropoda, Bivalvia) 6rnekleri incelenmistir. Bu sayede Tiirkiye i¢sularinda dagilim gosteren
Molluska tiirleri hakkindaki bilgilere katki saglanmasi amaglanmustir. Ornekler 21 farkh
istasyondan farkli tarihlerde alinmistir. Caligmanin sonunda toplam 9 tiir Dreissena polymorpha
Pallas, 1771, Gyraulus piscinatum Bourguignat, 1852, Pisidium casertanum Poli, 1791,
Planorbis intermixtus Mousson, 1874, Galba truncatula O.F. Miiller, 1774, Valvata piscinalis
Miiller, 1774, Valvata macrostoma Morch, 1864, Radix labiata Rossmasler, 1835, Ancylus

Telefon 1 +90 (464) 223 33 85 . . e . . N
En - +90 (464) 223 41 18 fluviatilis Schiitt, 1964 tespit edilmigtir. Tespit edilen tiirler Coruh Havzasi igin ilk kez
kaydedilmistir.
Anahtar kelimeler: Akarsu sistemleri, bivalvia, Coruh, Gastropoda, Tiirkiye.
INTRODUCTION

Molluscs are the richest group after arthropods in
terms of number of species. It is known that there are more
than 35 thousand fossil records, known for the presence of
strongly calcified crusts.

over 65 thousand living,

as fish, waterfowl and water mammals, being bioindicators
in environmental changes and being one of the fossil groups
used to determine the geological developments of the World,
they are regarded as important in scientific studies (Oktener,

Gastropoda and Bivalvia are common macrobentic groups in 2004).

both aquatic and terrestrial ecosystems. While some of these
groups are considered expensive foods, they contribute to the
economy by the use of rare shell and pearl obtained from
Bivalvia as natural ornaments (Salman, 2006). In their
aquatic habitats, being food for some living organisms such

Coruh River, which is accepted as one of the fastest
flowing rivers of Turkey and one of the 10 fastest rivers in
the world, consists of the lower Coruh basin affected by the
humid and temperate climate of the Black Sea and the upper
Coruh basin affected by the harsh climate of Eastern
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Anatolia. Coruh River Valley, which is on the migration
route of birds, host endemic many plant and animal species
and is home to diverse ecosystems Turkey's first and only
biosphere reserve area (Camili-Macahel), 2 National Parks
(Hatila Valley National Park, Karagdl Sahara National
Park), 1 Nature Park (Bor¢ka Karag6l Nature Park) and 3
Nature Protection Areas (Camburnu Nature Protection Area,
Camili-Efeler Nature Protection Area, Camili-Gorgit Nature
Protection Area) (Yilmaz, 2010).

The first study was conducted at 1841 by Recluz so
as to determine the diversity of mollusca species in Turkey’s
inland water. In the following years, studies on the subject
continued increasingly (Giirlek et al., 2019; Kalyoncu et
al.,2008; Sereflisan et al., 2009; Kosal Sahin, 2013;
Kilicaslan and Ozbek, 2010; Kosal Sahin and Zeybek, 2016;
Odabas et al., 2015; Oktener, 2004; Yildirim et al., 2006;).
However, when the literature is examined, it is seen that
these studies focus on the basins in Western Anatolia,
Mediterranean and Aegean regions and there is no current
study on the basin in Coruh River. The aim of this study is
to contribute to the determination of Gastropoda and
Bivalvia fauna of the Coruh Basin.

MATERIAL AND METHODS

Study Area: Coruh River, which has rich water
resources and is one of the 25 river basins of Turkey, rises
from the west of the Mescit Mountains at an altitude of 3000
m and continues its flow towards the Bayburt plateau. The
river, which makes a sharp turn eastward from Bayburt
plateau, joins with Tortum Stream and Oltu Stream and
continues to flow northward through Yusufeli (Artvin)
district. Coruh River, which joins with many branches in the
direction of flow, leaves the borders of our country near
Muratli town. Near Batumi, the capital of Ajara, a semi-
autonomous province of Georgia, it flows into the Black Sea
via the delta formed by alluvium. (Akpinar et al., 2009).

In this study, sampling was carried out in 21
stations selected from Coruh River and its tributaries. The
diagnoses of Gastropoda and Bivalvia species were obtained
from samples which had previously taken at different times.
The map showing the sampling stations is given in Figure 1.
QGIS 2.18 geographic information request was used for
mapping these locations.

Sampling: Gastropoda and Bivalvia (Mollusca)
samples were collected during field studies. A hand net of
30x30 cm and 250 um mesh size was used for the collection
of biological samples. Collets and straws were used to
remove some organisms under the stones. The first fixations
of the collected samples with 4% formaldehyde were made
in the field and information such as date, name of the station,
coordinate, altitude, and name of the province where it was
located were recorded. Information such as coordinates and
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sampling dates of the stations are given in Table 1. The
samples were washed with plenty of water to remove
formaldehyde and 4 mm-250 um mesh size was used to
facilitate separation. The separated samples were placed into
70% alcohol and made ready for diagnosis. The samples
were examined using a loop and under Nikon SMZ 800N
microscope respectively. Molluscs were identified according
to Bilgin and Sesen (1991), Bilgin (1969, 1973;1980), Schiitt
(1964;1965;1982) and Gloer et al., (1998).
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Figure 1. Map of Stations.
RESULTS

Dreissena polymorpha (Pallas, 1771)

Habitat preferences in this study: Two sampling
points were found in Tortum Waterfalls. One of the stations
where the species was identified was a pond habitat formed
on the upper part of the waterfall, and the other one was a
stony and vegetated area. Pictures of the species are given in
the Figure 2.

Distribution in Turkey: Biiyiik Akgol, Lake Abant,
Yenicaga Lake, Ceyhan River Basin (Giirlek et al.,2019),
Sapanca Lake, Apolyont Lake (near Uluabat), Beysehir
Lake, Egirdir Lake (Kinzelbach, 1986), Sapanca Lake
(Kosal Sahin and Yildirim, 2007).

Planorbis intermixtus (Mousson, 1874)

Habitat preferences in this study: The vegetated
areas of the rivers and stagnant areas with pond character
were encountered. Pictures of the species are given in the
Figure 2.

Distribution in Turkey: Dogu Beyazit (Agr)
mashes, Lake Sapanca (Giirlek et al., 2019; Arslan et al.,
2017).

Euglesa casertana (Poli, 1791)

Habitat preferences in this study: Stony-vegetated
areas of streams and stagnant areas such as fountain troughs,
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irrigation canals and ponds. Pictures of the species are given
in the Figure 2.

Distribution in Turkey: Carsamba Stream, Besgol
Spring, Sarikum Lake, Karacay (Finike), Kirkg6z (Antalya),
Karmcali Lake, Susam Lake, Ozbek Village, Pmarli Stream,
Urla (izmir), Giilbahge Village Stream, Muradiye (Manisa),
Goksu Spring, Kadiovactk Fountain, Cesme (izmir),
Oglananas1 Pond, izmir-Menderes, Saricay Creek, Akhisar
Reservoir, Istranca Stream, Lake Egirdir, Kovada Channel,
Golbast Lake, Yuvarlak¢ay (Kdoycegiz), Lake Acarlar,
Golbas1 Lake, Azaph Lake, inekli Lake(Giirlek et al., 2019).

Gyraulus piscinarum (Bourguignat, 1852)

Habitat preferences in this study: Stony-vegetated
areas of streams and stagnant areas such as fountain troughs
and irrigation canals. Pictures of the species are given in the
Figure 2.

Distribution in Turkey: Lake Golbasi, Lake
Beysehir, Yazir Lake, Duruca Lake, Limonlu (Lamos)
Stream (Mersin), Ceyhan River Basin (Giirlek et al., 2019).

Valvata macrostoma (Morch, 1864)

Habitat preferences in this study: It was found in
the area where the water accumulates but the flow continues.
Pictures of the species are given in the Figure 2.

Distribution in Turkey: Isikli Lake, Lake Golbast
(Giirlek et al., 2019).

Ancylus fluviatilis Miiller, 1774

Habitat preferences in this study: Stony and
vegetation was found in areas with higher altitude. Pictures
of the species are given in the Figure 2.

Distribution in  Turkey: Ayazma Stream
(Canakkale), Girne Stream (Edremit), Kogak Stream
(Umurlu), Kestane Water Ditch (Buldan), Bakaran Village
Stream (Beysehir), Taslica Village (Beysehir), Aykircahani
Village Stream (Elmali), Karagay Stream (Finike),
Carsamba Stream, Antalya, Lake Egirdir, Izmir, Ceylanpinar
(Urfa), Bagpmar Village (Tefenni), Aglasun Derekdy,
Erciyes Mountain (Kayseri), Egirdir, Degirmendere Stream,
Ozbek Village, Pinarli Stream, Yigitler Stream, Kemalpasa-
Izmir, Seferihisar Reservoir, Seferihisar (Izmir), Malatya,
Degirmendere Stream, Biiyiikkmenderes River, Yuvarlakcay
(Koycegiz), Ceyhan River Basin (Giirlek et al., 2019).

Galba truncatula (O.F.Miiller, 1774)

Habitat preferences in this study: Stony and
vegetation was found in areas with higher altitude. Pictures
of the species are given in the Figure 2.

Distribution in Turkey: Lake Sapanca, Lake
Beysehir (Konya), Antalya, Konne Spring (Egirdir, Isparta),
Lake Egirdir (Isparta), izmir, Eregli-Zonguldak, Toros
Mountains, Bucak Yazipinar Village Irrigation Channel,
Pinrbagi1 Spring, Bucak, Kugbaba Village (Basgoz), Aglasun
Stream, Soganli Village, Orencik Village, Kurna Village,
Terzipimar- Golhisar, Kozpinar- Gélhisar, Cataloluk Spring,
Incilipinar-Gélbasi, Terkos Lake, Erciyes Mountain,
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Istranca Stream, Sarigay Creek, Malatya, Tunceli, Limonlu
Stream- Mersin, Karasu (Sakarya River), Eleskirt, Dolutas
Village (Agr1), Golbasi Lake, Azapl Lake, Inekli Lake,
Ceyhan River Basin (Giirlek et al., 2019).

Radix labiata (Rossmasler, 1835)

Habitat preferences in this study: Stony and
vegetation were found in areas with higher altitude. Pictures
of the species are given in the Figure 2.

Distribution in Turkey: Hacilar Village, Lake
Golbas1 (Hatay), Lake Sapanca, Karacadren(Kargi) Dam
Lake, Aglasun Baskdy, Burdur Lake,Orencik Village,
Kocapinar Village, Diiger Village,Hacilar Village, Pinarbasi
Village,Karatas Lake, Cataloluk Spring, Incilipinar (Golbast
Village), Terkos Lake, Akyaka Kadmn River Branch, Down
Sakarya  River  (Karasu), Degirmendere  Stream
(Tunceli),Lake Egirdir,Lake Kovada, Abant Lake, Emir
Lake (Antakya), Aksehir Lake, Apolyont Lake, Sapanca
Lake, Abant Lake, Marmara Lake, Kopriioren Stream
(Tavsanli), Hamidiye Village Stream(Eskisehir-Konya
Yolu), Cavuscu Lake, Eber Lake, Deveonii, Koskpinar
Spring, Egirdir Lake, Hendek(Beysehir), Yilanli Saz1 Pond,
Bakaran Village Stream, Akgdl (Gebekirse), Aglasun
(Burdur), Karatag Lake (Burdur), Akyaka (Mugla),
Kizilcahamam, Besgdl Spring, Balik Lake, Uzun Lake, Gict
Lake, Cernek Lake, Derbent Dam Lake, Lake Sapanca
(Sakarya), Antalya, Konne Spring (Egirdir), Lake Egirdir,
Izmir, Isparta, Karinlake, Karmcali G6l, Susam Lake,ilvat
Lake,Siiliiklii Lake, Erciyes Mountain, Egirdir, Glizelhisar
Reservoir, Aliaga(izmir), Ozbek Village, Pmarli Stream,
Urla (izmir), Karagdl Lake, Seferihisar I(Izmir), Géksu
Springs, Muradiye (Manisa), Oglanagast Pond, Menderes
(Izmir), Saricay Creek, Istranca Stream, Limonlu (Mersin)
Stream, Yuvarlakcay (Koycegiz), Eleskirt, Uludal Village
(Agr), Degirmendere (Agr1), Sarisu (Agr1), Dogubeyazit
Balik Stream (Agr1), Saz Lake (Agr1), Karaca Village (Agri),
Hamur Suyu (Agr), Poyrazlar Lake, Taskisigi Lake, Abant
Lake, Yenicaga Lake, Isikli Lake (Denizli), Ceyhan River
Basin (Giirlek et al., 2019).

Valvata piscinalis (Miiller, 1774)

Habitat preferences in this study: Stony and
vegetation was found in areas with higher altitude. Pictures
of the species are given in the Figure 2.

Distribution in Turkey: Izmir, Aliaga, Kuzgun
Lake (Coraklar Spring), Efes Lake (Selguk), Narlikuyu
(Bornova), Mandagay1 (Bornova), Kocasu (Bornova), Lake
Golbas1 (Hatay), Goksu Spring, Kani Fountain, Ugpinar
Village, Oglananas1 Pond, Akhisar Reservoir, Akg¢apinar
Stream,Akyaka Kadin River Branch, Poyrazlar Lake,
Taskisig1 Lake, Biiyiikk Akgol, Acarlar Lake,Abant Lake,
Yenigaga Lake, Azapli Lake, Inekli Lake,Ceyhan River
Basin (Giirlek et al., 2019).
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DISCUSSION

As a result, there are almost no studies on
Gastropoda and Bivalvia species in Coruh River and its
tributaries. This study will guide the work to be done in the
basin.

According to Gloer and Pesic 2010, Planorbis
intermixtus show the distribution island of Greece, the
Caspian Sea basin, and from Turkey’s mountain to
Kyrgyzstan. Planorbis intermixtus detected in the Coruh
Basin conforms to these data. Dreissena polymorpha, which
is thought to be able to live in very different habitats
according to proper water quality and nutritional conditions,
was encountered in the Coruh Basin at the station showing
the pond character with the facilities establish around it for
commercial purposes. Gyraulus species are distinguished
shell structure, dimensions, and prostate diverticles. In the

Table 1. Information of sampling stations
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Coruh Basin 1 species belonging to the Gyraulus genus were
determined.

In this study, Galba truncatula was detected in
stagnant waters such as pond and fountain and slow running
streams. Radix labiata was detected in permanent and slow-
running freshwater by Schniebs et al., 2013. The findings in
the Coruh Basin are similar to these data. Ancylus fluviatilis
was identified from the source and its tributaries and habitat
features were generally shown as stony, sandy soils by
Yildirim et al., 1999. The stations where Ancylus fluviatilis
is detected in the closest to the source (iremkdy Stream) and
have stony, vegetated, and sandy habitats in the Coruh Basin.

In this region, the shells of Belgrandiella nemethi
were found by Shiitt and Sesen in 1993. This species, which
has been identified within the borders of Borgka district
(Artvin) where the Coruh River abandons the borders of
Turkey. Species identified as a result of sampling were
recorded for the first time in the Coruh Basin.

Station No Station Name District/Province Coordinate Sampling Tool
1 Catiksu Stream Ayditepe/Bayburt 40.41 N, 40.064 E D-Frame Net
2 Saruhan Stream Aydmtepe/Bayburt 40,042 N, 40,191 E D-Frame Net
3 Giider Stream Aydmtepe/Bayburt 40,1180 N, 40,1425 E D-Frame Net
4 Otlukbeli Stream Aydmtepe/Bayburt 40,0060 N, 38,8925 E D-Frame Net
5 Kirkpmar Stream Aydmtepe/Bayburt 40,2972 N, 39,9704 E D-Frame Net
6 Nisantas1 Pond Aydmtepe/Bayburt 40,3475 N, 40,040 E D-Frame Net
7 Degirmencik Fountain Aydintepe/Bayburt 40,3681 N, 40,2449 E D-Frame Net
8 Giivercindere Irrigation Channel Demirozii/Bayburt 40,13 N, 38,89 E D-Frame Net
9 Aydincik Stream Merkez/Bayburt 40,356 N, 40,32 E D-Frame Net
10 Tortum Waterfall (Lower) Tortum/Erzurum 40,660 N, 41,66 E D-Frame Net
11 Anur Stream Ispir/Erzurum 40,53 N, 40,74 E D-Frame Net
12 Yagcilar Stream Tortum/Erzurum 40,27 N, 41,36 E D-Frame Net
13 Tortum Waterfall (Upper) Tortum/Erzurum 40,66 N, 41,66 E D-Frame Net
14 Doruklu Stream Tortum/Erzurum 40,35N,41,31 E D-Frame Net
15 Yedigoze Stream (Coruh River Anakol) Ispit/ Erzurum 40,54 N, 41,05 E D-Frame Net
16 Mansuret Stream , Savsat/Artvin 41,45N,42,19E D-Frame Net
17 Narlik Stream Yusufeli/Artvin 41,00N, 41,70 E D-Frame Net
18 Savsat Stream (Velikdy) Savsat/Artvin 41,31 N, 4243 E D-Frame Net
19 Tremkéy Stream Borgka/Artvin 41,4856, 41,922 D-Frame Net
20 Kirazalan Stream Yusufeli/Artvin 40,99 N, 41,76 E D-Frame Net
21 Balli Stream Savsat/Artvin 41,23 N,4245 E D-Frame Net

Table 2. Species observed in the stations.

Dreissena Gyraulus Valvata Euglesa Planorbis Galba Valvata Radix Ancylus
polymorpha piscinarum macrostoma casertana intermixtus truncatula piscinalis labiata fluviatilis

Catiksu Stream *

Saruhan Stream * *

Giider Stream *

Otlukbeli Stream * * *

Kirkpmar Stream * * * *

Nisantag1 Pond * * * *

Degirmencik Fountain * *

Giivercindere 1.C *

Aydincik Stream * *

Tortum Waterfall 2 * * *

Anur Stream *

Yagcilar Stream *

Tortum Waterfall 1 *

Doruklu Stream * * * *

Yedigoze Stream *

Mansuret Stream * *

Narlik Stream *

Savsat Stream * *

iremkéy Stream * * *

Kirazalan Stream *

* *

Balli Stream
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Figure 2. Pictures of diagnosed species (a: Ancylus fluviatilis; b, c: Dreissena polymorpha; d,e: Galba truncatula; f: Gyraulus piscinarum;
g,h,i: Planorbis intermixtus; j: Euglesa casertana; k,I: Radix labiata; m,n; Valvata macrostoma; o: Valvata piscinalis
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Baz Bitki Ham Oziitlerinin Orosanga japonica (Hemiptera: Ricanidae)
Nimflerine Kars1 Olas1 Etkinlikleri

*Sorumlu yazar: Oz: Bu calismada, on iKi bitki familyasindan yirmi tiiriin Orosanga japonica nimf kontroliine
Sorumlu yazar: ’ kars1 potansiyel etkinlikleri edilmistir. Metanol ekstraktlari 6liim oranlarinin genellikle etil asetat

AsuUSTA o ekstraktlarindan daha yiiksek oldugu bulunmustur. En etkili bitki ham 6ziitleri sirasiyla Salvia
Recep Tayyip Erdogan Universitesi, Fen .. . . el e .
Edebiyat Fakiiltesi, Kimya Bolimi, 53100 verticillate (Lamiaceae) ve Daucus carota (Apiaceae) olarak goriilmiistiir. Sonug olarak, on bir
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kapsamli ve daha ayrintili bir ¢alisma yapilmasi gerekmektedir.
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INTRODUCTION

Ricaniidae species have an important group in the
Hemipteran pests that include invasive species. This family
is represented in the world with 46 genera and 450 species.
(Chou et al., 1985; Shcherbakov, 2006; Gnezdilov, 2009; Bu
et al. 2010). Only species belonging to the Ricania genus of
this family are distributed in Palaearctic Region (Demir,
2009). However, some Ricaniidae species have spread to
beyond to the original habitats. Orosanga japonica was
firstly detected in Russia (Krasnodar), Ukraine (Crimea) in
West Palearctic. It was transported from native habitats to
Russia in the 1900s via seedling or plants transportation for
the Botanical garden. In 1950s, the species was recorded in
Georgia (Nast, 1987; Gnezdilov & Sugonyaev, 2009; EPPO,
2016; Bourgoin, 2017). For the last two decades, it has been
reported in the Eastern Black Sea area and began to spread
rapidly to the west (Demir, 2009; Cebir, 2016; Demir, 2018;
Akiner et al., 2019). It was also recorded in the Western
Black Sea region by Oztemiz, (2018) and Istanbul by
Arslangiindogdu & Hizal, (2019). Adult and nymph stages
of this species are fed with plant sap like beans, corn,
cabbage, pepper and eggplant, especially in all agricultural
plants, shrubs and shoots (Gokturk & Aksu, 2014).
Furthermore, they caused indirect by damage on weaken the
plant. This situation makes the plant vulnerable to attack by
some important plant pathogenic fungi (Cylindrocarpon sp.,
Fusarium sp. and Pestalotiopsis quepinii) (Eken et al.,
2013). O. japonica is an important plant pest, generally in
tropical regions but recently some authors reported the
different degree of damage situation about chestnut in
Abhazia (related to vector situation of the fungus pathogen),
orchards in around Caspian Sea in Iran, tea and Kiwifruit in
Turkey (Lukmazova & Selikhovkin, 2013; Ak et al., 2015;
Mozaffarian, 2018). In recent years, the population of O.
japonica has increased step by step in the Eastern Black Sea
region (Akiner et al., 2019).

Eastern Black Sea is a region characterized by its
topographic characteristics and precipitation regime, and it
differs from other regions of Turkey. Agricultural
production is limited due to the limited cultivable areas and
the sloping structure of the land. The most important
agricultural products of the region are tea (Camelia sinensis),
hazelnut (Corylus avellana) and kiwi (Actinidia deliciosa),
respectively. The increase in O. japonica population level
and its rapid spread are arised problems in the agriculture of
these commercial products and cause production losses. Pest
has an important detrimental effect on different plants grown
such as Vitis vinifera, Ficus carica, Phaseolus vulgaris and
Cucumis sativus. According to the decision of Turkey's
General Directorate of Tea Enterprises, step by step, also
including fertilizers are applied zero synthetic chemicals in
the region. Therefore, chemical control agent (insecticides)
usage is very limited in the Eastern Black Sea area though.
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In this mean, the area is the only region in the world where
tea plant grows in naturally without any input except limited
amount of chemical fertilizer.

The long term control of Ricanidae species with
insecticides has yet been developed in any country (Jeon et.
al., 2017). Synthetic insecticide based control methods are
most influential method for pest control in many areas
(human, animal and plant health). But, the use of synthetic
chemicals is known to bring serious problems such as
environmental contamination and insecticide resistance
(Nicoletti e al., 2010; Liu et al., 2012). Additionally, toxic
and detrimental effects on non target organisms are very big
problem in many areas (Dinesh et al., 2015).There is a need
to develop selective and naturally-based control methods in
the control of the Ricaniidae species due to the harmful
effects of chemical based insecticides and above mentioned
reasons. Botanical based materials are safer for non target
organisms and environmentally friendly agents for pest
control operations (Lee & Lee, 2016; Lee et al., 2016).
Although different kinds of biological based control agents
and mechanical control option studies were conducted
against adult stage of O. japonica (Giiglii et al., 2010; Ak et
al.,2013; Eken et al., 2013; Gokturk & Mihl1, 2015; Gokturk
etal., 2017), there is a need more study of subject.

All of the selected plants are belonging to some
plant families identified as to have a significant insecticidal
and larvicidal activity against different kind of insects.
Around 110 plant families with these properties have been
identified worldwide and Lamiaceae, Fabaceae, Asteraceae,
Apiaceae and, Solanaceae are the most important families in
this group (Boulogne et al., 2012). Similar studies for
different insect are usually about obtaining essential oils by
hydrodistillation method and investigating their insecticidal
properties. In this study, examined the possible efficacy of
different plant crude extracts against nymph stage of O.
japonica. Therefore, firstly, our aim in this study is to
investigate the contact toxicity of crude extracts derived
from a plant twenty naturally grown in Turkey.

MATERIAL AND METHOD

Plant material: Selected twenty plant species were
collected from different localities in Turkey. The specimen
identification was performed by Prof. Vagif Atamov from
the Faculty of Science and Arts, Recep Tayyip Erdogan
University in Rize, Turkey. A sample of each plant was
deposited in the Herbarium of Biology Department.
Information about these plants are given in Table 1.

Preparation of plant extracts: During the
extraction of plants, it is important to avoid contamination of
the extract as a result of extraction conditions or solvent
impurities. The aerial parts of fresh plants were cleaned and
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washed with distilled water and ethyl alcohol mixture

against fungus like contaminations (1:1, v/v). Cleaned plant

materials were dried for one week at room temperature with
reduced humidity (25%). Subsequently, all materials were
powdered using an electric blender and made as in the
literatire by ethyl acetate and methanol (Dmitrienko et al.,
2012; Mokrani & Madani, 2016). The crude extracts were
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filtered, evaporated to dryness and lyophilized under
pressure to completely remove the solvent used in the
extraction. A stock solution of each crude extract was
prepared in DMSO and stored below 4 °C until testing for
bioassay. Crude oil yields obtained from extractions with a
solvent of studied plant materials are given in Table 1.

Table 1. Crude oil yields obtained from extractions with a solvent of studied plant materials

. . L. Yield (%)

Family Plant species Date Origin Used part MeOH ETOAG

Salvia vertisillate May 2018 Antalya Aerial part 7.80 293

Lamiacae Phlomis lychitis May 2018 Konya Aerial part 9.71 2.46

Salvia tomentosa May 2018 Antalya Aerial part 8.07 6.43

Ao Foeniculum vulgare July 2018 Denizli Aerial part 5.30 1.62

placeac Daucus carota Aug. 2018 Rize Aerial part 5.98 3.12

Matricaria chamomilla May 2018 Denizli Aerial part 2.34 6.71

Laucantheum vulgare April 2018 Rize Aerial part 3.67 3.68

Asteraceae Tripleurospermum vulgare May 2018 Rize Aerial part 6.97 4.03

Erigeron annuus June 2018 Rize Aerial part 4.55 2.23

Inula vulgaris Sept. 2018 Artvin Aerial part 2.78 3.33

primul Primula vulgaris April 2019 Artvin Flower 10.99 3.53

rimulaceac Primula vulgaris April 2019 Artvin Leaf 12.69 2.64

Eri Rhododendron luteum Aug. 2018 Rize Flower 227 0.86

ricaceac Rhododendron ponticum June 2018 Rize Leaf 1.16 1.26

Rutaceae Citrus sinensis Febr. 2018 Rize Fruit peel 1.36 1.16

Lauraceae Laurus nobilis April 2018 Denizli Leaf 5.59 3.66

Solonaceae Nicotiana tabacum Aug. 2018 Denizli Leaf 5.23 5.73

Polygonaceae Polygonum persicaria Sept.2018 Rize Aerial part 291 1.03

Papaveraceae Papaver somniferum May 2018 Konya Seed 6.68 12.57

Lythraceae Lythrum salicaria Sept. 2018 Rize Aerial part 7.05 3.71

Boraginaceae Heliotropium europaeum July 2018 Antalya Aerial part 5.84 3.82

MeOH: Methy! alcohol; EtOAc: Ethyl acetate

Herbarium numbers: S. vertisillate (RTEUB:4305); P. lychitis (RTEUB:4307); S. tomentosa (RTEUB:4406); F. vulgare (RTEUB:4435); D. carota (RTEUB:4408); M. chamomilla (RTEUB:4436); L.
vulgare (RTEUB:4503); T. vulgare (RTEUB:4503); E. annuus (RTEUB:4505); I. vulgaris (RTEUB:4509); P. vulgaris (RTEUB:4511); R. luteum (RTEUB:4506); R. ponticum (RTEUB:4507); C. sinensis
(RTEUB:4513); L. nobilis (RTEUB:4537); N. tabacum (RTEUB:4538); P. persicaria (RTEUB:4508); P. somniferum (RTEUB:4514); L. salicaria (RTEUB:4515); H. europaeum (RTEUB:4509).

Test organisms

The nymphs of O. japonica were collected with
electric aspirator in and around Rize city (41.025461 Lat
40.482803 Lon Alipasa, 41.036468 Lat 40.493461 Lon
Campus). About 1000 Orosanga nymphs collected from
region were placed into the cages (20 x 20 x 20 cm,
maximum of 50 nymphs) and transferred to the laboratory.
The samples brought to the insectarium were taken into
cages of 50 x 50 x 50 cm for easy to feed (maximum of 100
nymphs in each cage) during acclimatisation period. The
cages to be used were previously sterilised in order to avoid
any contamination. Samples were held at 26 + 2 °C, 65 +
10 % relative humidity and a photoperiod regime of 12:12
h (L:D) in the insectarium. Fresh blackberry branches were
put into the cages for feeding. Samples were kept for 24
hours in the insectarium for to acclimate to the
environment before the tests.

Insecticidal Activity

250 mL glass jars and filter paper were used for
evaluating the contact toxicity of crude extracts. The each
of stock solutions (500 ppm) prepared by using DMSO was
impregnated to filter papers (10x20 cm) prepared
separately. DMSO impregnated paper was used as a
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control. Filter papers were placed in the jars after
impregnation. Glass jar was cleaned and autoclaved before
experiment. Collected and acclimatised O. japonica
nymphs for 24 hours were distributed to 250 mL glass jars.
20 individuals were used for every test chamber for
avoiding uncontrolled death rate related to the density
effect. Fresh blackberry branch was put into every jar for
feeding.

24 hours and 48 hours death rate were counted.
The per cent mortality was calculated according to the
death rate and corrected Abbott formula (Abbott, 1925). All
tests were done in two replications.

RESULTS AND DISCUSSION

In this study, 20 species from eleven plant
families were tested for potential efficacy against nymph
stage of O. japonica was evaluated by contact toxicity
assay by using impregnated paper (Table 2). The effect rate
(death rate) of two kinds of crude extracts obtained by
using different polarity solvents such as ethyl acetate and
methyl alcohol varies between 2.5 and 100 per cent.
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Table 2. The effectiveness of different plants crude extracts against nymph stage of O. japonica

% mortality

Family Plant species EtOAC MeOH
24 h 48 h 24 h 48 h
Salvia vertisillate 80 100 87.50 100
Lamiacae Phlomis lychitis 17.50 56.25 16.25 71.25
Salvia tomentosa 33.75 55 35 81.25
Apiaceae Foeniculum vulgare 33.75 52.5 27.50 53.75
Daucus carota 87.75 100 78.75 100
Matricaria chamomilla 8.75 87.5 2.50 2.50
Leucanthemum vulgare 18.75 475 25 75
Asteraceae Tripleurospermum caucasicum 20 43.75 71.25 98.75
Erigeron annuus 65 82.5 73.75 100
Inula vulgaris 22.50 48.75 18.75 66.25
Primulaceae Primula vulgaris (flower) 52.5 90.25 56.25 96.25
Primula vulgaris (leaf) 325 86.25 61.25 98.75
Ericaceae Rhododendron Iuteu_m 31.25 76.25 30 76.25
Rhododendron ponticum 51.25 82.5 52.5 80
Rutaceae Citrus sinensis 61.25 90 72.5 98.75
Lauraceae Laurus nobilis 70 95 53.75 91.25
Solonaceae Nicotiana tabacum 22.50 61.25 27.50 72.5
Polygonaceae Polygonum persicaria 23.75 60 36.25 775
Papaveraceae Papaver somniferum 47.75 80 30 60
Lythraceae Lythrum salicaria 57.5 96.25 67.5 93.75
Boraginaceae Heliotropium europaeum 38.75 93.75 66.25 98.75

h: hour; MeOH: Methyl alcohol; EtOAc: Ethyl acetate

Among the tested species in the Lamiaceae
family, Salvia vertisillate caused the highest mortality rates
after 24 and 48 h periods for two tested extract types. Salvia
tomentosa and Phlomis lychitis caused high mortality rates
after 48 h test period for two tested extract types. EtOAc
extract gave 52.5-55% mortality values for this two plant
species after 48 h. For Apiaceae family, Daucus carota
caused high mortality for two extract types after 24 and 48
h and mortality values ranged between 78.75% (MeOH 24
h) and 100% (EtOAc and MeOH 48 h). In contrast this
result Foeniculum vulgare caused low mortality for all
tested periods and extract types. Asteraceae family plant
species test results ranged between 2.5% (Matricaria
camomilla MeOH extract 24 h) and 100% (Erigeron
annuus MeOH extract 48 h). E. annuus caused highest
mortaliy after two tested periods and extract types among
the tested Asteracea family species. Only one species
tested from the Primulaceae family member, but two
different plant parts tested (flower and leaf). Whole tested
design caused moderate and high mortality after 24 and 48
h except EtOAc leaf extract 24 h tested period (32.5%) for
Primula vulgaris. Rhododendron ponticum caused
moderate and high mortality rates for two tested periods
and extracts. Rhododendron luteum caused high mortality
for two tested extracts 48 h after the test. Alhough two
Ericaceae species gave moderate and high mortality, it did
not exceed 82.5% (EtOAc extract 48 h). Citrus sinensis
(Rutaceae), Laurus nobilis (Lauraceae), Lythrum salicaria
(Lythraceae) and Heliothropium europium (Boraginaceae)
species extracts caused moderate and high mortality rates
after both extract types and tested periods among the other
tested plant family members.
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In general, methyl alcohol extracts mortality rates
were generally found higher than ethyl acetate extracts. It
was determined that the most effective plant extracts
against O. japonica nymphs were S. verticillate
(Lamiaceae) and D. carota (Apiaceae) for two extracts and
two intervals after experiment (24-48 h). Duration times
increased the mortality rates except M. camomilla
(Asteraceae) methanol extract. Although M. camomilla
methyl alcohol extract mortality rates were the same, the
highest increase of mortality rates was found in ethyl
acetate extract for this plant.

Some authors reported the effective activity range
for Salvia species against vector mosquito species larvae,
biting deterrent activity (Ali et al., 2014; Giin et al., 2011)
and plant pest species (Kara et al., 2014; Kostic et al.,
2007). Our results showed moderate or high mortality rates
for two different Salvia species, but S. tomentosa activity
was lower than the S. verticillate. Salvia species include
high rate of different terpenoid and sesquiterpenoid
components according to the some studies about the
chemical composition (Sefidkon & Khajavi, 1999;
Tabanca et al., 2017). Chemical composition of the plant
species related to the insecticidal activity refers to
terpenoids, alkoloids and phenolic compounds (Boulogne
& Petit, 2012). Furthermore, methyl alcohol and ethyl
acetate are the best solvents for the phenolic, terpenoid and
flavonoid constitutients respectively (Dimitrienko et al.,
2012; Mokrani & Madani, 2016). The last Lamiaceae
member of this study (P. lychitis) caused low and moderate
mortality during 24 h and 48 h. Although chemical
composition of the Phlomis species include different
degree of sesquiterpene and terpenoid, this result may be
explained by lower ratio of terpenoid than Salvia species
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(Lopez et al., 2010; Sarikaya & Fakir, 2017). Some studies
refer to D. carota extracts for effectiveness against
different plant pest species and mosquito groups (El Idrisii,
2016; Hrudova et al., 2006; Muturi et al., 2019). Muturi et
al., (2019) indicated that three chemical constitutents
(terpinolene, para cymene, and y-terpinene) have more
toxic than the other six tested chemical compositions. Our
results gave high efficiency against nympheal stages of the
O. japonia. Although D. carota extracts gave high
mortality rates, other Apiaceae species (F. vulgare) caused
low and moderate mortality after 24 h and 48 h duration.
Some studies reported the high constituent of tepenoid
compound and antifungal acitivity for F. vulgare, but our
results did not indicate high insecticidal activity (Diao et
al., 2014; Dukc et al., 2003). Five Asteraceae species
caused moderate or high mortaliy rates during 48 h
duration except M. camomilla methyl alcohol extract.
Asteraceae family reported as the third family that showed
insecticidal activity (Boulogne & Petit, 2012). Our results
indicated that methyl alcohol extracts for Asteraceae
species are more effective than ethyl acetate extracts. P.
vulgaris leaf and flower extracts showed moderate and
high activity against nymph. Death rate of 48 h gave up to
86% and high potential of the insecticidal activity. Methyl
alcohol extract mortality rates were higher than the ethyl
acetate extract. It was reported that the high phenolic,
monoterpene and terpene like compounds P. vulgaris and
other Primula species (Yaylh et al., 2016; Baczek et al.,
2017). Therefore, high insecticidal activity may be related
to this compounds in crude extracts. Two different
Ericaceae species were tested in this study and results
showed that the moderate or high mortality after 48 h.
Chemical constituents of R. luteum and R. ponticum
include different degree of terpenoid and phenolic
compounds (Tasdemir et al., 2003; Usta et al., 2012). This
constituent may be related to the higher toxicity of the
nymphs, but does not completely explain these results.
Giatropoulos et al., (2012) reported the larvicidal effects
against the mosquito Aedes albopictus and relation to the
limonene and pinene in the essential oils. Furthermore,
essential oil of fruit peels and seeds of C. sinensis killed the
larvae and adults of Triboluim castaneum by contact action
(Salem et al., 2013). In our study, C. sinensis gave
mortality up to 61% for 24 and 48 h duration. Our results
revealed that C. sinensis was the high potential of the
control. L. nobilis is one of the very well known plant for
the tropical and subtropical region. It is known that the
bioactive compunds are related to many usage areas such
as antibacterial, antifungal, antioxidant and insecticidal
(Charal et al., 2017). Our results indicated high insecticidal
properties against nymphs. Nicotiana tabacum gave low
(24 h) or moderate (48 h) toxicity against nymphs. This
plant based biological activities against different kind of
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plant pest caused high mortality Grapholita molesta
(Lepidoptera: Tortricidae) (Sarker & Lim, 2018) and also
other Nicatiana species extracts caused 100% mortality
against key insect pests Brassicas (Amoebeng et al., 2018).
But our results did not exceed 72.5% (methyl alcohol 48
h). Polygonum persicaria results showed a similar pattern
with N. tabacum and gave moderate mortality after 48 h for
two different extraction types. Although terpenoid
components of Polygonum species were reported to be high
(Saeidnia et al., 2014), insecticidal activities were not
consistent with this situation in our result. Papaver
somniferum seed extract caused low or moderate mortality
after 48 h duration period. Papaver chemical component is
generally related to the drug industry and pharmaceutical
benzylisoquinoline alkaloids and terpenoid constituent is
not working well (Hao et al., 2015). Therefore constituent
of alcohol based extraction may provide moderate toxicity
after 48 h. L. salicaria results referred to the high
inseciticidal potential. Mortality results were found to be
up to 57.5 % for 24 h and 48 h results were up to 93.75%.
High phenolic compounds to this species (Rouha et al.,
2001) were reported and it maybe related to the high
potential of the insecticidal activity for this group. H.
europaeum gave similar results like L. salicaria. It was
reported the high alcoholic and different degree of
flavonoid and triterpenoid constituent Heliothropium
species. H. europeaum is also used for folk medicide as
antipyretic, antihelmintic, cholagogue, emmenagogue,
cardiotonic (Saeedi & Morteza-Semnani, 2009; Goyal &
Sharma, 2014). Here we evaluated high potential of
insecticidal activity.

CONCLUSION

Here, we reported that a total of 20 different plants
distributed into 12 families have high or moderate potential
insecticidal activities against O. japonica nymphs. Seven
family groups are also well known insecticidal properties
(Boulogne & Petit, 2012). Five other families such as
Primulaceae, Ericaceae, Papaveraceae, Lythraceae and
Boraginaceae were included in the study to see the
comparison in terms of their insecticidal activity. It was
determined that the plants in this family also show activity
against Orosanga nymphs in varying proportions. There is
a need for an extensive study about the insecticidal activity
and detailed chemical composition related to the this data
in near future to establish biological based control methods
for this group. Nevertheless, it is thought that the observed
activity values will contribute to the elimination of
deficiencies in the literature and to create different thoughts
on the subject.
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Abstract: This study aims to investigate the relationships among morphometric characters of
Wels catfish with total length and find the best model to assess relationships. A total of 198 fish
samples was caught in Siddikli Dam Lake between September 2015 and August 2016 in this
study. The morphometric measures taken were: Total length (TL), Anal fin length (AFL), pectoral
fin rays length (PFRL), body height (BH), head length (HL), and head height (HH). No significant
differences were noted between the pectoral fin rays (PFRL) of females and males, while the
significant differences were observed in the other morphometric measurements (TL, AFL, BH,
HL, and HH) of females and males. The linear and non-linear model were used to determine
relationships between morphometric characters and total length. The linear model is the best fit
for all relationships, so this model is preferred for all calculates. All relationships were highly
significant (P < 0.001, r? > 0.81) and the mean percent prediction errors were less than 10%. We
found that AFL, PFRL, BH, HL, and HH are a good indicator for fish total length and are
important for determining the length of Wels catfish. However, the best model was the
relationship between anal fin length and total length for estimation of fish length in males and
females. The data of the study provides novel information on relationships between morphometric
characters for Wels catfish.

Keywords: Linear relationships, morphometric characters, Siddikli dam lake, wels catfish.
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1758)’nin Baz1 Morfometrik iliskileri

Oz: Bu ¢alismada yaymn baliginin morfometrik karakterleri ile total boyu arasindaki iliskileri
arastirmak ve iligkileri degerlendirmek i¢in en iyi modeli bulmak amaglanmigtir. Bu ¢alismada,
Eyliil 2015 ile Agustos 2016 yillar1 arasinda Siddikli Baraj Golii'nde toplam 198 balik 6rnegi
yakalanmistir. Alinan morfometrik dlgiiler sunlardir: total boy (TL), anal ylizge¢ uzunlugu (AFL),
pectoral yiizge¢ uzunlugu (PFRL), viicut yiiksekligi (BH), kafa uzunlugu (HL) ve kafa yiiksekligi
(HH). ’Disi ve erkeklerin pektoral yiizge¢ i1smnlari (PFRL) arasinda anlamli bir fark
gozlenmezken, diger morfometrik 6l¢iimlerde (TL, AFL, BH, HL ve HH) anlamli farkliliklar
tespit edilmistir. Morfometrik karakterler ile total boy arasindaki iliskileri belirlemek icin
dogrusal ve dogrusal olmayan modeller kullanilmistir. Dogrusal modelin tiim iliskiler i¢in en
uygun oldugu belirlenmistir. Bu nedenle bu model tiim hesaplamalar i¢in tercih edilmistir. Tiim
iliskiler yiiksek derecede anlamli olup (P <0.001, 12> 0.81) ortalama yiizde tahmin hatalarinin %
10'dan daha az oldugu saptanmistir. AFL, PFRL, BH, HL ve HH'nin balik total boyunun iyi bir
gostergesi oldugu ve yayin baligi boyunu belirlemek i¢in 6nemli oldugu tespit edilmistir. Ancak,
erkek ve disilerde balik boyunun tahmini i¢in en iyi model anal yiizge¢ uzunlugu ile total boy
arasindaki iligkidir. Calismanin verileri, yayn balig1 i¢in morfometrik karakterler arasindaki
iliskiler hakkinda yeni bilgiler sunmaktadir.

Anahtar kelimeler: Linear iligkiler, morfometrik karakterler, Siddikli baraj gélii, yayin baligi.
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INTRODUCTION

One of the major keys in fish biology study is
morphometric characters since these characters use to
understanding taxonomy and anatomy (Unlii et al., 2012),
growth variability (Jawad & Al-Janabi, 2016), sexual
differences (Gogoi & Goswami, 2015), and stock status
(Alhassan et al., 2015) of fish. In general, morphological
features were indicated diversity both within and between
fish populations. Morphometric characters considered as
measurable structures and are characters describing different
external body parts of fish. These characters commonly used
in fish biology studies to measure discreteness between
different fish stocks (Qadri et al., 2017), and to detect
phylogeny of the fish population (Turan, 2004).

The morphometric relationships between different
body characters of fish can be used to assess the well-being
of individuals and to determine possible differences between
separate unit stocks of the same species (King, 2007). The
relationships between morphometric characters can be a tool
to estimate back-calculate fish length from morphometric
characters (Bostanci et al., 2014). Morphometry studies
covered these relationships provide important information in
the fish biology field including species diet, feeding
behavior, ecological strategies, niche partitioning, habitat
use and trophic structure.

The objectives of this study are to: i: reveal
equations of relationships between morphometric characters
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and fish length, ii: test the accuracy of the back-calculated
lengths using predictive equations. Moreover, this
manuscript ensures the first information on the
morphometrics relationships of Silurus glanis.

MATERIAL AND METHODS

Siddikli Dam Lake located near 40 km west of
Kirsehir province was built for irrigation purposes. The
volume of Siddikli Dam Lake is 28.5 hm?, surface area is
1.65 km?, body height is 53 m and was completed in 1998.
It was put into operation in 2009 (Yazici, 2018).

A total of 198 fish samples collected between
September 2015 and August 2016 in Siddikli Dam Lake
were examined for analyzing relationships between some
measurable morphometric characters and fish length.
Samples were caught by using gills nets with a mesh size
ranging from 17 to 35 mm 50 m long and 40 to 80 mm 100m
long. The six measurements of the morphometric characters
were given in Table 1. The total length (TL) of each fish
specimens were measured with approximately 0.1 cm
precision. The morphometric characters were taken by using
a digital caliper. The sex of samples was detected by the
examination of gonads macroscopically.

Table 1. Definitions of morphometric measurements of Wels catfish in Siddikli Dam Lake.

Morphometric character ~ Abbreviation

Description on Fish

distance measured in a straight line between the anterior most and posterior most junctions with the body.

the length from the nostril tip of nose to the back end of the opercular bone.

Total length TL from tip of snout to the end of the caudal fin
Anal fin length AFL

Pectoral fin rays length PFRL the length of the longest find ray of pectoral fin.
Body height BH maximum depth of body

Head length HL

Head height HH

distance along the broadest part of the head in ventral position.

Linear (y =a+bx) and non-linear (y = a*xP
regression equations were used to determine what equations
best described the relationships between morphometric
characters and fish length. The model with the highest
coefficient of determination (r?) was chosen to describe these
relationships. Where ‘y’ is the dependent variable, ‘x’ is the
independent variable, ‘a’ is a constant (intercept) and ‘b’ the
regression coefficient (slope). The mean percent prediction
errors for each regression were determined averaging the
percent prediction error calculated for each observation. The
percent prediction error (% PE) for an individual is
computed by the following formula (Scharf et al., 1998):

|Observed — Predicted|

Predicted
The t-test was used to compare the outcomes of

morphometric measurements between sexes. Paired t-test

x 100

%PE =

200

was used for determining the difference in measurements of
left and right pectoral fin rays length. Differences between
coefficients of regressions generated separately for females
and males were tested by analysis of covariance (ANCOVA)
(Zar, 1999). All data were analyzed using the Minitab 17
software program. All the statistical analyses were
considered at the significance level of 5% (P<0.05).

RESULTS

A total of 198 (female= 98, male= 100) samples
were analyzed for morphometric relationships. However, a
total of 171 (female= 78, male= 93) Wels catfish samples
were used for the relationship between pectoral fin rays
length (PFRL) and total length (TL) owing to damaged and
lost pectoral fin rays.
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Table 2. The descriptive statistics of fish total length (TL, cm), anal
fin length (AFL, cm), body height (BH, cm), head length (HL, cm)
and head height (HH, cm) of Wels catfish sampled from Siddikl1

The descriptive statistics of fish length (TL) and
measurable morphometric characters (AFL, BH, HL, and
HH) are given in Table 2. The significant differences were

Dam Lake.
observed in the morphometric measurements (TL, AFL, BH, Variable  Sex N MeanxSd Min-Max_ t-test
HL, and HH) of females and males (t-test, p<0.05, Table 2). T Female 98 55761311  21.80-107.50 g
) . Male 100 60.33+16.79  20.10-151.60
Hence, regressions were generated separately according to AFL Female 98  30.54+6.96  11.90-56.10 <005
both sexes (Figure 1). No significant differences were Male 100 33.55£9.10  11.00-8380 P<
) he sl “b” of TL-AFL. TL-BH. TL BH Female 98  836+2.56  2.60-22.40 <0.05
determined between the slopes “b” of TL- , TL-BH, TL- Male 100 9.174333  210-2049  P<O.
HL, and TL-HH relationships in females and males Female 98  10.28+271  4.00-20.50
HL Male 100 11.23+3.43 3.80-31.80 p<0.05
(ANCOVA’ p> 0'05)' HH Female 98 4.25+1.26 1.10-8.70 <0.05
Male 100 4.66+1.52  1.10-1420 P
120 i 160
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Figure 1. The relationships between morphometric characters and total length in females and males of Wels catfish.

The descriptive statistics of fish length (TL) and
pectoral fin rays length (PFRL) are summarized in Table 3.

There was no significant difference between the right and
left pectoral fin ray length (paired t-test, p>0.05) (Table 3).
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Table 3. The descriptive statistics of fish total length (TL, cm) and
pectoral fin rays length (PFRL, cm) of Wels catfish sampled from
Siddikli Dam Lake.

Variable Sex n Meanz+ Sd Min-Max t-test
Female 78 57.11+13.74  21.80-107.50 >0.05
TL Male 93 59.80£1421 20.10-119.50 P
Total 171 58.57+14.02  20.10-119.50
Female 78 4.08+1.19 1.10-8.40 >0.05
PFRL Male 93  4.25+1.18 1.00-9.10 =0
Total 171 4.17+1.18 1.00-9.10

Therefore, the right pectoral fin rays lengths were
chosen for the generation of regression equations. No
significant difference was also observed in the pectoral fin
rays length between females and males (t-test, p>0.05).
Therefore, the variables were pooled for further analysis
(Figure 2).

140
TL= 11.621PFRL +10.072
12=0.961
120 n=171 »
E 100
= 380
2
=
L5
= 60
Z
<
= 40
20
All samples
0 T )
0 2 1 6 3 10
Pectoral Fin Ray Length (PFRL)

Figure 2. The relationship between pectoral fin ray length and total
length in all samples.
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The coefficient (r?) of linear relationships was
higher than non-linear relationships. The linear regression
model provided the best fit for all relationships. For this
reason, linear relationships were established for
morphometric analysis. The mean values of all
morphometric characters in male individuals were higher
than females (Table 2 and 3). The coefficients (r?) of all
linear regressions in males were calculated as higher than
females, except anal fin length (AFL) (Figure 1). All
regression analyses were highly significant (P<0.001) and
analysis of morphometric characters versus TL indicated
that the regression models explained more than 82% of the
variance (Figure 1). Morphometric characters of Wels
catfish were positively relevant to fish length, with r? values
ranging between 0.820 and 0.977. According to sex, the best
fit relationships were found between AFL-TL, and HL-TL
among all morphometric characters. The fish total length
(TL) was determined as approximately 1.81 times (TL/AFL)
of anal fin length for the entire sample.

The mean percent prediction errors ranged from
2.941 to 7.216. The anal fin length (AFL) had the lowest
value of mean %PE in females, while head width (HH) had
the highest value of mean %PE in females (Table 4). The
regression with high r? yielded had the lowest mean % PE
values (Table 4). For all morphometric characters, there was
no significant difference between observed and predicted TL
values in both females (t-test; p>0.05) and males (t-test;
p>0.05).

Table 4. The mean percent prediction error (%PE) values for morphometric characters in S. glanis from Siddikli Dam Lake.

. Observed TL (cm) Predicted TL (cm) %PE

Variable Sex n

Range Mean=SD Range Mean=SD Range Mean=SD

AFL Female 98 21.80-107.50 55.76+13.11 21.16-103.21 55.76+12.92 0.011-12.187 2.941+2.374

Male 100 20.10-151.60 60.33+16.79 19.51-151.27 60.33+16.48 0.018-32.214 2.960+3.952

BH Female 98 21.80-107.50 55.76+13.11 29.03-120.86 55.76+11.88 0.000-30.515 7.048+5.971

Male 100 20.10-151.60 60.33+16.79 26.11-158.20 60.33+16.12 0.152-23.016 6.290+4.771

HL Female 98 21.80-107.50 55.76+13.11 26.17-103.90 55.76+12.76 0.012-16.701 3.886+3.657

Male 100 20.10-151.60 60.33+16.79 24.41-159.86 60.33+16.59 0.009-17.650 3.433+3.657

HH Female 98 21.80-107.50 55.76+13.11 25.21-98.85 55.76+12.16 0.087-34.360 7.216+6.041

Male 100 20.10-151.60 60.33+16.79 22.80-160.92 60.33+16.01 0.113-27.094 5.894+4.745

PFRL Total 171 20.10-119.50 58.57+14.02 21.69-115.82 58.57+13.74 0.009-16.730 3.606+3.151

DISCUSSION dimensions and length of the fish (Begum et al., 2008;

There were several researches on the age (Y1lmaz
et al. 2007; Saylar, 2009; Alp et al., 2011; Saylar, 2014),
growth (Carol et al., 2009; Copp et al., 2009; Uysal et al.,
2009; Alp et al., 2011), reproduction (Yazici et al., 2018),
morphological characters (Unlii et al., 2012), and the diet
(Czarnecki et al., 2003; Bora & Gul, 2004; Alp, 2017) of
Wels catfish. However, no studies were conducted on the
morphometric biometry of this species. Therefore, this
study presents the first data on this subject in Wels catfish.

Generally, linear functions are preferred and
mostly used to determine the relationship between body
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Santi¢ et al., 2011; Jawad & Al-Janabi, 2016). In this study,
both linear and non-linear models were analyzed for
defining the relationships between morphometric variables
and fish length. Linear model was provided higher
regression coefficient than non-linear model for all
relationships. Consequently, linear model was preferred
for our analysis. Similarly, these relationships in many
previous studies were also defined using this model for
various fish species (Hajjej et al., 2011; Ke¢ & Zorica,
2011; Balai et al., 2017).

One of the major keys in fish biology is
morphometric characters since morphometric analysis
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included these characters plays a key role to estimate
relationships among various body parts. Morphometric
characters in female and male may not be provide the same
result in back-calculation of fish length (Begum et al.,
2008). In current study, results of testing the difference
between the measurements of morphometric characters in
females and males showed significant difference. Thus, the
regressions were generated separately according to both
sexes. These results agree with results of other studies
(Begum et al., 2008; Amin et al., 2014; Yilmaz et al.,
2014). On the other hand, there were no sexual differences
in relationships between pectoral fin length and total
length. So, the measurements of males and females were
pooled to calculate this relationship.

Differences in the measurement data of same
body parts mostly depend on the fish samples quality.
Damages as morphological can be seen in fish (e.g. lost or
damaged body part such as anal fin, tail, and body length).
This status may make measurements difficult.
Measurements from intact body parts can be used to
calculate length of other body parts. The results of study
suggested that the all morphometric relationships are well
suited to the prediction of fish length. Among relationships,
the anal fin length and head length measurements are
important for determining the total length of Wels catfish.

In conclusions, the results of current study show
that there are difference morphometric characters in males
and females. This situation may indicate that there is a
difference in the growth of the characters mentioned in the
female and male. The distinction between male and female
is important for fisheries management, stock assessment,
paleontological studies, population dynamics, and growth
parameters. Furthermore, this study provides the first data
on relationships between morphometric characters and
total length in Wels catfish. These relationships are a
helpful tool in predicting fish total length from
morphometric characters and useful for studies on food and
feeding, prey-predator relationships, as well as for
paleontological studies.
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Oz: Bu calisma Afyonkarahisar ilinde egitim goren lise ogrencilerinin su iriinleri tiiketim
aligkanliklarinin ve tercihlerinin ortaya konulmasi amaciyla yapilmistir. Anket sonuglarina gore;
Ogrencilerin et tiiketiminde, ilk tercihlerinin kirmizi et (%64,43), ikinci tercihlerinin tavuk eti (%61,24),
figlincii tercihlerinin ise balik eti (%22,82) oldugu tespit edilmistir. Ogrencilerin %90,10’u balik
tiiketirken, %9,90’n1 tiikketmediklerini belirtmislerdir. Balik tiiketen dgrencilerin %34,64’\ haftada bir
kez ve %7,45’i ise haftada bir defadan fazla tiikettiklerini bildirmislerdir. Ogrenciler en ¢ok hamsi
baligmi tiiketirken, sardalya baligini ise hi¢ tiiketmedikleri anlasilmistir. Hi¢ balikk yemeyen
ogrencilerin %50’si kokusundan dolay: tiiketmezken, %57,73’1 ise saglikli ve dengeli beslenmek i¢gin
balik etini tiikettigini bildirmislerdir. Ogrencilerin bahg1 daha cok taze (%95,65) veya dondurulmus (%
6,33) olarak tiikettikleri belirlenmistir. Balik pisirme yontemi olarak, ilk tercihin kizartma (%86,41) ve
ikinci tercihin ise 1zgara (%31,84) oldugu tespit edilmistir. Su triinleri temin yerleri olarak, daha ¢ok
%67,97 ile semt (halk) pazar1 ve %24,95 ile balik¢1 diikkani/seyyar saticist (mahalle balikgisi) tercih
edildigi saptanmistir. Kisi bas1 yillik ortalama balik tiiketim miktar1 7,35 kg olarak hesaplanmigtir. Bu
sonucun diinya ortalamasinin oldukga altinda olmasina ragmen Tiirkiye ortalamasinin iizerinde olmasi
umut verici olarak goriilmektedir.

Anahtar kelimeler: Afyonkarahisar, anket, balik tiiketimi, lise, 68renci.

A Study on Determination Fish Consumption Behaviour of High School Students
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Studying in Afyonkarahisar Province

Abstract: This study was carried out in order to reveal the habits and preferences of seafood
consumption of high school students studying in Afyonkarahisar province. According to the survey
results; it has been determined that, in the meat consumption of the students, the first choice was red
meat (64.43%), the second choice was chicken meat (61.24%), and the third choice was fish meat
(22.82%). While 90.10% of the students consumed fish, 9.90% stated that they did not consume it. Of
the students who consumed fish, 34.64% reported consuming it once a week and 7.45% reported
consuming it more than once a week. While the students consumed the most anchovy fish, it was
understood that they did not consume sardine fish at all. Fifty percent of the students who do not eat
fish do not consume because of their smell, while 57.73% reported that they consume fish meat for a
healthy and balanced diet. It has been determined that students consumed more fish as fresh (95.65 %)
or frozen (6.33%). As a method of cooking fish, it has been determined; that the first choice was fried
(86.41%) and the second choice was grill (31.84%). It has been determined that 67.97% preferred the
local (public) marketplace and 24.95% preferred the local fisherman's shop/peddler (local fisherman's)
as fisheries supply locations. The average yearly fish consumption per capita was calculated as 7.35
kg. Although this result is well below the world average, the fact that it is above the Turkey average is
seen as promising.

Keywords: Afyonkarahisar, survey, fish consumption, high school, student.
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GIRiS

18 yas alti g¢ocuklarin bedensel ve zihinsel
gelisimleri basta olmak {izere insanlarin beslenmesinde
biiylik bir dneme sahip olan su iriinlerinin, kisi basina
diisen tiketim miktar1 agisindan giinliik fizyolojik
gereksinimler dogrultusunda yeterli bir diizeye ¢ikarilmasi
olduk¢a 6nemlidir.

Su driinlerinin saglik ve beslenme agisindan

degeri tiiketici tarafindan bilinmektedir. Ug tarafi
denizlerle ¢evrili bir yarimada konumunda olan
Tirkiye'nin  8.333 km kiy1 seridi ve 177.714 km

uzunlugunda nehirleri ile su kaynaklarmin fiziki
biiylikliigii itibariyle su iiriinleri ve balike¢ilik {iretimine
uygun zengin su kaynaklarma sahiptir (OKA, 2013).
Ulkemiz su iiriinleri iiretiminin 2018 yilinda 628.631 ton
olarak gergeklesmis olup kisi basi ortalama yillik balik
tiketiminin 2018 yilinda 6,14 kg olarak gerceklesmesi
oldukg¢a manidardir (TUIK, 2019). Sekil 1°de de goriildiigii
gibi lilkemizde kisi basi ortalama balik tiiketim miktart
yillara gore dalgalanmalar gostermektedir.

Diinyada kisi bagina yillik ortalama balik tiikketim
miktar1 incelendiginde, 2016 yili verilerine gore
Japonya’da 45,30 kg, Endonezya’da 30,50 kg Cin’de 38,90
kg, Rusya’da 20,80 kg, Norveg’te 50 kg, Portekiz’de 57,10
kg ve [zlanda’da 91,30 kg olurken (FAO, 2017), 2015
yilinda Avrupa’da 22,50 kg, Kuzey Amerika’da 21,60 kg,
Asya’da 24 kg, Afrika’da 9,90 kg, gelismis lilkelerde 24,90
kg, az gelismis iilkelerde 12,60 kg ve diinya ortalamasi ise
20,20 kg olarak gergeklesmistir (FAO, 2018). Bu durum
gbz Oniine alindiginda {ilke olarak balik tiiketimi
konusunda ¢ok gerilerde daha iyi
anlasilmaktadir.

oldugumuz

Ulkemizde su iiriinleri tiiketiminin tespitine
yonelik c¢aligmalarda balik tiiketim aligkanliklari, illere,
illerin deniz kenarinda olup olmamasina, il sinirlari
icerisinde gol, golet, baraj vb. sulak alanlarda balik¢ilik
faaliyeti olup olmamasina, kiiltiir balik¢ilifi yapilan
ciftliklerin olup olmamasina gore farklilik gosterdigi
ayrica mevsimlere, sosyo-ekonomik kosullara, kiiltiirel
farkliliklara, geleneksel damak tadina ve beslenme
aliskanliklarina bagli olarak tiiketilen su iiriinleri tiirleri ve
miktarlart farklilik gosterdigi goriilmektedir.

Bu baglamda su iiriinleri tiiketim aliskanliklar1 ve
tiiketici profilleri ile ilgili ¢aligmalarda illerin tek tek analiz
edilerek tilkemiz tiiketici aligkanliklarinin tespiti ve su
riinleri tiiketimine yonelik bolgesel bazli stratejilerin
belirlenmesi acisindan oldukca dnemlidir.

Yapilan bu calisma, Afyonkarahisar ilinde bes
farkli tirdeki lisede egitim ve Ogretime devam eden
Ogrencilerin su iiriinleri tiiketim davranislar: tizerine etkili
olan  faktorlerin  tespit  edilmesi  amaci  ile
gergeklestirilmistir.
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Sekil 1. Yillara gore kisi basi su tirtinleri tiikketimi (BSGM, 2019).
Figure 1. Fisheries consumption per capita by years.

MATERYAL VE METOT

Bu c¢alisma, 2017-2018 egitim ogretim yili
icerisinde Ege Bolgesi’nde yer alan Afyonkarahisar ilinde
bes farkl tiirdeki lisede egitim goren (Anadolu imam Hatip
Lisesi (A.H.L.), Anadolu Lisesi (A.L.), Fen Lisesi (F.L.),
Cok Programli Anadolu Lisesi (C.P.A.L.) ve Mesleki ve
Teknik Anadolu Lisesi (M.T.A.L.)) toplam 596 &grenci
lizerinde yiiz ylize goriisme seklinde gerceklestirilmistir.

Calisma, tabakali 6rnekleme ydntemine gore,
amaca uygun olarak hazirlanmis olan toplam 32 soruyu
icermektedir. Anketteki ilk 8 soru 6grencilerin demografik
durumlarin igerirken, kalan 24 soru su iriinleri tiiketim
davraniglari, tiiketilen tiirler, tercih sebepleri, tiiketim
sikliklar1  ve pisirme yontemlerinin belirlenmesine
yoneliktir. Sorularin bazilarinda birden fazla segenek
isaretlenmistir.

Elde edilen verilerin istatistiksel analizi 1BM
SPSS 15.0 paket programi kullanilarak yapilmstir.
Tanimlayici istatistikler nominal (kategorik) degiskenler
icin say1 ve ylizde (%), niimerik degiskenler icin ise
ortalama =+ standart sapma olarak gosterilmistir. Kategorik
degiskenler arasindaki iligkiler Pearson Ki-Kare ve
Fisher’s Exact test ile belirlenmistir.

Verilerin  frekans ve ylizde dagilimlan
hesaplanmig, bulgular sekil ve tablolar haline getirilerek
yorumlanmustir.

BULGULAR

Ogrencilerin Demografik Durumlari: Anket
caligmasina katilan 596 oOgrencinin % 40,60’1 kiz, %
59,401 ise erkek olup 6grencilerin yaglar1 13-20, boylari
136-190 cm, agirliklar1 da 30-110 kg arasinda degisim
gosterdigi belirlenmistir. Ankete katilan 6grencilerin; %
9,90'm1 A.H.L., % 36,07’si A.L., % 9,73’i C.P.A.L., %
9,06’s1 F.L. ve % 35,24’ M.T.A.L. de egitim goren
ogrencilerden olugmaktadir (Tablo 1).

Ogrencilerin ailelerinin aylik ortalama gelir
diizeyleri dagilimlarinin, 0-1000 TL arast % 7,05, 1001-
2000 TL arast % 26,85, 2001-3000 TL aras1 % 25,50,

3001-4000 TL arast % 19,29, 4001 TL iizeri ise % 21,31
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oldugu goriilmiistiir. Ogrencilerin ailelerindeki fert sayis1 4
olanlarin % 35,40 ile ilk sirada oldugu, 5 olanlarin ise %
30,54 ile ikinci sirada oldugu anlasilmaktadir.

Tablo 1. Ogrencilerin okul tiirii ve cinsiyete gore dagilimi.
Table 1. Distribution of students by school type and gender.

- Kiz Ogrenci Erkek Ogrenci Toplam
Okul Tiirii = % = % = %
AIHL. 0 0 59 16,67 59 9,90
AL 129 53,31 86 24,29 215 36,07
C.P.AL. 11 4,54 47 13,28 58 9,73
F.L. 35 14,46 19 5,37 54 9,06
M.T.ALL. 67 27,69 143 40,39 210 35,24
Toplam 242 100 354 100 596 100

Ogrencilerin  Su  Uriinleri  Tiiketimi  ve
Tercihleri: Ankete katilan dgrenciler en fazla tiikettikleri
et tiirleri sorusuna verdikleri cevaplara gore tiiketimi daha
cok tercih edilenler sirastyla; 1. kirmizi et (% 64,43), 2.
tavuk eti (% 61,24), 3. balik eti (% 22,82), 4. hindi eti (%
2,01), 5. ise hig et tiiketmeyen vejetaryen (% 1,01) olarak
belirtmislerdir (Sekil 2).

Et Tirleri

80%
64,43% 61,24%

60%
40%
22,82%
20%
I 2,01% 1,01%
0% —

Kirmiziet Tavuketi Baliketi Hindieti Vejetaryen

Sekil 2. Et tiiketim oranlarinin dagilimu.
Figure 2. Distribution of meat consumption rates.

Calismada anketimize katilan 596 6grencinin %
90,10’u balik tiketmekte, % 9,90’u ise farkli sebeplerden
dolayr balik tiiketimini tercih etmedigi goriilmektedir.
Balik tiiketiminin tercih edilmemesinin baslica nedenleri
arasinda ise ilk sirada kokusu, ikinci sirada tat ve aromasi,
iclincii sirada ise kilgikli olmasi gelmektedir. Balik tiiketen
ogrencilerin % 34,64’ haftada bir, % 25,881 ayda bir ve
% 23,84°1 15 giinde bir kere tiikettigini belirtmektedir
(Tablo 2).

Tablo 2. Balik tiiketim tercihi ve tilketim sikliginin dagilimi.
Table 2. Fish consumption preference and distribution of
consumption frequency.

Balik Tiiketim n % Balik Tiiketim n %
Tercihi Sikhig1

Haftada 2-3 kere 40 7,45
Evet 537 90,10 Haftada bir kere 186 34,64
15 giinde bir kere 128 23,84
Hayir 59 9,90 Ayda bir kere 139 25,88
Yilda birkag kere 44 8,19

Toplam 596 100 Toplam 537 100
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Ogrencilerin en cok tiikettigi balik tiirii hamsi
olurken, en az tiikketilenin somon, hi¢ tiiketilmeyenin ise
sardalya baligi oldugu gorilmiistiir. Balik tiiketiminde
hamsiden hemen sonra sirasiyla alabalik (% 44,88),
palamut (% 43,39), sazan (% 20,86), levrek (% 20,48),
cipura (% 11,36) istavrit (% 10,24), lifer (% 7,82), mezgit
(% 4,28) ve diger su triinleri (% 1,12) gelmektedir (Sekil
3).

Ogrencilerin ~ balik  tiiketimi ~ hakkindaki
diislinceleri soruldugunda % 65,92°si baligin saglik
acisindan oldukca 6nemli oldugunu belirtirken, % 7,45’
ise balik tiiketiminin ¢ok gerekli olmadigi diisiincesini
tagimaktadir. Balik tiiketen Ogrencilerin balif1 tercih
etmelerindeki baslica nedenler arasinda sirasiyla; %
57,731 dengeli ve sagliklt beslenmek igin, % 27,56’s1
lezzetli olmasi, % 10,80°ni hepsi, % 3,35°1 aligkanlik (6rf-
gelenek) ve % 0,56’s1 ise ekonomik olmasi olarak
bildirmektedir. “Balik etinin saghkli ve dengeli
beslenmedeki yeri ve Oneminin duyurulmasini nasil
istersiniz?” sorusuna dgrenciler sirasiyla; % 27,37’si kamu
spotu, % 21,23’ medya, % 9,68’i seminer/konferans, %
4,47’si ise afig/poster/brosiir, % 37,25’i ise hepsi seklinde
degerlendirmistir.

Ogrencilerin % 76,91’ balik tiiketim tercihlerini
genellikle dogal balik lizerinde kullanirken, % 20,481 ise
dogal ve kiiltiir balig1 arasinda ayrim yapmadigint ve %
2,61°i ise sadece kiltir baligmi tercih ettiklerini
belirtmektedir.

Pisirme yontemi tercihinde 6grencilerin evlerinde
ilk tercih % 86,41 ile en ¢ok kizartma yontemi, ikinci tercih
ise % 31,84 ile 1zgara yontemi olarak bildirmislerdir. Su
irlinlerinin satin alma (tiiketim) tercihleri arasinda ilk
sirayt % 95,65 ile taze balik olustururken,
onemsenmeyecek derecede dondurulmus ve islenmis diger
su trdnleri tercih edilmektedir. Su iriinlerinin temin
edilmesinde en sik tercih edilen yerler sirasiyla; % 67,97
ile semt (halk) pazari, % 24,95 ile balik¢1 diikkkani/seyyar
satict (mahalle balikgist), % 16,01 ile siiper market (balik
reyonu), % 14,55 ile balik hali oldugu belirlenmistir. Taze
balik satin alimirken en ¢ok dikkat edilen kriterler sirasiyla;
tazeligi (% 90,50), tiirii (% 47,30), mevsimi (% 36,87),
fiyati (% 24,39), dig goriiniisii (% 19,55), az kilgikli olmast
(% 18,99) ve baligin dogal veya kiiltiir balig1 olmas1 (%
15,49) oldugu saptanmustir.

Ailenin aylik ortalama gelir diizeyi ile
ogrencilerin balik titketim sikligi arasinda istatistiksel
olarak anlamli bir iliski olmamakla (p>0,05) birlikte
ailelerin gelir durumu arttik¢a balik tiiketim sikliginin da
arttigl, gelir durumu azaldik¢a da daha az siklikla balik
tiikettikleri tespit edilmistir. Ogrencilerin ailelerinin
ortalama aylik gelir durumlari ile balik tiiketim tercihleri
arasinda anlamli bir fark bulunmamaktadir (p>0,05).
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Ailenin aylik ortalama geliri ile 6grencilerin balig1
lokanta-restoranda tiikketmesi arasinda da istatistiksel
olarak anlamli bir iligki bulunmaktadir (p<0,001). Ailelerin
gelir durumu arttik¢a genel olarak lokanta-restoranda balik
tiketim orami artigi gdzlemlenirken, gelir durumu
azaldik¢a evde veya piknikte balik tiikettigi saptanmuistir.
Ailelerin aylik ortalama geliri ile tiiketimi tercih edilen;
levrek (p<0,001), lifer (¢inekop/sarikanat) (p=0,003),
istavrit (p<0,001), ¢ipura (p<0,001), mezgit (p=<0,008) ve
somon (p<0,001) baliklar1 arasinda istatistiksel olarak
anlaml bir iliski vardir. Aylik geliri yiiksek olan ailelerde
levrek, liifer, ¢ipura ve somon gibi fiyati yiiksek olan
baliklarin tiiketim orani daha yiiksek oldugu saptanmustir.

Ankete katilan 6grencilerin ailelerinde yasayan
birey sayist ile balik tiikketim tercihleri arasindaki
istatistiksel olarak anlamli fark bulunmustur (p=0,045).
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Ailedeki fert sayis1 6 olanlarin en yiiksek (% 94)
oranda, ailede yasayan birey sayist 7 veya daha fazla
olanlarin ise en az (% 78,40) oranda balik tiiketimini tercih
ettigi tespit edilmistir. Calismamiza katilan &grencilerin
cinsiyeti ile balik tiiketim tercihleri arasindaki iliski
incelendiginde istatistiksel olarak anlamli bir fark
bulunmamugstir (p>0,05).

Ogrencilerin annelerinin ¢alisan veya ev hanim
olma durumu ile balik tiiketim siklig1 arasinda istatistiksel
olarak anlamli bir iliski tespit edilmemistir (p>0,05).
Ancak genel olarak annesi ev hamimi olan ailelerdeki
ogrencilerin, annesi calisan ailelerdeki 6grencilerden ¢ok
daha sik balik tiikettikleri tespit edilmistir.

Balik Tiirleri
90% 81,38%
80%
70%
60%
50% 44,88% 43,39%
40%
30%
20,86% 20,48%
20%
11,36% 10,24% 7.82% )
10% . . ] 4,28% 1,49% 1,12% 0,00%
Hamsi Alabahk Palamut Sazan Levrek Cipura istavrit Liifer (Ginekop, Mezgit Somon Diger Sardalya
Sarikanat)
Sekil 3. Balik tiirlerinin tiiketilme oranlarmin dagilimi.
Figure 3. Distribution of consumption rates of fish species.
TARTISMA VE SONUC (2012), Giresun ve Trabzon’da % 95,14 Aydin ve
Karadurmus, (2013), Keban Baraj Golii Ova Bolgesi’nde
Afyonkarahisar ilinde egitim goren lise % 97,84 Candir ve Duman, (2013), Ankara’da % 81,70

ogrencilerinin su Urlinleri tiiketim sebebinin en yiiksek
oranda % 57,73’ dengeli ve saglikli beslenmek ig¢in
oldugu belirlenirken, iilkemizde yapilan benzer
caligmalarda bu oran, Canakkale’de % 33,80 Colakoglu
vd., (2006), Tokat’ta % 87 Erdal ve Esengiil, (2008),
Burdur’da % 39,80 Orhan ve Yiiksel, (2010), Elazig’da %
45,67 Cigek vd., (2014), Trabzon’da % 62,30 Balgik Misir
vd., (2015), Diyarbakir’da % 55,20 Aydin ve Odabasi,
(2017), Ardahan’da % 45,67 Kilic vd., (2019) ve
Ankara’da % 39,90 Yiiksel ve Diler, (2019) olarak
belirlenmistir. Bu sonuglara gore gerek Afyonkarahisar
ilinde egitim goren lise 6grencileri olsun gerekse lilkemiz
genelinde su friinlerinin saglik ve dengeli beslenmek
acisindan Onemli oldugu bilincinin tiiketicilerde yer
edindigi gorilmektedir.

Ankete katilan 6grencilerin balik eti tikketiminde
ilk tercih olarak % 96,65 oram ile “taze balig1” tercih
ederken, bu oran Ordu’da % 73,20 Aydin ve Karadurmus,
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Yiiksel ve Diler, (2019), Ardahan’da % 67,09 Kilig vd.,
(2019), Van’da % 87,20 Terin vd., (2016), Elazig’da %
92,94 Cigek vd., (2014), Konya’da % 65,80 Sen, (2011),
Fatsa’da % 97,20 ve Aybasti’da % 98,20 Balik vd., (2013),
Diyarbakir’da % 84,54 Aydin ve Odabasi, (2017) ve
Yozgat’ta % 97,70 Erdogan Saglam ve Samsun, (2018)
olarak tespit edilmistir. Afyonkarahisar’da yapilan
calismanin sonucu ile diger illerdeki arastirmalarin
sonuglart arasinda benzerlik goriilmekte olup tiim
arastirma sonuglarina gore lilkemiz halkinin balig1 taze
olarak tiiketmeyi tercih ettigi net olarak goriilmektedir.
Baligin evde ne sekilde pisirildigi sorusuna
ogrenciler ilk sirada % 86,41 ile yagda kizartma, ikinci
sirada ise % 31,84 ile 1zgara yontemi olarak bildirilmistir.
Yine iilkemizde benzer yapilan calismalarda bu durum
Diyarbakir’da % 44,30 Aydin ve Odabasi, (2017), Giresun
ve Trabzon’ da % 52,97 Aydin ve Karadurmus, (2013),
Erzurum’ da % 40 Oguzhan vd., (2009), Van’ da % 46,50
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Sar1 vd., (2000), Keban Baraj Goliit Ova Bolgesi’nde %
66,19 Candir ve Duman, (2013), Tekirdag’ da % 33,23
Abdikoglu, (2015), Van’da % 40,20 Terin vd., (2016) ve
Manisa’ da % 47 Dereli vd., (2016) ile ilk tercih olarak
tavada yagda tekniginin tercih edildigi
belirlenmistir. Saglikli beslenmede kizartma tekniginin
¢ok dogru bir yontem olmadig1 bilinmektedir. Balik gibi
saglik agisindan Onemli bir besinin haslama, firinda
pisirme, bugulama, 1zgara gibi daha saglikli yontemlerle
pisirilmesi 6nem arz etmektedir. Bu baglamda baligin
tiirtine gore farkli pisirme tekniklerinin tercih edilmesi ve
balik yemeklerinin yayginlastirilmasi ile daha saglikli
tiketim bigimleri i¢in halkin bilinglendirilmesi gerektigi

kizartma

diisiiniilmektedir.

Ankete katilan lise Ogrencilerinin et tiketimi
tercihinde sirasiyla, ilk sirada % 64,43 ile kirmizi eti, ikinci
sirada % 61,24 ile tavuk etini, ti¢lincii sirada ise % 22,82
ile balik etini tercih ettiklerini bildirmistir. Yapilan benzer
calismalarda ise bu oran Erzurum’da 1. kirmiz1 et (% 56),
2. tavuk (% 37,33), 3. balik (% 6,67) Oguzhan vd., (2009),
Gokgeada’da 1. kiimes hayvanlari (% 37,30), 2. balik (%
33), 3. kirmiz1 et (% 25,40) Dogan ve Goniilal, (2014),
Adiyaman’da 1. tavuk eti (% 56), 2. kirmiz1 et (% 36), 3.
balik (% 5) Olgunoglu vd., (2014), Elazig’da 1. kirmizi et
(% 40,86), 2. beyaz et (% 22,57), 3. hepsi (% 32), 4. balik
eti (% 3,14) Cigek vd., (2014), Antalya’da 1. tavuk eti (%
46,96), 2. kirmiz1 et (% 36,12), 3. balik eti (% 16,92)
Arslan ve Izci, (2016), Ankara’da 1. kirmuzi eti (% 53,30),
2. tavuk eti (% 29,30), 3. balik eti (% 17,70) Giil Yavuz
vd., (2015), Hakkari’de 1. tavuk eti (% 61,10), 2. kirmizi
et (% 35,50), 3. balik eti (% 3,40) Uzundumlu vd., (2016),
Manisa’da 1. tavuk eti (% 54), 2. dana eti (% 24), 3. kuzu
eti (% 12), 4. balik eti (% 7) Dereli vd., (2016),
Diyarbakir’da 1. kanatli eti (% 38), 2. kirmizi et (% 34), 3.
balik (% 28) Aydin ve Odabasi, (2017), Trabzon ve
Giresun illerinde ise 1. su {irlinleri (% 41), 2. tavuk eti (%
33), 3. kirmiz1 et (% 26) Aydin ve Karadurmus, (2013),
Siirt’te 1. kirmizi et (% 40,60), 2. tavuk eti (% 31,40), 3.
balik (% 22,50), 4. higbiri (% 5,50), Kiric1 vd., (2018),
Keban Baraj Golii Ova Bolgesi’nde 1. balik (% 61,15), 2.
kirmiz1 et (% 7,19), 3. tavuk eti (% 2,88), 4. hepsi (%
28,78) Candir ve Duman, (2013), Tunceli’de % 48 ile balik
eti Yiiksel vd., (2011) ve Rize’de 1. balik eti (% 61,63), 2.
sigir eti (% 20,93), 3. tavuk eti (% 9,30), 4. koyun eti (%
8,14) Caglak vd. (2018) en fazla tiiketilen et tiirleri olarak
belirlenmistir. Calismamiz ve diger calismalardan elde
edilen sonuglara gore balik eti ilk tercih olarak sadece
Trabzon, Giresun, Rize, Keban Baraj Golii Ova Bolgesi ve
Tunceli’de tercih edilmekte olup halkimizin genellikle
kasaplik biiyiik bas hayvan ve tavuk etini daha fazla tercih
ettigi balik etini ise saglik ve beslenme agisindan 6nemini
bilmesine ragmen son siralarda tercih ettigi goriilmektedir.
Ulkemizin gelencksel yemek kiiltiiriine bakildiginda da
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biiyiikbas ve kiigiikbag hayvan eti ile beslenmenin daha
yogun oldugu goriilmektedir.

Ogrencilerin en cok tiikettikleri balik tiirleri
sorusuna birinci tercih % 81,38 ile hamsi, ikinci tercih %
44,88 ile alabalik olurken en az tiiketilen % 1,49 ile somon
ve hig tiiketilmeyen ise sardalya olarak tespit edilmistir.
Benzer ¢alismalarda; Erdal ve Esengiin, (2008) Tokat’ta %
65, Oguzhan vd. (2009) Erzurum’da % 48, Orhan ve
Yiiksel, (2010) Burdur’da % 77,30, Yiksel vd., (2011)
Tunceli’de % 33,20, Aydin ve Karadurmus, (2012)
Ordu’da % 86,21, Aydin ve Karadurmus, (2013) Giresun
ve Trabzon illerinde % 17,75 ve Erdogan Saglam ve
Samsun, (2018) Yozgat’ta % 94 ile hamsi olarak
bildirmiglerdir. Yapilan ¢aligmalarda deniz baliklarindan
hamsi, tatli su baliklarindan ise alabalik ve sazan en fazla
tercih edilen balik tiirleri arasinda yer almaktadir.

Ankete katilan Ggrencilerin su triinleri tiiketim
siklig1 sorusuna, en yiiksek oranda % 34,641 haftada bir
kere ve en az oranda ise % 7,45’1 haftada 2-3 kere tiikettigi
belirlenmistir. Ogrencilerin vermis oldugu bilgilerin
degerlendirilmesi sonucunda ortalama kisi bag1 yillik balik
tiiketim miktar1 7,35 kg olarak hesaplanmistir. Ulkemizde
yapilan diger ¢alismalarda da kisi bas1 yillik ortalama balik
tilketim miktarinin, Canakkale’de 18 kg Colakoglu vd.,
(2006), Tokat’ta 13 kg Erdal ve Esengiin, (2008), Tokat-
Almus’ta 14,71 kg Adigiizel vd., (2009), Tunceli’de 4,10
kg Yiiksel vd., (2011), Ordu’da 26,30 kg Aydin ve
Karadurmus, (2012), Amasya’da 5,06 kg Kizilaslan ve
Nalinci, (2013), Trabzon ve Giresun’da 29,52 kg Aydin ve
Karadurmus, (2013), Adiyaman’da 3,01 kg Olgunoglu vd.,
(2014), Elazig’da 3,30 kg Cigek vd., (2014), Trabzon’da
23 kg Balgik Misir vd., (2015), Manisa’da 7,70 kg Dereli
vd., (2016), Diyarbakir’da 12,20 kg Aydin ve Odabasi,
(2017), Nigde’de 3,80 kg Bashimov, (2017) ve Ardahan’da
39 kg Kilig vd., (2019) olarak tespit edilmistir. Bu
sonuglara gore denize kiyisi olan iller ile su iriinleri
dretiminin  yapildigi i¢ bolgelerdeki illerde balik
tiketiminin  daha  yiksek oldugu  saptanmistir.
Afyonkarahisar ilinde balik tiiketim miktarinin iilke
ortalamasinin iizerinde oldugu tespit edilmistir.

Afyonkarahisar ilinde lise 6grencilerinin balik
tiketim davranislarini  belirlemek {izere yapilan bu
calismada elde edilen verilere gore yillik tiiketim
ortalamasi, Avrupa, Asya ve Diinya ortalamasinin oldukca
altinda olmasi ile birlikte Tiirkiye ortalamasinin
iizerindedir. Afyonkarahisar’da balik tiiketimi tilkemizin
bir¢ok ilinden fazla olmasina ragmen denize kiyisi olan
illerden ve ozellikle balik¢iligin yogun olarak yapildigi
Dogu Karadeniz Bélgesinin oldukga altinda oldugu
goriilmektedir.

Afyonkarahisar  ilinde iilkemizdeki  diger
calismalarda oldugu gibi en ¢ok tiiketilen deniz baliginin
hamsi, tatli su baliginin ise alabalik oldugu saptanmistir.
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Ulkemiz su iiriinleri istihsalinin biiyiik bir kismin1 hamsi
avciliginin olusturmasi, avciligl yapilan diger tiirlere gore
daha ucuz, lezzetli ve az kilgikli olmasi hamsinin en ¢ok
tiiketilen su iiriinii olmasinin baglica nedeni olarak
diisiiniilmektedir. Ulkemizde yapilan bilimsel ¢alismalara
gore ozellikle tathi sulardaki ciftliklerde iiretilen alabaligin
halkimiz tarafindan ¢ok sevildigi ve en ¢ok tiiketilen tatlt
su balig1 olarak tercih edildigi goriilmektedir. Onemli bir
protein ve omega-3 kaynagi olan alabaligin fiyatinin diger
baliklara gore pahali olmamasi ve lezzetli bir balik
olmasindan dolay: tiiketiciler tarafindan talep gérmesine
neden olmaktadir. Bu durum insanlarimizin  kiiltiir
balik¢iligina bakisinin pozitif oldugunu 6zellikle ¢ipura,
levrek gibi diger kiiltiir deniz baliklarini da tezgéhlarda
gormeleri durumunda tercih edeceklerini gostermektedir.
Balik daha ¢ok evde tiiketilirken, geliri yiiksek
ailelerde kismen de olsa restoranlarda tiiketilmektedir. Bu
baglamda evlere servis yapan balik pisirme lokantalarinin
sayisinin artmasi ile Ozellikle kokusundan dolayr evde
balik pigirmeyen ailelerin balik tiiketimine yonelecegi
tahmin edilmektedir. Ogrencilerin aileleri su iiriinlerinin
tamamina yakinini semt pazarlarindan ve mahalle
balik¢isindan (balik¢1  diikkani/seyyar satict) tedarik
etmektedir. Bu durumda su iiriinleri satis1 yapan balik¢1
diikkanlarinin baliklart hem temizleme hem de pisirip satis
yapmasi balik tiikketimine olan talebi artiracagi
diistiniilmektedir. Bunun yani sira Afyonkarahisar gibi
denize uzak olan illerde etkin bir pazarlama sistemi ve
standardize edilmis balik satis yerleri ve balik pisirme
mekanlarinin gogaltilmasi su iiriinleri tiiketimini artiracagt
ongoriilmektedir. Geleneksel beslenme aligkanliklart ve
damak tadi su iiriinleri tiiketimini kisitlasa da zengin bir
protein, vitamin ve mineral kaynagi olan su riinleri
tilketiminin 6grencilerin, ebeveynlerin ve toplumun her
seviyesindeki bireylerin bilinglendirmesiyle
artacag1 ongoriilmektedir. Ogrencilere balik tiiketimi ve
sagliklt beslenmenin 6nemini anlatmak amaciyla; sosyal
medya, internet, televizyon ve kamu spotu gibi popiiler

zamanla

iletisim araglar1 aktif olarak kullanilmalidir.

Sonug¢ olarak Afyonkarahisar ilinde balik
tiiketiminin artirilmasi i¢in dzellikle ilk ve orta &gretim
diizeyindeki okullarda oOgrencilere balik etinin saglik
acisindan 6nemi tizerine dersler, bilgilendirme seminerleri,
kampanyalar ve ilgili kamu kurumlariin farkindalik
¢alismalar1 6nem arz etmektedir. Su iiriinleri tiiketiminin
insan saglig1 agisindan 6neminin okul egitim ve 6gretimi
icerisinde dgrencilere verilmesi dnemsenmektedir.

TESEKKUR
Bu calisma, Hasan YIGIT’in “Ege Bolgesi’nde

Egitim Goren Lise Ogrencilerinin Balik Tiiketim
Aligkanliklarmin Belirlenmesi Uzerine Bir Arastirma” adli
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Doktora Tezinden {iretilmistir. Anketleri cevaplayan
ogrencilere, destek olan okul miidiirii ve &gretmenlere
tesekkiir ederiz.
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Abstract: This study aims to determine the reference intervals of some hematological and
- https:/forcid.orq/0000-0002-6771-3385 immunological parameters in healthy Russian sturgeon (Acipenser gueldenstaedtii Brandt &
Ratzeburg, 1833) blood. These parameters are important indicators of fish physiological status
and fish health. In the study, reference ranges of erythrocyte, leukocyte, lymphocyte, monocyte,
eosinophil, neutrophil, basophil, and hematocrit values were determined for hematological
parameters. In terms of immunological parameters, the reference intervals of TNF-a (tumor
necrosis factor-alpha), IFN-y (interferon-gamma), IL-1p (interleukin 1 beta), IL-6 (interleukin 6)

*Corresponding author’s: and IL-8 (interleukin 8) values were determined. The reference ranges we have detected,
g?;:ﬁn?e%ml?ﬁquaculture N erythrocyte 0.77-1.23 x 105/mm3, leukocyte 9.21-16.96 x 103/mm3, lymphocyte 43.35-59.78%,
Vocational School, Cukurova University, monocyte 4.61-11.39%, eosinophil 3.27-6.52%, neutrophil 12.16-18.41%, hematocrit 22.14—
Adana/TURKEY 28.63%, TNF-a 27.59-49.83 pg/ml, IFN-y 66.25-79.34 pg/ml, IL-1 1.08-1.76 pg/ml, IL-6
ﬁ;;i‘::rt':’l‘;‘%%‘:{sd_“;go R g—— 11.2-19.7 pg/ml and IL-8 31.4-52.7 pg/ml. It is thought that the hematological and
Fax Sl (322) 338 65 39 immunological reference intervals detected in the Russian sturgeons which will contribute

significantly to the determination of the health and physiological situation of these fish.

Keywords: Acipenser gueldenstaedtii, hematology, immunology, sturgeon.

Saghkh Rus Mersin Baliklarinda (Acipenser gueldenstaedtii) Baz1 Hematolojik
ve Immiinolojik Parametrelerin Referans Degerlerinin Belirlenmesi

Oz: Bu calismanin amaci, saglikli Rus mersin baligi (Acipenser gueldenstaedtii Brandt &
Ratzeburg, 1833) kaninda bazi hematolojik ve immiinolojik parametrelerin referans araliklarini
belirlemektir. Bu parametreler baligin fizyolojik durumu ve balik saghigmin Snemli
gostergeleridir. Calismada, hematolojik parametreler igin eritrosit, 16kosit, lenfosit, monosit,
eozinofil, nétrofil, bazofil ve hematokrit degerleri referans araliklar belirlenmistir. immiinolojik
parametreler agisindan ise, TNF-a (timor nekroz faktor alfa), IFN-y (interferon gama), IL-1P

*Sorumlu yazar: (interlokin 1 beta), IL-6 (interlokin 6) ve IL-8 (interlokin 8) referans araliklari belirlenmistir.
Selguk DUMAN

i = . O Belirledigimiz referans araliklari; eritrosit 0,77-1,23 x 10%/mm®, lokosit % 9,21-16,96 x

mamoglu Meslek Yiiksekokulu, Su Uriinleri A N N 4 .

Ietifhis, Cntharmve Ui, Adkm)/ 103/mm3, lenfosit % 43,35-59,78, monosit % 4,61-11,39, eozinofil % 3,27—6,52, nétrofil %

gRKiYE 12,16-18,41, hematocrit % 22,14-28,63, TNF-o. 27,59-49,83 pg/ml, IFN-y 66,25-79,34 pg/ml,
: sduman@cu.edu.tr _ = N _ _ _ :

Mobile telephone : +90 (507) 406 21 58 IL 1.[3 1,98 1.76 pg/m'lj IL Qll,% 19,7”pg/m| ve IL-8 31,4-52,7 pg/ml. Rus mersin bahklarlnfia

Fax : +90 (322) 338 65 39 tespit edilen hematolojik ve immiinolojik referans araliklarinin, bu baliklarin saglik ve fizyolojik

durumlarinin belirlenmesine 6nemli katki saglayacagi diigiiniilmektedir.

Anahtar kelimeler: Acipenser gueldenstaedtii, hematoloji, immiinoloji, mersin baligi.
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INTRODUCTION

Sturgeon, whose evolutionary past goes back 100
million years ago, is the anadrome and potamodromous
species located in the northern hemisphere region
(Bahmani, 1998; Tavakoli et al., 2019). Wild sturgeon
populations have decreased significantly due to factors
such as urbanization, dams preventing migration routes,
overfishing and water pollution. The Russian sturgeon
(Acipenser gueldenstaedtii, also known as diamond or
Danube sturgeon) has recently been among the important
species in sturgeon aquaculture applications (Duman,
2019a). Sturgeon is famous for its caviar obtained from the
mature but unfertilized eggs of the female fish from a
biological point of view, and it is also a valuable fish in
terms of meat as they are large-bodied. Therefore, sturgeon
culture is increasing rapidly in the world and Turkey
(Duman, 2019b). Research for sturgeon has generally
focused on protection biology, ecology, and reproduction
areas, while less effort has been spent on sturgeon
physiology (Baker et al., 2005). Blood is an accessible
component in the body fluid system and is examined to
assess the physiological state of the creature (Houston &
Carlile, 1997). Hematological studies are accepted as one
of the important biological features in aquaculture
(Bahmani, 1999). Hematological parameters have a
significant act in detecting the physiological response of
fish to environmental conditions, also these parameters are
between the most important indicators of pesticides, metals
and toxic compounds for living creatures in aquatic
environments (Van Vuren, 1986; Nussey et al., 1995).
Cytokines are infection inhibitors that play an act in natural
immunity and the development of hematopoietic cells, they
also stimulate the immune function of cells (Duman &
Sahan, 2018). In sturgeon breeding, it is important to
examine the quantitative properties in the blood as it
provides a reliable index of physiological conditions,
especially in the development of fish (Alyakrinskaya &
Dolgova, 1984). In the monitoring of the impact of
physiological or sublethal stress caused by exogenous or
endogenous changes in fish, changes of some blood
parameters are used often (Cataldi et al., 1998). In sturgeon
breeding, it is becoming increasingly important to evolve
new methods to exactly determine the health of the fish
during the production cycles and to diagnose diseases
early. Changes in hematological and immunological values
are frequently indicative of changes in physiological status
and are used routinely to determine the health of domestic
and wild animals, but it cannot be used due to the lack of
reference ranges in many fish species, with the inclusion of
sturgeon (Knowles et al., 2006).

This study aim is to determine the reference
ranges of some hematological and immunological
parameters such as erythrocyte, leukocyte, lymphocyte,
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monocyte, eosinophil, neutrophil, hematocrit, IFN-y, TNF-
a, IL-1B, IL-6 and IL-8 in healthy Russian sturgeon
(Acipenser gueldenstaedtii Brandt & Ratzeburg, 1833).

MATERIAL AND METHOD

The research was carried out in a commercial fish
farm that breeding Russian sturgeon (Acipenser
gueldenstaedtii) in the city of Adana in Turkey. In this
study, the principles of the local ethics committee were
complied with. The fish with an average weight of
3670+295.2 g and a mean length of 82.4+9.3 cm were
stocked in three concrete ponds (30 fish/pond, stocking
density 13.7+0.52 kg/m?, n = 90). Supplied water flow rate
for concrete ponds was 14 L min? and ponds dimension
was 2x4x1 m. The fish were subjected to macroscopic
(external examination by the eye) and microscopic
(parasitological and bacteriological examination) health
screening before being taken into ponds. Also, during the
experiment, water temperature, oxygen, and pH values
were measured every morning and evening by using a YSI
6600 CTD multi-parameter. In the trial, sturgeon feed (no:
4.5) was used and fish were fed at 0.75% of live body
weight four times a day (Chebanov & Galich, 2011). After
the two-week adaptation period, the fish were analyzed.
The fish were anesthetized with 20 mL/L quinaldin sulfate
(Sahan et al., 2017) and 2 ml blood was drawn from the
caudal vein of each fish using a heparinized syringe for
hematological analyzes (Blaxhall & Daisley, 1973;
Trenzado et al., 2003).

Erythrocyte and leucocyte cells were counted
using Natt-Herrick solution and Thoma hemocytometer
(Kocabatmaz & Ekingen, 1984). Cyan-methemoglobin and
micro-hematocrit methods were used for Hemoglobin and
hematocrit values (Kocabatmaz & Ekingen, 1984; Stolen
et al., 1994). Peripheral blood smears were stained with a
mixture of May-Griinwald and Giemsa subsequently, the
percentage of lymphocyte, monocyte, neutrophil, and
eosinophil cell types were identified using a microscope
(Blaxhall, 1972; Fujimaki & lsoda, 1990). Catalog no.
MBS702530 fish ELISA Kit for IFN-y, catalog no.
MBS024441 fish ELISA Kit for TNF-a, catalog no.
MBS700230 fish ELISA Kit for IL-1B, catalog no.
MBS702353 fish ELISA Kit for 1L-6 and catalog no.
MBS700055 fish ELISA Kit for IL-8 were used in the
cytokine analyses. In these analyses, the enzyme-linked
immunosorbent assay (ELISA) kits were used which
suitable for fish and the results of TNF-a, IFN-y, IL-1p, IL-
6, and IL-8 cytokine levels were evaluated based on the
principles of the double-antibody sandwich method (Voller
et al., 1978). In the statistical analysis of the results, the
non-parametric estimation method with the SPSS
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statistical package program was used for the reference
interval determination (Diizgiines et al., 1983).

RESULTS AND DISCUSSION

In this study with healthy Russian sturgeon
(Acipenser gueldenstaedtii), some hematological (such as
erythrocyte, leukocyte, lymphocyte, monocyte, eosinophil,
neutrophil, hematocrit), and immunological (such as IFN-
¥, TNF-a, IL-1B, IL-6, IL-8) parameter levels were
determined. Furthermore, basic data on this subject was
created. In terms of hematological parameters, the mean
erythrocyte, leukocyte, lymphocyte, monocyte, eosinophil,
neutrophil, and hematocrit values were determined as 1.07
x 10%/mm3, 12.09 x 10%mm?®, 52.35%, 9.17%, 4.21%,
16.31%, and 26.48%, respectively. Also, in terms of
immunological parameters, the mean IFN-y, TNF-a, IL-1§,
IL-6, and IL-8 values were determined as 70.95 pg/ml,
40.26 pg/ml, 1.57 pg/ml, 16.46 pg/ml and 44.58 pg/ml,
respectively. Reference ranges of hematological analyzes
are given in Table-1, also reference ranges of
immunological analyzes are given in Table-2. The lowest
and highest values of the measured water parameters (O,
pH and temperature) are given in Table 3.

Table 1. Reference intervals of hematological parameters in
Russian sturgeon (Acipenser gueldenstaedtii).
Hematological parameters Reference intervals

Erythrocyte (x 10¢/mm3) 0.77-1.23

Leukocyte (x 10¥mm?) 9.21 -16.96
Hematocrit (%) 22.14 - 28.63
Lymphocyte (%) 43.35-59.78
Monocyte (%) 4.61-11.39
Eosinophil (%) 3.27-6.52

Neutrophil (%) 12.16 — 18.41

Table 2. Reference intervals of immunological parameters in
Russian sturgeon (Acipenser gueldenstaedtii).
Immunological parameters Reference intervals

TNF-a (pg/ml) 27.59 -49.83
IFN-y (pg/ml) 66.25 — 79.34
IL-1B (pg/ml) 1.08-1.76
IL-6 (pg/ml) 11.2-19.7
1L-8 (pg/ml) 31.4-52.7

Table 3. In the measured water parameters, lowest and highest values of
0O,, pH and water temperature.
0O, (mg/L) pH
65-7.8 8.1-8.6

Temperature (°C)
17.3-19.5

Sturgeon has a complex life cycle and can tolerate
various environmental conditions with its strong
morphological structure. However, almost all sturgeon
species in the world are threatened and their generations
have been extincting in today. Hematological and
immunological parameters are an effective way to examine
physiological and pathological changes in fish. Bahmani et
al. (2001) investigated the hematological indices of Persian
sturgeon (Acipenser persicus) and beluga (Huso huso)
species in different growth stages (1, 2 and 6 years old).
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They found that erythrocyte count is in the range of 495 x
103 - 735 x 103 cells ml%, leukocyte count is in the range of
31.6 x 10% - 57.7 x 103 cells ml, the lymphocyte is in the
range of 54.5 - 67.5%, neutrophil in the range of 22.63 -
33.86%, eosinophil in the range of 6.60 - 13.7% and
monocyte in the range of 0.6 - 2.25% for the beluga
species. They also found these values for Persian sturgeon
as 240 x 10% - 452.5 x 103cells ml?, 13.43 x 10 - 46.48 x
103 cells mlt, 73.25 - 82.70%, 12.3 - 20%, 2.25 - 6.5% and
0.2 - 2.5%, respectively. The erythrocyte, lymphocyte and
eosinophil values for beluga were found approximately
similar, leukocyte high, monocyte low to the values we
detected in our study. For Persian sturgeon, leukocyte,
neutrophil and eosinophil values were similar to our
findings in our study. Besides, erythrocyte and monocyte
values were low, and lymphocyte levels were higher than
our study. In a study on hematological reference intervals
for cultured shortnose sturgeon (Acipenser brevirostrum),
was determined PCV as 26 - 46%, RBC count as 0.65 -
1.09 x 10%puL, WBC count as 28376 - 90789/uL, large
lymphocytes as 2122 - 10435/uL, neutrophils as 3758 -
33592/uL, monocytes as 0 - 7137/uL and eosinophils as O
- 1544/uL (the fish ranged from 3- to 5-years old and
sexually immature) (Knowles et al., 2006). They reported
that these reference intervals values will be beneficial for
the early detection, diagnose and monitoring of disease in
cultured shortnose sturgeon. Koksal et al. (1999)
performed hematological examinations on Siberian
sturgeon (Acipenser baeri), they found hematocrit value as
25.28 - 36.54%, erythrocyte count as 1.14 - 1.60 x 10%/uL,
leukocyte count as 19 - 23 x 10%/uL, lymphocyte ratio as
93 - 95% and monocyte ratio as 1 - 2%. Additionally,
Ghiasi et al. (2014) examined the hematological values to
sterlet sturgeon (Acipenser ruthenus), In the control group
it was noticed that RBC count as 1.32 + 0.05 x 105, WBC
count as 62.3 £ 7.5 x 103, Hct level as 27.0 + 1.3%,
lymphocytes as 91.7 + 1.4%, neutrophils as 6.8 + 1.2%,
eosinophils as 0.8 + 0.3% and monocytes as 0.3 = 0.1. Also,
Bucur et al. (2009) evaluated hematological parameters of
North American sturgeon (Polyodon spathula) in weighing
between 200.4+40.28 - 1193.7+57.56 g cultured in ponds.
They detected the hematocrit (Hct) value between 24.5 -
41.6% and the red blood cell count (RBC) between 1.046 -
2.252 x 105/uL. In another research, Docan et al. (2017)
examined the hematological changes of healthy Russian
sturgeon (Acipenser gueldenstaedtii) and they determined
RBC count as 0.45£0.1 x 10%mm?, also Hct value as
14.8242.73%. In a different study, hematological
parameters of Huso huso (5-month-old) in the environment
where the environmental salinity was 0 ppt were
investigated. Hematological parameters were found as
erythrocyte count 86.0+7.5 x 10%/mm3, leukocyte count
18.242.8 x 103%mm3, lymphocyte value 57.0 + 4.0%,
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neutrophil value 28.6+3.7%, eosinophil value 13.3+2.5%
and monocyte 1.0+1.0% (Zarejabad et al., 2010). In
another study with beluga (Huso huso), Hoseinifar et al.
(2011) were found erythrocyte count as 74.16+£16.92 x
10%uL, leukocyte count as 20.18+0.99 x 10%pL,
hematocrit value as 19.71£1.93%, lymphocyte value as
68.51£2.17%, neutrophil value as 21.96+2.49%, monocyte
value as 4.66+1.02% and eosinophil value as 4.41+1.73%.
In addition to Matsche et al. (2014) determined
hematological parameters reference intervals of Atlantic
sturgeon (Acipenser oxyrinchus oxyrinchus) sampled from
three different regions as follows; RBC count (x 10%2
cells/L) 0.90 - 1.24, hematocrit value (%) 21 - 26, WBC
count (x 10° cells/L) 21.0 - 33.7, lymphocytes (x 10°
cells/L) 12.5 - 22.7, neutrophils (x 10° cells/L) 1.6 - 7.9,
monocytes (x 10° cells/L) 0.3 - 1.0 and eosinophils (x 10°
cells/L) 0 - 4.6.

The hematocrit values mentioned above by
Koksal et al. (1999), Knowles et al. (2006), Bucur et al.
(2009), Ghiasi et al. (2014) and Matsche et al. (2014) were
found similar to the value we found in our study. The
erythrocyte count in our research is similar to the values
reported by Koksal et al. (1999), Knowles et al. (2006),
Bucur et al. (2009), Zarejabad et al. (2010), Hoseinifar et
al. (2011). In terms of leukocyte count, Koksal et al.
(1999), Zarejabad et al. (2010) and Hoseinifar et al. (2011)
reported close results to our study. Also, Zarejabad et al.
(2010) in terms of lymphocyte value and Hoseinifar et al.
(2011) in terms of eosinophil and neutrophil value reported
similar results to our study. The data similar to our study in
terms of monocyte levels were stated by Knowles et al.
(2006) and Hoseinifar et al. (2011).

Differences in hematological parameters of fish
may be due to varying environmental factors such as
changes in the physicochemical parameters of the water,
season, water temperature, stock density and photoperiod.
Furthermore, many other factors affect hematological
parameters in fish such as age, gender, stress, the content
of feed, maturity, hypoxia and disease (Affonso et al. 2002;
Ruchin 2007; Bucur et al. 2009; Sadati et al. 2011; Nesrin
et al. 2018; Duman 2019b; Verep & Yildirim, 2020).

It has been reported that activated macrophages
increase IFN-y production which plays an important role in
the immune system and also stimulates cytotoxic and
suppressor T cells (Mishima et al., 2004). In some studies
conducted by Yin et al., (1997), Tafalla et al., (2001) in
different types of fish such as catfish (Clarias gariepinus)
and turbot (Scophthalmus maximus), they found that the
immune response occurred rapidly with increasing TNF-a
levels. In a different study with sea bream (Sparus aurata),
it has been noticed that in fish stimulated using
concanavalin A (Con A) and phorbol myristate acetate
(PMA), TNF-a activates macrophages against infection
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and increases respiratory activity, phagocytosis and nitric
oxide production (Mulero & Meseguer, 1998). To increase
the effectiveness of cells participating in the immune
response;  cytokines, synthesized by  stimulated
lymphocytes, monocytes and macrophages, and some
other somatic cells, regulate immunity and events,
including systemic response to cell growth, healing and
injury. Bacterial antigens which especially affecting T
lymphocytes, increase the release of cytokines such as IL-
1, IL-6 and IL-8 (Akdogan & Y6ntem, 2018). Additionally,
Laing et al. (2002) reported that interleukin-8 in rainbow
trout (Oncorhynchus mykiss) has important effects on
understanding and controlling the processes of
inflammation and other immune functions. In fish,
cytokines have a direct relationship with microbial
interactions and the vital condition of the fish. Also,
cytokines are one of the important indicators of non-
specific immune response and they are considered to be

important immune-activators involved in antigenic
stimulation.

CONCLUSION

It is thought that hematological and

immunological reference intervals are important in terms
of early diagnosis, detection of diseases, treating diseases
and reducing mortality in sturgeon culture. The first time
to determine the reference values of these parameters is
important, which are considered as indicators of fish health
and stress fact for the Russian sturgeon. More research is
recommended on the biology, physiology and development
of these fish, which are very valuable due to their caviar.
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Abstract: Trabzon, a developing port town province that is located near the Black Sea region of

#I: https://orcid.org/0000-0001-8652-7142 Turkey. Trabzon, the 29th most crowded province of Turkey shows the intensity of urbanization
: https://orcid.org/0000-0002-4950-3771 on the coastal zone. In this study, it is aimed to examine the urban development of Trabzon
province by using various remote sensing methods and data. Depending on the characteristic of

urban development within the boundaries of the province, the change in the artificial surfaces has

been investigated by using optical remote sensing methods in the selected test region. For this

purpose, LANDSAT images of the study area, 1989, 2000, 2006 and 2018 were provided. Pixel-

based supervised classification was applied to the images and the land use and land cover (LULC)

classes of the study area were determined. In the second stage of the study, the development of

artificial surfaces was investigated by using thermal remote sensing methods. For this purpose,

*Corresponding author’s: the surface temperature map of the region has been established. By using the thermal bands of
Burak KAZANCI the images, top of athmospheric spectral radiance and then brightness temperature were
Gumushane University, Faculty of . . L .
Engineering and Natural Sciences, Department calculated. NDVI, proportion of vegetatiton and ground emissivity were also calculated by using
of Geomatics, Gumushane, Turkey red and near infrared bands. These informations were used in the LST calculation. As a result of
DX: burakkazanci6l@gmail.com . . . .

Mobile telephone : +90 (534) 862 84 28 the study, the urban development and change taking place in Trabzon by using different remote

sensing data and methods were examined.

Keywords: Artificial Surface, Classification, Heat Island.

Kentsel Gelismenin Is1 Adalarina Etkisinin Arastirilmasi, Trabzon ili (")rnegi

Oz: Trabzon, Tiirkiye'nin Karadeniz Bolgesi’nde yer alan gelismekte olan bir liman kentidir.
Tiirkiye'nin en kalabalik 29. vilayeti olan Trabzon’da daha c¢ok kiyr bolgelerde yerlesim
mevcuttur. Bu ¢alismada Trabzon ilinin kentsel gelisiminin ¢esitli uzaktan algilama yontemleri
ve verileri kullanilarak incelenmesi amaglanmustir. ilin sinirlart icindeki kentsel gelisimin
ozelliklerine baglh olarak, secilen bdlgede optik uzaktan algilama yontemleri kullanilarak yapay
yiizeylerdeki degisim arastirilmistir. Bu amagla 1989, 2000, 2006 ve 2018 tarihli LANDSAT
goriintiileri kullanilmistir. Goriintiilere piksel tabanli kontrollii siniflandirma islemi uygulanmis
ve ¢alisma alanimin arazi kullanimi ve arazi Ortlisii siniflari belirlenmistir. Calismanin ikinci
asamasinda termal uzaktan algilama yontemleri kullanilarak yapay yiizeylerin gelisimi
arastirilmistir. Bu amagla bolgenin yiizey sicaklik haritasi olusturulmustur. Goriintiilerin termal

*Sorumlu yazar: bantlar1 kullanilarak, atmosfer {istii spektral 1s1ma ve daha sonra parlaklik sicakligi
i hesaplanmustir. NDVI degerleri, bitki i haritalari da k k
Giimiishane Universitesi, Mithendislik ve planmustir. egerleri, bitki oram ve yer emisyonu haritalari da kirmizi ve yakin
Doga Bilimleri Fakiiltesi, Geomatik Béliimii, kizilotesi bantlar kullanilarak hesaplanmigtir. Bu bilgilerin tiimii arazi yiizey sicakligi
Giimiighane, Turkey haritalarinin olusturulmasinda ve kentsel 1s1 adasi etkisinin belirlenmesinde kullanilmugtir.

DX: burakkazanci6l@gmail.com

. . . . '
Cep telefonu : +90 (534) 862 84 28 Calisma sonucunda farkli uzaktan algilama verileri ve yontemleri kullanilarak Trabzon'da

gerceklesen kentsel geligsim ve degisim incelenmistir.

Anahtar kelimeler: Yapay yiizeyler, Smiflandirma, 1s1 adast.
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INTRODUCTION

In urban areas, conditions that are of primary
importance for human life, such as work, education, health
service and residential areas, lead to population growth.
With the increasing population, LULC in the cities show a
dynamic change. While the areas covered with artificial
surfaces increase, the areas covered with vegetation are
gradually decreasing. Urban buildings hold a significant
amount of solar radiation and affect atmospheric properties
in these areas. Urban heat islands (UHIs) are formed in this
way. The regions that have higher temperature
characteristics than the rural areas in the cities are called as
UHLI.

More successful and efficient planning is needed
to reduce the negative effects of heat islands in urban areas.
In order to make these plans, the UHIs should be
determined first of all. Remote sensing methods and
satellite imagery allow these areas to be identified in less
time with less cost. There are many studies examining the
relationship between heat islands and LULC using satellite
imagery and digital image processing methods (Weng, et
al., 2004; Chen, et al., 2006; Zhang, et al., 2009; Jiang, et
al., 2010; Li, et al., 2011; Estoque, et al., 2017; Pal, et al.,
2017; Yiksek, 2017; Wang, et al., 2018, Du, et al., 2019,
Wang, et al., 2019, Sultana and Satyanarayana, 2020).
When these studies were examined, it was determined that
higher temperatures were calculated in areas covered with
artificial surfaces and lower temperatures in areas covered
with vegetation and water.

Study Area: Ortahisar District of Trabzon was
chosen as the study area. Trabzon is the 29" most populous
city of Trabzon (Url-1, 2019). The city is located in the
Eastern Black Sea Region of the Black Sea Region.
Trabzon and also Ortahisar District have coasts to the
Black Sea. After a narrow coastline, the province has an
area covered with mountains extending perpendicular to
the sea. The temperature in Trabzon varies between 7.4 and
23.5 °C throughout the year (Url-1, 2019). Figure 1 shows
the study area, Trabzon and Ortahisar District.

/| ORTAHISAR |

BLACK SEA

TRABZON

N

A
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Figure 1. The Study area: Trabzon and Ortahisar Distirct.
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Ortahisar is the district with the highest
population density in Trabzon. Trabzon became a
metropolitan municipality with the law adopted on 12
November 2012. The central district was abolished, and
Ortahisar District was established by this law (Url-1,
2019). The area of Ortahisar is approximately 235 km?.
The port was built in 1954 and the airport was built in 1957
inside the district (Url-1, 2019).

MATERIAL USED

In order to determine LULC in Ortahisar District
and, to obtain the surface temperature map of the study
area; LANDSAT 5 TM and LANDSAT 8 OLI images of
September 1989, 2000, 2006 and 2018 were used. The
satellite images used were provided free of charge from the
LANDSAT USGS website and in the UTM WGS 84
coordinate system and datum. Table 1 shows LANDSAT 5
TM and LANDSAT 8 OLI sensor properties (Url-2 2019,
Url-3, 2019).

Table 1. LANDSAT 5 TM and LANDSAT 8 OLI sensor

features.

Bands LANDSAT 5 LANDSAT 8
Band 1 30 m Blue 30 m Coastal/Aerosol
Band 2 30 m Green 30 m Blue
Band 3 30 m Red 30 m Green
Band 4 30 m NIR 30 m Red
Band 5 30 m SWIR-1 30 m NIR
Band 6 60 mTIR 30 m SWIR-1
Band 7 30 m SWIR-2 30 m SWIR-2
Band 8 - 15 m PAN
Band 9 - 30 m Cirrus
Band 10 - 100 m TIR-1
Band 11 - 100 m TIR-2

Band 10 of LANDSAT 8 OLI image were used
for thermal remote sensing studies, because this band is
compatible with the band 6 of LANDSAT 5 TM image.

In addition, the surface temperatures obtained
from the meteorological stations were used in order to
compare the calculated surface temperatures.

METHOD

In the first stage of the study, artificial surface
areas in the region were determined by using optical
remote sensing methods. In this study, land cover and land
use in Ortahisar District were determined primarily. For
this purpose, pixel based classification was performed by
using unsupervised and supervised classification
algorithm. In the second stage of the study, artificial
surface areas in the region were determined by using
thermal remote sensing methods. For this purpose, land
surface temperatures were determined and mapped by
using NDV1 thresholding method.
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Classification: The overall objective of image
classification procedures is to automatically categorize all
of the pixels in an image into land cover classes or themes
(Lillesand et al., 2004). In this study, pixel based
classification method was used for this aim. To obtain
LULC classes based on CORINE database level one
unsupervised and supervised classification algorithms used
together as a hybrid classification.

An accuracy assessment process was performed
for each classified images by using error matrix. In order
to express the thematic accuracy of the classified image,
the overall accuracy and the kappa statistical value was
calculated by using random sample points. The binomial
sampling method was used to determine the number of
samples. The equation used in the binomial sampling
method was as follows (VanGenderen et al., 1977;
Fitzpatrick, et al, 1981):

N = (Z*pq)/E? @

In this equation; N is the number of samples, p is
the expected accuracy, g= 100 — p, E is the error tolerance
and Z is the standard normal deviation (For %95
confidence interval, it is equal to 1.96).

Thermal Band Processing: The process steps for
determining the land surface temperature (LST) and
mapping the urban heat island effect are shown in the
Figure 2.

In this study, the TIR band was used to estimate
brightness temperature and red band and near infrared
(NIR) band were used for calculating the NDVI. The
metadata of the satellite images used in the algorithm is
presented in Table 2 (Avdan, et al., 2016; Yamak, et al.,
2019).

/
Input Input Input

Thermal ’ Red / / NIR
Band / / Band / Band
o o |
Calculating
Proportion of
= i i Vegetation
Badarto s Detemination of ||
Temperature Ground Emissivity
—j Calculating LST I
Figure 2. Flowchart for LST.
Table 2. Metadata of LANDSAT Images
Metadata LANDSAT 5 LANDSAT 8
Ky Thermal 607,76 774,8853
Ka Constant 1260,56 1321,0789
M; Rescaling 0,055375 0,0003342
AL Factor 1,18243 01
o] Correction - 0,29
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The first step of the process is to calculate the top
of atmospheric (TOA) spectral radiance (Lx) by using the
Formula 4 and metadata taken from the USGS web page:

Li=My* Qea + AL—(0:) 4)

where M. represents the  band-specific
multiplicative rescaling factor, Qca is the thermal infrared
(TIR) band of the image, A. is the band-specific additive
rescaling factor, and O; is the correction for the TIR band
of LANDSAT 8 data (Barsi et al., 2014, Avdan, et al.,
2016).

After the digital numbers (DNs) of the TIR band
are converted to reflection, the data should be converted
from spectral radiance to brightness temperature (BT)
using the thermal constants provided in the metadata file.
The following equation is used to convert reflectance to BT
(Avdan, et al., 2016; Yamak, et al., 2019):

BT = (K2/(In[(K4/L2) + 1]))—273.15, (5)

where K1 and K, stand for the band-specific
thermal conversion constants from the metadata.

Normalized Difference Vegetation Index (NDVI)
was calculated for all images in the next stage of the study.
The calculation of the NDVI is needed because, the
proportion of the vegetation (Pv) should be calculated
subsequently, and they are highly related with the NDVI
results, and then emissivity (¢) was calculated, which is
related to the Py.

NDV!I is calculated by using red and NIR bands
as shown in the Formula 6 (Ratnayake, 2012):

NDVI =(NIR - Red)/(NIR + Red) (6)

Py is also calculated based on NDVI results as
shown in the Formula 7 (Wang, et al., 2015; Avdan, et al.,
2016):

Py = ((NDVI-NDVInin)/(NDVImax-NDVImin))?  (7)

After this stage, in order to calculate the LST, itis
necessary to calculate the land surface emission (LSE).
Equation used for this purpose is given in Formula 8
(Sobrino, et al., 2004; Avdan et al., 2016):

ex=evaPv + gsa (1-Pv) + Ca, 8)

where ey and es are the vegetation and soil
emissivities, respectively, and C represents the surface
roughness (C = 0 for homogenous and flat surfaces) taken
as a constant value of 0.005 (Sobrino, et al., 2000; Avdan,
et al., 2016).

Formula 9 and Formula 10 were used to calculate
LST after calculation LSE (Stathopoulou, et al., 2007;
Avdan, et al., 2016).

LST = (BT/(1+ ((ABT/p) Iney)))) 9)

where A is the wavelength of emitted radiance (for
which the peak response and the average of the limiting
wavelength (1 = 10.895) (Markham, et al., 1985; Avdan et
al., 2016) will be used) and

p=h*(c/ @)= 1438 x 10-2 mK, (10)
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where ¢ is the Boltzmann constant (1.38 x 10723
J/K), h is Planck’s constant (6.626 x 1073 Js), and c is the
velocity of light (2.998x108 m/s) (Barsi, et al, 2014; Avdan
etal., 2016).

After the calculation of LST, the urban heat island
(UHI) effect was analyzed by using Formula 11:

UHI = p +(6/2) (11)

Where p is the average LST value of the study
area and o is the standard deviation of the LST (Yamak, et
al., 2019).

RESULTS AND CONCLUSION

In this study, unsupervised and supervised
classification methods were applied as hybrid
classification to all the images to determine the LULC
classes. As a result of classification process, four classes
based on the first level of CORINE classification system
were determined in the study area. These classes are forest
and semi-natural areas (FSNA), water bodies (WB),
artificial surfaces (AS) and agricultural areas (AA). Figure

3 shows the classification result.
1989

2000

B OREST AND SNA

B VATER BODIES

B ARTIFICIAL SURFACES
AGRICULTURAL AREAS

0 2 4 8 KM
2006 S ORI B 5 I

Figure 3. Classified Images.

Accuracy analysis was applied to the images after
classification process. As a result of this analysis, overall
accuracy and kappa statistical value of all classified images
were calculated. Table 4 shows the results of the accuracy
analysis.

Table 4. Accuracy analysis results.

Date Overall Accuracy Kappa Statistical Value
1989 89% 0.83
2000 84% 0.77
2006 85% 0.78
2018 85% 0.79
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As a result of the classification process, it was
determined which thematic class covers how much areas of
the image. These values are shown in the Table 5.

Table 5. Classification results.

Classes Years

1989 2000 2006 2018
FSNA 43% 42% 33% 43%
wB 11% 11% 10% 10%
AS 4% 5% 8% 9%
AA 42% 42% 49% 38%
TOTAL 100% 100% 100% 100%

When the Table 5 is examined, it is understood
that the artificial surface areas within the study area
increased by 125% in the period between 1989 and 2018.

In the next stage of the study, the LSTs were
calculated for each year by following the process steps. The
LST value varied between 12-27 °C in 1989, 8-27 °C in
2000, 11-31 °C in 2006 and 15-28 °C in 2018.
Accordingly, the year in which the maximum temperature
is highest is 2006 and the year in which the minimum
temperature is highest is 2018. Figure 4 shows the LST
maps.

1989 2000

Mg
¥ 1 er';té
."'3' é?;v‘
v \-) (Ve ¥ o
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Figure 4. LST Maps.
Table 6. Temperature values.

Station Name Soil T. (07:00) Soil T. (Average) LST
29.09.1989

Trabzon 18.2 22.3 21.6
11.09.2000

Trabzon 16.9 20.9 20.7
28.09.2006

Airport - 23.7 22.1
13.09.2018

Trabzon 20.4 24.5 22.6

In order to compare with the LST values, the
temperature values measured at the stations within the
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boundaries of the study area were obtained from the
Turkish State Meteorological Service. These values are
given in Table 6. When Table 6 is examined, it is
understood that the calculated values and the measured
values are compatible with each other.

UHI effect was calculated in the last stage of the
study. According to this, it was determined that UHI was
affected by hotter than 19.91 degrees in 1989, 19.81
degrees in 2000, 22.32 degrees in 2006 and 21.37 degrees
in 2018. The maps showing the relationship between the
artificial surfaces and UHI are given in Figure 5.

1989

2000

| ARTIFICIAL SURFACK

I U EFFECT
0 y 6

Figure 5. Comparison of UHI with Classification Results.

In this study, it is aimed to reveal the effect of
urbanization on LST. For this purpose, LANDSAT images
dated 1989, 2000, 2006 and 2018 were used. First of all,
the LULC classes in Ortahisar District were determined.
Then, LST maps were generated by NDVI thresholding
method using thermal, red and NIR bands. Using LST
maps, the areas where UHI effect was observed were
determined. Accordingly, in the period from 1989 to 2018,
it was calculated that there was a 13% increase in the areas
where UHI effect was observed. When the images are
examined, it is seen that the temperature rises to the highest
levels around residential areas, airports, ports and roads.
The results obtained with this study can be used to make
environmental plans by decision makers.
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Oz: Cukurova Universitesi'nin bes farkli bolgesinden alman toprak o6rneklerinden ii¢
Streptomyces susu izole edildi. S40, S47, S48 suslarinin yedi giin sonundaki ksilanaz aktivitesi
sirasiyla 50,92 U/mL, 49,51 U/mL, 47,79 U/mL tespit edilmistir. Yiiksek ksilanaz aktivitesi
gosteren bu suglar arasinda gergeklestirilen protoplast fiizyon ¢alismasi sonucu farkl: koloni
*Sorumlu yazarm: morfolojsi gosteren dokuz sus secilmistir. (40-48) R2 ve (47-48) R3 suslarinin ksilanaz aktivitesi
Fatma Esen SARIGULLU ONALAN ebeveyn suslara gore sirasiyla %25,9 ve %31,9 oraninda arttig: tespit edilmistir. S47-S48’den
il 7/ Al Wiz, Yusnif s elde edilen R3 flizyonu ebevyn tiplerine gore enzim aktivitesi ve protein miktart agisindan
e e T e %131’lik artis] imli sus oldugu ortaya konmustur. Protoplast fiizyon teknigiyle enzim
e i, b, Tl 0 sla en verimli sus oldugu ortaya konmustur p i giy

IX: esenonalan@Xilis.edu.tr aktivitesinin gelistirilebilecegi gosterilmistir. Ayrica protoplast fiizyonuyla bakterilerin hiicre
Cep telefonu : +90 (535) 892 48 88 duvarlarinin pargalanmasiyla olusan rekombinant tiirlerde seliiloz ve ksilanaz gibi enzimleri

kodlayan genlerin aktivitesi gelistirebilir.

*U5: https://orcid.org/0000-0002-1374-4338

Anahtar kelimeler: ksilanaz, protoplast fiizyonu, Streptomyces.

Effect of Different Genetic Manipulations on the Production of Xylanase
Enzyme in Streptomyces Strains

Abstract: Three Streptomyces strains were isolated from soil samples collected from five
different areas of Cukurova University. Strains were named as S40, S47, S48. After 7 days
incubation, xylanase activities of S40, S47 and S48 strains were calculated as 50.92 U/mL, 49.51
U/mL and 47.79 U/mL respectively. The protoplast fusion among these strains showing the high
enzyme activity was carried out. The nine strains were selected having the different colony
morphologies following this the fusion. The xylanase activities of (40-48) R2 and (47-48) R3

*Corresponding author’s:

Fatma Esen SARIGULLU ONALAN strains were oberved the increase of 25.9 and 31.9% according to parents respectively. R3 fusion
Kilis 7 December University, Yusuf strain was revealed to be the most efficient strain with 131% increase in terms of enzyme activity
Sheitvin Fammily f [l Seitness, and protein amount of (47-48) R3 recombinant, compared to S47-S48 wild type. Our studies
Department of Nursing, Kilis, Tiirkiye. i . L . K .

=k el G Cal indicated to improve the enzyme activity of Streptomyces strains by protoplast fusion technique.
Mobile telephone : +90 (535) 892 48 88 Also, the activity of genes coded enzymes such as xylanase and cellulase in recombinant species

formed lyzing cell wall by this technique can be developed.

Keywords: Protoplast fusion, Streptomyces, xylanase.

GIRIS

Saprofit bakteriler olarak bilinen aktinomisetlerden lignoselillozlar1 ~ kullanirlar  (Trigo ve Ball, 1994).
ozellikle Streptomyces cinsi organik maddeleri 6zelliklede Aktinomisetler gibi biyomas pargalayict mikroorganizmalar
lignoseliiloz, nisasta ve Kitin gibi polimerleri ayrigtirirlar diger mikroorganizmalarla sinerjik c¢alisarak topraktaki
(Crawford vd., 1993). Extraseliiler hidrolitik enzimler, lignoselillozlara saldiracak farkli  enzimler {iretirler.
aktinomisetlerin dogal habitatindaki besin rekabetine olanak Aktinomisetlerden ~ Streptomyces genusu  endiistride
saglar. Aktinomisetler gelisimleri igin toprakta en bol kullanilan birgok hidrolitik enzimlerin treticileri olduklar
miktarda bulunan karbon kaynagi olarak bilinen bilinmektedir. S. scopiformis (Li vd., 2002), S. yunnanensis

' ,Bu ¢alisma, doktora tezinden iretilmistir. This study was produced from the doctora thesis.
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(Zhang vd., 2003), S. grieus (Vigal vd., 1994) suslarindan
alfaamilaz; S. galbus (Kansoh ve Nagieb, 2004), S. albus
(Antonopoulos vd., 2001), S. speibonae (Meyers vd., 2003)
suglarindan ksilanaz; S.cinnamoneus (Sommer vd., 1997),
S. rimosus (Vujaklija vd., 2002), S. seoulensis (Chun vd.,
1997) suslarindan lipaz; S. lividans TK 24 (Aretz vd., 1989)
proteaz ; S. murinus (Bandlish vd., 2002), S. olivaceoviridis
E-86 (Kaneko vd., 2001), S. thermovulgaris 127 (Raykovska
vd., 2001) suslarindan ksiloizomeraz enzimlerin iretildigi
rapor edilmistir. Streptomyces cinsinin tirettigi enzimlerden
ksilanazlar; lignoseliilozlarin pargalanmasinda rol oynayan
onemli endiistriyel enzim oldugundan litaratiirlerde yaygin
bir sekilde bahsedilmektedir (Nascimento vd., 2002).
Lignosellillozik  biyokiitle en  bilyilk yenilenebilir
kaynaklardan biri oldugundan bunlarin dénisiimiini
sagladiklarindan hem ¢evre kirligini 6nler (Bajaj vd., 2010;
Wang vd., 2003) hem de kagit, kagit hamuru, tekstil
endiistrisi gibi birgok alanda kullanihirlar. Buna ek olarak
ksilanolitik enzimler yemek, kek ve diger besinlerin
(hamurdaki ~ polisakkaritleri  yikarak)  pisirilmesini
hizlandirirlar. Hayvan besinlerine ksilanaz eklendiginde
yem viskositesini azaltarak, kiimes hayvanlar tarafindan
bugdayin sindirilmesine yardim ederler. Boylece yemden
etkin yararlanma dolayisiyla kilo artigini  saglarlar
(Nascimento vd., 2002). Ksilanaz enziminin endiistriyel
kullanimlarda uygulanabilirligini  genetik ilerlemelerle
arttirilabilmektedir. Genetik manipiilasyonlar ~ ve
mutasyonlar Kkullanilarak enzim aktivitesinin arttirilldig:
etkili suslar olusturulabilir. (Kieser vd., 2000).

MATERYAL VE METOT

Streptomyces Suglarinin izolasyonu: Cukurova
Universitesi 5 farkli bolgesinden toprak drnekleri alinmagtar.
10 mL toprak siispansiyonu 20 dk 1000 rpm’de santifiij
edilmistir. Siipernatanttan 1 mL alimp steril dH,0 ile 101,10
2,107 konsantrasyonlarda sulandirilarak her birinden 100 pL
alinp streptomisetler i¢in selektif besiyeri olan Bennet’s
Agar, Nisasta Kazein Agar, Gliserol Maya Agar
besiyerlerine yayilip 30°C de 2-4 giin inkiibe edilmistir.
Inkiibasyon sonucu iist yiizeyleri girintili ¢ikintih, derimsi
koloniler seklinde goriilen koloniler segilmistir. Elde edilen
koloniler spor zincir morfolojileri mikroskopta incelendi.
Streptomyces cinsine 6zgii spor zincir morfolojisi gosteren
suglar segilmistir. Segilen suslar sporiilasyon besiyerinde
30°C de spor meydana getiren kadar 14 giin inkiibe edildi.
Besiyerindeki sporlar alinarak %50 gliserol ¢ozeltisinde
resiispanse edilip -20°C de saklanmustir.

Ksilanaz ~ Aktivitesinin ~ Kat:  Besiyerinde
Belirlenmesi: Ksilanh agar besiyerine ekilen Streptomyces
suslar1 7 giin 30°C’de inkiibasyona birakilmistir. Inkiibasyon
sonucunda besiyerine  %0,1 lik Kongo kirmzisi
cozeltisinden  dokiilerek 15 dk  boyama islemi
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gergeklestirilmistir. Boyamadan fazla boyanin ortamdan
uzaklastiriimas: igin besiyerine 1M NaCl ¢ozeltisi ilave
edilmis 15 dk inkiibasyon yapilmustir. Etrafinda sar1 hidroliz
zonu  bulunan  suglar  ksilanaz ~ pozitif  olarak
degerlendirilmistir (Aygan, 2008).

Ksilanaz Enziminin Kismi Saflastirzimase: Kati
besiyerinde ksilanaz  aktivitesi gosterdigi  saptanan
Streptomyces  suglarindan  hazirlanan 100 pL  spor
stispansiyonu ksilanli s1iv1 besiyerine ekilerek 30°C’de 7 giin
stireyle 150 devir/dk da 6n inkiibasyona birakilmistir. Bu
stire sonrasinda 100 mL’lik ksilanl1 besiyerlerine aktarilip 7
giin 30°C’de inkiibe edildikten sonra suglar +4°C de 8000
rpm’de 30 dk santifiij edilerek ¢coktiiriilmiis ve siipernatant
temiz bir tiipe alinip tizerine hacminin %70’i kadar %96°11k
alkol ilave edildi. Ornekler bir gece -30°C’de bekletilmistir.
Coken ornek +4°C de 8000 rpm’de santifiij edilerek enzim
sivi fazdan geri kazamlmistir. Cokelti pH’s1 7 olan fosfat
tamponunda ¢6ziildii ve -30°C de muhafaza edilmistir
(Aygan, 2008).

Ksilanaz  Aktivitesinin ~ Belirlenmesi:  Kati
besiyerinde ksilanaz aktivitesi gosterdigi  saptanan
Streptomyces suglarindan  hazirlanan 100 pL  spor

stispansiyonu ksilanli siv1 besiyerine ekilerek 30°C’de 7 giin
stireyle 150 devir/dk da 6n inkiibasyona birakilmigtir. Bu
stire sonrasinda 100 mL ksilanl besiyerlerine aktarilip 7 giin
30°C’de inkiibe edilmistir. 7 giin boyunca ksilanaz enzim
aktivitesini belirlemek igin sivi kiiltiir inkiibasyonundan 24
saat araliklarla aseptik kosullar altinda 1mL 6rnek alinmigtir.
Ornek 10000 rpm’de 5 dk santifiij edilip biyomas ve diger
partikiillerden arindirilan slipernatant sivist ham enzim
preparat: olarak kullanilmistir. Calismalar sirasinda 0,2 mL
enzim preparati, 1,8 mL %1 lik ksilan (50 mM pH:5,3 sitrat
tamponuyla hazirlanmis) siispansiyonu 50°C’de 5 dakika
inkiibe edilmistir. Inkiibasyon siiresinin sonunda 3 mL DNS
cozeltisi eklenerek 15 dakika kaynar suda bekletilmis ve
buzda sogutulan ornekler 540 nm’deki optik densiteleri
spektofotometreyle oOlgiilerek aktivite hesaplanmistir. Bir
iinite (U) ksilinaz aktivitesi, analiz kosullar1 altinda,
milimetre basina 1 dakikada 1 mikromol indirgenmis seker
salinimima neden olan enzim miktar1 olarak hesaplanmistir
(Bailey vd., 1992).

Protein Miktarimin Tayini ve SDS-PAGE
Elektroforezi: Orneklerdeki total protein miktar1 750 nm’de
Lowry metoduna gore  spektrofotometrik  olarak
belirlenmistir (Lowry vd., 1951). Enzimlerin molekiiler
agirliklarim  belirlemek igin  SDS-PAGE jel sistemi
kullanilmistir. Jel glimiis boyama teknigi kullanilarak
boyanmustir (Lelong vd., 2009).

Protoplast Olusumu: Protoplast olusumu igin
Streptomyces suglarinin sporlarindan YMB besiyerine ekim
yapilmigtir. 24 saat 30°C’ de inkiibasyona birakildi.
Inkiibasyon sonunda Streptomyces kiiltiirii 8000 rpm de 15
dk santifiij edilip pellet %10,3’liik sakkaroz ¢ozeltisiyle 2
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kez yikanmigtir. Son yikamadan sonra pellet mililitresinde 4
mg lizozim bulunan 20 mL P3 tamponunda 30 C’ de 2 saat
inkiibasyona birakilmig ve bu siire i¢inde belirli araliklarla
kiigiik Ornekler alinip mikroskopta protoplast olusumu
izlenmistir. Protoplast olusumundan sonra siispansiyon 1500
rpm’de 5 dk santifiij edilmistir. Pellete 20 mL PWP tamponu
eklenerek protoplastlagma durdurulmustur. Protoplast
siispansiyonunda kalan misel pargalari cam yiiniinden
stiziilmiistiir. Misel parcalarindan arindirilmig protoplast
stispansiyonu elde edilmistir (Shirahama vd., 1981; Lampel
ve Strohl, 1986)’dan modifiye edilmistir.

Protoplast Fiizyonu: S40, S47, S48 suslarindan
elde edilen protoplastlar arasinda protoplast fusion
denemeleri yapilmustir. iki sustan elde edilen protoplast
siispansiyonlarindan 50 ser pL alindi ve 900 puL. PWP
tamponuyla hazirlanmig %40°lik polyethylene glycol 6000
(PEG) karistirillmistir. 5 dk sonra PEG 6000 ile islenmis
protoplastlar sivi CRM besiyerlerinde seri sulandirmalar
yapilarak kati CRM, R5 ve S27M besiyerine aktarilip
30°C’de 15-18 giin inkiibasyona birakilmigtir (Gold wvd.,
1983; Baltz, 1978)’den modifiye edilmistir.

BULGULAR

Calismamizda protoplast olusumu
gergeklestirilecek organizmalar (S40, S47 ve S48) %1 glisin
iceren YMB besiyerinde 24 saat gelistirilmistir. Bu
besiyerinde Streptomyces suslarimin zayif hif olusumu
gosterdigi gozlemlenmistir. Santiflij edilip ¢oktiiriilen hifler
protoplast olusumu igin 4mg/mL lizozim i¢eren 20 mL P3
tamponunda 30 °C 2 h inkiibe edilip mikroskopta 40X’de
incelendiginde Sekil 1. A’daki goriiniim elde edilmistir.
Sekil 1. A’da goriildiigii gibi lizozimle islenen hiflerden
protoplast olusumu baglamistir.

Sekil 1. A: 24 saat YMB besiyerinde inkiibe edilen Streptomyces
suslarinin 2h lizozimle islenmesi sonucu olusan protoplastlarin
goriintiisii, B: Cam yiiniinden gecirilerek hiflerden arindirilmig
protoplast goriintiisii.

Figure 1. A: Protoplast image occured after with treating lysozyme
for 2 h of Streptomyces strains incubated in YMB for 24 hours, B:
Protoplast image free from hyphae through glass wool.

Pigac ve Schrempf (1995) yaptiklari ¢alismada
Streptomyces  suslari  glisin  igeren  besiyerinde
gelistirildiginde lizozimin (hiicre duvarini pargalayan ajan)
etkinligini artirdigint belirtmiglerdir. Protoplast olusumu
gerceklestikten sonra protoplast siispansiyonundan hifleri
uzaklastirmak i¢in cam yiiniinden siizme islemi
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gergeklestirilmistir.  Sekil 1.B’de gosterildigi gibi cam
ylinlinden stiziildiigiinde hiflerin ortamdan uzaklastigi
sadece protoplastlarin kaldigi gézlemlenmistir. Protoplast
olusumdaki  tim  asamalarin  aseptik  kosullarda
gerceklestirilmesi gereklidir. S40 ve S47, S40 ve S48, S47
ve S48 suslari arasinda gergeklestirilen protoplast flizyon
calismasi i¢in bu suglardan olusturulan protoplastlar PEG
soliisyonuyla karigtirilmigtir. Protoplast olusumu igin 5 dk
beklenmistir. Sonra regenerasyon besiyelerine aktarilmustir.
Rejenerasyon besiyerinden ana suslardan farkli koloni
morfolojileri gosteren (Sekil 2) suslar se¢ilmis ve bu suslarin
ksilanaz aktiviteleri degerlendirilmistir.
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Sekil 2. Ebeveyn ve rekombinat suslarin koloni morfolojileri.
Figure 2. Colony morphology of parent and recombinate strains.

S40, S47, S48 Susunun Giinliik Ksilanaz Enzim
Aktivite Sonucglari: S40, SA47, S48 suslarinin  7.giin
sonundaki ksilanaz aktivitesi sirasiyla 50,92 U/mL, 49,51
U/mL, 47,79 U/mL olarak bulunmustur (Tablo 1) En aktif
sus 40S susudur. Rifaat vd., (2006) substrat olarak piring
samani hamuru kullandiginda Streptomyces albus susunda
ksilanaz aktivitesi 13,25 U/mL Streptomyces chromofuscus
susunda 19,31 U/mL oldugu bulunmustur. Piring samani
hamuru TiO ile islendiginde ise bu suslarin ksilanaz
aktivitesi sirasiyla 32,53 U/mL ve 43,01 U/mL olarak
hesaplanmistir. Nascimento vd., (2002) en yiiksek ksilanaz
aktivitesini (70 U/mL) substrat olarak larchwood ksilan
kullandiginda elde etmistir. Substrat olarak bugday kepegi
kullandiginda ise aynm susun ksilanaz aktivitesi 28,4 U/mL
olarak saptamiglardir. Bhosale vd., (2011) Streptomyces
rameus susunun substrat olarak seker kamigi kullandiginda
ksilanaz aktivitesi 185 U/mL, misir kogani kullanildiginda
ise 64 U/mL oldugunu bulunmustur. Techapun vd., (2003)
ise Streptomyces lividans susunun maximum ksilanaz
aktivitesi 41.6 U/mL oldugunu saptamistir. Ding vd., (2004)
tarafindan Streptomyces olivaceoviridis susunun %21,5
Tween-80 eklenmis ksilanli besi ortamindaki en yiiksek
ksilanaz aktivitesinin 1653 U/mL oldugu saptanmustir.
Nadia vd., (2010) Streptomyces lividans (NRC) susunun
substrat olarak domates posasi kullamldiginda maximum
ksilanaz aktivitesinin 1447 U/mL oldugunu saptanmiglardur.
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Tablo 1. S40, S47, S48 suslarinin giinlik ksilanaz aktivite morfolojsi gosteren 9 susdan 7 giin sonunda Tablo 2.’de
sonuglari.

. . . gosterilen sonuglar elde edilmistir. En yiiksek ksilanaz
Table 1. Daily xylanase activity results of S40, S47, S48 strains.

Giinliik ksilanaz akfivitesi(U/mL) 540 Sa7 S8 aktivitesi (47-48) R3 rekombinant susu gostermektedir.
1.giin 9,27 8,39 7,51 Teeradakorn vd., (1998) Streptomyces cyaneus 190-1 ve
g‘ ggﬁtg‘ g*gf ;ggg ;Z*gg Streptomyces griseoruber 42-9 suslar: arasindaki protoplast
4.giin 3367 3307 3437 fiizyon sonucu olusan Streptomyces D3 rekombinat susunun
3.glin 4251 4208 4458 ksilanaz aktiviteleri incelenmis 1200 U/L ksilanaz aktivitesi
6.giin 4737 46,06 45,36 i . . T )

7.giin 5002 49,51 47,79 gosterdigi  tespit edilmistir.  Abdel-Aziz vd., (2011)

yaptiklar: ¢alismada Streptomyces pseudogriseolus suslarin
Protoplast Fiizyonu Sonucu Olusan Rekombinant sporlarina farkli zaman araliklarinda U.V 1s1gina maruz

Suslarmin Giinliik Ksilanaz Aktivite Sonuglart: S40, S47, biraktiginda olusan mutant suslar segmis ve mutantlarin
S48 ebeveyn suslarinin 7. giin sonundaki ksilanaz aktivitesi ebeveyin tiire gore ksilanaz aktivitelerindeki degisim
sirasiyla 50,92 U/mL, 49,51 U/mL, 47,79 U/mL olarak incelenmistir. 121 nolu mutantin ebeveyn susa gore %62,5
bulunmustur. Yiiksek ksilanaz aktivitesi gosteren bu suslar daha yliksek ksilanaz aktivitesi gosterdigi bulunmustur.

arasinda denenen fiizyon caligmas:t sonucu farkli koloni

Tablo 2. Protoplast flizyonu sonucu olugsan rekombinantlarin giinliik ksilanaz aktivite sonuglari.
Table 2. Daily xylanase activity results of recombinants resulting from protoplast fusion.

Giinliik ksilinaz
Akivitesi (U/mL) (40-47)R1 (40-47)R2 (40-47)R3 (40-48)R1  (40-48)R2  (40-48)R3  (47-48)R1  (47-48)R2  (47-48)R3

1.giin 9,02 10,90 11,03 9,68 12,84 11,27 7,15 7,08 14,05
2.giin 17,65 20,66 20,41 15,17 24,23 21,64 12,84 13,49 27,44
3.glin 26,71 29,17 28,61 23,56 34,51 29,58 17,25 21,06 38,07
4.giin 32,69 39,75 38,98 33,67 44,30 39,23 24,63 27,79 47,06
5.giin 38,91 44,84 43,77 40,20 50,15 48,91 32,67 34,09 54,65
6.glin 42,01 49,12 49,66 43,49 56,39 52,20 35,83 37,58 60,29
7.giin 46,67 53,23 54,40 46,31 60,20 56,36 36,46 39,17 63,04
Tablo 3. S40 ve SA47 ebeveyn suslarla protoplast flizyon sonucu Ebeveyn ve Rekombinat Suglardan Kismi
olu_san_ _reko_m_blnat suglarin, ksilanaz aktiviteleri ve yiizde Saflastirilmis Ksilanaz Enziminin Kati Besiyerindeki
verimliliklerinin kargilastiriimasi. ) ) Aktivite Sonucu: S40, S47, S48 ebeveyn suslarindan ve
sylanase actvtes and percent eficency of recombinae araing  DrOOplast fiizyon denemesi sonueu elde edilen 40-47RL,
yanz perce Y 40-47R2, 40-47R3, 40-48R1, 40-48R2, 40-48R3, 47-
resulting from protoplast fusion. .
Ebeveyn ve Protein 7 giin sonundaki Yiizde verimlilik 48R1, 47-48R2, 47-48R3 suslarindan kismi saflagtirma
relombmnt | Rorsntesyons ksnn}ﬁ/ﬁf)wtes' yontemiyle elde edilen ksilanaz enziminin ksilan igeren
40 5,60833 50,92 1028 kati  besiyerindeki  aktivite sonucu sekil 3’de
S47 5,11818 49,51 100 v e . . .. .
R1(40-47) 597273 46,67 042 goriilmektedir. 100 pL ksilanaz enzimin 1 saatlik
R2(40-47) 7,88182 53,23 107,5 1 1 o 1v1
Ratio-n s S 1005 1nkubas3.f.o.r.1 sonucu olusturdugu akF1V1te Rarlak ve sarl
renkte goriiliirken, pargalanmamus ksilanli bolgeler kirmizi
Tablo 4. S40 ve S48 ebeveyn suslarla protoplast flizyon sonucu renkte gorilmektedir.

olusan rekombinat suslarin, ksilanaz aktiviteleri ve yiizde
verimliliklerinin karsilastiriimasi.

Table 4. Comparison of xylanase activities and percent efficiency
of S40 and S48 parent strains and recombinate strains resulting
from protoplast fusion.

Ebeveyn ve Protein 7 giin sonundaki ksilinaz ~ Yiizde verimlilik

rekombinant suslar konsantrasyonu aktivitesi (U/mL)

S40 5,60833 50,92 106,5

S48 5,22272 47,79 100

R1(40-48) 5,46364 46,31 94,2

gggig_igg Z:%g;g ggég ﬁ‘;’g Sekil 3. Kismi saflastirma yontemiyle elde edilen ksilanaz

enziminin kati besiyerinde aktivite gériiniimdi.
Figure 3. Activity view of xylanase enzyme obtained by partial

Tablo 5. S47 ve S48 ebeveyn suslarla protoplast flizyon sonucu purification method on solid medium.

olusan rekombinat suslarin, ksilanaz aktiviteleri ve yiizde
verimliliklerinin karsilastirilmast.

Table 5. Comparison of xylanase activities and percent efficiency Ebeveyn ve Rekombinant Suglardan Kismi

of S47 and S48 parent strains and recombinate strains resulting Saflastiridmis Ksilanaz Enziminin SDS-PAGE Analiz

from protoplast fusion. . . >
Ebeveyn ve Protein 7 giin sonundaki ksilinaz Yiizde verimlilik Bulgularl. Elektroforez cah$1:na51 sonucu Sekll 4’de
rekombinant suslar _konsantrasyonu aktivitesi (U/mL) AB,C,D,EF,G olarak gosterilen bantlarin molekiiler
ot s iy PP agirliklari sirastyla 220,5 kDA, 84,8 kDA, 64,5 kDA, 56
R1(47-48) 2,70000 36,46 76,2 kDA, 48,2 kDA, 41,2 kDA, 28, 76 kDA olarak
R2(47-48) 2,83636 39,17 81,9 .
R3(47-48) 7,35455 56,36 1319 saptanmustir.  S40, S47 ve S48 suslarindan kismi
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saflagtirilan enzimler hem sekil 4. hemde sekil 5’deki
jellerde yiiriitiildiiglinden sekil 4’deki bantlar ve sekil
5’deki bantlarla aynidir. Sekil 5’de A,B,C,D,E,F,G olarak
gosterilen bantlarin molekiiler agirliklar1 sirastyla 220,5
kDA, 84,8 KDA, 64,5 kDA, 56 kDA, 48,2 kDA, 41,2 kDA,

28, 76 kDA agirligindadir.

- 4 3 2 1

Sekil 4. S40, S47, S48 ve (40-47)R1, (40-47)R2, (40-47) R3
Susglarindan Kismi Saflastirilmis Ksilanaz Enziminin SDS-PAGE
Analizi (1: Markir, 2: S40, 3: S47, 4: S48, 5: (40-47)R3, 6: (40-
47)R2, 7: (40-47)R1.

Figure 4. SDS-PAGE Analysis of Partially Purified Xylanase
Enzyme from Strains S40, S47, S48 and (40-47) R1, (40-47) R2,
(40-47) R3 (1: Marker, 2: S40, 3: S47 , 4: S48, 5: (40-47) R3, 6:
(40-47) R2, 7: (40-47) R1.

Sekil 5. S40, S47, S48 ve (47-48)R3, (47-48)R2, (47-48)R1, (40-
48)R3, (40-48)R2, (40- 48)R1 Suslardan Kismi Saflast irilmis
Ksilanaz Enziminin SDS-PAGE Analizi (1: S40, 2: S47, 3: S48,
4: (47-48)R3, 5: (47-48)R2, 6: (47-48)R1, 7: (40-48)R3, 8: (40-
48)R2, 9: (40-48)R1).

Figure 5. 540, S47, S48 and (47-48) R3, (47-48) R2, (47-48) R1,
(40-48) R3, (40-48) R2, (40-48) R1 SDS-PAGE Analysis of
Partially Purified Xylanase Enzyme from Strains (1: S40, 2: S47,
3: 548, 4: (47-48) R3, 5: (47-48) R2, 6: (47-48) R1, 7: (40-48)
R3, 8: (40-48) R2, 9: (40-48) R1).

Streptomyces sp. CD3 suslarindan izole edilen
ksilanaz enzimlerinin zimogram analizleri sonucu 69,18
kDA, 63,09 kDA, 43,65 kDA molekiiler agirliginda iig
bantin varligr gosterilmistir. Bu organizmanin farkli
molekiiler agirliklara sahip ksilanaz enzimleri trettigi
bulunmustur (Sharma ve Bajaj, 2005). Streptomyces
chartreusis susundan izole edilen ksilanaz enzimi SDS-
PAGE yontemiyle analiz edildiginde 31,6 kDA molekiiler
agirlhiginda oldugu saptanmigtir (Li vd., 2011). Bacillus sp.
X-13 susundan izole edilen ksilanaz enziminin, molekiiler
agirliklart 180,4 kDA, 95,5 kDA, 80,6 kDA, 68,5 kDA olan
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dort alt birimden meydana geldigi zimogram analizi
sonucu saptanmugtir (Aygan, 2008). Streptomyces sp.
AMT-3 susundan izole edilen ksilanaz enziminin
zimogram analizi sonucu 240 kDA, 170 kDA iki bant ve
600 kDa iistiinde iki bant olmak iizere 4 bant tespit
edilmistir.

TARTISMA VE SONUC

Ksilanaz aktivitesi, arastirmamizda elde ettigimiz
sonuglarin bir araya getirildigi tablo 1 incelendiginde
ebeveyn olarak kullandigimiz 3 sustan S40 susunun en
yiiksek ksilanaz aktivitesi gosterdigi goriilmektedir. Ancak
bu sugslar arasinda yapilan fiizyon uygulamalar1 sonunda
ortaya ¢ikan suslardan rastgele secilmis olanlar arasinda
yaptigimiz karsilastiriimali ksilanaz aktivite
caligmalarinda 40-48 rekombinatlarindan olan R2 susu ve
47-48 rekombinantlarindan R3 susunun birbirine yakin
duracak sekilde en yiiksek ksilanaz aktivite gosteren
rekombinantlar oldugu goriilmistiir (Tablo2) . Bu suslara
ait kismi saflastirillmis enzimlerin protein igerikleri
incelendiginde 40-47 kombinasyonunun sonucu olarak
ortaya ¢ikan rekombinantlardan R3 susunun en yiiksek
ksilinaz verimlilige sahip oldugu ancak saf protein miktari
bakimindan da ayni ebeveynlerin R2 rekombinantlarinin
en yiiksek deger tasidigi goriilmektedir. Bu demektir ki bu
suslarin Ttrettikleri enzimler farkli ksilanaz aktivitesi
tasimakta ve saf protein miktar: yiiksekliginin aktivite
yiiksekligi anlamina gelmedigi anlasilmaktadir. Tablo 3 ve
tablo 4 birlikte incelendiklerinde 40-48 ebeveyninden elde
edilen rekombinant suslar arasinda 40-47
rekombinantlarina kiyasla daha verimli ksilinaz enzim
rettikleri agik¢a goriilmektedir. Tablo 4 incelendiginde
her ne kadar S48 ebeveyn susunun tiim testlerin sonucuna
bakarak en diisiik ksilanaz aktivitesi gosteren bir sus
olmasina karsilik ondan bu 6zellik bakimindan higte fazla
aktivite gostermeyen S40 ebeveyn susuyla flizyonu sonucu
olusan  R2  rekombinasyonunun  gerek  protein
konsantrasyonu gerek ksilanaz aktivitesi ve gereksede
verimlilik ac¢isindan en {ist diizeyde basarili oldugunu
belirledik. S47 ve S48 suslarimn ebeveyn olarak
kullanildig: testlerde tek baslarina birbirlerine yakin
ksilanaz  aktivitesi  gOstermelerine  karsilik ~ 47-48
flizyonunun rekombinant1 olarak segtigimiz R3 susunda
tim kriterlerde ve tim suslar arasinda yapilan karsilastirma
gergevesinde en basarili sus oldugu ve yiizde verimliligin
aktivite ve protein konsantrasyonu dikkate alindiginda %
131 gibi en {ist diizeyde oldugu agik¢a goriilmektedir.
Sonu¢ olarak, protoplast fiizyonu uygulamasinda
bakterilerin hiicre duvarlarinin pargalanmasiyla olusan
protoplastlar kaynastiginda genomlarinin rastgele homolog
rekombinasyonu sonucu olusan rekombinant tiirlerde
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seliloz ve ksilanaz gibi enzimleri kodlayan genlerin
aktivitesini gelistirebilirler.
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Abstract: In this study, the extracts of Ulmus minor Mill. subsp. minor (Ulmaceae), Lathyrus
pratensis L. (Leguminosae), Glaucium leiocarpum Bois. (Papaveraceae), and Echium vulgare
L. (Boraginacea) were investigated for their in vitro anti-Helicobacter pylori and anti-
mycobacterial activity.
The air-dried plant material was powdered and extracted with 70% ethanol by maceration. The
extract was filtered and evaporated to dryness under the vacuum and then dissolved in a water-
ethanol (90:10) mixture and extracted with dichloromethane and ethyl acetate, respectively.
Antibacterial activity was investigated by microdilution method against Helicobacter pylori
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Tiirkiye’de Yetistirilen Baz1 Bitkilerin /n Vitro Anti-Helikobakter pilori ve
Antimikobakteriyel Aktivitesi

Oz: Bu calismada, Ulmus minor Mill. subsp. minor (Ulmaceae), Lathyrus pratensis L.
(Leguminosae), Glaucium leiocarpum Bois. (Papaveraceae) ve Echium vulgare L. (Boraginacea)
ekstrelerinin antihelikobakter pilori ve antimikobakter aktiviteleri in vitro olarak incelenmistir.

Kurutulmus bitki materyalleri toz edildikten sonra %70°lik etanolle masere edilmistir. Ekstreler
stiziilerek vakum altinda yogunlastirildiktan sonra su-etanol (90:10) karigiminda ¢oziilerek
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sirastyla diklorometan ve etilasetat ile alt ekstreleri hazirlanmistir. Antibakteriyel aktivitesi in
vitro broth mikrodiliisyon yontemi ile Helicobacter pylori ATCC 43504, Mycolicibacterium
smegmatis ATCC 14468 ve Mycobacterium avium ATCC 25291 °a kars1 arastirilmgtir.

U. minor ‘un etilasetat ekstresinin MiK degeri H. pilori’ye kars1 250 ug/mL olarak kaydedilmistir.
Test edilen konsantrasyonlarda (2000 pg/mL) diger ekstreler belirgin bir MIK degeri
gostermemistir. Sonu¢ olarak U. minor yapraklarmm etilasetat ekstresinin H. pilori
enfeksiyonlarinda tedavi edici olarak kullanilabilecegi diisiiniilmektedir.

Anahtar kelimeler: Echium, Glaucium, Helikobakter pilori, Lathyrus, Mikobakter, Ulmus.

231


DOI:
https://doi.org/10.35229/jaes.689341
https://orcid.org/0000-0002-3412-0807
https://orcid.org/0000-0001-7277-920X
https://orcid.org/0000-0003-2533-5141
mailto:ayseesraguler@gmail.com
mailto:ayseesraguler@gmail.com

Karadag, 5(2), 231-235, (2020)

INTRODUCTION

Mycobacterium species can be found in soil,
water, dust particles, domestic or wild animals, milk and
other nutrients and can be transmitted to humans from the
environment. They can be colonized on body surface and
secretions. Mycobacterium avium complex causes various
ailments in humans and animals (Thorel et al., 2001).
Mycobacterium avium complex contains the factors of M.
avium subsp. paratuberculosis. The agent of M.
paratuberculosis causes ruminant and other mammal
species called Johne disease or paratuberculosis (Biet et al.,
2005; Hoop, 2002; Tell et al., 2001). Mycolicibacterium
smegmatis is a rapid-growing bacterium and it is used
instead of M. tuberculosis and M. leprae in studies (Bashiri
&Baker, 2005).

Ulmus minor Mill. subsp. minor belongs to the
Ulmaceae family and this family represented by three
species in Turkey (Davis, 1982). Also, there are different
Ulmus species around the world such as, Britain, Japan,
Korea, China (Armstrong et al., 1996; Choi et al., 2010).
There are no medicinal uses of U. minor subsp. minor in
Turkey. However, the bark of the root and stem of U.
davidiana var. japonica has been used as a traditional
Korean medicine. It is used to treat inflammatory disorders
and exhibits antioxidant, anticancer, and anti-inflammatory
effects (Choi et al., 2010). To treat alopecia; some galls
which are found on the branch and stem of the tree are cut
and the juice and worms inside the galls are applied to the
affected area of the head. The treatment should be repeated
for several consecutive day. For scabies; the thin layer
under the bark of branches (called ‘sirri’) is peeled, boiled
with water until thick, then applied to the affected part
(Yesilada et al., 1999). Moreover, leaves of U. minor are
used in veterinary treatment to cure digestion problems of
rabbits and ovines in traditional usage in Tuscany (Italy)
(Manganelli et al., 2001) Ulmus species contain
biologically active compounds, such as sesqui-terpenoids,
triterpenes and flavonoids (Lee et al., 2008; Zheng et al.,
2010).

Lathyrus L. (Fabaceae) genus has more than 160
species and Lathyrus species used different uses, such as
alimentary, agricultural, industrial, ornamental, and in
traditional medicine worldwide (Lee et al., 2008; Zheng et
al., 2010). For instance, L. odoratus and L. sativus are used
for agricultural processes in Turkey and L. paratensis
showed moderate to strong antifungal bioactivity (Arabi &
Sardari, 2010). Moreover, in traditional medicine, it is used
for different purposes such as analgesic (seed of L. sativus),
anti-inflammatory (aerial parts of L. cicera), and anti-
rheumatism (leaf of L. rotundifolius Willd. subsp. miniatus
(Bieb. ex Stev.) Davis) in Turkey (Llorent-Martinez et al.,
2017). Additionally, Holbrook et al. stated that many
species contain novel amino acids and nitriles that are
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toxic. Though the toxicants are present in vegetative parts
of the plant, they are more concentrated in the seeds.
Lathyrism can be seen in humans and various animals such
as horses, cattle, sheepdogs, rabbits, rats and mice
(Holbrook et al., 2015).

Glaucium genus represented by 7 species in
Turkey (Cullen, 1965). These species are rich in alkaloid
content. Glaucium leiocarpum Boiss. (Papaveraceae) is
widely distributed in Greece, Crete, Iran, Syria, Caucasia
and Turkey, mostly on roadsides, stony fields and slopes.
Glaucium genus' have antimicrobial, antiinflammatory,
antitumoral and analgesic activity and potency to cure age-
related brain disorders and it is also shown that Glaucium
species have been used in Iranian and Turkish herbal
medicine as laxative, antidiabetic, hypnotic, antifungal and
for treatment of dermatitis (Baytop, 1984; Bournine et al.,
2013; Hakemi et al., 2017; Morteza-Semnani et al., 2003;
Orhan et al., 2004; Soureshjan & Heidari, 2014). G.
leiocarpum named ‘’Kus ekmegi’’ in Aydmlar Village
(Erdemli/Mersin) and it has been used in traditional
medicine as soothing, cough suppressant, intestinal
softener and for culinary purposes (Esen, 2008).

Echium vulgare L. (Boraginaceae) is originated in
the Mediterranean and naturalized in Africa, South and
North America, Canada, Asia (Japan), Europe (United
Kingdom, Turkey), New Zeland and Australia (Klemow et
al., 2002). Echium species contain pyrrolizidine alkaloids,
naphthoquinones (such as shikonins). Shikonins exhibit
potent antimicrobial, antifungal, anticonvulsive effect and
phytotoxic properties and are frequently used as
biomedicinals in Eastern medicine (Kelmow et al., 2002;
Papageogiou et al., 1999; Parsons et al., 2001; Zhu et al.,
2016). Moreover, E. vulgare leaves are used against
dermatosis to traditionally cure animals in Tuscany (ltaly)
(Manganelli et al., 2001). Multiple sources recommend that
the plant be taken internally as a tea, powder, tincture, or
medicinal wine. Moreover, it is known that E. vulgare used
for treating urinary tract disorders and as an aid in
childbirth in North America. Although prolonged internal
use of E. vulgare may be cause to hepatotoxicity (Klemow
et al., 2002).

In this study, antimicrobial activity of the selected
four plants against Helicobacter pylori and Mycobacter
strains was investigated to find an alternative and natural
solution to the microbial disease such as stomach disorders
or Mycobacterial infections which caused by these
microorganisms.

MATERIAL AND METHOD

Collection of plant material: The plant materials
of Lathyrus pratensis L, Ulmus minor Miller ssp. Minor
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and Echium vulgare L. were collected in their flowering
periods  from  Giresun-Sebinkarahisar.  Glaucium
leiocarpum Boiss. were collected from Ankara- Cankaya.
Voucher specimens were deposited in the Herbarium of
Istanbul Medipol University, School of Pharmacy,
Department of Pharmacognosy.

Solvent extraction: The air-dried plant material
was powdered and extracted with 70% ethanol by
maceration. The extract was filtered and evaporated to
dryness under reduced pressure in a rotary evaporator. The
concentrated residue dissolved in a water-ethanol (90:10)
mixture and then extracted with liquid-liquid extraction by
dichloromethane (DCM) and ethyl acetate (EtOAc),
respectively (Karadag & Tosun, 2019; Acet, 2019).

Antimicrobial Activity: The antimicrobial activity
was studied using the broth microdilution assay by a
modified Clinical and Laboratory Standards Institute
protocol (CLSI) (Whitmire & Merrell, 2012). All
microorganisms were standardized versus McFarland No:
0.5 in sterile saline (% 0.85) turbidimetrically. The stock
solutions of the extracts were dissolved in
dimethylsulfoxide (DMSO), and serial dilutions were
prepared. Diluted bacterial suspensions were added to each
well and then incubated at 37 °C for twenty-four hours.

Helicobacter pylori ATCC 43504 were grown for
24 hours in Brucella broth containing 5% (v/v) horse blood
Colombia agar and containing 10% (h/h) fetal bovine
serum (FBS) at 37 °C in an anaerobic incubator (5% COy).
100 uL of 1:10 diluted and density modulated H. pylori’s
strain was added to each microplate. The MICs were
calculated as the mean of three repetitions, which are
reported in Table 1.

Mycobacterium strains were inoculated in
Middlebrook 7H11 agar (Sigma Aldrich), and incubated in
aerobic conditions at 37 °C for 4-5 days. The
microorganism was transferred to the cation doped MHB
and incubated for a further five days. Growing cultures
were vortexed and allowed to collapse for 30 min. Diluted
bacterial suspensions (10® CFU/mL) were added to each
well and then allowed to incubate at 37 °C for 5 days.
Amoxicillin, clarithromycin and tetracycline were used as
positive control and DMSO used as negative control
(Karadag & Tosun, 2019).

RESULTS AND DISCUSSION

Eight extracts were tested against the pathogenic
bacteria listed in Table 1. Using a modified micro-broth
dilution assay, MIC values of extracts were compared with
those of amoxicillin, clarithromycin, and tetracycline.
DMSO was used as negative control. 2000-62.5 pg/mL
concentration range was studied for determine the MIC
value. Among the tested bacteria in this present study, H.
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pylori was the more sensitive to the U. minor EtOAc
extract (250 pg/mL), while Mycobacteria appeared to be
the most resistant (>2000 pg/mL). While a moderate
antimicrobial activity was observed in U. minor extracts
against H. pylori strain none of the other extracts showed
activity against Mycobacterium species in the tested
concentrations (i.e., 2 ug/ mL).

Table 1. Results of antimicrobial activity determined by
microdilution method of samples (ug / mL) and antimicrobials

(pg/mL).
M. smegmatis M. avium

Samples H. pylori
>2000 >2000

G. leiocarpum DCM extract 1000

G.  leiocarpum  EtOAc >2000 >2000 >2000
extract
>2000 >2000

E. vulgare DCM extract >2000

E. vulgare EtOAc extract >2000 >2000 >2000

U. minor DCM extract >2000 >2000 >2000

U. minor EtOAc extract 250 >2000 >2000

L. pratensis DCM extract >2000 >2000 >2000

L. pratensis EtOAc extract 1000 >2000 >2000

Amoxicillin <0.125 NE NE
Clarithromycin 25 64 8
Tetracycline 25 NE NE

*NE: No effect

Although here are not many antimicrobial activity
studies on the plants used in the study, there is a study
showing that G. leiocarpum has an ethnobotanical use
against wound healing (Bulut et al., 2017). However,
antimicrobial activity of some secondary metabolites of E.
vulgare was investigated, but efficacy was not observed at
the tested concentrations (solutions of the pure compounds,
solved in MeOH, ¢ 14 1 mg=ml) against the tested
microorganisms (Escherichia coli, Bacillus subtilis,
Staphylococcus aureus and Candida albicans)
(Kuruiiziim-Uz et al., 2004). In an antimicrobial activity
screening study on Lathyrus species, the MIC value of
ethyl acetate extract obtained from L. pratensis against the
Staphylococcus aureus, Bacillus subtilis, Escherichia coli,
and Pseudomonas aeruginosa and antifungal activity
against Candida albicans were calculated as 0.5 mg / mL
(Heydari et al., 2019). However, MIC values could not be
calculated at the concentrations against the
microorganisms used in this study.

CONCLUSION

In previous studies, antimicrobial activity of
different extracts of U. minor stems and leaves were
studied and various MIC values are obtained against
Enterecoccus faecalis and Salmonella typhii (Tag et al.,
2011) Leaves of U. minor is use in veterinary treatment to
cure digestion problems of rabbits and ovines in traditional
usage in Tuscany (ltaly) (Manganelli et al., 2001).
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As a result, it can be thought that U. minor leaf
extracts which are prepared by polar solvent such as
methanol, ethanol, water etc. can be used as a
supplementary to prevent stomach ulcer caused by H.
pylori. In addition, this study can be evaluated in future
studies to determine active compounds from EtOAc extract
of U. minor leaves.
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dogal stoklarda da farkli etmenler nedeniyle Kitlesel
Olimlerin kiiltiir sartlarina nazaran daha fazla oldugu
durumlara da rastlanmaktadir.

Bu baglamda, genel literatir c¢aligmalar
irdelendiginde bu duruma Ornek olabilecek bilgilere
rastlamak miimkiindiir. Kanada’nin bat1 kiyilarinda dogal
stoklarda yasayan Sockeye salmonlarda (Oncorhynchus
nerka) Caligidae sinifina ait bir parazit olan Lepeophtheirus
salmonis’in baliklarda ciddi mortaliteye sahip oldugu rapor
edilmigtir (Johansen vd., 1996). Dogal balik stoklarinda
Ozellikle kitlesel 6limlere sebep olan planktonik etmenli
vakalar, diinya genelinde olduk¢a yaygin olarak
bildirilmektedir (Brusle, 1993). Ancak kiiltiir sartlarinda
farkli patojenlerden kaynakli balik oliim vakalar1 daha
yaygindir (Oztiirk & Altmok, 2014). Son yillarda balik
patolojistleri 6zellikle aymi sucul sistemde yetistiriciligi
yapilan ve dogal baliklarda meydana gelen oliimleri ve
patojen gegislerini takip etme egilimindedirler.

Olivier ve MacKinnon (1998), yetistiriciligi
yapilan ve dogal olarak ayni sistemde yasayan salmonlarin
(Salmo salar) patojenleri ile ilgili caligmalar yapmslardir.
Yine deniz levregi (Dicentrarchus labrax) ile ilgili, kiiltiir ve
dogal bireylerde viral, parazitik ve bakteriyel patojen varlig
aragtirtlan bir diger ¢aligmadir (Coz-Rakovic vd., 2002).

Bu baglamda gergeklestirilen ¢aligmanin materyal
temininin saglandigi Kiirtlin baraj goli, Harsit Cayi
iizerinde, Giimiishane iline bagh Kiirtiin ilge merkezine 7
km. uzaklikta, Ozkiirtiin Beldesinde bulunmaktadir. Baraj
gblinde Karadeniz alabaligi (Salmo sp.), Capoeta
banarescui, Barbus tauricus, Alburnus derjugini,
Alburnoides fasciatus, Squalius orientalis ve baliklandirma
amacli gble birakilan Cyprinus carpio tiirii bulunmaktadir.
Bununla birlikte, Kiirtiin baraj golii iizerinde bulunan
isletmelerin 2015 yetistiricilik verileri 829 ton/yildir. Bu
iretimde Salmo sp. ve Oncorhynchus mykiss tirleri yer
almaktadir ve golde tretim 10 yili askin bir zamandir
gergeklestirilmektedir. Gilinimiize kadar Kiirtiin baraj
golinde balik parazitleri ile ilgili bir c¢aligmaya
rastlanilmamustir.

Dogal ve yetistiriciligi yapilan baliklar arasinda
patojen kontaminasyonlari ya da bu tiirlerin patojenler
tarafindan konak olarak tercihleri her zaman yeni bulgulara
acik olan bir yapi arz etmektedir. Sunulan bu ¢alismada ayni
sucul sistemde yer alan Giircii shemaya (Alburnus derjugini)
ve yetigtiriciligi yapilan alabalik tiirlerinin paraziter
incelemesi yapilmis ve bu parazitlerin aylik prevelanslari
rapor edilmistir.

MATERYAL VE METOT
Bu c¢alisma Tirkiye’'nin Dogu Karadeniz

Bolgesi'nde yer alan Kiirtlin  Baraj  Goli’'nde
gergeklestirilmigtir (40° 40’ 51" K, 39° 7' 29 D”"). Bu baraj
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goli 10 yil Oncesinden giinlimiize kadar gecen siirede
araliksiz olarak kafeslerde alabalik yetistiriciligi yapilan bir
goldiir.

Giircli shemaya (Alburnus derjugini) ilkemiz
sularinda 6zellikle Coruh havzasindan rapor edilen bununla
birlikte Harsit cay1 ilizerinde de kayitlara gegen bir balik
tiiriidiir (Baygelebi vd., 2015). Ulkemizde dagilim gdsteren
alabalik tiirleri ile ilgili yapilan c¢alismalarda farkh
yaklasimlar ve tiir isimlendirmeleri yapilmistir. Yaklasik 10
yil 6ncesinde Karadeniz alabalig1 olarak bilinen tiiriin Salmo
turutta labrax, Salmo trutta fario ve Salmo trutta
magrostigma olarak degisik tiirler ile isimlendirildigi
bilinmektedir. Ancak 2010 yilinda yayinlanan bir ¢alismada,
bu tiirler icerisinde iki ana grup oldugu ve bu gruplarin
Salmo coruhensis ve Salmo rizensis oldugu bildirilmistir
(Turan vd., 2010). Yine ayn tiir ile ilgili yapilan bir diger
calismada ise bahsi gegen bu tiirlerin farkli olmadigi ve tim
grubu temsil eden ismin kahverengi alabalik olarak ifade
edilmesi gerektigi ve Salmo labrax oldugu bildirilmistir
(Altinok wvd., 2020). Son olarak yayinlanan bir bagka
makalede ise bu tiir Salmo coruhensis olarak listelenmistir
(Kuljanishvili vd., 2020). Bu nedenle bu ¢aligmada konak
olarak segilen alabalik tiirii Karadeniz alabalig1 (Salmo sp.)
olarak ifade edilmistir.

Calismada oOrneklenen alabaliklardan Karadeniz
alabalig1 golde bulunan kafeslere 2016 yilinin Eyliil ayinda
transfer edilmistir. Gokkusagi alabaliklari ise Haziran 2016
tarihinde baraj goliine getirilmistir.

Dogal tiir olan Giircii shemaya (Alburnus derjugini)
(n=50), (11.58 +2.96 cm) Karadeniz alabaligt (n = 56),
(19.43 £5.55 cm) ve gokkusagi alabaligi (Oncorhynchus
mykiss), (n=23) (20.68 +4.25), (ortalama =SD) olmak lizere
toplam 129 balik kepge yardimiyla drneklenmistir. Dogal
balik orneklemeleri kafeslerin etrafinda yilizeye yakin
bolgelerden yapilmistir.

Calismada kullanilan baliklar Ekim 2016 ile Eyliil
2017 tarihlerinde aylik olarak oOrneklenmistir. Baliklar
paraziter agidan dig ve i¢ incelemeye tabi tutulmuslar ve
izole edilen parazitler daha once yapilan galigmalara gore
tanimlanmistir (Hoffman, 1966; Lom & Dykova, 1992).

Bu tanimlamada, Ichthyophthirius multifiliis, tim
organizmay1 cevreleyen sillleri, serbest yiizebilme 6zelligi
ve hareketli olmasi, yaklasik 30-45 pm ¢apinda boyut ve
tire Ozgili at nali seklinde c¢ekirdek yapisiyla kolayca
tanimlanabilmektedir. Olgun formlar1 1000 pm ebatlara
kadar ulasabilmektedir. Yine silli protozoan parazitlerden
olan Trichodina sp. tiirleri tiire 6zgii adhesive disk yapilari
ile kolayca diger parazitlerden ayitr edilebilmektedir. Bu
caligmada Trichodina tiirleri cins bazinda tanimlanmistir tiir
bazinda tanimlamaya gidilmemistir. Monogenetik trematod
olan Gyrodactylus cinsine ait parazitler, goz lekesi olarak
isimlendirilebilecek yapilarinin olmamasi ve kaudal kisimda
16 kancayla cevrili iki biiyiik kancasi ve haptor kismiyla
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ayirt edilebilmektedir. Calisma siiresince baraj yiizey
suyunun pH ve su sicaklik degeri aylik olarak

Anadolu Cev. ve Hay. Dergisi, Yil:5, No:2, (236-240), 2020

Yine ayni tiir i¢in bir diger yiiksek prevalensa sahip
olan parazit ise Trichodina sp. dir. Bunlara ek olarak kis

kaydedilmistir. aylar1 haricinde, bu balik tiirii icin yilin her mevsiminde
gozlemlenen parazit tlirii Paradiplozoon sp. olmustur.
BULGULAR Kiiltiir baliklar1 ve dogal tiir olan balik i¢in parazit farklilig

Baraj suyunun pH ve sicaklik degerler araliklari
sirastyla  6,74-8,3 ve 7,1-24°C olarak kaydedilmistir.
Parazitik  bulgulara bakildiginda ise, yilin
mevsimlerinde en yliksek prevelansta sahip olan parazit
tiriniin  Gircli shemaya tiriinden izole edilen Ligula
intestinalis oldugu belirlenmistir (Tablo 1).

tim

irdelendiginde ise, Ozellikle Gyrodactylus sp.’nin kiiltlire
edilen tiirlerde daha fazla yaygin olmasi ve Ichthyophthirius
multifiliis ve Ambiphyra sp. tiirlerinin dogal tiirde
gozlemlenmemesi olmustur. Caligmada izole edilen parazit
tirlerinden bazilart Sekil 1’de gosterilmistir.

Tablo 1. Yetistiriciligi yapilan ve dogal baliklardan izole edilen parazitlerin prevalanslari.

Table 1. Prevalence of parasites isolated from cultured and wild fish.

A. derjugini (n) Parazitler K. Alabaligr ve O. mykiss (n)
Y (9) i(12 K@ s@2 S(12) K (19) i(22) Y (26)
% % % % % % % %
111 - - Gyrodactylus sp. - 26.3 27.2 3.8
- 66.6 100 13.6 Trichodina sp. - 5.2 13.6 7.6
8.3 - 4.3 Vorticella sp. - 10.5 13.6 -
- - 8.6 Apiosoma sp. - 21.0 - -
- - - 8.6 Chilodonella cyprini Ambiphyra sp. - - 18.1 -
44.4 8,3 100 43.7 Ligula intestinalis Ich. multifiliis - - - 115
66.6 33.3 - 4.3 Paradiplozoon sp.

(%): prevalans, S: sonbahar, K: kis, Y: yaz, I: ilkbahar, n: balik sayst.
(%): prevalence, S: autumn, K: winter, Y: summer, i: spring, n: number of fish.

Sekil 1. Alburnus derjugini’den izole edilen parazitlerden bazilar
A: Gyrodactylus sp., bar 0,06 mm, B: Paradiplozoon sp. bar 2
mm, C: Apiosoma sp. bar 5 um, D: Trichodina sp. bar 15 pm.
Figure 1. Some parasites isolated from Alburnus derjugini A:
Gyrodactylus sp., Bar 0.06 mm, B: Paradiplozoon sp. bar 2 mm,
C: Apiosoma sp. bar 5 um, D: Trichodina sp. bar 15 um.

TARTISMA

Sucul sistemlerde, su sicaklik ve pH degerleri
balik parazitlerinin prevelans ve yogunluk degerlerine etki
eden faktorlerdir (Austin & Austin, 2007; Woo, 2006). Bu
calismada drneklenen baliklar i¢in su sicaklik degerleri ve
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pH degerleri baliklar i¢in sinir degerlerde tespit edilmistir.
Sadece alabaliklar igin, stres olusturabilecek yaz aylarinda
en yiiksek sicaklik degeri olarak 24°C kaydedilmistir. Bu
donemde her iki konak grubunda (dogal ve kiiltiir) ortak
olan parazit tiiri, Gyrodactylus sp. olmustur. Su sicaklik
degerlerinin degismesi ile (mevsimsel degigim) baliklardan
izole edilme arasinda, baglantisi olmayan tek parazit tiirii
Ligula intestinalis olmustur. Bu iki parazitin farkli konak
gruplarini se¢meleri disinda ortak sayilabilecek dzellikleri
konaklara tutunma kabiliyetleri olarak ifade edilebilir. Zira
Gyrodactylus sp. kanca yapisi ile gligli bir tutunma
Ozelligine sahiptir (Balta & Dengiz Balta, 2018). L.
intestinalis ise i¢ parazit olma 6zelligi ve baliklarin viicut
boslugunda uzun siire kalabilme o6zelligine sahiptir. Bu
durum mevsim degisimlerine ragmen bu parazitlerin kendi
gruplarinda siklikla izole edilebilmelerine olanak saglamis
olabilir.

Ligula intestinalis (sestod) ve Paradiplozoon sp.
(monogenean) sazan tiirlerinde yaygin olarak rapor edilen
parazitlerdir (Kayis vd., 2018; Noga, 2010). Bu ¢alismada
da bu parazit tirleri Alburnus derjugini’den yaygim bir
sekilde izole edilirken, alabalik tiirlerinde
kaydedilmemistir. Buna karsin, Ichthyophthirius multifiliis
alabaliklardan izole edilirken dogal tiir olan sazanlardan
izole edilememistir. Bu bulgu ge¢cmis bilgilere ve raporlara
gore farklillk arz etmektedir. Zira Ichthyophthirius
multifiliis sazan tiirlerinden rapor edilen ve yayginligi olan
bir parazittir (Balta & Dengiz Balta, 2017; Kayis vd.,
2018). Benzer bir sekilde Gyrodactylus sp. tiiriinde de
geemis bilgiler ile ortiismeyen bir bulgu s6z konusudur.
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Bilindigi tizere Gyrodactylus ¢ok farkli konak segiciligine
sahip bir parazittir, ancak bu ¢aligmada alabalik tiirlerinde
sadece sonbahar mevsiminde izole edilemezken, dogal tiir
olan sazanlarda sadece yaz mevsiminde diisiikk bir
yayginlikta kaydedilebilmistir. Bu bulgu Gyrodactylus sp.
i¢in ilk kontaminasyonun énemli oldugunu gosterebilir. Bu
caligmada kaydedilen tiim parazitler igerisinde tiim tiirler
ve mevsimleri temsil edebilecek tek parazit tiiriiniin
Trichodina sp. oldugu goriilmiistiir. Zira bu tiiriin 6zellikle
sadece tatli su ortaminda degil denizel ortamda da
bulundugu ve baliklarda enfestasyona sebep olabildigi
bilinmektedir. Trichodina sp. tiirlerinin organik yiikiin
fazla oldugu sularda daha fazla izole edildigi rapor
edilmistir (Ogiit & Palm, 2005). Baraj gélii suyunun
yerlesim yeri igerinde olmasi ve atik sularin aritilmadan
gole desarj edildigi bir gergektir., Bu baglamda
irdelendiginde bu tirin hemen her mevsimde izole
edilmesi ile g6l suyunun organik yiikiinin bir iligkisi
olabilir. Bu konu daha detayli bir sekilde arastiriimalidir.

Chilodonella cyprini, gokkusag: alabaliklarindan
(Onchorhynchus mykiss) izole edilen bir protozoan parazit
tirtidiir (Balta vd., 2019; Kayis vd., 2016). Bu calismada
sadece sazan tiirlinden bir mevsim izole edilebilmistir. Bu
veriler, Chilodonella cyprini, Ichthyophthirius multifiliis
ve Ambiphyra sp. gibi protozoan parazitler 6zelinde diisiik
yayginlikta olmalart durumunda tiir gegislerinde diisiik
olasilik olabilecegini gostermektedir.

Calismada dikkat ¢eken bir ayrint1 ise sonbahar
aylarinda yetistiriciligi yapilan alabalik tiirlerinden hig
parazit izolasyonunun yapilamamasi, buna karsin dogal tiir
olan Alburnus derjugini tirinden ise 6 farkli parazit
tiriiniin izole edilmis olmasidir.
yetistiriciligi yapilan alabaliklarin ¢aligma baglangici ile
ayni tarihlere yakin zamanda kara tesislerinden baraj
goliine transferi ile agiklanabilir. Bu bulgu parazittik
kontaminasyonun netligini ortaya koyma agisindan 6nem
arz etmektedir.

Bu durum o6zellikle
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Abstract: There is no study about the molecular characterization of the mitochondrial rrnS gene
of Anisakis typica from the Turkish Mediterranean coasts. Thus, molecular characterization of
the rrnS gene of A. typica from Turkish waters is aimed for the first time in the present study.
Ascaridoid marine nematodes were collected and morphologically identified by light microscope.
Identified Anisakis type I larvae were randomly selected and molecularly analysed by Restriction
Fragment Length Polymorphism (RFLP) for the internal transcribed spacer (ITS) region. Anisakis
typica larvae identified by PCR-RFLP analyses were amplified and sequenced with both
directions for the rrnS gene. The rrnS sequence of A. typica from the Mediterranean coasts of
Turkey (MT395672) showed 99.80% identity (100% query coverage) with rrnS gene of A. typica
(JX500052) from the Caribbean Sea, Atlantic Ocean. Between A. typica from the Mediterranean
Sea (MT395672) isolate and the Caribbean Sea isolate differed by only one nucleotide (C-T, at
alignment position 437). Pairwise genetic distance between the rrnS sequence of A. typica herein
and other A. typica from the Caribbean Sea was 0.002. Consequently, we determined the
mitochondrial rrnS data of A. typica from the Mediterranean Sea in the present study for the first
time. The valid genetic data (MT395672) reported here can be used to molecular identification of
Anisakis species from the Mediterranean Sea and worldwide.

Keywords: Anisakis typica, Mediterranean Sea, molecular characterization, small subunit of rRNA (rrnS).

Tiirkiye'nin Akdeniz Kiyilarindan Anisakis typica'min (Nematoda: Anisakidae)
Molekiiler Karakterizasyonu: Ilk Mitokondriyal rrnS Dizi Verileri

*Sorumlu yazar:
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Ondokuz Mayis Universitesi Veteriner
Fakiiltesi, Su Uriinleri Hastaliklar1 Anabilim
Dali, 55200 Kurupelit Samsun, Tiirkiye.
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Oz: Tiirkiye Akdeniz kiyilarmdaki Anisakis typica'nin mitokondriyal rrnS geninin molekiiler
karakterizasyonu hakkinda bir ¢alisma bulunmamaktadir. Bu nedenle mevcut arastirmada Tiirk
sularindan izole edilen A. typicamin rrnS geninin molekiiler karakterizasyonu amaglanmistir.
Ascaridoid deniz nematodlart toplandi ve morfolojik olarak 1s1k mikroskobu ile teshis edildi.
Tanimlanan Anisakis tip I larvalari rastgele se¢ildi ve Sinirlayict Enzim Par¢a Uzunluk Cesitliligi
(RFLP) yontemi ile internal transcribed spacer (ITS) bolgesi yoniinden molekiiler olarak analiz
edildi. RFLP analizleri ile Anisakis typica olarak teshis edilen larvalarin rrnS geni ¢ogaltildi ve
iki yonlii DNA dizi analizleri yapildi. Tirkiye’nin Akdeniz kiyilarindan elde edilen A. typica’nin
rrS geni (MT395672) Atlantik Okyanusu Karayip Denizinden elde edilen A. typica’nin rrnS
geni (JX500052) ile %99,80 oraninda (%100 sorgu kapsami) benzerlik gosterdi. Akdeniz'den A.
typica (MT395672) izolat1 ile Karayip Denizi izolati arasinda sadece bir niikleotit (C — T,
hizalama pozisyonu 437) farkliydi. Buradaki A. typica'nin rrnS dizisi ile Karayip Denizi'nden
diger A. typica arasindaki ikili genetik mesafe 0.002'dir. Sonug olarak bu c¢alismada ilk kez
Akdeniz'den A. typica'nin mitokondriyal rrnS verilerini belirledik. Burada bildirilen gegerli
genetik veri (MT395672), Anisakis tiirlerinin Akdeniz'den ve diinyadan molekiiler tanimlanmasi
i¢in kullanilabilir.

Anahtar kelimeler: Akdeniz, Anisakis typica, kiiciik alt {inite rRNA (rrnS), molekiiler
karakterizasyon.
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INTRODUCTION

Adult nematodes of Anisakis Dujardin, 1845 are
mainly found in the gastrointestinal canal of marine
mammals. Different species of marine mammals and fish
and squids serve as definite and intermediate or paratenic
hosts, respectively. Until now based on molecular genetic
markers such as nuclear and mitochondrial DNA, nine
distinct Anisakis species have been reported in the world.
Among the mitochondrial markers, the cytochrome
oxidase | (cox1), Il (cox2) and the small subunit of rRNA
(rrnS) genes are often prepared for molecular
characterizations of Anisakis species. The specimen of A.
typica has been widely distributed in definitive and
intermediate or paratenic hosts at marine waters between
35-40°N to 36°S as geographic coordinates (Mattiucci &
Nassetti 2008, Mattiucci et al., 2018).

Both mitochondrial cox2 and nuclear ITS data of
Anisakis species from marine fish were previously reported
from coasts of Turkey (Pekmezci et al., 2014). Moreover,
molecular characterization of rrnS loci of only
Hysterothylacium aduncum and Contracaecum overstreeti
among ascaridoids nematodes of marine fish was made in
the Turkish waters (Pekmezci & Yardimci, 2019;
Pekmezci, 2019). Up to date, there is no study about the
molecular characterization of the mitochondrial rrnS gene
of A. typica from the Turkish Mediterranean coasts.
Therefore, the molecular characterization of the rrnS gene
of A. typica from Turkish waters is aimed for the first time
in the current study.

MATERIAL AND METHOD

Morphological examinations, PCR and RFLP
analysis: Nematodes were collected from Merluccius
merluccius in the Mediterranean coasts of Turkey. These
were individually cut into three parts. The anterior and
posterior parts were used for morphological identifications.
The middle parts were used for DNA extractions using
commercial kits. Nematodes were morphologically
identified by light microscope according to Berland, (1961)
and Petter and Maillard, (1988). Morphologically
identified representative specimens were randomly
selected and genetically analysed. The ITS regions of
nuclear DNA were amplified using NC5/NC2 primers
(Zhu et al., 1998). The ITS regions were then digested with
Hhal and Hinfl enzymes using RFLP analysis to identify
the species (D’Amelio et al., 2000). All PCR amplicons
and RFLP patterns were electrophoresed on 2% gel and
visualized under UV illumination. The rrnS gene of the
mitochondrial DNA of the selected Anisakis species was
amplified with MH3/MH4.5 primer pairs (D’ Amelio et al.,
2007).
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DNA Sequencing and Genetic analysis: Selected
three individuals were sequenced both directions with
MH3/MH4.5 primer pairs using Sanger methods for the
rrnS gene. We checked the sequence quality, assembled
and then trimmed to remove primers in Geneious R11
(Kearse et al., 2012). The assembled sequence was blasted
in GenBank database to examine the nucleotide similarity
(Altschul et al., 1990). Obtained rrnS data from Genbank
were aligned by ClustalW in MEGA X multiple sequence
alignments (Kumar et al., 2018) and adjusted manually.
Pairwise distances were estimated using the K2P model in
MEGA X (Kumar et al., 2018).

RESULTS

Ascaridoid nematodes were morphologically
identified as third stage of Anisakis type | larvae. Some
specimens of Anisakis larvae were classified as A. typica
by RFLP analyses with Hhal and Hinfl enzymes as
previously described by D'Amelio et al., (2000). The
amplified rrnS gene of A. typica was produced ~500 bp in
the PCR analyses. After DNA sequencing of rrnS gene and
trimmed to primers, the 494 bp length products were
obtained in the present study. There were no intraspecific
nucleotide differences detected within rrnS gene of three
representatives. Therefore, the rrnS sequence of one
representative was submitted to GenBank was given the
accession number: MT395672. Nucleotide difference in
the rrnS sequences between A. typica from the
Mediterranean Sea (MT395672) and the Caribbean Sea
differed by one nucleotide (C-T, at alignment position
437) (Figure 1). Pairwise genetic distance between the rrnS
sequence of A. typica herein and other A. typica from the
Caribbean Sea was 0.002.

MT395672 1 TATAAACTTATACTC
JX500052 17
MT393672 61
JX500052
MT395672 121 Gcea
JX500052
MT395672 181 TGT.

JX500052 157

MT395672 241 TCATTAACAAC
JX500052 257

MT395672 301 aa

JX500052 317

MT395672 361 G

JX500052 377 ...

MT395672 421 ACAGTARACCIC
JX500052
MT395672 481 CAATTGCC
JX50002 457

Figure 1. Nucleotide difference in the rrnS sequences between A.
typica from the Mediterranean Sea (MT395672) and the
Caribbean Sea (JX500052) isolates.
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DISCUSSION

This study represents first data on the molecular
characterization of the rrnS gene region of A. typica
isolated from the Mediterranean Sea. The sequence
analysis of the rrnS loci of A. typica was firstly
characterized from the Caribbean Sea, Atlantic Ocean by
Mattiucci et al., (2014) and previously submitted as
accession number JX500052 in GenBank database. A new
valid rrnS sequence of A. typica (accession number
MT395672) in the present study was the second record in
the GenBank database. Our rrnS sequence of A. typica
from the Mediterranean coasts of Turkey (MT395672)
showed 99.80% identity (100% query coverage) with rrnS
gene of A. typica (JX500052) from the Caribbean Sea,
Atlantic Ocean (Mattiucci et al., 2014). Moreover, a search
in GenBank database showed that rrnS sequence of A.
typica in the present study were ranged from 88.91% to
91.11% identical to rrnS sequences of A. physeteris
(JX500055), A. brevispiculata (JX500056), A. paggiae
(JX500057), A. simplex x A. pegreffii (AB831878), A.
nascettii  (JX500054), A. ziphidarum (JX500053), A.
pegreffii (LC222461) and A. simplex (AY994157). These
results showed that mitochondrial rrnS gene could be used
effectively in the genetic distinction of Anisakis species.
Pairwise genetic distance for mitochondrial rrnS loci
showed a very low-level variation among the
Mediterranean Sea isolate of A. typica (MT395672) herein
and the Caribbean Sea isolate of A. typica previously found
(JX500052) (p distance=0.002). We considered the very
low level of nucleotide differences (0.2%) between those
isolates of A. typica as intraspecific nucleotide differences
because of the different geographical locations.

CONCLUSION

We determined the mitochondrial rrnS data of A.
typica from the Mediterranean Sea in the present study for
the first time. Moreover, the new valid rrnS sequence
(accession number MT395672) was the second record in
the GenBank and this unique data can be also used to
molecular identification of Anisakis species from the
Mediterranean Sea and worldwide.
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Oz: Artvin Orman Bolge Miidiirliigii Ladin (Picea orientalis) ormanlarinda ilk kez 1984 yilinda tespit
edilen Ips typographus (Sekiz Disli Kabuk Bocegi) ile mekanik, biyoteknik ve biyolojik miicadele
*=: https://orcid.org/0000-0003-2146-3867 yapilarak dogal denge saglanmisti. Ancak 2013 yilindan itibaren bocek yogunlugunda ve kurumalarda
artiglar goriilmiistiir. Bu kurumalarin iklim ve toprak kaynakli oldugu diistiniilmiistiir. Bu amagla son
yillarda yaganan kuraklik ile topraktaki degisimlerin arastirilmasi igin aga¢ kurumalarinin yogun
oldugu ormanlik alanlarda ve bitisigindeki saglikli alanlarda toprak ozellikleri incelenmistir. Ladin
agaclarinin kuruma gosterdigi ve saglikli yetistigi sahalardan alinan toprak orneklerinin tahlilinde,
saglikli sahadaki organik madde miktarinin ortalama %5,48, pH degeri 6,09, kum orani degeri %64,44,
kil oram degeri %22,08 ve toz orani degeri %13,48 bulunmustur. Kurumalarin yogun oldugu
sahalardan alinan topraklarda organik madde miktarimin %5,58, pH degerinin 6,01, kum oraninin

“Sorumlu yazarin: %51,52, kil oraninin %28,94 ve toz oraninin %19,54 oldugu tespit edilmistir. Kurumalarin yogun

Mimar Sinan OZKAYA ” . o N o .. -

Artvin Orman Bélge Miidiirligii, Artvin, oldugu sahalardaki topraklarda kil miktarinin, saglikli ladin bireylerinin bulundugu sahalara oranla
Tiirkiye. daha fazla olmasi, toprakta kotii havalanma kosullarimi olusturmus ve koklerin derin toprak
B: mimarsinanozkaya@ogm.gov.tr katmanlarina ulagsmasim engellemis olma olasihgina dayandirilabilir. Bu durum, derin toprak
Cep telefonu - +90 (505) 378 80 00 katmanlarindan su alamayan ladin agaglarinin da daha fazla strese girmesi nedeniyle zayif diismesi ve

boylece bocek zararina maruz kaldiklart seklinde yorumlanmustir.

Anahtar kelimeler: Feromon, Ips typographus, Picea orientalis, toprak yapisi.

Some Soil properties in healthy and unhealthy stands dominated with Oriental
Spruce in Artvin under threat of Ips typographus L.

Abstract: Ips typographus (Eight Toothed Bark Beetle) was first observed in stands dominated with
Picea orientalis (oriental spruce) under management of Artvin Regional Forest Directorate. Since then
mechanical, biotechnical and biological control techniques were exercised in combating the pest for
the stands’ health and vitality. However, the population of the insect has increased since 2013. This
might be attributed to the soil condition and climate change considering mainly drought and soil
properties in changing environment encountered in the region recently. Soil properties were analyzed
in soil samples taken from the healthy stands and the adjacent stands where the oriental spruce tree
mortality occurred. The average percentage of organic matter, sand clay, silt and value of pH were
found as 5.48%, 64.44%, 22.08%, 13.48% and 6.09 in healthy stands, respectively. It has been

G e P determined in soils where tree dieback is intense that the amount of organic matter is 5.58%, the pH

Mimar Sinan OZKAYA value is 6.01, the sand rate is 51.52%, the clay rate is 28.94% and the silt rate is 19.54%. The amount
Artvin Regional Directorate of Forestry, of clay in the soils of areas with dense dieback than the healthy spruce areas soils can be based on the
Artvin, Turkey. possibility of bad ventilation conditions in the soil and preventing the roots to reach deep soil layers.

B<I: mimarsinanozkaya@ogm.gov.tr

Mobile telephone : +90 (505) 378 80 00 This situation has been interpreted as spruce trees, which cannot get water from the deep soil layers,

fall weak due to more stress and thus they are exposed to insect damage.

Keywords: Ips typographus, Picea orientalis, soil properties, stand.
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GIRiS

Ormanlar sahip olduklar1 kaynak degerleri
bakimindan; ilkelerin korunmasinda, kalkinmasinda ve
stirdiiriilebilir yagsam kalitesinin saglanmasinda ¢ok giiclii
bir kaynak degerine sahiptir (Yiiksek, 2017). Artvin Orman
Bolge Miidiirliigli ormanlari, zararli organizmalar igin
Tiirkiye ile Giircistan arasinda gegis noktasi olarak kabul
edilebilir. Dogu Karadeniz ladin ormanlart 1970’1l
yillardan itibaren Dendroctonus micans (Kugelann)’in,
1984’11 yillardan itibaren ise Ips typographus (L.)’un
yogun olarak zararina ugrayarak zayif diigmistiir
(Keskinalemdar vd., 1987; Goktirk, 2009; Coskun vd.,
2010; Goktiirk vd., 2011). D.micans ile 1985-2003 yillart
arasinda laboratuvar sartlarinda Rhizophagus grandis
iiretilip, bocegin zarar yaptig1 agaclara verilerek biyolojik
miicadele yapilmis ve zararli dogal denge smirina
indirilmistir (Keskinalemdar vd. 1986; Aksu, 2011). Ancak
ilk defa 1984 yilinda tespit edilen Ips typographus, 2000°li
yillardan sonra toplu aga¢ Olimlerine neden olmaya
baslamustir. 1ps typographus’a kars1 2003 yilindan itibaren
yogun bir sekilde biyoteknik ve mekanik miicadele
calismalar yiiriitiilmiistiir (Coskun vd., 2010; Ozkaya vd.,
2010). Miicadelenin en yogun yapildigi 2003-2011
yillarinda, bdcegin zarar yaptig1 sahalara asilan feromon
tuzaklar1 ile yaklasik 303617500 adet Ips typographus
ergini toplanarak imha edilmistir. Sariyildiz vd., (2006)
yilinda Hatila Vadisi Milli Park sahasindaki ladin
megcerelerinde 1ps typographus zarari ile ilgili yapmig
olduklari ¢aligmada, toprak ve mescere 6zellikleri arasinda
negatif bir iliski oldugu tespit edilmis ve genel olarak, ¢ok
zarar goren mescereler en diigiik toprak organik maddesi ve
besin elementlerine sahip olurken, bunu az zarar géren ve
kontrol mescereleri izlemistir (Sariyildiz vd., 2010). Bagka
bir ¢alismada ise, Dogu Ladininin gelistigi alanlardaki
dogal faktorler Ornegin yetistigi alandaki toprak ve
mescere Ozellikleri ve iklim sartlar1 alandaki Dogu Ladini
mescerelerine Ips typographus kabuk boceginin saldirisim
onemli derecede etkilemektedir (Sartyildiz vd., 2008),
ayrica kum miktarinin yiiksek, organik madde ve bitki
besin elementlerinin az oldugu topraklar iizerinde gelisen
Dogu Ladini mescereleri Ips typographus zararlisinin
saldirllarina daha duyarlidirlar (Sartyilldiz vd., 2008).
Savsat Orman Isletme Miidiirliigii, Savsat Isletme
Sefliginde 2014 yilindan itibaren, Efkar tepe mevkii ve
Elmali mevkiinde ladin agaglarinda miinferit olarak
baslayan aga¢ kurumalari, 2016 yilindan itibaren artis
gostererek, 2018-2019 yillarinda en {ist seviyeye ¢ikmistir.
100-110 nolu bélmelerde 2018 yilinda 1159 adet, 2019
yilinda 2342 adet olmak iizere toplam 3501 adet Ips
typographus’un kuruttugu agaglar kesilerek alandan
¢ikarilmigtir. D.micans ve |. typographus’un ardindan
Pristiphora abietina (Christ) 2008 yilinda Savsat’ta zarar
yapan bocek tiirli olarak literatiire girmistir (Aksu vd.,
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2008). Giircistan ladin ormanlar1 iizerinden iilkemiz
ormanlarina giris yapan istilaci tiirlerden, D.micans’in ve
I. typographusun isgal ettigi ladin ormanlarimizin
tamaminda, yerli bocek tiirtimiiz olan I. sexdentatus un
zarar1 da meveuttur (Ozkaya vd., 2010).

Diinya genelinde ibreli ormanlardaki kabuk
bdceklerinin epidemi yapmasina neden olan faktorler
arasinda, iklim kosullarinin olumsuzlugu ve agaglarda kar
kirmasi, firtina devrigi, toprak kaymasi ve sel gibi olaylar
sonucu koklerin agiga ¢ikmasi gibi olaylar sonucunda
mesceredeki agaclarin zayif diismesi gelmektedir. Stres
agaclarin dis etkenlere hassas hale gelmesinde dnemli bir
rol oynamaktadir. Stres faktorlerinin basinda kuraklik, yani
su acgig1 gelmektedir. Yapilan arastirmalarda, kurakligin
etkisiyle meydana gelen aga¢ kurumalarimin %25’inde
bocek zarart ve aga¢ hastaliklarin etken oldugu
belirlenmistir (Semerci vd., 2006; Simsek vd., 2010a,b).

Ladin, sarigam, goknar gibi igne yaprakli
agaclarin reginesi kabuk boceklerinin girigine karst
kullandiklari en Onemli direng faktoriidiir. Agaglarin
kabugunu delerek veya lokal yaralardan iceriye girmeye
calisan bocekler agaclari iirettikleri regine tarafindan
engellenmektedir. Saglikli agaclarin kabuklar1 altinda
kristallesmis  regine igerisinde halde kabuk
boceklerinin goriilmesi; bu agaglardaki reginenin kabuk
boceklerine karst bir tuzak gibi islev gdérmesinden
dolayidir (Simsek vd., 2010).

Kuraklik, su ve toprak yapist sonucu besin stresi,
ibreli agaclarin fizyolojisi ve fenolojisini etkileyerek

oli

savunma mekanizmasi olan regine iretimini de olumsuz
yonde degistirecektir Toprakta bulunan kullanilabilir su
durumu ve toprak ozellikleri ile zararli boceklere karst
agaclarin gosterecegi pozitif direng arasinda dogrusal bir
iliski bulunmaktadir (Simsek vd., 2006).

Kabuk Dbocegi salginnin  oldugu ormanlik
alanlarda iklim kadar toprak 6zelliklerinin de ele alinmasi
gerekmektedir. Bu amagla, kurumalarin yogun oldugu
Artvin Orman Bélge Midiirliigii, Savsat Orman Isletme
Miidiirliigii, Savsat Orman Isletme Sefligi Ladin (Picea
orientalis) ormanlarinda, 100-110 nolu bdlmelerde, Ips
typographus’un epidemi yapmasinda ana sebebinin bazi
toprak ozellikleri ile ilgili olup olmadiginin arastirtlmasi
amactyla bu c¢alisma, 2019-2020 yillar1 arasinda
yiiriitiilmiistir.

MATERYAL VE METOT

Artvin Orman Bolge Miidirliigli, Savsat Orman
Isletme Miidiirliigii'ne bagh Savsat Orman Isletme
Sefliginde yayilis gosteren, Picea orientalis’lerin kuruyan
sahalar ile saglikli agaclarin bulundugu alanlarda ¢aligma
yapilmistir.  Alanlardaki  toprak  ornekleri,  Ips
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typographus’a 6zgii feromon tuzaklari ve dispenserleri
calismanin ana materyalini olusturmustur. Caligmada,
GPS, stereo mikroskop, plastik kaplar ve naylon poset
diger materyal olarak yer almistir.

Calisma alaninin koordinatlari; I. typographus’un
bulunmadigi Velikéy Orman Isletme Sefligi 179 nolu
b6lmenin koordinatlari, Y-283602, X-4573528 ve |.
typographus’un zarar yaptigi, Savsat Orman Isletme
Sefligi 110 nolu bélmenin koordinatlari ise Y-278242, X-
4571130 olarak tespit edildi. Zarar goren ¢aligma sahasinin
mescere tipi; Le3-1, Lc3-2, Csbe-2 ve Mab3. Mesceredeki
agaclar II (20-40 yasinda), III (40-60 yasinda) ve IV (60-
80 yasinda) yas sinifinda, isletme Amaci Toprak koruma J
(Ladin + Saricam Isletme Simifi), Isletme Amaci Dogay1
Koruma (Mese + Ladin + Sarigam Isletme Sinifi), D (Mese
Isletme Sinifi) isletme smifinda, isletmenin amac1 topragt
ve dogayr korumaktir. Mescere iki kapali orta ve ince
agaclardan olusan ladin, sarigam ve mese geng mescereleri
olup 52,4 hektardir. Mescerede bocek salgini nedeniyle
Olen agagclar ¢ikarilmaktadir.

Calisma alaninin bulundugu Savsat ve Velikdy
Orman Isletme Seflikleri, Dogu Karadeniz Bélgesi i¢inde
kalir ve isletmenin topografik yapist genel olarak dagliktir.
Daglar dogu bati istikametinde uzanir. Seflikler Savsat
Ilgesine 0-20 km mesafededir. Cografi olarak isletme
seflikleri Karadeniz Bélgesinde, Artvin 1li smirlar
icerisinde kalmaktadir. Savsat’tan Artvin Sehir merkezine
uzakligr 68 km dir. En yakin il merkezi Ardahan olup 53
km dir. Sefliklerin jeolojik ve mineorolojik yapisi, kuzeyi
iiclincii zamana ait olup anakaya andezit, spilit, porfirit,
bazalt ve doleritten olugmaktadir. Giineyi ise ikinci
zamanin devresine ait olup volkaniktir (Anonim, 3).

2019 yil1 ve 2020 yilinin Ocak aymda, 100 vel10
nolu bolmedeki kuru ve yart kuru agaglar incelenmis,
boceklerin odunda biraktigi ana yollara gore zararli
boceklerin tiir tespitleri de yapilmustir. Ips typographus’un
zarar yaptig1 bu iki bolmedeki agaglarin %10’u yar1 kuru
bocekli ve %30°u tamamen kuru olmak tizere, bélmelerin
%40°m1 bocekli agaglar olugturmaktadir. Ayrica yar1 kuru
agaclarin kabuk altlarindan alinan ergin kabuk bdocekleri,
plastik kaplarla Artvin Bolge Midiirliigiine bagli, biyolojik
Miicadele laboratuvarma getirilerek, mikroskop altinda
incelenerek tiirlerin tespiti yapilmustir.

Ladin agaglarmin yogun kuruma gosterdigi
sahalar ile saglikli sahalardan tahlil i¢in toprak &rnekleri
almmistir. Toprak ornekleri 1050 ile 1250 metre
yiikseklikten 10 adet saglikli ve 10 adet de 950 ile 1110
metre yiikseklikteki kurumalarin yogun oldugu alanlardan
toprak ¢ukurlar1 agilarak alinmigtir. 0-20 cm derinlikte,
toplam 20 noktadan yaklasik 40 kg toprak 6rnegi alinarak,
Artvin  Coruh Universitesi Orman Fakiiltesi toprak
laboratuvarinda, topraklardaki pH degeri, kum, kil, toz ve
organik madde tahlilleri yapilmistir. Topraklarin tekstiir
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tayini Bouyoucos'un hidrometre yOntemine gore
yapilmistir  (Bouyoucus, 1951). Toprak o6rneklerinin
organik madde miktar1 0,2 mm'lik elekten gegirilmis 0,5 gr'
lik 6rnekler iizerinden Walkley - Black' m 1slak yakma
yontemine gore yapilmistir (Irmak, 1972; Giilgur, 1974).
Toprak orneklerinin pH' s1 1/2,5 oraninda toprak-saf su
karigitminda Orion 420 A dijital pH metresi ile dlgiilmiistiir
(Giilgur, 1974).

Calisma alanina ait meteorolojik veriler (sicaklik
ve yagis) Artvin Meteoroloji Istasyonu’ndan almmus olup,
kurumalarin oldugu, 2008-2009 yili ve 2018-2019
yillarindaki iklim verileri de karsilagtirilmigtir. Karadeniz
Bolgesinin nemli iklim ve Dogu Anadolunun karasal iklim
arasindaki geg¢is zonunda yer alan Savsat, Dogu Karadeniz
Bolgesinde  hiikiim iklim kosullarinin  genel
dzelliklerini gdstermektedir. Iklimin karakteristigi, kislarin
ilik, yazlarin sicak ve ¢ok yiiksek yagislarin sik¢a
goriilmesidir. ilgenin yillik toplam yagis miktar1 698,7

sliren

mm, yagisin en yiiksek oldugu ay Aralik (91,2 mm), en
diisiik oldugu ay ise Agustos (29,4 mm) tur. flgenin yillik
ortalama sicakligr 12,2°C dir. En yagigh mevsim kis (445
mm) iken en kurak mevsim ise yazdir (276 mm). Bolgenin
yag1s rejimi; yaz kurakligt Akdeniz rejiminde oldugu kadar
siddetli olmamakta ve en yagishh devre ki mevsimine
rastlamaktadir. ilkbahar ve sonbahar yagislar1 arasindaki
fark Akdeniz Bolgesi’ndekinden daha az olmakla birlikte
Akdeniz ve Karadeniz rejimleri arasindaki gecis tipi
ifadesine uymaktadir. Her mevsimi yagisli Karadeniz
iklimi ile kara iklimi arasinda bir gegis bolgesi karakteri
tasimaktadir (Anonim, 1).

BULGULAR VE TARTISMA

Kurumalarin yogun oldugu alanlarda tespit edilen
Dendroctonus  micans, Ips sexdentatus ve Ips
typographus’un yogun olarak bulundugu goriilmiistiir. Bu
tiirlerin yani sira, {ilkemiz ladin ormanlarinda son yillarda
tespit edilen Ips amitinus (Eichhoff), Ips cembrae (Heer)
ve Ips duplicatus (Sahlberg) tiirlerinin de varlig
belirlenmigstir. Bu kabuk bdocekleri birinci  zararh
konumunda degildir, ancak Ips typographus ile birlikte
bulunmakta ve Ips typographus’un ve diger kabuk
bdceklerinin zayif diislirdiigii agaglara giderek, agaclarin
olimiine katki saglamaktadirlar (Aksu vd., 2014).

Toplu agac¢ oliimlerinin oldugu sahalarda, 950-
1110 metre yiikseklikte bulunan 100 ve 110 nolu bdélmeler
icin meteorolojik veriler incelendiginde, 2008 yilinda aylik
ortalama minimum sicaklik 8,5°C, 2009 yilinda 8,9°C de
iken, 2018 yilinda 10,1°C, 2019 yilinda ise 10,0°C arasinda
Olglilmiistir. 2008 yilinda aylikk maksimum sicaklik
25,5°C, 2009 yilinda 24,9°C iken, 2018 yilinda 28,0°C,
2019 yilinda 26,9°C olarak 6lgiilmiistiir. Bu verilere gore
2019 yilinda sicaklhigin artis gostermesi sonucu, kabuk
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boceklerinin  biyolojilerini  etkileyerek  generasyon
sayisinin artmasina neden olmustur. 2008 yilinda yillik
ortalama yagis miktar1 600,4 mm, 2009 yilinda 888,2 mm
iken, 2018 yilinda 576,4 mm, 2019 yilinda ise 426,5 mm
oldugu goriilmektedir. Buna gore, ¢alismanin yapildigi
alanda 2019 yilinda yagis miktarinin diistiigii belirlenmistir
(Tablo 1).

Yagislar sonucu topraktaki su durumu ile zararl
kabuk boceklerinin saldirilarina karsi agaclarin gosterecegi
diren¢ arasinda dogrusal bir iliski vardir (Nageleisen
2004a,b). Kurak ve sicak hava dalgalari; agaglarin biyotik
ve abiyotik nedenlerle zayif diisiiriilmesinde en 6nemli
paya sahiptir. Baz1 Avrupa iilkelerindeki plantasyonlarda
agag tilirlerinin se¢iminin isabetsiz oldugu, 2003 yilinda
goriilen kuraklik sirasinda anlagilmistir (Belrose vd., 2004;
Rouault vd., 2006).

Tablo 1. Artvin ili 2000-2019 Yillar1 Arasindaki Meteorolojik
Degerler.

Table 1. Meteorological Values Between 2000 and 2019 in
Artvin Province.

Meteorolojik Degerler (Aylik Ortalama)

Ortalama Ortalama Aylik Ortalama Ortalama
Yillar Minimum Maksimum Ortalama Nispi Yagis

Sicaklik Sicaklik Sicaklik Nem (%) (mm)

(0) Q) W)

2000 8,3 24,7 11,8 11,8 548,5
2003 8,1 25,2 11,7 11,7 7385
2008 8,5 25,5 12,4 12,4 600,4
2009 8,9 24,9 12,7 12,7 888,2
2018 10,1 28,0 14,5 14,5 576,4
2019 10.0 26,9 13,7 13,7 426,5

Artvin ladin ormanlarinda Ips typographus’un
epidemi yaptigt 2003 yilt oncesi 2000 yilinda yillik
ortalama yagis miktar1 548,5 mm olmugtur. 2000 yil1 ile
2019 yillart arasindaki yagis degerleri karsilastirildiginda,
2009 yilinda yillik ortalama yagis miktarinin 888,2 mm
oldugu ve bu yillarda ladinlerin sagliginda 2003 yila oranla
bir problem goriilmemistir. Ancak 2019 yilinda ortalama
yagis miktarinin, 2000 yilindaki degerlere yakin oldugu,
2009 yilina oranla 461,7 mm daha az yagis aldig tespit
edilmistir. 2018 yilinda mayis ayinda metre kareye 65,6
mm, Haziran ayinda 42,3 mm, 2019 yilinda Mayis ayinda
45,4 mm, Haziran aymda 26,3 mm yagis almas1 nedeniyle,
2018-2019 yillarinda Artvin Savsat ladin ormanlarinin
daha az yagis aldig1 ve 2018 y1l1 mayis ay1 aylik ortalama
sicakligm 18,4°C, Haziran ayinda 21,1°C ve 2019 yilinda
Mayis aymda ortalama aylik sicakhigin 18,1°C, Haziran
ayinda ise 22,4°C sicakliga ulastig1 i¢in, ladin ormanlarinin
bu olumsuz sartlardan etkilendigi diistintilebilir.

Feromon tuzaklarina yakalanan Ips typograhus
yogunlugu incelendiginde; 1984 yilindan itibaren en ciddi
epidemisini 2003 yilinda yapmustir. |. typographus 1998-
2007 yillar1 arasinda 617268 metre kiip ladin agacim
kurutmustur. . typographus’a kars: yiiriitiilen biyoteknik
miicadele c¢alismalarinda, 2003-2011 yillar1 arasinda
zararlinin en yogun oldugu 65769 hektarlik alana 102902
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adet feromon tuzagi
l.typographus ergini tuzaklara gekilerek imha edilmistir.
2003 yilinda ortalama bir tuzaga 4642 adet ergin diiserken,
2012 yilinda bir tuzaga 1087 adet ergin bocek diigmiistiir.
2018 ve 2019 yillarinda toplam 6060 adet feromon tuzagt
asilarak, yaklasik 19594500 adet ergin |. typographus
ergini toplanmuistir. 2018 yilinda Savsat Orman Isletme
Miidiirliigii ladin ormanlarina 600 adet feromon tuzagi
asilarak, toplam 2856413 adet, 2019 yilinda toplam 750
adet feromon tuzagi asilarak toplam 2730000 adet I.
typographus ergini tuzaklara g¢ekilerek imha edilmistir.
Savsat Isletme Miidiirliigiinde 2018 yilinda bir tuzaga
ortalama 4761, 2019 yilinda ise 3640 adet ergin bdcek
dismistiir (Anonim 2). 2018 yilinda bir tuzaga diisen .
typographus adedinin, 2003 yilindaki tuzak ortalamasinin
tistiine ¢iktig1, 2019 yilindaki tuzak ortalamasinin ise 2003
yilindaki tuzak ortalamasina yaklastigi tespit edilmistir. 1.
typographus bu ¢alismalar sonucunda 2012 yilinda dogal
denge sinirina ¢ekilmisken, 2018 ve 2019 yillarindaki
yukart dogru hareketliligin, dogal olaylarin bir sonucu
olarak, kuraklik ve buna bagli, topraktaki bazi maddelerin
belirleyici

alimmin  azalmasi

diigiiniilebilir.

Orman  agaglarinda

asilarak

303617500 adet

bir

goriilen

sebep

olarak

olumlu ve

olumsuzluklarin asil nedenleri arasinda topragin fiziksel ve
kimyasal Ozellikleri 6ne ¢ikmaktadir. Dogu Karadeniz
ladin sahalarinda genel olarak kumlu ve balgikli topraklar
goriilmektedir. Dogu ladininin bu tip hafif topraklar1 daha
fazla tercih ettigini sdylemek miimkiindiir (Akgiil, 1975).
Calismanin  yiritiildiigi orman
profilleri alinarak yapilmis olan fiziksel ve kimyasal analiz
sonuglar1 Tablo 2 ve 3’de verilmistir.

alanlarinda,

toprak

Tablo 2. Saglikli sahadan alinan toprak numunelerinin analiz

degerleri.

Table 2. Some soil properties in healthy stands.

Deneme No  Yiikselti ~ pH Org. Mad. Kum% Kil%  Toz% Toprak Tiiril
1 1050 5,89 5,96 70,32 29,12 0,57  Kumlu Kil
2 1050 6,14 6,37 57,04 30,37 12,59  Kumlu Kil
3 1050 6,2 6,68 60,66 32,72 6,62  Kumlu Kil
4 1150 6,08 6,01 58,19 22,66 19,15 K. Killi Balgik
5 1150 6,69 6,43 53,87 27,1 19,03 Hafif Kil
6 1250 6,04 4,43 56,75 20,25 23 Killi Balgik
7 1250 6,65 467 7191 1302 1508 Kumlu Balgik
8 1250 5,99 6,72 67,8 13,93 18,28  Kumlu Balgik
9 1250 551 4,66 71,82 13,88 14,3 Kumlu Balgik
10 1250 5,73 2,91 76,03 17,8 6,18 K. Killi Balgik

Ortalama 6,09 5,48 64,44 22,08 13,48

Org. Mad.: Organik Madde, K.: Kumlu.

Tablo 3. Yogun kurumalarin oldugu sahadan alinan toprak
numunelerinin analiz degerleri.
Table 3. Some soil properties in bark beetle infected stands.

Deneme No  Yiikselti pH Org. Mad.  Kum% Kil % Toz %  Toprak Tiirii
1 1110 6,13 6,48 64,7 1498 2031  Balgik

2 1100 6,83 6,43 60,92 20,12 1895  K.Killi Balgik
3 1110 572 645 50,62 27,52 21,86 Hafif Kil

4 1100 592 51 46,16 28,82 25,02 Hafif Kil

5 1110 6,03 6,8 57,24 22,63 20,12 Killi Balgik
6 975 547 52 29,82 48,05 22,13 Agir Kil

7 975 6,63 5,97 43,21 38,2 18,59 Hafif Kil

8 950 5,61 2,59 53,02 26,78 20,2 Hafif Kil

9 950 581 561 54,87 35,37 9,76 Hafif Kil

10 975 597 514 54,59 26,89 18,52 Hafif Kil
Ortalama 1110 6,01 558 51,52 28,94 19,55

Org. Mad.: Organik Madde, K.: Kumlu.
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Yapilan tahliller sonucunda, saglikli sahalardan
alman topraklarda organik madde miktarin ortalama
%5,48, pH degeri 6,09, kum degeri %64,44, kil degeri
%22,08 ve toz degeri %13,48 dir. Kurumalarin yogun
oldugu sahalardan alinan topraklarda ise organik madde
miktar1 ortalama %5,58, pH degeri 6,01, kum degeri
%51,52, kil degeri %28,94 ve toz degeri %19,55 olarak
tespit edilmistir.

Tahlil sonuglara gore, ladin agaglarinin saglikli
oldugu yerlerdeki topraklarda ortalama kum degeri %64,44
iken, hastalikli olan alanlardaki ortalama kum degeri ise
%51,52 olmustur. Hastalikli olan sahalarda kum oraninin
saglikli sahalara oranla diisiik olmasi, kum bakimindan
zengin olan topraklarin daha iyi havalanmasi ve agaglarin
topragin daha derin katmanlarina koklerini gelistirmelerine
imkan vermektedir. Bu durum, agaglarin kurak devrede
derin toprak katmanlarindan su alarak stresten daha az
etkilendikleri ihtimalini giiglendirmektedir. Topraklardaki
kil miktar1 saglikli ladin agaclarmin goriildiigii alanlarda
ortalama %22,08 iken, hastalikli bireylerin oldugu
alanlarda bu deger ortalama %28,94 olmustur.
Kurumalarin yogun oldugu sahalarda kil miktarinin,
saglikli ladin agaglarmin bulundugu sahalara oranla artis
gostermesi, muhtemelen toprakta kotii havalanma kosullari
olusturmus ve koklerin derin toprak katmanlarina
ulagsmasini engellemistir. Derin toprak kismindan su
alamayan ladin agaglarinin da daha fazla strese girmis
olabilecegi sanilmaktadir. Toprak tlriiniin genellikle
kumlu kil ve balgik oldugu, toprak pH’sinin genellikle
hafif asit, nadiren orta derece asit veya notr oldugu, kireg
kapsami bakimindan az kiregli olarak siniflandirildigy,
organik madde bakimindan ise topragin {ist katmanlarinin
(0-20 cm) orta derece organik madde igerigine sahip tuzsuz
topraklar oldugu anlasilmaktadir.

Calisma sahasindan alinan toprak numunelerin (0-
20 cm) fiziksel ve kimyasal 6zelliklerinin belirlenmesi
sonucunda, saglikli ve kurumalarin yogun oldugu
sahalarda kumlu killi balgik, kumlu killi, hafif killi, killi
balgik, balgik, agir killi ve kumlu balgik tiiriindeki
arastirma sahalar1 topraklar1 ndtr ve hafif asitli reaksiyona
sahiptir. Ortalama kum, toz ve kil oranlar1 bakimindan
saglikli sahalarda sirasiyla, %64,44, %13,48 ve %22,08.
Kurumalarin yogun oldugu sahalarda, %51,52, %19,55 ve
%28,94 dur. Toprak reaksiyonu ortalama (pH) degerleri
6,01-6,09 arasinda olmasi hafif asitli sinifinda oldugu, bu
pH derecelerinde bitki besin elementlerinin, bitkiler
tarafindan aliminda herhangi bir sorun bulunmamaktadir.
Topragm organik madde bakimindan (%5,48 ve %5,58)
yiiksek oldugu goriilmektedir. Toprak tiiriiniin genellikle
saglikli sahalarda kumlu kil ve kumlu balgik, kurumalarin
yogun oldugu sahalarda ise hafif killi oldugu, toprak
pH’min genellikle her iki deneme sahasinda da hafif asitli
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oldugu, nadiren nétr oldugu, organik madde bakimindan
zengin oldugu anlasilmistir.

Bu konuda yapilan aragtirmalarda, ince tekstiirli
topraklarin {ist tabakalarinda daha ¢ok su tutulur ve
buharlagsmaya maruz kalan {ist toprak tabakalarindan daha
fazla su kaybi olabilmektedir. Agaclarin topraktan
alabilecegi su miktarimin azalmasi, aga¢ gelisimini
olumsuz etkileyen bir faktordiir. Kuraklik ve su stresinin
bocek salginlariyla iligkisi konusunda yapilmis bazi
arastirmalar da bu duruma isaret etmektedir (Christiansen
ve Bakke 1997; Hanks vd.,1999; Williams ve Liebhold,
2002; Bentz vd., 2010; Oner vd., 2010; Simsek vd., 2010a;
Sarikaya ve Yildirim, 2011; Laz vd., 2018).

Ozellikle kabuk bdcegi zarar1 goriilen alanlardaki
iist topragin besin maddeleri bakimindan zengin nitelikte
olmasi, agacglarin gelisimi agisindan olumlu bir durum
olmaktadir. Oysa fakir topraklardaki agaglar, ihtiyag
duydugu madde alimi yeterli olmadigindan kabuk
boceklerine kargt daha hassas duruma gelecektir. 1ps
typographusun epidemi olusturdugu alandaki toprak
yapisinin ve su durumunun bu salginda rolii oldugu
diistiniilmektedir. Strese bagli olarak orman agaclarinin
kabuk bocegi saldirilarina karsi daha hassas oldugu da
ifade edilmektedir (Akkuzu ve Giizel, 2015). Diinyada
yapilan bir ¢ok c¢alismada orman =zararlisi kabuk
boceklerinin olusturdugu salgmmin  kuraklik ve orman
toprak Ozellikleriyle iligkili oldugu Dbelirtilmektedir
(Dobbertin vd., 2007; Vilhar, 2016).

Kurakliga agaclarda
boceklerden etkilenme, hastaliklara yakalanma durumlari
daha fazla goriilebilmektedir. Saglikli ladin, ¢gam ve gdknar
agaclarinin kabuk boceklerine karsit kullandiklari en
onemli savunma silah1 salgiladiklar1 reginelerle kabuk
boceklerinin girigini engellemeleridir (Goktiirk ve Aksu,
2011). Agaglarin regine tiretimlerini su tiiketerek yaptiklari
dikkate alindiginda kuraklik durumunda agacin yeteri
miktarda regine Uretemedigi goriilmekte bu da bu tiir
agaclarin bocek ve hastaliklara daha hassas duruma

maruz kalan zararl

gelmesine neden olmaktadir.

Ladin bireylerinin saglikli oldugu yerlerdeki
topraklarda ortalama pH degerleri 6,09 iken, agag
kurumalarmin yogun oldugu alanlarda ortalama pH degeri
ise 6,01 olmustur. Yogun kurumalarin oldugu sahalarda ve
saglikli sahalardaki pH degerleri arasinda fazla bir fark
yoktur. Ladin, pH degeri 5,5 ve 6,5 degerleri arasindaki
orta asitli topraklarda daha iyi gelisme gosterirler (Akgiil,
1975). Ladin bireylerinin saglikli oldugu yerlerdeki
topraklarda ortalama organik madde degeri %5,48 iken,
hastalikl1 olan alanlardaki ortalama organik madde degeri
%5,58 olmustur. Bu noktada da organik madde miktarinin
artmasi topraklarin su tutma kapasitesini ve nemliligini
artirmast  gerekirken yagislarin  istenilen diizeyde
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olmadigindan ladinlerin su ihtiyacini karsilayamadigi
diigiiniilmektedir (Tablo 2, 3).

SONUC VE ONERILER

Caligma alaninda, 6nceki yillarda yogun olarak D.
micans ve |. typographus’un zararma ugramig ve
uygulanan miicadele yontemleri ile dogal denge sinirina
indirilmistir. Dogal olaylardan kaynaklanan sorunlar
(kuraklik, sicakli ve topraktaki degerlerin degismesi vb.)
kabuk boceginin yeniden popiilasyon artist yapmasina
neden olmustur.

Aga¢ Oliimlerinin yogun oldugu sahalarda,
balgikli toprak oraninin az olmasi nedeniyle, bu tipteki
topraklari ladinlerin fazla tercih etmedigi, ayrica hafif killi
topraklarda da aga¢ oliimlerinin ¢ogaldigi, buna karsilik
kum oraninin fazla oldugu toprak tiirii, kumlu kil, kumlu
balgiklt  topraklardaki  agaclarin  saglikli  oldugu
goriilmistiir.

Sahalardan alinan toprak tahlilleri sonucunda,
ladin agaglarimin saglikli oldugu yerlerdeki topraklarda
ortalama kum degeri %64,44, hastalikli olan toprakta kum
degeri ise %51,52 olarak tespit edilmistir. Kurumalarin
yogun oldugu sahalarda, kurumalarin az oldugu sahalara
kiyasla, kum orani nispeten diisiik, kil oranin ise yiiksektir.
Iyi havalanan kumlu topraklarda agaglar koklerini daha
derin toprak katmanlarma goénderebilmekte ve kurak
devrelerde derindeki suyu kullanabilmektedir. Agir
bilinyeli killi topraklarda havalanma sorunu yiiziinden
agaclar derin toprak katmanlarma c¢ogu zaman kok
gelistirememektedir. Bu durum onlar1 kuraklik stresine
kars1 daha hassas hale getirmektedir. Kurak mevsimlerde
toprak yapisim1 da dikkate alarak, kabuk bocekleriyle,
ozellikle diinyanin en tehlikeli kabuk bocegi olarak kabul
edilen I. typographus ile mutlaka miicadele edilmelidir.
Ozellikle yagisin az oldugu kurak mevsimlerde miicadele
yontemlerinin eksiksiz  ve  zamaninda
yapilmasina 6zen gosterilmesi gerekmektedir.

timiiniin

TESEKKUR

Makalede tespit edilen boceklerin teshisi ve
feromon tuzaklarinin degerlendirilmesinde vermis oldugu
destekten dolay1 Biyolog Yasar Aksu’ya tesekkiir ederim.
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Abstract: The present study was conducted to determine the weight-length relationships (WLRs)
of Anchovy (Engraulis encrasicolus) caught by purse seine off the Rize and Trabzon provinces
coasts of the southeastern Black Sea, Turkey and to compare as a whole the WLRs parameters of
E. encrasicolus obtained from different fishing seasons and locality for contributing fisheries
management of this Black Sea’ key fish species. The WLRs parameters showed that E.
encrasicolus exhibited negative allometric growth characteristics for both sexes (Pauly’t test, P
< 0.05). To compare the estimations calculated from the present study with other studies, Log (a)
values were plotted against values of slope (b), proved to be consistent with previous studies data.
In addition to this, when the WLRs parameters (b) of Anchovy is evaluated historically, it has
been determined that the Anchovy exhibited positive allometric growth in the mid-1985,
isometric growth from 1990 to 2000 and negative allometric growth after the 2000s. The
overexploitation on anchovy stocks has shown itself in fish growth over the years. This study
provides new basic information on the WLRs for Anchovy stocks, in support of sustainable
fisheries management of this species and especially of the coastal waters in the Black Sea, Turkey.

Keywords: Anchovy, Black Sea, Engraulis encrasicolus, fisheries management, weight-length

relationships (WLRs).

Karadeniz'de (Tiirkiye) Hamsi Bah@i'min, Engraulis encrasicolus (Linnaeus,
1758) (Clupeiformes: Engraulidae) Agirhk-Boy (WLRs) Mliskisi ile Av Baskisiin Egim
Parametresi (b) Uzerine Etkisinin Degerlendirilmesi

*Sorumlu yazar:

Sabri BILGIN

Sinop Universitesi, Su Uriinleri Fakiiltesi,
57000, Sinop, Tiirkiye.

DX<: sbrbilgin@hotmail.com

Telephone : +90 (368) 287 62 54 (3391
Fax : +90 (368) 287 62 69

Oz: Bu galigma, hamsi (Engraulis encrasicolus) baligmin boy agilik iliskisi (WLRs)
parametrelerini belirlemek i¢in giiney dogu Karadeniz'de Rize ve Trabzon illeri civarinda girgir
aglar1 ile orneklenen bireyler ilizerinden yiiriitiilmiis olup ayrica bu anahtar balik tiiriiniin
Karadeniz'deki balik¢ilik yonetimine katki saglamak amaciyla daha 6nce farkli av sezonlarinda
yuriitilmiis  caligmalardan elde edilen WLRs parametreleri bir bitinlik icerisinde
karsilastirilmigtir. WLRs parametreleri disi ve erkek bireylerin negatif allometrik biiyiime (Pauly
t-test, P < 0,05) 6zelligi gosterdigini ortaya koymustur. Ayrica, dnceki ¢aligmalardan elde edilen
Log (a) ve b degerleri regresyona tabi tutuldugunda, bu ¢alismada elde edilen sonuglarin 6nceki
caligmalarla tutarli oldugu belirlenmisti. WLRs denklemi parametresi (b) tarihsel olarak
degerlendirildiginde, Hamsi baliginin 1985 ortalarinda pozitif allometrik biiyiime, 1990-2000
arasinda izometrik biiylime ve 2000'lerden sonra ise negatif allometrik biiyiime sergiledigi tespit
edilmistir. Hamsi stoklarindaki asir1 somiirii, yillar boyunca balik biiyiimesinde kendini
gostermistir. Bu ¢aligma, Tiirkiye'nin Karadeniz kiy1 sularinda Hamsi stoklarinin siirdiiriilebilir
balik¢ilik yonetimini desteklemek igin tiiriin boy agirlik iliskisi hakkinda yeni temel bilgiler
sunmaktadir.

Anahtar kelimeler: Agirlik-boy iliskisi (WLRs), balik¢ilik yonetimi, Engraulis encrasicolus

Hamsi, Karadeniz.
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INTRODUCTION

Anchovy, Engraulis encrasicolus (Linnaeus,
1758), is distributed Eastern Atlantic: Bergen, Norway to
East London, South Africa, Mediterranean and Black Sea
(Froese & Pauly, 2019). Anchovy are regularly caught in the
Mediterranean and Black Sea on the coasts of Spain, France,
Italy, Russia, Ukraine, Bulgaria, Croatia, Romania, Greece,
Georgia, and Turkey. Feeds on planktonic organisms such as
fish eggs and larvae, Ctenophorans and copepods, etc.
(Mazlum et al., 2017). Spawns from April to November with
peaks usually in the warmest months (Ribeiro et al., 1996;
Froese & Pauly, 2019). It is one of the most important
migratory commercial small pelagic and fast growing fish
species in the Black Sea and mainly caught by mid-water
trawl (legal Anchovy fisheries with mid-water trawl towed
behind two boats are conducted only in Samsun region in
Turkey) and purse seine in the seven and a half months
during the fishing season (between 31 August and 15 April)
along the coast of Turkey. Anchovy tends to move further
north and into surface waters in summer, retreating and
descending in winter and during a fishing season average
annual catch constitute about 69% of the total marine
fisheries production of Turkey (Bilgin et al., 2013). In the
Black Sea, the spawning season of Anchovy lasts from mid
May, when water temperature is about 15-16°C, to the
middle or end of August when the temperature is about 25-
26°C (Lisovenko & Andrianov, 2006). Within the spawning
season one average female can produce about 50 batches of
more than 200,000 eggs (Lisovenko & Andrianov, 2006).
The maximum total length of Anchovy was reported as
16.85 cm in 1986-1987 fishing season by Karacam &
Diizgiines (1990) and also four age groups (0, I, IT and III)
were reported by different authors in different fishing
seasons in the Black Sea (Erkoyuncu & Ozdamar, 1989;
Karacam & Diizgiines, 1990; Unsal, 1989; Mutlu, 1994;
Ozdamar et al., 1995; Kayali, 1998; Mutlu, 2000; Gozler &
Ciloglu, 1998; Samsun et al., 2004; Samsun et al., 2006; Aka
et al., 2004; Bilgin et al., 2006; Sahin et al., 2008; Erdogan
Saglam & Saglam, 2010). All reproductive, growth and also
mortality parameters of Black Sea Anchovy are very
variable seasonally and annually (Bilgin, 2006; Lisovenko &
Andrianov, 2006; Bilgin et al., 2016).

Knowledge on biological features such as
reproduction, growth and weight length relationships
(WLRs) are important tools for fisheries management. The
information on the WLRs could contribute to the
management of natural stocks of fish species which is
ecologically and economically important, and possibly has
suffered threats from overfishing, pollution and climate
change (Oliveria et al., 2012) and also the WLRs allow
estimating food and feeding, life histories of certain species
(Stergiou & Moutopoulos, 2001). In addition to these, the
WLRs parameters can be affected by different factors such
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as environmental conditions, gonad maturity stages, sex,
stomach fullness, health condition, season, population and
differences within species (Froese, 2006; Oliveria et al.,
2012). Thus, they are an important component of fisheries
biology and when properly calculated they can be very
useful to fisheries management (Froese et al., 2011). The
weight (W) of fish and other organisms is exponentially
related to their length (L) according to the equation W = aL®,
where a is the intercept and b is the slope of the relation (Le
Cren, 1951). Based on the slope (b) of the relation between
W and L, one can check whether the growth of a fish species
is isometric (b = 3), negative allometric-hypoallometric (b <
3) or positive allometric-hyperallometric (b > 3).

The Anchovy is the main object of fishing industry
in Turkey. So the knowledge of its biological properties
including the WLRs parameters is necessary for fisheries
management. The WLRs parameters of this Black Sea’ key
fish species were previously reported from different
geographic regions and different fishing seasons in the Black
Sea (Erkoyuncu & Ozdamar, 1989; Karacam & Diizgiines,
1990; Unsal, 1989; Mutlu, 1994; Ozdamar et al., 1995;
Kayali, 1998; Mutlu, 2000; Gozler & Ciloglu, 1998; Samsun
et al., 2004; Samsun et al., 2006; Aka et al., 2004; Bilgin et
al., 2006; Sahin et al., 2008; Erdogan Saglam & Saglam,
2010). Moreover, previous research into the WLRs
parameters of Anchovy has been rather fragmentary in the
Black Sea. The present study was conducted to determine the
WLRs of Anchovy caught by purse seine during the 2013-
2014 fishing season off the Rize and Trabzon provinces
coasts in the southeastern Black Sea, Turkey and also to
compare as a whole the WLRs parameters of Anchovy from
different geographical locality and fishing seasons in support
of sustainable fisheries management.

MATERIAL AND METHOD

Sample Collection: Samples of the Anchovy
(Engraulis encrasicolus) were collected at random from the
commercial purse seine at the southern area of the Black Sea
(off Rize and Trabzon provinces, Turkey) from September
2013 to April 2014 in 2013-2014 fishing season. After the
purse seine fishing operation, a box of Anchovy (=18 kg)
was taken from the catch and brought to the Recep Tayyip
Erdogan University Fisheries Faculty Laboratory for
examination.

Weight - Length Relationships (WLRs): The total
length (TL) and the wet body weight (W) of E. encrasicolus
were measured after blot drying with a piece of clean towel.
All specimens were measured to the nearest 0.1 cm and
weighed to the nearest 0.01 g. The weight-length
relationships (WLRs) parameters were calculated and
analyzed using MS Excel software. However to compare the
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WLRs results for E. encrasicolus obtained in this study with
the results of previous studies, the Log (a) values were drawn
against b values.

The weight length relationship was estimated as (Le
Cren, 1951):

W =aTL®,

where W is the body weight (g), TL is the total
length (cm), a is the intercept, and b is the slope of the
regression line. Comparison of the difference of slope value
from b = 3 (isometric growth), Pauly’s t-test was performed
(Pauly, 1984). Pauly’s t-test statistic was calculated as
below:

o Sdigr |b-3]

SdIogW v1-— I‘2

where Sdiogre is the standard deviation of the log TL
values, Sdiogw is the standard deviation of the log W values,
n is the number of specimens of E. encrasicolus used in the
computation. The value of b is different from b = 3 if
calculated t value is greater than the table t values for n-2
degrees of freedom (Pauly, 1984). Comparison of the
difference of correlation coefficient (r) from zero t-test
(Snedecor & Cochran, 1989) was calculated as follow:

t:r*,/(n-—Z)
V@-r?)

where n is the number of fish used in the
computation and r is the correlation coefficient. The value of
correlation coefficient is different from zero if t value is
greater than the tabled t values for n-2 degrees of freedom. T
test was used to compare the means between the sexes in
PAST ver. 1.75b software package (Hammer et al., 2001).
Differences were considered statistically significant when P
< 0.05.

Nn-2

RESULTS AND DISCUSSION

Size Structure: A total of 5485 E. encrasicolus
(3336 female, 2149 male) were sampled from September
2013 to April 2014 and the maximum total length was
measured as 13.8 cm for females and 13.2 cm for males. The
mean total length of females (10.8+0.02 cm) was
significantly greater than mean total length of males
(10.1+0.03 cm) (t - test; P < 0.05).

Weight - Length Relationships (WLRs): The
WLRs results and statistics of Anchovy showed below and
in Fig. 1. Females: W = 0.0159TL2%% R? = 0.8093, n =
3336, Sdiog = 0.04294, Sdiogw = 0.12225, Pauly’t test =
203.78, P<0.001). (95% conf. limits of b: from 2.5187 to
2.6032). Males: W = 0.0078TL?#5, R? = 0.8783, n = 2149,
SdiogL = 0.053783, Sdiogw = 0.165031, Pauly’t test = 5.405,
P<0.001). (95% conf. limits of b: from 2.8307 to 2.9209).

255

J. Anatolian Env. and Anim. Sciences, Year:5, No:2, (253-259), 2020

The WLRs parameters showed that sampled
specimens has negative allometric growth characteristics (b
< 3) both females (b = 2.5609) and males (b = 2.8757)
(Pauly’ t test, P < 0.05) in 2014-2015 fishing season.
However, in order to comparison of the difference of
correlation coefficient (r) from zero t-test (Snedecor and
Cochran, 1989) was applied and the values of (r) for females
(r = 0.8093), for males (r = 0.8783) and for combined data
(r=0.8517) are different from zero (P < 0.05), indicated that
Anchovy has higher correlation in WLRs equations.

To compare the estimations calculated from the
present study with other studies (showed in Table 2), Log (a)
values were plotted against values of b (Fig. 2), proved to be
consistent with previous studies (from 1985-1986 fishing
season up to 2014-2015 fishing seasons) data for E.
encrasicolus. The results of regression analysis of Log (a) to
slope (b) for E. encrasicolus showed below and in Table 1.
Females: Log (a) = -0.9935*(b) + 0.7739 (R? = 0.9900, n =
11, P < 0.05). Males: Log (a) = -1.0131*(b) + 0.8289 (R? =
0.9872, n = 11, P < 0.05). Females+Males: Log (a) = -
1.1661*(b) + 1.3103 (R? = 0.9024, n = 20, P < 0.05)

16 Combined

Weight
14 ght (9) W = 0.012+TL 26846
R?=0.8517
12 1 n = 5485
10 4
8 -
6 -
4 4
27 Length (cm)
0 T T T T \
0 2 4 6 8 10 12 14 16
16 1
Weight (g) Male
141 W = 0.0078*TL 28757
12 R?=0.8783
n = 2149
10 4
8 o
6 -
4 -
2 o
Length (cm)
0 T T \
0 2 4 6 8 10 12 14 16
167 Weight (g) Female
14 4 W = 0.0159*TL 2°6%°
12 4 R?=0.8093
n = 3336
10 1
8 -
6 o
4 4
2 -
. Length (cm)
0 T T T T T \
0 2 4 6 8 10 12 14 16

Figure 1. Weight - length relationships (WLRs) of the Anchovy
(Engraulis encrasicolus) caught during the 2013-2014 fishing
season in the Black Sea.
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Figure 2. The test plot of Log (a) against b for different WLRs of
the Anchovy (Engraulis encrasicolus). Black dot = present study
parameter. White dot = estimated parameters of different studies
conducted from 1985-1986 to 2013-2014 fishing seasons in the
Black Sea (see Table 2).

In terms of fishing season variations, Anchovy
exhibited positive allometric growth only in the first two
fishing seasons (1985-1986 and 1986-1987). Later,
isometric growth up to 1999-2000 fishing seasons and after
2000 years Anchovy has exhibited negative allometric

growth and tended to be thinner (Fig. 3).
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Figure 3. The slope (b) parameter values of the WLRs equation in
Anchovy (Engraulis encrasicolus). Black dot (ps) = present study
parameter. White dot = estimated parameters of different studies
conducted from 1985-1986 to 2013-2014 fishing seasons in the
Black Sea.

In all result of the previous studies (a total of 20
fishing seasons results), except for 11 fishing seasons results,
conducted between 1985-1986 and 2013-2014 fishing
seasons in the Black Sea, the b values were reported
regardless of fish sexes (Table 1).

Table 1. Results of regression analysis of Log (a) to slope (b) for
the Anchovy (Engraulis encrasicolus). Calculations were done
using the data (a and b) shown in Table 2. a : Intercept, b (slope):
x- variable 1.

Standard 95% Confidence Limits

Coefficients Error (S.E) T-stat P - values of the Parameters
Males+Females
Intercept 1.3103 0.2668 4.9118 0.000112404 0.7498 1.8707
X - variable 1 -1.1661 0.0904 -12.9041  1.55379E-10 -1.3559 -0.9762
Log(a) = -1.1661%(b) + 1.3103 (R? = 0.9024, n = 20, P < 0.05)
Males
Intercept 0.8289 0.1141 7.2680 4.72392E-05 0.5709 1.0869
X - variable 1 -1.0131 0.0385 -26.3338  7.93126E-10 -1.1002 -0.9261
Log(a) = -1.0131%(b) + 0.8289 (R? = 0.9872, n = 11, P < 0.05)
Females
Intercept 0.7739 0.0949 8.1537 1.90063E-05 0.5592 0.9886
X - variable 1 -0.9935 0.0333 -29.8245  2.61713E-10 -1.0689 -0.9182

Log(a) = -0.9935%(b) + 0.7735 (R? = 0.9900, n = 11, P < 0.05)

Table 2. The weight - length relationships (WLRs) parameters of the Anchovy (Engraulis encrasicolus) from 1985-1986 to 2013-2014
fishing seasons in the Black Sea. Lmax: maximum total length (cm), a: intercept, b: slope. Data (a and b) has been used to draw of test plot of

Log (a) against b in Figure 2.

. Sex
Fishing Regions Males Females Males+Females References
seasons
Lmax a b r [ b r Lmax @ b r

1985-1986 Sinop-Trabzon 16.1 0.0023 3.4157 1
1986-1987 Trabzon 0.0021 3.4539 0.9978 0.0028 3.3331 0.9979 16.9 0.0025 3.3832 0.9994 2
1988-1989 Istanbul 13.0 13.0 13.0 0.0064 2.9743 3
1993-1994 Trabzon 144 0.0068 2.9320 0.9390 139 0.0072 2.9030 0.9410 144 0.0051 3.0480 0.9700 4
1994-1995 Sinop-Samsun 15.3 0.0047 3.0975 0.9800 5
1996-1997 Trabzon-Hopa 0.0068 3.0370 0.8600 0.0053 3.1490 0.9000 135 0.0057 3.1170 0.8900 6
1996-1997 Ordu-Hopa 157 0.0073 2.9030 0.9690 7
1997-1998 Ordu-Hopa 153 0.0055 3.0270 0.9746 7
1997-1998 Rize-Hopa 138 0.0049 3.0710 0.8010 138 0.0054 3.0400 0.9440 138 0.0057 3.0150 0.9250 8
1998-1999 Sinop 0.0088 2.8404 0.0317 2.3042 145 0.0083 2.8720 9
1999-2000 Sinop 0.0056 3.0549 0.0097 2.8156 145 0.0076 2.9190 9
2000-2001 Sinop 138 0.0179 2.5368 0.9000 141 0.0174 2.5498 0.9000 141 0.0118 2.7101 0.9600 10
2001-2002 Trabzon 10.9 0.0320 2.5078 0.8954 11
2001-2002 Sinop 10.4 0.0241 2.6738 0.9134 11
2001-2002 Istanbul 10.9 0.0111 2.9796 0.8649 11
2004-2005 Sinop-Samsun 15.2 0.0066 2.9669 0.9600 12
2004-2005 Rize 0.0067 2.9709 0.0089 2.8445 15.0 0.0101 2.7948 0.9286 13
2005-2006 Rize 0.0042 3.1518 0.0045 3.1187 15.0 0.0055 3.0425 13
2010-2011 Sinop-Trabzon 0.0170 2.5760 0.9240 0.0180 2.5470 0.8510 14.8 0.0110 2.7420 0.9350 14
2013-2014 Trabzon-Rize 132 0.0078 2.8757 0.8800 13.8 0.0159 2.5609 0.8100 13.8 0.0120 2.6880 0.8500 15

1: Erkoyuncu & Ozdamar (1989); 2: Karacam & Diizgiines (1990); 3: Unsal (1989); 4: Mutlu (1994); 5: Ozdamar et al., (1995); 6: Kayali (1998); 7: Mutlu (2000); 8: Gézler & Ciloglu (1998); 9: Samsun et
al., (2004); 10: Samsun et al., (2006); 11: Aka et al., (2004); 12: Bilgin et al., (2006); 13: Sahin et al., (2008); 14: Erdogan Saglam & Saglam (2010); 15: Present study.
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The reported b values for combined specimens
ranged between 25078 and 3.4157 (mean:
2.9439+0.05021, n = 20) (Table 1). From the reported b
values for different fishing seasons from the Black Sea, it
can be inferred that this fish species exhibits different
growth characteristics by different time intervals. Our data
fit the regression for the species E. encrasicolus excellently
and growth parameters are similar to five of the eight
results of fishing seasons conducted after the 2000s in the
Black Sea (Fig. 3). Similarly, when the b values were
evaluated according to sexes, our b values (2.8757 in males
and 2.5609 in females) are similar to the studies (Samsun
et al., 2004; Samsun et al., 2006); Sahin et al., 2008;
Erdogan Saglam & Saglam, 2010) conducted after the
2000s in the Black Sea. Namely, the b values of the WLRs
showed that sampled specimens has negative allometric
growth characteristics (b < 3) both females and males (P <
0.05) after the 2000s in the Black Sea. Based on the slope
(b) of the relation between W and L, it can be checked
whether the growth of a fish species is isometric (b = 3),
hypoallometric (b < 3) and hyperallometric (b > 3) (Le
Cren, 1951; Frose, 2006; Froese et al., 2011). In such a way
that if the b = 3, all fish dimensions increase at the same
rate, if the b < 3, a fish increases less in weight than
predicted by its increase in length, i.e., it becomes more
elongated, if the b > 3, a fish increases more in weight than
predicted by its increase in length, i.e., it becomes less
elongated or more roundish (Le Cren (1951; Froese et al.,
2011).

Historical evaluation of the b values (Fig. 3) has
shown that anchovy have become more elongated in recent
years (b < 3). The differences in the b values may be due
to seasonal changes in the water temperature and the
maturity stage, different sampling area, age, sex and
differences of other biotic and abiotic factors such as
salinity, competition, food and feeding, degree of stomach
fullness, etc. Furthermore, the overfishing on anchovy
stocks has shown itself in fish growth over the years (from
1985 to present time). This time period can be divided into
three parts according to the exploitation ratio (E) levels and
the slope values of the WLRs for Anchovy. First time
period; 1985s years when fishing pressure has just started
(b > 3). Second period; the years when the fishing pressure
continues to increase (b = 3) and third time period; recent
years when stocks are completely affected due to
overfishing (b < 3). Namely, the anchovy individuals are
more roundish-plump (b > 3) in the 1985s that time fishing
pressure has just begun on stocks and exploitation rate
about 0.5 (Karacam & Diizgiines, 1990), all fish
dimensions increase at the same rate (b = 3) with the effect
of overfishing (exploitation rate, E > 0.5) had continued for
many years (Bilgin, 2006), and it becomes more elongated
in recent years (b < 3) when stocks are completely affected
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due to overfishing (Bilgin et al., 2016). The correlation
coefficient (r) both females and males has higher
correlation in the WLRs equations and also log (a) values
were plotted against b values for E. encrasicolus proved to
be consistent with previous studies data (Fig. 2). Similar
result for different fish species such as thornback ray (Raja
clavata), turbot (Scophthalmus maximus) and scaldback
(Arnoglossus kessleri) was reported by Bilgin & Kose
(2018) and Bilgin & Onay (2019) from the Black Sea.

In conclusion, it has been historically determined
that the Anchovy exhibited positive allometric growth in
the mid-1985, isometric growth for next 15 years and
negative allometric growth after the 2000s. Namely,
historical evaluation of the b values has shown that
anchovy have become more elongated in recent years. The
obtained results on the WLRs parameters by fishing
seasons are expected to be helpful in support of sustainable
fisheries management of this key fish species in the Black
Sea, Turkey.
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Abstract: Fish are an important part of the diet of the local people in the coasts of the Black Sea.
The concentrations of three essential (Fe, Zn, Cu) and three non-essential (Pb, Hg, Cd) heavy
metals were determined in Rainbow trout from Samsun fish market. In the present study, the
maximum amounts of the toxic metals were 0.014 Pb mg kg wet wt., 0.024 Hg mg kg™ wet wt.
and 0.018 Cd mg kg wet wt. in the edible tissues of Rainbow trout. Maximum toxic heavy metal
values are quite below the permitted values set by the Turkish Food Codex (TFC) and European
Union legislation. Hazardous quotient (HQ) values showed that there was no apparent risk when
each metal was analysed individually. Moreover, hazard index (HI) was also found to be less than
1. From the results the HQ of the heavy metals indicated that all Rainbow trout individuals were
safe with no risk to consumers from Samsun.
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Samsun Balik Pazarlarindan Gokkusag1 Alabahg: Tiiketimi ile Agir
Metallerin Insan Saghg Risk Degerlendirmesi
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Oz: Baliklar Karadeniz kiyilarinda halkin beslenmesinin énemli bir parcasidir. Canlilar igin ii¢
esansiyel (Fe, Zn, Cu) ve {i¢ esansiyel olmayan (Pb, Hg, Cd) agir metal konsantrasyonlar1 Samsun
balik pazarindan alman Gokkusagi alabaliklarinda belirlenmistir. Bu ¢aligmada Gokkusagi
alabaliginin yenilebilir dokularinda tespit edilen toksik metallerin maksimum miktarlari, 0,014
Pb mg kg yas agirlik, 0,024 Hg mg kg yas agirlik ve 0,018 Cd mg kg yas agirlik olarak
bulunmustur. Maksimum toksik agir metal degerleri, Tiirk Gida Kodeksi (TGK) ve Avrupa
Birligi mevzuati tarafindan izin verilen degerlerin olduk¢a altindadir. Tehlikeli katsay1r (TK)
degerleri, her metal i¢in ayr1 ayr1 analiz edildiginde belirgin bir riskin olmadigini gdstermistir.
Ayrica, tehlike indeksi (TI) de 1'den az bulunmustur. Sonuglardan, agir metallerin TI’si tiim
Gokkusagi alabalig tiiketiciler i¢in higbir risk olmaksizin giivenli oldugunu gostermistir.

Anahtar kelimeler: Agir metaller, Gokkusag1 alabaligi, Samsun, tehlike indeksi, tehlikeli
katsay1.
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INTRODUCTION

There is increasing attention to detect heavy metal
contamination in fish today (Bat & Arici, 2018). Essential
metals are beneficial for humans, but non-essential heavy
metals are extremely harmful. Intake of fish is one of the
main pathways of heavy metal toxicity to people. Heavy
metals are known the most marked forms of contamination
in the marine ecosystem. This is since heavy metals are not
simply biodegradable and as a consequence can be
accumulated in human vital organs. This can cause serious
illnesses and even deaths (Bat et al., 1999).

Fish is accepted necessary to a healthy diet
because it has quality protein, high content of omega-3
polyunsaturated fatty acids, providing vitamins and a wide
range of nutrients (De Lorgeril et al., 1994). Rainbow trout
are very delicious and popular fish and are frequently
consumed in Samsun, but information on the health risks
of the heavy metals is rare. The hazard quotient (HQ),
which is a ratio of determined amount of a contaminant to
the reference dose level. If the ratio is less than 1, there
will not be any explicit risk. On the other hand, an exposed
people will lifetime health risks if the amount is equal to or
higher than the reference dose (EFSA, 2010; European
Food Safety Authority, 2012; EFSA, 2012; EFSA, 2014;
EFSA, 2015). Risk estimation method was applied in the
present study. The main objective of this study is to
estimate the health risks of heavy metals, such as Fe, Zn,
Cu, Pb, Cd and Hg via consumption of Rainbow trout to
the people in Samsun using the HQ estimates.

MATERIAL AND METHOD

The origin of fresh samples (Oncorhynchus
mykiss Walbaum, 1792) was fish markets of Samsun Balik
Hali (Fishing Store). Rainbow trout samples collected
randomly from different fish markets in 2017. A total of 20
Rainbow trout individuals were purchased as fresh. To
obtain three homogeneous samples of each individuals for
metal analysis, a portion of muscle tissue was taken from
the dorsal muscles according to the process described by
Bernhard (1976). Analyses was replicated three times.
Concentrations were calculated on a wet weight basis.

Metal analysis in fish was performed using m-
AOAC 999.10- ICP/MS (Inductively Coupled Plasma —
Mass Spectrometer) method by accredited Environment
Industrial Analysis Laboratory Services Trade Company
(TURKAK Test TS EN ISO IEC 17025 AB-0364-T). EN
15763 European Standard methods was applied. The
sensitivity of the method was determined according to the
detection limits established for the ICP/MS, which were <
0.001 pg/L for Fe, Pb and Cd, < 0.01 Zn and Hg and <
0.0001 pg/L for Cu.
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Health risk calculation

Estimated Daily Intake (EDI): For the EDI the
average metal content in each individual was calculated
and multiplied by the respective consumption rate. EDI
was determined by the following equation (1):

(1) EDI = C (Metal amounts) X W (fish intake) / BOdy
Weight (70 kg for adults)

Where,

C (Metal amountsy = Heavy metal concentration in
Rainbow trout (mg/kg); W isn intakey = Daily intake of fish
(kg person-day* wet wt.).

The average daily fish intake rate is 15 g in 2017
(TUIK, 2019).

Hazardous Quotient (HQ) and Hazard Index
(H1): In this study a value of intake of these heavy metals
in Rainbow trout was calculated to estimate the risk to
human health via consumption. Hazardous Quotient (HQ)
for people through the consumption of contaminated
Rainbow trout was assessed by the ratio of EDI to the oral
reference dose (Rf. D, mg/kg/day) for each metal. An
estimate of risk to HQ through consumption of metal
contaminated fish was calculated by the following equation
(2):

(2) HQ=EDI/Rf. D.

Oral reference doses (Rf. D.) mg kg* day™* for Fe,
Zn, Cu, Pb, Cd and Hg are 0.7, 0.3, 0.04, 0.004, 0.001 and
0.0005 mg/kg/day, respectively (The Risk Assessment
Information System, 2019).

The HI is the sum of the HQs for all heavy metals,
which was calculated by the equation (3):

(3) HI=XHQs= HQ(re) + HQ (zn) + HQ(cyy) + HQ(pp)
+ HQ(co) + HQ(rg)

If the HI value is less than 1, the local consumers
exposed are said to be safe, if HI is equal to or higher than
1, it is considered unsafe for people's health, so potential
health risk and related treatments and preventive measures
should be taken.

Statistical analysis: Statistical significance of
means was computed using one-way ANOVA and Duncan
multiple range test were used to calculate the significant
difference in the concentrations of studied metals, with a
significance level of P < 0.05. Statistical analysis of data
was performed by IBM SPSS 21.

RESULTS

Fe, Zn and Cu are essential heavy metals which
may exert toxicity at high concentrations. Non-essential
heavy metals such as Pb, Hg and Cd, have no biological
functions and their intake can lead to adverse health effects
(Bat, 2014; Bat, 2017). Results of the present study on
heavy metals (Fe, Zn, Cu, Pb, Cd and Hg) in Rainbow trout
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from Samsun fish markets are given in Figure 1. Pb, Hg
and Cd levels were below the limit of quantitation values

mg / kg wet wt.

Fe Cu

kg wet wt.

mg/

0.16 7
0.14 4
0.12 4
0.1+
0.08 -
0.06 1
0.04 ~
0.02 4
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in some samples of Rainbow trout individuals. However,
the mean values for each metal were given in Figure 1.

Pb

Figure 1. Fe, Zn, Cu, Pb, Hg and Cd levels in Rainbow trout from Samsun fish markets in 2017.

Currently, limit values permitted by international
(EU) and national (Turkish Food Codex) organizations
(European Commission, 2006; Turkish Food Codex, 2008)
are not available for essential heavy metals (Bat et al.,
2020). In the present study maximum non-essential heavy
metal values determined in Rainbow trout are clearly
below the permitted values set by the TFC and EU
legislations. The maximum amounts set by the EC
Regulation and TFC for Pb, Hg and Cd in Rainbow trout
are 0.3, 0.50 and 0.050 mg/kg™ wet wt., respectively
(Turkish Food Codex (TFC) No. 2008/26; Commission
Regulation (EC) No. 1881/2006). The maximum amounts
of the present study were 0.014 Pb mg kg™ wet wt., 0.024
Hg mg kg* wet wt. and 0.018 Cd mg kg wet wt. in the
edible tissues of Rainbow trout.

The low metals levels obtained for Rainbow trout
in this study are in good agreement with previous studies
from Sinop fish markets (Bat et al., 2018), from the
Karakaya Dam Reservoir on the Firat River in eastern

Anatolia (Varol et al., 2017) and from the Firtina and
Gtineysu Rivers (Dizman et al., 2017).

The estimated exposure to studied heavy metals
due to the Rainbow trout consumption was calculated,
considering the mean values of this study and an average
Turkish consumer (70 kg) in the year 2017 as a reference;
it must be considered that the consumption of fish in
Turkey is 17 g per day. Estimated daily intakes of heavy
metals through the consumption of fish in the present study
was less than tolerable daily intake limit set by the US-
EPA, IRIS (2013). In the current study, the highest EDI
was found as Fe. This was followed by Zn, Cu, Pb, Hg and
Cd. HQ was calculated for each metal. HQ values were
calculated on the basis of the oral reference dose, there was
no apparent risk when each metal was analysed
individually. Its sum (HI) was also found to be less than 1,
which means that consuming fish is not harmful to human
health.

Table 1. People health risk parameters in Rainbow trout from Samsun fish markets.

Heavy metals

Health Risks Fe zn Cu Pb Hg Cd
EDIs 6.64 x 10°° 471x10° 1.5x10% 3x10° 5.1x10° 3.9x10°
HQs 9.48 x 10°° 1.57 x 10?2 3.75 x 102 75x10° 1.03 x 1072 3.86 x 10°°
HI 8.43x 1072

The finding of the present study regarding HQs
and HI showed that the consumption of Rainbow trout
from Samsun fish markets was free of health risks. Regular
monitoring of heavy metal contamination in seafood is
necessary in order to reduce the health risk. Rainbow trout
is one of the most widely and most frequently consumed
fish. Thus, popular fish, such as Rainbow trout, can be used
for biomonitoring the marine contamination.

According to the results of the present study and
Turkish and EU legislations, the contribution of Fe, Zn, Cu,
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Pb, Hg and Cd through Rainbow trout to the Turkish diet
does not hazard a risk to the consumer from Samsun.
CONCLUSION

Average concentrations of essential and toxic
metals in Rainbow trout were negligible. These values
were far below the limit levels set by the TFC and EU
Regulations. As a conclusion the contribution studied
heavy metals through Rainbow trout to the Turkish diet
does not pose a risk to the consumer, according to national
and international legislations.
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Oz: Su iiriinleri yetistiriciliginde en 6nemli kriterlerin basinda, yemden maksimum yararlanma

ve yem masrafini minimize etme gelmektedir. Yemden yararlanmayi etkili kilacak en dnemli

* ¢ https://orcid.org/0000-0003-2591-0310 faktorlerinden biri yem iiretimi ve depolanma sartlaridir. Yemin en uygun ortamda saklanarak
¢ https://orcid.ora/0000-0002-2074-4985 olas1 oksidasyon gibi durumlarin 6niine gegilmesi énemlidir. Yemlerde oksidasyon hesaplanirken
totoks degeri kullanilmaktadir. Totoks degeri de 6lgiilen peroksit sayist ve p-anisidin degerlerinin

formiilasyonda yerine konulmasiyla elde edilmektedir. Bu caligmada, iki farkli depolama

kosulunda +4 °C ve oda sicakliginda (+24 °C). Deniz levregi ve ¢ipura yemindeki totoks degeri

45 giin boyunca takip edilmesi ve balik icin verilip verilmeyeceginin tespiti amaglanmigtir

Baslangigta, 24 °C ve +4 °C’de peroksit sayisi sirasiyla 5,94+0.40 ve 6,83+1.23; p-anisidin

degerleri 6,21+0.22 ve 6,42+0.47; totoks degerleri ise 18,09+0.82 ve 20,08+2.98; 45. Giin

;Sn‘(’j":':‘:‘(l[‘]‘};‘ll;}&“ sonunda ise 24 °C ve +4 °C’de peroksit sayisi sirasiyla 8,86+0.95 ve 4,91+0.17; p-anisidin
Wil 12 (e Oiniemsiios, S degerleri 7,23+£1.22 ve 8,08+1.23; totoks degerleri ise 24,94+1.30 ve 17,89+0.33 olarak tespit
Uriinleri Fakiiltesi, Su Uriinleri Yetistiriciligi, edilmistir. Totoks degerinin sinir deger olarak kabul edilen 25’in iizerinde goériilmesi bozulma
%‘{Ela/gﬁrk_iﬁg_-_ g gostergesi olarak kabul edilebilir. Sonug olarak balik yemlerinde ilk 30 giinliik siirede +24°C
Cebizleef?r/:u :|r+|gn0@i)5r2;).e3£tg7 8 51"ca}<11kfa veya +4 °C’de depolanmas1“ara.:smda oksidasyon aglszndan onemli bir fark olmadig1
Faks - 490 (252) 211 18 86 gOriilmiistlir. Bununla beraber, 45 giinlik depolamada +4°C’de saklanan yemlerde totoks

degerlerinin daha az okside oldugu tespit edilmistir (p<0.05).

Anahtar kelimeler: Balik yemi, depolama, peroksit degeri, p-anisidin degeri.

A Study on the Time-Dependent Change of Totox Values in Feeds of Marine Fish

Abstract: The most important factor in aquaculture is the maximum utilization of feed and also
the minimum costs. Among the important factors on the utilization of feed is the production of
feed processes and storage conditions. By ensuring that the feed is stored under the best
conditions, it will be helped to prevent oxidation. The totox value is one of the values which
express the calculated amount of oxidation in the feed. It could be obtained by substituting the
measured peroxide amount and p-anisidine values in a formula. The aim of this study, to obtain
the totox values in the feed of European sea bass and sea bream species. The feeds were stored
under two different storage temperatures (at +4°C and + 24°C) for 45 days. In the beginning, the
values of peroxides at 24 °C and + 4°C was obtained as 5.94 £ 0.40 and 6.83 = 1.23, respectively;
p-anisidine values were 6.21 +0.22 and 6.42 + 0.47; totox values were 18.09 +0.82 and 20.08 +

*Corresponding author’s:

Onder YILDIRIM 2.98. At the end of the storage days (45th day), the values of peroxides at 24°C and + 4°C was
Mugla Sitk1 Kocman University, Faculty of calculated as 8.86 + 0.95 and 4.91 £ 0.17; p-anisidine values were 7.23 = 1.22 and 8.08 + 1.23;
';Bijhe"izsv A_‘:g?‘{”"é)fev Muc?lat/Tﬁrkiye. totox values were found to be 24.94 + 1.30 and 17.89 + 0.33. As a result, there was no statistically
2 onderyildirim@mu.edu.tr H ' R H H H -
Mobile telephone : +90 (542) 321 07 48 significant difference in totox valuoes of feeds stored at different temperatures during th(i first 30
Fax - 490 (252) 211 18 86 days. However, feeds stored at +4°C showed less totox values (p <0.05) compare to 24°C at the

end of the trial (45 days).

Keywords: Fish feed, feed storage, peroxide value, p-anisidine value.
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GIRiS

FAO verilerine gore 2018 yilinda Diinya’da 82,1
milyon ton su driinleri yetistiriciligi gerceklestirilmistir
(algler, diger deniz canlilari harig). Yetistiricilik yoluyla elde
edilen tiretim miktarinin 51,3 milyon tonu i¢ sulardan, 30,8
milyon tonu ise denizlerde yapilan yetistiricilikten elde
edilmistir. Diinya capinda kisi basina yillik su iriinleri
tiiketim miktari ortalama 20,5 kg’dir (FAO, 2020).

Tiirkiye’de su iiriinleri yetistiriciligi giderek artis
gostermektedir. Yaklasgik son yirmi yillik gelisimine
bakildiginda, 2000 yilinda 79.031 ton, 2005 yilinda 118.277
ton, 2010 yilinda 167.141 ton ve 2019 yilinda 373.356 ton
su iirtinleri yetistiriciliginden iiretim gerceklesmistir. 2019
yilinda en fazla yetistirilen tiirler ise 137.419 ton ile Akdeniz
deniz levregi, 123.089 ton ile Gokkusagi alabaligt ve 99,730
ton ile ¢ipura olmustur (TUIK, 2020). Tiirkiye, Avrupa deniz
levreginde ¢ipura yetistiriciliginde lideri
konumundadir.

Diinya’da yem tretimi 2018 yilinda 1,103 milyar
ton olarak tespit edilmis olup, bunun i¢inde ise 40,1 milyon
tonluk su iirlinleri yemi de bulunmaktadir (Alltech, 2019).

ve diinya

Tirkiye’de balik yetistiriciliginin saglanmast i¢in 2018
yilinda 446 bin ton balik yemi {iretimi ger¢eklesmistir
(Turkiyembir, 2019). Su iriinleri yetistiriciliginin temel
esaslarindan biriside yem masrafini minimize etmek ve
yemden maksimum olarak yararlanmaktir.
yararlanmay1 etkili kilacak en 6nemli faktorlerinden biri
yemin lretim sirasinda siirekli olarak temini ve depolanma
sartlaridir. Arastiricilar yem maliyetini azaltmak i¢in farkli
hammadde arayiglarimi siirdiirmektedir (Ariman Karabulut
vd., 2016). Yem, en uygun ortamda saklanarak meydana
gelecek bozulmalar ve oksidasyon gibi durumlarin 6niine
gecilmelidir. Yaglar, depolanma siiresince oksijen, metal
iyonlari, sicaklik, 1s1k gibi fiziksel ve kimyasal faktorlerin
etkileriyle bozulabilirler (Erciyes Uni. Gida Miih., 2019).
Ayrica, oksijen, doymamis yag asitlerini parcalayarak daha
kiiciik molekillii yag asitlerinin meydana gelmesine de
neden olur. Yaglarin oksidasyon diizeyini saptamak igin,
birincil oksidasyon iirlinleri hidroperoksidazlar peroksit

Yemden

sayist yontemiyle hesaplanir kullanilan en yaygin ve eski
metottur (Frankel, 2005).

Anisidin degerinin Ol¢ililmesi yaglardaki ikincil
oksidasyon {irlinlerinin saptanmasi yoluyla olmaktadir.
Metot spesifik olmayan ikincil oksidasyon iiriinlerinin ya da
ucucu olmayan karbonil bilesiklerinin tahmini ile saptanir.
Bu bilesikler hidroperoksitlerden dekompoze olmuslardir ve
genelde aldehitleri igerirler. Farkli iki aldehit olan 2-
alkenaller ve 2.4-dienallerin anisidin degeri iizerinde biiyiik
etkisi vardir (AOCS, 1990). Diger sonradan yapilan
caligmalara goére ise bu metodun ikincil oksidasyon
driinlerini tam yansitamayabilecegi bildirilmistir (Frankel,
2005; Olsen, 2005). Bilimsel olarak hangi bilesigin anisidin
degerinde kullanilacagi tam olarak saptanamamistir
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(Frankel, 2005). Anisidin degeri taze islenmis yaglarin
depolanmadaki stabilitesi tahmininde yaklasik bir Olcii
olarak kullanilabilir (Frankel, 2005; Kasbo,2011). Yukarda
aciklandig1 yaglarda oksidasyon seviyesinin
belirlenmesi kalite agisindan olduk¢a kritiktir. Bunlari
belirlemek i¢in bir dizi test mevcuttur. Peroksit sayisi lipid
oksidasyonunda ilk {iriinleri saptamaya yararken, p-anisidin
ise ikincil {driinlerin (aldehit ve ketonlar) o6lglimiinii
yapmaktadir. GOED (EPA ve DHA igeren firiinlere iligkin
kurulmus, uluslararast birlik), yaglarin kritik smurlarini
strastyla; peroksit sayisi i¢in <5 mEq/kg ve anisidin degeri
icin <20 ve totoks degeri i¢in <26 olarak bildirmistir (Kasbo,
2011). Lipid oksidasyonu ardigik bir siiregtir. Peroksit

lzere

degerinin artigini, anisidin degeri artig1 takip eder. Ayni
yagdaki oksidasyon iiriinlerin maksimum diizeyini bulmak
icin de toplam oksidasyon (totoks) degeri kurulmustur
(FAO/WHO codex alimentarius Commission, 2015;
Kasmiran, 2016).

Isletmelerde yapilan gériismeler sonunda, balik
yemlerinde yag orani, gokkusagi alabaligi yemlerinde yavru
balik i¢in ortalama %10-16 arasinda, biiylitme yemlerinde
%16-20 oraninda, Avrupa levreginde yavru
yemlerinde %14-16, biiylitme yemlerinde %18-24 arasinda
ve ¢ipura yavru yemlerinde %14-16, biiylitme doneminde
yaklasik %18-24 arasinda degismektedir. Yine isletmelerle

deniz

yaptigimiz goriigmeler neticesinde, yemin tesise girdikten
sonra kis aylarinda en ge¢ 60 giin, yaz aylarinda ise 45 gilin
icinde tiiketildikleri, daha uzun depolanma siireglerine
maruz kalmadiklari bilgisine ulagilmustir.

Totoks Degeri: Yenilebilen
degerlerini saptamak i¢in 6nemli bir degerdir. Peroksit ve p-

yaglarin  kalite

anisidin degeri ile bulunur.

Totoks Degeri= 2 X Peroksit Sayis1 + p-anisidin
degeri.

Totoks degeri, {irliniin anlik durumunu (peroksit
sayisint kullanarak) ve ge¢misini (anisidin degeri) dikkate
almaktadir. Buna gore totoks degerindeki farklar ayr1 ayri
degerlere gore daha biiylik bir 6nem arz etmektedir. Bu
yontem dnceden beri bilinmesine ragmen yaglarda herhangi
bir limit ya da resmi standart kalite kriteri bulunmamaktadir.
Iyi rafine yaglarda anisidin degeri igin 10 limit degeri kural
olarak kullanilmaktadir. Frankel, (2005)’e gore anisidin
degerinin iyi kaliteli yaglarda 4’iin altinda olmasini tavsiye
etmistir. German Society for Fat Sciences (DGF) ise rafine
ve islenmemis yaglarda totoks degerinin 20’den az olmasini
tavsiye etmektedir.

Oksidasyon diizeyi iki biiylik endiistriyel standartla
ayrilir, peroksit sayisi hidroperoksit seviyesini Olgerken,
anisidin degeri ise ikincil oksidasyon diizeyini 6l¢mektedir.
iki dl¢iimiin beraber yapilmasi ve formiile uygulanmast ile
de totoks diizeyi ortaya g¢ikar ve oksidasyon seviyesi
belirlenir. Maksimum diizeyler bir¢ok c¢aligmaya gore
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Peroksit diizeyi icin 5 meq/kg, Anisidin i¢in 20 ve totoks i¢in
de 26’dir (FAO/WHO Codex Alimentarius Commission,
2015)

Bu calismada yemlerde oksidasyon diizeyinin
tespiti i¢in dnemli olan peroksit ve p-anisidin degerleri iki
farkli sicaklikta saklanan yemlerde 45 giinliik siirecte
hesaplanmis ve buna gore totoks degeri belirlenmistir. Bu
aragtirmada, Avrupa deniz levregi ve ¢ipura yemlerinde
sicakliga ve siireye bagli olarak elde edilen totoks
degerlerinin  kabul edilebilir olmadig1 ortaya
konmustur.

olup

MATERYAL VE METOT

Bu aragtirmada, iki farkli depolamada kosulunda
+4°C ve oda sicakliginda (+24°C) saklanan yemlerde totoks
degeri hesaplanarak yemin ne kadar siire depolanarak
kullanilabilecegine ulasilmaya g¢alisilmistir. Calismada bir
toprak havuz isletmesinde kullanilan 4mm Cipura/Levrek
tam biiylitme yemleri kullanilmigtir. Yem ¢uvalinin agildigt
giin, 0. giin olarak kabul edilmis ve 15 giinliik periyotlarda
her iki yem grubunda peroksit sayis1 ve p-anisidin degeri
Olciilerek totoks degeri hesaplanmistir. Yemler her grupta
agzi kapali olan 1 kg’lik kaplarda saklanmis ve dig ortamla
olan hava temasi engellenmistir. Yemin besinsel igerigi
Tablo 1’de verilmistir.

Tablo 1. Yemin biyokimyasal kompozisyonu.
Table 1. Feed biochemical composition.

Kompozisyon %

Ham Protein 40
Ham Yag 24
Ham Seliiloz 2
Ham Kiil 8
Fosfor 0,90
Kalsiyum 1,5
Sodyum 0,30

Numune Hazirlanmasi: Oda sicakligi (+24°C) ve
+4°C’de muhafaza edilen numuneler 100 g tartilmistir.
Laboratuvar tipi 6giitiiciide ogiitiilen numunelere 100 ml
Petrol Eteri eklenmistir. Manyetik karistiricida yaklasik 5 dk
karigtirild1 ve karisimlar ¢eker ocak altinda kaba filtre kagidi
ile siiziildii. Siiziintiideki petrol eteri azot gazi altinda
ucurulup yag elde edilmistir.

Peroksit Sayist Tayini: Peroksit degeri AOCS
(2017a) metoduna gore tespit edilmistir. Peroksit sayisi
deodorizasyon igleminin etkin bir sekilde yapilip
yapilmadigini gosterir. Peroksit sayis1 oksidasyon derecesini
gosteren bir parametredir. Yaglarin bozulma (acilagma)
durumlarmin tespiti igin peroksit sayis1 tayini veya kreiss
testi uygulanir. Peroksit sayisi tayinin esasi, potasyum
iyodiiriin yagdaki peroksit oksijeni ile okside olarak iyodun
serbest hale gecmesi ve bu serbest haldeki iyodun da
tiyosiilfat ile titre edilerek miktariin bulunmasidir.
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Yemlerden elde edilen yagdan, erlenlere yaklasik 1
g tartilarark, lizerine sirasiyla 10 ml Kloroform, 15 ml
Glacial Asetik Asit ve 1 ml potasyum iyodiir ilave edilmistir.
Ornekler calkalamp agzi kapali sekilde 5dk karanlikta
bekletilmistir. Uzerine 75 ml saf su eklenerek, 1 ml Nisasta
¢ozeltisi ilave edilip 0,01 N tiyosiilfat ile donliim noktasina
kadar titre edilmistir. Asagidaki formiille peroksit sayisi
tespit edilmistir.

(V' =V )xNx1000

m
V: Titrasyonda sarfedilen sodyum tiyosiilfatin

miktari (ml)

Vbik: Kor titrasyon miktart (ml)

N: Sodyum tiyosiilfat ¢6zeltisinin normalitesi

m: Ornek miktar1 (g)

p-Anisidin Sayist Tayini: p-anisidin analizi ise
AOCS, (2017b) metoduna gore tespit edilmistir. Anisidin
degeri; 100 ml p-anisidin veya ¢oziicii ile 1 gram yagin
reaksiyonu sonucu 350 nm dalga boyunda olusan
absorbansin 100 kat1 olarak tanimlanir. Reaksiyon {iriinii
spektrofotometrede 6lgiiliir. Bu test yagda bulunan ikincil
par¢alanma {riinlerinden aldehitlerin  6zellikle de 2
alkenallerin miktarin1 belirler. p-Anisidin Degeri (AV);
okside olmus bir yagda peroksitler daha ileri safhalarda
karbonil gibi dekompoze olmus ikincil tiirlere donisiirler.
Anisidin degeri yiiksek molekiil agirlikli bu karbonil
bilesiklerini (aldehitler,2-alkenlervs.) ifade eder. Maksimum
degeri 20 meq/kg olmalidir (National Research Council,
2002).

Peroksit sayist (PV) =

Elde edilen yagdan 25 ml’lik falkonlara yaklasik
0,5 g tartildi. Uzerine 10 ml izooktan eklendi ve karistirildi.
Bu ¢ozeltiden 2,5 ml alinip tizerine 0.5 ml p-Anisidin
¢oOzeltisi eklendi ve 10 dk bekletildi. Blank olarak 2,5 ml
izooktan ve 0.5 ml p-Anisidin ¢6zeltisi karigtinhip 10 dk
bekletildi. 350 nm dalga boyunda okutuldu. Elde edilen
degerler asagidaki formiilasyonda yerine konuldu.

(1.2.x (As — Ab) x 10
m

P — Anisidin sayist (PaV) =

As = yag cozeltisinin p-anisidin ile reaksiyonu
sonras1 absorbans degeri

Ab = yag ¢Ozeltisinin absorbansi

m = 0rnek miktari, g

Oksidasyon sonucunda peroksitler, aldehitler ve
ketonlar olusurken bunlarin toplam degeri de totoks (toplam
oksidasyon) degerini vermektedir ve CRN (The Council for
Responsible Nutrition, Uluslararas1 Beslenme Konseyi)
tarafindan belirlenmis ve kullanilmakta olan bir standart
Olcti birimidir. Totoks degeri asagida verilen formiille
hesaplanabilir;
Totox Degeri = 2(PV) + (pAV)
PV: Peroksit Degeri;

AV: p-anisidin degeri (aldehitler, ketonlar).
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Istatistiksel Analizler: Deneme gruplarina ait karsilastirma, peroksit, p-anisidin ve totoks degerleri Tablo
analizlerden elde edilen sonuglar arasindaki farklarin 2’°de verilmistir.
istatistiksel olarak oOnemli olup olmadigi “SPSS for Buzdolabi sartlarinda (+4°C) depolanan 6rneklerde ise 0. ve
Windows 22.0” programu ile tek yonli ANOVA analizi 30. giindeki peroksit Olglimlerinin 15. ve 45. giindeki
yapilarak test edilmis olup ortalamalar arasindaki farkliliklar 6lgiimlerden farkli oldugu (p<0,05); p-anisidin degerlerinde
Tukey testi ile karsilastirilmistir. +4°C’de sadece 30. giinde farklilik oldugu, bununla birlikte
totoks degerlerine bakildiginda 45 giinliik siirede elde edilen
BULGULAR degerler arasinda istatistiksel olarak 6nemli bir fark olmadig1

belirlenmistir (p>0,05).
Analiz sonuglar1 incelendiginde oda sicakliginda (+24°C) Giin bazindan (24°C ve 4°C arasindaki farklar) bakildiginda

depolanan oOrneklerin 45 giinliik depolama siiresince p- peroksit sayisinda 15. ve 45. giinde farklilik oldugu, p-
anisidin degerlerinin istatistiksel olarak farkli olmadigy, anisidin degerinin 30. giinde farkli oldugu ve bununla
bununla beraber peroksit degerlerine bakildiginda 45. birlikte totoks degeri incelendiginde sadece 45. giindeki
giindeki 6l¢iimiin 6nemli bir fark olusturdugu goériilmektedir stirede anlamli bir fark oldugu goriilmektedir (p<0,05).

(p<0,05). Depolama siireleri arasindaki istatistiksel

Tablo 2. Depolama siireleri arasindaki istatistiksel kargilagtirma.
Table 2. Statistical comparison between storage times.

Giinl Peroksit sayis1 (meqO-/kg) P-anisidin (meqO,/kg) Totoks degeri (meqO-/kg)
amer 124°C 2°C 124°C 2°C +24°C +2°C
0.Giin 5,940,407 6,83+1,26% 6,21+0,02° 6,42+0,47% 18,09:0,82° 20,08+2,982
15.Giin 5,64+0,58? 4,610,26" 7,2040,408 8,130,092 18,49+1,39? 17,35+0,56
30.Giin 6,54+1,04% 6,07+0,69° 6,15+1,26 5,38+0,45" 19,38+1,66° 16,77+0,132
45.Giin 8,86+0,95¢ 4,91+0,07° 7,23+1,222 8,08+0,232 24,94+1,30° 17,890,332

Her deger; ortalama + standart sapmay1 ifade etmektedir. Ayni siitunda farkli tist simge olarak harflerle ifade edilen degerler istatistiksel olarak birbirinden farklidir (p<0,05).

TARTISMA VE SONUC Yaglarin oksidasyonu zamanla o6lgiildiigiinde

peroksit sayisi arttiktan sonra zamanla diismekte, anisidin

Balik yaglarinda yiiksek seviyede bulunan degeri bir siire durduktan sonra yiikselmekte, totoks degeri

PUFA’larin oksidasyona karsi korunmasi yemlerin daha ise yiikselen bir grafik sergilemektedir (Kasmiran, 2016).

uzun bozulmadan dayanabilmesi ve siirdiiriilebilir olmasi Sekil 1’de +24°C sicakliginda, Sekil 2°de ise buzdolabi

icin gerekmektedir. Balik yaglarinda bulunan PUFA’lar sartlarinda (+4°C), peroksit, anisidin ve totoks degerlerinin
hayvansal yaglarda bulunan MUFA ’lara gore oksidasyona zamanla dagilimi gosterilmektedir.

kars1 daha hassastir. Yag oksidasyonu, oksijen de eklendigi
bir dizi istenmeyen kimyasal reaksiyonlar serisidir ve 30 -

hidrojenler de elektronlar da yaglarin kalitesini gn st Peroksit Anisidin Totoks
diistirmektedirler. Oksidasyon sonucunda tatta bozulmalar E
ve acilagsmalar meydana gelmektedir. EK olarak yemlerin § 20
fiziksel kalitesi, ornegin renk, koku gibi ozellikleri ve = 15 -
besinsel kompozisyon kalitesi de oksidasyon yiiziinden T% 10 -
diisebilmektedir (Kasmiran, 2016). e et
Lipid oksidasyonu serbest radikallerin yikim % 5
reaksiyonlart olup bircok mekanizma tarafindan & 0 . . .
tetiklenmektedir bunlar da, tekli oksijen ya da peroksit 0 15 30 45
radikalleri, oksijen ve 151k kaynaklari, demir gibi G
maddelerdir. Lipid oksidasyonun baliktaki birgok énemli Sekil 1. +24°C sicaklikta zamana gbre peroksit, p-anisidin ve
tetikleyicisi olup bunlar da hemoglobindeki demir ve siire¢ totoks konsantrasyonlarin dagilimt. L
Figure 1. Distribution of peroxide, p-anisidine and totox
sirasindaki sicaklik ve oksijen varligidir. Lipid oksidasyon concentrations by time at +24°C.
uriinleri sadece kotii tat ve kokunun disinda, sitotoksik ve
genetoksik etkilerde de bulunabilirler. Bu maddelerin Yang vd. (2014), 4 haftalik deneme boyunca
emilimi diisik yogunluklu lipoprotein sitotoksitesine, okside balik yagmin etkilerinin bilyiime performanst ve
atherogenesis ve atherosiklerosisine neden olabilir bu da oksidatif stres agisindan etkilerini Litopenaeus vannamel
Karacigerde besin yonlii toksisiteden dolayr bityiimeye iizerinde ¢alismis ve 5 farkli diizeylerde okside olmus (0,
25,50, 75 vel00 g/kg) 5 farkli yemle ayni oranda
neden olmaktadir (Kasbo, 2011). beslemislerdir. Calisma sonuglarina gore 50,75 ve 100 g/kg

okside olan yemlerle beslenen gruplarda viicut agirlik

267



Yildirim & Cantag, 5(2), 264-269, (2020)

artisinin  ve spesifik bilylime oraninin disiik oldugu,
hepatosomatik indeksin arttigi, toplam antioksidan
kapasitesi gruplarda kontrol grubuna gore diisiik oldugu
gbzlenmis bunlarin da artan oksidasyon oranlariyla iliskili
oldugu diistiniilmektedir.

25 -
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Sekil 2. Buzdolabi sartlarinda (+4°C) zamana bagli peroksit, p-
anisidin ve totoks konsantrasyonlarin degigimi.

Figure 2. Change of time dependent peroxide, p-anisidine and
totox concentrations in refrigerator conditions (+4°C).

Chen vd. (2012), farkli oranlarda okside olmus
(11,5 meg/kg, 132 meqg/kg, 277 meqg/kg ve 555 meqg/kg)
balik yagi iceren 4 isonitrojenik ve isolipidik yemin 12
hafta boyunca kullanilmasi sonunca baliklarin yaklasik
%9’unda dorsal, pektoral ve kuyruk yiizgeclerinde
hemorojilere rastlanmig ve ayrica okside yag tiiketimi
sonucu olarak da plazma, karaciger ve dokularda vitamin
E konsantrasyonlarin azaldig1 goriilmiistiir.

Yapilan diger bir ¢aligmada 61 giinliilk deneme
stiresince okside balik yagmin (0, 10, 20, 30, 40, 50 ve 60
g/kg yem) kedi balig: iizerinde (Leiocassis longirostris,
Giinther) sindirilebilirlik orani1 distiigli, kuru madde,
protein ve yag orant, bilylime performansini etkilemedigi,
1. ve 2. bolgede renklenmeyi etkilemezken 3. bolgede
diistis goruldigi, okside yagin 3. bolgede melanin
miktarmi arttirdigl, serumdaki TBA ve reaktiflerinin
karaciger ve kaslarda bir etkisi olmadigi, kuyruk
bolgesinde renklenmenin diisiik oldugu melaninin pozitif
korelasyonda oldugu goriilmiistiir (Dong vd. 2011).

Solomon vd. (2016) tarafindan, yapilan ¢aligmada
3 farkli ticari yemde (Biri agzi tamamen agik, digeri
halkayla hava temas1 kesilmis ve oteki tamamen kapali
olarak yem) peroksit diizeylerine bakmustirlar. Sirastyla
peroksit sayilarini agz1 6nce agilip sonradan havayla temasi
kesilmis grupta yemlerde 16,09+3.48; 18,73+0.81;
20,88+2.76  bulmuslardir. Bu  degerler  bizim
caligmamizdaki peroksit sayis1 degerlerine gore yiiksektir.

Soydan ve Erdogan (2019) ¢aligmalarinda, hamsi
yaginda depolanma strasindaki oksidasyonu
gozlemlemisler, antioksidan takviyeli 6rnekler (B, C, D >
5 meq kg?), 45. giinde okside olmus, ancak kontrol ve A
grubu (300 mg propil gallat (PG)+10 mg biberiye ekstrakti

268

Anadolu Cev. ve Hay. Dergisi, Yil:5, N0:2, (264-269), 2020

(BE)/1000 mg) 75. giinde okside olmustur. Ilaveten totoks
degeri 90 giinliik depolama boyunca GOED (<26) limiti
altinda hesaplanmistir ve bizim ¢alismamizda da 45. giinde
benzer degerler bulunmus, bu agidan da benzerlik
gostermektedir.

Sonug olarak; balik yemlerinde ilk 30 giinliik
siirede +24°C sicakliginda veya +4°C’de depolanmasi
arasinda totoks degeri agisindan istatiksel 6nemli bir fark
ve sorun olmadigy; ancak, 45 giinliik depolamada +4°C’de
saklanan yemlerde oda sicakliginda (+24°C) saklanan
yemlere gore totoks degerlerinin daha diisiik oldugu
goriilmiistiir. Yemlerin ortam sicakligindaki, totoks iist
limit degerine bakildiginda belirgin dl¢iide yaklastigi (25),
fakat tavsiye edilen degeri asmadig1 goriilmiistiir. Ileriki
calismalarda, iki farkli sicaklikta depolanan yemlerdeki
totoks degerlerinin, baliklarin biliyiime parametrelerini,
hematolojik verileri nasil etkiledigi iizerinde durulmasi,
yetistiricilik uygulamalarina 11k tutacaktir.
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DUZELTME ERRATUM

DUZELTME

Anadolu Cevre ve Hayvancilik Bilimleri Dergisi, Cilt: 5, Sayr: 1 s: 100-105, Mart 2020 sayisinda yayilanan
“Gokkusagr Alabaligr (Oncorhynchus mykiss) Yavrularinda Gériilen Gaz Kabarcigi Hastaligi ve Tedavisi Uzerine Bir
Aragtirma” baglhikl 6zgiin makalenin atif yapmak i¢in bilgileri asagidaki gibi diizeltilmistir.

Bilgilerinize sunulur.

Anadolu Cevre ve Hayvancilik Bilimleri Dergisi Yayin Kurulu

ERRATUM

The order of how to cite of the manuscript entitled “A Study on Gas Bubble Disease and Treatment Observed in

Rainbow Trout (Oncorhynchus mykiss) Fry” published Journal of Anatolian Environmental and Animal Sciences Volume: 5,
Issue: 1 pp: 100-105, in March 2020, are corrected as follows.

It is kindly submitted to your information.

Journal of Anatolian Environmental and Animal Sciences Editorial Board.

Atf yapmak icin: Balta, F. & Dengiz Balta, Z. (2020). Gokkusag: Alabaligi (Oncorhynchus mykiss) Yavrularinda Gériilen Gaz Kabarcig Hastaligt ve
Tedavisi Uzerine Bir Arastirma. Anadolu Cev. ve Hay. Dergisi, 5(1), 100-105.

How to cite: Balta, F. & Dengiz Balta, Z. (2020). A Study on Gas Bubble Disease and Treatment Observed in Rainbow Trout (Oncorhynchus mykiss) Fry.
J. Anatolian Env. and Anim. Sciences, 5(1), 100-105.
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