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Optimization of hydrolyzation procedure for amino acid analysis in fish
meat with HPLC-DAD by Response Surface Methodology (RSM)
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Abstract: In this research, with the aim of maximizing amino acid content by different hydrolyzation procedures of fish meat were carried out and analysed
with high performance liquid chromatography (HPLC) equipped with diode array detector (DAD). Response surface methodology (RSM) was used to determine
factors that used in the experiments. The RSM suggested 16 different hydrolyzation trials between the ranges of normality as 3 N - 8 N, temperature as 90°C-
110°C and duration as 12-24 hours were run. In the following, hydrolysed samples were analysed with HPLC-DAD and obtained data were evaluated with
Box-Behnken method in RSM. Our results show that, the most effective experiment was found as hydrolysing by 3.79 N at 110°C in 24 hours for total amino
acid content as well as maximized essential amino acids with 0.981 desirability. For sensitive ones, hydrolysing in 3.42 N at 106.8°C in 12.02 hours was found
as most effective with maximized Asn, GIn and Trp with 0.849 desirability.

Keywords: Amino acid, Box-Behnken, seafood, pre-treatment, response surface methodology, hydrolyzation

0z: Bu galismada; diyot dedektdrii (DAD) donanimli yiiksek performansl likit kromatografi (HPLC) ile balik etinde gerceklestirilen amino asit analizinde, amino
asit miktarini maksimize etmek icin farkli hidrolizasyon prosediirleri gerceklestirilmistir. Deneylerde kullanilan faktorleri belirlemek icin yanit yiizey metodu
(RSM) kullaniimistir 16 adet farkli hidrolizasyon deneyi RSM ile kurulmus olup, 3N-8N arasindaki normalite degerleri, 90°C-110°C arasindaki sicaklik degerleri
ve 12-24 saat arasindaki siire degerleri dikkate alinmistir. Elde edilen hidrolizatlar HPLC-DAD ile analiz edilmis olup elde edilen veri RSM'deki Box-Behnken
metoduna gore degerlendirilmistir. Sonuglara gore; toplam ve esansiyel amino asitler igin en efektif hidrolizasyon metodu 3,29 normalitede, 110°C sicaklikta,
24 saat olarak belirlenmis olup istenilebilifik degeri 0,981 olarak tespit edilmistir. Hassas amino asitler igin ise; 3,42 normalitede, 106,8°C sicaklikta, 12,02
saat slire Asn, GIn ve Trp i¢in maksimum degerleri vermis olup istenilebilirlik degeri 0,849 olarak tespit edilmistir.

Anahtar kelimeler: Amino asit, Box-Behnken, su drtnleri, n islem, yanit ylizey metodu, hidrolizasyon

INTRODUCTION

Fish and other seafood are ideal food sources for a healthy
diet (Hosomi et al., 2012) with high composition of omega 3
fatty acids (Musarskaya et al., 2018), some beneficial nutrients
(Biesalski, 2005) low carbohydrate content (Krzynowek &
Murphy, 1987) and high quality proteins (Tahergorabi &
Hosseini, 2018). That protein content has biologically important
(Koksal & Ozel, 2008) and well-balanced amino acid
composition (Lund, 2013) as well as rich in terms of essential
amino acids (Cankiriligil & Berik, 2017) which are fundamental
for humans (Hou et al., 2015). Essential amino acids are plays

Considering these benefits, several studies that carried out
on amino acid composition of various fish species. Thus,
determination techniques of amino acids had gained
importance parallel with such studies with the aim of getting
more concise results. Despite the fact that, developing several
well-designed analyse methods as rapid and accurate, these
methods can be as good as the applied hydrolyzation
procedure of samples scarcely due to severe conditions of
hydrolyzation that caused degradation of amino acid content.
Conventional hydrolyzation procedures are based on the
digesting of fish meat with hydrochloric acid having high

such roles in metabolism just as protein synthesis, hormonal
secretions, gene expression and cell signalling (Wu, 2009).
Besides, non-essentials also contribute to body growth and
health (Wu et al., 2013) along with essentials ones.

normality at high temperature for hours in drying oven.
However, these factors affects each amino acids with different
ways and some of them can be degraded and should be well-
optimized.

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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The optimization of experimental design is very important
when the analytical procedures are developed and validated
(Vera et al., 2014). Response surface methodology (RSM) as
an optimization tool for analytical methods (Bezerra et al.,
2008) and using for optimization of all chemical and
biochemical processes (Bas & Boyaci, 2007). RSM is using an
empirical model building with considering relationships
between independent variables and data that obtained by
mathematical and statistical techniques from conducted
experiments (Alvarez, 2000; Said Mohamad & Mohamed Amin,
2015) which is much more time saving than conventional
designing methods (Widyaningsih et al., 2018). In this
research, RSM was used to specify optimum conditions for pre-
treatment of amino acid analysis. Before the applying RSM, the
experimental design should be specified by choosing the
factors that directly affect to responses (Hwang et al., 2016).

The aim of this study is to maximize essential amino acids
and reducing losses of non-essential amino acids with applying
different ranges of normality, temperature and duration times
in the hydrolyzation procedure of fish meat. Furthermore, the
composition of some vulnerable amino acids such as
tryptophan (Trp), glutamine (GIn), asparagine (Asn) are
decrease more than others when they exposed to high
temperature and low pH (Varlik et al., 2004) whereas causing
an increase on aspartic acid and glutamic acid (Dong et al.,
2005), inversely. Also, the optimum conditions for
aforementioned amino acids were determined. Ultimately, two
suggested hydrolyzation conditions by the RSM were
performed as pre-treatment for both essential amino acids and
vulnerable ones.

MATERIAL AND METHODS
Chemical, solutions and consumables

Hydrochloric acid fuming %37 (HCI), sodium phosphate
dibasic solution (NazHPOs), sodium hydroxide (NaOH),
methanol (MeOH; GC grade) and acetonitrile (ACN; GC grade)
were purchased from Merck. Borate buffer, o-phthalaldehyde
reagent (OPA), 9-fluorenylmethyl chloroformate reagent
(FMOC), amino acid standard solutions (mix of L-alanine, L-
arginine, L-aspartic acid, L-cystine, L-glutamic acid, glycine, L-
histidine hydrochloride monohydrate, L-isoleucine, L-leucine,
L-lysine hydrochloride, L-methionine, L-phenylalanine, L-
proline, L-serine, L-threonine, L-tyrosine, L-valine stored in
0.1N HCI with different dosages as 1nmol, 250pmol, 100pmol,
25pmol and 10pmol) and extended amino acid standards for
sensitive ones such as L-glutamine, L-asparagine, L-
tryptophan and L-4-hydroxyprolin in the form of powder were
obtained from Agilent Technologies. Water purified (18.1
megaohm purity) with Thermo Scientific Nanopure. Amino acid
column for HPLC system (Zorbax clip AAA, 5um, 4.6x150m),
1.5ml amber vials with politetrafloroetilen caps (PTFE) and
syringe filters (0.45um) were also purchased from Agilent
Technologies.

Fish material

In this research, rainbow trout (Oncorhynchus mykiss) was
preferred as fish material for the purpose of the amino acid
studies carried out with this species are very common and
discussion were done considering such studies. Trouts were
obtained from Central Fisheries Research Institute operated in
Trabzon, Turkey and 50 individuals which are 250 g each were
used. Firstly, trouts were washed and deskinned. Fillets were
homogenized with Stomacher 400 Circulator in 300 rpm and
samples were stored in +2°C for further stages.

Experimental design

In this study, the effects of three independent variables
such as normality, temperature and time on amino acid content
of fish meat were evaluated. Thus, the Box-Behnken analysis
of response surface methodology (RSM) was used for
experimental design. In this method, the most effective values
of factors affecting responses were determined for selected
responses. The maximum and minimum values of these
factors were determined according to preliminary results and
upper or lower values of these factors caused some false and
irregularities in amino acid analysis due to excessive or
insufficient hydrolysing. The values were coded as -1, 0 and +1
for minimum values, mean values and maximum values,
respectively (Table 1). In the values ranging 1 N- 3 N, 70°C-
90°C and 8-12 hours samples were not completely digested.
Above the 8 N, 110°C and 24 hours caused losses of some
amino acids completely. For this reason, the factors were
selected as normality ranging from 3 N to 8 N, temperature
ranging from 90°C to 110°C and duration ranging from 12 to
24 hours. Besides, content of total amino acids (TAA), total
essential amino acids (TEAA), threonine (Thr), valine (Val),
methionine (Met), phenylalanine (Phe), isoleucine (Iso),
leucine (Leu), lysine (Lys), tryptophan (Trp), asparagine (Asn),
aspartic acid (Asp), glutamine (GIn), glutamic acid (Glu), serine
(Ser), glycine (Gly), histidine (His), alanine (Ala), tyrosine (Tyr),
cysteine (Cys), hydroxyproline (Hyp) were selected as
responses individually. Thus, according to Box-Behnken
design, 16 experiments having differences in the combination
of these factors were determined. In the following, 1 gram of
homogenised fish meat and 10ml HCI which have different
normalities put on autoclave bottle enduring high temperature
and pressure were digested in drying oven in varied
temperatures and duration time in accordance with design
matrix. Box-Behnken design matrix of the dependent variables
was shown in Table 1. All experiments were replicated 3 times
(n=3).
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Table 1. Box-Behnken design matrix of pre-treatment of fish meat for
amino acid analyses

Design Temperature Normality Duration Responses
Order (°C) (N) (hour)
X! X2 X3 Y

1 -1 -1 0

2 1 -1 0

3 -1 1 0

4 1 1 0

5 -1 0 1

6 1 0 1

7 -1 0 1

8 1 0 1

9 0 -1 1

10 0 1 1

11 0 -1 1

12 0 1 1

13 0 0 0

14 0 0 0

15 -1 -1 1

16 1 1 1 -

*TAA, TEAA, Ala, Asn, Asp, Cys, GIn, Glu, Gly, His, Hyp, lle, Leu, Lys,
Met, Phe, Ser, Thr, Trp, Tyr, Val were selected as responses,
individually.

Amino acid analyses

Subsequent to hydrolysing procedure, obtained samples
were filtered by syringe filter (0.45um), diluted as 10-" with
purified water and finally they stored in 1.5ml amber vials
equipped with PTFE caps for the amino acid analysis. Amino
acid analyses were carried out with Agilent HPLC Infinity I
system equipped with diode array detector (DAD) and auto-
sampler. Amino acid analyses were done according to the
method of Henderson et al. (2000). In this method, 0.5uL
sample was drawn from vial with an automatic sampler and it
was derivatized with borate buffer, OPA and FMOC reagents.
Subsequent to derivatization, samples were injected to the
system individually. Separation of amino acids was carried out
by Zorbax Eclipse AAA amino acid column at 40°C in gradual
mobile phase which are mix of 40mM Na2HPOs (A) adjusted to
7.8 pH with 10N NaOH and MeOH:ACN:H20 (B) in the ratio of
45%:45%:10% with 2mL/min flow rate, approximately for 26
minutes. Gradient stages of mobile phase were applied as
A:100%, B:0%; A:43%, B:57%; A:0%, B:100%; A:0%, B:100%;
A:100%, B:0% in 1.9min, 18.1min, 18.6min, 22.3min, 23.2min,
respectively. Detection was done in two different wavelengths
in 338nm, 10nm bandwidth for OPA-amino acids and 262nm,
16nm bandwidth for FMOC-amino acids. All samples were
analysed for 3 times (n=3). Obtained results were calibrated
automatically and expressed as g/100g.

Data evaluation

Obtained results from amino acid analysis were written in
response column in Box-Behnken design matrix and evaluated
with Design Expert 7.16 software. All models were formulated
in compliance with results along with the significance of models
and lack of fit which were evaluated for all responses as TAA,
TEAA, Ala, Asn, Asp, Cys, GIn, Glu, Gly, His, Hyp, lle, Leu,
Lys, Met, Phe, Ser, Thr, Trp, Tyr and Val. Besides, along with
responses of TAA and TEAA, they were also evaluated with
the sum of mentioned amino acids. Finally, optimum values for
to get maximal total amino acid content as well as essential
amino acids and maximized vulnerable amino acids were
determined considering the results of 16 experiments. The
used functions of models were given below.

y =By +XB:X; (Linear model)
y = Bo + XBiX; + XBijXiX; (Two factor interaction model)

y = Bo + TBiX; + TP X:X; + ¥BX? (Quadratic model)

Where y is one of the responses, Bo is the regression
intercept, X symbols are independent variables, Siis coefficient
of the linear parameters, §jis coefficient of interaction between
factors, and i is the coefficient of the quadratic parameters
(Davarnejad et al., 2018; Nadarajan et al., 2018).

Differences among amino acid composition of all
experiments were determined by one-way analysis of variance
one-way ANOVA in SPSS 12 after testing the homogeneity of
the data (Levene test). Results were expressed as mean £SD
(n=9) and significance level was set as P<0.05 (Zar, 1999).

Achieved optimum values of factors for both total amino
acids and vulnerable ones were expressed as optimization 1
(01) and optimization 2 (O2), respectively. In the evaluation of
01, the essential amino acids except tryptophan were selected
as for getting maximum along with other amino acids. In the
second one (O2), an additional optimization procedure was
carried out for getting maximized some special amino acids
that show variations in quantity with high temperature and low
pH such as Trp, Asn, GIn. With these extreme conditions, Asn
and GIn can be transformed to Asp and Glu, respectively.
Therefore; Asp, Asn, Gln and Glu were evaluated separately
along with Trp which is amongst most vulnerable ones.
Ultimately, these two optimization procedures were applied as
17t and 18t experiments and amino acid composition of these
experiments was determined and compared to previous runs.

RESULTS AND DISCUSSION
According to experiments, linear model was applied for

TAA, TEAA, Glu, Ser, Gly, Thr, Tyr, Val, Met, Trp, Iso, Leu; two
factor interaction (2FI) model was applied for Asp, Asn, Gin,
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His, Ala, Lys; and quadratic model was applied Cys and Hyp. Among these models, linear models of TAA and TEAA

The final equations of coded factors for models are; were found significant with a very low pure error. Analysis of
variance for the responses of total amino acids and essential

TAA = 1176 + 3144 — 0.668 + 0.49C amino acids were shown in Table 2. The response surface

TEAA = 452 + 1.434 — 0.2B + 0.29C models of amino acids and essential amino acids were also

Asp = 1.03 + 0.344 — 0.4B + 0.036C — 0.294B — 0.045AC shown in Figure 1.

+ 0.21BC
Glu =1.64 +0.47A — 0.14B + 0.1C Total AA (g/100g)

Asn = 0.46 + 0.144 — 0.064B + 0.016C — 0.092AB — 0.039AC + 0.049BC

Ser = 1.08 + 0.194 + 0.013B + 0.014C

Gln = 0.44 + 0.214 — 0.065B8 + 0.040C — 0.124B — 0.054AC + 0.048BC

His = 0.38 + 0.034 — 0.06B + 0.009C — 0.0334B + 0.042AC + 0.042BC

Gly = 0.42 + 0.114 + 0.012B + 0.026C

Thr = 114 + 0.274 — 0.09B + 0.033C 1

Ala = 0.19 + 0.0714 — 0.024B + 0.012C — 0.043AB — 0.019AC Sy i
+0.021BC N m——"— RTRASE)

Tyr = 034 + 0.0134 + 0.12B + 0.041C .

Cys = 0.082 — 0.00644 — 0.0006B + 0.005C — 0.00054B + 0.011AC
+0.015BC — 0.0134% — 0.018B2 — 0.0052C?

Val = 0.46 + 0.24 + 0.0011B + 0.063C

Met = 0.41 + 0.154 — 0.014B + 0.031C

Trp = 0.28 — 0.0454 — 0.05B — 0.056C

Phe = 0.51 + 0.194 — 0.0032B + 0.05C

Iso = 0.35 + 0.194 + 0.0036B + 0.068C

Leu = 0.93 + 0.324 — 0.039B + 0.055C

Lys = 0.084 + 0.334 — 0.16B + 0.031C — 0.184B — 0.097AC + 0.092BC

_ 2 . i i i
Hyp =041 - 0.0124 + 0.06B + 0.021C + 0.064B + 0.026BC — 0.134 Figure 1. Response surface plots for total amino acids and essential
— 0.039B82 — 0.068C2 amino acids

B: Normalty (N)

Total AA (g/100g)

|

Total Essentials (g/100g)

Total Essentials (g/100g)
B: Normality (N)
{
¥

2

B:Normality (N) 9%~~~ 9% A Temperature (C) A Temperature (C)

Table 2. Analysis of variance for models of total amino acids and essential amino acids

Total AA. SS df MS F Value p-value

Linear Model 115.02 3 38.34 5.03 0.0143 significant
A:Temperature 112.54 1 112.54 14.76 0.0018

B:Normality 4.87 1 4.87 0.64 0.4377

C:Time 2.79 1 2.79 0.37 0.5552

Residual 106.75 14 7.63

Lack of Fit 106.75 13 8.21 2830.61 0.0147 significant
Pure Error 0.0029 1 0.00

Total E.AA. SS df MS F Value p-value

Linear Model 24.38 3 8.13 5.59 0.0099 significant
A:Temperature 23.42 1 23.42 16.1 0.0013

B:Normality 0.44 1 0.44 0.3 0.5906

C:Time 0.95 1 0.95 0.65 0.4329

Residual 20.37 14 145

Lack of Fit 20.37 13 1.57 7340.16 0.0091 significant
Pure Error 0.0002 1 0.0002

*SS: Sum of squares, df: Degrees of freedom, MS: Mean squares.
**Tryptophan was evaluated separately apart from the essential amino acids due to sensitive high temperature and low pH. (A.A.:
Amino acids, E.A.A.: Essential amino acids).

When the essential amino acids evaluated individually, all  the model's lack of fit was found as not significant. Analysis of
models except tryptophan were found significant. The linear  variance for the responses of some amino acids were shown
model of methionine was determined as significant, in spite of  in Table 3.
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Table 3. Analysis of variance for some models of amino acids

Response SS df MS F Value p-value
THR (Linear model) 0.86 3 0.29 3.41 0.0474 significant
Lack of Fit 1.17 13 0.090 296.10 0.0455 significant
VAL (Linear model) 0.51 3 0.17 7.99 0.0024 significant
Lack of Fit 0.30 13 0.023 348.25 0.0419 significant
MET (Linear model) 0.28 3 0.095 6.37 0.0060 significant
Lack of Fit 0.21 13 0.016 100.82 0.0778 not significant
PHE (Linear model) 0.45 3 0.15 5.62 0.0097 significant
Lack of Fit 0.37 13 0.029 306.86 0.0447 significant
ISO (Linear model) 0.51 3 0.17 9.46 0.0011 significant
Lack of Fit 0.25 13 0.019 714.55 0.0293 significant
LEU (Linear model) 1.20 3 0.40 4.96 0.0150 significant
Lack of Fit 1.13 13 0.087 493.23 0.0352 significant
LYS (2FI model) 1.52 6 0.25 6.40 0.0042 significant
Lack of Fit 043 10 0.043 4074.21 0.0122 significant
ASP (2FI model) 291 6 0.49 6.58 0.0037 significant
Lack of Fit 0.81 10 0.081 25311.75 0.0049 significant
GLU (Linear model) 4.20 3 1.40 456 0.0198 significant
Lack of Fit 4.29 13 0.33 32.86 0.1358 not significant

* SS: Sum of squares, df: Degrees of freedom, MS: Mean squares

The most appropriate model was selected as 2F| model via
Box-Behnken design matrix in Design Expert 7.16 software for
asparagine and glutamine. According to models, the lack of fit
parameters were found not significant instead of models found
as significant same as glutamic acid (Table 3). As we
mentioned before, asparagine and glutamine are sensitive to
high temperature and they can transform to aspartic acid and
glutamic acid in the presence of heat and low pH (Dong et al.,
2005).

However; Asp, Glu, Asn and GIn are increasing together
with the heat and pH in spite of this transforming process. Our
results show that, asparagine and glutamine are increasing till
the some point due to degradation of proteins to amino acids
by digestion process. That's the reason why the models have
shown similarities for independent variables contrary to
expectations. Analysis of variance for the responses of
asparagine and glutamine shown in Table 4. The response
surface models of GIn and Asn were shown in Figure 2.

Table 4. Analyses of variance for models of asparagine and glutamine

ASN SS df MS F Value p-value
2F1 Model 0.28 6 0.047 4.66 0.0135 significant
A:Temperature 0.2 1 0.2 2017 0.0009
B:Normality 0.042 1 0.042 417 0.0658
C:Time 0.0026 1 0.0026 0.26 0.6185
AB 0.058 1 0.058 5.75 0.0354
AC 0.0094 1 0.0094 0.94 0.3542
BC 0.016 1 0.016 1.63 0.2276
Residual 0.11 11 0.01
Lack of Fit 0.11 10 0.011 191.02 0.0563 not significant
Pure Error 0.0001 1 0.0001
GLN SS df MS F Value p-value
2F1 Model 0.59 6 0.099 6.29 0.0045 significant
A:Temperature  0.46 1 0.46 29.25 0.0002
B:Normality 0.044 1 0.044 28 0.1224
C:Time 0.017 1 0.017 1.1 0.3154
AB 0.099 1 0.099 6.27 0.0293
AC 0.019 1 0.019 1.18 0.3012
BC 0.016 1 0.016 0.99 0.3414
Residual 0.17 11 0.016
Lack of Fit 0.17 10 0.017 33.74 0.1333 not significant
Pure Error 0.0005 1 0.0005

* 8S: Sum of squares, df: Degrees of freedom, MS: Mean squares
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Figure 2. Response surface plots for asparagine and glutamine

Tryptophan is vulnerable for high temperatures and low pH
(Marinho et al., 2015; Varlik et al., 2004) and the most intense
losses occur at 100°C in the pH ranging 2 to 7 (Cug &
Firedman, 1989). Thus, it can be easily degraded during any
pre-treatment based on digestion with the acidic environment
at high temperatures. So, with the aim of more concise results,
tryptophan was evaluated separately from the others due to
this unique structure.

Tryptophan (g/100g)

o\

~
0 o

B: Normality (N) °* \'///‘“ A: Temperature (C)
A0

Linear model was applied for tryptophan which is
determined via Box-Behnken design matrix. According to
results, neither model nor lack of fit parameters found
significant. According to our results, its severe conditions that
directly changes the composition of tryptophan have an effect
on the model. Analysis of variance for the response and
surface response plot of tryptophan were shown in Table 5 and
Figure 3.

Tryptophan (g/100g)

B: Normality (N)

05

05 0 0s
A: Temperature (C)

Figure 3. Response surface plot of tryptophan

Table 5. Analysis of variance for the model of tryptophan

TRP SS df MS F Value p-value
Linear Model 0.1 3 0.037 1.32 0.3062 not significant
A:Temperature 0.023 1 0.023 0.82 0.3818
B:Normality 0.028 1 0.028 1 0.3341
C:Time 0.036 1 0.036 1.28 0.2768
Residual 0.4 14 0.028
Lack of Fit 0.39 13 0.03 5.29 0.3292 not significant
Pure Error 0.0057 1 0.0057

* SS: Sum of squares, df: Degrees of freedom, MS: Mean squares
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The obtained results were evaluated with numerical
optimization option in Design Expert 7.16 software. In
numerical optimization, responses of all amino acids which is
amino acid content (y) in our study can be selected as
“maximum”, “minimum”, “in the range” and “exclude”. With this
selection, the amounts of amino acids can be maximized or
minimized with regard to factors (X', X2 and X3) which are
values of normality, temperature and duration in this study. In
optimization one (01), essential amino acids except tryptophan
were selected as “maximum* and the rest of them selected as
“in the range” choice with the aim of getting maximum of
essential amino acids along with moderate non-essential
amino acids. According to results, the most reliable solution
having the highest desirability (0.981) specified as hydrolysing
in 3.79N at 110°C in 23.98 hours. Desirability ramp for
optimization procedure 1 shown in Figure 4.

90°C Hoc N 6N 12 24
A:Temperature = 110 B:Normality = 3.79876 C:Time = 23.98
- s P
Threonine = 153041 Valine = 0.715679 Methionine = 0.609442
Tryptophan = 0.226764 Phenylalanine = 0.747923 Isoleucine = 0.6128
- [
e -
Leucine = 1.3391 Lysine = 1.35396 Other A A = 881775

Figure 4. Optimized hydrolyzation procedure for essential amino
acids. All essential amino acids except of tryptophan were
selected as “maximum”, the sum of remain amino acids
and tryptophan selected as “in the range”

In optimization two (Oz), tryptophan, asparagine and
glutamine were selected as “maximum” and aspartic acid and
glutamic acid selected as “in the range” choice with the aim of
getting maximum of sensitive ones along with moderate Asp-
Glu. According to results, the most convenient solution having
the highest desirability (0.849) specified as hydrolysing in 3.42
N at 106.8°C in 12.02 hours. Desirability ramp for optimization
procedure 2 shown in Figure 5.

After the optimization, achieved two optimizations
procedure were applied and compared to previous runs.
According to results; glutamine, serine, histidine, threonine,
tyrosine, valine, phenylalanine, 1soleucine, leucine, lysine and
total amino acids were found highest statistically in the
optimization 1 (O1) among all experiments.

I

ATemperature = 106,83 B Normality =342 C:Time = 12

Tryptophan = 0.345077 Glutamine = 0.738061 Asparagine = 0.70775

_ -

Aspartic acid= 1.9326

| R

Glutamic acid = 1.9787

Figure 5. Optimized digestion procedure for sensitive amino acids.
While tryptophan, asparagine and glutamine were selected
as maximum, aspartic acid and glutamic acid were
selected as in the range

Only methionine was detected as the second highest in O
consonant with their model. Considering the importance of the
essential amino acids along with non-essentials which are
supports growth and maintaining health (Hou et al., 2015;
Lund, 2013; Wu, 2009; Wu et al., 2013), the hydrolyzation
procedure 1 (O1) can be suggested as a pre-treatment for
amino acid analyses in the fish meat.

Asparagine and glutamine are vulnerable to high
temperature and they can transform to aspartic and glutamic
acids by high temperature. Several researchers are either not
analysed asparagine and glutamine (Chen et al., 2007; Kang
etal., 2014; Mohanty et al., 2014; Unusan, 2007) or they stated
that asparagine and glutamine are very low or none in the fish
meat (Boonyoung et al., 2012; Dong et al., 2005; Rebolé et al.,
2015; Sarma etal., 2013) contrary to aspartic acid and glutamic
acid which are found highest amino acids, often (Ozden, 2005;
Park et al., 2006). Reason for this, asparagine and glutamine
are directly affected by the severe conditions of the digestion
process. In this research, after the optimization 2 (Oz), the
highest asparagine and glutamine were detected with
moderate aspartic acid and glutamic acid.

Tryptophan is also not detected in most of the studies
related to various fish species (Boonyoung et al., 2012; Galla
etal., 2012; Joshi et al., 2017; Oluwaniyi et al., 2010). Despite
the fact that the tryptophan model is not significant, the second
pre-treatment suggestion (Oz) is more successful than other
experiments. In this research, one of the main aims is to
determine the rapid and precise digestion procedure for amino
acid analysis aforementioned before. For this reason,
optimization 2 can be used for total determination of sensitive
amino acids just like tryptophan, asparagine, glutamine along
with aspartic acid and glutamic acid.

For more concise and precise results for tryptophan
individually, other digestion procedures based on alkaline
digestion methods (Bech-Andersen, 1991; Nielsen & Hurrell,
1984) or enzymatic hydrolysis (Kurozawa et al., 2008; Nilsang
et al., 2005) can be used. The obtained amino acid results of
the experiments were shown in Table 6.
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Table 6. Amino acid composition of fish meat according to conducted experiments (g/100g)

D.O. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 (o] 0;

ASP 1.04e 1932 035" 098  0.639 1.15¢ 0.79F 119 17% 041" 1.66¢ 073" 1.14¢ 114 0.74° 0817 1419 1.02¢
(*SE) | +0.06 0.06 +0.08 +0.04 =0.02  x0.05 =003 005 =017 x0.05 =+0.08 *0.04 *0.13 005 *0.06 =*0.08| =0.06| =#0.05
GLU 1.04F 2542 0689 201 1.08f 218> 118F 224 2512 0926 2.65° 1.070  2.02¢ 216> 0.79%  1.76¢| 2.532| 1.51¢
(*¥SE) | #0.03 0.22 #0.02 *0.06 =005 004 =006 010 026 =0.12 =015 *0.11 *0.22 006 *0.06 =*0.13| =0.04| =*0.04
ASN 029 0.67® 025 0.54c 0.35¢ 0.56c 038  052¢ 0620  027f 060> 036°  0.55 0.54c 0219 045¢| 0610 0.772
(*SE) | #0.01 x0.03 #0.01 #0.02 001 001 004 +003 =007 =003 =002 £0.05 £0.03 002 *0.01 =*0.01| =0.02| =#0.02
SER 0.84¢f 147« 0.79" 135>  0.87¢ 1.24c 0709 112« 133> 093  1.28 1.08¢ 122 117« 0719 123¢| 1642| 112«
(xSE) | #0.01 x0.02 £0.02 =021 =011 013 004 *0.19 *0.16 *0.01 £0.02 #0.02 *0.03 +0.02 =%0.03 =#0.14| =%0.02| =#0.02
GLN 017 074> 016"  0.57¢ 047" 059¢ 0249 0569 0544 025¢  0.66° 0.35¢  0.59¢ 0.56¢  0.117  0.46e| 044¢| 0812
(xSE) | #0.01 £0.02 £0.03 =0.02 £0.01 %0.01 =002 £0.03 £0.06 *0.03 £0.01 £0.06 *0.05 000 =%0.01 =#0.02| =%0.01| =0.03
HIS 0410 049  027¢ 042> 0.39¢ 027¢ 033« 043> 0562 0.29¢ 049 0339 043 040 041>  0.39¢| 0.55 | 043
(xSE) | #0.02 +0.02 £0.01 0.04 £0.02  £0.01 =0.01 #0.02 #0.07 #0.02 *0.04 *003 #0017 x0.01 =£0.02 =0.03| *0.02| =0.01
GLY 0.24% 0552 0.26¢  0.56=  0.29¢ 0502 029¢ 0492 048 035 0512 043> 0502 053 019  0.512| 040°| 0.35°
(xSE) | #0.01 £0.02 £0.01 =0.01 £0.02 £0.03 =003 #0.03 #0.05 #0.02 £0.01 *0.03 £0.02 +0.04 £0.01 =+0.04| £0.08| =0.01
THR 0.87¢  1.42¢  061F  1.36°  0.93¢ 1.38¢ 094 135  1.622 0.72f 152> 091 1.36° 1.34c  0.68° 1.18¢| 1.632| 1.41b
(xSE) | #0.03 +0.08 £0.09 0.04 =£0.01 £0.03 =008 £0.06 £0.177 *0.07 £0.02 £0.13 £0.09  +0.02 £0.03 #0.02| =%0.12| =0.08
ALA 0.08 0282 0.08 0242 011c  024a 013« 024= 023  011c 0272 014>  0.25 0242 0.08 0.18 | 0.18°| 0.20%®
(xSE) | #0.01 x0.01 £0.01 0.01 £0.01 £0.02 =007 #0017 £0.03 £0.01 £0.01 £0.03 £0.03 007 =£0.01 =#0.01| =20.02| =0.02
TYR 0.17¢e  0.17¢ 041  0.39c 0.27« 024¢ 023 0.34c 028¢ 056 023 059  0.34c 0.37¢  0.14= 065 | 0622| 0.53
(xSE) | #0.00 0.02 £0.06 =0.02 £0.02  £0.01 =0.02 £0.03 £0.04 £0.06 £0.01 +0.04 £0.04 +0.03 =£0.01 =+0.07| =%0.03| =0.03
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CYS 0.082  0.03c 0.04c 0.04c 0.072 0.04c  0.04c  0.09e= 0.07®  0.04c 0.05> 0.062c  0.09 0.08=  0.072 0.07% [ 0.05 | 0.06q°
(*SE) | +0.01 x0.01 #0.01 *0.01 =001 0017 007 *0.01 007 001 =001 =001 %007 +0.07 £0.01 =0.01| =0.07| =0.01
VAL 019" 0712 0179 0662  0.23¢ 05% 021e 0672  046c 0299 063> 043 0.61 0.5% 0150 0570 0.682| 0.652
(*SE) | +0.01 0.02 #0.02 £0.02 0.01 0.02 002 002 004 =0.02 =x0.02 £0.07 *0.06 001 *0.01 =*0.02| =0.02| =0.02
MET 0.19s 061 0179  0.55¢  0.24f 052 026" 054c 052c 020" 057¢  036°  0.52° 052 014" 046¢| 0670 0.76
(*¥SE) | #0.01 0.02 #0.02 #0.02 001 002 =003 002 005 =003 =003 *0.05 *0.04 001 *0.01 =*0.02| x0.02 | *0.06
TRP 026 028 035 023 061° 017 0.06" 0159 064>  0.09 0.15%  0.27¢ 0.32% 043  017¢ 0129 0.10| 0.89%
(*SE) | #0.01 x0.01 #0.01 *0.01 =005 001 =001 001 002 =001 =001 £0.07 £0.02 004 *0.01 =*0.01| =0.01| =#0.04
PHE 023 0762 022¢ 0762 0.28¢ 0650 031 063 061° 029¢ 0.68® 045  0.64° 063> 0.16° 059 | 0.742| 049
(*SE) | #0.01 0.02 *0.04 *0.03 =001 001 =003 005 006 =004 =003 £0.07 £0.08 001 £0.02 =*0.03| =0.02| =#0.02
ISO 0.06"  0.57¢ 0.08" 048! 0.08 052« 0120  061c 034c  022f 053¢ 035 0514  052¢  0.04 049¢| 0962 081>
(xSE) | #0.01 £0.02 £0.02 0.03 *0.01 0.03 =007 *0.03 *0.04 *0.04 £0.03 £0.08 £0.08 +0.02 =x0.01 =*0.04| =%0.05| =0.09
LEU 063 132 0529 131>  0.63f 122¢ 0589 1184  113¢ 0549  1.28° 0.62f 118« 116« 020" 1.04e| 1402| 1.28°
(xSE) | #0.07 +0.07 £0.08 =0.02 £0.02 0.05 =006 *0.06 *0.10 *0.07 £0.04 £0.06 *0.10 +0.02 =%0.02 #0.02| =%0.07| =#0.04
LYS 048 127¢ 038 1.060 049 1.21¢ 053" 114« 119¢ 046" 1.25¢  0.63¢  0.89% 092 039 074" 1522 1.36°
(xSE) | +0.04 +0.04 £0.06 =0.03 £0.02 £0.10 =0.02 #0.02 *0.11 #0017 *0.08 #0.03 #0.02 +0.04 £0.02 =0.09| =*0.08| =%0.07
HYP 0.13¢  0.06¢ 033 033 0.28¢ 0.31c  029¢ 042 0400 043>  03% 043> 047> (049 045> 0542 | 0462 | 0.39%
(xSE) | #0.01 x0.01 £0.02 0.02 £0.01 £0.02 007 £0.03 £0.03 £0.02 £0.02 +0.04 £0.04 +0.03 =20.02 +0.05| =20.04| =0.02
TAA 7520 1445¢ 7660 1394 7520 1361 770" 1576 16,572 10.03¢ 16402  9.38" 1348¢ 13.53% 613 12.157| 16.452| 13.40¢
(xSE) | #0.33 +0.04 £0.27 =0.17 20.09  20.37 049 £0.32 +048 £022 £0.12 +0.84 078 +045 =*0.12 +051| =20.24| =+0.23

*Superscripts with different letters in a row are significantly different 0.05 (DO:Design order, TAA:Total Amino acids),
** Optimization procedures suggested by the RSM were performed and obtained data given in O1 and Oz
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CONCLUSION

In the view of the results, two different hydrolysing
procedures were suggested for amino acid analysis in fish
meat. Our results were also corrected by the RSM models.
According to models, the first procedure was suggested as
hydrolysing in 3.79 N at 110°C in 24 hours to get maximum
total and essential amino acid contents. The second one was
suggested as 3.42 N at 106.8°C in 12.02 hours for maximizing
Trp-Asn-GIn which are degraded conventional digestion
procedures, often. Besides, despite the acidic hydrolyzation
procedure with HCI is cheap, it can be uneconomic in long-
standing processes due to an increasing amount of HCI and
operational costs such as electricity by virtue of constant
heating. Leastwise, aforementioned costs were lessened with
optimization in the study In conclusion, the mentioned
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0z: Bu calismada, istanbul Bogazi kiyilarinda faaliyet gdsteren son dalyanlarda balik avciligi hakkinda bazi bilgileri giincellemektedir. Veriler haftalik olarak
dogrudan dalyanlarin sahiplerinden alinmistir. Dalyanlar, gogleri sirasinda gogmen pelajik baliklari hedef alsalar da, demersal tiirler de avlanmigtir. Calisma
stiresince toplam 12 familyaya ait 15 balik tiir(i yakalanmistir. Balikgilik giin sayisi 24 ile 37 arasinda ve birim cabadaki av miktari 163,08 kg/giin ile 456,39
kg/giin arasinda degismektedir. Sonug olarak, bu ¢alisma dalyan balikgiliginin izlenmesi ve yonetimi ile ilgili gelecekteki ¢alismalar icin giincel referans

bulgulari icermektedir.

Anahtar kelimeler: Dalyan, av kompozisyonu, birim ¢abadaki av miktar, istanbul Bogazi

Abstract: This paper updates some information on fish catches from the last dalians (stationary uncovered pound nets) operating off the coast of Istanbul
Strait. The data were collected on the weekly basis directly from the owners of the traps. Although the traps have been targeting migratory pelagic fishes
during their migration, demersal species have been caught as well. Totally, 15 fish species belonging to 12 families were caught during the study period. While
the number of fishing days ranged from 24 to 37, the catch per unit effort ranged from 163.08 kg/day to 456.39 kg/day. As a conclusion, this study provides
recent reference for the future studies dealing with monitoring and managing dalian fishery.

Keywords: Dalian, catch composition, catch per unit effort, istanbul Strait

GIRiS

Dalyanlar, dinyanin en eski balikgilik metotlarindan
birisidir. Bu avcilik metodu, Akdeniz ve Cebelitarik Bogazi
boyunca kullanilmis ve bu bdlgedeki ilk sanayi balikgiligini
olusturmustur. Sicilyalilar ton bali§i avlamak igin kurduklari
dalyan tekniklerini olasilikla dokuzuncu ve onuncu ylzyillarda
aday! isgal eden Araplardan Ogrenmiglerdir. Fakat Arap
isgalinden énce de Fenikelilerin ispanya kiyisinda bir ton balii
dalyani kurduklarina dair kayitlar da bulunmaktadir (Bradford,
1971). 16. ve 19. yizyillar arasinda, orkinos dalyan avciligi
daha da geligmistir (Doumenge, 1998; Ravier ve Fromentin,
2001). 20. ylzyiin basinda ise deniz kiyllarinda insan
nifusunun artisl, kiyi trafigi, glrlltd ve deniz kirliligin artmasi
nedeniyle dalyanlarin av etkinligi azalmistir (Addis vd, 1997;
Karakulak, 2000; Addis vd., 2009; Ravier ve Fromentin, 2001).
Buna ragmen giinimiizde Italya (Addis vd., 2009), ispanya
(Ortiz de Urbina vd., 2013), Portekiz (Lino vd., 2018), Tunus

(Hattour vd., 2002) ve Fas'da (Abid vd., 2015) hala aktif orkinos
dalyanlari bulunmaktadir.

Tirkiye'de gok eski yillardan beri kullanilan ag dalyanlarda,
ozellikle Marmara Denizi, istanbul ve Canakkale Bogazi ile
Karadeniz kiyilarinda kurularak avcilik yapilmistir (Devedjian,
1926; Sara, 1964; Tekin, 1996). istanbul Bogaz'nda kurulan
dalyanlarin tarihgesi Bizans dénemine dayanir (von Brandt,
1984). Dalyan balik¢iigi X yiizyllin Konstantinopolis'te
baskentin degerli balik arzinin ana kaynagiydi (Maniatis,
2000). Bizans'tan sonra Osmanli imparatorlugu'nda da balik
avi genellikle dalyan veya ag kullanilarak yapilirdi (Dogan,
2011). Her ne kadar dalyan balik¢iligi hem Bizans'ta (Dagron,
2002) hem de Osmanli'da (Ertug, 2015) daha karli olmasina
ragmen, pahali bir balikg! ekibi gerektiriyordu. Dalyanlardan
elde edilen gelir, islenmis topraktan elde edilen gelire yakin bir
degder oldugundan ve sayilari da ¢ogaldigindan, Bizans devleti
9.ylzyillda yasal bir diizenleme ile iki dalyan arasindaki

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


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.37.2.02
https://orcid.org/0000-0003-3700-6193
https://orcid.org/0000-0003-3140-5118
https://orcid.org/0000-0002-7038-6469
https://orcid.org/0000-0002-6053-5256
mailto:tnryldz@istanbul.edu.tr
http://doi.org/10.12714/egejfas.37.2.02
https://orcid.org/0000-0003-3700-6193
https://orcid.org/0000-0003-3140-5118
https://orcid.org/0000-0002-7038-6469
https://orcid.org/0000-0002-6053-5256

Biger et al., Ege Journal of Fisheries and Aquatic Sciences, 37(2), 125-133 (2020)

mesafenin en az 700 m olma kuralini getirmistir (Dagron, 1994;
Dagron, 1995; Bursa, 2007). Bu uygulama, Osmanli Devletin
de devam etmekle birlikte iki dalyan arasi mesafe 2500 adim
olarak belirlenmistir (Dogan, 2011). 17. ylizyilin énde gelen
gezginlerinden Evliya Celebi Seyahatnamesinde; istanbul'da
dalyan sayisini 300, calisan balikgi sayisini 700 ve bas
dalyanin Beykoz iskelesinde kuruldugunu belirtmistir. Bu
dalyanlarda 06zellikle kilig ve orkinos baligi avciliginin
yapildigini ayrica uskumru, palamut, kefal, istavrit, kolyoz,
hamsi, tekir, iskorpit, kaya, giimas, tirsi, lufer baliklarinin da
avlanildigini bildirmistir (Dagl ve Kahraman, 2014)

Devedjian (1926), 1900°li yillarin baginda Istanbul
Bogazi'nda 52 adet a§ dalyaninin yaz ve kis dalyani olarak
kuruldugunu belirtmistir. Bogaz'da aktif dalyan sayisi 1960
yilinda 17 adede (Yazici ve Oker, 1960a) ve 2000 yilinda 8
adede (Karakulak, 2000) diismustiir. istanbul Bogazi’'nda
deniz trafiginin artmasi, sehirlesme, deniz kirliligi ve balikgilik
teknolojisinin gelismesine bagli olarak dalyan sayilarinda
azalma olmustur (Karakulak, 2000). Balikgilik teknolojisinin
gelismedigi  dénemlerde onemli olan dalyan balikgiligl,
gliniimiizde eski Gnemini kaybetmistir. Buna ragmen, istanbul
Bogazr'nda hala aktif olarak kurulan dért ag dalyani (Dilburnu,
Beykoz, Filburnu ve Baglaralti Dalyani) bulunmaktadir (Yildiz
ve Karakulak, 2016).

Bu calismada, 2016 yili balikgilik sezonunda istanbul
Bogazr'nda kurulan Dilburnu, Beykoz ve Filburnu dalyanlarinin
av kompozisyonu, tiir cesitliligi ve birim ¢abadaki av
miktarlarinin belirlenmesi amaglanmistir. Ayrica, surdirilebilir
balikgilik icin mikemmel bir biyo-ekonomik érnek teskil eden
dalyan balik¢iliginin korunmasi ve ydnetilmesinde gerekli baz
bilgilerin elde edilmesi saglanmistir.

MATERYAL VE METOT

 Ag dalyanlari genellikle yaz dalyani olarak kurulmaktadir.
Istanbul Bogazr'nda incelenen periyot boyunca 4 noktada
dalyan kurulmustur (Sekil 1).

BAGLARALT! DALYANI

FILBURNU DALYAN!
— 50m

o BEYKOZ DALYANI 100 m
250 m
500 m
750 m
1000 m

1500 m

2000 m

20.1°E 20.2°E

28.9°E 29°E

Sekil 1. istanbul Bogazi'nda kurulan dalyanlar )
Figure 1. Stationary uncovered pound nets in the Istanbul Strait

Bu caligmada, 2016 yilinda istanbul Bogazi'nda kurulan iig
dalyan 18 Nisan ve 23 Haziran tarihleri arasinda (balikgilik
sezonu boyunca) haftalik diizenli olarak ziyaret edilmis ve av
miktarlari agirlik olarak kaydedilen av kayit defterlerinden
alinmistir. Tir teshisleri igin Mater vd. (2002) ve Froese ve
Pauly (2019)'den vyararlaniimigtir. Bilimsel adlandirmalar
Eschmeyer (2019)’a gore diizenlenmistir.

incelenen dalyanlarin teknik dzellikleri asagida verilmistir:

Beykoz Dalyani: Beykoz ilgesinde, Yalikdy mevkiinde
kurulan bu dalyan iki adet kurtagzi dalyanindan olugsmaktadir.
Su derinligi kiyr dalyaninda 18,2 m, deniz dalyaninda 34,5 m'dir
(Sekil 2).

SAHIL

Sekil 2.  Beykoz dalyanin teknik 6zellikleri
Figure 2. Technical characteristics of Beykoz dalian

Dilburnu Dalyani: Biyikada, Dilburnu koyunda
bulunmaktadir. iki adet kurtagzi dalyanindan olusur. Su
derinligi 12 m'dir (Sekil 3).

I SAHIL

Sekil 3. Dilburnu dalyanin teknik ézellikleri
Figure 3. Technical characteristics of Dilburnu dalian

Filburnu Dalyani: Beykoz ilgesi, Anadolu Kavaginin st
tarafinda Filburnu ile Cayir agzi arasinda bulunan bu dalyan da
su derinligi 12,7 m'dir (Sekil 4).

126



Last dalians (stationary uncovered pound nets) deployed in the Istanbul Strait: Catch composition, catch per unit effort, and ecological indexes

I SAHIL

$Sekil 4. Filburnu dalyanin teknik ézellikleri
Figure 4. Technical characteristics of Filburnu dalian

Dalyan avciliginin  verimliliindeki mekénsal degisimi
degerlendirmek amaciyla, avlanan tirlerin birim cabadaki av
miktari (CPUE) kullanilmistir. Bir dalyanin CPUE'si, toplam av
miktarinin,  balikgilik ~ glin ~ sayisina  bélinmesiyle
hesaplanmistir: CPUE = 2Wn / 2Gin. Formilde 2Whn: n 'inci
operasyonda yakalanan baliklarin toplam agirh§ ve 2Giin: ise
ilgili balikgilik giin sayisidir. Tum sonuglar aylik olarak
degerlendirmeye alinmigtir. CPUE degerleri standart hata
degerleri ile birlikte verilmistir. Toplam av kompozisyonu ile
CPUE arasindaki farklar Student t testleriyle belirlenmistir (Zar,
1984). Anlamli farklilik P <0,05 olarak kabul edilmistir.

Dalyanlarda avlanan tlirler bakimindan benzerlik, CPUE
verileri Bray-Curtis Benzerlik Matrisi ile kimelenmis ve Cluster
analizi ile karsilastirimigtir (Everitt, 1980). Aralarinda fark
oldugu belirlenen dalyanlar arasinda farkliliga sebep olan
tirlerin tespiti igin “Benzerlik Ortalamalar (SIMPER)” testi
uygulanmistir (Quinn ve Keough, 2002). Her bir dalyanda
aylik/gunlik olarak tir sayisi (S), tr zenginligi (d), tr esitliligi
Shannon-Weaver cesitlilik indeksi (H'logz), Pielou'nun esitlik
indeksi (J') ve Simpson Baskinlik-Cesitlilik indeksi (1-A) bolluk
kullanilarak hesaplanmistir. Cok degiskenli analizler PRIMER
v6.0 (Clarke ve Warwick, 2001) kullanilarak yapilmistir.

BULGULAR
Balik¢ilik sezonu

Dilburnu Dalyaninda avcilik 21 Nisan - 26 Mayis 2016
tarihleri arasinda, Beykoz Dalyaninda 08 - 31 Mayis 2016
tarihleri arasinda, Filburnu Dalyaninda ise 18 Nisan - 08 Mayis
ile 08 - 23 Haziran 2016 tarihleri arasinda gergeklesmistir.
Toplam balikgilik giin sayisi Dilburnu Dalyaninda 36 gin,
Beykoz Dalyaninda 24 giin, Filburnu dalyaninda ise 37 glindir.
Hava muhalefeti ve akinti gibi nedenlerden dolayi bazi ginler
avcilik yapilamamistir (Tablo 1).

Tablo 1. Istanbul a§ dalyanlarinin agilis ve kapanis tarihleri, balikgilik
giin sayisl, toplam av miktari ve CPUE degerleri

Table 1. Opening and closing dates, number of fishing days, total
catch and CPUE values of dalians set in the Istanbul Strait

Dilburnu Beykoz Filburnu
Dalyani Dalyani Dalyani
Acllis tarihi 21 Nisan 2016 08 Mayis 2016 18 Nisan 2016
08 Haziran 2016
Kapanis tarihi 26 Mayis 2016 31 Mayis 2016 08 Mayis 2016
23 Haziran 2016
Balikgilik giin sayisi 36 24 37
Toplam av (kg) 8803 3914 16.886,5
CPUE (kg/gtin) 244,52+24 61 163,08+17,14 456,39+49,50

Dalyana balik girigleri glndiiz saatlerinde oldugu gibi
geceleri de takip edilmekte belli araliklarla hazne (kuzuluk)
kontrol edilmektedir

Avlanan tiirler ve av miktarlari

Ug a§ dalyaninda avlanan 12 familyaya ait toplam 15 balik tirii
Tablo 2'de verilmistir.

Tablo 2. 2016 balikgilik sezonunda Istanbul Bogazi'nda kurulan i ag
dalyaninda yakalanan tiirler, av miktarlari (kg) ve oranlari

Table 2. Species, catch amounts (kg), and catch rates of taxas caught
in the three dalians in the Istanbul Strait during the 2016
fishing season

Tiir Dilburnu Beykoz Filburnu TOPLAM %
Dalyani Dalyani Dalyani

A. boyeri 7833 576 3948 12357 41,74
Trachurus sp. 203 168 4480 4851 16,39
P. saltatrix 17 1183 19115 31115 10,51
M. cephalus - 613 1906 2519 8,51
S. pilchardus 518 833 770 2121 716
S. sprattus - - 1561 1561 527
B. belone 124 132 421 677 2,29
D. vulgaris 42 397 806 1245 4,21
L. mormyrus 31 12 - 43 0,15
Spicara sp. 28 - 127 155 0,52
E. encrasicolus 7 - 322 329 1,1
S. umbra - - 330 330 1,11
M. surmuletus - - 252 252 0,85
S. maximus - - 48 48 0,16
P. flesus - - 4 4 0,01
TOPLAM 8803 3914 16886,5 29603,5

Avlanan tiir sayisinin en fazla oldugu dalyan Filburnu
Dalyanidir. Filburnu Dalyaninda avlanan tir sayisi 14, Dilburnu
Dalyaninda 9 tiir ve Beykoz Dalyaninda ise 8 tiirdir. Ug
dalyanda en sik avlanan 6 tiir (Atherina boyeri, Belone belone,
Diplodus vulgaris, Pomatomus saltatrix, Sardina pilchardus ve
Trachurus sp.) bulunmaktadir. Filournu Dalyaninda avlanan
diger dalyanlarda avlanmayan 5 tir (Mullus surmuletus,
Platichthys flesus, Sciaena umbra, Scophthalmus maximus ve
Sprattus sprattus), diger dalyanlarda avlanan Filburnu
Dalyaninda avlanmayan bir tiir (Lithognathus mormyrus)
mevcuttur. A. boyeri, Trachurus sp., P. saltatrix ve M. cephalus
tim dalyanlarda avcilik sezonu boyunca avlanan miktarin
yaklasik %78'ini olusturmaktadir. A. boyeri en gok Dilburnu
Dalyaninda avlanirken, Trachurus sp. ve P. saltatrix en gok
Filburnu Dalyaninda avlanmistir.
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CPUE

Dilburnu Dalyaninin toplam av miktari 8803 kg/yil, Beykoz
Dalyaninin 3914 kg/yil ve Filburnu Dalyanin ise 16.886,5
kglyildir. Birim cabadaki av miktari en fazla Filburnu
Dalyaninda  456,39£49,50 kg/giin  olmustur.  Dilburnu
Dalyaninin birim ¢abadaki av miktari 244,52+24,61 kg/giin ve
Beykoz Dalyaninin 163,08+17,14 kg/gundur (Tablo 1).

Dalyanlarda avlanan tirlerin CPUE degerleri Tablo 3'de
verilmistir. En yilksek CPUE degeri Dilburnu Dalyaninda A.
boyeri igin (211,70+20,70 kg/giin), Beykoz Dalyaninda P.
saltatrix igin (56,33+6,95 kg/giin) ve Filburnu Dalyaninda ise A.
boyeri igin (112,80+29,54 kg/giin) belirlenmistir. Ug dalyanda
avlanan tiirlerin CPUE degerleri karsilagtiriidiginda, farklilikt-
testine gdre istatistiksel olarak anlamlidir.

Tablo 3. Istanbul Bogaz'nda kurulan l¢ a§ dalyaninda avlanan
tirlerin CPUE degerleri (kg/giin)
Table 3. CPUE values (kg / day) of the species caught in three dalians
set in the Istanbul Strait

Tiir Dilburnu  Beykoz Filburnu
Atherina boyeri 217,58 24,0 106,70
Belone belone 3,44 5,50 11,37
Diplodus vulgaris 1,16 16,54 21,78
Engraulis encrasicolus 0,19 0,0 8,70
Lithognathus mormyrus 0,86 0,50 0,00
Mugil cephalus 0,00 25,54 51,51
Mullus surmuletus 0,00 0,00 6,81
Platichthys flesus 0,00 0,00 0,10
Pomatomus saltatrix 0,47 4929 51,66
Sardina pilchardus 14,38 34,70 20,81
Sciaena umbra 0,00 0,00 8,91
Scophthalmus maximus 0,00 0,00 1,29
Spicara sp. 0,77 0,00 343
Sprattus sprattus 0,00 0,00 42,18
Trachurus sp. 5,63 7,00 121,08

Av kompozisyonundaki benzerlik

Ug dalyanda avlanan tiirfler bakimindan benzerligin olup
olmadi§i Bray-Curtis benzerlik indeksi kullanilarak hem tiim
balikgilik sezonu igin (Nisan-Haziran) hem de aylik olarak ayri
degerlendirilmistir.

Elde edilen sonuglara gére, Dilournu Dalyani tek bagina bir
grup olustururken Filournu Dalyani ile Beykoz Dalyani ayri bir
grup olusturmaktadir (Sekil 5).

Filburnu

Beykoz

Dilburnu

| . |
50 60 70 80 % 100
Benzerlik

Sekil 5. Dalyanlarda avlanan balik tlirlerinin Bray-Curtis benzerlik
analizine dayali kiimeleme dendogram

Figure 5. Clustering dendogram based on Bray-Curtis similarity
analysis of fish species caught in Dalians

Filburnu ve Beykoz Dalyani %70 civarinda benzerlik
gosterdigi gbrilmektedir. Aylik olarak inceledigimizde, Dilburnu
Dalyanin'da Nisan ayinda avlanan tirler tek bagina ayri bir
grup olustururken diger dalyanlarda Nisan, Mayis ve Haziran
ayinda avlanan tirler ayri bir grup olusturmustur (Sekil 6).
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$Sekil 6. Dalyanlarda avlanan balik tiirlerinin aylara gére Bray-Curtis
Benzerlik analizine dayali kiimeleme dendogrami

Figure 6. Clustering dendogram based on Bray-Curtis Similarity
analysis of fish species caught by months in Dalians

Dalyanlar arasi farkliliga katkisi olan tiirler SIMPER analizi
ile incelenmistir. Ortalama farkliiga bakildi§inda, en buyuk fark
Dilburnu ve Filburnu dalyanlarinda (ortalama benzemezlik =
65,90) meydana getirmistir. Farkliiga katki yapan tlrler ve
katki oranlari Tablo 4'de gdsterilmistir.
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Tablo 4. Dalyanlar arasi farkliiga katkisi en az % 1 olan tiirler ve dalyanlar arasi ortalama benzemezlik oranlari

Table 4. The average dissimilarity rates between the dalians and the sp

ecies which have at least 1% contribution to the difference between

dalians

Beykoz & Dilburnu (Ortalama Benzemezlik = 55,33)

Beykoz Dilburnu
Tiir Ort. Av Ort Av Ort. Fark SD Katki% %Kiim.
Pomatomus saltatrix 4,05 0,25 12,19 3,04 22,03 22,03
Mugil cephalus 3,41 0,00 10,82 418 19,55 41,58
Diplodus vulgaris 2,99 0,48 8,23 2,03 14,87 56,46
Sardina pilchardus 3,71 1,52 7,75 0,91 14,01 70,47
Atherina boyeri 3,35 5,21 570 14,35 10,30 80,77
Trachurus sp. 2,20 1,09 411 0,72 7,42 88,19
Belone belone 1,99 0,88 4,00 0,84 7,22 95,41
Beykoz & Filburnu (Ortalama Benzemezlik = 36,21)

Beykoz Filburnu
Tiir Ort Av Ort Av Ort Fark SD Katki% %Kiim.
Sprattus sprattus 0,00 3,72 7,10 2,72 19,60 19,60
Sardina pilchardus 3,71 1,32 5,09 1,22 14,06 33,67
Trachurus sp. 2,20 4,24 3,42 1,16 9,46 43,12
Mullus surmuletus 0,00 1,85 3,22 2,23 8,90 52,02
Sciaena umbra 0,00 1,83 3,06 1,15 8,46 60,48
Atherina boyeri 3,35 4,08 2,45 1,05 6,76 67,25
Pomatomus saltatrix 4,05 3,52 2,21 0,82 6,10 73,34
Mugil cephalus 3,41 3,78 1,79 2,93 4,95 78,29
Engraulis encrasicolus 0,00 1,04 1,65 0,58 4,55 82,84
Scophthalmus maximus 0,00 0,82 1,50 6,20 4,15 86,99
Diplodus vulgaris 2,99 2,97 1,44 1,51 3,97 90,95
Dilburnu & Filburnu (Ortalama Benzemezlik = 65,90)

Dilburnu Filburnu
Tiir Ort. Av Ort. Av Ort. Fark SD %Katki %Kiim.
Sprattus sprattus 0,00 3,72 9,44 2,38 14,33 14,33
Mugil cephalus 0,00 3,78 8,91 4,76 13,53 27,85
Pomatomus saltatrix 0,25 3,52 7,54 2,60 11,44 39,29
Trachurus sp. 1,09 4,24 7,44 1,58 11,30 50,59
Diplodus vulgaris 0,48 2,97 5,93 2,46 9,01 59,59
Belone belone 0,88 2,56 4,46 1,35 6,77 66,37
Mullus surmuletus 0,00 1,85 415 2,53 6,30 72,66
Sardina pilchardus 1,52 1,32 4,05 1,02 6,15 78,81
Sciaena umbra 0,00 1,83 3,88 1,25 5,88 84,69
Atherina boyeri 5,21 4,08 3,08 1,65 4,68 89,37
Engraulis encrasicolus 0,12 1,04 2,16 0,72 3,28 92,65

Tablo 5. istanbul Bogazr'nda kurulan ii¢ dalyan icin aylik ekolojik indeks degerleri (ortalamazstd.sapma)
Table 5. Monthly ecological index values (mean + std. deviation) for the three dalians set in the Istanbul Strait

Dilburnu Dalyani Beykoz Dalyani Filburnu Dalyani
Nisan Mayis Mayis Nisan Mayis Haziran
S 1 342 5¢1 441 641 742
H' - 0,35+0,34 1,4840,26 0,67£0,39  1,38+0,27  1,54%0,28
J - 0,30+0,24 0,90+0,07 0,51£0,27  0,80+0,12  0,81+0,11
d - 0,38+0,37 0,82+0,18 0461024  0,75£0,18  1,01+0,25
1-A - 0,19+0,19 0,73+0,09 0,36+0,22  0,69£0,09  0,730,10

S: Tir Sayisi (S), d (Tir zenginligi), J” (Dizenlilik indeksi), H" (Shannon-Wiener Tiir gesitliligi indeksi),
1-A (Simpson Baskinlik-Cesitlilik indeksi).(ortalamazstd.sapm

Ekolojik indexler

Uc dalyanda aylik olarak ekolojik indeks degerlerini
inceledigimizde, en yuksek tiir sayisi Haziran ayinda Filburnu
Dalyani'nda, en yuksek tlr gesitlik indeksi Haziran ayinda
Filburnu Dalyan’'nda, en yiksek dizenliik indeksi Mayis
ayinda Beykoz Dalyanrnda, en yiiksek tlr zenginligi Mayis
ayinda Beykoz Dalyan’nda ve en yiksek baskinlik-gesitlilik

indeksi Mayis ayinda Beykoz Dalyani ve Haziran ayinda
Filburnu Dalyanrnda goriilmektedir (Tablo 5).

Nisan, Mayis ve Haziran aylarinda avcilik yapilan Filburnu
Dalyanin aylik ekolojik indeks degerlerine baktigimizda; tir
sayis, tir cesitlilik indeksi, diizenlilik indeksi, tlir zenginligi ve
baskinlik-gesitlilik indeksinin Nisan ayinda en dusik iken
Haziran ayina dogru gittikge arttigi gézlenmistir (Tablo 5).
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TARTISMA VE SONUG

Balik tuzaklari iginde yer alan dalyanlar, ézellikle Giineydogu
Asya Ulkelerinde bulunmakta ve yerel topluluklarda énemli bir
rol oynamaktadir. Ayrica, dalyan balikgiiginin  eski
zamanlardan bugine strdurlebilir bir balik¢ilik yéntemi
oldugu  kanitlanmistir ~ (Suzuki  ve  Kai, 2012).
Konstantinopolis'te 8zel bir “Tlrk” balikgilik varyasyonu olan
dalyan balik¢ihgi, Knudsen'e (2009) gére hem énemli hem de
yaygin bir teknikti. Akdeniz bdlgesinde, bu av araci eski orkinos
balikgiligi ile gelismistir. Dogu Akdeniz'de Turkler ve Bulgarlar
tarafindan kullanilmaktadir. Ayrica Rus balikgiiginda ve
Yugoslav kiyllarinda da kullanildigi bilinmektedir (Gabriel vd.,
2005). Tirkiye'de kurulan ag dalyanlari ile Bati Akdeniz
(ispanya ve Italya'da) ve Japonya'da kurulan dalyanlar
arasinda yapisal bakimdan gok biyik farkliliklar vardir.
istanbul Bogazr'nda kurulan ag dalyanlari, deniz dibine kazik
gakmak ve bunlarin arasina aglar germek suretiyle kurulurken,
Bati Akdeniz ve Japonya'da dalyanlar genis aglara mantarlar
koymak ve bdylelikle su yizeyinde tutma teknigini
kullanmaktadirlar (Sarikaya, 1980; Tokac vd., 1991). Bu
calisma siresince, istanbul'da kurulan ag dalyanlarinda
kaziklarin hala kullandiklari gdzlenmistir. istanbul Bogazi
kiyllarina uygun modern ag§ dalyanlarinin gelistirimesine
ybnelik galismalara ihtiya¢ duyulmaktadir.

Yazici ve Oker (1960a), Beykoz dalyaninin bir sira dalyani
oldugunu ve Beykoz deniz kullbd ile Yalikdy su iskelesine
kadar uzandigini belirtmistir. Bir diger yayinda, Yazici ve Oker
(1960b) Fil Burnu dalyaninin Anadolu Kavaginin (st tarafinda
bulunan Fil Burnu ile Cayir Agzi arasinda Sarikaya’'dan Sandal
limanina kadar olan kisimda kuruldugunu ve bir ddnem
kurtagzi dalyani iken 1960 yilinda 2 kurtagzi dalyani ve 1 sira
dalyani olarak faaliyet gdsterdigini vurgulamistir. Karakulak
(2000), Filburnu dalyaninin 2 kurtagzi, Beykoz dalyaninin 1
kurtagzi ve 1 gira, Dilburnu dalyaninin 1 sira dalyanindan
olustugunu bildirmistir. Gunimizde ise bu dalyanlarin
tamaminin kurtagzi dalyani olarak kuruldugu gérilmektedir.
Bogazin en verimli dalyani olan Beykoz Dalyani eskiden bir
adet sira ve bir adet kurtagzi dalyani olarak kurulmasina
ragmen (Mengi, 1977; Bok, 1991; Karakulak, 2000), 2000
yiindan sonra Bakanlik izni ile kurulmus dalyanlarin sira
dalyani olarak kullaniimasi ve isletiimesi yasaklanmigtir
(Anonim, 2000).

Deveciyan (1926), Beykoz Dalyanrnin Mart ayindan
Agustos sonuna kadar, Filburnu Dalyanrnin ise yazin Mart
ayindan Haziran sonuna kigin ise Ekim ayinin ortasindan
Ocak'a kadar kuruldugunu bildirmigtir. Yazici ve Oker
(1960a)’e gore ise Beykoz dalyani yaz aylarinda 25 Mart - 15
Eylil arasinda faaliyet gdsterir. Karakulak (2000), 2000 yilinda
Filburnu Dalyaninin 12 Haziran-3 Temmuz arasinda, Beykoz
dalyaninin 14 Nisan-26 Haziran arasinda ve Dilburnu
dalyaninin 1 Mart-1 Agustos tarihleri arasinda kuruldugunu ve
yillik calisma periyodunun 65-126 gin arasinda degistigi
saptanmistir (Filburnu ve Girpinar dalyani harig). Bu calisma
sonuglarina gdre dalyanlarin balikgilik gin sayilar 24 il 37
arasinda degismistir. Dalyanlarda balik¢ilik giin sayisinin

giderek azaldigi dikkat ¢ekmektedir. Ayrica, bu ¢alismanin
sonrasinda 4/1 numarali ticari amagh su driinleri avciligini
diizenleyen tebligde (2016/35) dalyan balik¢iligi ile ilgili bir
zamansal kisitlama dlizenlemesi yapiimistir. Bu diizenlemeye
gore istanbul ve Canakkale Bogazlarindaki dalyanlarin 15
Nisan-15 Mayis tarihleri arasinda aglarinin takilmasi ve
faaliyette bulunmasi yasaklanmistir. Bu diizenleme sadece
2017 vyihinda uygulanmigtir.  Kuruldugu bdlgenin  kltirel
yapisina katkida bulunan ve yaz aylarinda agilan bu
dalyanlarin korunmasi agisindan zaman yasagi kaldiriimistir.

Deveciyan (1926) her iki dalyanda da bittn balik tiirlerinin
avlanabilecegini sdylemistir. Yazici ve Oker (1960a) Beykoz
dalyani igin; mevkiinin balik avi igin gok miisait durumda olusu
yliziinden Bogazin en fazla av veren bir dalyani olmakla da
isim yaptigini iddia etmis ve orkinos, kilig, palamut, lifer,
uskumru ve lipari baliklarinin aviandigi rapor etmistir. Yazici ve
Oker (1960b) Filburnu dalyaninda orkinos, palamut, kilig,
hamsi, istavrit, uskumru, IGfer, glimiis ve zargana baliklarinin
avlandigini tespit etmistir. Karakulak (2000) ise Bogazigi
dalyanlarinda glimds, istavrit, lifer, palamut, hamsi, kefal,
zargana, sardalya, ¢aga, kolyoz, karagdz, eskina, ispari,
izmarit, minekop, tekir, barbunya, iskorpit ve kaya baliklarinin
avlandigini belirmistir. Yakalanan baliklar incelendiginde
tarihsel olarak gé¢ eden pelajik baliklarin avlaniimasi amaciyla
kurulan bu dalyanlarda demersal baliklarin da avlanildig
gorilmektedir. Bu calismada, Istanbul Bogaz’'nda kurulan
dalyanlarda avlanan 12 familyaya ait toplam 15 balik tlirli tespit
edilmistir. S6z konusu dalyanlardaki avciligin daha ok kiigtik
pelajik balik tizerine yapildig, eskiden avciligi yapilan orkinos,
kilig ve uskumrunun (Dagll ve Kahraman, 2014; Devedjian,
1926) artik avlanilimadidi tespit edilmistir. Beykoz Dalyaninda
en son orkinos avciligl 1986 yilinda gerceklesmistir (Bok,
1991). Asiri avcilik, orkinosun yemini olusturan uskumrunun
azalmasi, deniz kirliligi gibi sebeplerden dolayi orkinos balig
artik Karadenize dogru go¢ etmemesi neticesinde, istanbul
Bogazr'nda dalyan ile orkinos avciligi sona ermistir (Yildiz ve
Karakulak, 2016).

Diger arastirmalari inceledigimizde; Saroz Korfezinde
kurulan a§ dalyanlarinda 22 familyaya ait 37 balik tird
(Colakoglu vd., 2015), Sari ve Bohai Denizlerinde 126 tiir (102
balik, 17 crustacea, 5 cephalopod ve 2 meduz tirli) (Chen vd.,
1997), Kuveyt Korfezi'nde 36 familyaya ait 76 tiir (Abou-Seedo,
1992) ve Tayvan kiyilarinda 13 familyaya ait 26 tir (Jenq,
2010) yakalandi§i rapor edilmistir. Blgelere gore yakalanan
tir sayisi degismekle birlikte, dalyan yapisi, sekli ve bulundugu
derinlikte avcilikta etkili olmaktadir.

Bu calismada, tim dalyanlar igin Shannon-Wiener tir
cesitlilik indeksi 0 — 1,54 ve diizenlilik indeksi 0-0,90 arasinda
hesaplanmistir. Saroz Kérfezinde kurulan dalyanlarda tir
cesitlilik indeksi 0 - 1,566 ve dizenlilik indeksi 0-0,999
(Colakoglu vd., 2015), Tayvan'in dogu kiyilarinda tiir gesitlilik
indeksi 1,16 — 1,63 ve duzenlilik indeksi 1,20-1,63 arasinda
oldugu tespit edilmistir (Jeng, 2010). Dalyanlarin av miktarlari
ve tirlerin bollugu vyillara ve aylara gore farkllik
gostermektedir.
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2016 yilinda Istanbul Bogazr'nda kurulan ag dalyanlarinda
balikgilik sezonu Nisan-Haziran aylari arasinda gergeklesmis
olup, Dilburnu Dalyaninin toplam av miktari 8.803 kg/yil,
Beykoz Dalyaninin 3.914 kg/yil ve Filburnu Dalyanin ise
16.886,5 kg/yildir.  2010-2012 yillari arasinda Saroz
Korfezi'nde kurulan dort a§ dalyaninda avcilik sezonu Nisan-
Agustos aylarinda olup, toplam av miktari 248-14.453 kg/yil
arasinda, her bir dalyanin ortalama av miktari ise 1453-7.246
kg/yil arasinda degismistir (Colakoglu vd., 2015). Her bir
dalyanin av miktari bdlgelere ve vyillara gbre degisiklik
gostermektedir. Bu galismada incelenen dalyanlar cografik
olarak birbirine yakin konumda bulunmalarina ragmen av
kompozisyonu ve av miktarlarinda belirgin farkliliklar
gérilmektedir. Farklilia etki eden tlirler arasinda lifer, ¢aga
ve gumus katkisi en gok olan tirlerdir. Dilburnu ve Filburnu
dalyanlari yaklasik 12 m derinlikte sularda kurulmus iken
Beykoz’da deniz dalyani yaklasik 34 m derinliklerde
kurulmustur. Dalyan gibi pasif olarak kullanilan av araglarinda
su derinligi tlirlerin avcilik miktarlarina etki  etmektedir.
Dalyanlar arasinda Dilburnu dalyani uzun yillarin getirdigi
deneyim sonucu nerdeyse sadece gumis baligi aveiligi igin
kullanilimaktadir.  Bunun  disinda, Dilburnu  dalyaninin
kuruldugu saha liifer gibi istanbul Bogazini gé¢ sirasinda etkin
kullanan pelajik baliklarin gé¢ yollarinin biraz disinda kaldig
icin bu tirler az miktarda avlanmistir. Bunun aksine, istanbul
Bogazi dar bir suyolu oldugundan Beykoz ve Filburnu
dalyanlari bu dar saha da llifer gé¢ yolu Gzerinde kuruldugu igin
lufer av miktarlari bu dalyanlarda yiksektir. Caga baligi ise
sadece en kuzeyde Istanbul Bogaz/'nin Karadeniz gikisinda
kurulan  Filburnu dalyaninda avlanmigtir. Caga baligi
Karadeniz’de son yillarda pelajik trollerle avlanacak kadar
giderek onem kazanmis ve avciligi hizh bir sekilde
yayginlasmaya baslamistir (Zengin, 2019). Bu tiriin ¢alisma
sahasinda yalnizca bu dalyanda avlanmasi cografik pozisyonu
nedeniyle agiklanabilir.

Saroz Korfezi'nde kurulan a§ dalyanlarinda en yliksek
CPUE degeri Ece Limaninda T.mediterraneus igin (10,75
kg/guin), Koyun Limaninda T.mediterraneus igin (4,35 kg/giin),
Mersinlik'de S. aurita igin (12,47 kg/giin) ve Manda Limaninda
S. pilchardus igin (10,16 kg/giin) bildirilmistir (Colakoglu vd.,
2015). Bu calismada, birim cabadaki av miktari Filburnu
Dalyaninda 456,39+49,50 kg/giin, Dilburnu Dalyaninda
237,92424,61 kg/gin ve Beykoz Dalyaninin 163,08+17,14
kg/gun olarak bulunmustur. En yiksek CPUE degeri Dilburnu
Dalyaninda A. boyeri igin (211,70£20,70 kg/gln), Beykoz
Dalyaninda P. saltatrix igin (56,33+6,95 kg/giin) ve Filburnu
Dalyaninda ise A. boyeri icin (112,80+29,54 kg/gin)
belirlenmigtir. istanbul Bodaz’'nda kurulan kurtagzi tipi

dalyanlarin birim cabadaki av miktari bakimindan Saros
Korfezinde kurulan kirma-kepasti tipi dalyanlardan daha
verimli oldugu anlagiimaktadir.

Deniz kiyilarinda deniz trafiginin yogunlagsmasi ve insan
kaynakli diger faaliyetler dalyan avciligini negatif etkiledigi,
yerel topluluklarinin en énemli kUltlr unsurlari olan dalyan
balikgiigin  risk altinda oldugu ve ihtiyatl tedbirler
uygulanmadidi slirece kaybolabilecedi belirtiimektedir (Addis
vd., 2009). Ayni sekilde, Istanbul Bogaz’nda kurulan
dalyanlarda deniz trafigi, deniz kirliligi ve asir avcilik nedeniyle
av miktarlarinda 6nemli diisme oldugu rapor edilmistir (Bok,
1991; Karakulak, 2000). Agik bir sekilde, istanbul Bogazi
dalyan balikgiligi igin ekonomik, kltirel, kalkinma ve kaynak
koruma sektorleri arasinda bir paradoks oldugu sdylenebilir.

Osmanli zamaninda dalyan sahiplerine, dalyan ve voli
yerleri igin tapular verilerek bu yerler (izerinde balik avlama
hakki verilmistir. Medeni kanunun kabullinden sonra, 864 sayili
“Kanunu medeninin sureti meriyet ve sekli tatbiki hakkinda
kanunun” 18.maddesi ile bu haklar, eski ve kazanilmig haklar
olarak benimsenmistir. Bununla birlikte, Medeni Yasanin
yurdrliige girmesinden sonra yeni dalyanlarin kurulmasi
yasaklanmistir (Berki, 1953; Bertan, 1976). 1380 sayili “Su
urdnleri kanunun” 12.maddesi ile 6zel miilkiyetteki dalyan ve
voli yerleri sahipleri tarafindan bizzat veya kiraya verilmek
suretiyle devamli olarak 5 sene igletimedigi veya terk edildigi
takdirde kamulastiriimas! belirtiimektedir. Son yillarda, istanbul
Bogazi'nda 6zel milkiyetteki dalyan ve voli yerleri igin
mahkemelerde kamulagtirma davalar agiimigtir (Dalyan
balikgisi Mustafa Kilig-kisisel gérisme, 2018).

Akdeniz'deki dalyanlar “Diinya Gida ve Tarim Orgtii”
tarafindan  geleneksel  balikgilk  yéntemleri  olarak
tanimlanmakta olup en son 2002 yilinda yapilan “Diinya
Sardrdlebilir Kalkinma Zirvesinde” bu tiir geleneksel av
yontemlerinin Kkultirel ekolojisinin bir parcasi oldugu kabul
edilerek tesvik edilmesi ve gelistiriimesi izerinde durulmustur.
Ayrica, dalyanlar, mekanik ekipmanlar kullanmadiklari igin
yakit tasarrufu saglar ve karbon salinimini azaltir (Addis vd.,
2012). Bu anlamda, bu avcilik yonteminin korunmasi oldukga
onemlidir. Ayrica, Akdeniz geleneksel dalyanlarin, orkinoslarin
ureme davraniglarinin en iyi gdzlendigi yerler olarak énemi
vurgulanmakta ve hala aktif olan dalyanlarin ortak bir izleme
aginin olusturulmasi dnerilmektedir (Addis vd., 2008). Sonug
olarak, bu ¢alismada elde edilen veriler ile istanbul Bogazi'nda
kurulan son dalyanlarin  korunmasina, izlenmesine ve
stirdirdlebilirfiginin saglanmasina katki saglayacaktir
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Abstract: The aim of the study is to determine the inhibitory effect of different protein sources on protease activity of Northern pike, E. lucius, during larval
ontogeny. For this purpose, Northern pike were fed from yolk sac absorption until 21 days after hatching (DAH). At that point, larvae were sampled on 7, 14
and 21 DAH days and the activity of enzyme was analyzed in vitro. In the study, two different fish meal, chicken meal, krill meal, com gluten, soybean protein
concentrate, soybean meal and dried distillers grains with solubles were tested. Fish meal-I showed the lowest effect (7.53 %) on 7 DAH larvae. Moreover,
chicken meal has the highest inhibitory effect on the proteases in the first week (68.27%). In the following period (DAH 14), although the inhibition ratio
dramatically increased in all ingredients, fish meal-l has still the lowest effect on proteolytic activity (55.66%). In the same period, the highest effect was
obtained from krill (82.28 %) and chicken meals (86.73 %), respectively. Then, there was no statistical difference between fish meal-I, fish meal-Il and com
gluten in the 21 DAH and relatively lower than the others (p>0.05). Additionally, chicken meal again has the highest effect on juveniles with the ratio 89.27 %.
As a result, the increase of proteolytic activity was notably increased in 7-14-21 DAH, however, it is concluded that feeding larvae and juveniles with live prey
is still suggested to get better result for such a carnivorous species culture.

Keywords: Northern pike, protease activity, protein sources, inhibition effect

0z: Bu galismanin amaci, farkli protein kaynaklarinin turna baliginin larval gelisimi sirasinda sindirim enzimlerinden proteaz enzimlerini inhibe edici etkisinin
tespit edilmesidir. Bu amagla, Turna baligi, E. lucius, larvalari yumurtadan ¢ikistan itibaren 21. giinlin sonuna kadar beslenmislerdir. Bu noktada, besleme
yapilan larvalardan 7, 14 ve 21. giinlerde rekler alinarak in vitro enzim aktiviteleri tespit edilmistir. Calismada, protein kaynagi olarak iki farkli balik unu,
tavuk unu, krill unu, misir glliteni, soya protein konsantresi, soya unu ve damitiimig tahil test edilmistir. Yedinci giinde, en distk etki balik unu-I grubunda
tespit edilmistir (% 7,53). Ayrica, tavuk unu ilk hafta en yliksek durdurucu etkiyi gdstermistir (% 68,27). Bunu takip eden dénemde (14. giin), tim
hammaddelerin durdurucu etkisi dramatik bir sekilde artmis olsa da, proteolitik aktivite lizerindeki en diistik etki yine balik unu-I grubunda gorilmdstir (%
55,66). Ayni donem icerisinde, en yiiksek etki krill ve tavuk ununda tespit edilmistir (sirasiyla, %82,28 ve 86,73). Ardindan, 21. glinde ise balik unu-l, balik
unu-Il ve misir gluteni arasinda herhangi bir istatistiki fark bulunmamistir (p>0.05). Bunun yaninda, tavuk unu bu dénemde de enzim aktivitesini durdurucu en
yiksek etkiye sahip olmustur (% 89,27). Sonug olarak, 7- 14 ve 21. glinlerde proteolitik aktivitenin belirgin artis gostermesi ile birlikte, bu tirden karnivor
baliklarin larva ve juvenil boylarinin beslenmesi sirasinda canli yemlerin kullaniimasinin daha basarili gelisim sonuglarini ortaya koyacagi diistiniilmektedir.

Anahtar kelimeler: Turna, proteaz aktivitesi, protein kaynaklari, durdurucu etki

INTRODUCTION

Northern pike is one of the most popular and valuable
carnivore freshwater fish species in northern hemisphere. In
restaurants and fish markets, the price is almost the same as
European catfish (Silurus glanis) and pike perch (Sander
lucioperca), in the meantime higher than common carp
(Cyprinus carpio) and trout (Oncorhynchus mykiss). Due to
being effective bio-meliorator in earthen ponds, it is stocked to
polyculture systems to prevent involuntary increase of Prussian
carp, Carassius gibelio, especially mid-Europe. The
constraining point of its commercial production is high

cannibalism ratio which starts at very early larvae stage
(Kucska et al., 2006).

The fish feed industry still searches alternative protein
sources for fish diets due to the dramatic decrease of natural
fish stocks used for fish meal and oil. On the other side, lack of
appropriate commercial diets for new candidate specie’ is
another issue for the potential fish producers. Recently, the
plant protein sources used in commercial fish feeds instead of
fishmeal to reduce the pressure on natural fish populations
causes relatively higher feed conversion ratios. Besides, fish
farmers complain for low growth performance when fish are fed
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on these ingredients. It is thought that this situation is probably
caused by inadequate amino acid profiles and anti-nutritional
factors of plant protein sources (Halver and Hardy, 2002).

In commercial hatcheries, pike larvae are fed with
zooplankton collected from ponds for one week and there is a
limited period to sell them to the other fish farms (Hazman and
Gokeek, 2014). Then they are stocked to the earthen ponds for
nursery (Szabo, 2008). To bypass feeding them by live prey,
producers has started to feed with trout starter feeds over the
last years. Although the food intake and growth performance
were acceptable during this period, it is still unclear that the
nutritional value met with larvae’ requirements or not. Previous
results concerning breeding, feeding them in artificial
conditions and digestive enzymes were already presented for
Northern pike (Kucska et al., 2005; Szabo, 2008; Gokcek et al.,
2012; Hazman and Gokgek, 2014). However, there are still
some information scarcity such as the effects of commercial
feeding protocol on digestive enzyme activities, inhibitory
effects on protease activity and bioavailability of different
protein sources. In the present work, an in vitro method was
carried out to assess the interaction between proteases and
different protein sources to make a contribution to development
of micro diets for Northern pike.

MATERIAL AND METHODS
Source of fish and sampling method

Northern pike larvae were produced from broodstock in
captivity in Szeged Fish Farm Kft., Hungary. Routine artificial
production procedure was applied for fertilization (Szabo,
2008). After hatching, larvae were transferred to the 350 L
circular tanks in the same hatchery and stocking density was
100 larvae/L. During the experiment, the water temperature
was 13+1°C. In the study, fish were fed with trout starter diet
(56% CP) (Coppens, Nederland) 8 times per day. One hour
after feeding activity, about 500 mg larvae were sampled daily
into 3 ml Eppendorf tubes without water and then freeze stored
at-20°C.

Analysis of total protease activity

Whole body homogenates of larvae were prepared to get
enzyme extracts by centrifugation (12000 g, 20 min, 4°C).
Casein (10 mg ml-') was used as substrate and dissolved in 50
mM Tris-HCI buffer at pH 9 (Walter, 1984). The substrate and
enzyme extracts of larvae were incubated at 37°C for 1 hour.
Then, 500 pl trichloroacetic acid (TCA) (12%) was used to stop
the reaction. The mixture was incubated at 4°C for 10 minutes
and after centrifugation (8000 g, 15 min, 4°C) the absorbance
was recorded at 280 nm. One unit of enzyme activity was
defined as 1 pg of tyrosine released per minute. The results
were expressed as U/mg tissue (Gokgek et al., 2016). All
analyses were studied triplicate.

Determination of inhibition effects of protein sources
on proteolytic activity

A modified in vitro method of Garcia-Carreno (1996) was
used to determine inhibition effects of two different fish meal
(FM-1 and FM-2), corn gluten (CG), soybean protein
concentrate (SPC), dried distillers grains with solubles
(DDGS), krill meal (KM), chicken meal (CM) and soybean meal
(SM) as protein sources on protease activity of 7-14-21 DAH.
The amount of crude protein of ingredients were determined by
the Kjeldahl method.

Different feed ingredients and protease enzyme extracts
were pre-incubated and the residual activity was measured.
The extracts (20 yL) were incubated with protein solutions (20
ML) in Tris HCI buffer (500 uL) for 60 min at 25°C (pH 9.0). In
the control group, same amount of distilled water was used
instead of protein solutions in the mixture. Afterwards, 100 pL
casein was added and the mixture was incubated for 120
minutes at room temperature. Finally, 500 uL TCA (120 gL-)
was added to stop reaction and after centrifugation (8000 g, 15
min, 4°C) the absorbance was recorded at 280 nm. TCA was
added prior to casein in blanks (Alarcon et al., 1999; Gokgek et
al., 2016).

Statistical methods

Results are given as mean£S.D. Levene’s test for equality
were used prior to comparison of data. A one-way ANOVA,
followed by Duncan test was applied for comparisons when
significant differences were found at the 0.05 level. Statistical
analyses were performed with SPSS 22.0 software (Hazman
and Gokgek, 2014).

RESULTS

Feeding protocol, growth performance and proteolytic
activity of sampling days were presented in Figure 1. The
protease activities were measured as 271.42 U/mg tissue on 7
DAH, 282.23 U/mg tissue on 14 DAH and 325.64 U/mg tissue
on 21DAH.

The inhibitory degree of feed ingredients on protease
activity are given in Table 1. The minimum inhibitory effect was
obtained from FM-I on the 70 day-old larvae. CM has the
highest inhibitory effect on the proteases in the first week. In
the following period (DAH 14), although the inhibition ratio
dramatically increased in all ingredients, FM-I has still the
lowest effect on proteolytic activity. In the same period, the
highest effect was obtained from KM and CM. There was no
statistical difference between FM-I, FM-Il and CG in the DAH21
and lower than the others (p>0.05). CM again has the highest
effect on juveniles with the ratio.
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Figure 1. Growth performance and daily changes of total proteolytic activity (TPA)

Table 1. Protein sources and inhibition degree of protease activity

PROTEIN SOURCES (% CP as is) DAH7 DAH14 DAH21

FM-1(63.25) 7.53+0.712 55.66x1.612  62.65+3.772
FM-2 (55.26) 22.69+1.35°  61.01+2.88> 67.01+0.792
CG (57.50) 32.70£1.34c  64.81£1420 66.41+2.642
SPC (59.45) 50.93£10.15%  77.90+6.10«¢  81.56+0.30¢
DDGS (31.23) 60.80£6.10¢  80.50+0.67¢  81.40+2.33¢
KM (43.49) 61.88+1.16e  82.28+6.26%  84.34+0,00¢
CM (53.31) 68.27£2.29"  86.73x0.28¢  89.27+1.31¢
SM (46.16) 40.62+4.83¢  70.95%1.88c  76.04+0.71°

Means with the same superscripts in the same column are not significantly different (p<0.05)

DISCUSSION

As well known, fish feed production sector focused on
developing high quality microdiet feeds to meet with the
nutritional requirements of different species since the
beginning of the millennium. It could be summarized that a
serious distance covered on this purpose. However, there still
need to study on it. Sanz et al., (2011) claimed that the total
amount of enzymes measured should contain not only the
enzyme produced by larvae but also the exogenous originated
ones. Therefore, exogenous feeding larvae of carnivore
species should be started by live prey at the beginning of the
ontogeny of digestive tract. Controversially, according to some
other researchers, the secretion of enzymes may be triggered
by movement of beaten live prey (Zambanino Infante and
Cahu, 2001), but the exogenous enzymes are unnecessary for
digestion in the early larval stage (Segner and Rosch, 1998).

Tore et al., (2014) studied the inhibition effect of KM, fish
hydrolysate, FM, SM, caviar meal and CG on proteases of 30
DAH northern pike juvenile. Total protease activity was 489.65

U/mg tissue in that day. Besides, the fish were fed with Artemia
nauplii at first week just after yolk-sac absorbtion. The lowest
inhibitory effect was gained from KM (2.30£1.26%), and the
highest effect from CG (32.24+3.61%). Gokgek et al., (2016)
also tested the inhibitory effects of SPC, SM, CG, blood meal
and FM in 30 DAH Russian sturgeon (Acipencer
gueldenstaedtii) juveniles. In that study, the blood meal
showed extremely high inhibition effect on proteases
(97.2842.31%), while FM had almost the same ratio as those
(15.44+5.59%) reported by Tore et al., (2014). According to
Alptekin and Gokgek (2016), although FM and SPC had a
similar effect on protease of Siberian sturgeon (A. baerii)
juveniles (15.34+3.85 and 14.45+1.58 % respectively), SM
and blood meal had relatively higher effect on proteases (63.33
and 66.67+4.71%, respectively). Kurt and Gokgek (2018)
studied the effects of not only single ingredients but also their
dual combinations in 29-day-old starlet (A. ruthenus) juveniles.
SPC (38.57+10.44%) and CG (43.07+1.72%) displayed lower
effects on the proteases compared with the other ingredients
and their dual combinations. Interestingly, FM had higher effect
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than the other ingredients (57.68+4.54%). In the present study,
the minimum inhibitory effect obtained from FM-I which has the
highest crude protein ratio in among all tested ingredients.
Although there was a statistical difference between two
different fish meal in DAH14, this difference disappeared by
growing larvae in DAH21 (p<0.05). Also, only CG showed
similar effect on proteases as like fish meals in the same period
(p<0.05).

On the other hand, from the stand point of enzyme
produced by larvae in each period, the protease activity was
extremely lower compare to the Tore at al. (2014)’s results.
There was a difference between present and former study in
terms of feeding method i.e., because previous study tested
fish species by maintaining with live prey during early digestive
ontogeny. This could have probably led to better development
of digestive system compared with maintained on just
commercial dry diet. As mentioned before, fish appear to have
solely enough and adequate digestive enzyme for live prey in
their early life stage, but not for digestion of dry diets.
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0z: Bu calismada, Ege Denizi'nde uygulanan cesitli balikgilik tiplerinin ikincil gekim etkileri sonucu balikgilikla etkilesime giren deniz kuslarinin bazi etkilesim
tipleri ve sonuglarinin ortaya konmasi amaglanmistir. Arastirma kapsaminda Eyl(il 2016 ile Aralik 2018 tarihleri arasinda Izmir, Aydin ve Mugla bolgesindeki
balik ciftlikleri, kiiglik dlcekli balikgilar (KOB) ve dalyanlarda galisan 80 balikg! ile ytiz yiize gortismeler yapilmistir. Balik ciftlikleri ve kiyi balikgilar ile en gok
etkilesime giren kus tiirleri karabatak (Phalacrocorax carbo), gimus marti (Larus michahellis), blyik akbalikcil (Ardea alba), az sayida yelkovan (Puffinus
yelkouan) ve akpelikan (Pelecanus onocrotalus)dir. Akuakiltir isletmelerinde calisanlar %82 oraninda kisin deniz kuslar ile etkilesime girdiklerini
bildirirlerken, KOB %50 ile yazin en ok etkilesime girmiglerdir. Balikgilarin mevsimlere gére deniz kuslar ile etkilesime girme oranlar arasindaki fark
istatistiksel olarak 6nemli bulunmustur (p<0,05). Akuakiltir calisanlari %33 oraninda deniz kuglarini tim giin gérdiiklerini ifade etmisler; bu oran KOB igin
%21,7, dalyanlar igin ise %15'dir. Bununla birlikte sabah saatlerinde akuakiiltiir ve KOB tarafindan %11, dalyan balikgisi tarafindan ise %8,3 oraninda su
kuglari ile etkilesim igine girildigi tespit edilmistir.

Anahtar kelimeler: Kuguk 6lcekli balikgilik, dalyan, akuakdltir, deniz kuslar, etkilesim

Abstract: In this study, it is aimed to determine some interactions between various fishery types and seabirds, results of this interaction and sea bird species
that have been interacting due to secondary attraction factors. A total of 80 fishermen, working in fish farms, small scale fishery (SSF) and lagoons located in
Izmir, Aydin and Mugla were face-to-face interviewed between September 2016 and December 2018. The great cormorant (Phalacrocorax carbo), yellow-
legged gull (Larus michahellis), great white egret (Ardea alba), some yelkouan shearwater (Puffinus yelkouan) and great white pelican (Pelecanus onocrotalus)
are the bird species that have an interaction with coastal fishermen and sea-cage fish farms. 82% of employees in sea-cage fish farms mentioned that they
have an interaction with sea birds in winter, besides %50 of SSF have an interaction with sea birds in summer. The difference between interaction rate
according to seasons has been found as statistically significant (p<0.05). 33% of employees in fish farms expressed that they see sea birds during the day.
This ratio is 21.7% and 15% for SSF and fishermen in lagoon, respectively. Furthermore, 8.3% of fishermen in lagoon, 11% of employees in fish farms and

SSF mentioned that they have an interaction with seabirds especially in the morning time.

Keywords: Small scale fishery, lagoon, aquaculture, seabirds, interaction

GiRi$

Kuslar, deniz ortaminda en gdze ¢arpan, en gesitli ve
kolayca galigilabilen organizmalardir. Yaklagik 320 deniz kusu
tir(i ve daha fazla sayida kiyi kusu ve deniz drdegi tirleri, avci
(ve av) ve ¢Opgl olabilirler. Ayni zamanda bu kuslar
balikgiliktan zarar gorebilir veya faydalanabilirler. Balik avinin
kuglar Uzerindeki etkileri dogrudan veya dolayli olabilir.
Dogrudan etkilerin ¢odu, olta takimiyla 6ldirmeyi igerir, ancak
daha kiglk olcekte bazi balk tutma faaliyetleri de kuslari
rahatsiz edebilir (Tasker vd., 2000).

Deniz  kusu popilasyonlarinin - durumu, diger kus
gruplarina gére daha hizli bir sekilde bozulmakta ve
balikgiliktan kaynaklanan hedef disi olarak avlanma, bu
dlsuslerin temel nedenlerinden biri olarak tanimlanmaktadir
(Croxall vd., 2012). IUCN kirmizi listesi incelendiginde deniz
kuglarinin, diinyada en ¢ok tehdit altindaki kus gruplari
arasinda yer aldi§i gortlebilir. Glinimuzde saglikl yetiskin

deniz kuslari igin 6limlerin dnde gelen nedeni, balikgilikla
etkilesime bagll olarak kazayla meydana gelen &limlerdir.
Deniz kuslari her zaman tekneleri takip etmelerine ragmen, son
yillardaki av araci yenilikleri bu davranisi 6zellikle tehlikeli hale
getirmistir. Deniz kuslari ile balikgilik arasindaki etkilesimler
konusundaki endiseler, 6zellikle 1990 yillarda av sirasinda
cok sayida deniz kusunun hedef disi olarak avlandiginin fark
edilmesi nedeniyle oldukga artmigtir.

Halkin tepkisi ve koruma oérgtitleri ile hiiklimetlerin deniz
kusu ve diger deniz canlilarinin 6limleri sebebiyle yapilan
baskilar, acik deniz akinti aglar (drift-net) balikgiliginin
yasaklanmasina, buna bagli olarak paraketa kullaniminda
artiglarin ortaya gikmasina neden olmustur. Hedef disi deniz
kusu avciliginda paraketa balikgiliga da ciddi bir sorundur
clinkl kuglar beslenmek igin balikgi teknelerini takip ederler ve
ozellikle ignedeki yemi almaya calisirken yakalanir ve
bogulurlar (Wiedenfeld, 2012).
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Deniz kuslari, deniz mahsullerinin hasadi stirecinde birkag
farkl sekilde oldirilebilir. Paraketa gibi kanca kullanan balik
avciliginda, paraketa hatti suyun ylzeyine yakin oldugunda ve
kuslarin almak istedikleri yemler veya kiiglk baliklar oldugunda
kuglar igneye takilarak olurler. Deniz kuslarinin paraketa
avciliginda tesadufi 6lumleri ilk kez 1980’lerin baginda rapor
edilmistir (Morant vd., 1983, Croxall vd., 1984). Dinyanin
birgok yerinde sistematik raporlamanin olmamasi ve bdlgesel
olarak deniz kuslarinin avlanmasinin degisken olmasi
nedeniyle sorunun élgeginin belirlenmesi cok zordur. Kuglar en
cok uzatma aglari ve paraketa balikgiligi ve bir miktar da trol
balikgiligi nedeniyle telef olmaktadirlar. Bunun kuslara olan
maliyeti yillik yizbinlerce 6lim vakasidir. Jig, striitme veya el
oltalari kullanan diger olta balikgiliginda, genellikle bu
takimlarla balikgilik sirasinda katilimcilarin  avda  sirekli
bulunmalari nedeniyle deniz kusu avlanma oranlari oldukga
dusuktir. Galsama aglarinin  kullanildi§i  uzatma ag
balikgiliginda, genellikle dalis yapan deniz kuslari yakalanir ve
bogulmayla 6lim gergeklesir. Bazi deniz kuglari 50 m derinligin
altina bile dalabildiginden, bu tip derinliklerdeki aglar da deniz
kuglarini éldrebilir. Trol veya kiyi siritme balikgiligi genellikle
deniz kuglar igin kancalardan veya aglardan daha az risk
olusturur. Trollerde, birgok kus avcilik sirasinda trol halatlarina
veya (varsa) ag sonda kablolarina carparak yaralanir.
Palamara ¢arpmalar sik sik yaralanmalara neden olmaz, ancak
ozellikle buyuk deniz kuslarinda, kemiklerin kirlmasina ya da
kusun élimine yol agan i¢ yaralanmalara neden olabilir. 2005
— 2006 yillar arasinda Guney Afrika bakalyaro trol balikgiligi
esnasinda oldirilen 18.000 deniz kusundan sonra trol
balikgiiginin deniz kuslari icin biyik bir tehdit oldugu ortaya
cikmistir. Trolde 6lum nedenleri palamar halatina takiima
(%85), agin atilmasi ve toplanmasi esnasinda dolanma (%15)
seklindedir (Watkins vd., 2008). Bazi kuslar bu stiritme
aglarinin kaldirima esnasinda balik almayi denerken aga
takiimak suretiyle de 6lebilmektedir. Genellikle deniz kuslari
igin dustk bir risk teskil etmesine ragmen, siy sulara
batirildiginda sepet veya tuzaklar gibi balikgilik ekipmanlari da
deniz kuglarini oldirebilir. Kuslar sepetin igine girebilir,
dolanabilir ve bogulabilirler. Yetistiricilik iftlikleri ise nadiren
deniz kuslari i¢in blylk bir risk olugturmaktadir (Wiedenfeld,
2012).

Marikultirin énemli bir unsuru olan balik iftliklerinin bazi
tirleri ortamdan uzaklastirmasinin yanisira bazi tlrler igin ise
kaynak olarak islev gorduigu disintlmektedir. Bir tir 'ekolojik
tuzak' olarak goérilen deniz balik iftlikleri, vahsi hayvan
poplilasyonlari igin yeni bir ortam yaratmaktadir (Barrett vd.,
2018). Bir hayvan, tercihli olarak, mevcut diger habitatlara gére
zayif oldugu bir habitatta yasamini sirdirmeyi tercih ettiginde,
“ekolojik tuzaga” yakalandigi séylenir (Robertson ve Hutto,
2006). Yirtict hayvanlar ve su Urlnleri yetistiriciligi arasindaki
etkilesim ve bu etkilesimin sonuglari, kiyr ve akuakultir
yOnetimi icin biylk 6nem tasimaktadir (Diaz Lépez, 2017).
Beveridge (2001), kalamar, balik, kaplumbagalar, kuslar,
memeliler gibi ¢ok sayida yirtici hayvan tirlndn balik
ciftliklerinde bulundugunu, ancak kuglarin Akdeniz balik
giftlikleri icin ana sorun oldugunu ifade etmis, bu kuslarin

baliklari 6ldirme veya yaralayabilmesi yaninda ekipmana
zarar verip balik kagiglarina ve maddi kayiplara neden
olabilecegini de belirtmistir.

Zydelis vd. (2013) ise, Akdeniz'de uzatma aglarindan deniz
kusu yakalamasina dair gok az bilgi bulundugunu, Ege Denizi
ve Karadenizden ise deniz kusu yakalanmalariyla ilgili
herhangi bir rapor bulamadiklarini ifade etmistir. Turkiye
kiyllari i¢in de deniz kuslariyla balikgilik etkilesimi Gzerine
higbir bilgiye rastlanmamaktadir. Bu ilk ¢alismada, Ege
Denizi'nde uygulanan gesitli balikgilik tiplerinin (uzatma aglari,
paraketa, dalyan ve akuakiltiir) ikincil gekim etkileri (yani
yakalanan veya av ortaminda bulunan baliklara ydnelme)
sonucu balikgilikla etkilesime giren bazi kuslarin tirlerini ve
etkilesim tipi ve sonuglarini ortaya koymay1 amaglamaktadir.

MATERYAL VE METOT

Bu galisma Eylul 2016 ile Aralik 2018 tarihleri arasinda
izmir, Aydin ve Mugla bélgesindeki balik giftlikleri (akuakiltir),
Kiiglik Olgekli Balikgilar (KOB) ve dalyan calisanlari ile yiiz
ylize gérismelerle yapilmistir (Sekil 1).

TURKIYE

Akuakiiltiir
@ Dalyan
@ KOB

20 knot /ﬁ
Sekil 1. Galisma alani
Figure 1. Study area

Toplamda akuakiltiir isletmelerinde calisan 21 Kkisi,
dalyanda balikgilik yapan 18 kisi ve 21 kiiglik dlgekli balikgt ile
yiiz ylize gorlismeler gerceklestirilmistir. Gérismeler sirasinda
balikgilara etkilesim icinde olabilecekleri kus tlirlerinin resimleri
gosterilmis, hangileri ile etkilesim igerisinde olduklari
sorulmustur. Ayrica, hangi kus tirleri ile hangi sezonda, gliniin
hangi diliminde, ne yaparken etkilesime girdikleri ve kuslari
zararli bulup bulmadiklari, zararli buluyorlarsa ne gibi énlemler
aldiklari gibi bilgiler de sorulmustur.
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Elde edilen bulgular IBM SPSS Statistics Ver.20
programinda X2-kare testi ile analiz edilmistir. Bu ¢alismada
verilen hipotezlerin 6nem diizeyi a = 0,05 olarak alinmistir.

BULGULAR

Bu galismada, Ege Denizinde ¢odunlukla bes tir deniz
kusu kiyr balikgiligiyla dogrudan veya dolayli olarak etkilesime
girmistir. Bunlar, karabatak (Phalacrocorax carbo), biyik
akbalik¢il (Egretta alba), gumisi marti (Larus michahellis),
yelkovan kusu (Puffinus yelkouan) ve akpelikan (Pelecanus
onocrotalus)dir.  Akuakultir igletmelerinde  galisanlarin
tamami, kiglk olgekli balikgilarin ve dalyan balikgilarinin

%72'si deniz kuglari ile etkilesimde olduklarini bildirmiglerdir.
Ug balikgilik grubu da deniz kuslarl ile yogun etkilesim
halindedir ve etkilesimde bulunma agisindan meslek gruplari
ile istatistiki bir fark bulunmamaktadir (p>0,05).

Akuakdltir isletmelerindeki galisanlarin tamami karabatak
ile etkilesim icerisinde oldugunu bildirmistir; giimis marti ile
etkilesime girme orani ise %90,5tir. Akuakdltir biyik
akbalikeil ile %61,9 oraninda etkilesime girmekte iken, bu oran
kiiclik 6lcekli balikgilikta (KOB) %19,1 seviyelerindedir (Tablo

1).

Tablo 1. Balikgilikla etkilesim igerisinde bulunan kus tirleri
Table 1. The bird species that interact with fishermen

Karabatak Akbalik¢il Marti

Yelkovan Akpelikan Diger

Akuakiltir  %100,0 %619 %90,5 %9,5 %9,5 %9,5
KOB %61,9 %19,1 %571 %333 %95 %0,0
Dalyan  %66.7 %22,2 %61,1 %0,0 %22,2 %16,7

Dalyan calisanlari hi¢ yelkovan kusu ile etkilesime
girmediklerini sdylemis; kiglk olcekli balikgilik yapanlar bu
belirtilen bes kus tiirl disinda bagka higbir tir ile etkilesimde
bulunmadiklarini ifade etmislerdir. Etkilegime girilen tlirlerden
sadece karabatak ile catisma gruplari arasinda istatistiki olarak
dnemli fark bulunmustur (p<0,05); diger tirlerde ise istatistiki
olarak 6nemli bir fark yoktur (p>0,05).

Akuakdltir isletmelerinde calisanlar kisin yaklasik %83
oraninda deniz kuglari ile etkilesime girdiklerini bildirirlerken,
KOB %50 ile yazin en gok etkilesime girmislerdir. Dalyan
balikgilarinda  etkilesime  girme  orant %714 e
sonbahardayken ayni mevsimde bu oran KOB icin %0 olarak
belirlenmigtir (Sekil 2).

Yaz
100,00
80,00
60,00
Her Mevsim 40,00 Sonbahar
0 .b‘
ilkbahar Kis
= akuakiltir ~— ==———KOB Dalyan

Sekil 2. Mevsimlere gére balikgi gruplarinin kuslarla etkilesime girme oranlari
Figure 2. The ratio of fishermen groups, that interact with birds, according to seasons

Balikgilarin mevsimlere gdre deniz kuglari ile etkilesime
girme oranlari arasindaki fark istatistiksel olarak onemli
bulunmustur (p<0,05). Akuakiiltir isletmelerinin en ¢ok

muzdarip oldugu karabatak kuslari, 6zellikle kis aylarinda
1500-2000 adetlik strdler olusturmakta ancak akbalikgil 5-6
birey iken, boz yelkovan kuslari nadiren gérilmektedir. Balikgil
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kuglari genellikle yazin ve sonbaharda gériltirken, yelkovan
kuslari ise sadece bahar aylarinda ve nadiren gérilmektedir.

Anketlerde martilarin  a§ kafeslerden balik almasi
genellikle 6l baliklarin atiimasi sirasinda gergeklesmis diger
kuslarin daha ¢ok gece sakinliginde balik alma davranisi
gostermektedir. Ozellikle karabatak kuslarinin kafeslerin st
ortd koruma aglari Uzerine birkag kusun birlikte oturup bir
agirlik merkezi olusturmak suretiyle aglari suya degdirdikten
sonra gagalariyla kafesten balik almalari ise ilging bir ekip
davranigidir. Yine bazi karabataklar ortli adi gagalaryla
keserek bir delik yaratmakta, sonra dalip balik aldiktan sonra
genellikle buradan gikamadiklari igin élmektedir.

izmirde bir balik ciftliginde 2016 yilinda értii adlari 3 giin
aclk kalinca tanesi 105 g gelen 72000 adet (7560 kg) baligin
kuglar tarafindan yendigi ortaya cikmistir. Ciftlikler icin en
zararli kus olarak gorilen bir karabatak ciftliklerde bir a§ kafese
girdigi takdirde ginde ortalama 200-300 adet balii
tiiketebilmektedir. Bazi iftliklerde ise karabatak girmesinin
yarattigi kayip ginde 1000-2000 adede kadar gikabilmektedir.
Kafeslere giremedigi takdirde ise ayda 100-200 adet balik
alabilmektedirler. Bazen kafeslere suri halinde bile
girebildikleri gézlenmistir. Ayrica baligin boyu karabatak igin
fark etmemektedir; her boy bali§i kapabilmektedirler. Oysa

Ilkbahar Kis

Her Mevsim

[1kbat

martilar igin bu baliklar oldukga blyUik oldugundan kafeslerden
alamamaktadirlar. Yani martilarin ag kafeslerden balik alma
becerisi ancak kuglk baliklar Gzerinedir. Agda yirtik varsa ya
da ag suya degiyorsa balikgillarin ise ginde 400-500 adet
baligi tliketebildikleri de ifade edilmistir.

Karabataklar iizerine ilging bir anekdot ise iftlik bolgesine
once 1-2 6ncti kusun geldigi, bunlar geri donmedigi takdirde ise
tim strindn (ylzlercesi) ayni bélgeyi isgal etmektedir. Eger
ciftlik bekgisi dncl kuslari korkutmayi basarirsa digerlerinin de
onlnu kesmis olmaktadir.

KOB tarafindan karabatak %13 oraninda her mevsim
gorlinmekte iken balikgl kuslar akuakiltir galisanlari
tarafindan %23,8 oraninda her mevsim gériimektedir (Sekil 3).
Marti ise akuakiltiir isletmeleri tarafindan %40 oraninda, KOB
tarafindan %20 oraninda her mevsim goriilmektedir. Yelkovan
kusu ise %44 oraninda ilkbaharda ekseriyetle dalyan balikgilari
tarafindan gorlimustir. Akpelikan ise dalyan balikgisi ve
akuakiltir calisanlari tarafindan %44 oraninda her mevsim
gozlemlenebilmektedir.  Sadece  karabatak  kusunun
mevsimlere gore gorilme oranin istatistiksel olarak farkli
bulunurken (p<0,05); diger tlirlerde istatistiki olarak énemli bir
fark tespit edilememistir (p>0,05).

Balikgil

Akpelikan
Yaz
0

—a—akuakiilti
~KOB

4~ Dalya

$Sekil 3. Mevsimlere gore deniz kuglarinin gorilme orani
Figure 3. The rate of incidence of sea birds according to seasons

Bir dalyan olarak Bafa Goli'ntin énemli balikgi kdylerinden
Sergin Kbyi'nde (Soke) balikgilarla yapilan gdrismelerde en
biyik etkilesimin  akpelikanlarla (yérede ‘saka’ adi
veriimektedir) oldugu ifade edilmigtir. Yil boyu gdzlenen
akpelikanlar baligi uzatma aglarinin st kismindan kolayca

alabilmektedir. Bu esnada aglara da zarar vermektedir. Dip
adlari igin ise akpelikanin bir zarari s6z konusu degildir.
Balikgilarin ifadesine gore, 2013 yilinda bdlgede nadir gériilen
tek bir yelkovan kusu aga dolanmis ve balikgl tarafindan
kurtariimistir.
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Akuakiiltir ¢alisanlari %33 oraninda deniz kuslarini tim
giin gérdiiklerini ifade etmisler; bu oran KOB igin %21,7, dalyan
igin ise %15'dir. Bununla birlikte sabah saatlerinde akuakdiltir
ve KOB tarafindan %11, dalyan balikgisi tarafindan ise %8,3
oraninda su kuslari ile etkilesim igine girildigi ifade edilmistir
(Sekil 4).

Karabataklar icin %85 oraninda akuakultir isletmelerinde
kafeslerin tizerinin ag ile kapatiimasini bagarili bir 6nlem olarak
belirtimekteyken, KOB %9,5 oraninda ses ile uzaklastirmayi,
%9,5 oraninda tas atarak korkutmay! tercih etmektedir. Dalyan
balikgisi ise higbir sekilde karabataklara karsi herhangi bir
onlem almamaktadir (Sekil 6). Alinan onlemler arasinda
istatistiki olarak fark mevcuttur (p<0,05).

Sabah
0,30
0,20 )
Tum gin Ogle
O,;:\
Gece Aksam
= akuakiiltir —==———KOB Dalyan

$Sekil 4. Giinlik zaman dilimine gére kus gruplarinin balikgilikla etkilesime girme oranlari
Figure 4. The ratio of sea birds, that interact with fishermen, according to period of time of day

Karabatak kuslari akuakiiltir galisanlari tarafindan %31,7
oraninda zararli olarak tanimlanmigtir. Martilar %10 oraninda
akpelikanlar ise %716,7 oranina KOB tarafindan balikgilik
faaliyetleri tarafindan zararli olarak ifade edilmistir (Sekil 5).

Buna karsilik akuakiiltir ve KOB balikgisinin %85,7’si,
dalyan balikgisinin ise %72’si kuslar sebebi ile av araglarinin
zarar gormedidini ifade etmiglerdir (p>0,05). Akuakultir
balikgisinin tamami ise kafeslerine giren kuglarin dldigund
ifade etmislerdir.

Karabatak
40
Hicbiri 0.30 Balikgil
0,20
0,10 4
0,009 %
Diger Marti
Akpelikan Yelkovan

—0— Akuakilltir —e=KOB

Dalyan

$Sekil 5. Balikgi gruplarina gore kuslari zararli bulma oranlari
Figure 5. The ratio of finding harmful of sea birds according to fishermen
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Mart icin ses ile uzaklastirmanin %19 oraninda daha
basarili oldugu akuakiiltir isletmelerinde calisanlar tarafindan

belirtiimistir.  Martilar  bazen kus aglarindan igeriye
girebilmektedir. Ses ile uzaklastirmada bu oran KOB igin
Karabatak
Ses ile uzaklastirma
10
80
60
Higbir sey 9
20
LAY
N\
\
Bekei Kus ag1

lay atma

%14,3 olarak belirlenmistir. Dalyan balikgisinin tamami higbir
onlem almadiklarini ifade ederken, KOB %9,5 oraninda
martilari  beraberinde getirdikleri balikla besledidini ifade
etmistir (Sekil 6).

Marti

Ses ile uzaklagtirma
100

80
60

. 0
Higbir sey 4 Kus agn

T

‘
TA

Besleme Bekgi

= akuakiiiltiir KOB Dalyan

$Sekil 6. Karabatak ve martilara karsi alinan énlem gesitleri
Figure 6. The variety of precaution against to the great cormorant and yellow-legged gull

Bu arada kiyiya yakin akuakdiltir ¢iftliklerinde bir karganin
kafesten balik aldiginin gbézlenmesi ise tek vaka olmasi
sebebiyle degerlendirmeye alinmamigtir. Giillik Kérfezi'nden
bildirilen olayda karga 60 baliklari toplamustir.

Balikgil kuslari icin sadece dalyan balikgisi %5,5 oraninda
ses ile korkutmayi tercih ederken, akuakdiltiir ile KOB %100
oraninda, dalyan balikgisi ise %94,5 oraninda higbir sey
yapmamay tercih etmektedir (p>0,05).

Balikgllarin ~ %51,3'0  kuslari  izleyerek  balikgilik
yapmadigini, %48,7’si ise kuslari izleyerek balikgilik
yaptiklarini ifade etmiglerdir. KOB'tan kuslari izleyerek
balikgilik yapanlarin orani %66,7 iken, dalyan balikgiliginda bu
oran %27,8'dir (p>0,05). Bodrum Turgutreis’li balikgilar etrafta
marti bollagirsa su tstiinde balik oldugu sonucuna vardiklarini,
bu anlamda martilarin kendilerine siri bulmada katki
sagladiklarini ifade etmislerdir. Ayrica balikgilar agzindan ve
sonrasinda ayagindan oltaya takilan martilari fark ettiklerinde
martilari kurtardiklarini ifade etmislerdir. Balikgilarin aglarina -
¢ok nadiren de olsa- karabataklarin dolanarak oldikleri de
tespit edilmistir.

Diger yandan Urla kiyilarinda uzatma agi kullanan bir
balikginin aglarina Subat 2015'te bir operasyon sirasinda 12
adet karabatak, Mart 2015’te bir operasyonda sekiz adet iri
karabatak ve bir adet yabani érdek takilmistir. Ayni balik¢i bu
kuslarin 6zellikle gece avciliinda voli yontemi kullanirken,
gurdiltd ve 11k kullanimi sebebiyle Urkiip kacarken aglara sikga
yakalandigindan bahsetmistir. Martilarin ise mantar yaka
uzerinden liifer, lidaki, palamut gibi baliklari yedidini ancak
aglara hi¢ takilmadigini da sézlerine eklemistir. Balikg
martilarin  su Uzerinde d&zellikle hamsi, sardalya igin
toplandigini bildiklerinden o bdlgeyi voli ile gevirdiklerini;
palamut ise ylzledigi zaman kuglarin biriktigini ve o bdlgede
sirti avina giktiklarini ifade etmistir.

Bodrum Giindogan kiyilarinda paraketa balikgiligi yapan
bir balikgi 2000 yili baslarinda bagina ilk kez gelen bir olay
olarak sardalya ile yemlemis oldugu sinagrit paraketasini suya
atarken 20 civarinda yelkovan kusunun paraketaya
yakalanarak 6lduginid ifade etmigstir. Turgutreis'li balikgilar
paraketaya martinin geldigini ve bazen takildigini belirtmisler;
iki balikgl ise 2002 yilinda paraketalarina birer marti takildigini
ve sonra onu kurtardiklarini anlatmistir. Paraketa balikgilari
kuslarin takilmamasi igin onlem olarak paraketanin hizli
inmesini  saglayacak cesitli agirliklar koyduklarini ifade
etmiglerdir.

Fethiye'de kilic yizey paraketasi kullanan balikgilar,
kiyidan 5-10 mil agikta paraketalarini kullanmaktadirlar ve bu
nedenle sadece marti gordiiklerini, bunlarin zaten paraketanin
yemli igne derinligine (20-25 m) ulasamadiklarini ve sadece
paraketay! toplarken tekneye geldiklerinde onlara artik yemleri
attiklarini ve bu nedenle takilma olayl yasanmadigini ifade
etmislerdir. Bu balikgilar kiyida bazen lahos paraketasi
attiklarinda martilarin bu yemlere (kupes, sardalya, kalamar)
hamle yaptigini gorduklerini sézlerine ilave etmislerdir. Yine
ayni bdlgede diger bir balikgl, kilig paraketasinin bazen lodosla
gerilerek ylzeye ¢iktigini, bu esnada martilarin bu yemlere
hamle yaptigini, ancak bitiin olarak paraketaya takilan
uskumru gibi baliklar tagtyamadiklari igin yemi alamadiklarini
ve blyUk kancalara (1/0-2/0) takilmadiklarini sGylemistir. Buna
mukabil, bazen yakalanan kili¢ bali§i ylizeye ciktiginda
martilar onun etinden parga kopararak delikler agtiklarini da
bildirmiglerdir.

Fethiyeli kilig paraketacilari ézellikle ilkbahar aylarinda
“meltem kusu” adini verdikleri yelkovan kuslarini agik sularda
gordiiklerini ancak paraketaya hamle yapmadiklarini da ifade
etmiglerdir.
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TARTISMA VE SONUG

Bu galismada balik giftlikleri ve kiyi balikgilari ile etkilesime
giren deniz kusu tirleri karabatak (Phalacrocorax carbo),
gimls marti (Larus michahellis), blyik akbalikgil (Egretta
alba), yelkovan (Puffinus yelkouan) ve akpelikan (Pelecanus
onocrotalus)dir.  Akuakultir isletmelerindeki su Urinleri
galisanlarinin tamami karabataklarla etkilesim i¢inde oldugunu
sOylemekteyken, glimis marti ile etkilesime girmis olanlarin
orani %90,5'tir. Buyuk akbalikgil ile %61,9 oraninda akuakdltiir
isletmelerinde galisanlar etkilesime girmekte iken bu oran
kiiglik dlgekli balikgilikta (KOB) %19,1 seviyelerinde kalmistir.
Karabatak kuslari akuakiltir calisanlar tarafindan %31,7
oraninda y(ritilen faaliyetler agisindan zararli olarak
tanimlanmistir. Bunun ana sebebi, deniz kuslarinin kafeslerin
igine kus koruma aglarina ragmen beslenmek igin girmesidir.
Martilar %10 oraninda, akpelikanlar ise %16,7 oranina KOB
tarafindan balikgilik faaliyetleri tarafindan zararli olarak
addedilmistir.

Karabatak kuslari balik ciftlikleri icin digerlerinden ¢ok daha
zararll olarak degerlendiriimektedir. Aguado-Giménez vd.
(2018), deniz kuslari yetistiricilik faaliyeti ile deniz kuslarl da
dahil olmak (izere vahsi fauna arasindaki bu etkilesimin ¢ogu
zaman catismalar icerdidini, ihtiyofag kuslarin (Ureticilere
baliklari 6ldirerek veya yaralayarak, aglara zarar vererek ve
kagislara neden olarak ciddi hasara yol acabilecegini
belirtmistir. Bu galismada bazi balik iftliklerinin avcilara karsl
ortl aglarla onlem aldiklarini gozlemledik. Balik kafesleri,
kuslara kars! kafes ortu aglariyla kapatiimistir. Deniz kuglarina
karsi kafes aginin ortilmesi, Ozellikle kis mevsiminde
karabataklarin ve biylk beyaz akbalikgillarin populasyonlarini
arttirdigi dénemleri kapsamaktadir.

Martilar,  blyik  balklarnr  deniz  kafeslerinde
tutamadiklari/tasiyamadiklari igin zararsizdir. Benzer sekilde,
Aguado-Giménez vd. (2018), deniz kusu yogdunlugunun
sonbahardan kisa arttigini, blyilk karabataklarin  bati
Akdeniz'deki sekiz ciftlik arasinda en bol bulunan tir oldugunu
ve ilave olarak, en soguk mevsimlerde ve bazi giftliklerde kiiguk
balikgillarin sayisiz oldugunu belirtmistir. ilkbahar ve yaz
aylarinda ise kus yogunlugu belirgin sekilde azalmistir. Ote
yandan, oOzellikle karabataklar ve blylk akbalikgillar,
korkutmak icin havaya ates ederek atesli silahlarla aralikl
olarak korkutulmaktadir. Beveridge (2001), birgok kus ve
memelinin ¢iftlikte kasitl olarak veya kazayla 6ldurildigund
gosteren kanitlar bulundugunu belirtmigtir. Ancak, balik
ciftlikleri calisanlari tarafindan kuslarin 6ldiriildigu hususunda
herhangi bir bilgiye ulagilmamistir. Bununla beraber, zaman
zaman o6rtll aglarinin dst kisminda boynu kirilarak élmus bazi
kuslara rastlaniimistir. Beveridge (2001) balik ¢iftliginde kus
predasyon calismalarinin  ¢ogunun  Kuzey Avrupa'da
yaplldigini bildirmistir. Ornegin Iskogya'da, balik giftliginin %60-
90" kuslarla ilgili problemler yasamakta; karabataklar
(Phalacrocorax carbo), balikgillar (Ardea cinerea) ve tepeli
karabataklar (P. aristotelis) en blylk sorun nedeniyken,
martilar (Larus spp.) daha az sorunlu bulunmustur. Bu
durumda, bu arastirmada hichir A. cinerea ve P. aristotelis

gézlemlenmemigse de kuglarla ilgili benzer problemlerden
bahsedebiliriz. Ayrica, Beveridge (2001) tarafindan en basit
dlzeyde, kopeklerin veya korkuluklarin ve daha karmasik
yaklasimlarin varligi gibi gesitli caydirma ve diglama yontemleri
arasinda, yanip sénen isiklar veya kaydedilen tekne motorlari
veya yiksek patlamalar gibi sesleri kullanan korkutucu
cihazlarin yerlegtirilmesi dnerilmistir.

Bu galismada paraketaya takilan kimi martilardan soz
edilmistir. Paraketa balikgiligindaki deniz kusu dltimu kuslarin
beslenme ve Ureme aktivitesiyle ilgili oldugundan oliim
oranlarinin bolgeye ve mevsime gore degistigi bilinmektedir
(Moreno vd., 1996; Nel vd., 2002). Ureme mevsimi boyunca
treme kolonileri gevresindeki avlanma alanlarinin alansal ve
mevsimsel kapanislari, deniz kusu etkilesimlerinin en yogun
olduju zamanda balikgi  teknelerinin  ¢alismasini
engelleyebilmektedir. Bununla birlikte, dreme mevsimi
boyunca Giiney Atlantik'teki yiyecek arama alanlarinda da
yliksek yakalama oranlari kaydedilmistir (Jiménez vd., 2009,
2010; Petersen vd., 2009). Buna karsin, kus korkutma halatlari
(bird scaring line = BSL) paraketa avciliginda 6nemli islevler
gorebilmektedir.

BSL diizenli araliklarla bir beden boyunca flamalarin
baglandigi yaklasik 100 m boyunda teknenin ki¢ Ustiinden
cekilen halatlardir. Flamalar geminin hareketi ile dalgalanarak
hem gdrsel hem isitsel higirtilar gikararak kuslari trkiitmeye
yarar. Falkland Adalar’ndaki BSL denemeleri sirasinda
kaydedilen bir 6liim vakasi olmamistir. Blgede yapilan 6nceki
calismalardan toplanilan verilere gére, higbir 6nlem almayan
balikgi teknelerinin kus &lim orani 0.76/s'dir (Sullivan vd.
2004). Yine kaydedilen verilere gdre toplam temas oranlari
BSL kullanilan teknede (1.00 temas/s); BSL kullanilan teknede
(0.29 agir temas/s); BSL kullanimayan teknede (58.34
temas/s) ve BSL kullanilmayan teknede (17.46 agir temas/s)
olarak rapor edilmistir (Sullivan vd., 2004). Bir BSL'nin maliyeti
ise sadece 40 USD'dir. Bu nedenle kullanimi diistk maliyetlidir,
cok az depolama alani gerektirir, bakim ve onarimi,
degistiriimesi  kolaydir, kullanimi basittir ve sadece suya
atilacak bir samandira gerektirir (Sullivan vd., 2004). Bu
galismada bazi balikgilar paraketanin kuslarla iletisimini
onlemek icin paraketaya hizli batmasi i¢in agirlik ilave
ettiklerini belirtmislerdir. Robertson vd. (2003), halatlara agirlik
eklemenin batma stiresini kisalttigini ve dibe yakin halatlarin
ylzeyden gelebilecek kus hareketlerine daha az maruz
kalacagini belirtmistir. Bu paraketaya agirlik takma islemini
Bodrumlu balikgilar da uygulamaktadir.

Yine paraketa icin gelismis tlkelerde uygulanan paraketayi
sualtina kaydirma oluklari (setting chutes) da oldukga
islevseldir. Bu kancalarin ve halatlarin sualtindan atma-gekme
islemi sayesinde kuglarin erisimi dnlenmektedir. Bugiine kadar
yapilan ¢alismalar, deniz kusu yakalanmasini azaltmak igin
sualtl ayar cihazlarinin etkinligi agisindan karigik sonuglar
gostermistir. Ancak gelisme ilerledikce, cihazlarin etkisi git gide
guiclenmektedir (Lokkeborg 1998; Brothers vd., 1999; Gilman
vd., 2003). Norveg'teki denemeler; su alti oluklarinin
kullaniminin, sucul kuslarin yakalanmasinin énlenmesinde
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etkili oldugunu gostermistir. Standart balikgiliktaki sucul
kuslarin yakalanma orani ile su alti oluklari kullanilmis bir
gemide vyapilan avcilikta sucul kuglarin yakalanma orani
dnemli dlglide azdir. Su alti oluklari kullanilan bir teknede her
1.000 kanca icin 1,75 ila 0,49 kus orani elde edilmistir
(Lokkeborg, 1998). Ayrica su altindan  paraketa
uygulamasinda, Ryan ve Watkins (2002), Giiney Okyanusu
civarinda Prens Edward Adalari kiyllarinda Patagonya disli
bali§i  (Dissostichus eleginoides) balikgiiginda yapilan
denemelerde albatroslarin ve diger sucul kuslarin hedef digi
avlanmasinin %68 oraninda azalttigini bildirmiglerdir. Bu
oluklarin maliyetinin 20.000 USD civarinda olmasi, yem kaybi
ve asinma gibi nedenlerle av aracina verebilecedi hasar ise
dezavantajli yanlaridir.

Bu calisma, Ege Denizi kiyilarinda akuakiltir, KOB ve
dalyan balik¢iligi ile etkilesimde olan bazi kus tirlerinin bir
listesini ve olasi etkilesimlerinin bazi sonuglarini ortaya
koymustur. Ege kiyilarinda deniz kuslari ile balikgilik arasinda
etkilesimin ~ boyutlari  henlz ¢ok blylk boyutlarda
gorinmemektedir. Sadece akuakiiltirdeki balik kafesleri ile
karabataklar arasinda ciddi sayilabilecek bir etkilesim gbze
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Abstract: Within a surveillance programme for the detection of invasive alien species, many benthic samples were randomly collected from several ports
located in the inner and middle parts of Izmir Bay. A total of four sponge species (Sycon raphanus, Sycon ciliatum, Paraleucilla magna and Dysidea fragilis)
were found on the artificial hard substrata. Paraleucilla magna, which is being newly recorded from the Aegean coast of Turkey, is an invasive alien species
and very abundant almost at all ports, covering maximally 35% of surfaces sampled. The morphological and distributional features of these species are
described.

Keywords: Porifera, Demospongiae, Calcarea, Invasive Alien Species, biodiversity, distribution, Aegean Sea, Mediterranean Sea

Oz: stilaci yabanci tiirlerin tespiti igin yapilan bu arastirmada, izmir Korfezinin i¢ ve orta kisimlarinda bulunan gesitii limanlardan birgok bentik drnek rastgele
toplanmistir. Yapay sert substrat iizerinde toplam dort stinger tiirli (Sycon raphanus, Sycon ciliatum, Paraleucilla magna ve Dysidea fragilis) tespit edilmistir.
Tirkiye'nin Ege kiyilarindan yeni kaydedilmekte olan Paraleucilla magna, istilaci yabanci bir tlirdiir, 6eklenen yizeylerin maksimum % 35'ini kaplamakta

olup neredeyse tiim limanlarda bol miktarda tespit edilmistir. Bu ¢alisma, bu tiirlerin morfolojik ve dagilim 6zelliklerini agiklamaktadir.

Anahtar kelimeler: Porifera, Demospongiae, Calcarea, Istilact yabanci tiir, biyogesitlilik, dagilim, Ege Denizi, Akdeniz

INTRODUCTION

Port environments are separated from nearby coastal
systems due to the artificial structures they have and
continuous shipping activities (Awad et al., 2014). Such
activities make the environments more prone to invasion by
alien species. It is well known that one of the main pathways
for the introduction of alien species is the transport by vessels,
especially in ballast waters (Carlton, 1985; Galil, 2009).
However, the organism transfer by hull fouling is also
widespread in the world’s oceans (Bax et al., 2003). The
polluted environments in ports favor the establishment of alien
species of wide niche breadths. For example, on polluted hard-
and soft-bottoms of Alsancak and iskenderun Harbours, which
are located in the eastern Mediterranean Sea, alien species
(ship-mediated species in Alsancak Harbour, lessepsian
invaders in iskenderun Harbour) comprised more than 70% of
total zoobenthic populations (Cinar, 2006; Cinar, et al., 2006).
Many alien invertebrates and fish were reported on floating
docks and other artificial surfaces in ports rather than adjacent
natural substrates (Glasby and Connell, 2001; Paulay et al.,

2002; Cinar et al., 2006; Pergin, 2018). Therefore, port surveys
are very important for the detection and surveillance of alien
species.

The Mediterranean Sea is known to be a hot spot area for
the introduction of alien species as it has more than one
pathway including the Suez Canal (Cinar et al., 2011). More
than 900 alien species have been recorded up to date in the
Mediterranean Sea (Zenetos et al., 2012). Among alien
species, a total of 603 alien species have become established
in the region (Zenetos et al., 2017). The majority of alien
species (almost 75%) belonging to different taxonomic groups
are known from the eastern part of the Mediterranean.
However, there is a lack of reliable information regarding alien
sponge species in the Mediterranean (Zibrowius, 2002).
Acording to Zenetos (2010) eight alien sponge species might
be considered as Lessepsian species in the Mediterranean
Sea. However, the presence of these species in the
Mediterranean was regarded as questionable. It is now
apparent that only Paraleucilla magna was considered as an
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established alien species in the Mediterranean, but its origin is
still unknown (Longo et al., 2007; Zammit et al., 2009;
Guardiola et al., 2011). This species was also previously
reported on the natural substrata in the Sea of Marmara
(Topaloglu et al., 2016).

The present study aims to determine the diversity of
sponge species inhabiting ports of Izmir Bay and to present
their distributional and morphological features

MATERIAL AND METHODS

The sponge specimens were collected on artificial
substrata (concrete surface, buoys, submerged ropes and
tyres) at 0-3 m depth at 8 ports located in the inner and middle
parts of izmir Bay between March and May 2016 (Figure 1).
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Figure 1. Locations of sampling sites: 1. Giizelbahge Fishing Port, 2.
Sahilevleri Fishing Port, 3. inciralti Fishing Port, 4. Levent
Marina, 5. Pasaport Ferry Terminal, 6. Karsiyaka Sailing
Club, 7. Karsiyaka Fishing Port, 8. Bostanli Fishing Port

All sponges were scraped from surfaces and fixed in 4%
formaldehyde. To estimate the percent coverage of
Paraleucilla magna at ports, three-replicated quadrates (25 x
25 c¢m) were put randomly on surfaces sampled. In the
laboratory, all sponge specimens were washed under tap water
and then transferred to vials including 70% ethanol.

For the examination of skeletal structures, skeleton
preparations were made by hand dissection under a
stereomicroscope. Spicule slides were prepared according to
the method proposed by Klautau and Valentine (2003). A
minimum of 25 spicules of each type were measured with an
ocular micrometer. Some specimens were dehydrated in
ethanol and embedded in paraffin wax and sectioned with a
microtome at various thicknesses in order to analyse the shape
and size of the choanocyte chambers. The specimens
identified are deposited at the Museum of the Faculty of
Fisheries, Ege University (ESFM).

RESULTS

Examination of sponge specimens collected from the ports
of Izmir Bay yielded a total of 4 sponge species (Sycon
raphanus, S. ciliatum, Paraleucilla magna and Dysidea fragilis)
belonging to 3 families (Sycettidae, Amphoriscidae and

Dysideidae) and 2 classes (Calcarea and Demospongiae). The
invasive alien species P. magna, which is being recorded for
the first time from the Aegean coast of Turkey, was found in all
ports with high percent coverages.

Class: CALCAREA Bowerbank, 1864
Family: Sycettidae Dendy, 1893
Sycon ciliatum (Fabricius, 1780) (Figure 2)

Spongia ciliata Fabricius ,1780: 448.
Sycandra ciliata; Haeckel, 1870: 296, pls. 151, 58, 51.
Sycon ciliatum; Borojevic, et al., 1968: 33.

Figure 2. Sycon ciliatum. a. General view (scale: 3 mm) b. longitudinal
median section of an entire specimen (scale 3 mm), c.
Choanocyte chambers (scale: 100 um), d. Overview of
spicules (scale: 50 ym) e1. Subregular tetractine (scale: 40
pm), 2. Large subatrial triactine (scale: 100 ym), e3. Small
tubar triactine (scale: 120 um), e4. Diactine (scale: 100um).

Material examined: ESFM-POR/2016-1, station 1, May
2016, 0.5 m, on tyre, 8 specimens; ESFM-POR/2016-2,
station 2, May 2016, 1 m, on tyre, 6 specimens; ESFM-
POR/2016-3, station 3, May 2016, 0.5 m, on tyre, 18
specimens.

Description: Living members of this species have a soft
consistency. The body is vase-shaped. Specimens high 2.5 cm
diameter up to 0.8 cm wide. The terminal large osculum is
surrounded by a fringe of long stiff diactines (Figure 2a). The
surface is hairy. In addition, spicules are visible on the surface
of body. Specimens have a short stalk. Specimens are usually
solitary or occur in small groups. Colour is grey, white and
occasionally brown in life and in ethanol. The aquiferous
system is syconoid (Figure 2b). The choanocyte chambers are
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partially cylindrical (100-220 um), entirely free from each other
(Figure 2c). The skeleton consists of tiractines, tetractines and
diactines (Figure 2d). The atrial skeleton is composed of
sagittal triactines and tetractines. Subregular tetractines (basal
actines: 40-80 X 8-10 um, apical actines: 50-110 X 9—12 um)
are regularly overlapping in the atrial skeleton. Actines are
slightly conical and sharp (Figure 2, e1). Subatrial skeleton
consists of brushes of larger triactines. Actines are slightly
conical and sharp. The paired actines are straight or slightly
curved. The unpaired actine is frequently longer than the paired
ones (paired actines: 100-220 X 5-12 pm, unpaired actines:
90-260 um X 8-16 um) (Figure 2, e2). The tubar skeleton
consists of small triactines with long and thin diactines.
Triactines is subregular to sagittal (paired actines: 80-120 x 4-
8 um unpaired actines: 90-140 x 5-10 pm). Diactines are
sharp and slightly curved (900-2800 x 6-20 um) (Figure 2, e3-
ed).

Habitat and Distribution: It is a common species in the
shallow sublittoral zone, rarely in depths of more than 150 m,
in the Mediterranean, the Atlantic and the Arctic (Longo and
Pronzato, 2011; Van Soest et al., 2017b; Rapp, 2013). Along
the coasts of Turkey, this species was previously reported from
the Sea of Marmara by Ostroumoff (1894; 1896) and Topaloglu
etal., (2016).

Sycon raphanus Schmidt, 1862 (Figure 3)

Sycon raphanus Schmidt, 1862: 14-15, pl. i, Figure 2; Burton,
1956: 115; Tsurnamal, 1975: 146, Figure 4.

Figure 3. Sycon raphanus. a. General view (scale: 2 mm), b.
longitudinal median section of an entire specimen (scale
2.5 mm), c. Choanocyte chambers (scale: 100 um) d.
Overview of spicules (200 pm), e1.Atrial tetractines
(scale: 60 pm), e2. Tubar triactines (scale: 100 um), e3.
Diactine (scale: 300 um)

Material examined: ESFM-POR/2016-4, station 1, May
2016, 1 m, on tyre, 8 specimens; ESFM-POR/2016-5, station
2, May 2016, 0-1 m, on tyre, 6 specimens.

Description: Alive specimens of this species have a fragile
tissue. Color is white in life and in ethanol. Specimens have
globular or tube in shaping up to 0.9 ¢cm high and 0.5 ¢cm wide
with short stalk. Numerous diactines on the surface make it
very hispid (Figure 3a). Specimens are usually solitary or occur
in small groups. The aquiferous system is syconoid and the
atrium is central (Figure 3b). The choanocyte chambers (range
from 60-150 pm) are almost fused in the distal cone (Figure
3c). The skeleton consists of triactines, tetractines and
diactines (Figure 3d). Tubar skeleton and distal cones are
composed of triactines with slightly curved paired actines
(paired actines 90-180 X 10-12 um and unpaired actines 150—
250 X 10-12 pm) and diactines. The atrial skeleton is
composed of subregular to regular (rarely sagittal) tetractines
and triactines. Tetractines of the atrial skeleton are similar to
triactines. (apical actines 55-90 x 610 pm, basal actines 100-
210 x8-12 um) (Figure 3, e1, e2). Diactines are slightly curved
(900-2800 x 20-25 um) (Figure 3e, 3).

Habitat and Distribution: This species is very common in
the shallow water benthic habitats of the Mediterranean Sea
and the eastern Atlantic coasts. It occasionally occurs in depths
down to 300 m depth (Longo and Pronzato, 2011; Van Soest
et al., 2017b). It was previously reported from the coasts of
Turkey, except for the Black Sea coast (Topaloglu and Evcen
2014).

Family: Amphoriscidae Dendy, 1893
Paraleucilla magna Klautau, Monteiro & Borojevic, 2004
(Figure 4,5)

Paraleucilla magna Klautau et al., 2004: 1-8, Figure 2 (a-c);
Longo et al., 2007: 1749-1755, Figure 2-5; Topaloglu et al.,
2016: 54, Figure 3.

Figure 4. Different morphologies of Paraleucilla magna in izmir Bay.
Scale bar:a=2cm, b=2.5¢cm, c=4 cm,d=4 cm
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Figure 5. Cross section through the choanocyte chamber of P. magna
(scale: 120 pm), b. Spicules, b1. Cortical triactine (scale
300 um), b2, 3. Cortical tetractine (scale: 320 pm), b4.
Subatrial triactine (scale: 200 um), b5. Subatrial tetractine
(scale: 300 pum), bB. Atrial triactine (scale: 150 um).

Material examined: ESFM-POR/2016-6, station 1, March
2016, 0.3 m, on tyres, 4 specimens; ESFM-POR/2016-7,
station 2, March 2016, 0.3-1 m, on tyres and concrete walls
(particularly on Mytilus galloprovincialis Lamarck, 1819), 13
specimens; ESFM-POR/2016-8, station 3, March 2016, 0.5 m,
on used tyre and buoys, 3 specimens; ESFM-POR/2016-9,
station 4, March 2016, 0.3 m, on tyres, buoys and walls, 15
specimens; ESFM-POR/2016-10, station 5, March 2016, 1-3
m, on rope, 2 specimens; ESFM-POR/2016-11, station 6,
April 2016, 1 m, on rope and tyres, 3 specimens; ESFM-
POR/2016-12, station 7, April 2016, 0.5 m, on tyre, 2
specimens; ESFM-POR/2016-012, station 8, April 2016, 0.3
m on tyres and buoys, 3 specimens.

Additional material examined: ESFM-POR/2004-02,
identified as Porifera (sp.), lzmir Bay, June 2004, 1 specimen.

Description: 1t is massive, thickly encrusting body.
Consistency of living specimens is a friable and very fragile.
Color is cream or light brown in life and white in ethanol. The
specimens show different morphological features, but they are
usually massive or tubular structure reaching a height of 10-
15 c¢m (Figure 4). The oscules are terminal on erect tubes, 10—
15 mm in diameter. The surface is smooth.

The aquiferous system is leuconoid and the atrium is large.
Choanocyte chambers are spherical and sub-spherical,
ranging from 60 to 110 um (Figure 5a). Skeleton is inarticulate,
consisting of triactines and tetractines. Cortical triactines can
be equiangular, but usually sagittal with paired and unpaired
actines (cortical triactines paired actines 180-560 um and
unpaired ones 190-580 um, thickness of the actine at its base
10-40 pm (Figure 5, b1). Cortical tetractines are equiangular;
their apical actin is longer than basal actines (length of the

apical actine 300-810 um (mean 265 um) and basal ones 180—
600 pm, thickness of the actine at its base 16—45 um (Figure
5, b2, b3). Subatrial skeleton contains different kind of
triactines and tetractines. Subatrial triactines usually have
unpaired actines, which are longer than other actines (length
of the paired ones 200-600 um [mean 270.2 um] and unpaired
one 280-690 um, thickness of the actine at its base 15-50
(Figure 5, b4). Subatrial tetractines have apical actines shorter
than others (length of the paired actines 170-600 and unpaired
actine 200-610 um, thickness of the actine at its base 15-50
pm (Figure 5, b5). Atrial triactines are sagittal and their
unpaired actines are shorter than paired ones (length of the
paired actines 180-470 um and unpaired ones 30-180 um,
thickness of the actine at its base 5-20 um.

Habitat and Distribution: This species was found at all
stations in the study area. Its highest coverage (35%) was
encountered at station 2, while the lowest coverage (5-10%) at
stations 4, 5 and 8.

The invasive alien sponge Paraleucilla magna may
become very abundant in eutrophic environments and shows
seasonality (Longo et al., 2007). This species was originally
described from the Aflantic coast of Brazil based on the
specimens collected in 2001 (Klautau et al., 2004). This
species was later reported from different parts of the
Mediterranean Sea with its first collection dating in the area
dated back to 2001 (Longo et al., 2007). This species was
especially abundant on mussel farms (on rows) and artificial
substrata in Mar Piccolo and Mar Grande, Taranto (North-west
lonian Sea) (Longo et al., 2007).

In addition, it abundantly occurred on other coasts of Italy
(lonian Sea, Tyrrhenian Sea and Adriatic Sea) and on the coast
of Malta (Zammit et al., 2009). It was reported to have been
introduced to the region by shipping (Longo et al., 2007). It was
suggested that mussel farming activities were the main reason
for its regional introduction (secondary introduction) within the
Mediterranean Sea (Longo et al., 2007). Paralaucilla magna
was also observed from the different regions in the
Mediterranean Sea: Spain (Frotscher et al., 2008; Guardiola et
al., 2011), Adriatic Sea Ploce harbor (Cvitkovi¢ et al., 2013),
Bra¢ Island in Croatia (Klautau et al., 2016), Gulf of Olbia in
Italy (Baldacconi and Trainito, 2013), Portugal, Madeira and
Acores (Guardiola et al., 2016), Tivat in Montenegro (Maci¢ et
al., 2016) and Gulf of Thessaloniki (Greece), in 2014 in a
mussel farm (Gerovasileiou et al., 2017) northern Cyprus,
marinas of Crete and Rhodes Island (Ulman et al., 2017) and
later from Marina Cap Monastir in Tunisia (Sghaier, et al.,
2019).

This species was first identified as Porifera (sp. 1) along
the coasts of Turkey, based on the material collected on a
mussel bed (M. galloprovincialis) in June 2004 in the inner part
of izmir Bay (inciralti) (Cinar et al., 2008). It was later reported
from natural substrata (rocks) at 10 m depth from the coast of
Biiyilkada (Sea of Marmara) (Topaloglu et al., 2016).
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Class: DEMOSPONGIAE Sollas, 1885
Family: Dysideidae Gray, 1867
Dysidea fragilis (Montagu, 1814) (Figure 6)

Spongia fragilis Montagu, 1814: 114
Dysidea fragilis Manconi et al., 2013: 20, 21, Figure 9(a-c).

Figure 6. Dysidea fragilis. a General view of the specimen (scale: 0.4
cm) with conules; b. The reticulate skeletal network with
scanty spongin and irregular meshes of primary and
secondary fibers (scale: 200 um).

Material examined: ESFM-POR/2016-14, station 1,
March 2016, 0.3 m, on M. galloprovincialis, 1 specimen.

Description: Colour is grey to light brown in life and white
in ethanol. Surface is smooth and conulose (Figure 6a).
Oscules are scattered on the surface, which is up to 2-3 mm
in length. Its consistency is fragile and soft. Inhalant apertures
are 70-110 um in diameter. Skeleton is reticulate and

extremely fragile due to scanty spongin. Primary and
secondary fibers are not distinguishable from each other (50—
200 um) (Figure 6b). Spongin fibres are reticulated sometimes
covered by sand grains.

Habitat and Distribution: This species is very common in
the benthic habitat and Atlanto-Mediterranean taxon (Van
Soest et al., 2017a). It was originally described from the British
coast and wea reported in various regions and biotopes of the
Mediterranean Sea between 1 and 200 m depth (Manconi et
al., 2013). It was also reported from the coasts of Turkey,
except for the Black Sea (Topaloglu and Evcen, 2014).

DISCUSSION

Among the species found in the present study, Sycon
ciliatum is very similar to S. raphanus in terms of its external
shape: both species are ovoid and hispid with apical oscula
ornate by a specular fringe. In addition, the morphology of
spicules in S. raphanus is very close to thatin S. ciliatum. This
high morphological affinity between these species has caused
confusion over the years. Sycon raphanus, which was
originally described from the Adriatic Sea by Schmidt (1862),
is characterized by having a stalk and a bulb shaped body,
which are the main characters that distinguish it from the
closely similar species. Afterwards, Haeckel (1872)
disapproved the presence of S. ciliatum in the Mediterranean.
According to him, all specimens identified as S. ciliatum in the
region in fact belonged to S. raphanus (Klautau et al., 2016).
However, Longo and Pronzato (2011) postulated that the
external morphology is not a good taxonomic character to
separate these two species. At the present time, histological
preparation is required to distinguish these species.

Table 1. Comparative data for the dimensions of spicules (means in um) of the Paraleucilla magna specimens from different parts of the world

Cortical triactine Cortical tetractines Subatrial triactines Subatrial tetractines Atrial triactines
(Length x wide) (mean) (Length x wide) (Length x wide) (mean) (Length x wide) (Length x wide)
Studies (mean)
Paired Unpaired Basal Apical Paired Unpaired Paired Unpaired Paired Unpaired
Ones Ones
Klautau et. 292.8 x 289.6 x 434.4 x 468.8 x 266.4 x 358.4 x 394.4 x 338.4 x 371.2x224 164.0x
al. (2004) 240 240 34.4 31.2 240 256 33.6 31.2 (n=30) 216
(holotype) (n=30) (n=30) (n=30) (n=30) (n=25) (n=25) (n=30) (n=30) (n=30)
Longoetal, | 374.9x 427.9x 388.9x 572.1x 399.6 x 584.1x 344.4x 383.6 x 236.5x7.4 64.2x74
(2007) 279 279 36.6 36.6 359 359 30.6 30.6 (n=25) (n=25)
(n=25) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25)
Zammit et 202.8 x 178.2x 257.4x 342.6 x 240 x 299.8x 286.2 x 286.2x 195.6x 19.8 91.8x19.8
al, (2009) 22.8 22.8 336 336 28.2 28.2 324 324 (n=25) (n=25)
(n=25) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25)
This study 224.0x 240.0x 265.4 x 350.8 x 270.2x 320.4 x 310.0x 302.0 x 200.8x 18.0 120.4 x
25.0 25.0 340 328 30.0 30.2 31.2 312 (n=25) 18.0
(n=25) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25) (n=25)

According to Van Soest et al. (2017b), the important
difference between these species is the degree of fusion of the

choanocyte chambers (radial tubes). In S. raphanus, they are
almost entirely fused just up to the distal cone, while in S.
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ciliatum, they are entirely free from each other (Van Soest et
al., 2017b). Longo and Pronzato (2011) indicated that S.
raphanus occasionally has a short stalk, but all of our
specimens have short stalks. In addition, S. ancora Klautau et
al. (2016), which was originally described from the Adriatic
Sea, resembles closely to S. raphanus and S. ciliatum, but
differs from them in the shapes of the atrial triactines and the
presence of anchor-like tetractines at the base (Klautau et al.,
2016).

The spicule lengths of Paraleucilla magna show a similar
dimension in different places (Table 1). However, the spicule
lengths of our specimens are closely related to those given by
Zammit et al. (2009) from the coasts of Malta. As this species
exhibits a fast growing and spread potential, monitoring studies
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Oz: Cylindrotheca closterium bzellikle ilkbahar ve yaz mevsimlerinde izmir Kérfezi ve Ege Denizinde baskin olan diatom tiirlerinden biridir. Bu galismada C.
closterium tiiriiniin farkli sicaklik, 1sik siddeti, nutrient konsantrasyonlari ve tuzluluklar altindaki biiyime kinetikleri iizerine galisimistir. Oncelikle sicaklik-Isik
denemeleri yapilmis ve tiiriin optimum sicakli§i 18°C olarak belirlenmistir. 18°C’de maksimum spesifik bliyime hizi umax= 1,97+0,17 giin-" ve yari doygunluk
sabiti Ki=0,05+ 0,03 olarak elde edilmistir. Daha sonra, optimum sicaklikta 0,9, 0,88, 0,74, 0,46, 0,2 ve, 0,07 *100 pmol foton/m?2s olmak tzere alti farkl isik
siddetinin, %o 5, 10, 15, 20, 25, 30 ve 35 olmak Uzere yedi farkl tuzlulugun Cylindrotheca closterium tiriinin blyime hizi tzerindeki etkisi arastirilmistir.
Optimum olarak belirlenen %, 15 tuzlulukta spesifik bliyime hizi 2,012 giin-! olarak hesaplanmistir. Farkli amonyum (NH4*), nitrat (NOs), reakif fosfat (RP) ve
reaktif silis (RSi) konsantrasyonlarindan yari kesikli kiiltir denemesiyle 6iglilen Chl a degerlerinden bulunan istel biiyiime hizlari ve tekabiil eden nutrient
konsantrasyonlarindan elde edilen istatistiksel olarak (p<0,05) gegerli Monod denkleminin (u=pmax*S/Ks+S) parametrelerinden biri olan pmax degerleri sirasiyla
2,48+0,61 glin, 1,92 +0,3 glin-, 2,1+ 0,05 giin-! ve 1,97+ 0,2 glin-"dir. Her bir nutrient i¢in bulunan Monod denkleminin diger parametreleri (Ks) sirasiyla
17,84+14,4 pM NH4*N, 27,3+ 19,04 pM NO3-N, 0,25+0,04 pM PO.-P ve 0,3+0,24 pM Si'dir. Kiiresel isinmanin sonucu olarak 2100 yilinda sicakliklarin 6 °C
artmas! beklenmektedir (Hallegraeff, 2010). Bu senaryo goz éniinde bulundurularak izmir Kérfezinde Cylindrotheca closterium‘un biiyiime hizi iizerindeki
etkileri hesaplanmistir. Sunlu vd. (2007) tarafindan yapilan bir calismada izmir Kérfezi'nde 52 hafta boyunca azotun biiyiimeyi sinirlayan tek bilesen oldugu
belirlenmistir. Sonug olarak, tiiriin bu stire boyunca biiyiime hizi 1,5 giin-' ‘in altina diismemistir.

Anahtar kelimeler: Isik, sicaklik, tuzluluk, niitrient, Cylindrotheca closterium, izmir Kérfezi

Abstract: Cylindrotheca closterium is one of the diatom species that is dominant particularly in spring and summer in Izmir Bay and Aegean Sea. In this study,
growth kinetics of Cylindrotheca closterium have been studied under different temperature, light intensity, nutrient concentrations and salinity conditions.
Initially, temperature-light experiments were carried out and optimum temperature is determined to be 18 °C for this species. Obtained results at 18 °C are
Mmac= 1.97+0.167 d-! for the maximum specific growth rate and Ki=0.048+ 0.028 for the half saturation constant. Then, six light intensities (0.9, 0.88, 0.74,
0.46, 0.2, 0.07 *100 umol photon/m2s) and seven salinity concentrations (5, 10, 15, 20, 25, 30 and 35 %) were investigated on the growth rate of Cylindrotheca
closterium under optimum temperature. The specific growth rate has been calculated to be 2.012 d-! at 15 %o salinity which is determined to be the optimum
concentration. Exponential growth rates are obtained in semi-batch culture by measuring Chl a values and corresponded nutrient concentrations which are
statistically valid (p<0,05) in regard to Monod equation (U=pHmax"S/Ks+S) and pmax values, a parameter of Monod equation, are calculated for different
concentrations of ammonium, nitrate, reactive phosphate and reactive silica are 2.48+0.61 d-1, 1.92 £0.3 d-, 2.1+ 0.05 d! and 1.97% 0.20 d-', respectively.
Ks values, which are another parameter of Monod equation, that are obtained for each nutrient are 17.84+14.4 pM NH4*-N, 27.3+ 19.04 uM NO3-N, 0.25+0.04
uM PO4-P and 0.3+£0.24 pM Si, respectively. As a result of global warming, temperature is expected to be risen 6 °C in 2100 (Hallegraeff, 2010). The impacts
of this increase on the growth rate of Cylindrotheca closterium species in lzmir Bay is calculated, considering this scenario. Nitrogen is determined to be the
only restricting compound that inhibits growth during 52 weeks by a study that is conducted by Sunlu vd., (2007). Consequently, the growth rate of the species
didn’t decline under 1.5 d-! during this period of time.

Keywords: Light, temperature, salinity, nutrient, Cylindrotheca closterium, lzmir Bay

GIRIS

Endistriyel devrim sonrasi atmosferdeki sera gazi miktari Atmosferdeki karbondioksit konsantrasyonu artisi kiresel
artmaya baglamistir ve halen artmaya devam etmektedir. isinmay1 onemli dlglide etkilemektedir. Dinya’nin 1sinmasi
Kiresel ortalama sicaklik son 30 yilda 0,55 °C artmigtir (IPCC,  bdlgesel iklim degisikliklerine neden olmakta ve birgok fiziksel,
2007; Erdogan, 2016). biyolojik ve kimyasal sureci etkilemektedir (Walther vd., 2002,
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Treydte vd., 2006). iklimdeki bu son hizli degisimlerin tiir
kompozisyonlari, dagilim ve biyojeokimyasal kompozisyonun
degismesi gibi biiyik etkileri olabilir (Doney vd., 2012).

Diatomlar biyolojik gesitlilik ve biyokutle sdz konusu
oldugunda denizel ve tatli su ekosistemlerindeki baglica
mikroalgal bilesenlerdir. Kiresel élglide bu ekosistemlerdeki
birincil Uretime katkilari oldukga énemlidir (Round vd., 1990;
Ramirez vd., 2015). Diatom tirleri habitattan su kalitesine
kadar, bélgesel ve cevresel sartlar konusunda oldukga
duyarldirlar. Her diatom tiirii sicaklik, havalandirma, iletkenlik,
pH, nitrient mevcudiyeti ve konsantrasyonu gibi gevresel
degiskenler igin spesifik tolerans araliklarina sahiptir (Aydin ve
Blytkisik, 2014). Cevresel kosullardaki degisikliklere karsi bu
denli hassas olmalari nedeniyle, belirli bir zamanda belirli bir
yerde bulunan bir diatom komunitesi, istatistiksel yontemler
yardimiyla su kalitesi hakkinda bilgi de verebilmektedir (Kale
ve Karthick, 2015).

Cylindrotheca closterium kozmopolit bir tlirdlr ve hem tatli
sularda hem de denizel ekosistemlerde dagilim gésterir
(Horner, 2002). Tiir(in izmir Kérfezinde ve Ege Denizinde de
siklikla rastlanan bir tir oldugu yapilan galismalarla
gosterilmigtir. Koray vd., (1992) tiiriin izmir Korfezinde yiiksek
miktarda artis gostererek su kalitesini etkiledigini gostermistir.
Aydin, (1993) korfezde mayis ayinda Nitzschia pungens ve
Nitzschia closterium (Cylindrotheca closterium) tiirlerinin
dominant oldugunu belirtmistir. Calismada N. closterium igin
herhangi bir sinirlayici besin belirlenememistir. Timer (2012)
yapti§i calismada izmir Kérfezinde C. closterium tiiriinin
codunlukla ilkbahar-yaz mevsimleri arasinda bulyik artis
gosterdigini bildirmistir. Ancak tlriin dort mevsimde birden
gozlemlendigini belirtmistir. Sabanci ve Koray (2011) C.
closterium turinin &zellikle yaz mevsiminde asir Uredigini
bildirmistir.  Ayrica bazi calismalarda (Friligos ve Gotsis-
Skretas, 1989; Tumer, 2012) s6z konusu tire Ege Denizi'nin
bilhassa 6trofik bolgelerinde rastlandi§i da not edilen bilgiler
arasindadir. Alti farkli pennat diatom turiintin blyime hizlari ve
yag asidi profillerinin belirlenmesi amaciyla izmir Korfezi'nden
izole edildigi baska bir arastirmada (Demirel, 2016) C.
closterium ve Ochrosphaera sp. tirlerinin yag icerigi diger
diatomlara  kiyasla en  ylksek konsantrasyonlarda
bulunmustur.

Bu calismanin amaci ise, izmir Kérfezinden izole edilen
Cylindrotheca closterium tirinin bidyime kinetiklerinin
incelenerek tiire ait biiyiime modelini gikarmaktir. ikincil bir
amag ise kiresel isinmanin sonucu ginimiizde 407 ppm iken
2100 yihinda 750-1000 ppm’e kadar artmasi beklenen
atmosferik CO? in vyaratacagi 6 °C sicaklik artiginin
(Hallegraeff, 2010) tir Uzerinde olusturabilecedi etkileri
ongdrmeye calismakir.

MATERYAL VE METOT
Calisma Bélgesi

izmir Kérfezi Tirkiye'nin batisinda yer alir ve insan
popilasyonunun yogun oldugu bir bolgede yer almaktadir.

Kérfez topografik ve hidrografik 6zellikleri agisindan ig, Orta ve
Dis Korfez olmak lizere u¢ bolgeye ayrilir (Sunlu vd., 2006).

Tiir izolasyonu

izmir i¢c Korfezinde 38°24'27,18'K; 27°04'07,47"D
koordinatlarindan (inciralti iskelesinden) 10 Nisan 2016
tarihinde 18°C sicaklikta 39 psu tuzlulukta pH 8,6 ve Chla 15
Mg/lL  konsantrasyonda alinan deniz suyu Ornedinden
laboratuvarda sonsuz seyrelme teknigi ile izole edilmistir.
Deniz suyu 0,2 +0,45 um’lik kartus filtre ile stiziiimiis, Guillard
(1975) "in f/2 ortami ile zenginlestirilmis ve mikroskopla en bol
bulunan tirler belirlenmigtir.  Kultlr 6rmegi  3um filtre
kagidindan, celik 30 milipor filtrasyon sistemi ile stzilerek
bakteri ve virlislerden arindiriimistir.

Niitrient Zenginlestirmesi

Nltrient  zenginlestirimesinde  kesikli  kUltlr  teknigi
kullanilmigtir. Kiltirler niitrient zenginlestirilmesi ve izolasyon
islemleri boyunca sabit sicaklik (181 °C) ve 12 saat
aydinlik/12 saat karanlik isik periyodunda sabit sicaklik
odasinda inkibe edilmistir. Calismanin tamaminda 40W
daylight fluoresan lambalar kullanilmistir. Calismada niitrient
zenginlestirmesi ile 1slk siddeti, sicaklik ve tuzluluk
denemelerinin yapildigi asamalarda azot kaynagi olarak NOs-
N kullanilmigtir. Her bir asamada, deney tlplerinin her birine
10’ar ml (6rnekten 1 ml; f/2 ortami ile zenginlestirimis deniz
suyundan 9 ml olacak sekilde) eklenilerek deneye baslaniimig
ve eksponansiyel faza erisildiginde birinci nesilden ikinci nesle
gecilmis, dordincu nesle kadar bu islem tekrarlanmistir.
Dérdiincu neslin 8liim fazina erigilince deney sonlandiriimigtir.
Genel olarak 0-7 gln aras! yapiimis olan deneyler, biyimenin
7. glin sonunda devam etmesi durumunda biylimede azalma
gozleninceye kadar devam ettirilmistir. Galismada biyime
hizindaki varyasyonu azaltmak igin yari kesikli kiltir sistemi
kullanilmisgtir.

Spesifik biyiime hizinin hesaplanmasinda kullanilan
denklemler

Her bir deney icin baslangi¢ klorofil a miktari 0,5 pg/L
olarak belirlenmistir. Her gin klorofil a degerleri flourometre ile
olgllerek deney sonucunda éncelikle spesifik bliyime hizlari
(M) hesaplanmig ve istel bliyime hizlarinin isik ya da nutrient
konsantrasyonlari ile bagintilari Monod denklemine en kiiglk
kareler yontemi ile istatistiksel olarak anlamli ise pmax ve Ks
parametreleri belirlenmistir. Bdylece en iyi gelisimin hangi isik
siddeti, sicaklik, tuzluluk veya besin konsantrasyonlarinda
gerceklestigi saptanmisgtir.

Deneyde 10, 18, 26 ve 30 °C olmak (zere dort farkl
sicakigin C. closterium tlirinin biyime hizi Gzerine etkisini
ifade eden ve bir optimuma sahip olan bir denklemle ifade
edilmigtir. Nutrient ve 151k siddetleri /blyime hizi iligkileri igin
Monod denklemi (Burmaster, 1979), sicaklik ve tuzluluk igin ise
Y=(X/Xopt)e  (1-X/Xopt) denklemi  (Blyikisik vd., 1995)
kullaniimigtir.
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Spesifik blylime hizi dederleri p= 3,322*(1/t>-t1))*
log(N2/N1) formiilti ile hesaplanmigtir (Guillard, 1973).

u= spesifik biyime hizi

Ni= Ussel biiyime fazinin baslangicinda elde edilen
klorofil a degeri (ug/L)

Nz= Ussel biiylime fazinin sonunda elde edilen klorofil a
degeri (ug/L)

t1= N1 degerinin tayin edildigi zaman dilimi

t= N2 degerinin tayin edildigi zaman dilimini ifade
etmektedir.

Spesifik blyiime hizi degerleri kullanilarak STATISTICA
programinda non-linear tahmin ve en kiglk kareler
yonteminden yararlanilarak maksimum blyime hizlari ve yari
doygunluk katsayilari (Ks ve Kidegerleri) hesaplanmistir. Daha
sonra blyime hizi ile isik, sicaklik, tuzluluk ve besin tuzlari
arasindaki iliski belirlenmeye caligiimistir.

Optimum sicaklikta 0,9, 0,88, 0,74, 0,46, 0,2, 0,07 *100
pmol foton/m2s olmak Uzere alti farkli 1sik siddetinin, %o 5, 10,
15, 20, 25, 30 ve 35 olmak Uzere yedi farkli tuzlulugun
Cylindrotheca closterium tirtniin bliylime hizi lizerindeki etkisi
arastinlmigtir. Nitrient icin ise hangi nitrientin spesifik blytime
hizi  belirlenecek ise diger tlm nitrientler 2 final
konsantrasyonunda ilave edilirken, denenecek olan niitrient
yaklasik /2, f/2/4, £/2/10, /2120, f/2/40, f/2/100 ve f/2/1000
oranlarinda ilave edilerek (Tablo 1) bliylime hizlari ve blyime
hizi-nitrient iliskisi Monod denklemi (Burmaster, 1979) ile
istatistiksel olarak belirlenmistir.

Endirekt olglimlerde, yani dlgllen degerlerden formdil
yardimiyla hesaplanan degerlerin Gzerinde yapilan en yiksek
mutlak hatayl elde etmek igin  (£Ap=p*((Apmax/Umax)
+(AIN)+((AK+AI/(Ki+l))  denklemi  (diferansiyel metodia)
kullanilmigtir (Erdik, 1971).

Denklemde,

+Ap= Bliylime hizinda yapilan en blylik mutlak hatadir.
Belirlenmesi gereken Monod denkleminden p  degerinin
hesaplanmasinda y degeri lizerinde yapilan hatadir. £Al= Isik
siddetinde hata LiCor 1sikdlcerin en kigUk birimi alinmistir (1
pmol foton/m2s). +Aumex: Monod denklemine uydurulan
verilerle istatistiki olarak elde edilen %95 gliven araligidir.
+AK= Monod denklemine uydurulan verilerle istatistiki olarak
elde edilen %95 given araligidir.

Ayrica blylme hizinin i1sik siddeti ile bagintisi olan p= Ymax
S/Ki + S formiliinden vyararlanilarak istatistiki olarak Ki
degerleri elde edilirken; blylime hizinin  nutrient
konsantrasyonu ile iliskisi olan Y= pmex S/Ks + S formdili
kullanilarak istatistiki olarak Ks degerleri elde edilmistir.
Formilde, u= spesifik blylime hizi, umax= maksimum spesifik
biylime hizi Ki ve Ks= yari doygunluk sabitleri, S= substrat
(nutrient) konsantrasyonunu temsil etmektedir. max, Ks ve K

degerlerinde £ olarak verilen degerler %95 guven araligini
ifade etmektedir.

Tablo 1. Calismada kullanilan nutrient konsantrasyonlari
Table 1. Nutrient concentrations that are used in the study

. Amonyum Nitrat (WM |Reaktif Fosfat| Reaktif Silis
Nutrient | MNH&N) | NOs~N) | (WMRP) | (uMRSi)

758 128 0,496 0,107

9,58 56,95 0,64 0,535

s 12,08 1011 0,823 1,07

8 19,58 233,55 1,367 2,675

s 32,08 895,8 2,275 535

S 57,08 - 4,09 10,7

132,08 - 9535 26,75

507,08 - 36,76 107
BULGULAR

Isik Siddeti ve Sicakligin Mikroalg Biiyiimesine Etkisi

10 °C'de elde edilen spesifik blyime hizlari yardimiyla
hesaplanan istatistiksel analiz sonuglarina gére pmax=
1,6010,34 glin-' ve Ki= 0,21+0,14 olarak bulunmustur (Sekil 1).
18°C'de elde edilen sonuglar ise pmax=1,97+0,17 gln-' ve
Ki=0,05+ 0,03'tiir (Sekil 1).

9 a2 04 06 08 1 12 ° 02 04 06 08 1 12
Tok Siddati (x100 umol/mis) Toik siddeti (x100 umol/m?s)

Sekil 1. C. closterium tiiriiniin 10 °C'de (a) ve 18 °C'de (b) farkli
151k siddetleri altindaki spesifik bliylime hizi
Figure 1. Specific growth rates of C. closterium species at 10 0C

(a) and 18 OC (b) under different light intensities

26 °C’de maksimum spesifik blytime hizi pumax= 2,35 £0,42
gin' ve vyar doygunluk sabiti Ki=0,10+ 0,08 olarak
hesaplanmistir. 30 °C’de hesaplanan degerler ise pmax=1,38
10,10 giin* ve Ki=0,030,02'dir (Sekil 2).

s

Baydme bz (1/g0n)
° - o
.
\ .
Bayime hia (1/g0n)
SSSS  aaa
I 5 3 N
g

0 02 04 08 08 1 12 0 02 04 06 08 1

gk giddeti (x100 umol/mts) Ik giddeti (x100 pmol/m's)

Sekil 2. C. closterium tirinin 26°C (a) ve 30 °C'de (b) farkli ig1k
siddetleri altindaki spesifik blyime hizi

Figure 2. Specific growth rates of C. closterium species at 26 °C (a)
and 30 °C (b) under different light intensities
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Cylindrotheca closterium turiine ait blylme hizlar butin
sicakliklarda genel olarak dustik 1s1k siddetlerinden yiiksek 11k
siddetlerine dogru artis gostermistir (Sekil 3). 90 pmol
foton/m2s 11k siddetinde spesifik biylime hizi 18 °C’den 26
°C'ye kadar artis gostermistir. 88, 74 ve 46 ymol foton/m?s i1k
siddetinde spesifik blyime hizi 10 °C'den 26 °C'ye kadar
artmig ancak 30 °C’de azalmistir. Spesifik biyime hizi 7 ve 20
umol foton/m2s 1sik siddetinde ise 10 °C’'den 18 °C'ye kadar
yikselmistir. 26 °C'de ise bu iki ik siddetinde spesifik biiyiime
hizi azalig gostermistir.
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Sekil 3. C. closterium tirinin farkli g1k siddetleri ve sicakliklar

altinda spesifik bliyime hizlarinin karsilastiriimasi

Figure 3. Comparison of specific growth rates of C. closterium under
different light intensities and temperatures

Elde edilen verilere gbre bu diatom tlirinin 10-25 °C
sicaklik araliklarindaki geligimi oldukga iyidir ve izmir
Korfezinde bu sicaklik araliklarinda tiir gelisebilir. (Sekil 4).
Sicaklik yikseldikce pumax degeri 10 °C'den 26 °C'ye kadar
artig géstermistir. En kigik kareler ydntemi sonucu elde edilen
degerler dikkate alindiinda 18 ve 26 °C arasinda pmax
degerleri agisindan istatistiksel olarak belirgin bir fark yoktur.
10 ve 26 °C’de umax degerlerinde varyasyonun arttigi; 18 ve
30 °C'de ise azaldigi gdzlenmistir. 18 ve 30 °C’de varyasyonun
daha az olmasindan dolay bu iki sicaklikta blylime daha
kararli g6rlinmektedir.
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Sekil 4.  C. closterium turtinin sicaklik ile spesifik biylime hizlarinin
karsilastirimasi. «: calismada erisilen ymax degerleri; °:
istatistiksel hesaplamalar sonucu elde edilen pmax degerleri
ve |:Duz kirmizi gizgiler ise minimum ve maksimum mutlak
hata araligini gostermektedir.

Figure 4. Comparison of temperature vs spesific growth rate for the
species of C. closterium. : represent achieved values of
Mmax; *: exhibit obtained values of umax with statistical
calculations and I: minimum and maximum range of
absolute error

Tuzlulugun Mikroalg Biiyliimesine Etkisi

Sicaklik ve 1sik siddeti icin optimum dederler elde
edildikten sonra tuzluluk denemelerine gegilmistir. Calismada
spesifik blylme hizlar (y); %o 5, 10, 15, 20, 25, 30 ve 35
tuzluluk icin sirasiyla 1,56 gin-', 1,93 gun-, 2,01 gin-, 1,78
gun-, 1,75 gin-, 1,5 gin-' ve 1,47 gin-' olarak bulunmustur.
Blylme hizinin, diger tuzluluklarla karsilastirildiginda doruga
eristigi tuzluluk degeri %o 15'tir (Sekil 5).
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Sekil 5. Spesifik bilylime hizlarinin farkl tuzluluklardaki degisimi
Figure 5. Variations of specific growth rate under various salinity
levels
Blyime hizinin %015 tuzluluktan sonra giderek

azalmasinin nedeni osmotik dengenin saglanabilmesi igin
hiicre i¢i bazi ¢éziinmis bilesenlerin dis ortama verilmesi
olabilir (Egemen, 2011). Bu da hicre ici kayiplara neden olacak
ve ylksek tuzlulukta spesifik blylme hizinin azalmasi ile
sonuglanacaktir.

Niitrientlerin Mikroalg Biiyiimesine Etkisi

18 °C'de, 90 pmol foton/m?s 1sik siddetinde ve %015
tuzlulukta NH4*-N icin elde edilen istatistiksel analiz sonuglari
su sekildedir: pmax=2,48+0,61 gin' ve Ks= 17,84%14,4 yM
NHa*-N'dir (Sekil 6).

35 -

Blydme hizi (1/gln)

[} 100 200 300 400 500 600
NH,*-N (uM)

Sekil 6.  Farkli NHs*-N konsantrasyonlarinda C. closterium tirintn
biyime hizlari
Figure 6. Growth rate of C. closterium under different NH4*-N

concentrations
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NOs-N i¢in ise pmax= 1,92 £0,3 giin-' ve Ks= 27,3+ 19,04
MM NOs-N olarak hesaplanmistir (Sekil 7).
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Sekil 7. Farkli NOs-N konsantrasyonlarinda C. closterium turinin

biytme hizlar
Figure 7. Growth rate of C. closterium under different NO3-N
) concentrations
Istatistiksel analizler sonucu reaktif fosfat icin elde edilen

maksimum spesifik blylime hizi ve yar doygunluk sabiti
degerleri pmax= 2,12£0,05 gin' ve Ks= 0,25+0,04 uM POs-P
olarak bulunmustur (Sekil 8). Spesifik blylime hizinin en
yuksek degeri (2,09 gin-) 36,76 uM RP konsantrasyonunda
elde edilmistir.
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Sekil 8. Farkli RP konsantrasyonlarinda C. closterium tiir(iniin

biyiime hizlar

Figure 8. Growth rate of C. closterium under different RP
concentrations

Reaktif silis igin istatistiksel olarak hesaplanan degerler ise
Mmax= 1,97 + 0,20 glin-' ve Ks= 0,3+0,24 uM Si'dir (Sekil 9).
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Sekil 9. Farkli RSi konsantrasyonlarinda C. closterium tlirGiniin

biylime hizlan
Figure 9. Growth rate of C. closterium under different RSi
concentrations

TARTISMA

Tuzluluk, 151k yoQunlugu, sicaklik (Ak vd., 2008),
fotoperiyod ve Kkiltir ortamindaki besin kompozisyonu gibi
cevresel faktorlerin bilesiminin mikroalg biyime hizlarini
etkiledigi bilinmektedir (Kitaya vd., 2008; Fakhri vd, 2015). Bu
parametrelerin optimum degerleri ve mikroalglerce tolere
edilebilen araliklar tiirden tire degisir (Coutteau, 1996; Aydin
vd, 2009; Sisman Aydin, 2012).

Tablo 2'de bu galismada elde edilen umax ve Ki degerleri yer
almaktadir. 26 °C’de varyasyonun 6nemli éiclide arttidi dikkate
alinarak 18 °C biyime igin optimum olarak belirlenmistir. Bu
deger literatlirdeki diger arastirma sonuglari (Ohgai vd., 1986;
Affan vd., 2009; Harford vd., 2011) ile uyumludur. C.
closterium’a ait farkli bélgelerden alinan suslarin termal nig
farkliliklarinin arastirildigi bir calismada (Stock vd., 2019),
birgok subtropik ve tropik susun blyime optimasi 20 °C'nin
uzerinde bulunmustur. Buna karsin, kutuplardan alinan biitiin
suglarda 10 °C civarinda optimum blyime g6zlenmistir.
Galismada tliriin gelisimi igin susa 6zgii sicaklik gereksinimleri
olmasi, C. closterium tir kompleksinin gok sayida genotip
icermesi ve bunun da cografi olarak oldukga genis habitatlarda
dagihim gosteren bu tirin ekolojik basarisini agiklayabilecegi
vurgulanmistir.
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Tablo 2. Farkli sicaklik ve 151k siddetlerinde elde edilen pmax (giin-")
ve K| degerleri

Table 2. Obtained values of pmax (d-') and Ki under different light
intensities and temperatures

Sicaklik (°C) pmax (gin-) Ki
10 1,60+0,34 0,2110,14
18 1,97+0,17 0,05+ 0,03
26 2,350,42 0,10+ 0,08
30 1,38+0,10 0,03+0,02

Cylindrotheca closterium tiriine ait blyime hizlari biitiin
sicakliklarda genel olarak duistik 151k siddetlerinden yiiksek 1s1k
siddetlerine dogru artis gostermistir. Bu da dastk 1sik
siddetlerinin  tirin  blyldmesini  sinirlandiracagina isaret
etmektedir. Maddux ve Jones (1964) ve Stanbury (1931) de
benzer sonuglara ulasmiglardir. Ying Du vd., (2010) Amphora
coffeaeformis ve C. closterium tirlerinin 1sik ve sediment tane
biyUkliklerinin tlrlerin sudaki dikey gdcleri (izerindeki etkiyi
anlamaya calismislardir. C. closterium maksimum yiizey
goclni 1sik siddeti 250 pmol foton/m2s’de iken gostermistir.

Chaetoceros convulus tirii ile yapilan bir calismada
(Harrison vd., 1993) buyime hizi 4 °C harig bittin sicakliklarda
isikla  hiperbolik bir iliski gostermigtir, en dlstk 15k
siddetlerinde (10 pmol foton/ m2s) bile hiicreler pmaxa
ulasmistir bu da bu tiriin digtk 151k siddetlerinde yasayan bir
tdr oldugunu géstermektedir. Ki dederi sicaklikla takriben
dogrusal bir sekilde artmistir. C. concavicornis tirinde de
biyime hizi butin sicakliklarda igikla hiperbolik bir iligki
gozlenmistir; ancak Ki degeri sicaklikla artmamistir (Harrison
vd., 1993). Bu ¢alismada ise K dederleri artan sicaklik ile artis
gdstermemistir.

Tablo 3'te C. closterium ve baska tirlerle farkli ortam
kosullarinda yapilmis ¢alismalar ve elde edilen spesifik
biyime hizi degerleri bulunmaktadir. Gorilduga (zere
calismalarda elde edilen p degerleri ¢alismadan galismaya
farklilik géstermektedir. C. closterium turd ile yapilan dort farkli
calismada p degerleri 0,82 (Affan vd., 2009), 0,171 (Ruivo vd.,
2011), 0,209 (Demirel, 2016) ve 0,97 (Bergeijk vd., 2003)
olarak bulunmustur. Farkli tirlerle yapilan bazi ¢alismalarda
ise | degerleri Thalassiosira allenii (Aydin vd., 2009), Spirulina

platensis (Demirel vd., 2018), Phaodactylum tricornutum
(Demirel vd., 2018), ve Hantzchia amphioxys (Kutlu ve
Blyikisik, 2010) tlrleri igin sirasiyla 1,29 g1, 0,2395+0,013
g, 0,1996+0,003 g-' ve 1,711 giftlenme/gin’dlir.

Bu galismanin sonuglari C. closterium tiiriiniin érihalin bir
tir olabilecegini gdstermektedir, ¢linkii disik tuzluluklardan
ylksek tuzluluklara kadar biyime hizi oldukga ylksek
bulunmustur. Bu sonug, Affan vd. (2009) ve Williams (1964) ‘in
yaptiklari galisma sonuglari ile de benzerdir. Bu ¢alismada ise
en yiksek spesifik biyime hizi 2,01 gin' olarak %015
tuzlulukta elde edilmistir.

Galismada C. closterium tiirinin nitrata oranla amonyum
ile daha iyi gelisim gosterdigi gorulmektedir. Chaetoceros
simplex  tirinin  farkli  nitrat, fosfat ve silikat
konsantrasyonlarinda gelisiminin incelendigi bir galismada,
nitrat konsantrasyonlarinin artisiyla spesifik bliyime hizinda
artis gdzlenmistir (Hemalatha vd., 2014). Bu ¢alismada da
nitrat, konsantrasyonlarinin  diisik konsantrasyonlarinda
dustk spesifik blyiime hizi dederleri gozlenmistir. Sunlu vd.
(2006), 200 pMdan daha  dislk  amonyum
konsantrasyonlarinda ve 5 pMdan daha disik fosfat
konsantrasyonlarinda C. closterium tiri igin spesifik blylime
hizini yaklagik 1 gun' olarak elde etmiglerdir. Calismada
analitik sonuglar amonyum konsantrasyonlarinin dogal deniz
suyunda oldukga yiksek oldugunu (160,7 uM NH4*-N)
gostermistir. Bu nedenle tirtin blyime egrilerinde 6nemli
olglide degisim olmadigi vurgulanmistir (Sunlu vd., 2006). Bu
calismada bulunan degerler Sunlu vd. (2006)'nin elde ettigi
degderlerden ylksektir (Tablo 4).

Yari doygunluk sabitinin sicakigin artmasi ile paralel
olarak arttigi bazi arastirmacilar tarafindan rapor edilmistir
(Eppley vd., 1969, Aydin vd., 2009). Ancak Aydin (1993)
yapti§l calismada bazi tirler igin bu goriise paralel olan
sonuglar elde etmis olsa da Nitzschia pungens tlirinin ylksek
sicakliklarda daha dugslk konsantrasyonlarda silise ihtiyag
duydugunu ve bunun Ks'in sicaklik artisi ile artmasi gérisd ile
uygun dismedigini belirtmistir. Bu ¢alismada elde edilen Ks
degerleri NH4*-N igin 17,84+14,4 yM NH4*-N; yM NOs-N igin
ise 27,32+ 19,04'ten daha dislk konsantrasyonlarda
sinirlayiciigin arttigini géstermektedir.
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Tablo 3. Cylindrotheca closterium ve diger mikroalg tirleriyle ile yapilan ¢alismalarin ortam gartlari hakkinda bilgi ve elde edilen spesifik

biiylime hizlari ()

Table 3. Obtained spesific growth rates (u) and information of media with species of Cylindrotheca closterium and other microalgal

species
. Isik iddet Aydinlik/karanlik Sicakhk Tuzluluk
Tiir Ortam (umol foton/ .. . M(g?) Referans
) siiresi (°C) (psu)
m2s)
Cylindrotheca closterium fl2 88 12:12 18+1 35 1,47 Bu calisma
Cylindrotheca closterium f 180 14:10 20 30 0,82 Affan vd., (2009)
Cylindrotheca closterium fl2 20 14:10 1541 35 0,171 Ruivo vd., (2011)
Cylindrotheca closterium f12 40 24:0 2242 - 0,209 Demirel, (2016)
Cylindrotheca closterium Kester 35 24:0 25 22 0,97 Bergeijk vd., (2003)
Thalassiosira allenii 2 40 24:0 11 - 1,127 Aydin vd., (2009)
Arthrospira (Spirulina) | - Zarrouk 50 24:0 2242 - 0,2395:0,013 |  Demirel vd., (2018)
platensis ve f/2
) Zarrouk .
Phaodactylum tricornutum ve 2 50 24:0 2242 - 0,1996+0,003 Demirel vd., (2018)
. . . 1,711 Kutlu ve Blyukisik,
Hantzchia amphioxys f12 52 24:0 18 cifflenmelgiin (2010)

Bu calismada reaktif fosfat igin hesaplanan en ylksek
pmax degeri 2,1+ 0,05 gin-' ve Ks dederi 0,25£0,04 pM POq-
P olarak bulunmustur. 0,25£0,04 uM PO4-P’'den daha diisiik
konsantrasyonlarda blylimenin sinirlanmasi séz konusudur.
36,76 uM PO4-P konsantrasyonuna kadar spesifik blylime
hizinda artis gézlenmistir. Kikrer vd., (2010) Thalassiosira sp.
ile yaptiklari calismada 38,9 uM POs-P konsantrasyonuna
kadar en yiksek hicre konsantrasyonunun gézlendigini, daha
yiksek konsantrasyonlarda ise buylmenin durdugunu
bildirmislerdir. Bu ¢alismada tir igin elde edilen p degeri 1,73
gun-* olarak bulunurken, Ks dederi 2,018 uM POq4-P olarak elde
edilmigtir (Tablo 4).

Baska bir c¢alismada ise fosfat konsantrasyonlarinin
artisiyla T. allenii tirinin spesifik blylime hizinda artis

gdzlenmistir (Sisman Aydin vd., 2014). Chaetoceros simplex
turiintin spesifik blyiime hiz1 90,5 uM fosfat konsantrasyonuna
kadar artis gostermis ve sonrasinda azalmistir (Hemalatha vd.,
2014). Ancak Sunlu vd. (2006) C. closterium ile yaptiklari
calismada fosfat konsantrasyonlarinin artigi ile spesifik
bilyime hizinda azalis gézlemlemistir. Izmir Ig Korfezinde
fosfat konsantrasyonu 12,86 uM POs-P (Aydin Gengay ve
Blyukisik, 2006) ve yil boyunca 0,26-12 uM PQ4-P (Timer,
2012) araliginda élglimustar.

Bu galismada reaktif silis i¢in elde edilen pmax (giin-') ve
Ks degerleri Tablo 4'teki gibidir. 0,3£0,24 pyM Si'den daha
dustk konsanstrasyonlarda sinirlayiciligin arttigi
gorilmektedir. T. alleni tird ile yapilan bir calismada (Sisman
Aydin vd., 2014) silikat konsantrasyonu artigi, blyime hizinin
azalmasiyla sonuglanmigtir.
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Tablo 4. Cylindrotheca closterium ve diger diatom tirleri igin bazi niitrientler igin elde edilen p(g-') ve Ks degerleri
Table 4. Values of pu(g™') ve Ks of Cylindrotheca closterium and other diatom species for some nutrients

Besin NH4-N NOs-N RP RSi Referans
Tar Hmax (9°) Ks (uM) Hmax (9°) Ks (uM) Hmax (9°) Ks (uM) Hmax (9°) Ks (uM)

Cylindrotheca Sunlu vd.,
closterium 432 958 (2006)
Cylndrotheca | 4e1061 | 17841144 | 192403 | 2731904 | 21:005 | 025:004 | 1,97£020 | 03024 | Bucalisma

closterium
Sisman
Aydin vd.,
Thalassiosira (2013) (1);
allenii 1,034 (1) 0,05 (1) 0,93 (1) 0(1) 0,972 (2) 0,544 (2) 0,989 (2) 0,615 (2) Sisman
Aydin vd.,
(2014) (2)
Skeletonema Kiikrer vd.,
costatum 1,97 (U) - 2‘34 6,9 1v70 (IJ) 2v06 (“) (2010)
Thalassiosira Kikrer vd.,
sp. 1,25 () 0,97 (u) 1,73 2,018 1,49 () 2010
2,51
2 ] =¢=—NO3
== NH4
= ——si
<
3 1,5 == P04
N == Sicakhk
I
" =@ TUZLULUK
§ 14 === Tinsitu+6°C
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$Sekil 10. Buyime hizinin haftalik periyotlarla yil boyunca degisimleri (Sicaklik, salinite, niitrient konsantrasyonlari ((Sunlu vd., (2007)'den
alinmistir)) kullanilarak biyime hizlari bu galigma igin hesaplanmistir.)
Figure 10.Changes in growh rate throughout the year at weekly intervals (Growth rates are calculated for this research by using temperature,

salinity and nutrient concentrations of Sunlu et al., (2007))

Bu calismada ise 107 uM Si konsantrasyonuna kadar tirin
spesifik blylime hizinda artis gézlenmistir. Benzer sekilde
Sunlu vd. (2006)'nin yaptiklari galismada C. closterium tiirliniin
spesifik biylime hizlar artan silikat konsantrasyonlari ile artis
gostermistir. izmir Kérfezi niitrient konsantrasyonlarinin yil
boyunca  Olguldigi  bir  dider calismada  silikat
konsantrasyonlari en az 0,96 uM, en ylksek olarak ise 35 uM
olarak dlgilmustir (Tumer, 2012).

Sekil 10’da besin konsantrasyonlari (nitrat, amonyak, silis
ve fosfor), sicaklik ve tuzlulugun haftalik degisimleri ile
Cylindrotheca closterium tirinin blyime hizinin degisimleri
verilmistir (sicaklik, salinite ve nitrient konsantrasyonlar
(Sunlu vd., (2007)'den alinmistir) kullanilarak biyime hizlari
bu galisma igin hesaplanmistir). Yilin ilk 5 haftasi ile 9, 10, 13,
16, 20, 26-28, 30-34, 37, 38, 44. haftalarinda azalan nitrat ile
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biyime siniffaniyorsa da amonyumun artigi (nitrifikasyonun
stirecinin azalmasina karsin bozunma siregleri ile amonyum
temini) azot eksikligini gidermektedir. Sadece 20 ve 30'uncu
haftalarda tlirin bliyiime hizi azalan azot temini nedeniyle asiri
dismektedir. Bu calisma sonuglari ortamdaki sinirlayici
besinin azot oldugunu gdstermektedir. Kiikrer vd. (2010) izmir
Korfezinde Skeletonema costatum tiri igin  nitratin
sinirlayicigini; Sunlu vd. (2006) >10 uM NOs-N ve >5 uM RP
konsantrasyonlarinin C. closterium igin blylimeyi sinirlayici
etki gosterdigini; Sisman Aydin vd. (2013) ise amonyumun T.
allenii tliri Uzerinde sinirlayici etkisi oldugunu bildirmistir.
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Abstract: In this study, essential oils of thyme (Origanum vulgare), St. John's Wort (Hypericum perforatum), rosemary (Rosmarinus officinalis), ginger (Zingiber
officinale), clove (Eugenia caryophyllata), peppermint (Menta piperita), lavandula (Lavandula hybrida) and black cumin (Nigella sativa) were screened for its
chemical composition and in vitro antibacterial activity against Vagococcus salmoninarum. The composition of oils were analysed using GC/MS. Antibacterial
effects of essential oils against V. salmoninarum were detected by agar diffusion and tube dilution assays. Thyme (125 pL ml-* MIC) and clove (500 pL ml!
MIC) essential oils were shown to possess strong antibacterial activity against V. salmoninarum. The main components of effective essential oils were carvacrol
(63.57 %) and eugenol (85.99 %), respectively. As a result, these two plant species that tested against V. salmoninarum which is causative agent of
vagococcosis can be used as an antibacterial agent. For this purpose, in vivo antibacterial activities against vagococcosis of thyme and clove essential oils
should be explored in the further studies.

Keywords: Antibacterial activity, Vagococcus salmoninarum, essential oil, agar diffusion, minimal inhibitory concentration (MIC)

0z: Bu calismada, kekik (Origanum vulgare), san kantaron (Hypericum perforatum), biberiye (Rosmarinus officinalis), zencefil (Zingiber officinale), karanfi
(Eugenia caryophyllata), nane (Menta piperita), lavanta (Lavandula hybrida) ve ¢orek otu (Nigella sativa)'dan elde edilen ugucu yaglarin kimyasal bilesimleri
ve Vagococcus salmoninarum'a karsi in vitro antibakteriyal etkileri incelenmistir. Ugucu yaglarin kimyasal kompozisyonu Gaz Kromatografisi/Kiitle
Spektrometresi (GC/MS) ile analizlenmistir. Vagococcus salmoninarum’a karsi ugucu yaglarin antibakteriyel etkileri agar difiizyon ve tup dilisyon yontemi ile
belirlenmistir. Kekik (125 pL/ml MiK) ve karanfil (500 uL/ml MIK) ugucu yaglarinin V. salmoninarunia karsi giiclii antibakteriye! etkinlige sahip oldugu
gorilmastir. Etki gosteren ugucu yaglarinin ana bilesenleri sirasiyla karvakrol (% 63,57) ve eugenol (% 85,99) olarak tespit edilmistir. Sonug olarak,
vagokokkozis hastaligi etkeni V. salmoninarum’a kars! test edilen iki bitki tiriiniin de antibakteriyel ajan olarak kullanilabilecegi dusiiniiimektedir. Bu amagla
ilerki calismalarda, kekik ve karanfil ugucu yaglarinin vagokokkozise kars! in vivo antibakteriyel etkinlikleri arastiriimalidir.

Anahtar kelimeler: Antibakteriyal aktivite, Vagococcus salmoninarum, ugucu yag, agar difiizyon, minimum inhibitor konsantrasyon (MIK)

INTRODUCTION

Generically known as streptococcosis, gram-positive
coccal infections are now considered as one of the main
problems to aquaculture production (Ghittino et al., 2003).
Vagococcosis, also called cold water streptococcosis, is
pathogenic to salmonid fish at water temperatures below 12
°C, and it is less widespread in aquaculture than other
streptococcal infections  (Eldar and  Ghittino,  1999).
Vagococcosis caused by Vagococcus salmoninarum is an
important bacterial disease in the European rainbow trout
industry in sub adult or adult fish, with mortality rates of 20—
50%. Outbreaks in broodstocks are usually associated with

V. salmoninarum has been reported in rainbow trout
(Oncorhynchus mykiss) in many European countries and in
Australia (Tasmania) (Schmidtke and Carson 1994; Michel et
al., 1997; Ghittino et al., 1999, 2004; Ruiz-Zarzuela et al., 2005;
Salogni et al., 2007) and in Atlantic salmon (Salmo salar) and
brown trout (Salmo trutta) in Norway (Schmidtke and Carson
1994). The disease has been also recorded in rainbow trout
broodstocks in Turkey (Didinen et al., 2011; Tanrikul et al.,
2014).

Antibiotic treatment of vagococcosis in the field has not
been effective, although V. salmoninarum isolates are
susceptible to several drugs such as ampicillin, amoxycillin,

post-spawning stres (Michel et al., 1997; Ghittino et al., 1999;
Ruiz Zarzuela et al., 2005; Didinen et al., 2011).

erythromycin, oxytetracycline and doxycycline tested in vitro
(Michel et al., 1997; Ruiz Zarzuela et al., 2005; Didinen et al.,
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2011). Treatments with antibiotics were effective only for short
periods (5-7 days) and continuous application was necessary
to reduce mortality.

High amounts of antibiotics are used for protection against
bacterial fish diseases in the aquaculture sector in Turkey. The
heavy use of antibiotics leads to the presence of its residues in
fish. In addition, these antibiotic applications cause emergence
of resistance in fish pathogens, including zoonotic fish bacteria.
Zoonotic fish bacteria that develop resistance to antibiotics are
more dangerous to humans and can cause infections that are
difficult to treat (Avsever et al.,2010). Thus, it is necessary to
determine and develop effective alternative protection methods
against bacterial fish diseases. The use of herbal products to
control of fish pathogens in aquaculture is an current practice.
One of the herbal products is essential oils, which are natural
components from plants that are generally recognized as safe
substances. Due to their antimicrobial properties, these oils
may constitute alternative prophylactic and therapeutic agents
in aquaculture (Romero et al., 2012).

Phytochemicals such as phenolics, polysaccharides,
proteoglycans and flavonoids may play a role in preventing or
controlling infectious pathogens (Citarasu, 2010). Many
essential oils and plant extracts have been shown to be
effective against fish pathogens (Abutbul et al., 2005; Bansemir
et al., 2006; Ekici et al., 2011; Haniffa and Kavitha, 2012; Al
Laham and Al Fadel, 2014; Ontas et al., 2016; Diler et al.,
2017a,b; Metin et al., 2017). These compounds may constitute
alternative prophylactic and therapeutic agents in aquaculture
because of their antibacterial properties. (Turker and Birinci
Yildirim, 2015).

There are few studies on antibacterial effect of different
essential oils against Vagococcus salmoninarum (Metin et al.,
2017; Ozay et al., 2018). The aim of this study, essential oils
of thyme (Origanum vulgare), St. John's Wort (Hypericum
perforatum), rosemary oil (Rosmarinus officinalis), ginger
(Zingiber officinale), clove (Eugenia caryophyllata), peppermint
(Menta piperita), lavandula (Lavandula hybrida) and black
cumin (Nigella sativa) were screened for its chemical
composition and in vitro antibacterial activity against
Vagococcus salmoninarum.

MATERIAL AND METHODS
Essential oils

Essential oils of thyme (Origanum vulgare), St. John's Wort
(Hypericum perforatum), rosemary oil (Rosmarinus officinalis),
ginger (Zingiber officinale), clove (Eugenia caryophyllata),
peppermint (Menta piperita), lavandula (Lavandula hybrida)
and black cumin (Nigella sativa) were purchased from Botalife.

Gas chromatography-mass spectroscopy analyses of
essential oils

The gas chromatographic analysis of essential oils was
performed with a Hewlett-Packard 6890 series gas
chromatograph (Perkin Elmer (PE) Auto System XL, Alameda,
CA, USA), fitted with a flame ionization detector (FID). Relative
percentage amounts were calculated from chromatograms by
the Turbo Crom. Navigator computer program.

In vitro antibacterial assays

Antibacterial effects of essential oils against V.
salmoninarum were detected by agar diffusion and tube
dilution assays.

Agar difusion assay

V. salmoninarum was grown in TSB for 24 h at 25 °C, and
100 WL of bacteria culture was mixed into 100 mL of melted
TSA. After solidifying and drying for 15-20 minute, wells were
punched (diameter = 3 mm) and 25 pL of different
concentrations prepared with 96% ethanol (the test
concentrations: 1000, 500, 250, 125, 62.5, 31.25, 15.62 and
7.8 ul ml") added to wells in triplicates. Controls were prepared
using 96% ethanol. Plates were incubated at 25°C for 24h and
observed for clearing zones around the wells. The
concentrations of essential oils causing clearing zones were
determined (NCCLS, 2001).

Tube dilution assay

The mininum inhibition concentration (MIC) of essential oils
were determined by using the broth dilution method. The
essential oil was dissolved in 96% ethanol and serially diluted
(1000-0.01 pmL"). The ethanol was used as control. V.
salmoninarum was cultured in TSA for 24 h at 25°C then
diluted to a concentration of McFarland No.0.5. Then, V.
salmoninarum was introduced into each tube under sterile
conditions and incubated for 48h at 25 °C. After incubation,
MIC values were recorded as the lowest concentration of the
oils that completely inhibited bacterial growth (Park et al.,
2016).

Statistical analysis

One-way analysis of variance and Duncan's multiple range
tests were run to evaluate the differences using the SPSS
software (Version 15, SPSS Inc., Chicago, IL, USA). The
means and standard errors were calculated for each treatment.
The accepted level of significance was 0.05.

RESULTS
In vitro antibacterial assays

In vitro antibacterial activities of the essential oils against
V. salmoninarum were determineted by the agar diffusion and
tube dilution methods. The antibacterial activities of different
essential oils against V. salmoninarum were summarized in
Table 1 and 2. The antibacterial activity of thyme (Origanum
vulgare), St. John's Wort (Hypericum perforatum), rosemary oil
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(Rosmarinus officinalis), ginger (Zingiber officinale) and black
cumin (Nigella sativa) were studied for the first time. A broad
variation in antimicrobial properties of the tested essential oils
was observed in the study.

The essential oils of thyme and clove showed strong
antimicrobial activity at different concentrations against V.

salmoninarum, whereas other essential oils did not show any
antibacterial activity. The maximum inhibition zones and MIC
values of the essential oils of thyme and clove againts V.
salmoninarum were in the range of 20.33-18 mm and 125-1000
Pl mi1, 17.83-18.66 mm and 500-1000 pl ml, respectively
(Table 1, 2).

Table 1. Antibacterial activity of essential oils against V. salmoninarum by the agar diffusion assay (The diameter of the zone of inhibition, mm)

Concentration Thyme Clove Ginger Peppermint  Rosemary  Lavandula
Jl ml!
1000 18+2,0a 18.66+0,572 566 £0,57  6.66+0,57a
500 20+1,02 17.83£0,762  5.66 £0,57 61,00
250 18+1,0a 11.66+1,52  5.66 £0,57 7.83+0,282
125 20.33+1,522  11.83+0,28" 600 6.83+0,762 -
62.5 17+1,0° 11200 6.510,50¢ -
31.25 12.66+1,52¢ 8.66+0,57¢ 5.33£0,57¢ -
15.62 10.66+1,52¢ 7.160,284 -
7.8 8.16+0,284 5.83+0,76¢° -
Table 2. Minimum inhibitory concentration of essential oils against V. salmoninarum (pl ml-')
Concentration Thyme Clove Ginger  Peppermint  Rosemary Lavandula
pl ml
1000 - - - ¥ +
500 - + + + +
250 + + + + +
125 - + + + + +
62.5 + + + + + +
31.25 + + + + + +
15.62 + + + + + +
7.8 + + + + + +
39 + + + + + +
1.95 + + + + + +
0.97 + + + + + +
0.48 + + + + + +
0.24 + + + + + +
0.12 + + + + + +
0.06 + + + + + +
0.03 + + + + + +
0.01 + + + + + +

GC-MS Analysis

The results of the chemical analysis of effective essential
oils are presented in Table 3. Twenty one components were
identified in thyme oil and the main components were carvacrol

(63.57%) and cymol (16.09%). In clove oil, only five
components were detected and the main components were
eugenol (85.99%) and caryophyllene (10.89%).
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Table 3. Chemical composition of thyme and clove essential oils

Essential oil Component Composition (%)  Retention Time (RT)
Thujene<alpha-> 0.1 6.298
Alpha pinene 12.85 6.566
Camphene 5.01 7121
Pinene<beta-> 8.48 8.160
Beta.-Myrcene 1.31 8.585
1-Phellandrene 0.10 9.321
.DELTA.3-Carene 0.06 9.449
Terpinene<alpha-> 0.04 9.808
Cymol 3.04 10.154
Rosmarinus officinalis L|mo_nene 201 10.425
1,8-Cineole 47.31 10.593
Cis-Ocimene 0.05 10.712
Gamma.-Terpinen 0.87 11.815
Alpha.-Terpinolen 0.07 13.253
Linalyl acetate 0.14 14.044
Camphor 12.04 16.706
Isoborneol 0.06 17.680
Borneol 2.62 18.229
Trans-4-Thujanol 0.20 18.789
BETA. FENCHYL ALCOHOL 217 19.724
Bornyl acetate 1.00 25.500
Caryophyllene 0.47 34.107
Isopulegol & p-Menthen-3-ol 1.98 16.820
Menthone 24.20 17.329
Isomenthone (CAS) p-Menthan-3-one 9.28 17.828
Neoisomenthol 11.35 18.199
Menta piperita Isopulegone 0.77 18.473
Menthol 44.76 18.830
ALPHA. TERPINEOL 0.81 19.735
Pulegone 3.91 22.428
Piperitone 0.80 23.409
Neomenthol acetate 2.03 25.961
Beta.-Bourbonene 0.05 31.855
Trans- Caryophyllene 0.05 34.109
Thujene<alpha-> 1.67 6.290
ALPHA -PINENE, (-)- 1.88 6.549
2,4(10)-thujadien 0.14 6.869
Camphene 1.67 711
2-.BETA.-PINENE 0.75 8.147
.beta.-Myrcene 1.30 8.576
1-Phellandrene 017 9.310
.DELTA.3-Carene 0.09 9.435
ALPHA. TERPINENE 1.28 9.792
Cymol 16.09 10.148
Origanum vulgare Limonene 0.56 10.378
EUCALYPTOL (1,8-CINEOLE) 0.87 10.508
.gamma.-Terpinene 2.65 11.808
Trans-4-Thujanol 1.36 12.394
ALPHA.-TERPINOLENE 0.21 13.243
Borneol 2.56 18.209
Trans-Sabinene hydrate 0.84 18.780
BETA. FENCHYL ALCOHOL 0.26 19.722
Thymol 0.24 26.050
Carvacrol 63.57 26.715
Caryophyllene 1.86 34.113
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ALPHA -PINENE, (-)- 2,07 6.538
Camphene 7.07 7.108
BETA.-PINENE 0.22 8.133
6-Methyl-5-hepten-2-one 0.51 8.325
.beta.-Myrcene 0.67 8.573
1-Phellandrene 5.05 10.434
EUCALYPTOL (1,8-CINEOLE) 3.05 10.496
Linaly formate 0.10 14.031
BORNEOL L 0.94 18.204
.BETA. FENCHYL ALCOHOL 0.39 19.697
Copaene <alpha-> 047 31.390
Zingiber officinale Geranyl butyrate 0.22 31.797
BETA. ELEMENE 0.74 32.344
Sesquithujene <7-epi-> 0.21 33.308
GERMACRENE-D 1.02 37.998
Curcumene 11.65 38.229
Alloaromadendrene 1.19 38.933
Zingiberene 3718 39.215
Farnesene <(E,E)-, alpha-> 4.07 39.851
Bisabolene 7.95 39.954
Cedrene 13.50 40.898
Patchoulene <alpha-> 0.34 41.039
0.29 42.204
Germacrene B 0.49 42.687
d-Nerolidol 0.27 43.160
.alpha.-Cedrol 0.31 46.220
Chavicol$$ p-Allylphenol 0.12 23.455
Eugenol 85.99 30.381
Eugenia caryophyllata Caryophyllene 10.89 34.199
Alpha.-Humulene 2.45 36.388
(-)-Caryophyllene oxide 0.54 44.036
Alpha-Pinene 0.26 6.551
Camphene 0.26 7.116
Beta-Pinene 0.21 8.149
3-Octanone (CAS) EAK 0.93 8.373
Beta-Myrceneethanoate 0.84 8.583
Ethanoate <hexyl-> 1.04 9.536
Limonene 0.85 10.379
1,8-Cineole 4.95 10.505
Cis-Ocimene 0.95 10.699
Trans-.beta.-Ocimene 2.30 11.224
ALPHA.-TERPINOLEN 0.24 13.257
Lavandula hybrida Linalool 42.31 14.164
Camphor 5.16 16.657
Propanoic acid, 2-methyl-, hexyl ester 0.24 16.901
BORNEOL L 1.99 18.220
Linalool 240 19.698
Linalyl acetate 32.16 23515
Lavandulyl acetate 1.22 25.671
Neryl acetate 0.45 31.800
Caryophyllene 0.87 34.114
Farnesene <(E)-, beta-> 0.28 36.573
GERMACRENE-D 0.08 37.991
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DISCUSSION

Essential oils isolated from different aromatic plants are
known to have a wide spectrum of antimicrobial activity
(Hammer et al., 1999; Baydar et al., 2004). This activity is
strongly correlated with the chemical structure of the most
abundant essential oil component. The chemical composition
of essential oils depends on climatic, seasonal and geographic
conditions, harvest period. The chemical components of thyme
and clove essential oils have been studied in literatures. The
phenolic monoterpens (carvacrol and thymol) are the most
abundant constituent of the essential of Origanum species. The
composition of O. vulgare essential oil has been characterized
by several authors, with carvacrol as the major components
(Goliaris et al., 2003; Viuda-Martos et al., 2007; Souza et al.,
2008; De Martino et al., 2009; Derwich et al., 2010; Bejaoui et
al., 2013; Stojkovic et al., 2013; Diler et al., 2017b). Other
components have also been reported as important essential oil
components, such as pcymene, y-terpinene, caryophyllene,
spathulenol, thymoquinene and germacrene (Milos et al., 2000;
Radusiene et al., 2005; Cleff et al., 2010; Teixeira et al., 2013).
In another study, the main constituents of O. vulgare essential
oils have been reported as thymol (13.7-85.9%) and carvacrol
(1.5-63.0%) (Raina and Negi, 2014). In the present study,
carvacrol (63.57%) and cymol (16.09%) were detected of main
components of O. vulgare essential oil. However, thymol
content (0.24%) found to be quite low. The major component
of clove oil is usually considered to be eugenol, with B-
caryophyllene and lesser amounts of other components such
as benzyl alcohol, but the proportions vary widely (Chaieb et
al., 2007; Guan et al., 2007; Xu et al., 2016). For example,
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0Oz: Bu calismada, pullu sazan (Cyprinus carpio)'a farkl konsantrasyonlarda uygulanan oksitetrasiklinin paraoksonaz (PON) ve arilesteraz (ARE) enzim
aktivitelerine etkisinin ortaya ¢ikarilmasi amaglandi. Bu amagla oksitetrasiklin 50 ve 75 mg/L konsantrasyonlarinda 48 saat sreyle banyo tarzinda baliklara
uygulandi. Oksitetrasiklin uygulamasindan sonraki 7., 14. ve 21. glinlerde kontrol ve deneme grubunda baliklardan karaciger ve serum érnekleri alindi. Alinan
orneklerde PON ve ARE enzim aktivitelerindeki degisimler belirlendi. Oksitetrasiklin uygulanan gruplarin karaciger ve serumundaki PON ve ARE enzim
aktiviteleri kontrol grubuna kiyasla azaldi. Bu azalma 7., 14. ve 21. giinlerde kontrol grubundan istatistiksel olarak farkli bulundu.

Anahtar kelimeler: Arilesteraz, Cyprinus carpio, enzim, oksitetrasiklin, paraoksonaz

Abstract: In this study, it was aimed to reveal the effects on paraoxonase (PON) and arylesterase (ARE) enzyme activities of oxytetracycline applied in
different concentrations in scaly carp (Cyprinus carpio). For this purpose, oxytetracycline at doses of 50 and 75 mg/L was applied by bathing for 48 hours. On
the 7th, 14th and 21st days after the application of oxytetracycline, liver and serum samples were taken from the fish in the control and experimental groups.
Changes in the PON and ARE enzyme activities were determined in the liver and serum samples which collected from the fish. The PON and ARE activities
in the liver and serum decreased in the groups exposed to oxytetracycline compared to that of the control group. This reduction was statistically different from
the control group on 7, 14 and 21 days.

Keywords: Arylesterase, Cyprinus carpio, enzyme, oxytetracycline, paraoxonase

GIRiS

Su drlnleri  sektdri  glnimizde &énemli  Uretim
sektdrlerinden birisi olmakla birlikte entansif yetistiricilikte
baliklarin yogun stoklanmasi hastalik riskini ve problemlerini
artirmaktadir. Hasta baliklar tedavi edilmedigi takdirde balik
6luimlerinden dolayi blylk ekonomik kayiplar olusabilmektedir
(Arda vd., 2005). Balik yetistiriciliinde hastaliklara kars etkin
tedavi yontemlerinin belirlenmesi oldukga 6nemlidir. Bununla
birlikte entansif yetistiricilikte hastalik olustuktan sonra baliklari
tedavi etmek uzun ve yorucu bir calismayi gerektirmektedir.
Ayrica tedavide bagari da cogunlukla mimkin olamamaktadir
(Arda vd., 2005).

Baliklarda goriilen ve dnemli ekonomik kayiplara yol agan
bu enfeksiyonlarin tedavisi igin ¢ok cesitli kemoterapdtik
maddeler uzun vyillardan beri kullaniimaktadir. Bu
kemoterapotikler arasinda énemli bir yer tutan oksitetrasiklin ik
olarak 1949 yilinda Finlav tarafindan Streptomyces rimosus
kiltirlerinden elde edilmis tetrasiklin tlrevi bir antibiyotiktir. Etki
spektrumlari son derece genis oldugu igin dnemli yan etkileri

ve direncli bakteri suslari ortaya ¢ikmig olmasina ragmen
ulkemizde veteriner hekimlikte ve akuakiiltirde halen en gok
kullanilan  antibiyotikler arasindadir. Amfoter maddeler
olduklarindan dolayr asit ve bazlarla tuz olusturabilirler.
Tedavide asitlerle yaptiklari tuzlar kullanilir ve en ¢ok
hidrokloriir tuzu (terramisin) seklinde bulunurlar. Renkleri agik
sari olup, kokusuz ve hafif aci bir tada sahiptirler (Kaya vd.,
1997). Bakterilerde ribozomlarin 30S alt birimine baglanan
oksiterasiklin ve diger tetrasiklinler, aminoasit-tRNA’nin buraya
baglanmasini engelleyerek protein sentezini bozarlar. Boylece
bakterinin Uremesi ve gelismesi yavagslar ve oksitetrasiklin
bakteriyostatik etki gdsterir. Bunun yani sira hiicre zarinin
yapisini degistirip, niikleotit ve diger bakteriyel yapilarin
hicreden disariya ¢ikmasini engelleyerek baskilayici etki
gosterirler (Brander vd., 1982; Kayaalp., 1984; Kaya vd., 1997;
Aktas, 2016).

Genis bir etki spektrumuna sahip oldudu igin oksitetrasiklin
neredeyse tim bakteriyel balik hastaliklarinin tedavisinde ilk
akla gelen ve kullanilan ilagtir. Vibriyoz, yersinyoz, furunkuloz,
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streptekokkoz, mikobakterioz ve kolumnaris gibi birgok
bakteriyel enfeksiyonlarin tedavisinde yaygin olarak kullanilan
oksitetrasiklin, baliklara enjeksiyon, oral ve immersiyon
yontemleriyle uygulanabilmektedir. Oral yolla genellikle 75
mg/kg balik dozunda ve 10 giin slreyle yeme karistirilarak
uygulanan oksitetrasiklin enjeksiyon ydntemiyle gogunlukla tek
doz olarak verilmektedir. Oksitetrasiklin baliklara ayrica
daldirma yontemi ile de uygulanabilir. Bu ydntemdeki
oksitetrasiklin dozu 5-120 mg/L arasindadir (Treves-Brown,
2000).

ilk olarak 1946 yilinda Abraham Maruz tarafindan
kesfedilen paraoksonaz (PON) enzimi, 1991 yilinda insan
serumundan saflagtirmis ve enzimin hem PON hem de
arilesteraz (ARE) aktivitesi gdsterdigi belirlenmistir (Mackness
vd., 1987). PON/ARE enzim ailesinin li¢ formdan (paraoksonaz
1; PON1, paraoksonaz 2; PON2, paraoksonaz 3; (PON3)
olustugu rapor edilmistir (Gokge, 2013). Kalsiyum bagdimh bir
esteraz enzimi olan ve karacigerde sentezlenen PON serumda
yliksek dansiteli lipoprotein (HDL)e bagli olarak tasinr.
Organofosfatiari  ve sinir gazlarini  hidroliz  edebilme
kabiliyetindeki PON, bu 0zelligi nedeniyle toksikolojik
galismalarda bir hayli degerlendirimektedir. Son yillarda
yapilan calismalarda PON enziminin yilksek bir antioksidan
aktiviteye sahip oldugu ve HDL ile diisik dansiteli lipoproteini
(LDL) ve makrofajlari oksidasyondan koruyarak ateroskleroz
gelisimini 6nledigi, bakteri endotoksinlerine karsi koruyucu
etkisinin oldugu gésterilmistir (Gan vd., 1991; Li vd., 1993;
Mackness vd., 1996; Mackness vd., 1997; Azarsiz ve Snmez,
2000; Giirsu ve Ozdin, 2002).

Balik hastaliklarinin tedavisinde yaygin sekilde kullanilan
oksitetrasiklinin baliklar Gzerindeki etkileri, farkl balik tirlerinde
farkli parametreler kullanilarak yapilan bircok arastirmada
gosterilmistir. Bu calismada ise PON ve ARE enzim aktiviteleri
kullanilarak oksiterasiklinin pullu sazan (Cyprinus carpio)'da
olusturabilecedi muhtemel toksik etkilerinin ortaya gikariimasi
amaclanmistir.

MATERYAL VE METOT

Ortalama agirliklari 40 £ 5 g olan 270 adet pullu sazan
(Cyprinus carpio) bu galismada kullanildi. Baliklar Elazig ili
Keban ilgesindeki DSI IX. Bolge Midirligi Keban Su Uriinleri
Sube Midirligi'nden canli olarak Firat Universitesi Su
Uriinleri Fakiiltesi' ne getirildi ve 540 L hacmindeki 3 farkli
fiberglas tanka esit olarak yerlestirildi. Tanka yerlestirimeden
once baliklar makroskobik olarak muayene edildi ve 30 dakika
icin 250 ppm formalinde banyo ettirildi. Tanklar denemeye
baslamadan dnce dezenfekte edildi. Tanklarin (stl baliklarin
kagcmasini 6nlemek amaciyla balik agi kullanilarak ortaldu.
Hava kompresdrii yardimiyla tanklar stirekli havalandirildi.

Canli olarak getirilen ve makroskobik analizleri yapilan
baliklar 540 L hacmindeki fiberglas tanklardan alinarak, 33 x
100 x 60 cm ebatlarinda ve ayarlanabilen termostatli isiticilarla
su sicakligi 23 £ 1 °C’ ye ayarlanmis 9 adet cam akvaryuma
(her bir tekrar igin 3 akvaryum) yerlestirildi. Akvaryumlar hava
kompresorl yardimiyla strekli olarak havalandirildi.

Galismada baliklara 750 mg oksitetrasiklin baza esdeger
oksitetrasiklin hidrokloriir uygulandi. Oksiterasiklin veteriner
ilaglari satan ticari bir firmadan (Medicavet) temin edildi.
Oksiterasiklinin kullanilan dozlari Treves-Brown (2000)’ a gore
secildi. Galisma Ug tekrarll yirGtiildu ve her bir tekrar igin 90,
toplamda ise 270 balik kullanildi. Deneme 21 gin stirdd.
Calisma Firat Universitesi Hayvan Deneyleri Yerel Etik Kurulu
tarafindan onaylandi (Protokol No: 2018/41).

On bes glnlik adaptasyon slresinden sonra asagidaki
deneme gruplari olusturuldu.

K: Kontrol grubu;

D1: 50 mg/L konsantrasyonunda 48 saat sireyle
banyo yoluyla oksiterasiklin uygulanan grup;

D2: 75 mg/L konsantrasyonunda 48 saat sireyle
banyo yoluyla oksiterasiklin uygulanan grup.

Oksitetrasiklin uygulamasindan sonraki 7., 14. ve 21.
gunlerde her bir tekrardan 10 balik alinarak 25 mg/L
konsantrasyonundaki benzokain yardimiyla anestezi edildi
(San ve Yonar, 2017). Anestezi altindaki baliklarin pedunkil
bdlgesi insize edildi ve ardindan kaudal venadan kan 6rnekleri
alindi. Alinan kan Ornekleri serumlarinin gikariimasi igin
antikoaglant icermeyen jelli tliplere dolduruldu. Serumlarin
elde edilmesi igin kan 6rnekleri 3500 rpm' de 10 dakika santrifil]
edildi.

Kan drneklerinin alinmasini takiben baliklarin tekrar
makroskobik muayeneleri yapildi. Daha sonra Arda vd. (2005)’
in bildirdigi sekilde usuline uygun olarak otopsisi yapilan
baliklarin karacigeri ayrilarak ¢ikarildi. 0,5 gram olacak sekilde
tartilan karaciger O6rneklerinden homojenatlar hazirlandi.
Bunun igin karaciger drnekleri %1,15’lik potasyum klorr (KCI)
ile 1:10 oraninda sulandirildi ve daha sonra homojenize edildi.
Homojenatlarin 3200 rpm’ de +4 °C’ de 10 dakika siireyle 50
ml'lik propilen tlplerdeki santrifiijini takiben stpernatantlar
alindi ve slpernatantiar enzim aktivitelerini 6lgmek igin
kullanildi (Mise Yonar vd., 2014).

PON ve ARE aktiviteleri serum ve karaciger érneklerinde
spektrofotometrik olarak belirlendi. PON aktivitesini dlgmek igin
substrat olarak paraokson, ARE enzim aktivitesini 6lgmek igin
ise fenilasetat kullanildi. Enzim aktivitelerinin 6lgiilmesiigin 100
ul substrat ¢ozeltisi (2 mM paraokson + 2 mM koenzim CaClz )
850 l Tris-HCI tamponu (100 mM, pH:8) ve 100 ul homjenat
karistirildi. Absorbansta 1 dakika siiresince meydana gelen
degisim 37 °C'de 412 nm dalga boyunda okundu (Dubravka
vd., 2001). Enzim aktivitelerini hesaplamak igin hazirlanilan
standart grafikten faydalanildi.

Istatistiksel ~ analizler icin  SPSS  15.0 istatistik
programindan yararlanildi. Gruplarin PON ve ARE aktiviteleri
tek yonlii varyans analizi ile karsilagtirildi. Gruplar arasindaki
farklihdin belirlenmesi igin ise Least Significant Difference
(LSD) testi kullanildi. Bagmli gruplarda (gunler igin)
istatistiksel farklihgl ortaya ¢ikarabilmek amaciyla tekrarli
olctimlerde varyans analizi uygulandi.
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BULGULAR

Adaptasyon ve deneme siresince baliklarda 6lim
gerceklesmedi. Baliklarda ¢alisma boyunca klinik olarak
herhangi bir bulguya rastlanmadi. Kan alimini takiben otopsi
edilen baliklarin yapilan klinik muayenesinde bir bulguyla
karsilasiimadi. Arastirma stresince sicaklik, oksijen dlizeyi ve
pH da onemli degisiklikler gdzlemlenmedi. Bu degerler
sirasiyla 23 + 1 °C, 7,1 £ 0,1 ve 8,07 £ 0,18 mg/L olarak
belirlendi. Farkli konsantrasyonlarda oksitetrasiklin uygulanan
gruplarin karaciger PON aktivitesinde kontrol grubuna kiyasla
zamana bagli olarak meydana gelen degisimler Tablo 1" de
sunulmustur.

Tablo 1. Karaciger PON aktivitesindeki degisimler (ortalama +
standart hata)
Table 1. Changes in the liver PON activity (mean + standard error)

Giinler

Doku Gruplar 7. giin 14. giin 21. giin

K 3542+434%A  3607+3,76%A 3589+ 35504
S
3% g D1 2867+5212A  31,04+52128  3467+432°C
5=
<

D2 27,09+5082A  30,19+473728  3372+4112C

abed Ayn) siitundaki farkl harfler istatistiksel olarak farki gostermektedir (p < 0,05).
AB.CD Ayni satirdaki farkll harfler istatistiksel olarak farki géstermektedir (p < 0,05).
K: Kontrol; D1: 50 mg/L oksitetrasiklin; D2: 75 mg/L oksitetrasiklin.

Kontrol grubuna gére D1 ve D2 gruplarinin karaciger PON
aktivitesinin 7. ginde sirasiyla %19,05 ve %23,51 oraninda
azaldigi ve bu azalmanin istatistiksel olarak 6nemli oldugu
bulundu (p <0,05). Calismanin 14. glniinde kontrol grubuna
gére D1 ve D2 gruplarinda karacijer PON aktivitesinin
sirastyla %13,94 ve %16,30 oraninda azaldi§1 ve bu azalmanin
istatistiksel olarak onemli oldugu belirlendi (p <0,05).
Denemenin 21. gliniinde D1 ve D2 gruplar iin karaciger PON
aktivitesinin kontrol grubuna gére sirasiyla %3,39 ve %6,04
oraninda azaldigi g6zlemlendi. Bu azalma kontrol grubuna
gére D1 grubunda istatistiksel olarak 6nemsiz bulunurken (p>
0,05) D2 grubunda istatistiksel olarak énemli bulundu (p
<0,05).

D1 grubunda, galismanin 7. glnine kiyasla 14. ve 21.
gunlerde karacijer PON aktivitesinin arttigi ve bu artigin
sirasiyla  %8,26 ve %20,98 dizeyinde gergekleserek
istatistiksel olarak 6nemli oldugu bulundu (p <0,05). D1
grubunda 14. glne kiyasla 21. giinde karacijer PON
aktivitesinin %3,62 arttigi ve bu artigin istatistiksel olarak
onemli oldugu belirlendi (p <0,05). D2 grubunda da 7. giiniine
kiyasla 14. ve 21. gilinlerde karacider PON aktivitesinin
sirasiyla %11,44 ve %24,47 dizeyinde arttigi, bu artisin
istatistiksel olarak énemli oldugu géraldi (p <0,05). D2
grubunda 21. giindeki karaciger PON aktivitesinin 14. gline
kiyasla %3,52 oraninda artti§i ve bu artigin istatistiksel olarak
dnemli oldugu saptandi (p <0,05).

Tablo 2. Serum PON aktivitesindeki degisimler (ortalama + standart
hata)
Table 2. Changes in the serum PON activity (mean + standard error)

Giinler
Doku  Gruplar 7. giin 14. giin 21. giin
K 3385+£279¢A 3356+£296%% 34,10+ 3,054
§ Tg' D1 25,39+ 3,170A 29,75+4,02>8  3220+2,132C
»n2
D2 21,66 £3522A 26,04+27328  3184+3222C

abed Ayn siitundaki farkl harfler istatistiksel olarak farki gostermektedir (p < 0,05).
ABCD Ayni satirdaki farkli harfler istatistiksel olarak farki géstermektedir (p < 0,05).
K: Kontrol; D1: 50 mg/L oksitetrasiklin; D2: 75 mg/L oksitetrasiklin.

Kontrol grubuna kiyasla farkli konsantrasyonlarda
oksitetrasiklin uygulanan gruplarin serum PON aktivitesinde
zamana bagli olarak meydana gelen degisimler Tablo 2’ de
gOsterilmistir.

Denemenin 7. gintnde kontrol grubuna kiyasla D1 ve D2
gruplarinin serum PON aktivitesinin sirasiyla %24,99 ve
%36,01 oraninda azaldigi ve bu azalmanin istatistiksel olarak
onemli oldugu bulundu (p <0,05). Calismanin 14. glininde
kontrol grubunun serum PON aktivitesiyle kiyaslandiginda D1
ve D2 gruplari igin serum PON aktivitesinin sirasiyla %11,35
ve %22,40 oraninda azaldi§l ve bu azalmanin istatistiksel
olarak dnemli oldugu belirlendi (p <0,05). Kontrol grubuyla
karsilastiridiginda D1 ve D2 gruplar i¢in serum PON
aktivitesinin 21. gunde sirasiyla %5,57 ve %6,62 oraninda
azaldigi gézlemlendi. Bu azalma kontrol grubuna gére D1 ve
D2 gruplarinda istatistiksel olarak énemli bulundu (p <0,05).

D1 grubunda, calismanin 7. glnine kiyasla 14. ve 21.
guinlerde serum PON aktivitesinin arttigi ve bu artisin sirasiyla
%17,17 ve %26,82 diizeyinde gercekleserek istatistiksel olarak
énemli oldugu gorildi (p <0,05). D1 grubunda 14. gline kiyasla
21. ginde serum PON aktivitesinin %8,23 arttigi ve bu artisin
istatistiksel olarak 6nemli oldugu belirlendi (p <0,05). D2
grubunda da 7. giinline kiyasla 14. ve 21. ginlerde serum PON
aktivitesinin sirasiyla %20,22 ve %46,99 dlzeyinde arttigi, bu
artigin istatistiksel olarak énemli oldugu gérildi (p <0,05). D2
grubunda 21. glindeki serum PON aktivitesinin 14. giine
kiyasla %22,27 oraninda arttidi ve bu artigin istatistiksel olarak
onemli oldugu saptandi (p <0,05).

Farkli konsantrasyonlarda oksitetrasiklin  uygulanan
gruplarin karaciger ARE aktivitesinde kontrol grubuna kiyasla
zamana bagl olarak meydana gelen degisimler Tablo 3’ de
gOsterilmistir.

Tablo 3. Karaciger ARE aktivitesindeki degisimler (ortalama +
standart hata)
Table 3. Changes in the liver ARE activity (mean * standard error)

Giinler
Doku Gruplar 7.giin 14. giin 21. giin
K 140,22 £ 12,89 ¢ A 143,08 £ 10,76 ¢ A 141,87 £ 11,57 b.A
!g"u‘,
§§ D1 115,01+ 9,13bA 124,43 +£10,76 08 132,91 +£13,062 ¢
<
D2 104,26 + 13,6624 118,14 + 10,7528 130,25 + 12,58 2 ¢

abed Ayni stitundaki farkli harfler istatistiksel olarak farki gostermektedir (p < 0,05).
ABCD Ayni satirdaki farkli harfler istatistiksel olarak farki géstermektedir (p < 0,05).
K: Kontrol; D1: 50 mg/L oksitetrasiklin; D2: 75 mg/L oksitetrasiklin.
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Calismanin 7. guniinde kontrol grubuyla
karsilastirildiginda D1 ve D2 gruplarinin karaciger ARE
aktivitesinin sirasiyla %17,97 ve %25,64 oraninda azaldigi ve
bu azalmanin istatistiksel olarak 6nemli oldugu bulundu (p
<0,05). Galismanin 14. giiniinde kontrol grubunun karaciger
ARE aktivitesiyle kiyaslandiginda D1 ve D2 gruplarinin
karacier ARE aktivitesinin sirasiyla %13,03 ve %17,43
oraninda azaldigi ve bu azalmanin istatistiksel olarak énemli
oldugu belirlendi (p <0,05). D1 ve D2 gruplar igin karaciger
ARE aktivitesinin 21. glnde kontrol grubuna gére sirasiyla
%6,31 ve %8,19 oraninda azaldidi gézlemlendi. Bu azalma
kontrol grubuna gére D1 ve D2 gruplarinin her ikisinde de
istatistiksel olarak énemli bulundu (p <0,05).

D1 grubunda, calismanin 7. gliniine kiyasla 14. ve 21.
gunlerde karacier ARE aktivitesinin arttigi ve bu artisin
sirasiyla  %8,19 ve %1556 dizeyinde gergekleserek
istatistiksel olarak onemli oldugu bulundu (p <0,05). D1
grubunda 14. gine kiyasla 21. glinde karacijer ARE
aktivitesinin %6,81 arttigi ve bu artisin istatistiksel olarak
énemli oldugu belirlendi (p <0,05). D2 grubunda da 7. gliniine
kiyasla 14. ve 21. glinlerde karacider PON aktivitesinin
sirasiyla %13,31 ve %24,93 dlzeyinde arttigi, bu artisin
istatistiksel olarak onemli oldugu gorildi (p <0,05). D2
grubunda 21. giindeki karacier ARE aktivitesinin 14. gline
kiyasla %10,25 oraninda arttigi ve bu artisin istatistiksel olarak
dnemli oldugu saptandi (p <0,05).

Farkll konsantrasyonlarda oksitetrasiklin  uygulanan
gruplarin serum ARE aktivitesinde kontrol grubuna kiyasla
zamana bagli olarak meydana gelen degisimler Tablo 4’ de
gosterilmistir.

Denemenin 7. glininde kontrol grubuna kiyasla D1 ve D2
gruplarinda serum ARE aktivitesinin sirasiyla %16,88 ve
%22,14 oraninda azaldidi ve bu azalmanin istatistiksel olarak
onemli oldugu gérildi (p <0,05). Calismanin 14. glininde
kontrol grubuyla karsilastirildiginda serum ARE aktivitesinin
D1 ve D2 gruplari igin sirasiyla %12,62 ve %13,52 oraninda
azaldigi ve bu azalmanin istatistiksel olarak 6nemli oldugu
belirlendi (p <0,05). D1 ve D2 gruplari igin 21. giindeki serum
ARE aktivitesinin kontrol grubuna gére sirasiyla %5,70 ve
%7,37 oraninda azaldidi gézlemlendi. Bu azalma istatistiksel
olarak énemli bulundu (p <0,05).

D1 grubunda, ¢alismanin 7. ginine kiyasla 14. ve 21.
guinlerde serum ARE aktivitesinin arttigi ve bu artigin sirasiyla
%6,58 ve %14,45 diizeyinde gergekleserek istatistiksel olarak
dnemli oldugu gérildu (p <0,05). D1 grubunda 14. gline kiyasla
21. ginde serum ARE aktivitesinin %7,37 arttigi ve bu artigin
istatistiksel olarak 6nemli oldugu belirlendi (p <0,05). D2
grubunda da 7. gliniine kiyasla 14. ve 21. giinlerde serum ARE
aktivitesinin sirasiyla %12,60 ve %20,01 dizeyinde arttigi, bu
artigin istatistiksel olarak 6nemli oldugu gérildi (p <0,05). D2
grubunda 14. giine kiyasla 21. glindeki serum PON
aktivitesinin %6,58 oraninda arttigi ve bu artisin istatistiksel
olarak 6nemli oldugu saptandi (p <0,05).

Tablo 4. Serum ARE aktivitesindeki degisimler (ortalama + standart
hata)
Table 4. Changes in the serum ARE activity (mean + standard error)

Giinler
Doku  Gruplar 7.gin 14. giin
K 12441 £ 1127 A 126,13 £10,41 A

21. giin
125,50 £ 12,34 b.A

D1 103,40 £9,9154 110,21 £13,0258 118,34 £10,512°¢

Serum (U/mL)

D2 96,86 % 10,06 2.4 100,07 + 8,372.8 116,25+ 12,58 2.€
abed Ayni stitundaki farkll harfler istatistiksel olarak farki gdstermektedir (p < 0,05).
ABCD Ayni satirdaki farkli harfler istatistiksel olarak farki géstermektedir (p < 0,05).
K: Kontrol; D1: 50 mg/L oksitetrasiklin; D2: 75 mg/L oksitetrasiklin

TARTISMA

Pullu sazan, ilkemizde yetistiriciligi yapilan ve de dogal
ortamda genis dagihim gdsteren dnemli bir balik tlridlr ve
laboratuvar ortamina kolayca adapte olabilmektedir. Bununla
birlikte bu balik tirli degisik kosullara kolayca uyum
gosterebilmesi, yetistirilme ve beslenmesindeki kolaylik, dogal
sularda bolca bulunmasi, ekonomik degerlerinin yliksek olmasi
gibi ozellikleri nedeniyle in vivo calismalarda oldukga fazla
kullaniimaktadir. Bu galismada da PON ve ARE enzim
aktivitelerindeki  degisimler  kullanilarak  oksiterasiklinin
etkilerinin ortaya gikarilmasi amaciyla Cyprinidae familyasina
ait pullu sazan (Cyprinus carpio) tercih edilmistir.

Galisma suresince hem kontrol hem de deneme grubu
baliklarinda 6lim olayr g6zlemlenmemigtir. Baliklarin yem
alimlarinda  herhangi  bir  olumsuzluk  gdrilmemistir.
Oksitetrasiklin uygulamasi sirasinda baliklarda klinik olarak
herhangi bir bulguya rastlanmamig, bu baliklarin rutin
davraniglar sergiledigi izlenmigtir. Bu bulgular uygulanan
oksiterasiklin dozlarinin herhangi bir olumsuz etkiye sebep
olmadigini, guvenilir bir sekilde belirtilen doz ve strelerde
baliklarda kullanilabilecegini g6stermistir. Fakat karaciger ve
serumda PON ve ARE aktivitesinde goriilen degisiklikler bu
dozlarin baliklarda toksik etkiler olusturdugunu géstermektedir.
Nitekim elde edilen sonuglar bu bulguyu dogrular niteliktedir.

Bu galismada oksitetrasiklin uygulamasindan sonra PON
ve ARE aktivitesindeki degisimlerin belilenmesi igin karaciger
ve serum Ornekleri kullaniimistir. Baliklarda toksik maddelerin
etkilerinin arastinldigi calismalarin gogunda guglu antioksidan
aktivite gdstermeleri ve toksik maddelerden en fazla bu
organlarin etkilenmesi nedeniyle karaciger ve kan dokusu
secilmektedir (Ritola vd. 2000). Diger taraftan PON enzimi
memelilerde karacigerde sentezlenmekte, HDL’ ye bagli olarak
serumda bulunmaktadir. Bu nedenle bu ¢alismada da doku
olarak karaciger ve serum segilmistir.

Baliklarda PON ve ARE enzimi aktivitesiyle ilgili birkag
calisma yapilmistir. Folly vd. (2001) PON aktivitesinin varligini
ve bu enziminin HDL ile iligkisini Piaractus mesopotamicus tirt
baliklarda gostermislerdir. Bastos vd. (2004) Hypostomus
punctatus, Piaractus mesopotamicus, Brycon cephalus ve
Salminus brasiliensis tiri neotropikal baliklarda PON enzim
aktivitelerini  serumda sirasiyla 1,5, 6,1, 6,6 ve 352
nmol x min' x mi* olarak bulmuslardir. Karatas ve Kocaman
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(2012) normal ve albino gokkusagi alabaliklarinda serum PON
aktivitesini kltir sartlarinda yetistirilenlerde daha yiiksek tespit
etmislerdir. Bu farkliigin sebebi olarak da tir farkliligs,
baskinlk ve  blyUkluk durumu  gosterilmistir. ~ Ayni
arastirmacilar baska bir galismada ise PON enzim aktivitesi ile
PON/HDL oranini dogadan yakalananlara gore kiiltir altindaki
kaynak alabali§i (Salvelinus fontinalis) nda daha yiiksek
oldugunu belirlemiglerdir (Karatas ve Kocaman, 2014).
Antioksidan ve immunostimulan Ozelliklere sahip polenin
uygulandigi gokkusag! alabaliginda (Oncorhynchus mykiss)
serum PON ve ARE aktivitesindeki degisimler arastirimigtir
(Yontirk ve Yonar, 2018). 21 giin siireyle %1, % 2 ve % 4
oraninda polen igeren yemlerin uygulandi§i alabaliklarin
paraoksonaz ve arilesteraz aktivitelerinde kontrol grubuna gére
istatistiksel herhangi bir farklilk gdrtiimemistir. PON ve ARE
enzim aktivitelerinin serum ve karacigerde tespit edildigi bu
galismada da her iki enzimin varligi sazanlarda belirlenmis,
serum ve karacigerde her iki enzim dizeyinin farkli oldugu
saptanmis ve yine oksiterasiklinin uygulanmasiyla bu iki enzim
aktivitesinin azaldidi tespit edilmistir.

Baliklar icin toksik olduklari bilinen metallerin PON
aktivitesine etkisini arastiran galismalar da mevcuttur ve bu
galismalarda PON ve ARE aktivitesindeki degisiklikler
incelenerek toksik maddelerin vicutta olusturdugu negatif
etkiler belirlenmeye calisilmistir. Beyaztas vd. (2007) bakir,
civa, kadmiyum ve kobalt metallerinin sazanlarda PON enzim
aktivitesinde farkli oranlarda inhibisyona neden oldugunu
bulmuslardir. Sayin vd. (2012) tarafindan Scyliorhinus canicula
baliklarinda gerceklestirilen ve (Niz*), (Cd#), (Hg#) ve (Cu?)
metallerinin kullanildigi bagka bir calismada, PON enzim
aktivitesine bu metallerin inhibitdr etkisi in vitro olarak
kanitlanmig, Cu?* tarafindan en ggcli inhibitér etkinin
olusturuldugu belirlenmistir. Ayrica adi gegen arastirmacilar
yaptiklar ¢alismada PON enzimini saflagtirmig, serum PON
total aktivitesini 11788,8 U/ml olarak spesifik aktiviteyi ise
344,701 olarak bulmuslardir. Ginko silfat (ZnSO4) formundaki
cinkonun kullanildigi baska bir arastrmada da 10 gln
stresince 5 ve 10 mg/L konsantrasyonlarindaki ginkonun
Capoeta capoeta’ da plazma PON1 aktivitesini distrdigl ve
PON1 aktivitesinin metallere karsi ¢ok duyarli oldugu
belirtilmistir (Deveci vd., 2015). Benzer bir sonug Yonar vd.
(2012) tarafindan gosterilmis 28. giin sonunda 15, 30 ve 60
ppb konsantrasyonlarindaki kromun serum PON ve ARE
aktivitesini sazanlarda (C. carpio) duslrdigi belirlenmigtir.
Oksitetrasiklinin farkli konsantrasyonlarinin uygulandigi bu
calismada da PON ve ARE enzim aktivitesinin baliklarda
oksidatif strese neden oldugu bilinen oksitetrasiklin
uygulamasiyla (Yonar vd., 2011; Yonar, 2012; Mise Yonar vd.,
2014) azaldi§ gérilmistdr.

Metallerin yani sira baliklarda PON veya ARE enzim
aktivitesine bazi pestisitlerin etkisinin arastirildidi calismalar da
yapiimistir. Ornegin; gokkusagi alabaligi (Oncorhynchus
mykiss)' nda karbosulfanin mutajenik, genotoksik ve enzim
inhibitdr etkisi arastirnimistir (Altinok vd., 2012). Sonug olarak

birinci ayda her hafta, ikinci ayda ise 15 giinde bir yapilan
ornekleme sonucunda plazma PON aktivitesinin 12,01 + 1,65
U/L ve 9,05 £ 0,89 U/L arasinda degistigi, PON aktivitesindeki
inhibisyonun istatistiki olarak énemsiz oldugu, inhibisyonun 1.
haftada %7,36, 8. haftada ise %16,67 seklinde gerceklestigi
belirlenmistir. Malathion kullanilarak yapilan bagka bir
calismada ise deneme baslangicindaki PON aktivitesinin 0,25,
0,5 ve 1 mg/L konsantrasyonundaki malathion uygulamasiyla
onemli oranda azaldi§i fakat bu aktivitenin deneme sonunda
kontrol grubuna yakin bir degder aldigi gdzlemlenmistir.
Bununla birlikte malathion uygulamasinin baliklarda strese
neden oldudu ifade edilmistir (Kili¢ ve Yonar, 2017). Benzer bir
sekilde bu calismada da 50 ve 75 mg/L konsantrasyonunda
oksitetrasiklin verilen gruplarin karaciger ve serum PON ve
ARE aktivitesinde kontrole gore istatistiksel olarak énemli bir
azalma belirlenmistir. Bu sonug oksiterasiklinin pullu sazanda
strese neden oldugunu géstermektedir.

Oksitetrasiklinin baliklarda strese yol agtigini kanitlayan
farkli calismalarda yapilmistir. Yonar vd. (2011), 14 gin
boyunca 100 mg/kg balik dozunda oral yolla oksitetrasiklin
uygulanan gokkusagl alabaliginda kan, karaciger, bobrek,
dalak ve kalp dokusunda oksidatif stresin bir gostergesi olan
malondialdehit (MDA) dizeyinin arttigini ifade etmistir.
Oksidatif stresteki artis oksitetrasiklinin alabalija 50 mg/L
konsantrasyonunda 48 saat siireyle uygulandigi ve karaciger,
bobrek, dalak ve solungag MDA dizeyinin yikseldigi
calismada da gorilmistir (Mise Yonar vd., 2014). Rat ve
insanlar (zerinde son vyillarda yapilan arastirmalarda PON
aktivitesiyle oksidatif stres arasinda karsilikli bir iliski oldugu
bulunmustur (Aviram vd., 1999). Bu arastirmada da
oksitetrasiklin  uygulamasi sonucunda PON ve ARE
aktivitesindeki azalma uygulamanin oksidatif stresin artigina
neden oldugunu gdéstermektedir. Bu durum birgcok antibiotik
tirindn uygulanmasi sirasinda, hayvan deneylerinde ortaya
¢lkmaktadir.

Sonug olarak; artan oksitetrasiklin konsantrasyonuna bagli
olarak PON ve ARE aktivitesinin denemenin ilk giinlerinde
azaldi§i, denemenin 21. giininde bu enzimlerin aktivitelerinin
artmasina ragmen yine de kontrol grubundan dislik oldugu
belilenmistir.  Bu  sonu¢  oksitetrasiklinin -~ her ki
konsantrasyonunun da C. carpio’ nun serum ve karacigerinde
toksik etki olusturdugunu dolayisiylada oksitetrasiklinin
baliklarda strese sebep oldugunu gdstermistir. Ancak
denemenin 21. giiniinde enzim aktivitelerinde belirlenen artis,
oksitetrasiklinin yol actigi oksidatif stresi viicudun fizyolojik
olarak serbest radikalleri elemine etme ¢abasi seklinde
aciklanabilir. Ancak PON ve ARE aktivitelerinin halen daha
kontrol grubundan disik olmasi bunun tam olarak
basarilamadi§ini géstermektedir. Buna gére oksitetrasiklin ve
diger kemoterapdtiklerin toksisitesini belilemede PON ve ARE
aktivitesinin olglimesi biyobelirteg olarak kabul edilebilir. Fakat
farkli balk tirlerinde, farkli siire ve konsantrasyonlarda
oksitetrasiklin uygulamalarinin sonuglarina ihtiya¢ oldugu da
gorllmektedir.
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Abstract: The present paper deals with the occurrence of Paraonis fulgens on the coast of Turkey. Three specimens of this species were found at 4 m on
sandy mud bottom in Iskenderun Bay, north-east Levantine Sea. The morphological and distributional features of the species were given. The present study

firstly described a ventral lobe on segments in the family Paraonidae.

Keywords: Polychaeta, Paraonidae, new record, Paraonis, Levantine Sea

0z: Bu calismada, Paraonis fulgens tiiriiniin Tiirkiye kiyilarindaki varligini ilk kez rapor etmektedir. Bu tiire ait 3 birey, iskenderun Kérfezinde (kuzey-dogu
Levanten Denizi) 4 metre derinlikte kumlu gamurlu zeminde tespit edilmistir. Bu calismada, tiirlin morfolojik ve dagilim 6zellikleri verilmistir. Bu alisma

Paraonidae familyasinda segmentlerde ilk kez bir ventral lop tanimlamistir.

Anahtar kelimeler: Polychaeta, Paraonidae, yeni kayit, Paraonis, Levant denizi

INTRODUCTION

The family Paraonidae Cerruti, 1909 comprises six genera
(Aricidea, Cirrophorus, Levinsenia, Paradoneis, Paraonides
and Paraonis) and 27 species on the coast of Turkey (Cinar et
al., 2014; Erdogan-Dereli et al., 2017; Erdogan-Dereli and
Cinar, 2019). The genus Aricidea is represented by 11 species,
Cirrophorus by 3 species, Levinsenia by 6 species, Paradoneis
by 5 species, Paraonides by 1 species and Paraonis by 1
species.

Among these genera, the genus Paraonis has eight
species (P. amazonica, P. dubius, P. fulgens, P.
paucibranchiata, P. pygoenigmatica, P. strelzovi, P. reductus,
and P. pycnobranchiata) in the world’s oceans and three
species (P. paucibranchiata, P. tenera and P. fulgens) in the
Mediterranean Sea (Cerruti, 1909; Hartman, 1965; Fauchald,
1972; Blake, 2016; Riberio et al., 2018). In the eastern
Mediterranean Sea, two Paraonis species have been reported
up to date; P. fulgens from Greece (Faulwetter et al., 2017) and
P. tenera from Turkey (Cinar et al., 2014). However, the later
species has accepted as nomen inquirendum by Strelzov
(1979), so the validity of this species requires further
investigation.

The present study newly reports the presence of P. fulgens
from the coast of Turkey, and provides the morphological and
ecological features of the species.

MATERIAL AND METHODS

The specimens of Paraonis fulgens were collected at 4 m
depth on sandy mud bottom near the crude oil jetty of Baki-
Tbilisi-Ceyhan pipeline (BTC) in Iskenderun Bay (Yumurtalik)
(Figure 1). The benthic sample at the station was taken by a
Van-Veen Grab (sampling an area of 0.1 m2) and sieved
through 0.5 mm mesh in the field. The retained material put into
a plastic jar, and fixed with 4% formaldehyde and seawater
solution. The material was then transferred to the Ege
University Benthology Laboratory and washed on a 0.5 mm
mesh with tap water. The material was sorted under a
stereomicroscope and the specimens were preserved in 70%
ethanol. The measurements of the specimens of P. fulgens
(length, wide, etc.) were made by using an ocular micrometer.
Photographs of the specimens were taken with a digital camera
(Olympus OM-D E-M5 Mirrorless), mounted on stereo- and
light microscopes. The specimens of P. fulgens were deposited
at the Museum of Faculty of Fisheries (ESFM), Ege University,
[zmir, Turkey.
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Figure 1. Map of the studied area (Google Earth, 10.12.2019)
RESULTS

Phylum: Annelida Lamarck, 1809

Classis: Polychaeta Grube, 1850

Family: Paraonidae Cerruti, 1909
Genus: Paraonis Grube, 1873

Paraonis fulgens (Levinsen, 1884) (Figure 2, 3)

Aonides fulgens Levinsen, 1884:105-106

Levinsenia fulgens, Mesnil and Caullery, 1898:128-136;
138, Plate 6-Fig. 1-9.

Paraonis fulgens, Cerruti, 1909:468-469, Figure H1, 2;
Fauvel, 1927: 71-72, Figure 24G-L; Pettibone, 1963: 302,
Figure 79E-F; Strelzov, 1979: 55-59, Figure 20; Gaston, 1984:
2-47, Figure 2-45, 2-46; Castelli, 1985: 268-270, Figure 2,
Hartmann-Schroder,  1996:  387-388, Figure  184;
Aguirrezabalaga, 2012: 272-274, Figure 124.

Material examined. ESFM-POL/2015-268, 30 June 2015,
station 3, 36°52'23"N-35°55'25"E, 4 m, sandy mud, 3
specimens.

Description. Largest specimen complete, 4.06 mm long,
0.06 mm wide at chaetiger 10, with 90 chaetigers. Color in
alcohol usually dull white or yellowish; red speckles present
between notopodium and neuropodium, from middle branchial
region to pygidium (Figures 2A; 3D). Body thin, spiralled; first
three chaetigers distinctly smaller and thinner; branchial
chaetigers moniliform shaped; posterior region relatively thick,
tapering to pygidium (Figures 2A-D). A dense ciliary band

present on mid-dorsal transversal line of each prebranchial and
branchial chaetigers (Figure 3E); ciliary bands absent from
ventral side. Prostomium triangular, anterior region distinctly
elongated with eversible palpode, much longer than wide
(length/width: 1.16); a pair of cheek organs located posterio-
laterally on prostomium; a pair of crystalline lenses located
anterio-laterally near intradermal eyes (Figures 2C, E). First
ciliary band (cb1) located on anterior part of prostomium, just
above eyes; second ciliary band (cb2) located laterally above
nuchal organs; and third ciliary band (cb3) commencing lateral
sides of prostomium extending to anterior margin of chaetiger
1 (Figure 3A).

A pair of nuchal organs as deep, narrow slits placed dorso-
laterally on posterior part of prostomium, without pigmentation
(Figure 2C). Mouth with 2 lips; one placed anteriorly and other
placed posteriorly, extending to middle region of chaetiger 1.
Branchiae 21 pairs, beginning on chaetiger 4 in all specimens;
shorter than segment width, last three pairs shorter than
others, last pair rudimentary; 167 um long in anterior region,
197 um long in middle region, 127 pm long in posterior region.
Branchiae flattened, broadly foliaceous; posterior part of base
asymmetrically enlarged towards posterior region with
elongated round tips, with dense ciliary bands (Figures 2B, C;
3B); Dorsal and ventral rami of parapodia quite distinct in
prebranchial and branchial regions (Figures 3B, C, F), not
distinct in posterior region. Interramal lobes absent. Notopodial
papillae absent. Notopodial postchaetal lobes absent in first
two chaetigers, commencing on chaetiger 3, short and
cirriform; longer, thin and digitiform on anterior region of
branchial region; long, weakly thick with asymmetrical
enlargement on base over ventral side of middle and posterior
chaetigers of branchial region; long, thin and filiform on
posterior region (Figures 2C; 3B-D). Neuropodial lobes
commencing from chaetiger 4 extending to chaetiger 21, as
rudimentary ridges (Figure 3C). Ventral lobe occurring between
chaetigers 12 and 14, small, rounded, located near posterior
margin of segments (Figure 3F).

Three types of chaeta: limbate, capillary and modified
neurochaeta. Notopodia of anterior region carrying 6-15
limbate chaeta; those of middle region carrying 10-17 capillary
chaeta; those of posterior region carrying 4-8 capillary chaeta.
Neuropodia of anterior region carrying 7-18 limbate chaeta;
neuropodia of middle region carrying 8-14 capillary chaeta;
those of posterior region carrying 18-30 capillary chaeta and 2
modified neurochaeta. Limbate chaeta (with hirsute only on
chaetigers 1-6, without hirsute on 7-21 chaetigers) present on
both notopodia (chaetal length: 174 um, in 3 rows) and
neuropodia (chaetal length: 165 um, in 3 rows) of chaetigers 1-
21 (Figure 3l). Notopodial and neuropodial capillary chaeta
from chaetiger 22 to pygidium, two rows on notopodia in middle
region and one row on notopodia in posterior region; 2 rows on
neuropodia in middle and posterior regions; 264 pym long in
middle region and 243 um long in posterior region. Modified
neurochaeta commencing from chaetiger 48 to pygidium,
numbering 2 in all chaetigers; 46 pm long; hook shaped,
subterminally strongly curved, with a distinct hood; arista
absent (Figures 3G, H).

Pygidium rounded with 3 anal cirri; two ventro-lateral cirri
(thin, long, 50 pm long) and a mid-ventral cirrus (thin, short, 30
pm long); anal aperture on dorsal side (Figure 3J).
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Figure 2. Paraonis fulgens ESFM-POL/2015-268. A, General view of specimen; B, Anterio-dorsal view; C, Anterio-dorsal view of first chaetigers;
D, Lateral view of chaetigers in the branchial region; E, Dorsal view of prostomium. Abbreviations: cl, crystalline lens; co, cheek organ;
no, nuchal organs; ntpcl, notopodial postchaetal lobe. Scale bars: A, 375 um; B, 673 um; C, 114 pym; D, 67 um; E, 190 um.

Reproduction. All specimens of P. fulgens collected in
June from iskenderun Bay were male; sperms were like white
masses, present from the chaetigers 30-32 to the preanal
region. According to the previous studies, the specimens with
eggs were reported in May from Isefiord, Denmark
(Rasmussen, 1973) and in August from New England, USA
(Pettibone, 1963). Rasmussen (1973) reported that the number
of eggs in each segment were 3-4 and that eggs had a
diameter of ca. 200 uym. Strelzov (1979) indicated that the
number of eggs in segments (present from the chaetiger 34)
reached up to 4 and the egg diameter reached up to 90 pm.
Like the present observation, Mesnil and Caullery (1898) also
stated that the formation of sperm gametes was like masses,
not like packages.

Habitat and Distribution. Paraonis fulgens is a shallow-
water species, previously reported on soft bottom between 5
and 13 m depth from the North Sea (Levinsen, 1884), the

English Channel (Fauvel, 1927; Dauvin and Cabioch, 1988),
the eastern (Mesnil and Caullery, 1898) and western (Gaston
1984, Pettibone, 1963) Atlantic Ocean, the eastern (Faulwetter
et al.,2017) and western Mediterranean Sea (Cerutti, 1909,
Castelli, 1988), and the Black Sea (Kurt-Sahin and Cinar
2012).

DISCUSSION

Paraonis fulgens is mainly characterized by having a
triangular prostomium with the elongated anterior margin;
crystalline lens located anterio-laterally on the prostomium; first
three chaetigers distinctly smaller and thinner than those in the
rest of the body; very distinct ventral and dorsal rami; a
moniliform body shape in the branchial region; asymmetrical
enlargement on the base of branchiae towards posterior region
and modified neurochaeta as curved hooks (no dentation).
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The cheek organs and crystalline lenses in the prostomium
of Paraonis fulgens, which were first mentioned by Mesnil and
Caullery (1898), were also observed in the Levantine Sea’s
specimens (Figure 2E). Strelzov (1979) stated that the
crystalline lenses did not exist on the specimens that he
examined. However, as these lenses are located intradermally,
they might be easily escaped from researcher’s attentions. The
cheek organ was firstly observed in some Levinsenia species
by Strelzov (1979). He described that the Paraonis genus had
no cheek organs. However, the present study confirmed the
presence of the cheek organs in P. fulgens, which might be
retractile or difficult to detect in contracted specimens due to
fixation.

The present study firstly described a ventral lobe on the
posterior parts of segments in the family Paraonidae. However,
this character was also observed in some Aricidea species
(paper in preparation). The function of this lobe is unknown.

In the Levantine Sea’s specimens of Paraonis fulgens, the
modified neurochaeta did not bear any arista on the concave
side. The lack of arista on the chaeta was also mentioned by
Mesnil and Caullery (1898), Cerruti (1909), Fauvel (1927),
Pettibone (1963) and (Strelzov, 1979). However, Castelli
(1985) reported a fragile arista on the modified neurochaeta on
the specimens collected from the Tuscan coasts (western
Mediteranean).

Nntp

Strelzov (1979) observed four ciliary bands on the
prostomium of Paraonis fulgens, whereas we observed only
three ciliary bands on the prostomium (Figure 3A). The ciliary
band 2 found in the present study seems to be similar to nnacb
(nuchal organ associated ciliary band) that was described for
Paradoneis species by Erdogan-Dereli and Cinar (2019), but
at this stage it is not clear if the ciliary band 2 is associated with
the nuchal organ.

Hartmann-Schroder (1996) reported that the notopodial
postchaetal lobes were small on the first two chaetigers, short
finger-shaped on the chaetiger 3 and were getting longer
gradually towards the branchial region. She might have
misinterpreted the ridges on the first two chaetigers as
notopodial lobes or the specimens she examined might belong
to an undescribed species. Unlike the other descriptions of the
species, Fauvel (1927) stated that P. fulgens had no
neuropodial postchaetal lobes.

ACKNOWLEDGMENTS
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Figure 3. Paraonis fulgens ESFM-POL/2015-268. A, Dorsal view of prostomium; B, Dorsal view of branchial region, ellipse shape indicated the distinct
dorsal rami; C, Ventral view of chaetiger 3; D, Dorsal view from posterior region; E, Cross section of chaetiger 5; F, Ventral view of chaetiger
12; G, Modified neurochaeta from chaetiger 52; H, Modified neurochaeta from chaetiger 67; |, Limbate chaeta from chaetiger 3; J, Lateral view
of pygidium. Abbreviations: cb1, ciliary band 1; cb2, ciliary band 2; cb3, ciliary band 3; dcb, dorsal ciliary band; dnot, distinct notopodium; ep,
eversible palpode; neu, neuropodium; neupcl, neuropodial postchaetal lobe; ntpcl, notopodial postchaetal lobe; rs, red spots; vl, ventral lobe.
Scale bars: A, 100 um; B, 87.5 ym; C, 25 um; D, 190 um; E, 224 um; F, 81 pym; G, 31 ym; H, 34 pym; |, 37 ym; J, 65 pm.
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Effects of depth and season on catch volume of bottom gillnets employed
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Abstract: The study was conducted along the Fatsa coasts of the South-eastern Black Sea, to investigate the effects of depth and season on catch volume
of the bottom gillnet fishery. During the study, fishing was carried out using multifilament gillnets with mesh sizes of 32, 34, 36 and 38 mm in each of the four
different depth strata (0-14 m, 15-29 m, 30-49 m and 250 m) three times per month between March 2013 and February 2014 (except for July and August),
with a total of 30 gillnet hauls performed. The results of the study revealed that in all seasons whiting (Merlangius merlangus) was caught most in the 30 m
and deeper water layers. However, whiting catch increased with increasing water depth. Most red mullets (Mullus barbatus) were caught in the 0-14 m depth
waters during spring, winter and autumn periods, while its catch was the greatest in the 15-29 m during the summer period. Catch of this species decreased
gradually with increasing water depth. Another fish species was pontic shad (Alosa immaculata) which was caught least in the shallow waters. However,
during all seasons its catch increased gradually with increasing water depth up to the 30-49 m depth strata. Nevertheless, it was determined that catch volume
for this species decreased in the =50 m level again. On the other hand, Mediterranean horse mackerel (Trachurus mediterraneus) was mostly caught in the
shallow waters (0-14 m and 15-29 m) during all seasons. Especially in the 250 m waters, no Mediterranean horse mackerel was sampled during the study.
This study presents that amounts of catch for the fish species sampled were affected especially by water depth and seasons.

Keywords: Black Sea, depth, season, Catch Per Unit Effort, gillnet fishery

0z: Bu arastirma, dip uzatma aglariyla aveilikta derinlik ve mevsimin av miktar iizerine etkisini arastirmak igin Giineydogu Karadenizin Fatsa kiyilarinda
ylrittimastir. Arastirmada, dort farkli derinlik katmaninda (0-14 m, 15-29 m, 30-49 m ve 250 m) 32, 34, 36 ve 38 mm g6z acikliginda multifilament uzatma
adlari ile avcilik denemesi yapilmistir. Avcilik denemeleri, Mart 2013 ile Subat 2014 arasinda ayda U¢ kez (Temmuz ve Adustos harig) tekrarlanmistir.
Arastirmanin sonuglari en fazla mezgit baligi (Merlangius merlangus)' nin yil boyunca 30 m ve daha derin su katmanlarinda yakalandi§ini ortaya koymustur.
Artan su derinligiyle mezgit av miktari da artmistir. En fazla barbunya baligi (Mullus barbatus) ise ilkbahar, kis ve sonbahar mevsimlerinde 0-14 m derinlikte
yakalanirken, yaz mevsiminde ise 15-29 m derinlik katmaninda yakalanmistir. Bu tiiriin av miktari, artan su derinligi ile kademeli olarak azalmistir. Diger balik
tirlerinden tirsi (Alosa immaculata) en az sig sularda yakalanmistir. Bu tliriin av miktari yil boyunca, si§ sulardan 30-49 m derinlik tabakasina kadar artan su
derinligi ile kademeli olarak artmistir. Bununla birlikte, bu tiir(in av miktari 50 m daha derin sularda tekrar azalmistir. Diger taraftan, yil boyunca en fazla istavrit
bali§i (Trachurus mediterraneus) sig sularda (0-14 m ve 15-29 m) avlanmistir. Ozellikle 50 m ve daha derin sularda bu tiire rastlanmamistir. Bu arastirmanin
sonuglari, avlanan balik tiirleri icin av miktarlarinin su derinligi ve mevsimlerden etkilendigini ortaya koymustur.

Anahtar kelimeler: Karadeniz, Derinlik, Mevsim, Birim Caba Av Miktari, Uzatma agi balikgiligi

INTRODUCTION

The Black Sea is characterized by a relatively low species
diversity, high productivity and biomass, and anoxic conditions
below 150-200 m depth (Knudsen et al., 2010). Especially over
the last 50 years, the Black Sea ichthyofauna has undergone
major changes concerning its qualitative and quantitative
structure and the response of various fish populations to
environmental changes.

Although the Black Sea is inhabited by approximately 187
species (Yankova et al., 2014), a few fish species are mainly
caught in the commercial fishery. As indicated by Knudsen et
al. (2010), whiting (Merlangius merlangus) is a dominant
species in the littoral zone of the South-eastern Black Sea.

According to Zengin (2000), Kara et al. (1991) and Bingel et al.
(1995), 65-70% of the benthic and bentho-pelagic fish biomass
consisted of whiting in this part of the Black Sea. Since the
whiting reaches reproductive maturity at two years age (ismen,
1995; Geng, 2000), it spawns almost throughout the whole
year, having the potential for rapid growth, while the stock
regenerates quickly. The whiting stock is, therefore, more
resilient to fishing pressure than many other species which
have longer life spans and mature later (Knudsen et al., 2010).
In addition, the prevalence of a cold intermediate layer (CIL,
thermocline) is one of the main reasons that the biomass of
whiting already mentioned is much greater in the Black Sea
than in the Mediterranean (Knudsen et al., 2010). Although red
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mullet (Mullus barbatus) is common in all Turkish waters (i.e.
the Sea of Marmara, the Aegean Sea, and the Southern coasts
of Turkey), subspecies Mullus barbatus ponticus inhabits in the
Black Sea and the Sea of Azov. Mullus barbatus ponticus is a
very commercial fish species along the coasts of Black Sea
and it is mainly caught by trawls and gillnets along the Turkish
coasts of the Black Sea (Yilmaz et al., 2019). The Pontic shad
(Alosa immaculata) is anadromous fish species, belonging to
the family Clupeidae. The species is native for Bulgaria,
Georgia, Moldova, Romania, Russia, Serbia, Turkey and
Ukraine. It occurs in Black sea and Sea of Azov and for
spawning, migrates in Danube, Dnepr, Dniester, Don, Bug etc.
(Rozdina et al., 2013). Since 2001, the species is established
in the Sea of Marmara (Eryilmaz, 2001). Mediterranean horse
mackerel (Trachurus mediterraneus) is a schooling species,
widely distributed in Turkish waters. It is one of the most
important fishery stocks, together with horse mackerel and
small pelagics such as anchovy, sprat and sardine in Turkey.
Despite the fact that Black Sea represents the most significant
part in Turkish fishery, the main fishing area of this species is
the Sea of Marmara (Demirel and Yiksek, 2013). According to
Ivanov and Beverton (1985), Mediterranean horse mackerel is
a migratory species distributed in the whole Black Sea basin.
The main prey of the species are small fishes and zooplankton.

Continental shelf along the Turkish Black sea coast is very
narrow. This situation restricts fish stocks and fishing activities.
In addition, the trawl fishery has been prohibited in the South-
eastern coasts of the Black Sea (Anonymous, 2016). Pelagic
fish species such as anchovy (Engraulis encrasicolus),
Mediterranean horse mackerel ( Trachurus mediterraneus) and
bonito (Sarda sarda) have been caught using purse seine in
the Black Sea (Sahin et al., 2015), while benthic or bentho-
pelajic fish species such as red mullet and whiting in the South-
eastern Black Sea have been caught only with bottom trawls,
gillnets and trammel nets in recent years. Gillnets are the most
widely used net type in the small-scale fisheries, while
concentrating in recent years on whiting, red mullet and
Mediterranean horse mackerel using the same gillnets
(Ozdemir et. al., 2005). Essentially, these fish species are
known to live in different depths. Mediterranean horse
mackerel is a pelagic fish species, although whiting is a bentho-
pelagic and red mullet is a benthic species (Geng, 2001).

Factors affecting fishing by gillnets and trammel nets which
are the most important net types for small-scale fisheries
should be well known for both commercial fishing and fisheries
management. Therefore, the main objective of this study was
to determine the effects of different water depths and seasons
on catch efficiency of this specific gillnet fishery.

MATERIAL AND METHODS

The study was conducted in the Fatsa coasts
(41°01'42.67"- 41°07'42.45" N, 37°31'01.43"- 37°40'11.94" E)
situated on the South-eastern Black Sea (Figure 1).

Figure 1. Map of Black Sea and study area (Google Earth, 2020)

Fishing experiments were carried out using multifilament
gillnets with mesh sizes of 32, 34, 36 and 38 mm (stretched
mesh) in four different depth strata (0-14 m, 15-29 m, 30-49 m
and = 50 m) from March 2013 to February 2014. Designs and
characteristics of the nets were similar to commercial gillnets
used by local fishermen. Their general characteristics are given
in Table 1.

The experimental multifilament gillnets with a combination
of four different mesh sizes were tied together to compose a
set for each of four different depth strata. The fishing was
conducted three times for each month except for July and
August. In July and August, fishing could not be conducted due
to maintenance requirement for fishing boats. The nets were
randomly fastened each other and they were set in the
afternoon and hauled the following morning. At the end of each
fishing trial, all specimens were classified according to species,
with or without economic value and depth. Weight of each
individual (whiting, red mullet, pontic shad and Mediterranean
horse mackerel) was determined to the nearest gram [total
weight (W)]. All individuals belonging to the four fish species
were determined by number and by biomass for each fishing
experiment.

To determine the effects of water depths and seasons on catch
efficiency in the gillnet fisheries, Catch Per Unit Effort (CPUE)
were separately calculated for each species and each depth
strata as well as for each season. For a standard series of
gillnets in this study, mean CPUE was defined as the mass of
fish caught during about 12 hours (one night) of fishing with a
panel length of 1 m gillnet. In the calculations the height
differences of gillnets (32 mm = 175 cm, 34 mm = 198 cm, 36
mm = 197 cm and 38 mm = 226 cm) were ignored. The catch
data were not normally distributed (Shapiro-Wilk's test
p<0.05); therefore, we applied The Kruskal-Wallis test to
evaluate differences among depth strata and between
seasons. Mann-Whitney U test was used to compare pairwise
among depth strata and seasons. Besides, in terms of CPUE
of fish species relationships among depth strata and seasons
were employed a Correspondence Analysis. All analyses were
performed using SPSS statistical software (version 21).
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Table 1. Technical characteristics of experimental gillnets by mesh sizes [Common characteristics of all mesh sizes: Diameter of the net twine =
210 d/2; panel height (70 meshes), net colour = white, PVC floats; float size = 2 no (3.1 cm diameter and 1.9 cm width) and lead ropes
are made of PP; diameter of the main rope 2.5 mm; diameter of the auxiliary = 1.5 mm; lead weight 50 g]

Net yarn
Stretched mesh sizes (mm) 32 34 36 38
Material Multiflament Multiflament Multiflament Multiflament
Diameter (Denier) 210d/2 210d/2 210 d/2 210 d/2
Panel height (mesh number) 70 70 70 70
Panel length (mesh number) 6250 5882 5555 5263
Colour White White white White
Bolsh twin
Material PA PA PA PA
Diameter (Denier) 210 d/9 210 d/9 210 d/9 210 d/9
Float rope
Material PP PP PP PP
Diameter (main rope, mm) 35 35 35 35
Diameter (auxiliary rope, mm) 15 15 15 15
Length (m) 125 112 125 105
Number bolshes 1250 1178 1389 1312
Bolsh sizes (cm) 10 95 9 8
N. meshes per bolsh 5 5 4 4
Hanging ratio (E) 0.625 0.56 0.625 0.526
Floats
Material PVC PVC PVC PVC
Size 2 2 2 2
N. floats 178 168 198 188
Lead rope
Material PP PP PP PP
Diameter (main rope, mm) 25 25 25 25
Diameter (auxiliary, mm) 15 15 15 15
Length (m) 125 112 125 105
Number bolshes 1250 1178 1389 1312
Bolsh sizes (cm) 10 95 9 8
N. meshes per bolsh 5 5 4 4
Lead weight (g) 50 50 50 50
N. leads 178 168 198 188
Hanging ratio (E) 0.625 0.56 0.625 0.526
Height of gillnet (cm) 175 198 197 226
RESULTS g m-' (30-49 m). Catch volume increased about eight fold from

Throughout the study, a total of 2254 individuals belonging
to the whiting, red mullet, pontic shad and Mediterranean horse
mackerel were caught. Numbers and total biomass of each fish
species for all depth strata and seasons are summarized in
Table 2.

Most catches were obtained in the 30-49 m depth strata,
followed by 250 m, 15-29 m and 0-14 m depth strata,
respectively. The catch of whiting caught in the 0-14 m depth
strata was very small. It increased clearly in the 15-29 m depth
strata and reached a maximum value in the 30-49 m depth
strata. However, in the = 50 m depth waters catches were
similar to 30-40 m. Catches during the summer period was
lower than in other seasons. Since no samples were taken
during July and August, the summer catch volume consisted of
data only from June. Most fish was caught in autumn. This
season was followed by spring and winter, respectively.

Catch volume by depth and season

CPUE for whiting was only 0.08 g m-! for the 0-14 m depth
strata, but increased with depth to 0.6 g m-* (15-29 m) and 1.21

0-14 m to 15-29 m and two fold from 15-29 m to 30-49 m,
remaining stable in greater depth. Differences between 30-49
m and = 50 m strata were not statistically significant (p>0.05),
while those of others were p<0.05.

Red mullet and Mediterranean horse mackerel were mostly
caught in the shallow waters (0-14 m). As seen in Table 3,
catches of both species decreased with increasing water
depth. Catches of these fish species were greater in the 15-29
m than those of deeper waters. However, red mullet CPUE
there were no differences (p>0.05) between the 0-14 m and
15-29 m and between the 30-49 m and = 50 m, while all other
depth strata comparisons were significant (p<0.05). For
Mediterranean horse mackerel, only the 15-29 m and 30-49 m
depth strata were significantly different (p>0.05). Pontic shad
was caught least in the shallow waters. However, catches
increased gradually with increasing depth down to 30-49 m
depth strata, and they decreased in the = 50 m again. For this
species, differences of CPUEs between the 0-14 m and 30-49
m depth strata and between the 15-29 m and 30-49 m depth
strata were statistically significant (p<0.05).
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Table 2. Catch of four species captured by test gillnet fishing in the Fatsa area of the Southern Black Sea listed by number and biomass in
relation to seasons (spring, summer, autumn and winter) and by depth strata (0-14, 15-29, 30-49 and =50 m). Data were obtained by
monthly sampling (three fishing trials per month; March 2013 to February 2014) except for July and August. N = number of fish; TB =
total biomass

Spring Summer Autumn Winter Total

Species Depth(m) N TB N TB N TB N B N B

0-14 25 94 0 0 9 309 0 0 34 1273
15-29 67 3482 4 168 109 4071 62 2212 242 9933
Whiting 30-49 96 3967 37 1265 193 6872 167 6054 493 18159
250 111 4377 37 1390 224 7977 118 4185 490 17928

Total 299 12790 78 2823 535 19229 347 12451 1259 47293

0-14 102 4883 24 971 57 2092 78 2955 261 10900

15-29 51 2136 32 1312 18 661 32 1194 133 5303

Red mullet 30-49 20 826 0 0 4 151 11 410 35 1387

=50 6 234 0 0 5 175 0 0o N 409

Total 179 8079 56 2282 84 3079 121 4558 440 17999

0-14 10 1277 0 0 14 1748 0 0 24 3025

15-29 30 3930 0 0 26 3213 21 2460 77 9602

Pontic shad 30-49 36 3804 5 757 57 7248 30 3767 128 15577

502 30 3586 3 362 35 4501 17 2164 85 10613

Total 106 12596 8 1120 132 16711 68 8391 314 38817

0-14 38 1305 9 290 91 3175 34 1165 172 5935

15-29 10 32 3 95 7 224 33 1126 53 1766

Mediterranean horse mackerel 30-49 1 35 3 363 4 130 8 269 16 796

=50 0 0 0 0 0 0 0 0 0 0

Total 49 1662 15 748 102 3529 75 2560 241 8498

0-14 175 8428 33 1261 171 7324 112 4120 491 21133
1529 158 9870 39 1575 160 8168 148 6992 505 26604
All species 3049 153 8632 45 2385 258 14402 216 10500 672 35919
250 147 8197 40 1753 264 12653 135 6349 586 28951

Total 633 35127 157 6974 853 42548 611 27960 2254 112608
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Table 3. CPUEs of four species captured by test gillnet fishing in the Fatsa area of the Southern Black Sea listed by biomass in relation to
seasons (spring, summer, autumn and winter) and by depth strata (0-14, 15-29, 30-49 and 250 m) (g m-'.night"). Data were obtained
by monthly sampling (three fishing trials per month; March 2013 to February 2014) except for July and August

Species Depth (m) Spring  Summer  Autumn  Winter  Mean
0-14 0.23 0.00 0.07 0.00 0.08
15-29 0.81 0.12 0.95 0.52 0.60
Whiting 30-49 0.93 0.89 1.60 1.41 1.21
=50 1.02 0.96 1.86 0.97 1.20
Mean 0.75 0.49 1.12 0.72 0.77
0-14 1.14 0.67 0.49 0.69 0.75
15-29 0.49 0.93 0.15 0.28 0.46
Red mullet 30-49 0.19 0.00 0.03 0.09 0.08
=50 0.05 0.00 0.04 0.00 0.02
Mean 047 0.40 0.18 0.27 0.33
0-14 0.31 0.00 0.44 0.00 0.19
15-29 0.97 0.00 0.78 0.58 0.58
Pontic shad 3049 0.92 0.55 179 090 104
50= 0.87 0.24 1.12 0.52 0.69
Mean 0.77 0.20 1.03 0.50 0.62
0-14 0.30 0.20 0.75 0.27 0.38
15-29 0.07 0.06 0.05 0.26 0.1
Mediterranean horse mackerel 3049 0.01 0.29 0.03 0.06 010
250 0.00 0.00 0.00 0.00 0.00
Mean 0.10 0.14 0.21 0.15 0.15
0-14 0.50 0.22 0.44 0.24 0.35
15-29 0.59 0.28 0.48 0.41 0.44
All species 30-49 0.51 0.43 0.86 0.61 0.61
=50 0.48 0.30 0.76 0.37 0.48
Mean 0.52 0.31 0.63 0.41 047

Considering the CPUE, for all four species combined
(whiting, red mullet, pontic shad and Mediterranean horse
mackerel) the yield was greater in autumn than in other
seasons. However, for whiting and pontic shad spring, winter
and summer were most effective. For Mediterranean horse
mackerel yields were greatest in winter followed by summer
and spring. However, differences among seasons were not
significant (p>0.05) for CPUEs of whiting and Mediterranean
horse mackerel. It was different (p<0.05) between the autumn
and summer seasons and between the autumn and winter
seasons for pontic shad. On the other hand, most red mullets
were caught during spring, followed by summer, winter and
autumn. For red mullet, differences of CPUEs were significant
(p<0.05) for comparisons between summer and other seasons.

The Correspondence Analysis showed that during all
seasons whiting was caught the most in the 30 m and deeper
waters (Figure 2). In shallow waters (15-29 m), relatively more
whiting were caught during spring, autumn and winter, but
littoral zone of 0-14 m almost no whiting caught except for
spring. According to the chi-square test (x2 (9) = 175.630,

p<0.05), however, water depths and seasons are not totally

independent from each other.
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Figure 2. Correspondence Analysis executed with data from a
monthly test fishing survey (March 2013- February 2014
(except July and August), using gillnets at different depth
strata and seasons to determine catch biomass when

fishing for whiting
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During the spring, winter and autumn periods, red mullet
were mostly caught in the 0-14 m depth strata, while during
summer catch was the highest in the 15-29 m depth zone
(Figure 3). In deeper waters especially in the = 50 m zone a
few red mullets were caught. Chi-square test showed that the
total inertia was different from 0 (x2 (9) = 140.962, p<0.05),
indicating that red mullet catch is also affected by the
relationship between water depths and seasons.

As seen in Figure 4, pontic shad were mostly caught in the
30-49 m depth strata and deeper waters during all seasons,
while in the 0-14 m depth zone pontic shad catch was very
small. Also here the Chi-square test (x2 (9) = 168.536, p<0.05)
indicated that the pontic shad catch was greatly affected by
interactions between water depths and seasons.

It is understood from Figure 5 that in all seasons
Mediterranean horse mackerel were mostly caught in the
littoral zone of 0-14 m and in the 15-29 m depth strata.
Especially in deeper the = 50 m waters, no Mediterranean
horse mackerel was caught. Total inertia value was also
different from 0 (x2 (9) = 136.857, p<0.05) for this species.
Therefore, catch volume was also affected by the changes in
water depths and seasons.
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Figure 3. Correspondence Analysis executed with data from a
monthly test fishing survey (March 2013- February 2014
(except July and August), using gillnets at different depth
strata and seasons to determine catch biomass when
fishing for red mullet
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Figure 4. Correspondence Analysis executed with data from a
monthly test fishing survey (March 2013- February 2014
(except July and August), using gill nets at different depth
strata and seasons to determine catch biomass when

fishing for pontic shad
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Figure 5. Correspondence Analysis executed with data from a
monthly test fishing survey (March 2013- February 2014
(except July and August), using gillnets at different depth
strata and seasons to determine catch biomass when
fishing for Mediterranean horse mackerel

DISCUSSION

Gillnet and trammel net fisheries are very important in the
South-eastern Black Sea coast of Turkey. Importance of these
nets has increased particularly because of prohibition of fishing
by trawl nets in this region.

192



Effects of depth and season on catch volume of bottom gillnets employed along the Fatsa coasts of the South-eastern Black Sea

The results of our study revealed that catch volume of
whiting was less in waters shallower than 15 m, gradually
increasing from 0-14 m to 30-49 m, and remaining stable in
waters depth of =50 m. Daskalov and Ratz (2011) emphasized
that whiting occurs all along the shelf, with dense
concentrations formed by 1-3 year classes down to 150 m
depth, but most often within a depth of 60-120 m. The
maximum fishing depth in our study, however, was 70 m only.
Catch volume estimate in deeper waters was not possible.
Kalaycr and Yesilgicek (2014) found a linear correlation
between the whiting catch volume and water depth. Erdem et
al. (2007) reported that whiting catch was greater in the waters
deeper than 50 m in the coasts of Samsun. Ciloglu et al. (2002)
reported no catches in waters of 15 m depth in the Trabzon
coastal area. Thus, all studies show that whiting prefers waters
deeper than 15 m.

Seasonality of whiting catch shows some trends, however
firm conclusion can not be drawn because of missing data for
July and August. Kalayci and Yesilgigek (2014) reported
different results from the Rize coasts of the South-eastern
Black Sea reaching, the highest CPUE in spring. As indicated
by Knudsen et al. (2010), excluding the summer period in the
South-eastern Black Sea whiting yields abundant catch
throughout the year. As a cold-water fish, its seasonal vertical
distribution depends on the sea water temperature and during
summer the fish stays mainly below the thermocline (30-40 m;
ca 7.5-8.5 °C). Contrary to results of Kalayci and Yesilgicek
(2014), the results of our study agree with these informations.

Both annual catch statistics and observations on fisheries
in this region showed that in recent years the small-scale
fishery depends mainly on whiting, red mullet and
Mediterranean horse mackerel. Oztas and Balik (2012) found
in 2010 in the same area a mean CPUE for the 32, 34 and 36
mm mesh-sized gillnets of 16.7 g m-'. In this study, mean
CPUE was 1.005 g m' for the same mesh-sized gillnets. This
difference clearly shows the decrease in the whiting stock
population in the Fatsa coasts.

Red mullet was mostly caught in the shallow waters, with
catches decreasing with increasing water depth. However, this
is contrasted by Kalayci and Yesilgicek (2014) finding along the
Rize coasts (South-eastern Black Sea) the highest red mullet
CPUE in the 55-74 m depth strata. Apparently, the depth
distribution of this species may depend on the fluctuations in
water temperature. From late spring and throughout the
summer red mullets prefer shallow coastal waters where they
reproduce. During our study, the most red mullet was caught in
the spring, followed by summer, winter and autumn,
respectively, whereas, Kalayci and Yesilgicek (2014) reported
the highest CPUE during the winter period. According to Geng

et al. (2002), red mullets migrate into shallow waters toward
spring and they are caught by gillnets in this season. Aydin and
Karadurmus (2013) found that summer is the spawning season
for this species in shallow waters of the South-eastern Black
Sea. Most CPUE values for pontic shad were obtained in the
depths of 30-49 m. Even, it was never caught in the depth of 0-
14 m in the summer and winter periods and in the depth of 15-
29 m in the summer period. Ak et al. (2008) reported catches
in water depths between 40 and 60 m in the Trabzon area
during winter and spring. Pontic shad migrate seasonally
around the Black sea coastal waters but also to brackish
waters and rivers to spawn (Polat and Ergtin, 2008) and they
are found in large schools around the river mouth and in the
middle waters. In our study region, there are several rivers and
two of them (Bolaman and Elekgi rivers) flow into our study
area. Catch of pontic shad may be positively affected by the
river flow especially during the spawning season.

Mediterranean horse mackerel is a pelagic migratory
species distributed within the entire Black Sea (lvanov and
Beverton, 1985) throwing in surface waters. This species was
mostly caught in waters of 0-14 m depth, catches decreasing
with increasing water depth, and it was never caught in waters
deeper than 50 m, preferably staying in the shelf waters above
the seasonal thermocline seasonal catches were the greatest
in autumn. During spring, this species migrates to the north for
reproduction and feeding.

Whiting is a dominant species in the littoral zone of the
South-eastern Black Sea (Kara et al., 1991; Knudsen et al.,
2010). The results of the study showed that small scale
fisheries depend almost entirely on whiting and red mullet in
the South-eastern Turkish coast of the Black Sea.

In conclusion, it was clearly shown that catch efficiency of
the four species studied are related to water depth and season
when fished by gillnets in the Fatsa coasts of the South-eastern
Black Sea. During the year, whiting can be fished by gillnets
mainly in the 30 m and deeper waters, while most red mullets
can be caught in the shallow waters (0-14 m) during spring,
winter and autumn periods, and during the summer in waters
depth of 15-29 m. Most pontic shad can be fished in waters
depth of 30-49 m throughout the year, while Mediterranean
horse mackerel can be fished in waters shallower than 30 m.
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Abstract: Inositols are used as growth promoting agents over plants. But microalgae are different from higher plant especially photosynthetic efficiency and
productivity. According to the results of this study, myo-inositol addition to the culture medium of Nannochloropsis oculata provides higher cell densities. 100
mg L-* myo-inositol added experimental group was reached to 1.42-fold cell mL-', while the 500 mg L-! myo-inositol added group was reached to 1.28-fold cell
mL-" than the control group. Mean chlorophyll @ per cell amounts were calculated for experimental groups and control groups as 0.052 pg cell-* and 0.053 pg
cell, respectively. Mean total carotene per cell amounts were calculated for all groups as 0.016 pg cell-". These results show that no difference was occurred
between all groups by chlorophyll @ and total carotene amounts per cell. This study shows that myo-inositol use in microalgae production may provide higher
yields.

Keywords: carotene, chlorophyll, microalgae, myo-inositol, Nannochloropsis oculata, pigments

0Oz: inositoller, bitkilerde biiyiime arttirict olarak kullaniimaktadir. Ancak, mikroalgler yiiksek bitkilerden 6zellikle fotosentetik etkinlik ve Gretkenlik agisindan
farklidir. Bu galismada elde edilen verilere gore Nannochloropsis oculata kiiltir ortamina myo-inositol ilave edilmesi daha yiksek hiicre yogunluguna neden
olmaktadir. 100 mg L' myo-inositol ilave edilen grup kontrol grubuna gére 1,42 kat hiicre mL-1, 500 mg L' myo-inositol ilave edilen grup ise kontrol grubuna
gore 1,28 kat hiicre mL- yogunluga ulasmistir. Hicre basina ortalama klorofil & degerleri ise deneme gruplari ve kontrol grubu igin sirasiyla 0,052 pg hiicre-!
ve 0,053 pg hticre-! olarak hesaplanmistir. Hlicre bagina ortalama toplam karoten miktarlari ise tim gruplar igin 0,016 pg hiicre-' olarak hesaplanmigtir. Bu
sonuglar gruplar arasinda hiicre basina klorofil & ve toplam karoten miktarlarinin degismedigini gostermektedir. Bu galisma, mikroalg retiminde myo-inositol

kullaniminin daha fazla iiriin elde edilmesini saglayabilecegini ortaya koymaktadir.

Anahtar kelimeler: karoten, klorofil, mikroalg, myo-inositol, Nannochloropsis oculata, pigmentler

INTRODUCTION

Microalgae are indispensable sources for biotechnological
products of different industrial applications such as feed, health
foods, natural colorants, pharmaceuticals and bioenergy (Chu,
2012; Dixit and Suseela, 2013; Mortensen, 2006; Pulz and
Gross, 2004). Also, essential feed source for all growth stages
of bivalves and for larvae of some crustaceans and fish species
in aquaculture as used directly in larval tanks. In this
aquaculture feed chain, important nutrients from microalgae
are transferred to higher trophic levels via intermediary
zooplankton (Brown et. al., 1999; Vismara et. al., 2003).

The microalga Nannochloropsis oculata is important in
aquaculture due to its nutritional value. It belongs to the class
Eustigmatophyceae, which species that contain a high amount
of fatty acids and pigmentation (Brown et al., 1999; Otero et al.,

1997). The nutritional value of microalgae is related to their
biochemical composition, especially the lipid and fatty acid
compositions.  Biochemical composition is alterable
significantly through culture conditions, especially depending
on the culture medium, temperature and light conditions
(Durmaz et al., 2008; Richmond, 2004). The pigment
composition of algae from the genus Nannochloropsis is
characterized by chlorophyll @, beta-carotene, violaxanthin and
vaucheriaxanthin as major pigments. Pigments are involved in
light harvesting reaction and their amounts are differable that
are associated with growth conditions, especially medium, high
light intensity and high salinity (Lubian et al. 2000, Sanchez et
al., 2005). Inositol is a chemical compound with formula
CeH120s, a six-fold alcohols of cyclohexane. It exists several
stereoisomers and the most prominent form is myo-inositol.
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Myo-inositol and its multifunctional position in plant
biochemistry and physiology have already been described
(Loewus and Loewus, 1983; Morre et al., 1990). Biosynthesis
and function of several phosphoinositide sterecisomers have
investigated in terms of signaling and plant growth which
supports the essential importance of inositol lipids in plants
(Stevenson et al., 2000).

The main problems of microalgae production are low
productivity, low quality, and high production cost. Main
purposes of microalgae production in the aquaculture are that
increment of growth rate and valuable metabolites such as
pigment and fatty acids.

Present study was undertaken to examine the effect of
myo-inositol on growth and pigments of N. oculata. Studies of
the effects of different concentration of myo-inositol on
pigments may give important information on species
metabolism. Moreover, this knowledge is also important for
optimizing the yield of marine aquaculture production. Using
myo-inositol may provide to obtain more biomass and more
pigments.

MATERIAL AND METHODS
Microalgae

N. oculata (CCAP 849/1) was obtained from The Culture
Collection of Algae and Protozoa (CCAP), Scotland.

Culture conditions

6 L flat-bottom flasks were used in N. oculata experiments.
Cultures were kept illuminated under fluorescent lamps (Philips
Master TL-D Reflex 36W/865 1SL/25) at 116 pmol photons m-
251 jrradiance level of the surface of flask with 24:0 h (L:D)
photoperiod. The cultures were stirred by air without CO2
addition. 0.2 ym Sartorius Midisart 2000 filters were used to
avoid contamination by aeration. The temperature was
maintained at 20+1°C by the air-conditioner. 2-fold
concentration of F/2 medium was used (Guillard, 1975). In the
experiment, sterilized seawater was used with 35 g L' of
salinity. All solutions except vitamin solution were autoclaved
at 121°C for 20 min. The vitamin solution was sterilized with
0.2 um filter.

Experimental Design

Myo-inositol were purchased from Sigma-Aldrich (USA).
These inositol derivatives were dissolved in F/2 medium and
filtered through a 0.2 ym membrane filter (Whatman Anodisc
47 mm).

100 mg L-* and 500 mg L-* myo-inositol concentrations with
the control group were chosen in this study and experiments
were done in triplicate.

Analysis

The samples of microalgae were harvested daily for cell
count and analysis. Cell number was measured via Improved
Neubauer hemocytom eter and at the same time,
contamination was checked daily through visual observation.
Specific growth rates (u) were calculated by this equation
(Durmaz and Erbil, 2017);

_ In(N;) —In (Np)
H= t—t,

Where Nt is biomass as cell number at the time (f) and No
is the beginning biomass cell number at a time to.

Chlorophyll @ and total carotene pigments of N. oculata
were measured by spectrophotometry. 5 mL of samples from
each culture were taken and were centrifuged at 3500 rpm for
10 minutes, then supernatants were removed. After that, 5 mL
of methanol and glass powder were added to the tubes then
were mixed by using vortex. After homogenization with
mechanical homogenizer, samples were kept in ultrasonic bath
for 10 minutes at 65 °C. Lastly, samples were mixed over again
and were centrifuged at 3500 rpm for 10 minutes. Supernatants
were taken for spectrophotometric analysis. Calculations were
completed according to;

Chlorophyll & (ug mL-") = 13.9 Asss (Sanchez et al., 2005)
Asss wavelength 665 nm absorbance value

Total carotene (ug mL-") = 4.5 A4zs (Zou and Richmond, 2000)
As7s wavelength 478 nm absorbance value

All of the reagents were obtained from Merck (Darmstadt,
Germany) unless otherwise stated and the standards were
from Sigma-Aldrich (St. Louis, USA).

The Kolmogorov-Smimov test was used to verify the
normality and homogeneity of variances. Data were analyzed
using ANOVA. The sources of significant differences were
determined using the Tukey test (Zar, 1999).

RESULTS

The pH of the nutrient medium was not changed after
adding Myo-inositol and the pH ranges were between 7.5 and
8.5 along to culture time. The air was given in the middle of the
flasks, so that the homogenous distribution of the cells and
nutrient medium were fully ensured. It is observed that cells
sizes were not changed (approximately 2 um diameter).

Cell Densities

In this study, initial density of N. oculata trials were
arranged as 25 x 106 cell mL-'. After inoculation, the lag phase
was not observed. The effects of myo-inositol concentration on
the cell number of N. oculata are shown in Figure 1A. 100 mg
L and 500 mg L' concentrations of myo-inositol were used in
the medium, the maximum cell densities were reached to
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101.00£2.65 x 106 cell mL-'at 19t day and 91.33£2.52 x 106
cell mL-" at 20t day, respectively. Maximum cell number of the
control group was reached to 71.12+2.60 x 106 cell mL-" at 19th
day. The cell growth showed no difference between
100 mg L' and 500 mg L' of myo-inositol added cultures
(P > 0.05). However, the cell density of control group was
recorded the lowest, and statistically difference was detected
between control and both concentrations of myo-inositol
groups (P <0.05). The maximum specific growth rates were
obtained in the first three days for all groups. Mean specific
growth rates were calculated for 100 mg L, 500 mg L-! and
control group as 0.062, 0.060 and 0.046, respectively (Figure
1B).

—A—Control  —#—100mg Myo-inositel  —B—500 mg Myo-inositel
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Figure 1. The cell number and specific growth rate of N. oculata; (A)
Cell densities of experiments, (B) Specific growth rates of
experiments

Chlorophyll a and total carotene amounts of N. oculata

Highest chlorophyll & amounts of 100 mg L' and 500 mg
L' myo-inositol experimental groups were measured at the day
22 were 6.21£0.20 pg mL' and 6.15+£0.39 pg mL"* while
highest chlorophyll @ amount of control group was 5.31+0.92
Mg mL-1 (Figure 2A)

11
Time (Day

Figure 2. The chlorophyll a and total carotene amounts of N. oculata;
(A) Chlorophyll & amounts of experiments, (B) Total
carotene amounts of experiments

Mean chlorophyll & amounts per cell were calculated for
100 mg L', 500 mg L' myo-inositol and the control group as
0.052 pg cell!, 0.052 pg cell* and 0.053 pg cell, respectively.
No significant difference was found between the control group
and experimental groups statistically (P > 0.05).

Highest total carotene amounts were measured at the day
22 for all groups. Highest total carotene amount of 100 mg L
experimental group was 1.93+0.04 ug mL* and 500 mg L
myo-inositol experimental group was 1.91+£0.14 pg mL-". But
total carotene amount of control group was obtained lower than
myo-inositol experimental groups as 1.60+0.04 ug mL-
(Figure 2B). Mean total carotene amounts per cell were
calculated for all groups as 0.016 pg cell-'. No significant
difference was found between the control group and
experimental groups statistically (P > 0.05).

DISCUSSION

Many plants, yeast and fungi use inositol as growth agent
and protective compounds under stress conditions. Because
inositols are rather stable and less vulnerable to degradative
enzymes in vivo (Vallurua and Van den Ende, 2011). According
to the results of this study, myo-inositol addition to the culture
medium of N. oculata provide higher cell densities. 100 mg L
and 500 mg L-" myo-inositol experimental groups were reached
to 1.42-fold cell mL-* and 1.28-fold cell mL-* than control group,
respectively. Statistically, a significant difference was
appeared between the control group and experimental groups
(P <0.05), while no statistically significant difference was found
between 100 mg L-* myo-inositol and 500 mg L-' myo-inositol
experimental groups (P > 0.05).

In another study, 500 mg L-' myo-inositol addition to the
culture medium of Dunaliella salina resulted in 1.4-fold cell mL-
1 than the control group (Cho et al., 2015). This result shows
similarity with N. oculata experiments of our study, which differ
by effective concentration of myo-inositol. If we compare the
content of myo-inositol in the medium that obtained in Cho et
al. (2015), we have detected a better result for increasing
growth rate of N. oculata using as 100 mg L-' myo-inositol in
the medium. This variability might be attributed to the different
species used.

In the present study, both concentration of myo-inositol
similarly promoted the cell growth of N. oculata, high biomass
production was observed with these concentrations and at 100
mg L-* maximum cell number was reached to 10.1+£0.27 x 107
cellmL-'. Durmaz et al., (2008) showed that N. oculata can use
NO-3 and NH** as sole nitrogen source and was obtained the
maximum cell densities of 5.240.3 x 107 cell mL-" and 4.9+0.1
x 107 cell mL-1, respectively. When the nitrogen concentration
was increased 2 times, the cell number was increased
11.2+3.0 x 107 cell mL-". So, both myo-inositol addition and
increasing the nitrogen concentration in the medium will
possibly increase more growth rate of this alga. Bartley et al.,
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(2014) showed that N. oculata was reached highest cell
number as 95.6+9.0 x 108 cell mL-" at pH 8 among different pH
values varied from 5 to 10. In our study, pH was arranged to
7.5 at the beginning of the experiments. Maximum cell number
of control group which was 71.12+2.60 x 106 is lower than
Bartley et al., (2014), while 100 mg L' myo-inositol added
group was reached higher cell number than mentioned study
as 101.00+2.65 x 108 cell mL-".

Mean cell number of Nannochloropsis sp. was given as
75.3£0.21 x 106 cell mL-" in another study, which is similar to
highest cell number of the control group in our study. Also
approximately 0.3 pg cell" chlorophyll a content determined,
which is 6 times higher than mean chlorophyll @ content of all
experiment groups in our study (Vadiveloo et al., 2015). That
difference might be occurred because of species and light
spectra.

Highest chlorophyll @ amounts of 100 mg L' myo-inositol,
500 mg L' myo-inositol and control groups were showed the
difference and measured as 6.21£0.20 ug mL-', 6.15+0.39 ug
mL* and 5.31 £0.92 pyg mL, respectively. However, mean
chlorophyll a per cell amounts were calculated for experimental
groups and control groups as 0.052 pg cell-" and 0.053 pg cell
1, respectively. These results show that no difference was
occurred between all groups by chlorophyll amounts per cell.
Also, similar chlorophyll & amount per cell of N. oculata has
been reported in another study (Volkman et al., 1993). Highest
total carotene amounts of 100 mg L' myo-inositol, 500 mg L
myo-inositol and control groups were showed the difference
and measured as 1.93+0.04 ug mL-, 1.91+0.14 ug mL-" and
1.60+0.04 pg mL", respectively. However, mean total
carotene per cell amounts were calculated for all groups as
0.016 pg cell'. These results show that no difference was
occurred between all groups by total carotene amounts per
cell. Also, another study on myo-inositol addition into the
culture medium of Dunaliella salina showed no difference in its
pigment composition (Cho et al., 2015).
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Therefore, the production of pigments of N. oculata could
probably result from nitrogen concentration in the medium.
Myo-inositol did not affect the pigment accumulation of N.
oculata. Besides, pigments level may result from variations in
the growth condition (Brown et al., 1999).

DISCUSSION

N. oculata has a big importance in aquaculture hatcheries
because of its properties (fatty acid composition, cell size...
etc.). This study shows that myo-inositol use in microalgae
production could provide higher yields of Nannochloropsis
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inhibitors as reported by Zou and Richmond, (2000).

Nowadays, microalgae are produced intensely and
researchers still working on optimizing the culture medium for
each species. The main purpose is the increased biomass
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0z: Bu calismada, kadmiyum ve bakir iyonlarinin subletal konsantrasyonlarina 30 giin siireyle maruz birakilan A. regius juvenillerinin, kas, karaciger ve
solungag dokularindaki metal birikimleri incelenmistir. 30 gunlik zaman stirecinde ortamda bulunan metal konsantrasyonu arttikca dokulardaki bakir ve
kadmiyum birikimi de énemli oranlarda artmis ve fark anlamli bulunmustur. Her iki metal i¢inde birikim en fazla karacigerde olmus bunu solungag ve kas
dokusu izlemistir. Metal birikimi bakimindan dokular arasinda saptanan bu ayrim, doku ve organlarin islevlerindeki farklilikla agiklanabilir.

Anahtar kelimeler: Argyrosomus regius, sariagiz, bakir, kadmiyum, birikim, toksisite

Abstract: In this study, the metal accumulation of A. regius juveniles in muscle, liver and gill tissues was exposed to sublethal concentrations of cadmium and
copper ions for 30 days. As the concentration of metal in the environment increased in the 30-day period, the accumulation of copper and cadmium in the
tissues increased considerably and the difference was significant. The accumulation in both metals was mostly in the liver followed by gill and muscle tissue.
This distinction between tissues in terms of metal deposition can be explained by the difference in the functions of tissues and organs.

Keywords: Argyrosomus regius, meagre, copper, cadmium, accumulation, toxicity

GiRi$

Sariadiz, Argyrosomus regius, Akdeniz kiyilarinda yaygin
olarak yetistirimeye baslanmis alternatif bir tirdir. Bu nedenle,
sariagizdaki daha fazla Gretim; insan beslenmesi igin dnemli
olan daha fazla protein ve ya§ asitleri kaynagi anlamina
gelecektir. Bunun yani sira iz metaller de dahil olmak Uzere
baliklardaki biyokimyasal parametreler, beslenme ve deniz
suyunun gevresel parametrelerinden etkilenebilir (Serra vd.,
1996; Carpene vd., 1999). Bu baglamda balik saghg ve et
kalitesi kismen deniz suyunun temel bilesimine bagli olarak
degisir. Metal kirliligi, endustriyel faaliyetlerin sucul cevre
uzerindeki en tehlikeli sonuglarindan biridir. Bakir ve kadmiyum
gibi agir metaller, insan sagligini tehdit etmesinden dolayi uzun
yillardir bilim diinyasinda biyuk ilgi gérmastir. Bakir silfat
seklindeki bakir, bir yosun oldirlcli olarak ve gesitli dis
parazitler ile bakteriyel enfeksiyonlar igin terapétik bir kimyasal
olarak kullanilirken; kadmiyum ise evsel ve endustriyel
atiklarda gesitli organik ve inorganik maddeler seklinde kirlilige
dnemli etkilerde bulunmaktadir (Shuhaimi-Othman vd., 2010).
Kalici yapilari ve yavas elimine olmalari nedeniyle, kadmiyum
(Cd), ginko (Zn) ve bakir (Cu) gibi metaller en biyik ve en
yaygin mikro kirletici gruplari arasindadir (Knapen vd., 2004;
Minghetti vd., 2008).

Agir metal gibi toksik elementlerin basta balik ve deniz
memelileri olmak ({zere, deniz Urlnlerinin  dokularinda
biyobirikim g6sterdigi bilinmektedir (Cicik, 2003). Baliklar
tarafindan agir metal alimi, su, besin, solungaglar ve tiim viicut
ylizeyinden absorbsiyon yolu ile olsa da dolasim sistemi
araciligiyla karaciger, bobrek ve dalak gibi metabolik bakimdan
aktif organlara taginarak birikmektedir. Cesitli balik tirleri ile
yapilan arastirmalarda, dokulardaki metal birikiminin metalin
tirtine (Allen, 19953, b), metalin ortam konsantrasyonuna (Gill
vd., 1992), etkide kalma stiresine (Suresh vd., 1993), canlinin
tiriine (Erdem ve Kargin, 1990) ve tirin gelisme evresine
(Beaumont vd., 2000) bagh olarak degisim gdsterdigi gibi
suyun fiziko—kimyasal 6zelliklerine (Pagenkopf, 1983) bagli
olarak da degistigi séylenmistir (Erdem vd., 2005). Ayrica,
baliklarin boylarinin ve toplandiklari mevsimin de agir metal
birikiminde farkliliklara neden oldugu bildirilmistir (Katalay vd.,
2005).

Gevre kirliliginin bir gostergesi olarak canlilarda dlgiilen
metalik kirleticiler, 6zellikle su Urtnlerinde ortamda bulunan
konsantrasyonlarina  bagli  olarak tehlikeli ~dlzeylere
erisebilmektedir. Alternatif ve stratejik bir gida maddesi olan
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sucul organizmalarda, agir metal birikimi ve olusturdugu
hasarlarin arastirimasi, bir taraftan agir metallere karsi
duyarlih@r ylksek olan tlrlerin belirlenmesini saglarken, diger
taraftan da anilan canlilarin  viicut mekanizmalarindaki
isleyisler ile ilgili parametrelerde olusabilecek reaksiyonlarin
saptanmasi noktasinda oldukca 6nemli olacaktir. Dogal
ortamda olmasi kuvvetle muhtemel etkileri yakalayabilmek ve
somutlastirabilmek icin kronik subletal testlere ihtiyag
duyulmaktadir (Cetinkaya and Karatas, 2010). Bu ¢alismada,
kadmiyum ve bakir iyonlarinin subletal konsantrasyonlarina
kronik olarak maruz birakilan A. regius’'un kas, karaciger ve
solunga¢ dokularindaki metal birikimleri incelenmistir.

MATERYAL VE METOT

Arastirmada deneme materyali olarak kullanilan juvenil
sariagiz baliklari (Argyrosomus regius) Kilig Holding’den temin
edilerek kontrolli ortam kogullarindaki laboratuvara getirilip,
igerisinde %038'lik ultraviyoleden gegirilmis deniz suyu bulunan
40x60x35 cm boyutlarindaki 60 litrelik cam akvaryumlarda 15
gln bekletilerek baliklarin - ortam kosullarina aligmalari
saglanmigtir. Denemeler Akdeniz Su Urlinleri Arastirma
Uretme ve EQitim Enstitisi MGdurligunde yirGtilmastar.
Deneyler, merkezi havalandirma sistemi ile havalandirilan
201 °C sicakliklarda, 12 saat aydinlik ve 12 saat karanlik
fotoperiyod uygulamasi ile gerceklestirilmistir. Denemelerde;
balklarin  maruz  birakilmasi  planlanan  ¢dzeltilerin
hazirlanmasinda, kadmiyum klor(ir monohidrat (CdCl2.H20) ve
bakir silfat pentahidrat (CuSO4.5H20) tuzlari kullaniimistir.
Denemeler yari statik (1/3 su degisimi/giin) biyo-deney
duzeninde yapiimistir. Baliklar, glinde bir kez viicut agirliginin
%2'si kadar, ticari levrek blytitme yemi ile beslenmistir. Deney
stiresince kontrol ve deney grubundaki akvaryumlarda ginliik
1/3 oraninda (20 L) su degisimi yapilmig ve yerine ayni
konsantrasyonda su ilave edilmistir.

Kronik  toksisite ~ denemelerinde  akut  toksisite
denemelerinden elde edilen LC50’'nin %3, %15 ve %30'u
alinarak bakir ve kadmiyum icin 3 farkli konsantrasyon
olusturularak kullanilmistir. A. regius igin 96 saat LC50 degeri
Cu igin 1,643 mg/L ve Cd igin 6,699 mg/L olarak bildirilmigtir
(Pak, 2019). Bakir i¢in 0,05, 0,25 ve 0,50 mg/L, Kadmiyum igin
ise 0,2, 1 ve 2 mg/L konsantrasyonlarinda 30 gln sireyle
kronik toksisite denemeleri yuritiimdstir. Kontrol grubu ile
birlikte toplam 7 grup olan denemeler 3 tekrarli olarak
ylrGtilmistir. Bu denemelerde 9 bakir, 9 kadmiyum ve 3
kontrol grubu olacak sekilde hazirlanan akvaryumlarin her
birine ortalama 13 cm uzunlugundaki 8 er adet balk
konulmustur. 30. glin sonunda her akvaryumdan 4 balik
alinarak, baliklarin solungag, kas ve karaciger dokularindaki
Cu ve Cd birikimlerine bakilmistir.

Denemenin her giiniinde akvaryumlardaki sicaklik, pH ve
oksijen doygunlugu HACH 40-d ¢oklu degisken olger ile
Olglildi. Akvaryumlardaki amonyum ve nitrit azotlarindaki
konsantrasyon degisimlerini belirleyebilmek iGin,
akvaryumlardan 0., 4., 11., 18., 25. ve 30. ginlerde alinan su
numunesi  drneklerinde amonyum ve nitrit analizleri

gerceklestirildi. Su degisimi sirasinda sifonlama ile alinan su
ornekleri, 0,45 um’lik por ¢apina sahip bir membran filtre ile
filtrelendikten sonra analizlerde kullanilmistir. Nitrit analizi
kolorimetrik metot kullanilarak (SM 45008, 1995), amonyum
analizi fenat metodu kullanilarak (SM 4500F, 1995)
spektrofotometre ile gergeklestirildi. Deniz suyu drneklerinde,
kadmiyum ve bakir analizleri Perkin Elmer marka ICP-MS
cihazinda dogrudan okuma yapilarak gergeklestirildi (SM
3120B, 1995). Doku orneklerinin  ayrilimasinda ve
homojenizasyonunda paslanmaz gelikten yapilmis diseksiyon
aletleri kullanildi. Doku 6rnekleri ¢Oziinlrlestirme islemine
kadar -20 °C’de muhafaza edildi. Analizler i¢in yaklasik 0,5 g
homojenize edilmis doku ©&rnedi Ornekleme kaplarina
alindiktan sonra tzerlerine 8 ml konsantre nitrik asit ve 2 ml
hidrojen peroksit ilave edildi ve mikrodalga pargalama yontemi
(Berghof MWS-2) kullanilarak belirli sicaklik ve basing altinda
uygun programda ¢dzdiriild, sonra tiiplere alindi ve deiyonize
su ile 50 ml ye tamamlanarak analize hazir hale getirildi. Metal
analizleri 3 tekrarli olacak sekilde ICP-MS ile analiz edildi (EPA
METHOD 3051, 1998).

BULGULAR

A. regius’da belirlenen konsantrasyon ve slrede karaciger,
kas ve solungag dokulari igin (i¢ tekrarli olarak saptanan metal
dlzeylerinin aritmetik ortalamalari ve standart sapmalari Tablo
1'de verilmistir. A. regius’da 30 gunlik zaman stirecinde artan
bakir konsantrasyonua paralel olarak dokulardaki bakir birikimi
de 6nemli oranlarda artmistir (Tablo 1). Bu artis, denenen
bitin dokularda tlim konsantrasyonlar arasinda istatistiksel
olarak onemli bulunmustur (p<0.05). Ortam
konsantrasyonunda 10 katlik bir artig 30. glinde karaciger ve
solungag dokularindaki bakir birikiminde yaklasik 1,5 katlik bir
artisa neden olmustur. A. regius'da belirli bir sirede ve farkli
ortam konsantrasyonunda bakir birikimi bakimindan dokular
arasinda énemli farkliliklar bulundugu belirlenmis, birikim en
fazla karacigerde kaydedilmis bunu solungag ve kas dokusu
izlemistir. 30. giin sonunda 0,5 mg/L ortam konsantrasyonunda
karacigerde biriken bakir, incelenen dokularda biriken bakirin
%96’sIn1 olugturmustur (Tablo 1).

Tablo 1. Farkli bakir ortam konsantrasyonlarina 30 giin siireyle maruz
birakilan A. regius'un kas, solungag ve karaciger
dokularindaki bakir birikimi (ug Cu/g yas agirlik)

Table 1. Copper accumulation in muscle, gill, and liver tissues of A.
regius exposed to different concentrations of copper for 30

days (ug Cu/g wet weight)
Konsantrasyon Doku
Y Kas Solungag Karaciger
Kontrol TSA TSA 1,545 + 0,046
0,050 mg/LCu  0,698+0,045a 4,961+0,114a 130,3+11,5a
0,250 mg/LCu  0,813+£0,030b 5977+0,132b 1562+18,1b
0,500mg/LCu  0,971+0,012c 7,485+0,558¢c 196,8+199¢

Degerler aritmetik ortalama + standart sapma olarak verilmistir.

a, b ve ¢ harfleri konsantrasyonlar arasi farki belirtmek izere kullaniimigtir.
Farkll harflerle gosterilen veriler arasinda istatistik farklilik vardir (P<0.05).
T.S.A. Tayin sinirinin altinda
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A. regius’da 30 gunlik zaman surecinde ortamda bulunan
kadmiyum konsantrasyonu arttikga doku ve organlardaki
kadmiyum birikiminin artti§1 saptanmistir (Tablo 2). 30. glinde
denenen biitin dokularda ve tim konsantrasyonlar arasinda
istatistiksel ~ fark  tespit edilmigtir  (p<0.05).  Ortam
konsantrasyonunda 10 katlik bir artis 30. giin sonunda yaklasik
karacigerde 3,5, solungaglarda ise 2 kat daha fazla kadmiyum
birikimine neden olmustur. A. regius’da belirli bir siirede ve
farkli ortam konsantrasyonunda kadmiyum birikimi bakimindan
dokular arasinda 6nemli farklarin bulundugu gériimus, birikim
en fazla karacigerde kaydedilmis bunu solungag ve kas dokusu
izlemistir (Tablo 2).

Tablo 2. Farkli kadmiyum ortam konsantrasyonlarina 30 guin streyle
maruz birakilan A. regius'un kas, solunga¢ ve karaciger
dokularindaki kadmiyum birikimi (ug Cd/g yas agirlik)

Table 2. Cadmium accumulation in muscle, gill, and liver tissues of A.
regius exposed to different concentrations of cadmium for 30

days (ug Cu/g wet weight)
Doku
Konsantrasyon —
Kas Solungag Karaciger
Kontrol T.SA. T.SA. T.SA.
0,2 mg/L Cd 0817+0,024a  8991+0,054a 2514+0,777a
1,0 mg/L Cd 1,094+0,114b 13,68 £0,801b 50,74 £3,615b
2,0 mg/L Cd 1,347 £0,207 ¢ 18,15+0,537¢c 87,21+6,054¢

Degerler aritmetik ortalama + standart sapma olarak verilmistir.

a, b ve ¢ harfleri konsantrasyonlar arasi farki belirtmek tzere kullaniimistir.
Farkli harflerle gsterilen veriler arasinda istatistik farklilik vardir (P<0.05).
T.S.A. Tayin sinirnin altinda

TARTISMA VE SONUG
A. regius Dokularindaki Cu Birikimi

A. regius'da belirlenen stire ve ortam konsantrasyonunun
etkisinde bakir birikimi en fazla karacigerde olmus bunu
solungag ve kas dokusu izlemistir. Bununla birlikte, incelenen
tim dokularda artan maruz kalma konsantrasyonu ile
dokularda biriken bakir miktari da artig géstermistir. Metal
birikimi bakimindan doku ve organlar arasinda saptanan bu
ayrim, doku ve organlarin islevlerindeki farklilikla agiklanabilir.
Ayrica, baliklarda agir metal birikiminin, doku ve organlar
arasinda farkliik gdstermekle birlikte genellikle metabolik
bakimdan aktif doku ve organlarda yiiksek konsantrasyonlarda
meydana geldigini bildirilmistir (Cicik, 2003).

Cogun vd. (2003), O. niloticus’'u 0,1 ve 1 mg/L bakira 30
gin maruz biraktiklar galismada; dokulardaki  birikimi
karaciger>solungag> kas seklinde  belirlemigler  ve
konsantrasyon artisi ile dokulardaki birikiminde arttigini ve ayni
zamanda viicut blyUkIigunin kas dokusundaki bakir birikimini
etkilemedigini, ancak solunga¢ ile karaciger dokularini
etkiledigini bildirmistir. Wong vd. (1999), 0,15, 0,30 ve 0,45
mg/L Cu*?ya 30 giin sireyle maruz biraktiklar glimis ¢ipura
(Sparus sarba) fingerlingleri ve juvenillerinin kontrol grubuna

kiyasla daha fazla bakir icerdigini hem fingerling hem de
juveniller icin en yliksek bakir konsantrasyonun bagirsakta
bulundugunu ve dokularda biriken bakir miktarini, bagirsak>
karaciger> gonad> solungag> deri>kas seklinde oldugunu
bildirmistir. Ayrica Cicik (2003), sazan (Cyprinus carpio)
yavrularini 0,5 ve 5 mg/L bakira 15 gin siireyle maruz
biraktiklari galismada, maksimum Cu birikimini karacigerde,
minimum birikimin de kas dokusunda meydana geldigini
bildirmistir.

Erdem ve Kargin (1990), 20 giin sureyle 0,1, 1,0 ve 10,0
mg/L konsantrasyonlarinda bakirin etkisine maruz birakilan
baliklarin (Tilapia nilotica) calisilan doku ve organlarindaki
bakir birikiminin sire ve konsantrasyon dizeyi ile orantili
olarak arttigini saptamigtir. Bakir birikimi bakimindan dokular
arasindaki iliski sirasi ile sdyle bulunmustur: Dalak>
Karaciger> Bagirsak> Mide> Solungag> Kas. Yine Kargin ve
Erdem (1991), 10, 20, 30, 45 ve 60 gn stireyle 0,01, 0,10, 1,00
ve 10 mg/L bakir konsantrasyonlarina maruz birakilan
Cyprinus carpio’nun incelenen doku ve organlarindaki bakir
birikiminin, ortam konsantrasyon diizeyi ve bekletilme stiresi ile
orantili olarak arttigini bildirmistir. Bakir birikiminin en yiksek
karacigerde, en disik ise kasta oldugu saptanmistir. Bakir
birikimi  bakimindan dokular arasindaki iliski ise soyle
bulunmustur: Karaciger> Dalak> Mide> Bagirsak> Solungag>
Kas. Ayrica Kargin ve Erdem (1992), kisa stireli (96 saat) 60
mg/L bakir etkisine birakilan Tilapia (Tilapia nilotica)nin
karaciger, solungag ve kas dokularindaki metal birikimini en
ylksek karacigerde ve takiben solunga¢ ve kas dokularinda
belirlemislerdir. Tim bu sonuglar, A. regius dokularinda elde
edilen verilerle benzerlik géstermektedir.

Mazon ve Fernandes (1999), P. scrofa juvenillerini cesitli
konsantrasyonlarda bakira 96 saat boyunca maruz biraktiktan
sonra solungag, karaciger, bobrek, kas ve bagirsak
dokularindaki bakir miktarlarini arastirdiklari  galismada,
karacigerde bakir birikimi diger dokularla karsilastirildiginda en
fazla bulunmus, bunu bagirsak ve bobrek izlemistir. Karaciger
ve bdbreklerin toksik maddelerin detoksifikasyonunda ve
atihminda dnemli bir rol oynadidi bilinmektedir. Bu da anilan
organlardaki yiksek bakir birikimini agiklamaktadir. Diger
yandan, en az birikimin solungag ve kas dokusunda oldugu
bildiriimistir. Solungaglarin, 6zellikle su ile temas eden genis
yiizey alanina sahip olmalari nedeniyle, baliklarda bakir alimi
icin ana alan oldugu varsayllmaktadir. Bu durumda,
solungaclardan ve daha az yogun bir sekilde viicut ylizeyinden
metal aliminin karaciere kan akimi yoluyla tasinmasi,
metabolize edilmesi ve daha sonra safra yoluyla atiimasi kabul
edilir. Sudaki artan metal seviyeleri, bakira bagli hepatositlerde
depolanan metalotiyoninler gibi metal baglayici proteinlerin
uretimine yol acar. Metal fazlaigi karacigerdeki a-globuline
baglanir, seruloplazmin (retir ve bobreklerden atilir. Cok
yuksek bakir seviyelerine maruz kalma meydana geldiginde ve
karacigerin bakir baglama kapasitesi asildi§inda, daha toksik
olan bakir tirleri kan dolagimindan diger organlara
tasinabilmektedir.
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A. regius Dokularindaki Cd Birikimi

A. regius ile yuritilen bu arastirmada kadmiyumun 0,20,
1,00 ve 2,00 mg/L ortam konsantrasyonlarinin 30 giin siireli
etkisinde mortalite gézlenmemesi, belirlenen sirede caligilan
konsantrasyonlarin tiirlin tolere edebilir sinir igerisinde
oldugunu gbstermektedir. Baliklarda kadmiyumun doku
birikimi, ortam konsantrasyonu ve etkide kalma stresine bagli
olarak artis  gostermistir.  Kadmiyumun  belirlenen
konsantrasyonlardaki etkisi incelenen dokulardaki metal
birikimini kontrole oranla énemli diizeyde arttirmistir. Metal
birikimi bakimindan incelenen dokular arasinda en fazla
birikimin karacigerde, en az birikimin ise kas dokusunda oldugu
saptanmistir. Diger deniz baliklari gibi, A. regius da metale
maruz kaldiktan 30 giin sonra kasta dustk bir Cd
konsantrasyonu gostermistir. Bu durum, toplam balik
agirh@inin blydk bir kismini kas dokusunun olusturmasi ile
agiklanabilir ve boylece metal; bagirsak, karaciger, bobrek ve
solungag gibi diger organlarla karsilastirildiginda, dnemli
miktarda beyaz kas dokusunda seyreltiimis olmaktadir (Cao
vd., 2012).

Cirillo vd. (2012), yaptiklar galismada, gipuray! (Sparus
aurata) 11 glin boyunca 0,1 mg/L kadmiyuma maruz birakarak,
Cd birikim yollarini arastirdiklar calismada en gok metal
birikiminin karacigerlerde ve solungagta biriktigini ve kas
dokusunda herhangi bir Cd birikiminin olmadigini bildirmistir.
Souid vd. (2013), Sparus aurata'nin farkli dokularinda Cd (0,5
mg/L)'un kisa sureli maruz kalmasi (2, 4 ve 24 saat) altinda
birikimini arastirdiklari galismada, sonuglarin farkli dokulardaki
Cd birikiminin metale maruz kalma siresinin uzunluguna bagl
olarak degistigini ve dokulardaki Cd birikimlerini buylkten
kliclige dogdru; bagirsaklar, karaciger, solungag ve kas seklinde
oldugunu  bildirmistir.  Buradan elde edilen bilgiler
dogrultusunda kadmiyum birikimi bakimindan sariagiz (A.
regius) icin bu galismada elde edilen bulgular ile gipura (S.
aurata)'nin benzer 6zellik gosterdigi anlagiimaktadir.

Shukla vd. (2007), Channa punctatus'u 11,8 mg/L
kadmiyuma 4 giin streyle maruz biraktiktan sonra dokulardaki
metal birikimini inceledikleri galismada maksimum kadmiyum
birikiminin solungaglarda oldugunu bildirmistir. Solungaglar
ortamla dogrudan temas ettijinden kisa streli maruz
birakmalarda baslangigta solungaglarda birikim fazla olmakta
stire uzadikga birikimin azaldigi ifade edilmistir. Costa vd.
(2012), solungaglarin metali detoksifiye eden en etkili organ
oldugunu Dbildirmigtir. Metal iyonlarina uzun sire maruz
kalindigi durumlarda solungaglarda daha az birikim olmaktadir.
oldugu ve sonrasinda kadmiyumun sindirim ve Ureme
organlarina aktarilarak burada biriktigi ifade edilmistir (Wu vd.,
2007).

Cattani vd. (1996), levrek (D. labrax)1 0,5 ve 5 pg/L
kadmiyuma maruz biraktiklarinda 7 giin sonunda her iki
konsantrasyon igin de dokulardaki birikimi azalan sirayla
bdbrek, karaciger ve solungag seklinde bulmustur. Kuroshima
(1992), tath suda 0,3 mg/L kadmiyuma sazan (Cyprinus

carpio)'yu ve deniz suyunda ise 10 mg/L kadmiyuma mercan
(Pagrus majoryu, 96 saat sireyle maruz birakmis ve
dokulardaki birikimi incelemistir. Sazanin kadmiyuma maruz
kalmasi solungaglarda en ylksek birikime neden olurken,
ardindan bobrek, bagirsak ve karacijerde azalan sirayla
birikim gdstermistir. Akut kadmiyuma maruz kalan mercanda
ise en ylksek birikim karacigerde olmus ve ardindan bébrek,
bagirsak ve solungaglara gére azalan sirayla sonuglanmistir.
Baska bir calismada, C. carpio’da kadmiyumun 127 giin sireli
etkisinde 53 pg/L ortam konsantrasyonunda, bébreklerdeki
kadmiyum konsantrasyonu karacigerden 4 kat, kastan 50 kat
daha yiksek bulunmus, 443 pg/L Cd konsantrasyonunda ise
bdbrek kadmiyum igerigi karacigerden 2 kat, kastan 100 kat
daha yiiksek bulunmustur. O. mykiss'de kadmiyum birikimi
bakimindan incelenen  dokularin  bdbrek> karaciger>
solungag> kas seklinde siralandigi belirlenmistir (Melgar vd.,
1997). Baliklarda kadmiyum etkisi, bdbrek dokusunun yani sira
karaciger ve dalak gibi metabolik bakimdan aktif dokularda
molekil agirhdr distk, metal baglayici proteinlerin sentezini
arttirmaktadir (Hogstrand ve Haux, 1990). Bu arastirmada en
fazla kadmiyum birikiminin karaciger dokusunda saptanmasi,
metalin metal baglayici proteinlere baglanarak bu dokularda
alikonmasi ile agiklanabilir.

Cogun vd. (2003), cesitli su tirleriyle yapilan galismalarda,
karacigerin metal birikimi icin ana organ oldugunu ve ayni
zamanda metallerin depolanmasi, yeniden dagitiimasi,
detoksifikasyonunda veya donistiminde onemli bir rol
oynadigini  bildirmistir. Baliklardaki karacigerlerin  kirletici
maddeler icin iyi bir biyoindikatdr organ olarak uygun oldugu
kabul edilmektedir. Bu, muhtemelen karacigerin, gevrelerinden
daha yiksek seviyelerde gesitli tirlerdeki kirleticileri biriktirme
egdiliminden kaynaklanmaktadir (Galindo vd., 1986). Cogun vd.
(2003), O. niloticus ile 0,1 ve 1 mg/L kadmiyuma 30 glin maruz
biraktiklari calismada dokulardaki birikimi
karaciger>solungag> kas seklinde belirlemislerdir. Yesilbudak
ve Erdem (2014), C. carpio ve O. niloticus’ 0,5 mgl/L
kadmiyuma 30 glin maruz biraktiktan sonra bébrek, karaciger,
solunga¢ ve kas dokusunda Cd birikimini inceledikleri
calismada, kadmiyum birikiminin kas dokusu digindaki tim
dokularda maruz kalma strelerinin artmasiyla arttigini
bildirmistir. Solungag, bobrek ve karaciger dokularindaki 30.
guinde gortilen bu artis, ik giine gore sirasiyla yaklasik 2, 3 ve
6 kat olarak bulunmustur. Kadmiyum birikimi, C. carpio'nun
bdbrek dokusunda en yiiksek oldugu ve bunu takiben tim
maruz kalma slrelerinde karaciger, solunga¢ ve kas
dokularinda en yiksek oldugu gorilmistir. O. niloticus'un
dokularinda Cd birikiminde belirgin artis, kas dokusu disinda
uzun sureli maruz kalma slrelerinde gdzlenmistir. Solungag
kadmiyum seviyeleri 30. giinde 1. giine gbre dokuz kat artig
gostermistir. En yliksek Cd birikimi de bdbrek dokusunda,
ardindan C. carpio'daki gibi karaciger, solungag ve kas
dokularinda saplamiglardir.

Kadmiyumun biyolojik bir islevinin olmadigi bilinmektedir
ve atilim icin su ve diger metabolik atiklarla birlikte bébrege
tasinir. Bu islem sirasinda, metalotiyoninler gibi metal baglama
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proteinlerine yeniden emilimi ve baglanmasi, diger dokularla
karsilastirildiginda bdbreklerde ve karacigerde bulunan yiiksek
seviyelerde kadmiyumu agiklayabilmektedir (Yesilbudak ve
Erdem, 2014).

Kadmiyum birikimi tirden tire farkllik gésterir ve maruz
kalma stiresine baglidir (Velma vd., 2009). Agir metallerin
nadiren balik dokularinda diizgin dagildigi ve belirli hedef
organlarla biriktigi iyi bilinmektedir. Her doku icin metal
metabolizmasinin  spesifik bir roliniin gelistirildigi kabul
edilmigtir (Cinier vd., 1999). Turler arasinda dokulardaki
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