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Abstract: Breeding medicinal leeches in controlled environments is extremely important in order to prevent their extinction. Moreover, due to medicinal leeches
coming into contact with the patient's blood, breeding medicinal leeches in hygienic conditions is essential to prevent possible complications.

In this study, breeding patterns of Hirudo verbana were studied in controlled conditions and the effects of various moist environments were examined. Peat,
hydrogel and chopped sponge materials were compared in terms of number of cocoon and offspring in medicinal leech breeding. Peat and hydrogel
environments didn’t show any statistically significant difference for number of cocoon and offspring breeding. Cocoon per leech was 3.13 + 0.74 for peat and
2.80 + 0.56 for hydrogel respectively. Offspring per cocoon was 11.81 + 2.27 for peat and 12.52 + 1.98 for hydrogel (P>0.05) respectively. In conclusion,
hydrogel could be a new material for medicinal leech cocoon deposition environment especially for laboratory breeders.

Keywords: Medicinal leeches, cocoon, offspring, peat, hydrogel

0Oz: Tibbi siiliiklerin kontrollii ortamda yetistiriciliginin yapilabilmesi, siiliik neslinin tiikenmesinin engellenmesi igin biiyilk 6nem tasimaktadir. Ayrica tibbi
stliiklerin, hijyenik kosullarda yetistirilmesi, insan saglgi igin kullanim asamasinda istenmeyen komplikasyonlarin engellenmesi iin gereklidir.

Bu calismada, Hirudo verbana tiiriintin yetistiriciligi kontrolli ortamlarda yiritilmis ve gesitli nemli ortamlarin etkileri incelenmistir. Torf, hidrojel ve kirpiimig
stingerin koza ve koza igindeki yavru sayisi tizerine etkileri karsilastiriimistir. Torf ve hidrojel ortamlari koza ve yavru sayisina etki edecek istatistiksel olarak
anlamli bir farklilik géstermemistir. Stiliik basina koza sayisi torf igin 3.13 + 0.74, hidrojel igin ise 2.80 + 0.56 olarak belirlenmistir. Koza basina yavru sayisi
torf igin 11.81 £ 2.27 hidrojel igin ise 12.52 £ 1.98 olarak belirlenmistir (P>0.05). Sonug olarak, hidrojel 6zellikle laboratuvarda tibbi stiliik Gretimi yapanlar igin

yeni bir koza birakma ortami materyali olabilecekdir.
Anahtar kelimeler: Tibbi siiliik, koza, yavru, torf, hidrojel

INTRODUCTION

Medicinal leeches have been used for treatment for
centuries and always have an economical value. Hirudo
verbana is one of the most popular species after the Hirudo
medicinalis used in medicine in Europe and Turkey (Elliott and
Kutschera, 2011). Medicinal leech population of Hirudo
verbana mostly exist in freshwater ecosystems in Turkey.
Although Turkey'’s natural habitats and suitable climate provide
optimum breeding conditions, excessive harvesting and the
destruction of freshwater habitats lead to the extinction of
medicinal leeches (Saglam, 2018). In order to prevent their
worldwide extinction, medicinal leeches were put under
protection in 183 countries by CITES (the Convention on
International Trade in Endangered Species of Wild Fauna and
Flora). Also, only Turkey imposed specific export quota in order
to prevent excessive harvesting (CITES, 2019).

The importance of medicinal leech breeding has increased
with the decrease in population in natural resources. Leeches
used for medical purposes come in direct contact with human
blood in therapies, therefore hygienic breeding of this species
is considered a priority for leech farmers (Gileva and
Mumcuoglu, 2013). Under “Regulation on Traditional and
Complementary Medicine Practices” published by the Turkish
Ministry of Health on 27 October 2014, the need for medicinal
leeches to be sterile and the importance of breeding them in
such facilities were emphasized (Official gazette, 2014).

In medicinal leech natural living conditions, hibernation,
cocoon laying and hatching of offspring leeches occur in peat
or ground material in swampy areas (Kutschera and Elliott,
2014). In leech breeding facilities, organic-based materials
such as peat and moss are extensively used for cocoon

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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deposition material. However, organic-based materials like
peat are inherently rich in microorganisms (Kister, 1972).
These environments may carry the risk of contaminating the
laboratory and leeches. In this study, we examine the
alternative cocoon deposition materials which are synthetic,
reusable, hygienic, easy to clean and we compare the
advantages and disadvantages of these materials with the
most commonly used peat.

MATERIALS AND METHODS
Medicinal leeches

A total of 40 medicinal leeches (Hirudo verbana Carena,
1820) were bought from an Izmir based company which stated
that the leeches collected in Agust 2016 from Yay lake, Develi
district of Kayseri, Turkey. Leeches heavier than 5 g were
selected. Smallest leech was 5 g while the largest was 13.2 g,
averaging 7.62 + 2.13 (X + SD) g. Also, leeches examined
morphologically, any wounded or swelled (in case of recently
fed) leeches were not used in the experiment.

Cocoon deposition environment

In leech breeding experiments mostly moist peat
(Petrauskiene et al., 2009; Ceylan et al., 2015; Saglam, 2017)
and moist moss (Malek et al., 2019) were used for leeches to
lay cocoons. In this experiment two other materials offered for
cocoon deposition environment; chopped sponge and
hydrogel.

The chopped sponge is generally used as filler in the
furniture industry. Before use, the chopped sponges were well-
washed and dried. After placing in jars, water added slowly on
top to get moisty environment.

The hydrogel is a super absorbent material made from
cross-linked polyacrylamides and cross-linked acrylamide-
acrylate copolymer (Narjary et al., 2013; Ahmed, 2015). The
hydrogel can absorb water up to 500-600 times of their weight
and release water if the environment dries up (Abobatta, 2018).

Experiment

The study conducted in aquatic sciences laboratory in zmir
Katip Celebi University, Faculty of Fisheries between 22
August 2016 and 12 January 2017. The experiment was
designed based on previous studies (Wilkin and Scofield,
1991; Spencer and Jones, 2007; Petrauskiene et al., 2009;
Ceylan et al., 2015). The trial consists of three stages. At the
first stage leeches kept in a half-filed aquarium (100x50x40
cm) in 100 L water for 15 days to ensure they adapt to new
conditions. The same aquarium used after feeding for digestion
for 32 days. The water temperature was 20 + 1 °C during
adaption and digestion periods. Leeches were fed with warm
bovine blood (37 + 1 °C) via blood sausages (McLoughlin and
Davies, 1996; Kutschera and Elliott, 2014). Blood clot and
plasma were mixed with a blender for homogenisation before
filing blood sausages, no additional anticoagulant used.
Chlorine free natural tap water used during experiment, water

parameters were pH 8-8.2, NHs-N (mg/L)<0.001, NHs
(mg/L)<0.01, dissolved Oz 7.31 mg/L.

The second stage was copulation, leeches transferred to
five 5 L plastic jars. Every jar filled with 3 L water, 8 leeches
kept in per jar. Every 3 days water replaced with water of same
temperature. During water replacement, leeches collected in
one place and randomly selected 8 leeches were once more
placed in the jars. Copulation lasts after 3 weeks at 25 + 0.5
°C. Then, discolouration and swelling appeared on
leeches’abdomen around clitellum indicating that leeches
ready to deposit cocoons (Wilkin, 1989; Elliott, 2008; Zhang et
al., 2008).

After copulation, the third stage was cocoon deposition.
Leeches were transferred to eight 5 L jars which were filled with
moist materials. 5 leeches put in per jar. 2 of the jars filled with
chopped sponge, 3 of them filled with moist peat and other 3
filled with large-grained hydrogel. Leeches were distributed to
groups in equal weight and size. The mean weight of the
leeches in groups was 7.56 £ 2.31 g in peat group, 7.52 + 2.22
g in the hydrogel group, and 7.88 + 1.90 g in sponge group
respectively. There was no statistically significant difference
between groups for broodstock leech weight (P>0.05). All jars
were covered with a dark plastic cover. Cocoon deposition
occurred 45 days at 25 £ 0.5 °C. Cocoons were checked and
collected 2 times per week. Cocoons collected into different
jars which have hydrogel in them and labeled according to the
material in the same conditions. The trial lasted until all
cocoons hatched in 30 days.

Statistical Analysis

The data were analyzed with SPSS version 24.0 for
Windows (IBM Corp., Armonk, NY, USA). Oneway ANOVA
used for weight analyzes, Chi-square test was used for
categorical distributions, T-Test was used for normal
distributions and Mann-Whitney U Test used for non-normal
distributions.

RESULTS

When leeches were transferred to moist materials, they
were quickly burrowing into peat and hydrogel, but leeches
placed on the sponge remained on the sponge pieces for a
long time, and then they slowly moved to the bottom of the jar
between the sponges, which may indicate that the sponge
does not provide a favorable habitat for leeches.

In the experiment with moist sponge filled jars, it was
observed that there was a bad smell at the end of the first week.
On day 10, a total of 4 leeches were found dead. NH3-N and
NHs analysis of the water at the bottom of the sponge
environment were higher than 8.5 mg/L. Because of the
unfavorable environment, irritated leeches and the dead
leeches, experiment called off for sponge environment on day
10. A total of 15 cocoons were taken from the sponge
environment (Figure 1), 5 of these cocoons was unfertilized.
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Figure 1. Sponge environment. The red circle is showing a cocoon

In experiment with moist peat, peat was poured out from jars
to find cocoons inside once a week. A total of 47 cocoons with
the average per leech 3.13 £ 0.74 were taken from the moist
peat environment (Figure 2).

After the sponge environment failed, only the data related the
environments of peat and hydrogel were used for statistical
analysis.

It was determined that there were 8.04 + 5.87 (0 to 16)
offspring per cocoon in the peat group and 7.45 + 6.40 (0 to17)
offspring per cocoon in the hydrogel group. The difference
between groups was not statistically significant for offspring
number per cocoon (P>0.05). When cocoons with and without
offspring were compared between the groups, 15 of 47

Figure 3. Hydrogel environment. The circle on the right is showing a new deposited cocoon with white foam,
the other circle is showing the older cocoons

Figure 2. Moist peat environment. The bold circle is showing a new
deposited cocoon with white foam. The other circles are
showing the cocoons in the peat

In experiment of hydrogel environment, it was observed that
leeches deposited the cocoons to the top of the hydrogel.
Eliminating the need for pouring out the material made it easy
to collect cocoons, saved time and provided a clean
environment. A total of 42 cocoons with the average per leech
2.80 + 0.56 were taken from the hydrogel environment (Figure

cocoons were empty in the peat group and 17 of 42 cocoons
in the hydrogel group were empty.

There was no statistically significant difference between groups
for rate of the empty cocoons (x2=0.716 P>0.05).

When the cocoons with offspring were compared between the
groups, average offspring per cocoon was 11.81 £ 2.27 (7 to
16) in the peat group and 12.52 £ 1.98 (8 to 17) in the hydrogel
group. Statistically there was no significant difference found in
groups for offspring number per cocoon (P>0.05)
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Table 1. The broodstock weight, mortality, hatching rate, cocoon and offspring efficiency according to the groups

Groups ! Weight 2 Mortality 2 #CperB* #0perCS5 Hatching © #0 per CWO 7
(9) (%) (n) (n) (%) (n)
Peat 7.56 £2.31 0 3.13+0.74 8.04 587 68.09 11.81+227
Hydrogel 752+222 0 2.80+0.56 7.45+6.40 59.52 12.52 +1.98
C. sponge 7.88+£1.90 40 1.5+0.52 6.53 +4.88 33.33 9.80 £1.23

1 Cocoon deposition environment, 2 Weight of the broodstock, 3 Dead broodstock rate, # Cocoon number per broodstock, 5 Offspring
number per cocoon, 8 Hatching rate of cocoon, 7 Number of offspring per cocoon for cocoons with offspring

DISCUSSION

Medicinal leech breeding has always been a popular topic

due to its human medicinal use. Feeding, growth, reproduction
and survival of medicinal leeches have been studied under
various physical environmental parameters. In previous
studies, peat is the most used cocoon deposition material for
leeches. In this study, we studied different synthetic materials
beside peat for cocoon deposition environment. We found
smiliar results with Ceylan et al. (2015) and Petrauskiene et al.
(2009) for cocoon and offspring numbers of Southern Medicinal
Leech (Hirudo verbana Carena, 1820). Ceylan et al. (2015)
observed in their study, leeches deposite the average 3.20 £
1.87 cocoons and the average offspring from each cocoon was
12.29 £ 5.14. Petrauskiene et al. (2009) reported the average
of 3.29 + 0.277 cocoons per leech and the average 10.45 £
0.710 offspring per cocoon were obtained. In our study, the
average cocoons taken from per leech was 3.13 + 0.74 and
the average offspring from each cocoon was 11.81 + 2.27 in
peat environment. In hydrogel environment, the average
cocoons taken from per leech was 2.80 + 0.56 and the average
offspring from each cocoon was 12.52 + 1.98. In the sponge
environment, the experiment was terminated on the 10th day
due to deaths and degradation of the environment, but 15
cocoons and 98 newborns were bred within 10 days.
Manav et al. (2019) emphasized 10% of 40 cocoons were
empty (without offspring) which were obtanied from the
broodstock fed with cattle blood and 26% of 100 cocoons were
empty which were obtanied from broodstock fed with chicken
blood. In our study, leeches only fed with bovine blood but
31.91% of 47 cocoons were empty in peat environment and
40.47% of 42 cocoons were empty in hydrogel environment. In
the study of Manav et al. (2019) southern medicinal leeches
supplied from a laboratory while offspring and cultivated in
laboratory and fed with spesific blood samples every month
during 8 months. In our study leeches fed only one time after
captured from nature. The diffenrence on reprodutive efficieny
of two studies should derive from feeding regime of leeches
because it isn't possible to know earlier feeding frequency or
feed quality of wild leeches. The feeding regime (frequency,
origin and quantity of blood meal) may affected the
reproductive efficieny of medicinal leeches.

Disadvantages of using traditionally used peat in laboratory
conditions; it is difficult to perform visual control of cocoons and
offspring release during reproduction, checking cocoons
creates dirt in every control and peat needs to be changed for
every new breeding. In addition, there is a possibility that the
peat may deteriorate and cause contamination due to its
organic structure. Leeches may die in peat and itis not possible
to determine dead leeches in peat until pouring the peat for
control (Petrauskiene et al, 2009). Death may cause
deterioration of peat.

As an advantage, peat has the highest numbers of cocoons
and offspring for leech reproduction even though the difference
was not statistically significant (P>0.05). Natural behaviour of
medicinal leeches to deposit their cocoons dark, damp places
into moist soil on terrestrial habitat (Kutschera and Roth, 2006;
Kutschera and Shain, 2019). Cocoons initially surronded by a
foamy substance then take the final solid form (Saidel et al.,
2018) like an egg covered by thin sponge. Saidel et al. (2018)
thought this three-dimensional structure of cocoon protects
itself from desiccation and displacement. Also leeches may
have a instict to protect their cocoons by deposting them into
moist soil. Leeches must find or make a gap for placing cocoon
(Figure 4).

Figure 4. Recently deposited cocoon in peat material. Leech must
have made a gap before depositing cocoon. The gap could
seen around the white foam
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This could be the answer why peat environment has the higher
number of cocoon then hidrogel and why leeches placed
cocoons on top of the hidrogel. Broodstock leeches in hidrogel
may lose time to search for a gap and it is not possible to make
a gap in hydrogel because of it's slippery surface. Besides
working disadvantages of peat, it may be the best cocoon
deposition material for leech’s instinct as a natural cocoon
deposition area in nature for medicinal leech populations.

The hydrogel environment provides a clean environment while
controlling cocoon deposition and offspring getting out of the
cocoon. Leeches lay their cocoons on top of the hydrogel
environment. Dark cover around the jars may have a role by
giving the feel of a gap to leeches so they deposite cocoons on
top of hidrogel material. The hydrogel is a transparent material
so it is easy to detect cocoons and dead leeches. The hydrogel
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Abstract: Microplastic pollution has increased rapidly over recent decades and accepted as an emerging thread. However, the effects and dimensions of
microplastic pollution on aquatic ecosystems have not been fully understood yet. Most of these few studies have been carried out in marine ecosystems and
the number of studies on freshwater are very limited. In this study, microplastic (<5 mm) pollution level of surface water samples taken from Cevdet Pond
(Yozgat/Turkey) was investigated. Water samples (150 L) were taken from 5 stations and microplastic particles were extracted via density separation method.
Random particles were examined both visually and spectrophotometrically (u-Raman). According to station averages, there were 233 microplastic particles
in 1 m3 of the pond water. Highest number of MP particles observed in 100-250 um (56%) size class. Most abundant microplastic type and colour are fiber
(91%) and blue (36%) respectively. Polypropylene (50%) and polyethylene (40%) were the most abundant type of polymers according to y-Raman analysis.
The presence of microplastic pollution in an area where human impact is relatively low, indicates the prevalence of microplastic pollution in freshwater
ecosystems.

Keywords: Microplastic pollution, u-Raman, plastic waste, freshwater, pond

0Oz: Mikroplastik kirliligi son yillarda hizli bir sekilde artis gdstermistir ve yeni ortaya gikan tehditlerden biri olarak kabul edilmektedir. Ancak mikroplastik
kirliliginin sucul ekosistemlerdeki boyutlari hentz tam olarak bilinmemektedir. Az sayida mevcut olan galismanin blyuk bir cogunlugu denizel ekosistemlerde
gerceklestiriimistir ve tatll su alaninda yapilan galisma sayisi ¢ok sinirlidir. Galismada Cevdet Diindar Goleti (Yozgat/Tirkiye) yiizey suyundan alinan
orneklerinde mikroplastik (<5 mm) kirliligi arastirilmistir. 5 farkl istasyondan yiizeyden alinan su 6rnekleri (150 L) yogunluga bagli ayirma yontemi kullanilarak
ayristinimistir. Partikiiller hem gérsel olarak hem spektrofotometrik (u-Raman) yontemler kullanilarak incelenmistir. Istasyon ortalamalarina gére gélet
suyunun 1m?'iinde ortalama 233 mikroplastik pargacigi bulunmaktadir. Mikroplastik kirliliginin en fazla gézlemlendigi boyut araligi 100-250 pm (%56) dur. En
yaygin gézlemlenen mikroplastik cesidi ve rengi ise sirasi ile fiber (%91) ve mavi (%36) renk olarak tespit edilmistir. u-Raman analiz sonuglarina gére en
yaygin gézlemlenen mikroplastik tiirevleri ise polipropilen (%50) ve polietilendir (%40). Nispeten insan etkisinin az oldugu ¢alisma alaninda mikroplastik
kirliliginin gézlemlenmesi mikroplastik kirliliginin varligini ortaya gikarmaktadir.

Anahtar kelimeler: Mikroplastik kirliligi, p-Raman, plastic atik, tatl su, gélet

INTRODUCTION

American chemist Leo Hendrik's Baekeland application for
a bakelite or the first synthetic plastic patent about 100 years
ago (July 13, 1907) can be considered as the beginning of the
‘plastic age’ (Crespy et al., 2008). Bakelite, was the pioneer of
other polymer types and production of polymer derivatives
started to increase rapidly in a short time period (Gowariker et
al., 1986) The rapid increase of plastic production resulted in
gradual plastic accumulation in different ecosystems, which in
turn led to plastic-based environmental problems (Plastic
Europe 2018). However, microplastic (MP) pollution in aquatic
ecosystems has started to attract attention only in last decade
(Andrady, 2011; Bergmann et al., 2015; Moore et al., 2011; Yin
etal., 2019).

Because of the low production cost and durability, plastics
are found in many substances that we use intensively in
everyday life, such as food packs, clothing and cosmetic
products as toothpaste and face wash gels (Auta et al., 2017;
Royer et al., 2018). Although different definitions have been
made for MP, plastics particles smaller than 5 mm are
generally defined as MP (Blair et al., 2017). Polyethylene (PE),
polypropylene (PP), polyethylene terephthalate (PET),
polystyrene (PS), polyvinyl chloride (PVC), polyamide (PA) and
polyvinyl alcohol (PVA) are the most commonly found polymer
types in nature (Andrady, 2011; Avio et al., 2015). Plastics can
be produced in small sizes (primary plastic) or they could divide
into smaller particles over time (secondary plastic) (Blair et al.,
2017). MPs can be carried to very long distances with different
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factors such as wind, water flow, air and biological carriers,
which makes it difficult to determine the MP pollution level
(Bergmann et al., 2015; Faure et al., 2015; Liebezeit &
Liebezeit, 2014; Rist et al., 2017).

Detailed investigations of plastic pollution in different
ecosystems will reveal the real situation of the MP pollution
(Lambert & Wagner, 2018; Jambeck et al., 2015). According to
a study results 4.8 to 12.7 million MP entered to the marine
ecosystems only in 2010 (Jambeck et al., 2015). However, this
is only 1.7 to 4.6% of the total plastic waste generated in
studied countries, remained 98.3 to 95.4% of plastic waste
substantially remained in terrestrial and freshwater
ecosystems (Jambeck et al., 2015). While studies on plastic
pollution are particularly conducted in marine ecosystems,
studies in freshwater ecosystems are much more limited
(Lambert & Wagner, 2018). Since closed river basins act as a
sink sources, MP pollution in lake ecosystems could be worse
than marine ecosystems. Large amount of MPs already
determined in lake and river ecosystems (Ballent et al., 2016;
Castafieda et al., 2014; Corcoran et al., 2015; Faure et al.,
2015; Fok & Cheung, 2015). MP pollution was observed even
in sub alpine lake (Imhof et al., 2013) and Antarctica where the
human effect is relatively less (Reed et al., 2018). Nonetheless,
studies to date have not been sufficient to elucidate the amount
and effects of MPs on aquatic organisms especially in
freshwater ecosystems (Andrady, 2011; Lambert & Wagner,
2018). Only a few MP studies were conducted in Turkey
(Gilindogdu, et al., 2018; Glindogdu et al., 2017; Giiven et al.,
2017; Jovanovi¢, 2017). However, MP pollution in natural
freshwater systems has not been studied yet in Turkey. The
purpose of this study is to determine presence and amount of
MP pollution in Cevdet Diindar Pond which is located within the
boundaries of Fatih Nature Park (Yozgat/Turkey) area. The
results will help to contribute to filling knowledge gaps about
the pollution. In addition, since the work area is under
protection, the results will also contribute to the understanding
of the dimensions of MP pollution.

MATERIAL AND METHOD
Study area

Cevdet Diindar pond is located in southern part of the
Yozgat city (39°48'46.13"N, 34°49'22.30"E), on the Anatolian
plateau in Central Turkey. Yozgat is a small city with a
population of around 88000. The pond is located within the
boundaries of the Fatih Nature Park. The park is also adjacent
to the Yozgat Pine Grove National Park which is Turkey’s first
National Park and way back to 1958. Arid-cold steppe climate
with the rainy winters (mostly snow) and dry summers reigns in
the area (Peel et al., 2007). The pond has only two seasonal
inflows which were feed from precipitation. It is a small pond
with 2.3 ha area, 9 m average depth and 1407 m altitude
(Figure 1). The surrounding area of the lake is used as a
recreational area, human population increase around the pond
especially during the spring and summer seasons. Since the

pond is located in protected area human impact is relatively
low.

T

;

Figure 1. Cevdet Diindar pond location and sampling station
(Sampling station were marked with “S”)

Sampling

Surface water samples were taken via steel bucket from
five different stations (Figure 1) (Yuan et al., 2019). 150 liters
water sample, was filtered through stacked stainless steel
sieves (5000 pm, 328 pm and 61um mesh size) with a
diameter of 30 cm. While particles stacked on 5000 um sieve
were discarded, particles on 328 um and 61um sieves were
poured to the bottles and sieves were rinsed 3 times with ultra-
pure distilled water which formerly filtered through glass fiber
(Whatman GF/F glass fiber filter, pore size 1.2 um) filter (here
after distilled water). After each sampling, the sieves were
washed with pressurized tap water and passed through
distiled water. Subsequently, samples were quickly brought
into the laboratory and taken into glass beakers (500 ml). The
bottles were washed 3 times with distilled water to remove any
remaining particles.

Sample preparation

Microplastic separation steps were performed according to
NOAA laboratory methods (Masura et al., 2015). Bakers were
covered with aluminium foil and placed into 90 °C drying oven
for 24 hours or more till all get dried. After wet peroxide
oxidation step were applied for eliminate natural organic
material; 20 ml 0.05 M Fe(ll) solution (7.5 g of FeSO4 7H20 (=
278.02 g/mol) to 500 ml of water and 3 ml of concentrated
sulfuric acid) and 20 ml 30% hydrogen peroxide and a stir bar

214



Microplastic pollution in freshwater ecosystems: A case study from Turkey

were added each baker than covered with a watchglass. The
baker was heated to 75 °C on a hot plate till bubbles appear.
When bubbles appear the beaker was removed from the hot
plate and kept in fume-hood till boiling stooped. If organic
material still appears, the addition of peroxide was repeated.
This process continued until all organic materials were
invisible. Subsequently 6 gr of NaCl was added to each 20 ml
of this mixture and allowed to dissolve at 75 °C. The mixture
transferred to the density separator and allowed to settle for 24
hours and settled particles were drained. The presence of
plastic particles in the settled part was examined, if any
present, they were removed. The remaining solution was
filtered through a pre-examined filter (mesh size 25 pm)
(Masura et al., 2015). Filters were stored in pre-cleaned glass
petri dishes for microscope analysis.

Microscope examination and pi-Raman analysis

All filters were examined under stereo microscope
(Olympus SZ61) (40x magnification). All types of the plastic
particles were measured and their size, colour and types were
recorded at the same time. Each filter counted 3 times.

The random particles were separated for [-Raman
analysis. Renishaw InVia Raman spectrometer with
microscope attachment (50x) was used. Excitation wavelength
and exposure time were selected 514 nm and 10 s
respectively. The applied spectrum range was 100-3500 cm-1
and laser power was 0.1 to 5 mW. Obtained spectra were
analysed with Bio-Rad KnowltAll® Informatics System -
Raman ID Expert (trial version) (Bio-Rad Laboratories,
California, USA). The software gives similarity ratios by
matching the obtained spectra with the potential reference
spectra from its library (Turner et al., 2019). Base on this
algorithm the software produces hit quality index ratio (HQI)
between O (lowest similarity) and 1 (highest similarity). HQI
higher than or equal to 0.7 was accepted as positive match
(Kapp & Yeatman, 2018).

During the all treatment processes (peroxide oxidation,
settlement, drying oven, microscope examination) an empty
glass petri dish (pre-cleaned and checked under microscope)
were placed together with the samples. After all the processes
petri dishes were also examined under microscope and
observed number of plastic particles were subtracted from the
total count. To prevent contamination, the laboratory did not
used by other people during the counting process. Before

counting all the lab surfaces were cleaned with alcohol 3 times.
Additionally, cotton lab ware and sterile nitrile gloves were used
during the all processes.

Data analysis

Differences among MP size, type and colour was tested
statistically base on station data. Since data did not meet
ANOVA assumptions Kruskal-Wallis test was used to analyze
multiple comparisons. If there was a significance Mann-
Whitney U test applied with Bonferroni correction to adjust the
probability (p = 0.05).

RESULTS

MP particles were observed in all water samples (Figure
2). Total counted MP number is 173 in all sampling stations.
While highest MP number was observed in S1 (96) station,
lowest number was observed in S5 (18) station. Detected MP
number were 19, 21 and 19 for S2, S3 and S4 stations
respectively. Total counted microplastic number in all stations
were summed and were divided into five to find average MP
abundance at each station. Average MP abundance was 35 for
each station. Since 150 litres of pond water was filtered at each
station, it can be calculated that there are 233 MP particles in
per cubic meter of pond water

Figure 2. Microscope images of different MP types (a-d: fragment, b-
e: fiber, c-f: film)

MPs were classified into 3 groups according to their size
(61-100 pm, 100-250 pm, 250-5000 pm) (Figure 3). Highest
number of MP particles observed in 100-250 um size class (n=
97, 56%) and followed by 61-100 pum (n= 44, 25%), 250-5000
pm (n= 32, 18%) (p > 0.05).
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Figure 3. Size classes and frequencies of observed MPs from Cevdet Diindar Pond

Fiber was the most common MP type and formed 90.75% of all  respectively. Difference in terms of particle number between
MP. On the other hand, fragment and film was less frequently ~ fiber-film (p<0.004), and fiber-fragment (p<0.03) was
observed and they only formed 8.09% and 1.16% of total MP  significant.

type
Mfiber
film
HEfragment

54 5

Figure 4. MP type percentages in water samples collected from Cevdet Diindar Pond

Colour distribution of MP particles in sampling stations  in total 20.81%, 19.08%, 5.78%, 5.20% and 4.05%
were presented in Figure 5. respectively.

The highest observed colour is blue (36.42%) and followed by~ There was no significant difference in terms of particle number
transparent, black, green, white and yellow, their percentages ~ among MP colour groups in terms of number (p > 0.05).
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Figure 5. Proportion of MP colour distribution in water samples collected from Cevdet Diindar Pond

Random 10 MP particles were identified using y-Raman Bio- identified MP particles most common type of the plastic was
Rad KnowltAll® Informatics System — Raman ID Expert (trial  polypropylene (50%) followed by polyethylene (40%) and
version) (Bio-Rad Laboratories, California, USA). For all  polyamide (10%) (Figure 6).
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Figure 6. Example Raman spectra of selected MP particles (black: sample spectrum, red: matched library spectrum)
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DISCUSSION

MP pollution was observed in all sampling stations with
different numbers. Average MP number per cubic meter is 233,
however it is relatively low compared to other freshwater
studies (Table1).

As mentioned before the pond is located within a protected
area and human impact is relatively less, however exemplary
lakes (Table 1) were subjected to intense human activities and

it could be the main reason of low MP number in the current
study. Moreover, since different methods were applied, it is not
possible to make a clear and accurate comparison with
previous studies (Talvitie et al., 2015; Zhao et al., 2018). For
instance, 5 different mesh size were used in the lakes in Table
1. Moreover, different factors like point pollution sources,
hydrology, wind, population density and plastic properties may
cause variability among different sampling areas (Luo et al.,
2019; Mani et al., 2015; Xiong et al., 2018).

Table 1. MP abundance of freshwater lakes in different areas

Study Area L(::;aﬁ Me(sp I:ns)ize MP number (m?3) References
Lake Bolsena Italy 300 57 + 241 Fischer et al.(2016)
Lake Chiusi Italy 300 64 £ 21 Fischer et al.(2016)
Lake Ulansuhai China 48 1760-10170 Wang et al.(2019)
Lake Taihu China 333 3400-24,800 Su et al.(2016)
Lake Donting China 50 385 +221.1 Wang et al.(2018)
Lake Hong China 50 685.5 +375.3 Wang et al.(2018)
Lake Poyang China 50 5000- 34000 Yuan et al.(2019)
C. Diindar Pond Turkey 61 233 This Study

Fiber was the most abundant type of MP in all stations
(Figure 4), and itis also in accordance with the literature. Fiber
could be originated from either primer or seconder plastic
(Peters & Bratton, 2016). Worldwide textile fiber production
was over 90 million tons in 2016 alone (Gasperi et al., 2018)
and domestic wastewater is known to contain a large amount
of synthetic fiber, particularly from washing machine discharge
(Salvador et al., 2017). However, it cannot be the case for our
study since the pond is located in a protected area. On the
other hand, plastics can also be transported by air. According
to a study results 29-280 (particles/m2/d) fiber particles found
in atmospherics fallout (Gasperi et al., 2015). Therefore,
airborne contamination may be one of the reason of the MP
pollution in the pond. On the other hand, plastic products
disposed around the pond (personal observation) could be
another fiber source.

Different coloured MP particles were observed in samples and
the most commonly observed colour is blue in general (Figure
5), and this is in agreement with other studies. The blue colour
commonly used in many plastic products (Kosuth et al., 2018;
Li et al., 2019; Zhang et al., 2017). In addition, a large portion
of the plastic wastes observed around the pond were water
bottles and almost all of them have blue lid while some of them
are blue in colour (personal observation). The disintegration of
blue coloured wastes over the time might be the main reason
of abundance (Figueiredo & Vianna, 2018). In addition, some
studies have shown that aquatic organisms selectively digest
blue coloured MPs (Devriese et al., 2015; Given et al., 2017;

Karlsson et al., 2017). It could also be valid for aquatic
organisms in Cevdet Diindar pond, but more detailed
researches should be carried out to understand MP effect on
living biota in the pond. While transparent and black coloured
particles are the second and third most intensely observed
colours, other colours represented by fewer records.
Transparent colour is commonly used in disposable bags and
they were abundant in the recreation area around the pond.
The reason for the excessive observation of the black colour
might be the road passing by the pond (Figure 1). According to
a conducted study among 13 countries average plastic
emission per Capita/year is 0.95 kg (Kole et al., 2017). Plastic
release from car tires due to mechanical abrasion is a well-
known phenomenon, additionally its contribution to MP
pollution have been suggested by several research (Sundt, et
al., 2014; Lassen, et al., 2015; Siegfried, et al., 2017). The type
of black particle analysed in our study was identified as
polyamide, however it is not sufficient to make a valid decision,
further detailed studies need to be carried out.

M-Raman method has been used frequently and successfully
in MP identification (Anger et al., 2018; Glindogdu, 2018; Wen
et al., 2018; Xiong et al., 2018; Yin et al., 2019). In many
previous studies, MP determination has been made only by
visual identification (Desforges et al., 2014; Miranda & de
Carvalho-Souza, 2016; Rochman et al., 2015), however, many
recent studies have added spectrophotometric methods (u-
Raman or FTIR) in addition to microscopic examination
(Glindogdu & Cevik, 2017; Tsang et al., 2017; Wen et al.,
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2018). However, since these methods are both expensive and
time-consuming, only a portion of the samples or random
particles can be analysed. In line with the many previous
studies polypropylene (50%) and polyethylene (40%) were the
most abundant polymer types in Cevdet Diindar pond (Figure
5) (Hidalgo et al., 2012; Zbyszewski et al., 2014).
Polypropylene and polyethylene have been identified
extensively in aquatic ecosystems and their usage areas are
widespread. Plastic bottles, plastic bags and containers are
examples of the uses of these polymer types (Desforges et al.,
2014).

This study also has drawbacks. First of all, MP sampling
conducted only once (March, 2019) and as a consequence of
water level change during the rainy and dry season MP
abundance might change. According to a conducted study the
pond surface area decreased 7.8% during the dry summer
season in 2019 (submitted data). Consequently, if the sampling
was conducted during the summer period, an increase in the
amount of MP was likely due to the decrease in pond surface
area. However, majority of the studies were conducted with a
single sampling and widely available in the literature both for
freshwater and marine ecosystems (Glindogdu & Cevik, 2017;
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Abstract: The purpose of this investigation was to deepen understanding of how farmer personal features and farm characteristics affect the profitability of
backyard fish farms in south- south Nigeria. In order to achieve the aim of the study, primary data were collected on farmer and farm-based variables, using
questionnaire from randomly selected fish farmers in 2018. Nested regression models were estimated to evaluate the separate and combined effects of farmer
and farm characteristics of profitability. The results indicates that the mean age was 41 years, 84.4% of them were male and majority (90.0%) had secondary
education and above. The mean farming experience was 8 years with mean household size of 9 persons. The findings revealed that backyard fish farming
was profitable with a total revenue of N2, 233,800 (6111.63 USD), a total cost of N1, 404,280 (3842.08 USD) with a net income of N829520 (2269.55 USD)
and BCR of 1.59. The benefit-cost ratio (BCR) of 1.59 implies that every N1.00 invested in backyard fish farming will yield additional income of N0.59k. The
result shows that backyard fish farms profitability responds positively to farmers personal characteristics (age, years of experience, gender, education and
family size). Farmer personal characteristics significantly and jointly explained 37% variation in profitability. Farm characteristics (stocking density and fertilizer)
significantly and positively (p<0.05) influenced profitability of backyard fish farms. The most important cost factors that negatively affected profitability are unit
cost of feeds, fingerlings and water supply. It was recommended that backyard fish farmers should increase stock size, acquire more education as human

capital development and form cooperative societies to address the constraint of inadequate access to credit facilities.

Keywords: Backyard, fish farmer, personal, farm characteristics, profit

INTRODUCTION

Backyard fish farming is the practice of rearing, growing or
producing fish in managed water systems in the home of the
farmers in a small scale basis. Fish farming is the world’s
fastest growing food production sub-sector, growing at an
increasing rate. Fish is seen as the prime source of animal
protein for over one billion people globally and provides many
important nutritional and health benefits. Fish contained high
level of proteins, fats, vitamins, calcium, iron and essential
amino acids. In Nigeria, backyard fish farming is a land based
system mostly practiced at subsistence level in fresh waters
(Anyawu-Akeredolu, 2005). Commercial farming is yet to be
well-known (Fagbenro, 2005). At present, most backyard fish
farmers operate small-scale farms ranging from homestead
concrete ponds (25 — 40 meters) to small earthen ponds (0.02
- 0.2 hectares).The industry produced over 85,000 tons of fish
in 2007 (FDF, 2008). Fish farming if properly managed, will be
profitable to alleviate poverty of farmers.

High proportion of households in in Sub-Saharan Africa are
confronted with serious nutrition uncertainty particularly the
poor. The issue of food insecurity day by day turn out to be
severe because of population growth, snowballing incidence of
HIV/AIDS epidemic, climate change and policy problem.

Furthermore, the upsurge in food prices sabotage food security
and impends the means of support of the most susceptible by
corroding their buying ability (Nawrotzki et al., 2013). Mitigation
of food dearth can be achieved through the use of backyard
fish farming to attain income.

A supply deficit of 2.04 million metric tons is therefore
required to meet the ever increasing demand for fish in Nigeria.
This demand and supply gap result to importation of frozen
fish. Family unit continue to depend on backyard fish farming
as an avenue to calm down food and nutrition security
challenges and generate income against the risks and
uncertainties of artisanal fishing output which has been
declined by oil spillage from oil exploitation activities (Maroyi,
2009). Backyard fish farming has distinctiveness that make it a
potential source of income among the rural folks.

Institutional reforms were undertaken by government at
various levels to increase farmers productivity to encourage
backyard fish farming. Some of these measures provided were
subsidy for inputs and exemption from tax for fishermen.
Despite the efforts of government, there is still a deficit in the
supply and demand for fish by the people (Dada, 2004). There

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


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.37.3.03
https://orcid.org/0000-0002-1335-7231
https://orcid.org/0000-0002-9705-4923
mailto:gbigbitheophilusmiebi@yahoo.com
http://doi.org/10.12714/egejfas.37.3.03
https://orcid.org/0000-0002-1335-7231
https://orcid.org/0000-0002-9705-4923

Gbigbi and Achoja, Ege Journal of Fisheries and Aquatic Sciences, 37(3), 223-228 (2020)

is a paucity of literatures on the prominence of the fisheries
industry through backyard fish farming and its income
generating ability. Backyard fish farming is an indispensable
sources of food availability and also significant for their socio-
economic and cultural use tenets (Sunwar et al., 2006).

It is therefore necessary to look into the impediments in
backyard fish farming to generate income for their sustainability
and expansion. A veritable way of achieving this is to carry out
economic study of backyard fish farmers personal and farm
characteristics on their profitability which was lacking before
now.

MATERIALS AND METHODS
Study Area

The study was conducted in South-South Nigeria. There
are 6 states in the zone namely, Akwa Ibom, Cross River,
Bayelsa, Rivers, Delta and Edo. It has a land area of 70,000
square kilometers and a population of 5,663,362 (NBS, 2017).
Itis located at latitude 4° and 7° North and longitude 3° and 9°
East bordering the Atlantic Ocean on the southern end of
Nigeria. The climate is characterized by a long rainy season
from March /April through October. The vegetation of the area
comprises of saline water swamp, mangrove swamp and rain
forest and fresh water. There is therefore a tremendous
potential for backyard fish farming in this area. Farming is the
predominant economic activity of the people with fishing and
arable crop farming. The crops grown are cassava, water yam,
sweet potato, plantain, okra, pepper and vegetables

Sampling Technique

Multistage sampling technique was used to draw samples
for the study. In the first stage, three states (Delta, Edo and
Bayelsa) were purposively selected for their predominant in
backyard fish farming and proximity. The second stage
involved random selection of three Local Government Areas
from the States to give a total of 9 Local Government Areas.
The Local Government Areas are Bomadi, Burutu, Patani for
Delta State, Brass, Southern ljaw and Yenagoa for Bayelsa
State and Esan central, Oredo and Owan East for Edo State.
In the third stage, four communities were randomly selected
from each of the Nine Local Government Areas to give a total
of 36 communities. Finally, ten (10) backyard fish farmers were
randomly selected from each of the 36 communities to give a
total 360 farmers. The study used primary data which was
generated through structured questionnaire and interview
schedule administered with the help of trained enumerators.

Analytical Technique

Data were analyzed with the use of frequency counts,
percentages, means, budgetary analysis and multiple
regression model.

Model Specification
Budgetary Analysis

Cost and return analysis was used to determine the
profitability of backyard fish farming. The net farm income was
computed using the following equation.

NFI =GR-TC
Where:

NFI = Net farm income (N means Nigeria naira)
GR= Gross revenue

GR=TR-TVC

TR= Total revenue

TC= Total cost

TC=TVC +TFC

TVC =Variable cost

TFC= Total fixed cost

equation (1)

The performance and economic worth of the backyard fish
farmers can be determined by the use of various profitability
indices computed. It is specified as:

NI
Profitability index (PI) = — equation (2)

Rate of Return on investment (RRI)= %X 100 ----equation (3)

Where;
NI = Net income, TR = total revenue, TC = total cost.

Pl was used to determine the extent to which investment in
aquaculture farming is profitable, If PI > 1. RRI was used to
measure the percentage of profit derived from aquaculture
engagement. RRI is expected to be greater than the cost of
capital for the investment to be worthwhile.

Regression Analysis

In order to ascertain the factors affecting profitability of
backyard fish farming in the study area, a nested multiple
regression model was employed. The nested regression model
encapsulated farmers characteristics and farm variables. It is
implicitly specified as:

M=23xy + ei

M=f(zxizyi) +ei

Where:

M= Profit of aquaculture (N)

Ixi=Aquaculture farmers related variable (characteristics)
syi=Aquaculture farm related characteristics

ei=stochastic error term

M=f(X1, X2, X3, X4, X5, X6, X7....... Xn g) ------- equation (4)
It is explicitly stated as follow:

M= bo +b1X1 +b2 X2+b3 X3 +bd X4 +b5 X5 +b6 X6 +b7
X7+b8X8 +Xn +e) equation (5)
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Four functional forms of the nested multiple regression
models, (linear, semi-log, exponential and double log) was
fitted to the data and the one with the best fit was chosen as
the lead equation based on the economic, statistical and
econometric criteria.

Where;

M= profit of backyard fish farmers (N)

X1= gender (dummy, male=1, otherwise =0)

X2= age (years)

X3= educational level (years)

X4= household size (number of persons)

X5= marital status (dummy, married=1, otherwise=0)
X6=pond size (m?)

X7= fishing experience (years)

X8= fixed inputs (depreciated value of implement N)
X9= cost of fish feeds (M)

X10= fertilizer cost (N)

X11= cost of fingerlings (N)

b0= constant

b1 -bn = regression coefficients

e= error term

RESULTS AND DISCUSSION

Socioeconomic characteristics of backyard fish
farmers

Age: The percentage distributions of the respondents
according to age showed that majority (52.2%) of the
respondents fall between the age brackets of 30-39 years
(Table 1). This was closely followed by 27.8% between the
age categories of 40-49 years. About 17.8% were between 50-
59 years and the least was 2.2% of the respondents between
20-29 years. The mean age was 41 years. This implies that
those involved in backyard fish farming are still in their vibrant
age to carry out tedious labour associated with fish farming
venture. The resultis in line with Olaoye et al (2015) that 76.7%
of the respondents were within the active age group bracket of
less than 50 years old.

Gender: The result in Table 1 shows that 58.9% of the
backyard fish farmers were males and 41.1% were females.
This implies that male backyard fish farmers dominated the
study area. This result corroborates with Biummett et al (2010)
that fishery activities are mostly dominated by males.

Educational level: The result indicated that respondents
who had primary education were (10%), secondary education
(53.3%) and post-secondary education was (36.7%) (Table 1).
This suggests that all the respondents can read and write
which could contribute to effective backyard fish farming in
applying the needed technology. This result favourable
supports Osondu et al (2014) that all the pond fish farmers in
Abia State had some form of formal education.

Farming experience: The result showed that 7.8% of the
respondents had farming experience between 1-3 years,

17.8% had 4-6 years, 32.2% had 7-9 years and 42.2% had
10-12 years backyard fish farming experience (Table 1). The
average backyard fish farming experience of was 8 years in the
study area. The results showed that the backyard fish farmers
are relatively young in the business venture considering the
number of years involved.

Household size: The household sizes were 0—4 persons
(6.7%), 5-8 persons (58.9%) and 9-12 persons (34.4%) (Table
1). This revealed that majority (58.9%) of the respondents had
household size of 5-8 persons. The average household size of
backyard fish farmer was 9 persons in the study area. The
implication is that backyard fish farmers have large family size
that could possibly assist in farming activities.

Table 1. Socioeconomic characteristics of respondents

Age (Years) Frequency  Percentage Mean/Mode
(%)

Age (Years)

20-29 8 22

30-39 188 52.2

4049 100 27.8 41years

50-59 64 17.8

Total 360 100.0

Gender

Male 304 84.4 Male

Female 56 15.6

Total 360 100.0

Educational level

No formal education 0 0.0

Primary education 36 10.0

Secondary education 192 533 Secondary

Post-secondary 132 36.7 education

education 360 100.0

Total

Farming

experience(years) 28 7.8

1-3 64 178

4-6 116 322 8 years

7-9 152 422

10-12 360 100.0

Total

Household size

(Persons) 24 6.7

0-4 124 344 9 persons

5-8 212 58.9

9-12 360 100.0

Total

(Source: Survey data, 2018)
Cost and Returns Analysis of Backyard Fish Farmers
Cost Analysis of Backyard Fish Farmers

The total cost of production in backyard fish farming was
N1,404,280 (3842.08 USD). Feed cost represents 63.9% of the
production cost, labour accounted for 23.5% while fingerling
cost accounted for 4.8% (Table 2). Other cost such as cost of
transportation, fertilizer cost, drugs represent 7.8% of the cost
of production. The study showed that the cost of feed, labour
and fingerlings accounted for the highest proportion (92.2%) of
the variable cost of production while tools/equipment
accounted for 15.2%, land accounted for 84.8% of the total
fixed cost of production in the area of study.
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Analysis of Return on Investment

The result of returns analysis in Table 2 shows that the
income from backyard fish farming in the study area was
N2233800 (6111.63 USD) with a gross margin of N874780
(2393.38 USD) giving a net income of N829520 (2269.55 USD)
and Benefit cost ratio (BCR) of 1.59. The benefit-cost ratio
(BCR) of 1.59 implies that every N1.00 invested in backyard
fish farming will yield additional income of N0.59k. This means
that backyard fish farming will yield additional income of
N0.59k. This showed that backyard fish farming is profitable.
This resultis in agreement with the work of Okwu and Acheneje
(2011) who unveiled fish farming in Benue State as profitable.
The Rate of Return (ROR) in backyard fish farming is 59%. This
shows that every N1.00 invested, 59 kobo is gained by the
backyard fish farmer.

Table 2. Cost and returns analysis of backyard fish farming

Income/Cost items Amount (N) Percentage
Variable costs

Labour cost 319500 23.5
Fertilizer cost 40800 3.0
Fingerling cost 64750 48
Feed cost 869010 63.9
medication cost 13710 1.0
Transportation cost 51250 38
Total variable costs 1359020 100.0
Fixed cost items

Tools/equipment 6900 15.2
Land depreciation 38360 84.8
Total fixed cost 45260 100.0
Total cost 1404280

Revenue 2233800

Gross margin 874780

Net farm income (NFI) 829520

Benefit cost ratio (BCR) 1.59

Profitability index (PI) NI/TR 0.371

Rate of Return on Investment  59.1%
(Source: Survey data, 2018) 1USD = N365.5

Profitability Determinants of Backyard Fish Farmers
Regression Result on Personal Characteristics

The regression analysis was carried out to examine the
personal characteristics of backyard fish farmers on profitability
in the study area. Based on the economic and statistical
criterion, the double-log model was chosen as the lead
equation and the results as presented in Table 3. The
coefficient of determination, R? values of 0.3659 indicates that
37% of the variation in the value of fish output is explained by
the explanatory variables while 63% of the variation in the
value of fish output is determined by other factors not
considered. The performance of the analysis of variance
showed that F-ratio of 33.95 was significant at 1% probability
level.

The result in Table 3 displays that the coefficient of age (-
1.796453) of the respondents was statistically significant at 1%
probability level and negatively related to the profit of backyard
fish farming. This means that as age of the respondents

increased, profit decrease with output. The decreased of profit
among the elderly respondents could be due to the fact that at
old age, the respondents become very weary, conservative
and less innovative on backyard fish farming.

The coefficient of years of fishing experience (0.7849744) was
significant at 1% probability level and positively influenced
profitability of backyard fish farming. This implies that as years
of fishing experience increases, profit generated also
increases. This finding is in consonance with previous study
(Ugwumba and Chukwuji, 2010).

The coefficient of educational level (0.6723942) was
statistically significant at 1% probability level and positively
related to profit of backyard fish farming. This means that as
educational level increased, profit generated from backyard
fish farming is also increased.

The coefficient of household size (0.0328392) was significant
at 5% level and positively related to profit of backyard fish
farming. This means that as household size of the respondents
increases, profit increases as output of labour increases.

The coefficient of marital status (0.9567213) was significant at
1% level and positively related to profit. This means that as
more of the respondents get married, backyard fish farming
increased resulting to profit maximization.

Table 3. Personal characteristics influencing profitability of backyard
fish farmers

Variables Linear Exponential  Semi-log  Double log
Age of farmer -1031.398  -0.0423359 -43568.82  -1.796453
(_3.33)*** ('5.60)*** ('3.80)*** ('6.52)***
Fishexperience  2074.197  0.1038209 17076.82  0.7849744
(2.90)* (5.95)** (3.64)** (6.95)***
Gender -854.9106  0.3124044 135.6866  0.1493057
(-0.15) (2.28) (0.23) (1.36)
Education 7022.121  0.2933751 15921.92  0.6723942
(2.19)* (3.74)y (2.54)* (4.46)
Household size  2185.501  0.0500514 5944908  0.0328392
(1.36) (1.28) (1.30) (2.27)*
Marital status 12948.75  0.6170156 18577.08  0.9567213
(2.28)* (4.44)> (2.03)* (4.35)**
Constant 26319.13  6.861168 169592.6  1.205411
(1.30) (13.89)*** (3.99)** (1.18)
R? 0.1270 0.3351 0.1425 0.5830
F-ratio 8.56 29.65 9.78 44.23

(Source: Survey data, 2018) *** p <0.01, ** p < 0.05, * p< 0.1
Regression Result on Farm Characteristics

The double-log model was chosen as the lead equation
and the results as presented in Table 4. The coefficient of
determination, R2 value was 0.6579 indicating that 66% of the
variation in the value of fish output is explained by the
explanatory variables while 34% of the variation in the value of
fish output is determined by other factors not considered. The
performance of the analysis of variance showed that F-ratio
was 136.18 and significant at 1% probability level.
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The coefficient of pond size (0.2006892) was positive and
significant at 1% probability level. This implies that an increase
in pond size would lead to a corresponding increase in fish
profitability. The result agreed with the findings of Inoni and
Oyaide (2007) who reported that pond size had a positive
influence on fish output. This implies that the larger the size of
the pond, the higher the quantity of fish harvested.

The coefficient of feeds cost (-0.3186127) was negative
and statistically significant at 1% probability level. The sign of
the variables is consistent with a priori expectation. This implies
an inverse relationship with profit of the backyard fish farmers.
This indicates that decrease in the cost of feed would increase
the profit level of the respondents. This agreed with the findings
of Nwosu and Onyeneke (2013) study on the effect of
productive inputs of pond fish production on the output of fish
in Imo State, Nigeria.

The coefficient of fingerling cost (-0.1974257) was negative
and highly statistically significant at 1% probability level. The
sign of the variable is consistent with a priori expectation. This
implies that an increase in fingerling cost would lead to
decrease in the profit level of backyard fish farmers. The result
is in tandem with Ezeh et al., (2008) who obtained similar
result.

The coefficient of fixed inputs cost (0.2630881) was
positive and significant at 1% probability level. The implication
is that the more the amount expended on fixed inputs, the
higher amounts that will be realized from fish farms in the study
area. This result is in consonance with the findings of Yusuf et
al (2002). The coefficient of fertilizer cost (-0.3620293) was
negatively significant at 1% probability level. This implies that
increase in fertilizer cost will lead to a corresponding decrease
in the value of fish profit in the study area. The result agrees
with the findings of Agboola (2011).

Table 4. Farm characteristics influencing profitability of backyard fish

Table 5. Factors influencing profitability of backyard fish farmers

(Pooled)
Variables Linear Exponential  Semi-log  Double log
Age of 468.3775 0.0228949 20420.83  0.7033695
farmer (1.51) (3.51)x* (1.74) (3.32)*
Fish 550.0365 0.0406886 5020.697  0.1960263
experience  (0.75) (2.65)* (1.05) (2.28)*
Gender -8290.15 -0.1276305 -1725.486  -0.0345476
(-1.41) (-1.03) (-2.86)** (-3.17)*
Education 3195.631 0.1578444 6424.67 0.2420319
(1.02) (2.40) (1.08) (2.26)*
Household ~ 2704.843 0.0849036 6360.182  0.198519
size (1.75)* (2.62)* (1.50) (2.59)*
Marital 7839.483 0.4197825 6444.217  0.455944
status (1.43) (3.64) (0.75) (2.95)*
Pond size 673.8244 0.0178523 9676.102  0.2108254
(2.01)* (2.54)* (3.67)** (4.43)*
Feed cost - -2.64e-06 -3658.203  -0.2173888
0.0685785  (-8.45)** (-2.01)= (6.62)**
('4.62)***
Fingerling -0.078782  -2.69e-06 -2916.14  -0.1470537
cost (-4.69)** (-8.45)** (-1.62) (-4.53)**
Fixed 0.1622181  7.88e-06 5491.28 0.2248882
inputs (1.02) (2.36)* (1.88)* (4.19)*
Fertilizer - -1.82e-06 -8980.687  -0.3841844
cost 0.0241327  (-7.07)*** (-5.76)™*  (-13.64)*
(-1.98)**
Constant 34094.5 8.978581 20730.65  8.568836
(1.58)*** (19.84)** (0.29) (6.53)**
R2 0.2252 0.5634 0.2879 0.7035
F-ratio 9.20 40.82 12.79 75.08

farmers
Variables Linear Exponential  Semi-log  Double log
Pond size 703.7406 0.0209556 9114499  0.2006892
(2.10)* (2.81)* (3.42)* (3.98)*
Feed cost -0.0857462  -3.51e-06 - -0.3186127
(-6.40)* (-11.75)* 6589.437  (-10.86)***
(-4.25)*
Fingerling cost ~ -0.0830751  -3.51e-06 - -0.1974257
(-6.14)** (-11.63)*** 3842277  (-6.21)™*
(-2.29)
Fixed inputs 0.2093426  8.79-06 6649.021  0.2630881
(1.34) (-2.52)* (2.23)* (4.67)
Fertilizer cost -0.0181072  -1.70e-06 - -0.3620293
(-1.52) (-6.42)** 7812198  (-12.52)
(-5.11)**
Constant 61819.75 10.38062 141002 13.96797
(12.59)** (94.87)** (3.32)* (17.41)*
R? 0.1958 0.4902 0.2504 0.6579
F-ratio 17.24 68.08 23.65 136.18

(Source: Survey data, 2018) *** p < 0.01, ** p<0.05, * p< 0.1

Table 5 shows the results of the combine effect of farmers
and farm characteristics on profitability of backyard fish
farming.

(Source: Survey data, 2018) *** p < 0.01, * p < 0.05, * p< 0.1

Constraints facing backyard fish farmers

The result in Table 6 revealed that the major constraints
affecting backyard fish farming are access to credit facilities
which has the highest with 97.2% which tends to hindered
efficient production of fish. About 96.7% are faced with problem
of inadequate capital. Market price instability was confirmed as
a constraint factor by 95.0% of the respondents. This can
discourage further production to avoid incurring a loss. About
92.8% of the respondents encountered problem of theft which
make it difficult to enhance maximum production to realize
huge gain. 86.7% of the respondents indicated that water
supply hampers their productivity which reduced their
profitability in backyard fish farming. The result showed that
86.1% of the respondents faced problem of disease which
reduced their output to affect profit maximization. Access to
land was stated a factor influencing their production as
demonstrated by 81.1% of the respondents in the study area.
This result is in agreement with Osondu and ljioma (2014) on
their study on analysis of profitability and production
determinants of fish farming in Abia State.
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Table 6. Constraints facing backyard fish farmers

Constraints Frequency Percentages Constraint
(%) Ranking
Theft 167) 92.8 4t
Access to credit facilites 175 97.2 st
Water supply 156 86.7 5th
Disease outbreak 155 86.1 6t
Market price instability 171 95.0 3rd
Inadequate capital 174 96.7 2nd
Access to Land 146 81.1 A

(Source: Survey data, 2018)

CONCLUSION

Profitability of backyard fish farming in South-South,
Nigeria was investigated in this study. The result revealed that
backyard fish farming was carried out by mostly male. The
studies showed that all the respondents involved in backyard
fish farming were educated implying that education is a
necessary condition to encourage participation in adopting
modern technologies. The findings showed that the experience
of the backyard fish farmers was 8 years is indicative of the
new entrant. Backyard fish farming is a profitable venture with
BCR of 1.59. The factors that contributed positively to
profitability of backyard fish farming in the study area were
gender, age, educational level, household size, marital status,
pond size, fish farming experience, fixed inputs, feeds, fertilizer
cost and cost of fingerlings. These were statistically significant
at 1%, 5% and 10% respectively.
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The problems confronting backyard fish farmers were
access to credit facilities, inadequate capital, market price
instability, theft, water supply, disease outbreak, and access to
land. Considering the developmental benefits derivable from
backyard fish farming, it is imperative to expand backyard fish
farming to engage also the females for increase production for
sustainability. It can be concluded that backyard fish farming is
a profitable venture for the study area. Considering the above,
the following recommendations are made:

1. More females should be encouraged to engage in
backyard fish farming. This will go a long way to increase
national income since more involvement will increase
aggregate fish output and contribution to gross domestic
product (GDP).

2. The Federal government should establish special
credit scheme for the aquaculture sector because fish
farming is capital intensive.

3. Fish farmers should be exposed to aquaculture-
specific workshops and training to improve their human
capital for enhance productivity.
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0z: Sahip oldugu yiiksek besin degerine karsin muhafaza émrii kisa olan su iiriinlerinde, diger gidalarda da oldugu gibi antioksidanlar, muhafaza siiresince
kalitenin korunmasi amaci ile kullaniimaktadir. Bu galismanin amaci; tiiketicinin de kolaylikla uygulayabilecegi bir ydntem olan klasik demleme yontemi ile
elde edilen yesil cay ekstrakti kullanilarak levrek (Dicentrarchus labrax) filetolarinin 0-4 °C'deki oksidatif stabilitesini gbzlemlemektir. Belirlenen
konsantrasyonlarda (0,4-0,8-1,2 g/ml) ve daldirma stirelerinde (10-20 dk) yesil cay ekstrakti uygulanip 0-4 °C’de depolanan filetolarin, depolamanin 0., 3., 6.
ve 9. glinlerinde Tiyobarbitiirik asit reaktif maddeler (TBARs) analizi, duyusal analiz ve renk analizi gerceklestirilmistir. Literatiire bagli olarak onemli bir etki
beklenmemesine ragmen toplam aerobik mezofilik bakteri (TAMB) analizi de ilave olarak yapilmistir. Analizlerin sonucunda, yesil gay ekstrakti uygulanmis
tim orneklerin TBARs sonuglari, 9 giinlik depolamanin ardindan kontrol grubunun sonuglari ile kiyaslandiginda, anlaml farklar bulunmustur (p<0,05).
Depolamanin sonunda 4. grup (%0,8 g/ml-20dk) 0,310,009 p mol MDA/ g degeri ile en iyi sonuglari verirken, diger gruplar ile arasinda anlamli bir fark oldugu
saptanmistir (p<0.05). Yesil cay ekstraktinin; beklendigi tizere 6nemli bir antimikrobiyal ve duyusal etki gostermedigi belirlenmistir. Renk degerlerine ise
iceriginde bulunan renk maddeleri dogrultusunda yesil rengini ifade eden a* degerinde negatif yonde artisa ve sari rengini ifade eden b* degerlerinde pozitif
yonde artisa neden olmustur. Bu galismanin sonucunda, levrek filetolarinda dogal antioksidan olarak yesil cay ekstraktinin kullanilabilir oldugu bulunmustur.

Anahtar kelimeler: Yesil gay, antioksidan, levrek, raf omri, gida uygulamalari

Abstract: Despite its high nutritional value, antioxidants are used in aquaculture products that have a short lifetime, as in other foods, to maintain quality
during preservation. The purpose of this study; It is to observe the oxidative stability of sea bass (Dicentrarchus labrax) fillets at 0-4 °C using green tea extract
obtained by classical brewing method, which is a method that can be applied by the consumer with ease. Determined concentrations (0.4-0.8-1.2 g / ml) and
immersion times (10-20 min) green tea extract is applied and the fillets stored at 0-4 Thiobarbituric acid reagents (TBARs) analysis, sensory analysis and color
analysis were performed on days 0, 3, 6 and 9 of storage. Depending on the literature, although no significant effect is expected, total aerobic mesophilic
bacteria (TAMB) analysis was also performed additionally. As a result of the analyzes, significant differences were found when the TBARs results of all
samples with green tea extract applied were compared with the results of the control group after 9 days of storage (p <0.05). At the end of storage, the 4th
group (0.8% g / ml-20min) gave the best results with 0.31 + 0.009 y mol MDA / g and there is a significant difference was found between the other groups (p
<0.05). Green tea extract; As expected, it was determined that it did not have a significant antimicrobial and sensory effect. The color values caused a negative
increase in the a * value, which expresses its green color as expected due to the color substances in its content, and a positive increase in the b * values,
which express the yellow color. As a result of this study, it was found that green tea extract can be used as natural antioxidant in sea bass fillets.

Keywords: Green tea, antioxidant, sea bass, shelf life, food applications

GIRIS

Balik, besleyici bir gida olarak her zaman 6nemli sayilmis,
genel diyet oOnerileri icerisinde yerini daima koruyan ve
fonksiyonel bir besin maddesi olarak saglikta cok énemli role
sahip bir besindir. Balik yag! ile zenginlegtirilmis insan diyetinin
bilissel bozukluklarin énlenmesinde ve beyin gelisiminde
yararli etkileri oldugu tespit edilmistir (Ozogul vd., 2018).
Bunlarin yani sira, balik etinin dayanim émri diger etlere

enzim  aktivitesi ve  mikroorganizmalarin  metabolik

aktivitelerinden kaynaklanir (Arashisar vd., 2004).

Su Uriinlerinde lipid oksidasyonundaki artis, yag asitlerinin
kimyasal yapisina, triniin Uretim sekline, gidalarin pisirilme ya
da depolama sartlarina badll olarak degismektedir.
Oksidasyonun engellenmesi igin ise gidalarin daha disik
sicaklikta tutulmasi, oksidasyonu hizlandiran enzimlerin

kiyasla oldukga kisadir (Dursun ve Erkan, 2009). Yiksek
derecede bozulabilir olan ve kisa bir raf dmriine sahip olan taze
balik filetolarinin kalitesindeki bozulma; lipid oksidasyonu,

inaktive edilmesi, uygun paketleme sistemlerinin kullaniimasi
ve antioksidan maddeler kullanimi  gibi  ydntemler
uygulanabilmektedir (Yanishlieva, 2001).
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Sentetik gida katki maddelerinin gtvenilirliklerinin test
edilmesi igin ¢ok ciddi calismalar gergeklestirilmistir. Bu
calismalar sonucunda sentetik antioksidanlarin  toksik
aktiviteye sahip oldugu ve insanlar igin de kanserojen etki
gosterebilecedi sonucuna varilmistir (Yingming vd., 2004).
Katki maddesi icermeyen dogal trlnlere yonelik artan tliketici
talepleri ve yeni Uretim teknikleri dogal katki maddelerine olan
ilgiyi arttirmistir. Antioksidanlar, az miktarlarda kullanimiyla bile
yag oksidasyonunu engelleyen ya da geciktiren gida katki
maddelerinin -~ 6nemli  bir grubudur. Gidalarda, butil
hidroksianisol, ~ butil hidroksitoluen ve tersiyer biitil
hidroksikinon gibi sentetik antioksidanlar ya da tokoferoller,
askorbik asit, karotenoidler, flavonoidler, aminoasitler,
fosfolipidler ve steroller gibi dogal antioksidanlar
kullaniimaktadir (Gims vd., 2019).

Yesil cay ile ilgili yapiimis calismalar, yesil c¢ayin
nutrasétikler ve fonksiyonel gidalar gibi blylyen bir pazarda
yer almasini saglamistir. Yesil cay ekstresi antioksidan
Ozelliklere sahip polifenolik bilesenler igerir. Baskin aktif
bilesenleri; katesinler olarak bilinen flavanol monomerlerdir. Bu
bilesiklerden en etkilileri epigallokatesin-3 gallat ve epikatesin-
3-gallattir (Senanayake, 2013). Yesil ¢ayin su driinlerinde
kullanildigi calismalarin yani sira (Wanasundara ve Shahidi,
1998; El-Hanafy vd., 2010; Kulawik vd., 2019; Jamr6z vd.,
2019), domuz sosisinde (Lin vd., 2011), et emdilsyonlarinda
(Jongberg vd., 2015; Bozkurt, 2006), yogurtta (Muniandy vd.,
2016; Jaziri vd., 2009) ve daha pek ¢ok farkli gida grubunda
antioksidan olarak  kullaniminin ~ denendigi  galismalar
mevcuttur.

Yogun bir ticari 6neme sahip olan ve yogun bir sekilde
yetistiriciligi yapilan tiirlerden birisi olan levrek (Dicentrarchus
labrax), Akdeniz boélgesindeki en &énemli ekonomik balik
tirlerinden biridir (Smart, 2001). Levrek kaliteli, lezzetli, hassas
ve pahall bir balik tiriddr. Ayni zamanda beyaz et orani
yliksek, tadi yumusak ve az yagl igerige sahiptir (Body vd.,
1992). VYetistiricilik yoluyla elde edilen dretimin son 10 yil
icerisinde giderek arttigi g6z oOndne alindiginda levrek
Uretiminin bu artisin en blylk paydas! oldugu gérilmektedir.
Bu tr, genel olarak, tim ya da filetolanmig halde, Trkiye'deki
pazarin blyUk bir kismi tarafindan tiiketilmektedir. Deniz
levregi normalde buzdolabinda depolandidinda oldukga sinirli
raf dmrline sahip oldugundan, yurt iginde tiiketildigi ve blylk
miktarlarda ihrag edildigi igin, GriinG korumak oldukga énemlidir
(Ucar ve Ozogul, 2019).

Bu calismada, vyesil c¢ay ektresinin antioksidan
ozelliklerinden yararlanmak amaciyla, bu ekstrenin farkli
konsantrasyonlarinda ve farkli daldirma sirelerinde levrek
filetolarindaki etkisi kimyasal ve mikrobiyolojik analizlerle
degderlendirilmistir.

MATERYAL VE METOT

Yesil cayin ekstraksiyonu

Calismada  ekstresi elde edimek amaci ile
stipermarketlerden temin edilen, 100’er gramlik teneke

ambalajlar haline satilan toz yesil ¢ay (Camellia sinensis)
kullanilmigtir. Antioksidatif 6zelliklerinden yararlanilacak olan
yesil cayin kullanimi; sicak su ilavesi ile klasik demleme
yonteminin ardindan siizme islemi ile yesil gay ektresinin elde
edilmesi seklinde gerceklestiriimistir. Literatiirdeki ¢alismalarin
cogunda; Wanasundara ve Shahidi'nin (1998) kullandigi 100,
200, 500 ve 1000 ppm ile El-Hanafy vd. (2010)'nin kullandigi
% 2, 4 ve 6 degerleri arasindaki konsantrasyonlarda ¢ozeltiler
kullanmistir. Bu galismada da benzer sekilde konsantrasyon
olarak ara degerler olan 0,4 - 0,8 - 1,2 g yesil cay / 100 ml su
olacak sekide 3 farkli konsantrasyon uygulanmistir.
Konsantrasyonlara gére gereken yesil cay miktari tartildiktan
sonra, gereken miktarda igme suyu kalitesinde kaynar su ile 10
dakika demlenip, kaba filtre kadidi ile siiziildiikten sonra oda
sicakligina (25 °C) gelmesi beklenmistir.

Baliga antioksidan uygulanmasi ve depolama kosullari

Ege Universitesi Su Uriinleri Fakiiltesi isleme
Laboratuvar’na gnlik olarak ve soguk zincir kirilmadan
strafor igerisinde getirilmis 30 adet orta boy levrek derili bir
sekilde filetolanarak 60 adet fileto elde edilmistir. Antioksidan
uygulamasi; érneklerin belirlenen farkli gruplara gore (Tablo 1),
hazirlanan soliisyona 10 ve 20 dakika daldirilarak oda sicakligi
kosullarinda bekletilmesi seklinde gergeklestiriimistir. Daldirma
islemi 8’er adet filetodan olusan 6 grup igin ayri ayri yapilirken,
kontrol grubu herhangi bir islem uygulanmadan dogrudan
buzdolabi kosullarina alinmistir. Ardindan érnekler 3'er dakika
stizlildikten sonra 8 filetodan olugan gruplar halinde boyutlari
26x28 cm olan fermuarli buzdolabi torbalarina yerlegtirilerek
laboratuvarda bulunan buzdolabinda (0-4 °C) depolanmistir.
Analizler i¢in 0., 3., 6. ve 9. ginlerde torbalardan gerekli
miktarlarda alindiktan sonra, torbalar tekrar buzdolabi
kosullarina konulmustur.

Tablo 1. Gruplarin adlandiriimasi
Table 1. Names of groups

Grup Adi Yesil Gay Bekletme
Konsantrasyonu Siiresi
(g/ml) (dk)
K
1 0,4 10
2 0,4 20
3 0,8 10
4 0,8 20
5 1,2 10
12 20

Analiz yontemleri

Tiyobarbiitrik asit reaktif maddeler (TBARS) analizi 0., 3.,
6. ve 9. ginlerde olmak Uzere dort kez, Lemon (1975)'In
uyguladi§i yonteme gére gergeklestiriimistir. Cozelti olarak
%0,1’lik Propil Gallat ve %7,5lik TCA kullanilmistir. 45 gram
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ornede 45'er ml cozeltilerden eklendikten sonra homojenize
edilmistir. Homojenize edildikten sonra siizilen érneklerden,
J'er grup olacak sekilde 4’er ml tiiplere alinmistir ve (izerlerinde
4'er ml TBA reaktifi eklendikten sonra 40 dakika sire ile su
banyosunda (100 °C) beklemeye alinmigtir. Sogumalari
beklenerek 530 nm dalga boyunda kore karsi optik dansitesi
okunmustur. Olgiilen absorbans degderleri kullanilarak TBARS
degerleri hesaplanmistir.

Baliklarin ¢ig olarak duyusal degerlendirmesi, Poli vd.
(2006) nin Avrupa Birligi Konseyi tarafindan, belirli balikgilik
Urbnleri igin ortak pazarlama standartlarinin  belirlendigi
2406/96 sayili konsey tiiziiglinden (1996) yararlanarak
kullandiklari duyusal degerlendirme tablosu kullanilarak
gerceklestirilmistir. Tablo en iyi puan 3, en dlistik puan 0 olacak
sekilde puanlamak iizere 3 parametreden olusmaktadir. Her bir
parametre i¢in 0; kabul edilemeyecek duyusal 6zelliklere sahip
balik etini gdsterirken, daha yiksek puanlar daha yiksek
kaliteyi belirtmistir. Duyusal analizler konu ile yakindan ilgili
olan Ege Universitesi Su Uriinleri Fakiiltesi 6gretim Gyeleri ve
lisanslsti  &grencilerinden olusan 7 panelist tarafindan
gerceklestirilmistir.

Toplam aerobik mezofilik bakteri (TAMB) sayimi 0. ve 7.
gunlerde Plate Count Agar (PCA) besi yeri kullanilarak
yapilmistir. Calismanin asil hedefi yesil gay ekstresinin
oksidatif kaliteye etkisini dlgmek oldugu icin, mikrobiyolojik
analiz gunleri 0. gin ve mikrobiyal limitin asilacaginin
dustnaldigli 7. glin sekilde belirlenmistir. Kiltirel sayim
dokme plak yontemi ile gergeklestirimistir. Hazirlanan seri
dilisyonlardan 1 ml alinip 3 paralelli ekim yapilmistir ve plaklar
30+1°C'de 48+3 saat inkiibasyona birakilmistir (ICMSF,

1983). Inkiibasyon bitiminde biitiin koloniler “toplam bakteri”
olarak sayilmigtir.

Baligin kalitesi ve yesil cay ekstresinin renk verici 6zelliginin ne
boyutta oldugunu saptamak amaciyla DR LANGE Spektro-pen
(Hach-Lange GmbH & Co., Dusseldorf, Germany) renk dlgiim
cihazi kullanilarak Olgtimler gerceklestirilmistir. Filetolarin ig
kismindan alinan renk Olgiimleri her drnekte ayni noktalar
olmak Uzere 7 noktadan alinmistir (Sekil 1) ve bu degerlerin
ortalamas! kullanilmistir (Erdem vd., 2011). Olgiim sonuglari
degerlendirmesi  Schubring (2003) metodu kullanilarak
yapilmistir.

(6)
([®
&) (7)

Sekil 1. Fileto Uizerinde renk dlglimi alinan noktalar
Figure 1. Color measurement points on fillet

Galismadan elde edilen bulgular SPSS 16.0 for windows
(SPSS, 2007, Version 16.0.0 Chicago, IL, USA) paket
programi kullanilarak istatistiksel olarak One way Anova ve
Duncan Coklu Testi kullanilarak %95 giiven esiginde
degerlendirilmistir.

BULGULAR

TBARS analizi sonuglari; depolamanin 0., 3., 6. ve 9.
gunlerinde, yesil cay ekstresi uygulanmis ve uygulanmamis
levrek filetolarinda Tablo 2'de oldugu gibi tespit edilmistir.

Tablo 2. Levrek filetolari deney gruplari TBARs (4 mol MDA/g balik) degerleri
Table 2. TBARs (u mol MDA / g fish) values of sea bass fillets experimental groups

TBARS Calisma Gruplari
Giin K 1 2 3 4 5 6
0. 0,36 +0,04224 0,38+ 0,01224 0,2840,0 403 0, 25+ 0,00703 0,35+ 0,00522 0, 15+ 0,005 0, 17+ 0,008
3. 0,52+ 0,009 0,48+ 0,002z 0,32+ 0,013 0,27+ 0,007 0,20+ 0,003 0,36+ 0,00202 0,17+ 0,014%
6. 0,87+ 0,06522 0,72+ 0,012 0,52+ 0,017¢2 0,44+ 0,005%2 0,38+0¢" 0,31+ 0,01e3 0,39+ 0,00592
9. 0,98+ 0,00921 0,60+ 0,012 0,65+ 0,006 0,48+ 0,005 0,31+ 0,009¢ 0,70+ 0,002v 0,54+ 0,002¢!

(K:kontrol, 1:0,4g/100ml-10dk, 2:0,4g/100ml, 20dk, 3:0,8g/100ml, 10dk, 4:0,89/100ml, 20dk, 5:1,29/100ml, 10dk, 6:1,2g/100ml, 20 dk) a, b, ¢, d, e, f, g:farkli harfler
gruplar arasi istatiksel farki ifade eder. 1, 2, 3, 4:farkl sayilar gruplar ici farki ifade eder ( n=3, p<0.05)

Baslangic degerlerine gbre; kontrol grubunun TBARs
degeri ile kiyaslandiginda 1 ve 4 numarali gruplar hari¢ tim
gruplarin TBARSs degerleri anlamli olarak daha dUstk ¢ikmistir.
3.gUn kontrol grubunun, 1. grubun ve 5. grubun TBARs degeri
artis gostermistir. 0,52 p mol MDA/g degeri ile kontrol
grubunun  oksidasyon seviyesi en yiksektir. TBARs
degerlerinde anlamli bir dusls saptanan tek grup, %0.8'lik
konsantrasyona sahip yesil cay ekstresinde 20 dakika
bekletilmis olan 4. gruptur.

6. gun 5. grup haric tim gruplarda artis olmustur. 5. grubun
istatistiksel olarak gruplar arasi ve grup i¢i en disik TBARs
degerine sahip oldugu gorllmuUstir. Depolamanin son glinl
olan 9. giinde 1. ve 4. grup harig tim deney gruplarinda
depolama siresince olusan en yiksek degerler tespit
edilmistir. Kontrol grubu 1,05 y mol MDA/ g olarak tespit
edilirken, yesil cay ekstresi uygulanmis gruplarin TBARs degeri
anlamli sekilde distik olmustur. %8 ‘lik yesil ¢ay ekstresinie 20
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dakika daldinlan 4. grupta, TBARs sonuglarina gére
oksidasyonu Onlemede diger gruplardan daha bagarili
olundugu tespit edilmistir.

Tablo 3. Levrek filetolari deney gruplarinin duyusal analiz sonuglari

Table 3. Sensory analysis results of sea bass fillets experimental groups

Duyusal analiz sonuglari; depolamanin 0., 3., 6. ve 9.

gunlerinde, yesil cay ekstresi uygulanmis ve uygulanmamis

levrek filetolarinda Tablo 3'te oldugu gibi tespit edilmistir.

Duyusal Calisma Gruplari
Giin K 1 2 3 4 5 6
0. 2,00+ 0at 2,334 0,011 3,00+ 0,002a 2,00+ 02t 2,33+ 0,003 2,000 2,334 0,011
3. 1,66+ 0012 2,33+ 0,621 3,00+ 0,62 1,66+ 0,62 2,33+02b1 2,33+ 0, 1201 2,00+ 0,62012
6. 1,00+ 0,622 2,00+ 021 0,66+ 0,622 1,66+ 0,621 2,000 1,66+ 0,62 1,66+ 0,622
9. 0,00 023 0,00+022 0,660,622 0,000 0,660,622 0,000 0,660, 623

(K:kontrol, 1:0,49/100ml-10dk, 2:0,4g/100ml, 20dk, 3:0,8g/100ml, 10dk, 4:0,8g/100ml, 20dk, 5:1,2g/100ml, 10dk, 6:1,29/100ml, 20 dk) a, b, c, d, e, f, g:farkli harfler
gruplar arasi istatiksel farki ifade eder. 1, 2, 3, 4:farkli sayilar gruplar igi farki ifade eder ( n=3, p<0.05)

Duyusal analiz sonuglari incelendiginde, depolamanin ilk
guind olan 0. glinde gruplar arasi istatistiksel olarak anlamli bir
fark gbrilmemistir (p>0.05). 6. gliniin sonunda 2., 5. ve 6.
gruplarin  skor dederinde anlamhi  duslgsler  oldugu
gorilmektedir. 2. grup harig, grup ici en distk skor degderi 9.
glinde saptanmistir. 3. ve 6. grupta ise grup i¢i skor degisimleri
istatistiksel olarak anlamli bulunmamistir.

Tablo 4. 4 °C de depolanan levrek filetolarinin TAMBS degisimi (logkob/g)

Table 4. TAMBS change of sea bass fillets stored at 4 °C (logkob / g)

Depolamanin son gini olan 9. glinde gruplarin degerlendirme
skorlari arasinda anlamli bir fark olmadi§i gozlenmistir. Bu
sonuglara gore 2. grubun tiketilebilecedi maksimum giin sayisi
3 iken, kontrol dahil diger gruplarin raf émrii 6 glin olarak
belirlenmistir.

Gruplarin 0. ve 7. glne ait toplam aerobik mezofilik bakteri
sayim sonuglari Tablo 4'te gorlimektedir.

TAMBS Caligma Gruplari
Giin K 1 2 3 4 5 6
0. 4,25+ 0,23 4,34+ 0,03 4,38+0,3 4,30+ 0,05 4,00£0,2 4,08+ 0,04 3,74+0,09
1. 8,86+ 0,3 8,71+ 0,05 8,74+0,16 8,47+0,12 8,49+0,3 8,61+0,9 8,79+0,07

(K:kontrol, 1:0,4g/100ml-10dk, 2:0,4g/100ml, 20dk, 3:0,8g/100ml, 10dk, 4:0,89/100ml, 20dk, 5:1,29/100ml, 10dk, 6:1,2g/100ml, 20 dk)

Sonuglara bakildiginda; henliz depolama sonlanmadan 7.
ginde mikrobiyal yiikiin ICMSF’nin 6nerdigi 106 - 107 kob/g
olan sinir degerini astig1 gériimektedir. Bu nedenle mikrobiyal
agidan raf omr{ sinirlamasi yapiimamistir.

Depolama siiresince kontrol grubu ve yesil ¢ay ekstresi
uygulanmis diger gruplarin 0., 3., 6. ve 9. gunler icin lctilen L¥,
a* ve b* degerleri Tablo 5, Tablo 6 ve Tablo 7°de verilmistir.

Tablolarda belirtilen degerler her bir 6rnek icin Sekil 1‘de
belirtilen 7 noktadan élglilen degerlerin ortalamasi alinarak
olusturulmustur. ~ Sonuglar  degerlendirilirken CIE  Lab
sisteminde L parlakligi (0'dan 100'e kadar derecelendirme
siyahtan beyaza); a (+) kirmiziyi veya (-) yesili ve b (+) sariyi
veya (-) maviyi belitmektedir. Sonuglar Schubring (2003)
metoduna gore degerlendirilmigtir.
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Tablo 5. Levrek filetolari deney gruplari L* degerleri
Table 5. Sea bass fillets experimental groups L * values

L Caligma Gruplari

Giin K 1 2 3 4 5 6
0. 34,02 £ 1.752 35,05 £ 0.90202 36,98 £2.8222 35,77 +2.81a2 35,57 £ 0.9722 34,18 £1.35%2 33,87 £ 0.5801
3. 39,47 £ 0.790 40,72 £ 2.22201 42,90 £ 118 41,50 + 1.232 41,27 £ 1251 39,65+£0.9202 39,30 + 1.18"
6. 34,98 £ 0.75 36,07 £ 1.78bc2 38,05+£3292 38,87 £4.49012 41,78 £2.774 41,22 £ 2.674 36,70 £ 0.752
9. 31,84 £1.18 39,57 + 0.97% 41,78 £0.9020" 38,20 £ 0.5812 43,37 £ 1.25%! 42,81 £0.752 35,81 £ 0.92¢2

(K:kontrol, 1:0,4g/100ml-10dk, 2:0,4g/100ml, 20dk, 3:0,8g/100ml, 10dk, 4:0,8g/100ml, 20dk, 5:1,2g/100ml, 10dk, 6:1,29/100ml, 20 dk) a, b, c, d, e, f, g:farkli harfler
gruplar aras! istatiksel farki ifade eder. 1, 2, 3, 4:farkl sayilar gruplar ici farki ifade eder ( n=3, p<0.05)

Tablo 6. Levrek filetolari deney gruplari a* degerleri
Table 6. Sea bass fillets experimental groups a * values

a* Calisma Gruplan

Giin K 1 2 3 4 5 6
0. 1,68 + 1.071 -0,038 £ 0.2701  -0,04 £ 0.32v1 -0,17+ 0.56¢1 -0,23+ 0.4301 -4,03 £0.91¢ -0,04 + 0.44pb1
3. -0,24 £0.1922 -0,28 + 0.74" 0,23 £0.4221 -0,84 £0.58%2  -0,46 + 0.711 -1,08 £ 0.680 -0,98 + 0.5502
6. 021£0.77 025+£068"  0028+0.69%  -0,11£069"  -0,97 +0.3112 -1,03 £ 0.42¢" -0,01 £ 0.43v"
9. -0,03 £ 0.2722 -1,83 £ 0.4402 -1,44 £0.7102 -0,54 £ 0.3122 -1,96 + 0.682 -0,23 £ 0.6921 0,24 +0.4221

(K:kontrol, 1:0,4g/100ml-10dk, 2:0,49/100ml, 20dk, 3:0,8g/100ml, 10dk, 4:0,8g/100ml, 20dk, 5:1,2g/100ml,

10dk, 6:1,29/100ml, 20 dk) a, b, c, d, e, f, g:farkli harfler

gruplar arasi istatiksel farki ifade eder. 1, 2, 3, 4:farkli sayilar gruplar igi farki ifade eder ( n=3, p<0.05)

Tablo 7. Levrek filetolari deney gruplari b* degerleri
Table 7. Sea bass fillets experimental groups b * values

b* Calisma Gruplan

Giin K 1 2 3 4 5 6
0. 0,98 £0.902  -2,60 £ 0.8293 4,28 + 1.92v 11,06 £2.69"  -0,11 £0.72% -0,17 £ 0.98% 0,39 + 0.84<3
3. 3,11 £0.560" 2,65 +0.97b1 1,61 £0.75 5,85 + 0.8322 3,81 £ 0.70201 2,88 + 1.142 2,43 £ 0.7502
6. 1,20 £0.7002  -0,27 + 2.11<2 1,65 £ 1.8702 7,58 + 2.25%2 0,07 £0.938 0,35 +2.013 0,57 +0.83¢°
9.  378+082' 0270722 0624075  143+07003  248+1922 60140974 3,50 + 0.56¢"

(K:kontrol, 1:0,4g/100ml-10dk, 2:0,4g/100ml, 20dk, 3:0,8g/100ml, 10dk, 4:0,8g/100ml, 20dk, 5:1,29/100ml, 10dk, 6:1,2g/100ml, 20 dk) a, b, c, d, e, f, g:farkli harfler
gruplar arasi istatiksel farki ifade eder. 1, 2, 3, 4:farkli sayilar gruplar ici farki ifade eder (n=3, p<0.05)

Depolamanin 0. giintinde, L* degerlerinde 2 numarali grup
diger gruplardan daha parlak olarak élgtlmustir, fakat 1, 3 ve
4 numarall gruplar ile arasinda anlamli bir fark olmadigi
sonuglarda gérilmektedir. En yiksek a* degeri 1,68 ile kontrol
grubunda olglimustir. b* degerleri arasinda ise -2,60 ile 1.
grup en duslik degere sahiptir.

Depolamanin 3. giniinde L* degerlerinde genel bir artis
gortimustdr. 5. ve 6. gruplar hari¢ diger gruplarin L* degerleri
arasinda anlamli bir fark olusmamigtir. a* degerlerine
bakildiginda ise 2. ve 5. grup hari¢ dists gérilmektedir. En
dusik a* degerleri 5. ve 6. gruplarda gorilmistir. b*
degerlerinde ise 2. ve 3. grup hari¢ genel bir artis s6z konusu
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olmakla birlikte, 3. ve 4. gruplarin b* degerleri anlamli dl¢lide
yuksek cikmistir.

6. giine bakildiginda; 5. grubun L* degerlerinde anlamli bir artis
gorilmekle birlikte, 4. grup hari¢ diger gruplarda anlamli bir
dusls gozlenmistir. 4. ve 5. grubun L* degeri en ylksektir. a*
degerlerine bakildiginda, yalnizca 6. ve 3. grupta anlamli bir
artis gorliims, diger herhangi bir grupta anlamli bir degisim
gorilmemigtir.

Depolamanin son giininde; L* degerinde kontrol ve 1.
gruplarda diisis, 2. grupta ise artis anlamli bulunmus, diger
gruplarin - degerlerinde 6. glne gdre anlamh bir fark
gérilmemigtir. a* degerlerinde 5. grupta anlamh bir artig, 4.
grup hari¢ diger tim gruplarda ise anlamli bir dists
gorilmistir. b* degerlerinde ise kontrol grubunda, 4., 5. ve 6.
gruplarda anlamli bir artis, 2. ve 3. gruplarda ise dislis
gorilmistr.

TARTISMA VE SONUG

Bu calismada; levrek oOrneklerinin, Connell (1975) ve
Mendes (2008)’in balik etinde acilagma limiti olarak belirttigi 1-
2 u mol MDA/g TBARs degerlerine ulasmadigi gozlenmistir.
Kontrol grubu 0,98+ 0,009 u mol MDA/g degeri ile 9. depolama
gundndn sonunda limit degerine en yakin degeri vermigtir.
Yesil cay ekstresi uygulanmig tim orneklerin 9 ginlik
depolama sonundaki TBARs degerleri ile kontrol grubunun
TBARs degerleri arasindaki fark anlamlidir.

Ayni konsantrasyona sahip cozeltilere farkli surelerde
daldinlarak olusturulan gruplar incelendiginde, 20 dakika
daldirma uygulanan gruplarin 10 dakika daldirma uygulanan
gruplara gére daha dlstik TBARs degerlerine sahip oldugu
saptanmistir. Optimum konsantrasyon ve daldirma siiresi %
0,8 ve 20 dakika olarak gozlenmistir.

Yapici  vd. (2015)nin  levrek bali§i Uzerine farkli
konsantrasyonlarda kurutulmus glinlik agaci yapragdi ekstresi
uyguladiklari calismada da, bu galismaya benzer sekilde
depolama slresinin sonunda herhangi bir grubun TBA
dederinin limiti asmadi§i belirtiimistir. Acar (2012), farkli
baliklara zeytin yapradi ekstresi uyguladidi calismanin
sonucunda, levrek baliinda bu galismada oldugu gibi higbir
grubun TBARs degerinin limiti asmadigini, fakat farkli
konsantrasyonlarda zeytin yapragi ekstresi uygulanan gruplar
arasinda istatistiksel fark oldugunu belirtmistir. Bu durumun,
levrek baliginin yag miktarinin diger balik tirlerine gére daha
az olmasindan kaynaklanabilecegi disinilmektedir. Fakat
dogdal levrege gore doymus yag asidi miktar istatistiksel olarak
anlamli bir farka sahip olan kiltiir levredi (Baki vd., 2015),
depolama siresinin sonunda limit degerini asmamasina karsin
TBARs degerinin degisimini gdzlemlemek igin ideal bir balik
tirli oldugundan dolay! bircok galismada kullaniimistir.

Depolamanin  baglamadigi, yalnizca vyesil cay ¢ozeltisi
uygulamasinin yapildigi 0. glin sonuglarinda, kontrol grubu ile
kiyaslandiginda; 1 ve 4 (0,4 g/100 ml-10dk / 0,8 g/100 ml-20
dk) numarali gruplar digindaki tlim gruplarin TBARs degerinde
anlamli bir dislis gzlenmistir. Benzer bir fark Acar (2012)'in
calismasinda da gdzlenmistir. Zeytin yapragdi ekstresi
uygulanmis gruplar, kontrol grubu ve BHT kullanilmis grup ile

kiyaslandiginda anlamli bir istatistiksel fark gozlenmistir
(p<0.05).

Wanasundara ve Shahidi (1998), farkli balik yaglarina 100,
200, 500 ve 1000 ppm seviyelerinde yesil cay ekstresini 65
°C'de Schaal firn  kosullari altinda  uyguladiklari
calismalarinda, 200 ppm'lik ekstrenin uygulandi§i grupta
mikemmel bir antioksidan etki gézlemlediklerini belirtmislerdir.
Jongberg vd. (2015), farkli konsantrasyonlardaki yesil gay
ekstresinin et emdilsyonlarinda  antioksidatif ~ etkisini
inceledikleri galismada 100, 500 ve 1500 ppm
konsantrasyonlarindan optimum konsantrasyonu 100 ppm
olarak belirtmiglerdir. Buradan yola ¢ikilarak; ideal
konsantrasyonun kullanilan baliga/et tiirine ve uygulama
sicakligina gére farklilagabilecedi yorumu yapilabilir. Ayrica
yesil gay ekstresinin elde edilme sekli de antioksidatif etkiyi ve
dolayisi ile optimum konsantrasyonu degistirebilecegi
dlstndlmektedir.

Duyusal analiz sonuglari incelendiginde; yalnizca 3. glnde
kontrol grubu ile % 0,4k ekstrede 20 dakika daldirma
islemine tabi tutulmus olan 2. grup arasinda anlamli fark
gorilmds, diger glinlerde higbir grubun duyusal dederlendirme
skorlari arasindaki farklar anlamli bulunmamistir. 2. grup 6.
ginidn sonunda reddedilirken, diger gruplar 9. gin
reddedilmistir. Duyusal analiz sonuglarina gére raf émri; 2.
grup icin 3 gln, diger gruplar igin 6 gin olarak belirlenmistir.
Yapici vd. (2015)'nin galismasinda da benzer sekilde kontrol
grubu duyusal agidan tiketilebilir limitin altina, diger gruplara
gore yalnizca 3 glin daha erken inmistir.

Mikrobiyolojik analizler yalnizca depolamanin ik ve 7.
gunlerinde yapildigi igin, ICMFS (1983)'nin kabul edilemez
deder olarak belirttigi 106 - 107 kob/g'i depolamanin hangi
guind gectigi saptanamamistir. Depolamanin son gind bu limit
aslimigtir. Ancak 0. glin sonuglari, 6. grubun mikrobiyal agidan
daha iyi durumda oldugunu gostermektedir.

Yapici vd. (2015)’nin gunliik agaci yapradi ekstrakti ve levrek
ile yaptigi calismada TMAB sayisinin depolama stiresince limiti
asmadigl, Durmus (2016)'un bitkisel yaglardan olusturulmus
nanoemsyonlari levrede uyguladigi calismasinda kontrol
grubunun 8.giinde, uygulama yapiimis gruplarin 10. glinde
limiti astig1, Lorenzo vd. (2014)'nin yesil gay ekstresi uygulanan
domuz  koftesinin  modifiye  atmosferde  depolandig
calismasinda, TMAB sayisinin inhibe oldugu belirtilmigtir.
Jaziri vd. (2009)'nin ticari yogurda vesil cay takviyesini
inceledikleri calismada ise yesil ¢ayin yodurt olusumu igin
gerekli olan laktik asit bakterileri tizerinde bir etkisi olmadigini
belirtmistir. Bu sonuglar 1si1ginda, yesil cayin antimikrobiyal
etkisinin diger calismalarda kullanilan bitkilere gére daha az
oldugu gérilmektedir. Ayrica farkli gidalarda ve/veya farkli
teknolojilerle kombinasyon halinde kullaniminin daha islevsel
olabilecegi diistinilmektedir.

Renk dlglim sonuglarina gore L*, a* ve b* degerlerinden L* ve
b* degerlerinin + yonde, a* degerinin - ydnde olmak Uzere
genel bir artis icerisinde olduklari belilenmistir. L* degerleri
genel olarak bir artis igerisindedir. a* ve b* degerlerinin 6lglim
sonuglarinin ise, yesil ¢ayda bulunan sarimsi renge sahip
flavanollerden ve klorofilden kaynaklandigi diistintiimektedir.
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Dinger vd. (2009)'nin Ege Denizi ve Karadeniz’de kiltire
edilmis levreklerin kalite parametrelerini kiyasladigi ¢alismada,
derisiz filetolarin homojenat haline getirilmesinin ardindan
olglilen a* degerleri sirasi ile 0,53 ve 0,93 olarak belirlenirken,
b* degerleri yine sirasi ile 14,88 ve 14,84 olarak olgliimusgtir.
Elde edilen sonuclar ile bu calismanin  sonuglari
kiyaslandi§inda, a* ve b*degerlerinin beklendigi sekilde Dinger
vd. (2009)'nin ¢alismasindaki degerlerden daha duistik oldugu
saptanmistir. Bunlarin yani sira, renk ifade eden bu degerler,
gdzlemler ile uyumlu sonuglar olarak degerlendirilmistir.
Sonug olarak, bu calismada yesil ¢ay ekstresi, su
urinlerinde antioksidan olarak kullanim agisindan umut verici
bulunmustur. llerleyen calismalarda yesil cayin farkli
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0Oz: Mersin Kérfezinden kis, ilkbahar ve yaz mevsimlerinde avlanan Octopus vulgaris tiiril ahtapotun manto ve kol dokularindaki 13 farkii metalin (Mg, P, K,
Fe, Cu, Zn, Mn, Se, Al, Cr, As, Cd ve Pb) diizeyleri belirlenmistir. Bulgularin dokular ve mevsimler arasi karsilastirmalari yapilmistir. Ekonomik agidan énemli
bir tir olan ahtapotlarin tliketiminin tiketici saglidi agisindan olasi riskleri, yetiskin ve gocuk tiketicilerin 6gtinlerinde haftada 1, 3 ya da 5 glin ahtapot
tiiketmeleri olasiliklari dogrultusunda degerlendirilmistir. Bu kapsamda Haftalik Tahmini Alim Diizeyi (EWI), kanserojen olmayan Hedef Tehlike Orani (THQ)
ve Yasam Boyu Kanserojen Riski (CR) hesaplamalari yapiimistir. Pb diizeyinin FAO, AB ve Tirk Gida Kodeksi tarafindan belirlenen limit dizeyin iizerinde
oldugu tespit edilmistir. EWI degerlerinin, EFSA ve FAO/WHO tarafindan belirlenen PTWI degerlerinin altinda oldugu belirlenmistir. Tiiketici agisindan kanser
disi saglik risklerinin gostergesi olan THQ ve > THQ degerlerinin <1 belirlenmistir. Kanserojen risk agisindan As, Cr ve Cd elementleri igin bu degerlerin
(>10%) tiiketici iin kanserojen risk teskil ettigi ancak Pb degerlerinin risk teskil etmedigi belirlenmistir.

Anahtar kelimeler: Ahtapot, Octopus vulgaris, THQ, EWI, Tiketici sagligi

Abstract: The levels of 13 different metals (Mg, P, K, Fe, Cu, Zn, Mn, Se, Al, Cr, As, Cd and Pb) in mantle and arm tissues of Octopus vulgaris species, which
were caught from Mersin Bay in winter, spring and summer seasons, were determined. The results were compared between the tissues and seasons. Potential
health risks of consumption of common octopus, which is an economically important species, were evaluated with the possibility that adult and child consumers
will consume common octopus 1, 3 or 5 days a week. In this context, Estimated Weekly Intake Level (EWI), non-carcinogenic Target Hazard Quotient (THQ)
and Lifetime Carcinogenic Risk (CR) were determined. Pb level was found to be above the limit level determined by FAO, EU and Turkish Food Codex. EWI
values were found to be below the PTWI values determined by EFSA and FAO / WHO. THQ and > THQ values, which are indicative of non-cancer health
risks for consumers, were determined as <1. In terms of carcinogenic risk, it was determined that these values (> 10-) for As, Cr and Cd elements pose a
carcinogenic risk to the consumer, but Pb values do not pose a risk.

Keywords: Common octopus, Octopus vulgaris, THQ, EWI, consumer health

GIRiS

Cephalopodlar diinya genelinde besleyici ve yaygin deniz
urdinleri arasinda kabul edilmektedirler (Sangiuliano vd., 2017).
Bu grupta yer alan deniz Urinleri arasinda O. vulgaris (Cuvier,
1797) tiri de dinya genelindeki yiiksek ekonomik ve ekolojik
énemiile 6ne ¢ikan bir cephalopod tiiridiir. O. vulgaris Akdeniz
ve dogu Atlantik deki en yaygin ve bol ahtapot tiirli olmasinin
yani sira Brezilya, Afrika ve Japonya kiyilarinda da
bulunmaktadir (De Luca vd, 2016; Nessim ve Riad, 2003; Sen,
2006). Akdeniz ve Atlantik okyanusunun Avrupa kiyilarindaki
yaygin dagilimin etkisiyle cok uzun yillar boyunca Ozellikle
Avrupa’da yuksek ticari ve gastronomik degere sahip bir gida
urlindi olarak gérilmistir (Arechavala-Lopez vd, 2019). Diinya
geneli avlanma miktari 2016 yili igin 35.930 tondur (FAO,
2019). Son yillarda da gerek Avrupa gerekse de bu tlriin
yaygin dagilim gdsterdigi diger bolgelerde 6nemli bir balikgilik

Urlin olarak pazar payi daha da artmaktadir (De Luca vd.,
2016). Turkiye'de de dzellikle kiy1 bélgelerinde talep géren ve
onemli bir ekonomik degere sahip olan ahtapot (O. vulgaris),
ayni zamanda yurtdisina da ihrag edilen dnemli bir Grindr
(Sen, 2006). Turkiye'de 2018 yilinda O. vulgaris turiinGn
avlanma miktari 223.7 tondur (TUIK, 2019).

Bazi aragtirmacilar bu tiriin besinsel 6zellikleri ile ilgili
calismalar yapmislardir Arastirmalar ahtapotun besinsel igerigi
ve yag asidi profili agisindan zengin igerigini sahip oldugunu
bildirmislerdir (Zlatanos vd., 2006; Ozogul vd., 2008; Ayas,
2012). Besinsel kompozisyon ve yag asidi igerigi ¢alismalarinin
yani sira bu tiirlin metal igerigiyle ilgili de ¢ok sayida ¢alisma
mevcuttur (Yazkan vd., 2004; Kiigiiksezgin, 1999; Storelli,
2009; Miramand ve Guary, 1980; Arechavala-Lopez vd., 2019;
Napole&o vd., 2005; Barone vd., 2015; Storelli vd., 2012).
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Denizlerdeki kirliligin artisi  su  Urinlerinde ~ kirlilik
faktérlerinin ve diizeylerinin de arastirimasinda artisa neden
olmustur. Kentlesme ve sanayilesmenin genel anlamda
dogaya vermis oldugu zararlar ginimizin popiler sorunlari
arasindadir. Ozellikle denizel ekosistemler (izerine kirletici
faktorlerin zararlar denizel organizmalarin yani sira besin
zinciri aracilifiyla insan saghgini da tehdit eder dizeylere
ulasabilmektedir. Cephalopodlarda metal diizeylerinin
arastirimasi; antropojenik etkilerle ortaya cikan ekosistem
kirliliginin izlenmesi agisindan 6nem arz etmekle birlikte, ticari
dneme sahip ahtapotlarin metal dizeylerinin belirlenmesi
ayrica tliketici sagligi acisindan da olasi risklerin
belirlenmesine katki saylamamaktadir. Glinki O. vulgaris etgil
ve yirtici bir tir olarak viicudunda yararli elementlerin yani sira
toksik metalleri de birikimini saglayabilmektedir. Bu durum
tiketici saghdi agisindan risk potansiyeli yaratabilmektedir. Bu
baglamda su driinlerinde metal arastirmalari ulusal ve
uluslararasi otoritelerin de tegvikiyle son yillarda ekolojik
kirliligin ~ yani  sira  tiketici saghd agisindan da
degerlendirilmeye baslanmigtir (Traina vd., 2019).

Su  Urinlerinin - metal  kontaminasyonlarinin  insan
tikketimine yonelik olasi riskleri agisindan Avrupa Birligi (EC,
1881/2006), Diinya Saglik Orgiitii (WHO), ABD Cevre Koruma
Ajansi (US EPA), Tirk Gida Kodeksi (TGK) gibi otoriteler
tarafindan limit degerler belirlenmistir. Limit degerlerin
belilenmesine ek olarak ¢ok sayida tiketici riskleri
degerlendirme  kriterleri  (haftallk tahmini alim  diizeyi,
kanserojen olmayan risk dlizeyi, yasam boyu kanser riski vb.)
belirlenmis ve bu konuda galismalar devam etmektedir.

Bu baglamda bu galismada ilkemiz ve diinya genelinde
onemli bir ekonomik degere sahip olan ahtapotlarin manto ve
kollarindaki metal ve yag asitleri dizeyleri mevsimsel olarak
arastiriimigtir.  Ayrica ahtapot tiiketiminin tiketici saghg
acisindan olasi riskleri dngdrebilmek amaciyla haftalik tahmini
alim dizeyi (EWI), kanserojen olmayan risk diizeyi (THQ) ve
yasam boyu kanser riski (CR) hesaplamalari yapilmistir.

MATERYAL VE METOT
Ornek Temini

Calismada kullanilan ahtapotlarin érnekleme galismalar
Berdan Cayi (36°43'31.8"'N 34°54'27.0"E) ile Yesilovacik
(36°08'53.6"N 33°39'40.7"E) bolgeleri arasinda (Sekil 1) ticari
trol teknesi kullanilarak yapiimistir. Oreklemeler Aralik 2018
ile Temmuz 2019 tarihleri arasinda tig mevsim (kis, ilkbahar ve
yaz) olarak gergeklestirilmis ve her bir mevsim i¢in 30 ahtapot
ornegi temin edilmistir. Incelenen ahtapot &meklerinin
agirliklar 210.22-280.66 g araliginda 6lgtimustir.

Sekil 1. Ornekleme alani
Figure 1. Map of the sampling location

_ Galismada kullanilan ahtapotlar soguk zincir ile Gukurova
Universitesi Su Uriinleri Fakiltesi Isleme Laboratuvarina
ulastinimigtir.  Ahtapot 6rnekleri gruplandirma ve diseksiyon
islemleri gergeklestirilene kadar -20°C’de muhafaza edilmistir.

Metal Analizi

Metal analizleri Canli ve Atli (2003) tarafindan uygulanan
metoda gore yapiimistir. Ahtapot dokulari 24 saat siiresince
etlivde (Nive-FN500, Turkiye) 105°C'de kurutulduktan sonra
0.1 g (kuru agurlik) érnek tizerine 4 mL derisik nitrik asit (Merck)
ve 2 mL perkolorik asit (Merck) ilave edilmis ve tim doku
pargalanana kadar 150°C'ye ayarlanmis hotplate (Velp-
Scientifica, Italya) iizerine konulmustur. Omeklerdeki makro
(Na, Mg, P, K, Ca), iz (eser) element (Fe, Cu, Zn) ve potansiyel
toksik agir metal seviyeleri (Cd, Pb, Cr, As) dlizeyleri (ug/g)
tespit edilmistir.

Tamamen berrak bir hal alan numunelerdeki metal
diizeylerini belirlemek igin ICP-MS (Agilent, 7500ce, Japonya)
kullaniimistir. ICP-MS calisma kosullari su sekildedir: Radyo
frekansi (RF) (W), 1500; Plazma gaz akis hizi (L min-), 15;
Yardimei gaz akis hizi (L min-'), 1; Taslyici gaz akis hizi (L min-
1), 1.1; Sprey haznesi T (°C), 2; Numune derinligi (mm), 8,6;
Numune giris hizi (mL dak"), 1; nebilizér pompasi (rps), 0.1;
Cikarict mercek (V), 1.5 mg g' kuru agirhk olarak. Metal
analizlerinin belirlenmesi igin Yiiksek Saflikta Coklu Standart
(Charleston, SC 29423) kullanilmigtir. Kalibrasyon egrileri igin
standart ¢dzeltiler, makro ve eser elementlerin ve potansiyel
toksik metallerin seyreltimesiile hazirlanmistir. Toksik metaller
icin 1-50 ppb (0.001-0.050 mg/L) araliginda, makro ve iz
elementler icin 1-50 ppm (1 ila 50 mg/L) araligindaki standart
cOzeltileri hazirlanmigtir.

Metal analizleri ahtapot dokulari kurutulduktan sonra
gerceklestirilmistir. Ancak enstriimental analiz sonuglarini
FAO, AB ve Tirk Gida Kodeksi limit degerleri ile
karsilastirabilmek icin elde edilen bulgular, nem degerleri
kullanilarak yas dokudaki metal degerlerine donGstirilmiistr.
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Tiiketici risk degerlendirmeleri

Ahtapot tliketiminden (haftada 1, 3 ve 5 giin) kaynakli olasi
tiketici risklerini belirlemek igin tahmini haftalik alim (Estimated
Weekly Intake, EWI), hedef tehlike orani (Target hazard
quotient, THQ) ve yasam boyu kanser riski (The Lifetime
cancer risk, CR) hesaplamalar yapilmistir. Yetiskin ve ¢ocuk
tiketicilerin herbiri igin ayrt ayrt EWI, THQ ve CR
hesaplamalari yapiimistir. Yetiskinler igin viicut agirhdi 70 kg,
yasam slresi ise 70 yil (USEPA, 2000), ¢ocuklar igin viicut
agirhg 32 kg, yasam stresi 7 yil (USEPA, 2014) olarak
kullanilmigtir.

Hesaplamalar yapilirken incelenen tim metaller icin
enstrimental analiz sonuglari dogrudan kullaniimisken, As
elementi igin farkli bir donlstim faktorli uygulanmistir.
Dokularda bulunan As elemetinin énemli bir kismi organik
formda oldugu icin inorganik formlar kadar toksik etki
gostermezler (Castro-Gonzalez ve Mendez-Armenta 2008).
Bundan dolayr As duzeyinin tiketici igin olasi risk
hesaplamalari yapilirken dnceki calismalarda da (EFSA, 2009;
Andaloro vd., 2012; Copat vd., 2013; Traina vd., 2019)
uygulandigi gibi toplam As konsantrasyonunun % 3’0
kullanilmistir.

Tiiketici risk degerlendirmeleri kapsaminda EWI (1), THQ
(2), TTHQ (3) ve CR (4) hesaplamalari agagidaki formiiller
kullanilarak yapilmigtir.

EWI=(Cu - IR/ BW )]
Cw: Ahtapot dokularindaki metal diizeyi,
IR: Tliketim orani (Ingestion rate),
BW: Tuketicinin vicut agirhg.

FAOSTAT verilerine gore (FAO, 2018) Tiirkiye'deki
ahtapot tiketimi (IR) 0.8 g/kisi/gun’dir. EWI degerleri
WHO/FAO ve EFSA tarafindan bildirilen Gegici Haftalik Alim
Tolerans (PTWI) limitleri ile karsilagtiriimistir.

Metallerin referans dozu (RfD) ile metallere maruz kalma
arasindaki oran Hedef Tehlike Oranini (THQ) ifade etmektedir.
THQ; tliketiciler agisindan viicuda alinan metallerin
konsantrasyonlarinin kanserojen olmayan etki risklerini de

ifade etmektedir. THQ hesaplamalari USEPA (2019)
tarafindan bildirilen formile gore yapilmistir.
THQ=[(EF - ED - IR - Cw/(RD - BW - AT)] - 103 2)

EF: Maruz kalma sikligi,

ED: Maruz kalma siiresini (Yetiskinler igin 70 yil, cocuklar
icin 7 yil),

IR: Tuketim miktarini,

Cw: Ahtapotun dokularindaki metal konsantrasyonunu

RfD: Oral referans doz (Fe, Cu, Zn, Mn, Se, Al, Cr, As, Cd

ve Pb elementleri icin sirasiyla; 0.7, 0.04, 0.3, 0.14, 5.103,

1.00, 3.1073, 3.104, 1.10-3 ve 4.10%9),

BW: Viicut agirligs,

AT: Kanserojen olmayan ortalama slreyi (356 gun/yil x

ED).

Total THQ ya da HI (Tehlike indeksi) olarak ifade edilen
deger, arastirilan tim elementlerin toplam THQ degerlerinin ile
hesaplanir.

> THQ (TTHQ) = THQ1 + THQ2+ ... + THQ) 3)

Total THQ degerinin 1°’den biyuk olmasi tiketici agisindan
kanserojen olmayan saglik risklerinin oldugunun géstergesidir.

Yasam boyu kanser riski (CR) hesaplamalari USEPA
(2019) tarafindan  belilenmis  olan  formlle  gore
hesaplanmistir. CR degerlerinin >10-5 olmasi, tiketilen
gidanin tiiketici icin kanserojen etki riskinin daha yliksek
oldugunu géstermektedir.

CR=[(EF-ED - IR - Cu - CsF)/ (BW - AT)] - 103 (4)

Yasam boyu kanser riski hesaplamalarinda, EWI THQ
formallerinin yani sira farkli olarak CsF (cancer slope factor)
degeri kullaniimaktadir. Hesaplamalarda USEPA (2019)
tarafindan bildiimis CsF degerleri (As, Pb, Cr ve Cd igin
sirastyla 1.5, 8.5. 103, 0.5 ve 6.3) kullaniimistir.

istatiksel analizler

istatistik analizler SPSS 17.0 (SPSS Inc., Chicago, IL.
USA) kullanilarak yapiimistir. Ahtapotlarin kol ve mantolarinda
metal dizeyi arastirmalarinda mevsimler arasi  Gnemli
farkliliklar belirlemek igin ANOVA kullaniimistir (p<0.05).
Yapilan tim analizlerde elde edilen bulgular degerlendirilirken
ayni mevsime ait gruplarda manto ve kol érnekleri arasindaki
farkliliklan belirlemek igin T testi kullaniimistir. Her grup icin lg
tekrarll olarak istatistik karsilastirma yapilmistir.

BULGULAR
Ahtapot dokularinda metal diizeyleri

Mevsimsel olarak incelenen ahtapotlarin manto ve kol
dokularindaki Mg, P, K, Fe, Cu, Zn, Mn, Se, Al, Cr, As, Cd ve
Pb duzeyleri (ug g wiw) Tablo 1'de gdsterilmistir. ICP-MS
analizleri sonucunda elde edilen sonuglar incelenen dokularin
nem dizeyleri g6z Oniinde bulundurularak yas agirlik
degerlerine donusturilmistar.
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Tablo 1. Ahtapot dokularindaki metal diizeyleri (Ort+SD)
Table 1. Metal levels of common octopus tissues (Mean+SD)

Kis llkbahar Sonbahar
M 1038.55+27.88>  1103.93+43.602¢ 827.95+48.01¢
v —_(22620) (205.00) (168.90)
g K 1082.99+39.992x  872.68+7.41by 880.24+39.500*
(221.90) (162.40) (172.35)
M 7735.40+£222.372x 6971.62+70.11>*  5322.59+125.05
(1684.77) (1294.63) (1085.81)
P K 7590.00+271.282 5766.98+261.91% 4939.57+78.99¢y
(1555.19) (1073.24) (967.17)
M 17365.35+£525.022x15934.32+817.01x 11780.53+£875.55
3782.17) (2959.00) (2403.23)
K K 16433.824333.94% 13046.43+504.05b 11057.704£231.93¢
(3367.29) (2427.94) (2165.10)
M 65.12+3.530y 86.03+6.16% 85.14+0.282
Fo _ (1418) (15.97) (17.37)
K 87.23+0.26> 58.50+1.22by 64.55+2.33%
(17.87) (10.89) (12.64)
M 19.92+1.11% 103.10+4.14ax 72.50+2.88bx
Cu  (4.34) (19.15) (14.79)
K 61.25+2.862 17.54+0.30° 17.24+1.43%
(12.55) 3.26) (3.38)
M 127.16+1.93a 104.84+ 1.280% 105.15+ 0.89b
Zn _ (21.70) (19.47) (21.45)
K 147.39+8.27a 100.72+9.54¢« 117.1347.04bx
30.20) (18.74) (22.93)
M 1.96+0.13% 4.11+0.092x 3.6120.020x
Mn  (0.43) (0.76) (0.74)
K 4.11£0.38 2.98+0.13b 2.48+0.08%
(0.84) (0.55) 0.49)
M 5.85+0.46bY 7.95+0.27a~ 7.87+0.12a
s —(127) (1.48) (1.60)
K 7.74£0.88 7.4620.602* 5.62+0.47by
(1.59) (1.39) (1.10)
M 10.23£0.56% 20.87+0.082 13.43+0.06%
(2.23) (3.87) (2.74)
Al K 24.93+0.69% 19.21+0.710 18.33+1.720%
(5.11) (3.57) (3.59)
M 1.62+0.01 1.69+0.03a 1.41£0.01x
(0.35) (0.31) (0.29)
Cr K 1.38+0.09% 1.06+0.030y 1.28+0.03%y
(0.28) (0.20) 0.25)
M 32.65+0.65b 8.98+0.56 44 85+0.61a
As  (7.11) (167) (9.15)
K 26.20+0.61t 13.7940.56% 36.92+0.592
(5.37) (257) (7.23)
M 0.46+0.06a 0.45+0.03a 0.38+0.01bx
cq —010) (0.08) (0.08)
K 0.35t0.01a 0.30+0.01by 0.360.012x
(0.07) (0.06) (0.07)
M 2.90+0.252 2.27+0.19 2.00+0.18bx
oy (063 (0.42) (0.41)
K 241+0.128 1.60+0.29% 1.99+0.04bx
(0.49) (0.30) (0.39)

Her satirda farkli harfler (a, b, ¢, d) mevsimler arasi énemli farkliliklar
gdstermektedir (p <0.05). Her mevsimde ayni siitundaki farkli harfler (x, y) her
iki cinsiyet icin de 6nemli farkliliklar géstermektedir (p <0.05). M: manto, K: kol

Mg, K ve P degerleri hem kol hem de manto drneklerinde
kis mevsiminde daha yiiksek dlizeylerde tespit edilmis ve her

iki dokuda da mevsimler arasi istatistiksel farkliliklar tespit
edilmistir (p<0.05). Mg, P ve K elementleri i¢in minimum ve
maksimum degerler manto Grnekleri igin sirasiyla 168.90-
226.20, 1085.81-1684.77 ve 2403.23-3782.17 (ug g wiw)
olarak belirlenmisken, kol 6rneklerinde 162.40-221.90, 967.17-
1555.19 ve 2165.10-3367.17 (Mg g w/w) olarak belirlenmistir.

Fe, Cu, Zn, Mn, Se ve Al dlizeylerinin tamaminda hem
dokular arasinda hem de mevsimler arasinda istatiksel
farklihklar ~ gézlenmistir  (p<0.05). Manto drneklerindeki
minimum ve maksimum Fe, Cu, Zn, Mn, Se ve Al degerleri
siraslyla; 14.18-17.37, 4.34-19.15, 19.47-27.70, 0.43-0.76,
1.27-1.60 ve 2.23-3.87 (ug g wiw) olarak belirlenmigtir. Kol
orneklerinde ise Fe, Cu, Zn, Mn, Se ve Al degerleri sirasiyla;
10.89-17.87, 3.26-12.55, 18.74-30.20, 0.49-0.84, 1.10-1.59 ve
3.57-5.11 (ug g wiw) olarak belirlenmistir.

Ahtapot dokularindaki toksik metal (Cr, As, Pb ve Cd)
duizeylerinin tamaminda mevsimler arasinda 6nemli farkliliklar
belirlenmistir (p<0.05). Manto ve kol dokularindaki metal
seviyelerinin karsilastirmalarinda ise genel itibari ile dnemli
farkliiklar gézlense de Pb ve Cd yaz mevsimi degerlerinde iki
doku arasinda istatiksel farkliliklar gézlenmemistir (p>0.05).
Manto érneklerindeki minimum ve maksimum Cr, As, Pb ve Cd
degerleri sirasiyla; 0.29-0.35, 1.67-7.11, 0.41-0.63 ve 0.08-
0.10 (ug g* wiw) olarak belirlenmistir. Kol 6rneklerinde ise Cr,
As, Pb ve Cd degerleri sirasiyla; 0.20-0.28, 2.57-7.23, 0.30-
0.49 ve 0.06-0.07 (ug g wiw) olarak belirlenmigtir.

Tiiketici saghgi risk degerlendirmesi

Ahtapot tiketiminden kaynakli olasi saglik risklerinin
degerlendirilmesi amaciyla EWI (Tablo 2), THQ (Tablo 3) ve
CR (Tablo 4) hesaplamalari yapilmistir. Bu kapsamda ilgili
hesaplamalar, yetiskin ve gocuk tlketicilerin haftada 1, 3 ya da
5 glin ahtapot tiketmeleri olasiliklari dogrultusunda yapilmistir.
EWI degerleri PTWI degerleri ile karsilagtinimistir. Cu, Fe, Zn,
Al (JECFA, 2010), As (EFSA, 2009) ve Cd (EFSA, 2011)
elementleri igin otoriteler tarafindan belilenen PTWI degerleri
sirastyla 3500, 5600, 300-1000 araligi, 2000, 15 ve 2.5 (ug/kg)
seklindedir. Bu kapsamda Cu, Fe, Zn, Al, As ve Cd elementleri
icin PTWI limitlerinin birey vlcut agirliklari gbz oniinde
bulundurularak yetiskinlerde sirasiyla; 245000, 392000,
147000-490000 araligi, 140000, 1050 ve 175 (ug/kg);
cocuklarda sirasiyla 112000, 179200, 67200-224000 araligl,
64000, 480 ve 80 oldugu hesaplanmistir. Hesaplanan EWI
degerlerinin PTWI diizeyleri ile karsilastirilabilen Cu, Fe, Zn,
Al, As ve Cd elementleri bakimindan limitlerin altinda oldugu
ve ahtapot tiiketiminde bu metallerin haftalik alim tolerans
limitleri agisindan herhangi bir risk olusturmadigi belirlenmistir.
Ancak daha 6nce birgok arastirmada kullanilmis olan Pb PTWI
degeri WHO/FAO tarafindan 2011 yilinda geri gekildiginden
dolayr (JECFA, 2011) Pb igcin EWI-PTWI karsilagtirmasi
yaplimamistir.

Tiiketicilerin metal kirleticilerine maruz kalmasi durumunda
olasi saglik risklerini dogrudan ve kesin bir sekilde ortaya
koymasa da potansiyel saglik risklerinin belirlenmesi amaciyla
THQ degeri onemli bir parametredir. THQ>1 olmasi; metal
tiketiminin  tiketici acisindan risk teskil ettigini ortaya
koymaktadir. Ahtapotlarin manto ve kol dokularinda dlgllen
metallerin miktarlari kullanilarak hesaplanan THQ diizeyleri
arasinda en yuksek deder As elementinde tespit edilmistir.
Fakat incelenen tim metallere ait THQ degerlerinin tehlikeli
esigin (<1) altinda oldugu belirlenmistir.
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Tablo 2. Ahtapot dokularindaki Tahmini Haftalik Alim (EWI) diizeyleri
Table 2. The estimated weekly intake (EW!I) levels of common octopus tissues

Mg P K Fe Cu Zn Mn Se Al Cr As Cd Pb
5 1143 77.43 174.18 0.91 0.73 6.42 0.04 0.41 0.17 0.02 0.34 0.00 0.03
Y 3 6.86 46.46 104.51 0.54 0.44 3.85 0.02 0.25 0.10 0.01 0.20 0.00 0.02
Manto 1 229 15.49 34.84 0.18 0.15 1.28 0.01 0.08 0.03 0.00 0.07 0.00 0.01
5 25.00 169.38 381.02 1.98 1.59 14.05 0.08 0.90 0.37 0.04 0.75 0.01 0.06
¢ 3 15.00 101.63 228.61 1.19 0.96 8.43 0.05 0.54 0.22 0.02 0.45 0.01 0.04
EWI 1 5.00 33.88 76.20 0.40 0.32 2.81 0.02 0.18 0.07 0.01 0.15 0.00 0.01
5 10.60 68.49 151.63 0.79 0.37 6.96 0.04 0.40 0.23 0.01 0.29 0.00 0.02
Y 3 6.36 41.09 90.98 0.47 0.22 417 0.02 0.24 0.14 0.01 0.17 0.00 0.01
Kol 1 212 13.70 30.33 0.16 0.07 1.39 0.01 0.08 0.05 0.00 0.06 0.00 0.00
5 23.19 149.82 331.68 1.72 0.80 15.22 0.08 0.87 0.51 0.03 0.63 0.01 0.05
¢ 3 13.92 89.89 199.01 1.03 0.48 9.13 0.05 0.52 0.31 0.02 0.38 0.00 0.03
1 4.64 29.96 66.34 0.34 0.16 3.04 0.02 0.17 0.10 0.01 0.13 0.00 0.01

Y: Yetiskin, C: Cocuk, EWI: Tahmini Haftalik Alim

Tablo 3. Ahtapot dokularindaki Hedef Tehlike Orani (THQ)
Table 3. The target hazard quotient (THQ) of common octopus tissues

Fe Cu Zn Mn Se Al Cr As Cd Pb
5 0.0002 0.0026 0.0030 0.0000 0.0118 0.0000 0.0009 0.1622 0.0007 0.0010
Y 3 0.0001 0.0016 0.0018 0.0000 0.0071 0.0000 0.0005 0.0973 0.0004 0.0006
Manto 1 0.0000 0.0005 0.0006 0.0000 0.0024 0.0000 0.0002 0.0324 0.0001 0.0002
5 0.0004 0.0057 0.0067 0.0001 0.0257 0.0001 0.0019 0.3547 0.0016 0.0022
¢ 3 0.0002 0.0034 0.0040 0.0000 0.0154 0.0000 0.0011 0.2128 0.0009 0.0013
THQ 1 0.0001 0.0011 0.0013 0.0000 0.0051 0.0000 0.0004 0.0709 0.0003 0.0004
5 0.0002 0.0013 0.0033 0.0000 0.0113 0.0000 0.0007 0.1372 0.0005 0.0008
Y 3 0.0001 0.0008 0.0020 0.0000 0.0068 0.0000 0.0004 0.0823 0.0003 0.0005
Kol 1 0.0000 0.0003 0.0007 0.0000 0.0023 0.0000 0.0001 0.0274 0.0001 0.0002
5 0.0004 0.0028 0.0072 0.0001 0.0247 0.0001 0.0014 0.3000 0.0012 0.0018
(o 3 0.0002 0.0017 0.0043 0.0000 0.0148 0.0000 0.0009 0.1800 0.0007 0.0011
1 0.0001 0.0006 0.0014 0.0000 0.0049 0.0000 0.0003 0.0600 0.0002 0.0004

Y: Yetiskin, C: Cocuk, THQ: Hedef Tehlike Orani
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Ahtapot tiketimi ile viicuda alinan metallerden kaynakli olasi
kanserojen risklerin degerlendirilmesi kapsaminda Cr, As, Cd ve Pb
metalleri icin CR degeri hesaplanmistir. Saglikl insanlarda CR
degerinin bu esik degerin (10-%) altinda olmasi beklenir. Ancak mevcut
calismada CRPb disindaki CR degerleri (CRCr, CRCd ve CRPb), >10-
5 olarak belirlenmistir. Ozeliikle As, Cd ve Pb toksik metalleri
gidalardaki dnemli kontaminantlar olarak goriimektedir. ATSDR
(2017) periyodik olarak glincelledigi “Tehlikeli Maddeler Listesi'nde
As, Cd ve Pb elementlerinin en tehlikeli 10 toksik madde arasinda
oldugunu, Cr metalinin ise en tehlikeli 100 madde icerisinde yer
aldigini bildirmistir. Bu metallerin, gida glvenligi ve tiiketici sagligi
agisindan izlenmesi dnem arz etmektedir.

Tablo 4. Ahtapot dokularindaki Yasam boyu kanser riski (CR)

duzeyleri
Table 4. The lifetime cancer risk (CR) levels of common octopus
tissues
Doku Giin Cr As Cd Pb
5 1.29E-03 7.30E-02 4.47E-03 3.37E-05
Y 3 7.76E-04 4.38E-02 2.68E-03 2.02E-05
Manto 1 259E-04 1.46E-02 8.93E-04 6.75E-06
5 2.83E-03 1.60E-01 4.47E-02 7.38E-05
¢ 3 1.70E-03 9.58E-02 5.86E-03 4.43E-05
CR 1 5.66E-04 3.19E-02 1.95E-03 1.48E-05
5 9.89E-04 6.17E-02 3.38E-03 2.72E-05
Y 3 5.94E-04 3.70E-02 2.03E-03 1.63E-05
Kol 1 1.98E-04 1.23E-02 6.76E-04 5.45E-06
5 2.16E-03 1.35E-01 3.38E-02 5.96E-05
¢ 3 1.30E-03 8.10E-02 4.44E-03 3.58E-05
1 4.33E-04 2.70E-02 1.48E-03 1.19E-05

Y: Yetiskin, C: Cocuk, CR: Yasam boyu kanser riski

TARTISMA ve SONUG

Ahtapot dokularindaki metal seviyeleri ile ilgili Ulkemizde
yapilmis galismalar kisitl diizeylerdedir (Yazkan vd., 2004;
Kiigiiksezgin, 1999). Mevcut galismada elde edilen bulgular
Akdeniz ve dogu Atlantik kiyllarinda O. vulgaris dokularinda
yapilan metal calismalari ile karsilastinimistir. Mevcut
calismada belirlenen Fe, Mn ve Zn diizeylerinin; Arechavala-
Lopez vd. (2019) tarafindan belirlenen diizeylerle benzerlik
gosterdigi fakat Napoledo vd. (2005) ve Miramand ve Guary
(1980) tarafindan bildirilen Fe, Mn ve Zn diizeylerinden daha
yiksek diizeyde oldugu belirlenmistir.  Cu metali birgok
calismada incelenmemis olup; Napole&o vd. (2005) tarafindan
Portekiz kiyilarinda tg farkli bélgeden yakalanan ahtapotlarin
kol ve manto dokularindaki bildirilen Cu diizeylerinin mevcut
calisma ile benzerlik gdsterdigi belirlenmistir.

Ahtapotlardaki toksik metal duzeylerinin arastinldigi gok
sayida galisma mevcuttur (Yazkan vd., 2004; Kiguksezgin,
1999; Storelli, 2009; Miramand ve Guary, 1980; Arechavala-
Lopez vd., 2019; Napoledo vd., 2005; Barone vd., 2015;
Storelli vd., 2012). Benzer sekilde kamu otoriteleri de toksik
metal dizeyleri ilgili dizenlemeler uygulamaktadir. Bu
baglamda Mersin Kdrfezi'nden yakalanan ahtapotlarin manto
ve kollarindaki metal diizeyleri FAO (2011), Tlrk Gida Kodeksi

(TGK, 2011) ve Avrupa Birligi (EC, 2006) limit degerleri ile
karsilagtiriimistir.  Mevcut calismada elde edilen Pb
degerlerinin, her (¢ oforite tarafindan  belirlenen
yumusakgalardaki limit dederin (1 pg.g”" w/w) iizerinde tespit
edilmigtir. Arechavala-Lopez vd., (2019); Nessim ve Riad
(2003) ve Kiglksezgin, (1999) tarafindan bildirilen Pb
degerleri de otoriteler tarafindan belirlenen limitlerin (izerinde
bildiriimistir. Benzer sekilde Cd icin de her (ig otorite tarafindan
limit deder 1 (ug g' w/w) olarak belirlenmistir. Mevcut
calismada incelenen tim dokulardaki belirlenen Cd diizeyleri
bildirilen limit de@erin altinda bulunmustur. Yazkan vd., (2004);
Storelli vd. (2012); Storelli (2009); Barone vd. (2015) ve
Arechavala-Lopez vd., (2019) tarafindan ahtapot dokulari igin
bildirilen Cd diizeyleri de mevcut ¢alisma ile uyumludur.

Tiketici saghgr risk de@erlendirmeleri agisindan EWI
degerlerinin, EFSA (2009, 2011) ve FAO/WHO (JECFA, 2011)
tarafindan belirlenen PTWI degerlerinin aglimamis olmasi
ahtapotun Turkiye'deki tiketiciler icin haftalik alim dizeyleri
acisindan risk teskil etmedigini gdstermistir. Benzer sekilde
THQ ve > THQ degerlerinin <1 olarak belirlenmesi de tliketici
acisindan kanser digi saglik problemlerinin ortaya g¢ikma
olasiliginin distk oldugunu g6stermistir. Ancak bu durumun
ahtapotun belilenen metal konsantrasyonundan ziyade,
Ulkemizdeki dlislk ahtapot tliketimden kaynaklandigi
dustnilmektedir.

Ahtapot tiketiminden kaynakli metal alimina maruz kalma
sonucunda ortaya gikabilen yasam boyu kanser riski (CR)
hesaplamalari da yapilmistir. CR degerinin 10-5 diizeyinin
Uzerinde olmasi, saglikli bir insanin kansere yakalanma
olasiliginin  (100.000'de 1) artacagini ifade etmektedir
(USEPA, 2000). Mevcut galismada Cr, As ve Cd diizeylerinin
kanser riskini arttirabilecedi belirlenmisken, Pb degerlerinin
yasam boyu kanser riski agisindan tehlike olusturmadig
belirlenmistir. Kiyllarimizda ya da diger Akdeniz Ulkelerinde
ahtapotlarda THQ ve CR hesaplamalarinin yapildigi bir
arastirmaya rastlanmamigtir. Ancak Loaiza vd. (2018)
tarafindan Peru’da yapilan galismada; Octopus mimus tiir(i
ahtapotlarin dokularindaki metal seviyelerine gére hesaplanan
THQ degerleri ile benzerlik gdsterdigi gdzlenmistir. Ancak
Loaiza vd. (2018) tarafindan hesaplanan CR degerlerin ve
mevcut ¢alisma ile benzer sekilde As ve Cr elementlerinin CR
acisindan risk teskil ettigi ve kanser riskini arttirdigi
bildirilmistir.

Gida, Cd ve Pb maruziyetinin ana kaynagidir. Cd, ¢ogunlukla
bobreklerde (bdbrek fonksiyon bozukluguna yol agan) ve
kemiklere uzun slire maruz kaldiktan sonra toksik etkiler agiga
cikarken, asir miktarda Pb, ndrotoksisite gelisimi, yetigkinlerde
sistolik kan basinci ve kronik bobrek hastaliginin prevalansi
Uzerine olumsuz etkilere neden olabilir (EFSA, 2013).
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Sonug olarak, Mersin Korfezinden kis, ilkbahar ve yaz
mevsimlerinde avlanan O. vulgaris turii ahtapotlarin distik
tiketim oranlarina ragmen tlketici icin saglk riskleri
olusturabilecegi belirlenmistir. Bu durumun Mersin Kofezi'nde
yogun olarak gerceklestirilen denizcilik faaliyetleri, kentsel
atiklar, tarimsal faaliyetler vb. (Kilcu vd., 2014; Kosker vd.,
2019) antropojenik etkilerden kaynaklaniyor olabilecegi
dusundimektedir. Bu badlamda tiiketici sagligi ve ekosistem
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Abstract: Among cyprinid family, little information is available about the phylogenetic relationships of the members of genus Garra in Iran. The structure of
caudal skeleton as a valuable source in taxonomic studies of fishes can help to determine their systematic position. Hence, this study was conducted to
compare the osteological features of caudal fin skeleton and reconstructing phylogenetic tree of the Iranian members of genus Garra. For this purpose, five
specimens of every selected (except Iran blind carp with two specimens from each morphotype) taxon were cleared and stained to examine the osteological
characteristics of their caudal fin skeleton. Also, Kura barbel (Barbus cyri) and Barzam (Capoeta trutta) were designed as outgroup. The results showed that
members of Garra constitute a monophyletic group. The results revealed that the caudal skeleton features cannot discriminate the members of genus Garra
at the level of species because of small number of extractable characters and their states.

Keywords: Phylogeny, osteology, Iran blind carp, Garra

0Oz: Cyprinidae familyasi igerisinde, iran’'da dagilim gosteren Garra cinsi iiyelerinin filogenetik iliskileri ile ilgili az sayida arastirma bulunmaktadir. Kaudal
yizgeg iskeleti yapis, baliklarin sistematik pozisyonlarinin belirlenmesine yardimci olan, taksonomik galismalarda kullanilabilen bir karakterdir. Bu sebeple,
bu calismada Garra cinsinin Iran'daki tiirlerinin filogenetik iliskilerini belirlemek amaci ile kaudal yiizgeg iskeletlerinin kemik yapisi karsilastirimigtir. Bu amagla
segilen taksonlara ait beser bireye kaudal ylizgeg iskeletlerinin osteolojik karakterlerinin belirlenmesi amaci ile seffaflandirma yontemi (cleared-stained)
uygulanmistir. Calismada Barbus cyri ve Capoeta trutta dis grup olarak kullaniimistir. Elde edilen sonuglara gore; Garra (yeleri monofiletik bir grup

olusturmustur. Sonuglar kaudal yiizgeg iskeletlerinin Garra cinsi igin tir diizeyinde ayriminda kullanilamayacagini géstermistir.

Anabhtar kelimeler: Filogeni, osteoloji, iran kor baligi, Garra

INTRODUCTION

Caudal skeleton of fishes consists of the vertebral columns,
vertebral processes and fin rays, and they are valuable
structures in taxonomic studies of fish taxa (Fujita, 1990). In
this regard, Monod (1968), and Schultze and Arratia (1989)
used the caudal-fin skeleton as a taxonomic source for the
classification of teleost. Development of techniques in the
osteological studies such as clearing and staining, made it
possible to use caudal skeletal structure for taxonomic studies
in fishes.

About 300 fish species have been reported from Iranian
inland waters, of which 111 belong to the family Cyprinidae
(Esmaeili et al., 2018). Members of this family are important in
terms of aquaculture and scientific studies (Nelson, 2006) and
their phylogeny, ecology, physiology and distribution are of
great importance (Chen and Mayden, 2009). Among the
cyprinids, members of the genus Garra are found from the

Southeast Asia to Africa (Coad, 2019). About 75 species of this
genus have been reported, with 10 members in the inland
waters of Iran (Esmaeili et al., 2016: Mousavi-Sabet et al.,
2016a, b; Hashemzadeh Segherloo et al., 2017). The members
of this genus have small to medium-size body, almost fusiform,
with inferior mouth in crescent shape (Coad, 2019) and horny-
lip corners (Stiassny and Getahun, 2007), and 1-2 pairs of the
short barbels. They are found in mountainous streams with
high-velocity currents and can be fixed their position by sucker-
mouth disc, although they have also been reported in low-flow
rivers (Esmaeili et al., 2016; Coad, 2019).

This study aimed to investigate the osteological structure
of caudal fin in different populations of seven Garra species in
Iran and the possibility of using the caudal skeleton characters
to study their phylogeny based on cladistic method. Hence, this
study investigate the efficacy of the caudal-fin skeleton

© Published by Ege University Faculty of Fisheries, Izmir, Turkey
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application to study phylogeny of Iranian cyprinids and the
results may help to clarify the relationships of this genus in Iran
as well.

MATERIAL AND METHODS

For this study, Garra species, including G. rufa from the
Tazeh-Ab River (Tigris river drainage) and lloud Spring
(Hormuzgan basin), G. gymnothorax from the Karkheh River
(Tigris river drainage), G. persica from the Kash, Sanderk and

Table 1. Sampling stations of this study

Sarbaz rivers (Makran basin), G. rossica from the Nahang
River (Makran basin) and G. lorestanensis and G. typhlops
from the Bagh-e Loveh, Lorestan Province (Tigris river
drainage) as in-group and Capoeta frutta and Barbus cyri as
out-groups were collected, each 10 with specimens except G.
lorestanensis and G. typhlops with two specimens due to their
conservation status (Table 1).

Species River Basin Latitude longitude Above Sea Level

Garra rufa lloud Hormuzgan 27°12'28"N 54°40'9"E 438
Garra gymnothorax Karkheh Tigris 48°20'45"N 31°62'5"E 332
Garra rufa Tazeh-Ab Tigris 34°44'1"N 46°11'54"E 1099
Garra persica Kash Makran 25°5'57"N 57°44'57"N 155
Garra persica Sanderk Makran 26°50'24"N 57°15'54.7"E 54

Garra persica Sarbaz Makran 26°37'53"N 61°15'35"E 894
Garra rossica Nahang Makran 26°50'36"N 61°3527"E 1345
Garra typhlops Bagh-e Loveh Tigris 33°4'38'N 48°35'33"E 812
Garra lorestanensis Bagh-e Loveh Tigris 33°4'38'N 48°35'33"E 812
Capoeta trutta Semirom Tigris 31°11"15"N 51°1525"E 1548
Barbus cyri Sefid Caspian Sea 37°129'N 37°1'29"E 81

For osteological examination, the specimens were cleared RESULTS

and stained based on Taylor and Van Dyke (1985) using
alizarin red and alcian blue for bone and cartilage staining,
respectively. The caudal skeleton of all species were separated
and examined under a stereomicroscope (Leica MS5). Their
structures were then scanned by a scanner (Epson v600)
equipped with a glycerin bath, and drawn and labeled using
CorelDraw X6 software. Nomenclature of the skeletal elements
is followed Rojo (2009), and Jalili and Eagderi (2014).

The hypothesis of phylogenetic relationships was
performed based on cladistic method (Swortfford et al., 1996).
By examination and comparison of the samples, the
morphological characteristics of different taxa were selected
and described as character states. Polarity of the characters
were determined according to Watrous and Wheeler (1981).
Seven character states were used in phylogenetic tree
reconstruction to investigate the evolutionary model and
unspecified data were labeled as? To understand the effect of
unspecified data, parsimony analysis was performed
separately with and without these data.

Phylogenetic reconstruction was performed based on
maximum parsimony criterion using PAUP4 software
(Swofford, 1999). Data matrix were executed using Heuristic
search algorithm by selecting 100 Tree-bisection-and-
reconnection iterations and deleting in-informative characters.
Character states distribution was evaluated using ACCTRAN
(Accelerated Transformation) and bootsrap analysis with 100
iterations was performed using Heuristic search algorithm.

Comparison of the caudal-fin skeleton: The caudal fins of
the studied taxa, similar to other cyprinids, possesses the
hypural, epural, uroneural, parhypural and pleurostile bones
(Figure 1h). The hemal spines of the first vertebrate i.e. ural
centra are transformed as the hypural and parhypural bones to
support the caudal-fin rays. In members of the genus Garra,
number of the hypurals varies 5-7. Garra rufa has six hypurals,
G. gymnothorax five (Figure 1a, b, ¢) and G. persica and G.
rossica six, whereas those of G. persica from the Sanderk
River have five. Garra typhlops and G. lorestanensis also have
six or seven hypurals, respectively.

The first hypural is fused to the parhypural, and this
complex is connected to the first vertebrate. The parhypural is
long and almost wide bearing a hypurapophysis in its base.
The hypural-ll and pleurostile are also fused to the last
vertebrate. The anterior part of the third hypural is attached to
the urostyle, and the hypural IV-VII are freely located in the
posterior part of the pleurostile. The epural is neural spine of
the first vertebrate to be separated. This long bone is unpaired
having different sizes and shapes. In all studied species, the
ventral part of this bony element is wider than its dorsal part. In
G. persica populations of the Kash River, the dorsal part is
wider, but it has same width throughout its length as G. rossica.

The uroneural is small and narrow, except in G. persica of
the Sarbaz River, which it is absent. In others, this bone is
paired. The uroneural is situated on the anterior margin of the
pleurostile having diverse sizes. In the antero-dorsal part of the
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first vertebral center, a neural process is usually seen, which it
is narrow and pointed at its end. In G. rufa of the lloud Spring,
the first vertebrate of the caudal skeleton bears two processes.
In the members of the genus Garra, there are several
differences in the structure and shape of the second neural
spine (PU2).

Such a differences were also observed in members of the
same species.

The second neural spine is usually broad at its base and
narrow at the end. In G. typhlops, this spine is modified as a
process, whereas the two neural spine are observed in G.
lorestanensis, which the posterior one is narrower seems to be
developed from the Zygapophysis. One specimen of G. persica
of the Sanderk River had an inter-neural spin bone in the
anterior part of PU2. A total of seven characters were defend
as Table 2.

Figure 1. Caudal-fin skeleton of (a) Barbus cyri, (b) Capoeta trutta, (c) Garra typhlops, (d) G. lorestanensis, (e) G. rossica, (f) G. gymnothorax,
(9) G. rufa (lloud), (h) G. rufa (Tazeh-Ab), (i) G. persica (Kash), (j) G. persica (Sarbaz) and (k) G. persica (Sanderk) (Epu: epural; Hp:
hypurals; Np: neural process; Ns: neural spine; Ph: parhypurale; Un: uroneural; Ust: pleurostile)
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Table 2. Character states were defend

Character states

sixth hypural is large and complete (0), reduced
(1), absent (2).

caudal skeleton bears six (0), five (1), seven (2)

Character 1

Character 2
hypurals.
Character 3  PU1 possesses one (0), two (1) neural spine.
Character 4  neural spine of PU2 is long (0), short (1).
parhypural has ventral position bearing greater
Character 5  angle with vertebral column (0), has posterior
position less angle with vertebral column (1).
Character 6 Zygapophysis of PU2 is small (0), well-
developed (1).
Character 7 epural has same wideness along its length (0), it

is broader ventrally (1)

Phylogenetic analysis: The data matrix for 9 in-groups
and 2 out-groups is presented in Table 3. The results of the
parsimony analysis based on data matrix had most-parsimony
trees with a length of eight, consistency index (Cl) of 0.875 and
retention index (RI) of 0.8333. Due to the high number of
parsimony trees, the consensus majority tree was selected
based on values obtained from 100 replicates (Figure 2).

Table 3. Data matrix of 11 studied taxa, including 9 in-groups and 2
out-groups (0= plesimorphics, 1and 2 = synapomorphics)
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Taxa
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G. gymnothorax (Karkheh)
G. ruffa (Tazeh-Ab)
G. typhlops

G. lorestanensis

G. persicaa (Sarbaz)
G. persica (Kash)

G. persica (Sanderk)
G. rossica (Nahang)
C. trutta

B. cyri
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Oz: Tiirkiye'de tiglincii geri-alim programi, Tarim ve Orman Bakanli§i Balikgilik ve Su Uriinleri Genel Miidirliigii tarafindan, 2014 yili 29023 sayili Resmi
Gazetede yayimlanan “Tarimsal Destek Tebligi-Balikgi Gemisini Avciliktan Cikarilacaklara Yapilan Destekleme Tebligi” ile baslamistir. Bu ¢alisma, Uglinci
kusak balikgi gemisi geri-alim programini degerlendirmektedir. Bu programda 10 metreden buyik 191 baliki gemisi arasindan, érneklem hesaplanarak basit
tesadifi Grnekleme yontemi ile 89 balikci gemisi sahibi ile gériistilmiistiir. En fazla gemi alimi Marmara (%38), en az gemi alimi da Ege (%15) ve Akdeniz
Bélgesinden (%15) yapilmistir. En fazla 10-12 metre arasi balikgi gemisi geri-alimi gergeklesmistir. Sadece bir balikgl, 31 metre ve lizeri balikgl gemisi sahibi
olarak programdan yararlanmistir. Geriye kalan 9 gemi 12 metreden biiyik 23 metreden kiiguktur. Devredilen gemilerin %95'i kiiglik 6lgekli balikgi gemisi
kategorisinde yer almaktadir. Geri-alim programi kapsaminda devredilen gemilerin %41’i, 3-90 glin arasinda denize gikmis, %4l ise 2015 yili icerisinde hig
denize gikmamistir. Ancak balikgi gemilerini devreden kisilerin %60'1 ikinci bir gemiye sahiptir. Balikcilarin %85'i devrettikleri gemide tayfa galistirdigi ve bu
tayfalarin %73'U aile digindaki kisilerden olustugu halde programin tayfalara yonelik herhangi bir i¢eriginin olmamasi elestirilebilir. Sonug olarak; tiglincti kusak
geri-alim programinda 22,5 milyon lira (8,3 milyon $) karsiliginda 191 gemi geri alinmistir. Ancak géristilen balikgilarin %77’sinin balikgilik sektoriinde
calismaya devam etmesi ve %26'sinin geri-alim programindan aldiklari destekleme ile yeni bir balikgi gemisi alarak balikgilik yapmaya devam etmektedir. Bu
nedenlerle, balikgilik yoneticileri geri-alim programlarinin stoklar (izerindeki av baskisi ile ilgili etkileri dikkate almalidir. Geri-alim programinin amaglarina
ulagip ulasmadigi yoneticilerce sorgulanmali ve takip eden programlar gerekli degisiklikler yapilarak uygulamaya gegirilmelidir.

Anahtar kelimeler: Balikgilik geri-alimlari, balikgi gemisi hizmetten alma, avcilik kapasitesinin azaltimasi, filo kapasitesinin azaltiimasi, balikgilik yonetimi

Abstract: The third buy-back program in Turkey entered into force in 2014 with the Notice No. 29023 of the Official Gazette titled “Notice of Agricultural
Support-Official Notice of Decommissioning of Fishing Vessels”, issued by the Directorate of Fishery and Aquaculture of the Ministry of Agriculture and
Forestry. This study is an evaluation of the third generation of the program. In this study, simple random sampling method was used to interview 89 vessel
owners out of a total number of 191 vessels which are longer than 10 meters. The biggest number of buy-backs was in Marmara Region (38%), followed by
the Agean (15%) and the Mediterranean (15%) regions. Most of the decommissioned vessels were 10-12 meters in length. The only fisher that benefited from
the program was the owner of a vessel longer than 31 meters. The remaining 9 vessels were longer than 12 meters and shorter than 23 meters. In the scope
of the program, 95% of the buy-back vessels are in the small-scale category. Among those, 41% of the vessels were in use for 3-90 days, while 4% had never
been used within the year 2015. However, 60% of the owners who handed over their vessels also owned a second boat. Although 85% of the fishers employed
a crew on-board and 73% of their crew were not family members, the fact that the program lacks a component for the crew can also be criticised. In conclusion,
the third generation buy-back program bought a total of 191 vessels for 22.5 Million Turkish Liras ($8.3M US). However, since 77% of the interviewees
continued fishing with their second boat and 26% bought a new boat with the support they were granted. Therefore, all details of the results and the success
of the buy-back programs should be evaluated by the authorities and future programs should be put into practice with necessary amendments.

Keywords: Fisheries buy-backs, vessel decommissioning, reducing fishing effort, reducing fleet capacity, fisheries management

GIRiS

Sinirli canli deniz kaynaklarinin strdirlebilir kullanimi,
biyiyen balikgi filolari, asiri avcilik ve balikgilik yonetimiyle
ilgili basarisizliklar birgok kiyisal dlkede balikgilikla ilgili en gok
tartisilan konularin basinda gelmektedir. Hannesson (2007),
asir avcilik kapasitesine sahip balikgt filolarinin git gide yayilan
bir fenomen oldugunu bildirmektedir. Zira balikgilikta av
kapasitesini arttirmayla ilgili sinirlandirmalar yetersizdir. Oysa
balik stoklari, verimliligi sinirli olan kit kaynaklardir. Bu limiti
hesaba katan bir mekanizma var olmadigi stirece asiri avcilik

ve asin kapasite sorunlariyla basa c¢ikabilmek mimkin
gorilmemektedir. Balik stoklari (izerindeki uzun dénem etki ve
diger gemilerin avciliginin dikkate alinmamasi da filonun
biylmesini tetikler. Ancak bireysel bir yatirimcinin yeni bir
gemi alip filoya katilmasi kendisi agisindan karli gériinse de,
boyle bir yatinmin sektore olan katkisi negatif olabilir
(Hannesson, 2007). Buna ragmen, insanlar balik stoklarindan
daha buytk bir pay kapabilmek iin balik¢iliga para yatirmaya
devam eder. Bu nedenle, eder balikgi gemilerinin satin alinarak
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filodan cikariimasina, asiri balik¢ilik kapasitesini dnleyen bir
mekanizma egslik etmezse, uzun vadede geri-alim
programlariyla bir sonu¢ alinamaz (Hanneson, 2007). Bu
durum, balikgilik yoneticilerinin isini daha da zora sokar. Daha
iyi yonetim icin uygulamaya gegirilen politikalarin iflas etmesi,
bu ise tahsis edilen kaynaklarin boga gitmesi toplumun her
kesiminin tepkisini ceker.

Turkiye'nin -~ de  bulundugu  Akdeniz  Glgeginde
lisanslandirmak suretiyle balikgi gemilerini kontrol altina alan
ve sinirlandiran bir yonetim yaklasimi mevcuttur. Girdilerin
kontrol edilmesine dayanan bu yaklagim blylk olgekli
balikgilar igin denizde gegirilen glin sayisiyla, bazi tiirlerin boy
sinirlandirmalariyla, alan yasaklariyla desteklenmektedir.
Orkinos icin ise kota ile avcilik s6z konusudur. Ancak Kirkley
vd., (2002), girdi kontrollin{i kullanan ve balikg gemisi sayisini
siniflandiran  birgok balikgilik rejiminin asir  kapasiteden
muzdarip oldugunu bildirmektedir. Hatta bu tlir uygulamalarin
balik stoklari (zerindeki baskinin artmasi ve karliligin
dusmesiyle sonuglandidini iddia eden arastirmalar mevcuttur
(Fox vd., 2006). Bununla birlikte, balikgilikta geri-alim
programlari Kuzey Amerika'dan Asya'ya kadar dinyanin
bircok bélgesinde farkli sekillerde uygulanmaktadir (Curtis ve
Squires, 2007). Yazarlar, balikgi gemisi ve lisans geri-
alimlarinin, asiri avlanma kapasitesine, balik stoklarinin asiri
kullanimina ve dagitim konularina yonelik kilit ydnetim araglari
oldugunu bildirmekte ve dinyanin farkl kdselerinde
uygulanmis geri-alim programlarindan ¢ikarilan  dersleri
detaylandirmaktadir.

Dlnya balikgiiginda ilk geri-alim programi 1970’lerde
Kanada'da uygulamaya gegirilmistir (Curtis ve Squires, 2007).
Ayni yillarda Turkiye su Urlinleri sektoriine cesitli tesvik,
muafiyet ve destekler saglanmaya bagslanmis ve balikg! filosu
biyutlimistir. Bu  durum, ilk zamanlarda, Trkiye
denizlerinden avlanan deniz drinleri miktarini arttirsa da daha
sonraki yillarda balik stoklari (izerinde baskinin artmasina, baz
tirler Uzerinde asir avciliga yol acgmistir. Balikgilik
yoneticilerinin, hizli ve kontrolstiz bliyimeye tepkisi yirmi yil
sonra gelmigtir ve ilgili bakanlik 1991 yilinda balik¢i gemilerine
ruhsat vermeyi durdurmustur (Ekmekci ve Unal, 2019).
Sonrasinda belli araliklarla kisa streli de olsa ruhsatsiz
gemilere ruhsat alma olanagi taninmistir (Bilgin, 2008). En son
balik¢i gemisi ruhsati 2001 yilinda verilmistir ve 2002 yilindan
beri balikgi gemisi ruhsatlari durdurulmustur. Ancak mevcut
gemilere sadece bir defaliga mahsus %20 boy artis hakki
taninmistir (Ustiindag, 2010). 2012 yilina gelindiginde, filonun
dondurulmasinin da yeterli olmadigi anlasiimis ve filodan bazi
gemileri gikarmak suretiyle filonun kugltilmesine karar
verilmigtir. Bu tlirden uygulamalar (balik¢i gemisi geri-alim
programlari) ile filo Kkgtltilmesi ve balikgilik gicinin
azaltimasi yeni bir sey olmasa da Turkiye'de ilk kez 2012
yilinda ¢ikarilan teblig (Teblig No: 2012/51) ile uygulamaya
alinmistir (GTHB, 2012).

Balikgilikta geri-alim  programlarinin  tarihgesi, hangi
amaclarla, hangi (lkelerde, nasil kullanildi§i daha O6nceki
arastirmacilar tarafindan ayrintili olarak agiklanmigtir (Curtis

ve Squires, 2007). Bu konuda ulusal 6lgekte yapilan calismalar
(Unal vd., 2015; Goktay vd., 2018; Ekmekci ve Unal, 2019)
detayll literatir incelemelerine dayanmakta ve geri-alim
programlariyla ilgili kapsamli bilgiler sunmaktadir.

Tiirkiye' de birinci kusak geri-alim programi (Unal vd.,
2015; Goktay vd., 2018); lisans sahibi 12 m ve Uzerindeki
balikgl gemisi sahiplerine yo6nelik gergeklestirilmis ve su
urdinleri kaynaklarinin korunmasi, stirdirdlebilir isletiimesi ve
stoklar (zerindeki av baskisinin azaltiimasini hedeflemistir
(GTHB, 2013; Unal vd., 2015; Goktay vd., 2018; Ekmekci ve
Unal, 2019). ikinci geri-alim programinda tekne boylari 12 m'ye
dUsUrilmastir. Daha sonra Bakanlik, 07 Haziran 2014 tarih ve
29023 sayill Resmi Gazete ile “Balikgi Gemisini Avciliktan
Cikaranlara Yapilacak Destekleme Tebligi (Teblig No:
2014/26)" ile lll. kusak geri-alim programini baslatmistir
(GTHB, 2014). ilk programda 62,1 milyon lira 6deme yapilarak
364 balikgi gemisi filodan gikariimistir. ikinci programa, gemi
boylarinda  yapilan  degisiklik nedeniyle (programdan
yararlanabilecek minimum gemi boyu 12 m'den 10 m'ye
dusUrilmustiir) daha ¢ok balikgi bagvuru yapmis ve 54 milyon
lira 6denerek toplam 456 gemi geri alinmistrr. ilk iki programda,
31 m ve Uzeri gemilere, metre bagina 20 bin lira ddenirken
Uclincl programda bu meblag 31-34 m arasi gemiler igin
verilmis ve 35 m U(zeri gemiler igin iki ayri grup yapilarak
6demeler bariz bir sekilde arttirimistir. Ancak bu degisikliklere
ragmen, programa olan ilgi ve bagvuru sayisi dusik
gerceklesmistir. Uglincli kusak geri-alim programinda, sadece
191 balikgi gemisi geri alinmis ve bunun karsiliginda 22,5
milyon lira 6deme yapiimistir.

Bu calisma, Turkiye’'de IIl. kusak geri-alim programini ele
almaktadir. Calisma; Ill. kusak geri-alim programina hangi
balikgilarin neden ilgi gdsterdigi, bu balikgilarin sosyo-
demografik ve ekonomik dzellikleri, programdan memnun olup
olmadiklari, filodan cikarilacak gemilerin Ozellikleri gibi
konulara agiklik getirmektedir. Calisma sonuglari, Tirkiye'de
gerceklestirilen dnceki iki geri-alim programiyla karsilastirmali
olarak tartisiimaktadir. Sonuglarin, geri-alim programlarinin
potansiyel etkilerini ve balik¢ilik sektorini ne yonde
etkileyecegini daha iyi anlamamiza ve yonetimsel tedbirler
almamiza yardimci olmasini umulmaktadir.

MATERYAL VE METOT

Calismanin temel verilerini, Tirkiye'den Uglincli kusak
gemi-alim programina katilan balik¢i gemisi sahipleriyle Ekim-
Kasim 2015 tarihleri arasinda telefon anketleriyle toplanan
veriler olusturmaktadir. Anket tasariminda ilk iki programin
degerlendiriimesinde (Goktay vd., 2018; Ekmekci ve Unal,
2019) kullanilan anketlerden yararlaniimistir. Anket; sosyo-
demografik veriler, sosyo-ekonomik veriler, gemi verileri,
personel verileri ve geri-alim programi hakkindaki gorislerle
ilgili sorular igermektedir.

Ornege girecek olan balikgilarin belirlenmesinde oransal
ornek hacmi formilu (Miran, 2003; Newbold vd., 2013)
kullanilmistir.
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%99 given araliinda ve %10 hata payl kabul edilip,
p=0,50, (1-p)=0,50 dikkate alinarak hesaplama yapilmistir.
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Calismada tam sayim yerine, ana kitleyi (191 balikgi)
temsil edecek programdan yararlanan gemi sahibi balikgilar
arasindan érnek hacmi belirlenmis ve érneklem iginde yer alan
balikgilarla (89 balikgl) basit tesadifli érnekleme yontemi
kullanilarak gérustlmustir. Veriler betimsel istatistik analiz
yontemi (frekans dagilimlari, basit ortalamalar ve oransal
dagilimlar) ile hesaplanmistir.

BULGULAR
Sosyo-demografik Bulgular

Gemi sahiplerinin; yas ortalamasi 49,25+7,75 yil, egitim
seviyesi 7,75+2,80 yil ve balikgilik tecribeleri 26,61+14,42
yildir. Balikgilarin %92,5'si evlidir ve gegiminden sorumlu
oldugu Kkisi sayisi 4+2 Kkisidir. Programdan yararlanan
balikgilarin %87,5'i, asil meslegini balikgilik olarak bildirmistir

(Sekil 1).
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Sekil 1. Geri-alim programina katilan balikgilarin demografik dzelliklerinin oransal dagilimi
Figure 1. Distribution of demographical properties of the vessels applied for the program

Sosyo-ekonomik Bulgular

Geri-alim programi kapsaminda 2015 yili iginde devredilen
gemilerin %94'U aktif olarak balikgilik yapmistir. %4'U yil iginde
hi¢ denize ¢ikilmamistir. Aktif olarak balikgilik yapan gemilerin
%41'i 91-180 glin, %41'i 3-90 giin ve %18'i ise 181-360 guin
avcilik yapmistir,

Geri-alim programina miiracaatta bulunan balikgi gemisi
sahiplerinin ortalama denizde calisma streleri; Karadeniz
Bolgesinde 139+86 giin, Marmara’da 136489 giin, Akdeniz'de
142484 giin ve Ege’de 138493 giindr.

Devredilen geminin denizde ¢alistigi glin sayisi ile miracaat
edilen bolge arasindaki iligki incelendiginde; Karadeniz
bélgesinde avlananlarin  %50'si  30-180 gln, Marmara
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bdlgesinde avlananlarin %71’i 30-180 giin, Ege bélgesinde
avlananlarin %82'sinin 60-180 glin ve Akdeniz bdlgesinde
avlananlarin  %78'sinin  90-180 gin arasinda avlandigi
gorilmektedir.

Ankete katilan gemi sahiplerinin miiracaat ettikleri bdlgelere
gdre 2015 yili igindeki en yliksek ortalama balik satis tutarlari
Karadeniz Boélgesinde 14.761+ 17.810 TL ile en yiiksek, Ege
bélgesinde ise 8.617+8.580 TL ile en dlslk ortalama balik
satis tutari ortaya gikmigtir.

Gemi Yasi (yil)
%45
%30
%10 %10
%4
I e
1-10  11-20 21-30 31-40 41-50
Makina Yas1 (yil)
%353
%24
%18
. 0/04 0/02
|
1-10  11-20 21-30 31-40 41-50

Balikg Genmisi ile ilgili Bulgular

Ankete katilan balikgiliklarin devrettikleri gemilerin; ortalama
gemi yasl 22,5+9,1 yil, makine yas! ortalama 17,8+8,9 yil,
makinenin ortalama beygir giicti 120,7+80,9 beygirdir. Geri-
alim programina katilan balikgi gemisi sahiplerinin %36’sI
Karadeniz'de, %35'i Marmara’'da, %18'si Ege'de ve %11'i de
Akdenizde balikgilik yapmaktadir. Gorisilen balikgilarin
%76'i av araci olarak uzatma agini, %3'U paragati ve %17’
diger tercih etmektedir (Sekil 2).

Makina Giicii (BG)
%64

%12
] %l %3
20-79 80-139 140-199 200-259 260 ve
iizeri
%76 Av Araci
%11
%6 %4
0/ 3 o
— B s -
Uzatma ag1 Paragat Trol Girgir Diger

Sekil 2. Geri-alimi gergeklesen gemilerin yasi, makina yasi, makine giicii ve av araglarinin oransal dagilimi
Figure 2. Proportional distribution of age, power and gears of vessels bought-back

Personel ile ilgili Bulgular

Balikgilarin %851 devrettikleri gemide mdirettebat
calistirmaktadir. Calisan mirettebatin %73'U aile digindaki
kisilerden olusmaktadir (Sekil 3). Balikgi gemisi sahiplerinin
%85'i devrettikleri gemilerde galisan murettebata pay usuliine
gore Ucret ddemesi yapmaktadir.

Pay usull Ucret 6deme seklinde gemi sahipleri masraflar
cikarildiktan sonra kazancin %50'sinin kendilerine kaldigini,
%50'sinin de calisan personel arasinda pay edildigini ifade
etmistir. Devredilen gemideki miirettebatin %75'i balikgilk
yapmaya devam etmeyecektir. Balikgillk yapmaya devam
edecek olan mirettebatin %16’sinin tamamina yakini (%78)
tayfa olarak balikgiliga devam edecektir.
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Gemilerde Cahsan Miirettebatin
Dagilimm

Aileden
%27

Disaridan
%73
Miirettebatin Balikcihga Devam
Durumu
Hayir Fikrim
L Yok
%9
Evet
%16

Gemilet_‘_de Personele Ucret
Odeme Sekli

Yevmiye
%7

Diger

Pay
%85

Balik¢ihiga Devam Eden
Miirettebatin Devam Sekli

Gemi
sahibi
olarak
% 22
Tayfa
%78

Sekil 3. Geri-alinan gemilerde galisan mirettebatin ézelliklerinin oransal dagilimi
Figure 3. Proportional distribution of crew working on vessels bought-back

Geri-alim  Programinin  Degerlendirilmesiyle ilgili
Bulgular

2015 yili geri-alim programina miracaat eden gemi
sahiplerinin - %8'i, bir 6nceki programa da basvuruda
bulundugunu bildirmistir. Gemi sahiplerinin %74’l, programin
cazip bir firsat olmasi, %60’1 ise birden fazla balikgi gemisine
sahip olmasi nedeniyle programa basvurmustur (Sekil 4).

Diger

Bor¢larin kapatilmak istenmesi

Programin cazip bir firsat olarak gériilmesi

Emekli olunarak bahkcihiktan ayrilmak
istenmesi

Mevcut geminin degistirilmek istenmesi

Birden fazla balik¢i gemisine sahip olunmasi

Ortagin bahkcihk yapmak istememesi

Balik¢ihgin ekonomik olarak kazang
getirmemesi

Bu faktorler disinda, personel bulmakta sikinti yaganmasi,
personelin ylksek Ucret istemesi, geminin eskimesi, yaslilik-
hastalik durumlari, av miktarinin azalmasi, masraflarin gok
olmasi, gemi sahibinin iflas etmesi, calisma sartlarinin zor
olmasindan dolay! gemilerini geri vermek isteyenler olmustur
(%31).

%74

20 40 60 80

Sekil 4. Geri-alim programina katilim etkileyen faktérlerin oransal dagilimi
Figure 4. Proportional distribution of factors affecting participation to the buy-back program
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Programdan yararlanan gemilerin, geri-alim 6ncesi tahmini
ortalama parasal degerleri; kuru gemi ve motor 74.392+
41.926 TL, donanim 12.365 £10.559 TL olarak bildirilmistir.
Ankete katilan gemi sahiplerinin programdan 6nce, kuru gemi
ve motor icin istedikleri deder gemi boyuna bélindiigiinde,
metre basina ortalama 5.636 TL bir deger bulunmustur. Sekil
5, balik¢i gemisi sahiplerinin programla ilgili gérislerini
yansitmaktadir.

Ankete katilan gemi sahiplerinin geri-alim programindan
aldiklari desteklemeyle; borglarini kapatacagi (%45), yeni bir
gemi alacagi (%35), baska bir is koluna yatirim yapacagi (%14)
ve ev alacadi (%6) gorilmektedir. Yeni bir gemi almayi

Gemiye Bicilen Degerden Memnun

Olma
%68
%17 %16
[
Memnunum Kismen Memnun
Degilim

Balik¢ilikta Kalma Durumu

%351
%30
= -
Evet Hayr Karasiz

Programim Olumlu Etki Yaratacagimi
Diisiinenlerin Dagilim

%53
%42
L
Evet Haywr Kismen

planlayan gemi sahiplerinin %57’si 12 m'den kuguk, %14'U trol
ve girgir aveiligi yapmak iin blytk ve %29'u amator aveilik
icin kiiclik bir gemi alacaklarini /aldiklarini ifade etmistir.

Balikgl gemisini geri-alim programi kapsaminda devreden

gemi sahiplerinin %68'i gemiye bigilen dederden memnun,
%79u programi faydali bulma, %85 programin devam
etmesini istemistir. Gemisini devreden gemi sahiplerinin
%19'u, balikgilikta kalmaya devam edecegini ifade etmektedir.
Balik¢ilikta kalmaya devam edecek olanlarin %64l balikgiliga
eldeki ikinci bir gemi veya yeni satin alacaklari bir gemi ile
devam etmeyi diislinmektedir (Sekil 5).

Programin Devam Etmesini Isteme

%385
%10 %5
] -
Evet Hayir Kismen

Programi Faydah Bulma

%79

%8 %13

— |
Evet Hayir Kismen
Bahkcihiga Devam Sekli

%64

%24
%13
Gemici Yeni Gemi Amatér Bahka

Sekil 5. Balikgilarin programdan duyduklari memnuniyet ve balikgilija devam etme istekliligi durumlarinin oransal dagimi
Figure 5. The satisfaction of the fishers from the program and the proportional distribution of their willingness status to stay in fishing

Gemisini devreden gemi sahibinin balikgilikta kalma durumu,
balik¢iigl asil veya ikinci meslek olarak yapmasina gore
incelendiginde; meslegi balikci olanlarin %19'unun balikgilikta
kalmaya devam edecegi, ikinci is olarak balik¢ilik yapan her (i
balikgidan ikisinin balik¢ili§i terk edecedi gértilmektedir.

TARTISMA

Tlrkiye'de Uglncisu uygulanan balikgl gemisi geri-alim
programinin blytk gemilerin filodan ¢ikariimasini hedefledigi
gorilmektedir.
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ilk iki programda daha ziyade atil gemilerin alindiginin
farkinda olan idareciler, bu programda blylk gemilerin filodan
cikariimasina yonelik strateji izlemiglerdir. Gemi boylarina gére
yapilan édemelerin arttiriimasi, bunun gdstergesi olarak kabul
edilebilir. Bununla birlikte, mevcut yeni dizenleme buyik
teknelerin  programa daha fazla ilgi gdstermesini
saglayamamigtir. Bu durum, 30 metre Uzerindeki gemilere
yapilacak olan ddemenin balikgilar tarafindan yeterince cazip
bulunmamasi, bu boydaki gemiler arasinda atil kapasite gemi
bulunmamasi ve karli galismalari gibi nedenlerle ilgili olabilir.
Bu nedenlerle, Bakanlik I. Program ile 12 metre ve Uzeri 364
gemiyi, Il. Programda 10 metre ve (izeri 464 gemiyi filodan
cikarirken, Ill. Programda 10 metre ve (izeri sadece 191 gemiyi
geri alabilmistir. Bu gemilerin %5'i 12m-34m arasinda, %95'i
ise 10-12m araliginda yer alan gemiler olmasi programa bytik
oranda kuglk Olgekli balikgilarin ilgi gdstermesinin  bir
sonucudur. 40 m ve Uzeri tekne programa bagvurmamigtir.

Table 1. 2012 yili ile karsilastirildiginda filodaki azalma

Uygulanan Ug geri-alim programi sonucunda, toplamda 135,6
milyon TL (65,1 ABD $) harcanarak, programlar baglamadan
evvelki 2012 yili (TUIK, 2014) toplam balikgi filosu (14324)
izerinden %6,9 oraninda azalma gergeklesmistir. Benzer
sekilde, 2012 yili 10 m Uzeri balikgi filosu tzerinden hesaplama
yaplldiginda, bu filonun sayisinin da %39,4 oraninda azaldig
gorilmektedir (Tablo 1). Bununla birlikte, yaklasik %40
azalmanin ardindan 10 m Uzeri filodaki gemi sayisinin 1537
olmasi gerekirken, TUIK (2018)'e gére 2419 olmasina agiklik
getirmek gerekir. 31.01.2000 tarihli, SUHD-91-912-199 sayili
yaziyla belirtilen Bakan Oluru ile bir balikgi gemisinin boyunun
bir defaya mahsus %20 arttirimasi hakki taninmasi bu artista
etkili olmus olabilir.  Zira geri-aim  programlarinin
baslamasindan itibaren yaklagik 8,5 m civarinda olan balikg
gemilerinin boy uzatma hakkini kullanarak gemilerini 10 m
tzerine ¢ikardiklari distintimektedir.

Table 1. Decrease in fleet as a result of buy-back programs compared to 2012*

Geri-alim Cikarilan Balikgi Gemisi Destekleme Odemesi Destekleme Odemesi Filodaki Azalma Orani
Programlari (adet) (Milyon TL) (ABD $) (%)
. Program 2012-2013
. 364 32,6 14,3
12m ve Uzeri
Il. Program 2013-2014
. 446 24,2 17,6
10m ve Uzeri
I1l. Program 2014-2015
o 191 25 8.3 75
10m ve Uzeri
TOPLAM 1001 135,5 65,1 39,4

*2012 yilinda, filodaki 10 m > balikgi gemisi sayisi 2534 adettir (TUIK, 2013)

Il. geri-alim programi kapsaminda en ¢ok geri-alim
Marmara'dan (%38) gergeklesmistir. Benzer sekilde, Ekmekci
ve Unal (2019)’ da ikinci programda en ¢ok geri-alim yapilan
bélgenin  Marmara oldugunu bildirmistir. Bu ¢alismada
gorstlen gemi sahiplerinin %41’inin yil boyunca 1-90 giin
arasinda balikgilik yapmasi, %4’inln ise yil boyunca hig
denize ¢ikmamis olmasi, program sayesinde filodan gekilen
gemilerin  neredeyse yarisinin  aktif olarak balikgilik
yapmadigini gostermektedir. Oysa pasif balikgi gemilerinin ilk
iki programda eritilmis olacagi dngérilliyor (Ekmekci ve Unal,
2019), Ill. programda daha ¢ok aktif balikgilik yapan gemilerin
filodan gekilecedi dusundliyordu. Bu oranin, takip eden
programlarda da izlenmesi ve toplamda filodan cekilen
gemilerin, yizde kaginin aktif olarak balikgilik yapan gemiler

oldugu tespit edilmesi gerekir. Zira geri-alim programinin agiri
avcilikla micadeleye, strdrClebilir balikgiliga ne derece katki
yapacagina dair en énemli gostergelerden biri de; av glicli ve
balikgilik kapasitesidir. Ayrica gemisini elden gikaranlarin
%40’ inin ikinci bir balikgl gemisine sahip olmasi g6z Unlinde
tutulmahdir. Bunun yani sira, yeni bir balik¢i gemisi alip
balikgilikta kalmaya devam edeceklerin de tespit ediimesi ve
izlenmesi gerekir. Yeni ruhsat alimi durdurulmasina ragmen
(Ekmekgi ve Unal, 2019), var olan ruhsatlarin balikgilar
arasinda el degistirmesiyle yeniden balik¢iliga baslama yada
kalma durumu yasanmaktadir. Ekmekci ve Unal (2019), II.
Programda goriisilen gemi sahiplerinin %62’sinin gemi ve
balikgi gemisi ruhsatini devrettigi halde, yeniden balikgilikta
kalacagini rapor etmektedir. Yazarlar, balikgilikta kalmayi
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distinen gemi sahiplerinin %71'inin balik¢ilia yeni veya bagka
bir gemi ile devam etmeyi tercih ettiklerini ve devam edecekleri
gemide devrettikleri gemidekine benzer av araglarini
kullanacaklarini belirtmistir. Diger yandan, balikgiliga devam
etmeyecek balikgilar ellerinde kalan av araglarini balikgilikta
kalanlara devretmenin bir yolunu bulacaktir. Bu durumda,
filoda yer alan bir gemi programdan dnce sahip oldugu av
aracindan daha fazlasina sahip olacaktir. Bir baska ifadeyle,
gemi sayisl azalmasina ragmen, kullanilan av araglarinin
artmas! veya yeni teknolojilere gegilmesi gibi nedenlerle,
stoklar lizerindeki av baskisinda bir degisim olmayacagi iddia
edilebilir (Ekmekci ve Unal, 2019).

Bir diger ilging bulgu; gériistilen balikgilarin %95'inin, 10-
12 m arasl, klgtik élcekli balikg gemilerini elden gikarmasidir.
Bu durum, programin kiiclik dlgekli balikgilar cezbettigi, bu
yonlyle amacina tam olarak ulagamadidi  seklinde
yorumlanabilir. Zaten programi cazip buldugunu ifade eden
grup da bu gruptur.

Gemi sahiplerinin yas ortalamasinin 49,25+7,75 yil olmasi
ve devrettikleri gemilerin yasli gemilerden olusmasi (22,549,1
yil), ilk bakista gemilerini ruhsatlariyla birlikte geri veren bu
kisilerin hem gemilerini hem kendilerini emekliye ayirdigi
seklinde yorumlanabilir. Ancak bunlarin %35'inin yeni bir
balikgl gemisi almay! planladigi g6z éniine alinacak olursa
durumun hic de emekliye ayriima seklinde gelismeyecegi
gorilmektedir.  Gorisiilen  balikgllarin -~ %76’s1  uzatma
agcilandir. Bu durumda, yeni gemi almayi planlayan %35'lik
grubun kiictik 6lcekli balikgilikta kalacagi, muhtemelen daha
yeni fakat daha kiiglik gemilerle bu isi yapacaklari séylenebilir.
Diger yandan, Ill. programda gérustlen balikgilarin %85'i
devrettikleri gemide tayfa galistirmaktadir ve bunlarin %73'U
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0Oz: Bu calisma, Ordu ve Samsun illerinde yasayan kisiler arasindan rastgele segilen 1287 kisiye, 17 sorudan olusan anket calismasi uygulanarak, kisilerin
su Urdnleri tiketim tercihleri ve davraniglarinin belirlenmesi amaciyla hazirlanmistir. Anketten dogru sonuglar elde edebilmesi amaciyla ankete katilan kisilerin
yas, cinsiyet, meslek, bdlge dagilimi, egitim seviyesi ve gelir diizeyi gibi sosyo-demografik kriterlere dikkat edilmistir.

Ankete katilanlarin %37,1'inin su drinleri tliketimi 1-3 kg arasinda olup, %4,4'li kanatl eti, %17’si ise balik etini tercih ederek kanatli eti balik etine gére daha
ok tiikettiklerini belirtmektedirler. Mevsimsel olarak balik tiiketim oranlari incelendiginde en fazla kisin %39 ve sonbaharda %33,7 oraninda olup, ilkbahardan
kisa dogru balik tiiketiminde artis oldugu gortilmektedir. Ayrica, tiiketici tercihleri incelendiginde %94,4'iinlin taze balik tercih ettii, %19'unun haftada bir,
%48,7’sinin ayda bir balik tiikettigi belirlenmistir. En cok tiiketilen su Uriini %43,7 ile hamsi olup, %47,6 ile kizartma seklinde tiiketim yaygindir. Her iki ilinde
balik potansiyeli g6z dnilinde bulundurularak anket sonuglari degerlendirildiginde, potansiyelin ¢ok altinda kaldiklari gérilmektedir.

Anahtar kelimeler: Su (rlnleri, tliketici tercihleri, Ordu, Samsun

Abstract: This study aims to determine the consumption behavior of seafood of people in Ordu and Samsun by a questionnaire composed of 17 questions.
The questionnaire was randomly applied on 1287 people. Some characteristics such as age, gender, profession, educational status and income level of people
were also considered to correct results.

37.1% of the respondents who consumed seafood products between 1-3 kg stated that they choise more poultry meat (44.4%) than fish meat (17%). Searching
consumption of seafood due to seasons; 39% in winter and 33.7 % in fall. And also, from spring to winter, consumption of seafood has increased. According
to the consumer preferences, 94.4% of preferred fresh fish and that 19% preferred weekly, 48.7% preferred fish once a month. Anchovy (43.7%) is the most
commonly consumed seafood, and its consumption is common as frying (47.6%). When the consumer preferences were examined, it was determined that
94.4% preferred fresh fish, 19% preferred weekly, 48.7% preferred fish once a month. When the survey results are evaluated considering the fish potential of

Ordu and Samsun provinces, we see that it is well below the potential.
Keywords: Seafood, consumer preference, Ordu, Samsun

GiRiS

Dinya'nin %'Uniin  sularla kapli olmasi, barindirdigi
organizmalar agisindan oldukga zengin olan su kaynaklari, su
Urdnlerinin ucuz ve kaliteli protein kaynagi olmasi giin gegtikce
su Urdinlerinin 6Gnemini daha da arttirmaktadir (Cigek vd., 2014).
Kirmizi et ve tavuk eti retiminde kullanilan kimyasal, hormon
ve ¢esitli hastaliklar tagima endisesiyle insanlar su driinleri
tiketimine yonelmektedir (Temel, 2014).

Ekonomik sinirlandiricilar, drinin sunus sekli ve yeme
aliskanhi@i gibi farkli etmenlere bagli olan su Grlnleri tiketimi,
ulkemizde bélgeler arasinda da tiiketim sekli ve orani olarak da
farklihk gostermektedir (Atay vd., 2002).

Diinya su Urdnleri dretimi yaklasik 171 milyon ton olup
bunun %53'U avcllik yoluyla elde edilmistir (FAO, 2017). Kisi
basi su Urinleri tiiketimi 1961-2015 yillari arasinda yillik
ortalama yaklasik %1,5'lik bir yikselis gostererek 9 kg'dan,
20,2 kg'a ulagsmistir (FAO, 2018). Tirkiye su drtinleri Gretim
miktari ylksek olup, protein ihtiyacinin kargilanabilecegi en
zengin kaynak balik olmasina ragmen, 2017 yilinda 5,5 kg olan
kisi basl ortalama su GrUnleri tliketimi diinya ortalamasinin
oldukga altindadir (TUIK, 2019). Su driinleri tiiketim
miktarimizin  disik olma nedenleri (zerinde durularak
¢Ozimler Uretilmesi gerekmektedir (Caylak, 2013).
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Balik¢iligin yogdun olarak yapildigi Karadeniz bolgesi igin
tiketicilerin %73,2’si gunlik taze balk tlketimini tercih
etmektedir (Aydin ve Karadurmus, 2012). Karadeniz
Bolgesi'nde, su drtinleri tliketim aliskanliklari ile ilgili yapilmig
calisma ¢ok az sayidadir.

Bu ¢alismada, Turkiye’nin énemli balikgilik kaynaklarindan
olan Ordu ve Samsun bdlgelerinde yasayan ve rastgele segilen
kisilerin su Grlnleri tiketim tercihleri ve aligkanliklari ortaya
konulmaya caligiimigtir.

MATERYAL VE METOT

Bu calisma 2018 yili icerisinde Ordu ili Fatsa, Unye,
Persembe, Altinordu, Gilyali, Kumru, Korgan ilgelerinde ve
Samsun i Garsamba, Terme, Tekkekdy, Atakum, ilkadim
ilcelerinde tesad(fi olarak segilen 1287 kisi ile yiz ylze
gorisllerek 17 adet ¢oktan segmeli sorudan olusan anket
calismasi ile gergeklestiriimistir. Anket calismasinda kisilerin
bazi sosyo-demografik 6zelliklerini belirleyici ve balik tiketimi
ile ilgili sorular sorulmustur. Ayrica TUIK ve FAO balikgilik
istatistiklerinden ~ faydalaniimis  ve  veriler ~ MS-Excel

programinda  degerlendirilmistir.  Bagimsiz ~ degiskenler
arasindaki iligkilerin karsilastirimasinda ki kare analizinden
yararlaniimigtir.

BULGULAR

Anket taramasina katilan kisilerin bazi sosyo-ekonomik ve
demografik dzelliklerine gére dagiimlari Tablo 1'de verilmigtir.
Ordu ve Samsun Bédlgesi'nde katilimcilarin %39,16’s1 kadin,
%60,84'U  erkektir. Ankete katilanlarin yas ortalamasi
cogunlukla 21-30 yas arasinda (%33,33) olup, 30 yas lizerinde
olan kisi sayisi Ordu Bolgesinde 455/786, Samsun
Bolgesi'nde 170/501'dir. Her iki ilde de en yiiksek oranda
katihmcilarin toplam %36,76's! lise mezunudur. Yaptiklari
meslek degerlendirildiginde (Ordu ilinde %35,75, Samsun
ilinde %22,75) her iki ilde de memur kesimi ilk siray1 almakta,
bunu is¢i olarak ¢alisanlar takip etmektedir. Balik tliketiminde
en Onemli faktorlerden olan gelir diizeyi degerlendirildiginde
Ordu ilinde katilimcilarin blylk ¢ogunlugunun (%45,29) 900-
1200 TL, Samsun ilinde (%35,92) ise 1200 TL'de fazla gelir
diizeyine sahip olduklari tespit edilmistir.

Tablo 1. Anket katilimcilarina ait sosyo-ekonomik ve demografik veriler
Table 1. Socio-economic and demographic data of the survey participants

Cinsiyet Kadin Erkek

Ordu 294 492

Samsun 210 291

Toplam (%) %39,16 %60,84

Yas <20 21-30 31-40 41-50 >51

Ordu 75 256 195 190 70

Samsun 58 173 151 92 27

Toplam (%) %10,33 %33,33 %26,88 %21,91 %7,54

Ogrenim Durumu ilkogretim Lise On Lisans Lisans Lisansiistii Higbiri
Ordu 232 318 93 91 7 45
Samsun 134 155 52 97 10 53
Toplam (%) %28,44 %36,76 %11,27 %14,60 %1,32 %7,61
Meslek Serbest Memur isci Emekli Ogrenci  Ev hanimi
Ordu 185 281 202 100 80 38
Samsun 94 114 98 66 54 75
Toplam (%) %21,68 %30,70 39% %12,90 %10,41 %8,78
Gelir Diizeyi <500 500-700 700-900 900-1200 >1200

Ordu 75 86 102 356 176

Samsun 123 38 64 96 180

Toplam (%) %15,38 %9,63 %12,89 %35,12 %27,66
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Her iki ilde de ankete katilanlarin %45’ kanatli eti tikettigini
bildirirken, balik tiketimi kirmizi et tiketiminden sonra %18,4
ile Ggiinci sirada yer almaktadir (Sekil 1).

0.5
Kabuklu 1.0

0.5
444
Kanath 433
45.0 Toplam
W Samsun
38.2 = Ordu
Kirmz et 415

17,
Balik 14.2
18.4

Sekil 1. Tiiketim tercihleri
Figure 1. Consumption preferences

Arastirmada ankete katllanlara et ve balk fiyatlar
hakkindaki gorusleri soruldugunda ise katilimcilarin %22,3'U
balik fiyatlarini pahali bulurken, %20,2’si ucuz buldugunu,
%51,1'i ise balik fiyatlarinin normal oldugunu belirtmistir (Sekil
2).

Bilmiyorum 8.2

Toplam

223
458

Normal | 37.3

® Samsun
¥ Ordu
51.1

19.9

202

Sekil 2. Balik fiyat dagilimi
Figure 2. Fish price distribution

Ordu ve Samsun illerinde balik tiketim araligina
bakildiginda Ordu’da katilimcilarin %46,2'si ayda bir, %27,1'i
haftada bir, %21,6's1 on bes giinde bir, %1,7'si yilda bir ve
%3,4'0 balik tliketmedigini belirtirken, Samsun ilinde ise
katiimcilarin %52,7’si ayda bir, %18,6's! yilda bir, %18,2’si on
bes giinde bir, %6,4'l haftada bir ve %4,2’si balik yemedigini
ilde de
degderlendirildiginde %48,7’si ayda bir, %20,3'l on bes glinde
bir, %19'u haftada bir, %8,2’si yilda bir balik tliketirken ve
%3,7'sinin hig balik tiiketmedigi belirlenmistir (Sekil 3).

bildirmistir.  Her ik genel balk tiketimi

1k i 3,7
Balik yemiyorum 42
34
8.2
Yilda bir 18,6
B §
Toplam
. 48.7 3
Ayda bir 52.7 =Samsun
46.2
® Ordu

) 203
15 giinde bir 18.2
21.6
—_ i
Haftada bir - 0.4
27,1

Sekil 3. Balik tiketimi
Figure 3. Fish consumption

Katiimcilarin %40,4'G saglikl oldudu igin, %33,6's! lezzetli
oldugundan, %24,6'si dengeli beslenmek amaciyla ve %1,4i
diger nedenlerle balik tiiketmeyi tercih ettiklerini bildirmislerdir
(Sekil 4).

B4
Digerleri 2.0
1.0
| 24.6
Dengeli beslenme 26.8
232 Toplam
= Samsun
‘ 33.6 u Ordu
Lezzet 25.2
39.1
| 40.4
Saghk 46.1
368

Sekil 4. Balik tercihi
Figure 4. Fish preference

Tuketicilerin baligi satin aldigi yerler degerlendirildiginde;
Ordu’da %32,6 ile en yliksek oranda balik halinden, %21,4 ile
en distik oranda balik marketten, buna karsilik Samsun'da ise
%34,9 ile en yiiksek oranda balik marketten, %20,4 ile en
disik oranda balik halinden satin alindigi goriimistir (Sekil
5).

| 26.7
Balik market 349
214
| 23,0
Seyyar satic1 21.6
239 Toplam
= Samsun
| 27.8 = Ordu

Balik hali 20.4
326
\
22,1

Sekil 5. Balik temin yerleri
Figure 5. Fish supply places
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Balik satin alirken dikkat edilen noktalar soruldugunda
katlimeilarin Ordu'da %56’s1, Samsun'da %45,7’si lezzetli;
Ordu'da %23'l, Samsun'da %22'si ekonomik buldugu igin
aldiklarini bildirmislerdir (Sekil 6).

| 9,2
Digerleri 124
73
| 52:5
Lezzet 45.7
56.9 ®Toplam
= Samsun
| 15.5 .
Az kilgik 19.6 ik
128
22.8
Ekonomik _22.4
230
Sekil 6. Balik alirken dikkat edilen hususlar
Figure 6. Considerations on buying fish
Tiketicilerin en fazla tercih ettikleri balik tiirleri

sorulduunda Ordu ve Samsun illerinde sirasiyla; %44,7,
%42,1 hamsi, %22,8, %22,6 alabalik, %13,3, %11 mezgit,
%7,4, %12,6 istavrit, %6,9, %4,4 cipura, %3,7, %4,2 levrek
tikettikleri belirlenmistir (Sekil 7).

i 43.7 . 1 05
447 0.6
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’ 4 o S Jepe
W Samsun
39 227
Levrek ' 42 Alabahk _ 226 ®WOrdu
3.7 228
Cipura 45-19 Lifer 1*34
P l 69 Fo.’c‘
Sekil 7. En gok tiketilen balik
Figure 7. Most consumed fish
Katilimcilarin aylik balik tiketim miktari

degerlendirildiginde Ordu'da %33,1'i 4-6 kg, %30,7’si 1-3 kg;
Samsun’'da ise %47,3'0 1-3 kg, %23,8'i 4-6 kg arasinda balik
tiketmektedir (Sekil 8).

| 16.6
>10 13.8
183
| 16.9
6-9 15.2
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= Samsun
| 294 = Ordu
4-6 23.8
33.1
| 37.1
1-3 473

Tlketicilerin  balik tiiketiminde mevsim tercihlerine
bakildiginda Ordu ve Samsun’da sirasiyla en fazla %39,1,
%38,9 kisin ve %34,5, %32,5 sonbaharda balik tikettikleri
belirlenmistir (Sekil 9).
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Sekil 9. Mevsim tercihi
Figure 9. Season choice

Katiimcilar su drlnlerini pisirirken kizartma, 1zgara,
bugulama gibi gesitli ydntemler kullandiklarini ifade etmislerdir.
Ordu ve Samsun'da sirasiyla %50,6, %42,7 ile kizartma ilk
siray1 alirken onu en saglikli pisirme yéntemi oldugu distintlen
1zgara (%26,6, 34,3) ve bugulama %22,21, %22,6) takip
etmektedir. Genel toplam bakildiginda %47,6 kizartma, %29,6
1zgara ve %22,3 bugulama balik tercih edilmektedir (Sekil 10).

0,5
Digerleri l0,4
0,6
| 22,3
Bugulama - 22,6 Toplam
22,1 p
W Samsun
| 29.6 ™ Ordu
Izgara 34,3
| 47,6
50,6
Sekil 10. Pisirme yontemleri
Figure 10. Cooking methods
Katilimcilarin  Ordu’'da  %96,8', Samsun'da %90,6sI
islenmis balik tiketmedigini bildirmistir (Sekil 11).
94.4
Haywr 90.6
96.8
Toplam
= Samsun
u Ordu

Evet 9.4
32

Sekil 8. Aylik su Grlnleri tiketimi (kg)
Figure 8. Monthly consumption of seafood (kg)

Sekil 11. islenmis balik tiiketimi
Figure 11. Processed fish consumption
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Tablo 2. Anket sorulari ile Ordu ve Samsun illeri igin khi-kare analizi testi
Table 2. Chi-square analysis test for Ordu and Samsun provinces with survey questions

X2 Sd P Deger
Tuketim tercihleri 5,152 3 0,161 Onemsiz
Balik fiyat dagilimi 32,890 3 0,001< Onemli
Balik tiketimi 180,110 4 0,001< Onemii
Balik tercihi 27,899 3 0,001< Onemli
S Balik temin yerleri 38,381 3 0,001< Onemli
§ Balik alirken dikkat edilen hususlar 24,916 3 0,001< Onemli
13 En cok tiiketilen balik 24,643 8 0,002 Onemli
°© Aylik su Uriinleri tliketimi 37,075 3 0,001< Onemli
Mevsim tercihi 2,238 3 0,526 Onemsiz
Pisirme yontemleri 10,571 3 0,014 Onemli
iglenmi§ balik tiketimi 22,274 1 0,001< Onemli

Anket calismasi sonucunda elde edilen cevaplara gére
tiketim tercihleri ve mevsim tercihlerine gére Ordu ve Samsun
arasinda istatistiksel bir iligki olmadigi gérilirken (P>0,005)
diger anket sorular icin Ordu ve Samsun arasinda bir iligki
bulunmaktadir (P<0,005) (Tablo 2).

TARTISMA VE SONUG

Ulkemizde en fazla tiiketilen su Griinii olan balik en énemii
protein kaynaklarindandir. Balik tilketim aliskanliklari denize
sinir olan vyerlerle, i¢c kesimlerde farklilik géstermektedir
(Kopricd, 2007).

Bu calismada katiimcilarin %60,84'U erkek, %39,16'sI
kadin olarak hesaplanmistir. Ulkemizde su riinleri tiiketim
tercihleri ile ilgili calismalarda katilimcilar arasinda bdlgelere
gore  sosyo-demografik  farklliklar ~ mevcuttur.  Farkli
calismalarda su drlnleri tiketiminin %53 erkek, %47 kadin
(Bayraktar vd., 2019), %56 erkek, %44 kadin (Sen ve Sahin,
2017), %73,5 erkek, %26,5 kadin (Aydin ve Karadurmus,
2013), % 67,79 erkek, % 32,21 kadin (Golakoglu vd., 2006),
%60 erkek, %40 kadin (Saygi vd., 2006), %85,58 erkek,
%14,42 kadin (Adigtizel vd., 2009) tiiketicilerden olusmaktadir.
Sivri (2018) yas yogunlugunu 36-45 arasi bildirirken, Cadir
(2012) 46 ve Ustli yas seklinde bildirmistir. Calismada Ordu ve
Samsun illerinde katilimcilarin yaglari 20-60 arasinda degisim
gosterirken, Ordu ilinde en yodun yas araligi 31-40, Samsun
ilinde ise 21-30 araligindadir. Samsun ilinde bulunan geng
nifusun Ordu iline goére daha ¢ok balk tercih ettigi
gorilmektedir. Mevcut calismada katiimcilarin, Ordu ilinde
%40, Samsun ilinde %31 ile en ylksek oranda lise
mezunlarindan olustugu tespit edilirken, Ankara ve Ganakkale
bdlgelerindeki ¢alismada katilimcilarin %38'inin lise mezunu
(Bayraktar vd., 2019), Mersinde vyapilan ¢alismada

%45,9'unun lisans mezunu oldugu (Sivri, 2018) bildirilmistir. Bu
calismada her iki ilde de katilimcilarin blylk bir kismi kamu
calisanlarindan olusmakta olup, bu oran Ordu ilinde %32,
Samsun ilinde %23'tir. Aydin ve Karadurmus (2013) (Giresun
ve Trabzon bélgeleri) katiimeilarin gogunlugunun %37 ile
égrencilerden, Sivri (2018) (Mersin bdlgesi) cogunlugun %32
ile kamu galisanlarindan olustugunu bildirmislerdir. Calismada
codunlugu olusturan vyas, cinsiyet, egitim ve mesleki
durumlarindaki  farkliliklar, katilimer  tercihinin  tesadiifi
olmasindan kaynaklanmaktadir.

Arastirmada katilimcilarin Ordu ilinde %45 ile 900-1200
TL, Samsun ilinde %36 ile 1200 TL'den fazla gelire sahip
olduklari belirlenmistir. Bayraktar vd., (2019) katilimcilarin
%32,5'inin  500-1000 TL arasinda, Sen ve Sahin (2017)
%36'sinin < 1000 TL oldugunu bildirmistir. Samsun ili balikgilik
faaliyetleri yoniinden daha yogun olmasina ve gelir diizeyinin
daha yilksek olmasina ragmen, balik tiiketim oraninin daha
duslk olmasi diger hayvansal protein kaynaklarinin tercih
edilmesinden kaynaklanabilir. Bélge halkinin et drtinleri tercihi
kiyaslandiginda kanatli et %44,4, kirmizi et %38,2 ve balik
%17 olarak belirlenmistir. Karadeniz kiyisinda yer alan ve su
drdnlerinin bol bulundugu bu bélgelerde balik tiketim tercihinin
daha yiksek oranda olmasi gerektigi dlistintilmektedir.

Mevcut calismada balik fiyatlarini Ordu'da  %51,1,
Samsun’da %37,3 katilimci normal bulmasina ragmen tiiketim
agisindan kanatl eti tercih etmeleri dikkat gekmektedir. Ayrica
katilimcilarin Ordu ilinde %46,2’si, Samsun ilinde ise %52,7’si
ayda bir kez balik tiikettigini bildirmistir. Gok¢eada'da %49,6'lik
oranla haftada 2-3 kez (Dogan ve Goniilal, 2014), Rize'de %
29'luk oranla haftada 2-3 defa (Erdem, 2009), izmir de % 17'lik
oranla haftada 1 defa (Saygi vd., 2006) balik tikettikleri
bildiriimektedir. Turkiye'de kisi basi yillik balik tiiketim miktari
duinya ortalamasinin altindadir. Karadeniz Bolgesi balikgiligin
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en yaygin oldugu ve toplam balik Gretiminin bly(k bir kisminin
saglandidi bdlge olmasi nedeniyle balik tiketim oraninin daha
yiksek olmasi gerektigi diistintiimektedir.

Mevcut calismada katilimcilar Ordu'da %36,8 saglikl,
%39,1 lezzetli, Samsun'da ise %46,1 saglikli, %25,2 lezzetli
olmasi nedeniyle balik tiikettiklerini bildirmislerdir. Bayraktar
vd. (2019) balik etini tliketme sebebi olarak %29 saglikli
olmasi; Sivri (2018), %61 saglikli, %19,7 lezzetli olmasi; Aydin
ve Karadurmus (2013), %45,95 saglikli olmasi; Caylak (2013),
%43,94 lezzeti olmasi nedeniyle tercih ettiklerini bildirmistir.
Galigmalarin genelinde balik tiiketim tercihlerinin bagsinda
saglikll ve lezzetli olmasinin geldigi, balik etinin saglik
acisindan 6nemi konusunda bilingli olduklari gérlsina
olusturmustur. Ancak dogru sekilde pisirilmedigi zaman besin
dederi azalacagi bilinmesine ragmen Ordu ve Samsun
bdlgelerinde en saglikli oldugu duslniilen 1zgara ve bugulama
pisirme yontemleri yerine kizartma (%47,6) yonteminin tercih
edilmesi de dikkat cekicidir. Yapilan c¢alismalar benzerlik
gostermekte olup ilk sirada kizartma ydnteminin tercih edilmesi
tamamen tiiketim aliskanligindan kaynaklanmaktadir.

Anket katilimcilarinin su  drind temini icin verdikleri
cevaplar degerlendirildiginde; Ordu'da %32,6, Samsun'da
%20,4 balik hali iken, Ordu'da %21,4, Samsun’'da %34,9 balik
marketleri tercih ettikleri gorlilmektedir. Samsun ilinin Ordu’ya
gdre daha biiytik bir il olmasi baligin temin yerleri konusundaki
tercihlerde farklilklar yaratmigtir. Benzer calismalar ile
bulgular uyum iginde olup, Bolat ve Cevher (2018) %53 balik
halinden, Temel ve Uzundumlu (2014) %80 balik halinden,
Aydin ve Karadurmus (2013) %57,3 balik satis yerlerinden,
Bayraktar vd. (2019) %29 pazar yerinden, Abdikoglu vd. (2015)
%54,51 balikgidan, Bashimov (2017) %62 sabit balik
saticilarindan tercih  edildigini  bildirmiglerdir. Halkimizin
hijyenin 6nemi ve sadlik konusunda bilingli davranig
gostermesi, seyyar satici ve pazar yerlerini daha az tercih
etmesi de dikkat gekmektedir. Hayati 6neme sahip olan,
kisilerin bireysel ve gevresel hijyen bilinci, besin sanitasyonu,
beslenme ve saglik gibi konularda okullarda yeterli egitim
verilmesi toplumu olumlu yénde etkileyecektir. italya ve
ingiltere’de  bu  durumun énemini vurgulayan calismalar
mevcuttur (Altekruse vd., 1999; Angelio vd., 2001).

Calismamizda ankete katilan katilimcilara balik satin
alirken dikkat edilen hususlar soruldugunda genel toplamda
lezzetli  (%52,5) ve ekonomik (%22,4) oldugunu igin
tikettiklerini belirtmiglerdir. islenmis balik tiiketimi tercihleri
soruldujunda katilimcilarin genel toplamda %94,4'G hayir
derken, %5,6's1 evet cevabi vermistir. Tuketicilerin saglikl,
lezzetli, taze ve kaliteli Grln tlketimi konusunda bilinglendigi
dikkat cekmektedir. Gelismis tlkelerde pratik ve hizli tliketim
olarak dusundlen iglenmis su Grlnleri tiketimi (konserve,
salamura, titstilenmis vb.) ilkemizde fazla tercih edilmemekte,
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Purchase Preferences of Fish in Tekirdag Province (in Turkish with
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su Urlnleri genellikle taze tliketim seklinde tercih edilmektedir.
Damak tadina gore tercih sebeplerinin bolgesel olarak
farklihklar gosterdigi goriiimektedir. Ozellikle Karadeniz
Bdlgesi'nde isleme fabrikalarinin az olmasinin da tercihlerde
etkili oldugu disiintimektedir.

Calismada bireylerin en ¢ok baligi kis (Ordu %39,1,
Samsun %39,9) ve sonbahar (Ordu %34,5, Samsun %32,5)
aylarinda tikettikleri, en ¢ok hamsi tiketimi yapildigi, bunun
yani sira alabalik, mezgit, istavrit, cipura ve levrek gibi deniz ve
kiiltlir bali§i tarlerinin de tiketildigi gortimistir. Ulke genelinde
hamsi en fazla tlketilen tlirddr. Yiksel vd., (2011), Tunceli
ilinde % 33, Orhan ve Yiksel (2010), Burdur ilinde % 77, Erdal
ve Esengun (2008), Tokat ilinde % 65 oldugunu belirtmislerdir.
Bu durum Tirkiye genelinde yapilan galismalarla benzerlik
gostermektedir. Balik tiketiminin daha ¢ok kis aylarinda
olmasinin nedeni av sezonuna denk gelmesi ve tliketicilerin
yetistiricilikten gok avcilik yoluyla elde edilen baliklar tercih
etmesi olabilir. Dengeli beslenme ve 6zellikle balikta gokga
bulunan omegad’in dnemi konusunda diger mevsimlerde de
balik tiketimini tesvik edecek galismalara agirlik verilmesi
faydali olacaktir.

Anket katiimcilarinin ailelerinin aylik su Grinleri tiketim
miktarlari Ordu ilinde ortalama 5,53 kg, (%33'li 4-6 kg, %31'i 1-
3 kg); Samsun ilinde ortalama 4,72 kg (%47'si 1-3 kg, %24l
4-6 kg) olarak tespit edilmistir. Mersin ilinde yapilan galismada
katiimcilarin aylik su Grinleri tiiketimleri, % 63,2'sinin 1-3 kg,
% 27,2'si 4-6 kg, % 5,6's! ise 6-10 kg oldugu seklindedir (Sivri,
2018). Rize ilinde tuketicilerin yillik balik tiketim miktarlari
incelendiginde hanelerin % 13’0 130 kg, % 26's1 80-130 kg
arasl, % 21,7’si 50-80 kg aras|, % 39,1'i ise 50 kg altinda balik
tikettikleri bildirilmistir (Temel, 2014). Keban Baraj Gélii Ova
Bdlgesi'ndeki calismada katilimeilarin % 27,4'(in(in 4-6 kg balik
tikettigini belirtmistir (Cadir, 2012). Ordu’da 26,3 kg/yil (Aydin
ve Karadurmus, 2012), Trabzon ve Giresun bolgelerinde
yapilan calismada Bulancak ilgesinde 43,8 kg/yil, Giresun
llinde 28,08 kglyil, Akcaabat ilgesinde 28,08 kg/yil, Trabzon
ilinde kisi basina balik tiiketiminin 22,56 kg/yll (Aydin ve
Karadurmus, 2013), Rize ilinde kisi bagi balik tiketiminin
20,07 kg/yil (Temel ve Uzundumlu, 2014) oldugu bildirilmistir.

Sonug olarak; Ulkemizin balik tiiketimine olan ilgisi ve
aliskanliklart Ordu ve Samsun illeri &rnegi ile ortaya
konulmustur. Ancak bdlgesel tilketimler disinda tlkemizin balik
tiketiminin diger lkelerden oldukga az olmasi dikkat gekicidir.
Gelisim ve beslenmede dnemi biyiik olan hayvansal kaynakli
proteinlerin  kisi basina  tlketim miktarlari  fizyolojik
gereksinimleri karsilayacak nitelikte alinmalidir (Cevger vd.,
2008). Saglikli yasaminin vazgegilmezlerinden olan balikla
beslenmenin desteklenmesi ve halkin daha fazla tiiketime
tesvik edilmesi, toplum olarak hayat kalitemizin ylikselmesine
de katki saglayacaktir.
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Abstract: The total length-otolith length (TL-OL), total length-otolith width (TL-OWi), total length-otolith weight (TL-OW) and total weight-otolith weight (TW-
OW) relationships of seven fishes in the Marmara Sea, Turkey were calculated. Measurements of sagittal otoliths (length, width and weight) and individuals
(total length and total weight) from these species (Gaidropsarus biscayensis, Mediterranean bigeye rockling; Armoglossus kessleri, Scaldback; Solea solea,
Common sole; Uranoscopus scaber, Stargazer; Lophius budegassa, Blackbellied angler, Lepidorhombus boscii, The four-spot megrim and Lesueurigobius
friesii, Fries's goby) were given. Linear regression analysis (y = bx + a) was used to determine the relationship between each morphometric character and the
coefficient of determination (r2) were calculated. Highest determination coefficient were determined for L. budegassa and A. kessleri to TW-OW, for S. solea,
and U. scaber to TL-OL, for G. biscayensis and L. boscii to TL-OWi, for L. friesii to TL-OW. The relatively lower determination coefficients were found for G.
biscayensis, compared with others. These relationships provide vital information on species identification and size estimation of fish in predator-prey studies,
we believe these results will be useful in future studies of stomach contents.

Keywords: Sagittal, bony structures, lineer, length, benthic, beam trawl

0z: Marmara Denizi'ndeki 7 balik tiiriinde balik boyu-otolit boyu (TL-OL), balik boyu-otolit genisligi (TL-OW), balik boyu-otolit agirigi (TL-OW) ve balik agirli§I-
otolit agirhigr (TW-OW) iliskileri hesaplanmistir. Bu tiirlere ait (Gaidropsarus biscayensis, Uzun Gelincik; Arnoglossus kessleri, Pisi Bali§i; Solea solea, Dil
Bali§i; Uranoscopus scaber, Tiryaki; Lophius budegassa, Fener Bali§i; Lepidorhombus boscii, Kancaagiz Pisi ve Lesueurigobius friesii, Kaya Baligi) balik
olgiimleri (boy ve agirlik) ve otolit élgiimleri (boy, genislik ve agirlik) verilmistir. Her bir morfolojik karakteristigin arasindaki iligkilerin tespitinde Dogrusal
regresyon analizi (y = bx + a) kullanilmis ve determinasyon katsayisi (r2) hesaplanmistir. En yiiksek determinasyon katsayisi L. budegassa ve A. kessleri igin
TW-OW, S. solea, ve U. scaber igin TL-OL, G. biscayensis ve L. boscii igin TL-OWi, L. friesii igin TL-OW iliskilerinde hesaplanmistir. Diger tirlerle
karsilastirildiginda, G. biscayensis igin oldukca diistik determinasyon katsayilari bulunmustur. Bu iliskiler baliklarin av-avcl iliskileri galismalarinda tiir tayini
ve av boyu tahmininde dnemli bilgiler sundugundan, gelecekte gerceklestirilecek mide igerigi calismalari agisindan katki saglayacagini dustiinmekteyiz.

Anahtar kelimeler: Sagital, kemiksi yapilar, dogrusal, boy, dip, algara

INTRODUCTION

Fish bony structures detected in various environments are
important for many disciplines. Bony structures of fish had
been used by archaeologists as it gives insight into the feeding
habits of the ancient excavations (O’Connor, 2000). Even so
the most widely use of bony structures common for marine
biology researches. Between of them, otoliths are known as the
most useful bony structures (Pierce and Boyle, 1991). Otolith-
body length relationships allow an identification and size
estimation of fish in predator-prey studies. In stomach content
analyses, the shape and biometry of otolith can give important
information about the type of prey consumed by predator.

Beside the size of the prey can also be estimate from otoliths
through using otolith-body length relationships (Granadeiro
and Silva, 2000). However, there may not be a close
relationship between otolith biometry and body measurements
for all species (Simkiss, 1974; Lombarte and Lleonart, 1993).
Therefore, for each fish species, these relationships should be
calculated, otolith measurements should be specified and
visual otolith atlas should be established. Since otolith shapes
and sizes may vary according to regions, these studies should
be performed separately for each region. Otolith atlas have
been created, such as Campana (2004) approached in North
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American waters, Tuset et al. (2008) for the western
Mediterranean, north and central eastern Atlantic, Assis (2000,
2004), on Portuguese coastal, estuarine and freshwater
species. In Turkish seas, single atlas was presented by
Kasapoglu and Diizglnes (2015) for Black Sea. The otolith
images of 31 species in Black Sea coasts were presented.
Among the species included in our study, only Uranoscopus
scaber took part in this study without any relationships deal
with otolith biometry-body length. Previous studies in Turkey
on otolith biometry-fish length had been realized mostly on
fresh water species (Sen et al., 2001; Aydin et al., 2004;
Bostanci, 2009; Basusta et al., 2013; Yimaz et al., 2014;
Bostanci et al., 2017). Sahin and Giines (1998); Ugkun et al.
(2006); Ceyhan and Akyol (2006); Bilge and Giilsahin (2014)
and Bal et al. (2018) were studied otolith size-fish size
relationships of marine fish species. The fish length and otolith
length relationship of Solea solea was studied in izmir Bay
(Hossucu et al., 1999), U. scaber in Spain coasts (Jaramillo et
al., 2014); in Black Sea (Saglam et al., 2014), Lophius
budegassa in Greek waters (Tsimenidis and Ondrias, 1980),
Lepidorhombus boscii in Aegean Sea (Bostanci and Polat,
2008), Lesueurigobius friesii in Aegean Sea (ilkyaz et al.,
2011).

The aim of this study is to determine the relationships
between fish length-otolith length, fish length-otolith width, fish
length-otolith weight and fish weight-otolith weight of 7
demersal fish species from the Marmara Sea, Turkey. To our
knowledge the results of this study will constitute the first
results in the literature for Gaidropsarus biscayensis and
Arnoglossus kessleri. In addition our results presents the first
data in the Marmara Sea for all discussed fish species in this
study.

MATERIAL AND METHODS

Between September 2011 and July 2014, fish were caught
in Marmara Sea, Turkey with beam trawl equipped with a
codend mesh size of 32 mm. The tows were conducted at
depths ranging from 50 to 150 m and tow duration was
standardized to %2 hour for all stations (Figure 1).
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Figure 1. The trawl sampling stations from the Marmara Sea, Turkey

Behind the tows, individuals were preserved in a plastic
case with ice, then delivered to the laboratory, immediately.
The total length, total weight, otolith length, otolith width and
otolith weight of L. friesii (n=213), A. kessleri ~ (n=164), G.
biscayensis (n=50), S. solea (n=25), L. boscii (n=17), L.
budegassa (n=15) and U. scaber (n=13) were measured. Total
length (TL) and weight measurements were conducted in the
laboratory to the nearest 0.1 cm and 0.01g, respectively. The
otoliths (sagittae) were removed and measured under
stereoscopic microscope to the nearest 0.1 mm (TL). The
weight of otoliths (OW) were measured with 0.0001 g digital
analytical balance precision scale. Lengths of sagittae (OL)
were recorded as the greatest distance measured from the
anterior tip to the posterior edge, parallel to the sulcus The
width of sagitta (OWi) was determined by considering the
greatest distance from the dorsal otolith edge to the ventral
one, perpendicular to the sulcus (Harvey et al., 2000) (Figure
2).

Otolith length (OL)
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Figure 2. View of the otolith length and width measurements

The Student t-test (Zar, 1999) was used to compare
between the length, width and weight of the right and left
sagittal otoliths. No significant differences were detected for L.
friesii, G. biscayensis, L. budegassa and U. scaber. So right
otoliths were used in regression analyses. Due to
metamorphosis, the otoliths of flat fish species (A. kessleri, S.
solea and L. boscii) were showed significant differences and
the blind ones were used in regression analyses.

Linear regression analysis (y = bx + a) was used to
determine the relationship between each morphometric
character (TL-OL; TL-OWi; TL-OW; TW-OW) and the
coefficient of determination (r2) were calculated. The F-test was
used to determine the significance of the linear regressions.
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RESULTS

The length and weight intervals of 7 demersal fish species
and length, width and weight intervals of sagittal otoliths can be
seen in Table 1. In this study, a total of 213, 164, 50, 25, 17,
15 and 13 individual of L. friesii, A. kessleri, G. biscayensis, S.
solea, L. boscii, L. budegassa and U. scaber were analyzed,
respectively. Highest otolith length, width and weight was
observed for U. scaber. Although the individual sizes were
small, the size of the otoliths were relatively large for L. friesii.
It was determined that the otolith length and width of L. friesii
individuals ranged between 2.447-4.235 and 1.934 and 3.433,
respectively. The OL/TL ratio was calculated as 0.47, 0.41,
0.24,0.24,0.22,0.22 and 0.19 for L. friesii, U. scaber, L. boscii,
G. biscayensis, A. budegassa, A. kessleri, L. budegassa and
S. solea, respectively.

The equations of relationship between each morphometric
character (TL-OL; TL-OWi; TL-OW; TW-OW) were given in
Table 2.

Table 1. The length, height and weight measurement of fish and otoliths

Also the equation curves of each species were shown in
Figure 3, 4, 5, 6, 7, 8 and 9. We observed relatively lower
determination coefficient values for small sized species (L.
friesii, G. biscayensis and A. kessleri) compared with other
higher sized ones. Both relationships of L. budegassa showed
highest determination coefficient values. Between of them, the
highest determination coefficient for L. budegassa was
observed in TW-OW relationship. Also lineer relationship
between TL-OL was best fit for S. solea with 0.92 determination
coefficient value. Relatively strong relationship between TL-
OWi was detected for S. solea. The TL-OWi and TW-OW
relationships were more meaningful for L. boscii with 0.85 and
0.84 determination coefficient values whereas TL-OWi and TL-
OL relationships were for U. scaber with 0.86 and 0.81
determination coefficient values. The TW-OW and TL-OW
relationships were stronger than others for A. kessleri and L.
friesii, respectively. Although almost all relationships were
weak, higher determination coefficient was seen in TL-OL for
G. biscayensis (Table 2).

Total Fish Length (TL) Total Fish Weight (TW) Otolith Length (OL) Otolith Width (OWi)

Otolith Weight (OW)

Species
Min Max Min Max Min Max Min Max Min Max

Lophius budegassa 11.9 374 1.1 835.9 2503 8582 1.097 4781 0.0010 0.0470
Lepidorhombus boscii 17.8 294 412 224 4508 7103  3.101 4440 0.0167  0.0361
Gaidropsarus biscayensis 8.7 14.5 21 16.8 2.288 3.405 0.887 1.197  0.0007  0.0260
Solea solea 10.2 38 10.6 328.4 2305  5.989 1.960 4740  0.0038  0.0411
Uranoscopus scaber 9.2 20.6 13.3 176.8 3305 9298 1.898 5.064 0.0067 0.1172
Arnoglossus kessleri 6.8 11.6 2.3 17.7 1.607  3.516 1.150 2261 0.0010 0.0104
Lesueurigobius friesii 49 9.3 1.2 5.1 2447 4235 1.934 3433  0.0049  0.0268

Table 2. The relationships between fish length-otolith length, fish length-otolith height, fish length-otolith weight and fish weight-otolith weight of

seven species in Marmara Sea

TL-OL

r2

TL-OWi

r

TL-OW

TW-ow

r

Lophius budegassa

Lepidorhombus boscii

15
17

Gaidropsarus biscayensis 50

Solea solea
Uranoscopus scaber
Arnoglossus kessleri

Lesueurigobius friesii

25
13
164
213

TL = 4.54440L - 0.2643

TL =4.3810L - 1.7926

TL =4.08970L + 0.4166

TL = 6.83860L - 5.2418

TL = 0.4660L - 0.4788

TL =4.0320L + 1.0205

TL=2.18170L - 0.1263

0.9357

0.7754

0.6606

0.9149
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Figure 3. The relationships between TL-OL, TL-OWi, TL-OW and TW-OW of Arnoglossus kessleri from the Marmara Sea, Turkey
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Figure 4. The relationships between TL-OL, TL-OWi, TL-OW and TW-OW of Gaidropsarus biscayensis from the Marmara Sea, Turkey
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Figure 5. The relationships between TL-OL, TL-OWi, TL-OW and TW-OW of Lophius budegassa from the Marmara Sea, Turkey
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Figure 6. The relationships between TL-OL, TL-OWi, TL-OW and TW-OW of Lepidorhombus boscii from the Marmara Sea, Turkey
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Figure 7. The relationships between TL-OL, TL-OWi, TL-OW and TW-OW of Lesueurigobius friesii from the Marmara Sea, Turkey
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Figure 8. The relationships between TL-OL, TL-OWi, TL-OW and TW-OW of Solea solea from the Marmara Sea, Turkey
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Figure 9. The relationships between TL-OL, TL-OWi, TL-OW and TW-OW of Uranoscopus scaber from the Marmara Sea, Turkey

DISCUSSION

The species that analyzed in this study represented
important components of demersal food competition of the
Marmara Sea, Turkey. These species were chosen because of
the possibility of being prey because of its relatively small size
compared to others. Beside limited number of studies were
conducted deal with the fish size-otolith size relationships.

Hossucu et al. (1999) were found lineer relationship for S.
solea in izmir Bay between fish length and otolith length.
Bostanci and Polat (2008) were determined lineer relationships
between TL-OL, TL-OWi and TL-OW from L. boscii individuals
that the length interval varied between 15.5 and 22.7. The
relationships from this study were in agreement with our
findings. The calculated lower a and b values in that study via
our results may arised from limited length interval. Cengiz et al.
(2013) were studied the growth parameters of L. bosciiin Saros
Bay, north Aegean Sea from the individuals varied from 10.9 to
40.8 cm TL. According to authors, the Le values were
estimated for females and males as 49.8 and 39.1 cm TL,
respectively. During three year sampling, we could not
sampled any L. boscii individual greater than 29.4 cm TL. This
may be stemmed from the lower fishing effort on demersal
species in Saros Bay due to restricted area for trawling. Similar
lineer relationships were reported by ilkyaz et al. (2011) for L.

friesii in izmir Bay, Aegean Sea but the main difference is that
the maximum length and weight of the otolith measurements.
The reason for the difference may be attributed to greater
individual sizes. Our results coincide with the findings of
Saglam et al. (2014) in Black Sea for U. scaber fish length-
otolith length and fish length-otolith width lineer relationships
with high determination coefficient. In that study the authors
were calculated TW-OW relationship as power equation.
Unlike we found greater determination coefficient for TW-OW
lineer relationship rather than power equation. According to
age-mean length and age-mean otolith weight keys of Saglam
et al. (2014), the back-calculated age interval of the U. scaber
in Marmara Sea estimated between 0 and 3 with a great
majority of 1 and 2 ages. The relatively same equation and
determination coefficient was calculated for U. scaber with the
study conducted by Jaramillo et al. (2014) in Spain coasts.
Tsimenidis and Ondrias (1980) were determined also lineer
relationship with total length and otolith radius for L. budegassa
in Greek waters as our TL-OL relationship.

The results of the small sized species were highly
important due to they constitutes great amount of prey of
carnivor species. In this respect, L. friesii, G. biscayensis and
A. kessleri, which has high biomass with deep water rose
shrimp, Parapenaeus longirostris, comprising the most
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important food source of other carnivor species in Marmara
Sea.

Due to the fish length-otolith length studies provide vital
information on species identification and size estimation of fish
in predator-prey studies, we believe these results will be useful
in future studies of stomach contents.
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Abstract: Parapenaeus longirostris is a valuable resource for the crustacean fisheries in the Marmara Sea, therefore, in this study length-weight relationships,
growth, mortality, reproduction, recruitment patterns, the probabilities of capture and per recruit analyses were determined. Total 36288 samples were collected
by beam trawl between September 2011 and July 2014 in 229 sampling stations. The total length (TL), body weight (g) and carapace length (CL) values
ranged between 34 -175 mm, 0.2 - 28.9 g and 8 - 41 mm, respectively. CL-weight relationship equations were calculated for females, males and combined
sexes, respectively, W=0.0023xCL25, W=0.0029xCL243, W=0.0022xCL252, The growth parameters were determined as L-=199.5 mm, k=0.47, t=-0.5 in TL,
L+=36.8 mm, k=0.37, t=-0.69 in CL. Lzs, Lso, and L5 values were found to be 15.15 mm, 16.29 mm, 17.44 mm for males and 16.62 mm, 18.07 mm, 19.52
mm for females. The sexual maturity length for females was found 27.3 mm CL and the exploitation rate was found at 0.62 for the whole population.

Keywords: Parapenaeus longirostris, length-weight relationship, growth, reproduction, stock assessment, Sea of Marmara

Oz: Parapenaeus longirostris, Marmara Denizi'ndeki kabuklu balikgilik igin degerli bir kaynaktir, bu nedenle bu galismada uzunluk-agriik iliskileri, biiyime,
6lim, Ureme, stoga katilim modelleri, yakalanma olasiliklari ve stoga katilim analizleri belirlenmistir. 229 6rnekleme istasyonunda Eyliil 2011 ile Temmuz 2014
arasinda algarna ile toplam 36288 adet birey toplanmistir. Toplam uzunluk (TL), viicut agifigi (g) ve karapaks uzunlugu (CL) degerleri sirasiyla 34-175 mm,
0,2 - 28,9 g ve 8 - 41 mm arasinda degismistir. Karapaks boyu-agirlik iliskisi denklemleri sirasiyla disi, erkek ve tlim cinsiyetler icin hesaplanmistir,
W=0.0023xCL25, W=0.0029xCL243, W=0.0022xCL252. Bliyiime parametreleri toplam boyda L. = 199,5 mm, k = 0,47, to = -0,5, karapaks boyunda L = 36.8
mm, k = 0.37, to=-0.69 olarak belirlenmistir. Las, Lso ve L7s degerleri erkekler icin 15,15 mm, 16,29 mm, 17.44 mm ve disiler i¢in 16,62 mm, 18,07 mm, 19,52
mm olarak bulundu. Disiler igin ilk eseysel olgunluk boyu 27,3 mm CL ve tim populasyon igin sémiiriilme orani 0,62 olarak bulundu.

Anahtar kelimeler: Parapenaeus longirostris, boy-agirlik iliskisi, bliyime, ireme, stok degerlendirmesi, Marmara Denizi

INTRODUCTION

The crustacean fishery has become an important resource
for world-wide sea-food markets where crustaceans with
claws, spiny lobsters, crabs and penaeid shrimps present high
demand. The Deep water rose shrimp Parapenaeus
longirostris (Lucas, 1846) has commercially importance in the
Mediterranean area especially in Spain, France, Italy, Greece
and Tunisia. (Levietal., 1995; Abello et al., 2002; Deval et al.,
2006). The Deep water rose shrimp presents high potential of

were captured, after that, decreased to 1764 t and increased
again in 2018 with 3212 t (TUIK, 2019). Due to the high
commercial value of the shrimps, the actual populations are
being caught intensively. Nonetheless, the intensity of catching
is decreasing rapidly in the Turkish seas as well as in the whole
world. Therefore, the sustainability of shrimp stocks needs to
be ensured. In this context, it is required to know the biological
parameters of P. longirostris to start to clarify the causes in the
fluctuation of available populations.

capture in the marine coasts of Turkey (Zengin et al., 2004;
Bayhan et al., 2005; Manasirli, 2008) and the 58 % percent of
total crustacean production came from the Marmara Sea
(TUIK, 2019). However, in recent years the deep water rose
shrimp abundance followed a fluctuating. The amount of
production is showing a varying trend in the capture volume
since 2007 with 2761 t until 2013 with 1620 t, in 2014 2500 t

In this study, the Marmara Sea was selected as a principal
area of analysis; there were chosen 229 sampling points to
record detailed information about length-weight relationship,
sex ratio, reproduction period, gonadosomatic index, condition
factor, first maturity length, mean length of ages, growth
parameters, mortality rates, probability of capture, recruitment
pattern, relative R/Y and B/R analysis of P. longirostris. In the

© Published by Ege University Faculty of Fisheries, Izmir, Turkey
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Marmara Sea there are only a few studies dealing with
distribution and biological aspects about P. longirostris with few
sampling points (Baran and Oztirk, 1990; Zengin et al., 2004;
Yazici, 2004; Bayhan et al., 2005; Erten, 2009).

On the other hand, in the Mediterranean region several
studies have been conducted to study the length-weight
relationship (Levi et al., 1995; Garcia-Rodriguez et al., 2009),
the reproduction system (Spedicato et al., 1996; Guijarro and
Massuti, 2006; Mori et al., 2000; Ben Meriem et al., 2001), the
age and growth parameters (Ardizzone et al., 1990; Abello et
al., 2002; Ragonese et al., 2002; Kapiris et al., 2013; Garcia-
Rodriguez et al., 2009; Guijarro et al., 2009) in P. longirostris .
Therefore, in this study we also compare the biological
structure of P. longirostris on the Mediterranean coasts with the
Marmara Sea (length distribution, age, growth parameters and
reproduction time) to reveal the stock structure.

To our knowledge there are not previous records about the
recruitment pattern, probability of capture, yield-per-recruit
(Y/R) and biomass-per-recruit (B/R) analysis of P. longirostris
in the Sea of Marmara. Therefore, our study becomes in the
first detailed work about the length-weight relationship, age,
growth and reproduction of P. longirostris in the Marmara Sea.

MATERIAL AND METHODS
Sampling and data collection

The sampling collection was done in the Marmara Sea,
Turkey. Monthly samples of P. longirostris were collected in
229 stations from September 2011 to July 2014 (Figure 1).
Specimens were caught using a beam trawl with a cod-end
mesh size of 32 mm, between 50 and 200 m depth. In total,
36288 specimens were measured. The carapace length (CL)
was recorded with caliper to the nearest 1 mm taken from the
posterior part of the left orbit to the center of the posterior edge
of the carapace; total length (TL) was measured with a ruler to
the nearest 1 cm from the tip or the rostrum to the end of the
telson; body weight (g) was recorded using a digital balance to
the nearest 0.01 g.
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Figure 1. Sampling stations in the Sea of Marmara

Calculation of biological parameters

Length-weight relationships were calculated considering
the allometric equation: W=axLb, where L is the total length, W
is the total weight and a and b are the equation parameters
(Sparre et al., 1989). The growth type was defined by using
Student’s t-test by the equation according to Sokal and Rohlf
(1987). Differences between sexes were analyzed with
ANCOVA using SPSS16 package program.

The sex-ratio was calculated and compared to the 1:1
proportion using the chi-square (x2) goodness fit test. Maturity
stages were determined using the sexual classification scale of
ICES (2009). Five stages were observed. Stage I: immature,
stage II: maturing, stage Ill: mature, stage IV: spawning and
stage V: post-spawning. The spawning period was determined
through monthly observations of the macroscopic development
stages, the condition factor and the gonadosomatic index
(GSI). The GSI was calculated as follow: GSI=Gonad
weight/Bodyweight)x100. The condition factor (KF) was
calculated in base of Htun-Han (1978)'s formula:

KF =(TW-GW)/CL3*100

TW=total weight(g), GW=gonad weight(g), CL=Carapace
length(mm)

The length at which 50% of specimens were sexually
mature (Lso) or length at first maturity was estimated for
reproductively active specimens (Stages 3-5) per mm size-
class, by fitting a logistic function using the Newton algorithm
(Microsoft Excel solver routine) which is defined as:
P(1)=1/1+e—(a+b1) where P(1) was the proportion of mature
specimens at length 1, and a and b the parameters of the
logistic equation (Pifieiro and Sainza, 2003).

Von Bertalanffy growth parameters were calculated
Li=L(1-ektb)), where the Lt is the size at age t, L= is the
maximum theoretical size, k is the growth factor, to is the age
at which the size is 0. Growth parameters (L- and k), and age
analyses were performed on the monthly length distributions
for the period 2011-2014 and each sex separately by using the
ELEFAN | routine, Bhattacharyya’s method (Bhattacharyya,
1967) using the FISAT Il automatic calculation program
(Gayanilo et al., 2002), to was computed by the equation of
Pauly (1984): Log(-to)=(-0,3932)-0,2752*logL--1,038*logk.

For the sake of comparison, the index of overall growth
performance @, proposed by Pauly & Munro (1984), was
calculated as ®=log K+2logL-. The natural mortality (N) was
obtained using Pauly’s empirical formula (Pauly, 1984):

LnM =-0.0152-0.279xInL~+0.6543%InK+0.463xIn T
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The total mortality (Z) was found using the length converted
catch equation (Pauly, 1984). The fishing mortality (F) was
calculated by the subtraction of the estimates of M from Z.

F=Z-M. The exploitation rate was calculated as follows: E=F/Z

Recruitment patterns were found from the estimated
growth parameters by reflecting the length-frequency data in
ELEFAN | The probabilities of capture (Lcso) was estimated
from the gear selection curve generated from the length
converted catch curve. The relative yield per recruit (Y/R) and
relative biomass per recruit (B/R) were computed from the
ogive selection using the procedure in the FISAT Il program
(Gayanilo et al., 2002).

RESULTS

Length-weight relationships (LWRs)

The CL for females ranged from 7 to 41 mm (n=15904) and
for males ranged from 9 to 35 mm (n=20384). The mean CL
was 24.07 mm (£ 4.34) for females, 20.66 mm (+ 2.66) for
males and 22.58 mm (x 4.07) for the combined sexes (Figure
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Figure 2. Length frequency distribution of P. longirostris in the Sea
of Marmara

The CL and weight values were determined yearly and
seasonally, the values did not present statistical differences
between seasons and years (p > 0.05). CL-weight relationships
were separately estimated for females, males and combined.
The length-weight relationship equation for female, male and
sexes combined was calculated as W=0.0023*CL25,
W=0.0029*CL243, W=0.0022*CL252, respectively. The results
for the CL-weight relationships according to the sex indicates
a negative allometric growth (b<3; t-test, P<0.05). And there
was a statistically significant difference among the estimated
parameters between the two sexes (p < 0.05, ANCOVA).

Reproduction

The sex ratio proportion was found 1:1.3 (M: F). The
females represented the 55.8 % and the males the 44.2 % of
the analyzed population. The sex ratio proportion did not
present statistical differences from 1:1 proportion (p > 0.05,
X2).

The monthly changes in the condition factor (KF) and GSI
values for females are indicated in Figure 3. The KF values
were low for summer and autumn, but were high in the spring.
The observed changes in the GSI diagram showed that GSI
values varied in opposite trend respect to KF values.
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Figure 3. Monthly changes in GSI and KF values

The maturity process was classified in five stages. Each
analyzed month presented the Ill and IV stages (which include
mature individuals); on the other hand, during summer and
autumn Ill, IV and V were the most frequent observed stages
(Figure 4). The three years of monthly analyses indicates that
changes in maturity stages, KF and GSI showed that
reproduction of P. longirostris continued throughout the year
with a peak of maturity during summer in the Marmara Sea.
The size in which individuals reach 50 % maturity was
determined at 27.3 mm CL (Figure 5).
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Figure 4. Monthly changes in reproductive stages of P. longirostris
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Figure 5. The first maturity length of P. longirostris (CL)

Growth

The growth parameters were determined as L»=41 mm,
K=0.27 year, t=-0.78 year in females, L~=36.8 mm, K=0.37
year!, t=-0.69 year in males and L~=42 mm, K=0.35 year,
t0=-0.69 year for the combined sexes. The mean lengths were
calculated for every age group. The maximum age was
calculated as 4 for females and 3 for males (Table 1).

Mortality rates

The mortality rates were calculated separately for females,
males, and total population. According to the calculated results
of M, Z, F and Ec the values were 0.52, 1.09, 0.57, 0.52 in
females; 0.66, 2.22, 1.56, 0.70 in males and 0.61, 1.60, 0.99,
0.62 in the total population, respectively.

Table 1. Age-carapace length key for female, male and combined sexes of P. longirostris

Calculated Mean Length

Ages
Female Male Total
1 17.6£0.7 16.5+2.4 13.9£3.4
2 26.240.7 21.2+1.1 21.1£2.9
3 33.0£0.6 25.6+£2.5 26.7£2.7
4 38.7 - 33.9

Probability of capture

The probability of capture values L2s, Lso, and Lzs were
found to be 16.62 mm, 18.07 mm, 19.52 mm for females and
15.15 mm, 16.29 mm, 17.44 mm for males, respectively
(Figure 6).
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Figure 6. Probabilities of capture for males and females of
P. longirostris
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Figure 7. Recruitment patterns according to years

Recruitment pattern and Exploitation parameters

The recruitment patterns showed two annual pulses of
recruitment during the three years of analysis. The recruitment
peaks seem to occur in February and June in 2012, October
and March in 2013, December and March in 2014 (Figure 7).

The relative Y/R and B/R analysis of the P. longirostris
were estimated using the selection ogive procedure of FISAT
Il software (Figure 8). The required parameters that LCso/L-
and M/K ratios of 0.49 and 1.78 for males and 0.53 and 1.93
for females were used as the input parameters for the analysis.
LCsolL- of less than 0.5 indicates that small-sized shrimps are
dominated for males, as distinct from females LCso/L- equal to
0.5. The analysis indicated the exploitation rates Emax, Eso and
E1o as 0.74, 0.36, 0.60 for males and 0.75, 0.37, 0.62 for
females, respectively. The Y/R and B/R were found to be 0.02,
0.35 for females and 0.03, 0.34 for males.

(@)

100 0.04 1.00

075

it (B/R)

ass/ Recruit (B/R)
&

Yield! Recruit (Y/R)

050 & 050
|3

Relative Yield/ Recruit (Y/R)

Relative

025

Relative Biom:

00

00 02 04

00 02 04 08 08 10
Exploitation ratio (E)

Figure 8. Relative Y/R and B/R using selection Ogive for male (a) and
female (b)

06 08 10
Explotation rato (E)

278



Biological traits and population dynamic of Parapenaeus longirostris (Lucas, 1846) in the Marmara Sea, Turkey

DISCUSSION

Length-weight relationships (LWRs)

The carapace length-weight relationship equations of P.
longirostris were calculated for females, males and combined
sexes respectively. The results pointed to negative allometry.

These results were similar to the other studies in the Marmara
Sea, (Yazicl, 2004; Zengin et al., 2004; Bayhan et al., 2005;
Erten, 2009). Additionally, studies in the Aegean Sea and
Mediterranean coasts have reported also negative allometry
for the P. longirostris growth (Table 2).

Table 2. Length-weight relationship parameters reported in Mediterranean region and the Sea of Marmara (present study)

Author Area Sex N a b R?

Levietal., 1995 Sicilian Channel M+F 0.0060 2.27
Garcia-Rodriguez et al., 2009 Alicante Bay M 4948 0.0029 248 0.91
F 0.0024 2.56 0.96
M+F 0.0020 2.61 0.96

Demirci and Hossucu, 2007* North Eastern Mediterranean M+F 100 1.8709 1.84
Manasirli, 2008* Babadillimani Bay M 923 0.0015 2.62 0.91
F 2859 0.0009 2.82 0.96
M+F 3886 0.001 2.79 0.95
Tosunoglu et al., 2009 Sigacik Bay M 1313 0.0001 2.76 0.94
F 2456 0.0001 2.84 0.95
M+F 3768 0.0001 2.83 0.95
Dereli, 2010* Aegean Sea M 1313 0.0012 2,69 0.94
F 2456 0.0012 2.70 0.95
M+F 3768 0.0012 2.70 0.95
Yazici, 2004 Marmara Sea M 1073 0.0112 2.59 0.93
F 869 0.0057 295 0.97
Zengin et al., 2004 Marmara Sea M 1964 0.0093 2.70 0.91
F 2483 0.0059 293 0.95
M+F 4447 0.0053 297 0.95
Bayhan et al., 2005 Marmara Sea M 1076 0.0059 2.86 0.96
F 2679 0.0034 313 0.98
M+F 3755 0.0031 3.16 0.97
Erten, 2009 Marmara Sea, Islands 0.0551 1.94 0.77
0.0105 2.69 0.42
M+F 0.0121 2.61 0.73
This study* Marmara Sea 15904 0.0029 243 0.89
20384 0.0023 2,50 0.94
M+F 36288 0.0022 252 094

*analyzed with CL
Reproduction year, the females lay their eggs in two separate periods during

The monthly condition factor varied between 0.47 and 0.50.
The lowest KF for P. longirostris was observed in summer and
early autumn (August-October) and the highest value in spring
(April) (Figure 3). According to the monthly changes of GSI
value the reproductive period of P. longirostris correspond with
the summer periods in the Marmara Sea.

Zengin et al. (2004) reported that in the Marmara Sea the
shrimp population showed intensive breeding throughout the

the year. The authors specified the periods during spring, early
summer and Autumn, respectively. In the Mediterranean
coasts and the Aegean Sea the reproduction is intense during
November, December and February (Bayhan et al., 2005),
April to June (Manasirli, 2008) and November to August
(Guijarro and Massuti, 2006). The first sexual maturity in this
study was found to be larger than the previous studies (Table
3). The differences between studies are because reproductive
activity occurs at different times according to geographical
areas.
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Table 3. Reproductive season and first maturity length reported in Mediterranean region and the Sea of Marmara (present study)

Reproductive First reproductive
Author Area

Time length (mm)
Spedicato et al., 1996 South Tiran Sea 28.4 (CL)
Mori et al., 2000 Tiran Sea 22 (CL)
Ben Meriem et al., 2001 North Tunisian 20.1 (CL)
Guijarro and Massuti, 2006 Balear Island November 28 (CL)

August
Manasirli, 2008 Babadillimani Bay December -June 18.2 (CL)
Tosunoglu et al., 2009 Sigacik Bay Autumn - Spring 26.13 (CL)
Dereli, 2010 Aegean Sea 24.56 (CL)
Zengin et al., 2004 Marmara Sea Spring 106.1 (TL)
Bayhan et al., 2005 Marmara Sea Sep., Oct.-Dec.-Apr.-May 97 (TL)
Zengin and Tosunoglu, 2006 Marmara Sea Summer-Autumn 97 (TL)
This study Marmara Sea Summer 27.3 (CL),

126 (TL)
Growth Other studies reported a maximum of 6 years in the Aegean

The growth parameters are given in Table 4. The
calculated growth performance index (¢) was 2.70 for males,
2.66 for females and 2.79 for both sexes. The growth
parameters of P. longirostris population were compared with
previous reported studies (Table 4). Whole data were analyzed
using Munro’s Fi Test and presented statistical significant
differences (p<0.05). Although the calculation method is the
same about growth parameters, differences in study results
may have been effective in regional differences, sample
numbers, sex, and ecological factors. The maximum age
calculated for P. longirostris in the Marmara Sea in this study
was 4 years in case of females and 3 years in case of males.

Sea (Tosunoglu et al., 2009). Around 4 and 3 years in the
Mediterranean region, respectively (Demirci and Hossucu,
2007; Manasirli, 2008). One study conducted previously in the
sea of indicated 3 years age of the shrimp (Zengin et al., 2004).

Mortality rates

In Table 5 are shown the analyzed mortality rates wich
presented significant differences with studies that were
conducted in the Mediterranean region. According to our
results, P. longirostris population showed overfishing pressure,
these results are similar to other studies carried out in the
Turkish waters (Tosunoglu et al., 2009; Deval et al., 2006;
Manasirli, 2008).

Table 4. Growth parameters obtained by different authors for P. longirostris in the Mediterranean region and the Sea of Marmara (present study)

Author Area Sex TL- CL- K to (0]

M - 3341 0.93 0.05 3.01
Ardizzone et al., 1990 Tiran Sea

F - 44.4 0.74 0.13 3.16
Levi et al., 1995 Sicilian Channel M+F 30.5 0.63 0.190 2.77
Abello et al., 2002 Mediterranean M+F - 47 0.49 - 3.03

M - 34.3 0.73 2.93
Ragonese et al., 2002 Sicilian Channel -

F - 40.9 0.7 3.07

M - 33.2 0.68 2.87
Kapiris et al., 2013 lonian Sea -

F - 37.2 0.76 3.02

M 36 0.49 0.075 2.81
Garcia-Rodriguez et al., 2009 Alicante Bay

F 47 0.44 0.134 2.99
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M+F - 45 0.39 0.102 2.90
M - 31.3 1.0 0.49 2.99
Guijarro et al., 2009 Balearic Island F - 44 0.67 0.21 3.1
M+F - 40 0.84 0.49 3.13
M - 31.2 0.76 0.39 2.87
Manasgirli, 2008 Babadillimani Bay F - 32.3 0.77 0.39 290
M+F - 32.1 0.76 0.39 2.89
Demirci and Hossucu, 2007 Mediterranean M+F - 34.6 0.480 1.010 2.76
Bilgin et al,, 2009 Saros Bay v : as SO
M+F - 42 0.5 - 2.95
Tosunoglu et al., 2009 Sigacik Bay M - 34.99 0.41 1.016 2.70
F - 41.26 0.31 1.039 2.73

Baran and Oztiirk, 1990 Marmara Sea - 147 - - - -
: M 157.9 - 0.380 1.422 3.98
Zengin et al., 2004 Marmara Sea F 170.2 ) 0.581 0.962 423
M - 36.8 0.37 0.69 2.70
This study Marmara Sea F - 4 0.27 0.78 2.66
M+F - 42 0.35 0.69 2.79

Table 5. Reported natural mortality (M), fishery mortality (F), total mortality (Z) and exploitation rate (Ec) of P. longirostris in the different areas
and the Sea of Marmara (present study)

Author Area Sex M F YA Ec
Kelibia and
Levietal., 1995 1.239
Lampedusa
Abello et al., 2002 South Aegean M+F 3.22
Abello et al., 2002 North Aegean M+F 241
M 1.30 3.33
Ragonese et al., 2002 Scilian Channel
F 1.20 3.37
Baran and Oxztiirk, 1990 Marmara Sea 52
Zengin et al., 2004 Marmara Sea M+F 0.85 1.06 1.91 0.50
Demirci and Hogsucu, 2007 Northern East M 129 0.34 1635 0.21
Mediterranean
M 0.97 1.86 283 0.65
Deval et al., 2006 Sea of Marmara F 1.57 213 0.54
M+F 0.60 1.16 0.38
M 1.31 3.86 5.17 0.74
Manasirli, 2008 Babadillimani Bay F 1.29 212 3.41 0.62
M+F 1.29 2.71 4.00 0.67
. M 3.51 0.88
Bilgin et al., 2009 Saros Bay F 473 119
M 0.67 0.54 1.21 045
Tosunoglu et al., 2009 Sidacik Bay F 0.77 1.71 248 0.69
M+F 0.77 1.18 1.95 0.60
M 0.66 1.56 222 0.70
This study Marmara Sea F 0.52 0.57 1.09 0.52
M+F 0.61 0.99 1.60 0.62
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Probabilities of capture

The probability of capture L50 was referred as the length
at first capture, in females the Lc/L ratio revealed that this
ratio was 0.5 inferior to males. This result indicated that
catches were dominated by small individuals. The L50 values
were smaller than the length at first maturity (27.3). Therefore,
overfishing of non-mature individuals could be a first sight of
declining populations in the Marmara Sea.

Recruitment pattern and exploitation parameters

The recruitment patterns showed that there are two peaks
each year, those recruitment peaks seem to occur in February
and June in 2012, October and March in 2013, December and
March in 2014 (Figure 7). The recruitment of new specimens
has been in the winter seasons.

Our result of the relative Y/R and B/R analysis for the stock
of P. longirostris showed overexploitation for males and
exploitation within safe limits for females. Levi et al. (1995)
presented an exploitation rate Ec=0.8 bigger than the
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0z: Karadeniz'in Sinop kiyilarinda Ocak 2008-Aralik 2008 tarihleri arasinda yiiriitiilen bu calismada jelimsi organizmalardan Mnemiopsis leidyi tiiriiniin bazi
popllasyon parametreleri calisiimigtir. Arastirmada 980 M. leidyi bireyinde boy ve agirlik élgimleri yapilmistir. Ture ait ortalama boy ve agirlik sirasiyla
3,240,06 cm ve 7,310,25 g olarak hesaplanmistir. M. leidyi maksimum ve minimum boy uzunlugu 10,8 cm ve 0,2 cm olarak bulunmustur. Maksimum ve
minimum agirlik ise 63 g ve 0,1 g olarak dlgtilmistir. Jelimsi organizma tiiriine ait boy-agirlik iliskisi denklemi W=0,7905L 16406 olarak bulunmustur.

Anahtar kelimeler: Karadeniz, Sinop, Mnemiopsis leidyi, boy dagilimi, boy-agirlik iligkisi

Abstract: Some population parameters of gelatinous macrozooplankton species, Mnemiopsis leidyi, were studied in the present study carried out from January
2008 to December 2008 along the coasts of Sinop in the Black Sea. A total of 980 M. leidyi specimens were measured and weighed. The estimated average
length and weight of the species were 3.2+0.060 cm and 7.3£0.250 g, respectively. The observed maximum and minimum lengths were 10.8 cm and 0.2 cm.
The maximum and minimum weights measured were 63 g and 0.1 g. The length-weight relationship equation for M. leidyi was determined to be W =

0.7905L 16406,

Keywords: Black Sea, Mnemiopsis leidyi, size composition, length-weight relationship

GIRIS

Son yillarda agiri avcilik, 6trofikasyon iklimsel degisiklikler
ile artan sicaklik ve kirlilik gibi etkiler sonucunda dinya
denizlerinde jelimsi macrozooplankton artiglarina daha sik
rastianmaktadir. Ozellikle ticari balik avciliginin yogun
yapildigi kiyisal ve kapali- yari kapali denizlerde jelimsilerin
ekosistemde baskin oldugu bir tablo ortaya cikmstir.
Karadeniz bu sistemin en belirgin 6rneklerindendir (Gucu,
2002, Oguz vd., 2008, Boero 2013). Jelimsi makrozooplankton
Karadeniz’de 1980’lerden itibaren ekosistem ve balikgilikta
yasanan olumsuz degisimler (izerindeki etkilerden biri olarak
distndimektedir (Kideys, 2002; Shiganova vd., 2004; Oguz
vd., 2001; Finenko vd., 2006; Bat vd., 2007; Ozdemir vd., 2014;
Birinci Ozdemir vd., 2018). Tarakli jelimsi Mnemiopsis leidyi
(Ctenophora: Lobata) ise Karadeniz'e 1980lerde giris yapmis
jelimsi makrozooplankton tlrlerinden biri olup ekosisteme
kolay adaptasyonu, hizli yayilisi ve olumsuz etkileri ile kendini
gostermistir.

M. leidyi, Kuzey ve Glney Amerika'nin iliman ve
subtropikal kiyi sulari boyunca bulunan yerlesik bir tlirdGr

(Purcell vd., 2001; Costello vd., 2012). ilk olarak gemilerin
balast sulari ile Akdeniz ve sonrasinda Karadeniz’e gegis
yaptigi distntlmektedir. Karadeniz'in ortam sartlari tiriin bu
ekosistemde ¢ok iyi yayilim gbstermesini saglamistir.
1980’lerden sonra bu tiirin dagdilimi, biyolojisi ve ekolojisi
Uzerine birgok calisma yapilmistir (Kideys ve Romanova,
2001; Purcell vd., 2001; Shiganova vd., 2004; Kideys, 2002;
Bat vd., 2007; Birinci Ozdemir vd., 2010; Birinci Ozdemir vd.,
2013). Son ddénemde yeni yayilim gosterdigi denizlerde
dagilimlari ve biyolojileri Uzerine yeni bilgiler elde edilmis ve
paylasilmistir (Javidpour vd., 2006; Boero vd., 2009; Galil vd.,
2009; Malej vd., 2017; Jaspers vd., 2018). Karadeniz'in Turkiye
kiyllarinda jelimsi Aurelia aurita, Pleurobrachia pileus,
Rhizostoma pulmo ve M. leidyi tirlerinin son yillarda boy
kompozisyonu ve bolluk dagilimlarina iligkin veriler rapor
edilmigtir (Mutlu; 2009; Bat vd., 2009; Vladymyrov vd., 2011;
Birinci Ozdemir vd., 2018; Birinci Ozdemir vd., 2019; Dénmez
ve Bat, 2019; Ustiin ve Birinci Ozdemir, 2019).
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M. leidyi tirinUn bolluk ve biyokitlesinde meydana gelen
degisimler, biyolojileri ve ekolojileri gibi birgok nokta
ekosistemdeki rollerinin belirlenmesinde ve takip edilmesinde
onemlidir. Tim bunlarla birlikte tiriin popiilasyonuna ait boy
dagilimlarinin, boy-agirfik iliskilerinin degisimleri de izleme
calismalari icin  temel unsurlardandir. Bu nedenle
‘Karadeniz'de M. leidyi tlriniin son déneme ait bazi biyolojik

ozelliklerinin -~ belilenmesi’  bu  calismanin  hedefini
olusturmustur.
MATERYAL VE METOT

Karadeniz'in Sinop ili kiyllarinda gergeklestirilmis olan bu
arastirmada M. leidyi boy kompozisyonu ve boy agirlik iligkisi
gibi poptilasyon parametrelerinin belirlenmesi amaci ile kiyisal
alandan (haritada koyu hatla belirtilen alan) ve agik deniz
alanindan 6rnek toplanmistir. Agik deniz alaninin temsili igin (ig
istasyondan (A, B ve C) plankton ¢ekimi yapilmistir (Sekil 1).
istasyonlara ait bilgiler Tablo 1'de verilmistir. Orneklemeler
Ocak 2008-Aralik 2008 tarihleri arasinda aylik olarak
gerceklestirilmistir.

Kiyisal alan siirekli gézlem altinda tutulmus ve tlirGin yogun
bulundugu dénemlerde 6rnekleme yapilmistir. Orneklemelerde
112 pum’luk goz acikhg ve 50 cm adiz genisligine sahip
plankton kepgesi kullaniimistir. Kiyisal alan cizgisi tzerinde
aralikl olarak yatay (horizontal) érnekleme yapilmistir.

N 3504 3506 3508 3510 3512
L L 1 1 1

KARADENIZ

KARADENIZ

TURKIYE

Sekil 1. Kiyisal drnekleme alani (koyu hat) ve aglk deniz alani
ornekleme istasyonlari
Figure 1. Coastal sampling area (dark line) and offshore area
sampling stations

Tablo 1. Acik deniz alanindaki drnekleme istasyonlari derinlik (m) ve
koordinatlar
Table 1. Sampling stations depth (m) and coordinates in the offshore

area
Ornekleme Derinlik (m) istasyon
Istasyonlari Koordinatlari
A 55 42°00' 21"N- 35° 09' 32'"E
B 60 41°59' 27" N- 35° 10" 12"E
C 20 42°01' 15" N- 35° 09' 00"E

Deniz calismalarinda Sinop Universitesi Su  Uriinleri
Fakiltesine ait “R/V Arastirma-I" adli arastirma teknesi
kullanilmigtir. Her bir istasyonda dikey (vertikal) gekim tim su
kolonundan yiizeye dogru iki tekerriirlli yapilirken, bir
istasyondan digerine gegilirken 15 dk.lik yatay cekimler
gerceklestirilmistir. Dikey ¢ekimlerde 112 pm, yatay
cekimlerde 500 um gdz agikliklarina sahip, 50 cm agiz
acikhigindaki standart plankton kepgeleri kullanilmistir.

Plankton gekimlerinde kolektorde toplanan ornekler huni
yardimi ile 2 mm'lik elekten sizilerek 100 pm’lik elege
aktariimigtir. Elegin Uzerinde bulunan jelimsi tirinin boy ve
agirlik élgimleri yapilmigtir. M. leidyi boyu loblu kisimlari ile
birlikte 1 mm bélmeli cetvel ile dlgtimustar. Agirlik dlgimd, ince
bdlmeli silindir (meziir) kullanilarak volimetrik (su tasirma)
yontem ile bireylerin hacimleri (ml) alinarak yapilmistir (Mutlu,
1996).  Volumetrik  yontemden faydalanilarak  hacim
alindigindan agirlik hesaplamasi

yas agirlik (g) = 0.962 x voliim (ml) (~1 ml) denklemine gdre
belirlenmistir (Mutlu, 1999).

Arastirmada boy-agirlik iliskisi parametreleri dogrusal
olmayan regresyon yontemi ile bulunmustur. M. leidyi boylari
ve adirliklari arasinda iliskii W=a.l® formiline gore
hesaplanmistir (Ricker, 1975).

Verilerin istatistiksel degerlendirimesinde SPSS paket
programi (SPSS Statistics 21.0) kullanilmistir. Boy ve agirlik
verilerinin her bir rnekleme ay i¢in normal dagilip dagiimadig
Shapiro-Wilk testi ile belirlenmis, boy-agirlik degerlerine
logto(x+1) transformasyonu uygulanmigtir.  Varyanslarin
homojenligi test edilmis, kiyisal ve agik deniz alaninda aylar
arasinda boy ve agirliklardaki farklilik ANOVA tek etken analizi
post-hoc testi olarak Games Howell ile belirlenmistir (Kayri,
2009). Test sonuglarinda elde edilen farkin énem kontrolii
P<0,05 degeri dikkate alinarak yapilmistir (Zar, 1999).

BULGULAR

Aragtirma sUresince 6rneklenen 980 M. leidyi bireyinde
yapilan Olglimler sonucunda ortalama boy 3,200,06 cm
ortalama agirlik ise 7,310,25 g olarak hesaplanmistir. Ornek
icerisinde maksimum boy ve agirlik 10,8 cm ve 63 g olarak
belirlenirken, minimum boy ve agirlik 0,2 cm ve 0,1 g olarak
belirlenmigtir.

Calismada M. leidyi tirtinin boy dagilim, kiyisal alanda ve
aclk deniz alanindaki farklihgin belirlenmesi amaci ile ayri
olarak degerlendirilmistir. Boy-agirlik iligkisinin tahmininde ise
hem kiyisal hem de agik deniz 6rneklemelerinden elde edilen
bireyler kullaniimistir.

M. leidyi Boy Dagilimi

Kiyisal alanda toplam 453 adet bireyin boy ve agirlik
olglimleri yapilmistir. Bireylere ait en biyuk boy 10,8 cm, en
klclk boy ise 0,5 cm olarak Olgilmustlr. Bireylere ait boy
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dagiiminda en yuksek payr %16,34 ile 3,5 cm boy sinifina
sahip bireyler olusturmustur. Genel olarak 1,5 cm ile 5 cm
arasindaki boy gruplarinin yaygin oldugu gértimustir (Sekil 2).

Acik deniz alanindan alinacak verilerin guvenirliligini
artirmak amaciyla 1 mil araliklarla segilmis 3 istasyondan
vertikal ve horizontal plankton cekimleri ile ornekler
toplanmigtir.  Degerlendirmeler ise tim istasyonlardaki
ortalama veri kullanilarak yapilmistir. Aglk deniz alaninda
yapilan plankton gekimleri sonucunda 527 M. leidyi bireyinin
boy ve agirlik degerleri alinmigtir. En blylk birey 9 cm ve en
klgUk birey 0,2 cm uzunlugunda tespit edilmistir. Boy frekans
dagiiminda boy sinifi 1 cm ve 3,5 cm olan gruplar %16,12 ve
%12,90 ile en yiiksek paya sahip olmuslardir. Siniflandirmada
en disik pay %0,18 ile 8 cm’lik boy grubuna aittir (Sekil 2).

n=980 Genel
-
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S 5 I
301 1.
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Boy sinifi (cm)
Sekil 2. Kiyisal alanda (H4), agk deniz alanindaki

orneklemelerindeki (. ) M. leidyi boy dagilimi (%)
Figure 2. The size distribution of M. leidyi (%) in the sampling of

coastal area (%) and offshore area (. )

50 - n=16 Ocak 2008
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30 1
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e
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Kiyisal alanda nisan, haziran, temmuz ve aralik aylari
érneklemelerinde M. leidyi bireylerine rastlaniimamigtir. Boy
dagiiminda ocak ay1 érneklemelerinde 7 ¢cm boy sinifindaki M.
leidyi bireylerinin baskin oldugu belirlenmistir. Ocak ve subat
aylarinda gok blytk bireyler érneklenmis olup subat ayinda 6,5
ve 7 cm boy sinifi ile 9,5 ve 10 cm boy siniflarinda yigima
gozlenmigtir. Mart ayinda 3,5-5 cm arali§indaki boy
siniflarindaki bireyler baskin olarak bulunmustur. Mart ayinda
kiiclik birey (<3cm) oraninda dikkate deger bir artis tespit
edilmistir. Temmuz ayi basta olmak iizere yaz aylarinda kiigiik
bireylerin popUlasyona katiliminda artis belirlenmistir. Bu artis,
yaz aylarindakilerden olduk¢a disik olmakla birlikte
sonbaharda da sirmustur (Sekil 3).

Agik deniz alaninda M. leidyi boy dadilimi aylara gore
incelendiginde, yine yaz mevsimi basinda kigik bireylerin
artti§r gorlilmustir. Boy sinifi 0,5-3 cm arasindaki bireyler
orneklemelerde baskin olarak tespit edilmistir. Temmuz
ayindan ekim ayina kadar kicuk birey artisi 6rneklemelerde
belirlenmis olup, kasim ayinda 3,5 cm ve 4 cm boy sinifindaki
biyik birey oraninda artis gdzlenmistir. Genel olarak
incelendiginde 3-5 cm araligindaki ilkbahar
mevsiminde daha yliksek oranda oldugu gézlenmistir. Kis ve
ilkbahar aylarinda blyik boy grubundaki bireylerin sayisinda
artis gézlenmis olup, bununla birlikte az sayida da olsa kgik
bireylerinde poplilasyonda bulundugu tespit edilmistir (Sekil 3).
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Figure 3. Monthly size distribution of M. leidyi (%) (coastal area (%), offshore area (. )

Sekil 3. Aylik M. leidyi boy dagilimi (%) (Kiyisal alan (%), acik deniz alani (. )
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M. leidyi Boy-Agirlik iligkisi

Agik deniz alanindan ve kiyisal alandan elde edilen toplam
M. leidyi bireylerinin boy ve agirliklari verileri ile yapilan
hesaplamalarda ait boy agirhk iliskisi  denklemi
W=0,7905L"6406 (R2=0,93) olarak tahmin edilmistir (Sekil 4).

3 0,7905L.16406

SOkt = 0,9267
50 - .

0 1 2 3 45 6 7 8 9 10 11 12
Boy (cm)

Sekil 4. M. leidyi tlirinin boy-agirlik iligkisi
Figure 4. The length-weight relationship of M. leidyi

Kiyisal alanda ve plankton cekimlerinde 6rneklenen M.
leidyi tlrGnin aylara gére boy agirlik iliskisi Tablo 1.de
verilmistir. Genel olarak M. leidyi 6rneklerinde boy ile agirlik
arasinda kuvvetli bir iliski bulunmus olup regresyon katsayisi
érneklenen birey sayisiyla dogru orantili olarak artarak (R?)
0,643 ile 0,946 arasinda bulunmustur. Boy agirlik iligkisi
denklemi parametrelerinden olan kondisyon faktorii (a) aylik
orneklerde 0,599 (1,081) ile 1,562 (1,558) arasinda degdismistir
(Tablo 2).

Tablo 2. Aylik M. leidyi tlirinin boy-agirlik iliskisi parametreleri

(a,b,R?)
Table 2. Monthly length-weight relationship parameters of M. Leidyi
(a, b, R?)

Aylar a (std hata) b (std hata) R?
Ocak 1,036 (1,374) 1,648 (0,182) 0,919
Subat 0,908 (1,284) 1,682 (0,147) 0,897
Mart 1,358 (1,140) 1,363 (0,095) 0,745
Nisan 1,562 (1,558) 1,469 (0,278) 0,894
Mayis 1,009 (1 187) 1,756 (0,106) 0,946
Haziran - -
Temmuz 0,599 (1 081) 1,689 (0,112) 0,855
Agdustos 0,728 (1,039) 1,240 (0,041) 0,939
Eyliil 0,730 (1,033) 1,210 (0,039) 0,914
Ekim 0,611 (1,078) 1,297 (0,090) 0,396
Kasim 1,010 (1 750) 1,120 (0,433) 0,643
Aralik - -

M. leidyi boy ve agirlik verilerinin aylar arasinda normal
dagilim gdstermedigi (Shapiro-Wilk, P=0,00); varyanslarin
homojen olmadi§i (Levene testi, F=106.17, P<0,05) tespit
edilmigtir. Kiyisal ve agik deniz alanindan elde edilen bireylere

ait aylik ortalama boy ve agirliklar arasinda istatistiki agidan
farklihik dnemli bulunmustur (ANOVA, Games Howell; P<0,05).
Aylar arasindaki istatistik analiz sonuglari incelendiginde;
ozellikle temmuz, agustos ve eyllil aylarindaki boy ve
agiriklarin - diger aylardakilerden farkli oldugu sonucuna
varilmistir (P<0,05).

TARTISMA VE SONUG

Karadeniz'in Sinop kiyilarinda yapilan mevcut calismada
kiyisal alan ve agik deniz alani 6rneklemelerinde en biyik M.
leidyi boyu 10,8 cm bulunmustur. 3,5 cm’lik bireyler kiyisal
alanda, 1 cm ve 3,5 cm'lik bireyler agik deniz drneklemelerinde
baskin boy gruplari olmustur. Kiigiik M. leidyi boy gruplarina
genellikle sonbahar ve yaz aylarinda rastlanmigtir. Kiigtik birey
artisinin fazla oldugu yaz aylarinda dremenin gergeklestigi
tespit edilmistir. Shiganova vd. (2001, 2003) Karadeniz'in
kuzeyinde gerceklestirdikleri galismalarinda bu arastirmaya
benzer sonuglar bildirmiglerdir.

Karadeniz'de en blytk M. leidyi 18 cm olarak bildirilmigtir
(Shiganova vd., 2001). izmit kérfezinde tim yil boyunca
ortalama <10 mm boy grubuna ait bireyler baskin olarak
bulunmus, maksimum boy uzunlugu 15 cm kaydedilmistir
(Isinibilir, 2004). Orta Karadenizde 2002-2004 aralijinda
yapllan calismalarda 1-3 cm araliindaki boy grubunu
olusturan M. leidyi bireylerinin baskin boy gruplari oldugu rapor
edilmigtir (Birinci-Ozdemir, 2005; Birinci-Ozdemir vd., 2007).
Kiyisal alanda maksimum boy 17,3 cm 6lglimus, 4 cm boya
sahip bireylerin baskin grup oldugu bildirilmistir. Karadeniz'de
ortalama M. leidyi boyu 2006-2007 yillari arasinda 1992-1995
yillari arasindaki boylara oranla arttigi kaydedilmistir. Mevcut
calisma sonuglarina benzer olarak 2006-2007 vyillarinda
Karadenizde 3 cm’'lik bireylerin ilkbahar ve yaz
popllasyonunda baskin oldugu belirlenmistir (Mutlu, 1999;
Mutlu, 2009).

M. leidyi triniin artisi uygun sicaklik (21-23 C) ve
ortamdaki besin miktar ile dogru orantiidir. Ayrica bu
etkenlerin tirlin boy kompozisyonunu belirledigi literatlirde
vurgulanmistir (Finenko vd., 2014; Jaspers vd., 2015; Gambill
vd., 2015). Mevcut galismada da kiigUk birey artisinin 6zellikle
temmuz ayinda yogun oldugu gorilmektedir. Ayrica bu
calismada aclk deniz bdlgesinde agustos, eyllil ve ekim
aylarinda kigik birey yizde oraninin kiyisal alandaki bireylere
oranla daha yiksek oldugu belirlenmistir. Sicaklik ve besin
faktérlerinin bu sonucu ortaya koydugu diistiniimektedir.

M. leidyi ana besinini zooplankton ve balik yumurta ve
larvas! olusturmaktadir (Mutlu, 1999; Kideys, 2002; Finenko
vd., 2014; Birinci Ozdemir vd., 2018). Besin miktar yiksek
oldugunda hizli ireme ve bliyime goriiimektedir (Clarke ve
Peck, 1991). Bu bilgiler ile Karadeniz’de hamsinin Ureme
ddénemi olan yaz aylarinda M. leidyi tiriniin tremek icin yogun
miktarda hamsinin de besini olan zooplankton ve ayrica balik
yumurta ve larvasi tiikettigini sdyleyebiliriz.
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incelenen M. leidyi 6rneklerinin  boy-agirlik  iligkisi
parametrelerinde aylara gére farkliliklar g6riimustir (Tablo 2).
Aragtirma gemisinde sartlarin uygun olmamasi, agirlik
olglimlerinin tam olarak dogru sekilde yapilmasinin gii¢ olmasi
durumunda bolluk ve biyokiitle hesaplamalarinda boy—agirlik
iliskisi denkleminden vyararlaniimaktadir. Her tlirin boy
gruplarina gére boy agirlik iligkisi farklilik gdstermektedir.
Biyime ve Ureme ddénemlerinde ayni boydaki bireylerin
agirliklarinda da farkliik goriimastir. M. leidyi (Mutlu, 1999)
icin boy-agirlik iliskisinden hesaplanan biyokiitie dederlerinde

onemli farklar gérilmektedir. Yapilan bu ¢alismada ise M. leidyi
tiiriiniin aylik olarak boy agirlik iligkileri belirlenmistir. llkbahar
ve yaz aylarinda M. leidyi igin hesaplanan R2 degerleri yiiksek
bulunmustur.

Mevcut arastirma sonuglarl ile diger calismalarda
kullanilan tim esitlikler farklilik g6stermistir (Tablo 3). Bu
nedenle boy-agirlik iliskisi denklemlerinin mevsimsel olarak ve
boy gruplarina ayrilarak yapiimasinin daha uygun olacagi
dustndlmektedir.

Parametreler a b w L
Mutlu (1999) 0,928 2,231 g cm
5 Finenko vd. (2003) 1,31 2,49 mg mm
£  Niermann vd. (1995) 7,84 2,19 mg mm
‘:7_'% Weisse vd. (2002) Temmuz 1995 0,575 1,879 g cm
& Weisse vd. (2002) Agustos 1995 0,760 1,904 g cm
< Weisse vd. (2002) ilkbahar, 1997 0,244 2,254 g cm
Mevcut aragtirma 0,7905 1,6406 g cm

Tablo 3. Karadeniz'de M. leidyi (izerine yapilan diger ¢alismalarda kullanilan boy ve agirlik 6lglimii birimleri ve bulunan a ve b degerleri
Table 3. Units of length and weight measurements used in other studies on M. leidyi in the Black Sea and estimated values of a and b
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0Oz: Bu galismada; paraketa balikgiliginda, canli camur karidesi (Upogebia pusilla) (CCK), silikonlanmis camur karidesi (SCK) ve silikon peletin (SP) aveilik
performansi ve olta ignesinde kalma oranlari arastiriimistir. Denemeler, aylik olarak Mugla ili Milas ligesi Kiyislacik Kéyi'ne bagli Zeytinlikuyu mevkiinde
Mayis 2016 — Nisan 2017 araliginda aylik olarak ytritilmistir. Omeklemelerde kullanilan takimda ana beden @ 0,70 mm, ara beden ve késtekler @ 0,40
mm dir. Kostek boyu 1,50 m, kdstekler arasi mesafe ise 4 m'dir. Takiminda 14 numara diiz igne kullaniimistir. Her bir yem cesidi i¢in 50 olmak tizere toplamda
150 igne kullanilmis, 25 ignede bir yemlerin yerleri degistirilmistir. Ornekleme siiresince yakalanan bireyler CCK, SCK ve SP olarak ayrilmis, her bireyin mm
hassasiyetle total boy (TL) ve 0,01 g hassasiyetle agirliklari alinmistir. Denemeler sonunda 7 familya, 18 tiire ait toplam 191 birey yakalanmistir. Toplam avda
cipura (Sparus aurata) %48,7 ile en fazla yakalanan tir olmustur. Cipurayi sirasiyla %10,5 ile kirma mercan (Pagellus erythrinus), %9,4 ile karagdz (Diplodus
vulgaris) ve %8,9 ile 1sparoz (Diplodus annularis) takip etmistir. Toplam 191 bireyin; %55'i (105 adet) CCK, %33,5'i (64 adet) SCK ve %11,5'i (22 adet) SP ile
yakalanmistir. Calisma bulgulari, Ug farkli yemle yakalanan cipura, i1sparoz ve karagoz sayilari arasinda farklilik oldugunu gostermistir (x2, P<0.05). Yem
gruplari arasinda yapilan ikili karsilastirmada (CCK-SCK, CCK-SP ve SCK-SP) bireylerin boylar arasindaki fark anlamli bulunmamistir (ANOVA, P>0.05).
CCK, SCK ve SP’den elde edilen birim giigte av (CPUE) degerleri sirasi ile 0,05 n/h, 0,03 n/h ve 0,01 n/h ve birim giigte Griin (YPUE) degerleri ayni sira ile
7,28 g/h, 4,35 g/h ve 2,99 g/h seklinde gerceklesmistir. Yemlerin igne tizerinde kalma oranlari degerlendirildiginde; en dustik orani %6,32+2,01 ile canli gamur
karidesi vermistir. Canli olarak tedarik edilemedidgi durumlarda, camur karidesinin silikonlanarak kullaniimasi, yemlerin igne de kalma stirelerini artiracak ve
yem maliyetini azaltacaktir. Diger taraftan, bu tiir calismalarin silikon yerine jelatin gibi dogal baglayicilarla elde edilen yemlerle yapiimasi, hem baliklara hem
de dogaya daha az zarar vermesi agisindan son derece énemli olacadi diistinilmektedir.

Anahtar kelimeler: Paraketa balik¢iligi, yem, Upogebia pusilla, gamur karidesi, silikonlu pelet

Abstract: In this study, the catch performance and remaining ratio on fishing hooks of natural alive mud shrimp (Upogebia pusilla) (CCK), siliconized mud
shrimp (SCK) and siliconized pellet (SP) were investigated in a longline. The trials were carried out monthly between May 2016 and April 2017 in Zeytinlikuyu
district of Kiyikislacik Village — Milas-Mugla province. The main body diameter has 0.70 mm, leader and snoods have 0.40 mm. The snood length and distance
is 1.5 m and 4.0 m, respectively. 14 no straight hooks were used. Totally 150 hooks, 50 for each bait were used and each bait was replaced in 25 hooks. The
individuals caught during the samplings were separated as CCK, SCK and SP, and each individual was measured as the precision of mm the total length (TL)
and weighted of 0.01 g. Totally 191 individuals from seven families with 18 different species were caught. Gilthead sea bream (Sparus aurata) was the
abundant species with 48.7% in all bait type, and the followed by common pandora (Pagellus erythrinus) with 10.5%, common two-banded sea bream
(Diplodus vulgaris) with 9.4% and annular sea bream (Diplodus annularis) with 8.9%. Of the 191 individuals, 55% (105 individuals) were caught with CCK,
33.5% (64 individuals) with SCK and 11.5% (22 individuals) with SP. The results of the trial with 3 different bait types were shoved that that there are significant
differences between the catch rates of gilthead sea bream, annular and common two-banded sea bream (x2, P<0.05). In paired tests between bait groups
(CCK-SCK, CCK-SP and SCK-SP), there were no clear differences between the sizes of the individuals (ANOVA, P>0.05). Catch per unit effort (CPUE)
values of CCK, SCK and SP were calculated as 0.05 n/h, 0.03 n/h and 0.01 n/h, respectively. In the same order, yield per unit effort (YPUE) values were
determined as 7.28 g/h, 4.35 g/h and 2.99 g/h. When the remaining rate of baits on the hooks were evaluated, CCK gave the lowest rate with 6.32%+2.01. It
is thought that SCK should be used as an alternative particularly when natural mud shrimp cannot be utilized as alive or unable to be supplied due to the cold
weather conditions and time restrictions. On the other hand, it is thought that performing such studies with bait made with natural binders such as gelatine
instead of silicone will be extremely important in terms of less harm to both fish and nature.

Keywords: Longline, bait, Upogebia pusilla, siliconized mud shrimp, siliconized pellet

GIRIS

Paraketa; avciligi hedeflenen tiire gore degisik materyalve  kullanilabilen, hareketsiz oltalar sinifinda yer almaktadir
kalinliklardaki (misina, ip, gelik tel vb.) uzun bir beden tzerinde  (Bjordal ve Lgkkeborg, 1996). Hedeflenen tirlerin biyolojik ve
cok sayida ignenin, kostek adi verilen kollar ile belli araliklarla  ekolojik 6zellikleri nedeniyle, tire 6zg en etkin avcilik yontemi
badlanmasi sonucu olugan, yemli ve yemsiz olarak  olabilmektedir (Erzini vd., 1998; Woll vd., 2001; Serafy vd.,
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2004; Erdem ve Akyol, 2005; Hepkafadar, 2008; Kinacigil vd.,
2015; Ozgil vd., 2015; Gllsahin ve Soykan, 2017).

Paraketa balikgiliginda av verimini etkileyen en 6nemli
faktorlerin basinda igne ve yem gelmektedir (Lokkeborg,
1989). Igne, boyut ve sekil her tiir icin yeknesak bir belirginlik
gosterirken, kullanilan yemin etkinligi bolge, ddnem (mevsim)
ve hedef tlrlere gore degisebilmektedir. Baliklar genellikle
yasadiklarl ortamda bulunan ve alisik olduklari yemleri tercih
etme egiliminde oldugundan balikgilar miimkin oldugu kadar
bu yemleri kullanmaktadir. Fakat gerek ideal yemin her zaman
temin edilememesi, gerekse yem maliyetinin yliksek olmasi,
balikgilari yem konusunda ¢esitli alternatifler (retmeye
yonlendirmektedir.

Paraketa balikgiligina iligkin; tlrlerin davraniglari, farkl
igne tasarimlari ve boyutlari ile farkli yem gesitlerinin avcilik
performanslari ve av verimin karsilastirimasi (Huse, 1979;
Bjordal, 1984; Lokkeborg ve Bjordal 1992; Erzini vd., 1996;
Ekanayake, 1999; Gokge vd., 2001; Woll vd., 2001; Akamca,
2004; Cekic ve Basusta, 2004, Ozdemir vd., 2006; Grixti vd.,
2007; Ozdemir vd., 2007; Piovano vd., 2010; Ozgiil vd., 2015;
Soykan vd., 2016; Gllsahin ve Soykan, 2017), segicilik
calismalari (Aydin ve Bolat, 2014; Oztekin vd., 2014; Atessahin
vd., 2015). Farkli yapidaki paraketalarin karsilastirimasi (Ulas
ve Duzbastilar, 2001), canli kullanilan yemlerin hayatta kalma
strelerinin arastinimasi (He, 1996), paraketanin atim zaman,
atim yonii (akintiya karsi kurulum) ve suda kalma siiresinin
avciliga etkileri (Lokkeborg ve Pina 1997), kullanilan ignelerin
yasama oranlari (Ward vd., 2009) olmak (izere ¢ok sayida
bilimsel calisma yuratilmastir. Diger taraftan alternatif yem
kullanimi  Gzerine yapilan c¢alismalar oldukg¢a sinirhidir.
Norvec'te dogal karides yem ile karides kokusu yerlestirilen
poliliretan yemin Gadus morhua avciliinda performanslarinin
karsilastiriimasi (Lokkeborg, 1990) ve Brosme brosme'nin
avcihginda kimyasal uyaranlarin - dnemini  arastirnimigtir
(Lokkeborg ve Johannessen, 1992).

Camur karidesi (Upogebia pusilla) paraketa ile avcilikta
yem olarak kullaniimaktadir. Tirlin biyolojisi izerine gok
sayida calisma olmasina ragmen (Dworschak, 1983;
Kevredikis vd.,1997; Conides, 2012) avcilik performansina
iliskin sadece bir ¢alismaya ulasilabilmistir (Erzini vd., 1998).

Bu arastirmada; canli gamur karidesi (CCK) silikon pelet
(SP) ve bu ¢alisma kapsaminda gelistirilen silikonlanmig gamur
karidesinden (SCK) olusan {i¢ farkli yemin avcilik performansi
ve olta ignesinde kalma oranlari arastiriimistir. Arastirma ile
Tirkiye'de camur karidesinin avcilik performansi ve paraketa
ignesinde kalma orani ik defa ortaya konulmustur. Benzer
sekilde silikonlamig camur karidesinin paraketa balik¢ili§inda
av etkinligi ve avcilik performansina iliskin ¢alisma ile diinyada
ilk defa yapilmistir. Silikon pelet karisimi yem sadece
Turkiye'de kullaniimakta olup, paraketa balik¢iigindaki avcilik
performansi ile ilgili sonuglar yine ilk defa ortaya konulmustur.

MATERYAL VE METOT

Denemeler, Mugla ili Milas ligesi Kiyiglacik Kéyii'ne bagl
Zeytinlikuyu mevkiinde Mayis 2016-Nisan 2017 tarihleri
arasinda aylik olarak; 7-52 m (ortalama 25 m) derinlikte, giin
Isiginda ve 30-183 dk (ortalama 82 dk.) operasyon siiresinde
(paraketanin tamaminin suya kurulduktan ve toplanmaya
baglanmasi arasindaki zaman) yuritilmistir.  Deniz
calismalari bélgede akif olarak balikgilik yapan 6,7 m boyunda
2,25 m genisliginde 23.87 kW glice sahip “Berkant” ve 13 m
boyunda 4,5 m genisliginde ve 175,31 kW giice sahip “Cevher
2" isimli balikg! tekneleriyle gergeklestirilmistir.

Orneklemelerde “ince paraketa” olarak adlandirilan takim
kullaniimistir. Takimin ana beden @ 0,70 mm, ara beden ve
késtekler @ 0,40 mm, késtek boyu 1,50 m, kostekler arasi
mesafe 4 m dir. Takimda 14 numara diiz igne kullanilmistir
(Sekil 1). Bu igne 4/1 Numarali Ticari Amagli Su Uriinleri
Avcili§inin Dizenlenmesi Hakkinda Tebli§'de (Anonim, 2016)
yasal olarak kullanimina misaade edilen en klgtik boydaki
igne olmasi bakimindan tercih edilmistir.

CGalismada, gamur karidesi, silikon gamur karidesi ve
silikon pelet olmak iizere 3 farkli yem denenmistir;

l- Gamur karidesi (CCK): Ureticilerden satin alma
yoluyla temin edilmistir. Avcilik siresince soguk muhafaza
yapilarak canli kullaniimigtir.

[I- II-Silikon c¢amur karidesi (SCK): Bu yemin
gelistiriimesinde ve denemeye alinmasindaki amag; camur
karideslerinin ignede kalma sirelerini uzatip avcilik etkinligini
ve av performansini artirmaktir. Yemin baliklar tarafindan
tespit edilmesindeki en onemli duyu, koku ve gorselliktir
(Ozdemir ve Erdem, 2006). Piyasada ticari satisi yapilan yapay
camur karidesi (maket gamur karidesi) bulunmaktadir. Bu
yemler gorsel olarak baligi cezbetmesine ragmen kokusunun
olmamasi avcilik performansini disirebilmektedir.

Teknik olarak “polisiloksanlar” olarak tanimlanan silikonlar
farkli sektérlerle gesitli amaglar igin kullaniimaktadir. Bu
calismada, ingaat sektdriinde kullanilan silikon kullaniimigtir.
insaat sektorii icin renkli ve seffaf olarak ikiye ayrilan
silikonlardan mutlaka seffaf silikon tercih edilmelidir. Zira renkli
silikon, ¢amur karidesinin dogal rengini bozmaktadir. Seffaf
silikonlardan ise akvaryum silikonu olarak adlandirilan silikon
kokusunun az olmasi nedeni ile tercih edilmistir.

Farkli yontemler kullanilarak camur karidesinin silikonlama
denemeleri yapilmistir. Calismanin amacina uygun olarak en
dogru ydntem; siringa igerisine seffaf silikon, tercihen
akvaryum silikonu konulmusg, abdomenin uropoda yakin
noktasindan dogrudan dogruya c¢amur karidesine enjekte
edilmis ve oda sicakliginda saklamaya alinmistir. Bu yontemle
2 kisi 1-1,5 saat icinde 350-400 adet gamur karidesini rahatlikla
silikonlayabilmekte ve avcilia hazir hale getirilebilmektedir.
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Sekil 1. Denemelerde kullanilan paraketa takimi
Figure 1. Longline used in trials

[1l- Silikon pelet (SP): Balikgilik malzemesi satan marketlerde
ticari olarak satisi olan silikon pelet, calismada arastiricilar
tarafindan yapilmistir, Balik yemi olarak kullanilan pelet yemin
aksamdan islatilarak yumusamasi saglanmistir. Bir cekicle
dovilerek veya karistiricidan gegirilerek toz haline getirilen
yem, seffaf silikonla karistinlmig ve tlpln icine geri
doldurulmus daha sonra serit halinde silikonlu tlpten
cikartilarak kurumaya birakilmigtir. Ertesi giin yemler kesilerek
avciliga hazirlanmstir.

Ayni bedende her bir yem c¢esidi i¢in 50 olmak (izere toplam
150 igne kullaniimig, yemlerin yerleri 25 ignede bir gelisigtizel
degistiriimistir. Cesitli nedenlerden dolayi (Paraketanin zemine
veya tasa takilmasi, bazi yirtici baliklarin bedeni koparmasi,
vb.) eksilen igne veya ara bedenler bir sonraki avcilik icin
tamamlanmistir.

Ornekleme siiresince yakalanan bireyler; CCK, SCK ve SP
silikon pelet olarak ayrilmistir. Orneklere ait tiir tayini ve
isimlendirilmesinde ~ Froese ve  Pauly  (2019)den
yararlaniimigtir.  Yakalanan bireylerin her birinden; mm
hassasiyetle Olcim tahtasi ile total boy (TL), 0,01 g

hassasiyetle de agrliklar alinmistir. Orneklenen bireylerin
adetleri arasinda %95 giiven araliginda istatistiki bir fark olup
olmadigi X2 testi (chi-square) kullanilarak hesaplanmistir (Zar,
1974). Bireylerin boylari arasinda %95 giiven araliinda
anlamh bir fark olup olmadigi t-test (Student's t-test)
kullanilarak hesaplanmigtir (Zar, 1974). Boy gruplarinin
varyanslarinin esit olup olmamasi durumuna gére su esitlikler
kullanilmistir;

Denemeleri yapilan yem cesitleri ile avlanan tirlerin boy
dagilimlarinin arasinda %95 gliven araliinda bir fark olup
olmadigi tek yonli varyans analizi (ANOVA) kullanilarak tespit
edilmigtir (Zar, 1974). Harcanan glg¢ birimi bagina disen av
(CPUE) ve harcanan gii¢ birimi bagina disen Grin (YPUE)
parametreleri; bir ignenin bir saatte avladigi birey sayisi ve
gram olarak avladigi drin miktari olarak hesaplanmistir
(Bingel, 2002). Avcilik sonrasi ignelerde kalan yemler sayilmis
ve olta da kalma oranlari hesaplanmigtir, her bir yem tipi icin
oltada kalma orani (R, %);

B,
R =—x100
B,
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olarak hesaplanmistir. Esitlikte; Bravcilik sonrasi oltada kalan
yem ve Bt total kullanilan yemi temsil etmektedir (Bt=50).

BULGULAR

Toplam 29 (2258 dk; minimum 30, maksimum 183 dk.)
basarill operasyon gerceklestirimistir. Calisma sonunda 7
familya, 18 tlre ait 191 birey yakalanmistir. Dikenli vatoz (Raja
clavata) hari¢ diger bitin tlrler kemikli baliklardir. En fazla
cipura (Sparus aurata, %48,7), kirma mercan (Pagellus
erythrinus, %10,5), karagdz (Diplodus vulgaris, %9,4) ve
isparoz (Diplodus annularis, %8,9) yakalanmistir. En gok
orneklenen dort tiir toplam avin %77,5'ini olusturmaktadir
(Tablo 1).

Yakalanan 191 bireyin %55'i (105 adet) CCK, %33,5'i (64 adet)
SCK ve %11,5'i (22 adet) SP ile avlanmistir. CCK ile en fazla
yakalanan tir (=5%); 93 bireyle (%54,4) gipura olmustur. Bunu
sirasi ile 11°er bireyle (%10) ile kirma mercan ve isparoz takip
etmektedir. SCK ile en ¢ok yakalanan tir, 29 bireyle (%45,3)
ile gipuradir. Bunu sirasiyla 11 bireyle (%17,2) karagdz, 6
bireyle (%9,4) kirma mercan ve 4’er bireyle (%6,3) 1sparoz ve
asil hani (Serranus cabrilla) takip etmektedir. SP ile en gok
yakalanan tlir yine 9 bireyle (%40,9) yine gipura olurken bunu
siraslyla 3'er bireyle (%13,6) karagdz ve kirma mercan ve 2'ser
bireyle (%9,1) 1sparoz ve sargoz (Diplodus sargus) takip
etmektedir. Calisma bulgulari, G¢ farkli yemle yakalanan;
cipura, I1sparoz, karagdz sayilari arasinda farklilik oldugunu
gostermistir (x2, P<0,05). Yakalanan diger tiirlerin Grnek
biyukItkleri ile yem cinsleri arasinda istatistiksel olarak anlamli
bir fark bulunamamistir (P>0,05). Toplam birey sayisi g6z
onine alindiginda, her (¢ yem tlriinde yakalanan birey sayilari
ve yemlerin birbirleri arasinda fark oldugu tespit edilmistir
(P<0,05) (Tablo 2).

Denemelerde drneklenen en klglk bireyin 8,3 cm total
boyunda ve 6,1 g agirliginda gircir (Symphodus rostratus), en
biyik bireyin ise 55,2 ¢cm total boyunda ve 1586 g agirliginda
dikenli vatoz oldugu tespit edilmigtir. Yem gruplari arasinda
yapilan ikili karsilagtirmada (CCK-SCK, CCK-SP ve SCK-SP)
yakalanan bireylerin boylari arasindaki fark anlamli
bulunmamistir (ANOVA, P>0,05) (Tablo 3).

Calismada CPUE ve YPUE sirasi ile 0,03 n/h ve 5,07 g/h
olarak hesaplanmistir. Denemeye alinan yemler arasinda en
yliksek CPUE ve YPUE 0,05 n/h. ve 7,28 g/h ile canli gamur
karidesinden, en diisiik ise 0,01 n/h ve 2,99 g/h ile silikon
peletten elde edilmistir. Mevsimsel degisim dikkate alindiginda
en verimli sezonun CPUE=0,17 n/h ve YPUE=26,99 g/h ile
sonbahar, en verimsiz sezonun ise CPUE=0,03 n/h ve
YPUE=9,32 ile ilkbahar oldugu bulunmustur. Yaz sezonunda
CPUE ve YPUE sirast ile 0,08 n/h. ve 10,91 g/h, kis sezonunda
ise ile 0,09 n/h. ve 14,58 g/h olarak tespit edilmistir (Tablo 4).

Yemlerin igne lizerinde kalma dayanimlari
degerlendirildiginde; en hassas yemin %6,32+2,01'lik ignede
kalma ortalamasi ile canli ¢amur karidesi oldugu tespit
edilmistir. Bu yem cinsini sirasi ile %59,18+3,46'lik ile silikon

camur karidesi ve %90,41£2,28'lk igne Uzerinde kalma
ortalamasi ile silikon pelet yem takip etmistir.

TARTISMA VE SONUG

Calismada elde edilen 7 tire ait 191 birey, tir gesitliligi
agisindan Ege Denizinde yapilan paraketa galismalari ile
karsilastirilabilir niteliktedir (Soykan ve Kinacigil, 2013;
Kinacigil vd., 2015; Soykan vd., 2016; Giilsahin ve Soykan,
2017). Diger taraftan en ¢ok elde edilen dort tiriin (%77,5)
ekonomik 6neme sahip olmasi ve cipuranin toplam avin
%48,7’sini olusturmasi bdlgede yapilan avciligin énemini
ortaya koymaktadir.

Paraketa ile balik avciliinda en 6nemli sorunlarin basinda
kullanilan yemlerin birgogunun, avcilik esnasinda kiiglik
baliklar tarafindan parcalanarak, yem kaybina neden oldugu
ortaya konmustur (Kinacigil vd., 2013). Canli kullanilan gamur
karidesinin avcilik stliresi boyunca olip igindeki suyu
yitirmesinden dolayi erimesi ile birlikte avcilik etkinligin azaldig
gdzlenmistir. Lokkoberg (1991), kiyma haline getirdigi Clupea
harengus’lari naylon torbalar igine koymus ve paraketa ile
Brosme brosme, Molva molva, Gadus morhua ve
Melanogrammus aeglefinus tirlerinin avciliginda denemistir.
Dogal yem, Brosme brosme ve Molva molva avciliinda daha
yiksek oranda (%58) av verirken, naylon torba dokusunun
Gadus morhua ve Melanogrammus aeglefinus avciliinda
negatif bir etki yaratti§l ortaya konmustur. Diger taraftan
calisma bélgesindeki balikgilarla yapilan kisisel gdriismelerde,
silikon peletin bazi dénemlerde (ay karanligi) ve belirli tiirler
icin (levrek, kolyoz vd.) daha fazla (rin yakalandigi
bildirilmektedir.

Gamur karidesinin silikonlanmasi sonucu yemin ignede kalma
stiresi 9 kat arttinimistir. Silikon gamur karidesinin saglayacagi
en Onemli avantaj yemin tekrar tekrar kullanimina olanak
saglayarak yem maliyetini distrmesi olmustur.

Canli ¢amur karidesi ile avcilik denemelerindeki &nemli
dezavantajlardan birisi 6zellikle havalarin soguk oldugu kis
doéneminde temin edilmesidir. Souk havalarda yuvasinin daha
derin kisimlarinda yasamini sirdiren gamur karidesinin
avciigi daha zor olmakta, bu da canli materyal teminini
zorlastirmaktadir. Diger taraftan camur karidesi fiyatlari bu
dénemde normal sezonun 3-4 katina gikabilmektedir (Aydin ve
Olgek, 2017).

Veri setinin istatistiksel test yapmak igin yeterli oldugu 15 tiir(in
avlandi§i yemler ile boylari arasinda herhangi bir fark olmadig
tespit edilememistir. Diger bir ifade ile higbir yem cinsi bir
digerinden farkli bir boy grubu yakalamamistir. T.C. Tarim ve
Ormancilik Bakanhi§i tarafindan yayinlanan 4/1 numaral ticari
amagl su Grlnlerinin avciigini diizenleyen tebligde (Anonim,
2016) bazi tirler igin boy ve agirlik yasaklari getirilmistir. Bunlar
icinde, mevcut calismada da drneklenen bazi tiirler igin
minimum yakalama boylari ¢ipura igin 20 cm, karagéz ve
kolyoz igin 18 cm, kirma mercan igin 15 cm ve sargoz igin 21
cm total boy olarak verilmistir. Orneklemelerde elde edilen
cipuralarin ortalama boyu 21,8 cm olarak yasal boyun istlinde
yer almaktadir.
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Tablo 1. Galismada avlanan tiirler
Table 1. Species caught in the study

Familya
Gobiidae
Labridae
Rajinae
Scombridae
Scorpaenidae
Serranidae

Sparidae

Total:

Tiir ismi

Gobius niger
Symphodus rostratus
Raja clavata
Scomber japonicus
Scorpaena scrofa
Serranus cabrilla
Serranus hepatus
Serranus scriba
Boops boops
Dentex maroccanus
Diplodus annularis
Diplodus sargus
Diplodus vulgaris

Lithognathus mormyrus

Pagellus erythrinus
Pagrus auriga
Pagrus pagrus
Sparus aurata

o =~ OO G~ NS

A A N W a1 =
o oo ~

93
191

%
1,0
05
05
2,6
05
2,6
3,1
2,6
05
3,1
8,9
2,6
94
1,6
10,5
05
05
48,7
100,0

Lmin
10,0
8,3

55,2
26,5
15,4
8,9

8,6

13,7
14,5
19,3
13,4
20,0
16,4
16,7
17,1
23,1
22,5
11,4

Lmax
10,6
8,3

55,2
32,0
15,4
17,5
11,0
15,8
14,5
31,8
18,0
37,7
24,7
29,6
29,9
231
22,5
32,7

Lmean
10,3
8,3
55,2
29,6
15,4
13,3
9,6
14,6
14,5
23,3
16,0
27,2
19,9
249
23,6
231
22,5
21,8

Lse
0,3

1,0

1,7
0,3
05

2,2
0,3
3,3
05
41
0,9

0,4

Whnin
8,0
6,1
1586,0
166,0
57,9
12,0
9,7
314
34,0
90,0
40,5
123,6
70,0
57,7
70,5
170,1
185,7
33,0

Whnax
16,0
6,1
1586,0
331,0
57,9
67,2
18,8
50,5
34,0
350,0
94,0
960,0
251,0
306,0
347,0
1701
185,7
590,0

Whean
12,0
6,1
1586,0
236,6
57,9
36,4
14,1
39,0
34,0
168,8
72,3
425,5
132,4
2146
176,7
170,1
185,7
159,5

Wse
4,0

21,5

11,0
1,3
45

43,8
3,7
151,7
10,0
78,8
17,2

11,0

n: adet. %: Toplam birey sayisi iindeki orani. L: Total boy (cm). ML: Manto boyu (cm). W: Total yas agirlik (g). min, mak, ort ve se: Minimum, maksimum, aritmetik ortalama ve standart hata.

n: number. % The ratio of the total number. L: Total length (cm). ML: Mantle length (cm). W: Total wet weight (g). min, mak, ort and se: Minimum, maximum, standart deviation and standart error
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Tablo 2. Yakalanan tirlerin yem cesitlerine gore dagilimlari ve istatistiksel test sonuglari

Table 2. Experimented species with bait types used in the study, numbers and rates with result of statistical tests

CCK SCK SP P
Tiir ismi >n n %T %G n %T %G n %T %G T CCK-SCM CCK-SCK SCK-SP
Boops boops 1 1 100 1 0 0 0 0 0 0 - X
Dentex maroccanus 6 3 50 29 3 50 47 0 0 0 - -
Diplodus annularis 17 11 64,7 10,5 4 23,5 6,3 2 11,8 9,1 + - + -
Diplodus sargus 5 2 40 1,9 1 20 1,6 2 40 9,1 - -
Diplodus vulgaris 18 4 22,2 3,8 11 61,1 17,2 3 16,7 13,6 + - +
Gobius niger 2 2 100 1,9 0 0 0 0 0 0 - x
Lithognathus mormyrus 3 2 66,7 1,9 0 0 0 1 33,3 45 - -
Pagellus erythrinus 20 1 55 10,5 6 30 94 3 15 13,6 - + -
Pagrus auriga 1 1 100 1 0 0 0 0 0 0 - X
Pagrus pagrus 1 1 100 1 0 0 0 0 0 0 - X
Raja clavata 1 0 0 0 1 100 1,6 0 0 0 - x -
Scomber japonicus 5 4 80 38 0 0 0 1 20 45 + -
Scorpaena scrofa 1 0 0 0 1 100 1,6 0 0 0 - X -
Serranus cabrilla 5 1 20 1 4 80 6,3 0 0 0 - +
Serranus hepatus 6 4 66,7 3,8 1 16,7 1,6 1 16,7 45 - -
Serranus scriba 5 2 40 1,9 3 60 47 0 0 0 - -
Sparus aurata 93 55 59,1 52,4 29 31,2 453 9 9,7 40,9 + + + +
Symphodus rostratus 1 1 100 1 0 0 0 0 0 0 - X
Total 191 105 55 100 64 335 100 2 115 100 + + + +

CCK: Canli gamur karidesi, SCK: Silikon gamur karidesi, SP: Silikon pelet. Z: Toplam. n: Adet. %: Kendi tiirii iginde yakalanma orani. P: %95 giiven araliginda x2 test sonuglari. +: Fark var. -: Fark yok. [: Yetersiz veri, test

yapilamadi. T: Tiim yem cinsleri. CCK-SCK: Canli gamur karidesi ile silikon gamur karidesi, CCK-SP: Canli gamur karidesi ile silikon pelet, SCK-SP: Silikon camur karidesi ile silikon pelet arasinda yapilan test sonucu

CCK: Live mud shrimp, SCK: Siliconized mud shrimp, SP: Silicone pellet. Z: Total. n: number. %: Capture rate. P: x2 test results wit 95% confidence interval. +: differences. -: No differences. x: lack data, no test. T: All bait

types. CCK-SCK: Live mud shrimp-siliconized mud shrimp, CCK-SP: Live mud shrimp silicone pellet, SCK-SP: Siliconized mud shrimp-silicone pellets test results
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Tablo 3. Farkli yemlerle 6rneklenen tiirlerin, boy araliklari, ortalama boylari, standart hatalari ve istatistiksel fark testi sonuglari
Table 3. Length ranges, mean length, standard error and results of statistical tests according to the different bait types

Canli gamur karidesi Silikonlu gamur karidesi Silikon Pelet P
Tiir ismi N L Lk L Le N oLun Lok Lt Le 0 Lun Lk Lu Le T o o6 SEC
Boops boops 1 14,5 14,5 14,5
Dentex maroccanus 3 19,5 31,8 24,1 3.9 3 193 2719 224 28
Diplodus annularis 1" 14,6 17,4 16,2 0,3 4 134 17 151 07 2 165 18 17,3 08
Diplodus sargus 2 20 275 23,8 38 1 205 205 205 2 302 377 34 37
Diplodus vulgaris 4 17 225 20,1 11 1M1 164 247 197 07 3 195 205 20 03
Gobius niger 2 10 10,6 10,3 0,3
Lithognathus mormyrus 2 16,7 28,4 22,6 59 1 296 296 296
Pagellus erythrinus 1" 171 29,9 23,7 1,3 6 186 251 227 1 3 196 296 252 29
Pagrus auriga 1 231 23,1 231
Pagrus pagrus 1 225 22,5 225
Raja clavata 1 552 552 552
Scomber japonicus 4 26,5 32 29,5 1,3 1 30 30 30
Scorpaena scrofa 1 154 154 154
Serranus cabrilla 1 10,4 10,4 10,4 4 89 175 141 19
Serranus hepatus 4 8,6 11 9,6 0,5 1 93 93 93 1 98 98 98
Serranus scriba 2 13,7 13,8 13,8 0,1 3 14 158 151 06
Sparus aurata 55 11,4 32,7 22,4 0,6 29 12 293 209 08 9 172 264 211 1
Symphodus rostratus 1 8,3 8,3 8,3
Total 105 64 22

n: Adet. L: Total boy (cm). P: %95 giiven araliginda ANOVA test sonuglari (+: Fark var, -: Fark yok). T: Tiim yem cinsleri arasinda yapilan testin sonucu. CCK-SCK: Canli gamur karidesi ile silikon gamur karidesi, CCK-SP: Canli
camur karidesi ile Silikon pelet, SCK-SP: Silikon gamur karidesi ile silikon pelet arasinda yapilan test sonucu.
n: number. L: Total length (cm). P: Anova test results wit 95% confidence interval (+: differences, —: No differences). T: Test results between all bait types. CCK-SCK: Live mud shrimp-siliconized mud shrimp, CCK-SP: Live mud

shrimp-silicone pellet, SCK-SP: Siliconized mud shrimp-silicone pellets test results
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Tablo 4. Yem gesitlerinin, birim glicte av (CPUE) ve birim glgte triin (YPUE) de@erleri ve mevsimsel dagilimi
Table 4. Catch per unit effort (CPUE) and yield per unit effort (YPUE) of different baits and their seasonal distribution

ilkbahar Yaz Sonbahar Kis Ortalama

CPUE YPUE CPUE YPUE CPUE YPUE CPUE YPUE CPUE YPUE

Yem (mh) (gh) (wh) (gh) (h) (gh) (oh) (gh) (h) (gh)

Canli gamur karidesi 0,02 3,81 0,05 7,18 009 1397 0,03 4,54 0,05 7,28
Silikon camur karidesi 0,01 4,68 0,02 2,15 006 684 003 4,63 0,03 4,35
0,003 0,83 0,01 1,58 002 618 0,03 541 0,01 2,99
0,033 9,32 008 1091 017 2699 0,09 14,58

Silikon pelet

Toplam

n: adet, h: saat, g: gram
n:number, h: hour, g:gram

Benzer sekilde, yakalanan karagézler 19,9 cmiile yasal boy
sinirinin - gegmistir. Kirma mercan ve kolyoz tirleri igin
yakalama boyu Uzerinde av yaptigi bulunmustur. Elde edilen
sargoz baliklari igin ortalama 27,2 cm’lik total boy 21 cm’lik
yasal sinirin oldukga Ustlinde yer almaktadir.

Camur karidesi avcilik performansi ve av etkinligine iliskin
sadece bir calisma bulunmaktadir (Erzini vd., 1998). Portekizin
Gliney'indeki Algarve bolgesinde yabani mercan (Pagellus
acarne) ve kirma mercanin paraketa balikgiiginda 11, 13 ve
15 numara igne ile silinez (Ensis siliqua) ve ¢amur karidesi
avcilik performansi calisiimistir. Genel olarak en kuguk igne
(15 numara) en gok avcilik oranini verirken igne tipinin av
biyukliglne anlamli olarak etki etmedigi bulunmus; stilinez ile
daha ¢ok sayida balik yakalanirken, camur karidesi ile yabani
ve kirma mercanlarin daha fazla yakalandigi ortaya konmustur.
Denemelerde kullanilan diger yem cesitlerine iligkin Tirkiye ve
Diinya’da galigmalar olmadidi igin dogrudan karsilagtirmalar
yapllamamistir.

Yemli bir av aracinin bagarasi bir canlinin en temel
faaliyetlerinden biri olan besin arama ve yakalama esasina
dayanmaktadir. Beslenme davranisi dizisi; a) yemin varhgi, b)
yemin yerinin aranmasi ve bulunmasi, ) yemin kavranmasi, d)
yemin yutulmasi olmak Uzere 4 safha iginde siniflandirimigtir
(Lokkeborg, 1994). Bjordal (1984), kullanilan yem cesidinin
performansini etkileyen en énemli faktorlerden biri olduguna
dikkat ¢ekip, iyi bir paraketa yemini, avcilik stiresince balii
cezbetme etkisini kaybetmeyen olarak tanimlamistir. Yem;
koku, tat, yapi ve sertlik gibi birgok 6zellige sahiptir ve bu
ozellikler hedef tiirlerin yem arama davranislariyla dogrudan
ilintilidir (Lokkeborg, 1989). Paraketa avciliginda kullanilan
yemler lizerine ilkemizde yapilan gesitli calismalardan; Gokce
vd. (2001), balik yetistiriciliinde anag¢ olarak kullanilan
sparidae turlerinin; paraketa ile yakalanma olanaklarini, igne
biyuklGgi ve yem cinsinin [Slbye (Sepia officinalis) ve
sardalye (Sardina pilchardus)] avin boyutu (zerine etkisini
aragtirmig ve bireylerin %74’Uniin slbye ile yakalandigi
bildirilmistir. Ozdemir vd. (2006), demersal paraketata sardalye
ve kalamar (Loligo vulgaris) olmak (izere iki farkli yem
kullanmiglar ve sonugta sardalye ile kalamar yemleri

kullanilarak saglanan av verimi oranini 1:3,5 (kalamar lehine)
olarak belirlemiglerdir. Ozdemir vd. (2007), demersal paraketa
avciliginda istavrit (Trachurus trachurus) ve hamsi (Engraulis
encrasicolus) olmak Uzere iki farkli yem denemigler ve toplam
avin birey sayisi bazinda %64'tinin istavrit yemi ile %36’sinin
ise hamsi ile yakalandigini bildirmislerdir. Aragtiricilar yem tipi
ve operasyon basina disen av miktarlari arasindaki iligkinin
istatistiksel olarak farkin 6nemli oldugu tespit etmislerdir.
Kinacigil vd. (2015), paraketa avciliginda siliinez (Solen
vagina) ve sardalye yemlerini kullanilmiglar, silinez ile
yemlenmis ignelerin sardalye ile yemlenmis ignelere oranla
daha fazla avcilik yaptigini rapor etmiglerdir. Soykan vd.
(2016), paraketalarda sardalye ve siliinez yemlerini, Ege
Denizi demersal trol avciliginda i1skarta edilen bir tiir olan
Sepietta sp. ile birlikte kullaniimiglardir. Glilsahin ve Soykan
(2017), Gokova Kérfezinde (Gliney Ege) yapilan paraketa
avciiginin - operasyonel dzelliklerini ortaya koymuslardir.
Bélgede avcilik yapan balikgilarin en biyik sorununun yem
temini oldugunu ve en verimli yemin gamur karidesi (Upogebia
pusilla) oldugunu rapor etmislerdir. Yukarida tartigilan
calismalarin timi paraketa avcilidinda geleneksel veya
alternatif olarak kullanilan yemlerin av kompozisyonu ve diger
degiskenler Uzerine etkisini arastirmigtir. Mevcut galisma ise,
tamamen farkli bir yemi (silikonlu gamur karidesi) denemesi ve
bu yemin avcilik 6zelliklerine iliskin bulgular icermesi nedeniyle
diger calismalardan ayrilmasi nedeniyle direkt bir karsilastirma
yapilamamistir.

CPUE ve YPUE degerlerinin mevsimsel karsilastirmasi
yapildiginda en verimli mevsimin sonbahar oldugu, en disik
degerlerin ise ilkbahara ait oldugu belilenmistir. Bunun
nedenlerinden biri olarak 2017 kisinin mevsim normallerinin
altindaki sicakliklarda ge¢mesi oldugu distinilmektedir. Bu
mevsimsel farkliliklarin  sicaklik, akinti gibi bazi abiyotik
faktorler ile yerel gogler, besin bollugu ve yem tercihi gibi baz
biyolojik faktorlerden ileri geldigi disuntimektedir. Bunlara ek
olarak, baligin mevsimsel olarak degiskenlik gdsterebilen
kondisyonun da bu farkliigi yaratabilecegi diistintiimektedir.

Denemeler siiresince paraketata kdstekler — strekli
eksilmistir. Bunun bélgede bulunan balon baliklari ve diger
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predétorlerden kaynaklandidi disuntlmektedir. Zira balon
baliklari kostegi 1sirarak koparabilmekte ve av aracindan
kurtulabilmektedir. Yine de kesin yargiya varabilmek igin sualti
gdzlemlerinin yapilmasi gerekmektedir.

Silikon pelet, olta ve paraketa balikgiliginda yaygin olarak
kullanilmaktadir. Fakat avcilik sirasinda silikon peleti yutan
fakat yakalanmayan bireylere ne oldugu bilinmemektedir.
Silikon peletin sindirilip sindiriimedigi (veya diski ile atilip
atilmadigi) veya 6lime yol agip agmadigina dair galimalar
derhal yapiimalidir. Herhangi bir zararin tespit edilmesi
durumunda Tarim ve Orman Bakanli§i Balikgilik ve Su Uriinleri
Genel Midarligunce silikonlu pelet yemin ticari kullaniminin
yasaklanmasi gerekmektedir.

Bu calisma; paraketa ile balik avciiginda kullaniimak
uzere yeni fikirler ve yontemler icermektedir. Bunlardan en
énemlisi paraketa balikgiliinda en degderli yemlerin basinda
gelen camur karidesine silikon ilave edilerek yeni bir yem tipi
elde edilmesidir. Bu yemin saglayacadi en biyik avantajlar
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Denizel kulugkahanede Nannochloropsis oculata dig ortam kultiirunde
endustriyel olgekli tubuler fotobiyoreaktor ile FRP (fiberglas ile
guclendirilmis plastik) panel fotobiyoreaktorun karsilagtiriimasi
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Abstract: Microalgal culture is a key procedure in marine fish hatcheries, but this activity is far from optimized and has several problems remain to be solved.
Nannochloropsis oculata are important to live feed organisms, which are used to rear the larvae of marine finfish. N. oculata were cultivated in tubular PBR
and FRP panel PBR in a greenhouse. Tubular PBR was reached 701.7 x 106 cells mL-! as its maximum cell density and FRP panel PBR was reached 245 x
108 cells mL-! as maximum. Also, estimated maximum dry weights of tubular and FRP panel PBRs were calculated as 3.249 g L-' and 1.47 g L, respectively.
Consequently, tubular PBR was showed that it is more efficient than FRP panel PBR in this study.

Keywords: Microalgae, Nannochloropsis oculata, hatchery, tubular photobioreactor, FRP panel photobioreactor, photobioreactor design

0z: Mikroalg iiretimi balik kulugkahaneleri igin kilit noktasi olmakla birlikte hala optimizasyonu tamamlanmamis ve ¢oziilmesi gereken problemlere sahiptir.
Nannochloropsis oculata dnemli bir canli yem kaynagidir ve deniz baliklari Gretiminde larvalarin beslenmesi amaciyla tiretilmektedir. N. oculata, sera igerisinde
tiibiler ve FRP panel fotobiyoreaktorlerde dretilmistir. Tubller FBR 701,7 x 108 hiicre mL-' maksimum yogunluga ulasirken, FRP panel FBR ise 245 x 106
hiicre mL-* maksimum yogunluga ulasmistir. Ayrica, tibiler ve FRP panel FBR'ler igin maksimum tahmini kuru agirliklar da sirasiyla 3,249 g L-" ve 1,47 g L

olarak hesaplanmistir. Sonug olarak, tiibiler FBR'in, FRP panel FBR’e gére daha verimli oldugu bu ¢alisma ile ortaya konulmustur.
Anahtar kelimeler: Mikroalg, Nannochloropsis oculata, kulugkahane, tiibller fotobiyoreaktor, FRP panel fotobiyoreaktor, fotobiyoreaktor tasarimi

INTRODUCTION

It is known that microalgae are known as a source of
protein, amino acids, vitamins and various minerals, as well as
polysaccharides, sterols and fatty acids (El-Sheekh et al.
2006). These organisms are an indispensable 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. They are consumed by zooplankton, which is then
consumed by fish. In that aquatic feed chain, important
nutrients from microalgae are transferred to higher trophic
levels via intermediary zooplankton (Brown et. al., 1999;
Vismara et. al., 2003). Although, microalgae are able to
produce valuable biomolecules, which are alterable by nutrient
composition, temperature, light intensity and age of the culture
(Richmond, 1986; Renaud et al., 1995; Thompson et al., 1992).

Most of the microalgal biomass has been an appealing
source for producing a wide range of highly valuable products,

including polyunsaturated fatty acids (PUFA), carotenoids,
phycobiliproteins, polysaccharides and phycotoxins. Although,
the products from microalgae have been widely used as a high-
protein supplement in human nutrition, aquaculture and
nutraceutical purposes (Del-Campo et al., 2007). In most
developed countries, high caloric foods are consumed widely.
This leads to various health problems, e.g., obesity, heart
diseases, diabetics. A balanced nutritional diet is needed for
health and should contain valuable biomolecules such as
vitamins, minerals, linoleic, linolenic and arachidonic acid as
well as eicosapentaenoic acid (EPA, 20:5 omega-3) and
docosahexaenoic acid (DHA, 22:6 omega-3) (Sathasivam et al.
2019).

The microalga Nannochloropsis oculata is an important
species in aquaculture due to its nutritional value and cell size.
It belongs to the class of Eustigmatophyceae, which includes
species that contain a high amount of polyunsaturated fatty
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acids (PUFAs), especially eicosapentaenoic acid (EPA),
arachidonic acid (ARA) and docosahexaenoic acid (DHA).
These biomolecules have a great impact on the nutrition of
marine organism, particularly growth and development of the
larvae of fish, molluscs and crustaceans. (Otero et al., 1997,
Brown et al., 1999). The nutritional value of microalgae is
related to its biochemical cell composition particularly
characteristics of fatty acid content (Sukenik et al., 1993;
Durmaz et al., 2008). The cell composition of microalgae
(Thompson et al., 1992) is alterable significantly through
culture conditions, especially depending on temperature and
light conditions (Richmond 2004; Durmaz et al., 2008).

Photobioreactors are bioreactors, which are utilizing the
light as an energy source to produce phototrophic organisms
such as microalgae. Since the beginning of microalgal
cultivation, researchers have been investigating to find a more
efficient way to produce these organisms. For this purpose,
many photobioreactors are designed in different types and
shapes. Open area tubular and flat plate photobioreactors are
the most popular choices for high areal and volumetric
productivity. From a commercial point of view, a closed
photobioreactor (PBR) must have as many of the following
characteristics as possible: high area productivity, high
volumetric productivity, large volume, inexpensive to build and
maintain, easy to control culture parameters and reliability
(Olaizola, 2003). The culture of N. oculata is performed in
closed photobioreactor (PBR) systems such as transparent
polyethylene bags, fiberglass cylinders and flat panel reactors
in hatcheries as feed for fish (Lubian et al., 2000; Lourenco et
al., 2002).

In particular, low productivity and high production cost
stand out as major hurdles of microalgae production in
aquaculture hatcheries (Boeing, 2000; Durmaz, 2007; Muller-
Fuege, 2013). In this case, PBRs should be optimized with
respect to key design parameters for the cultivation of
microalgae. Therefore, the goal of this study is comparing the
performance of both systems (tubular & flat plate PBRs) in
semi-continuously mass microalgal cultivation of N. oculata
using industrial-scale PBRs.

MATERIAL AND METHODS
Microalgae

Nannochloropsis oculata (Droop) (Hibberd, 1981 CCAP
849/1) used in this study was obtained from the Culture
Collection of Algae and Protozoa (CCAP), Scotland. Starter
cultures were maintained axenically in F/2 medium (Guillard
and Ryther, 1962). When the inoculums reached a
concentration between 108 and 107 cells mL", they were
transferred to larger flat-bottom glass flasks (10 L), and then
when the total volume was reached up to 200 L (20 flasks used
for this purpose), cultures were inoculated to both PBRs.

Experimental photobioreactor

The experiments of this study were performed in a tubular
PBR and a fiberglass reinforced plastic panel PBR (FRP;

fiberglass reinforced plastic) which belongs to an aquaculture
hatchery facility in Turkey (Akvatek Company), as shown in
Figure 1 and Figure 2. Mainly, PBRs can be divided into two
main parts; solar receiver and degasser-cooler tank. The
degasser-cooler tank, which is made of double-walled
polyester fiber tank was used for mixing, degassing and heat
exchange of culture (Figure 1 and 2).

Figure 1. Tubular photobioreactor

Figure 2. FRP panel photobioreactor

The solar receiver of the tubular PBR was made of
transparent plexiglass consisted of 416 m total length (Figure
3). The internal diameter of the tubes was 4.6 cm and has 0.2
cm wall thickness. The solar receiver consists of two lines and
each set of the tubular PBR has 6 m in length, 0.5 m in width
and 1.6 min height. The effective surface area of both lines of
tubular PBR is 41.6 m2 and the solar receiver's volume was
690 liters. The degasser-cooler tank of the tubular system has
110 liters volume and finally, the total volume of the tubular
PBR system reaches 800 liters.
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Control panel
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Pump

Titanium cooling pipes

Figure 3. lllustration of the tubular photobioreactor

The solar receiver of the FRP panel PBR was made of
fiberglass reinforced plastic. Two-piece of FRP panel solar
receivers were used in this PBR system (Figure 4). Both have
9.5 min length and 1 m in height, has 4 cm in depth. The total
surface area of the solar receiver is 38 m2. 800 liters of total
volume of the FRP panel PBR including 40 liters of the
degasser-cooler tank.

Solar Panels

Tank

Titanium Cooling Pipes

Figure 4. lllustration of FRP panel photobioreactor

The culture temperature was controlled through an internal
heat exchanger that was made up of titanium tubes placed in
the degasser-cooler tank. 100 L of seawater per hour
(generally 18°C) was used as cooling water. The microalgal
culture was circulated as velocity of 0.6 m s using a centrifugal
pump located between the degasser-cooler tank and the solar
receiver. Temperature and pH were measured at several
positions along with the tube and degasser tank using Seko
Kontrol PR40 pH/redox and conductivity meter (ltaly). Culture
pH was controlled by on-demand injection of pure industrial
grade CO2 gas at 5 L min-".

Culture conditions of photobioreactors

Advanced mass culture of microalgae requires a closed
system because the microalgae must be grown under
contaminant-free conditions. However, it is not possible to
completely sterilize PBRs. In this study, PBRs were disinfected
by using sodium hypochlorite overnight and neutralized with
sodium thiosulfate for 2 hours. In addition, marine water used
in both systems was sterilized by passing through a 0.02 um
filtration system.

PBR systems were illuminated by solar radiation and no
artificial illumination was used at nights. Sunrise and sundown
were observed around 05.30 and 19.30, respectively. The
mean duration of irradiaton was 14 h per a day. Mean
temperature was recorded as 26-28 °C at daytimes and 18-20
°C at nights.

Culture medium (F/2 medium (Guillard and Ryther, 1962))
was added daily (1 mL/L) and cultures were maintained at 35
g L' salinity and 24+1°C temperature.

Analytical methods

Cell density was measured via Improved Neubauer
hemocytometer at three times a day (08:00 a.m., 12:00 p.m.
and 18:00 p.m) and at the same time, contamination was
checked daily through visual observation. Growth rates (u)
were calculated with this equation.

In(N¢)—1n (Ng)
H= % (Eq.1)
0
Where Ntis biomass at the time (t) and No is the beginning
biomass at the time to.

The culture was illuminated through sun light at the
maksimum irradiance level of 300 ymol m-2 s~ (Li-Core 195) at
the surface of the photobioreactors.

RESULTS

In both PBR systems, no contamination by protozoa or
other microalgae species was observed. The tubular PBR’s
and FRP panel PBR’s initial cell densities were arranged as
15.0 x 108 cells mL-* (Figure 5). Tubular PBR was reached to
maximum cell density at 14t day as 701.7 x 106 cells mL-! while
FRP panel PBR was reached to maximum cell density at 231
day and recorded as 245 x 106 cells mL-'. The lag phase was
observed in the first 2 days for both PBRs. After the first 2 days,
the cell density of N. oculata at tubular PBR was increased
rapidly from 35.3 x 108 cells mL-" and was reached to 701.7 x
106 cells mL-" at the day 14 without any apparent lag phase.
However, the exponential phase of the PFR panel PBR
continued relatively slowly until the 17t day and reached 205 x
108 cells mL-1.

Maximum specific growth rates of tubular PBR and FRP
panel PBR were recorded at the day 5 as 0.53 and 0.39,
respectively. Estimated dry weights were calculated according
to data of previous studies (FAO, 1996; Zou and Richmond,
1999). The maximum estimated dry weights of tubular PBR
and FRP panel PBR were calculated as 3.249 g L' and 1.47 g
L, respectively. When compare maximum dry weights of
PBRs, the tubular PBR system was reached to 2.21-fold of
FRP panel system's dry weight (Figure 6). Mean estimated dry
weights of both bioreactors for 32 days long experiments, were
calculated as 2.091 and 0.806 g L+ for tubular and FRP panel
PBRs, respectively.
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Time (Day

Figure 5. Cell densities of both systems

Figure 6. Estimated dry weights of both systems

DISCUSSIONS

The primary objective of producing phototrophic organisms
is to provide a continuous culture with cell density. Strong
irradiance often results in photodamage on several microalgae
species but, if cell population density is too low even lower
irradiances may cause the same effect (Qiang and Richmond,
1994). Light is an important parameter, especially in algal
cultures. The angle at which the photobioreactor receives the
light is important, in fact, the surface area of the material plays
a significant role in the efficiency to get enough light for the
algal culture. In this study, the greenhouse was possibly
reduced the light intensity at the beginning and consequently,
no photodamage was observed. It is important for the reactor
to take sunlight in the most efficient way.

The maximum cell number of the tubular PBR system was
more than 2 fold higher than FRP panel PBR’s. In another
study, bag cultivation of N. oculata was conducted (50 L) to test
the effect of N sources (NO-3 and NH*s) and maximum cell
number was given as 5.2 + 0.3 x 107 cells mL-* and 4.9 £ 0.1
x 107 cells mL, respectively (Durmaz, 2007). The harvest cell
densities of N. oculata in the medium supplemented with 1.76
mmol N L were 5.28 x 107 cells mL-" (Huang et al., 2013). Low
and Toledo (2015) reported that 80 L culture bags of N. oculata
were harvested with an approximate concentration of 4.55 x

106 cells mL-1. It is obvious that in this study, cell densities of
both PBR systems higher than bag culture methods.

The total biomass yield was considerably higher than algae
concentrations in open raceway ponds, which typically ranged
between 0.1 and 0.5 g L' (Kumar et al., 2015; Zhu, 2015), but
can reach up to 1.4 g L-* (Ashokkumar et al., 2014; Ketheesan
and Nirmalakhandan, 2012). This biomass yield is comparable
to average biomass concentrations achieved in other PBRs
such as tubular and flat plate PBRs. Higher yields were
obtained as varied between 2.07-4.3 g L' for Nannochloropsis
atomus species on horizontal PBR which operated over 165-
day (Dogaris et al., 2015). In another study, it is reported that
productivity of continuous culture as 2.02 and 3.03 g L-"day-" at
helical tubular PBR (Briassoulis et al., 2010) in summer with
combined light conditions. That result shows that helical tubular
PBR's performance was better than our FRP panel PBR's, but
similar to tubular PBR's performance. It is also reported as 1.10
and 1.20 g L-".day-" productivity for fed-batch culture at artificial
light conditions (Xu et al., 2004). The maximum productivity of
Nannochloropsis sp. in a flat-plate PBR reported as 0.51 g L
d-' (Hulatt et al., 2017). Tubular PBR system was yielded 3.249
g L' maximum dry weight in this study. While the yield of
tubular PBR's is higher or comparable with mentioned studies,
the FRP panel PBR's yield significantly lower than most of
these results. Culture intensity is associated with culture depth
and light intensity. This relation must be considered linearly. In
this study, 4.6 cm diameter tubes were used with solar
irradiation. Although the FRP panel PBR system has a 4 cm
light path length, the panel system lines are in shadowing each
other. This may lead to a decrease in the light efficiency ratio.
The length of the light path has been taken into account in order
to optimize the light intensity.

The algae biomass is affected by many parameters
including light intensity, the surface area and material of the
system used, and the path taken by the light in the water
column.

CONCLUSION

Microalgal biotechnology takes more attention day after
day by different industries. Along with its use in aquaculture,
naturally produced valuable biomolecules such as fatty acids,
vitamins and pigments are used in different fields more often
than ever. For that reason, the capacity and efficiency of
microalgae production need improvement. Although open
systems like ponds let us produce a couple of microalgae
species successfully, these systems limit the production of
many sensitive species because of contamination risk and/or
uncontrolled conditions. Also, those systems need too much
space because of their low production efficiency. This leads
producers to work with closed systems that allow reliable and
sustainable production.

PBR systems have a significant effect on the growth rate
of N. oculata cultivation. In tubular PBRs, this species can be
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easily grown and possible to obtain maximum biomass under
solar illumination.

Our results indicate that this design offers the advantage of
a high surface to volume ratio, easy controlling of temperature
and carbon dioxide transfer, while occupying a small ground
area. In addition, totally controlled lights may ensure optimum
illumination constantly to provide persistence of production,
which is not possible for solar illuminated systems. However,
artificial lightning causes extra costs for production. This design
is used to be able to grow algae throughout the year, especially
in hatchery production seasons. By doing so, the success of
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Oz: Bakirgay Nehrinin giincel balik faunasinin belilenmesi amaciyla yapilan bu calisma, 2017 ve 2018 yillari igerisinde mevsimlik periyotlarda
gerceklestirilmistir. Nehrin kaynagini olusturan kiiciik derelerden mansap bdlgesine kadar 11 lotik ve 4 lentik olmak tzere 15 farkli lokasyonda drnekleme
yapiimistir. Orneklemeler, lotik habitatlarda “Samus 725 G” model elektrosoker, lentik habitatlarda ise “TS EN 14757 Su Kalitesi” kriterine uygun standart aglar
ile gerceklestirilmistir. Calisma sonucunda, Anguillidae, Atherinidae, Cobitidae, Cyprinidae, Nemacheilidae, Poecilidae ve Gobiidae olmak tizere 7 familyadan
17 taksonun varligi belirlenmistir. Akarsu biinyesinde daha énce bildirimi yapiimis olan Mugilidae familyasi tiirleri ile Salaria pavo tirli ¢alismamizda elde
edilememistir. Ancak, dnceki calismalarda yer almayan Atherina boyeri, Cyprinus carpio, Carassius gibelio, Oxynemacheilus teophili, Gambusia holbrooki ve
Knipowitschia caucasica olmak (izere 6 tiiriin varligi ilk kez bu galismada tespit edilmistir. Nehir havzasinda, tiir gesitliligi agisindan Cyprinidae familyasi 11
takson ile ilk sirada yer almaktadir. Anguillidae, Atherinidae, Cobitidae, Nemacheilidae, Poecilidae ve Gobiidae familyalari ise birer takson ile temsil
edilmektedir. Nehrin biyogesitliliginin korunmasi ve balikgilik faaliyetlerinin etkin sekilde siirdiirilebilmesi bakimindan éncelikle, kirlilik kaynaklarinin ve
havzanin dogal balik faunasi igin olumsuz etkileri olabilecek egzotik balik tiirlerinin kontrol altina alinmas| gerekmektedir. Ayrica, yerel yonetimler ile yore
halkinin sucul ortamlarin dnemi ve korunmasi yéntinde bilgilendirilmeleri igin etkinlikler dizenlenmesi de yararli olacaktir.

Anahtar kelimeler: Bakirgay, ihtiyofauna, dagilim, biyogesitlilik

Abstract: This study was carried out to determine the current fish fauna of Bakirgay River in seasonal periods between 2017 and 2018. Sampling was carried
out in 15 different locations, 11 lotic and 4 lentic location from the small streams of source of the river to the downstream region. The sampling was performed
with “Samus 725 G” model electroshock in lotic habitats; with standard fishing-nets which was “TS EN 14757 Water Quality” in lentic habitats. As a result of
the study, the presence of 17 taxa from 7 families including Anguillidae, Atherinidae, Cobitidae, Cyprinidae, Nemacheilidae, Poecilidae and Gobiidae were
determined. Mugilidae family members and Salaria pavo species, which were previously reported within the stream, were not obtained in our study. However,
the presence of 6 species, namely Atherina boyeri, Cyprinus carpio, Carassius gibelio, Oxynemacheilus teophili, Gambusia holbrooki and Knipowitschia
caucasica species were found in this study for the first time. Cyprinidae family with 11 taxa was the biggest family in terms of species diversity in the river
basin. Anguillidae, Atherinidae, Cobitidae, Nemacheilidae, Poecilidae and Gobiidae families are represented by one taxon. In order to protect the river's
biodiversity and to maintain fishing activities effectively, the pollution sources should be overcomed firstly. In order to protect the biodiversity of the river and
to maintain fishing activities effectively, first of all, pollution sources and exotic fish species that may have negative effects on the natural fish fauna of the
basin should be bring under control. In addition, it will also be useful to organize events to inform local governments and community about the importance and
protection of aquatic environments.

Keywords: Bakirgay Stream, ichthyofauna, distribution, biodiversity

GIRIS

Yerkire Uzerinde yer alan sucul ortamlar igme suyu,
temizlik, tarim ve enerji eldesi gibi ¢ok cesitli alanlarda
kullanilmasinin yani sira binyesinde barindirdiklar bitkisel ve
hayvansal organizmalar agisindan da insanoglu igin ok
énemlidir. GUintimUizde agiri hizla artan insan nifusu teknolojik
gelismelerin hiziyla birlegince 21. ylzyil toplumlarinda temel
yasam kaynaklari olan toprak ve suyun paylasimi her gegen
gin ¢Oziml daha da zorlasan bir problem yumagina
dénismektedir.

Nufus artisi ile paralel olarak gida tiketiminin yani sira, su
kaynaklari ve c¢evre tahribati da ¢ok hizli bir sekilde
artmaktadir. Tim bu nedenlerden dolayidir ki, sucul ortamlarin
korunmasi gunimizde ¢ok daha 6nemli hale gelmigtir. Bir
ortami korumak icin de dncelikle yapilmasi gereken o ortamin
taninmasi, her yonuyle iyi bilinmesidir. Ayrica, son yillarda i¢su
kaynaklarimiz istilaci karakterli balik tiirlerinin ciddi tehdidi
altinda bulunmaktadir. Dogal fauna iizerinde olumsuz etkileri
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oldukga fazla olan istilaci tirlerin havzadaki dagiliminin
bilinmesi de koruma ¢alismalari igin oldukga 6nemlidir.

Kuzey Ege havzasinda yer alan Bakirgay Nehri'nin
kaynadini, Kocadagd eteklerinden dogan Gelenbe Deresi
olusturur. Kinik yakinlarinda Yagcili Dere ile birleserek, izmir'in
kuzeyinde yer alan Candarli Korfezi'ne dékiimektedir. Nehrin
farkli kollarinda 5 baraj gélii bulunmaktadir.

Bakirgay'in balik faunasi ile ilgili olarak ilk bilgiler, Balik
(1974)'a aittir. Daha sonra, Balik vd. (1999) ile Kuru vd.
(2001)nin  yaptiklari galismalarda havzanin baliklarina
deginilmistir. Ayrica, Ekmekci ve Kirankaya (2006)nin
havzadaki Pseudorasbora parvanin dagiimi, Ozulug ve
Freyhof (2007)'un da Alburnus attalus’un yeni tiir olarak
tanimlamasi calismalari mevcuttur.

Bu calisma ile, Bakirgay Nehri'nin giincel balik faunasinin
ve yogunluklarinin ortaya gikarilarak, mevcut biyogesitliligin
strdUrilebilifigi - agisindan alinmasi  gereken tedbirlerin
belirlenmesi amaglanmistir.

MATERYAL VE METOT

Bakirgay Nehri'nin balik faunasinin tespiti amaciyla 2017
ve 2018 yillarinda 11 lotik ve 4 lentik olmak Uzere 15
istasyonda drnekleme yapilmistir  (Sekil 1).  Mevsimlik
periyotlarda gerceklestirilen drneklemeler, sonbahar (16-19
Ekim 2017), kis (22-24 Ocak 2018), ilkbahar (17-19 Nisan
2018) ve vyaz (24-26 Temmuz 2018) sirasiyla
gerceklestirilmistir. Balik érneklemelerinde, lotik habitatlarda
“Samus 725 G” model elektrosoker, lentik habitatlarda ise “TS
EN 14757 Su Kalitesi” kriterine uygun standart aglar
kullanilmigtir.  Yakalanan baliklar fotograflandiktan sonra
yiksek dozda fenoksietanol (1 ml/L) ile étenazi yapilarak, %
4'luk formaldehit ile tespit edilmis ve laboratuvara getirilmistir.
Laboratuvara getirilen drneklerin tiir dizeyinde teshisleri
yapilmigtir. Teshisleri yapilan 6rnekler etiketlenerek, Ege
Universitesi Su Uriinleri Fakiiltesi Miizesi (ESFM) Igsu baliklari
seksiyonunda kayit altina alinmistir.

*Suvastepe

«Soma

$Sekil 1. Bakircay Nehri lizerinde érnekleme yapilan lokasyonlar
Figure 1. Sampled locations on Bakircay River

Baliklarin tir teshislerinde, Erkakan vd. 1999, Geldiay ve
Balik 2007, Kuru 1980, Miller 1986, Kottelat ve Freyhof 2007,
Turan vd. 2008, Ozulug ve Freyhof 2007 ve 2011 gibi gesitli
kaynaklardan yararlaniimigtir.

BULGULAR

Galismada,  Anguilidae,  Atherinidae,  Cobitidae,
Cyprinidae, Nemacheilidae, Poecilidae ve Gobiidae olmak
izere 7 familyadan 17 takson belirlenmistir.

Phylum : CHORDATA
Subphylum : VERTEBRATA
Classis : OSTEICHTHYES
Ordo : ANGUILLIFORMES
Familya : Anguillidae
Anguilla anguilla (LINNAEUS, 1758) (Avrupa yilan bald)
Ordo : ATHERINIFORMES
Familya : Atherinidae
Atherina boyeri RISSO, 1810 (Glimis baligi)
Ordo : CYPRINIFORMES
Familya : Cobitidae
Cobitis fahirae Erk'akan, ATALAY-EKMEKGCI & NALBANT,
1998 (Tagyiyen)
Familya : Cyprinidae

Alburnus attalus OZULUG & FREYHOF, 2007 (inci balig)

Barbus pergamonensis KARAMAN, 1971 (Bergama
biyiklisi)

Cyprinus carpio LINNAEUS, 1758 (Sazan)

Carassius gibelio (BLOCH, 1782) (Gumusi havuz baligr)

Chondrostoma  holmwoodii  (BOULENGER,  1896)
(Kababurun baligi)

Capoeta bergamae KARAMAN, 1969 (Bergama Siraz
baligi)

Luciobarbus lydianus (BOULENGER, 1896) (Biyikli balik)

Pseudorasbora parva (TEMMINCK & SCHLEGEL, 1846)
(Cizgili sazancik)

Petroleuciscus borysthenicus (KESSLER, 1859) (Tatlisu
kefali)

Rhodeus amarus (BLOCH, 1782) (Acibalik)

Squalius fellowesii (GUNTHER, 1868) (Tatlisu kefali)
Familya : Nemacheilidae

Oxynoemacheilus theophilii STOUMBOUDI, KOTTELAT &
BARBIERI, 2006 (Gopei baligi)

Ordo : CYPRINODONTIFORMES
Familya : Poecilidae
Gambusia holbrooki (BAIRD & GIRARD, 1853) (Sivrisinek
baligi)
Ordo : GOBIIFORMES
Familya : Gobiidae

Knipowitschia caucasica (BERG 1916) (Tatlisu kaya
baligi)

Akarsu havzasinda, Cyprinidae familyasi 11 takson ile tir
cesitliligi agisindan ilk sirada yer almaktadir. Anguillidae,
Atherinidae, Cobitidae, Nemacheilidae, Poecilidae ve Gobiidae
familyalari ise 1'er takson ile temsil edilmektedir. Akarsu
havzasindaki 4 baraj golu ile birlikte toplam 15 lokasyonda
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yapilan galisma sonucunda, Cyprinidae familyasindan,
Alburnus attalus 12, Squalius fellowesii ve Rhodeus amarus
10ar, Cobitidae familyasindan, Cobitis fahirae 11 lokasyon ile
en fazla rastlanan tirler olmustur. Cyprinus carpio, Gambusia
holbrooki, Atherina boyeri ve Knipowitschia caucasica tlirlerine
ise sadece birer lokasyonda rastlanmistir.

Elde edilen tim veriler degerlendirildiginde, Squalius
fellowesii (%27,64), Oxynoemacheilus teophilii (%14,08),
Petroleuciscus borysthenicus (%13,32) ve Pseudorasbora
parva (%12,12) akarsu havzasinda birey yogunlugu en fazla
olan tirlerdir. Akarsu blnyesinde en az rastlanan tirler ise
Cyprinus  carpio, Knipowitschia —caucasica, Gambusia
holbrooki, Luciobarbus lydianus ve Anguilla anguilla turleridir
(Tablo 1).

Bakircay Nehri istasyonlari tir cesitliligi agisindan
kargilastirildiginda, en zengin lokasyonlar 11’er tiriin tespit

Tablo 1. Balik tiirlerinin istasyonlara gére dagilimlari
Table 1. Distribution of fish species by stations

edildigi Yagcili Deresi (ist. 6) ve nehrin denize ddkilmeden
onceki son drnekleme noktasi olan nehir anakolu (ist. 15)
olmusken, Bytikdere-Yagcili Dere birlesimi (ist. 4) ve
ilyasdere (ist. 12) de 9Qar tiirle tiir cesitliligi agisindan ikinci
sirada yer almaktadir. Tir gesitliliginin en az oldugu
lokasyonlar ise 2 tir ile Caltikoru Baraj Golu (ist. 11), 3 tiir ile
Sevisler Baraj Golii (ist. 5) ve 4 tiir ile Saribeyler Baraj Golu
(ist. 3) olmustur (Tablo 1).

istasyonlardaki birey yogunluklari degerlendirildiginde, tir
cesitliligi ile paralel olarak Biyikdere-Yagcili Dere birlesimi
(ist. 4), Yagcill Deresi (ist. 6) ve Ilyasdere (ist. 12), en yiiksek
yogunluga sahip lokasyonlar olarak gdze carpmaktadir.
Galtikoru Baraj Golu (ist. 11), nehir anakolu (ist. 7) ve Sevisler
Baraj Golu (ist. 5) lokasyonlari ise en diislk birey yogunluguna
sahip lokasyonlardir (Tablo 1).

. 7 Istasyonlar 0
Familya Tiirler KLK 1 > 3 7 5 6 7 8 9 011 2 B 14 15 TBS TBS%
Anguillidae A. anguilla EN 6 1 1 8 0,23
Atherinidae A. boyeri LC 15 - - 15 0,44
Cobitidae C. fahirae LC 11 7 1 37 - 2 2 8 5 90 6 1 189 5,53
A. attalus EN 1 25 3 22 31 2 4 14 - 4 1 2 1 138 4,04
B. pergamonensis LC 21 12 76 3 12 - 1 5 130 3,81
C. bergamae NT 2 3 10 2 5 1 23 0,67
C. carpio 0 1 1 0,03
C. gibelio 16 3 - 37 - 6 62 1,82
Cyprinidae C. holmwoodii VU 95 102 - 26 4 19 1 2 6 255 747
L. lydianus LC 1 1 3 - e 2 7 0,20
P. borysthenicus LC 10 - 291 64 - 4 - 1 39 - 6 3 455 13,32
P. parva LC 5 3N 7 2 1 17 1 - 414 12,12
R. amarus LC [ 44 1 1 1 1 10 33 47 65 289 8,46
S. fellowesii LC 181 93 158 - 34 13 82 47 103 39 94 - 944 2764
Gobiidae K. caucasica LC 1 1 0,03
Nemacheilidae . teophilii LC 12 44 123 28 112 39 123 - 481 14,08
Poecilidae G. holbrooki LC -- 3 3 0,09

* KLK: Kirmizi Liste (IUCN Red List) Kategorisi (EN: Endangered, LC: Least Concern, NT: Near Threatened, VU: Vulnerable, ), TBS: Toplam birey sayis|, ---: birey

tespit edilememigtir.

SONUG VE TARTISMA

Calisma sonucunda Bakirgay Nehri'nin giincel balik
faunasinda 7 familyaya ait 17 tlir tespit edilmistir. Akarsu
havzasinin balik faunasi ile ilgili olarak; Balik (1974), Anguilla
anguilla, Barbus capito pectoralis, Blennius pavo, Capoeta
capoeta bergamae, Chalcalburnus chalcoides derjugini,
Chondrostoma nasus vardarense, Leuciscus cephalus ve
Rhodeus sericeus amarus olmak iizere 3 familyadan 8 takson,
Balik vd. (1999), Anguilla anguilla, Barbus capito pectoralis,
Capoeta capoeta bergamae, Chondrostoma nasus, Leuciscus
cephalus, Liza aurata, Liza ramada ve Mugil cephalus olmak
iizere 3 familyadan 8 takson, Kuru vd. (2001), Anguilla anguilla,
Barbus capito pectoralis, Capoeta capoeta bergamae,
Chalcalburnus  chalcoides, ~ Chondrostoma  holmwoodli,
Leuciscus cephalus, Rhodeus amarus, Liza aurata, Liza
ramada, Mugil cephalus ve Salaria pavo olmak Uzere 5
familyadan 12 taksonun varli§i bildirilmistir. Ayrica, havzada

yer alan Yortanl baraj gélinden Pseudorasbora parva tirin(in
varligi  bildirilmigtir (Ekmekgi ve Kirankaya, 2006). Bu
calismalarin yani sira akarsu havzasindan, Ozulug ve Freyhof
(2007), tarafindan yeni bir balik tiri olarak Alburnus attalus
tanimlanmistir.

Daha énce bildirimi yapilmig olan Mugilidae familyasi tirleri
(Liza aurata, Liza ramada ve Mugil cephalus) ile Salaria pavo
tirl calismamizda elde edilememistir. S6z konusu tirlerin
tamaminin denizel kdkenli olup, iki ortam arasinda gd¢ eden
baliklardan olmasinin yanisira, kullanilan érnekleme ydntemi
ve gereglerinin farlilgl ile ornekleme zamani da tespit
edilemeyis nedenleri olarak siralanabilir. Diger taraftan, 6nceki,
calismalarda havzadan bildirimi yapiimamis olan Atherina
boyeri, Cyprinus carpio, Carassius gibelio, Oxynemacheilus
teophili, Gambusia holbrooki ve Knipowitschia caucasica tlirleri
akarsu havzasinda ilk kez bu calismada tespit edilmistir. Bu
tirlerin daha dnce tespit edilememis olmasi da kullanilan
ornekleme yontemlerinin farklii§indan kaynaklanabilecedi gibi,
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Atherina boyerive Carassius gibelio gibi istilaci egzotik tirlerin
tasinmis olmasi ihtimali ile de agiklanabilir.

Bakircay Nehri havzasinda, Gindogdu ve Turhan (2004),
Bakirgay'daki kirliligin yogun olarak Soma Termik Santrali
proses ve sogutma sularindan, evsel atiklardan, sanayi
isletmelerinden, madencilk ve tarimsal faaliyetlerden
kaynaklandigi, Su Kirliligi Kontrol Yonetmeligi Tablo 1'e gére 4.
sinif su kalitesine sahip oldugunu bildirilmislerdir. Kaymakgi
Basaran (2004)'e gore, Bakirgay Nehri su kalitesi igin en
onemli tehditlerden biri Soma Termik Santralinin varligidir.
Ayrica, bolgede yer alan sanayi kuruluglari ve zeytinyagi
isletmelerinin atik sularinin aritilmadan nehre bosaltiimasi,
tarim alanlarinda kullanilan glbre ve ilaglarin artisi da
akarsudaki kirlilik yikGnin artmasina neden olmaktadir. Tomar
(2009)a gore ise, evsel, endlistriyel ve tarimsal kirliligin yani
sira maden alanlarinin neden oldugu yaygin kirlilik s6z
konusudur. Havzada yapilmis bu calismalar 1siginda balik
faunasi icin en onemli baski unsurunun Kkirlilik oldugu
sOylenebilir. Ayrica, Sevisler ve Kestel baraj gollerinde agd
kafeslerde Gokkusadi Alabali§i (Oncorhynchus mykiss)
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yetistiriciligi yapiimakta, bunun disinda da Carassius gibelio,
Pseudorasbora parva ve Atherina boyeri gibi egzotik istilaci
tirlerin havza sularina tasindigi goriimektedir. Séz konusu
egzotik tlrlerin variginin da dogal fauna agisindan olumsuz
etkilerinin - olmasi  kaginilmazdir. Bakirgay Nehri balik
biyogesitliliginin korunmasi ve balikgilik faaliyetlerinin etkin
sekilde sUrdirdlebilmesi  bakimindan  6ncelikle,  kirlilik
kaynaklarinin  dnlenmesi gerekmektedir. Ayrica, havzanin
dogal balik faunasi igin olumsuz etkileri olabilecek egzotik balik
tirlerinin ortamda baskin hale gelmeleri engellenmelidir. Yerel
yonetimlerin ve yore halkinin, su ve sucul ortamlarin 6nemi ve
korunmas! hakkinda bilgi sahibi olmasi gerekmektedir. Bu
amacla, egitim, sergi, yarisma vb. etkinlikler dlizenlenerek
halkin konuya ilgisi arttirilabilir.
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Abstract: Pterois miles (Bennett, 1828) is one of the worst aquatic invaders in history and its rapid dispersal in the Mediterranean Sea raise serious concerns
for local communities. On August 2019, one specimen was caught by spear-fisher at depths of 15 m in Kokar Bay of Aegean Sea, Turkey. This occurrence

represents the northernmost record of the species in the Aegean Sea.
Keywords: Pterois miles, devil firefish, alien species, Aegean Sea

Oz: Pterois miles (Bennett, 1828), tarihin en kétii istilaci tiirlerinden biridir ve Akdeniz'deki hizli dagilimi yerel topluluklar igin ciddi kaygilar dogurmaktadir.
Agustos 2019 tarihinde bir birey Ege Denizi'nde Kokar Koyu'nda bir zipkinci tarafindan 15 m derinlikte yakalanmistir. Bu kayit, glinimiize kadar tiiriin Ege

Denizi'ndeki en kuzey kaydini temsil etmektedir.
Anahtar kelimeler: Pterois miles, aslan baligi, yabanci tiirler, Ege Denizi

INTRODUCTION

The number of alien species becoming major invasive
threat has been increasing in the Aegean Sea remarkably. A
potentially destructive Indo-Pacific species, Pterois miles
(Bennett, 1828), have recently been introduced to the
Mediterranean, which may unfavorably affect not only the
structure and function of local ecosystems but also the socio-
economy, fishery, biodiversity and also even human health
(Bilecenoglu, 2018). P. miles is a species commonly found in
the Indian Ocean and Red Sea (Froese and Pauly, 2019). They
are usually found in reef fish communities (Green and Cote,
2009) and commonly found in water depths from 25 to 85 m on
hard bottom, coral reefs and artificial substrate, sometimes
found under ledges and hiding in crevices (Hare and Whitfield,
2003). They invade the Mediterranean from the Red Sea via
the Suez Canal (Golani and Sonin, 1992).

Lionfish P. miles was recorded for the first time from the
Mediterranean Sea at Haifa Bay in 1991 (Golani and Sonin,
1992), and later lionfish P. miles were reported from Lebanon
coast (Bariche et al. 2013) and Cyprus coast (Evripidou, 2013)
and then sighted in Turkey (Turan et al., 2014), Rhodes in
Greece (Crocetta et al., 2015). Recently, several records were
reported from the southern coast of Turkey indicating a
westerly migration of the species towards the Aegean Sea

(Bilge et al., 2016; Yaglioglu and Ayas, 2016; Turan et al.,
2017). First observation of P. miles from the Aegean Sea was
reported from Fethiye Bay in July 2015 and Dalyan coast in
August 2015 (Turan and Oztiirk, 2015). Nowadays it also
reported in Lebanon (Azzurro et al., 2017), Cyprus (Jimenez et
al., 2016), Greece (Crocetta et al., 2015; Dailianis et al., 2016),
Tunisia (Azzurro et al., 2017; Karachle et al., 2017), Libya
(Mabruk and Rizgala, 2019) and also Italy (Azzurro et al,
2017). And over the last years, the species has expanded
towards the northeast Aegean Sea. Up to the present, a
northernmost occurrence of the species from the Didim coast
off Turkey (Yapici, 2018). This ichthyologic note presents the
northernmost record, updating our present knowledge on the
distribution of Lessepsian P. miles for the Aegean Sea.

MATERIAL AND METHODS

On 26 August 2019, a specimen of P. miles was captured
by a spearfisher from Kokar Bay-izmir at depth of 15 m on
rocky bottoms. The specimen was having a total length (TL) of
144 mm captured at 38.13520 N and 26.60980 E (Figure 1).
The water temperature was 20.5°C. The specimen was
identified based on the description provided by Golani et al.
(2006). Fish were preserved in 10% buffered formalin and
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deposited in the Ichthyological Collection of Ege University,
Fisheries Faculty, under catalog numbers ESFM-PIS/2019-
003.

Black Sea
Turkey

. #15 < . 3=

1o/

Figure 1. The distribution of P. miles occurrences in the
Mediterranean Sea and, towards on the Aegean Sea
(Red points indicated that underwater observation from
spearfisher (Gokay Gulhep personal comm.)

Behind the tows, individuals were preserved in a plastic
case with ice, then delivered to the laboratory, immediately.
The total length, total weight, otolith length, otolith width and
otolith weight of L. friesii (n=213), A. kessleri ~ (n=164), G.
biscayensis (n=50), S. solea (n=25), L. boscii (n=17), L.
budegassa (n=15) and U. scaber (n=13) were measured. Total
length (TL) and weight measurements were conducted in the
laboratory to the nearest 0.1 cm and 0.01g, respectively. The
otoliths (sagittae) were removed and measured under
stereoscopic microscope to the nearest 0.1 mm (TL). The
weight of otoliths (OW) were measured with 0.0001 g digital
analytical balance precision scale. Lengths of sagittae (OL)
were recorded as the greatest distance measured from the
anterior tip to the posterior edge, parallel to the sulcus The
width of sagitta (OWi) was determined by considering the
greatest distance from the dorsal otolith edge to the ventral
one, perpendicular to the sulcus (Harvey et al., 2000) (Figure
2).

Figure 2. Pterois miles captured off the Kokar Bay in the Aegean Sea

RESULTS

The captured specimen was 144 mm in total length, its total
body weight was 38.8 g (Table 1). It was identified as a P. miles
based on a combination of morphological characters,
morphometric measurements, meristic counts and colour,
which were in total agreement with previous descriptions of the
species by Golani and Sonin (1992). It was measured to the
nearest millimeter, and some morphometric measurements
were indicated in Table 1.

DISCUSSION

The presence of P. miles in the Aegean Sea was first
reported in 2015 in Rhodes (Crocetta et al., 2015), Fethiye and
Dalyan (Turan and Oztirk, 2015). It has been emphasized by
many authors that the temperature of seawaters will rise
northward in the following years (Poursanidis, 2015; Giovos et

al., 2018). This study supports the accuracy of these ideas. P.
miles is expected to be detected further north in the coming
years. It is reported by the spearfisher that lionfish are sight
and caught further north from the area where the fish in this
study was caught (Gokay Gilhep, pers.comm.). According to
spearfisher P miles also has been sighted in Kokay Bay (18 m;
September 2019), Sigacik Bay (17 m, September 2019) and
also Foga (15 m, October 2018). These observations also
indicate that P. miles are successfully and rapidly expanding
from the Mediterranean coasts northward to the Aegean Sea.
Its extension may be determined by sea temperature (Turan et
al., 2016). In recent years, the increase in the distribution
towards the northern Aegean Sea, and the records of smallest
individuals indicate that it has strengthened the spread and
started to be one of the established species. P.miles get high
scores in risk analysis studies on lesepsian species on outh-
western coasts of Turkey (Filiz et al., 2017; Bilge et al., 2019).

314



Occurrence of lionfish, Pterois miles (Bennett, 1828) in the coast of Aegean Sea (Turkey): The northernmost dispersal record

These studies drawn attention to the speed and seriousness of
the invasion.

Table 1. Morphometric measurements in mm and as percentages of
total length (%TL), standard length (%SL) meristic counts
and weight in grams recorded in the specimen of Pterois
miles from the Aegean Sea

Morphometric mm L%
measurements

Total length 144 100.0
Standard length 106 73.6
Barbel length 17 11.8
Head length 36 25.0
Body depth 38 264
Dorsal fin rays 10 + Xl
Pelvic fin rays 5+1

Anal fin rays 6+
Pectoral fin rays 14

Caudal fin rays 15+l

Total weight (grams) 38.8

Mediterranean seawater temperatures are steadily
increasing, and alien species are spreading, causing
community shifts and tropicalization (Lejeusne et al., 2010;
Montefalcone et al., 2015) There are now >1000 alien species
in the Mediterranean and the majority are thermophilic species
that have entered the eastern basin through the Suez Canal
(Katsanevakis et al., 2014). Recent enlargement of this canal

coupled with sea surface warming is raising concerns that this
problem will get worse. P. miles has been considered highly
temperature-dependent (Dabruzzi et al., 2017), according to
Kimball et al. (2004) P. miles unable to survive below 10°C.
However, Ozgiir-Ozbek et al. (2017) reported that the P. miles
continued feeding in low winter temperature (14.9°C) in the
Mediterranean Sea. Although most recordings were obtained
in the summer, seawater temperatures ranged from 14.3°C to
29.0°C (Yapici, 2018). In this study, the individual was
observed in the period when the water temperature was high.
Nonetheless, the more widespread colonization of the
Mediterranean and Aegean region by P. miles seems no
temperature-dependent. Further studies should focus on the
interaction between lionfishes and seasonal water temperature
variation in order to better understand whether temperature.

Lionfish are usually distributed in tropical marine waters,
and have been found on hard bottoms, mangroves, sea grass,
coral, and artificial reef communities (Gomez et al., 2013). In
their original habitats, they occur along coral reefs and rocky
shores down to depth of 50 m (Froese and Pauly, 2019). All
records from various parts of the Mediterranean Sea report this
species generally from depths of 2-110 m (Bariche et al., 2013;
Oray et al., 2015; Kletou et al., 2016; Bilge et al., 2017; Yapicl,
2018). Characteristics such as location, date, total length,
observation method, habitat type and depth were obtained
from peer-viewed publications to examine the journey of the
species in the Mediterranean Sea (Figure 2; Table.2).

Table 2. The journey of P. miles from the Mediterranean Sea to the Aegean Sea (The number in front of each locality was shown in Figure 2)

No Location Coordinates Ler(\-?lt-hn?;;lge Habitat Depth (m)  Observation Method Reference

1 Herzliya, Israel - 328 35 Trawl Golani & Sonin, 1992
2 Al Minie, Lebanon 34.29N 35.54E 209 Coralligenous 30 Gill net Bariche et al., 2013
3 iskenderun, Turkey 36.17N 35.46E 276 Rocky bottom 25 Turanetal., 2014
4 Rhodes, Greece 36.38N 28.24E - Rocky bottom 7 Diving Crocetta et al., 2015
5 Rhodes, Greece 35.91N 27.85E - Shipwreck - Diving Crocetta et al., 2015
6 Rhodes, Greece 36.45N 28.21E - Rocky bottom 2 Diving Crocetta et al., 2015
7 Ormidia, Cyprus - 170 10 Gill net Iglesias & Frotte, 2015
8 Karpas, Cyprus - 373 Rocky bottom 40 Gill net Oray etal., 2015
9 Dalyan, Turkey - - Sandy bottom 1 Diving Turan & Oztiirk, 2015
10 NE Crete, Greece 35.20N 26.30E 250 Rocky bottom 33 Gill net Daillianis et al., 2016
11 SE Crete, Greece 35.01N 25.96E 100 Rocky bottom 12-37 Daillianis et al., 2016
12 Karpathos Island, Greece ~ 35.55N 27.20E 100 Rocky bottom 17 Diving Mytilineou et al., 2016
13 Karpathos Island, Greece ~ 35.50N 27.22E 200 Rocky bottom 16 Diving Mytilineou et al., 2016
14 Mersin, Turkey 36.08N-33.40E 250 100-110 Trawl Yaglioglu & Ayas, 2016
15 Kemer, Turkey 85-293 Rocky Bottom 10-15 Spearfishing Ozgiir-Ozbek et al., 2017
16 Didim-Aydin, Turkey 37.20N 27.14E - Rocky bottom 18 Diving Yapici, 2018
17*  Kokar Bay, Turkey 38.13N 26.61E 144 Rocky bottom 15 Spearfishing Present study
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Top predators are very important to decrease lionfishes
populations that indicate conservation of top predators to
struggle lionfishes. Lionfish have very few documented natural
predators due to their venomous spines. Grouper species such
as dusky grouper Epinephelus marginatus, goldblotch grouper
Ephinephelus costae and blue-spotted cornetfish Fistularia
commersonii are the main predators of the lionfishes
(Bernadsky and Goulet, 1991; Maljkovi¢ et al., 2008; Turan et
al., 2017). Especially groupers of these species, as these may,
may help control the spread of invasive fish (Mumby et al.,
2011; Kletou et al., 2016). However, illegal fishing pressure on
these species should be controlled in the Mediterranean and
the Aegean Sea. Since fishing activities such as trawling and
purse seiner and also trammel nets do not the solution to
struggle lionfish, which usually inhabit under big rocks and
caves. Therefore, predators of lionfish need to be supported in
this struggle. Countries in the Mediterranean Sea organize
campaigns and spearfishing competitions to eradicate lionfish
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0z: Mikrobiyolojik kalite, duyusal kalite, besleyici 6zellikler, Giriine 6zgii 6zellikler, tazelik, tiirlere 6zgil fiziksel dzellikler gibi birgok kavrami igeren balik
kalitesinin tespiti icin mikrobiyolojik, kimyasal ve duyusal analizler gibi geleneksel yontemler kullaniimaktadir. Geligen teknoloji ile oldukga zaman alan ve hata
payina sahip bu geleneksel analiz yontemlerinin yerini, daha hizli ve gtivenilir kalite dlctimleri yapmayi saglayan ve gelisime agik sensér teknolojisi almaya
baslamistir. Bu galismada, ¢zellikle optik sensérler ve kullanim alanlari (zerinde durulmus ve su Urlnleri isleme teknolojisi gida glvenligi agisindan
kullanilabilirlikleri hakkinda genel bir degerlendirme yapilmaya calisilmistir.

Anahtar kelimeler: Fotonik sensér, gida kalitesi, gida gtivenligi, su drtnleri

Abstract: Microbiological, chemical, sensory analyses known as traditional methods are used for determination of fish quality including many concepts such
as microbiological quality, sensory quality, nutritional properties, product specific properties, freshness, species-specific physical properties. With the
developing technology; these time-consuming and error-free analyzes have been replaced by sensor technology, which is very suitable for quality
measurements in order to achieve the expected speed and high standard and to be open to improvement. In this study, optical sensors and their applications

are emphasized and a general evaluation is made about the usability of seafood processing technology in terms of food safety.

Keywords: Photonic sensor, food quality, food safety, seafood

GIRIS

Ginlimiizde gidalardaki Grin cesitliligi ve saghikli trlinler
tiketme bilincinin artmasina paralel olarak gerek Ureticiler igin
urliniin kalitesini stabilize etmek ve gerekse tliketiciler igin
tikettigi gidanin kalitesinden emin olmak giderek bir ihtiyag
haline gelmistir. Uriinlerin hijyenik sartlarda iiretilmis olup
olmamasindan, depolama suresince gerceklesen Kkalite
degisimlerine kadar her bir asamaya dikkat edilmelidir. Bu
urlinler bozulmaya vyatkin bir yapiya sahip su rlnleri
oldugunda ise is daha da zorunlu hale gelmektedir. Su
Urlnlerinin son derece bozulabilir ve mikrobiyal ¢ogalmaya
karsl hassas olusu ve zararli bakteriyel kirletici maddeler
icerebilmeleri nedeniyle tliketimleri ile ilgili risklerin oldukga
yiksek oldugu bilinmektedir (Erkmen ve Bozoglu, 2016;
Hussain ve Uddin, 1995; Jayasinghe ve Rajakaruna, 2005).

Balik kalitesi sirasiyla, mikrobiyolojik kalite, duyusal kalite,
besleyici 6zellikler, Urine 6zgu 6zellikler, tazelik, trlere 6zgu
fiziksel Ozellikler ve teknolojik kalite gibi birgok kavrami
icermektedir. Kalitenin tespiti igin geleneksel yontemler olarak

bilinen mikrobiyolojik, kimyasal, duyusal analizlerle birlikte,
hizli ve bu yontemlerle korelasyon gosteren sonuglar veren
gorintl  analizi, elektronik burun, elektriksel olgtimler,
spektrometrik ve reolojik yontemler gibi fiziksel ve mekanik
yontemler de kullaniimaktadir (Cheng vd., 2015; Luten ve
Martinsdottir, 1997; Serdaroglu ve Purma, 2006).

Hem (reticiler hem de tiiketiciler agisindan oldukga énem
arz eden su drdnlerinin tazeliginin 6lgtimi icin stirekli olarak
sektdrlin isteklerine cevap verecek daha hizli ve daha yliksek
standartlara sahip kalite kontrol yéntemlerinin gelistiriimesine
calisiimaktadir (Ogur, 2015). Sensor teknolojisi, bu agidan
beklenen hizi ve ylksek standardi saglamasi ve gelisime agik
olmasiyla kalite élgtimleri igin kullaniimaya oldukga elverislidir.
Farkli ¢alisma prensiplerine sahip birgok sensér mevcuttur ve
bu sensorler kullanim amaglarina gore
siniflandirilabilmektedir. ~ Ornegin;  akilll  ambalajlama
teknolojisinde mikrobiyolojik bozulma, oksidatif acilasma ve
sicaklik nedeniyle olusan diger degisimlerin derecesini 6lgmek
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amaciyla (Kerry ve Papkovsky, 2002) veya gidalara karigan
bazi kimyasal maddelerin miktarini belirlemek amaciyla
(Traffano-Schiffo vd., 2018) gesitli sensorler kullaniimaktadir.
Ayrica sensorin farkl teknolojilerle kombine halde kullanildigi
calismalar da mevcuttur (Khansili vd., 2018; Semeano vd.,
2018).

Bu derlemede, optik sensérler ve kullanim alanlari
Uzerinde durulmus, su Urlnleri isleme teknolojisi gida guvenligi
acisindan kullanilabilirlikleri hakkinda genel bir degerlendirme
yaplimistir. Ayni zamanda bu derleme; Ege Universitesi Su
Uriinleri Fakiiltesi olarak proje ortaklarindan biri oldugumuz
117F236 proje numarali “Derin Deniz- Fotonik Sensoér
Bilesenleri Kullanimi ile Kiyisal Alanlarin Cevresel izlenmesi ve
Denizel Kaynaklarin Degerlendirilmesi” adli uluslararasi
TUBITAK projesinin ‘Gida Giivenligi’ is paketi iginde yapiimasi
duslnilen galismalarin bir én tanitimini icermektedir. Bu
projenin, kalite ve tiiketici saghdi icin pratik deneyimlere
dayanan fotonik sensorlerin daha yaygin bir sekilde
kullaniimasini saglayarak, gida gtivenligi agisindan isletme
maliyetlerine dnemli bir katki saglayacadi dngérilmektedir.
Fotonik, okyanus mihendisligi, balikgilk, su drdnleri
yetistiriciligi, cevresel izleme ve gida givenligi disiplinleri
ishirligi ile kurulacak olan bu sistemin, fotonik sensorlerden
elde edilen tim bulgulardan faydalanacag disuntimektedir.

Optik sensorler

Sensorler temel olarak reseptér ve transdiiser olmak lizere
iki kisimdan olusmaktadir. Reseptorler kaynaktan aldiklari
fiziksel ve kimyasal bilgileri transdiiser élglimiine uygun olan
enerjiye cevirirler. Sensorler; elekiriksel, optik, termal veya
kimyasal olarak sinyalleri algilar (Kress-Rogers, 2001).
Sensorlerin dlglimlerini gergeklestirebilmeleri igin kaynak ile
sUrekli bir iletisim ortaminda olmalari gerekmektedir.

Optik sensorler, cesitli analitlerin kantitatif tayini igin yiiksek
performansli bir yaklasim olarak kabul edilmektedir (Borisov ve
Wolfbeis, 2008). Optik sensorler gerek su Uriinlerinde gerekse
cesitli gidalarda bu ve benzeri amaglar igin kullaniimaktadir.
Optokimyasal ~ sensérler  ise  gidalarin ~ mikrobiyal
kontaminasyonu veya diger etkilerden dolay! olusan bozulma
sonucu agida ¢ikan hidrojen siilfit, karbondioksit veya aminler
gibi  bilesikleri algilayarak kalite kontrol islemlerinde
kullanilmaktadirlar (Gnaiger ve Fortsner, 1983; Gok vd., 2006).

Uriin gesitliliginin artmasi ile tiiketiciler tercih yaparken
daha segici davranmaya baslamislardir. Satin alacaklari
Urtnlerin saglikli olmasina ve hijyenik sartlarda Gretilmis olup
olmamasina dikkat etmektedirler. Uriinlerin ambalajlari da
gidalarin tiketiciler tarafindan tercih edilmesinde onemli bir
unsurdur. Ambalajlama  sektdriinde; akilli  ambalajlama

sistemleri mikrobiyolojik bozulmalarin ve toksik maddelerin
hizli ve etkin bir sekilde tespit edilmesi ve bu Urinlerin
tlketiminin onlenmesini sadlayabilmelerinden dolayi buytik
onem kazanmistir (Oksiiztepe ve Beyazglil, 2015). Klasik gaz
sensorlerinden  biri  olan  elektrokimyasal  oksijen
sensorlerindeki bazi kisith  dzelliklerden dolayl, ambalaj
teknolojisinde optik oksijen sensérler kullaniimaya baglanmigtir
(Trettnak vd., 1995). Bu optik oksijen sonsorleri genelikle kati
fazdaki materyallerden olusmakla beraber, i1s1§1 absorbe etme
veya yansitma ozeliklerinden hareketle dretilmislerdir (Kress-
Rogers, 2001).

Akilll - paketlemede CO: gaz, fermantasyon veya
mikroorganizmadan kaynaklanan bozulmalarin bir géstergesi
olarak  degerlendiriimektedir ~ ve  Olglimine  ihtiyag
duyulmaktadir. CO2 miktarini algilamak igin birgok sistem
gelistirilmistir, bunlardan bazilari dagitiimayan kizil 6tesi
(NDIF) sensdrd, 1slak optik CO2 sensdri (pH tabanli), floresan
CO:2 sensord, kuru optik CO2 sensori, ince askili pelte (sol-jel)
tabanli optik CO2 g0stergesi, fotonik kristal sensoridir.
Ozellikle optik CO2 sensdr teknolojileri digerlerinden bir adim
onde bulunmaktadir. Bunun nedeni ise kimyasal ve mekanik
kararlihginin daha yiksek olmasidir. CO2 sensdriin(in kullanim
alani genelde et ve et Urinleridir (Meng vd., 2014).

Bir diger sensor cesidi olan fotonik kristal fiberler ise; klasik
silika optik fiberlerden, bir dizi tasarim dzelligi ve 1sik yayiim
ilkesiyle farkli olan optik dalga kilavuzlaridir. Bir fotonik kristal
fiberin kesiti, bir 2D fotonik kristalin yapisini Uretir. Fotonik
kristal fiber teknolojisi gidalarda kalite dlgiimd igin
kullanilabilmektedir.

Fotonik kristaller, yUksek optik 6zellikler ve parlak yapisal
renk sergileyen, uzamsal olarak diizenlenmis kafeslere sahip
islevsel bir malzeme sinifidir. Bu malzemeler 15131 belirli bir
dalga boyu veya frekansla degistirebilirler. Ayrica cesitli
periyodik yapilar ile birlikte farkli malzemeler kullanilarak imal
edilebilir (Chow vd., 2001; Mihi vd., 2008; Painter vd., 1999).

Ayrica, radyofrekans (RF) ve mikrodalga (MW)
araliklarindaki  fotonide dayali sensorler, etin bozulma
reaksiyonlarina dahil olan bazi kimyasal tlirlerin miktarini
belirleme kapasitesine sahip olup, izleme sisteminde biyik bir
gelisme saglayabilmektedir (Traffano-Schiffo vd., 2018).

Gida giivenligi konusunda sensorler ile yapilan
calismalar

Cesitli  teknolojilere  dayanarak gelistirilen  fotonik
sensdrlerin baglica kullanim amaglari sirasiyla, gidalarda baz
zararll katki maddelerinin ve gidanin yapisinda sonradan
gelisen toksik bilesiklerin tespiti, kalite 6lgimd, kompozisyon
belirleme ve mikrobiyal bozulma tespitidir. Cesitli yontemlerle
gida katki maddelerinin ve gidanin yapisinda mevcut toksik
bilesenlerin  6lclimii  (zerine bazi ¢alismalar Tablo 1'de
dzetlenmistir.
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Tablo 1. Gida igerigindeki zararli bilesenlerin tespit edilmesi amaglanan bazi galismalar
Table 1. Some studies that aimed to detect harmful components in food content

Gida Amag

Yontem

Sulfguanidin tespiti
(Antibiyotik)
Tetrasiklin, oksitetrasiklin ve
klortetrasiklin tespiti
(Antibiyotik)

Ksantat ve alginat tespiti
(Polianyonik katki maddeleri)
Sakarin, sorbitol ve bitil asetat
tespiti (Katki maddeleri)
Histamin
(Biyojen amin)

Levrek (Dicentrarchus labrax)

Siit ve bal

Cesitli gidalar (puding, krema,
hazir gorba, sosis vb.)

Somon (Salmo salar),
Ton bali§i (Thunnus alalunga)

Polimer Fotonik Kristal (Livd., 2019)

Polimer Fotonik Kristal (Wang vd., 2012)

Polimerik Optik Sensor (Durist vd., 2010)

Fotonik Kristal Fiber (Atiqullah vd., 2019)

Diatomit Fotonik Kristal (Kong vd., 2018)

Su drlnlerinde bakteri enfeksiyonlarinin tedavisinde
kullanilan kemoterapdtiklerin biyik bir bolimint olusturan
stilfonamidler; enjeksiyon, banyo ve oral olmak Uzere (¢
yontemle uygulanabilmektedir. Yiksek dozdaki uygulamalar
balikta toksikasyona neden olurken, viicudunda siilfonamid
birikimi olusmus baliklarin pazara sunulmasi, insanlarda
stilfonamidlere direngli suslar olusturabilmektedir (Arda vd.,
2005; Samanidou ve Evaggelopoulou, 2007; Tanrikul, 1995).
Bundan dolay! silfonamidlerin baliklardaki kullanimina dikkat
edilmelidir. Molekiler olarak basilmis polimer fotonik kristal ile
baliklarda sulfguanidinin hizli tespitine galigiimistir. Sensérin
bes kullanim  dbngisinden sonra orijinal algilama
performansini korudugu ve siilfaguanidinin geri ddniistimindn,
gdl suyunda %93,8 ila %111,2 ve balik drneklerinde %88,5 ila
%115,2 arasinda degistigi saptanmistir. Bu bulgu, sensoriin
karmasik matriksli gida Orneklerinde  kullanilabilecegini
gostermistir (Li vd., 2019).

Su driinleri de dahil olmak (zere gidalarin yapisinda
gelisebilen bir diger zararli bilesik ise biyojen aminlerdir.
Biyojen aminler, amino asitlerin dekarboksilasyonu sonucunda
ya da aldehit ve ketonlarin aminasyon ve transaminasyonu ile
olusur (Maijala vd., 1993; Akyol vd., 2015). Gidalarda olugan
en dnemli biyojen aminlerden olan histamin; toksik etkilerinden
dolayr olduk¢a 6nemlidir. Ayrica gidalarin tazelik ya da
bozulma derecesinin bir indikatdri oldugu igin de tespiti 6nem
tasimaktadir (Halasz vd., 1994; Akyol vd., 2015). Fosillesmis

Tablo 2. Glikoz ve fruktoz tespitini amaglayan calismalar
Table 2. Studies that aimed detecting glucose and fructose

diatom frustil kalintilarindan tlretilen ve fotonik-kristal
ozelliklere sahip Diatomit'in kullanildigi bir galismada; Somon
(Salmo salar) ve Ton bali§i (Thunnus alalunga) ‘nda histamin
tespiti amaclanmistir. Diatomit fotonik kristallerin kullanildigi bu
calismada; somon ve ton baliklarinda histamin basariyla
izlenmigtir. Sonu¢ olarak bu ¢ipli gida senséri, gida
Urtnlerindeki iz seviyelerinde histamin veya diger zararl
bilesenleri izlemek igin ucuz, saglam ve taginabilir bir algilama
platformu olarak kullanilabilir bulunmustur (Kong vd., 2018).

Fotonik kristal fiber teknolojisi gidalarda kalite 6lglimi igin
kullanilabilmektedir. Malinin vd. (2012) tarafindan meyve
suyunun kalitesine, kompozisyonuna ve ana bilesen
konsantrasyonuna duyarli bir fotonik kristal fiberin kullaniminin
denendigi galisma bunlardan biridir. Once glikoz, fruktoz ve
sakkaroz karigimi iceren iki dogal meyve suyu numunesi (elma
suyu ve portakal suyu), daha sonra ise tatlandirici karigimini
iceren meyve aromali igecekler; fotonik kristal fiberlerin iletim
spektrumlarinin  dlgiimi ve arasindaki farkin gdézlenmesi
prensibine dayanarak analiz edilmistir. Sonug olarak fotonik
kristal fiberlerin hassas elemanlar olarak kullaniminin analiz
edilen drindeki seker miktarini hizli bir sekilde belirleyebildigi
ve sivinin farkli dalga boyu araliklarindaki optik yogunlugunu
belirlemenin, sivinin tirbiditesini kirllma belirleme endeksi ile
ayni anda degerlendirmenin mimkin oldugu saptanmistir.
Glikoz ve fruktoz tespitine yonelik fotonik sensér calismalari
Tablo 2'de gériilmektedir.

Amag Yontem

Prensip

Sonug

Ciplak gozle glikoz tespiti Opal fotonik kristal

Dalga boyunun renk

3-20 mM glikoz kons.

tespiti miimkiin (Hong vd., 2014)

degisimi

iki boyutlu fotonik kristal
platformunun analitle
doldurulmasi verici

Fotonik kristal
refraktometre

Glikoz kons. izlenmesi

Fruktozu segici Fotonik kristal sensér

belirlenmesi

Filmlerde renk degisimi

Glikoz izlemesi igin
yiiksek kaliteli ve umut ~ (Areed vd., 2017)
Diger sekerlerin
varliginda
fruktoz taninmistir.

(Ayyub vd., 2013)
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Fotonik kristal fiber kullanarak dlgilmesi amaglanmig bir
diger icerik; potasyum klorir konsantrasyonudur. Potasyum
kloriir deniz suyunda bulunan dogal bir bilesiktir. insan sagligi
acisindan da oldukga gereklidir (Lide, 2005). Calismada; 400
nm ¢apinda dairesel hava deliklerine sahip fotonik kristal fiber
kullanilmigtir ve dlgiimin prensibi olarak; fotonik kristal
fiberden  ¢ikan iletlen  alanin  potasyum  klorGr
konsantrasyonuna goére dogrusal degisimi temel alinmistir.
Fotonik kristal yapisindaki alan dagilimi, diizlem dalga yayilimi
yontemi kullanilarak simile edilmistir. Sonuglara gore; iletilen
1s1gin yodunlugunun, hava deliklerine doldurulmus potasyum
klorir konsantrasyonuna gére dogrusal olarak degistigi
saptanmistir (Palai vd., 2013).

Taze gidalarin ve 6zellikle de baligin raf dmriiniin olduk¢a
kisa oldugu géz 6nine alindiginda, Uretim ve tedarik
zincirlerinin herhangi bir noktasinda, tazeligin gercek zamanli
izlenmesi icin hizli, kullanimi kolay, yikici olmayan araglar
gelistirmek dnemlidir. Akilll ambalaj teknolojisi de bunlardan bir
tanesidir. Ambalaja akilli 6zelligini veren unsurlardan olan
sensorler Grlnlerin tazelikleri, mikrobiyolojik olarak bozulma
olup olmamasi, oksidatif acilasma ve sicaklik nedeniyle olusan
degisimler hakkinda bilgi vermektedirler (Kerry ve Papkovsky,
2002). Akilli gida ambalaji kapsaminda, son on yilda baglatilan
arastirma ve gelistirme projelerine bakildiginda (Tablo 1),
cesitli prensiplere dayanan sensérlerin benzer amaglarla
kullanildi§r  projelerin  gergeklestirildigi  g6riiimektedir
(Vanderroost vd., 2014).

Tablo 3. Akilli gida ambalaji teknolojisi kapsaminda, sensorlerin kullanildigi gesitli projeler (Vanderroost vd., 2014)
Table 3. Various projects using sensors within the scope of smart food packaging technology (Vanderroost vd., 2014)

Proje Adi Yiiriitiicii Kurum Amag Prensip
FOODSNIFFER Yunanistan Ulusal Bilimsel Uriinlerdeki zararli maddeleri Silikon fotonigin
Arastirma Merkezi (mikotoksinler, alerjenler ve mikroakiskanlar ve filtrasyon
bocek ilaglarr) tanimlamak. sistemleri ile entegrasyonu ile
uretilen spektroskopik Gip.
PhotoSens Finlandiya Teknik Arastirma Cevresel ve farmasotik fotonik kristal teknolojisi ve
Merkezi uygulamalar Yiizey Gelistiriimis Raman
Sagiima (SERS) metodolojileri.
BioFos Yunanistan Atina Ulusal Teknik Gida kirliliginin tespiti Fotonik, biyoloji ve
Universitesi nanokimyanin birlesimi ile
gelistirilmis biyosensor.
ChechPack Belgika Gent Universitesi Gida bozulmalarinin tespiti Silikon fotonik bazli kimyasal

sensor.

Taze baligin raf omrinin ¢ok kisa olusu, tazeligin
izlenmesini  saglamak amaciyla  gesitli  uygulamalar
gelistirilmesini gerekli kilmaktadir. Semeano vd.’nin (2018)
balik numunelerinin Ust boslugunun gaz algilama yoluyla
analizinin denendigi ¢alisma, balik tazeligini izlemek icin ilging
bir yaklasimdir. Optik gaz sensér kullanilarak tilapiada
mikrobiyal bozulmanin tespit ediimesinin amaglandigi
calismada, optik bir elektronik buruna bagl ve tek bir gaza
duyarli jel malzemenin uygulanmasina bagh bir gaz algilama
yontemi kullaniimistir. Sensoriin optik sinyalleri ve bakteri
Ureme derecesi zamanla takip edilmistir. Sonuglar, iki deger
arasinda anlamli bir iliski oldugunu bu basit ve dlsik maliyetli
sistemin tilapiada tazeligin izlenmesi igin potansiyel
uygulamasini gdstermistir (Semeano vd., 2018).

SONUG

Her gegen giin ivme kazanmaya devam eden niifus artisl;
gelecekteki 50 yil igin gida ihtiyacinin, gectigimiz 10,000
yildakinden daha fazla oldugunun 6ngériilebilmesine neden
olacak boyuttadir (Tosun, 2019). Tliketim ihtiyacindaki bu artis,
her alanda oldugu gibi su Urlnleri alaninda da bilimsel
calismalarin  surdUrdlebilir - yontemler gelistirmek  Gzerine
yogunlagmasina sebep olmaktadir. Bunun yani sira; su

Urdnleri tiketiminin insan saghdi icin ne denli dnemli oldugu
bilinmektedir. Bozulmaya oldukga yatkin bir yapiya sahip su
Urlinleri proseslerinde; ham madde temininden depolamaya
kadar tUm asamalarda kalite parametrelerini kontrol altinda
tutmak, dreticiler igin bir ihtiyacken tiketiciler icinse bir
gerekliliktir.

Su Urinlerinde kalite kontrolu igin kullanilan analiz
yontemleri cogunlukla geleneksel yontemlerle
gerceklestirilmektedir. Bu yontemler gérlintii analizi, elektronik
burun, elektriksel dlgtimler, spektrometrik ve reolojik ydntemler
gibi fiziksel ve mekanik ydntemler ile kombinasyon halinde de
kullanilabilmektedir. Fakat su drlnleri sektdriinde tazeliginin
olglima icin strekliligi olan, hizli ve daha ylksek standartlara
sahip kalite kontrol ydntemlerine ihtiyag duyulmaktadir. Bu
amag igin en kullanigl enstrimanlar olarak ilk akla gelen
sensor teknolojileridir. Farkli calisma prensiplerine ve
malzemelere sahip birgok sensor bulunmaktadir. Proje ortagi
oldugumuz arastirmanin da benzer hedefler tasimasi ve
fotonik sensérler Uzerine bir proje olmasi sebebiyle; bu
derlemede daha cok bu prensibe dayanan sensorlerin
kullanildi§i galismalar Gizerinde durulmustur.
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Bu derlemede yapilan incelemelerden fotonik sensor
teknolojisinin - gelisime ve farkli teknolojilerle bir arada
kullanilmaya son derece agik oldugu anlagiimaktadir. Ayni
zamanda su Urlinleri icin 6nem tasiyan pek ¢ok igerigin
saptanmasinda basariya ulasan calismalara rastlanmisti.
Ornegin; bir calismada biyojen amin tespiti (zerinde
durulurken, bir baska calismada akilli ambalaj teknolgjisi ile
entegre edilerek kullanilabilmektedir. Fotonik sensor kullanimi
ile gida gtivenligi konusunda éntimlizdeki yillarda giderek artan
bir ivme ile calismalarin yapilacagi dngérilmektedir. Ancak bu
calismalarda kullanilacak sensorlerin gelistirilmesi igin cesitli
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