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RESEARCH ARTICLE ARASTIRMA MAKALESI

A comparative study on antioxidant and cytotoxic effects of Oscillatoria
amphibia and Spirulina platensis C-phycocyanin and crude extracts

Oscillatoria amphibia ve Spirulina platensis’in C-Fikosiyanin ve ham
ekstraktlarinin antioksidan ve sitotoksik etkileri Gizerine kargilagtirmali
calisma

Zeliha Demirel « Sevde Uslu Hatipoglu! « Ayse Nalbantsoy! « F. Ferda Yilmaz2
Burcu Tepedelen Erbaykent! ¢ Ismet Glrhan-Deliloglu! « Meltem Conk Dalay*

1Ege University, Faculty of Engineering, Department of Bioengineering, 35100, Izmir, Turkey
2Ege University, Faculty of Pharmacy, Department of Pharmaceutical Microbiology, 35100, Izmir, Turkey
*Corresponding author: meltem.dalay@ege.edu.tr

Ozet: Bu calismada Oscillatoria amphibia (Ege Macc-14, Acigél-Denizli, Tiirkiye) anti oksidan ve sitotoksik etkileri, Spirulina platensis'in ham ekstrakt ve
fikosiyanini ile kargilagtinimigtir. S. Platensis'in tek ticari C-fikosiyanin kaynadi olarak gérilmesinden dolayi bu galisma yeni fikosiyanin kaynaklari arastirma ve
umut vaat eden sitoksik bilesik arastirmalarinda yeni veriler saglayabilir. Her iki tir de laboratuar kosullar altinda kiiltire alinarak ham ekstrakt ve C-fikosiyanin
ekstraksiyonlari yapilmistir. O. amphibia'nin sitokisik bilesikler tiretebilme potansiyelinden dolay! biyomasin toksisitesini arastirmak iizere sulu O. amphibia
ekstreleri hazirlanmig ve artemialara direkt olarak uygulanmistir. Sulu ham ekstraktlar en yiiksek konsantrasyonda (10 mg.ml?) bile toksik bulunmamistir.
Ekstraktlarin sitotoksisitesini belilemek amaciyla insan karaciger karsinoma (HEP-3B) hiicre hatti kullaniimistir. S. platensis C-fikosiyanini, O. amphibia C-
fikosiyaninleri icin ICso degerleri sirasiyla 13,27 ug/ml ve 4,19 pg/ml olarak hesaplanmis ve bu degerler ham ekstratlar icinde yine sirasiyla 16,34 pg/ml ve 12,94
pg/ml olarak bulunmustur. Ham ekstrakt ve C-fikosiyaninlerin antioksidan potansiyelleri ise DPPH serbest radikal ve hidroksil stipiirme aktivite testleriyle
belirlenmistir. Sonug olarak her iki siyanobakterinin saf C-fikosiyaninleri sitotoksik ve antioksidan aktivite géstermeleriyle birlikte en yiksek degerler O. amphibia
ekstraktlari igin bulunmustur.

Anahtar kelimeler: C-fikosiyanin, Sitotoksisite, Oscillatoria amphibia, Spirulina platensis.

Abstract: In this study, antioxidant and cytotoxic effects of Oscillatoria amphibia Ege-Macc-14 (Lake Acigdl-Denizli, Turkey) C-phycocyanin and the crude
extract were compared with Spirulina platensis. Since S. platensis is seen as the sole economical source of C-phycocyanin this comparison study may provide
novel information for investigating new sources of C-PC and besides new promising cytotoxic compounds. Both species are cultivated under laboratory
conditions and both the crude extracts and the C-PCs were obtained. Since O. amphibia has the possibility to produce toxic compounds, in order to figure out the
toxicity of the biomass, the aqueous crude extracts of O. amphibia were tested against the brine shrimp directly. The aqueous extracts were found as non-toxic
even at the highest concentrations (10 mg.ml). Human hepatocellular carcinoma (HEP-3B) cell line was used to investigate the cytotoxic effect of the extracts.
The determined ICso values of S. platensis C-PC, O. amphibia C-PC were 13.27 pg/ml, 4.19 ug/ml respectively and for S. platensis crude extract and O.
amphibia crude extract the values were 16.34 pg/ml and 12.94 pg/ml, respectively. The potential antioxidant activity of the crude extracts and the pure C-PCs
were evaluated by DPPH free radical, hydroxyl radical scavenging activity assays. As a result, although the pure C-PC of both cyanobacteria showed cytotoxic
and antioxidant activities, the highest activity levels were obtained from O. amphibia extracts.

Keywords: C- phycocyanin, Cytotoxicity, Oscillatoria amphibia, Spirulina platensis.

INTRODUCTION

Cyanobacteria are prokaryotic microorganisms and have
many beneficial features; they are highly nutritive and have
therapeutic effects such as immuno enhancing (Hayashi and
Katoh, 1994; Qureshi and Ali, 1996a, 1996b), antioxidant,
antiviral (Gustafson et al., 1989), and anti-inflammatory effects
(Liu et al., 2000; Romay et al., 1998). The antioxidant activity
is particularly related to the phycobiliprotein content of the
cyanobacteria. S. platensis and O. amphibia are both
members of filamentous cyanobacteria, which are in rich of
phycobiliproteins, especially C-PC. Generally, under standard

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

conditions, the C-PC content can constitute up to 15% of the
proteins in Spirulina platensis (Jaouen et al., 1999).

C-phycocyanin is a water soluble, non-toxic, blue colored
pigment as being one of the major phycobiliprotein in
cyanobacteria. It plays an important role in photosynthesis,
and phycobiliproteins are protein-pigment complexes that are
functional in photosynthetic energy transfer (Li et al., 2001,
Reis et al., 1998). C-phycocyanin is composed of two different
sized subunits called a and B protein, and carries an
apoprotein and an open-chain tetrapyrole prosthetic group
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called phycocyanobilin (Grossman et al., 1993). The chemical
structure of phycocyanobilins is very close to that of bilary
pigment bilirubin (Strocker et al., 1990; Benedetti et al., 2004).
The hilirubin pigment acts as a powerful scavenger, in vivo.
This resemblance could allow to be thought that C-PC is an
antioxidant agent. Beside these features, it is commonly used
in food industry as a natural food colorant (Yoshida et al.,
1996), cosmetics and biomedical research as a biochemical
tracer in immunoassays (Glazer, 1994).1t is well documented
that C-PC has many therapeutic properties such as
cyclooxygenase inhibition (Reddy et al., 2003), antioxidant
and anti-inflammatory effects (Benedetti et al., 2004; Romay
et al, 2003) and anticancer effects (Pardhasaradhi et al.,
2003).

In this study, the C-PC content of O. amphibia, isolated
from Lake Acigol in Turkey, was determined as an alternative
C-PC source against S. platensis. In a previous study carried
out with brine shrimp toxicity assay O. amphibia was found
non toxic, in vitro (Conk-Dalay et al., 2005). After cultivation of
biomass until stationary phase, in batch culture, crude extracts
and pure C-PCs were obtained from both species. Antioxidant
activity was tested by DPPH (1,1-diphenyl-2-picryl hydrozyl)
and hydroxyl radical scavenging methods and the cytotoxic
activity was investigated by MTT assay with HEP-3B cell line,
in vitro.

MATERIALS AND METHOD

0. amphibia was harvested from the lake Acigdl (Denizli,
Turkey). The isolation was done by plating onto Erdshreiber
medium (EM) containing 1.5% agar (Schreiber, 1927).
Individual cells were picked up and were inoculated into the
liquid medium. O. amphibia was allowed to grow at a density
of 1.5-1.7 mg.Lt at 22 °C. Continuous illumination was
provided by fluorescent lamps (40 pmol photons m2 s1). The
taxonomy of the species is given below:

Taxonomic position (Komarek, 2010); Cyanophyceae,
Oscillatoriales, Oscillatoriaceae, Oscillatorioideae

S. platensis (Ege-Macc 31) was obtained from the culture
collection of Ege University Microalgae Culture Collection,
Ege-Macc, Turkey. The cell culture was grown in Zarrouk's
medium under the same conditions with O. amphibian
(Zarrouk, 1966).

Taxonomic position (Komarek, 2010); Cyanophyceae,
Oscillatoriales, Phormidiaceae, Phormidioideae

O. amphibia (Ege-Macc 14) cells were harvested by
centrifugation at 5000 rpm, for 5 min while S. platensis cells
were filtered with Whatman No:1. The harvested cells were
stored at -20 °C and were lyophilized (Cipsy 4, Alpha Q).

The quantitative analysis was performed by the low
temperature method (Lorenz, 1998). Briefly, the cells were
dried in an oven at 45 °C for six hours. After removing the
excess moisture, 40 mg of powder was weighed. The cells
were disrupted by freeze-thawing cycles in 10 ml of 100 mM

saline PBS. After centrifugation, the spectrophotometric

absorbance was read at 620 nm (UV-Visible

spectrophotometers, Helios A, Cambridge, UK). The

hycocyanin content was determined using the equation below:
CPCY% — AgyXx10x100

7.3x(mg sample )x(dry weight%)

The lyophilized O. amphibia sample, prepared by 2% (w/v)
sea water infusion, was tested for its cytotoxic activity using a
rapid brine shrimp lethality bioassay. The bioassay against
Artemia salina Leach, brine shrimp nauplii, was performed as
described previously (Meyer et al., 1982; Laughlin, 1991). The
cytotoxicity test was evaluated in ranges of 1000:100:10. The
sample was dissolved in the sea water (20 mg. 2 ml?), then
1000, 100 and 10 ppm solutions were prepared by dilution
and were placed into vials. The number of survivors was
counted after 24 hours of incubation. LCso (Lethal
Concentration) values after 24 h exposure and 95%
confidence intervals were determined by using the probit
analysis method. Colchicine and umbelliferone, having
concentrations of 500, 50 and 5 ppm, were used as reference
compounds.

Crude extraction; one gram of freeze-dried algae was
added to 10 ml of 0.01 M PBS (pH 6.7, 0.15 M NaCl), then it
was kept at -86 °C (Sanyo, VIP Series -86 °C, Japan). The
frozen suspension was thawed and heated at 30 °C for 1 h in
the ultrasonic bath and was kept at 4 °C overnight. The slurry
was then centrifuged for 1 h at 9000 rpm and filtered throught
Whatman #1 filter paper (Whatman International Ltd.,
England). The supernatant were evaporated at freeze-drying.

C-PC purification was performed by the method described
by Minkova et al. (2003). Briefly, 800 mg lyophilized algae was
suspended in 0.01 M PBS (pH 6.7, 0.15 M NaCl), then it was
kept at -86 °C. The frozen suspension was thawed and
heated at 30 °C for 1 h in the ultrasonic bath and was kept at
4 °C overnight. The slurry was then centrifuged for 1 h at
9000 rpm to remove the cell debris. 10 ml of 0.3% (w/v)
aqueous rivanol solution was added to the crude extract
obtained by the same procedure. The mixture was
continuously stirred at 4 °C overnight, and then was recovered
by centrifugation at 9000 rpm for 45 min. The supernatant was
exposed to rivanol treatment repeatedly. Finally, after the last
centrifugation, the blue supernatant was saturated with 40%
ammonium sulphate ((NH4)2.SO4) and it was dialyzed against
ultra pure water for 12 h and the sample was centrifuged. The
precipitate was dissolved in 30 ml of PBS, and was saturated
with 70% with ammonium sulphate solution and then it was
dialyzed at 4 °C overnight in the same buffer. Finally,
Sephadex G-100 (Sigma-Aldrich, USA) was pre-equilibrated
and the extract was eluted with the buffer. The absorbance
ratio A620/A280, an index for C-PC purity, (Ganapathi et al.,
2006) was over 4.00. The carbohydrate and protein contents
of the extracts were determined by the phenol-sulfuric acid
(Dubois et al., 1956) and modified Lowry methods (Lowry et
al., 1951), respectively.
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The purity of the extracts was determined by sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) which was carried out according to the method of
Okadjima et al. (1993) using a 12.5% polyacrylamide gel and
Brilliant Blue R (Sigma-Aldrich) to visualize the proteins. For
calibration, marker proteins SM1811 (Fermantas, Canada) 18-
250 kDa from were used.

Human hepatocellular carcinoma (HEP-3B) cells were
purchased from the Germany Collection of Microorganisms
and Cell Cultures (DSMZ). The HEP-3B cells were maintained
in RPMI 1640 (Biochrom, Germany) medium supplemented
with 10% heat-inactivated fetal bovine serum, 1% L-glutamine
(Biochrom, Germany) and 1% gentamycine (Biochrom,
Germany) in a humidified atmosphere with 5% COg, at 37 °C.
The cells were subcultured twice weekly.

The screening of crude extract and C-PC cytotoxicity were
done by using a modified MTT assay as described by
Mosmann (Mosmann, 1983; Surakka et al., 2005) which
affects the mitochondrial activity of viable cells. HEP-3B cell
line in 96 well microplates with 6 x 104 cells/ml initial
concentration was cultivated for 24 h. Then, the cultures were
incubated with different concentration of the extracts for 48 h
and the viable cells were determined by MTT. The growth
inhibition was estimated as the 50% effective concentration
(IC50).The assay is based on cleavage of the yellow
tetrazolium salt, MTT, which forms water-insoluble, dark blue
formazan crystals. This cleavage only takes place in living
cells by the mitochondrial enzyme succinate-dehydrogenase.
The water-insoluble, dark blue formazan crystals solubilized
using dimethyl sulfoxide. The optical density of the dissolved
material is measured at 570 nm (reference filter, 690 nm).
Cytotoxicity was expressed as mean percentage increase
relative to the unexposed control. Control values were set at
0% cytotoxicity. Cytotoxicity data (where appropriate) was
fitted to a sigmoidal curve and a four parameter logistic model
used to calculate the IC50, which was the concentration of
nanomaterial which caused a 50% inhibition in comparison to
untreated controls. The mean IC50 was the concentration of
agent that reduces cell growth by 50% under the experimental
conditions and was the average from at least three
independent determinations that were reproducible and
statistically significant. The I1C50 values were reported £95%
confidence intervals (+95% ClI). This analysis was performed
with GraphPad Prism (San Diego, CA). The morphological
studies of the cells were done with inverted microscope
(Olympus, Japan) comparing with the control group 48 h after
treatment.

The DPPH radical is considered to be a model of a stable
lipophilic radical. A chain reaction in lipophilic radicals was
initiated by the lipid oxidation (Xu et al., 2005; Velioglu et al.,
1998). The crude extracts and C-PC were tested by
measuring of bleaching purple colored methanol solution of
DPPH (1,1-diphenyl-2-picryl hydrozyl) radical,
spectrophotometrically. 1 ml of the extracts was added to 5 ml
of a 0.004% methanol solution of DPPH. After a 30 min of

incubation period at room temperature in the dark, the
absorbance was read against a blank at 515 nm. Every
sample was done in triplicate, and the percentage of DPPH
scavenging activity was calculated with the following
calculation. BHT (butylated hydroxytoluen) and a-tocopherol
were used as positive control.

DPPH- Scavenging effect(%)=[(AControl-ASample/ AControl)
x100]

where AControl is the initial concentration of the stable DPPH
radical without the test compound and ASample is
absorbence of the remaining concentration of DPPH- in the
presence of extracts.

Hydroxyl radical scavenging activity assay was carried out
by measuring the rate of competition between deoxyribose
and the extract for hydroxyl radicals (Sreemantula et al., 2005;
Singh et al., 2007). The attack of the hydroxyl radical on
deoxyribose leads to thiobarbituric acid reactive substances
(TBARS). As a result of reaction between TBARS and TBA,
pinkish red chromogens are formed in acidic conditions. 28
mM deoxyribose, 20mM phosphate buffer (pH 7.4), 10 mM
FeCls, 1 mM EDTA, 1 mM H202 and 1 mM L-ascorbic acid
and different concentrations of the extracts were prepared all
having a final volume of 1 ml and were incubated at 37 °C for
1 h. Lipid peroxidation was monitored by the formation of
TBARS. 1 ml of 0.5% TBA (thiobarbituric acid) was added to 1
ml of 2.8% TCA (trichloroacetic acid). The test tubes were left
in 90 °C water bath for 10 min to allow the colour development
then were cooled and the absorbance was measured at 532
nm (UV-Visible, Varian Cary 300 bio) against blank. o-
tocopherol and BHT were taken as positive controls.
Percentage of inhibition (AA) of deoxyribose degradation was
calculated using the following equation:

oo 2o

where Ao is the absorbance of the control reaction and A is
the absorbance of the crude extract and C-PC.

RESULTS

In this study, O. amphibia was isolated from Acigél Lake
located in Denizli, Turkey. This lake is a shallow salt lake and
its crystallized water contains 55.9% (w/v) sodium sulphate.
The C-phycocyanin content and efficiency of O. amphibia
were compared with S.platensis which is a well known C-PC
source. For this purpose, pharmacological and toxicological
activities of O. amphibia crude extracts and the C-PC
reliability of the cells were investigated by brine shrimp toxicity
test and were confirmed to be safe. The results for the
cytotoxicity evaluation of the infusion 2% of O. amphibia are
summarized in Table 1. According to the previously described
method, the LCso value more than 1000 ppm was not
considered as toxic.
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In this study, the phycocyanin content determined in O.
amphibia was approximately the same with S. platensis. The
C-PC content of O. amphibia was found to be 55.56% when
cultured, while the content of C-PC was 56% in S. platensis.
The protein content of O. amphibia for both crude extract and
C-PC values were 27052 mg.mlt and 140 mg.ml,
respectively. The extracts from each step were confirmed by
SDS-PAGE (Figure 1). Absexnso ratios of the extracts
increased up to 3.8 for S. platensis and 4.1 for O. amphibia
(Table 2). The total carbohydrate, protein and the absorbance
ratio of the crude extracts and C-PCs were given in Table 2.
Total carbohydrate content in S. platensis crude extract and
C-PC values were 214.46 mg.mlt and 29.86 mg.ml,
respectively. Treatment with SDS under reduced condition
caused C-PC to dissociate into two subunits (Figure 1). The
results are in conformity with earlier reports on the molecular
masses of a and B subunits of phycocyanin from blue-green
algae.

Table 1. In vivo- brine shrimp cytotoxicity of O. amphibia

The cytotoxic effect of S. platensis and O. amphibia
extracts were investigated on HEP-3B cell lines and the
calculated ICso values are summarized in Table 3.

The MTT assay results showed that the extracts inhibit
cell proliferation in a dose-dependent manner. Cytotoxicity
level increases gradually at higher concentrations of the
extracts. In this part of the study, the morphological changes
were obtained for HEP-3B cells which were growing in
logarithmic phase throughout the treatment with extracts. After
the 48 h post treatment of extracts, an increased number of
rounded cells and growth inhibition were observed when
compared with the untreated control cells (Figure 2).

Table 3. Estimated IC50 of crude extracts and C-PC of S. platensis and

0. amphibia
ICs0 (ng.ml%)
S. platensis 0. amphibia
Crude extracts 16.34 12.94
C-phycocyanin 13.27 4.19

Extract Concentration (ppm) LCso

Sample 1000:100:10 >1000
Colchicine 500:50:5 0.0009
Umbelliferone 500:50:5 377.02

Table 2. Analysis of carbohydrate, protein and absorbance values for S.
platensis and O. amphibian

S. platensis 0. amphibia
crude extract crude extract

S. platensis 0. amphibia
C-phycocyanin _ C-phycocyanin

Total

Carbohydrate 214.46 126.35 29.86 20.4
(mg.ml)

Total Protein

(mg.mk) 422.36 270.52 71.35 140
ADS 6201 280 ratio 0.85 0.95 3.8 4.1

130

Figure 1. SDS-PAGE of crude extracts and C-PC. Lane (1-5): Lane 1. O.
amphibia crude extracts, Lane 2. O. amphibia C-phycocyanin,
Lane 3. S. platensis crude extracts, Lane 4. S. platensis C-
phycocyanin, Lane 5. Marker (kDa).

Figure 2. Cytotoxicity in HEP-3B cell line (10X magnification) a 48-h exposure
to C-phycocyanin: (a) untreated cells, (b) treated with O. amphibia
4.19 pg.mkt of C-phycocyanin, (c) treated with S. platensis 13.27
ug.mit of C-phycocyanin
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DPPH is a stable free radical donor, which has been
widely used to test the free radical scavenging effect of natural
antioxidants. The percentage of crude extracts, C-PC and,
positive control effects on free radical generation in vitro are

given in Table 4. In this study Spirulina crude extract was
found to be most potent hydroxyl radical scavenger, whereas
C-PC was determined as least potent hydroxyl scavenger.

Table 4. Antioxidant activity2 of S. platensis and O. amphibia crude extracts and C-PC

S. platensis 0. amphibia S. platensis 0. amphibia BHT a-

crude extract  crude extract  C-phycocyanin  C-phycocyanin tocopherol
DPPH (%) 345 27 26.2 38.7 90 82
Hydroxyl (%) 49.6 30.88 20.6 33 94 90

a Antioxidant activity was assayed at a concentration of 3 mg.ml. BHT and a-tocopherol was used at a concentration of 0.2 mg.mi-. p<0.01

BHT: Buthylated hydroxyl toluene

DISCUSSION

The number of species of microalgae is estimated at
22.000 to 26.000, however only a little part of these organisms
have been studied in detail with regard to their biochemistry
and ecophysiology (Callegari, 1989). All these aquatic
microorganisms have some beneficial properties as being a
good source of high value chemicals such as polysaccharides,
polyunsaturated fatty acids, and pigments, which are widely
used in medicinal research area.

Cyanobacteria play an important role for being the only
source of the blue pigment phycocyanin, and since Spirulina is
a very rich source of valuable chemicals, particularly C-PC,
commercialized for its use for medical purpose. As a result of
many research, C-PC has found to be anti-inflammatory,
antiviral, hepatoprotective, anticancer and antioxidant
activities (Reddy et al., 2003). Antioxidant compounds play
important role for human health and prevention of diseases
such as, coronary heart diseases, radio-protective effects,
antitumor activity, inflammation and mutagenesis leading to
carcinogenesis (Hsiao et al., 2005; Romay et al., 1998).

In this study, O. amphibia isolated from Lake Acigdl,
Denizli, Turkey, was thought to be an alternative source of C-
PC. To investigate its convenience, first of all the cells had to
be confirmed to be safe on the basis of the brine shrimp
toxicity test. O. amphibia crude extract were safe either at the
highest concentrations (10 mg.ml2) (Conk Dalay et al., 2005).

S. platensis, is an excellent source of phycocyanin,
because its protein fraction contains up to 20% of
phycocyanin (Jaouen et al., 1999). Conk-Dalay et al. (2005)
determined and compared the C-PC content of O. amphibia
and S. platensis according to the low temperature method
(Lorenz, 1998). There haven't been found a significant
difference between the C-PC content of both species.
Boussiba and Richmond (1979) have used 50% and 30%
(wiv) ammonium sulfate  solutions, respectively for
precipitation, following by hydroxylapatite, DEAE-cellulose and
Sephadex A-50 columns. This method offered an improved
separation of C-PC (Boussiba and Richmond, 1979; Yi Ming
and Fheng, 1999). In this study, phycocyanin was obtained by
ammonium sulfate precipitation. 40% (w/v) ammonium sulfate
solution was used prior to precipitate other proteins except C-

PC, and then 70% ammonium sulfate solution was added to
obtain C-PC. Anamika et al. (2005), purified C-PC from
Spirulina, Phormidium and Lyngbya spp. and they determined
the molecular weights as 112, 131, and 81 kDa, respectively.
In this study it has been shown that all the B subunits (24.4
kDa) were same for all the three species, whereas the
molecular weights of a subunits were different for all (17 kDa
Spirulina sp., 19.1 kDa Phormidim sp., and 15.2 kDa for
Lyngbya sp.). However, in a study reported by Madhyastha et
al. (2006) the a subunit of S. fusiformis showed 59%
homology with that of Oscillatoria sp., B subunit differed
largely with only 6% homology between the two species. The
B subunit of Oscillatoria sp. differed from all of the genera
selected, in its amino acid composition, except for positions of
Thré and Asp®3. This result may explain the differences
between the cell viability and the antioxidant activity data.

S. platensis C-PC showed 0.0725 mg.ml! as Li et al.
(2001) and 50 uM ICso as Subhashini et al. (2004). On the
other hand, there is no literature cited on the cytotoxicity of O.
amphibia. The O. amphibia C-PC extracts showed the highest
cytotoxic effect on the tested tumor cell lines with 1Cso values
unlike S. platensis extracts. This result indicated that the O.
amphibia C-PC was shown higher cytotoxic effect than the S.
platensis C-PC on HEP-3B cells. There are many studies
about the effect of C-PC on various cancer cell lines cited in
literature. However, it is little known on the action of
mechanism of C-PC; Subhashini et al. (2004) showed that this
molecule acts as a cyclooxygenase-2 (COX-2) inhibitor,
additionally induces apoptosis in mouse macrophage cell line
RAW 264.7 stimulated with lipopolysaccharide (Reddy et al.,
2003) and in rat histiocytoma cell line, AK5 (Pardhasaradhi, et
al., 2003), proliferation and apoptosis effect on chronic
myeloid leukemia cells, K 562 (Subhashini et al., 2004) were
also studied to evaluate the mechanism.

Phycocyanin is shown to possess radical scavenging and
antioxidant properties (Romay et al., 1998; Romay and
Gonzalez, 2000; Gonzalez et al., 1999). The lineer tetrapyrrol
prosthetic group commonly called as ‘bilins’ of phycocyanin
are able to scavenge the reactive oxygen species (ROS) and
the molecule can act as an antioxidant (Romay et al., 2003).
DPPH radical scavenging activity among all the extracts and
the radical scavenging activities of water extracts were as high
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as the activity of a-tocopherol, which scavenged the highest
amount of DPPH radicals with respect to the two commercial
antioxidants (BHT and a-tocopherol) tested. The scavenging
activities of crude extracts and C-PC on DPPH radical are
shown in observed that the radical scavenging activity
increased with the increase of phenolic content. Phycocyanin
was also reported to have a positive correlation between
DPPH radical scavenging activities and total polyphenoalics.
Phenols are particularly effective  antioxidants  for
polyunsaturated fatty acids; in fact they easily transfer a
hydrogen atom to lipid peroxyl radicals and form the aryloxyl,
which being incapable of acting as a chain carrier, couples
with another radical thus quenching the radical propagation
process (Velioglu et al., 1998). Hydroxyl radicals are the major
reactive oxygen species causing enormous biological damage
and initiate lipid peroxidation. Hydroxy! radicals are generated
in the Fenton system (Fe2*/H202).

Our study has distinctly demonstrated that C-PC and the
crude extracts of O. amphibia and S. platensis may be
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Abstract: In this study, the relationships between the environmental factors with fishing pressure and abundance of red mullet spatio-temporal distribution was
aimed to determine in the Izmir Bay. This study characterizes the interactions that control the short term spatio-temporal variability in the red mullet distribution
process in terms of abundance. The distribution and relative abundance of the red mullet including the influence of environmental factors and fishing pressure
were analyzed using a Generalized Additive Model (GAM) and a Geographic Information System (GIS) based approach to investigate relationships. The results
obtained from the model estimates and evaluations provide important information about local fisheries management. As a result of the work, it supposed that
lower abundance of the red mullet was associated with cold and saline bottom waters especially in deeper areas of Izmir Bay. Additionally, the stock is
considered to be heavily exploited and the fishing pressure on the species considerable throughout the deeper area of Izmir Bay where bottom trawling is
allowed. In conclusion, the prediction model indicates a large abundance of species in the Giilbahge Bay and vicinity corresponding roughly to the observed data.
Temporally, the species was found to be more abundant in winter and autumn mainly in December.

Keywords: Red mullet, Mullus barbatus, Spatio-temporal distribution, Environmental factors, GAM, GIS, Izmir Bay

Ozet: Calismada, Izmir Korfezindeki gevresel faktérler ile balikgilik baskisi ve barbun bollugunun zaman-mekansal dagiimi arasindaki iliskilerin belirlenmesi
amaglanmistir. Galisma, barbun bolluu agisindan incelenen balik tiiriinin, dagilim prosesinde kisa stireli zaman-mekansal degiskenligi kontrol eden
etkilesimleri nitelemektedir. Barbun bollugunun zaman-mekansal dagilimi tizerinde etkisinin oldugu kabul edilen tim gevresel faktdrlere ait 6lclim degerleri ve
balikgilik baskisi Genellestirilmis Toplamsal Model (GAM) ve Cografi Bilgi Sistemi (GIS) tabanli bir yaklasimla iligkileri incelenerek analiz edilmistir. Model
sonuglarindan elde edilen tahminler ve degerlendirmeler yerel balikgilik yonetimi agisindan 6nemli bilgiler ortaya koymaktadir. Galisma sonucunda diisiik bolluk
degerlerine sahip barbunun izmir Kérfezinin soguk ve tuzlu olan, ézellikle derin yerleri ile iliskili oldugu kabul edilmistir. Ayrica, dip troliiniin serbest oldugu izmir
Korfezi'nin derin bolgelerinde tiiriin asir derecede sémiirlildigu ve tiir Gizerinde oldukga bilyik dlcliide balikgilik baskisi oldugu dikkat gekmektedir. Sonug olarak,
sunulan calismanin tahmin modeli sonucu gergek zamanli 6lgiim verisi analizleri ile benzerlik sergileyerek, barbunun Giilbahge Kérfezi'nde ve gevre sularinda
biiyiik bolluk degerlerine sahip oldugunu gdstermistir. Zamansal olarak, tiriin 6zellikle Aralik ayinda, mevsim olarak ise kis ve sonbahar aylarinda daha bol
oldugu tespit edilmistir.

Anahtar kelimeler: Barbun, Mullus barbatus, Zaman-mekansal dagilim, Cevresel faktorler, GAM, GIS, izmir Kérfezi

GIRiS

Balik stoklarinin strdrlebilirligi etkili balikgilik yonetimi
ile mimkundir. Ancak dogru balikgilik yonetimi planlamasi ve
etkin  olabilmesi igin balik biyolojisi ve populasyon
galismalarinin yani sira, balik dagilimi ve bunu etkileyen
cevresel faktorlerin bilinmesi ve iliskilendirilmesi 6nemlidir.
Cevresel faktorlerden 0Ozellikle derinlige bagh sicaklik,
tuzluluk, ¢éziinmiis oksijen, pH, derinlik gibi fiziko-kimyasal
parametreler ile plankton gibi biyolojik parametrelerin her biri
balik topluluklarinin dagiim ve bolluklarini dogrudan ya da
dolayli olarak kontrol eden faktdrlerin basinda gelirler ve
dnemli bir baskiya sahiptirler. Bu parametreler diinya lizerinde
onemli  balik¢ilik  alanlarinda,  balikgilk  agisindan
degerlendirilmektedir ve aralarindaki etkilesimi anlamak,
yorumlamak son yillarda yapilan birgok multidisipliner

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

calismanin temel hedefi olmustur. Birgok ekonomik balik
trtnin dagilimi ile su sicakligl, tuzlulugu, dip yapisi ve
derinligi iliskilidir (Mahon ve Smith, 1989). Demersal baliklarin
belirli bdlgelerde topluluk olusturmalarinda dncelikle derinlik
ve sediment tipi baskin etkenlerdir. Balik topluluklarinin
dinamik yapisi Uzerinde su Kkitlesinin fiziko-kimyasal
parametreleri; temelde sicaklik, tuzluluk ve ¢dziinmis Oksijen
degerleri  etkendir  (Koranteng, 2001).  Akdeniz'deki
galismalarin  ¢ogu  derinlik, su  sicakhg,  Oksijen
konsantrasyonu, sediment tipi gibi gevresel faktorlerle iligkilidir
(Colloca vd., 2003; Gaertner vd., 1999; Jackson ve Harvey,

1992).
Sunulan  c¢alismada, cevresel faktdrlerin - barbun
populasyonu zaman-mekansal dagilimi (izerinde etkili


http://www.egejfas.org/
http://dx.doi.org/10.12714/egejfas.2012.29.1.02
mailto:esin.yalcin@mersin.edu.tr?subject=About%20your%20article%20[EgeJFAS]
mailto:esin.yalcin@mersin.edu.tr?subject=About%20your%20article%20[EgeJFAS]

Yalgin and Gurbet, Ege J Fish Aqua Sci 29(1): 9-13 (2012)

olabilecegi ongorilmis ve izmir Kérfezindeki gevresel
faktorler ile balikgilik baskisi ve barbun bollugunun zaman-
mekansal  dagiimi  arasindaki iligkilerin  belirlenmesi
amaglanmistir.  Calisma siiresince elde edilen cevresel
parametre Glgtimleri ile balik materyali elde etmek igin yapilan
trol aveiligi eszamanli olarak planlanmis ve tim elde edilen
degerler model ¢alismalarinda kullaniimigtir.

MATERYAL VE YONTEM
Calismanin  yapildigi izmir Koérfezi, Ege Denizi'nin
ortasinda yer alan kapali bir korfez konumundadir.

Orneklemenin yapildigi istasyonlar yaklasik olarak 25 m ile 75
m arasi derinliklerdedir (Sekil 1). izmir Korfezi fiziksel
ozelliklerine gbre su sekilde bolimlere ayrimigtir:
Uzunada'nin kuzey ucu-Homa Dalyani arasindaki hattin
guneyi ile Cilazmak Burnu-Gilizelbahge hattinin  bati
kesiminden, Urla-Mentes’e kadar olan bélge “Dis Korfez I”
olarak adlandirilir, Uzunada’nin batisindaki Mordogan Gegidi
ile guneyde Gllbahce Korfezi “Dig Korfez 11" olarak
adlandirilir, Karaburun Yarimadasi ile Gediz Deltasi arasinda
kalan daha genis ve derin kesimi “Dis Korfez lII” olarak
adlandirilir (Sayin, 2003). izmir Kérfezi igerisinde 0 ile 1 m
arasinda kalan si§ sular disinda toplam alan ArcGIS 9.2
programi ile hesaplanmistir; 787 km2dir (Yalgin, 2009). T.C.,
Tanm ve Koyisleri Bakanligi tarafindan yayinlanan ve
Denizlerde ve Igsularda Ticari Amacl Su Uriinleri Avciligini
Diizenleyen 2006-2008 Av Dénemine Ait 37/1 No'lu Sirkiiler'e
gore; izmir Kérfezi'nin Ardig Burnu (38° 31' 58" N - 26° 37' 22"
E) ile Deveboynu'nu (38° 39' 24" N - 26° 43' 42" E) birlestiren
hattin glineydogusunda kalan saha trole yasaktir. Sunulan
calismanin Dis Korfez ll'de yer alan, Karaburun-Foca
arasindaki hat boyunca yer alan 1, 2 ve 3 nolu istasyonlar
trole serbest bolgede yer almaktadir. Diger istasyonlarin timd
ise yIl boyunca trole kapali alan igerisindedir.

Calisma alt alanlari ve kapsadiklari trol ve cevresel
parametre 6lclim istasyonlar sdyledir:

*Dis Korfez I: 9-10-11 numarali istasyonlar,

*Dis Korfez II: 4-7-8 numarali istasyonlar,

*Dis Korfez IIl: 1-2-3-5-6 numarali istasyonlar (Sekil 1).

$Sekil 1. Dig Korfez'deki galisma alt alanlari ve érnekleme istasyonlari.

Calisma kapsamindaki abiyotik cevresel parametreler;
sicaklik, tuzluluk, ¢dzlinmus oksijen ve pH, CTD (Conductivity,
Temperature, and Depth) cihazi ile dlgllerek modele
girilmistir.

izmir Korfezinde mezozooplankton tiirlerini elde etmek
icin 50 cm yaricapl ve 280 pum g6z agikliina sahip stramin
bezden yapilmis standart Hensen tipi plankton kepgesi ile ve
fitoplankton 6rneklerin toplanmasi; 20 cm yarigapl ve 55 pm
g6z acikhgina sahip plankton kepgesi ile vertikal olarak
gerceklestirilmistir. Ornekler laboratuar kosullarinda iglenerek
degderler modele girilmistir.

Ornekler giin 1siginda 25 m derinlikten 1 m/s hizla vertikal
olarak gekilerek elde edilmistir. Toplanan plankton &érnekleri
%4'lik formalin soliisyonu igerisinde saklanarak laboratuara
getiriimis ve drnekler filtrasyon diizeneginde filtre kagidindan
stizlilerek 6rneklerin yas agirliklari elde edilmistir. Daha sonra
filtre k&Jidi Uzerindeki yas drnekler etivde kurutularak kuru
agirliklar elde edilmistir. Plankton biyokitle (kuru agirlik)
degerleri asagidaki formiil ile hesaplanmistir (Strickland ve
Parsons, 1972).

b=2l v mxr?xh

v

Formiilde;
b = biyokiitle (mgm-3)
Dt = toplam kuru agirlik (mg)
v =slizilen suyun hacmi (m3)
r =kepgenin agiz agikhiginin yarigapi (m)
h = ¢ekimin yapildigi derinlik araligi (m)

Genellestirilmis toplamsal modellerde (GAM; Hastie ve
Tibshirani, 1986, 1990) veri; normal, binomial, Poisson,
negatif binomial veya gamma dagilimlari gibi bir¢ok ekolojik
verinin  normal olmayan hata vyapilarini uygun sekle
donustirerek, birgok yiksek olasiiga sahip veri setleri
dagilimlardan elde edilir. Model sonucunda elde edilen bu veri
setleri farkli amaglara hizmet edebilir. Bu yontem, balik bolluk
ve dagilim calismalari gibi balik¢ilik galismasinda yaygin
olarak kullanilmaktadir.

GAM (Zuur vd., 2007):
g(E[CPUEI]) = a + s1(X1) + S2(X2) + S3(X3) ... + &

g = baglanti fonksiyonu

a = populasyon kesisim sabiti

Si( ) = yumusatiimis egri fonksiyonu
Xi = agciklayici bagimsiz degisken
& =model kalintisi

Sunulan galismada, GAM i¢in R (R Development Core
Team, 2010) istatistik programi kullaniimistir. Modelde
diferansiyel denklemler kullanarak veri noktalarindan gegen
egriyi bulmak icin yumusatiimis egri fonksiyonu si() olarak
kiibik spline  fonksiyonu  segilmistir. GAM, badimsiz
degiskenlere bagli farkli fonksiyonlari eklemeli olarak islemek
suretiyle, CPUE degerlerini tahmin etmemize imkan verir.
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Modelde kullanilan agiklayici degiskenler; enlem ve boylam,
derinlik, dip suyu sicakhdi, dip suyu tuzlulugu, zooplankton ve
fitoplanktondur. Nominal degiskenler ise aylar, izinli ve yasakli
balikgilik alanlari ve bu alanlarin zaman bilgileridir. Modelin
islem basamaklarinda Akaike Bilgi Kriteri (Akaike Information
Criterion, AIC) ile parametreler kriter deder gdziininde
bulundurularak adim-adim yontemiyle azaltilarak segilmistir
(Hastie and Tibshirani, 1990). Yanisira, model igin varsayilan
Poisson diizlestirici segimi icin tarafsiz risk tahmin (Un-hiased
Risk Estimator, UBRE) degerleri kullaniimistir (Wood, 2006).
En iyi model secimi karsilagtirmali olarak yapilmis, buna gére;
en ylksek sapma seviyesi degeri (%0-100), en duslk AIC ve
en disik UBRE degerlerini saglayan model tercih edilmis ve
istatistiksel 6nem derecesi (p-degeri) ile birlikte verilmistir.

Komple bir cografi bilgi sistemi (GIS) olan ESRI ArcGIS
yazilim Grlnleri  kullanilmigtir.  Program  Uzerinde farkli
katmanlarda hazirlanan balik tirlerinin - gbreceli  bolluk
degerleri (CPUE) ve gevresel faktérler ayni harita lzerine
cakistirilarak zaman-mekansal degisimleri analiz edilmistir.
Yanisira, istatistiksel model girdisi olan tim ¢alisma alanina
ait gevresel faktér degerleri Inverse Distance Weighted (IDW)
interpolasyon galismasi sonucunda GIS ile elde edilmigtir.
istatistiksel model calismasinin son asamasinda elde edilen
tahmini balik bolluk degerleri, GIS ile barbunun zaman-
mekansal dagilim haritalari olarak sunulmustur.

BULGULAR

GAM uygulamasinda barbunun dagiiminda bagimsiz
degiskenlerden abiyotik cevresel parametreler olan sicaklik,
tuzluluk, pH, c¢Oziinmiis oksijen degerlerinin  ylzey
degerlerinin, yanisira, biyotik gevresel parametreler grubunda
yer alan fitoplankton ve zooplankton parametrelerinin yeterli
onem derecesinde olmadiklarina karar verimis ve bu
parametreler model adimlarinda cikartiimistir. Bagimsiz
degiskenlerden dip suyuna ait pH ve ¢dzlinmis oksijen

(5 uuapls
{6 @peis pnuapls
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derinlik deniz
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degerleri de ayni sebepten modelden ¢ikartilmistir. Ek olarak,
indikator degiskenler olarak belirlenmis olan balikgiliga kapali
ve aclk alanlardaki stre bilgileri yeterli énem derecesinde
olmadiklari i¢in model adimlarinda ¢ikartilmistir. Her bir
parametre icin ki-kare testi (x?) temelinde, %95 ©nem
seviyesindeki testler degerlendirilmigtir. Barbun  bolluk
dagiliminda CPUE igin agiklayici gevresel parametreler;
derinlik, dip suyu sicakligi ve dip suyu tuzlulugudur (Tablo 1).
En etkin cevresel parametre %35,1 sapma seviyesi, 344,08
UBRE ve 34797,73 AIC skorlari ile derinliktir (p=<0,001).

Tablo 1. GAM'a dahil edilen parametre degerleri.

Parametre % Sapma Seviyesi UBRE AIC p-degeri
Derinlik (m) 351 344,08 34797,73 <0,001
Dip Suyu Sicakligi (°C) 32,6 357,37 36113,38 <0,001
Dip Suyu Tuzlulu§u (psu) 13 461,62 46434,22 <0,001
Enlem 40,2 317,1 32127,07 <0,001
Boylam 40 318,14 32230,16 <0,001

Sunulan galismada, elde edilen baliklarin bolluk degerleri
(CPUE) ile balik dagiliminda etkili oldugu dstinllen cevresel
faktorler dahil edilerek en uygun GAM modeli hazirlanmigtir:

M. barbatus CPUE ~ a + si(derinlik) + s2(dip suyu sicakligi) +
s3(dip suyu tuzlulugu) + ss(enlem) + ss(boylam) + ay +
balikgilik alani + ¢;

Modelde optimum bagdimsizlik derecesi icin capraz-
validasyon uygulanmis ve barbun bolluk dagiimi CPUE;
%92,3 sapma seviyesi degeri, 41,132 UBRE ve 4806,316 AIC
skorlari ile hesaplanmistir (p=<0,001). Model ciktilarinda
bagimsiz degiskenler ile barbun bolluk dagilimi arasindaki
iliskiler ortaya konmustur (Sekil 2).

Barbun icin segilen parametreler ile olusturulan GAM
sonucunda elde edilen tahmin degerlerinin dogrulugu test
edilmis ve bolluk dagiimlari GIS ile zaman-mekansal olarak
haritalandiriimistir (Sekil 3).

|6 nirpgry pnuap)s
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dibi tuzlulugu

$Sekil 2. Barbun icin GAM model katsayilarina karsin modele eklenen terimler; derinlik, deniz dibi sicakligi, deniz dibi deniz suyu tuzlulugu, enlem ve boylam
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$Sekil 3. GAM sonucu elde edilen tahmin degerlerinin GIS ile haritalandiriimasiyla elde edilen aylik barbunun tahmini zaman-mekansal bolluk dagilimlari

TARTISMA VE SONUG

Balikgilik baskisi dahil olmak (izere cevresel degiskenler
ve barbun bollugu arasindaki zaman-mekansal iligkilerdeki
sekilde

degisimler,
belirlenerek ortaya konulmustur.

GAM  kullanilarak verilere

uygun

GAM sonuglarina gore; barbun 60 m’den daha si§ sulari
tercih etmektedir, bolluk gosterdigi derinlikler ~30-60 m'dir.
16,5-19 °C dip suyu sicaklik araliginda ve <39,1 dip suyu
tuzluluk degerinin oldugu sularda yliksek bolluk degerleri
sergilemektedir. Ayrica, barbun sicaklik alt siniri 16,5 °C
olarak tespit edilmistir. Diger taraftan, tlrin disik bolluk
degeri ozellikle Izmir Kérfezinin derin bélgelerinde, gevresel

sulara gére daha soguk ve daha tuzlu dip sulariyla iliskilidir.

Tirin  bollugu  izmir  Kérfezinde

mekansal  olarak

degerlendirildiginde 38,6 °N ile 26,7°E arasinda bolluk

sergilemistir (Sekil 2).

Model tahminlerine gdre; barbun yil boyunca Giilbahge
Korfezi'ni ve Uzunada Adasi’nin batisini kapsayan alanda Dis
Korfez-I'de yiksek degerlerde tespit edilmistir. Zamana bagli
olarak degerlendirildiginde sonbahar ve kis aylarinda, ézellikle
Eyliil ayinda yogunlasma tahmin edilmistir (Sekil 3). Secilen
GAM sonuglari ve deniz galismalarindan elde edilen gergek
barbun bolluk degerleri zaman-mekansal olarak uyumludur.

Sunulan galismanin amaci, barbunun potansiyel bolluk

12
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sergiledigi alanlari agiklayan genel bir model insa etmektir.
Olusturulan  bu  model temelinden yola  cikarak,
uygulanabilirligi mdmkin olan Ege Denizi sularimizda
barbunun potansiyel zaman-mekansal bolluk dagilim haritalar
hazirlanmasi bir sonraki ¢alismanin amacini olusturmaktadir.
Model tahmin yéntemi sayesinde, daha genis alanlarda
cevresel parametrelere ait ¢ok yillik veri setleri toplanirsa,
model calismasi ile barbun zaman-mekansal bolluk alanlarinin
tespiti mimkiin olacaktir. Calisma gOstermistir ki; biylk
oranlarda avciligi yapilan ekonomik agidan bilyik 6neme
sahip olan barbun tiri cevresel parametrelere bagl olarak
kiyisal sularda genis dagiimlar sergilemektedir ve model
temelli tahmin galismalari balikgilik yonetimi perspektifinde
Gnemlidir.

izmir Kérfezinde uygulanmakta olan trol yasaginin, geng
bireyler Uzerindeki av baskisini azaltmasi ve biyimelerine
olanak saglamasi agisindan uygun oldugu bilinmektedir.
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Abstract: In this study, breeding values in a Nile Tilapia (Oreochromis niloticus) population for harvest weight was estimated according to weight, age and sex
data using Best Linear Unbiased Prediction (BLUP) method. Mean estimated breeding value (EBV) for harvest weight in this unselected tilapia population was
found 0.03. Mean EBV of male fish (2.908) for harvest weight was found higher than the mean EBV of females (-2.740) and relation between sex and estimated
breeding values of harvest weight was found significant according to a t test. The BLUP method which gives opportunity of the most reliable estimations for all
traits of an individual in selecting broodstock was used.

Keywords: Breeding value, BLUP, Tilapia, Oreochromis niloticus.

(Ozet: Bu galismada, bir Nil tilapyasi (Oreochromis niloticus) populasyonunda yas, cinsiyet ve agirlik 8lgtimleri kullanilarak; hasat agirigi igin, damiziik degerleri,
En lyi Dogrusal Sapmasiz Tahminleme (BLUP) yéntemi kullanilarak tahmin edilmistir. Herhangi bir seleksiyon uygulanmamis bu tilapya populasyonunda hasat
agirhgi icin tahmin edilen ortalama damizlik deger tahmini, 0,03 bulunmustur. Erkek tilapya baliklarinin hasat agirli§i iin ortalama damizlik deger tahminleri
(2,908), disilerin ortalama damizlik deger tahminlerinden (-2,740) daha yliksek bulunmus olup, cinsiyet ile hasat agirigina ait damizlik deger tahminleri

arasindaki iliski Snemli bulunmustur. Damizlik segiminde, bir bireyin tiim 6zellikleri igin, en giivenilir tahmin imkanini veren BLUP ydntemi kullaniimistir.

Anahtar kelimeler: Damizlik deger, BLUP, Tilapya, Oreochromis niloticus.

GIRiS

Dinya genelinde karasal hayvan vyetistiriciliinde etkin
seleksiyon calismalari 1930°lu yillarda baglamis, 1940'l
yillarda ise Uretimde dikkate deger ilerlemeler elde edilmistir
(Eknath vd., 1991). Glnimizde ciftlik hayvanlar, dogal
populasyonlara gére c¢ok daha yiksek verim elde edilen
hatlardan olusmaktadir. Akuakdiltiirde ise 1970'li yillarda basta
salmon (Salmo salar) ve gokkusadi alabali§i (Onchyrincus
mykiss) islahiyla baslayan calismalar, Gretimi yapilan baslica
tirlerde (Tilapya, karides, istiridye, kedi baligi, morina, sazan,
levrek, gipura vb.) yayginlasmaya baglamistir (Gjerdem ve
Svealv, 2001). Seleksiyon uygulanan islah galigmalari, nesiller
boyunca suren ve pek cok genetik tahminleme ydnteminden
yararlanilarak yapilan oldukga uzun soluklu ¢alismalardir. Bu
galismalar sirasinda seleksiyonun basarisi, en iyi genetige
sahip bireylerin anag olarak segilmesine baghdir. Oldukga
kalabalik balik populasyonlari disunildigunde; damizlik
deger tahminleriyle secilecek bireylerin belirlenmesi, ¢ok iyi bir
yontem ve organizasyon gerektirmektedir.

Nil tilapyasi (Oreochromis niloticus) dretimi, diinyada
gittikce yayginlasan ve yiksek dretim potansiyeline sahip
olmasi nedeniyle de “akuatik tavuk” (Maclean, 1984) olarak
tanimlanan bir tlrdur. Nil tilapyasi dretiminde pek ¢ok genetik
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iyilestirme calismasi yapiimaktadir. Nil tilapyasi, akuakultdr
alaninda diinya genelinde 27 adet projeyle en ¢ok 1slah
calismasi  ylrGtilen  tirddr (Vandeputte, 2011). Bu
calismalardan en odnemlisi Filipinler'de yirGtilen ve
uluslararasi bir proje olan GIFT (Genetically Improved Farmed
Tilapia) projesidir. GIFT projesinde, kombine (aile ve aile i¢i)
seleksiyon yardimiyla genetik olarak iyilestirilmis hatlar elde
edilmigtir (Eknath vd., 1993). Yirmiden fazla katilimci ve
enstitinin yUritmis oldugu bu projede 5 nesil boyunca
yurtilen seleksiyon galismasi sonucunda blyime igin
%65,8'lik bir ilerleme elde edilmistir (Eknath ve Belen, 1998).
GIFT projesi sonucu elde edilen hatlardan; GIFT- Genomar
Supreme Tilapya (Gjoen, 2001), aile i¢i seleksiyon yontemiyle
iyilestirilen FaST hatti (Bolivar ve Newkirk, 2002) ve coklu
dzellik (multi trait) seleksiyonuyla ilerleme elde edilen Progift
hatti (Thodosen vd., 2011) gibi pek ok hat olusturuimaya
devam edilmektedir.

Uretime elverigli balik tiirlerinde, fenotipik gézlemler
yardimiyla yapilan seleksiyon uygulamalari sonucunda,
istenen ozellikler agisindan verim arttirilarak ticari agidan
fayda saglanmaktadir. Akuakiiltir alaninda yapilan seleksiyon
galismalarinda ilk asamada ele alinan 06zellik gogunlukla
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biyime oraninin iyilestirilmesidir. Bu baglamda; Yem
Degerlendirme Katsayisi (Food Conversion Rate), Gunlik
Bliyiime Katsayisi (Daily Growth Coefficient) ve Hasat Agirligi
gibi  Ozelliklere ait verim  degerlerinin  arttirimasi
amaglanmaktadir (Gjerde, 2005). Akuakiiltirde
populasyonlarin biyiik olmasi; seleksiyon ve dretim agisindan
avantaj ve dezavantajlari  beraberinde  getirmektedir.
Akuakiiltirde cok kalabalik populasyonlar seleksiyon
yogunlugunu pozitif yonde etkilerken, akrabalik iliskilerinin
dikkate alinmadi§i  bilingsiz  ¢iftlesme  programlarinin
uygulandigi  seleksiyon calismalariyla akrabali yetistirme
riskinin artmasi  kolaylasmaktadir. Bu baglamda, anag
bireylerin akrabalik iligkileri dikkate alinarak genetik
degerlendirmelerin yapiimasi, 1slah galismalarinin etkinligini
arttirmaktadir.

Akuakltirde (retim, cok kalaballk anag ve dretim
populasyonlarina dayali yapildi§indan, islah c¢alismalarinda
bireysel seleksiyon yontemi ilk etapta ele alinmaktadir. Hangi
seleksiyon yontemi kullanilirsa kullanilsin genetik agidan
iyilestirilen hatlar olusturabilmek igin en iyi genotipe sahip
damizliklarin tespit edilmesi gerekmektedir. Karabulut ve
Tekin (2009) damizlik se¢iminde, pedigrili yetistiricilik yapilan
isletmelerde  fenotipik  dlclimler ve akraballk kayitlari
sayesinde genetik agidan degerlendirmeye olanak veren
BLUP (En lyi Dogrusal Sapmasiz Tahminleme) metodunun
(Henderson, 1988), en givenilir damizlik deder tahmin
metodu oldugunu bildirmiglerdir. En iyi terimi tahmin edilen
sonug ile gercek damizlik deger arasindaki farkin minimum bir
varyasona sahip oldugunu agiklarken; diger tanimlamalarda
tahminleyicinin gézlemlerin dogrusal bir fonksiyonu oldugunu,
tahminlenmek istenen degerin sapmasiz tahminlendigi ve
yapilan islemin gercek damizlik degerini tahminleme oldugunu
aciklamaktadir (Akbas, 1994). En kiigik kareler esasina
dayali Karisik Model Esitlikleri (MME) yontemiyle, BLUP
hesaplamalari yapilarak, damizlik degerler tahminlenmektedir
(Estimated Breeding Value). BLUP y6ntemi, populasyondaki
genetik egilimi ve sabit etkileri de icine aldigindan; fenotipik
seleksiyona gére daha etkilidir (Kennedy, 1990, Gall ve Bakar,
2002) ve seleksiyonun isabet derecesini arttirir (Nguyen ve
Ponzoni, 2006). Tilapya populasyonlarinda 98. glindeki viicut
agirhgr icin BLUP’la  yapilan seleksiyonla elde edilen
ilerlemenin, kitle seleksiyonuyla elde edilen ilerlemeden %20
ile %30 fazla oldugu tespit edilmistir (Gall ve Bakar, 2002).
BLUP metodu diinyada ¢apinda damizlik deger tahminlerinde
en iyi yontem olarak kabul edilmektedir (Lynch ve Walsh,
1998).

Bu calismada Karigik Model Esitligi yardimiyla; toplam
469 adet Nil tilapyas| (Oreochromis niloticus) bireyinin, pazar
boyunda yapilmasi planlanan seleksiyon c¢alismalarinda
kullanilmak (izere, 222. giindeki vicut agirligi icin BLUP
hesaplamalari yapilarak Damizlik Degerler tahminlenmigtir.
Ayrica disi ve erkek bireyler ayri ele alinarak cinsiyet ve agirlik
arasindaki iliski incelenmistir.

MATERYAL VE YONTEM

Bu calismada, Vietnam Akuakultir Arastirma Enstitist
Genetik ve Seleksiyon BolumU biinyesinde yirtitilen; “Bir Nil
tilapyasi (Oecrohromis niloticus) populasyonu igin dretim
verimliliginin - arttinimasina yénelik bir projenin (NORAD)
verilerinden yararlaniimistir. Baslangi¢ populasyonu genetik
acgidan iligkili olmadigi varsayllan ve rastgele segilen
damizliklardan olusturulmustur. Bu calismada baslangig igin
22 anagtan, 1. nesilde 64 anagtan, 2. nesilde 70 anagtan, 3.
nesilde 86 anactan elde edilen yavrulara (4. nesil) ait
olglimlerden yararlaniimistir (Tablo 1). Oz kardes ailelerini
olusturan yavrular markalama boyuna gelene kadar ayri
tanklarda tutulmustur. Pit markalama yontemi ile markalanan
balik bireyleri daha sonra hasat agirigina kadar birlikte
stoklanmislardir. Baslangi¢ populasyonuyla beraber, ilk 3 nesil
icin sadece cinsiyet ve akrabalik iligkileri son nesle ait pedigri
kayitlari, hasat agirlhgi, uzunluk, cinsiyet bilgileri ile yas (giin)
bilgileri mevcuttur (Tablo 1). Bu galismada damizlik deger
tahminlemesi igin kullanilan fenotipik éiglimler 4. nesildeki 52
adet aileye ait toplam 469 bireyin dlgimleri ve akrabalik
iligkileri yardimiyla hesaplanmistir.

Tablo 1. Veri seti

Nesil Birey Sayisi 2 Gozlem
0 1MeNna 22 Cinsiyet
1 329:324 64 Cinsiyet
2 359:354 70 Cinsiyet
3 439:43 3 86 Cinsiyet
4 229 2:240 3 469 Hasat Agirligi, Uzunluk, Yas
2 3502:3613% 711

Bu galismada: Eklemeli genetik varyans (0a2=2247,4) ve
gevre varyans (0e2=2907,7) kompenentlerine ait tahminler
ayni  populasyonda NORAD projesiyle gergeklestirilen
calismalardan alinmis ve damizlik deger tahminlenmesinde
kullanilmistir.

Damizlik degerler hesaplanirken dncelikle, tim bireylerin
akrabalik iligkilerini iceren bir pedigri dosyasi EXCEL
programinda hazirlanmistir. Buna gére ilk stitunda bireye ait
dijital numara, ikinci ve dglncl stitunlarda baba ve anneye ait
numaralar olacak sekilde bir veri dosyas! olusturulmustur. Nil
tilapyasinda pazar boyu agirhgi igin damizlik deger tahminleri
Matlab programinda yapilmistir.

Calismada Damizlik Deger Tahminleri (DD), Karisik
Model Esitligine gbre Lynch ve Walsh (1998)tan
yararlanilarak “Birey Modeli” kullanilarak BLUP hesaplamalari
yapilmistir. Birey modelinde; bireyin gbzlem degeri anne ve

baba etkisi yerine kendi genetik degeri (zerinden
aciklanmaktadir (Akbas, 1995).

y=XB+Zu+e(l)
Esitlikte;
y= 469 adet bireyde odlglilen pazar boyu agirigina ait
gbzlemler vektord,

X= sabit etkilere ait desen matrisi,
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B= sabit etkiler vektord,

Z=sansa bagl etkilere ait desen matrisi,

u= sansa bagli eklemeli genetik etkiler vektér,

e= rastgele cevresel etkilere ait hata vektérini ifade
etmektedir.

Karsik Model Esitligine ait matris:

XRY

XRX X'RZ B
=|1RY
(

7R ZRYz+67| (U
)

R= hata varyansi
G= A * 042 = rastgele genetik etkiler varyansi (A: Eklemeli
genetik iliski matrisi).

Sabit ve rastgele etkilere ait standart hatalarin tahmin
hesaplamalari yine Karigik Model Esitliklerinden yararlanilarak

bulunmustur;
-1 1
{Cn Cn]
= [Cn Cp

(I

XRYX X'RYZ
IR ZRZ467!

Cu1= £'nin 6rnekleme kovaryans matrisi,

Ca2= Hatalara ait tahminlerin 6rnekleme kovaryans matrisi

Ci2 ve Cai= Tahmin edilen etkiler ve tahmin hatasina ait
oérnekleme kovaryansidir.

Sabit etkilerle (cinsiyet
tahminlerinin varyansi;
C=inv([X*RiI*X X"*Ri*Z; Z"Ri*X
Z*X"*Ri*y]  (IV)
fonksiyonuyla hesaplanmistir. Bltlin matris ve hesaplamalar
Matlab programinda yapilmistir.

ve yag), Damizlik Deger

(Z*RIFZ+GI)]X™*Rity;

BULGULAR

Populasyonda dlgllen hasat agirligi degerleri icin Karisik
Model Esitliklerinden elde edile sonuglar Tablo 2'de
sunulmustur. Calismada elde edilen sonuglara gére erkeklerin
viicut agirligi (g) ortalamasi (228,009+11,301), disilerin viicut
agirhg ortalamasindan (192,531+11,545)  yiiksek
bulunmustur. Buna gore erkeklerin hasat agirligi disilerden
yaklasik olarak %9 daha yiksektir. 222. glindeki ortalama
gunlik vicut agirlik artisi 1,288 g olarak tahmin edilmistir
(Tablo 2).

Tablo 2. Sabit etkilere ait tahmin edilen degerler

gostermistir (Sekil 1). Erkeklerin damizlik deger tahmin
ortalamasi disilerinkinden daha ylksek bulunmusgtur (Tablo 3).
Hasat agirhdi igin yapilan damizlik deger tahminleriyle,
erkekler ve disilerin kargilastiriimasi t testi ile analiz edilmis ve
aradaki iliski dnemli bulunmustur (t=0,0125, p<0,05).
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$Sekil 1. Nil tilapyasina ait hasat agirligr igin tahmin edilen damizlik degerler

Tablo 3. Hasat agirigi (222. Giin) igin tahmin edilen damizlik degerler

Degigken N  Ortalama Std. Sapma  Minimum  Maksimum
Erkek 239 2,908 25,613 -69,008 66,588
Disi 229 -2,740 25,188 -73,150 58,997
2 469 0,031 25,549 -73,150 66,588

Her generasyonun ortalama damizlik deger tahminleri
Tablo 4'te verilmigtir.

Tablo 4. Nesillerin damizlik deger tahminlerine ait degerler

Sabit Etki Ortalama(g)+Standart Hata
Erkek 228,009 £11,301

Disi 192,531 £11,545

Yas (glin) 1,288 + 0,030

Bu populasyona ait damizlik deger tahminleri populasyon
ortalamasina gére, -73,150 ile 66,588 arasinda dagilim

Nesii N Ort.DD St.Sp. Varyans Minimum  Maksimum
0 22 1,230 6,600 43,580 -10,030 13,560
1 64 0450 9,360 87,530 -19,480 20,290
2 70 0370 13510 182,440  -38,950 35,510
3 86 1500 21,700 470,990  -54,750 49,870
4 469 0,031 25549 652,770  -73,150 66,588
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$Sekil 2. Ailelerin hasat agirligi igin tahmin edilen damizlik deger dagilimlari

Ailelerin Damizlik Deg@er tahminleri -46,7 ile 49,2 dagilim
gostermistir. En ylksek damizlik deger ortalamasina sahip
aileler, bireylerin damizlik deger ortalamalarina ve aile igindeki
cinsiyet oranina (disi, erkek) gére belirlenmistir. Ailelerin hasat
agirhgr icin damizlik deger tahminlerine bakildiinda 52
aileden 29 ailenin ortalama ve (zerinde bulundugu
gbzlemlenmistir (Sekil 2).
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Tablo 5'te cinsiyete gore, en yiiksek Damizlik Deger‘den
en distge dogru siralama yapilmistir.

Tablo 5. Damizlik deger (DD) tahminleri en ylksekten en disiige dogru

siralanmigtir
Erkek Birey Aile No Damizlik Disi Birey Aile Damizlik
No Deger No No Deger
1 41 66,588 1 41 58,997
2 41 61,571 2 41 57,882
3 47 60,753 3 57 55,541
4 41 56,553 4 61 54,768
5 42 55,071 5 57 51,638
6 42 53,399 6 47 50,572
7 36 52,572 7 42 50,267
8 36 52,028 8 42 49,710
9 7 50,917 9 57 49,049
10 37 48,112 10 42 47,281
11 41 45,403 11 41 41,157
12 8 44514 12 42 40,232
60 63 18301 60 6 1540
61 3 17,797 61 6 14,844
101 8 453 100 3 3,919
102 51 3,822 101 36 3,739
149 39 851 149 5 7897
150 34 -9,567 150 56 -8,081
200 51 4969 200 4 25978
201 58 -25,330 201 5 26,654
202 44 -26,221 202 45 26,983
239 4 ea5 28 38 56113
240 45 -66,588 229 4 73,150
TARTISMA VE SONUG

Bu ¢alismada edilen sonuglara, Nil tilapyasinda cinsiyet ve
hasat adirhgi arasinda iliski oldugu tespit edilmistir. Ayni
sekilde Gall ve Bakar (2002) tilapyada yaptiklari ¢alismada
nesil ile hat, cinsiyet ve tank arasindaki iligkileri (sabit) onemli
bulmuslardir. Erkeklerin  222. glndeki ortalama agirligi
disilerden yaklasik %9 fazla bulunmustur. Elde edilen bu
sonucun Gall ve Bakar (2002)'in ayni tir Uzerine yaptiklari
calismanin sonuglariyla paralel oldugu gérilmektedir ki, s6z
konusu calismada 98. giindeki erkek birey agiriginin da
disilerin 1,6 kati kadar oldugu hesaplanmistir. Ancak ayni
galismada, seleksiyon igin kontrol grubuna ait ortalama
damizlik degerini 0,27+ 0,01 g olarak bulmuslardir. Rezk vd.
(2009) ayni sekilde tilapyalarda (Oreochromis niloticus) hasat
agirhgi tzerine yaptiklari calismada, erkeklerin disilerden %52
oraninda daha adir oldugunu tespit etmisler ve agirlik
Uzerinde cinsiyetin etkisini énemli bulmuslardir. Charo-Karisa
vd. (2006) ise tilapyalarda cinsiyet farklilasmasinin ¢ok erken
donemde baglayarak agirhg etkiledigini bildirmiglerdir. Bu
calismada cinsiyet ile damizlik degerler arasindaki iligki, t testi
ile (p<0,05) istatistiki agidan énemli bulunmustur. Nguyen vd.
(2007) Nil tilapyasinda, cinsiyet ile viicut 6zellikleri arasinda
yiksek genetik korelasyon oldugunu bildirmislerdir (0,91-
0,96). Pek ¢ok arastirmaci tilapya erkeklerinde disilerden daha
fazla biyime tespit etmistir (Baras ve Melard, 1997; Rezk vd.,
2002, Ponzoni vd., 2005).

Calismanin konusu olan bir Tilapya populasyonunun
BLUP yontemiyle elde edilen pazar boyuna ait damiziik deger
tahminleri sonucunda varyans degerlerinin 6nemli dlglide
yiksek bulunmasina karsin, pek ¢ok bireyin ortalamaya yakin
deger gdstermis olmasi, besleme ve diger ortam kosullarinin
tim bireyler (izerinde vyaklagik etkilere sahip oldugunu
gbstermektedir. Ayni tir (zerine yapiimis olan diger bir
galismada yine biyime (zerine hesaplanan sonuglarda
baliklarin yetistirilmesi sirasindaki yer ve yem mucadeleleri
sonucunda varyasyon katsayilarinin farklilastigr gordlmistir
(Charo-Karisa vd., 2006). Bu iki farkli sonug, seleksiyon
programlarinin olusturulmasi sirasinda, oncelikle ele alinan
tir(in farkl ortamlarda séz konusu Ozellige ait gosterdigi
tepkilerin arastiriimasiyla, genetik ve gevre etkilesimlerinin iyi
incelenmesi ve gevre etkisinin mutlaka gdz Oniinde
bulundurulmasi gerekliligini ortaya koymaktadir. Bu sekilde
seleksiyona verilecek olan tepki dnceden tahmin edilerek,
uygun simulasyon programi olusturulabilinir.

Damizlik deger tahminleri ortalama deger etrafinda
dagiim gostermislerdir. Damizlik deger tahminlerine ait
standart hatanin disik cikmasi ele alinan bireylerin tim
populasyonu temsil etme derecesinin yiksek oldugunu
anlamina gelmektedir.

Calismada nesiller arasindaki damizlik deger tahmin
ortalamalarina  bakildiginda, nesiller arasinda  6nemli
farkliliklar gérilmemistir. Bu da beklenen bir durumdur. Glnki
calisma boyunca herhangi bir seleksiyon uygulamasi
yapiimamistir.

Akuakdltir alanindaki islah galismalarinda, suni déllenme
ve sperm dondurma ydntemlerinin yayginlasmasiyla, esnek
ciftlestirme programlari olusturulabilmekte (Harvey ve Kelly,
1984) ve bunun sonucu olarak pek ¢ok aileyle caligiimaktadir.
Cok sayida bireyle iretim yapilmasi, bireylere ait verilerin
toplanmasinda zorluk yaratmasina karsin, cok sayida kayit
sayesinde damizlik deger hesaplamalari gok etkin bir bigimde
yaplilabilmektedir. Bu ¢alismayla elde edilen Damizlik Deger
tahminleriyle, bu Nil tilapyasl populasyonunda bireysel veya
aile seleksiyonu kullanilarak gelecek nesilde hasat agirligi
arttirilabilinir. Bireysel seleksiyon uygulamadaki kolayligindan
dolayr tercih edilmektedir. Ailelerin fenotipik ortalamasi,
genotipik  ortalamaya daha yakin olmasi nedeniyle
seleksiyonun basarisini arttirmakta olan diger bir 1slah
yontemidir (Gjerde, 2005). Damizlik de@er tahminleri; aile
seleksiyonunda kullanilirken, 6zkardes ailelerinin rastgele
etkisi de hesaplamalara katiimalidir. Ballk ve kabuklu
populasyonlarinda seleksiyona verilen yanit (R) genellikle
ciftik hayvanlarindan daha yliksektir (Olesen vd., 2003).
Hastaliklara dayanikliik ya da cinsiyete bagh gdzlenen
ozellikler igin damizlik de@erler yardimiyla yapilan seleksiyon
isleminin isabet derecesi oldukga yuksektir. Bir nesilde pek
¢ok birey kaydinin tutulabilmesi, seleksiyon yogunlunu olumiu
yonde etkileyerek seleksiyon calismalarinin  basarisini
arttirmaktadir. Suni déllenme ve sperm dondurma galismalari
da giftlestirme programlarina pek ¢ok esneklik kazandirmigtir.
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Islah calismalarinda bagari, bireylerin ve populasyonlarin
genetik yapilarinin en dogru sekilde tahminlenmesine dayanir.
BLUP teknigiyle, farkli yogunlukta seleksiyon uygulanan,
gagdas olmayan bireylerin es zamanl karsilastirimasini
sagdlanirken, cevre etmenlerine gore verimleri diizeltme ve
damizlik deger tahminleme iglemlerini tek asamada
gerceklestirilebilmektedir (Akbas, 1994). Saha ve simiilasyon
calismalarina gére, disik kalitim dereceli ézellikler dahil;
Karigik Model Esitliklerinden yararlanilarak yapilan seleksiyon
calismalari, fenotipik seleksiyon calismalarinin  tiimiine
Ustiinlik gostermektedir (Marby ve See, 1990; Keele vd.,
1988).
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Ozet: Bugiine kadar Tiirkiye'de yapay resif alanlarinin etkin kullanimi ve paylasimiyla ilgili ticari balikgilar, amator balikgilar ve yore sakinlerini ele alan farkl
paydas gruplarinin kararlari degerlendirilmemistir. Bu calismada, s6z konusu denizel alanla ilgili mevcut durum, yapay resif ve deniz rezervi senaryonlarini igeren
deneysel senaryolarla paydaslarin kararlarini analiz etmek iizere ¢oklu karar verme sirecinde yaygin olarak kullanilan bir teknik (Analitik Hiyerarsi Siireci)
kullaniimistir. Sonug olarak, yapay resif uygulamasi ticari ve amator balikcilar tarafindan desteklenmistir. Ancak amaglanan yapay resif yapilarinin gelecek
kullanim haklari ile ilgili gérusler arastirma gruplari arasinda farklilik gostermistir. Amaglanan yapay resiflerin farkli paydas gruplan arasinda tahsis edilmesi ti¢
grup tarafindan da % 50’nin (zerinde kabul gérmiistiir. Gelecek galismalar igin model olacak bu galismada yapay resiflerin énemi, potansiyel kullanicilarin
ylksek destekleme egilimiyle ekonomik, biyolojik ve sosyal faydalari ele alinarak ortaya koyulmustur.

Anahtar kelimeler: Yapay resifler, Paydaslar, Analitik Hiyerarsi Streci, Karar verme.

Abstract: Decisions of different stakeholders which includes commercial fishermen, recreational fishermen and local residents through efficient use and share of
artificial reefs sites were not been assessed up to present in Turkey. With the commonly used technique for multi-cirteria decision making process (Analytic
Hierarchy Process) was used to analyze stakeholder decision through experimental scenarios which includes current status, artificial reef deployment and marine
reserve related to marine area in question. In result, artificial deployment act was supported by commercial and recreational fishermen; however, opinions
through future use rights of purposed artificial reef structures were diversified among study groups. Allocation of proposed AR sites among different stakeholders
were agreed by three focus groups with acceptance at rates over 50%. Importance of artificial reefs were presented by accounting economic, biologic, social
benefits and management gaps with high tendecy of support by potantial direct users in this study, which is also thought to be a model for future studies.

Keywords: Artificial reefs, Stakeholders, Analytic Hierarchy Process, Decision making.

INTRODUCTION

Artificial reefs (ARs) were introduced as good example of
fish enhancement tool in marine area. Beyond fish
enhancement, ARs creates services for scuba divers and
recreational fishermen that explain its great importance in
terms of economic and social aspects. (Asafu-Adjaye and
Tapsuwan, 2008; Ditton et al., 2002; Hiett and Milon, 2002;
Milon, 1988; Morgana et al., 2008; Oh et al., 2008; Pendleton,
2004, Sutton and Bushnell, 2007). With a wide range of AR
deployment acts, use rights of ARs sites were not assesed
deeply by adding assessing stakeholders’ opinions through
socioeconomic  researches in  Turkey. Socioeconomics
researches conducted in other countries, especially in United
States, showed great economic contribution of ARs
(Whitmarsh et al., 2008; Milon et al., 2000; Johns et al., 2001).
However, freedom of use in AR sites were thought to create
conflicts among different stakeholders such as commercial
fishermen (CF), recreational fishermen (RF), recreational

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

divers (RD), local residents (LR). Therefore, seperate use
styles or specific purposes on ARs, without transparency,
control and management in use may result in conflicts among
stakeholders.

General attitudes and opinions of individuals under certain
conditions which can be related to developing a new policy,
establishing a new commercial facilty or simply buying a
house is naturally been assessed through different
alternatives. Individual decisions can be considered to
depended on background that includes occupation, education
level and hobbies. Generally, with an Analytic Hierarchy
Process (AHP) Method, as we are all fundamentally decision
makers (Saaty, 2008), to be able create coherent
management plans and environmentally sustainable AR
areas, it is possible to analyse stakeholders’ attitudes towards
use of AR sites.
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The general aim of this study is to analyze stakeholder
decision through experimental scenarios which includes
current status, AR deployment and marine reserve
establishment related to marine area in question via Analytic
Hierarchy Process Methodology. Under three three scenarios,
possible AR related activities that considered as alternatives
including  recreational ~ fishing,  commercial  fishing,
conservation of the marine zone, scuba diving and decreasing
conflicts among stakeholders were also analyzed. Mainly, this
study aims to put forward the importance of future ARs by
comparing different scenarios. In addition, different use types
and issues in the scenario of ARs' deployment were also
planned to assess.

MATERIALS AND METHOD

Within the scope of the study, firstly, related national and
international scientific literature was reviewed then field
studies which were planned to draw a picture of the current
status of ARs’ stakeholders were conducted in Altinoluk where
is the pilot AR deployment site in the National Artificial Reef
Project of Turkey. Questionnaire based face-to-face interviews
were planned to collect data from target survey groups (CF,
RF, LR) who were determined to be the most relevant group
with the future ARs. Three different specially designed
questionnaire  forms were used for each group.
Representative sample size was calculated for each group
because of the time and budget constraints according to 95%
confidence interval and 5% tolerance interval (Miran, 2003).
Sample size was determined as 20 CF who are the members
of Altinoluk Fishery Cooperative (N=55) (Halil Atag, personal
communication, April, 2011), 58 RF who participate
recreational fishing on shore or on a boat in Altinoluk (N=400)
(Halil Atag, personal communication, April, 2011), 67 LR in
Altinoluk (N=13,800) (TSI, 2011). Proportional sampling size
formula was used for proper sampling from three groups.
Sampling sizes for each group were determined by the
fraction below (Miran, 2003).

_ Np-p)
(N-1o?, + p(-p)

where n is the sample sizes of each group for face-to-face
questionnaire surveys, N is the total population of each target
group (CF, RF, LR), p is the contribution ratio to ARs (0.50 is
fitted to reach maximum sample size) and opx2 is the
variance considered according to the frequency of the issue
(£ 0.05).

In the questionnaire surveys, data on demographic,
socioeconomic dimensions of the respondents and the
priorities given by target groups for different criterions and
alternatives in the experimental AHP scenario were collected.

Analytic Hierarchy Process (AHP)

Within the study, AHP method was used to determine
users’s choices for different scenarios including current status,

AR deployment and marine reserve establishment. With the
AHP study, users’s attitudes towards ARs can be assessed
deeply.

Generally, AHP is a choice process from different
alternatives to reach goals and targets (Forman and Selly,
2000). This method is developed by Thomas L. Saaty (1980)
and was used for solutions of complicated problems. It creates
a modeling opportunity in hierarchical structure that shows
relationship among main goal, criterions, subcriterions and
alternatives (Saaty et al., 2003). Hierarchical organization of
criterions is commonly used in extensive decision problems. It
was proven that human brain can not operated more than
seven stimulants in a certain time and it was also proven that
human mind can not compare more than three criterions in the
same time (Prakash, 2003).

AHP is composed of three main principals which are
decomposition, pair-wise comparison and hierarchical
arrangement. Decomposition is a process that structures a
problem in a variety of hierarchies. Pair-wise comparison is a
pair-wise comparison matrix composition process which
provides us to make dual comparisons between alternatives
and criterions. Hierarchical arrangement is a composition
process of comparisons on hierarchy.

First step of AHP is decomposition of decision problem to
main components and composing a hierarchical structure.
This helps decision makers to focus on small components of
relevant decision (Braunschweig and Becker, 2004). On the
top of the decision hierarchy, main goal, on one step below
criterion that will affect quality of decision and on the bottom
step, decision alternatives are placed (Figure 1).

Main Goal
\\
Criterion A Criterion B Criterion C
v v I
Alternative 1 Alternative 1 Alternative 1
Alternative 2 Alternative 2 Alternative 2
Alternative 3 Alternative 3 Alternative 3

Figure 1. General view of AHP model (Saaty, 1980).

Pair-wise comparisons compose the second step of AHP.
That means two alternatives or criterions will be compared
and it is based on judgement of decision maker. If the
hierarchy includes components (alternatives), totally, it is
necessary to make n(n-1)/2 comparisons. In the pair-wise
comparison, importance degree of A criterion according to B
criterion is determined by choice scale from 1 to 9
demonstrated in Table 1 (Saaty, 1980). 2, 4, 6, 8 values in the
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preference scale are interval rates. Calculation of each
compared component is called synthesization. Synthesization
process includes normalization.

In the most commonly used normalization method,
components of each column are divided by sum of the

Table 1. Standard preference scale used in AHP (Saaty, 1990)

column. During this process, to achieve the main goal of the
problem, a mixed priorities vector is composed to serve as
arrangement of decision alternatives. Final priorities are called
as points of decision alternatives.

Intensity of importance Definition Explanation

Intensity of importance Definition Explanation

Intensity of importance Definition Explanation

1 Equal importance Two activities contribute equally to the objective
3 Moderate importance of one over another Experience and judgment strongly favor one activity
over another
5 Essential or strong importance Experience and judgement strongly favor one activity
over another
7 Very strong importance An activity is strongly favored and its dominance
demonstrated in practice
9 Extreme importance The evidence favoring one activity over another is of
tile highest possible order of affirmation
24,68 Intermediate values between the two adjacent When compromise is needed
judgments
Reciprocals If activity i has one of the above numbers assigned to it when compared with activity j, then, j has the
reciprocal value when compared with i
Rationals Ratios arising from the scale If consistency were to be forced by obtaining

numerical values to span the matrix

There are many studies considering a wide range of
disciplines were conducted using AHP. These studies can be
described shortly as follow:

These studies are concerning agricultural production
(Alphonce, 1997; Mainuddin et al., 1997; Guo and He, 1999;
Kahraman et al., 2003; Prakash, 2003; Qureshi and Harrison,
2003; Braunschweig and Becker, 2004; Gémez-Limon and
Atance, 2004; Karami, 2006; Parra-Lopez and Calatrava-
Requena, 2006; Simona and Romana, 2006; Gémez-Limén
and Riesgo, 2008; Giinden and Miran, 2008; Rezaei-
Moghaddam and Karami, 2008) whereas others regarding
consumption and marketing issues of food (Kahraman et al.,
2004; Kauko, 2006; Ko and Chiu, 2006; Kong and Liu, 2005;
Wang et al., 2007; Ginden et al., 2008) and lastly, Ramos et
al. (2006) assessed reef diving choices by accounting factors
including biological, geographical, atmospheric, economic,
incentive.

Tobit Model

Tobit model is an extension of probit model. It is placed
among limited dependent variable models (Gujarati, 2004). In
this model, dependent variable, Y holds an asymmetry
between positive and negative or 0 values (Ramanathan,
1998). Common formulation of tobit model, as is probit model,
is given based on an index function below (Greene, 2003).

Y= R'Xi + Ui,
If Y#*=0ise Yi=0
If  Y* Oise Y*=0

As is in probit model, estimators in probit model are
calculated by maximum likelihood method (Gujarati, 2004).

Within the study, factors affecting priorities given to
criterions and alternatives by the respondents were assessed
seperately via using tobit regression analysis.

RESULTS

Hierarchical Order and AHP Results

In the AHP diagram, effective use of marine zone was
determined as main goal. Then, fixed criterions and
alternatives designed for CF, RF and LR were evaluated,
seperately. Explanations regarding considered criterions and
alternatives were stated as follow. Firstly, current status
criterion was described as first scenario. On the other side, it
was proposed to deploy ARs under National AR Project of
Turkey with the AR deployment criterion. And, finally, marine
reserve establishment critrerion was described and proposed
as a marine zone which is controlled under good management
practice in terms of commercial fishing, recreational fishing,
recreational trips and recreational diving activities. For each
criterion, five alternatives which includes recreational fishing,
commercial fishing, conservation of the marine zone, scuba
diving activities, decreasing conflicts among stakeholders
were assessed by pair-wise comparisons. Priorities given to
different alternatives were then evaluated. Figure 2 describes
the AHP decision making tree used in this study.
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AHP Priorities for Research Groups

CF

Priorities of CF for criterions were specified after pair-wise
comparisons. To define priorities for each criterion, mean
priority values extracted from mathematical calculations for
each criterion was analyzed. First, mean priority value of CF
was determined as 0.63 (+0.22) for AR deployment. Then,
secondly, 0.29 (+0.20) for marine reserve and lastly, 0.07
(£0.07) for current status. This results show that CF pays high
attention and prefer to AR deployment (Table 2).

On the other side, general results of priorities given to five
alternatives were as follow for CF: conservation of the marine
zone, 0.44 (x0.12); commercial fishing, 0.22 (£0.11);
decreasing conflicts among stakeholders, 0.18 (£0.09);
recreational fishing, 0.08 (+0.06); scuba diving activities, 0.07
(£0.06). At the same time, priorities given to five alternatives
were assessed for each criterion. For current status, AR

deployment and marine reserve establishment scenarios,
results did not show significant difference among priorities

given by CF (Table 2).
Ressarch
Commercial Recreatonal Local
Groups: Fishermen Fichermen Residents
Main Coal: Effecoive Use of Marine Zone |
o Current Araficial Marine
Criterions: Starus Resf Reserve
Alternatives: Recrectioncl Recrectioncl Recrectionc!
Fishing Fishing Fishing
Commenciz) Commarcic) Commancic
Fishing Fishing Fishing

case of CF, among three criterions, RF also gave first priority
to AR deployment, 0.59 (+0.19); second priority to marine
reserve establishment, 0.35 (+0.19), scenarios and last
priority, current status, 0.07 (£0.04). General results for five
different  alternatives were assessed via pair-wise
comparisons in which conservation of the marine zone, 0.42
(£0.13) got the highest rank, and orderly, other ranking values
were found as recreational fishing, 0.20 (x0.11); decreasing
conflicts among stakeholders, 0.21 (+0.12); scuba diving
activities, 0.10 (£0.06), commercial fishing, 0.07 (£0.09). For
each criterion, priorities given to different alternatives were
also analysed. And no distinctive difference was determined
as in the case of RF (Table 3).

Table 2. Priorities given by CF

8 Decreasing
o RecreationalCommercialConser‘/at.Ion Spu_ba Conflicts
Criterions L I of the Marine Diving
Fishing Fishing L among
Zone Activities
stakeholders
Current 0.10 0.22 0.40 0.07 0.20
Status
Artificial - 5 0.22 0.44 0.06 0.18
Reef
Marine 0.07 0.22 0.43 0.09 0.19
Reserve

Table 3. Priorities given by RF

Conservetion
of Tha

Merine Zone

Conservotion
of Tha

Merine Zone

Conservotion
of Tha

Morine Zone

Scubeo Diving

Activitios

Scube Diving

Activitios

Scubo Diving

Activities

Decressing
Conflicts omong

Strkeholdars

Dacrecsing
Conflicts omaong

Stekoholdars

Decrecsing
Conflicts cmong

Stokoholdars

Figure 2. AHP scheme used in the study

RF

According to the results obtained from pair-wise
comparisons, firstly, criterions were assesed for RF. As in the

. Decreasing
... Recreational Commercial Conservat!on Spu_ba Conflicts
Criterions™ . I of the Marine Diving
Fishing Fishing L among
Zone Activities
stakeholders
Current 0.17 0.07 0.45 0.10 0.21
Status
Artificial 021 0.07 042 0.10 021
Reef
Marine 0.20 0.06 0.42 0.12 0.20
Reserve
LR

Priorities given to three criterions was assessed for LR,
and first priority was given to marine reserve establishment,
0.46 (£0.21); second priority to AR deployment, 0.45 (£0.21),
and last priority to current status, 0.09 (£0.12) by LR. For five
alternatives, as in the case of CF and RF, conservation of the
marine zone, 0.38 (£0.39), got the highest rank; however,
other ranking values were found as 0.19 (+0.17) for scuba
diving activities, 0.19 (+0.18) for decreasing conflicts among
stakeholders; 0.17 (+0.16) for recreational fishing and 0.06
(£0.05) for commercial fishing. For each criterion, LR gave the
first priority to the conservation of the marine zone while
scuba diving activities got the second priority in the situations
of marine reserve establishment and AR deployment, and the
third priority in the case of current status. Decreasing conflicts
among stakeholders got second priority in the case of current
status and AR deployment, at the same time, for marine
reserve establishment criterion, it got third rank among
alternatives. For each three criterions, commercial fishing
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were stated as last priority and ranked higher than
recreational fishing and (Table 4).

Table 4. Priorities given by LR

. ., Conservation Scuba Decreqsmg
... Recreational Commercial h 2 Conflicts
Criterions " _. . - of the Marine  Diving
Fishing Fishing A among
Zone Activities
stakeholders
Current 0.14 0.10 0.38 0.16 0.21
Status
Artificial 017 0.06 0.39 0.19 0.19
Reef
Marine 0.16 0.06 0.37 0.21 0.19
Reserve

Analysis of Alternatives and Criterions via Tobit
Regression

Results for each criterion and alternatives that range
between 0-1 were anaysed to find out statistically significant
socioeconomic variables of local residents via tobit regression
analysis. Definitions and descriptives of dependent and

Table 5. Dependent and independent variables used for tobit models

independent variables are respectively described in Table 5
and in Table 6. Variables affecting priority level given to
criterions and alternatives were also analyzed, orderly (Table
7).

For recreational fishing alternative, a positive reletionship
between education level and recreational fishing variables
were detemined. However, respondents who have social
security gave higher priority to recreational fishing and
respondents who know about national AR project gave lower
priority to recreational fishing (Table 7).

For commercial fishing alternative, it was found that
commercial fishing was positively related to these two
variables, being environmentalist that was analyzed via new
environmental paradigm and total family population (Table 7).

For conservation of the marine zone alternative, having a
social security and being environmentalist were found to be
positively related to choosing conservation of the marine zone
alternative which is, however, negatively related to the house
ownership (Table 7).

Variable Definition
Age Respondents’ age ( 1: 25, 2: 26-45, 3: 46-60, 4:61<)
Education Respondents’ education level ( 1:1-5, 2:6-8, 3:9-11, 4:12<)
Social Security | Social security status of individuals (1:Yes; 0:No)
" Income Respondents’ monthly income ( 1: <500 TL, 2:501-1000 TL, 3:1001-1500 TL, 4:1501-2000 TL, 5:2001-2500 TL, 6:2501-3000
2 TL, 7:3001-3500 TL, 8: 3500 TL<)
g Reslnd Number of individuals respondents’ are responsible to take care of
= Fampop Respondents’ total family population
é OwnHouse Respondents’ house ownership status (1:Yes; 0:No)
§_ HeardReef Respondents’ status of knowledge about AR concept (1:Yes; 0:No)
é HeardPro Respondents’ status of knowledge about national AR project (1:Yes; 0:No)
NEP Respondents’ Environmental attitudes under New Environmental Paradigm (NEP) (1:Absolutely non-environmentalist; 5:
Absolutely environmentalist; 1-5 scale)
TRA Number of days in a year that respondents attend to a recreational activity (trip, diving, recreational fishing)
AfReef Number of visits that respondents’ are willing to do after reef deployment
RF Priority given to recreational fishing
§ % CF Prior?ty g?ven to commercigl fishing .
58 Cmz Priority given to conservation of the marine zone
§' < | DIVE Priority given to scuba diving activities
DECON Priority given to decreasing conflicts among stakeholders

For scuba diving activities alternative, it was determined
that respondents who are responsible to look after more than
two individuals gave lower priority to scuba diving activities. In
addition, negative relationship was found between scuba
diving activities and being environmentalist. And, respondents
who have a house and respondents who heard about AR
concept gave higher priority to scuba diving activities
alternative. Lastly, total recreational activity days were
positively related to scuba diving activities alternative. For
decreasing conflicts among stakeholders alternative, total
recreational activity days and being heard about national AR

project were found to have positive relationship (Table 7).

For current status criterion, unexpectedly, respondents
who indicated to attend more recreational activities after AR
deployment gave higher priority to current status criterion. For
AR deployment criterion, respondents who have knowledge
about national AR project gave higher priority to AR
deployment. For marine reserve criterion, respondents who
are willing to attend more recreational activities after AR
deployment gave higher priority to marine reserve criterion
(Table 8).
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Table 6. Descriptives of dependent and independent variables used for tobit

Management of ARs

models
Stakeholders were queried realted to the allocation of AR
Variable Mean Std. Dev. Min Max sites among different stakeholders. 80% of CF, 50% of RF,
RF 0.17 0.09 0.03 0.42 67% of LR and 62% of all respondents approved the
CF 0.07 0.05 0.02 0.25 experimental allocation act for AR sites. Regarding
CMZ 0.38 0.13 0.11 0.63 management of ARs, respondents were analyzed for different
B:;’CEON 0.19 0.10 0.04 049 management authority options. CF highly chose the option of
cs gég gﬂ ggg 835 fishery cooperatives with a 80% rate. On the other side, RF,
AR 0.45 021 0.05 075 gave priorities to a reef guard station under ministry (31%),
MR 0.46 0.21 0.05 0.78 fishery cooperative (27.6%), coast guard station (10.3%).
Age 2.25 0.70 1 4 Lastly, 30% of LR rated a reef guard station under ministry,
Education 2.84 0.96 1 4 while 16.4% of the rest gave first priority to both fishery
SocSec 0.81 0.40 0 1 cooperative and a reef guard station.
Income 1.52 0.59 0 3
Reslnd 0.22 0.42 0 1
Fampop 0.48 0.50 0 1 DISCUSSION
OwnHouse 0.55 0.50 0 1 Generally, desired AR performance should be identified in
HeardReef 0.46 0.50 0 1 the early stages of the planning process in order to develop
:gdpm 0.09 0.29 0 1 socially, biologically and economically efficient deployment
TRA 431'8397 5%68 z.g ! ‘;gs acts. By considering whole picture for this study, focus groups
‘ ' were stated different attitudes for different situtations. With the
AfReef 18.18 22.65 0 1045 o
help of AHP method which is one of the most common used
Table 7. Tobit regression results for alternatives
RF cMz DIVE DECON
Coeff. | Std.Dev. | Coeff. | Std.Dev. | Coeff. gtd' Coeff. Std. Coeff. Std.
ev. Dev. Dev.
Age 0.00 0.02 -0.01 0.01 001 | 002 | -002 |001]| 002 | 002
Education 0.03* 0.01 0.01 0.01 001 | 002 | 000 | 001 -003 | 001
SocSec 0.05* 0.03 -0.01 0.02 0.08* | 0.03 | -0.09% | 0.02 | -0.03 | 0.03
Income -0.02 0.02 0.00 0.01 003 | 003 | -001 | 002 | 000 | 002
Resind -0.02 0.03 -0.03 0.02 003 | 004 | -0.05* | 0.02 | 007 | 0.04
Fampop 0.02 002 | 003* | 002 005 | 003 | 002 | 002 ]| -002 | 003
OwnHouse -0.01 0.02 -0.01 001 | 007|003 | 005 | 002 | 003 | 003
HeardReef 0.02 0.02 0.01 0.02 -0.04 | 003 | 0.06* | 0.02 | -0.06 | 0.03
HeardPro -0.12%+ | 0.03 -0.02 0.02 005 | 005 | -003 | 003|012 | 004
NEP 0.01 0.02 0.03* 0.02 0.07* | 0.03 | -0.07% | 0.02 | -0.04 | 0.3
TRA 0.00 0.00 0.00 0.00 000 | 000 | 0.00% | 0.00 | 0.00% | 0.00
AfReef 0.00 0.00 0.00 0.00 000 | 000 | 000 | 000 | 000 | 0.00
Sabit 0.03 0.10 -0.07 0.07 011 | 014 | 052 | 009 | 041 | 013
sigma | 0.07 0.01 0.05 0.00 010 | 001 | 006 | 001 | 009 | 001
Logarithmic Likelihood 79.77 111.13 61.40 92.29 65.90
Likelihood Ratio
Chi-Squared 2671 16.12 34,61 68.17 29.49

**+ Coefficient significant at P<0.05 or better.
** Coefficient significant at P<0.05 or better.
* Coefficient significant at P<0.10 or better.
Number of observations: 67
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Table 8. Tobit regression results for criterions

cs AR MR
Coeff. Std. Dev. | Coeff. Std. Dev. | Coeff. Std. Dev.

Age | 001 0.02 0.04 0.03 -0.03 0.04

Education 0.00 0.02 -0.03 0.03 0.04 0.03

SocSec 0.02 0.03 0.01 0.06

Income 0.02 0.03 0.05 0.04 -0.06 0.05

Resind -0.06 0.04 0.11 0.07

Fampop 0.06 0.03 -0.05 0.06

OwnHouse 0.00 0.03 0.06 0.05 -0.06 0.05

HeardReef 0.04 0.03 0.03 0.06 -0.08 0.06

HeardPro | .07 0.05 0.17 0.08 -0.10 0.08

NEP | 0,09+ 0.03 0.06 0.06 -0.04 0.06

TRA | 0,00 0.00 0.00* 0.00 0.00 0.00

AfReef | g o 0.00 0.00* 0.00

Constant -0.31 0.14 0.50 0.24 0.81 0.26

sigma | 0.10 0.01 0.18 0.02 0.18 0.02
Logarithmic Likelihood 61.33 111.13 19.31
ChSquared %
Likelihood > Chi-Squared 0.01 0.19 0.16

#* Coefficient significant at P<0.05 or better.
** Coefficient significant at P<0.05 or better.
* Coefficient significant at P<0.10 or better.
Number of observations: 67

approach for decision making process, proposed AR
deployment was assessed by comparing some alternative
scenarios included as marine reserve establishment and
current status for the marine zone in question.

From the results covered for different alternatives for each
criterion, it is thought as hard to give realistic priorities for
different alternatives. As a result, by considering different
alternatives, there was no distinct difference found among
three criterions. With a high priority (0.63+0.22) given by CF
for AR deployment criterion as expected, proved actual
support of a new AR deployment. Additionally, AR deployment
criterion also got highest priority (0.59+0.19) among RF while
LR gave nearly same priorities for marine reserve
establishment (0.46+0.21) and AR deployment (0.45+0.21)
criterions. Additionally, this result can be supported by AR
concept knowledge levels of focus groups which queried with
a question as ‘Have you ever heard of AR concept?’, and CF,
RF and LR gave ‘yes’ answer with 80%, 79.3% and 46.3%
shares, respectively. This results show that big difference in
terms of AR knowledge levels between LR and other two
groups result from fishery cooperative in the region which is
crucial point of interaction for CF and RF.

On the other side, current status scenario which is known
as no good for future because of overfishing, lack of habitat
and high nutrient and alluvion input to the coastal zone from
Mount Ida via streams within 1 nautical mile and marine
reserve establishment scenario which can be understood as
closing areas and which may also not be known well by focus
groups even if its function explained during the questionnarie
survey that become a missing point for this study, was not
considered as first priority by CF and RF.

From the results, it is easy to illustrate high attention of
focus groups for conservation of the marine zone criterion with
the results found as 0.44+0.12, 0.42+0.13 and 0.38+0.39 for
CF, RF and LR, orderly. As expected, for second priority, CF
ranked commercial fishing which is choosen as last priority by
RF and LR while RF chose recreational fishing. However,
scuba diving activities, decreasing conflicts among
stakeholders and recreational fishing got nearly the same
priorities after conservation for the marine zone alternative by
LR. The results showed that different priorities given by three
research group is a representative to show the conflicting
opinions for the future use of proposed AR deployment, one
side from the different use types and the other side from the
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conservation and decreasing conflicts among stakeholders in
the marine zone.

Relationships between criterions and alternatives within
the AHP scheme and socioeconomic variables of respondents
was put forward via tobit analysis for each alternative. First,
education level and social security ownership of respondents
were found to be positvely correlated with choosing
recreational fishing alternative. Being environmentalist that
was analyzed via new environmental paradigm and total
family population were found as positively related to
commercial fishing alternative. As expected, conservation of
the marine zone alternative were found to be positively related
to having a social security and being environmentalist
alternatives.

For scuba diving activities alternative, it was determined
that respondents who are responsible to look after more than
two individuals gave lower priority to scuba diving activities. In
addition, negative relationship was found between scuba
diving activities and being environmentalist. And, respondents
who have a house and respondents who heard about AR
concept gave higher priority to scuba diving activities
alternative. Lastly, total recreational activity days were
positively related to scuba diving activities alternative. For
decreasing conflicts among stakeholders alternative, total
recreational activity days and being heard about national AR
project were found to have positive relationship. Respondents
who attend more total recreational activities showed tendency
to attend more scuba diving activities.

For current status criterion, unexpectedly, respondents
who indicated to attend more recreational activities after AR
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Ozet: Tiirkiye trol balikgiginda 44 mm baklava gézlii torbaya bir alternatif olarak 40 mm kare gézIii torbanin kullanimi Eyliil 2008'de kabul edilmigtir. Buna
ilaveten, Avrupa Birligi tlim Akdeniz igin bu géz acikligi ve seklinin kullanimini teklif etmistir. Bu nedenle galisma Ege Denizi'nde ¢ok tiriin aveiliginin yer aldigi
demersal trol balikgiliginda farkli iki goz sekli ve agikligindaki torbanin iskarta 6zelliklerini karsilastirmayi amaglamistir. Denemeler, Ege Denizi'nin Sigacik ve
Kusadasi Korfezlerinde 30 Eyliil - 25 Ekim 2007 tarihleri arasinda ticari bir trol teknesi ile yurtittiimistiir. Hedeflenmeyen tiiflerin miktari, iskarta av arti tesadifi
av ve Iskarta orani ise yakalanan miktarin 1skartaya oranlanmasi ile tanimlanmis ve hesaplanmistir. Calisma siiresince 21 gegerli trol operasyonu gergeklesmis,
53 tlir yakalamig ve bunlardan 11'i giiverte Uizerinde alikonulmustur. Iskarta orani baklava gézIii torba (44 mm) igin 0,42:1 ve kare gozli torba (40 mm) i¢in 0,25:1
olarak hesaplanmistir. Baklava ve kare gézlii bu torbalar igin toplam avin sirasiyla %30'u ve %20'si pazar degeri olmadig icin iskarta edilmistir. Bu galismanin
sonucunda, demersal trol torbasinda kare gozli adlarin kullaniminin iskarta miktarini disirdigini agida ¢ikarmistir. Akdeniz balikgihginin kendine has
ozelliklerini de g6z dnlinde bulundurarak, balikgilik kaynaklarinin strdirilebilir isletimini saglamak icin ag goz sekli gibi ilave teknik dizenlemelerin uygulamaya
alinmasi faydali olacaktir.

Anahtar kelimeler: Iskarta, Baklava ve kare gozli torbalar, Trol balikgiligi, Ege Denizi.

Abstract: The use of 40 mm square mesh codends was adopted in September 2008 as an alternative to the 44 mm diamond mesh codend in Turkish trawl
fishery. In addition, European Commission suggests using this mesh shape and size codend in whole Mediterranean. For this reason this study is aimed to
compare the discard characteristics of two different mesh shape also mesh size codends of demersal trawlers on the multi-species fishery in the Aegean Sea.
Fishing trials were carried out on board a commercial trawler between 30 September and 25 October 2007 in the Sidacik and Kusadsi Bays of the Aegean Sea.
By-catch as discarded catch plus incidental catch and discard ratio as the ratio of discard to the actual retained catch are defined and calculated. During the
study, 21 valid trawl operations were performed, 53 species were caught and 11 of these species were retained on board. The discard ratio has been calculated
as 0.42:1 for diamond (44 mm) and 0.25:1 for square (40 mm) mesh codend. The 30% and 20% of total catch was discarded respectively for diamond and
square mesh codends, due to the lack of market value. The result of the study reveals that using square-meshed nets at the codend will reduce the amount of
discards. Taking into account the specific characteristics of Mediterranean fisheries, it will be appropriate to put into practice additional technical measures such
as mesh shape in order to ensure sustainable exploitation of fishery resources.

Keywords: Discard, Diamond and square mesh codends, Trawl fishery, Aegean Sea.

INTRODUCTION

Shrimp fishery is one of the most important fishing sectors
all over the world, but at the same time, this fishery is always
subjected to discussions regarding discard and by-catch.
Kelleher (2005), in his recent study, providing an update of the
quantity of discards in the world's marine fisheries reported
that, tropical shrimp trawl fisheries have the highest discard
rate and account for over 27 percent of total estimated
discards. There are widely differing estimates for the amount
of by-catch in the various shrimp fisheries, partly resulting
from different definitions of by-catch, different measurement
systems of and the low level of actual monitoring (Gillett,
2008).

In Turkey, all of the shrimp catch is obtained during

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

capture fisheries. Annually, 358 tonnes of deep water rose
shrimp, Parapenaeus longirostris is landed in the Aegean Sea
coast, which corresponds to the 12.9% of total deep water
rose shrimp landings of Turkey (Anonymous, 2008a). Aegean
Sea provides 8% of the marine fish landings of Turkey.

As in all fisheries management schemes on the world,
there are also important regulatory actions targeting by-catch
and discard reduction in Turkey (Anonymous, 2008b).
However, despite these legal measures in effect, the
multispecies character of the fishery, in other words, species
diversity makes this harder. For the Mediterranean and the
Black Sea, discard database accounts for only 24 percent of
1.5 million tonnes nominal catch from the Mediterranean and
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Black Sea. Kelleher (2005) has reported that the
Mediterranean has relatively fewer trawl grounds, which
contributes to a relatively lower level of discards and a
weighted discard rate of 4.9 percent.

Exploitation of fishery resources in a sustainable manner
requires the use of selective fishing gears, in aspects of both
size and species. It is mentioned that the characteristic of the
Turkish conventional demersal trawl fleets is rather low
selectivity. According to Turkish fisheries regulations there is
no specification regarding the codend, except for the 44 mm
diamond mesh size. Almost all the commercial trawlers in
Turkish waters use polyethylene (PE) netting material in
constructing the modified or conventional gear. The European
Commission (E.C. Council Regulation, 1967/2006) have
suggested that demersal trawl codends should be made of 40
mm square mesh instead of diamond mesh concerned with
sustainable exploitation of fishery resources in Mediterranean
Sea. For this aim a series of trawl hauls were performed both
diamond (44 mm) and square (40 mm) mesh codends along
the Turkish coast of southern Aegean Sea. In this study,
discard ratio of diamond and square mesh codends were
tested under commercial fishery conditions.

MATERIALS AND METHODS

Fishing trials were carried out on board a commercial
trawler Hapuloglu (23.8 m in length and 550 hp main engine
power) under commercial fishing conditions, in the coastal
fishing areas (3 miles beyond the coastline) off the Aegean
Sea (Si§acik and Kusadasi Bays) between 30 September and
25 October 2007, during daytime. Average towing duration
was 3.4 h (2.4 - 4.3 h) and towing speed was 2.5 knots (2.3 -
2.6). The depth of the fishing areas varied between 137-187
meters.

Detailed information on the 1200 mesh modified trawl net
used in the experiments was found in Tosunoglu and Aydin
(2007). In addition, characteristics of the codends are as
follows: Diamond mesh (a commercially used standard
codend): PE 210 d/24 knotless, nominal 44mm
(44.7mm=0.08), 400 meshes on its circumference and 5m in
length. Square mesh (a PE 0.40*10 knotted, nominal 40mm
(42.4+0.19 mm), 200 bars in circumference and 5m in length).

During the study, 21 valid trawl operations were
performed; 11 with diamond and 10 with square mesh
codends. Specimens escaping from the codends were
collected by a cover of 24 mm mesh size. Following each
haul, the trawl net was taken onboard and the codend was
unloaded on the deck. No intervention was made to the
routine of fishermen’s behaviors such as sorting, selecting,
discarding etc.

For discard, by-catch and incidental catch estimations, all
of the catch taken on board was sorted as target, incidental
and discard. In this study, incidental catch, by-catch, discard
were identified and discard ratio was calculated according to
operational definitions of Alverson et al. (1994), who define
the discarded catch as the portion of the catch returned to the
sea as a result of economic, legal or personal considerations;
incidental catch as the retained catch of untargeted species;
by-catch as discarded catch plus incidental catch, and discard
ratio as the ratio of discard to the actual retained catch.

RESULTS

A total of 2.585 t biomass were hauled and 53 species
were caught at the end of the valid trawl operations (21 hauls)
performed with square and diamond mesh codends.
According to the preferences of fishermen, catch was sorted
as commercial and non commercial catch. In the catch
composition, P. longirostris were regarded as the primary
target catch, 10 species were regarded as incidental catch
and 42 species were regarded as discard. The amounts of
landed, discarded and escaped catch in diamond and square
mesh codends for some selected species are shown in Table
1.

Amount of totally retained catch was 987.8 kg for diamond
and 937.6 kg for square mesh codends (Table 2). Calculated
discard ratios were 0.42:1 and 0.25:1 for diamond and square
meshes  respectively.  Incidental catch  for  this
fishery consisted of 11 species namely Trachurus trachurus,
Merluccius merluccius, llex coindetti, Lophius piscatorius,
Zeus faber, Loligo vulgaris, Raja asterias, Phycis blennoides,
Pagellus bogaraveo, Trigla lucerna, Trigla lyra and 42 species
were discarded, due to their non-commercial value for the
market.

Table 1. The amounts of landed, discarded and escaped catch in diamond and square mesh codends for some selected species

Species Digmond S_quare

Landed Discarded  Escaped Landed Discarded Escaped

Parapenaeus longirostris 540.0 16.5 148.3 559.7 1.8 1117
Merluccius merlucius 55.8 312 8.1 39.3 8.1 15.9
Trachurus trachurus 2776 26.4 3338 206.6 105 4244
Phycis blennoides 0.2 11 0.4 0.3 1.2 1.2
Loligo vulgaris 2.3 0.1 0.1 2.8 0.2 0.3
Illex coindetti 55.0 36 0.7 36.9 16 4.0
Sephia orbignyana 19.4 2.7 0.7 289 1.6 1.2
Other 375 343.0 241.8 63.2 210.5 2184
Total 987.8 424.5 7338 937.6 2354 777.1
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The amount of commercial shrimp (P. longirostris) which
was the primary target species of the catch was 540 kg in
diamond and 559 kg in square mesh codends. In diamond
mesh codend, the species constituted the 54% of retained
catch while this ratio was 59% in square mesh codend. Horse
mackerel was the second for both codends in volume and
constituted the 28% (277.6 kg) of the total catch for diamond

and 22% (206.6 kg) for square mesh codend. Hake also
should be noted as the third species of the catch composition,
which constitutes the 5% (55.6 kg) of the total catch for
diamond and 4% (39.3 kg) of the total catch for square mesh
codend. For diamond and square mesh codends, weight
based discard and by-catch evaluations of the catch
composition are shown in Table 2.

Table 2. Weight (kg) based discard and by-catch estimations for diamond and square mesh codends

Ratio of discarded

Ratio of discarded

Discard weight Landzq f:mh weight to landed weight to total Incidental catch By;ec_athcth
Welg weight weight Welg
Diamond 424.6 987.8 (1412.4) 0.42 0.30 447.8 872.4
Square 2354 937.6 (1173.1) 0.25 0.20 378.0 613.5

A total of 234 298 P. longirostris was caught (excluding
covers) in number and about 85% of this amount was
marketed and a small fragment (about 5%) was discarded.
Because of the high market demand for this species, only
damaged and missed (onboard) individuals of these species
were discarded.

DISCUSSION

The main finding of the study is that 40 mm square mesh
codend catches lower discard whereas higher escapes than
that of the 44 mm diamond mesh codend. This is valid not
only for the primary target species but also for the landed
main three species namely Trachurus trachurus, Merluccius
merluccius and llex coindetti. Loligo vulgaris and Phycis
blennoides are the unique exception of this evaluation with a
very small fragment which is neglectible. Similar findings
obtained in the size selectivity studies for these species by
Aydin et al. (2009), Tosunoglu et al. (2009) and Aydin and
Tosunoglu (2010). In the framework of by-catch and discard
evaluation, this fishery as indicated in the results may not be
defined with the high discard rates when compared to other
crustacean trawl fisheries in Turkey (Kinacigil et al., 1999;
Soykan et al., 2006; Duruer et al., 2008) and around the world
(Saila, 1983; Harris and Poiner, 1990; Wassenberg and Hill,
1990; Alverson et al., 1994). However, it is not easy to say the
same for the by-catch. Availability of different species
inhabiting in the joint living zones causes high by-catch rates,
which may only be reduced by species selectivity. Ensuring
the low discard rate is that having economic value of the
significant part of the catch, at least at the present time. The
main factors determining the status of the catch were based
on economic and legal considerations. In other words, in
deciding what is catch and what is discard, market demand
and legal limitations will be effective. Due to high market
values of most of the species caught, discard rates are not as
high as expected.

In Turkey, most of the studies regarding the discard and
by-catch estimations focus on prawn fishery. Kinacigil et al.
(1999) have reported the rates as 1:1 incidental catch and 1:3

by-catch in winter and, 1.3 incidental catch and 1:6 by-catch in
spring for shrimp trawl. Soykan et al. (2006) have reported,
118.5 (6%) kg target catch, 317 (17%) kg incidental catch and
1.420 (77%) kg discards for shrimp trawls. Duruer et al. (2008)
have reported 2.37:1 discard ratio for commercial penaid
fishery in Mersin Bay (northeastern Mediterranean). Studies
on the discard characteristics of Aegean Sea fisheries are
rather limited.

In respect to by-catch and discard problems of this fishery,
it should be emphasized that by-catch is originated from the
multi species character of the fishery and the difficulty to
select target species while eliminating the others. The extent
to which mesh size regulations can be applied to reduce by-
catch is limited in multispecies fishery. Changes in mesh size
to avoid limited species may also result in underfishing of
some species or overfishing of other species (Hanna, 1990).

Perception regarding the issue of what discard is in a
given time or fisheries are highly important. High-grading is
also valid for this situation, because of the differing market
values of some species in time. For the purpose of discard
estimation, Kelleher (2005) suggests a division of the catch
into three groups; species always retained, species always
discarded and species sometimes/partially discarded. Since
the reason of discard, depends to the market value of the
species caught and legal limitations, the extent of the problem
will vary according to time and management actions. To
eradicate discard and by-catch completely is almost
impossible in multispecies fishery. But, measures targeting
discard reduction, such as improvement species and size
selectivity of the nets, will serve to decrease the labour and
other costs of the fishery.

In most fisheries, unobserved fishery mortality (Alverson
et al., 1994) is disregarded. Mortality rates of by-catch and
escapees are generally unknown and constitute a large
source of uncertainty in estimates of overall fishing mortality
(Davis, 2002). Studies on the survival rates of certain species
in the Mediterranean are scarce (Metin et al., 2004). In this
study, however significant amount of fish and shrimp escaped
for both codends, since the fate of the escapees is unknown
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as in most cases, it is difficult to guess the magnitude of the
unobserved fishery mortality and impacts on habitat and
further study needs to be done.

Taking into account the specific characteristics of
Mediterranean fisheries, it will be appropriate to put into
practice additional technical measures such as mesh shape in
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Abstract: Australian red claw crayfish (Cherax quadricarinatus) are one of the cultivated species all around the world. This species has became more popular in
recent years with increasing interest in decapod species in freshwater aquariums. In this study, effects of different feeds (flake, stick, granule, Tubifex) on growth
and survival of Australian red claw crayfish in aquarium conditions were investigated. The study was carried out in 12 glass aquariums with three replicates. A
group of 15 early juveniles (average 0.0165 g of body weight) were placed in each aquarium. The crayfish were fed with ad libitum for 120 days. At the end of the
study, the best weight gain was found on granule diet group and the lowest survival rate was found on Tubifex group statistically (P<0.01).

Keywords: Australian red claw crayfish, Aquarium, Feeding, Cherax quadricarinatus.

Ozet: Kirmizi kiskagli kerevitler (Cherax quadricarinatus), Diinya'da yetistiriciligi yapilan tiirlerden biridir. Son yillarda akvaryumlarda eklembacakli tirlerine olan
ilginin artmasiyla beraber, kirmizi kiskagli kerevitler akvaryum sektériinde de en fazla ticareti yapilan tiirler arasina girmistir. Bu galismada, farkli (pul, gubuk,
grandl, Tubifex) akvaryum yemlerinin kirmizi kiskagl kerevitlerde blyiime ve yasama orani iizerine etkileri arastiriimistir. Calisma 12 adet cam akvaryumda 3
tekrarll olarak ytrutulmustir. Her bir akvaryuma ortalama 0,0165 g agifiinda 15 adet birey konulmustur. Kerevitler 120 glin boyunca ad libitum seklinde
beslenmistir. Calisma sonunda, istatistiksel olarak en iyi agirlik artigi granil yem ile beslenen grupta bulunmustur. Gruplar arasinda en diislik yasama orani ise

Tubifex ile beslenen gruplarda bulunmustur (P<0,01).

Anahtar kelimeler: Kirmizi kiskagli kerevit, Akvaryum, Besleme, Cherax quadricarinatus.

GIRIS

Akvaryum, diinyada milyonlarca meraklisi olan en popiiler
hobiler arasinda yer almaktadir. Glnumizde akvaryum
sektorinin, yaklasik 4500 tir tathsu bahgi, 1450 tir deniz
baligi ve 650 omurgasiz tlrinin ele alindi§i ve kiresel sanayi
haline geldigi bildirilmektedir (Miller-Morgan, 2010). Baliklar,
akvaryumlarda ele alinan tlrlerin baginda gelmesine karsin
farkli canli gruplarina olan ilgi her gegen gin artmaktadr.
Omurgasiz canlilar bu anlamda en gok ele alinan canlilardir.
Bu canlilar arasinda karides, kerevit ve yengec gibi
eklembacakli tirleri 6n plana c¢ikmaktadir. Akvaryum
canllarini severler tarafindan tercih edilen kerevit tiirleri
arasinda Cherax quadricarinatus, Cherax destructor, Cherax
tenuimanus, Astacopsis gouldi, Cambarellus patzcuarensis,
Cambarellus shufeldtii, Procambarus clarkii and Procambarus
alleni gibi daha c¢ok egzotik ve renkli tiirler &n plana
cikmaktadir (Wingerter, 2011). Kirmizi kiskagl kerevitler (C.
quadricarinatus) ise diinya genelinde bu tirler arasinda gerek
yetistiricilik gerekse akvaryum sektériinde tercih edilen tiirlerin
basinda gelmektedir (Lawrence ve Jones, 2002). Bu tiiriin
sergiledigi hizli blyiime, Greme kolayligi ve olumsuz ortam
kosullarina uyum &zellikleri kerevit yetistiricilijinde 6nemli
kriterlerdir. ~ Akvaryum  sektérl  agisindan  bakildiginda
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akvaryum canlilarinin adeta satis merkezi konumunda olan
Singapurda ticareti en ¢ok vyapilan kerevit tiiriinin C.
quadricarinatus oldugu ve ergin bireylerinin 2,5-7,5 TL
arasinda pazarlandiklari bildirimektedir (Belle ve Yeo, 2010).

Tirkiye'de akvaryum konusu yeni olup, 50-60 senelik bir
gegmise sahiptir. Popller anlamda akvaryum meraki, 1980’li
yillarda artmaya baslamis ve bu donemden sonra akvaryum
baliklarinin ¢ok sayida ve tirde ithal edildigi goriimistir
(Ttirkmen ve Alpbaz, 2001). Ulkemizde de dinyaya paralel
olarak akvaryum sektdriinde balik haricinde diger canli
gruplarina olan ilgi son yillarda artmaya baglamistir. Bu
gruplar arasinda karides, kerevit ve yenge¢ tirleri basta
gelmektedir. Bu tirler, perakende akvaryum satis yerlerinden
daha ¢ok sanal canli ticareti yapan internet sitelerinden
saglanmaktadir. Cherax quadricarinatus tirti kirmizi kiskagh
kerevitler Turkiye'de akvaryum sektdriinde satisi yapilan 9
kerevit turl icersinde yaygin ve popller tirlerden birisidir
(Ttrkmen ve Karadal, 2012).

Bir canlinin beslenme davranisi, beslenme statlisiinin
belirlenmesi ve Ureme faaliyetleri agisindan énemli (Hughes,
1993) oldugu kadar ayni zamanda canlinin besin zincirindeki
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yeriyle ilgili bilgi vermesi agisindan da énemlidir (Poon vd.,
2010). Kerevitler genel olarak omnivor veya detritivor olarak
beslenirler. Bu sebeple dodada birgok ekosistemin besin
zincirinde Onemli rol oynamaktadirlar (Wingerter, 2011).
Kerevitler, hayvansal kaynakli olarak kurtlar, bdcekler,
yumusakgalar ve zooplankton gibi canlilarla beslenirler (Giiner
ve Mazlum, 2010). Yesil bitkilerle beslenen kerevitlerin asil
besin olarak yararlandiklari kaynaklar ise dekompoze olmus
bitki saplarinin (izerinde bulunan bakteri, mantar ve diger
mikroorganizmalardir (James ve Huner, 1985). Bunun disinda
kerevit yetistiriciligi yapan isletmelerde yapay yemler
kullanilimaktadir.  Kirmizi - kiskagl  kerevitlerle  akvaryum
kosullarinda birgok farkli rasyonda yapay yem veya canli yem
calismasi (Barki vd., 1997; Pavasovic vd., 2006, 2007; Stumpf
vd.,, 2011) yapimis olmasina karsin, ficari akvaryum
yemleriyle yapilan bir galisma yoktur. Hobi olarak
akvaryumlarda ele alinan canlilar dogal yasam sartlarina
kiyasla daha kisitl alan ve beslenme kosullari ile karsi karsiya
kalirlar. Codu kez beslenme aligkanliklarina uygun olmayan
farkli formda ve tlr isteklerini kargilamayan icerikte yemler ile
beslenirler. Akvaryum kosullarinda farkli formda kullanilan
yemlerin baliklar (zerine etkilerini arastiran calismalar
(Harpaz vd., 2005; Bahadir Koca vd., 2009; Siccardi vd.,
2009) olmasina karsin kerevitler ile ilgili bir calismaya
rastlanmamigtir.  Kirmizi - kiskagli  kerevitler son vyillarda
akvaryumlarda en cok ele alinan kerevit tlirlerinin basinda
gelmektedir. Calismada akvaryum kosullarinda farkli formda
ve yaygin olarak kullanilan akvaryum yemlerinin Cherax
quadricarinatus tirli kerevitlerde blylime ve yasama orani
Uzerine etkilerinin arastiriimasi amaglanmigtir.

MATERYAL VE YONTEM

Calismada akvaryum baliklari Gretimi yapan 6zel bir
isletmeden temin edilen Cherax quadricarinatus tiirii ortalama
0,0165 g agiriginda yavru kerevitler kullanilmistir (Sekil 1).
Kerevitler 4 farkli akvaryum yemi ile 120 gin boyunca
beslenerek  bllyime, gelisme ve yasama oranlari
arastinlmigtir. Arastirmada akvaryum sektérinde yaygin
kullanilan, farkli formda, besin igerikleri olabildigince birbirine
yakin ve ayni firmaya ait olan yemler secilmistir. Bu yemler;
TetraMin® tropikal granil yem, TetraMin® pul yem, Tetra®
Pond cubuk yem ve Tetra® Tubifex'dir (Tablo 1). Besleme
ginde 1 kez ad libitum seklinde yapilmis Tubifex ¢ok kiicik
parcalar halinde verilmigtir. TUketiimeyen yemler ortamdan
sifon yardimi ile uzaklastinimigtir. Galismada 47x31x34 cm
boyutlarinda cam akvaryumlar kullaniimis ve her bir
akvaryuma 15 adet birey konulmustur. Akvaryumlarin igerisine
siginak olarak birey sayisi kadar PVC boru yerlestirilmistir.
Deneme 3 tekrar ile yuratulmastir (Sekil 2). Su sicakhigr 251
‘C ve fotoperiyod 14:10 (aydinlik:karanlk) seklinde
uygulanmistir. Akvaryumlardaki sular haftada 1 kez %25
oraninda ayni sicaklikta klorsuz musluk suyu ile
degistiriimistir. Total boy oélglimleri (mm) kumpas, agirlik
dlgumleri ise Sartorius, BL610 (0,01g) marka elektronik terazi
ile 15 gunde bir yapilmigtir. Agirlik 6lctim degderlerinin daha
saglikl alinabilmesi iin élgimden dnce kerevitler kagit havlu

ile kurulanmigtir. Aragtirma stiirecinde su kriterlerinden
¢Ozlinmus oksijen dlgimd (WTW-Oxi 315), pH (Sartorius PT-
10), amonyak (HANNA C205), su sertligi (Aquamerck®
114652 toplam sertlik test kit) ve alkalilik (Aquamerck®
111109 alkalilik test ki) kullanilarak baslangicta, su
degisimlerinde ve deneme sonunda yapiimigtir.

(b)

$Sekil 1. Calismada kullanilan yavru kirmizi kiskagli kerevitler (Orijinal).
a) Calisma baslangicindaki birey, b) 15 giinliik birey.

Biylme verilerinin istatistiksel olarak degerlendirilmesi
icin tek yonli varyans analizi (ANOVA) uygulanmigtir. Test
varsayimlarinin - gegerliligi icin veriler arasindaki homojen
dagilimin tespitinde Levene testi ve normallik analizinde
Kolmogorov-Smirov testi kullanilmigtir. istatistik farklilik
ortaya ¢iktiginda ise gruplarin karsilastirimasinda Student-
Newman-Keuls (SNK) testinden vyararlaniimigtir. Yasama
orani verilerinin istatistiksel degerlendirmesi ise one-tail Fisher
testi ile yapilmistir. Verilerin bilgisayar ortaminda istatistiksel
degerlendirilmesi SPSS 15.0 paket programiyla saglanmis ve
grafikler MS Office Excel programiyla olusturulmustur. Tim
testlerde yanilma diizeyi P<0,01 olarak kabul edilmistir.

Tablo 1. Galismada kullanilan yemlerin icerikleri

icerik TetraMin®  Tetra® Pond Tetrf'_iMin® Tetra®
PulYem  CubukYem  Granil Yem Tubifex
Ham Protein (%) 46 46 475 52
Ham Yag (%) 8 8 8,8 8
Ham Sellloz (%) 2 2 2 7
Ham Kil (%) 10 10 10 12
Nem (%) 6 6 8 8
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Sekil 2. Galisma diizenegi

BULGULAR

Deneme sonunda farkli formda yemler ile beslenen
kerevitlerin total boylari ve agirliklari arasinda istatistiksel
olarak farklihk bulunmustur (P<0,01). AQirlik ve boy artislari
incelendiginde en iyi sonug granil yem ile beslenen grupta
tespit edilirken en disik gelisim Tubifex ile beslenen grupta
gorilmastir. Pul yem ve ¢ubuk yem ile beslenen kerevitler
agirik ve boy artisinda ise en yliksek ve en disik gruplar
arasinda bir gelisim sergilemislerdir (Sekil 3, 4).
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$Sekil 3. Gruplar arasindaki ortalama total boylarin ¢alisma stresince degisimi
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$Sekil 4. Gruplar arasindaki ortalama agirliklarin galisma stiresince degisimi

Aragtirma sonunda ortalama total boylar, granil yem ile
beslenen grupta 5,02+0,22 cm, pul yem ile beslenen grupta
4,27+0,17 cm, cubuk yem ile beslenen grupta ise 4,05+0,25
cm ve Tubifex ile beslenen grupta ise 3,01+0,15 cm olarak
kaydedilmistir. Agirlik artiglari incelendiginde ise granil yem
ile beslenen grupta 2,54+0,19 g, pul yem ile beslenen grupta
1,62+0,21 g, cubuk yem ile beslenen grupta 1,36+0,14 ve
Tubifex ile beslenen grupta ise 0,57+0,11 g'a ulasmistir.
Gruplar arasindaki total boy ve agirlik artiglarinda gdzlenen
farkliiklar  60. glinden sonra belirginlesmistir. Calisma
sonunda yasama oranlari, gubuk yem ile beslenen grupta
%82,2, granll yem ile beslenen grupta %77,7, pul yem ile
beslenen grupta %71,1 ve Tubifex ile beslenen grupta %48,9
olarak gerceklesmistir. Graniil yem, pul yem ve gubuk yem ile
beslenen gruplarda yasama oranlari arasinda istatistiksel
olarak fark goriilmezken Tubifex ile beslenen grupta ise diistik
yasama orani tespit edilmistir (Sekil 5).
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$Sekil 5. Gruplar arasindaki yasama oranlarinin istatistiksel dagilimi (P<0,01).
Her bir situn izerinde standart hata gubuklari gdsterilmistir.

Calisma boyunca dlglilen su kriterleri incelendiginde;
¢6zlinmus oksijen 5-6 mg/l, pH icin 7,2-8,0, amonyak icin 0,08
mg/I'nin altinda, alkalinite igin 85-95 mgl/l, sertlik icin 115-125
mg/l ve nitrit icin 0-0,02 mg/l araliklarinda gézlenmistir.

TARTISMA VE SONUG

Bu ¢alismanin bulgulari; akvaryumlarda ele alinan kirmizi
kiskagl kerevitlerde (Cherax quadricarinatus) granil yemle
beslenen bireylerin en iyi ve en hizli bilylime ve gelisime sahip
olduklarini géstermistir. Pul yem ve cubuk yem ile beslenen
gruplarda orta dereceli, Tubifex ile beslenen grupta ise en az
biyime kaydedilmistir (P<0,01). En fazla mortalite Tubifex
kurtlari ile beslenen grupta gorilmistr.

Galismada akvaryum sektdriinde yaygin bir sekilde
kullanilan ticari yemler kullaniimistir. Metts vd. (2007), diger
kerevit tlrlerinde oldugu gibi kirmizi kiskagli kerevitlerin de
suni yemlere verimli bir sekilde uyum saglayabilecegini
belirtmiglerdir. Kullanilan yemlerin  timi ylksek protein
oranina sahiptirler (%46-52). Thompson vd. (2004) yaptiklari
calismada, %22, %32 ve %42 protein oranlarina sahip
yemlerle kirmizi kiskacli kerevitlerde blyime ve gelisim
oranlarini arastirmiglardir. Calismalarinda en iyi sonucu en
fazla protein icerigine sahip (%42) yemle beslenen grupta
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bulmuglardir. Thompson vd. (2006) ise yine kirmizi kiskagli
kerevitlerde 180 g kg ve 280 g kg protein miktarina sahip
yemlerle yaptiklar ¢alismada yine en iyi gelisimi en yiksek
protein miktarina sahip (280 g kg?) gruplarda bulmuslardir.
Kirmizi kiskagl kerevitlerle benzeri amagla yapilan diger
calismalarda da en iyi bliylime ve gelisme protein icerigi en
yliksek yemle beslenen gruplarda bulunmustur (Rouse ve
Kahn, 1998; Webster vd., 2004).

Jones ve De Silva (1997), yabilerde (Cherax destructor)
farkli protein, seliiloz ve kil igerikli yemlerle yaptiklari
calismada, ylksek protein icerikli yemlerin sindirilebilirligini
%80-95 oraninda bulurken, yiksek sellloz icerikli yemlerin
sindirilebilirligini ise %57 oraninda bulmuglardir. Viau ve
Rodriguez (2010) ise kirmizi  kiskagli kerevitlerin ilk
donemlerinde kabuk degisimi, kanibalizm ve sindirim
sistemindeki morfolojik degisimler sirasinda yliksek oranlarda
mortalite  gorilebilecegini  belirtmislerdir. Bu ¢alismada
kullanilan tim yemlerin protein igerigi oldukca ylksektir.
Literatirdeki bilgiler baz alindiginda denemede kullanilan tiim
yemlerin  beklenen sindirim oranlarinin  birirlerine  yakin
olabilecegi dustiniimektedir. Ancak, sadece Tubifex yeminin
sellloz orani digerlerine gore oldukca yuksektir. Kerevitlerin ilk
donemlerinde  sindirim  sistemlerinde olusan  morfolojik
degisimlere paralel olarak, seliloz orani fazla olan Tubifex
yemle beslenen gruplarda sindirim oraninin daha az olmasi
beklentisine paralel olarak en yavas gelisimin ve en disik
yasama oraninin bu grupta goriilmesi beklenen bir durumdur.

Akvaryumlarda kullanilan farkli formlardaki yemlerin
biylime ve yasama orani (izerine etkileri daha gok akvaryum
baliklar (zerinde arastirilmigtir. Harpaz vd. (2005), lepistes
(Poecilia  reticulata) yavrularinin  beslenmesinde  farkli
formlardaki toz yem ve pul yemlerini kullanmiglardir. Calisma
sonunda biyiime ve gelisimde toz yem pul yeme oranla daha
iyi sonug vermistir. Bahadir Koca vd. (2009), melek baliklariyla
(Pterophyllum scalare) yaptiklari ¢alismada farkli yemlerin
biyime uzerine etkilerini arastirmiglardir. Calismada canli
yem kullanilirken, farkli formlarda pul ve pelet yem de
kullaniimistir. Calisma sonunda en iyi agirlik artisi ve spesifik
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biylme orani pelet yemle beslenen gruplarda gértimustr.
Siccardi vd. (2009), zebra baliklari (Danio renio) ile yaptiklari
calismada, beslemede pelet, pul ve gubuk yemleri
kullanmislardir. Ele alinan canliya gére dogru formdaki yem
segimi oncelikle canli agisindan 6nemli bir gereksinimdir.
Calisma sonucunda biliylime ve gelisimde alinan en iyi
sonuglarin sirasi ile pelet > pul > cubuk yemi ile beslenen
gruplarda gergeklestigini belirtmislerdir. Bu ¢alismalar i1si§inda
elde edilen sonuglar karsilastirildiginda ¢ok yakin paralellik
gostermektedir.

Kerevitler kumlu, camurlu ve cakilll tathsu bentik
alanlarinda  yasayan eklembacaklilardir.  Bu  ylizden
kerevitlerin  beslenme aligkanliklari dip bdlgesine gore
sekillenmistir. Kerevitlerin akvaryum ortaminda kullanilan
batan yemlere daha kolay ulasabilmeleri beslenme
davraniglar dikkate alindiinda daha kolay gdziikmektedir.
Birgok akvaryum forumunda kerevitler icin batma 6zelligine
sahip karides yemleri Oneriimektedir (Anonymous, 2012).
Cubuk yem ylizme 06zelligine sahip bir yem iken pul yem bir
sire ylizeyde kalan ve daha sonrasinda batabilen bir yemdir.
Granil yem ise suya atldiinda batan bir &zellik
gbstermektedir. Kerevitler bu ézelliginden dolay yeme daha
cabuk ulasirlar. Granll yemin yapisal ve besin igeriklerini
daha az kayipla canliya aktarabilme 6zellikleri dikkate
alindidinda elde edilen sonuglar bu bilgi ve verileri dogrular
niteliktedir.

Akvaryum sektorinde kullanilan yemlerin Gzellikleri ve
sayllari her gegen gun artig gbsterse de canli tirine 6zgi
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Abstract: In our study, the protective effect of calcium on the accumulation of aluminum in muscle, liver, gill and kidney of Oreochromis niloticus were
investigated. The fish were exposed to 0.1 mg It* Al, 0.1 mg It Al+0.1 mg It Ca, 0.1 mg It* Al+1.0 mg It* Ca and 1.0 mg It Al, 1.0 mg It1 Al+1.0 mg It* Ca and
1.0 mg It* Al+10.0 mg It* Ca mixtures for 7, 14 and 21 days. Aluminum accumulations in tissues were measured by ICP-MS. Aluminum accumulation exposure
tissues highest accumulation occurred in the kidney followed by gill, liver and muscle. In all exposure period, accumulation of aluminum in whole tissues of O.
niloticus decreased in the presence of calcium. In both mixed exposure (Al+Ca) concentrations, significantly reduced the accumulation of aluminum in the kidney,
gill and liver of O. niloticus.

Keywords: Aluminum, Calcium, Accumulation, Oreochromis niloticus.

Ozet: Galismamizda, kalsiyumun Oreochromis niloticus'un kas, karaciger, solungag ve bobrek dokularinda aliiminyum birikimi Gzerine engelleyici etkileri
incelenmistir. Baliklar 7, 14 ve 21 giin sirelerle 0.1 mg It* Al, 0.1 mg It Al+0.1 mg It1 Ca, 0.1 mg It Al+1.0 mg It Ca ve 1.0 mg It* Al, 1.0 mg It* Al+1.0 mg It*
Ca ve 1.0 mg It Al+10.0 mg It* Ca kanisiminin etkisine birakilimigtir. Dokularda alliminyum birikimi ICP-MS ile belirlenmistir. Calisilan dokularda en yiksek
aliminyum birikimi bébrek dokusunda olusmus, bunu solungag, karaciger ve kas dokusu izlemistir. Etkide kalinan tiim stirelerde O. niloticus'un dokularinda
aliminyum birikimi kalsiyum varliginda azalmistir. Denenen tiim karisimlarda (Al+Ca) O. niloticus'un bébrek, solungag ve karaciger dokularinda aliiminyum
birikimini énemli élgtide engellemistir.

Anahtar kelimeler: Aliminyum, Kalsiyum, Birikim, Oreochromis niloticus.

GIRIS

Altiminyum periyodik cetvelin lll A grubu elementlerinden
olup, atom numarasi 13 olan yumusak ve hafif bir metal olup
mat gimusimsi renktedir. Aliminyum gindmiz tibbinda kan
durdurucu ve damar bizicl olarak kullaniimaktadir.
Alliminyum dogada denge halinde bulunur Yerkabugunun
%8’ aliminyumdan olustudu gibi besinlerde, suda ve
hayvansal  dokularda  bol  miktarda  bulunmaktadir
(Koivistoinen, 1980). Alliminyum canli organizmalarda besin
yoluyla gok disuk dlizeylerde alinim olmaktadir. Bu dustk
seviyeli  alliminyum  zararll  degil, fakat ylksek
konsantrasyonlarda son derece zehirli olmaktadir.

Aliminyum tatli su baliklarinda akut iyon regulasyonu
solunum rahatsizliklarina hatta solungaclarda Al*3olarak
depolanmasina sebep olur (Poleo, 1995). Aliminyum balik
solungagclarini fonksiyonlarini etkilediginden iyon regulasyonu
ve solunumu etkiler (Neville, 1985; Howells vd., 1994).
Aldminyum birgok katyonlar Ca, Mg, Na ve H'lerle balik
solunga¢ ylzeylerine baglanmada rekabet eder (Exley vd.,
1991).

Su ortaminin sicakh@i (Heath, 1987), pH'si (Cogun ve
© Published by Ege University Faculty of Fisheries, Izmir, Turkey

Kargin, 2004), tuzlulugu (Viarengo, 1985) ve suyun sertligi
(Wood, 2001) gibi su degiskenleri baligin metal alim diizeyini
ve toksisitesini etkilemektedir. Bu gibi gevresel faktdrlerin yani
sira baligin yasi, agirligi, metabolik aktivitesi, beslenme
aliskanhigi, Uremesi gibi faktorlerde metal alimini ve
toksisitesini etkilemektedir (Heath, 1987; Romeo vd., 2000).

Kalsiyumun suyun kalitesini belitmede ve canli
organizmada verimliligin artiginda gok énemli bir iyon oldugu
belirtiimistir (Berntssen vd., 2003). Genel olarak sucul
organizmalarda kalsiyum yapisal, elektriksel iletimde kaslarin
kasilmasinda salgi hlcrelerinin sekresyonunda, ekstraselller
protein ve enzimlerde Kkofaktdr olarak ve intraseluler
reglilasyonda 6nemli biyolojik islevleri olan bir iyondur (Hunn,
1985). Kalsiyum vyapisal olarak kemik, pul gibi iskelet
dokularinda hem de yumusak dokularda (membran akicilii
ve bitunligu, hicre adhezyonu) 6nemli islevi bulunmaktadir.

Son yillarda yapilan aragtirmalar bize gdstermistir ki
kalsiyum ve diger agir metaller érnegin ginko solungag alinim
bdlgesinde rekabete girmistir (Hongstrand vd., 1998). Hem
kalsiyum hem ¢inkonun solungaclardaki giris bélgesi klorit
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hicrelerinin apikal zarlandir (Hongstrand vd.,1995; Galvez
vd., 1998; Spry ve Wood, 1998).

Bu calismada; 7, 14 ve 21 gunlUk uygulama strelerinde
Oreochromis niloticus baliklarinda aliiminyum  toksisite
etkisinin gideriminde kalsiyum kullanilarak incelenmistir.
Aldminyum-+kalsiyum (Al+Ca) etkisinde baliklarda solungag,
kas, karacier ve bobrek dokularinda metal birikimi ve

kalsiyumun  alliminyum  toksisitesinde  koruyucu  etkisi
aragtiriimigtir.
MATERYAL VE YONTEM

Bu arastirma Ekim ayinda Oreochromis niloticus'lar
Cukurova Universitesi Su Uriinleri Fakiiltesi yetistirme
havuzlarindan alinarak ve i¢ ay sire ile 40X100X40 cm
boyutlarindaki dokuz (9) stok akvaryum igersinde laboratuar
kosullarina adaptasyonlari ve uygun boy-adiriga ulagsmasi
saglanmistir. Baliklar 3 ay slre sonunda 12.55+0.19 ¢cm boy
ve 24.18+1.51 g agirligina ulagmiglardir.

Deneyler 20£1 °C sicaklikta yurtilmis, akvaryumlar
merkezi havalandirma sistemi ile havalandiriimis ve giinde
sekiz saat aydinlanma (8 saat glindiiz/16 saat gece) periyodu
uygulanmigtir. Baliklar, glinde iki kez olmak (izere balik
agiriginin %1’i kadar hazir balik yemi (Pinar Balik Yemi,
Trkiye) ile beslenmistir.

Deney iki seri olarak ydratiimistir. Birinci seride 7, 14 ve
21 giin strelerde alliminyumun 0.1 mg It* derigimi, 0.1 mg It
Al+0.1 mg It Cave 0.1 mg It Al +1.0 mg It* Kalsiyum, ikinci
seride aliiminyumun 1.0 mg It* ortam derigimi, 1.0 mg It* Al
+1.0 mg It1 Ca ve 1.0 mg It1 Al +10.0 mg It kalsiyum maruz
birakilmigtir.

Deneylerde her bir seride 40X100X40 cm. boyutlarinda
olan ve her birinin icersinde 18 balik bulunan 4 cam akvaryum
kullanilacak sekilde iki seride yapilmistir. Birinci seride bu
akvaryumlardan herbirine 50’ser litre su ve ilkine 0.1 mg It?
aliminyum derigimi, ikincisine 0.1 mg It Ca derigimi ve son
olarak Uglinclisine 10 kati kadar (1.0 mg It%) kalsiyum
aliminyum ile birlikte (0.1 mg It* Al +1.0 mg It* Ca) ¢ozeltileri
konulmustur. ikinci seride ise ilk akvaryuma 1.0 mg It!
aliminyum derigimi ikincisine ayni alliminyum derigimli Ca ve
Ugtncisine 10 kati kadar (10.0 mg It?) Ca aliminyum ile
birlikte (1.0 mg It Al+10.0 mg It* Ca) ¢dzeltileri konulmustur.
Her seride dordiinci akvaryum kontrol olarak kullaniimistir.
Deneyler Ug tekrarli olarak yiritilmUs ve her tekrarda iki balik
kullanilmigtir.

Deney ortaminda metallerin derisiminin zamana bagl
degisimler olabilecegi igin deney boyunca akvaryum sulari ve
metallerin derisimleri iki giinde bir degistirilmistir. Kullanilan
kalsiyum CaCl olmus, Aliminyum ise AICIs6H20 (Merck)
olmus, deney boyunca cozeltiler deiyonize su ile taze
hazirlanmistir. Bu hazirlanan ¢dzeltiden uygun derigimler
uygun sulandirmalarla akvaryumlara uygulanmistir.

Her deney slresi bitiminde akvaryumdan kepge ile alinan
baliklar 6nce gesme suyu ile iyice yikanmis ve kurutma kagidi

ile yizeylerinde bulunan su damlaciklari alinmistir. Daha
sonra baliklarin kas, solunga¢ ve karaciger dokularinin
diseksiyonu yapiimistir. Doku ve organlar etiivde 150°C'de 48
saat slreyle kurumaya birakilmistir. Kuru agirliklari belirlenen
doku ve organlar deney tliplerine aktarilarak Uzerlerine 2 mL.
nitrik asit (Merck, % 65, O. A. : 1.40) ve 1 mL. perklorik asit
(Merck, % 60, O. A. :1.53) eklenmis (Muramoto, 1983) ve
ceker ocakta 120°C’'de 3 saat slreyle yakilmigtir. Yakimi
tamamlanan Grnekler polietilen tlplere aktariimis ve (zerleri
deiyonize su ile 5 mL." ye tamamlanarak aliiminyum analizine
hazir hale getirilmistir. Doku ve organlardaki Alliminyum
analizleri Perkin Elmer ICP-MS ile saptanmigtir.

Deneylerden elde edilen verilerin istatistik analizleri
“Regresyon analizi” ve “Student-Newman Keul's Test (SNK)”
testleri uygulanarak yapilacaktir (Rohlf ve Sokal, 1969; Sokal
ve Rohlf, 1969).

BULGULAR

Tim sirelerde (7, 14 ve 21. gin) 0.1 ve 1.0 mg Itt
aliminyum ortam derisimlerinin galisilan tim dokularda
aliminyum  birikimi istatistiksel olarak ayrim g6stermistir
(P<0.01). Aliminyum birikimi en fazla bobrek dokusunda
gerceklesmis, bunu solungag, karacijer ve kas dokusu
izlemistir.

Denenen tiim slrelerde alliminyum+kalsiyum karisimina
birakilan  baliklarin  dokularindaki  aliminyum  birikiminin,
dogrudan aliminyum etkisine birakilan baliklara oranla distk
oldugu saptanmistir (Tablo 1-3; SNK; P<0.01).

7. giinde O. niloticus doku ve organlarindaki aliminyum
duzeylerini kalsiyum onemli derecede aliminyum birikimini
azalmistir. Kalsiyum etkisinde azalmalar aliminyumun yalniz
etkisine gore karsilastirildiginda 0.1 mg It! Al etkisinde en
fazla sirasiyla solungag, karaciger, bobrek ve kas dokusunda
(%69, %51, %28 ve %18) olmustur. 1.0 mg It Al etkisinde en
fazla karaciger dokusu, bunu bdbrek, solunga¢ ve kas
dokusunda (%51, %49, %39 ve %13) olmustur (Tablo 1).

0. niloticus baliklarinin 14. glnde aliminyum ve Al+Ca
karisimlarinin  doku ve organlarda birikimi Tablo 2'de
gosterilmistir. Bu slre sonunda etkide kalinan aliminyum
derisiminin yalniz etkisi ile karsilastiriidiginda
aliminyum+kalsiyum karigiminda énemli bir azalma oldugu
gozlenmistir. Bu azalma 0.1 mg/L aliminyum ortam derigimi
etkisine gore Al+Ca karisiminda en fazla karaciger dokusunda
(yaklasik 2 kat), bunu bobrek, solungag ve kas dokulari
(yaklasik %27, %22 ve %6) izlemistir. 1.0 mg It alliminyum
ortam derisimi etkisinde ise bobrek ve solungag¢ dokusunda
azalma %82 ve %65 kadar olmustur (Tablo 2).

0. niloticus 21. giinde doku ve organlarindaki aliminyum
dizeyleri her iki aliminyum ortam derigimleri ve bunlarin
kalsiyumlu  karigimlari  etkisindeki baliklarin ~ dokularinda
aliminyum birikimi istatistiksel olarak anlamlidir. Kalsiyum
etkisinde Onemli derecede alliminyum birikimi azalmigtir.
Kalsiyum etkisinde azalmalar aliminyumun yalniz etkisine
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gore karsilastiridiginda 0.1 mg It1 Al etkisinde en fazla
solunga¢ dokusu, bunu karaciger, bobrek ve kas dokusu
(%76, %61, %37 ve %33) izlemistir. 1.0 mg It* Al etkisinde en

fazla solunga¢ dokusu, bunu karaciger, bdbrek ve kas
dokusunda (%59, %41, %23 ve %14) izlemistir (Tablo 3).

Tablo 1. O. niloticus doku ve organlarda alliminyum ve altiminyum+kalsiyum karigiminin etkisinde 7. glinde aliminyum birikimi (pg Allg. k.a.).

Derigimler Kas Karaciger Solungag Bobrek
(mgiL) X + SX * X +sx * X +SX * X +SX *
0.0 2.33+0.05 ax 1.16+0.01 bx 4.80+0.35 cx 29.44+0.43 dx
0.1Al 1.64+0.02 ay 4.76£0.06 by 6.39+0.08 cy 77.85+0.44 dy
0.1A+0.1Ca 1.48+0.01 ayz 4.16+0.01 bz 6.44+0.29 cy 76.83+0.41 dy
0.1Al+1.0 Ca 1.38+0.01 az 3.14+0.14 bt 3.78+0.10 bz 60.00+0.50 cz
0.0 3.20+0.05 ax 1.30+0.01 bx 4.69+0.04 cx 31.10+0.63 dx
1.0Al 3.60+0.14 ay 4.70+0.93 by 6.81+0.04 cy 85.70+0.29 dy
1.0 Al+1.0 Ca 3.43+0.08 axy 3.70+0.10 az 6.38+0.28 by 61.03+057 cz
1.0 AI+10.0 Ca 3.13+0.03 ax 3.10+0.01 at 4.87+0.35 bx 57.574£0.29 ct

*:a, b, ¢ ve d harfleri organlar arasi ayrimi belirlemek; x, y, z ve t harfleri derisimleri belilemek amaciyla kullaniimistir. Farkli harflerle gosterilen veriler arasinda

istatistik ayrim vardir (P<0,01). X + SX : Aritmetik ortalama + Standart hata.

Tablo 2. O. niloticus doku ve organlarda alliminyum ve alliminyum+kalsiyum karisiminin etkisinde 14. giinde alliminyum birikimi (ug Allg. k.a.).

Derigimler Kas Karaciger Solungag Bobrek

(mg/L) X + SX * X + Sx * X + SX * X + SX *
0.0 2.39+0.01 ax 1.39+0.01 bx 4.73+0.33 cx 29.33+0.28 dx
0.1Al 1.9240.03 ay 3.4340.11 by 5.17+0.46 cy 89.37+0.31 dy
0.1 A+0.1Ca 1.61+0.04 az 1.50+0.17 bx 4.84+0.10 cx 80.64+0.29 dz
0.1 A+1.0Ca 1.21+0.01 az 1.25+0.03 ax 4.21+0.52 bz 78.17+0.54 ct
0.0 3.23+0.03 ax 1.40+0.01 bx 4.69+0.05 cx 30.33+0.33 dx
1.0Al 3.9740.01 ay 3.7310.17 ay 7.4240.37 by 91.78+0.26 cy
1.0 Al+1.0 Ca 3.65+0.02 az 1.91+0.01 bz 5.60£0.12 cz 68.24+0.07 dz
1.0 AI+10.0 Ca 3.26+0.09 at 1.52+0.02 bt 4.48+0.07 cx 50.88+0.46 dt

*:a, b, ¢ ve d harfleri organlar arasi ayrimi belirlemek; x, y, z ve t harfleri derisimleri belirlemek amaciyla kullanilmistir. Farkli harflerle gosterilen veriler arasinda

istatistik ayrim vardir (P<0,01). X + SX : Aritmetik ortalama + Standart hata.

Tablo 3. O. niloticus doku ve organlarda aliminyum ve alliminyum-+kalsiyum karigiminin etlisinde 21. giinde aliminyum birikimi (g Alig. k.a.).

Derigimler Kas Karaciger Solungag Bobrek
(mgiL) X + SX * X +Sx * X + SX * X + SX *
0.0 2.33+0.02 ax 1.44+0.01 bx 4.80+0.01 cx 28.66+0.33 dx
0.1Al 2.69+0.16 ay 1.96+0.03 by 5.89+0.14 cy 62.31+0.72 dy
0.1Al+0.1Ca 2.23+0.01 ax 1.69+0.01 bx 457+0.13 cx 55.33+0.61 dz
0.1A+1.0Ca 2.01+0.02 az 1.21+0.02 bz 3.3340.12 cz 45.33+0.33 dt
0.0 3.31+0.01 ax 1.43+0.01 bx 4.80+0.01 cx 32.23+0.03 dx
1.0Al 4.71+0.07 ay 2.59+0.03 by 8.59+0.28 cy 95.73+0.36 dy
1.0Al+1.0Ca 4.03+0.02 az 1.93+0.01 bz 7.59+0.04 cz 88.16+0.03 dz
1.0 AI+10.0 Ca 4.10+0.02 az 1.83+0.03 bt 5.37+0.09 ct 77.35+0.17 dt

*: @, b, ¢ ve d harfleri organlar arasi ayrimi belirlemek; x, y, z ve t harfleri derigimleri belilemek amaciyla kullanilmigtir. Farkli harflerle gdsterilen veriler arasinda

istatistik ayrim vardir (P<0,01). X + SX : Aritmetik ortalama + Standart hata.

TARTISMA VE SONUG

Bu arastirmada alliminyum ve aliiminyum-kalsiyum
karisiminin belirlenen derigimlerinin 21 gin stireyle etkisi
sonunda baliklarda mortalite gbzlenmemistir. Bu da segilen
aliminyum ve kalsiyum derisimlerin O. niloticus tirli icin
oldurtcl olmadigini gosterir. Yine belirlenen siire ve ortam
derisimlerinin  etkisinde doku ve organlarda ylksek
derisimlerde metal birikiminin meydana gelmesine karsin
mortalitenin gézlenmemesi balikta var olan homeostatik
denge mekanizmalarinin iyi calistiginin bir gdstergesidir
(Thomas vd., 1985; Tort vd., 1987).

Ortamda bir stres etkeninin bulunmasi baliklari ¢ok hizli
etkilemektedir. Herhangi bir stres yemlere ilgisizlige,
akvaryumlarda bir tarafa toplanarak ve hareketlerinde bir
azalma olarak kendini gosterir (Buckley vd., 1982; McGeer
vd., 2000). Arastirmamizda deney siiresince alliminyum ve
kalsiyum ortam derisimlerinin etkisinde bulunan baliklarin
kontrol baliklarina oranla hareketsiz olduklari ve verilen
yemleri almadiklari gdzlenmistir.

Altiminyum sucul ortamlarda ciddi ekolojik problemlerle
toksisiteye neden olan zararli bir metal olup su ana kadar
bilinen bu metalin normal fizyolojik fonksiyonlari yoktur
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(Nayak, 2002). Fizyolojik degisiklikler farkli balik turlerinde
aluminyumun  kardiyovaskiler olarak ilgisi (Laitinen ve
Voltonen, 1995), hematolojik (Barcorolli ve Martinez, 2004),
solunum, iyon dizenleme, treme (Vuorinen vd., 2003),
metabolik (Brodeur vd., 2001) ve endokrin (Waring vd., 1996)
rahatsizliklari solunga¢ yapisal hasarlarla (Peuranen vd.,
1993) ilgilidir. Aliminyum tatl su baliklarinda akut iyon
regulasyonu solunum rahatsizliklarina hatta solungaglarda
Al*3olarak depolanmasina sebep olur (Poleo, 1995). Yapilan
bazi arastirmalarda aliminyum alimi anemiye neden olmakta,
kemik hasarlari birakmakta, bebeklerin erken dogumlarinda
beyin hasarlarina, bobrek fonksiyonlarini  bozmaktadir
(Sedman vd., 1985; D'Arcy, 1985; McGraw vd., 1986).
Alliminyum &zellikle asitli sularda temel bir toksikantdir
(Dickson, 1978).

Calismamizda alliminyum birikimi en fazla bdbrek
dokusunda gergeklesmis, bunu solungag, karaciger ve kas
dokusu izlemigtir. Calisilan tim doku ve organlarda kalsiyum
aliminyum birikimini azaltma egilimi géstermis ve koruyucu
etki yapmustir. Kalsiyum denenen tim siirelerde aliiminyum
birikiminin azaltiimasinda en fazla solungag dokusunda, bunu
karaciger, bobrek ve kas dokusu izleyen etki yapmistir.

Yapilan bircok arastirmada su ortaminda bir metalin
variginda balikta kalsiyumun etki mekanizmalari 1)
Cozilebilen metalin sert sularda 6zelliginin degismesine, 2)
sert sularda solunga¢ gegirgenliginin azalmasina ve dolaysiyla
metal alinminin azalmasina ve 3) Sert sularda klor
hicrelerinin artis sonucu metal atliminin artmasina bagl
olabilecegini belirtmiglerdir (Pascoe vd., 1986; Baldisserotto
vd., 2004). Arastiricilar cgesitli omurgali ve omurgasiz
hayvanlar (zerinde vyaptiklari calismalarda kalsiyum ve
magnezyumun metal birikimini azaltigini  saptamiglardir
(Gagnon vd., 1998; Comhaire vd., 1994; Barron ve Albeke,
2000; Hollis vd., 2000; Baldisserotto vd., 2004). Yapilan bir
arastirmada metalin aliniminin ve atiiminin suyun sertligi ile
iligkili oldugunu ve baliklarin metalleri sert suda daha fazla
atabildiklerini veya daha azaldiklarini saptanmistir (Pascoe
vd., 1986).

Baliklarin metalleri alinimi ve eliminasyonu ile ilgili ¢ok
sayida arastirma yapilmigtir (Allen, 1994; Regoli ve Orlando,
1994; Suresh vd., 1995; Riget vd., 1997; Baden vd., 1999). Bu
arastirmalarin  birgogunda metal toksisitesini azaltmada
kullanilan ~ selatlastirici  maddelerle ilgili arastirmalardir
(Friedhein vd., 1978; Graziano vd., 1985; Klavassen, 1985).
Ozellikle metal toksisitesinin azalmasinda EDTA, NTA, sitrat
gibi maddeler veya zeolit gibi madenlerde segilmektedir
(Simon, 1981; James vd., 1998; Cogun ve Sahin, 2012).
Baliklarda ortamda kalsiyum bulunmasi durumunda doku ve
organlarda ¢inko (Hardy ve Shearer, 1985; Barron ve Albeke,
2000), bakir (Wurtz ve Perschbacher, 1994), kobalt (Comhaire
vd., 1994) ve alliminyum (Glynn vd., 1992) gibi metallerin de
duzeylerinin - azaldigi  belirtilmistir. Kadmiyumun etkisine
birakilan O. mykiss’de sudaki yiksek kalsiyum derisimleri,
solungag, karacier ve bobreklerde kadmiyum birikimini
azalttigl ve dokularda kadmiyum birikimine karsi kalsiyumun

engelleyici etki yaptigi belirtilmistir (Hollis vd., 2000).

Baliklarda metal birikimi, doku ve organlar arasinda ayrim
gostermekle birlikte genellikle metabolik bakimdan aktif doku
ve organlarda yiiksek derisimlerde meydana gelmektedir
(Amiard vd., 1987). Metal birkimi bakimindan doku ve
organlar arasinda saptanan bu ayrim, doku ve organlarin
islevlerindeki farklilikla agiklanabilir (Cicik ve Erdem, 1992;
Melgar vd., 1997).

Solungaglar, bir baligin saatte yaklagik 48 litre suyun
gectigi onemli bir organidir. Bu nedenle balik solungaglari dig
ortamdaki metaller icin toksikolojide ik hedef dokudur ve
metalin viicuda girisinde 6nemli bir yer oldugu belirtilmistir
(Pelgrom vd., 1995; Tao vd., 1999). Aliminyum tath su
baliklarinda akut iyon regulasyonu, solunum rahatsizliklari ve
solungaclarda Al*3 olarak depolanmasina sebep olur (Poleo,
1995). Aluminyum balik solungag fonksiyonlarini etkilediginde
mukus saliniminin artmasina ve solunumu etkiler (Neville,
1985; Mc. Donald vd., 1989; Howells vd., 1994). Bu
arastirmada O.niloticus'’da bobrekten sonra en yiksek Al
birikimi - solungaglarda olmustur. Bu biyik bir olasilikla
solungaglarin genis bir ylizey alanina sahip olmasi ve
solungaglari  kaplayan mukusun metalleri tutmasindan
kaynaklanabilecegi dusuntimektedir. Ayrica aliminyumun
solungag dokusunda ylksek derisimde birikimi de,
kontaminasyon sonucunda solunga¢ dokusunda meydana
gelen mukus salinimi ve vyapisal bozuklukla agiklanabilir
(Pratap ve Bonga, 1993).

Yaptigimz ¢alismada aliminyum derisimleri etkide
kalinan slreye bagli olarak baligin solungaclarinda arttigi
saptanmistir. Al+Ca etkisinde O. niloticus solungaglarinda Al
birikimi en fazla azalma 21. giinde yaklasik %76 kadardir.
Solungag dokusunda aliiminyum birikimi (I) fazla miktarda
mukus olusumu (Muniz ve Leivestad, 1980), (Il) Aliminyum
birgok katyonla (Ca, Mg, Na ve H) solungac yiizeylerine
baglanmada rekabet etmesi (Exley vd., 1991), (Ill) kalsiyumun
su ortamini sert hale getirerek metallerin ¢dkmesine sebep
olmasi ile sudaki Al konsantrasyonunu azaltmasi (Dietrich ve
Schlatter, 1989) ile dokularda Al birikimini azaltmigtir.

Baliklarda bdbrekler metallerin atilimini saglayan nemli
bir organdir. Yaptigimiz galismada en fazla altiminyum birikimi
dokular arasinda bébrekler oldugu saptanmistir. Al+Ca
karisiminda ise yalniz Al etkisindeki baliklara gore Al
birikiminde bir azalma olmustur. En fazla azalma 14. giinde
yaklasik %82 kadar olmustur. Bu azalma sudaki Al
dizeylerinin  kalsiyum tarafindan azaltimasi sayesinde
olmaktadir. Ancak tim doku ve organlar karsilastirildiginda bu
azalma ¢ok fazla olmamistir. Bunun sebebi metal baglayici
proteinlerin sentezinin yapimi yerinin bébrekler olmasindan
(Schulz-Baides, 1974; Thomas vd., 1985; Wood, 1988) dolayi
olabilir.

Karacider metal biriktirmede c¢ok &nemli indikator bir
organdir. Baliklarda karaciger, metallerin depolanmasinda ve
detoksifikasyonunda gérev yapan 6nemli bir organdir (Ali vd.,
2003). O. niloticus ile yapilan bu galismada karacigerin
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aliminyum birikiminde bdbrek ve solungagtan sonra geldii
saptanmistir. Karaciger agir metallerin en fazla biriktigi bir
organdir (Olsson ve Haux, 1986; Hollis vd., 2001; Cogun ve
Kargin, 2004). Baliklarda karaciger metallothionein gibi
detoksifikasyon proteinlerinin bagslica sentezlendigi yerdir
(Olsson ve Haux, 1986; Cinier vd., 1999). Arastirmamizda O.
niloticus'da alliminyumun karacigerde birikmesi, alliminyum
depolanma ve detoksifikasyon mekanizmasinin etkin bir
sekilde isledigini gdstermektedir. Karacigerde alliminyum
birikiminin - Al+Ca karisiminda 6nemli diizeyde azaldigi
saptanmistir. Bu azalma en fazla 14. glinde kontrol baliklarina
gore yaklasik 2 kat kadardir. Azalmanin sebebi kalsiyumun su
ortaminda su sertligini yikseltmesi ve sert sularda aliiminyum
gibi metallerin daha az aktif olmasiyla ballk tarafindan
birikiminde az olmasina neden olmaktadir. Bazen ise metalin
vari§i karacigerde metallothionein sentezini tesvik ettigi
saptanmistir (Reichert vd., 1979).

Baliklarda kaslar, metal biriktirmede metabolik olarak aktif
bir doku degildirler. Tatl su baliklariyla yapilan aragtirmalarda
kas dokusunun aliiminyumu diger dokulara oranla disik
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Ozet: Bu arastirmanin amaci, a§ kafeslerde stirdiriilebilir yetistiricilik icin gelistirilen ve -Ag Kafeslerde Yetistiricilige iliskin Karar Destek Sistemi- olarak
adlandirlan bilgisayar yazilimini Gékgekaya Baraj Goli'nde ag kafeslerde gokkusagi alabaligi yetistiriciligi yapan yliksek kapasiteli (950 ton yilt) bir isletmede
kullanmaktir. Bilgisayar yaziliminin modlleri olan: i) alan siniflandirmasi, ii) alan segimi, iii) tagima yogunlugu-tasima kapasitesi ve iv) ekonomik degerlendirme,
secilen ag kafes isletmesinde uygulanmistir. AJ kafes isletmesi, alan siniflandirmasi ve alan segimi modllerini olusturan kriter (su- sediment kalitesi,
hidrometeoroloji ve sosyoekonomi) ve alt kriterler baglaminda - kétti, orta ve iyi olarak siniflandiriimistir. Bir diger bilgisayar yazilim modiili olan a§ kafeslerde
tasima yogunlugu degeri, ylksek kapasiteli isletme icin 17,72 kg m-3olarak saptanmistir. Baraj golinin tasima kapasitesi ise, ag kafes isletmesi verilerine gére
2.056 ton yilt olarak tahmin edilmistir. Ekonomik degerlendirme modiliinde, tasima yogunlugu ve bazi ekonomik parametrelere gore sermayenin geri dénlis
orani = %127 olarak hesaplanmistir. Gokgekaya Baraj Goli dmeginde kullanimi 6nerilen programin, hizli ve kolay uygulanabilir olmasi nedeniyle, Tiirkiye'de
farkli ekosistemlerde dagdiim gdsteren ag kafes isletmelerinin yonetimi ve yetistiriciligin cevresel etkilerinin izZlenmesi konusunda anahtar rol oynayacagi
dUstiniiimektedir.

Anahtar kelimeler: Ag kafeslerde yetistiricilik, Tagima kapasitesi, Bilgisayar yazilimi, Baraj golti, MOM, CADS_TOOL, Oncorhynchus mykiss.

Abstract: The aim of this research is application of a computer software for the developing sustainable cage aquaculture named -Cage Aquaculture Decision
Support Tool- on high capacity (950 tons year?) rainbow trout cage farm in Gokcekaya Dam Lake. The modules of the computer software program: i) site
classification, ii) site selection, iii) holding density-carrying capacity and iv) economic appraisal is applied at selected cage farm. The cage farm is classified into
three categories - poor, medium, and good- according to set of criteria (water- substrate qualities, hydrometeorology and socioeconomic) and sub-criteria of site
classification and site selection modules. Holding density which is the other computer software module is determined in cage farm as 17,72 kg m. Carrying
capacity of the dam lake is estimated in cage farm’s inputs as 2.056 tons year:. In the economical appraisal module; return on investment are calculated as
= 127% using cage-holding density and some economic parameters. Being a fast and easily applicable, the programme proposed to be used as a case study of
the Gokcekaya Dam Lake, is thought to play a key role in the subject of the management of different cage farms in distinct ecological areas and monitoring of the
environmental impacts of fish farming in Turkey.

Keywords: Cage culture, Carrying capacity, Computer software, Dam lake, MOM, CADS_TOOL, Oncorhynchus mykiss.

INTRODUCTION

In the recent years, a world-wide substantial increase in
the intensive aquaculture caused an increase of awareness in
the environmental impacts of fish farming and sustainable
farming to become important. The environmental impact of the
fish farming in inland water can be more dangerous than
marine fish farming. While the most common changes in water
quality are characterized by differences in nitrogen and
phosphorus concentrations, changes in sediment quality also
include differences in total nitrogen, total phosphorus, total
carbon, organic matter and redox potential (Demir et al., 2001,
Alpaslan and Pulatsu, 2008).

The importance of sustainable aquaculture, new models
are developing or existent models are calibrating with the new
technological and culture techniques. For example,

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

observation programs are used by governments in many
countries to monitor aquaculture’s environmental impact.
Additionally, simulation models have been developed to
estimate the effects of organic waste and wastewater from
aquaculture mixing with the local waters. However, in order to
prevent overuse of any single receiving environment and
optimize the use of shore resources, systems are needed
which combine modelling and observation programs with
environmental quality standards. The MOM system
(Modelling-Ongrowing Fish Farms-Monitoring) is one such
system (Ervik et al., 1997; Hansen et al., 2001; Stigebrandt et
al., 2004).

The -Cage Aquaculture Decision Support Tool
(CADS_TOOL)- is a computer program based on the MOM
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system and developed in recent years in parallel with the
increase in studies and the importance of this topic. This
program comprises four modules and it was created by the
Southeast Asian aquaculture industry to promote sustainable
cage aquaculture, and is available for free download on the
Australian  Institute  of  Marine  Science  website
(http://data.aims.gov.au/cads). The practical advantages of
this program are that each module can be easily applied and
that it can be used on any computer running Java (Halide et
al., 2009).

Because of the cage aquaculture in the dam lakes and in
the reservoirs, there can be some differences at the nutrient
levels. In Turkey's inland waters there are 1.587 licensed
aquaculture facilities, with a total capacity of 160.933 tons
yearl, Gokcekaya Reservoir is one of Turkey's reservoirs that
in recent years have begun to experience an increase in cage
aquaculture. It is located on the Sakarya River on the border
of Nallihan County (Ankara Province) and was constructed for
power production. It is reported that there are six approved
and operational aquaculture projects with a capacity of 3.858
tons/year, and an additional 17 pre-approved facilities with a
capacity of 13.200 tons/year in the reservoir (interview, Head
of Department of Aquaculture, General Directorate of Fishing
and Water Products, 2011).

In Turkey, there are limited researches about sustainable
cage farming in inland water (Pulatsii, 2003; Verep et al.,
2003; Anonymous, 2005; Buyukcapar and Alp, 2006; Buhan
et al., 2010; Polat and Ozmen, 2011). But for the sustainable
farming, there’s a necessity of a model which can give reliable
results in a short time and has technological information about
cage aquaculture. The programme proposed in the scope of
the present research, has not been used in our country and in
a dam lake in the context of sustainable aquaculture. For this
purpose, - a decision support system for the sustainable cage
aquaculture developing programme —shortly CADS_TOOL is
used at rainbow trout cage farm with 950 tons year! capacity
in Gokcekaya Dam Lake. In this context, study is focused on:

e |dentification of criteria and sub-criteria particular to
site classification in accordance with data obtained
from field and laboratory studies in context with the
first module;

e Evaluation of suitable site selection using the
second module of the above-mentioned program;

e  Calculation of the holding density of the cages and
estimation of the carrying capacity of Gokgekaya
Reservoir based on the criteria of the third module;

Implementing  economic  evaluations of the
considering the criteria of the fourth module.

systems

MATERIALS AND METHODS
Study Site

Built with the aim of providing electricity to Eskisehir
Province, Gokcekaya Dam Lake is located on the Sakarya
River between Sariyar and Yenice Reservoirs. The water from
Gokcekaya Reservoir empties into Yenice Reservoir. In a
study conducted in Gokcekaya Reservoir between the years
2005-2006, the reservoir's physicochemical water quality
properties were determined and chlorophyll-a and algae
species were detected; the reservoir's nutrient level was
reported as mesotrophic (Akin et al., 2008). This research was
conducted on high capacity (950 tons year?!) cage farm
producing portion-sized rainbow trout (Oncorhynchus mykiss
Walbaum, 1792) in the dam lake.

Sampling

Water and sediment samples were taken in May and
October 2011 in selected rainbow trout cage farm in
Gokcekaya Dam Lake.

Application of the Cage Aquaculture Decision Support
Tool (CADS_TOOL)

Data extrusion methods are presented below for the four
modules (site classification, site selection, holding density,
carrying capacity and economic appraisal) of the
CADS_TOOL computer program developed by Halide et al.
(2009) to promote sustainable cage aquaculture.

Site classification

Water quality: Lake water samples were collected from
surface and filtered through a Whatman GF/C membrane filter
and analyzed for ammonium. It was measured with
nesslerization method (Anonymous, 1995). Dissolved oxygen
(mg L) and Secchi depth (m) were measured by oxygen
meter and Secchi Disc in situ, respectively.

Substrat quality: Sediment samples were collected at cage
bottom and then air-dried, homogenized by grinding, and
finally passed through a 1.0-mm sieve for the texture analyzes
in laboratory conditions. Redox potential (mV) was measured
by pHmeter in situ. Organic matter (%) was determined by the
loss of weight during ignition at 550°C for 2 h (Kacar, 1995).

Hydrometeorology: Current (cm s1) was measured using
current meter in situ. Significant wave height (m)- the average
height of the one-third highest wave in a continuous wave time
series- was determined according to Halide et al. (2009).
Water depth was mesured dropping a weighted line marked
with depth increments and observing the total line required to
reach the bottom.

Socioeconomic: All sub criteria were determined
according to Halide et al. (2009). Proximity to market should
be scored as “near” if the fish can reach the market fresh
without requiring special infrastructure e.g. freezers.
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Infrastructure should be scored as “available” if all means that
keep the fish in fresh condition are available, such as
appropriate transportation, freezers, etc. Regulations should
be scored as “available” if laws preventing poaching and
conflicts in coastal zone usage are in place, or that
appropriate zoning laws are in place.

Site selection

In the computer program, the values produced by the site
classification module are automatically transferred to the site
selection module. Site selection, which is the second module
of CADS TOOL, is calculated using four different criteria.
Predictions of relative importance (RI) values were assigned
to the criteria and sub-criteria so that the total equaled 100.
Using the predictive approach, the variable range specified by
the criteria during the study and possible positive-negative
contributions to aquaculture were considered. After the values
were entered, site selection was determined automatically by
the program.

Estimation of holding density

Simplified MOM method was used to determine holding
density of the cage farm. Surface current is measured using a
current meter. Critical oxygen- ammonium concentration (mg
L1) in cage and critical bottom oxygen (mg L?) were
determined according to Celikkale (1994) and Halide et al.
(2009), respectively. Food conversion ratio (FCR= Dry weight
of feed consumed (g) / wet weight of gain (g)) was calculated
according to Laird and Needham (1987). The length of the
farm (Lf) was estimated according to Stigebrandt et al. (2004)
and the equation is given below:

“Li= The number of pens/The number of pens in rows x
(Pen length + The distance between the pens) - The distance
between the pens (m))”

where pen length (L), for non-square pens L is taken as
equal to the square root of the pen area.

Estimation of carrying capacity

In order to estimate Gokcekaya Reservoir's carrying
capacity, the phosphorus budget model was used, which is
based on data related to phosphorus consumption in inland
water. Total-P concentration (mg m-3) is measured according
to the ascorbic acid method outlined in Anonymous (1995). 60
mg m-3 is chosen as the value for maximum acceptable [P] in
temperature inland water bodies used for the culture of
rainbow trout (Dillon and Rigler, 1974). Phosphorus content of
fish (%) was determined according to Asir and Pulatsti (2008).
Morphometric and hydrologic characteristics of lake were
obtained from Anonymous (2011).

Economic appraisal

The equations used for the economic appraisal module
developed by Halide et al. (2009) are presented in Table 1.

Table 1. Input variables required for the economic appraisal (Halide et al.

2009)

Input variables

Economic appraisal formulae

Total weight of fish

Holding density (kg/m) x Cage
volume (m?3)

Total fish biomass

Total weight of fish / Mean fish
weight at harvest (kg)

Total number of seed

Total fish biomass / Survival rate of
fish seed (%)

Fed needed to produce biomass at
harvest

FCR x Total weight of fish

Total costs for seed

Seed cost x Total number of seed

Total costs for fed

Feed cost x Fed needed to produce
biomass at harvest

Total cost

(Total costs for seed + Total costs
for fed + Cage cost) (1 + Interest
rate)

Break-even price

Total cost / Total weight of fish

Reveneu

Fish price x Total weight of fish

Profit

Reveneu - Total cost

Return on investment (%)

100 x (Profit / Total cost)

RESULTS

Results from the application of the four modules that

constitute the CADS_TOOL computer program in Gokcekaya
Reservoir are presented below (Figure 1-5). The average
values for measurements taken at the operations in May and
October were used in the modules of the computer program.

Figure 1. Site classification of a rainbow trout farm

CADS_TOOL
File Help
Data Agreement | Site Classification | site Selection | Holding Capacity || Economic Appraisal
Site Classification
Selection of an appropriate site is aitical for sustainable and profitable aquaculture. This tab collects basic desaiptive data
for a partiailar site, and scores each against a set of suitability dass qiteria (see Appendix I of the Technical Guide to
CADS_TOOL). The scores are then passed on to the Site Selection tab, where the suitabilty of your site for the
development of a seacage farm will be determined.
Section 4.1 of the Technical Guide to CADS_TOOL desribes how to make the appropriate measurements. The normal range
for each variable is given in the Help bubbles.
Water Quality
Oxygen o
——
R
Substrate Quaiity
S
e
i
Hydrometeorology
e
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——
Socioeconomic
=
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Fie Help Fie Help
Data Agreement | Site Classification | Site Selection | Holding Capacity || Economic Appraisal | Data Agresment | Site Ciassification | Site Selection | Holding Capacity | Economic Appraisal
Site Selection Holding Capacity
This tab completes the process of site selection, based on scores carried over from the previous "Site [ Simplified MOM " Tookwinas et al” Hanafi et al} Pulatsu et B|]

Classification” tab and the relative importance of each of the iteria. Pulatsu et al Carrying Capadity

IMPORTANT: Note that the % rankings assigned to the 4 critera must sum to 100%, and the % rankings

e e e e T ‘This model is based on a phosphorus budget, and is used for freshwater cages in a lake. Output s tonnes per year

for the total water body.

Refer to Section 4.2 of the Technical Guide to CADS_TOOL for further explanation. ooy 5.5 1o the Tec el Gimie s CATRATO0L docries o s makie the: o pe oy siale mess eenis

Criteria Importance [%] Sub-criteria Importance [%] Site Classification P Initial [mg/m~3]
Water Quality Cogen P Maximum [mg/m-~3]
Lt P Content of Pellet [%]

P Retention in Fish [%]

Feed Conversion Ratic (FCR)
Mean Lake Depth m]

Lake Surface Area [kn~2]
Total Outflow [10~6m~3fyear
Lake Volumne [10~6m~3]

Carrying Capacity [68546.7997 tonnes/year

Secchi Depth

Substrate Quality Textures
Redox Potental

Organic Matter

Hydrometeorology Current
Wave
Water Depth

Socoeconomic Market

Infrastructure

Regulations

Reference: Pulatsil, 5. 2003. The application of Phosphorus budget model estimating the carrying capacity of
Kesikksprii dam. Turkish Journal of Veterinary Animal Sdences 27: 1127-1130

Figure 4. Carrying capacity of a rainbow trout cage farm determined by the
phosphorus budget model

Percentages OK!!

Figure 2. Site selection of a rainbow trout farm

Fie Help

Data Agreement | Site Classification | Site Selection | Holding Capadity | Economic Appraisal

Holding Capacity

Simpified MOM | Tookwinas et al || Hanafi et al || Pulatsu et al|
Simplified MOM Holding Density

This is a simplified version of the MOM (Modeling - On growing - Monitoring) method developed by File Help
Stigebrand et al. (2004). The original version of the model needs 28 inputs to run, and relates to salmon
ailture in the northern hemisphere — this version has been adapted to grouper, seabass and rabbitfish
ailture and requires only 9 variables as input. Output is density of fish per unit volume of cages.

[ Data Agreement | Site Ciassification | Site Selection | Hokding Capacity | Economic Appraisal |
Economic Appraisal

Section 3.3.1 of the Technical Guide to CADS_TOOL desaibes how to make the appropriate
measurements. NOTE: This tool is provided as a ready reconer for the potential economic viability of a farm. ACIAR/AIMS/DKP accept no
responsibiity for the predictions provided by this calcuiator.

Surface Current [an/e] The underlying assumptions are given in Appendix IV of the Technical Guide to CADS_TOOL
Current Standard Deviation [am/s] Holding Capacty (kg/m~3]
s Oygenimncoge g [0 Cage Yo 113
Critical Bottom Oxygen [mg/] Mean Fish Weight (ke
| ER— T —
Critical Ammonium in Cage [mg/l] Survival Rate [%)]
50y Mot e Feedcot er ke
e e
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Calculated Holding Density [17.7185 Kg/m "3 Fohprce fperkgl[s0 ]
Reference: Stigebrandt, A, Aure, 1., Ervik, A., Hansen, PK. 7004. Regulating the local enviranmental impact of ShrEEn R
intensive marine fish farming IIL. A rr!odai for estimation of the holding capacity in the Modeling-Ongrowing fish farm— Ratarn O s et
Monitoring system. Aquaculture 234: 239-261.

Figure 3. Holding density of a rainbow trout cage farm determined by the
simplified MOM model Figure 5. Economic appraisal of a rainbow trout farm
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DISCUSSION

In the scope of the research, possibility of using the
computer software, not applied before to the sustainable cage
aquaculture in our country, was investigated in the case of
Gokcekaya Dam Lake. Moreover, the program proposed for
the sustainable aquaculture — modules of site classification,
site selection, holding density and economic appraisal- was
applied to the inland water ecosystem for the first time with the
exception of marine ecosystems.

As a result of intensive aquaculture in reservoirs, several
changes in the nutrient level of the lake can occur. Water
column parameters are recognized as an important
component in the observation of sustainable cage
aquaculture. Since dissolved oxygen concentration is one of
the especially important criteria for breeding fish in cage
aquaculture, it is recommended that this criterion be observed
separately from the others (Hansen et al., 2001). The most
criterion for the site classification in this study is water quality,
and the selected sub-criteria show suitability with the site.
Even though the criteria and sub-criteria of CADS_TOOL's
site classification module proved suitable and adequate in the
case of Gokcekaya Reservoir, potential modifications should
be allowed for this module in order to adjust for various
receiving environments, as stressed by Halide et al. (2009). In
other words, the criteria chosen in this module should be able
to reflect differences particular to the site and/or the sub-
criteria should be adjustable.

CADS TOOL's site selection module contains four
different criteria, each with three sub-criteria. In this study, the
levels of importance of some of the sub-criteria, taking into
account the probability of environmentally-based threats to the
receiving environment in the coming years, were accepted as
water quality -40%, substrate quality -30%, hydrometeorology
criterion -20%, and socio-economics criterion -10%. As in site
classification, the user of CADS_TOOL must make decisions
regarding relative importance values of the criteria and also
regarding classification of the receiving environment in
accordance with the importance of the criteria.

Stigebrandt et al. (2004) indicate that holding density in
cage aquaculture systems is related with the size of the cage
farm, characterized by the critical cage oxygen-ammonium
concentration, the feed conversion ratio and number of rows
of cages/cage length. Because it was thought that these
parameters would also be important and sufficient in
estimating the holding density of the active cage aquaculture
operations in Gokcekaya Reservoir, the simplified MOM
method was chosen to estimate holding density in this study.

Results related with the carrying capacity of Turkey's
reservoirs make it possible to determine production levels that
will not damage water quality or create a risk of
eutrophication, giving direction to reservoir cage aquaculture
operations. Studies exist which apply the phosphorus budget
model (Dillon and Rigler, 1974) to various receiving
environments in Turkey (Pulatsi, 2003; Verep et al., 2003;

Anonymous, 2005; Buyukcapar and Alp, 2006; Buhan et al.,
2010; Polat and Ozmen, 2011). Applying the carrrying
capacity module of CADS_TOOL, the carrying capacity of the
reservoir, taking as a basis the total area of the lake and the
acceptable (maximum) total phosphorus concentration of 60
mg m?3, was estimated for the high capacity aquaculture
operation values as 68.547 tons year-. However, it was stated
in the ‘Protocol of the General Directorate of State Water
Operations for Reservoirs with Proprietorship or in Possession
of Planned Aquaculture’, signed in 2004 (Anonymous, 2004)
between the General Directorates of State Water Operations
Agricultural Production and Development, that the area set
aside for aquaculture must not exceed 3% of the reservoir's
area at minimum water level. For this reason, the carrying
capacity value for Gokcekaya Reservoir, according to high
capacity operation values, should be only 2.056 tons year-.

The total capacity of the approved operational and pre-
approved aquaculture sites in Gokcekaya Reservoir, the
venue of this study, is approximately 17.058 tons, and hence it
appears that the values delineated above for estimated
carrying capacity have been greatly exceeded. It can be said
that Gokcekaya Dam Lake has a high degree of use, and that
the environmental impact of its cage aquaculture operations
has exceeded its carrying capacity. In order to prevent
excessive use of the receiving environment or to limit
increasing use, monitoring levels should be chosen contingent
on the degree of environmental impact. In addition, some
components for disease control can also be integrated into the
monitoring program if necessary. When economic evaluation,
the final module of the CADS_TOOL program, was applied
the capital return on investment was determined as = 127%.

The outputs of the computer program named
CADS_TOOL recommended for use on selected cage farm in
Gokcekaya Reservoir will provide basic data for monitoring
the local impact of future aquaculture operations in the
reservoir. Within the scope of this research, a suitable
stocking level, proper feeding, a suitable flow rate and water
depth were determined as criteria positively affecting water
quality, and these components were in agreement with the
results from CADS_TOOL. The criteria and sub-criteria for the
modules of CADS_TOOL, constituting the basis of this study,
can be developed by modifying them to reflect variations in
the receiving  environment's  morphometric-hydrologic
properties and the characteristic properties of cage
aquaculture. Because the program is quick and easy to use, it
is believed that it will play a key role in the management of
cage aquaculture systems distributed among different
ecosystems in Turkey and in monitoring aquaculture’s
environmental impact there.
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