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Abstract: This study was carried out in order to determine the intra-specific variations in Barbus tauricus populations sampled from different
localities in the Black Sea Region. A total of 250 B. tauricus samples were collected from inland waters (Akcay Stream (Samsun), Engiz Stream
(Samsun), Terme Stream (Samsun) Karadere Stream (Trabzon) and Degirmenagzi Stream (Diizce)) of Black Sea Region. Intra-species variations
in the species of B. tauricus were determined using mitochondrial DNA cyt b squencing. The population genetic structure was revealed by
analyzing the molecular variance (AMOVA). For this study, a member of the related fish group, Cyprinus carpio L., 1758 (DQ868874.1)(as an
outgroup) and other Barbus species from the GENBANK database was used in comparative analyses. Therefore, total sequence of 1141 bp of
the cyt b gene region was obtained and 11 haplotypes were determined. The molecular data obtained by AMOVA revealed that there were
intraspecific variations of B. tauricus and that 26.61% of the variation were among the populations. The F; value estimated for all populations
and loci confirms genetic heterogeneity in B. tauricus populations (F.= 0.59310). Genetic analyses revealed that B. tauricus populations are
geographically structured.

Keywords: Crimean barbel, genetic structure, cyt b, Black Sea, Turkey

0z: Bu calisma Karadeniz Bélgesi'ndeki farkli alanlardan érneklenen Barbus tauricus populasyonlari arasindaki tiirici varyasyonlari ortaya
cikarmak icin gerceklestirilmistir. Karadeniz Bolgesi'ndeki farkli i¢sulardan (Akcay (Samsun), Engiz Cayr (Samsun), Terme Gayi (Samsun)
Karadere (Trabzon) and Degirmenagzi Deresi (Dlzce)) toplamda 250 6rnek yakalanmistir. Tur ici varyasyonlar mtDNA cyt b sekansi kullanilarak
saptanmistir. Populasyonlarin genetik yapilari molekuler varyans analizi (AMOVA) ile belirlenmistir. Bu calismada GENBANK veri tabanindan
alinan Cyprinus carpio L., 1758 (DQ868874.1)(dis grup) ve diger Barbus turleri karsilastirmali analizlerde kullaniimistir. Cyt b gen bolgesinin 1141
baz ciftlik toplam sekansi ve 11 haplotip elde edilmistir. AMOVA analizinden elde edilen molekdler veriler B.tauricus turici varyasyonun varhgini
ve varyasyonun % 26.1 oraninda gruplar arasinda oldugunu ortaya ¢ikarmistir. Tum populasyonlardan elde edilen F . degeri populasyonlardaki
genetik heterojeniteyi dogrulamaktadir (F,= 0.59310). Genetik analizler, B. tauricus populasyonlarinin cografik olarak farkliliklar gosterdigini
ortaya cikarmistir.

Anahtar kelimeler: Kirim biyikli baligi, genetik yapi, cyt b, Karadeniz, Tiirkiye
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INTRODUCTION

The taxonomic classification of organisms, and
understanding the diversity of biological life, were
usually based on descriptions of morphological
forms (Adams et al., 2004). However, when there were
phenotypically very similar species, there could be
some confusion in the studies. In terms of fisheries
management and biology, it is important to determine
the phenotypic variation caused by environmental
and genetic factors. In this way, a more accurate stock
management plan can be created. The use of genetic
techniques in fisheries science has revealed that many
phenotypically different populations or genera are
not genetically different. Sometimes it is quite difficult
to explain the reasons of morphological differences
between populations (Cadrin, 2000), but it is assumed
that these differences may be genetically related or
might be associated with phenotypic plasticity in
response to different environmental factors (Murta,
2000). Population genetic bottleneck, geographic
isolation, living environment, gene flow, and natural
selection have large effects on the genetic construction
of populations (Li et al., 2007). It has been found that
biogeography and long-term climate changes first
influence the genetic diversity and morphological
variations in the species with so many studies to date
(Stiling, 1992; Raven and Johnson, 1995; Cabral et al.,
2003; Pinheiro et al., 2005; Mahe et al., 2014).

In recent years, many molecular techniques have
been developed and Mitochondrial DNA (mtDNA)
sequencing is one of the these techniques. mtDNA
is the most studied part of the animal genome
because of many reasons (Avise, 1986). Mitochondria
are semi-autonomous organelles possessing their
own genome and the machinery for its replication,
transcription and for protein synthesis (Saccone et al.,
2000). Mitochondrial DNA requires fewer individuals
and find the source of the various haplotypes among
geographical regions faster than any nuclear markers
(Maes et al., 2003) and one of the most studied parts of
the genome in population studies (Tsigenopoulos et al.,
2002; Kotlik et al., 2008; Myoung and Kim, 2014; Im et
al., 2017). Mitochondrial DNA of animals consists of 37
coding genes (22 tRNA, 2 rRNA, 13 proteins) and one
noncoding region. It has been reported that cyt b genes
differ in population level. Consequently, this region was
preferred for a lot of studies (Gilles et al., 1998; Aboim
et al, 2005; Sevilla et al., 2007; Rylkova et al.,, 2013;
Kartavtsev et al., 2017; Kumar et al., 2017).

Cyprinidae is the most preferred fish family with
systematic and phylogeny studies. The world’s largest
freshwater fish fauna (with highest number of species)
belongs to the Cyprinidae, with over 200 genus and over
2100 species (He et al.,, 2008). Barbus tauricus Kessler,
1877 is a widely distributed fish species in Blacksea

watersheds (Kottelat and Freyhof 2007). Tauricus, the
genus epithelium, comes from Tauris and Taurida, the
names of the Crimean Peninsula in ancient Greek and
Latin (Banarescu and Bogutskaya, 2003).

The aim of this study was to examine the intra-
specific variation in B. tauricus populations sampled
from different localities in the Black Sea Region by using
mtDNA cyt b region.

MATERIAL AND METHODS

Sampling

A total of 250 B. tauricus samples were collected
from inlandwaters (Akcay Stream (Samsun), Engiz
Stream (Samsun), Terme Stream (Samsun) Karadere
Stream (Trabzon) and Degirmenagzi Stream (Diizce)) of
Black Sea Region with electroshocker (Table 1-Figure 1).

Table 1. Coordinates of sampling locations

Locality Coordinates Sampling Time

40°51'54.43"N

Karadere Stream August 2015
40°1'10.06"E
§i 5 41°05'07.21"N
Degirmenadzi ‘ July 2016
Stream 31°06" 06.50"E
41°05'30.99“N .
Akgay Stream . April 2016
37°07'20.89"E
41°09'34.03“N
Terme Stream ) June 2015
36°53'28.48"E
) 41°28'55.48"N
Engiz Stream August 2016

36°02'49.58"E

GO BATEURT

Figure 1. The map of study

50 samples from each locality were invastigated for
systematic position of Crimean barbel. ldentification
of the specimens was conducted following relevant
literature (Geldiay and Balik, 2007; Kottelat and Freyhof,
2007; Polat and Ugurlu, 2011). A total of 49 samples for
genetic studies were utilized in the laboratuary.
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DNA extraction

Caudal fin tissue of each samples were preserved in
98% ethanol and stored at -20°C until DNA extraction.
Total genomic DNA was extracted from 15-20 mg
of tissue by the INVITROGEN, PureLinkTM Genomic
DNA Tissue Kit using the following the manufacturer’s
protocol.

PCR amplifications and sequencing of cyt b

Fragment of the mtDNA, cyt b gene (1141
bp) was amplified by PCR using the following
primers: the entire mitochondrial cyt b gene was
amplified with primers located within the Glu tRNA
(5’GAAGAACCACCGTTGTTATTC-3") and Thr tRNA
genes (5-GATCTTCGGATTACAAGACC-3') PCR
was performed at 95 °C for 4 min, followed by 35
cycles at 95 °C for 30 s, 50 °C for 30 s, 72°C for 1 min
30 s, and a final extension at 72 °C for 5 min. PCR
products were visualized in 1.5% agarose low-melting-
point gels stained with ethidium bromide for band
characterization via ultraviolet transillumination.

Sequencing was performed directly using the
corresponding both forward and reverse PCR primers.
Sequence analysis was carried out at the Macrogen
sequencing service (Macrogen Inc, Amsterdam,
Netherlands).

Sequence alignment and genetic analysis

Nucleotide sequences were initially aligned using
Clustal X (Thompson et al., 1994) and the final alignment
was done manually with BioEdit (Hall, 1999). mtDNA
was analyzed to assess levels of pairwise nucleotide
variation and determine the nucleotide composition
for each population using MEGA 5 (Tamura et al., 2011).
The number of haplotypes (H), haplotype diversity
(h), nucleotide diversity (m), and the average number
of nucleotide substitutions (K) were calculated using
DnaSP v.5.10 (Librado and Rozas, 2009). Intra and inter-
population genetic diversity was measured by the
maximum likelihood estimation of the average number
of nucleotide substitutions per site within and between
populations (Nei, 1987). jModelTest v.0.1 (Posada, 2008)
indicated that the best-fitting model of nucleotide
substitution by Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC). Neighbor-Joining
(NJ: Saitou and Nei, 1987), Maximum Parsimony (MP)
and Maximum Likelihood (ML) algorithms are used to
determine the phylogenetic relationships between
populations. Relationships between the haplotypes
and concordance with geographic sampling locations
were assessed by constructing a statistically parsinomy
network at the 95% confidence interval using TCS 1.21
(Clement et al., 2000).

Maximume-likelihood phylogenetic analyses were
performed using the BEST approach implemented

in PhyML, version 3.0.1, which combines NNI (nearest
neighbor interchanges) and SPR (subtree pruning and
regrafting) algorithms to maximize tree likelihood
(Guindon and Gascuel 2003), and using the TIM1+I+G
models with parameters estimated by jModelTest
(Posada 2008): the base frequencies A=0.3068,
(C=0.3029, G=0.1286, T=0.2617, and the gamma shape
parameter equal to 2.2500, -InL= 4433.6746 for cyt b.

Phylogenetic relationships were inferred using
different analytical approaches, performed with PAUP
version 4.0b10 (Swofford, 2003) and PHYLIP v.3.68
(Felsenstein, 1993). Maximum parsimony (MP) analysis
was conducted assuming equal weightings for all
characters.

The population genetic structure was assessed by
analyzing the molecular variance (AMOVA) (Excoffier
et al.,, 1992) in ARLEQUIN v.2.0 (Schneider et al., 2000).
SplitsTree (Huson and Bryant, 2006) were used to
determine the relationships between haplotypes as
another approach. Barbus and Luciobarbus species from
GenBank database (AF090781, AF090780, KC465948,
AF095605, AF145935, AF090784, AF090782, AF090791,
AF090789, AF090786, AF095603 and AF090779) and
also Cyprinus carpio (DQ868874.1-outgroup) were used
in analyses

RESULTS
Sequence composition, nucleotide and
haplotype diversity

In the present study, complete cyt b sequences
(1141 bp) of B. tauricus from different localities were
aligned. Among the 1141 nucleotide sites, 33 bp
(2.89%) were variable, 31 bp (2.71%) were parsimony-
informative across all samples. MtDNA cyt b sequences
have already been used in inferring phylogenetic
relationships among species (Brito et al, 1997;
Machordom and Doadrio, 2001). Average nucleotide
composition of adenine (A), thymine (T), cytosine (C),
guanine (G) were examined as 28.11%, 27.19%, 29.26%
and 15.37%, respectively. Sequence analysis of cyt b
revealed 11 different haplotypes (Table 2). hand mwere
estimated as 0.7491 and 0.00474. The most common of
the haplotypes identified was the Hap 4 (Table 3)

NJ, MP, ML trees were drawn using TIM1+I+G model
(Figure 2, Figure 3, Figure 4). The cyt b sequences for
11 haplotypes were submitted in GENBANK under
accession number MHO013040-MH010350. Hap 6
(MH010345), Hap 7 (MH010346), Hap 10 (MH010349)
were found to be at a different level from the other
haplotypes (Figure 5). When the matrices of the
pairwise relations of these three haplotypes were
examined, it was observed that they were different
from other haplotypes. The highest genetic distance
was calculated between Hap 2 and Hap 7 (0.0117).
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Table 2. Distribution of cyt b haplotypes determined for Crimean barbel sampled from the Black Sea Region
(AS: Akcay Stream, ES: Engiz Stream, KS: Karadere Stream, TS: Terme Stream, DS: Degirmenadzi Stream)

Base Position

881111123344555666677888999991111

170125980607009444625349578890011

Haplotypes Localities
2131853951144056093461794702901
0243
Hap 1 CTTAATCCACGAATAGAGTAACGCAAGGATCGA AS
Hap 2 [ GO AS
Hap 3 JON C TR A... ES
Hap 4 JRC TR A...G ES, KS, TS
Hap 5 R CT— GA......A...G KS
Hap 6 T.GGCTTGAAGGCG..ACGGTAT.G.AGCTAG TS
Hap 7 T.GGCTTGAAGGCGA.ACGGTAT.G.AGCTAG TS
Hap 8 [ CT G....A...G TS
Hap 9 ..G... .G TS
Hap 10 T.GGCTTGAAGGCG...CGGT.T.G.AGCTAG TS
Hap 11 J K CT— C...GA...G DS

Table 3. Distribution and frequency of cyt b haplotypes of B. tauricus populations (AS: Akcay Stream, ES:
Engiz Stream, KS: Karadere Stream, TS: Terme Stream, DS: Degirmenadzi Stream)

Haplotypes AS ES KS TS DS Total
Hap 1 6 - - - - 6
Hap 2 - - - - 3
Hap 3 - 1 - - - 1
Hap 4 - 10 9 3 - 22
Hap 5 - - 1 - - 1
Hap 6 - - - 1 - 1
Hap 7 - - - 1 - 1
Hap 8 - - - 1 - 1
Hap 9 - - - 2 - 2
Hap 10 - - - 1 - 1
Hap 11 - - - - 10 10
Total 9 11 10 9 10 49
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Bootstrap consensus tree
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Figure 2. The NJ tree model was constructed for the cyt b gene region of the B. tauricus (1000 replicates)

(DQ868874)
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Figure 3. The MP tree model was constructed for the cyt b gene region of the B. tauricus (1000 replicates)
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Figure 4. The ML tree model was constructed for the cyt b gene region of the B. tauricus (1000 replicates)
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Molecular variance analysis (AMOVA)

AMOVA was performed using the ARLEQUIN for the
analysis of the hierarchical distribution of the variance
components. Assessment of the population structure

Figure 5. The tree model created using the SplitsTree
program for the cyt b gene region

is an important part of population genetics. Variance
components in groups, within groups, between
populations, and within populations were tested
against null distribution. It was found that 26.61% of
the obtained findings were distributed among the
groups, 32.70% among the populations within the
groups and 40.69% within the populations for cyt b
gene of 5 populations. The proportion of ‘within the
population’ variance component is large (40.69%) and
the variance components for the comparisons were
statistically significant (P<0.001) (Table 4). Multisample
and multilocus FST values were found to be significantly
higher than zero (FST = 0.59310), and the FST value
calculated for all populations and loci confirms genetic
heterogeneity in B. tauricus populations.

DISCUSION

The Barbel is a complex polyphyletic group of Old
World Cyprinidae that provides a fantastic model for

studying evolutionary phenomena in freshwater fish
(Berrebi, 1995). The genus Barbus has been described
by Myers (1961) as a ‘monstrous aggregation’ At the
present time, it is known that there are more than 1000
species of this genus together with their synonym
names. The study of the speciation of the genus Barbus
is an indirect means of understanding the evolution of
the freshwater fish fauna and particularly that of the
north Mediterranean basin (Berrebi, 1995). At the end
of the Pleistocene, there was a giant freshwater lake
in the Black Sea basin, which persisted for thousands
of years and only became a sea in the Early Holocene
(Ryan et al., 1997).

According to the phylogeographical evidence, this
ancient lake system provided glacial refugia for fluvio-
lacustrine barbels. Among these species included
in genus Barbus, B. tauricus is one of the species with
the widest distribution area. The main objective of
this study was to detect genetic variability within and
between the populations of crimean barbel.

Cyt b gene has been preferred for both in-species
and interspecific variations in many studies (Berrebi,
1995; Callejas and Ochando, 2002; Kartavtsev and Lee,
2006; Sakai et al., 2009; Markova et al., 2010; Zheng et al.,
2016; Behera et al., 2017; Kumar et al., 2017). There are
some studies about genetic structure of Barbus species
from different regions performed on understanding
the phylogeny among the species. Those studies were
focused on sequence of only mtDNA data of a single
or few specimens from each species (Tsigenopoulos
and Berrebi, 2000; Machordom and Doadrio, 2001).
However, there is no study that examines the variation
among populations of B. tauricus. Tsigenopoulus et al
(2002) investigated complete sequences of the cyt b
in order to infer phylogenetic relationships between
diploid, tetraploid and hexaploid ‘Barbus’ species
is occurring in southern Africa. Kotlik et al (2004)
reported sequence variation at the cyt b gene (1141

Table 4. Results of AMOVA analysis for B. tauricus

Source of Sum of Variance Percentage
. df . s F. F. P value
Variation Squares Componets of variation
Among groups 2 49.757 0.84961 26.61 0.5931* <0.001
Among
populations
e 22.926 1.04373 32.70 0.4455* < 0.001
within
groups
Within
. 57.154 1.29894 40.69 0.2662* < 0.001
populations
Total 48  129.839 3.19229
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bp) to assess the phylogeography of Barbus fishes
in the Black Sea Region and indicate that the refugial
Barbus populations remain as geographical isolates in
the Black Sea region, continuing to diverge genetically
from each other and from remaining populations. In
this study, complete sequence (1141 bp) of cyt b was
obtained, too. The results of present study also reveal
the necessity of a genus-based revision because of
phylogeographical lineages identified in the Black Sea
barbels as suggested by Kotlik et al (2004). Zordoya
and Doadrio (1999) were investigated evolutionary and
biogeographical patterns of European Cyprinids, the
results of that study provide a phylogenetic framework
which turns out to be very useful in revising the
systematics of some Barbus species. Tsigenopoulos and
Berrebi (2000) were investigated molecular phylogeny
of North Mediterranean freshwater Barbus species (21
different species except B. tauricus) inferred from cyt b
sequences and observed important genetic divergence
among species and subspecies of the genus Barbus
and confirm the necessity for a taxonomic revision.
The data obtained from the cyt b could help to identify
new species. Antal et al. (2016) were discovered
and described a new Barbus species, B. biharicus
according to cyt b sequence data. Similarly, according
to the results of this study, Hap 6, Hap 7, Hap 10 were
different from the other haplotypes (Figure 5). That was
interesting that these differences were not supported
by morphological studies. The authors were planning
more detailed studies on this subject.

AMOVA analysis was conducted to observe how
genetic variation was distributed among populations
and within populations. The results of AMOVA showed
the presence of high (40.69%) within population
variation which favored the haplotype differentiation.
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0z: Bucalisma; 2013 yiliNisanile 2014 yili Ocakaylariarasinda golii temsil edecek sekilde secilen 9istasyonda mevsimsel olarak gerceklestirilmistir.
Calismada Egirdir Golu'nuin su kalitesi durumunun belirlenmesi amaciyla fiziko-kimyasal su kalitesi analizleri gerceklestirilmistir. Su sicaklig,
¢6zlinms oksijen, oksijen doygunlugu (saturasyon), pH, elektriksel iletkenlik ve tuzluluk parametreleri yerinde 6lculiirken bulaniklik, kimyasal
oksijen ihtiyaci (KOI), siilfat (50,?), karbonat (CO,-?) ve bikarbonat (HCO,?) alkalinitesi, kalsiyum (Ca*?), magnezyum (Mg*), toplam sertlik
(TS), amonyum (NH,*"), potasyum (K*'), sodyum (Na*"), silisyum (Si*"), nitrit (NO,), nitrat (NO,"), orto-fosfat (O-PO,?) dl¢limleri laboratuvarda
titrimetrik ve spektrofotometrik yontemlerle tayin edilmistir. Calisma sonucunda yerinde 6l¢lilen parametrelerden ortalama olarak; su sicakhig
14,2 °C; ¢ozlinmus oksijen 9,05 mg/L; pH 8,78; saturasyon %90,0; elektriksel iletkenlik 383,4 uS/cm ve tuzluluk 0,28 ppt olarak belirlenmistir.
Laboratuvarda gerceklestirilen parametrelerden ortalama olarak gél suyu bulaniklik diizeyi 1,08 NTU; KOI 17,0 mg/L; SO,?26,57 mg/L; O-PO,?
0,05 mg/L; NH," 0,035 mg/L; NO," 0,032 mg/L; NO," 1,2 mg/L; CO_-* alkalinitesi 21,1 mg/L; HCO, alkalinitesi 197,55 mg/L; Ca**23,46 mg/L;
Mg* 34,80 mg/L; toplam sertlik 20 °F; K*' 2,82 mg/L; Na*' 9,57 mg/L ve Si*' 1,215 mg/L olarak belirlenmistir. Calisma sonucunda Egirdir Gélii
su kalitesinin Kita i¢i su kalite standartlari gére fiziksel ve bazi kimyasal parametreler agisindan 1.Sinif su karakterinde (Yuksek kaliteli su) oldugu,
bununla birlikte azot ve fosfor dlzeyleri acisindan dikkat edilmesi gerektigi, bu kapsamda gélin korunabilmesi adina havzanin 6zelliklerine
gore iyi bir koruma-kullanma plani uygulanmasi ve gerekli dnlemlerin alinmasi gerektigi sonucuna varilmistir.

Anahtar kelimeler: EGirdir Goli, fiziko-kimyasal parametre, mevsimsel degisim, su kalitesi

Abstract: This study was carried out seasonally in 9 stations selected to represent the lake in between April 2013 and January 2014. Physico-
chemical water quality analyzes were carried out in order to determine water quality parameters of Egirdir Lake. Water temperature, dissolved
oxygen, oxygen saturation, pH, electrical conductivity and salinity parameters were measured in situ. Turbidity, chemical oxygen demand
(COD), sulphate (SO,?), carbonate (CO,?) and bicarbonate (HCO,?) alkalinity, calcium (Ca*?), magnesium (Mg*), total hardness (TS), ammonium
(NH4*"), potassium (K*'), sodium (Na*'), silicon (Si*"), nitrite (NO,), nitrate (NO,") and orthophosphate (O-PO,?) were determined by titrimetric
and spectrophotometric methods in the laboratory. On the average of the parameters in the obtained; water temperature 14,2 °C; dissolved
oxygen 9,05 mg/L; pH 8,78; saturation 90,0%; electrical conductivity 383,4 uS/cm and salinity 0,28 ppt as was determined. Parameters
performed in the laboratory, on average, the turbidity 1,08 NTU; COD 17,0 mg/L; SO,? 26,57 mg/L; O-PO,? 0,05 mg/L; NH,*' 0035 mg/L; NO,
' 0,032 mg/L; NO,™ 1,2 mg/L; CO,? alkalinity 21,1 mg/L; HCO,? alkalinity 197,55 mg/L; Ca**23,46 mg/L; Mg*?34,80 mg/L; TS 20 °F; K*'2,82
mg/L; Na*' 9,57 mg/L and Si*' 1,215 mg/L as was determined. As a result of the study, it was determined that water quality of Egirdir Lake
is Class | water quality (High quality water) in terms of physical and some chemical parameters according to inland water quality standards.
However, attention has to be paid to nitrogen and phosphorus. In this context, it is necessary to apply a good protection-use plan and program
according to the characteristics of the basin and to take the necessary precautions in order to protect the lake.

Keywords: Egirdir Lake, physico-chemical parameter, seasonal change, water quality
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GiRIS

Su, canhlarin bitin biyolojik yasami ve bitin
insan faaliyetlerinde ihtiyactir. Su, yasam ortaminin
olusmasinda temel 6gelerden biri oldugu gibi ayni
zamanda kendisi de bir yasam ortamidir. Yasam icin
olmazsa olmaz 6n kosullardan biri oldugu icin yasam
ortaminda bulunmasi ve kalitesi de bilylk 6nem
tasimaktadir (Yanik vd., 2001; Akin ve Akin, 2007).

Yeryliziinun 3%’Gn0n sularla kapli olmasina karsin
icilebilir nitelikteki su orani ancak % 0,74 civarindadir.
XVIII.  ylzyllin  son c¢eyreginde, Sanayi Devrimi
baslangicinda 1 milyar olan diinya niifusu, 1950 yilinda
2,5 milyara, 2008 sonunda ise yaklasik 7,5 milyara
ulasmistir (S6nmez vd., 2008). Diinya nifusunun
bu denli hizli artisi, sanayi ve teknolojinin gelismesi
ve cevre bilincinin yeterince yerlesememesi veya
yayginlasamamasi gibi nedenler diinyada kullanilabilir
ve icilebilir su miktarinin giderek azalmasina neden
olmaktadir (Dagli, 2005; Atalik, 2006).

Goéller bolgesinde ve Isparta ilinin Egirdir, Gelendost,
Yalvag ve Senirkent ilceleri sinirlari icerisinde yer alan
Egirdir GOlu; Turkiye'nin ikinci buyk tath su goli olup,
Isparta ili Egirdir ilcesi'nin kuzeyinde, kuzey-giiney
dogrultusunda uzanan tektonik kaynakh bir goldir
(Anonim, 1999).

Ortalama 482 km? yiizey alanina sahip olan gol

deniz seviyesinden yuksekligi 917 m civarindadir.
Golun su girdisini yagmur ve kar sulari, bir kismi
yaz aylarinda kuruyan goéle akan kiguk dereler, gol
cevresindeki yeralti su kaynaklari ve gol tabanindaki
kaynak sulari olusturmaktadir. Su giderini ise basta
buharlasma olmak (izere Kovada kanalina verilen su ile
sulama amach alinan su ve basta Isparta il merkezine
alinan icme suyu, diidenler vasitasiyla meydana gelen
kayiplar olusturmaktadir (Giines vd. 2001; Giines
vd., 2011; WWF, 2013; Keskin vd., 2017). Bu calisma
Egirdir GOlu su kalitesi durumunu belirlemek amaciyla
gerceklestirilmistir.

MATERYAL VE YONTEM

Arastirma sahasi ve 6rnekleme noktalari

Arastirma kapsaminda ilkbahar, yaz, sonbahar ve kig
mevsimlerinde Egirdir Goli’'nde 9 6rnekleme noktasinda
su ornekleme islemleri gerceklestirilmistir. ilkbahar
orneklemesi 2013 yili Nisan ayi, yaz 6rneklemesi 2013
yil Temmuz ayi, sonbahar 6rneklemesi 2013 yili Ekim
ayi ve kis 6rneklemesi de 2014 yili Ocak ayi icerisinde
gerceklestirilmistir. Orneklemelerde Kayaagzi, Tasevi,
Asagitirtar, Barla, Gelendost, Sariidris, Yesilada,
Egirdir Hastane ve Aksu Cayi girisi bolgesi ornekleme
istasyonlari olarak belirlenmistir (Sekil 1). Egirdir Goli su
kalitesi 6rnekleme istasyonlari, koordinat ve ortalama
derinlikleri Tablo 1 ve Sekil 1'de verilmistir.

Tablo 1. Egirdir Goli su kalitesi 6rnekleme istasyonlari, koordinat ve ortalama derinlikleri
Table 1. Water quality sampling stations, coordinates and average depths in Egirdir Lake

istasyonlar istasyonun Adi Koordinat Ortalama Derinlik
1.istasyon Senirkent Kayaagzi 3%02?5233‘;2 35m.
2.stasyon Yalvag Tasevi zg;ggzgg’; 4,5 m.
3.istasyon Yalvag Asagitirtar 2%215:’,5; 57;(;’,,,'; 39m.
4.istasyon Egirdir Barla %22991322’; 5,8 m.
5.istasyon Gelendost 3?)29555?)56%'; 43 m.
6.Istasyon Egirdir Saridris 3;21%2‘;693317? 4,5m.
7.istasyon Egirdir Yesilada %zgéiﬁ??;’; 8,1 m.
8.istasyon Egirdir Hastane %0?1?)12%’; 4,3 m.
9.istasyon Egirdir Aksu Cayi 37°50'53.26"N 49m.

Girisi

30°53'08.06"E
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Sekil 1. Egirdir Golu su kalitesi drnekleme noktalar
Figure 1. Water quality sampling points in Egirdir Lake

Yontem

Egirdir Goli'nde 9 ornekleme noktasinda su
sicakhgi, pH, ¢dziinmis oksijen icerigi, saturasyon,
tuzluluk ve elektriksel iletkenlik 6lgtimleri YSI marka
Multiplus arazi 6lclim setiile arazide gerceklestirilmistir.
Daha sonra 6rnekleme noktalarindan 1 Llik kahverengi
siseler vasitasiyla érnekler alinarak Egirdir Su Uriinleri
Arastirma Enstitlst Mudurligu Kimya Laboratuvari’nda
sular fiziksel ve kimyasal yonden tayin edilmistir.
Fiziksel ve kimyasal analizler APHA, 1995 ve Egemen
ve Sunlu, 1996'da yer alan metodlara gére yapilmistir.
Bulaniklik tirbiditemetre ile direkt ol¢tlirken SO4'2,
baryum klorlr yéntemiyle; O-PO,?, fosfor molibden
mavi yontemiyle; KOI, kromosulfurik asit oksidasyon
yontemiyle spektrofotometrik; NO,", Griess reaksiyon
yontemiyle; NO3’1,2,6- dimetil fenol yontemiyle; NH4“,
indofenol mavi yontemiyle spektrofotometrik olarak
tayin edilmistir. TS; kompleksson yéntemiyle, CO,? ve
HCO3'2 alkalinitesi, asidimetrik yontem ile titrimetrik
olarak tayin edilmistir. Ca*?, Mg*?, K*!, Na*!, ve Si*'ise
Acme Laboratuvari (Kanada)'nda ICP-MS cihaziile analiz
edilmistir. Ayrica 6rnek alinan noktalarin derinlikleri
derinlik 6lcer ve 151k gecirgenligi ise Secchi diski yardimi
ile yerinde 6l¢cimustar.

Calisma sonucunda elde edilen verilerle ilgili
Microsoft Excel programi kullanilarak cizelgeler
hazirlanmig, her bir degerin minimum, maksimum,
ortalama deger ve standart sapmalari (S.D.)
hesaplanarak belirtilmistir. SPSS paket programi

yardimiyla bitln verilere varyans analizi (ANOVA) ve
istasyonlar arasindaki farki goérebilmek icin de Duncan
coklu karsilastirma testi uygulanmistir. Ortalamalar
arasindaki farkin 6nem durumu harflendirilerek
gOsterilmis ve anlamlilik diizeyi p<0.05 olarak kabul
edilmistir.

Analiz sonuclarinin degerlendirilmesinde ulusal
ve uluslararasi standart ve kriterden yararlaniimistir.
Egirdir Goli su kalitesi verilerinin degerlendirilmesinde
Yer(sti Su Kalitesi Yonetimi Yonetmeligi Kitaigi Su Kalite
Kriterleri'ne (Anonim, 2016) gore degerlendirilmistir.
Ayrica sonuglar daha onceki yillarda Egirdir Goli’'nde
yapilan calisma sonuclari ile karsilastirihp irdelenmistir.

BULGULAR

Egirdir Goli'nde belirlenen istasyonlardan alinan su
orneklerinin mevsimsel su kalitesi analiz sonuglari Sekil
2; Sekil 3; Sekil 4; Sekil 5; Sekil 6; Sekil 7; Sekil 8; Sekil 9;
Sekil 10; Sekil 11 ve Sekil 12'de verilmistir. Egirdir GOl
suyu sicakhgi 4,0-27,7 °C arasinda olup ortalama su
sicakligi 14,2 °C'dir. Sicaklik degisimleri ortalama olmak
lizere ilkbahar mevsiminde 12,4 °C, yaz mevsiminde
25.9°C,sonbaharmevsiminde 13,6 °Cve kis mevsiminde
ise 5,0 °C olarak belirlenmistir. Gl suyu pH’si 8,16-9,19
arasinda olup ortalama 8,78 olarak tespit edilmistir.
GOl suyu pH’si ortalama ilkbahar mevsiminde 8,91, yaz
mevsiminde 9,02, sonbahar mevsiminde 8,71 ve kig
mevsiminde ise 8,45 olarak belirlenmistir (Sekil 2).
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Sekil 2. Egirdir Golu mevsimsel su sicaklik ve pH icerik grafigi

Figure 2. Seasonal water temperature and pH content graph
of tgirdir Lake

ekil 3. EGirdir G6lU mevsimsel pH ve elektriksel iletkenlik
onduktivite) grafigi

Figure 3. Seasonal pH and electrical conductivity (conducti-
vity) graph of Egirdir Lake
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Sekil 4. Egirdir GOlu mevsimsel oksijen doygunlugu (satutas-
yon) ve KOI grafigi

Figure 4. Seasonal oxygen saturation and COD graph of
Edirdir Lake

Sekil 5. Egirdir GOlU mevsimsel sllfat ve orto-fosfat grafigi

Figure 5. Seasonal sulphate and ortho-phosphate graph of
Egirdir Lake
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5ekfilj. Egirdir GOlU mevsimsel amonyum ve toplam azot
grafigi

Figure 6. Seasonal ammonium and total nitrogen graph of
Edirdir Lake

Sekil 7. Egirdir GolU mevsimsel nitrit ve nitrat grafigi
Figure 7. Seasonal nitrite and nitrate graph of Egirdir Lake
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Egirdir Golu ¢ozlinmis oksijen icerigi 7,27-10,93
mg/L arasinda ol¢tilmiis olup ortalama 9,05 mg/L olarak
belirlenmistir. Cozinmis oksijen degisimleri ilkbahar
mevsiminde ortalama 9,64 mg/L, yaz mevsiminde
ortalama 8,12 mg/L, sonbahar mevsiminde 8,81 mg/L
ve kis mevsiminde ise 9,62 mg/L olarak belirlenmistir.
Elektriksel iletkenlik degerleri 357,4-426,1 pS/cm
arasinda olup ortalama 383,4 uS/cm'dir. Mevsimsel
elektriksel iletkenlik degerleri ortalama ilkbahar
mevsiminde 375,8 uS/cm, yaz mevsiminde 398,1 uS/cm,
sonbahar mevsiminde 391,9 uS/cm ve kis mevsiminde
ise 367,8 uS/cm olarak gerceklesmistir. Secchi derinlik
Olciimleri 0,7 m ile 6,0 m arasinda degismis olup
ortalama 2,9 m olarak belirlenmistir. Mevsimsel Secchi
derinligi ise ortalama olarak ilkbahar mevsiminde 1,9
m, yaz mevsiminde 4,1 m, sonbahar mevsiminde 3,7 m
ve kis mevsiminde ise 1,9 m olarak gerceklesmistir.

Diger su kalitesi parametrelerinden gol suyu silfat
konsantrasyonu 11,12-42,24 mg/L (ort.: 26,57 mg/L);

amonyum (NH,*") konsantrasyonu 0,011-0,124 mg/L
(ort.: 0,035 mg/L); toplam azot (TN) konsantrasyonu
045-3,09 mg/L (ort:1,28 mg/L); nitrit (NO,”)
konsantrasyonu 0,021-0,074 mg/L (ort.: 0,032 mg/L);
nitrat (NO,") konsantrasyonu 0,4-2,9 mg/L (ort.: 1,2
mg/L) arasinda degisim gdstermistir.

Bulanikhk 0,38-2,70 NTU (ort.:1,08 NTU); oksijen
doygunluk (saturasyon) orani %73,0-113,1 (ort.:90,0);
tuzluluk 0,25-0,32 (ort.:0,28) ppt; kimyasal oksijen
ihtiyaci (KOI) 11,3-26,6 mg/L (ort.: 17,0 mg/L); karbonat
alkalinitesi 5,4-46,8 mg/L (ort.: 21,1 mg/L); bikarbonat
alkalinitesi 134,20-298,90 mg/L (ort.:197,55 mg/L)
arasinda degisim gostermistir.

Kalsiyum (Ca*?) 14,93-39,84 mg/L (ort.:23,46 mg/L);
magnezyum (Mg*?) 26,62-38,52 mg/L (ort.:34,80 mg/L);
toplam sertlik (TS) 18-23 °F (ort.:20 °F); potasyum (K*')
1,79-3,46 mg/L (ort.: 2,82 mg/L); sodyum (Na*') 7,22-
11,65 mg/L (ort.:9,57 mg/L) ve silisyum (Si*') 0,517-2,734

orto-fosfat konsantrasyonu 0,01-0,08 (ort. 0,05); mg/L (ort.:1,215 mg/L) arasinda degisim gostermistir.
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Figure 12. Seasonal salinity and turbidity graph of Egirdir Lake

TARTISMA

Egirdir GolU su kalitesi izleme calismalari ilk kez
1953 yilinda Numann (1958) tarafindan gerceklestirilen
calisma ile baslamis ve o ¢calismadan bu yana Egirdir
Golu'nde pek ¢ok arastirmaci farkl metodlar kullanarak
bircok analiz ve 6lciim gergeklestirmistir. Calismalarda
arastirmacilar farkh metod ve analiz teknikleri
kullandiklari icin elde edilen sonuclar da birbirinden
farkhilik gostermistir. Bu ylizden aylik 6l¢iim sonuglari
elde edilen calismalar ayri ayri degerlendirilmis ve
genel gorusler ortaya konulmustur.

Yapilan calisma sonuclar irdelendiginde gol
suyunda olculen su sicaklik degerlerinin Yerlstiu Su
Kalitesi Yonetmeligi (Anonim, 2016) Su Kalite Siniflari
Tablo 1'de tavsiye edilen degerlere uygun oldugu ve
Kategorilere Gore Kalite Standartlarina gore de A1-K
Kalite Standardini sagladigi goriilmektedir. Erk’akan ve
Bayrak (1992) tarafindan 1988 yilinda yapilan calismada
ortalama sicaklik 15 °C olarak belirlenirken, Bulut vd.
(2009), 2005 yilinda aylik gerceklestirildikleri calismada
15,5 °C; Yaga vd. (2013) 2010 yilinda vyaptiklar
calismada 15,8 °C ve bu calismada ise 14,2 °C olarak
belirlenmistir. Gol ortalama sicakliginin 1989'dan bu
yana 6nemli bir degisim gostermedigi belirlenmistir.

GOl suyundaki yuksek pH, gol etrafindaki kireg
taslarindan kaynaklanmaktadir. Zira kire¢ taslar
yuksek oranda alkalilik 6zelligi gosteren maddeler
olup su icerisinde ¢o6ziindiigiinde su ortaminin pH’sini
yukseltmektedir. Gol suyu pH degerleri Yerusti
Su Kalitesi Yonetmeligi'nde (Anonim, 2016) I. Sinif
sular icin tavsiye edilen degerler ve Tablo 2: Gdller,
Goletler, Batakliklar ve Baraj Géllerinin Otrofikasyon
Kontroli Sinir Degerlerini asmamuistir. icme Suyu Elde
Edilen veya Elde Edilmesi Planlanan Yizeysel Sularin

Kalitesine Dair Yonetmelik (79/869/AB ile degisik
75/440/AB, 20.11.2005 tarih ve 25999 sayili Yonetmelik)
Kategorilerine Gore Kalite Standartlar’nda tavsiye
edilen A1-K degerlerine uygundur.

Oksijen, yasam icin olmazsa olmaz kosulu
tasidigindan su urdnleri ve su hayati icin énemli bir
parametredir. Suyun kalitesini gosteren en onemli
deger ¢ozlinmiis 0, miktaridir (Goksu, 2003). Calisma
slresinin tamamina ait sonuclar dikkate alindiginda
g0l suyunda Olclilen ¢6zlinmus oksijen miktari ve
doygunlugunun, iyi bir su kalitesi icin tavsiye edilen
degerleri fazlasiyla sagladigi goriilmektedir (ortalama
9,05 mg/L). Bu parametre bakimindan gol icinde
tabakalasma go6zlenmemistir. Gol ylizey alaninin
oldukca genis ve hakim rlizgarlara acgik olusu ve
yll boyunca esen riizgarlarla g6l suyu oldukca iyi
karismaktadir. Ozellikle kis mevsimi siiresince su-
atmosfer etkilesiminden sudaki ¢6ziinmus oksijen
seviyesinin arttigi anlasilmistir. Coziinmis oksijen
seviyesinin artisinda yiiksek olusunda su-atmosfer
iliskisinden ziyade g6l tabaninin biyik kismina yayilan
su ici bitkileri belirleyici olmustur. Oksijenin suda
¢ozinebilirligi sicaklikla ters orantilh olarak degisim
gostermektedir (Tanyolag 2000).

Egirdir Golu nitrat (NO,") degerleri 0,4-2,9 mg/L
arasinda olup ortalama 1,2 mg/L olarak belirlenmistir.
Mevsimsel NO, " degisimleri incelendiginde ise ilkbahar
doéneminde ortalama 1,1 mg/L, yaz déneminde 1,8
mg/L, sonbahar déneminde 1,1 mg/L ve kis ddneminde
ise 1,1 mg/L olarak belirlenmistir. Glines vd. (2011),
g6l suyunda 6l¢lilen nitrat azotu degerlerinin Yeristu
Su Kalitesi Yonetmeligi (Anonim, 2016) Tablo:1'de
tavsiye edilen degerler itibariyle I. Sinif su kalitesine
dahil oldugunu bununla birlikte mevcut degerlerin alg
Uretimini tesvik edici konsantrasyonlar oldugunu, bu
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bakimdan goldeki azot oranini artirici faaliyetlerden
(evsel atiklar, zirai ve hayvansal faaliyetler) kagcinmak
gerektigini bildirmistir.

Sulardaki nitritin kokeni azottur. Nitrit, sularda
amonyak ile nitrat arasindaki gecis formu su
ortamlarinda nitritin  bulunmasi, ¢ogunlukla sulara
organik madde karistiginin bir gostergesidir. Nitrit,
azotun oksidasyonu sonucunda olustugu igin, sularda
¢O6zinmuls oksijen miktarinin  azalmasina neden
olmaktadir. Egirdir GOlU nitrit (NOZ") Olcimlerine
gore, gol suyu NO,"icerigi 0,021 mg/L ile 0,074 mg/L
arasinda degismekte olup ortalama 0,032 mg/L
olarak belirlenmistir. Gol suyunda 6lgulen nitrit azotu
degerleri Yertsti Su Kalitesi Yonetmeligi (Anonim,
2016) Tablo:1'de tavsiye edilen degerler itibariyle .Sinif
su kalitesi ozelligi gostermektedir. Bununla birlikte
mevcut degerler 6zellikle etkilesimin fazla olduguyazve
sonbahar dénemlerinde nitrata gecisi hizlandirabilecek
alg Uretimini tesvik edici konsantrasyonlardir. Bu
bakimdan goldeki azot (N) oranini artirici faaliyetlerden
(evsel atiklar, zirai ve hayvansal faaliyetler) kesinlikle
kacinmak gerekmektedir.

Egirdir Goli amonyum (NH4”) Olctimleri 0,011-
0,124 mg/L arasinda olup ortalama 0,035 mg/Ldir.
Yapilan istatistiki analizlerde ise 1.istasyon (Kayaagzi)
ile diger butln istasyonlar arasindaki farkin istatistiki
olarak 6nemli oldugu gorilmustir (p<0.05). Egirdir
GOl amonyum azotu konsantrasyonu bakimindan
.Sinif su kalitesinde olup bunda golin kendini
strekli yenileyen o6zelliginin buyutk etkisi mevcuttur.
Zira yapilan arastirmalar Egirdir GolU'niin her yil 1/3
oraninda yenilendigini gostermistir (Keskin vd., 2017).
Bununla birlikte gol icin en buyuk risk 6zellikle dereler
vasitasiyla yagmurlu dénemlerde gole ulasan organik
maddenin sedimentte birikimi ve otlanma olarak goze
carpmaktadir.

Gulines vd. (2011), gol su kalitesi icin (azotla birlikte)
belirleyici besin elementi olan orto-fosfatin 6l¢lim
zamanina ve noktalarina bagh dagilim ve degisiminde
tespit edilen degerler olduk¢a disik seviyelerde
oldugunu, olcilebilen en yiliksek degerin 4,19 pg/L
(0,0041 mg/L) olup analitik 6lcim sinirnnin altinda
oldugunu bununla birlikte Egirdir Goli'nlin orto-fosfat
konsantrasyonu bakimindan ultra oligotrofik 6zellige
sahip iken, toplam fosfor konsantrasyonu bakimindan
bu o6zelligini kaybettigini ayrica daha ileriki trofik
kademeye ulagmamasi icin, evsel ve hayvansal atiklarin
ozellikle glibre kullanimlarinin kontrol altina alinmasi
ve mimkin oldugu kadar gol suyuna karismamasi
gerektigini  bildirmistir.  Arastirmacilar  yaptiklar
calismada g6l suyunda olculen fosfat degerleri
itibariyle Yerlsti Su Kalitesi Yonetmeligi (Anonim,
2016) Tablo 1: Su Kalite Siniflarina gore lLve Il. Sinif
sular arasinda Ozellik gosterdigini ayni degerlerin A1-K
Kalite Standardina dahil oldugunu yine ayni degerlerin

YerUstl Su Kalitesi Yonetmeligi (Anonim, 2016) Tablo
2: Goller, Goletler, Batakliklar ve Baraj Haznelerinin
Otrofikasyon Kontrolii Sinir Degerleri, Dogal Koruma
ve rekreasyonunda tavsiye edilen (0,005 mg/L veya 5
pg/L) seviyenin Ustlinde oldugunu, mevcut sonuglarin
2000-2001 (Gunes vd. 2001) calisma sonuglariyla
karsilastirildiginda, genel olarak fosfat seviyesinde
belirgin bir artis gdstermedigini bildirmislerdir.

GOl suyunda tayin edilen fosfatlar Kalite Standardi
bakimindan A1-K dederini saglamakta ise de, fosfat
besin elementinin 6zellikle azotla birlikte g6l su
kalitesi icin (alg Uretimi ve 6trofikasyon agisindan) son
derece onemli oldugu ve bu parametrenin mutlak
surette kaynaginda kontrol altina alinmasinin 6nemli
oldugu dikkate alinmaldir. Fosfatin gollerde miktari
sinirhdir.  Bircok mineralin yapisinda bulunmasina
ragmen, alkali topraklardaki ¢c6zinUrliginin az olmasi
nedeniyle sudaki miktari sinirlandiriimistir. Suya kaya
ve topraklardan gecebildigi gibi, yapay glibrelerden ve
endustriyel atiklardan da gecebilir (Guiler ve Cobanoglu
1997). Fosfat, oksijenli kosullarda derin gollerin
bentiginde birikirken, oksijensiz (anoksik) ortamlarda
dip c¢amurundan ayrilarak suya gecer. Oksijenli
ortamlarda ferrik (Fe*®) iyonu, PO, baglayacagi icin
verimlilik azalmasina neden olur. Sularda O-PO,
iyonu Fe*3, CaCO3 ve ¢camur (silt) ile Gg farkh yoldan
tutulmaktadir. Bunlardan, o&zellikle Uglinclsi  si§
gollerde ¢ok daha etkilidir (Goldman ve Horne 1983).

Egirdir Golu yuzey sularinda yapilan konduktivite
olciimlerine gore, gol suyu konduktivitesi 357,4-426,1
pmhos/cm arasinda olup ortalama 383,4 pmhos/
cm'dir. Elektriksel iletkenlik degerleri 220-417 pmhos/
cm arasinda degisim gostermistir (Erk’akan ve Bayrak,
1992; Bulut vd., 2009; Yagci vd., 2013). Bu degerler kabul
edilebilir degerler olarak gorilmektedir. Tathsularda
elektriksel iletkenlik 10-1000 pS/cm arasinda degisiklik
gostermektedir (Sezen, 2008).

Egirdir Goli'nde toplam alkalinite 140 mg/L CaCO,
ile 298 mg/L CaCO, arasinda degisim gdstermistir
(ortalama 219 mg/L CaCo,). Alkalinitenin ideal araligi
20-300 mg/L CaCO, araligi olup (Egemen ve Sunlu
1996) Egirdir Golu alkalinite duizeyleriise normal sinirlar
icerisinde yer almaktadr.

Su sertligi; icindeki Ca** ve Mg*™ iyonlarindan
kaynaklanmaktadir. Bu iki iyon birlikte suyun sertligini
olustururlar. Egirdir Goli'nde ortalama toplam sertlik
253,4mg/L CaCO,'tlir ve suyun sertligi 18-23 °F arasinda
degisim gostermistir. Sertlik siniflandirmasina gore ise
g0l suyunun “sert su” 6zelligi gosterdigi belirlenmistir.

TESEKKUR

Bu calisma, 3454-D2-13 nolu SDU-BAP projesi
tarafindan desteklenmistir.
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Abstract:The present study was carried out concerns a research of the age determination and some growth parameters of chub, Squalius
cephalus (Linnaeus, 1758) living in 14 different station from Karasu River (East Anatolia, Turkey). For this purpose, a total of 196 fish specimen
(100 females and 96 males) of S.cephalus were captured between 2014 and 2016 by electroshocker. Female/male ratio was 1/0.96. Minimum-
maximum length and weight of captured fishes were determined as 7.6-23.9 cm and 4.8-198.2 g, respectively. The age groups were
determined between 0 and 6. The parameters of von Bertalanffy growth function estimated as L_=31.98 cm, k=0.136 year™, t =-1.40 year for all
individuals. The growth performance index (®) value was computed as 2.143. The length and weight relationships W=0.0060L>?" (R?=0.98) for
all individuals. Significant statistical differences in condition factors between age groups and sexes were not found (P > 0.05, t-test).

Keywords: Squalius cephalus, age, von Bertalanffy growth function, Karasu River, Turkey

0z :Bu calisma, Karasu Nehri'nin 14 farkli istasyonunda yasayan tatlisu kefali, Squalius cephalus (Linnaeus, 1758) ‘nin yas tayini ve bazi biiyiime
ozelliklerinin arastirilmasi ile ilgilidir. Bu amacla, 2014 ve 2016 yillar arasinda elektrosokerle toplam 196 S.cephalus balik 6rnegi (100 disi
ve 96 erkek) yakalandi. Disi/erkek orani 1/0,96 idi. Yakalanan baliklarin minimum-maksimum uzunluk ve agirligi 7,6-23,9 cm ile 4,8-198,2 g
olarak belirlendi. Yas gruplari 0-6 idi. von Bertalanffy bliylime parametreleri tiim bireyler icin L_=31,98 cm, g, k=0,136 yil-1, t =-1,40 yil olarak
hesaplandi. Biylime performans indeks degeri (O) 2,143 olarak hesaplandi. Tim bireyler icin boy ve agirlik iliskisi W=0,0060L*%" (R?=0,98) dir.
Yas gruplari ve cinsiyetler arasindaki kondisyon faktorlerinde farkhliklar istatistiksel olarak anlamli bulundu (P > 0,05 t-test).

Anahtar Kelimeler: Squalius cephalus, yas, von Bertalanffy biiyiime fonksiyonu, Karasu Nehri, Tiirkiye

INTRODUCTION

Cyprinidae is the largest of fish family in Turkey.
S. cephalus (Linnaeus, 1758) is widely distributed all
over Europe, the Black Sea, Caspian Sea, and Azov Sea
basins (Geldiay and Balik, 1988; Kottelat and Freyhof,
2007). Several studies conducted at different localities
in Turkey have investigated the age, growth and
length-weight relationships of S. cephalus (Erdogan et
al.,, 2002; Kara and Solak, 2004; Torcu-Kog et al., 2007;
Sen and Saygin, 2008; Bostanci and Polat, 2009; Innal,
2010; Benzer, 2013; Kaptan, 2014; Ozay, 2014; Demirol

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

etal, 2016; Kilig and Becer, 2016; Benzer and Giil, 2017;
Ozcan et al,, 2017; Sasi and Ozay, 2017; Ozpicak et al.,
2018).

Age and growth studies are important for problems
associated with management of fisheries (Polat et al.,
1999). It forms the basis for calculations leading to a
knowledge of the growth, mortality, recruitment and
other fundamental parameters of their populations.
Thus knowledge of biological characteristics is critically
important in understanding, the future of the species
due to environmental changes. This study provides
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useful information on basic biological characteristics
such as age, growth, condition factor, length-weight
relationship of S. cephalus freshwater fish species in
Karasu River (14 different station, between Erzincan
and Erzurum).

MATERIAL AND METHODS

The study area, which is in the tributary of Karasu
in the East Anatolia region of Turkey (Table 1; Figure 1).
Samples were caught by electroshocker from Karasu
River. Fish samples were transported to the laboratory
and fixed with 5% formaldehyde. Fish samples were
measured to the nearest 0.1 cm for total length (TL) and
to the nearest 0.1 g for total weight (W) and sexes were
determined with macroscopic care of gonads. Female/
male ratios were checked by chi-square test according
to 1/1 difference.

Table 1. Geographic locations of the Karasu River during the
study area

Station Location Coordinate
1 Yesildag Stream 40208'13"'N 41925’49”’E
2 Yesildere Stream 40208'21"” N 41924’25"E
3 Kosk Stream 40205’45""N 41924'48"'E
4 Agasuyu Stream 39959’35’" N 41208’56”E
5 Sincan Stream 39259°40” N 41°07°21"E
6 Cigdemli Stream 39958'18" N 41201'23"E
7 Han Stream 39956’53" N 40246'08"'E
8 Tasagil Stream 3995744 N 40934'40”E
9 Karatas Stream 39956'13"” N 40207°51"E
10 Blylikgozenin Stream  39956’39”” N 40215’03"'E
11 Deligay Stream 3923808 N 39220'18"E
12 Karni Stream 39240°24” N 39213'34”E
13 Eri¢ Stream 3923036 N 389253'14"'E
14 Kirik Stream 39929°23” N 38244’37"E

The scales of fish species were used for age
determination. Scales were taken between the lateral
line and the dorsal fins. Scale preparation for ageing
was done according to method of Chugunova, 1963.
Age readings were made with an OLYMPUS BX53
microscope. Each scale was read least two times
by independent readers. The index of the average
percentage error (IAPE) was assessed to utilize the
accuracy of the age designates between readers.
The equation is stated as follows: IAPE=1/N X (1/R)
(xij- xj/xj), where N is the number of fish aged, R is the
number of times each fish was aged, xij is the ith age
determination of the jth fish, and xj is the mean age
calculated for the jth fish (Beamish and Fournier, 1981).

The von Bertalanffy growth function (VBGF) was
calculated with as follows equation (von Bertalanffy,
1938): L=L_ [1-e**], where Lt is the expected total
length at age t years, L_ is the asymptotic average
maximum total length, k is the growth coefficient, and
t, is the theoretical age at zero length.

The growth performance index  was
calculated as follows (Pauly and Munro, 1984):
(D>=Iog10(k)+2|ogw(Lw),where k and L_are the von
Bertalanffy growth equation parameters.

Total length-weight relationships were determined
using the equation: W = a L°, where W is weight (W),
L is total length (TL), a is the intercept, and b is the
slope. The degree of association between the variables
was calculated by the assess index, R* (Ricker, 1975).
Condition factors were calculated with the equation:
CF = (W /TLP)*100 where W is weight; TL is total length
and b is the index of allometric of relationship (Le Cren,
1951).
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Figure 1. Sampling stations on the Karasu River

RESULTS

The minimum, maximum and average total length
(cm), weight (g) and condition factor with standard
error (SE) for female and male according to age groups
a total of 196 S. cephalus are given in Table 2. The total
length and weight of individuals ranged from 7.6-23.9
cm to 4.8-198.2 g.

The ages of S. cephalus ranged from 0 to 6 years and
the age-one was dominant, fish population was 51.0%
female and 49.0% male (Figure 2). The differences in
length and weight between sexes was statistically
insignificant in all age groups (P>0.05). The sex ratio
(female/male) was calculated as 1/0.96 and chi-square
test showed that significantly different from equality (P
>0.05).
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Table 2. Min, max and average TL (cm), W (gr) and CF with standard error (SE) for female and male according to age
groups of S. cephalus from Karasu River

Age Sex n %n TL(Min-Max) TL+SE W(Min-Max) Wi1SE CFiSE
0 Q 15 10.43 8.0-10.5 8.8+0.51 4.9-12.7 7.5+1.43 1.050+0.03
a 14 9.56 7.6-9.5 8.4+0.37 4.8-9.6 6.8+1.01 1.107+0.04
Q 23 11.30 10.1-12.5 11.6+0.28 10.1-21.1 17.6+1.40 1.110+0.03
a 21 13.04 10.8-12.4 11.6+0.21 13.8-21.6 17.7+£0.94 1.131+0.02
I ? 15 7.82 12.4-14.6 13.44+0.37 24.4-37.3 29.7+£2.24 1.216£0.05
3 14 9.56 12.5-15.5 14.04+0.43 23.7-44.4 31.8+£3.15 1.135+0.04
I ? 16 6.95 15.3-16.8 16.15+0.28 42.2-55.4 48.8+3.39 1.163+0.09
a 20 6.08 15.6-16.8 16.331£0.26 55.1-57.6 56.6%£3.32 1.309+0.12
v ? 19 6.95 17.7-20.0 18.6+0.50 89.2-109.7 98.318.17 1.514+0.10
a 16 6.95 17.1-18.6 17.75+0.31 56.2-80.6 67.817.54 1.209+0.11
Vv Q 11 5.21 18.3-20.4 19.54+0.24 87.4-109.6 99.56%4.42 1.186+0.09
3 10 4.34 19.7-20.2 19.940.17 102.0-112.7 107.4+3.90 1.350£0.01
vi ? 1 0.86 . 222 - 133.9 1.223
a 1 0.86 - 23.9 - 198.2 1.451
All ? 100 51 8.0-22.2 13.81+0.38 4.9-133.9 40.6%£3.79 1.194+0.02
groups 3 96 49 7.6-23.9 14.49+0.39 4.8-198.2 47.5+4.00 1.205+0.02

According to the age estimations; the index of the
average percentage error (IAPE), the index of the mean
percentage error was found 7.37 by 2 independent
readers. This means that the confidence interval for
the reliability of estimations made are within 5 to
15%, indicating that our aging method represents a
precision approach to the age determination

(Girgin and Bagusta, 2016).

The parameters of von Bertalanffy growth, the mean
observed total lengths-at-age estimated as L =31.98[1-
e 013641401 for S, cephalus (Figure 3; Table 3). The growth
performance index (®’) value (all individuals) was
computed as 2.143.

100

" Male 30 9 Li=3198]1etniria
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80 1 ® All 25 1 :
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E 30 4 %15 J E E
2 =
£ 40 - 3 E
30 g 10 v
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10 3 # Estimated TL
O Observed TL
0 - 0 . . . . ; .
Age groups (years) Age (years)

Figure 2. Age groups-frequency for S. cephalus from Karasu River

Figure 3. Age-total length relationships according to age (all
individuals) for S. cephalus
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Table 3. The parameters of the growth and age-length for S. cephalus from Karasu River

Growth parameters

Age-length parameters

L k to 0%
Sex n a b R?
(cm) (year-1) (year)
Q 100  0.0058 3.27 0.98 30.69 0.140 -1.20 2.120
3 96 0.0069 3.20 0.99 34.31 0.128 -1.59 2.178

n, sample size; L_, asymptotic length; t, theoretical age; k, body growth coefficient; ®; growth

performance index

The length-weight relationships and 95%
confidence intervals of b (all individuals) were
calculated as W= 0.0060L3?7 (R?=0.98; b=3.12-3.33;
p<0.001). The growth type of S. cephalus was positive
allometric growth (b>3) from Karasu River (Figure 4).
The highest condition factor values were observed as
4 in age group (1.340).

250 4
W =0006L327
R*=0.98
200 4 n=1%6 °
.,
a5 150
’Eh :o
= lz .
2 100 o
= o.l__..
el
ot
50 4 g
0 5 10 15 20 25 30
Total length {cm)

Figure 4.Total length-weight relationships for S. cephalus (all
individuals)

DISCUSSION

In this study, total length and weight ranged from
7.6 to 23.9 cm and from 4.8 to 198.2 g, respectively in
the Karasu River. Average length and weight values
were 13.81+0.38 cm and 40.6+3.79 g for females,
14.49+0.39 cm and 47.5+4.00 g for males. These results
indicated that males had higher averages in terms of
length and weight than females from Karasu River. The
maximum lengths of S. cephalus were reported as 27.5
cm in the Aras River (Tirkmen et al., 1999); 26.2 cm in
the Topcam Dam Lake (Sasi and Balik, 2003); 40.5 cm in
the Karasu River (Mus), (Sen and Saygin, 2008); 35.3 cm
in the Camlidere Dam Lake (Bostanci and Polat, 2009);
27.9 cmin the Todirge Lake (Unver and Erk’akan, 2012)

and 22.8 cm in the Akcay River (Sasi and Ozay, 2017). In
this study, the maximum lengths of females and males
were found to be 22.2 to 23.9 cm, respectively, in the
Karasu River. The scale age readings were between
0 and 6 years of age. 1 age group was the dominant
group. Previous studies on the age of S. cephalus
were as follows: Karasu River (Erzurum, 1995-1997)
1-9 (Erdogan et al., 2002); Sir Dam Lake 1-6 (Kara and
Solak, 2004); Karasu River 1-8 (Sen and Saygin, 2008);
Uzuncayir Dam Lake 0-11 (Demirol et al., 2016); Todiirge
Lake 1-7 (Unver and Erk’akan, 2012) and Devres Stream
1-6 (Benzer and Gul, 2017). Age distributions give
information about important population parameters
(death, reproduction and development).

Asymptotic length of males was higher than
females (L. = 34.31 and 30.69); (Table 3). The reason
for this is that males grow faster than females and live
longer (Weatherley, 1972). While the maximum L.
values 74.0 cm in Sir Dam Lake (Kara and Solak, 2004)
and 60.75 cm in Karasu River (Mus) (Sen and Saygin,
2008); the minimum L. values 26.71 cm in ikizcetepeler
Dam Lake (Torcu-Kocg et al., 2007) for S. cephalus. Some
species, most of them short-lived, have a high value of
k (Sparre and Veneme 1998). In this study, Generally k
values were less than the same values observed other
studies (Table 4). These differences can be caused such
as the size and number of the largest individuals

The LWRs were highly significant; all species were
determined between length and weight very strong
positive relationship in Karasu River (R?>>0.98). The
equations for derivation of the lengths measurements
presented may enable researchers to gain useful
information about length conversions. The growth of
S. cephalus was positive allometric growth (b>3). There
have been different studies on the length-weight
relationships of S. cephalus are presented in Table 3
and these values were similar with this study. These
high values of R? show that the length relationships are
linear observed range of values. Regression analyses are
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shown that fish length have high significant correlation
with weight (P <0.001). Furthermore, when the t-test
results were analyzed for the significance of regression
coefficients (P <0.01).

The condition factors changed between 1.05-1.22
for females and 1.11-1.45 for males from our study area.
The minimum condition factor from lkizcetepeler Dam
Lake was given as 0.77 and maximum condition factor

from Devres Stream was given as 2.75 (Table 4).

This study gives useful information on age and
some growth parameters of S. cephalus from Karasu
River, (14 different station) Turkey. Fisheries managers
should consider creation of freshwater protected areas
with regional fisheries organizations. This research will
shed light on the comparison of growth characteristics
of S. cephalus in different regions.

Table 4. Population characteristics of S. cephalus presented different studies

Habitat Sex N a b R? Loo k to (0% CF Author
KarasuRiver @ 376 00142 2980 099 41.42 0.12 132 - 135 Erdogan et
(Erzurum) 3 383 00150 2952 098 3588 0.12 17 - 132 al, 2002
Sir Dam Q 234 00074 3174 098 74.00 0.17 082 2968 125160 .
Lake* 3 191 00063 3210 097 54.00 030 049 2941 118150 00
O+3 425 00069 3.190 098 - - - - - '
ikizcetepeler Q172 0023 287 090 28.89 0224 155 2263 0.77-240 Torcu-Kog
Dam Lake 3 242 0019 292 090 2671 0259  -155 2251 130-203 etal,2007
Karasu © 110 000895 3.138 098 60.75 0.09 032 2521 Sen and
River(Mus)* & 153 000828 3.162 097 3293 0.12 178 2114 1297 Saygin,
O+J 263 000844 3.156 098 60.75 0.08 033 2470 2008
Bost
CamlidereDam @ 72 0013 304 093 3851 0328 167 - 138199 Osnznc'
Lak 2 014 301 094 3412 371 2107 - 127191
ake 3 9 00 301 094 3 0.3 0 9 Polat, 2009
Sakf‘K?: fn?r"’er Q 175 00122 306 091 281 0.149 154 - 105233  Benzer,
3 192 00012 306 090 27.3 0.169 131 - 105273 2013
Stream)
KtrancaStream | © 171 00071 318 099 49.13 0127  -0488 - : Kaptan,
3 488 00093 308 099 3951 0137  -0682 - - 2014
Q 145 00116 297 096 3627 0102  -1372 - - .
AkcayStream 2 168 00780 316 097 2609 0281 0393 - - Ozay, 2014
161
® 0.0044 3294 93 3744 0.21 -144 5468 : )
Uzunﬁai'f Dam 2 169 00102 3027 g5 4925 0.09 291 5339 089130 Delm'fo' et
ake ’ : . al.,, 2016
93 334 00073 3335 095 4029 0.16 176 2414 104123
YenicagaLake Q+& 729 - - - 36388 0248 1278 - - Kili and
29 ’ ’ ’ Becer, 2016
© 170 00108 311 091 27.1 147- - 104235 Benzerand
DevresStream 2 159 00146 297 090 271 010160 a6 . 101275 Gl 2017
AkcayRiver(n @ 199 0026 272 098 3471 0.12 087 2160 1.03-1.99 Sasiand
Upper) 3 167 0025 275 098 3287 0.13 072 2140 096-1.97 Ozay, 2017
Karasu Q 100 00058 327 098 30.69 0.140 120 2120 1.05-1.22
River Erzin- & 96 00069 320 099 3431 0.128 159 2178 1.11-145 This study
can-Erzurum) 9+J4 196 0.0060 3.27 098 31.98 0.136 -140 2.143 1.05-1.45

*Tork Tength
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0z: Bu calismada, Homa Dalyanr’'ndaki siiliineslerde (Solen marginatus) mevsimsel olarak Hg, Cd, Pb ve Cr birikimleri arastinlmistir. En yiiksek
agir metal konsantrasyonlari, Greme donemi olan yazin saptanmistir. Bulunan Hg, Cd, ve Pb seviyeleri tolere edilebilir haftalik miktar (PTWI),
Turk Gida Kodeksi ve Avrupa Yonetmeligi (EC) seviyeleri ile karsilastirildiginda potansiyel saglik riski tasimamaktadir. Bunun yaninda, Cr
konsantrasyonlari PTWI degerinin tstlinde oldugu icin sullineslerde agir metal kirliliginin izlenmesi gerekir.

Anahtar Kelimeler: Solen marginatus, agir metal, sucul kirlilik, Homa Dalyani

Abstract: In this study; the accumulation of Hg, Cd, Pb, and Cr were investigated seasonally in razor clams (Solen marginatus) from the Homa
Lagoon. The highest heavy metal concentrations were found in summer which is spawning period. When detected Hg, Cd and Pb levels were
compared with provisional tolerable weekly intake (PTWI), Turkish Food Codex and European Regulations values, no potential health risk
was found. However, heavy metal pollution in razor clam from the Homa Lagoon should be monitored due to excessive Cr concentrations in
respect to PTWI value.

Keywords: Solen marginatus, heavy metal, aquatic pollution, Homa Lagoon

GiRIS

Kuresel olarak dagilmis kirleticilerin énemli bir
kategorisini olusturan agir metaller, yerkabugunun
dogal bileseni olarak bulunan ve binlerce yildir
endustriyel sektorde kullanilan elementlerdir (Hu,
2002). Son yillarda artan nifus ile beraber hiz
kazanan endustriyel faaliyetler, metallerin denizel
ekosisteme girisinde ve dagiliminda o6nemli rol
oynamaktadirlar. Agir metaller sucul sistemlerde
toksik, kalici ve genis dagilim 6zelligi gosteren kirletici
grubu olmalari nedeniyle 6nemli ¢evre sorunlarindan
birini olusturmaktadir (Carvalho vd. 1999). Yapilan
son arastirmalar gostermektedir ki; agir metaller ile
kirletilmis sucul ekosistemlerde organizmalar, su ve
besin yoluyla blinyelerine metalleri almaktadirlar.Viicut
icine alinan agir metaller, organizmanin kendisine zarar

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

vermeksizin birikebilir ve bir organizmadan digerine
gegisleri sirasinda konsantrasyonlari artarak trofik
seviyede tasinabilmektedir (Phillips, 1995; Hu, 2000;
Taylan ve Ozkog, 2007; Kayhan vd. 2009; Atabeyoglu ve
Atamanalp, 2010).

Deniz ortamina giren agir metal miktarlarinin
tespiti, cevre kalitesinin izlenmesi acisindan gereklidir.
Su veya sedimentteki kirletici miktar saptanarak,
sucul ortamin Kkirlilik derecesi belirlenebilir. Bunun
yaninda denizel ekosistemlerde kirleticinin kaynagi ne
olursa olsun kirliligin en bilyuk etkisi, 6zellikle bentik
organizmalar Uzerinde meydana gelmektedir. Sucul
alanlarin biyolojik izlenmesinde kullanilan tiim sucul
organizmalar arasindan bentik omurgasizlar en cok
kullanilan gruptur (Bonada vd. 2006). Dokularinda
metalleri biriktirmesi nedeniyle, son yillarda bentik
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organizmalardan olan Bivalve tirlerinin biyolojik
izlemede kullanimi artmistir. Biyoindikator olarak
kabul edilen Bivalve tirleri stizerek beslendikleri igin
¢O6ziinmus ve partikil haldeki kirleticileri biinyelerine
alirlar ve yodgun olarak biriktirip kendilerine zarar
vermeksizin uzun siire viicutlarinda tutabilirler. Ayrica,
bu tlrler genis alanlara dagilimlari nedeniyle kolayca
orneklenebilmektedirler (Farrington vd. 1983; Viarengo
ve Canesi, 1991; Viarengo vd. 2007).

Dalyanlar, sosyo-ekonomik degeri olan, birgok
dogal hizmete aracilik eden son derece uretken kiyisal
alanlardir (Gonenc ve Wolflin, 2005). Bu ekosistemler
nehirler, akarsular, yer alti sulan ve akintilar gibi
etmenler araciligiyla tasinan besleyici elementler
nedeniyle birincil Uretim icin uygun bdlgelerdir
(Anthony vd. 2009). Diger sucul ekosistemlerde
besleyici elementlerin kisitlayici etmen olmasi goz
oniline alindiginda dalyanlar dogal besin elementlerini
yuiksek miktarda icermesi sebebiyle ekolojik ¢esitliligin
ve Uretim miktarinin ylksek oldugu alanlardir. Turkiye
kiyilarinda yaklasik olarak 72 adet dalyan bulunmakta
ve bu dalyanlarin %40t Ege Bolgesi'nde yer almaktadir
(Elbek vd. 2003).

Turkiye'nin ekolojik ve ekonomik bakimdan énemli
veaktifdalyanlarindanbiriolanHomaDalyani,Menemen
ilcesi sinirlant icinde, izmir Korfezi'nin kuzeybatisinda
Gediz Deltasi'nda yer alir. Birinci dereceden sit alani

38.56

olan Homa Dalyani, RAMSAR sozlesmesi ile koruma
altinda olan Kus Cenneti'nin yani basinda yer almasi
nedeni ile ekolojik acidan ¢ok ©nemlidir. Dalyan
alan;; Homa Dalyani (esas dalyan) ve Kirdeniz Dalyani
(kiiciik dalyan) olmak tzere iki bolimden meydana
gelmektedir. Gediz Nehri'nin tasidigi allivyonlardan
dolayr kiicik dalyan alani siglasmis olup dalyan
ozelligini kaybetmistir. Calisma alani olarak secilen
bilyik dalyan boliminde maksimum derinlik 80 cm
olup, ortalama derinlik 40-45 cm'dir. Dalyan alaninda
zamanla artan siglasma nedeniyle izmir Biyiksehir
Belediyesi  tarafindan  derinlestirme  calismalari
yapilmistir. Menemen Ovasi'ndan gelen tarimsal atik
sular toplayan drenaj kanali, giibre ve tarim ilaglari gibi
kirleticileri dalyana tasimaktadir. Bunun yani sira Homa
Dalyani, Ege Bolgesi'nin en 6nemli akarsularindan
biri olan Gediz Nehri'nin ve izmir Kérfezi'nin getirdigi
organik ve inorganik kirlilik yiikii altinda olumsuz olarak
etkilenmektedir. (Atilgan ve Egemen, 2001; Uluturhan
vd. 2011).

Homa Dalyan’'nda ge¢mis yillarda balik, midye,
poliket tiirlerinde ve sedimentte agir metal ve pestisit
konsantrasyonlari arastirilmistir. (Mordogan vd. 1990;
Egemen vd. 1998; Sunlu ve Egemen, 1998; Atilgan ve
Egemen, 2001; Uluocak ve Egemen, 2005; Dora vd.
2007; Tas vd. 2009; Uluturhan vd. 2011; Tas ve Sunlu,
2013; Bilgin ve Suzer-Uluturhan, 2015, 2017).
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Sekil 1. Homa Dalyani, * drneklerin toplandigi bolge
Figure 1. Homa Lagoon, * sampling area
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Bivalve tirlerinden sillinesler (Solen marginatus),
denizlerde kumlu-camurlu alanlarda genis dagihm
gosterir ve gelgit bolgelerinde, yumusak sedimentte
yasamaya iyi adapte olmasi nedeniyle kiyi besin
zincirinde 6nemli yere sahiptir (Pechenik, 2000; Breen
vd. 2011; Hassan ve Kanakaraju, 2013). Sillnes tirleri
yenilebilir olmasi nedeniyle uluslararasi piyasalarda
yuksek fiyatlara satilmaktadir (Baron vd. 2004).
Silines, Homa Dalyani’nda da yogun olarak dagilim
gostermekte olup, avcihgr yapilmaktadir ve olta
balikciliginda yem olarak kullanilan bir tlrdir. Diinyada
ve llkemizde Solen sp tirlerindeki agir metallerin
birikimi ile ilgili cahismalar yeni ve oldukga azdir (Sunlu
ve Tasg, 2005; Kanakaraju vd. 2008a,b; Kamaruzzaman
vd. 2010; Yusoff ve Long, 2011; Saaedi vd. 2012; Hassan
ve Kanakaraju, 2013). Bu ¢alismada, Homa Dalyani'nda
dagihm gosteren S. marginatus tirinin yeni bir
biyoindikatdr tur olarak kullanilmasi ve yumusak
dokusunda Hg, Cd, Pb ve Cr konsantrasyonlarinin
mevsimsel degisiminin incelenmesi amaglanmigtir.

diusindlerek, silineslerde saptanan adir metal
seviyeleri, uluslararasi  alanda  kabul edilen
haftalik tuketim miktarn (PTWI) ile Tirk Gida

Kodeksi (2008) ve Avrupa Yonetmeligi (EC) (2006)
seviyeleriyle karsilastirilarak insan saghdr acisindan
degerlendirilmistir.

MATERYAL VE YONTEM

Bu calisma kapsaminda, 6rnekler, Homa Dalyani'nda
stllineslerin  (Solen marginatus) dagihm gosterdigi
kuzuluk bolgesinden (Sekil 1) mevsimsel olarak
Mayis 2015, Agustos 2015, Kasim 2015 ve Subat 2016
aylarinda elle toplanmistir.

Sullineslerin toplandigi bolgede suyun
fizikokimyasal ~ parametreleri,  tasinabilir  coklu
parametre (pH, sicaklik, tuzluluk) ol¢iim cihazi (WTW)
ile 6rnekleme aninda kaydedilmistir. CozUnmus
oksijen (CO) miktarlari ise Winkler titrasyon yontemi
ile belirlenmistir. Ornekleme dénemlerine ait sicaklik,

Bivalve tirlerinin  yaygin olarak tuketildigi  tuzluluk, pH ve CO degerleri Tablo 1'de verilmistir.
Tablo 1. S.marginatus’un biyometrik 6lgcimleri ve Homa Dalyani'nda fizikokimyasal parametreler
Table 1. Biometric data of S.marginatus and the physico-chemical parameters in Homa Lagoon
Bire Bo Sicakhk Tuzluluk
Mevsim v v pH CO (mg/L)
Sayisi (n) (mm) (°C) (ppt)

Mayis 2015 31 77.9-96.1 20.0 38.6 8.35 7.52

Agustos 2015 35 80.8-111.6 253 39.1 8.20 6.28

Kasim 2015 27 84.5-107.9 16.1 38.7 8.26 7.73

Subat 2016 46 71.1-100.2 1.4 37.0 8.21 6.93

Orneklenmis olan siiliinesler su dolu kiivetler
icerisinde Dokuz Eylil Deniz Bilimleri ve Teknolojisi
Enstitisi Deniz Kimyasi laboratuvarina tasinmistir.
Orneklerin, boy ve agirliklari 6lctilmustir. Olctimlerin
hemen ardindan, yumusak dokulari kabuktan ayrilarak
analize kadar derin dondurucuda (-18°C) saklanmistir.
Agir metal analizleri icin ayrilmig olan yumusak doku
ornekleri Freeze-Dryer'da dondurularak kurutulmus
ve parcalayici yardimi ile homojenize edilmistir. Kuru
doku orneklerinden vyaklasik 0.50 g tartilarak (Ug
tekrarh) nitrik ve perklorik asit (5:1) karisiminda kapali
mikrodalga sisteminde (Milestone) ¢ozilmustlr
(Bernhard, 1976; UNEP, 1982). Agir metal olglimleri
atomik absorbsiyon spektrometrede (AAS) (Varian
SpectrAA 280 FS ve 280Z) yapilmistir. Cd, Pb ve Cr icin
grafit firin ve Hg icin soguk buhar yontemi kullanilarak
analizler gerceklestirilmistir. Agir metallerin  tayin
limitleri Hg:0.05 pg/kg, Cd:0.10 pg/kg, Pb:0.10 pg/
kg ve Cr:0.10 pg/kg'dir. Metal analizlerinin dogrulugu
ve gecerliligi, NIST'ten (National Institute of Standart

and Tecnology) gelen midye referans maddesiyle
(SRM 2976) test edilmistir. Metaller icin g tekrarli
analizlerden elde edilen degerler (sertifika edilen deger
+ standart hata; bulunan deger + standart hata mg/kg
kuru agirlik), Hg:0.06+0.004; 0.07+0.005, Cd:0.82+0.16;
0.76+0.18, Pb:1.19+0.18; 1.33+0.09 ve Cr, 0.50 + 0.16:
0.61+0.03 seklinde bulunmustur.

istatiksel analizler, R yazihminda (strim 3.5.1)
agricolae  eklenti  paketiyle yapilmisti.  Metal
konsantrasyonlarinin mevsimsel degisimleri,
parametrik olmayan Kruskal-Wallis testiile incelenmistir
(p<0.05). Ayrica Pearson korelasyon testi kullanilarak
metal konsantrasyonlari ile boy ve fizikokimyasal
parametreler iliskilendirilmistir (|R] = 0.50, p <0.05).

BULGULAR

Homa  Dalyani’nda  olcllen  fizikokimyasal
parametrelere gore en yiksek sicaklik ve tuzluluk
degerleri Agustos ayinda saptanirken, en dusuk
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seviyeler ise Subat ayinda bulunmustur. Bunun
yaninda en ylksek ¢o6ziinmuis oksijen degeri Kasim
ayinda olgilirken, en disik deger ise Agustos ayinda
saptanmistir (Tablo 1).

Mevsimsel olarak 6rneklenen siliineslerin yumusak
dokusunda saptanan Hg, Cd, Pb ve Cr konsantrasyonlari
Sekil 2-5'te verilmistir. En dasik Hg (0.04 mg/kg), Cd
(0.32 mg/kg) ve Cr (12.3 mg/kg) konsantrasyonlari
Kasim ayinda, Pb seviyesi ise (1.42 mg/kg) Subat
ayinda bulunmustur. Yumusak dokudaki en yiiksek Hg
konsantrasyonu 0.13 mg/kg ve Cd seviyesi 0.93 mg/kg
olarak Mayis ayinda saptanirken; Pb: 3.09 mg/kg ve Cr:
32.4 mg/kg olarak Agustos ayinda bulunmustur.

Metal konsantrasyonlari karsilastirildiginda
Cr>Pb>Cd>Hg birikim  siralamasi  belirlenmistir.
Elde edilen sonuclara gore sillneslerde Cr ve Pb
akumilasyonlari yuksek oldugu gorilmastar.

Pearson korelasyon analizine goére; bulunan agir
metal konsantrasyonlar fizikokimyasal parametreler
ile beraber iliskilendirildiginde, sicaklik degerleri ile Cd
(R=0.66), Pb (R=0.95) ve Cr (R=0.92) konsantrasyonlari
arasinda kuvvetli pozitif iligkiler saptanmistir. Tuzluluk,
Pb (R=0.69) ve Cr (R=0.61) seviyeleriile pHise sadece Hg
(R=0.68) konsantrasyonu ile pozitif iliskili bulunmustur.
Ote yandan c¢oéziinmiis oksijen dizeyleri ile Cd (R=-

0.56), Pb (R=-0.53) ve Cr (R=-0.70) konsantrasyonlari
arasinda negatif iliski saptanmistir.

Pearson korelasyon analizine gore, sullneslerin
boylari ile Hg konsantrasyonlari (R=-0.57) arasinda
negatif bir iliski saptanmistir. Bunun yani sira, 6rnek
boylarinin Cr ve Pb seviyeleri ile zayif pozitif bir iliskileri
bulunmaktadir.

Kruskal-Wallis ~ testine goére; Hg ve Cd
konsantrasyonlarinda anlamh mevsimsel farkhhklar
gozlemlenirken (Sekil.2 ve 3), Pb ve Cr icin mevsimsel
bir farkhhk bulunmamuistir.

Saghk riski degerlendirilmesi icin, sillineslerde
saptanan Hg, Cd, Pb ve Cr konsantrasyonlari PTWI
degerleri (tolere edilebilir haftalik miktar), Tirk
Gida Kodeksi ve Avrupa Yonetmeligi seviyeleri ile
karsilastiriimistir (Tablo 2). PTWI degerleri FAO/WHO
(2004, 2010) ve ATSDR (2016), degerlerine bagli olarak,
yas agirlik olarak ve 70 kg agirhgindaki bir yetiskine
gore hesaplanmistir. S6z konusu tirlerin insan sagligi
ile iliskisi degerlendirildiginde, bu calismada saptanan
maksimum Hg, Cd, ve Pb konsantrasyonlari PTWI,
Turk Gida Kodeksi (2008) ve Avrupa Yonetmeligi (EC)
(2006) degerlerinin altindadir. Ancak stliineslerdeki Cr
seviyesi PTWI degerinin oldukga Ustiinde saptanmistir.
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Sekil 2. S.marginatus'un yumusak dokusundaki Hg konsantrasyonla-
ri (mg/kg kuru agirlik), a, b, ¢ ve d anlaml mevsimsel farkliliklari ifade
eder (p<0.05)

Figure 2. Hg concentrations in soft tissues of S.marginatus (mg/kg
?ryafvoesi?ht), a, b, c and d indicate significant differences of seasons
p<0.

Sekil 3. S.marginatus'un yumusak dokusundaki Cd konsantrasyonlari
(mg/kg kuru agirlik), a, b, ¢ ve d anlaml mevsimsel farkhlklari ifade
eder (p<0.05)

Figure 3. Cd concentrations in soft tissues of S.marginatus (mg/kg
?rya/voesi?ht), a, b, c and d indicate significant differences of seasons
p<0.05).
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Figure 4. Pb concentrations in soft tissues of S.marginatus (mg/kg
dry weight)

Sekil 5. S.marginatus'un yumusak dokusundaki Cr konsantrasyonlari
(mg/kg kuru agirhk)

Figure 5. Cr concentrations in soft tissues of S.marginatus (mg/kg dry
weight)

Tablo 2. Homa Dalyanr'ndaki suiliineslerdeki agir metal konsantrasyonlari (mg/kg, yas agirlk), PTWI,
Tiirk Gida Kodeksi ve Avrupa Yonetmeligi degerleri (mg/kg yas agirlik)

Table 2. Heavy metal concentrations in razor clam from the Homa Lagoon (mg/kg wet weight), PTWI,
Turkish Food Codex and European Regulations (EC) values (mg/kg wet weighg

Hg cd Pb Cr
Homa Dalyani 0.01-0.03 0.08-0.21 0.40-0.59 3.27-7.19
PTWI 0.35° 0.40° 1.75? 2.45¢
Tirk Gida Kodeksi 0.50 1.00 1.50 -
Avrupa Yonetmeligi 0.50 1.00 1.50 -

PTWI degerleri »: FAO/WHO (2004); »: FAO/WHO (2010) < ATSDR (2016). Agir metal
konsantrasyonlari, kuru agirhktan yas agirliga cevrilerek verilmistir. Siilines icin bu

donlistim orani 0.23 olarak bulunmustur.

TARTISMA

Bu calismada, Homa Dalyani'nda dagilim gdsteren
ve potansiyel bir indikator tir olma 6zelligi tasiyan
S.marginatus’un yumusak dokusunda Hg, Cd, Pb ve Cr
konsantrasyonlari arastirilmistir. Elde edilen sonuclara
gore siliineslerin 6nemli derecede agir metalleri
biriktirebildikleri ~ saptanmistir. ~ SllUnesler, gelgit
bolgelerinde ve yumusak sedimentte yasamaya iyi
adapte olmuslardir. Suyu siizerek beslenmelerinden
dolayr binyelerine aldilant  metalleri  akimiile
edebilirler (Christopher vd. 2010; Yap vd. 2009). Yapilan
arastirmalara gore, yiksek metal degerlerine bagh
olarak, stltineslerin Pb, Cd ve Cr icin biyoindikator tir
olma potansiyeli oldugu bildirilmistir (Yusoff ve Long,
2011). Bu calismada agir metal konsantrasyonlarina
gore; Cr>Pb>Cd>Hg birikim siralamasi ile en yulksek
metal biyoakimilasyonun Cr ve Pb icin oldugu

saptanmisti.  Calisma  sonucunda  sillUneslerde
bulunan metal kirliligi, Uluturhan vd. (2011)'nin
Homa Dalyani sedimentinde saptadiklari Hg, Pb
ve Cr kirliligi ile paralellik gostermektedir. Bu metal
kirliliginin, izmir Korfezinden ve Gediz Nehri'nin
tasidigi evsel, endustriyel ve tarimsal kaynakli oldugu
dusinilmektedir (Atilgan ve Egemen, 2001; Parlak vd.
2006; Uluturhan vd. 2011).

Kirleticilerin hizli bir sekilde tasinmasi nedeniyle;
sucul ekosistemler, agir metal ve organik kirleticilerin
biriktirilmesinde yiksek potansiyele sahip alanlardir
(Huang vd. 2007). Sucul organizmalar, agir metallere
genellikle su, besin ve sediment aracihigiyla maruz
kalirlar. Fakat, bu proses ortamdaki adir metal
seviyelerine bagl oldugu kadar organizmanin
ekolojik ihtiyaclarina ve metabolizmasina da baglhdir
(Roesijiadi ve Robinson, 1994). Metallerin mevsimsel
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Tablo 3. Farkli bolgelerde ve Homa Dalyani’'ndaki Bivalve tiirlerinde agir metal konsantrasyonlari (mg/

kg, kuru agirhk)

Table 3. Heavy metal concentrations in various Bivalve samples from different areas and the Homa

Lagoon (mg/kg dry weight)

Tar Bolge Hg Ccd Pb Cr Kaynakga
. Kanakaraju vd.
S.regularis Moyan 0.5-1.1 23.7-33.6 (2008)a
. Kanakaraju vd.
S.regularis Serpan - 0.6-1.2 - 25.3-35.6 (2008)b
. . Kamaruzzaman
S. brevis Tanjung lumpur - 0.67 1.61 - vd. (2010)
S.regularis Sarawak - 2.35 4.85 6.1-10.1 Yusoff ve Long,
(2011)
S.dactylus Basra Korfezi - 1-3 4-7 1.0-6.0 Saaedivd. (2012)
. Hassan ve Kana-
S. sarawakensis K. Selangor 0.05 21.08 - 23.8-31.8 Karaju (2013)
. T Ozsuer ve Sunlu
L. lithophaga Izmir Korfezi - 0.64-8.71 3.22-19.8 -
(2013)
M. galloprovincialis ~ HomaDalyani  0.11-0.15  0.24-049  0.84-2.41 0.10-6.2 B"g'?z‘é?%“ze”
T. decussatus HomaDalyani  007-0.14  0.12-0.34  0.85-1.49 29-13.0 B'lg'(”z‘(ﬁ 75)”28”
S. marginatus Homa Dalyani 0.04-0.13  0.32-0.93  1.42-3.09 12.3-32.4 Bu calisma

degisikligi su sicakligina, besin miktarina ve ayni
zamanda Uremeye baglidir (Mubiana vd. 2005). Sudaki
agir metallerin besin zincirindeki transferine neden
olan fitoplankton patlamalari, Bivalveler gibi stizerek
beslenenlerde metal konsantrasyonlarinin artisina
sebep olur (Regoli, 1998). Cevresel kosullara bagh
olarak, Bivalveler, gametogenez icin gerekli enerjiyi,
son donem icerisinde slizerek aldiklari besinlerden,
depolanmis olan besin rezervlerinden veya her ikisini
kullanarak alirlar (Remacha ve Anadon, 2006; Saeedi
vd. 2009). Gonad gelisimi icin gerekli besinin alimi ile
birlikte organizmanin biyoakiimiilasyon hizina bagh
olarak metal konsantrasyonu artar. Ureme dénemi
sonunda organizmadaki toplam metal konsantrasyonu
dismektedir (Regoli, 1998). Solen marginatus tiri de
tremek icin gerekli enerjiyi ilk olarak, yaz-sonbahar
doneminde suizerek aldiklari besinden ve depolanmig
rezervlerinden alirlar (Remacha ve Anadon, 2006;
Saeedi vd. 2009). Bu calismada bulunan sonugclara gore
en yuksek metal konsantrasyonlari yaz doneminde
bulunmus ve gecmiste vyapilan calismalardaki
saptamalar ile benzerlik gostermistir.

Sucul organizmalarda sicakliga bagh olarak
metabolik faaliyetlerin arttigi bilinmektedir. Buna bagl
olarak metabolik aktivitenin artisi ile metal alimi da

artmaktadir (Phillips 1977; Ali ve Taylor 2010; Kumar vd.
2015; Bilgin ve Uluturhan-Suzer, 2017). Bu calismada da
Olculen sicaklik degerleri ile metal konsantrasyonlari
arasinda pozitif bir iliski saptanmistir. Ayrica, tuzluluk
ve metal konsantrasyonlari arasinda negatif bir iliski
bulunmus ve 6nceki calismalarla uyumludur (Phillips
1977; Ali ve Taylor 2010; Kumar vd. 2015; Bilgin ve
Uluturhan-Suzer 2017). Bunun yani sira, bu ¢alismada
¢6zlinms oksijen seviyeleri ile metal konsantrasyonlari
arasinda negatif iliski bulunmus ve bu iliski diger
calismalarin  sonugclariyla  paralellik — gdstermistir
(Marsden vd. 2014; Bilgin ve Uluturhan-Suzer 2017).

Olciilen &rnek boylari ile Hg konsantrasyonlari

arasinda negatif, Cr ve Pb seviyeleri ile zayif
pozitif iliskinin saptanmasi; organizmadaki
metal konsantrasyonlarinin  biiyime ile azalma

egiliminde oldugunu godstermistir. Genel olarak, cift
kabuklulardaki metal konsantrasyonlari boy ile artis
gOstermesine ragmen baz calismalarda ise metal
konsantrasyonlarinin blyime ile azaldigr belirtilmistir
(Marsden vd. 2014; Bilgin ve Uluturhan-Suzer 2017).

Dinyada Sdliines turlerindeki agir metal birikimi
ile ilgili arastirmalar oldukca az olup; bu tirler genelde
uzak dogu ve orta dogu tlkelerinde biyoindikator tir
olarak kullanilmis ve agir metal konsantrasyonlari Tablo
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3'te verilmistir. S.marginatus’'un yumusak dokusunda
bulunan Hg konsantrasyonu, Malezya'nin Kuala
Selangor bolgesindeki siiliineslerdeki Hg seviyesinden
daha yuksektir.

Farkli  bolgelerle kiyaslama yapildiginda; bu
calismada tespit edilen Cd konsantrasyonu, iran’nin
Basra Korfezi'nde ve Malezya'nin Moyan ve Serpan,
Tanjung Lumpur, Sarawak ve Kuala Selangor
bolgeslerindeki sllliines tirlerinde saptanan Cd
konsantrasyonlarindan daha dustktir (Kanakaraju
vd. 2008a,b; Kamaruzzaman vd. 2010; Saaedi vd.
2012; Hassan ve Kanakaraju, 2013). Cift kabuklular,
Cd alimini metabolize edemediklerinden dolayi, bu
metali biriktirme egilimi gosterirler (Li vd. 2006). Bu
nedenle, sulines turlerinin de vicutlarinda Cd'u
diizenleyemedikleri dustnulmektedir (Kanakaraju vd.
2008a,b).

Homa Dalyani'ndaki S.marginatus'da tespit edilen
Pb akiimiilasyon seviyesi, Malezya'da yer alan Tanjung
Lumpur boélgesindeki calisma sonuglarindan daha
yiuksek bulunmustur. Bunun vyaninda sapatanan
Pb seviyeleri, Malezya'nin Sarawak bdlgesinde ve
iran'nin - Basra Korfezindeki siiliines tirlerindeki
konsantrasyonundan daha dusuktir (Yusoff ve Long,
2011; Saaedi vd. 2012).

Bu calismada saptanan Cr degerleri, Malezya’'nin
Moyan, Serpan (Kanakaraju vd. 2008a,b) ve Selangor
bolgesindeki (Hassan ve Kanakaraju, 2013) sillines
tiirlerinde tespit edilen konsantrasyonlara benzer iken
Basra korfezi Sarawak bolgesindeki degerlerden daha
yuksektir (Yusoff ve Long, 2011; Saaedi vd. 2012).

Ayrica, S.marginatus'ta saptanan Cd ve Pb degerleri,
izmir Korfezinin  orta boéliminden &rneklenen
L.lithophaga tiriindeki degerlerden (Ozsuer ve Sunlu,
2013) daha dustiktar.

Homa Dalyani’'nda Bilgin ve Uluturhan-Suzer
(2017)in  yapilmis oldugu o©nceki arastirma ile
karsilastirma  yapildiginda  S.marginatus  tirinin
Hg biriktirebilme kabiliyetinin, kara midye (Mytillus
galloprovincialis) ve akivades (Tapes decussatus)
tirleri ile benzer seviyelerde oldugu saptanmistir. Ote
yandan siluneslerde bulunan Cd degerleri, kara midye
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M. galloprovincialis ve T. decussatus'un yani sira S.
marginatus turi de metal kirliliginin izlenmesinde yeni
biyoindikator tir olarak kullanilabilir.

SONUC

Dalyanlar, ekonomik ve ekolojik degeri olan,
son derece uretken kiyisal alanlardir. Ayrica kirlilige
karsi cok hassas olup, bu bolgelerde dagilmis olan
kirleticiler, sucul organizmalardan baslayarak besin
zinciri ile tasinip insan sagligini olumsuz yoénde
etkilemektedir. Bu sebeple dalyanlar gibi sucul
ekosistemlerde kirleticilerin organizmalar tarafindan
izlenilmesi ve ortam kalitesini belirlenmesi amaciyla
biyoindikatdr olarak bivalveler kullanilmaktadir. Bu
bakimdan agir metal biriktirme kabiliyetlerine bagl
olarak, stlunes turleri kirliligin izlenmesinde midye ve
akivades gibi biyoindikator olarak kullanilabilir. Yapilan
bu calismada, silineslerin  yumusak dokusunda
metal konsantrasyonlari lreme donemine bagl
olarak yaz doneminde yiiksek saptanmistir. Hg, Cd, Pb
konsantrasyonlari agisindan herhangi bir saglik riski
tasimamasina ragmen; Cr degerleri PTWI seviyelerinin
olduk¢a Ustiindedir. Siltineslerde bulunan yiksek
Cr konsantrasyonlari degerlendirildiginde Homa
Dalyan'nda metal Kkirliliginin izlenmesinin devam
etmesi gerektigi gortlmektedir. Bu baglamda, Homa
Dalyani gibi ekolojik 6neme sahip, ayni zamanda da
Uretim yapilan alanlarda, bioindikator organizmalar
kullanilarak Kkirliligin izlenmesi ve kontrol altinda
tutulmasi gerekmektedir.
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Age, growth, reproduction and mortality of Red Mullet (Mullus
barbatus ponticus Essipov, 1927) from the Turkish coasts of the
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Turkiye'nin Karadeniz kiyilarindan avlanan barbunya (Mullus
barbatus ponticus Essipov, 1927) baliginda yas, bliyiime, Gireme
ve oliim oranlari
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0z: Bu calismada, 6zellikle Sinop balik¢i limanina gelen uzatma ag ve trol avciligi yapan ticari teknelerden Kasim 2015 ve Kasim 2016 tarihleri
arasinda 989 adet barbunya (Mullus barbatus ponticus) bireyi toplanmistir. Elde edilen 6rneklerin boylari 9,2 ile 19,2 cm (ortalama: 13,3 +1,3 ¢cm)
arasinda; agirliklari ise 8,2 ile 68,6 g (ortalama: 25,7 +£8,0 g) arasinda degisim gostermistir. Ornekler agirlikli olarak 13-15 cm boy grubunda yer
almaktadir. 4/1 Numarali Ticari Amach Su Uriinleri Avciliginin diizenlenmesi hakkindaki tebligde Mullus barbatus tiirii icin asgari avlanma boyu
13 cm olarak bildiriimektedir. Bu calismada elde edilen 6rneklerin %39'unun s6z konusu yasal boyun altinda kaldigi tespit edilmistir. Barbunya
bireylerinin boy-agirlik iliskisi log(W) = —1,864 + 2,902 log(TL) (r*= 0,92) olarak hesaplanmistir. Bireylerin yas gruplariise l ile IV arasinda degisim
gostermektedir. Yaslara gore ortalama boylar; | yas grubu icin 11,43 0,04 cm, Il yas grubu igin 13,22 +0,04 cm, Ill yas grubu icin 15,24 +0,06
cm ve IV yas grubu icin 18,44 +0,29 cm olarak hesaplanmistir. GSI degerleri dikkate alindiginda, tiirtin tireme faaliyetini Mayis ile Temmuz
aylari arasinda gerceklestirdigi ve bu aktivitenin en ylksek diizeye Haziran ve Temmuz aylarinda ulastigr anlasilmaktadir. M. barbatus ponticus
bireyleri icin hesaplanan von Bertalanffy biytiime parametreleri; L_= 17,64 +1,43 cm, k = 0,43 £0,13 ve t,=-11,33 £0,37 olarak bulunmustur.
Ayrica, bireylerde dogal 6liim orani (M) 0,91 yil™", balikgilik kaynakli 81Gm orani (F) 0,52 yil™", toplam 6liim orani (Z) 1,43 yil™' ve sdmrilme orani
(E) ise 0,36 olarak hesaplanmistir.

Anahtar Kelimeler: Barbunya, yas, biiytime, ireme, éltim oranlari, Sinop, Karadeniz

Abstract: A total of 989 red mullets, Mullus barbatus ponticus, from the Black Sea were monthly collected from commercial gill/trammel net and
bottom trawl fisheries, especially landed at Sinop Fishing Port, between December 2015 and December 2016. Total lengths and weights of red
mullet specimens were ranged from 9.2 cm to 19.2 cm (average: 13.3 £1.3 cm) and from 8.2 g to 68.6 g (average: 25.7 +£8.0 g), respectively. The
samples were grouped densely between 13 and 15 cm. Minimum landing size (MLS) is 13 cm for Mullus barbatus according to Turkish Fisheries
Regulation Circular. Thus, 39% of all samples in this study are under legal size. The LWR equation calculated was W = 0.0137 x TL2%%? (r’= 0.92).
Age groups of red mullets in the Black Sea were ranged from | to IV. The mean lengths according to age groups (I, II, Ill, and IV) were 11.43 +£0.04
cm, 13.22 £0.04 cm, 15.24 £0.06 cm, and 18.44 £0.29 cm, respectively. According to GSI values, reproduction of red mullets is between May
and July with the peaks of June—July. The estimated von Bertalanffy growth parameters with standard errors were L_=17.64 +1.43 cm, k=0.43
+0.13, and t,= -1.33 £0.37. The mortality rates (M, F, and Z), and exploitation rate (E) of M. barbatus ponticus were 0.91 year™, 0.52 year™, 1.43
year™, and 0.36, respectively.

Keywords: Red mullet, age, growth, reproduction, mortality rates, Sinop, Black Sea
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INTRODUCTION

Red mullets (or Goatfishes, Family Mullidae) are small
to moderate size demersal fish found mainly in shallow
waters to the depth range 100-300 m and the most
characteristic feature of the family is a pair of barbels
on the chin which are used locate the prey by stirring
and probing the substrate. They feed on small benthic
invertebrates such as crustaceans, worms and molluscs
(Golani et al., 2006; Froese and Pauly, 2017). The family
consists of six genera and about 62 species are present
in the Atlantic, Indian, and Pacific oceans. Five species
of goatfishes are present in the Mediterranean Sea: the
indigenous species, Mullus barbatus Linnaeus, 1758 and
Mullus surmuletus Linnaeus, 1758; the exotic species,
Upeneus moluccensis (Bleeker, 1855) and Upeneus pori
Ben-Tuvia and Golani, 1989 of Indo-Pacific origin; and
Pseudupeneus prayensis (Cuvier, 1829) from the Atlantic
Ocean (Bariche et al., 2013). A new species of mullids,
Parupeneus forsskali (Fourmanoir and Guézé, 1976) was
also captured the north of Beirut (Bariche et al., 2013).

Although Mullus barbatus Linnaeus, 1758 s
common in all Turkish waters (i.e. the Sea of Marmara,
the Aegean Sea, and the southern coasts of Turkey),
subspecies Mullus barbatus ponticus Essipov, 1927
inhabits in the Black Sea and the Sea of Azov. It is
distinguished from M. barbatus barbatus by the number
of suborbital scales, the length of maxillae and also by
its general silver colour and darker colour between the
dorsal fins and the lateral line (Hureau, 1986).

Mullus barbatus ponticus is a very commercial fish
species along the coasts of Black Sea and it is mainly
caught by trawls and gillnets along the Turkish coasts
of the Black Sea. Dincer and Bahar (2008) stated that the
gillnets were predominant gear owing to prohibition of
area within the three miles range for bottom trawls and
also the existence of unfavourable bottom structure.

Total catch amount of red mullet in the Black Sea in
2015 was about 328 tons, of which 254 tons in eastern
and 74 tons in western parts of the Black Sea. Catch
amount of M. barbatus ponticus in the Black Sea is 1/3
in all red mullet’s production of Turkey (TUIK, 2015).
Between 2000 and 2016, 14% of the total production
of red mullet throughout the Mediterranean comes
from Turkey, while 91% of catch of red mullet from
Black Sea countries (Bulgaria, Ukraine and Turkey)
belongs to Turkey (FAO, 2018). Therefore, Turkey is the
third main red mullet producer in the Mediterranean.
However, total production tends to declining in the last
six years (average: 1916 tons). For instance, red mullet
production fluctuated from 2790 tons in 2011 to 1281
tons in 2015 (average for 2000-2016: 2205 tons). It is
obvious that there is an intensive fishing on red mullet
stocks in the Black Sea. The stock status and level of

fishing of the red mullet in the Black Sea should be
monitored in order to realize the fisheries management
aimed to sustainable economic and social benefits
from harvesting and conserving productivity of the
fish stock. Thus, this study provides some actual
information such as length, weight, age, reproduction
period, and mortality rates of red mullet population in
the southern Black Sea in order to detect whether the
fishing pressure exists or not.

MATERIAL AND METHODS

A total of 989 red mullets from the Black Sea
were monthly obtained from the commercial coastal
gillnetters and bottom trawlers which landed their
catches in Sinop, Turkeli, Ayancik, Akliman and Gerze
fishing ports between December 2015 and December
2016.

Red mullets were measured to the nearest
millimetre [total length (TL)], weighed to the nearest
gram (total wet weight). The gonadosomatic index
(GSI) was calculated monthly by the equation: GSI =
(gonad weight / fish weight) *100.

Totally 989 otoliths were used for ageing. Sagittal
otoliths were removed, wiped clean, and stored dry,
and then otoliths were placed in glycerol and were
examined (10X magnification) under reflected light
using a binocular microscope (NIKON SMZ 745T).

Total lengths (TL) of fish were measured to nearest
+0.1 cmand £0.1 g. Length-weight relationship (LWR)
was computed from the following formula: W = g *
TL®. The logarithmic transformation was performed as
logW =loga + blog L, where W is weight (g), L is length
(cm), a is the intercept and b is the slope of the linear
regressions.

Natural mortality of red mullet was computed from
Pauly (1980)’s following multiple regression formula: In
M =-0.0152 - 0.279 * In L_+ 0.6543 * In k + 0.463 *
In T, where M is natural mortality in a given stock, L_
is asymptotic length, k is growth coefficient and the
value of T is the annual mean temperature (in °C) of the
sea water. Non-seasonal growth parameters, L_ and k,
were estimated with von Bertalanffy growth formula
in the FAO-ICLARM Stock Assessment Tools (FISAT
ll) computer program (FAO, 2006-2008). The mean
annual temperature (T) for the Black Sea was obtained
from World Sea Temperatures (2018). Overall growth
performance was estimated by the index @' (phi-prime
test) (Pauly and Munro, 1983), ®'= logK + 2logL _.

Total mortality (Z) was estimated from the mean size
in the catch, developed by Beverton and Holt (1957). It
can be estimated from the mean length in the catch
from a given population by meansof Z=k (L_-L )

mean
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/(L= L where L_and k are parameters of the von
Bertalanffy growth equations. Erkoyuncu (1995) stated
that if L_is not available, L' can be used in the formula
instead of the L.,ielL =L Pauly and Soriano (1986)
indicated that L__ is the mean length computed
from L upward, the latter being a length not smaller
than the smallest length of fish fully represented in
the catch samples. Note that L is the lower limit of the
corresponding length interval (Sparre and Venema,
1998).

Fishing mortality (F) can be estimated from F = Z-M.
Once values of F and M are available, an exploitation
ratio (E) can be computed from E = F / Z, which allows
one to assess if a stock is overfished or not, on the
assumption that the optimal value of E (E_ ) is about
equal to 0.5 (Pauly, 1980).

PJ

The null hypothesis of isometric growth (H,: b=23)
was tested by t-test, using the statistic: ts= (b-3) / Sb,

where Sb is the standard error of the slope for a = 0.05
(Sokal and Rohlf, 1987). The difference between the
observed mean lengths and calculated mean lengths
in all age groups was tested by Paired Sample t-test
(Zar, 1999). The comparisons of growth performance
indices were also performed by unpaired two-tailed
t-tests. The significance level a for a given hypothesis
in all statistical tests performed in this text is at 0.05. All
of the mean values were given with standard error (+
SE). All calculations were performed using the IBM SPSS
Statistics Ver. 20 software package.

RESULTS

The length and weight values were ranged from
9.2 cm to 19.2 cm (average: 13.3 £0.04 cm) and from
8.2 g to 68.6 g (average: 25.7 £0.25 g), respectively.
According to sex, the length and weight distribution of
M. barbatus ponticus were shown in Table 1.

Table 1. Length-weight distribution of M. barbatus ponticus in Sinop, Black Sea (9: female, & male, ?: undefined, X: Total)

? 3

TL (cm) W (g) TL (cm)

Wi(g)

3 z

TL(cm) W(g) TL(cm) W(g)

10.1
19.2
Mean 135
SE (£) 0.05
n 632

11.8 9.2

68.6 17.2
26.7 13.1
0.33 0.06

Minimum

Maximum

344

8.2
53.9
24.2
0.38

10.1
14.1
11.5
0.28

11.7 9.2
30.0 19.2
16.6 13.3
1.36 0,04
989

8.2
68.6
25.7
0.25

The length distributions of all fish are shown in
Figure 1. It is clear that the 14 cm length group had the
highest percentage (approximately 32%). The female/
male ratio was calculated as 1:0.5 and the females
dominated in all age groups. There is a significant
difference between female/male ratios in all age
groups (p<0.05).

The samples were grouped densely between 13 and
15 cm. Minimum landing size (MLS) is 13 cm for Mullus
barbatus according to Regulation for Commercial
Fisheries in Turkish Waters by General Directorate of
Fisheries and Aquaculture (BSGM, 2016). Thus, 39% of
all samples in this study are under legal size (Figure 2).

The reproduction period of red mullet is between
May and July with the peaks of June and July (Figure 3).

The length-weight relationship is shownin Figure 4.
The LWR parameters (g, b, r’) were computed as 0.0137
+ 0.031, 2.902 + 0.027, and 0.92 +0.036, respectively.
The b value indicates an allometric growth (p<0.05).

0N 35

o111z 13 14 15 1é 1T 18 19 20
Total Length (cm)

Figure 1. Length frequency of M. barbatus ponticus in Sinop region
(the Black Sea)
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WMLS
=MLS

Figure 2. MLS percentages for M. barbatus ponticus in the Black Sea.
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Figure 3. Reproduction period of M. barbatus ponticus in the Black
Sea
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Figure 4. Length-weight relationship of M. barbatus ponticus in
Sinop (Black Sea)

The age of red mullet was between | and IV. The
mean lengths according to age groups (I, II, lll and V)
were 11.43 £0.04, 13.22 +0.04, 15.24 +£0.06 and 18.44
+0.29, respectively. The estimated von Bertalanffy
growth parameters with standard errors were L =
17.64 £1.43 cm, k = 0.43 +0.13, and t,=-1.33 £0.37.
The von Bertalanffy growth equation for length was
L, = 17.64[1 — e7043(t+133)], We also estimated
growth parameters for males, females separately
(Table 2), and found significant differences between

the growth curves for each sex (p<0.05).The observed
lengths of red mullet assigned to each age group were
used to fit the VBGF (Figure 5). There were statistical
differences between the observed (obs.) and calculated
(calc.) mean lengths in all age groups (p<0.05) except
age I males, age IV females and all age IV (p>0.05; Table
3).

L.=17.64 cm

TL (em)

Age (Year)

Figure 5. Age-length curve of M. barbatus ponticus in Sinop (Black
Sea)

Table 2. Von Bertalanffy growth parameters for males, females and
all samples combined. (L_ is the asymptotic length, K the growth co-
efficient, and t; is the theoretical age at zero length)

Sex L (cm) K t,

Male 16.72 0.47 -1.35
Female 17.67 0.46 -1.11
All fish 17.64 0.43 -1.33

Table 3. Observed and calculated mean lengths (FL, cm) of red mul-
let of each age group for females, males and sexes combined.

Sex and Value per age group (years)
length
parameter [ 2 2 .
Female
Loes 11.52 13.27 15.27 18.50°
L 10.85 13.43 14.90 15.86
Male
Labs 1144 1312 1513
L 11.2 13.27 14.56
All fish
L 11.43 13.22 15.24 18.50

obs

“Significant differences (p<0.05)
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Mortalities (M, F, and Z) and exploitation rate (E)
of red mullet from the Black Sea were 0.91 year’, 0.52
year', 1.43 year' and 0.36 year’, respectively. The mean
annual habitat temperature (T), (- and l'are assumed
as 15.6°C, 13.3 cm, and 12 cm, respectively.

DISCUSSION

Red mullet is very commercial species in Sinop
region as well as whole Black Sea coasts. The fish is
usually caught by trawl nets in western part of Sinop,
while caught by gillnets (in this study, the mesh size:
32 mm) eastern coasts of Sinop. However, the highest
length with 14 cm (i.e. over MLS) seems good selection
of these gears. Dincer and Bahar (2008) calculated the
gillnet selectivity that optimum length was 14.24 cm
for 32 mm mesh size. Thus, the gillnet with 32 mm
mesh size is a selective fishing gear for the red mullet.

LWR of red mullet seems that there is a negative
allometric growth (b = 2.90). Other LWR parameters
and minimum and maximum lengths and weights
of red mullet in the Black Sea were shown in Table 4.
Froese (2006) stated that seasonal, geographic, climatic
or other patterns in the variation of the condition factor
should be used to explain within-species variation in
weight-length relationships.

The @' values were ranged from 1.87 to 2.64 in the
Black Sea. In this study, @' was calculated as 2.12, 2.16
and 2.13 for males, females and all, respectively (Table
5). Our results are between ranges of the other studies.
Burton et al. (2014) stated that population parameters
can vary interannually for variable recruitment and
environmental conditions and other reasons Moreover,
the temperature, density of food and diseases, etc. may
affect the growth indice (Pauly, 1994; Wootton, 1998).

The estimate of fishing mortality (F = 0.52) is lower
than natural mortality (M = 0.91), and according to
exploitation rate (E = 0.36), there is no overfishing on
red mullet stocks. In fact, the over fishing on red mullet
stock seems in the Black Sea depends on the annual
catch data. Yildiz and Karakulak (2016) also found as
E =0.65 from the data obtained from the commercial
trawlers. The lower E value in this study may be
obtained from fishery dependent data, collected from
mostly gillnetters. The mesh sizes in gillnets used in
this study could select the fish that are bigger than
MLS. Thus, the differences between the fishing gears
and methodologies may affect the calculated value of
E. In conclusion, the authors propose that the further
studies related to the fishing effort of the fleets as well
as the selectivity must be conducted repeatedly in
terms of the sustainable red mullet fishery.

Table 4. Substantial LWR records of red mullet in the Black Sea

Authors n L..Lo.. w_.-w a b r

Kalayci et al. (2007) 176 6.6-18.4 2.9-60.2 0.011 2.96 0.98
Demirhan and Can (2007) 432 6.8-14.6 - 0.005 3.24 0.97
Ak et al. (2009) 714 6.1-21.9 2.1-161.1 0.007 3.14 0.99
Aksu et al. (2011) 699 7.3-18.7 - 0.011 297 0.98
Ozdemir and Duyar (2013) 225 9.3-20.1 8.6-87.9 0.011 2.98 0.97
Aydin and Karadurmus (2013) 1435 6.4-21.5 2.1-105.4 0.009 3.03 0.97
Akyol and Samsun (2017) 1301 8.2-20.2 5.6-86.5 0.008 3.11 0.96
This study 989 9.2-19.2 8.2-68.6 0.014 2.90 0.92
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Table 5. Growth parameters and growth performance index values of red mullet from the Black Sea

Sex L K t

0o 0

by 29.49 0.10 -3.22
3 2438 0.12 -0,33
3 21.03 0.20 -2.33
Q 21.26 0.23 -1.94
s 24.99 0.12 -3.28
3 22.16 0.21 -2.04
Q 25.55 0.24 -1.32
3 23.83 0.23 -1.62
s 308 0.14 -1.79
3 24.22 0.22 171
3 25.25 0.15 -1.59
Q 39.36 0.08 -1.92
s 20.15 033 -

3 19.30 035 -0.75
Q 25.40 0.14 2,70
3 27.40 0.14 -2.35
3 23.10 0.81 -1.91
Q 24.80 0.15 -2.31
s 24.10 0.17 -1.98
b3 19.21 0.68 -0.13
3 16.72 0.47 -1.35
Q 17.67 0.46 -1.1
5 17.64 0.43 -1.33

' Source
1.96 Samsun and Erkoyuncu (1992)
1.87 Bingel et al (1995)

1.96 Sahin and Akbulut (1997)
2.02

1.87 Samsun and Ozdamar (1995)
2.02 Geng (2000)

2.19

2.1

2.12 ismen et al (2000)

2.11 Geng et al.(2002)

1.99 Suer (2008)

2.10

2.13 Aksu et al. (2011)

2.12 Aydin and Karadurmus (2013)
1.97

2.02

2.64 Yildiz and Karakulak (2016)
1.96

2.00

240 Samsun (2017)

2.12 This study

2.16

2.13
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0z: Bu calismada, dip trol aglarinda yatay ayirici panel kullaniminin etkinligi arastinlmistir. Bu amacla, 900 goz kesimli trol agy, giris kismindan
itibaren mantar ve kursun yakanin birlestigi noktadan yatay olarak ikiye ayriimis, alt ve Ust panel olusturulmustur. Denemeler Gulbahce
Kérfezinde 29.04.2013 - 08.05.2013 tarihleri arasinda “EGESUF” arastirma gemisi ile yiritilmistir. Cekim siresi 45 dakika ile standardize
edilmistir. Alt ve Ust bolimde yakalanan turlerin alikonulmasi icin 20 mm ag g6z boyunda diigiimstiz poliamid materyalden yapilmis torbalar
kullanilmistir. Yakalanan bireyler tiir bazinda ayrilmis sayr ve adirliklari alinmistir. Ayrica alt ve Ust torbada yakalanan barbunya (Mullus
barbatus), 1sparoz (Dipldus annularis), kirma mercan (Pagellus erythinus) ve izmarit'e (Spicara maena) iliskin total boy ol¢timleri yapilmistir. Alt
ve Ust torbada yakalanan tirlerin agirlik olarak miktarlar arasinda farkllik olup olmadigi t testi ile sinanmistir. Alt ve Ust torbada yakalanan
barbunya, 1sparoz, k. mercan ve izmarit bireylerinin boy gruplari arasinda farkliligin olup olmadigi Kolmogorov-Smirnov testi ile belirlenmistir.
Toplamda 21 gecerli cekim gerceklestirilmistir. Agirlik olarak tiim tirlerin % 80'i alt torbada, % 20'si ise Ust torbada yakalanmistir. Agirlik olarak
alt ve Ust torbada yakalananlar arasinda fark bulunmustur (P <0,05). Barbunya %96, 1sparoz %87 ve k mercan %65 ile alt torbada yakalanirken,
izmarit %69 ile Uist torbada daha fazla oranda yakalanmistir. ilerideki calismalarda balik davranislari da géz éniinde bulundurularak kare gézlii
torba, 1zgara vb. coklu sistemlerin beraber kullaniimasi ile cok sayida tiirlin bir arada yakalandigi demersal trol balik¢ilinda daha etkin sonuclara
ulasilabilecegi dustinilmektedir.

Anahtar Kelimeler: Yatay ayirici panel, dip trolti, Mullus barbatus, Diplodus annularis, Pagellus erythinus, Spicara maena

Abstract: In this study, it was evaluated that the effectiveness of horizontal separator panel in the demersal trawl net. A modified trawl net,
900 fishing circle, divided into two separate panels as lower and upper panel from the beginning of trawl mouth. Experiments were carried
out in the Giilbahge Bay/izmir/Turkey between 29.04.2013 - 08.05.2013 with R/V“EGESUF”. Trawl hauls are standardized at 45 minutes. Lower
(LB) and upper bag (UB), which have polyamide 20 mm mesh sizes, were constructed for obtained the species in lower and upper parts. After
hauling up the gear, the catches from the LB and UB were emptied onto the deck separately, sorted by species, and weighed. In addition,
total lengths were measure for red mullet (Mullus barbatus), annular sea bream (Dipldus annularis), Common pandora (Pagellus erythinus)
and Blotched picarel (Spicara maena). T test was utilized for differences between LB and UB catches. The Kolmogorov-Smirnov (K-S) test was
used to compare length distributions of the LB and UB specimens for red mullet, annular sea bream, common pandora and blotched picarel.
A totally 21 hauls were performed. In total 790.1 kg belonging to 51 species was caught. As weight 80 % of species retained in LB and 20% in
UB (P <0. 05). While most of red mullet (96%), annular sea bream (87%) and common Pandora (65 %) were caught in LB, Blotched picarel (69%)
was obtained in UB. Further developments should be explored; with square mesh codend, sorting grid and multi selective system considering
behaviour of species.

Keywords: Horizontal separator panel, trawl net, red mullet, annular sea bream, common pandora, blotched picarel
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GiRIS

Balikcilikta stirdirdlebilirlik en 6nemli konularin
basinda gelmektedir. Sirdurilebilirlik ise tdrlerin
en az bir defa (redikten sonra yakalanmasi ile
gerceklesebilmektedir.  Gerek  cinsi  olgunluga
ulasmamis bireylerin yakalanmasi gerekse hedef disi
ve iskarta miktari sorunu en cok trol balik¢iliginda
olmaktadir (Hall vd., 2000). Bu nedenle secicilik
calismalari daha ¢ok trol balik¢iliginda yogunlasmistir.
Torba ag g6z diizenlemesi ile (A g6ziini blyiltmek,
kare gozll torba kullanmak, torba ag ¢cevre goz sayisini
azaltmak, vd.) boy seciciligi gelistirilebilmektedir
(Stewart, 2002). Ancak Akdeniz demersal trol balik¢ihgi
gibi cok sayida tlriin bir arada yakalandigi balikgcilikta,
sadece ag gozu diizenlemeleri yonetim stratejileri
acisindan vyeterli degildir (Isaksen ve Waldemarsen,
1986; Robertson ve Ferro, 1988; Reeves vd. 1992;
Petrakis ve Stergiou, 1997; Stergiou vd., 1997). ClinkU
farkli morfolojik 6zelliklerinden dolayi tirlerden biri
icin uygun olan ag g6z boyu, diger tir veya tirler icin
uygun secicilik 6zelligi saglayamamaktadir. Ekosistem
yaklasimli stirdurilebilir balkgilk acisindan, Akdeniz
demersal trol balik¢iligi gibi cok sayida tiiriin bir arada
yakalandigi balikgilikta, boy seciciligi yerine tur seciciligi
calismalarinin  daha olumlu sonuclar verebilecegi
bildirilmistir (Stewart, 2002).

1950'li yillarda baslayan secicilik ¢calismalari hedef
tiriin yakalanma boyu uzerinde yogunlasirken,
glinimuzde tur, boy veya her ikisini kapsayan
dizenlemeleri  icermektedir. Trol  balik¢iliginda
tir seciciligi cahismalan troliin kursun ve mantar
yakasindan baslayarak torbanin son boliimine kadar
devam eden diizenlemeler ile yapilabilmektedir.
Bunlarin basinda, kursun yaka diizenlemeleri (Hannah
ve Jones, 2000), mantar yaka, tst paneli kesilmis aglar
(Thomsen, 1993), yanal kagis bolimi (Radial Escape
Section; RES) (Valdemarsen, 1986; Conolly, 1992), ayirici
ag panel (Karlsen ve Larsen, 1988); balik g6zii (Fish eye)
(Watson vd., 1993), Kaplumbaga Dislayici Aletler (Turtle
Exculuder Devices; TED) (Renaud vd. 1993; O'Boyle,
2001), secicilik 1zgaralarn (Valdemarsen, 1996; Aydin
vd., 2008) ve yatay ayirici panel kullanimidir (Ferro vd.,
2007) (Sekil 1). Yatay ayirici panel, Melanogrammus
aeglefinus, Merlangius merlangus, Pollachius virens ve
Clupea harengus balik¢ihginda (Main ve Sangster, 1986;
Galbraith ve Main 1989; Poulsen, 1994; Engas vd., 1998;
Ferro vd., 2007), Nephrops norveciqus ile Merlangius
merlangus’larin  ayriminda (Hillis 1989), Triseptorus
esmarkiii tir seciciliginde (Galbraith, 1983; Wileman
,1994), Gadus morhua ve vyassi baliklarin ayriminda
(Stone ve Bublitz (1995), balik ve omurgasizlarin
ayriminda (Wardle, 1995), karides hedefli trollerde
Capros aper, Micromesistius poutassou ve Trachurus
trachurus’un oranini diisiirmek amaciyla (Campos ve
Fonseca, 2004) kullaniimistir.

.

{
Sekil 1. Dip trol aglarinda secicilik calismalarinda kullanilan
yatay ayirici panel (Ferro vd., 2007)
Figure 1. Separator horizontal panel used in demersal trawl
net panel (Ferro vd., 2007)

Turkiye'de balikgilikla ilgili boy, donam, yer ve
zaman yasaklar Tarim ve Orman Bakanhg, Balikgilik
ve Su Uriinleri Genel Midirliginin diizenledigi
Denizlerde ve i¢c Sularda Ticari Amach Su Uriinleri
Avcilhigini diizenleyen teblig ile yapilmaktadir (Anonim,
2016). Dip trol aglarinailiskin yer ve zaman yasaklarinin
yaninda, torbada kullanilan g6z agikhgr sinirlamalari
da getirilmistir. Torba gdz genisligi Karadeniz'de
40 mmden (1 Eylil 2020'den sonra 44 mm) Ege ve
Akdeniz de 44 mm'den kiictik olamaz hikmu yer alip,
40 mm kare go6zIi torbanin 44 mm baklava gozli agin
alternatifi olarak kullanilabilecegi belirtiimektedir.
Diger taraftan ¢ok sayida tlriin bir arada yakalandigi
demersal trol balik¢ihginda boy seciciligi agisindan
bir tlr icin uygun olan sonug diger tiirler icin olumlu
sonuclar vermemektedir (Tosunoglu vd., 2003). Bu
nedenle, Tirkiye demersal trol balik¢iliginda tir
seciciligi cok 6nemlidir. Turkiye’ de ¢ok az sayida tir
seciciligi calismasi olmasina karsin (Aydin, 1998; 2005;
Aydin vd., 2011) yatay ayirici panel (saperator panel)
calismasi yoktur.

Bu calismada, yatay ayirici panelin etkinligini ortaya
koymak amaciyla, trol agi agiz kismindan itibaren
panel kullanarak yatay olarak boltiinmds alt ve st torba
olusturulmustur. Ayrica, av kompozisyonunda en cok
yakalanan ve farkli morfolojilere sahip barbunya (Mullus
barbatus), 1sparoz (Dipldus annularis) kirma mercan
(Pagellus erythinus) ve izmarit (Spicara smaris)'in trol
aginin alt ve st torbalardaki yakalanabilirliginin tespiti
amaclanmistir.

MATERYAL VE METOT

Arastirma  29.04.2013 ile 08.05.2013 tarihleri
arasinda Gllbahge Korfezinde yuritilmustir (Sekil
2). Trol ¢ekim siiresi 45 dakika olarak standardize
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edilmistir. Cekim hizi ortalama 3,0 mil/saat, ortalama
derinlik ise 27 mdir. Denemeler, Ege Universitesi Su
Urlinleri Fakiiltesine’ ne ait 27 m boy, 500 BG motor
giiciine sahip “EGESUF” arastirma gemisi ile yapilmistr.

Orneklemeler, ticari balikcilar tarafindan yaygin
olarak kullanilan 900 g6z buyuklugliindeki modifiye
(kesimli) trol adi ile gerceklestirilmistir. Trol agi, troliin
agizkismindan itibaren yatay ayirici panel kullanarak alt
ve Ust bolim olarak olusturulmustur. Alt ve Gst bolimde
yakalanan baliklarin alikonulmasinda diugimsiz 20
mm g6z acgikhginda, poliamid malzemeden yapilmis
torbalardan yararlanilmistir. Torbalarda yakalanan
baliklarin Gst Uste gelip zarar gérmemesi amaciyla alt
torba 6 m, Ust torba 5 m uzunlugunda yapilmistir (Sekil
3).

Her cekimden sonra yakalanan tirler alt ve ust
torba olarak ayrilmig, tir bazinda sayr ve agirliklari
alinmustir. Barbunya (Mullus barbatus), Isparoz (Diplodus
annularis), kirma mercan (Pagellus erythinus) ve izmarit
(Spicara smaris)'in alt ve Ust torbadaki boy frekanslari %
ve oransal dagihmlari hesaplanmistir. Tim tiirler 0,5 cm

15.00 PP @20
=l
0

hassasiyet ile total boy olarak PVC 6lcim tahtalari ile
olcimu gerceklestirilmistir.

Alt ve Ust torbada yakalanan turlerin agirlik olarak
miktarlari arasinda farklilik olup olmadigi t testi ile

Sekil 2. Denemelerin yuritildigu arastirma sahasi
Figure 2. Study area
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Sekil 3. Denemelerde kullanilan trol agi
Figure 3. Trawl net used in experiments
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sinanmistir. Alt ve (ist torbada yakalanan bireylerin boy
gruplari arasinda farklihgin olup olmadigi Kolmogorov-
Smirnov testi ile belirlenmistir.

BULGULAR

Calismada, toplam 21 gecerli cekimde 51 tiir tespit
edilmistir. Alt panelde 46, st panelde ise 29 farkli tiir
yakalanmistir. Agirlikca, toplam 790,1 kg baligin %20
'si Uist panelde (159,1 kg) %80'i ise alt panelde (631 kg)
yakalanmistir (Tablo 1). Birey sayisi acisindan toplam
37853 bireyin %12,9'u Ust panelde (4872 birey), %87,1'i
alt panelde (32981 birey) yakalanmistir. Ust panelde
yakalanan avin agirlik olarak %51'ini 1sparoz, %22'sini
izmarit, %8'ini kirma mercan, %4'Uni barbunya ve
%15'ini diger turler olusturmustur. Alt panelde ise bu
oranlar; %39 i1sparoz, %32 barbunya, %3 kirma mercan,
%2 izmarit ve %24 diger tirlerdir (Tablo 1). Alt ve st
torbada yakalanan turlerin agirliklar arasindaki fark
anlamh bulunmustur (t test; p < 0,05).

Barbunyalarin agirlikca %97'si alt, sadece %3'l ise
st panelde yakalanmistir. Alt torba ve (st torbada
yakalanan barbunyalarin agirliklari arasinda fark
anlaml bulunmustur (t tets; p < 0,05). Birey sayisi olarak
toplam 7533 bireyin %96'si alt, %4'l ise Ust panelde
yakalanmistir (Sekil 4). Yakalanan barbunyalarin 8-18
cm total boy grubundakilerden olustugu gozlenmistir
Alt torbada yakalanan barbunyalarin 8,0-18,0 cm,
Ust torbada yakalananlarin ise 9,5- 16,5 cm boy
gruplarinda oldugu tespit edilmistir. Alt torbada en
¢ok 11,0cm de birey yakalanirken, Ust torbada 11,5
cm de yakalanmustir (Sekil 4). Barbunyalarin alt ve st
torbalarda yakalanan bireylerin boy gruplari agisindan
fark anlamli bulunmustur (K-S test, p<0.05).

Isparozlarin agdirlikca %75'i alt panelde, % 25' ise
st panelde yakalanmistir. Alt torba ve (st torbada
yakalanan isparozlarin agirliklar arasindaki fark anlamli
bulunmustur (t test; p < 0,05). Birey sayisi olarak toplam
15391 adet 1sparozun %87'si alt panelde, %13l Ust
panelde yakalanmistir (Sekil 5). Alt panelde yakalanan

Tablo 1. Denemelerde yakalanan tiirlerin agirlik ve birey sayisi olarak {ist panel (UP) ve alt paneldeki (AP) dagilimlari

Table 1. The distributions of the species caught in the upper (UP) and the lower panel (AP) in the experiments by weight
and number of individuals

Agirhik (kg) Birey Sayisi (adet)
Tiir up AP up AP
Mullus barbatus 6,4 (%4) 201,3 (%32) 312 (%6) 7216 (%22)
Diplodus annularis 80,4 (%51) 243,1 (%39) 2004 (%41) 12907 (%39)
Spicera smaris 34,9 (%22) 15,3 (%2) 1299 (%27) 588 (%2)
Pagellus erythinus 12,7 (%8) 17,0 (%3) 289 (%6) 543 (%2)
Diger 24,7 (%15) 154,2 (%24) 968 (%20) 11727 (%36)
Toplam 159,1 631 4872 32981
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Sekil 4. Alt ve Ust torbalardaki barbunyalar (Mullus barbatus)
ve boy-frekans dagilimlar (Dlz ¢izgi: Ust torba, kesikli cizgi:
alt torba)

Figure 4. Red mullets (Mullus barbatus) in the upper and
lower bags and lengths-frequency distribution (Straight line
upper bag, dashed line lower bag)

0 5 ’19 135 20 25 30
TotalBoy(cm)

Sekil 5. Alt ve Ust torbalardaki isparozlar (Diplodus annularis)

ve boy-frekans dagilimlar (Dulz ¢izgi: Ust torba, kesikli cizgi:

alt torba)

Figure 5. Annular sea bream (Diplodus annularis) in the
upper and lower bags and lengths-frequency distribution
(Straight line upper bag, dashed line lower bag)
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Isparozlarin 7-20 cm, Ust torbada yakalananlarin ise
8,0- 19,0 cm boy gruplarinda oldugu tespit edilmistir.
Total boy gruplarina gore alt ve Ust torbada dagilimin
10,5-12,5 cm de yogunlasmistir. Alt ve Ust torbalarda
yakalanan bireylerin boy gruplari acisindan fark anlamli
bulunmustur (K-S test, p<0.05).

Adirhkca kirma mercanlarin %57’si alt panelde, %
43'l ise Ust panelde yakalanmistir (Sekil 6). Alt torba ve
Ust torbada yakalanan k. mercanlarin agirliklariarasinda
fark bulunamamistir (t test; p > 0,05). Toplam yakalanan
860 adet k. mercanin % 65'i alt panelde, %35'i Ust
panelde yakalanmistir. Yakalanan k. mercanlarin 5,5-
26,5 cm total boy grubunda oldugu goézlemlenmistir.
Alt torbada yakalanan k. mercanlarin 5,5-24,5 cm, st
torbada yakalananlarin ise 8,0- 26,5 cm boy gruplarinda
oldugu tespit edilmistir. Alt torbadaki bireylerin 7-15
cm yogunlastidi, en ¢cok ise 10,5-11 cm yakalandigi, Gst
torbadaki bireylerin 9,5-15,5 cm yogunlastigi en cok ise
11,0-11,5 cm'de yakalandidi tespit edilmistir. Alt ve Gst
torbalarda yakalanan bireylerin boy gruplari acisindan
fark anlamli bulunmustur (K-S test, p<0.05).

Denemelerde Ust torbada en cok yakalanan tir

60 4

Bahk savis1

'10‘5 . 1i ' 1n is' .zn_,s"- 23 ! 255 28
Total boy (cm)

Sekil 6. Alt ve Ust torbalardaki kirma mercan (Pagellus eryth-

rinus) ve boy-frekans dagilimlari (Diz cizgi: st torba, kesikli

¢izgi: alt torba)

Figure 6. Common pandora (Pagellus erythrinus) in the upper
and lower bags and lengths-frequency distribution (Straight
line upper bag, dashed line lower bag)

izmarit olmustur. Adirlikca izmaritlerin %31'u  alt
torbada, % 69'u ise Ust torbada yakalanmistir (Sekil
7). Alt torba ve Ust torbada yakalanan izmaritlerin
agirhklan arasindaki fark anlamli bulunmustur (p <
0,05). Birey sayisi olarak toplam 1887 adet izmaritin %
31'i alt panelde, %69'u ise Ust panelde yakalanmistir.
izmaritlerin 9,0-18,5 ¢cm total boy grubundakilerden
olustugu gozlenmistir. Alt torbada yakalanan
izmaritlerin 9,0-18,5 cm, Ust torbada yakalananlarin ise
10,0-18,0 cm boy gruplarinda oldugu tespit edilmistir.

Birev Savia

Total Boy (cm)

Sekil 7. Alt ve st torbalardaki izmaritler (Spicara maena) ve
boy-frekans dagihimlari (Diiz ¢izgi: Ust torba, kesikli ¢izgi: alt
torba)

Figure 7. Blotched picarel (Spicara maena) in the upper and
lower bags and lengths-frequency distribution (Straight line
upper bag, dashed line lower bag)

Total boy gruplarina gore alt torbada genellikle 11,0-
13,5 cm yogunlastigi en cok ise 12 cm de yakalandig,
st torbada dagilimin 11,5-13,5 cm yogunlastigi en
cok ise 12,5-13,0 cm'de yakalandigi tespit edilmistir.
Alt ve Ust torbalarda yakalanan bireylerin boy gruplari
acisindan fark anlamli bulunmustur (K-S test, p < 0.05).

TARTISMA VE SONUC

Gerek Akdeniz gerekse Turkiyede c¢ok sayida
secicilik calismasi olmasina ragmen vyatay ayirici
panelle ilgili herhangi bir arastirma yoktur. Bu
calismada demersal trol aglarinda yatay ayirici panelin
etkinligi Tirkiye'de ilk defa arastirilmistir. Turlerin alt
panelde (st panele gore agirlik olarak 4 kat daha fazla
yakalandigi tespit edilmistir. Ekonomik degeri yiiksek
ve farkli morfolojilere sahip barbunya, isparoz ve k.
mercan alt torbada daha fazla oranda yakalanirken,
izmarit ise Ust torbada daha fazla yakalanmistir. Tir
odakli yapilan balikgilikta 70 mm ag g6z genisligindeki
yatay ayrici panele sahip trol aglarinda %99 oraninda
Nephrops norveciqus alt torbada, %90 Uzerindeki
Melanogrammus aeglefinus ve Merlangius merlangus
ise Ust torbada yakalanmistir (Engas vd., 1998). Bailey
vd. (1983). 150-170 m derinlikte kursun yakanin 1,5
m yukarisina koydugu yatay ayirici panelle yaptigi
calismada ise Pandalis borealisin %72 oraninda alt
torbada, %59 oraninda Trisopterus esmarkii ise (st
torbadayakalanmistir (Hillis, 1989). Nephrops norveciqus
ile  Merlangius merlangus'u ayirmak icin yapilan
denemelerde, %97 oraninda Nephrops norveciqus
alt torbada yakalanirken, Merlangius merlangus’larin
orani ve sadece %9'dur. Poulsen, (1994) yatay ayirici
panel kullanarak yaptidi ¢alismasinda %53 oraninda
Merlangius merlangus’in st panelde yakalandigi st
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panelde ayrica sadece %19 oraninda Melanogrammus
aeglefinus yakalandigini bildirmistir. TUrkiye'de yatay
ayirict panel denemeleri olmamasina ragmen Aydin ve
Aydin (2008) geleneksel dip trol agi torbasinin alt ve Gst
bolimlerinde yakalanan tirlerin tespitiisimli calismada
60 ve 90 cm capinda ¢ember kullanarak agin sadece
torba kismi horizontal (yatay) olarak ikiye ayrilmistir.
Tur bazinda yapilan degerlendirmede 1sparoz (Diplodus
annularis) ve barbunya (Mullus barbatus) tst torbalarda
60 cm’lik sistemde sirasi ile % 43,5 ve % 60,1, 90 cm’lik
sistemde % 37,2 ve % 72,1 oraninda yakalandigi tespit
etmislerdir.

Yatay ayirici panel kullaniminda énemli konulardan
bir tanesi yatay ayirici panelin kursun yakadan olan
yuksekligidir. Main ve Galbraith (1990) yaptiklari
calismada yatay ayirici panelin en az 75 cm yukarida
donatilmasigerekliliginivurgulamislardir. Bucalismada,
yatay ayirici panel, Ust ve alt panelin birlestigi yerden
trol agini 2 esit parcaya ayrilmistir. Tosunoglu vd. (2002)
Turkiye'de kullanilan geleneksel aglarin 110 cm, kesimli
aglarin ise 230 cm dikey yikseklige sahip oldugunu
bildirilmistir. Yine de kesin sonuclara ulagsmak icin,
sensor, derinlik olcer vb., cihazlarla hem yatay ayirici
panelin dipten yuksekligi hem de mantar yakadan
yukseklikleri 6lgtlmelidir.

Trol balik¢iliginda yatay ayrici panel kullaniminin
avantajlaribazi calismalarda ortaya konmustur.Bunlarin
basinda, kota asimi engellenmesi, gliverte Usti isciligin
azaltilmasi ve sadece hedef tirler yakalanarak diger
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istenmeyen ve kiiclik bireylerin tasfiye edilebilmesi ve
balik kalitesinin artmasi gelmektedir. Tek dezavantaj
olarak sistemin  kullanim  zorlugunun oldugu
bildirilmektedir (Main ve Sangster, 1985a,b; Main ve
Galbraith, 1990; Campos ve Fonseca, 2004).

Yatay ayirici panelin kullanilmasiyla trol direncini
yaklasik %10 olarak arttirdigi bunun yakit tiketimine
etkisinin ihmal edilebilir oldugu diger taraftan
troliin yiksekligine etki etmedigi ortaya konmustur
(Wileman, 1994). Bu calismada denemeler 45 dakika ile
sinirlandirimis olup sadece yatay ayrici panelin etkinligi
arastirildigindan yakit tiiketimine iliskin herhangi bir
degerlendirme yapilmamistir.

Turkiye demersal trol balikciligi gibi ¢ok sayida
tirtin bir arada yakalandigi trol balik¢ihginda balk
davraniglarinin ortaya konarak ag gozi diizenlemeleri
(kare gozli ag kullanimi, ¢evre g6z sayisi duslirilmus
torba kullanimi) ile beraber izgara ve ayirici paneller gibi
coklu sistemlerin bir arada kullanilmasinin tir ve boy
seciciligi agisindan daha etkin sonuclara ulasilabilecegi
disindlmektedir.
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Abstract : The purpose of this study was to compare Length-Weight Relationships (LWRs) of whiting, Merlangius merlangus (Linnaeus, 1758)
caught from three different areas (Medreseonu and Persembe coastal waters of Ordu province and Piraziz coastal waters of Giresun province,
Turkey) of the south-eastern Black Sea. During a year in 2010, whiting specimens were collected monthly by similar mesh-sized experimental
gillnets from each sampling areas. Total length (TL) and weight (W) of each fish specimens were measured. LWRs were calculated using length
and weight values for males, females and combined sexes. Then, the calculated b values of the whiting caught from the sampling areas were
compared. The parameter b values of the LWRs were calculated as 2.7429, 2.9097 and 2.8600 for Medreseonu, Persembe and Piraziz coastal
waters, respectively. These b values of the LWRs showed that whiting grows negative allometric in all of the sampling areas. According to the
sex groups, only the female individuals captured from of Persembe coast showed isometric growth, while both the male and female individuals
captured from the Medreseonu and Piraziz coastal waters and the male individuals caught from Persembe coast showed negative allometric
growth.

Keywords: Black Sea, whiting, Merlangius merlangus, length-weight relationship

0z: Bu calismanin amaci, giiney-dogu Karadeniz'deki iic farkli alandan (Ordu ilinin Medresednu ve Persembe kiyilari ile Giresun ilinin Piraziz
kiyisi) yakalanan Merlangius merlangus (Linnaeus, 1758)'un Boy-Agirlik iliskilerini (BA/) karsilastirmaktir. Bir yil boyunca 2010 yilinda aylik olarak
benzer 6zellikteki uzatma aglari ile lic 6rnekleme sahasindan mezgit érnekleri toplanmistir. Her bir 6rnegin total boyu (TL) ve agirhgr (W)
Olcllmustir. Boy ve agirlik degerleri kullanilarak erkek, disi ve drneklerin tamami icin boy-agirlik iliskileri hesaplanmistir. Daha sonra, arastirma
sahalarindan avlanan mezgit baliklari icin hesaplanan b degerleri karsilastiriimistir. Medreseonu, Persembe ve Piraziz kiyilarindan yakalanan
drnekler icin b degeri sirasiyla 2.7429, 2.9097 ve 2.8600 hesaplanmustir. BAi'lerinin b degerleri, mezgit baliklarinin érneklemem sahalarinin
tamaminda negatif allometrik buytduklerini géstermistir. Eseylere gore ise, sadece Persembe kiyilarindan yakalanan disi mezgitlerin izometrik
blytume gosterdikleri, Medreseonu ve Piraziz kiyilarindan yakalanan hem erkek hem de disi bireyler ile Persembe kiyilarindan yakalanan erkek
bireylerin negatif allometrik blytime gosterdikleri saptanmistir.

Anahtar Kelimeler: Karadeniz, mezgit, Merlangius merlangus, boy-agirlik iliskisi
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INTRODUCTION

Organisms generallyincrease in size (length, weight)
during development. The key factors that influence the
growth of fish are the quantity of food available, the
number of fish utilizing same food source, temperature,
oxygen, and other water quality factors besides the
size, age and sexual maturity of the fish. Every animal in
its life exhibit growth both in length and in weight and
the relationship between these two has both applied
and basic importance (Kuriakose, 2017).

Studies of the Length-Weight Relationship (LWR)
of fishes were performed since the late 19th century,
and are an important tool to describe several biological
aspects (Le Cren, 1951; Froese, 2006). The LWR allows
to 1) estimate fish weight based on length and vice
versa, 2) analyze the growth pattern by the allometric
coefficient of the analyzed species, and 3) obtain the
body conditions of the sampled fish specimens (i.e. fat
storage or gonadal development etc.) (Froese, 2006).
Additionally, the knowledge from LWR is essential
to assess fish stocks, fisheries, and environmental
monitoring programs (Froese et al., 2011; Giarrizzo
et al., 2015). According to Freitas et al. (2014), the
LWR studies become relevant due to the need to
comprehend the fish lifecycle, principally regions
where fisheries represent one of the most important
economic activities and fish stocks are the main food
source for many traditional communities (Freitas et al.,
2017).

Fish can attain either isometric growth, negative
allometric growth or positive allometric growth.
Isometric growth is associated with no change of
body shape as an organism grows. Negative allometric
growth implies the fish becomes more slender as it
increases in weight while positive allometric growth
implies the fish becomes relatively stouter or deeper-
bodied as it increases in length (Riedel et al., 2007).

The growth pattern (b) within the same species
can be changeable, depending on the season,
food availability, population, sex, environmental
conditions or physiology (Freitas et al., 2017). Fisheries
management and research often require the use of
biometric relationships in order to transform data
collected in the field into appropriate indices (Ecoutin
and Albaret, 2003). LWR of fishes is important in
fisheries and fish biology because they allow the
estimation of the average weight of the fish of a given
length group by establishing a mathematical relation
between them (Sarkar et al., 2008; Mir et al., 2012). Like
any other morphometric characters, the LWR can be
used as a character for the differentiation of taxonomic
units and the relationship changes with the various

developmental events in life such as metamorphosis,
growth, and onset of maturity (Thomas et al., 2003).
Besides this, LWR can also be used in setting yield
equations for estimating the number of fish landed
and comparing the population in space and time
(Singh et al., 2011). LWR parameters (a and b) are useful
in fisheries science in many ways, to estimate weight
of individual fish from its length, to calculate condition
indices, to compare life history and morphology of
populations belonging to different regions (Sani et al.,
2010) and to study ontogenetic allometric changes
(Teixeira de Mello et al., 2006). LWRs can be used to
predict weight from length measurements made in the
yield assessment (Pauly, 1993).

The whiting is distributed from Norway and Iceland
to the Mediterranean and into the Adriatic, the Aegean,
the Azov and the Black Seas (Svetnovidov, 1986). In
Turkey, annual catch amount of the whiting from 2010
to 2016 ranged between 7 and 13.5 thousand tons
(TUIK, 2018). Most of this catch (between 6.3 and 12.6
thousand tons) was obtained from the Black Sea. In
this study, the LWRs of the whiting caught from the
Medreseonu, Persembe coasts of Ordu Province and
the Piraziz coast of Giresun were compared. In the
Persembe coast, there are a large number of the net
cage for aquaculture. According to some fishermen,
around of the net cages is very rich for the feeding of
whiting. Because, this region constitutes important
feeding grounds for whiting. Hence, the LWR may differ
from other regions. The LWR equations of male, female
and combined sexes for the whiting obtained from
three different areas of the south-eastern Black Sea
were separately determined and compared each other.

MATERIAL AND METHODS

This study was carried out in Persembe and
Medreseonu coastal waters of Ordu province and Piraziz
coastal waters of Giresun province of the southern-
eastern Black Sea from January to December 2010
(Figure 1). Samples were collected from commercial
fishermen who have used 32-36 mm mesh-sized
gillnets throughout sampling period in three sampling
areas. The nets were made of monofilament twine, and
they had been rigged with a hanging coefficient of 0.5.
The length of each gill net was 100 m. Twine diameter
size of all nets was 0.18 mm. All nets were set and
hauled at the sampling areas 2 hours before the sunset
and 2 hours before the sunrise. The catches of whiting
were removed from the nets and then the total length
(TL) and the total body weight (W) of whiting samples
were measured.

The length and weight-frequency distributions
of the sexes were compared with the Kolmogorov-
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Smirnov test. Differences among sampling areas in
terms of the mean length and weight were tested by
Kruskal-Wallis test. Mann-Whitney U test was used for
pairwise comparisons. All the statistical analyses were
considered at significance level of 5%. The Statistical
Package SPSS was used to analysis data.

The length-weight relationships were estimated
from the formula (Le Cren, 1951), W=a*TL* Where: W is
total body weight (g), TL is the total length (cm), a and
b are coefficients of the functional regression between
W and TL. Student’s t-test was used to confirm whether
b values obtained in the linear regressions were
significantly different from the isometric value (b = 1
in case of length-length relationships or b = 3 in case
of length weight relationships) (Sokal and Rohlf, 1987).

BLACK SEA

Medreseonu

Persembe

Figure 1. Black Sea and sampling areas

RESULTS

During the study, a total of 480 specimens of the
whiting collected from each area and their LWRs were
estimated. The total length of fish specimens ranged
from 11.8 to 21.9 cm for Medreseonu, from 11.8 to 21.4
cm for Persembe and from 11.2 to 22.1 cm for Piraziz
(Figure 2). The length distribution of male and female
individuals sampled from Medreseonu and Piraziz
coastal waters were statistically different (Kolmogorov-
Simirnov test, P<0.05), but not different (Kolmogorov-
Simirnov test, P>0.05) for individuals sampled from
Persembe coastal waters. Differences of the mean
lengths of male individuals caught from sampling areas
were not statistically significant (Kruskal-Wallis test,
P>0.05), while the mean length of female individuals
sampled from Medreseonu coast was statistically
different from Persembe coast (Mann-Whitney U test,
P<0.05).

The weight of fish specimens ranged from 11.1 to
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Figure 2. Median, quadrature, minimum and maximum
values of total length for the whiting from Medreseonu,
Persembe and Piraziz

78 g for Medreseonu, from 11.1 to 69.1 g for Persembe
and from 9.7 to 76.5 g for Piraziz (Figure 3). The weight
distributions of male and female individuals were also
different in three sampling areas (Kolmogorov-Smirnov
test, P<0.05). In terms of the mean weight, no difference
was found among sampling areas (Kruskal-Wallis
test, P>0.05). On the other hand, the mean weight of
female individuals sampled from Medreseonu were
statistically different (Mann-Whitney U test, P<0.05)
from Persembe and Praziz.

Mean lengths for combined sexes were 15.5 *
1.507, 13.3 £ 1.436 and 15.3 £ 1.657 cm, while the
mean weights were 28.3 + 8.687, 27.0 + 8.594 and
27.2 + 9.223 g for the Medreseonu, Persembe and
Piraziz coasts, respectively. In general, average length
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Figure 3. Median, quadrature, minimum and maximum
values of weight for the whiting from Medreseonu, Persembe
and Piraziz
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and weight of female individuals were found to be
higher than those of male individuals in all sampling
areas. The mean values of the total length and weight,
the regression coefficients obtained from LWRs and
growth type of the whiting were presented in Table
1 for three different areas. According to the 95%
confidence intervals of b, female individuals caught
from Persembe show isometric growth (b = 3). The type
of growth for males and combined sexes caught from
Persembe and for males, females and combined sexes
caught from the Medreseonu and Piraziz coasts were
negative allometric (P<0.05).

Mean length and weight of the male individuals
caught from Medreseonu were greater than those of
Persembe and Piraziz. The LWRs were calculated as
W=0.0188*TL2%"2 for male specimens caught from
Medreseonu, W=0.0122*TL?%%3 for male specimens
caught from Persembe and W=0.0107*TL?%>7¢ for male
specimens caught from Piraziz. The b value for male
individuals collected from Piraziz was the greatest.
This was followed by Persembe and Medreseonu areas,
respectively. However, it was determined that male
individuals grow negative allometric in all three areas.

Female individuals caught from Medreseonu had
greater mean total length and body weight than those
caught of other areas. The LWR of females were as
W=0.0128*TL27°%8in the Medreseonu, W=0.0084*TL>%>¢8
in the Persembe and W=0.0112*TL?%"#in the Piraziz.
The b value of females caught from Persembe was
the greatest. While female individuals show isometric
growth in the Persembe area, negative allometric
growth in the other areas.

Mean length and weight of the whiting specimens
for combined sexes were greatest in the Medreseonu.
This area was followed by the Piraziz and Persembe
areas, respectively. The LWR of combined sexes caught

from the Medreseonu, Persembe and Piraziz areas
were found as W=0.0149*TL274?°, W=0.0094*TL2°%” and
W=0.0107*TL?8, respectively. The b value of combined
sexes in Persembe was greater than those of the
other areas. However, combined sexes have negative
allometric growth in all of the fishing areas.

DISCUSSION

The LWR in fishes can be affected by a number of
factors including season, habitat, gonad maturity, sex,
diet, and stomach fullness, health and preservation
techniques, and differences in the length ranges of the
specimens caught (Pauly, 1984). The exact relationship
between length and weight differs among species of
fish according to their inherited body shape, and within
a species according to the condition (robustness)
of individual fish. LWR provides information on
growth patterns and growth of animals. During their
development, fish are known to pass through stages
in their life history which are defined by different LWRs
(Yousuf and Khurshid, 2008).

In terms of the mean weight of the male individuals
caught from sampling areas, while there was no
difference among sampling areas, the mean weight of
the female individuals caught from Medreseonu was
different those of Persembe and Piraziz. There may be
many reasons for this. However, probably the most
important reason is that the rate of the individual in
reproductive size is higher in the Medreseonu than in
the other sampling areas.

Parameter b value which varies according to
species, age, and sex, shows the shape of the fish. A
comparison between the b values determined for

Table 1. Mean total lengths and weights of male, female and combined sexes collected by three
different areas of the south-eastern Black Sea, a and b values of LWRs, confidence intervals of b and

growth types

Sex N TL(cm) W (g) a b 95% Cl of b Growth type R?
M 224 153+1.414 26.8+8.053 0.0188 2.6572 2.555-2.760 -A 0.8106
Med. F 256 15.8+1.549 29.6+9.026 0.0128 2.7988 2.704-2.894 A 0.8785
All 480 15.5+1.507 28.3+8.687 0.0149 2.7429 2.675-2.811 A 0.8529
Pers. M 203 15.2+1.457 26.3+8.429 0.0122 2.8093 2.71-2910 -A 0.7913
F 273 153+1.411 27.6+8.662 0.0084 2.9568 2.871-3.043 | 0.8648
All 480 13.3£1.436 27.0+8.594 0.0094 2.9097 2.848-2.972 A 0.8383
Piraziz M 210 15.0£1.691 25.7+8.968 0.0107 2.8576 2.753-2.961 A 0.9167
F 270 15.5+1.601 28.3+9.279 0.0112 2.8474 2.756-2.941 -A 0.9273
All 480 15.3%£1.657 27.2+9.223 0.0107 2.8600 2.794-2.926 -A 0.9239

M: Male, F: Female, All: Total of male, female and juvenile, I: sometric, -A: Negative allometry, +A: Positive allometry,

GT: Growth type, a and b: Regression constants.
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different populations of the same fish species can be
used to determine whether there is a change in the
general shape of the individual. In this study, except
for the female individuals sampled from the Persembe
area, the value of b was smaller than 3. The value of
b<3 shows negative allometric growth, b = 0 shows
isometric growth and b>3 shows positive allometric
growth (Morey et al. 2003). According to Pervin and
Mortuza (2008), b values may range from 2.5 to 4.0
suggesting. Consistent with this range, the results of our
study indicated that the whiting in the south-eastern
Black Sea had negative allometric growth. While the
female individuals caught from Persembe area showed
isometric growth, the male individuals caught from
Persembe, and the male and female individuals caught
from Medreseonu and Piraziz areas showed negative
allometric growth. Except for Duzgunes and Karacam
(1990), Demirel and Dalkara (2012), Saglam and
Saglam (2012), Ozdemir and Duyar (2013), Samsun
and Akyol (2017), and Ozdemir et al. (2018), the value
of b was found to be greater than 3 in all of the studies
given in Table 2. In terms of growth type, the results
obtained in this study are similar to those reported by
Duzgunes and Karacam (1990), Ozdemir and Duyar
(2013), Demirel and Dalkara (2012) and Samsun and
Akyol (2017). However, the results of our research are

different from the other results given in Table 2.

Fish can attain either isometric growth, negative
allometric growth or positive allometric growth.
Isometric growth is associated with no change of
body shape as an organism grows. Negative allometric
growth implies the fish becomes more slender as it
increases in weight while positive allometric growth
implies the fish becomes relatively stouter or deeper
bodied as it increases in length (Riedel et al., 2007).
The value of b greater than three indicates that the
fish become plump as they increase in length and b
value smaller than 3 shows that the fish gets slimmer
with increasing length (Jobling, 2002). There are many
factors affecting the value of b throughout the fish life.
Several important factors such as gonad development
and the availability of food in their natural habitats can
greatly affect the b value (Rosli and Isa, 2012). In recent
years, the population of whiting in the south-eastern
Black Sea is mostly composed of small individuals, due
to overfishing pressure. Therefore, growth was found
to be negative allometric.
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Table 2. Total length-weight relationship values for the whiting from different locations

Researchers Region a b Growth type
Duzgunes and Karacam, 1990 Middle Black Sea 0.2721 2.5730 - Allometric
Samsun, 1995 Middle Black Sea 0.0045 3.1870 + Allometric
Ciloglu, 1997 East Black Sea 3.2440 + Allometric
Samsun and Erkoyuncu, 1998 Middle Black Sea 0.0039 3.2384 + Allometric
Genc et al, 1998 East Black Sea 0.0052 3.1420 + Allometric
Ciloglu et al., 2001 East Black Sea 0.0037 3.2590 + Allometric
Genc et al., 2002 East Black Sea 0.0058 3.0767 + Allometric
ismen, 2002 East Black Sea 0.0042 3.2400 + Allometric
Atasoy et al., 2006 Marmara Sea 0.0050 3.1400 + Allometric
Kalayci et al., 2007 Middle Black Sea 0.0067 3.0248 + Allometric
Ak et al., 2009a East Black Sea 0.0040 3.1690 + Allometric
Ak et al., 2009b East Black Sea 0.0037 3.2663 + Allometric
Samsun, 2010 Middle Black Sea 0.0043 3.2016 + Allometric
Demirel and Dalkara, 2012 Marmara Sea 0.0120 2.8360 - Allometric
Saglam and Saglam, 2012 East Black Sea 0.0064 3.0441 izometric
Ozdemir and Duyar, 2013 Middle Black Sea 0.0104 2.8555 - Allometric
Yesilcicek et al., 2015 East Black Sea 0.0046 3.1950 + Allometric
Yildiz and Karakulak, 2017 West Black Sea 0.0040 3.2533 + Allometric
Samsun and Akyol, 2017 Middle Black Sea 0.0113 2.8660 - Allometric
Ozdemir et al., 2018 Middle Black Sea 0.0068 3.0202 izometric
Medreseonu 0.0149 2.7429 - Allometric
This study Persembe 0.0094 2.9097 - Allometric
Piraziz 0.0107 2.8600 - Allometric
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0z: Bu calismada, Tiirkiye'nin Trakya Bdlgesi'ndeki Karadeniz ile Avrupa faunasinin etkisinde kalan icsularin balik faunasinin belirlenmesi
amaclanmistir. Saha calismasi, glineyde Yalikdy ile kuzeyde Rezve Cayi arasinda kalan ve Yildiz Daglar’'nin dogusunda yer alan bolgede, akarsu
(lotik) ve durgun su (lentik) biyotoplardaki 40 farkli lokalitede gerceklestirilmistir. Balik 6rneklemesi DC Elektrosoker, sade ag, fanyal ag, 1grip
ve pinter kullanilarak Nisan-Eyltl 2000, Mayis-Temmuz 2001 ve Temmuz 2009 tarihlerinde yapilmistir. Calisma sonucunda, Acheilognathidae,
Atherinidae, Centrarchidae, Clupeidae, Cobitidae, Cyprinidae, Gasterosteidae, Gobiidae, Gobionidae, Leuciscidae, Mugilidae, Poecilidae,
Salmonidae ve Syngnathidae olmak tizere 14 familyaya ait toplam 33 takson tespit edilmistir. Calisma alaninda, 10 takson ile Leuciscidae en
fazla tur cesitliligine sahip iken, Acheilognathidae, Atherinidae, Centrarchidae, Clupeidae, Cobitidae, Gasterosteidae, Gobionidae, Poecilidae ve
Syngnathidae familyalari birer tiir ile temsil edilmistir. En yaygin olarak rastlanan tiirler Barbus tauricus, Gobio kovatschevi, Alburnus istanbulensis
ve Petroleuciscus borysthenicus'tur. Birey sayilari agisindan degerlendirildiginde ise Gambusia holbrooki'yi sirasiyla Phoxinus strandjae,
Alburnoides tzanevi, Barbus tauricus ve Alburnus istanbulensis turleri takip etmistir.

Anahtar Kelimeler: Biyocesitlilik, istilaci tiir, Avrupa, tatlisu baliklari

Abstract: In this study, it was aimed to determine the fish fauna of inland waters that are located in the Thrace region of Turkey and affected
by the Black Sea and European fauna. The field surveys were carried out in 40 different locations in lotic and lentic biotopes located in the
east of the Yildiz Mountains, between the Yalikdy in the south and the Rezve Stream in the north. Fish sampling was performed by using
DC Electroshocker, gillnet, trammel-net, seine-net and fyke-net in April-September 2000, May-July 2001 and July 2009. A total of 33 taxa
belonging to 14 families was identified; Acheilognathidae, Atherinidae, Centrarchidae, Clupeidae, Cobitidae, Cyprinidae, Gasterosteidae,
Gobiidae, Gobionidae, Leuciscidae, Mugilidae, Poecilidae, Salmonidae and Syngnathidae. In the study area, Leuciscidae has the highest species
richness with 10 taxa, while Acheilognathidae, Atherinidae, Centrarchidae, Clupeidae, Cobitidae, Gasterosteidae, Gobionidae, Poecilidae and
Syngnathidae families are represented by a single species. The most common found fish species are Barbus tauricus, Gobio kovatschevi, Alburnus
istanbulensis and Petroleuciscus borysthenicus. In terms of numbers of specimens, Gambusia holbrooki was followed by Phoxinus strandjae,
Alburnoides tzanevi, Barbus tauricus and Alburnus istanbulensis.

Key words: Biodiversity, invasive species, Europe, freshwater fish

GiRiS havzasinin balik faunasi, ginimize dek cesitli

arastiricilar tarafindan yapilan calismalarla

Yildiz Daglarr’'nin yer aldigi Trakya bélgesi, iki blyutk
kitanin kesisim noktasinda bulunmasi, bogazlar sistemi
ile Anadoludan ayrilmis olmasi, akarsular, su basar
ormanlar (longozlar), lagtinler gibi farkh ekosistemleri
blnyesinde barindirmasi gibi 06zellikler nedeniyle
Turkiye icsu balik faunasinda 6nemli bir yere sahiptir.

Yildiz Daglar’'nin batisinda kalan Meri¢ Nehri

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

incelenmistir. Buna karsin, Yildiz Daglari’nin dogusunda
yer alan ve barindirdigi subasar ormani ile 6zel bir
ekosistem durumundaki lotik ve lentik habitatlar,
blyuk bir akarsu bosalim alani icinde olmadigindan
Ozel calismalar disinda ele alinmamistir. Trakya bolgesi
icsu baliklarina deginen calismalar arasinda Battalgil
(1941, 1942), Erk’akan (1983, 1984), Balik (1985), Meric
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(1986a, 1986b, 1992), Erdem vd. (1994), Ozulug (1999),
Ozulug vd. (2004) ve COB (2004) sayilabilir. Bunlardan
sadece Uclnde Yildiz Daglar’nin dogusunda kalan
bdlgenin tatlisu balik faunasi incelenmis ve bélgede 31
balik tiiriintin yasadigi belirtilmistir (Balik, 1985; Erdem
vd., 1994; COB 2004).

Bu c¢alisma ile guncel bilgilerimizin yetersiz
oldugu Yildiz Daglar’nin dogusunda kalan tathsu
sistemlerindeki balik faunasinin son durumunun ortaya
¢ikarilmasi amaglanmaktadir. Bu ama¢ kapsaminda;
bolgedeki gol ve akarsularda yasayan balik tirlerinin
tespit edilmesi, Rezve ve Veleka Dereleri gibi sinir 6tesi
sular ile komsu Ulkelerden i¢ sularimiza giris yapma
ihtimali yliksek olan tlrlerin bolgedeki varliginin
arastirlmasi ve tespit edilen tdrlerin dagihmlarinin

ortaya cikanlarak  bolluklarinin belirlenmesi
amaclanmistir.
MATERYAL VE METOT

Ornekleme Nisan ve Eyliil 2000, Mayis ve Temmuz
2001 ile Temmuz 2009 tarihlerindeki toplam 14 glinlik
saha calismasi ile yapilmis, her istasyon sadece bir kez
orneklenmistir. Baliklar yakalandiktan sonra karanfil
yagi ile bayiltiimis ve %4'lik formaldehit sollsyonu ile
tespit edilmistir.

Bolgedeki dogal goller ve baraj gollerinin si§ ve
kicuk olmalari nedeniyle, balik drneklemelerinde sade
ag, fanyal ag, pinter ve 1grip kullanilmistir. Sade aglar
15 mm, 22 mm ve 36 mm g6z acikliklarina sahip olup, 1
m yikseklikte ve 50'ser metre uzunlugundadir. Fanyali
ag ise, 17 mm goz acikligina sahip tor ve 110 mm g6z
acikligina cift tarafli fanyaya sahip olup 1 m yikseklikte
ve 80 m uzunlugundadir. Pinterin agiz cemberinin capi
30 cm ve boyu yaklasik 80 cm'dir. Igribin ise tor goz
acikhgi 3 mm, yiiksekligi 1 m, torba kismi 5 m, kanatlari
10’ar metre ve toplam uzunlugu 25 m'dir. Akarsu
sistemlerinin dogal yapisi geregi yukari, orta ve asagi
havzalarinda farkli bolgesel 6zelliklerinin bulunmasi ve
buna bagli olarak farkl balik tirlerini barindirabilmesi
olasiigi g6z onine alinarak ayni akarsu (zerinde
birden fazla 6rnekleme noktasi belirlenmis ve balik
orneklemesi DC elektrosokerler (SAMUS 725 G,
Elektracatch WFC911) ile gerceklestirilmistir.

Calisma alani, kuzeyde Bulgaristan ile Turkiye'nin
sinirini olusturan Rezve Cayi ile giineyde Yalikdy ve
civarindaki kiyisal bolge arasinda kalan lentik ve lotik
biyotoplar olarak belirlenmistir. Yildiz Daglari'nin
dogusunda kalan bu kesimde 40 farkl lokaliteden balik
ornekleri toplanmistir (Sekil 1). istasyon adi, koordinat
bilgisi ve 6rnekleme tarihleri Tablo 1'de verilmistir.
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Sekil 1. Yildiz Daglar’nin dogusunda kalan tatlisu sistemleri ve calisilan istasyonlar
Figure 1. Freshwater systems and sampling sites in the east of Yildiz Mountains

66



Fish fauna of Yildiz Mountains (North-Eastern Thrace, Turkey)

Tablo 1. Calisma sahasindaki istasyonlarin adi, koordinat bilgileri ile drnekleme tarihleri
Table 1. Name, coordinate and sampling dates of the stations in the sampling area

No istasyon Adi il Koordinat Tarih

1 Rezve CayI-1 Kirklareli 41°58'53"K 28°01'33"D 26.07.2009
2 Rezve Cayi-2 Kirklareli 41°58'56"K 27°54'10"D 26.07.2009
3 Rezve Cayi-3 Kirklareli 42°00'09"K 27°51'36"D 26.07.2009
4 Tarlalik Deresi-1 Kirklareli 41°53'46"K 27°41'53"D 26.07.2009
5 Tarlalik Deresi-2 Kirklareli 41°57'02"K 27°40"29"D 26.07.2009
6 Velika Deresi-1 Kirklareli 41°51'35"K 27°37'56"D 26.07.2009
7 Velika Deresi-2 Kirklareli 41°52'13"K 27°37'16"D 26.07.2009
8 Velika Deresi-3 Kirklareli 41°51'29"K 27°34'05"D 26.07.2009
9 Erikli Golu Kirklareli 41°53'26"K 27°59'58"D 27.07.2009
10  Paspala Deresi Kirklareli 41°55'43"K 27°56'34"D 27.07.2009
11 MertGolu Kirklareli 41°52'09"K 27°58'33"D 20.07.2009
12 Cavuskopri Deresi Kirklareli 41°54'55"K 27°51'09"D 20.07.2009
13 Madra Deresi Kirklareli 41°52'46"K 27°54'32"D 20.07.2009
14 Deniz Golu Kirklareli 41°48'58"K 27°59'15"D 23.07.2009
15 Hamam Géli Kirklareli 41°49'24"K 27°57'58"D 21.07.2009
16 Pedina Golu Kirklareli 41°49'45"K 27°56'04"D 21.07.2009
17 Bulanik Deresi Kirklareli 41°49'15"K 27°57"16"D 21.07.2009
18  Sivriler Deresi Kirklareli 41°46'42"K 27°51'21"D 21.07.2009
19  Gam Deresi Kirklareli 41°48'01"K 27°49'21"D 21.07.2009
20 Bicki Deresi Kirklareli 41°48'24"K 27°49'09"D 21.07.2009
21 Degirmen Deresi Kirklareli 41°48'47"K 27°48'05"D 21.07.2009
22 Palabiyik Deresi Kirklareli 41°50'19"K 27°47'25"D 22.07.2009
23 Saka Golu Kirklareli 41°48'04"K 27°59'43"D 23.07.2009
24 Yavuz Deresi Kirklareli 41°48'43"K 27°56'37"D 21.07.2009
25  Pabug Deresi-1 Kirklareli 41°41'04"K 27°52'53"D 24.07.2009
26  Pabug Deresi-2 Kirklareli 41°38'13"K 28°04'11"D 24.07.2009
27  Kazan Deresi Kirklareli 41°37'55"K 27°53'07"D 24.07.2009
28  Domuz Deresi Kirklareli 41°36'59"K 27°59'05"D 24.07.2009
29  Bahgedere Deresi-1 istanbul 41°34'51"K 27°05'85"D 21.09.2000
30  Elmali Deresi-1 istanbul 41°34'93"K 28°08'53"D 21.09.2000
31 Bahgedere Deresi-2 istanbul 41°34'51"K 27°05'82"D 04.05.2001
32 Bahgekdy Deresi istanbul 41°32'82"K 27°03'01"D 04.05.2001
33 Sultanbahce Baraji istanbul 41°34'67"N 28°05'87"D 05.05.2001
34 Elmali Deresi-2 istanbul 41°34'75"K 28°07'46"D 23.07.2001
35  Cilingoz Baraji istanbul 41°31'55"K 28°11'55"D 23.07.2001
36  Cilingoz Deresi istanbul 41°31'07"K 28°11'83"D 20.09.2000
37 Kuzulu Deresi-1 istanbul 41°29'39"K 28°16'12"D 20.09.2000
38  Kuzulu Baraji istanbul 41°28'99"K 28°15'69"D 20.04.2000
39  Kuzulu Deresi-2 istanbul 41°28'77"K 28°15'20"D 19.04.2000
40 Duzdere Baraji istanbul 41°28'13"K 28°17'48"D 19.04.2000
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BULGULAR

Orneklemeler sonucunda 14 familyaya ait toplam
33 takson elde edilmistir (Tablo 2). Tim tirlere ait
toplam birey sayisi 3598'dir. Bolgedeki en yaygin tiirlin,
18 farkli istasyondan yakalanan Barbus tauricus oldugu;
bunu 16 istasyon ile Gobio kovatschevi, Alburnus
istanbulensis ve Petroleuciscus borysthenicus'un takip
ettigi belirlenmistir. Atherina boyeri, Alosa tanaica,
Carassius gibelio, Chelon auratus, Leucaspius delineatus,
Mesogobius batrachocephalus, Oncorhynchus mykiss ve
Syngnathus abaster turleri ise bolge sularinda sadece
1'er istasyondan yakalanmistir.

Elde edilen birey sayisi bakimindan, Gambusia
holbrooki 593 birey ile ilk sirada yer almis; digerleri
ise sirasiyla Phoxinus strandje 578 birey, Alburnoides
tzanevi 280 birey, Barbus tauricus 248 birey ve Alburnus
istanbulensis 217 birey ile takip etmistir. Bununla
birlikte, Oncorhynchus mykiss, Syngnathus abaster ve
Mesogobius batrachocephalus tirlerinden sadece 1,
Chelon auratus turiinden 2 ve Mugil cephalus ile Alosa
tanaica tirlerinden ise sadece 4 birey yakalanmistir
(Tablo 3).

TARTISMA

Calisma alaninda daha onceki yillarda yapilan
calismalar incelendiginde; Balik (1985), calisma sahasini
kapsayanicsulardan25takson, Erdemvd.(1994) Hamam
Goli'nden 6 takson ve COB (2004) Mert, Erikli, Hamam,
Saka ve Deniz golleriile Arnavut ve Sivriler derelerinden
15 taksonun varligini rapor ederek bu taksonlara ek
olarak 11 turlin, kaynak gosterilerek séz konusu sularda
bulunduklarn bildirilmistir (Tablo 4). Bélgedeki balik
tiirlerine deginen en son calisma, Ozulug vd. (2019)
tarafindan yapilmis ve Trakya Bdlgesi'nde dagilim
gosteren istilaci balik tirlerinin dagilimi hakkinda bilgi
verilmistir. S6z konusu calismada Lepomis gibbosus
Rezve Cayr ve Sultanbahge Deresi'nden, Carassius
gibelio Sultanbahce Deresi'nden ve Gambusia holbrooki
Papucdere’den bildirmistir. Mevcut calismada tespit
edilen Alosa tanaica, Oncorhynchus mykiss, Rutilus frisii,
Chelon auratus ve Ponticola eurycephalus turleri calisma
sahasindaki i¢ sularindan ilk kez bildirilmektedir (Tablo
4).

Daha onceki calismalarda bdlgeden bildirilen
Anguillaanguilla, Alburnus alburnus, Alburnus chalcoides,
Carassius carassius, Chondrostoma vardarense, Leuciscus
aspius, Rutilus rutilus, Cobitis vardarensis, Liza ramada,
Sander lucioperca ve Platichthys flesus turlerine bu
calismada rastlanamamistir (Tablo 4). Bunlardan
Anguilla anguilla'nin glinimiizdeki stoklarinin oldukca
azaldigi ve bircok yerde artik bu tiire rastlanamadigi
bilinen bir gercektir (Jacoby ve Gollock, 2014). Bu
nedenle, c¢alisilan bdlgede Anguilla anguilla’ya
rastlanamamasi  dogaldir.  Alburnus chalcoides’in

iilkemiz sularinda yasamadigi bilinmektedir (Ozulug
ve Freyhof, 2007). Elde edilen Alburnus &rneklerinin
incelenmesinden sonra, bolgeden daha 6nce Alburnus
chalcoides olarak bildirilen tiiriin Alburnus istanbulensis
oldugu tespit edilmistir. Kimi calismalarda Carassius
gibelio turl Carassius carassius turi ile karistirilmistir
(Gzulug vd. 2004). Calisma bolgesinde yakalanan
tim Carassius bireylerinin incelenmesi sonrasinda,
daha 6nce Carasius carassius olarak bildirilen turin
(Balik, 1985; Erdem vd. 1994; COB, 2004) Carassius
gibelio olmasi gerektigi sonucuna varilmistir. Onceki
calismalarda, calisma bodlgesinde Cobitis taenia ve
Cobitis varderensis tlrlerinin yasadigi bildirilmistir
(Balik, 1985; COB, 2004). Vasil'eva ve Vasil'ev (2006),
Bulgaristan'daki Veleka Deresi'nden yeni bir Cobitis tiiri
olarak Cobitis pontica’yr tanimlamis ve Cobitis taenia
ile olan morfolojik benzerligini vurgulamistir. Calisma
bolgesinden elde edilen Cobitis 6rnekleri Cobitis taenia
olarak tanimlanmustir.

S6z konusu bdlgenin icsu ihtiyofaunasi, IUCN
(2018)'e gore kiiresel boyutta koruma kategorileri
acgisindan degerlendirildiginde; Anguilla anguilla Kritik
Dulzeyde Tehlike Altinda (CR), Alburnus schischkovi ve
Phoxinus strandjae Tehlikede (EN) ve Gobio kovatschevi
ile Cyprinus carpio ise Zarar Gorebilir (VU) olarak
tanimlanmigken, Alburnoides tzanevi ve Oncorhynchus
mykiss IUCN Kirmizi Liste'de degerlendirme disi
birakilan tdrlerdir. Diger tirler ise Dustk Riskli (LC)
olarak siniflandiriimistir (Tablo 4).

Arastirma bolgesinden yakalanan turlerden biri
olan Vimba vimba tirine ¢ok yakin bir baska tir
olan Vimba melanops tiri Meri¢ Nehri havzasindan
bildirilmektedir. Vimba vimba, Vimba melanops
tiriinden dorsal ylizgecin arkasinda bir karinanin
olmasi ile aynimaktadir (Kottelat ve Freyhof, 2007).
Trakya bolgesinde yapilacak yeni calismalarda bu
ayrim noktasina dikkat edilmelidir. Meri¢ Nehri
havzasinda dagilim gosteren ancak ¢alisma bolgesinde
bulunmayan bir baska tir ise Squalius orpheus'tur.
Calisma bolgesinde yasayan Sqaulius cephalus’a yakin
bir tlr olan Squalius orpheus, anal ylizgecinde bulunan
yogun siyah pigmentasyon ile kolayca tanimlanabilir.
Squalius cephalus turinin anal ylzgeci ise cogunlukla
renksiz ya da hafif portakal sarisi renktedir. Mevcut
literatlire gore inceleme bolgesinden Salmo trutta
macrostigma ve Salmo labrax bildirilmistir (Balik, 1985;
Kottelat ve Freyhof, 2007). Salmo coruhensis Turan vd.
(2009) tarafindan Dogu Karadeniz akarsularindan yeni
tlr olarak tanimlanmis, Salmo labrax'tan ayrim 6zelligi
olarak siyah beneklerin ¢ok sayida ve yaklasik goz
bebegi blyikliginde olmasi olarak verilmistir (Salmo
labrax'ta siyah benekler az sayida ve g6z bebegdinden
blyuktir). Calisma bolgesinden elde edilen Salmo
ornekleri, Salmo labrax tiriine daha yakin olmalari
nedeniyle (kisisel goriisme Davut Turan, 2019) Salmo cf.
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labrax olarak degerlendirilmislerdir.

Kottelat ve Freyhof (2007)'a gore, Oncorhynchus
mykiss, Gobio kovatschevi, Alburnoides tzanevi ve
Phoxinus strandjae akarsularda genellikle memba
yonindeki Ust zonlar tercih etmektedirler. Bu
calismada, bu tirlerin yakalandiklar istasyonlarin
mevcut literatir bilgisi ile uyumlu oldugu gorilmustar
(Balik, 1985; Erdem vd. 1994; COB, 2004). Denizel
kokenli tirlerden Atherina boyeri, Alosa tanaica ve
Chelon auratus tirleriise yine deniz baglantisi olan Mert
ve Deniz géllerinden yakalanmistir. Bununla birlikte,
Alburnus cinsi ve Gobiidae familyasi Gyeleri ile Barbus
tauricus, Cobitis taenia, Rhodeus amarus gibi baz tirler
gerek gollerde gerekse akarsularin farkli zonlarinda
dagilim gostermislerdir. Sularimizda Durusu Goli ile
iznik Géli'nde yasadigi bilinen, bununla birlikte Gireme
stratejisinden dolayi Karadeniz Havzasi'ndaki derelere
girebildigi rapor edilen Rutilus frisii'ye ait bireylerin
Rezve ve Madra dereleri ile Pedina ve Saka gollerinden

yakalanmasi ile tiirlin bilinen dagilim alanlarina katki
saglanmistir.

Bolgedeki i¢su kaynaklari icin dnemli bir tehlike,
bolgeye yabanci balik tirlerinin girmesidir. Bu yabanci
tirlerden Oncorhynchus mykiss'in bolgedeki alabalik
Uretim ciftliklerinden kacarak akarsulara karistig
dusinidlmektedir. Gerek habitat rekabeti gerekse
hibritlesmenin, yerli alabalik turlerinden biri olan
ve bdlgede tespit edilen Salmo cf. labrax igin tehdit
olusturabilecedi dusunilmektedir. Turkiye icsulan
icin istilaci 6zellik gosterdigi bilinen Carassius gibelio,
Gambusia holbrooki ve Lepomis gibbosus tirlerinin
Ozellikle Saka, Deniz, Erikli, Mert ve Hamam gibi
gollerden yakalandigi gorilmektedir. Yabanci tirlerin
yayllmasinda birbiriyle baglantisi olan lotik ve lentik
sistemlerin etkisi bliylktir. Ancak birbirinden bagimsiz
akarsu ve gollerde yabanci tirlere rastlanmasi,
tirlerin buralara insan eli ile tasinmis olabileceginin
bir goéstergesidir. Ozellikle istila 6zelligi bilinen bu
tirlerin  bulundugu habitatlardaki yogunluklarinin

Tablo 2. Yildiz Daglari’nin dogusunda kalan tatlisu sistemlerinden yakalanan balik turleri
Table 2. Fish species captured from the freshwater systems in the east of the Yildiz Mountains

Familya: Acheilognathidae
Rhodeus amarus (Bloch, 1782)

Familya: Gobionidae

Gobio kovatschevi (Chichkoff, 1937)

Familya: Atherinidae

Atherina boyeri (Risso, 1810)

Familya: Centrarchidae

Lepomis gibbosus (Linnaeus, 1758)

Familya: Mugilidae
Mugil cephalues (Linnaeus, 1758)

Chelon auratus (Risso, 1810)

Familya: Clupeidae

Alosa tanaica (Grimm, 1901)

Familya: Cobitidae

Cobitis taenia (Linnaeus, 1758)

Familya: Cyprinidae
Barbus tauricus (Kessler, 1877)
Carassius gibelio (Bloch, 1782)

Cyprinus carpio (Linnaeus, 1758)

Familya: Gasterosteidae

Gasterosteus aculeatus (Linnaeus, 1758)

Familya: Leuciscidae
Alburnoides tzanevi (Chichkoff, 1933)
Alburnus istanbulensis (Battalgil, 1941)
Alburnus schischkowi (Drensky, 1943)
Leucaspius delineatus (Heckel, 1843)
Petroleuciscus borysthenicus (Kessler, 1859)
Phoxinus strandjae (Drensky, 1926)
Rutilus frisii (Nordmann, 1840)
Scardinius erythrophthalmus (Linnaeus, 1758)
Squalius cephalus (Linnaeus, 1758)

Vimba vimba (Linnaeus, 1758)

Familya: Gobiidae
Babka gymnotrachelus (Kessler, 1857)
Knipowitschia caucasica (Berg, 1916)
Mesogobius batrachocephalus (Pallas, 1814)
Neogobius fluviatilis (Pallas, 1814)
Neogobius melanostomus (Pallas, 1814)
Ponticola eurycephalus (Kessler, 1874)

Proterorhinus semilunaris (Heckel, 1839)

Familya: Poeciliidae

Gambusia holbrooki (Girard, 1859)

Familya: Salmonidae
Oncorhynchus mykiss (Walbaum, 1792)
Salmo cf. labrax (Pallas, 1814)

Familya: Syngnathidae
Syngnathus abaster (Risso, 1827)
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Tablo 3. Yildiz Daglar’'nin dogusunda kalan tatlisu sistemlerinden yakalanan balik turlerinin istasyonlara
gore dagihmlari ve birey sayilan

Table 3. Distribution and number of specimens of fish species by sites in the freshwater systems in the east
of Yildiz Mountains

Balik tiirleri

istasyonlar

10

11

12

17

18

A. boyeri

A. tanaica

A. tzanevi

A. istanbulensis
A. schischkowi

B. tauricus

B. gymnotrachelus
C. taenia

C. gibelio

C. auratus

C. carpio

G. aculeatus

G. holbrooki

G. kovatschevi

K. caucasica

L. delineatus

L. gibbosus
M.batrachocephalus
M. cephalus

N. fluviatilis

N. melanostomus
O. mykiss

P. borysthenicus
P. strandjae
P.eurycephalus

P. seminularis
R.amarus

R. frisii

S.abaster

S. erythrophthalmus
S. cf. labrax

S. cephalus

V.vimba

112

512
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Tablo 3. Devami
Table 3. Continued
Balik tiirleri istasyonlar
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

A. boyeri - - - - - - - - - - - - - - - - - - - -
A. tanaica - - - - - - - - - - - - - - - - - - - -
A. tzanevi - 35 - - 39 - 22 9 - - - - - - - - - - - -
A. istanbulensis - - 4 20 37 5 5 - - - 9 - 2 2 4 4 - - 4 2
A. schischkowi - - - - - - - - - - - - - - - - - - - -
B. tauricus 21 17 1 22 52 8 19 - - - - - - - - - - - - 1
B. gymnotrachelus - - - - - 7 3 - - - - - - - - 2 - - - -
C. taenia - - 4 m - 26 2 - - 4 - - - - 1 6 1 - - -
C. gibelio - - 0 - - - - - - - - - - - - - - - - -
C. auratus - - - - - - - - - - - - - - - - - - - -
C. carpio - - - - - - - - - 1 - - - - - - - - - -
G. aculeatus - - - = = 2 - = = = = = = = = - =
G. holbrooki - -- 1M1 - -- 20 - -- - - -- - - -- - - -- - - -
G. kovatschevi 3 2 - 2 5 - 49 8 - - 8 - 5 - - - 8 2 3 -
K. caucasica - - 6 - - 5 - - - - - - - - - - - - - -
L. delineatus T S S 13 - - - = -
L. gibbosus - - 9 - - - - - - - - - - - - - - - - -
M.batrachocephalus - - - - - - 1 - = = = = = = = = = - -
M. cephalus - - = = - 1 - - - 2 - == = = = -
N. fluviatilis - - 7 - - 37 - - - 1 - - - - - - - - - -
N. melanostomus - - - - - 2 5 - - = = = = = = = = =
O. mykiss - - - - - - - 1 - - - - - - - - - - - -
P. borysthenicus - - - = - 21 7 - 13 - 3 - 2 5 7 20 7 2 1 9
P. strandjae 58 18 -- 1 - - 8 38 - - - - - - - - - - - -
P. seminularis - -- 2 - -- 4 1 -- - - -- - - -- 1 - 2 - - -
P. eurycephalus - - - 12 - - - - - - - - - - - - - - - -
R.amarus - - 50 -- - 20 - - - 1 - - - - - - - - - -
R. frisii - - 10 - - - - - - - - - - - - - - - - -
S.abaster - - - = = - 1 - - = = = - =
S.erythrophthalmus - - 1M - - - - - - - - - - - - - - - - -
S. cf. labrax 1 - - - 3 - - M0 - - - - - - - - - 1 - -
S. cephalus - 8 2 42 11 8 28 -~ 3 4 2 8 - =
V.vimba - - 73 3 —~ 5 10 -~ - = = = = = = = = = = 3
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stirekli izlenmesi, yerli tirlere ve ekosisteme etkilerinin
incelenmesi ve gerekirse yogunluklarinin azaltiimasi
icin miidahale edilmesi gerekir.

Sonug olarak, Yildiz Daglar’'nin dogu kisminda
kalan bolge, asir bir sanayilesme ve niifus yogunlugu
olmadigindan cevresel tehditlerden uzak bir alan
gibi goriinmektedir. Ancak, bolge yakininda buyik
sehirlerin ve buyuk sanayi tesislerinin bulunmasi,
bu bdlgenin tatlisu rezervinin oralara tasinmasi
riskini  tagimaktadir. Gunimuizde Pabucdere ile
Diizdere arasindaki derelerin sulari istanbul icin igme
suyu rezervi olarak kullaniimakta olup bdlgedeki

diger akarsularin bu gibi faaliyetlerden korunmasi
gerekmektedir. Turizm faaliyetleri sadece igneada
civarinda yogunlasmis olmasindan dolayi, Erikli Golu
ve Mert Goli domestik (evsel) atiklar ile yogun sekilde
kirlenmeye maruz kalmaktadir. Bélgenin turizm alani
olan igneada'da iyi bir aritma tesisinin insasi ve turistik
tesis sinirlamasi bu tehlikeyi en aza indirecektir. Bolge
insaninin sinirlanacak turizm faaliyetlerinden olumsuz
yonde etkilenmemesi icin yil boyunca alternatif turizm
seceneklerinin gelistirilmesi saglanabilir. Bélge sularinin
yukarida bahsedilen tehlikelerden korunmasi, tathsu
ihtiyofaunasinin da korunmasini ve siirdirdlebilirligini
saglayacaktir.

Tablo 4. Yildiz Daglari’nin dogusunda kalan tatlisu sistemlerinde yasadigi tespit edilen balik tiirleri (1:Balik, 1985; 2: Erdem vd.,
1994; 3: COB, 2004; 4: Ozulug ve Freyhof 2007; 5: Kottelat ve Freyhof, 2007; 6: Ozulug vd. 2019; 7: Mevcut calisma; 8: IUCN, 2018;
CR: Kritik Dlizeyde Tehlike Altinda; LC: Disuk Riskli; EN: Tehlikede; NT: Tehdite Yakin; VU: Duyarli; R: Referans bilgisi). Yildiz isareti

(*) ile isaretlenen taksonlarin tiir adlari glincellenmistir

Table 4. Fish species that are found living in the east of the Yildiz Mountains (1: Balik, 1985; 2: Erdem et al., 1994; 3: COB, 2004;
4: Ozulug and Freyhof 2007; 5: Kottelat and Freyhof, 2007; 6: Ozulug et al., 2019; 7: Present study; 8: IUCN, 2018; CR: Critically
Endangered; LC: Least Concern; EN: Endangered; NT: Near Threatened; VU: Vulnerable; R: Reference data). The species names of

the taxa marked with asterisk (¥) have been updated

Takson 1 3 4 5 7 8 Takson 1 3 5 7 8
A. anguilla + CR S. erythrophthalmus + + + LC
A. tanaica + LC V.vimba + R + + LC
S. cf. labrax* + + - C. taenia* + R + + LC
O. mykiss + - S. abaster + R + LC
A. tzanevi* + R + + - G. aculeatus + R + + LC
A. alburnus + R + LC G. holbrooki* + + LC
A.istanbulensis* + + 4+ o+ + LC C. auratus + -
A. schischkovi + o+ + EN M. cephalus + + LC
B. tauricus* + R + + LC L.ramada + R LC
C. gibelio* + + + - A. boyeri + + + LC
C.vardarense* + NT S. lucioperca + R + LC
C. carpio + + + VU M. batrachocephalus + + LC
G. kovatschevi* + + + + LC P. eurycephalus + LC
L. aspius* + + - N. fluviatilis + + + + LC
L. delineatus + + LC B. gymnotrachelus + + + LC
S. cephalus + + + + LC N. melanostomus + + + LC
P. borysthenicus + + + LC P. semilunaris* + + + LC
P. strandjae* + + + EN P.flesus + R LC
R.amarus + + + + LC K. caucasica + + LC
R. rutilus + + LC L. gibbosus + LC
R. frisii + LC
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Oz: Tirkiye'de su triinleri yetistiriciligi sektériintn son yillarda hizl bir gelisim géstermesine baglh olarak balik yemine olan talep de 6nemli
Olcide artmistir. Su Uriinleri yetistiricilik isletmelerinin sayilarinin ve tretim miktarlarinin giderek artmasi, beraberinde balik yemi talebinin
artigl, su Grlinleri yem sanayinin gelismesini tesvik etmektedir. 1999'da yetistiricilik yoluyla tiretim yaklasik 60 bin ton iken balik yemi tretimi
38000 ton, 2015 yilinda ise su Uriinleri yetistiricilik tretimi 240 bin ton iken balik yemi tretimi 375000 ton olarak kaydedilmistir. 1999-2016
yillarrarasinda su Griinleri yetistiricilik Gretimi miktari yaklasik 4,5 kat artarken, balik yemi tretimi yaklasik 12 kat artis gostermistir. Bu calismada
Turkiye'deki balik yemi sanayinin gelisimi degerlendirilmistir. Ginlimuzde Turkiye'de 23 adet balik yemi tretimi yapan isletme bulunmaktadir.
Bu isletmelerin % 70'i, 30 bin ton ve altinda Uretim gerceklestirmektedir. Bu arastirmada 30 bin ton ve alti Giretim yapan isletmeler arastirma
kapsamina alinmis ve bu isletmelerin yonetimindeki yetkili kisilerle telefon anketi gerceklestirilmistir. Anket ¢alismasi sonucunda elde edilen
veriler degerlendirildiginde arastirma kapsamindaki isletmelerin % 63’Unin Gretim miktarinin 10 bin ton ile 30 bin ton arasinda oldugu
belirlenmistir. isletmelerin % 56'sinin sadece balik yemi tretimi yaptigi tespit edilmistir. Arastirma kapsamindaki firma yetkililerinin hepsi balik
yem sanayisinin gelisimini strdirecegi gortsiindedir. Calismada 1999-2016 yillari arasindaki 18 yillik Gretim degerleri esas alinarak yapilan
Uretim miktari 6ngorisiine gore de 2021 yilinda su Grlnleri yetistiricilik Gretiminin 310268 tona, balik yemi Uretiminin ise 585418 tona
ulasacagi beklenmektedir.

Anahtar kelimeler: Balik yemi, yetistiricilik, tretim, Tiirkiye

Abstract: According to Turkish aquaculture sector has showed a rapid development in recent years, the demand for fish feed in aquaculture
has also increased considerably. The facts of increasing the number of aquaculture companies and production quantities together with the
growing of demand for fish feed, promote the progress of aquaculture feed industry. Aquaculture production was recorded as approximately
60000 tons while fish feed production was 38000 tons in 1999 and the values for aquaculture production came to 240000 tons while fish feed
production reached to 375000 tons in 2015. Fish feed production increased by 12 times while the quantity of aquaculture production was
increasing by 4,5 times between the years of 1999 and 2016. In this study, the development of Turkish fish feed industry was evaluated. Today,
there are 23 fish feed producing companies in Turkey. 70% of these enterprises make production 30000 tons and less than this amount. In this
research, the companies that make production 30000 tons and less than this value were considered and telephone surveys were conducted
with authorized persons who were in the management position of these enterprises. When the obtained data of the survey study results were
evaluated, it was determined that the production quantity of 63% of the researched companies were between 10000 tons and 30000 tons.
It was established that 56% of companies only produce fish feed. All responsibles of the enterprises, who were selected with in the scope
this research, had the same opinion about believing that fish feed industry will continue its development. In the studly, it is expected that
aquaculture production will reach to 310268 tons and fish feed production will reach to 585418 tons in 2021 according to the production
quantity forecasting made based on 18 years production values between the years of 1999 and 2016.

Keywords: Fish feed, aquaculture, production, Turkey
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GiRIS

Yetistiricilik yoluyla elde edilen su Grlinleri Gretimi,
avcilikyoluylasaglanan Giretimin talebi karsilayamamasi
nedeni ile son yillarda hizl bir gelisim gdstermektedir.
Su Urtnleri yetistiriciligi; artan su Grinleri talebi ve arz
talep dengesizligi sonucunda pazar fiyatlarindaki artis
ve yetistiricilik yoluyla istenilen zamanda, istenilen
nitelikte ve istenilen miktarda talebin karsilanabilmesi
gibi nedenlerle giderek daha da cazip hale gelmektedir.
Su Urlnleri yetistiricilik sektord, su Griinlerinin 6nemli
bir hayvansal ve bitkisel protein kaynagi olmasi, genis
bir istihdam sahasi olusturmasi ve énemli bir doviz
girdisi saglamasi agisindan buyuk bir sosyoekonomik
oneme sahiptir (Dogan, 2003; GiUmus ve Yilmaz,
2011). Turkiye'de, iklim ve su kosullarinin su Grinleri
yetistiriciligine uygun olmasi sebebiyle yetistiricilik
sektord; Uretilen miktar, yetistirilebilen tur sayisi ve
yetistiricilikyapilan cografik bolge ve ortam bakimindan
onemli bir gelisim gostermektedir (Celikkale vd., 1999).
Turkiye su Grunleri Gretiminin yillara gore inisli cikish
bir seyir izlemesi nedeniyle toplam tretim, 1980 yilinda
yaklasik 428 bin ton iken, 2000 yilinda 582 bin ton, 2016
yilinda yaklasik 600 bin ton olarak gerceklesmistir (TUIK,
2017). Toplam {retim icinde avciligin payr diserken,

yetistiricilik yoluyla Gretim dizenli olarak artis egilimi
goOstermektedir. 2000 yilinda yetistiricilik miktart 79
bin ton iken, 2016 yilinda yaklasik 253 bin ton olarak
gerceklesmistir (Tablo 1).

Turkiye'de su drlnleri yetistiriciligi, 1965-1970'li
yillarda i¢ su baliklar Giretimi ile baslamistir. Oncelikle
sazan Uretiminin  basladigi ve daha sonra 0zel
isletmeler bazinda alabalik isletmelerinin de devreye
girdigi kayitlarda yer almaktadir (Korkut, 2016).
1980'li yillara kadar alabalik ve sazan kiltiiriine dayali
olarak devam eden Uretimde 1980’li yillarin basinda
dogadan cipura yavrularn toplanarak deniz baliklar
besisine baslaniimistir. 1989'lu yillarda ¢ipura ve levrek
yetistiriciligi yumurtadan itibaren denenmeye ve
uygulanmaya baglanmis, kiylya yakin konumlanmis
denizel ag kafes besi isletmeleri 6zellikle Gliney Ege'de
hizla yayilmistir (isgéren, 1996). Artan yurt disi ve yurt
ici piyasa talebi, hizli gelisen teknoloji ve ¢evre dostu,
strdirulebilir yetistiricilik icin degisen mevzuat ile
aclk deniz kafes sistemlerine gecilmeye baslaniimasi
Uretim artisini tegvik etmistir. Yetistiriciligin gelisiminde
ozellikle 2005 yilindan beri Tirkiye'de yetistiricilik
Uretimine yapilan mali ve kredi desteklerinin de 6nemli
katkisi olmustur (imga, 2008; Babaoglu ve Emiroglu,
2016).

Tablo 1. Tiirkiye su triinleri Gretimi (TUIK, 2017)
Table 1. Fisheries production of Turkey (TUIK, 2017)

AVCILIK

YETISTIRICILIK

Yillar (ton) (ton) TOPLAM
Deniz icsu Toplam Deniz icsu Toplam (ton)
2000 460 521 42 824 503 345 35.646 43.385 79.031 582.376
2001 484410 43323 527733 29.730 37514 67.244 594.977
2002 522744 43938 566 682 26.868 34.297 61.165 627.847
2003 463 074 44 698 507 772 39.726 40.217 79.943 587.715
2004 504 897 45585 550482 49.895 44115 94.010 644.492
2005 380 381 46115 426 496 69.673 48.604 118.277 544.773
2006 488 966 44082 533048 72.249 56.694 128.943 661.991
2007 589129 43321 632.450 80.840 59.033 139.873 772323
2008 453113 41011 494.124 85.629 66.557 152.186 646.310
2009 425275 39187 464.462 82.481 76.248 158.729 623.191
2010 445 680 40 259 485.939 88.573 78.568 167.141 653.080
2011 477 658 37097 514.755 88.344 100.446 188.790 703.545
2012 396 322 36120 432442 100.853 111.557 212.410 644.852
2013 339047 35074 374.121 110.375 123.019 233.394 607.515
2014 266 078 36134 302.212 126.894 108.239 235.133 537.345
2015 397731 34176 431.907 138.879 101.455 240.334 672.241
2016 301 464 33856 335.320 151.794 101.601 253.395 588.715

76



Development of Turkish fish feed industry

Tum canhlarin kiltiriinde oldugu gibi su Grinleri
yetistiriciliginde de en ©nemli konulardan biri
beslemedir. Besin maddeleri canlilarin  yasamsal
faaliyetlerini belirleyen en 6nemli etkendir. Yetistiriciligi
yapilan tiiriin cinsine, yasina ve yetistirildigi ortama
gore besin talepleri degismektedir. Gerek yetistiricilik ile
Uretim miktarinin giderek artmasi gerekse yetistiricilik
alanina yeni tirlerin eklenmesi, talep edilen yemin de
nicelik ve nitelik yoniinden zenginlestirilmesini tesvik
etmektedir. Su Urlinleri yetistiriciliginde en 6nemli girdi
kaleminin yem olmasi ve tiretim maliyetinin % 40-60lik
boliminid yem giderinin olusturmasi, yem sektoriini
su Urlnleri vyetistiriciligi agisindan ¢ok 6nemli bir
konuma tagimaktadir. Mevcutyem tesisleri, hizla gelisen
sektoriin suni yem talebini karsilamak icin 1980’li
yillardan itibaren karma yem sanayisi kapsamindaki
portféyde suni balik yemi Uretimine de yer vermeye
baslamistir. Bu kapsamda baslangicta sadece toz ve
pelet yem duretilirken dinyada gelisen teknolojiler
takip edilerek zamanla ekstriide balik yemi Uretimi
yapilmaya baslanmistir (Erteken ve Hasimoglu, 2007).
Sayisi ylkselen su Grinleri yetistiricilik isletmelerinin
artan Uretim kapasiteleri ile birlikte yem taleplerinin
artmasi, su Urlinleri yem sanayisinin gelisimini
desteklemeye devam etmektedir.

Tablo 2. 1999-2016 yillari arasinda su Urlinleri yetistiriciligi ve
balik yemi Giretim miktarlari (GKGM, 2017; TUIK, 2017)

Table 2. Aquaculture and fish feed production quantities by
years between 1999-2016 (GKGM, 2017; TUIK, 2017)

Su iirtinleri Balik yemi

Yillar yetistiricilik tGiretimi iiretimi

(Ton) (Ton)
1999 60023 38415
2000 79031 40646
2001 67241 39396
2002 61165 35368
2003 79943 52260
2004 94010 64414
2005 119177 55058
2006 129073 70153
2007 140021 164611
2008 152260 159152
2009 158762 171514
2010 167141 184810
2011 188790 239273
2012 212410 300022
2013 233394 355387
2014 235133 355571
2015 240334 375476
2016 253394 461099

ilk olarak balik yemi Uretimi gerceklestiren
fabrika, 1977 yilinda Bilecik'te kurulan Bilyemtas'dir.
Daha sonraki yillarda izmirde Pinar Yem, Denizlide
Abalioglu Yem ve Mugla'da Kdycegiz yem fabrikalar
Uretime baslamistir.  1999'da yetistiricilik yoluyla
Uretim yaklasik 60 bin ton, balik yemi tretimi 38.000
ton iken 2015 yilinda, su Urlnleri yetistiricilik Gretimi
240 bin ton, balik yemi uretimi ise 375.000 ton olarak
gerceklesmistir (Tablo 2). 1999-2016 yillari arasinda su
drtinleri yetistiricilik miktar yaklasik 4,5 kat artarken,
balik yemi Giretimi yaklasik 12 kat artis gdstermistir.

MATERYAL VE METOT

Turkiye'de Uretim yapan toplam 23 adet balk
yemi isletmesinin (GTHB, 2017) %70Q'ini olusturan,
30 bin ton ve alti balik yemi Uretimi yapan 16 adet
isletme, arastirmanin ana Kkitlesi olarak secilmistir.
Arastirma kapsamina alinan isletmelerin yoneticileri
ile telefon gorismesi yapilarak isletmelerin mevcut
Uretim miktari, Gretim profili ve sorunlarina iliskin
anket calismasi gerceklestirilmistir. Yem sektorl ve su
drtinleri yetistiriciligine iliskin ikincil veriler konuyla
ilgili kuruluslardan, yerli ve yabanci yayinlardan ve
ilgili istatistiki raporlardan temin edilmistir. Su Grinleri
yetistiricilik Gretim miktarlari ile su Grtinleri yem sanayi
Uretiminin gelisimi arasindaki iliski, korelasyon analizi
ile karsilastirmali olarak degerlendirilmistir. 1999-2016
yillari arasindaki 18 yillik su Urunleri yetistiricilik ve
balik yemi tarihsel Uretim verilerinden yararlanilarak
gelecek bes yil icinde ilgili sektorlerin tGretim miktarlan
Box-Jenkins veya diger adiyla 6zbaglanimsal timlesik
hareketli ortalama (ARIMA) ydntemiyle tahmin
edilmistir. Ekonometrik calismalarda zaman serilerini
modellemenin temel yontemlerinden olan ARIMA,
zaman serilerini kendi ge¢mis degerleri ve olasiliksal
hata terimi ile aciklamaktadir. ARIMA modeli gelecege
iliskin istatistiksel tahmin yapilabilen otoregresif
sureclerde yaygin olarak kullaniimaktadir.

Elde edilen verilerin analizinde Microsoft Excel ve
SPSS v.24 paket programlari kullanilmistir.

BULGULAR

Turkiye genelinde balik yemi dreten fabrika sayisi
2007 yihnda 10 adet iken 2017 yilinda 23 adede
ulasarak 10 yil icinde % 130 artig gostermistir (GTHB,
2017). 2007 yilinda 7 ilde kurulu olan balik yemi
fabrikalarina, 2017 yilinda Antalya, Elazig, Manisa,
Gaziantep, Sakarya, Tekirdag ve Trabzon illerinde
kurulan fabrikalar da eklenerek toplam 14 ilde balik
yemi Uretimi gerceklestirilmistir (Tablo 3).

Bolgesel dagihm bakimindan incelendiginde 2017
yilinda Ege Bolgesi 12 isletme ile birinci sirada yer
alirken, Marmara Bolgesi 4 isletme ile ikinci sirada,
Karadeniz Bolgesi 3 isletme ile Uglinci sirada yer
almaktadir. Dogu Anadolu Bdlgesi'nde 2 isletme,
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Glineydogu Anadolu Bolgesi ve Akdeniz Bolgesi'nde
1'er isletme yer bulunmaktadir. 2007 yilina goére
karsilastirildiginda gecen 10 yillik stirede Ege, Marmara,
Karadeniz bolgelerinde balik yemi (lreten fabrika
sayllarinda artis goriilmektedir. Bunun yaninda 2007
yilinda Akdeniz, Glineydogu Anadolu ve Dogu Anadolu
bolgelerinde balik yemi Gireten fabrikalar bulunmazken
2017 yilinda bu bolgelerde faaliyet gdsteren 4 yeni
fabrika kurulmustur (Sekil 1).

2007 yili balk yemi fabrika say s

B 2017 yili balik yemi fabrika say s

Sekil 1. Balik ?/eml ureten fabrikalarin 2007 ve 2017 yillarinda
cografi bolgelere gore dagihmi

Figure 1. Geographical distribution of fish feed producing
factories by years between 2007-2017

12

10

Fabrika says:
-

2 :. .
N .
1001-5000 ton S001-10000ton

1000 tan alty 10001-30000 ton

iiretim miktar: {ton)

Sekil 2. Uretim miktarlarina gére balik yemi iireten fabrika
sayilari

Figure 2. Production quantities of fish feed producing
factories

m Balik yemi

M Balik, biyikbagve kigiikbag
haywan vemi

Balikve kedi-kdpek yemi

Sekil 3. Yem fabrikalarinin trettigi yem gruplari
Figure 3. Feed categories of feed producing factories

Arastirma kapsamina alinan 16 isletmeden %
63'Unlin 2017 yili Giretim miktarinin 10001 ton ile 30000
ton arasinda oldugu saptanmistir. En fazla fabrika sayisi
da bu Uretim miktari diliminde yer almaktadir (Sekil 2).

Arastirma kapsamindaki isletmelerin % 56'sinin
sadece balik yemi Urettigi, % 38'inin balik yemi ile
beraber buytkbas ve kliciikbas hayvan yemi de Urettigi
saptanmistir (Sekil 3).

Arastirma kapsaminda sadece balik yemi Ureten
isletmelerin tamaminda yem Uretimlerinin % 50'sinin
deniz bahgi, % 50'sinin i¢ su baligi yem dretimi
oldugu bildirilmistir. Arastirma kapsamindaki tiim yem
tesislerinin % 19’luk kismi entegre isletme konumunda
olup kendi balik Uretimleri icin yem Uretimi
yaptiklarini ifade etmistir. Yem firmasi yoneticilerinin
% 7071 yem hammaddelerinin fiyatlarinin yiiksek
oldugunu belirtmistir. Arastirma kapsamindaki firma
yoneticilerinin hepsi balik yem sanayiinin gelisimini
surdurecegi gorustindedir.

Su Urunleri yetistiricilik Gretiminin 1999-2016 yillari
arasindaki 18 yillik degerleri esas alinarak yapilan
Uretim miktari 6ngorisiine gore 2021 yilinda 310268
tona ulagmasi beklenirken (Sekil 4), yem uretiminin
ise 2021 yihinda 585418 tona ulagmasi beklenmektedir
(Sekil 5).

1999 ile 2016 yillari arasindaki 18 yillik Gretim
miktarlari degerlendirildiginde su Urinleri Gretimi ile
balik yemi Uretimi arasinda pozitif yonli ve gugli bir
iliskinin oldugu gortlmektedir (p=0,969).

Tablo 3. 2007 ve 2017 yillarinda illere gore balik yemi tGretimi
yapan fabrika sayilari

Table 3. Fish feed producmg factory numbers of provinces
by years between 2007-2017

ILLER 2007 2017
izmir 3 5
Bilecik 1 2
Kayseri 1 =
Mugla 2 4
Sinop 1 1
Samsun 1 1
Antalya - 1
Aydin 1 2
Elazig - 2
Manisa - 1
Gaziantep - 1
Sakarya - 1
Tekirdag - 1
Trabzon - 1
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Figure 5. Fish feed production quantities by years between 1999-2021
TARTISMA VE SONUC yetistiriciligi Uretim miktan ile dogru orantili olarak
. ) . _ artis gostermektedir (p=0,969). Turkiye'de 2000 yilinda
_Canlinin~ saglkh  sekilde  yasayabilmesi, sy Griinleri yetistiriciligi Gretim miktari 79000 tonlarda
biyuyebilmesi, ~ Greyebilmesi  icin  beslenmesi  jken balik yemi retimi yaklasik 41000 ton olarak

gerekmektedir. Ozellikle talep edilen tiirde, istenilen
zamanda, istenilen miktarda ve istenilen nitelikte
UrinG pazara sunabilmek icin vyetistiriciligi yapilan
tlirin yasina uygun ve kaliteli olan balik yemine ihtiyac
duyulmaktadir. Su Urlnleri yetistiricilik sektorinin
ilerlemesinde yem sanayisinin gelisimi, balik yemi
sanayisinin gelisiminde de su Urinleri yetistiricilik
sektoriiniin ilerlemesi olduk¢a 6nemlidir.

Turkiye'de hizla biyuyen su urlnleri yetistiricilik
sektord, su Urlinleri yem sanayisinin gelisimini motive
etmekte, balik yemi uretim miktari da su Grlnleri

kaydedilmistir. Su Urunleri yetistiricilik Gretimi yillara
gore hizla artis gostererek 2015 yilinda 240000 tonlara
ulasmis bu artisla dogru orantili olarak balik yemi
Uretim miktari da 375000 tonlara yukselmistir.

Trend analizleri sonucunda onliimizdeki yillarda,
su Urlnleri yetistiricilik miktarinin artmaya devam
edecedi ongorilmustir. 1999 yilinda yaklasik 60000
ton olan yetistiricilik Gretimi 2021 yilinda yaklasik
310300 tona ulasabilecedi tahmin edilmistir. Su
Urtinleri yetistiriciligine bagh olarak ise yem miktarina
olan talebin artmasi ve yem sanayisinin gelismesi
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beklenilmektedir. Balik yemine talebin artisi; balik
unu ve yagi gibi hayvansal kokenli hammadde
gereksinimini arttirmanin yaninda; misir, soya, arpa,
bugday, aycicedi, kanola gibi bitkisel hammadde
gereksinimini de arttirmaktadir. Karakus (2012), karma
yem sektoriniin en 6nemli sorununun, Glkemiz bitkisel
Uretiminin, karma yem sanayisi ihtiyacina yetmemesi
olarak bildirmistir. Balik yemi icin gerekli bitkisel kokenli
hammaddeler ve en 6nemli hammadde olan balik
unundaki aciklar ithalat yolu ile temin edilmektedir.
2000 yihnda 31000 ton olan balik unu ithalat, 2015
yilinda 79000 ton olarak gerceklesmistir (TUIK, 2017).

Yildinm (2008), calismasinda Turkiye'de balik yemi
Uretimi yapan fabrika sayisini 15 olarak belirtmistir.
Yapilan bu calismadaise; 2017 yiliigin 22 adet balik yem
fabrikasi oldugu tespit edilmistir. Bu durum, Turkiye'de
yem sanayisinin ne kadar hizli gelistiginin dnemli bir
gostergesidir.

isletmelerin boélgesel dagilimi, 2015 yilinda Ege
Bolgesi'nde % 60, Marmara Bolgesi'nde % 8, Karadeniz
Bolgesi'nde % 12 olarak bildirilmistir (Korkut vd., 2017).
Yapilan bu calismada ise fabrikalarin % 54'Gniin Ege
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Abstract:This paper reports the presence of Scomberomorus commerson in the Turkish Aegean Sea. A specimen, measuring 840 mm in TL,
was captured off Gediz River Delta, Izmir Bay in the northern Aegean Sea on 06 October 2018. This short note contributes to the ichthyofaunal
richness of the northern Aegean Sea, while presenting a new record of S. commerson in |zmir Bay.

Keywords: Lessepsian species, record, Izmir Bay, Aegean Sea

0z: Bu makale Tiirk Ege Denizi'nde Scomberomorus commerson’un bulunusunu rapor etmektedir. 840 mm total boyda &lciilmiis bir birey, 6
Ekim 2018 tarihinde Kuzey Ege Denizi'nde Gediz Deltasi (izmir Korfezi) agiklarindan yakalanmustir. Bu kisa not S. commerson’un izmir Korfezi'nde
yeni bir kaydini sunarken, kuzey Ege Denizi'nin de ihtiyofaunal zenginligine katkida bulunmaktadir.

Anahtar Kelimeler: Lesepsiyen tiir, kayit, izmir Kérfezi, Ege Denizi

INTRODUCTION

Narrow-barred Spanish mackerel, Scomberomorus
commerson (Lacepéde, 1800) is a pelagic, highly
migratory fish that usually hunts solitary and often
swims in shallow water along coastal slopes. It feeds on
mainly on schooling fishes such as anchovies, clupeids,
carangids, also squids and shrimps. Maximum length is
240 cm FL, common length is 120 cm TL, and it reaches
sexual maturity at 65 cm (Golani et al.,, 2006; Froese and
Pauly, 2018).

S. commerson spreads originally throughout
the Indo-Pacific from the Red Sea and South Africa
to Australia and Fiji. It is immigrant to the eastern
Mediterranean Sea via the Suez Canal where it can be
found westward to at least Tunisia (Golani et al., 2006;
Collette et al., 2011; Froese and Pauly, 2018).

In the Mediterranean, S. commerson firstly recorded

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

in Palestine (Hornell, 1935), while has been known from
Mersin and Iskenderun Bays, Turkey since 1981 (Gicu
et al.,, 1994). Other successive records were shown in
Table 1.This short note contributes to the ichthyofaunal
richness of the northern Aegean Sea, while presenting
a new record of S. commerson in |zmir Bay.

MATERIAL AND METHODS

On 06 October 2018, a specimen of Scomberomorus
commerson, measuring 840 mm TL (Figure 1) was
captured by a commercial purse-seiner targeting sardine
off Gediz River Delta, Izmir Bay, northern Aegean Sea
(coordinates: 38°33'41”N - 26°46'23"E) at a depth of 35 m
(Figure 2).The specimen was fixed with 5% formaldehyde
solution and deposited in the ichthyological collection
of Ege University, Fisheries Faculty and received the
following catalog number: ESFM-PIS/2018-08.
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Table 1. Records of Scomberomorus commerson in the Mediterranean Sea

Location Coordinates Depth Record Date Number Size,TL  References

Lat.N-Lon.E (m) collected (mm)
Coasts of Israel ? ? 1971 3 360-460  Ben-Tuvia (1971)
Coasts of Lebanon ? ? 1970s 1 460* Ben-Tuvia (1978)
Mersin/Iskenderun ? ? 1981 2 ? Glicu et al. (1994)
Bays
Iskenderun Bay ? ? 1991-1994 2 501-550  Torcu and Mater (2000)
Gullik/Gokova Bays ? ? Nov.-Dec.1994 70 520-870  Buhanetal. (1997)
Iskenderun Bay ? 15-25 Dec.1994-Nov.1996 1 557 Basusta and Erdem (2000)
Alexandria, Egypt 30°05’-31°15’ ? Nov.1999-Jan.2001 178 40-600  Bakhoum (2007)
Gokova Bay ? ? 2000-2001 1 1130 Ogretmen et al. (2005)
Yesilova Bay ? 15-25 2002-2004 1" ? Oz et al. (2007)
off Kelibia, Tunisia 36°52'-11°10" 46 16 Oct.2004 1 312 Ben Souissi et al. (2006)
off Rhodes, Greece ? 12-14 31 March 2008 1 1020 Corsini-Foka and Kalogir-

ou (2008)

Benghazi, Libya ? 5-70  Aug.2010-Oct.2013 99 234-1400 Elbaraasi (2014)
Izmir Bay 38°33-26°46' 35 06 Oct. 2018 1 840 This study

funderwater observation; *SL

Figure 1. Narrow-barred Spanish mackerel, Scomberomorus commerson (ref. ESFM-PIS/2018-08),
captured from Izmir Bay, NE Aegean Sea (photo: O. Akyol)
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Figure 2. Map of sampling area: black star indicates the
capture site of Scomberomorus commerson in Izmir Bay,
Aegean Sea

RESULTS AND DISCUSSION

Description, measurements and percent in total
length (Table 2), recorded of the specimen are in total
accordance with Buhan et al., (1997), Golani et al. (2006)
and Froese and Pauly (2018).

Since the early 1970s, S. commerson has become
established in the eastern Mediterranean Sea,
including Israel and Lebanon records. Giicli et al. (1994)
collected two specimens from Mersin coasts in 1981,
and apparently, this was the first record for the Turkish
seas. Then, the species reached to from Gokova and
Gulluk Bays (Turkey) in 1994 (Buhan et al., 1997) to
Tunisia in 2004 and Rhodes Island in 2008 (Ben Souissi
et al,, 2006; Corsini-Foka and Kalogirou, 2008).

Though S. commerson is known by some fishermen
and some divers from |zmir (1. Temiztepe and A. Ozgil,
pers. comm.), no specimen has been recorded up
to now. The sampled fish was captured beneath an
illuminated boat of purse-seiners, targeting sardine
and anchovy. On the other hand, one of the places
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Table 2. Morphometric measurements in mm and as the
percentage of total length (%TL) and counts recorded

in Scomberomorus commerson, captured from Izmir Bay,
Aegean Sea

Reference ESFM-P1S/2018-08
Measurements mm %TL
Total length 840 100.0
Fork length 732 87.1
Standard length 700 833
Predorsal fin length 160 19.0
Prepectoral fin length 155 18.5
Pre-anal fin length 385 45.8
Head length 148 17.6
Eye diameter 19 23
Preorbitary length 57 6.8
Interorbital length 49 5.8
Counts

Dorsal fin rays XVI+16+10 finlets

Anal fin rays 18+10 finlets
Pectoral fin rays 21
Ventral fin rays [+5

Total body weight in gram 3153

where most shrimp is caught in Izmir Bay is the Gediz
Delta region. Obviously, the fish has come to the boat,
illuminated with strong light, for feeding on sardine,
anchovy and shrimp. As a matter of fact the main diet
preference of the S. commerson is anchovy, shrimps and
sardine (Bakhoum, 2007). In conclusion, intermittently
records show that S. commerson is still a rare species
throughout the Mediterranean, even if it occasionally
concentrates in large schools. On the other hand, this
ichthyologic note presents the fish goes to northern
latitudes step-by-step.
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Abstract: In this study, a partial albino finding of a blue crab specimen sampled in Kéycegiz Lagoon (Mugla, Turkey) is presented. The
carapace part of the individual was in normal colour and pseudo-albinism was observed in most of the extremities of the specimen.

Keywords: Partial albinism, pseudo-albinism, Kéycegiz, Aegean Sea

0z: Bu calismada, Kéycegiz Dalyani’nda (Mugla, Tiirkiye) 6rneklenen bir mavi yengec bireyinde gézlenen kismi albinoluk bulgulari
sunulmustur. Bireyin karapaks kismi normal renginde olup bireyin ekstremitelerinin blytik kisminda yalanci-albinoluk gézlemlenmistir.

Anahtar Kelimeler: Kismi albinizm, yalanci-albinoluk, Kbycegiz, Ege Denizi

INTRODUCTION

Natural habitat of blue crab (Callinectes sapidus
Rathbun, 1896) is western Atlantic from Nova Scotia
(Canada) to Rio de la Plata (Argentina). The species
introduced in the eastern Atlanticc North Sea,
Mediterranean Sea, Adriatic Sea, Black Sea and Indo-
Pacific (Palomares and Pauly, 2018). In addition to it is
an exotic species for Turkey that was first sampled in
1959 (Holthuis, 1961). Blue crab is a benthopelagic and
omnivore species, and it can lives both freshwater and
brackish. The species lives at depths between 0 and 90
m however, it usually prefers the depth range from 0 to
35 m (Palomares and Pauly, 2018).

The species is commercial and production takes
place in the Aegean Sea and the Mediterranean.
According to the last decade years statistics, the annual
production quantity is 16.6+8.0 (+SE) tons (TUIK, 2009;
TUIK, 2017).

The purpose of this study is to report the partial
albino observed in a blue crab. Although such a
partial albino cases have been previously reported

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

(Gowanloch, 1952; Sims and Joyce, 1965; Williams,
1974) such case is reported for the first time from
Turkey.

MATERIAL AND METHODS

The blue crab specimen was sampled on 12
September 2017 by DALKO Lagoon Fishery Cooperative
(Kdycegiz, Mugla, Turkey) (36°54'58.7"N 28°39'23.9"E).
The individual was caught with a crab trap in an area
with 2-3 m depth and a sandy and muddy bottom.
The sample is fixed in a 4% formaldehyde solution and
stored at the Ege University Fisheries Faculty Museum
with ESFM-MAL/2017-9 registration number.

RESULTS AND DISCUSSION

It was determined that the individual is female,
the carapace width of the individual is 201.39 mm
and the total weight is 307.19 g. The morphological
characteristics and color pattern is accordance with
Williams (1974).


http://doi.org/10.12714/egejfas.2019.36.1.11
http://www.egejfas.org
https://orcid.org/0000-0001-6342-4247
https://orcid.org/0000-0003-2650-3223
https://orcid.org/0000-0001-6342-4247
https://orcid.org/0000-0003-2650-3223
https://orcid.org/0000-0001-6342-4247
https://orcid.org/0000-0002-1168-9611
https://orcid.org/0000-0001-6342-4247
https://orcid.org/0000-0002-1168-9611

Akyol and Tosunoglu, Ege Journal of Fisheries and Aquatic Sciences, 36(1), 85-86 (2019)

On the right side of the individual; all parts except
dactyl parts of the swimming leg and the tip of the
cheliped’ fixed finger and dactyl were albino. On the
left side of the individual; all of the third leg, the merus
part of the first leg, the coxa and propodus parts of the
swimming leg, and the dactyl parts of the second and
fourth legs were pseudo-albinizm. It was determined
that the carapace part of the individual had normal
colours (Figure 1).

It is known that the color difference between these
individuals is related to the sexual dimorphism and
molt cycle (Williams, 1974). However, the situation
observed in this individual does not originate from
these reasons. The albinism observed in the crabs
- partially or wholly white - reported as sporadic
(Hogarth, 1982). Similarly, albinism and partial albinism
found in blue crab species have previously been
reported in scientific literature and these individuals
are kept in the museum (Gowanloch, 1952; Sims and
Joyce, 1965). General assumption is that albinism seen
in crabs is similar to that seen in humans, due to the
absence of pigment and is genetically determined
(Hogarth, 1982). According to Hogarth (1982), both
assumptions are questionable.

In this study, partial albinism findings of a blue crab
individual are presented. Since there is no scientific
evidence to explain the cause of the partial albinism
observed in the individual, it is not known whether this
is an individual’s pigment deficiency, genetic origin, or
both.
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Oz: Surdrilebilir yetistiricilik cevresel, sosyal, ekonomik ve estetik faktérlerin biitiinlesmesi ile meydana gelmektedir. Yetistiriciligin cevreye
olan etkisinde beslemenin etkileri yadsinamaz. Cevresel etkilerin basinda sisteme verilen yem ve yemin olusturdugu besin maddelerinin ylku
gelmektedir. Bu besinlerin ylikiini yem iceriginde bulunan azot ve fosfor olusturmaktadir. Azot ve fosforun yetistiricilik yapilan ortamda normal
degerlerin tizerinde birikmesi 6trofikasyon ve algal patlamalar gibi olaylara neden olabilmekte ve bu durum yetistiricilik ortamindaki yasami
olumsuz etkileyebilmektedir. Balik yemlerinden kaynakli cevresel etkilerin azaltilmasi strdurilebilir yetistiricilige 6nemli katki saglamaktadir.
Yemden en verimli sekilde yararlanip cevre dostu yem formiilasyonlarin gelistiriimesi cevreye salinan azot ve fosfor miktarini azalarak
yetistiriciligin yem kaynakli cevresel etkilerini azaltmaya yardimci olabilir. Yemin daha verimli kullanilarak sindirilebilirliginin arttirilmasi ile
ilgili cesitli calismalar bulunmaktadir. Bu amaca hizmet etmek tizere son yillarda yemlere enzim eklenmesinin basaril oldugu bircok calismada
gorilmustir. Ozellikle fitaz enzimi ilavesi ile fosfor sindirilebilirligi artmakta suya salinan fosfor miktarlari da diismektedir. Bu konuda entegre
multi trofik akuakltir sistemler, akuaponik sistemler gibi alternatif Gretim formdilleri ve izleme sistemlerinin gelistirilmesi ile bu ytkin faydah
bir sekilde kullanilmasi ve izlenilmesi saglanabilir. Bu derlemede sirdirilebilir yetistiricilikte yemlerin cevresel etkileri ve bu cevresel etkilerin
azaltilmasi icin neler yapilabilecegdi konusu ele alinmaktadir.

Anahtar Kelimeler: Sirdiiriilebilir yetistiricilik, cevresel etkiler, 6trofikasyon, nitrient birikimi

Abstract: Sustainable aquaculture consists of environmental, social, economic and aesthetic factors. The most important environmental
impacts are the feed given to the system, and the nutrient load arising from the feed and undeniable impact of aquculture. This nutrient
load consists of nitrogen and phosphorus, which are basically found in feeds. Nitrogen and phosphorus accumulation in the system can
cause events such as eutrophication and algal blooms in the environment and this may be negatively affecting the life in the environment.
Sustainable aquaculture can be achieved by reducing the environmental impacts arising from the feeding. The environmental impacts of the
aquaculture arising from the feeding can be reduced by using the feed in the most efficient way and by reducing the amount of nitrogen and
phosphorus release to the environment together with the development of environmentally friendly feed formulations. Many studies have
shown that the addition of enzymes to feeds has been successful for more efficient use of the feeds and increasing digestibility. Especially
thanks to the addition of phytase enzyme, the phosphorus digestibility increases and the amount of phosphorus released into the water
decreases. In addition, this load arising from the feed can be advantageously used and monitored with alternative production formulas for
example, with integrated multi-trophic aquaculture systems and aquaponic systems. In this compilation, environmental effects of the feeds in
sustainable aquaculture and what can be done to reduce these environmental effects are discussed.

Keywords: Sustainable aquaculture, environmental effects, eutrophication, nutrient accumulation
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GiRiS

Besinsel icerigi, kolay bulunabilmesi ve ekonomik
olmasi su Uruinlerini diger gidalara gére daha avantajli
bir konumda tutmaktadir. Birlesmis Milletler Gida ve
Tanim Orgiitiine gére, su Uriinleri yetistiriciligi sektori
gida Uretim sektorleri arasinda en hizli biyuyen sektor
olarak degerlendirilmektedir.

FAO verilerine gore 2016 yilinda tim diinyada
yetistiricilik ~ yoluyla 80 milyon ton Uretim
gerceklestirilmistir. Yetistiricilik yoluyla elde edilen
Uretim miktarinin 51.3 milyon tonu i¢ sularda, 28.7
milyon tonu ise denizlerde yapilan yetistiricilikten elde
edilmistir. Diinya capinda kisi basina yillik su Grlnleri
tliketim miktari ortalama 20 kg'dir (FAO, 2018).

Turkiye Istatistik Kurumu (TUIK, 2018) verilerine
gore Ulkemizde su Urlinleri yetistiriciligi giderek artig
goOstermektedir. 2000 yilinda 79.031 ton, 2005 yilinda
118.277 ton, 2010 yilinda 167.141 ton ve 2016 yilinda
253.395 ton su urlnleri yetistiriciliginden Uretim
gerceklesmistir. 2016 yilinda en fazla yetistirilen tirler
ise  107.013 ton ile Gokkusagi alabahgi, 80.847 ton
levrek ile ve 58.254 ton ile cipura olmustur.

Dinya karma yem Uretimi 1 milyar tona ulasmis
olup, bunun icinde 40-45 milyon tonluk su Grlnleri
yemi bulunmaktadir. Ulkemizde balik yetistiriciliginin
saglanmasi icin 350.000-400.000 ton balik yemi tretimi
gerceklestirilmektedir (Yildirim, 2016).

Surdurdlebilir yetistiricilik; ekosistemi koruyarak,
dengeli bir sekilde kullanmak ve cevrenin kalitesini
bozmadan degerlendirmektir. Su Urlnleri yetistiricilik
sektorliniin, global gida glvenligine, beslenme
problemlerinin iyilesmesine, cevreye en az etki-
topluma maksimum fayda ile ekonomik gelisime
katki saglamasi beklenmektedir (Yavuzcan vd. 2010).
Su Urlnleri yetistiriciligi, diger tarimsal faaliyetlerde
oldugu gibi, yer aldigi ekosistem Uzerinde bir etkiye
sahiptir.

Yetistiriciligin cevreye olan etkisi

Akuakdltirdeki urtn atiklar  cevreyi olumsuz
yonde etkileyebilir. Entansif yetistiricilikte yem verildigi
zaman partikil halindeki organik atiklar (yenilmeyen
yemler ve diskilar) ve ¢oziinebilir (diskilar) ortamda
birikmeye baslar ve akabinde biyokimyasal oksijen
ihtiyacini arttirir ve yetistiricilik ortamindaki ¢c6ziinmus
nitrat ve fosfati ylkseltir. Toplam nitrojen ve karbon
solungacglarda suzllir %50 oraninda suya geri verilir.
Benzer bicimde %50 oraninda fosfor da denize geri
salinir (White, 2013). Yetistiriciligin cevreye etkileri
Sekil 1'de 6zetlenmeye calisiimistir.

Disuk yem kalitesi ve kot besleme stratejileri
ag kafes sistemlerinde en buylk kirletici etmenler

olarak go6zikmektedir. Ortamda baliklar tarafindan
yenmeyen besin maddeleri birikim gosterirler ya da
degisime ugrarlar. Ortamdaki besin maddelerinin
kirletici sayilmasi icin ekosistemin tasima kapasitesine
ve maddelerin konsantrasyon limitlerine baglidir. Tath
sulardafosforalgal Gretimi etkileyen besin maddelerinin
basinda gelmektedir. Denizel sistemlerde ise azot ayni
durumu gostermektedir. Bu besin maddeleri ortama
partikil ve ¢6ziinmuis halde salinmaktadir (White,
2013).

Kafeslerde sediment olusumu balik ve kaltari
yapilandigerorganizmalarinyemve diskilarindan gelen
yuksek organik yuklerin birikimi ile olusmaktadir. Fakat
sedimentasyon orani tiire, yem tipine, yem yonetimine,
akinti ve derinlige bagli olarak degismektedir. (Porchas
ve Cordova, 2012).

Balik ciftlikleri yakinlarindaki sucul ortamlarda
sediment olusumu ve besin maddesi zenginlesmesinin
sedimente olan etkileri Ustiine bircok bilimsel
calisma mevcuttur (Islam, 2005; Cao vd. 2007; Diana
2009; Hixson, 2013; White, 2013; Topgu ve Pulatsu,
2017; Pulatsu vd. 2017) Asin miktarda yem ve balik
diskisinin ciftliklerden desarji ve birikimleri sonucu,
besin maddeleri tekrar ¢oziinme ve degisime ugrama
gibi kimyasal stireclere maruz kalirlar. Nitrojen, fosfor
ve organik maddenin yikselmesi suyu ve sedimenti
zenginlestirir. Balik ciftliginin Grettigi atik miktar;
stoklama yogunlugu, yemleme rejimi ve yemleme
oranina gore degisir, bu UG¢ faktdor ne kadar yem
kullanildigini tayin etmemize yaramaktadir.

Balik ciftliklerinden ¢ikan yemler ve diskilar en
baskin besin yiklerinden biridir (Beveridge 2004,
Belle ve Nash 2008, Holmer vd. 2008). Ciftliklerden
meydana gelen besin yikleri baligin boyutuna, kafes
miktarina, stok yogunluguna, kullanilan yem tipine ve
ciftlik yonetimine bagh olarak degismektedir (Holmer
vd. 2010). Baligin hasat boyuna gelmesi icin fazla yem
gerekmektedir. Blyuk ciftlikler fazla kafes sayilariyla
daha fazla niitrient Gretmektedirler (Price vd. 2013).

Yemlerin ¢evreye olumsuz etkileri

Kati atiklar, ¢oziinmeyen kati  parcaciklar
genellikle diskilar ve yenilmeyen yemlerdir. Sistemde
¢oziindiikleri zaman oksijen yetersizligine ve amonyak
toksisitesine sebep olurlar. (Price vd. 2013).

Kiyisal sulardaki otrofikasyon su kolonundaki
nitrient zenginlesmesi ve nitrientlerin sedimentten
tekrar sucul ortama karismasi sonucu meydana
gelmektedir. Cesitli calismalarda balik ciftliklerinden
sedimente salinan nitrojen ve fosfor miktarinin her
ton balik Gretimi icin 20-463 kg azot ve 5-80 kg fosfor
arasinda oldugu gorilmektedir (Wu 1995, Islam
2005 ). Bu genis farkin yetistiriciligi yapilan tiire, yem
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Sekil 1. Kultlr balikgiliginin cevresel riskleri (Bahtiyar, 2018)
Figure 1. Enviromental risks of aquaculture (Bahtiyar, 2018)

kaynagina ve uygulamalara gore degistigi tahmin
edilmektedir (Price ve Morris 2013). Farkh akuakulttr
tipleri ve turlerinde azot ve fosfor yikleri Tablo 1'de
verilmistir.

Azotun her ne kadar bash basina nitrient miktarini
arttirdigr distiniilse de fosfor da birincil Uretimde
nitrient birikimine katkisi oldugu bilinmektedir (Cloern
2001, Nordvarg ve Hakanson 2002). Fosforun artmasi da
algal patlamalara ve 6trofikasyona neden olmaktadir.
Denizel kafes kultiirlerinde yenmeyen yemler, balik
diskilari ve fosfattan gelen metabolik atiklarin fosfor
kaynagi oldugu tanimlanmaktadir. (Cole, 2002; Nash
vd. 2005; Huntington vd. 2006; IUCN, 2007; Holmer vd.
2008; Tett, 2008).

Ag kafeslerin etkileri

Ag kafes kultiri bircok Ulkede tiire, ciftligin
boyutuna, yere, kullanilan teknolojiye gore degisken
olmakla beraber, iyi bir yonetim uygulamasina ihtiyac

duyar.Budurumkarlihgi arttirirken tGretimin dahayararh
olmasini ve gevreye etkinin diismesine neden olacaktir.
ik olarak kurulacak yerin en uygun alanda secilmesidir.
ikinci adim ise kullanilacak teknolojinin uygun derinlik,
hava kosullar, akinti, altyapi ve diger faktorlere uyumiu
olmasidir. Ag kafes yetistiriciligi yonetimi Uretimin
kontrolli, optimal buylime ve iyi cevresel sartlari
hedeflemektedir (Breaten, 2007). Tum vyetistiricilik
uygulamalarinda c¢evreye olan etki hesaplanmali
bu etkiler minimuma indirilmesi amaclanarak
stirdirulebilir bir yetistiricilik amaclanmaktadir.

Kafeslerdeki oksijen seviyesi baliklarin yasama ve
blyumesi icin hayati bir 5nem arz etmektedir. Kafesin
kuruldugu yerdeki akinti ve su hareketleri problemleri
¢6zmenin en iyi yollarindandir. Tath sularda akinti
hizinin distk olmasi, su derinligi ve hareketin az
olmasindan dolayi daha fazla problem olmaktadir. Ag
kafesler glinimiizde acik denizlere kuruldugundan
rlizgar, akinti ve su degisimi ile ilgili herhangi bir sorun
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yasanmamakta, dusiik oksijen ve sedimentasyona bagl
olumsuzluklara rastlanmamaktadir (Breaten, 2007).

Ag kafes kiltiriinde yemlerden gelen partikiiller ve
tozlar bulanikhktaki iki temel kaynagi olusturmaktadir
(Hargrave, 2003; IUCN, 2007). Olusan biyofouling
durumu da gecici de olsa bir bulaniklik olusturarak
su berrakligini etkileyebilir. (Hargrave 2003, Alston
vd. 2005). Genel olarak yiksek akinti miktarn balik
ciftliklerindeki bulanikhgi minimize edecektir. Akinti
oranlari suda meydana gelen gelgit ve mevimsel
degisiklerle beraber farkhhk gosterebilir (Tanaka ve
Kodama 2007). Sudaki akinti miktarinin dismesi
yemlerin ve atiklarin bulanikligi arttirmasina neden
olabilir. Yiikselen turbidite dusik isik alimi nedeniyle

fitoplankton uretimini etkileyebilir (Harrison vd. 2005)
ve bu durum da bentik akuatik canlilarin fotosentez
yapmasini engelleyebilir (Cole 2002). Isigin kisith
olmasi mercanlar ve deniz yosunu yataklar gibi kritik
habitatlar icin dnemlidir (Price ve Morris, 2013).

Machias vd. 2004 ve Machias vd. 2005 gore
nispeten nutrient orani disiik sularda ve buralarda
ciftliklerin  bulunmasi  suyun tasima kapasitesini
disureceginden endise etmektedir. Kafeslerin yogun
oldugu ve kafeslerdeki balik sayisinin fazla oldugu
yerlerde akuakdiltiir taleplerine gore suyun tasima
kapasitesi asilmaktadir (Beveridge vd. 2004). Farkli
tirlere ait azot ve fosfor bosaltimlan tablo 2'de
verilmistir.

Tablo 1. Farkli akuakiltir sistem ve tiirlerinde azot ve fosfor yikleri (De silva et al. 2010)
Table 1. Nitrogen and phosphorus loadings in differents aquaculture species and types (De silva et al. 2010)

Bosaltim kg/t

Tiir Kiiltiir Sistemi  Yem Tipi N p Calisma
Cipura Kafes Ticari 102,9 17,8 Lupatsch ve Kissil 1998
Gokkusagr Alabaligi Kafes,beton Ticari 47,3-71,1 6,5-24,2  Ingram, 1999, Bureau vd.

havuz 2003
Orfoz (Epinephelus areoltus) Kafes Iskarta Balk 321 Leung vd. 1999
Aynali Sazan Havuz Cesitli 30,9-86,0 8,5-264 Watanabe vd. 1999,
Silver perch (Bidyanus Havuz kafes Ticari 130 14,4-28,8
. Gooley vd. 2000,2001
bidyanus)
Kanal Kedi Baligi (Ictalurus pun- Havuzkafes 120-160 25-35 Guo ve Li 2003, Guo vd.
ctatus) 2009
Orkinos (Thunnus maccoyii) Kafes Balik 260-502 Fernondesa vd. 2007
Cizgili kedi baligi (Pangasiano- Havuz Ticari 46,0 14,4 De silva vd. 2010
don hypophthalmus)
Cizgili kedi baligi (Pangasiano- Havuz Ciftlik 46,8 26,6 De silva vd. 2010
don hypophthalmus) yapimi

Tablo 2. Ag kafeslerde Cipura-Levrek azot ve fosfor ytkleri (Piedecausa et al, 2010)
Table 2. Nitrogen and phosphorus loadings in seabass and seabream cage culture (Piedecausa et al, 2010)

Degerler (%) Cipura (Sparus aurata) Levrek (Dicentrarchus labrax)

Ortalama Agirlik (Birey)(g) 12 12
FCR 15 1,5

Protein 46,0 53,7

Yag 11,5 21,3

Azot 7,36 8,59

Fosfor 1,41 1,50

Azot Sindirilebilirligi 82,8 96,7

Fosfor Sindirilebilirligi 47,8 55,5
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Toprak havuz sistemlerinin etkisi

Toprak havuz sistemlerinde bitkiler biytdiginde
ve ylksek yem girisi oldugundan da su kalitesi
dismektedir (Islam, 2005). Bircok calisma nitrojen,
fosfor ve organik yikle dolu suyun iyilestiriimesi
yollarini ararken bazi gelismis Ulkelerde bile bu su
direkt bosaltiimaktadir. (Boyd, 2003). lyilestirme
seceneklerinden  biri istridyelerin  ¢ikis  sularini
temizlemesi, yosunlar ve diger bitkilerin nltrientler icin
biyofiltre olarak kullaniimasidir. Entansif sistemlerdeki
otrofikasyonun ekstansif ya da yari-entansif sistemlere
gore daha fazla oldugu gorilmustir. (Beveridge
vd. 2004). Bircok durumda ¢ikis suyunun kalitesinin
alinandan daha k&t durumda oldugu goriiliirken, bazi
durumlarda iyilestirilen suyun kalitesinin alinandan
daha iyi oldugu g6zlemlenmistir (Diana, 2009).

Yemlerin cevreye etkilerini nasil azaltabiliriz ?

Bu etkiler ciftliklerin derinlikleri fazla, akintilar
yiksek dip zeminin degisken oldugu yerlerin Ustiine
kurulmasiyla 6nlenebilir. Bunun sonucunda organik
maddenin ciftlikten uzakta yer almasi saglanacak,
nutrientlerin  ¢éziinme ve degisime ugramasi igin
yayilmasi saglanacaktir. Bunlar yapilirken ciftliklerdeki
kafeslerden asagiya dogru inen yenmeyen yemler
ve balik diskilari dikkate alinarak kuruldugu yerdeki
nitrient zenginlesmesine ve sedimentasyona hassas
habitatlarin  olmadigi alanlara secilmelidir. Baz
organik materyallerin &zellikle biylime periyodunun
sonlarina dogru birikim miktarinin pik yapacagi
beklenmektedir. Derin yerlere kurulan ciftliklerdeki
strekli ve kesintili organik artiklarin bentik yapida
daha az sediment olusturdugu gorilmektedir. Baz
alanlarda da ciftliklerden bosalan artiklarin yerel deniz
organizmalari i¢in besin maddesi olarak kullanildig
bilinmektedir (Price vd. 2013).

Besleme stratejisi

Dogru yem miktari, uygun yemleme siresi ve sikhgi
ile yliksek olan yem donulsiim oranlari diistirilebilir ve
gelistirebilir. Dusuk yem kalitesi ve besleme stratejisi
cevreye etki eden faktorlerin basinda gelmektedir.
Tiketilen yemler bir dizi metabolik reaksiyonlar verir
bunlarinsonucundanamonyum,fosforvekarbondioksit
olusumu 6trofikasyonu tetikler (Cao, 2007). Yemin fazla
olmasi fekal artiklara gore enerji icerigi ve bozulma
oranina cevreye daha fazla zarar vermektedir (White,
2013). Partikil organik maddeler dagilir ve batarlar bu
durum da toksisite ve oksijen yetmezligine sebebiyet
verir (Hixson, 2014). VYetistiricilikte asiri besleme
yuziinden yikli miktarda nitrient kiltlr ortamina ve
dogaya girerek birikim yapmaktadir.

Yem kalitesi ve yemden yararlanma

Yem maliyeti yetistiricilikte toplam maliyetinin

%60'1na kadar 6nemli bir yer kaplamaktadir. Balik
besleme planlamasi ile (dreticiler baliklarini nasil
besleyecekleri ve bunun kayda deger bir etkisinin
firmalarinda cevresel ve ekonomik bir strdurdlebilirlik
olusturmasini amacglamaktadir. Yemleme yonetimi
rasyon, yemin boyutu ve dagilimi, yemin alinma zamani
ve yemleme sikligi ve yemleme siiresi ile ilgilidir. En
onemli indikatorlerden biri blylime orani ve yem
donlsiim orani (FCR)dir ve faktorlerin her biri yemin
cevresel etkisini g6z 6niine sermektedir (White, 2013).

Akuakdltarin ilgilendigi konularin basinda yemin
rasyonunun ihtiyaclari karsilamasi optimum biylime
orani ve FCR'I yakalamasidir. Ayrica tiire ve mevsime
bagl olarak gerekli olan enerjiyi saglamasidir.
Yetistiricilik yapanlar bu faktérlerin tamamini goz
onlne alarak ekonomik ve cevresel beslenme stratejisi
gelistirmelidir (White, 2013).

Sindirilebilirligi, yemden yararlanmayi ve yemleme
uygulamalarini iyilestirmedeki amacg atiklarin oranini
azaltmaktadir (Hixson, 2014). Tiire ve mevsime bagl
gerekli olan enerjiyi saglamalidir. Bugtin halen nitrient
birikimi gerceklesmekteyken bunun sebebi kotl yem
uygulamalar yerine yogun yetistiricilikten oldugu
bilinmektedir. (Islam, 2005). Yetersiz beslenme ve
besinsel dengesizlikler baliktaki bliyiime performansini
dusarar. Yem katki maddeleri kullanilarak fosforun
biyolojik olarak kullaniimasi saglanabilir, sindirilebilirligi
arttirilabilir ve diger besin maddelerin kullanimi
saglanabilir (Hixson, 2014).

Yem formiilasyonu ve balik performansi

Disuk maliyetli, canlinin refahi icin gerekli olan
ihtiyaclarini sagladigi, cevreye etkisi disik, tire ve
besleme protokollerine gore yem formdilasyonlari
hazirlanmalidir (Diana, 2009). Kafeste yetistirilen
baliklarla toprak havuzlarda yetistirilen baliklarin tiri
ayni olsa da besinsel ihtiyaclar degismektedir (Cao vd.
2007). Efektif yem formilasyonunda optimum protein/
enerji seviyesinin belirlenmesi en hayati noktadir.
Optimal yem formiilasyon seviyelerin tespit edilmesi
maksimum biyime icin énemlidir (White, 2013).

Yem kompozisyonu ve FCR dretilen atik miktarini
etkilemektedir (White, 2013). Yiiksek yag icerikli, diisiik
karbonhidrat ve proteinicerikliyemlerin gelistirilmesive
sindirilebilirligin arttirlmasi atik Gretimini azaltacaktir
(Price vd. 2013). Yemler yiksek sindirilebilirlik oranli,
dusuk azot icerikli ve besinsel protein orani daha
az nltrient salimini cevreye minimize edecek ve
akuakulturin sirdurdlebilirligini saglayacak sekilde
tasarlanmalidir (White, 2013).

Yemleme yonetimi

Akuakdltirel yem ydnetimi yetistiricinin baliklarini
dogru sekilde nasil besleyecegini ve bunun sonucunda
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cevresel ve ekonomik bir stirdurdlebilirlik olusturmayi
amaclamaktadir. Yemleme yoOnetimi; Rasyon, Yemin
boyutu ve dagilimi, Yemin alinma zamani, Yemleme
sikhdi, Yemleme suresi ile ilgilidir (White, 2013).

Bircok uzman gunlik yemleme tablolarina,
deneyimlere ve baliga verilen glnliik yem miktarina
gore hareket etmektedir. Rasyonlar deneme ortaminda
baligin yemi sirekli kabul edecedi baz alinarak
yapilmaktadir (Koca vd., 2011). Ureticiler bahgin giin
be glin takip etmeli ve buna goére bir yemleme stratejisi
gelistirmelidir (White, 2013).

Yetersiz besleme; yem verimini, blylmeyi
dusirurken rekabeti arttirir ve baliklarin birbirine zarar
vermesine yol acabilir. Asiri besleme ise yem verimini
dusurir ve ortamda yem kirlenmesine neden olur
(White, 2013).

Cevreye etkinin azaltilmasinda alternatif
yontemler
Yemlerin  ¢evreye  etkisinin  azaltiimasinda

yasam alani degerlendirilmesi metodu ile etkilerin
tespiti yapilabilir, cevreye dost yem formdilasyonlari
hazirlanarak yemlerin cevreye olan etkisi azaltilabilir,
akuaponik ve entegre multi tropik sistemler kullanilarak
sistemlerdeki fazla nUtrientin baska turler tarafindan
kullanilmasi saglanarak boylece yetistiriciligin cevreye
olan etkisi disurdlebilir.

Yasam alani
assessment)

degerlendirilmesi (Life cycle

Besin Uretim sistemlerinin strdirilebilirligin tespiti
icin yaygin olarak yasam dongusu degerlendirilmesi
kullanilmaktadir. icerisinde birden fazla indikator
barindirir. Enerji kullanimi (uretilen kilogram basina et
icin Olculen kilojoule), sera gazi emisyonu (kilogram
basina karsilik karbondioksit), 6trofikasyon potansiyeli
(her kilograma karsilik gram fosfat miktari), su kullanimi
(her kilograma karsilik litre) ve yer kullanimi (kilograma
karsilik m2) (Abdou vd., 2007).

Tim bu parametrelerin toplaminda bir Gretim
sisteminin belirli periyotlardaki cevreye olan etkisi ve
enerji gereksinimi hesaplanabilmektedir. Bu da kontrol
acgisindan oldukga uygun bir sistem olmakla beraber
strdurulebilir yetistiricilik agisindan olduk¢a uygun bir
model olusturmaktadir.

Entegre Multi-Tropik Akuakiiltiir
(IMTA)

Entegre multi tropik akuakiltir sistemleri (IMTA,
Integrated Multi-Trophic Aquaculture System) balikla
beraber omurgasiz ya da bitki yetistiriciligi cevreye olan

Sistemler

etkiyi azaltirken yemin maksimum olarak kullaniimasina
olanak saglamaktadir (Hixson, 2014). IMTA en umut
vaat eden ve yenilik¢i bir atik yonetim modeli ve Gretim
verimini arttirici olarak kullanilmaktadir (Hixson, 2014).
IMTA sistemi dogadaki modeli taklit ederek, organik
atiklari diisirmekte, birinin atigi digerine besin kaynagdi
olarak kullaniimaktadir, bunun sonucunda organik
parcacik miktari azalmakta, ve diger Uretim tesisleri
de yararlanmaktadir. (Cranford vd. 2013). Yapilan bir
calismaya gore salmonun yemi ve fekesi mavi midye
(mytilus edulis) ve deniz hiyari iin gerekli olan besinsel
ihtiyaci karsilamaktadir (Wang et al 2013). Ayrica
fekesin icerdegi EPA ve DHA baz fitoplanktonlardaki
degerlerle karsilanabilir diizeyde oldugu gortlmustir
(George,E ve Parish, C. 2013). Konsept bir entegre
multi tropik akuakiltir sistemi sekilde verilmistir.
Ornek bir sistem Sekil 2'de verilmistir. Coklu tiirlerin
Uretim sistemi gelecekte verimlilik ve strdrilebilirlik
acisindan daha iyi gelistirilmeli ve optimize edilmelidir.

Cevreye dost yem formiilasyonlari

Besinsel stratejiler ile baligin bliylimesini ve Gretimi
etkilemeden yem katki maddeleri kullaniralarak
fosforun biyolojik olarak kullanilmasi saglanabilir,
sindirilebilirligi arttiralabilir ve diger besin maddelerin
kullanimi saglanabilir. (White, 2013). Yemler yiksek
sindirilebilirlik oranh, disiik azot icerikli ve besinsel
protein oranidaha az nltrient salimini cevreye minimize
edecek ve akuakdltiriin strdirulebilirligini saglayacak
sekilde tasarlanmalidir (Hixson, 2014). Gectigimiz
yilllarda yem kalitesi yem katki maddelerinden
mikrobiyal fitaz yardimiyla fosfordan biyolojik olarak
yararlanilmis ve nitrojen disik konsantrasyonlarda
tutulmustur. (Cripps ve Bergheim 2000, Cao vd. 2007).

Bu durum balk tarafindan {retilen diskinin
azalmasina ve akuakdiltir ortamina daha az fosfor
salinimina yardimci olmustur. Bircok calismada balik
unu kullanimin diismesi blylme oranlarini ve et
kalitesini etkilemedigi gorilmustir. (Mente vd. 2006,
Cao vd. 2007). Pelet butunliginiun iyilestirilmesi
ve yavasca dismesinin saglanmasi yem kayiplarini
azaltacaktir. Yemlerin sindirilebilirligin arttirilmasi atik
Uretimini azaltacaktir. Yem kalitesi ve yem kaynakli
kirlilik iliskisi bircok raporda sunulmustur. (Cripps ve
Bergheim 2000). Cevreye dost yem formilasyonlari ile
hazirlanmis calismalarda protein sindirilebilirlik oranlari
Tablo 3'te, fosfor sindirilebilirlik oranlari ise Tablo 4'te
gorilmektedir.

Yapilan bazi calismalardaki cevreye dost yem
formilasyonlari kullanilarak elde edilen yemde ve
diskida toplam fosfor miktari Tablo 5'te verilmistir.
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Sekil 2. Konsept bir entegre multi tropik akuakdiltir sistemi (Fisheries ve Oceans Canada, 2018)
Figure 2. A concept of integrated multi-trophic aquaculture system (Fisheries and Oceans Canada, 2018)

Tablo 3. Cevreye dost yem formulasyonlarinda protein sindirilebilirlik orani
Table 3. Protein digestibility rates in'enviromental friendly feed ratios

Calisma Tir

Yeme Eklenen Hammadde
ve Yem Katkilari

Protein Sindirilebilirlik
Orani(%)

Nil Tilapyasi (Oreochromis
Cao vd. (2007) p)rlﬂlot(icus)

Wang vd. (2009) Gokkusagr Alabaligi

Barnes vd. (2012) Gokkusagr Alabaligi

N Hlophe-Ginindza vd. Mozambik Tilapya(Oreoch-
(2015) romis mossambicus)

Ustaodglu Tiril ve Kerim

(2015) Gokkusagi Alabaligi

Cantas ve Yildinm

Gokkusagi Alabahg
(2015) usagi 11

Yemlere Mikrobiyal Fitaz
Enzim ilavesi

Sprey ve 6n muamele ile
fitaz ilavesi
Protein kaynagi olarak
DDGS kullanimi

Kikuyu icerikli yemlere ticari
enzim ilavesi

Balik unu yerine aspir
kiispesi

Soya kuspesi yerine aspir
klspesi + fitaz enzimi

83.10£0.91-85.27 £ 0.65

9693.3+0.3-%95.7+0.4(Sprey)

9%95.1£0.2-%96.7+0.1

990.8+0.1-%94.0+0.1

%82.50-%92.50

%83.54+0.77-%85.44+0.28

%93,75+0,16-%94,67+0,13
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Tablo 4. Cevreye dost yem formiilasyonlarinda fosfor sindirilebilirlik orani
Table 4. Phosphorus digestibility rates in enviromental friendly feed ratios

Fosfor Sindirilebilirlik
Orani(%)

Yeme Eklenen Hammadde

Calisma Tar ve Yem Katkilari

Biswas vd. 2007) Mercan (Pagrus

major)

Soya unu igerikli yemlere
fitaz enzimi ilavesi

%54.3+1.6-%86.9+0.8,

Diler vd. (2012) Gokkusagi Alabaligi Soya unu igerikli yemlere

enzim ilavesi

%74,99-%86,58

Wang vd. (2009) Gokkusagr Alabaligi Sprey ve 6n muamele ile %49-%77

fitaz ilavesi

Liu vd. (2013) Farkli oranlarda ve farkli
yontemlerle fitaz enzimi

ilavesi

Ot Sazani %31,99-%93,54

Cantas ve Yildinm (2015)  Gokkusagi Alabahg: Soya kiispesi yerine aspir

klspesi + fitaz enzimi

%77,10+0,32-%84,09+0,33

Tablo 5. Cevreye dost yem formuilasyonlarinda yemde ve diskida toplam fosfor miktari
Table 5. Total nitrogen and phosphorus in feed and feces in enviromental friendly feed ratios

Calisma Tiir Yeme Eklenen Hammadde  Yemde Toplam Diskida Toplam
$ ve Yem Katkilari Fosfor Fosfor
. Soya unu icerikli yemlere %1.44+0.02- %0.60+0.02-
Ayhan vd. (2008) Gipura enzim ilavesi 1.53+0.02 0.85+0.02
. Gokkusagi Soya unu icerikli yemlere %1.49+0,08- %0,64+0,04-
Diler vd. (2012) Alabaligi enzim ilavesi 9%2,05+0,02 %0,88+0,05
Gokkusagi Soya kiispesi yerine aspir %1,01+0,04- %0,70+0,08-
Gantas ve Yildinm (2015) Alabaligi kiispesi + fitaz enzimi 1,220,06 0,97+0,02
SONUC akuakulttr sistemlerdir. Bu sistemde kafeslerden
Strduriilebilirlik  yetistiricilikte yemin cevreye ~S€Vreye salinan yem artiklari ve digkilarin baska sucul
olan etkisini azaltmak, su kaynaklarini korumak canlilarin Gretiminde besin kaynagi olarak kullanilmasi

ve Uretimin verimli olarak devam edilebilmesi
icin izlenmesi gerekli yollar vardir. Bunlardan en
onemlisi yem kaynakli kirlilikten dolayi yetistirilen
tlire ve yetistiricilik sistemine 6zel yem kullanmak ve
sindirilebilirlik oranini yukseltmektir. Cevreye duyarli
yem formulasyonlar gelistirilerek sindirilebilirlik orani
yiksek, protein orani duslk, bitkisel hammadde
icerikli yem formdlasyonlarinin gelistirilip uygulanmasi
gerekmektedir.

Varolan sistemlere gore alternatif sistemler
kullanilarak yetistiricilik sistemin Urettigi nitrientlerin
baska bir sistemde kullaniimasi saglanarak hem
cevresel etkinin azaltilmasi hem de ekonomik olarak
Ureticiye ve tiiketiciye alternatif sunulmasi mimkandr.
Bu sistemlerden biri bitki ve baligin beraber tGretimine
olanak saglayan akuaponik Uretim sistemleridir.
Diger bir alternatif yontem ise entegre multi tropik

amaclanmaktadir. Bu sistem Uretimde cesitliligi
saglarken cevreye olan etkinin minimize edilmesine
olanak saglamaktadir.

Yetistiricilik sistemlerin yasam dongusi belirleme
sistemi kullanilarak Gretimden dolayi cevreye olusan
etkilerin periyodik olarak takibi mimkin olmakla
beraber cevresel etkinin azaltiimasinda oldukga etkili
bir yontemdir.

Sonug olarak surdirulebilirlik yetistiricilikte yemin
cevreye olan etkinin azaltilmasi igin Greticinin uygun
tire gbre yem secimi yapmasi, dogru yemleme
protokolleri ve formulasyonlari kullanmasi, ciftligin
uygun vyere kurulmasi ayrica tagsima kapasitesine
uygunlugu ve cevreye verdigi etkiyi takip ederek
onlemler almasi gerekmektedir.
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Obituary

In Memoriam -- Prof.Dr. Tufan Koray

The marine science and plankton community
lost an advocate and a tireless member with the
sudden passing away of Professor Tufan Koray on
March 9, 2019. He used to describe himself as an
idealist and optimist. Prof.Dr. Tufan Koray was an
art, music and animal lover. His main areas of work
were systematic and taxonomy of marine Protista,
phytoplankton ecology, toxic microalgae, and
ecological and biological pollution ecometry in
fish farms.

Born on July 21, 1954, Koray completed his
undergraduate studies and graduated in 1977.
After his B.Sc. Koray started his M.Sc. studies and
graduated in 1982. At the age of 31, he earned
his Ph.D. Five years later in 1993, he became a
Professor. He became the editor of Ege Journal
of Fisheries and Aquatic Sciences in 1992 and
continued to work as an editor-in-chief until
2013 successfully and devotedly. In addition to
the Biostatistics, Botany, Zoology and Marine

Biology started to work on projects related to fisheries in 1993. Prof.Dr. Koray played a major role in the
establishment and operation of many projects related with microplankton and toxic algae in Turkey. The
Microplanktonic Atlas of the Turkish Seas was his most desired project to complete, and he showed great
persistence in this work. Consequently, he and his team successfully accomplished this atlas in 2007. In
2008, he continued to work in a quiet scientific environment before retirement. He retired in January
2016 and moved to Hamburg, Germany. He was interested in nature photography, amateur painting
and music in Hamburg. Tufan Koray did not feel well on March 9, and taken to Marien Krankenhaus
Hospital by his wife and died on the same day in the evening.

Throughout his academic career, he undertook the consultancy of 10 graduate students, 3 of whom
were PhD. He had 8 international scientific membershipsi, wrote 4 books, and published 64 national and
international research articles.

Prof.Dr. Koray has two daughters.
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