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Introduction

The present study was to evaluate diversification of crayfish populations based
on length and weight measurements. Crayfish were collected from natural stock
with fyke-net at five different populations of Turkey in the lakes Iznik (IL), Egirdir
(EL) and Sera (SL) as well as Hirfanli Dam Lake (HD) and Keban Dam Lake (KL)
from June to July, 2008. The mean length, weight and hepatopancreas moisture
content (HM, %) of the individuals sampled from different regions were found
in order from largest to smallest as EL>HD>KL>IL>SL, EL>HD>KL>SL>IL and
IL>KL>HD>KL>SL, respectively. In this study the median value of b coefficient,
describing growth type from length-weight relationship, of five populations was
3.08, and fifty percent of the values were fell between 2.72 and 3.75. The growth
types in these populations were determined as isometric, except in Keban Dam
Lake (positive allometric). DFA (Discriminant Function Analysis) showed that
there were no significant differences among the populations, meanwhile 53.06
% dissimilarities between populations was driven by length and HP with the
contribution of 60.18% and 39.82% (based on SIMPER analysis), respectively.
Although results from b coefficients, HM values and DF analysis of populations
may reveal that their environmental conditions and growth types were similar in
a certain extent, many more data taken from at least one-year sampling period
is highly recommended for better understanding on factors that influenced the
growth of its crayfish structure.

Recent research has shown that there are more
than 640 species of freshwater crayfish known
worldwide (Crandall and De Grave, 2017). Crayfish
belong to three taxonomic families: Parastacidae
in the Southern Hemisphere with 175 species,
and Astacidae and Cambaridae in the Northern
Hemisphere wit 39 species and 426 species,
respectively (Hobbs, 1989). Freshwater crayfish are
favored as model organisms in several disciplines
such as ecology, biology, genetics, evolution,
physiology and population. Because of their
ability to survive in different habitats and climatic
conditions, body shape and other morphological

Cite this article as .
Mazlum, Y., Can, M. F. & Oksiiz, A. (2019). Diversification of narrow-clawed crayfish (Pontastacus leptodactylus Eschscholtz,

characteristics may be quite different in this
species (Hossain et al., 2018). Moreover, high
adaptability, morphological differences caused by
environmental conditions, and hybrid formation of
some species make taxonomy of crayfish difficult
(Benzie, 2005).

Crayfish has been considered as one of the most
valuable fishery sources in Turkey. Until 1984,
crayfish has a great demand in Europe market.
However, after 1986, natural stocks of crayfish
declined rapidly in most lakes and dams as a
result of over fishing, habitat loss and disease.
Especially crayfish  plague (Aphanomyces

1823) populations from different parts of Turkey. Marine and Life Sciences, 1(1): 1-9.
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astacj) infected in Turkish inland water resources
and had been causing large scale mortalities
and severe damage on crayfish populations.
All of these inevitably have been led to massive
economic losses in crayfish harvest industry. Even
in some attempts like supplemental stocking of
Pontastacus leptodactylus only has increased the
harvest up to 3%. (Mazlum et al., 2017).

Growth in crayfish is not as continuous as in fish,
but is based on the periodic increase in body
length. As in all arthropods, crayfish have to
change their exoskeleton to grow. For molting,
crayfish terminate to feed and decrease activity.
In addition, biochemical composition of crayfish
changes depending on environmental conditions
and reproduction period (Dutra et al., 2008). Food,
stress, overcrowding and disease or reproductive
cycle can affect morphometric variation of crayfish.
Therefore, growth measurement in crustaceans is
complex because of molting, sexual dimorphism
and the growth increment can vary in different
ontogenetic stages in crustaceans (Lindgvist and
Lathi, 1983; Aiken and Waddy, 1987).

Total length and weight are the most commonly
used measurements to measure growth in
crayfish biometric studies (Mazlum et al., 2007).
Relationships between these two measurements,
commonly called as length-weight relationships,
are very suitable for fisheries studies such as stock
assessment (Valset et al.,, 2007; Demirci et al.,
2018), growth and development (da Rocha et al.,
2015; Vasileva et al., 2017 ), biomass, condition
factor, sexual maturity (Waiho et al., 2016), age
structure (Stevenson and Woods, 2006; Demirci
et al., 2016), biology and ecology (Mazlum, 2003;
Kumar et al., 2018) and life cycle (Goncalves et al.,
1996, Froese, 2006; Moutopoulos and Stergiou,
2002; Anastasiadou et al., 2008).

Crayfish store large amounts of energy (lipid) in
the hepatopancreas for reproduction (Harrison,
1990; Moore et al., 2000; Rosa and Nunes,
2003), larval development (Rosa et al., 2005) and
survival (Eversole and Mazlum, 2002; Mazlum and
Eversole, 2004). The relative moisture content
of the hepatopancreas has been suggested as
an indicator of crayfish physiological conditions
(Huner et al., 1985, 1990). Previous studies
have shown that there are inversely a linear
relationship between moisture and energy
content in the hepatopancreas (HM) (Jussila and
Mannonen, 1997). In addition, high moisture in the
hepatopancreas indicates insufficient food intake
in crayfish (McClain, 1995).

In this study, the following measurements were
evaluated i) the length-weight relationships of
five different P. /epfodactylus populations, and ii)

diversification of these population based on their
length and HM values (%).

Materials and Methods
Sample collection

Crayfish (P. leptodactylus) were collected from
natural stock with fyke-net at five different locations
of Turkey; Iznik lake (40°27°06.2”N 29°32'04.3”E),
Hirfanli dam lake (39°12’10.8”N 33°32’48.0”E),
Sera lake (40°59°00.1”N 39°36'46.3”E), Keban
Dam lake (38°38°14.3”N 39°28°58.7”E) and Egirdir
lake (37°59’33.4”N 30°52'03.4”E) on June and
July 8, 2008 (Fig. 1). Each location consists of
10 samples for analysis. Crayfish shipped by bus
and arrived at University Aquaculture research
facilities. The total length (TL) of each crayfish was
measured from the tip of the rostrum to the end
of the telson to the nearest mm with a measuring
board. Whole frozen crayfish were placed on
filter paper for several minutes to remove excess
water then wet weight (W) was measured to the
nearest 0.01 g. The hepatopancreas from each
individual was removed and weighed to the
nearest 0.01 g after blotting (Hww) and dried in a
convection oven (80°C) to a constant dry weight
Hdw). Hepatopancreas moisture content (HM)
was calculated using following formula (Eversole
and Mazlum, 2002).

(Hww — Hdw)
=~ %1
Hww

HM 00

Data analysis
Length-weight relationship

All data were checked out for outliers. Freshwater
crayfish has a nonlinear relationship between
length and weight, as in fishes, the weight may
be considered as the function of length therefore
more satisfactory formula for the expression of
the relationship is WT = a TL°, where, WT=wet
weight in g, TL=total length in mm. Parameters
a and b were estimated by using the non-linear
fitting approach. Confidant limits of the b with 95
% values were calculated to determine the growth
type as b = 3 represents an isometric growth, b< 3
represents a negative allometric growth, and b> 3
represents a positive allometric growth.

Discriminant Function Analysis (DFA)

Discriminant Function Analysis was used to
determine which combinations of variables
(distances) discriminated the best among
populations and detected which populations were
the most different (Ruiz-Campos et al., 2003). Total
weight was not considered in DFA due to having
high variable nature. Before conducting DFA, the
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variables (total length and HM) were standardized
by logarithmic transformation-log(x). In addition
to DFA, SIMPER (Similarity Percentage) was
used for assessing which variables are primarily
responsible for an observed difference between
populations (Clarke, 1993). All computations and
statistical analyses were carried out by using
Microsoft Excel and Past software (V. 3.23)
(Hammer et al., 2001).

Results and Discussion

Freshwater crayfish can easily survive in lakes,
ponds, dams and rivers that are exposed to
various environmental factors. Geographical and
environmental factors affect population density,
growth and life cycle of species. Temperature, pH
and dissolved oxygen values in the life cycle of
crayfish known as highly effective environmental
factors (Erol et al., 2017). In addition, these factors
are affecting the diversity of the population of some
species. Systematic and taxonomic studies have
shown that crustaceans display a high degree of
variation, which includes variability in size and
proportion of major body parts.

The descriptive statistics of three variables (total
length, total weight and HM %) according to the
populations were given in Table 1. The mean
length, weight and HM values of the individuals
sampled from different regions were given in order
from largest to smallest as EL>HD>KL>IL>SL,
EL>HD>KL>SL>IL and IL>KL>HD>KL>SL,
respectively.

Itis wellknown that the male and female crayfish are
different in size have been well documented in the
crayfish literature since the work of Huxley (1881).
Mazlum et al. (2007) analyzed the weight-length
relationship of Procambarus acutus acutus and

they were revealed that males gained weight with
increasing length faster than female specimens
during the growth period, showing the common
nature of sexual dimorphism in freshwater crayfish
(Balik et al., 2005; Guner, 2006). Having a sexual
dimorphism in any animal population requires
evaluating of sexes separately. But in this study,
sexual dimorphism was not evaluated for each
population due to a small number of samples.
However, there was also no significant difference
between the mean length and HM percent values
of the populations (p> 0.05). Also, based on the
coefficients of variations (CV, %), variation in
length (IL: 8.35, HD: 13.02, EL: 11.56, SL: 16.39
and KL: 7.59) and hepotopancreas moisture
content (HM, %), (IL: 14.42, HD: 10.98, EL: 12.56,
SL: 15.96 and KL: 7.44) were almost similar.
Therefore, sexual dimorphism related errors in
calculating both length-weight relationships, DA,
and simper analysis somehow may be considered
as not significant. The variable “crayfish weight”
is not as stable as length and hepatopancreas
moisture, because of the even the nutrients taken
during the day affect the weight of the crayfish

Crayfish store large amount of lipid as an energy
in their hepatopancreas for growth, survival and
reproduction (Harrison, 1990). For this reason,
moisture content of the hepatopancreas has been
used to describe the feeding condition of crayfish
(Mannonen and Henttonen, 1995; McClain, 1995).
Generally, as organic reserves are depleted from
the hepatopancreas tissues, moisture level in the
tissues increases. In this study, non-significant
differences were present among the mean HM of
the populations reveals that the factors affecting
the condition of the different populations are
almost same.

TL w HM (%)
Populations mean +sd mean +sd mean +sd
(min-max) (min-max) (min-max)
. 9.45+0.79 19.76+4.86 73.54+10.61
iznik Lake (IL)
(8.1-10.5) (11.87-26.21) (56.01-86.44) Table 1. Mean (xsd) and range
- 10.06+1.31 31.42+13.11 66.44+7.30 (min-max) of total length
e D) (7.9-12.1) (12.95-51.50)  (57.05-82.16) (TL),  weight — (W)  and
) ’ ) ) ) ) hepatopancreas moisture
Earidir Lake (EL) 11.85+1.37 47.34+16.56 64.29+8.08 (HM %) of P. leptodactylus
ridir Lake . . b
9 (9.9-14.5) (08.77-85.48)  (55.88-82.24) used llntffhls swy fizom various
opulations ot |urkey.
8.72+1.43 21.19+10.38 62.37+9.96 pop y
Sera Lake (SL)
(6.6-10.6) (8.36-40.12)  (48.93-79.77)
Keban Dam 9.74 + 0.74 27.14+8.81 66.99+4.99
Lake (KL) (8.1-10.5) (12.33-40.26)  (63.08-76.30)
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The coefficient b in the length-weight relationships
of crayfish individuals obtained from different
populations varied between 2.85 and 4.34.
The growth types in these populations were
determined as isometric, except in Keban Lake
(positive allometric) (Table 2).

Figure 1 shows the Box-jitter plot of b coefficient
with some descriptive statistics of five populations.
In our study the median value of b coefficient of
these five populations was 3.08, and fifty percent of
the values were fall between 2.72 and 3.75 (Figure

1). The median of b values of reviewed studies was
3.00 and fifty percent of the b values fall between
2.85 and 3.11 (Figure 2). These results showed
that our findings were almost consistent with the
previous studies. However, our b values tend to
be positive allometric growth (Skewness = 1.62)
with the range of 1.74 (4.34-2.60), other studies
tend to be negative allometric growth (Skewness
= -2.26) with the range of 1.12 (3.22-2.10) (Table
3, Figure 2). The two values of b, namely 4.34 (this
study) and 2.10 (previous studies) were out of the
general tendency.

Population a b  R-square %‘59,;0? G-'l'-%‘gh
IL 0.035 2.85 0.79 (1.65-3.95) I
HD 0.019 3.17 0.91 (2.36-3.98) | Table 2 Length-weight parameters
with R-square and growth type
EL 0.072 2.60 0.89 (1.80-3.40) ! of P. leptodactylus from various
SL 0.024  3.08 0.96 (2.59-3.36) [ populations of Turkey.
KL 0.001  4.34 0.93 (3.39-5.28) (+ A

I: isometric growth, (+) A : positive allometric growth

b
N 5
457 Min 2.60
Max 4.34
. . o Mean 3.20
Figure 1. Box-jitter plot of b SD 0.67
coefficient  with  some P Median 3.08
descriptive  statistics  of T 357 25 prentil  2.72
P. leptodactylus from five 2 . 75 prentil ~ 3.75
populations. EY0 ) ES—— o — Skewness  1.62
O C. var 20.89
. ——
20 =
345 b
330 N 23
— Min 2.10
3154
R ﬁg:n 3;? Figure 2. Box-jitter plot of b
3007 i sD 023 coefficient with some
2s5 ] A Median 3.00 descriptive statistics of
E 25 prentil 2.85 P {ep todqcz‘y/us in the
2 2701 1 75 prentil  3.11 reviewed literatures.
255 Skewness  -2.26
C. var 7.93
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Location b r Literature

Iznik Lake 3.035 0.95 Aydinetal. (2015)

Sera Lake 3.122  0.97 Erkbay (2004)

Keban Dam Lake 2.643 0.92 Harlioglu (1999)

Egirdir Lake 2.829 0.96 Bolat (2001)

Apolyant Lake 2.955 0.96 Berber and Balik (2009)
Mogan Lake 3.086 - Tdzin (1987)

Ayranci Dam Lake 3.015 - Erdem and Erdem (1994)
iznik Lake 3.004 - Erdem et al. (2001)
Mogan Lake 2.101 0.99 Benzer et al. (2015)
Thrace region reservoirs 3.224  0.92 Deniz Bok et al. (2010)
Demirkopri Dam Lake 3.1685 0.97 Balk et al. (2005)
Yenicaga Lake 2.836 099 Gencay (2019)

Sapanca Lake 3.186 0.91 Baltaci (2018)

Bafra Lake 2916 0.91 Uzun (2013)

Keban Dam Lake 2.946 0.83 Yuksel (2007)

Keban Dam Lake 2946  0.83 Yiksel and Duman (2012)
Mogan Lake 3.086 - Karabatak and Tizlin (1989)
Aktas Lake 3.016  0.97 Aksu and Kurt Kaya (2017)
Egirdir Lake 2.870 0.90 Bolat and Kaya (2016)
Seven inland waters 2.07 0.99 Deniz et al. (2013)
Apolyont Lake 3.008 - Berber and Balik (2009)
Terkos Lake 2.842 0.91 Guner (2006)

Egirdir Lake 2.850 0.95 Baliketal. (2005)

Table 3. Literatures on length-weight
relationship [log(W) = log a +
b log (L)] of P. /eptodactylus
in different populations
from Turkey (b : slope of the
equation, r-square: coefficient
of determination)

Previous study and our knowledge indicate that
there are several factors that could contribute
to the variations in allometry of decapod
crustaceans such as age, sex, differences in diet,
foraging behavior, availability and quality of food,
environmental conditions with abiotic factors
which consist of season, temperature, salinity
and rainfall (Taddei et al., 2017). In crustaceans,
the body growth occurs by continuous molts
dependent upon physiological aspects regulated
by abiotic factors, such as photoperiod,
temperature, and availability and quality of food
(Hartnoll, 1982; Mazlum and Eversole, 2005). In the
morphometric relationship of length and weight
of crustaceans, study of total length, carapace
length and abdominal length in the length-weight
relationships are prevalent as these parameters
are less variables and more easily measured in
the field. As such, the use of these measurements
in aquaculture are extremely suggested because
there are the most accurate and simple alternative
of analyzing growth pattern of animal (Lalrinsanga
et al., 2012). In habitat with more food availability
and higher temperature, crayfish tend to have
higher growth rates (Eversole et al., 2006). The
differences in the values of the b parameter
between the study species probably results of

differences in feeding, sex, breeding behavior
and greater capacity of obtaining, converting and
storing energy according to living conditions.

Discriminant analysis (DFA) was used to determine
the differentiation among the populations. Four
functions were identified with DFA, but only first
two were explained the 99.51% of total variance as
79.09% and 20.42%, respectively. The specimens
were correctly classified into populations with
53.06 % using Jackknife estimation procedure
from DFA results (Table 4).

Although DFA showed that there were no significant
differences among the populations (Figure 3,
Figure 4), SIMPER analyses showed that the 53.06
% dissimilarities between populations was driven
by Length and HM with the contribution of 60.18
% and 39.82%, respectively. Recall, precision
and F-measure of populations calculated from
confusion matrix implied that the diversification
for the populations in descending order (based
on F-measure) as; EL>SL>IL>KL>HD. So, from
that point of view we can conclude that the EL
(Egridir Lake) population with 70 % ratio is much
more diverged from then other populations, while
HD (Hirfanli Dam Lake) population is only 20 %
(Table 5).
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Populations IL HD EL SL KL Total
IL 6 1 0 2 1 10
HD 2 2 3 2 1 10 Table 4. Confusion matrix with Jackknifed
EL 0 2 7 0 0 9 classifications from DFA
SL 1 2 0 7 0 10
KL 2 3 0 1 4 10
Total 11 10 10 12 6 49
Po . Recall Precision
pulations (%) (%) F-measure
Table 5. Recall, precision and IL 60 54.85 57.14
F-measure  of  populations HD 20 20.00 20.00
calculated from confusion matrix EL 70 70.00 70.00
SL 70 58.33 63.64
KL 40 66.67 50.00

The pikeperch is a piscivorous species whose
natural role is top predator in a complex of fish
species. The lake Egirdir was known for 11 local
species until it was stocked in Stizostedion

lucioperca. However, after 1955, the number
of local species decreased by 3-4. Lake Egirdir
vegetative

nowadays pollution, excessive

development, entering new species and the
extinction of natural species is under the pressure
of many environmental impacts resulting from
changes in the water structure (Campbell, 1992).
For this reason, 70 % differentiation is thought
to be caused by the pressure of environmental
impact of this lake. Hirfanh is one of Turkey’s

Asis ?

Figure 3. DFA results with convex
hulls for P. /eptodactylus

Figure 4. DFA results with 95
% Confidant limits for A.

Mais 2

leptoaactylus.

-6.0

Axis 1
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largest dam. There are many small islands in
the reservoir. Tinca tinca was the dominant fish
species in Hirfanli dam lake. The dam, which was
built for electricity generation, is also used for
irrigation.

In current study, the main reason of why the length
and HM did not differ among the populations in
terms of parameters (length and HM) it may
be due to the low number of samples, and not
to evaluating the populations separately as
male and female. It may be suggested that, sex

Conclusion

The present study provided some knowledge on
length-weight relationships and diversification of
five crayfish populations from different regions of
Turkey. Although results from b coefficients, HM
values and DF analysis of populations may reveal
that their environmental conditions and growth
types are similar in a certain extent, many more
data taken from at least one-year sampling period
is highly recommended for better understanding
on factors that influenced the growth of its crayfish

discrimination should be made by taking sample structure.
data of at least 1 year. Moreover, the generality
of our results can be evaluated by investigating
the properties of the sample populations including
physico-chemical parameters, nutrient status, and

competition, etc.
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Magnesium (Mg) is crucial for all cells of all known living organism. In this
study, the accumulation of the magnesium in the tissues (muscle-M, skin-S,
liver-L, and intestine-I) of three selected fish species (Siganus rivulatus, Mullus
barbatus, Solea solea) from the three bays (iskenderun, Mersin, and Antalya)
located in the Northeastern Mediterranean Sea was examined in a comparative
context. The minimum and maximum values of the Mg accumulation (in pg
g-1 w.wt) in the tissues of fish were found as 150-390 for S. rivulatus, 80-130
for M. barbatus, and 170-180 for S. solea. The distribution of the mean Mg
accumulation among the organs of M. barbatus and S. solea from iskenderun
and Mersin Bays was the same in the order of I>L>S>M, while the values for M.
barbatus (I>S>M>L) and S. solea (L>I>M>S) from Antalya Bay were different.
For S. rivulatus, the pattern was almost same in three bays as I>S>M>L.
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Keywords Based on the results of the Discriminant Analysis (DFA) and SIMPER (Similarity
Mullus barbutus Percentage) analysis, overall average dissimilarities among the fish species
Solea solea and bays concerning Mg accumulations were found to be 47.37% and 44.4%,
Siganus rivulatus respectively. Results showed that intestines had the most dissimilarities
Magnesium while muscles had the lowest. From the point of view of human nutrition, Mg

Discriminant Analysis
Northeastern Mediterranean Sea

accumulation in muscle as an edible part of fish was found to be not significantly
important among the three fish species and three bays.

Introduction

Magnesium (Mg) is such a key mineral that over
300 enzymes require the presence of magnesium
ions for their catalytic action. Therefore, it is crucial
for all cells of all known living organisms (Durlach
and Bara, 2000; Seelig, 2001; Laires et al., 2004;
Brucha-Jastrzebska and Kawcuga, 2011). Also,
high solubility of magnesium ions in water helps
ensure that it is the third most abundant elements
dissolved in seawater (Brucha-Jastrzebska and
Kawcuga, 2011).

Fisheries products are key part of human diet
due to not only their protein and unsaturated
fatty acid content but also vitamins and minerals.

Cite this article as
Kilig, E., Yanar, A., Can, M. F. & Yilmaz, A.B., (2019). DAssessment of magnesium content of three fish species from three bays

A number of studies have been conducted
on Mg accumulation in aquatic organisms. In
the framework of a national project, the Mg
concentrations (mg) in 100 g edible part of some
fish species were reported with their means and
ranges (minimum and maximum) from Turkey
(www.turkomp.gov.tr). Brucha-Jastrzebska and
Kawcuga (2011) studied the Mg concentrations
in some freshwater fish and they found that the
variations in the concentration of Mg are due
to the differences of individual species and the
concentration in the analyzed organs of freshwater
fish varied significantly. Also, Uysal and Emre
(2011) and Yilmaz et al. (2010) investigated the

in Northeastern Mediterranean Sea. Marine and Life Sciences, 1(1): 10-16.
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Mg content in the different organs of some marine
fish species from Antalya and Iskenderun Bay,
respectively.

The aim of this study was to contribute to the
knowledge on Mg accumulation in aquatic
organisms. Therefore, it was aimed to evaluate,
in a comparative context, the accumulation of
the magnesium in the organs (muscle, skin, liver,
and intestine) of three selected fish species (So/ea
solea, Mullus barbatus, Siganus rivulatus) from
three bays (iskenderun, Mersin, and Antalya)
located in North-Eastern Mediterranean Sea.

Material and Methods
Fish species

Common sole (Solea solea), Red mullet (Mullus
barbatus) and Marbled spine foot (Siganus
rivulatus) were studied for Magnesium (mg)
accumulation in their organs (muscle, skin, liver,
and intestine). Fish species were confirmed
according to Froese and Pauly (2018). Common
sole is a demersal marine fish which lives on sandy
or muddy bottoms ranging from near shore to 200
m of depth. Adults feed mainly on polychaete
worms, molluscs and small crustaceans. Red
mullet is a benthic fish and its main habitat is
muddy bottoms of the continental shelf between
5 and 300 m feeding on benthic invertebrates
(crustaceans, worms, molluscs). Marbled spine
foot lives in shallow waters over substrates clothed
with algae including rocky and sandy areas as
well as the places where algae grows among sea
grass beds at depths of less than 15 m. They are
herbivorous feeding mainly on algae.

Studied areas

Fish samples were taken from fishermen in the
Iskenderun  (36°36°20.53”N,  36°10°16.47”E),
Mersin (36°46°45.38”N, 34°41°0.35”E) and Antalya
(836°52°35.46”N, 30°41’35.08”E) bays in the North-
Eastern Mediterranean Sea. These bays are in
an interaction with each other through current
systems (Hamad et al., 2005).

Sample Collection, Preparation and Analysis

TThe samples were brought to the laboratory on
ice immediately and then frozen at -25°C until
dissection. Total fish length and weight were
measured to the nearest millimeter (mm) and gram
(9) before dissection. The mean length and weight
of the S. solea, M. barbatus, and S. rivulatus were
25.22+2.20 cm and 135.90+43.11 g, 19.64+4.07
cm and 158.31+123.61 g and 17.29+2.08 cm and
108.34+72.52 g, respectively. The mean body
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length of each species from three bays were not
significantly different (p>0.05).

Fish samples were dissected to get organ
samples (epaxial muscle, intestine, skin and liver).
All chemicals used in the study were of analytical
reagent grade. Double distilled water was used
throughout the study. Calibration standard
solutions were prepared by stepwise dilution
of the stock solution. Samples were weighted,
digested in HNO3/HCI (1:3 v/v), filtered with
0.45 pm micropore membrane filter, diluted and
then analyzed for Mg content in accordance with
Yiimaz (2003).

Analysis was carried out in triplicate using
Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) (Perkin Elmer Nexion 350 X). Metal
concentrations were calculated in microgram per
gram wet weight (ug metal g'w.wt.).

Statistical analyses

Discriminant Analysis (DFA) was used to determine
which combinations of variables (distances)
discriminated the groups and detected which
groups were the most different (Ruiz-Campos et
al., 2003). Before conducting DFA, the variables
were standardized by logarithmic transformation
(log(x)). In addition to DFA, SIMPER (Similarity
Percentage) analysis was used to assess which
variables are primarily responsible for an observed
difference between groups (Clarke, 1993).

All computations and statistical analyses were
carried out using Microsoft Excel and PAST
software (v. 3.23) (Hammer et al., 2001).

Results and Discussion

Table 1 and Figure 1 show mean Magnesium
(Mg) concentration (in pg g'w.wt) with standard
deviation and range (minimum, maximum) values
in different organs of S. solea, M. barbatus, S.
rivulatus with respect to the three studied bays,
respectively.

Mg concentration in the muscle of S. rivulatus
changed from 149.50 to 168.69 pg g’ w.wt in
iskenderun Bay, 146.22 to 407.22 ug g w.wt in
Mersin Bay and 124.19 to 188.75 pg g w.wt in
Antalya Bay. Similarly, Mg concentration of M.
barbatus varied between 174.32-263.19 pg g™
w.wt in iskenderun Bay, 117.23-263.19 ug g
w.wt in Mersin Bay, and 68.55-336.79 pg g
w.wt in Antalya Bay. Finally, Mg concentration in
the muscle of S. solea in iskenderun, Mersin and
Antalya Bays was found to be between 117.22-
263.19 pg g' w.wt, 150.28-204.41 pg g' w.wt
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Table 1. Mean Mg concentrations with standard deviations (ug metal g' wet weight [w.wt.]) in the

organs of S. solea, M. barbatus, S. rivulatus with respect to studied bays

: Muscle (M) Skin (S) Liver (L) Intestine (1)
Bay Species (meanz sd) (meanz sd) (meanz sd) (meanz sd)
158.16 +8.86 403.29+ 114.58 135.07+26.59 617.62+219.95

S. rivulatus

149.50-168.69
197.54+24.43

174.32 - 263.19
181.75+73.31
117.22-263.19

248.61-534.16
225.09+ 89.98
100.89-315.61
198+ 87.54
125.59-321.59

108.63 - 166.61
292.70+6.17
288.34-297.06
214.66+34.44
177.22-251.06

421.52-874.85

848.21+752.12
249.74-1654.56
561.31+305.85
290.16-859.753

266.41 £120.70
146.22 - 407.22
181.75+73.31
117.23-263.19
176.73+27.09
150.28-204.41

187.38+ 41.21
137.43-237.17

117.20+27.01
97.86 to 155.70

451.27+252.20
100.73-672.48

198.07+ 87.54 214.66+34.44 561.31+305.85
128.53-236.68 177.22-251.06 290.16-859.75
186.29+ 40.31 268.30+212.01 660.37+193.14

128.53-236.68

134.16-584.75

448.45-849.95

C
2
[0]
2 M. barbatus
°
i
S. solea
S. rivulatus
=
)]
) M. barbatus
>
S. solea
S. rivulatus
[\
>
g M. barbatus
<
S. solea

160.60 +27.88
124.19 -188.75
194.33+111.01
68.55-336.79

170.01+105.87

174.70+ 52.32
122.31-231.49
681.74+ 313.68
100.90-217.21
153.61+ 58.99
100.90-217.21

143.29+69.39
101.59 - 266.03

178.42+4.62
175.15-181.68
283.59+146.67
134.16-584.75

319.13+206.79
194.53-557.83
1531.98+751.32
527.48-2345.22
270.25+214.30
131.01-583.41

and 101.21-327.06 pg g w.wt, respectively. The
highest concentration was observed in S. rivulatus
from Mersin Bay and the lowest concentration was
observed in M. barbatusin Antalya Bay (Figure 1).

Mg accumulation level in the skin was found
to be 248.61-534.16, 137.43-237.17, 122.31-
231.49 pg g w.wt for S. rivulatus; 100.89-315.61,
125.59- 321.58, 376.08-1108.59 upg g’ w.wt
for M. barbatus and 125.59-321.59, 128.53-
236.68, 100.90-217.21 pg g'w.wt for S. solea in
iskenderun, Mersin and Antalya bays, respectively
(Figure 1).

Mg concentration in the liver of S. rivulatus was
found to have changed from 108.63 to 166.61 g
g'w.wt in Iskenderun Bay, 97.86 to 155.70 ug g'w.
wt in Mersin Bay and 101.59 to 266.03 pg g'w.
wt in Antalya Bay. Similarly, Mg concentration of
M. barbatus varied between 288.34-297.06 pg g’
w.wt in iskenderun Bay, 177.22-251.06 pg g~ w.wt
in Mersin Bay, and 175.15-181.68 pg g’ w.wt in
Antalya Bay. Lastly, Mg concentration in the liver
of S. solea was found between 177.22-251.06 ug
g w.wt in iskenderun Bay, 134.16-584.75 pg g
w.wt in Mersin Bay and 156.70-429.11 pug g w.wt
in Antalya Bay (Figure 1).

Highest Mg accumulation levels were observed in

the intestine tissue and the values varied between
421.52-874.85, 100.73-672.48, 194.53-557.83 pg
g w.wt in Iskenderun, Mersin and Antalya bays
for S. rivulatus, respectively. The same ranking
was observed as 249.74-1654.56, 290.16-859.75,
and 527.48-2345.22 ug g'w.wt for M. barbatus in
iskenderun, Mersin and Antalya Bays, respectively.
Lastly, it varied between 290.16-859.753, 448.45-
849.95, and 131.01-583.41 pg g w.wt for S.
solea in Iskenderun, Mersin and Antalya bays,
respectively. The highest and lowest accumulation
values were observed in M. barbatus and S. solea,
respectively, from the Antalya Bay.

The pattern of the mean Mg accumulation
among the organs for M. barbatus and S. solea
from Iskenderun and Mersin Bays was the same
as I>L.>S>M while the patterns for M. barbatus
(I>S>M>L) and S. solea (L>I>M>S) from Antalya
Bay were different. For S. rivulatus, the pattern
was almost same in three bays as I>S>M>L (Table

1).

According to Uysal et al. (2008), the rank of
Mg bioaccumulation in the different organs of
Lithognathus mormyrus, Liza aurata, Chelon
labrasus, Mugil cephalus, Sparus aurata, Liza
ramada was found as Gill (G) >Muscle (M) >Skin

-12 -
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(S). They also reported the Mg accumulation (mg/
kg w.wt.) in the different organs of several species
including L. mormyrus(M: 304.20 £ 22.9, S: 215.60
+ 11.7, G: 659.16+12.8), L. aurata (M: 278.60 =
5.2, S: 173.06 = 8.6, G: 560.50+4.7), C. /abrasus
(M:323.40 £ 9.9, S: 168.73 £ 3.7, G: 451.80+20.2),
M. cephalus (M: 295.70 + 4.3, S: 188.23 + 9.8,
G: 486.73x4.1), S. aurata (M: 332.56 = 10.5, S:

Iskenderun Mersin Antalya

0 T T T
Iskenderun Mersin Antalya

211.56 + 28.4, G: 545.93+13.4), and L. ramada as
(M: 262.53+15.1, S: 233.56+36.5, G: 617.23+4.7).

Uysal and Emre (2011) investigated the Mg content
in the different tissues of Djplodus sargus, S.
rivulatus, L. mormyrus, L. aurata, C. labrasus from
Antalya Bay. They reported that Mg level varied
from 204.33 to 784.30 yg g w.wt depending on

Name Scientific name Mean Min Max Reference
Marbled Siganus rivulatus 20 15 39
spinefood (Forsskal & Niebuhr, 1775)
Red Mullet %{ﬁﬁ;ﬁa{‘;‘gg‘)’s 19 8 31 This study*
Solea solea
Common Sole (Linnaeus, 1758) 18 ! 28 Table 2. The magnesium
Rainbow trout Oncorhynchus mykiss 38 33 44 ? 0 f; ce ? trations
mg) of 100 g
Red mullet it 33 26 39 edible part of
Merlucei Coi some fish species
European hake e(rLL{gﬁ:aL/ésurSng‘r7Lé%c)/us 30 21 40 from Turkish Food
) T Composition
European anchovy Engr. 7If/|/r/1$r‘1 :gcqa?sgg?o/us 30 o8 34 Database (URL).
Atlantic and Me-  Trachurus trachurus (Linnaeus, Turkomp
diterranean horse  1758) and 7rachurus mediiter- 36 31 45 (2019)
mackerel raneus (Steindachner, 1868)”
Turbot Scophthalmus maximus
(Linnaeus, 1758) 34 21 39
Golden mullet Mugil auratus (Linnaeus, 1761) 29 23 37
. Meriangius meriangus euxinus
Whiting (Nordmann, 1840) 21 21 30
Atlantic bonito Sarda sarda (Bloch, 1793) 34 32 37

*Results of this study were converted to mg/100 g

-13 -
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Figure 2. Result of Discriminant Analysis

Audls 2

1. barbatus

(DFA) on three fish species with
convex hulls.

Figure 3. Result of Discriminant Analysis
(DFA) on three bays with convex hulls.

species and tissue. The Mg content ranking of S.
rivulatus was reported to be skin>gill>muscle.

Yiimaz et al. (2010) reported the mean Mg content
(@s pg metal g w.wt) in the 7riglhia lucerna,
Lophius budegassa, Solea /ascais collected from
iskenderunBayas21.7+5.57,16.6+8.34,9.05+3.28
Hg g w.wt in liver, 19.2+1.93, 16.4+3.28, 12.9+7
Mg g w.wt in skin, and 17.9+4.34, 7.34+3.22,
23.3+12.3 pg g' w.wt in muscle, respectively.

Brucha-Jastrzebska and Kawczuga (2011) studied
the Mg content (mg.kg-1 w.wt.) of muscle tissue of
some freshwater species namely Common carp,
Rainbow throut, Siberian sturgeon, Northern pike
and Grass carp and they found the concentrations
as 85.4+24.1, 87.2+33.5, 63.6+16.2, 125.7+32.7
and 72.4+24.3 mg.kg™' w.wt, respectively.

Comparisonofourfindingswiththepreviousstudies
revealed that even though Mg bioaccumulation
levels are different among species, accumulation
level ranking is similar. Liver and intestine had the
highest bioaccumulation concentration compared
to other organs. Intestines accumulate a lot of
heavy metal since it is related with the digestive
system. Similarly, liver acts as a target organ in
heavy metal accumulation since it is metabolically
active organ (Romeo et al., 1999; Yimaz et al.,
2010). Therefore, the present study proves that
even though Mg is not a heavy metal, it acts like a
heavy metal in terms of bioaccumulation.

s 2

-14 -

Axis 1

The magnesium (Mg) concentrations (mg) of 100
g edible part of some fish species from TurKomp
database were given in Table 2.

It is difficult to generalize a mineral content of fish
species due to the variations occurring based on
several internal and external factors such as mineral
type, specimen, sex, biological cycle, location,
climate, nutrient availability, temperature, salinity
etc. (Martinez et al., 1998; Martinez-Valverde et
al., 2000; Yilmaz et al., 2010). For that reason,
wide variations in the Mg level were observed
depending on fish species, location (bay), and fish
tissue (Table 1). However, in a general point of
view, our results are consistent with the previous
literature and the ministry database.

Discriminant Analysis (DFA) carried out both on
species and bays yielded two functions that are
accounted the total variance as (70.5% and 29.5%
for fish species) and (92.09% and 7.90% for bays),
respectively (Figure 2 and Figure 3).

The variations of Mg consternations in organs
by the three fish species and the three bays with
contribution to dissimilarities based on DFA and
SIMPER analyses were shown in Table 2 and Table
3, respectively. Overall average dissimilarities
among the fish species and bays concerning
the Mg accumulations were 47.37% and 44.4%,
respectively. On the other hand, their similarities
were 52.63% and 55.60%, respectively.



Mar and Life Sci (2019) 1(1): 10-16

Kilig et. al.

Contribution

Cumulative % Pattern

Organs %

Table 3. Contribution
rates (%) of organs  Intestine 43.84

on dissimilarities
species Liver 17
Muscle 11.67

Results indicate that differences depending on the
three fish species arise from intestine, skin, liver
and muscle tissue (Table 3). Patterns showed that
intestine with M. barbatus interactions produced
the most dissimilarities while muscle with S.
rivulatus had the lowest. Similarly, differences
in the Mg accumulation levels depending on
the three bays arise from intestine, skin, liver
and muscle with the contribution rate of 0.19,
0.13, 0.07 and 0.06, respectively (Table 4). The
patterns for contribution rates (%) of organs
on dissimilarities among the bays showed that
intestine with Iskenderun bay interactions

43.84 M. barbatus>S.solea>S.rivilatus
71.33 M. barbatus>S.rivilatus> S.solea
88.33 S.solea>M. barbatus>S.rivilatus

100 M. barbatus>S.solea>S.rivilatus

among the organs of M. barbatus and S. solea
from iskenderun and Mersin bays was the same
in the order of I>L>S>M while it was different for
M. barbatus (I>S>M>L) and S. solea (L>I>M>S)
from Antalya bay. For S. rivulatus, the pattern was
almost same in all three bays as I>S>M>L.

2. Overall average dissimilarities among the
three fish species and the three bays concerning
Mg accumulations were 47.37% and 44.4%,
respectively. On the other hand, their similarities
were 52.63% and 55.60%, respectively.

3. Patterns showed that intestine with M. barbatus

Contribution

Table 4. Contribution

rates (%) of organs
on dissimilarities
among the bays

interactions produced the most dissimilarities

Organs % Cumulative % Pattern
Intestine 0.19 43.83 iskenderun>Antalya>Mersin
Skin 0.13 28.24 Antalya>iskenderun>Mersin
Liver 0.07 15.26 iskenderun >Antalya>Mersin
Muscle 0.06 12.67 Mersin>iskenderun>Antalya
Conclusion

In this study, the accumulations of magnesium (In
this study, the accumulations of magnesium (Mg)
in the organs (muscle, skin, liver, and intestine) of
three selected fish species (Solea solea, Mullus
barbatus, Siganus rivulatus) from three bays
(iskenderun, Mersin, and Antalya) located in
Northeastern Mediterranean Sea were examined
in a comparative context. Key findings and
conclusions of the study are given below:

1. The pattern of the mean Mg accumulation
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Introduction

This study aimed to investigate the species aggregating performance of brush
parks in Homa Lagoon, Aegean Sea, Turkey. The study was conducted in 100 m?
area between June 2004 and January 2005 in Homa Lagoon. Alternative fishing
gears (produced from Polyvinyl chloride (PVC) and sacks filled with bush bundles)
were investigated for the first time by the present study besides commonly used
fishing gears (fyke net, basket trap, and circled lift net) in traditional fisheries in
lagoon systems in Turkey. The species composition was determined for each
fishing gears for brush park fisheries. A total of 1855 individuals were caught and
the highest yield was obtained from the basket traps (1018 individuals) followed
by the sacks filled with bush bundles traps (324 individuals), PVC materials
(313 individuals), and the circled lift nets (200 individuals). This study revealed
that brush park fisheries can attract the species in lagoon systems. Therefore,
socioeconomic assessment and appropriate fisheries management approaches
for brush park fisheries and lagoon fisheries should be carried out and applied
for sustainable use of fisheries resources in lagoon systems.

Fish aggregating (or attracting) devices (FADs) as
the form of man-made floating objects have been
used worldwide by commercial, artisanal and
recreational fishers for catching mainly pelagic
fish species (Dempster and Taquet, 2004). FADs
increase the catchability of fish species with
regard to free swimming fish species (Guillotreaua
et al., 2011). Moreover, they increase recruitment,
sustainability and habitat of fish species (Kingsford,
1999). Brush park is a kind of FADs which make
possible the aggregation and attraction of fish.
Brush parks are underwater constructions made
up of wooden materials that are usually fixed to the

Cite this article as

bottom of a shallow water body (COFAD, 2002).
Brush parks provide substrate for the growth of
periphyton and suitable habitats and shelter areas
for several fish species. Therefore, brush parks
have high level of nutrients (Welcomme, 2005).
They also significantly increase the efficacy of
fishing operations (Béné and Obirih-Opareh, 2009).
Brush parks are commonly used in western part
of Africa (Benin, Ghana, Ivory Coast, Nigeria, and
Togo) where they are known as acadjas (Laléye,
2000), samrah in Cambodia (Ho, 1999), and katha
in Bangladesh (Ahmed and Akther, 2008; Uddin et
al., 2015).

Acarli, D, Kale, S. & Kara, A. (2019). Can brush parks aggregate species in lagoon systems? A case of Homa Lagoon, Aegean
Sea, Turkey. Marine and Life Sciences, 1(1): 17-24.
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Homa Lagoon is one of the most significant
lagoons in the coasts of Aegean Sea of Turkey
and it is a biodiversity hotspot (Colak-Sabanci,
2012). Homa Lagoon was included within the list
of wetlands of international importance (Ramsar
Site) in Gediz Delta Ramsar Site. Homa Lagoon
serves as a natural habitat and provides living
space, protection from predators for many aquatic
species that have high economic value and more
than 200 bird species (Acarli, 2007). Fish and birds
prefer these areas for breeding, feeding, living,
nursery, and growth (Alpbaz, 1990; Akyol, 1999;
Elbek et al., 2003; Deveciyan, 2006; Acarli, 2007).

Some studies have been carried out in Homa
Lagoon. These studies include different aspects,
for instance, limnologic characteristics such
as physicochemical characteristics (Unsal et
al., 2000), zooplankton (Pulat and Ozel, 2003),
algology (Colak Sabanci and Koray, 2010; Colak
Sabanci et al., 2011; Colak Sabanci, 2012), growth
and survival rates of 7gpes decussatus (Serdar
et al., 2007) Anaadara inaequivalvis (Acarh et al.,
2012), Ostrea equlis (Lok et al., 2005), reproductive
activity of O. edulis (Acarli et al., 2015), catch
efficiency and catch composition of species
(Acarh et al., 2009), length-weight relationships of
fish species (Acarli et al., 2014) of Homa Lagoon.
Heavy metal and pesticide concentrations in fish,
molluscs, polychaete species were also studied
by some authors (Atilgan and Egemen, 2001; Tas
et al.,, 2009; Bilgin and Uluturhan Suzer, 2015,
2017; Sevgi and Uluturhan Suzer, 2019; Uluturhan
et al.,, 2019). Moreover, fisheries management
(Tosunoglu and Unal, 2012; Tosunoglu et al., 2013)
and some socioeconomic aspects of fisheries in
Homa Lagoon were examined (Kdken et al., 2019).

26°4|9'D"E 26"59'0"E 26‘51'0"E

26°52'0"E 26°53'0"E

26°54'0"E

Traditional fishing gears such as fences trap,
trammel net, veranda net, and fyke net are
commonly used in Homa Lagoon where the
most caught species have been Mugilid species
including Mugil cephalus, Liza saliens, Liza
ramada, Liza aurata, Chelon labrosus. Apart from
these species, fishing efforts are also performing
for Sparus aurata, Dicentrarchus labrax, Solea
solea, and Anguifla anguilla species.

Several fishing gears are used in the lagoon
fisheries. However, there is no study on the
assessment of fish aggregating performance of
brush parks in Homa Lagoon. In addition, there is
a lack of information on the utilization of polyvinyl
chloride (PVC) pipe materials as alternative fishing
gears for brush park fisheries in Homa Lagoon.
Therefore, the aim of this study was to investigate
the species aggregating potential of brush parks
in Homa Lagoon. PVC pipe materials and sacks
filed with bush bundles were used for the first
time as fishing gears in the present study.

Material and Methods

Homa Lagoon (Figure 1) covers 1852 ha area
(Acarli, 2007) and maximum depth of the lagoon is
1.8 m while average depth ranges between 0.5 m
and 1.0 m (Acarli, 2007). The study area is an active
lagoon and spawning season for fish species is
between June and October in this lagoon (Acarli,
2007). At the end of the spawning period, fence
traps are closed and fish are introduced into the
lagoon voluntarily but prevented from leaving. In
autumn season, high salinity is observed due to
rainfall and evaporation (Colak Sabanci, 2012).
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Figure 1. The location of the
study area in Homa
Lagoon
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Figure 2. Technical measurements and
characteristics of fyke nets (modified
from Acarli, 2007)

Figure 3. Circled lift nets (modified from
Acarli, 2007)

Brush parks were established on 100 m? area in
the Homa Lagoon. Piles having 10mx10m and
8mx8m were fixed in the lagoon. FAO (2007)
reported that many species live around these
traps. Similarly, several authors also documented
that these traps attracted animals (Buffe, 1958;
Costa and Wijeyaratne, 1994; Welcomme, 2002).
Hence, fyke nets, basket traps and polyvinyl
chloride (PVC) materials were used and placed
around brush parks. Two types of PVC materials
were investigated in the study. The first one had
100 cm length and 8 cm diameter (named as PVC
100) while the other one had 300 cm length and
11 cm diameter (hamed as PVC 300). One of the
entries of PVC materials was covered by nets. In
addition, PVC materials were interconnected with
each other by No.5 surface rope such as longline.
The technical measurements and characteristics
of fyke nets are given in Figure 2 while the
characteristics of basket traps are presented in
Table 1. Four different basket traps models were
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used inthe study. The model#1 had blue colour and
foldable characteristic in the shape of rectangular
prism while model#2 was circle and foldable.
The model#3 and model#4 had circular shape
whereas the length of the model#3 was higher
than model#4. The characteristics of basket traps
are also summarized in Table 1. The sacks filled
with bush bundles were used for the first time by
the present study to investigate the fish attracting
performance in the lagoon systems. The circled
lift nets were placed around the brush parks.
European pilchard (Sardina pilchardus) and the
Mediterranean mussel (Mytilus galloprovincialis)
were used as baits for the circled lift nets. The
diameter was 50 cm and mesh size was 12 mm
(210D/18N) for the circle of the lift net (Figure 3).

Results

Four different fishing traps were placed around the
brush parks and 1855 individuals were caught by
brush park fisheries. The highest yield was obtained
with the model#1 basket trap. The most caught
species was Carcinus aestuarii(741 individuals). In
addition, 157 gastropod individuals (belonging to
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15 different species including Cerithium vulgatum,
Nassarius incrassatus, Turritella communis,
Epitonium commune, Osifinus sp., Pirenella
conica, Nassarius mutabilis, Nassarius pygmaeus,
Gibbula albida, Nassarius reticulatus, Bittium
reticulatum, Gibbula adensonii adensonii, Cyclope
neritea, Bolinus brandaris, Hexaplex trunculus;

although their small areas compared with the
total surface areas of water bodies where they are
hosted (Béné and Obirih-Opareh, 2009). Sugunan
et al. (2007) indicated that well-managed brush
parks can even be equivalent to intensive or semi-
intensive aquaculture operations with regard to
annual per-unit-area harvesting rates. Therefore,
brush park fisheries can considerably contribute

Table 1. The characteristics of the basket
traps used in the study

Crustacean species  Paguristes  syrtensis,
Traps Height Width Length Entry Diameter
P (cm) (cm) (cm) (cm)
Model#1 65 36 116
Model#2 40 70 193
Model#3 30 70 225
Model#4 25 55 169

Paguristes eremita, Diogenes pugilator, Pagurus
forbesi, Pagurus cuanensis), 107 Palaemon sp. (P.
serratus, P. adspersus, P. elegans) specimens, 7
Gobius niger, 5 Sepia officinalis, 1 Erjphia vericosa,
1 Solea solea were captured by the traps. It was
observed that model#2 basket trap caught mostly
Solea solea while model#4 basket trap caught
Sepia officinalis whereas model#1 basket trap
intensely caught Carcinus aestuarii.

PVC materials caught 313 individuals belonging
to 21 different species. PVC 100 aggregated
Palaemon sp. (71 specimens), gastropods (63
specimens), Carcinus aesturaili (32 specimens),
and G. niger while PVC 300 intensely collected
Palaemon sp. (119 specimens) beside gastropods
(15 specimens), C. aestuarii (2 specimens),
Blennius ocellaris (7 specimens) and G. niger (2
specimens).

The sacks filled with bush bundle traps attracted
commonly Palaemon sp. (324 individuals) in
addition to Crustacean species C. aestuarii (87
individuals).

The circled lift nets were used for the first time in
Homa Lagoon in the present study and they caught
200 individuals belong to 20 different species
including gastropods (186 individuals from 15
different species), Palaemon sp. (11 individuals)
and Zosterisessor ophiocephalus (2 individuals)
and G. niger (1 individual).

Discussion

The lagoon fishery production have several
activities: traditional fishing on lagoon canals
and water areas, valley fishing; farm fishing
(aquaculture) mussel farming and clam fishing
(Rosetto, 2001). Brush parks in lagoon systems
can improve fisheries production considerably

to the increase of water productivity.

Welcomme (2002) indicated that the detrimental
or beneficial status of brush parks for natural fish
stocks depends to a great range on the ecology of
the fish species existing in the water body. Some
fish species are attracted for their shelter and food
needs while others for reproduction (Anis et al.,
2015). If brush parks were used by fish species
for breeding, they could serve as a shelter for
young fish species and improve the growth and
survival of the species. Thus, brush parks have a
positive impact on the growth and survival rate of
the natural fish stocks. Furthermore, opportunistic
predators are attracted to brush parks as stated
by Malone et al. (2011). Gammanpila et al. (2017)
have revealed that ecomorphology of the fish
species in the brush parks is associated with diet.
Knowledge on feeding ecology of the fish species
in a fish assemblage makes the understanding of
trophic interactions possible (Gammanpila et al.,
2019a). The understanding of these interactions
has a great importance for fisheries managers to
decide on ecosystem based management (Pikitch
et al., 2004).

In Turkey, lagoon fishermen have been using
fishing materials and methods such as trammel
nets, fyke nets, longlines, nets (seine or etc.) and
fences since many years (Deveciyan, 2006). The
fences traps (“kuzuluk” in Turkish) are the most
basic fishing gear types for the whole operational
lagoons in the coasts of Aegean Sea (Kaykac and
Tosunoglu, 2015). On the other hand, despite
brush parks were used in numerous countries
such as Bangladesh (Kapetsky, 1979; Wahab and
Kibria, 1994; Ahmed and Hambrey, 1999; Ahmed
and Akther, 2008; Uddin et al., 2014, 2015), Benin
(Buffe, 1958; Laléyé 2000; Niyonkuru and Laleyé
2010), Cambodia (Fily, 1966; Ho, 1999; Lamberts,
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2001; Baran, 2005), Cameroon (Stauch, 1966,
1976), China and Mexico (FAO, 1962), Egypt
(Ben-Tuvia, 1979), Ghana (Mensah, 1979; Béné
and Obirih-Opareh, 2009), India (Mann and
Aftabuddin, 2009), Madagascar (Kiener, 1960),
Nigeria (Kapetsky, 1981), Sri Lanka (Senanayake,
1981; Costa and Wijeyaratne, 1995; Amarasinghe
et al., 2002; Rupasinghe and Asanthi, 2007; Anis
et al.,, 2015; Gammanpila et al., 2016a, 2016b,
2019a, 2019b), and Togo (Welcomme, 1971;
Everett, 1976), they were used for the first time
in Turkey in this present study. Therefore, this
paper provides the first findings for the species
aggregating performance of brush parks in lagoon
systems in Turkey.

An investigation of brush park fishing in Lagos
lagoon of Nigeria has been carried out by Solarin
and Udolisa (1993). Positive correlations were
found between the fish caught in the brush park
and the period of establishment (Solarin, 1998)
and between the fish and density of establishment
(Solarin and Kusemiju, 2003). Abdul et al. (2004)
reported that brush park fisheries presented a
respectable catch to the fisherman in Iwopin
Lagoon area, Nigeria. In addition, brush park
fishing was found profitable and it had supported
to development of fisheries and had reduced the
poverty among the Nigerian rural inhabitants.
Gammanpila et al. (2016b) reported that the
optimal time period for fishing was about 30 days
after the establishment to reach maximum yield in
brush park fisheries.

Atar et al. (2002) have investigated the catching
efficiency and catch rates of three different traps
in Beymelek Lagoon of Turkey. They reported
that traps were particularly effective in crustacean
fisheries and that the most caught species was
Carcinus aestuarii. In addition, they documented
that Lyngbya majuscuta, blue-green algae, caused
the closure of traps and circled lift net meshes.
Thus, it allows the intensive fishing of crustacean
and gastropod species. The results of the present
study are similar to the findings of Atar et al. (2002).

Different species have been observed around the
brush parks. The adherence of macroalgae to the
piles by the currents might be possible providing
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'Sinop University, Faculty of Fisheries, In this study, the distribution on the nets of by-catch fish species caught by
57000, Akliman, Sinop-Turkey the trammel nets was determined between 01 January 2002 and 31 December

2002 in the Sinop province shores of Black Sea. Nets have multifilament (Fml)
and monofilament (Fmn) material with inner mesh size of 36 mm and outer mesh
size of 200 mm, were used in the study. The number (7 meshes) of the outer at
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Black Sea

Multifilament ve monofilament fanyali uzatma aglan ile avlanan hedef disi
bahklarin aglar iizerindeki dagihmlar

OZET

Bu arastirmada Karadeniz’in Sinop kiyllarinda 1 Ocak 2002 ve 31 Aralik 2002
tarihleri arasinda fanyall uzatma aglan ile avlanan hedef disi balk tlrlerinin
aglar Uzerindeki dagiimlar tespit edilmistir. Calismada multifilament (Fml) ve
monofilament (Fmn) materyale sahip, tor ag g6z acikligi 36 mm, fanya g6z acikhg
200 mm olan uzatma aglan kullaniimistir. Baliklarin dikey yéndeki konum tespiti
icin yUkseklikteki fanya g6z sayisi (7 g6z), dikkate alinmistir. Yatay yondeki konum
icin donatilmis agin mantar yakasi 10 esit pargaya ayrilarak isaretleme yapilmistir.
Arastirmada toplam 286 adet hedef disi balk (Scorpeana porcus, Gaidropsarus
medliterraneus, Solea spp., Gobius spp. ve Labrus spp.) yakalanmistir. Baliklarin
188 adeti Fml ag ile 98 adedi ise Fmn ag ile avlanmistir. Her iki agda baliklar
%76,1 ve %77,6’lik oranlarla en fazla alt kisimlarda (1 ve 2. Fanya) yakalanma
dagihmi gostermistir. Demersal 6zellik gdsteren bu baliklarin orta (3, 4 ve 5. Fanya)
ve Ust boélimlerde (6 ve 7. Fanya) daha az yakalandigi belirlenmistir. Sonuglari,
fanyali uzatma aglarinda hedef disi turlerin avciliginin azaltiimasi ve tur seciciligi
icin modifiye ve iyilestirme calismalarina katki saglayabilecegi diistiniimektedir.
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Giris

Dinyada su drunleri avciligi avlama, yakalama
ve toplama, olmak Uzere ug¢ farkh yéntemle kiyi
balik¢iligr (kigtk dlgekli) ve endistriyel balikgilik
(bUydk Olcekli) faaliyetleri ile strdurtlmektedir.
Avlanilacak turlerin sirU yapisi, yasam ve ylzme
ozellikleri dikkate alinarak bu avcilik modellerinden
biri secilmektedir. Bu yodntemlerde kullanilan
av araclan aktif ve pasif olarak iki ana gruba
ayriimaktadir (Sainsbury, 1996). Sabit av araclan
pasif av araglari olup belirli bir bdlgeye batirici ve
yUzduUrUcUler yardimiyla sabitlenerek su Urlninin
av aracina dogru yaklasmasi ve temasa girmesi
yoluyla avlanmanin gerceklestigi av araclandir.
(Bjordal, 2002).

Uzatma aglar Ulkemiz kiyi balikgiginda kullanilan
cok tlre dayall avcilik yapilabilen en énemli pasif
av araglarnidir. Uzatma aglar yapi olarak sade ve
fanyaliolmak Uzereikianagruptatoplanmaktadirlar.
Uzatma aglarinda tor ag olarak monofilament ve
multifilament materyaller kullaniimaktadir Uzatma
aglarinin av verimi ve av kompozisyonu av aracinin
yapisal ve materyal 6zelliklerine gore degisiklik
g6stermektedir (Ozdemir ve Erdem, 2006). Uzatma
aglariyla demersal baliklar yaninda pelajik ve semi-
pelajik bircok tirin avciligi da yapilabilmektedir
(Sainsbury, 1996; Kara ve Ozekinci, 2002).

Su drunleri  avciiginda  kullanilan  tim av
araglarinda oldugu gibi uzatma aglarindaki en
onemli problemlerden biri hedef tirlerin avciligini
artinrken hedef disi tirlerin avciliginin azaltilarak
tir  seciciliginin  saglanabilmesidir  (Hamley,
1980; Ozdemir ve ark., 2003). Hedef disi tiirler
aglarda saturasyona sebep olurken agin yapisini
bozmakta ve av etkinligini azaltmaktadir (Dickson,
1989). Ayrica avcilik sonrasi balikgilar icin is
glcl ve zaman kayiplarina neden olmaktadir.
Karadeniz’de uzatma aglari ile hedef tir olarak
barbunya, mezgit, istavrit, llfer, tirsi baliklari
avlanirken, hedef disi tir olarak yakalanan iskorpit,
gelincik baligi, kaya baliklar, kiicik dil baliklar
ve lapin baliklar avcilik Gzerinde olumsuz etkiler
yapmaktadir (Ozdemir ve ark., 2003). Bir diger
sorun ise yengec¢ ve deniz salyangozu turlerinin
aga yakalanan baliklarla beslenmek Uzere aga
yaklasmalari ve yakalanmalardir. Yakalanan bu
hedef disi tlrler hedef balik tirlerinin kalitesini
bozarken agin materyalini de zarar vermektedirler
(Aksu, 2006; Ozdemir ve Erdem, 2007a; Ozdemir
ve ark., 2017).

Seciciligin  saglanmasinda  kullanilan uzatma
aglarinin yapisal 6zellikleri yaninda, materyali, ag
g6z acikhgi, donam faktérl, géz aciklidi, rengi
gibi faktorler etkili olabilmektedir (Angelsen ve

Olsen, 1987; Stewart, 1987; Holst ve ark., 2002).
Pasif ve aktif olarak kullanilan av araclarinin asil
yapisini bozmadan, av araci tzerine bazi yapilarin
eklenmesi ve modifikasyonlarla  segiciligin
saglanabileceg@i belirtiimektedir (Aydin ve ark.,
2001; Madsen ve Holst, 2002, GodQy ve ark.,
2003; Aksu, 2006; Tokag ve ark., 2010; Ozbilgin
ve ark., 2012; Ceylan ve Sahin, 2019).

Son yillarda norsel ve sardon gibi 6zel yapilarin
uzatma aglarinda kullaniimasi ile bazi hedef disi
tdrlerin avciliginin azaltilabilecegi tespit edilmistir.
Ozellikle uzatma aglarinda norsel kullaniminda
yengeg tlrlerinin, sardon kullanimi ile hedef disi
balik turlerinin av miktarinda azalmalar gézlenmistir
(God@y ve ark., 2003; Gokge, 2004; Aksu, 2006).

Bu arastirmada Karadeniz kiyi balik¢iliginin dnemli
av araclarindan biri olan fanyal uzatma aglarina
hedef balik tirleri (barbunya, mezgit, istavrit, Itfer)
ile birlikte hedef disi olarak yakalanan balik turlerinin
ag Uzerindeki yakalanma dagihimlari tespit edilmis
ve konumlari belirlenmistir. TUrlerin ag Uzerindeki
dagihimlarn dikkate alinarak, sonuglarin av araci
modifikasyonu ve tir seciciliginin saglanmasi icin
kullanilabilirligi tartisiimistir.

Materyal ve Yontem

Arastirma Karadeniz’'in Sinop kiyillarinda 1
Ocak 2002 ve 31 Aralik 2002 tarihleri arasinda
ylritdlmastir. Kullanilan aglar 0,20 mm @ tek
katli monofilament (Fmn) ve 105D/2 no bukimlu ip
multifilament (Fml) olmak Uzere iki farkh materyale
sahiptir. Aglarin tor agi 36 mm ve fanya agi 200 mm
g6z acikhginda olup yuksekligi 7 goz derinliktedir.
Fanya aginda donam faktért (E) 0,70, F/tor orani
3/4, tor ag kisminin donam faktoéri ise (E) 0,55 tir
(Sekil 1). Denemelerde 3 adet multiflament ve 3
adet monofilament olmak Uzere toplam 6 posta ag
kullaniimistir.

Baliklarin dikey ydndeki konum tespiti igin
yikseklikteki fanya g6z sayisi (7 g6z), dikkate
alinmistir. Yatay yondeki konum igin donatiimis agin
mantar yakasi 10 esit parcaya ayrilarak isaretleme
yapilmistir. Béylece ag lizerinde X (fanya g6zi no)
ve Y (yatay bdélme no) koordinatlarina sahip bir
dizlem elde edilmistir (Sekil 2).

Aglar denize genellikle aksam glin batarken atilip
sabahin erken saatinde glin dogarken toplanmistir.
Yakalanan baliklar agdan alinirken, her bir tir
dikey konum igin hangi fanyada, yatay yénde agin
hangi bdliminde yakalandi ise kayit edilmistir.
Alinan veriler bilgisayarda Microsoft Excel 2013
programinda degerlendirilerek, her tiir aglarin X ve
Y koordinat sistemi Uzerine isaretlenmistir. Ayrica
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verilerin Minitab 17 programinda
analizleri yapilmistir.

Bulgular

Arastirmada kullanilan fanyali uzatma aglan ile
iskorpit (Scorpaena porcus, L. 1758), gelincik
(Gaidropsarus mediterraneus, L. 1758), kaya
baliklari (Gobius spp.), dil baliklan (Solea spp.) ve
Lapin baliklan (Labrus spp.) olmak Uzere 5 hedef
disi balik tirl yakalanmistir. Tirlerin toplam av
miktari 286 adettir. Baliklarin %65,7 (188 adet)
multiflament, %34,3 (98 adet) monofilament
aglarla avlanmistir. Hedef disi tiirlerin multifilament
aglara monofilament aglardan 2 kat daha fazla
orandan yakalandigi tespit edilmistir (Sekil 3).

Hedef disi tir olarak en fazla yakalanan tir 113
adet ile iskorpit balig olmustur. Gelincik bahgi
92 adet ile ikinci sirada yer alirken aglara 26
adet ile en az yakalanan tir dil baligidir. Gelincik
ve lapina turlerinin her iki aga yakalanma oranin
yakin oldugu gorulirken, Fml aga, Fmn aga oranla
iskorpit baliginin 2,5 kat, dil bahiginin 12 kat ve
kaya baliginin 2 kat daha fazla yakalandigi tespit
edilmistir. Tdrlerin ag tipine goére yakalanma
miktarlar ve oranlari Tablo 1 de verilmistir.

Her iki ag ile yakalanan 286 baligin 219 adetinin 1.
ve 2. Fanya bélimunden olusturan alt kisma, 55
adetinin 3. 4. ve 5. Fanya béliminden olusan orta
kisma 12 adetinin ise 6. ve 7. Fanya bdlimuinden
olusan Ust kisimda dagilim gdsterdigi belirlenmistir.

Aglarin materyaline gére baliklarin dagilimi Fml
agin ve Fmn agin alt bélimde 143:76, orta
bélimde 36:19, Ust bélimde 9:3 adet olarak tespit

% 65,7

O Fmi

E Fmn

Sekil 3. Ag materyaline gore baliklarin
yakalanma oranlari
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Aglar

. Toplam

Tiirler FML FMN

: N % N % N %o Tablo 1. Yakalanan baliklarin ag
Iskorpit 81 71,7 32 28,3 113 39,6 tipine gbre av miktar ve
Gelincik 49 53,3 43 46,7 92 32,2 oranlari

Kaya
Baliklan 19 67,9 9 32,1 28 9,8

Lapin
Baliklari 15 55,6 12 44,4 27 9,5
Dil Balig 24 92,3 2 7,7 26 9,1
Toplam 188 65,7 98 34,3 286 100

edilmistir. Fml ve Fmn aglann fanya bdlimleri
dikkate alinarak yapilan varyans analizi sonucunda
baliklarin yakalanma miktarlari arasinda gozlenen
farkin istatistiksel olarak énemli (p<0.05) oldugu
tespit edilmistir (Tablo 2).

Tartisma

Arastirmada bdlgede fanyali uzatma aglarinin hedef
tUrd olmayan 5 tlirden 286 adet balik yakalanmistir.
Baliklarin %65,7 oranla multifilament aglara daha
fazla yakalandigi, monofilament aglara %34,3
oranla daha az yakalandigi goriilmektedir. Ozdemir
ve ark. (2017) ayni bélgede multifilament fanyal
aglarla yaptiklan calismada hedef disi baliklarin
(%83,65) ve yengeglerin (%16,35) av oraninin
hedef turlerden (barbunya ve mezgit) daha ytksek
oldugunu belirtmektedir.

Aksu (2016) multifilament uzatma aglarinin av
veriminin monofilament aglardan daha disik
oldugunu ancak hedef disi turlerin av miktarina
gore tersi bir durum olustugunu ifade etmektedir.
SUmer (2003) uzatma aglarinin av verimi ve
seciciliginin  ag materyaline gbére degisim
go6sterdigini monofilament aglarin  multifilament
aglara gore daha avantajl oldugunu bildirmektedir.

Uzatma aglarina yakalanan hedef disi tirlerin
ag Uzerindeki bircok olumsuz etkisi nedeni ile
materyal seciminin 6nemi dikkati ¢cekmektedir.
Monofilament aglarin disik hedef disi av (by-
catch) orani, hedef tirleri avlama etkinligi ve
secicilik glcli, monofilament aglardan ylksek
oldugu bir ¢ok arastirmada ortaya konulmustur
(Potter ve Pawson, 1991; Gurbet ve ark., 1998;
Balik, 2001; Faife 2003; Stimer ve ark., 2010).

Lamberts (2001), de farkh g6z acikliklarina sahip
multifilament uzatma aglar ile yaptidi arastirmada
agl ylzey paneli, dip paneli ve orta kisim olmak
Uzere 3 boélime ayirmistir. Toplam 46 tlrln
yakalandigi denemelerde farkli tlrlerin farkh
bolgelere yakalandigini tespit etmistir. Trlerin
26’sinin orta kisimda, 18 tirln Ust kisimda, 2 tirin
ise dip kisimda dagilim gésterdigi belirlenmistir.

Ozdemir ve Erdem (2007a) ayni o&zelliklerdeki
aglarin hedef tdrlerinden istavrit, barbunya ve
mezgit baliklarinin ag Uzerindeki yakalanma
dagiimlarini  incelemistir. Barbunya baliginin
agin alt boéliminde yogun yakalandigi, mezgit
baliginin orta kisminda, istavrit baliklarinin orta ve
Ust bolimlerinde daha fazla yakalanma dagihmi
gosterdigini belirlemislerdir. Arastirmada turlerin

Fml Fmn
Alt? Orta® Uste Alte Orta® Uste
Fanya 1-2 Fanya 3-4-5 Fanya 6-7 Fanya1-2 Fanya 3-4-5 Fanya 6-7
Tarler N % N % N % N % N % N % Tablo 2. Aglarn
iskorpit 60 74,1 17 21 4 49 25 782 7 218 - - bdélimlerine
Gelinck 37 755 9 184 3 61 34 791 7 163 2 2 gore baliklarin
yakalanma
DilBaigi 20 833 4 167 - - 2 100 - - - - miktarlari
g:ﬁ’gl 17 895 2 105 - -7 718 2 222 - -
Lapin 9 60 4 267 2 133 8 66,7 3 25 1 8,3
Toplam 143 761 36 191 9 48 76 776 19 194 3 3

(a,b,c): Farkll harflerle gosterilen gruplar arasindaki farkiar nemlidir (p<0.05)
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yasam ve ylzme O6zelliklerine uygun bir dagihm
gOsterdigi tespit edilmistir.

Kara ve ark. (1994), fanyali uzatma aglarini ¢
bélime ayirarak Isparoz balidinin agin hangi
boélimine daha fazla vyakalandigini tespit
etmislerdir. Gindnzamaninagéretirinag Gzerinde
yakalandigr  boélimin  degistigi  belirlenmistir.
Baliklarin ag yizeyindeki dagilimlarinin gece vakti
% 65 lik oranda agin alt boélimlerinde, sabah
tan vaktinde %57’lik oranda orta boélimlerinde,
glindiiz ise %42’lik oranla orta bélimlerde oldugu
saptanmistir.

Demersal Ozellikteki iskorpit ve dil balklarinin
birka¢g tanesinin agin Ust kismindaki fanya
gOzlerine yakalanmasi agin akinti ve su hareketleri

-29-

nedeniyle yUkseklik kaybetmesi ya da deniz
dibine yatmasi nedeniyle baliklarin ag ile temasa
girmesi  neticesinde  yakalanma  olasihgini
glclendirmektedir (Sekil 4).

Stewart (1987), akinti, rizgar ve su hareketlerinin
uzatma aglarinin  ylksekliklerini  etkiledigini
g6zlemlemistir. Akintili sulara birakilan 3,2 metre
ylksekligindeki bir uzatma aginin 1 metreden
daha az yukseklige ulastigini, mezgit baliklarinin
blylk ¢odunlugunun uzatma aginin kursun yaka
béliminde yakalandigini tespit etmistir.

Ozdemir ve Erdem (2007b), farkh riizgar
durumlarinda kullanilan monofilament  ve
multifilament fanyali uzatma aglarinin hedef ve
hedef disi tlrlerin av miktarlarinin riizgar durumuna
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gore degisiklik gésterdigini saptamislardir. Sonug

Ozdemir ve ark. (2017) fanyal uzatma aglarina by- Sonu¢ olarak, arastirmada Karadeniz’in Sinop
catch olarak yakalanan yengeglerin tur gesitliligi av kiyilarinda kullanilan fanyali uzatma aglar ile hedef
miktarinin aglarin kullanildigi derinlik ve mevsime tirler disinda avlanan hedef disi baliklarin ag
gore blylk degisim gdsterdigini ve bu kriterlerin Uzerindeki yakalanma konumlar tespit edilmistir.
by-catch oraninin azaltiimasinda édnemli bir faktér Tarlerin vicut sekli, yizme ve yasam 06zelliklerine
olarak dikkate alinmasi gerektigini belirtmektedir. bagh olarak ag ile etkilesim ve yakalanma 6zellikleri

L . ortaya cikariimaya ¢alisiimistir.
Yapilan arastirmada demersal 6zellik gdsteren

iskorpit, gelincik, kaya balgd, lapin ve dil baliklarinin Bircok i¢ ve dis faktérden etkilenen baliklar
her iki ag tipi ile agin alt bolimlerinde (Fanya 1-2) av araci ile Kkarsilastiklarinda farkli davranislar
daha fazla dagiim gosterdigi, tespit edilmistir. sergileyebilirler. Bu nedenle balik avciliginda
Ozellikle iskorpit, gelincik ve dil baliklarinda bu kullanilacak aglarin  tim  &zellikleri dikkate
dagihm cok daha belirgin gorilmektedir. Ayrica alinarak secim yapilmalidir. Ayrica hedef tirlerin
dil baliginin monofilament ag ile cok az miktarda avcihgini etkilemeyecek sekilde by-catch oraninin
yakalanmis olmasi dikkat cekicidir (Sekil 4). Gok dusurllmesi icin aglarda yapilacak iyilestirme ve
kath bikimden olusan multifilament aglarin modifikasyon (alt yakada genis g6zl sardon agi
Ozellikle yogun dikenli vicut formu ile iskorpit donami, alt yakaya branda eklenmesi, ag ile kursun
baliginin takilma, tutunma ve sikisma sonucunda yaka arasina uygun boyutlarda tel, plastik, ahsap
tek katl monofilament aglara oranla avlanma cubuklar veya halat donatiimasi) calismalarinda bu
olasihgini artirdidi sdylenebilir. sonugclarin kullanilmasi faydali olacaktir.
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Affiliations ABSTRACT

Iskenderun Technical University‘ Facu|ty The Mediterraneanl Region qf Turkey covers 17 % o_f th_e total number of gquaculture f_acilities an_d has only
of Marine Sciences and Technology, 8.5% total production capacity of the country. Considering the long coastline of Turkey in the Mediterranean,
Department of MArine Technologies, it can bg said that thls_ production figure is very low. In this lstludy, therefore, fish production facilities in
Iskenderun Hatay Turkey the Medlterranean_ Beglon qf Turkey were analyzed e}nd a dQC|S|on support_s_y_stem was developed for the

! ! competent authorities and investors for future planning and investment activities. For these purposes, the

) ) ) . production capacity statistics of the facilities for the year 2019 were taken into consideration. The random

Iskenderun Technical University, Faculty tree algorithm, which is one of the data mining methods, was used in data analysis and to set a decision

of Marine Sciences and Technology, support system. In the region, there is a total of 342 facilities engaged in aquaculture production in cages
Department of Water Resources (31.28%), concrete ponds (60.81%), earth pools (5%), pond area (1.46%), closed-circuit (0.29%), and
Management and Organizationy tanks (0.88%). It is seen that trout facilities constitute 87.42% and 59.66% of these facilities in number and
Iskenderun, Hatay, Turkey capacity, respectively. The sea bream and sea bass facilities contribute to this capacity with 30.99 %. It was

observed that the most concrete pond in the region was in Antalya province and the most cage was in Isparta
3 : . . " province. All of the facilities that make production in concrete ponds are trout and 66.45% of these facilities
Iskenderun Technical Unlver3|ty, Maritime are below 23 thousand kg of production capacity. They are 7 trout and 2 sea bream soil pond facilities
Vocational School, Iskenderun, Hatay, having production capacity between 8750 kg and 140 thousand kg, and 2 African catfish,1 aquarium and
TUkey 1 sea bass soil pond facilities having production capacity between 140 -350 thousand kg in the region. The
production capacity of one of the trout facilities producing in pond areas is 24 thousand kg less and the
other one is between 36 thousand tons and 59 thousand tons. It is seen that the capacity of 2 carp facilities
producing in the pond area is between 24 thousand and 36 thousand kg and the capacity of 1 aquarium fish
Keywords production is more than 59 thousand tons. Trout, catfish, sea bream and sea bass are produced in cages in
the region. Of the 85 plants with a capacity of less than 550,000 kg, the rest of the plants producing trusses
Mediterranean region of Tu rkey in trusses produce trout, except for one (catfish production). Trout are produced in all 6 facilities between 675
. ) thousand kg and 925 thousand kg in cages. Sea bream and sea bass production are carried out in 3 plants
AquaCU|ture prOdUCtlon facilities with a capacity between 975 thousand kg and 1950 thousand kg, and sea bream are produced in 3 plants
Data mining with a capacity between 1950 and 2500 thousand kg. As a result, the expansion of fish farming in cages,
especially in the eastern part of the Mediterranean Region, will not only provide support to these regions but

will also allow the fisheries production of our country to grow exponentially.

Turkiye’nin Akdeniz Bolgesinde yer alan su lriinleri iiretim tesislerinin kapa-

BZET site analizi

Akdeniz Bélgesi lilkemizin toplam Uretimindeki tesis sayisi agisindan yiizde % 17’si ne, Uretim kapasitesi
bakimindan ise ancak % 8,5 ine denk gelmektedir. Akdeniz’deki uzun sahil seridini disundigimiizde
bu Uretim rakaminin oldukga duslk oldugu séylenebilir. Bu galismada Akdeniz Bolgesinde yer alan balik
Uretim tesisleri analiz edilerek, gelecekte yapilacak planlama ve yatinm faaliyetleri igin yetkili otoriteler
ve yatinmcilara bir karar destek sistemi olusturulmaya calisiimistir. Bunun igin tesislerin 2019 yilina ait
Uretim kapasitesi istatistikleri dikkate alinmistir. Verilerin analizinde ve karar destek sistemi olusturmada veri
madenciligi yéntemlerin den “Random tree” algoritmasi kullaniimistir. Bélgede ag kafes (% 31,28), beton
havuz (% 60,81), toprak havuzlarda (% 5,26), gdlet alani (% 1,46), kapall devre (% 0,29) ve tanklarda (%
0,88) Uretim yapan toplam 342 tesis bulunmaktadir. Bu tesislerin sayica ve kapasite olarak sirasi ile % 87,42
ve % 59,66 kismini alabalik tesislerinin olusturdugu, kapasite olarak bunu % 30.99 luk payla ¢ipura-levrek
tesislerinin sagladigi gorilmektedir. Bélgede en fazla beton havuzun Antalya ilinde, en fazla ag kafesin ise
Isparta ilinde oldugu gorulmustir. Beton havuzlarda Uretim yapan tesislerin tamami alabalik tesisi olup,
bu tesislerin % 66,45 inin Uretim kapasitesinin 23 bin kg in altindadir. Toprak havuzlarda Uretim kapasitesi
8750 kg ile 140 bin kg arasinda bulunan tesislerde Alabalik (7 adet) ve gipura (2 adet) yetistirimekte, 140
bin kg ile 350 bin kg arasinda Karabalik (2 adet), Akvaryum (1 adet) ve Levrek (1 adet) Uretimi yapiimaktadir.

Anahtar Kelimeler Golet alanlarda uretim yapan Alabalik tesislerinden 1 tanesinin Uretim kapasitesinin 24 bin kg az, digerinin
Akdeniz bdlgesi ise 36 bin ton ile 59 bin ton arasindadir. Gélet alanda (retim yapan 2 adet sazan isletmesinin kapasitesinin

-~ C e . . 24 bin ile 36 bin kg arasinda oldugu ve 1 adet akvaryum baliklari Gretimi yapan isletmenin ise kapasitesinin
Su GrGinleri dretim tesisleri 59 bin tondan fazla oldugu gérilmektedir. Bdlgede ag kafeslerde Alabalik, yayin, gipura ve levrek uretimi
Veri madenciligi yapilmaktadir. AJ kafeslerde Uretim yapan tesislerden kapasiteleri 550 bin kg altinda bulunan 85 tesisten 1

tanesi hari¢ (yayin Uretimi) geriye kalani alabalik Uretmektedir. Ag kafeslerde Uretim kapasitesi 675 bin kg
ile 925 bin kg arasinda 6 tesisin tamaminda alabalik Uretiimektedir. Kapasitesi 975 bin kg ile 1950 bin kg
arasinda 3 tesiste Gipura ve levrek Uretimi yapilmakta, yine kapasitesi 1950 nin kg ile 2500 bin kg arasinda
bulunan 3 tesiste daha ¢ipura levrek Uretimi yapilmaktadir. Sonug itibari ile 6zelikle Akdeniz Bolgesinin
dogusunda ag kafeslerde balik yetistiriciliginin yayginlastirimasi sadece bu bélgelere destek saglamanin
otesinde Ulkemiz su Uriinleri Gretim rakamlarinin katlanarak biylmesine imkan olusturacaktir.

Cite this article as
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Sciences, 1(1):32-38. (In Turkish)
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Giris

Su Urdnleri yetistiriciligi, sucul canlilarin ézellikleri
g6z dnunde bulundurularak kontrolli bir sekilde
Uretilmesi, blyUtlilmesi ve ¢ogaltiimasi anlamina
gelmektedir (Demir, 2011; Simsek ve Can, 2019).
Tarkiye su Urlnleri yetistiriciliginde son 30 yil icinde
ciddi bir atihm ile birlikte kalite ve miktar acisindan
énemli bir artis gostermistir. (Cavdar, 2009; Giney
ve Aydin, 2016; Emiroglu ve ark., 2019). Denizde
levrek ve cipura, i¢ sularda alabalik Gretiminin
onculiginde yilhk dretim rakami yillik %10’un
Ustlnde bir ivmeyle 300.000 tonu asmistir. Yine
bu Uretim rakaminin gok énemli bir kismi (177.539
ton) ihra¢ edilerek yillik 1 milyar dolara yakin gelir
elde edilmistir. Su Urlnleri Gretimin énemli bir
kismi Avrupa Ulkelerine yapilirken, yine bu tlkelere
ihra¢ edebildigimiz tek hayvansal Grindir (Erin,
2010). Bu baglamda o6ncelikle su Grinlerinin
Uretiminin sUrdurdlebilir olmasi ve sdrduardlebilir
ekosistem (zerinde etkileri distnildiginde bu
Uretim 6nem arz etmektedir (Dogan, 1997; Ermis,
2008; Yavuzcan ve ark., 2010; Can ve Demirci,
2012; Gezmen ve ark., 2015).

Dunya su drtnleri Gretimi, 2016 itibariyle 171 milyon
tona ulastigi ve artik bu toplam iretim rakamin
%53’lik oraninin yetistiricilik kaynakli oldugu
bildirilmektedir (FAO, 2018). Turkiye’de ise avcilik
verileri 500.000 bin ton Uretim rakamindan son 20
yil icerisinde 300.000 ton kadar diismistir (TUIK,
2018). Bu baglamda su durlnleri dretimimizde
yetistiricilik 2018 yilinda avcilik Gretimini gegmistir.
Tarkiye su Uretim yetistiricilik tesisleri bakimindan
boélgesel dagilim degerlendirmesi yapildiginda Ege
bolgesi %61 ile ilk sirada ve takiben Dogu Anadolu
boélgesi %11, Karadeniz bdlgesi %9, Akdeniz
bélgesi %8, ic Anadolu bdlgesi %6, Giineydogu
Anadolu Bdlgesi %4 ve Marmara bdlgesi %1
olarak siralanmaktadir (Anonim, 2018; BSGM,
2019; Simsek ve Can, 2019).

Bu calisma Akdeniz bdlgesindeki su drunleri
yetistiricilik  tesislerinin  bUtinclil olarak ele
alinmasi ve sektérel degerlendirme yapiimasi
amacini tasimaktadir. Akdeniz Boélgesi su Urtnleri
dogasi itiban ile potansiyel agisindan uygun
olmakla birlikte, Uretim kapasitesi rakamlari
Ulke geneline oranla (%8,5) istenilen kapasitede
olmadigi distinUlmektedir. Dolayisiyla bu calisma
ile Akdeniz Bolgesinde yer alan balk Uretim
tesisleri analiz edilerek, gelecekte vyapilacak
planlama ve yatinm faaliyetleri icin yetkili otoriteler
ve yatinmcilara karar destek sistemi olusturulmasi
amaclanmistir.

Materyal ve Yéntem

T.C. Tarm ve Orman Bakanligindan 2019
yilina ait veriler temin edilmis olup istatistik
degerlendirmede bu sonuclar degerlendirilmistir.
Temin edilen istatistiklerde il, Gretim metodu, tir ve
Uretim kapasite bilgileri yapilan temel hesaplama
ve algoritma ¢éztimlemelerinde dikkate alinmistir.
Algoritma olarak veri madenciliginde kullanilan
algoritmalardan “Random-tree” algoritmasi
kullaniimistir. Bu algoritma degisken sayisinin fazla
oldugu ddénemlerde hizli karar verme amaciyla
kullanilan bir yontemdir (Kotthoff ve ark., 2017).
Hesaplamalarda Microsoft Excel ve Weka 3.8.3
yazihmi kullaniimistir

Bulgular ve Tartisma

Akdeniz bélgesinde su drlnleri Uretimi yapilan 8
ilde, 342 su Urunleri Uretim tesisi bulunmaktadir
(Tablo 1). Akdeniz Bolgesi su Urdnleri GUretim
tesisleri tlrlere gore sayi ve kapasiteleri Tablo 2’de
goOsterilmektedir. Bu tesislerin say1 (%87,42) ve
agirhkca(%59,66) alabalik tesisleriolusturmaktadir.
Boélgede alabalik Gretim kapasitesi 23.435 tondur.
Bolgedeki tesis sayisi olarak daha az olmasina
ragmen 15.000 ton civarinda levrek cipura Uretim
kapasitesi vardir. Akdeniz boélgesi isletme sayisi
acisindan ulke genelinin %17’sini olustururken

Su Uriinleri Uretim Yontemi

iller Ag Beton Golet Kapali Tank Toprak Toplam
Kafes Havuz Alani Devre Havuz
Adana 6 19 1 26 . ) .
Antalya 18 56 4 78 Tablo 1. Akdeniz Bolgesi
lllere ve Uretim
Burdur 24 20 2 47 Metoduna Goére su
Hatay 2 7 3 3 15 Uridnleri Yetistiricilik
lsparta 29 52 2 1 84 Tesis Sayilar
Kahra-
manma- 24 20 2 46
ras
Mersin 3 32 6 43
Osmaniye 1 2 3
Toplam 107 208 5 1 18 342
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Su Uriinleri
. Yetistiricilik Isletme
Tur - —
Sayi % Ka(?::)lte %
Akvaryum Baliklari 13 3,80 400 1,01
Alabalik 299 87,42 23.435 59,66
Tablo 2. Akdeniz Bélgesi Trlere Gére Cipura 1 0,29 2.000 5,09
Su Urlnleri Yetistiricilik Tesis ,
Sayi ve Kapasiteléri Cipura-Levrek 13 3,80 12.174 30,99
Karabalik 4 1,16 200 0,50
Levrek 3 0,87 550 1,40
Levrek-Alabalik 1 0,29 28 0,07
Sazan 5 1,46 122 0,31
Tiapia 1 0,29 147 0,37
Yayin 2 0,58 220 0,56
Genel Toplam 342 39.275
Ulke ici % 17,03 8,55

kapasite olarak ancak %8,5’ni olusturmaktadir.
Tablo 1 ve 2’deki degerler incelendiginde bdlgede
Uretim kapasitesi ylksek olan deniz ag kafes
isletme alaninda genele goére disltk oldugu
sdylenebilir.

Akdeniz Bdlgesi su Urunleri yetistiricilik tesislerini
analiz etme amaciyla Uretim metotlar, tlrler ve
isletme kapasitelerine goére bir degerlendirme

bu kirm ayrnima goérintisi random agaci ile
sunulmaktadir. Bu sekildeki kodlamalar ise Tablo
3’de aciklanmaktadir. Burada ilk dogal olarak
tUrlerden ziyade Uretim metoduna gdére bir ayirm
s6z konusu olmustur. Beton havuzlarda yetistirilen
tar alabaliktir, alabalik isletmeleri yillik kapasitesi
9 tonun altindaki 59 isletme (2-5 kod), 9-30 ton
arasinda 72 adet isletme (8-13 kod) ve 30 tondan
daha fazla Uretim kapasitesi olan 27 isletme ile

yapimistir. .Bu istatistiksel degerlendirme ile sekillenmistir. Ayni sekilde kapasite artiimina
mevcut tesisler gruplgnd|r|lgrgk hedef kirnm gére daha detayli ayinm séz konusudur.
(ayinm) noktalari  belirlenmistir.  Sekil 1’de
Beton Torak
= Havuz Fi
2 n
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Sekil 1. Akdeniz Bélgesi Su Uriinleri Uretim Tesisleri Random Agaci Kod Dagilimlar
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Kinlma

Kinlma

Kod Ta r';l |(|:L(Itaa::a5| U.Fﬁ:T -Sr:;::' Kod Tar';l |<r)'rl1(ltaans1IaS| U.;.ﬁ:':" -Sr:;::'
1 Beton Havuz 37 Golet alani
2 <23000 Alabalik 59 38 <59500
3 <9500 39 <24000 Alabalik 1
4 >9500 Alabalik 1 40 >24000
5 <11000 Alabalik 45 41 <36500 Sazan 2
6 >11000 42 >36500 Alabalik 1
7 >23000 43 >59500 Akvaryum 1
8 <27750 44 Ag Kafes
9 <26750 45 <550000
10 <25500 Alabalik 11 46
11 >25500 Alabalik 1 a7 Tablo 2. Sekil 1'de
12 >26750: Alabalik 1 48 <19000: Alabalik gosterilen kod
13 >27750 49 >19000 Yayin dagilimlarinin
14 <77500 50 >22500 agiklamalar,
(Gretim
15 <29500 51 <28500 rakamlari kg)
16 <28500 Alabalk 4 52 <26500 Alabalik 12
17 >28500: Alabalik 9 53 >26500 Alabalik 1
18 >29500 Alabalk 15 54 >28500: Alabalik 6
19 >77500 55 >34500
20 <90000 Alabalik 4 56 <185000 Alabalik 40
21 >90000 57 >185000
22 <107500 Alabalik 3 58 <210000
23 >107500 Alabalik 5 59 >210000 Alabalik 22
24 Toprak Havuz 60
25 <27300 61
26 <22500 62 <675000
27 >8750 Alabalik 3 63 <625000: Alabalik 2
28 <15000 64 >625000:
29 >15000 Cipura 2 65 >675000
30 >22500 Alabalik 1 66 <925000: Alabalik 2
31 >27300 Alabalik 3 67 >925000: Alabalik 2
32 <140000 68 >975000
33 >140000 69 <1950000 &F\’/‘r’éﬁ 3
34 <350000 Karabalik 2 70 >1950000
35 >350000 Akvaryum 1 71 <2500000 Cipura 1
36 Levrek 1 72 >2500000 ~ iPura 2
73 Tank Tilapia 1

Su drlnleri yetistiriciligi icin izin veren kurum

il bazinda yapilmistir.

Akdeniz Bodlgesi’ndeki

ve kuruluslar ile yatinmcilar ve finansal destek
saglayan kamu ve 6zel sektdre Akdeniz bdlgesinde
bulunan su Grtinleri tesislerinin mevcut durumlarinin
tesis kapasitesi temelli ayrintili analizi yapilmis ve
gelecekte bu bdlgede yapilmasi planlanacak proje
ve tesisler icin bu anlamda kararlarini bilgiye dayall
vermeleri igin algoritma temelli kararlar (kurallar)
olusturulmaya cahlsiimistir. Yapilan degerlendirme
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Uretim tesislerinin bu bdlgede bulunan sekiz ile
gore karsilastirmall bir degerlendirme yapilmistir.
Bu amacla Sekil 2’ de gosterilen dagihm bolgedeki
tesislerin illerden ziyade Uretim metoduna gore
sekillendigini gostermektedir. Burada projeler
hazirlanirken tip proje olarak adlandirldigimiz
hazir projelerin pratikte uygulandi§i kanaati
olusmaktadir. Bu go6sterimde beton havuzlar,
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toprak havuzlar, gdlet alani ve ag kafes
uygulamalarinin oldugu goértlmektedir. Ancak her
ilde dretimin farkliliklar g&stererek sekillendigi
anlami ¢gikarilmamalidir.

Beton havuzlarda Urettim Antalya, Isparta,
Burdur gibi illerde ¢ok daha yaygin olmakla
birlikte bu illerde kullanilan projeler benzerlik
go6sterdigi icin kapasite acisindan herhangi bir
farkhhk gdéstermemektedir. Bu benzerlik yénetim
acisindan dogal olarak kolaylik saglamakta oldugu

yapilan su drlnleri Uretimi ve beton havuzlarda
alabalik olarak sekillenmistir. Bu Uretim metodu
sayi olarak bdlgedeki Uretim tesislerinin cok énemli
bir kismini kapsamaktadir.

Sekil 2’de gosterilen Hatay ilinde Beton
havuzlarda Uretim kapasiteleri farkli oranlarda
sekillenmektedir. Ancak en az beton havuzda
alabalik Uretimi yapilan illerden biride Hatay’dir.
Oysa Hatay ili Amanos Daglarinda oldukga zengin
su kaynaklarina sahiptir. Yalniz bélgedeki gtivenlik

dustincesindeyiz. (Kod 10,18,19,20). Bu illerde sebebiyle bu alanlara su Urdnleri yatinmlar
Sekil 2. Akdeniz Bélgesi illere Gére Su Uriinleri Uretim Tesisleri Random Agaci Kod Dagilimlari
Beton Havuz Toprak Havuz
Hatay Isparta Hatay Isparta
3 10 26 31
4 7 71
=5 1% 7930
Adana Antalva Adana Antalya
11 ' 1§ cr 33—
P £ 3435
14 1{-‘ Burdur Kalramanmaras
LU 36 37
Bm,'d“‘r Kﬂhrmu._ﬂunﬁm; Mersin Osmaniye
0 20 38 13
Mersitl T Osmantye 10 ' 40
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d _Nodas  Uelm Jos oa Nokas  Ulim Tt
Tanimlamasi Tanimlamasi

2 Beton Havuz 46 Hatay

3 Hatay 47 <36500 SS 2

4 <20000 48 >=36500 A 1

5 <12500 A 49 Isparta A 1

6 >=12500:A A 2 50 Adana

7 >=20000 51 Antalya

8 <62500 AKV 52 Burdur

9 >=62500 AKV 2 53 K.maras

10 Isparta A 44 54 Mersin

11 Adana 55 Osmaniye

12 <26250 A 9 56 >=59500 AKV 1

13 >=26250 57 Ag Kafes

14 <28250 LA 1 58 Hatay GL 2

15 >=28250 59 Isparta A 29

16 <29500 A 1 60 Adana

17 >=29500 A 1 61 <62500 CL 2

18 Antalya A 51 62 >=62500 A 5

19 Burdur A 18 63 Antalya

20 K.maras A 18 64 <400000

21 Mersin 65 <34500

22 <52500 A 29 66 <28500 A 5

23 >=52500 K 67 >=28500 A 1

24 Osmaniye A 2 68 >=34500 A 6

25 Toprak Havuz 69 >=400000

26 Hatay 70 <1500000

27 <114800 K 1 71 <800000 CL 2

28 >=114800 72 >=800000

29 <350000 AKV 1 73 <975000 A 1

30 >=350000 L 1 74 >=975000 CL 1

31 Isparta A 1 75 >=1500000 C 1

32 Adana 76 Burdur A 24

33 Antalya 77 K.maras

34 <17500 A 3 78 <22500

35 >=17500 S 1 79 <17000 A 1

36 Burdur A 2 80 >=17000 Y 1

37 K.maras A 2 81 >=22500

38 Mersin 82 <175000 A 12

39 <17500 CL 2 83 >=175000

40 >=17500 84 <220000 A 1

41 <52500 L 2 85 >=220000 A 8

42 >=52500 K 1 86 Mersin CL 3

43 Osmaniye 87 Osmaniye A 1

44 Golet Alani 88 Tank T 1

45 <59500

-37-

Tablo 4. Sekil 2'de gosterilen
kod dagihmlarinin
aciklamalari  (Uretim
rakamlar kg)



Mar and Life Sci (2019) 1(1): 32-38

Demirci et al.

yeterince yapilamamis durumdadir. Hatta daha
onceki yillarda kurulan tesisler zaman icerisinde
glvenlik nedeniyle kapanmasi s6z konusu
olmustur. Amanos Dag Derelerindeki su kaynaklari
guvenlik nedeniyle tam olarak arastiriimis durumda
dahi degildir. Bu bdlgeler yaz aylarinda boélge halki
tarafindan yaygin olarak yerlesim igin kullaniimakla
birlikte, su UrUnleri yatinmlari agisindan hala
glvenli bulunmamaktadir.

Akdeniz Bdlgesi’nde goélet alanlarinda ve toprak
havuzlarda yapilan su Urtnleri Uretim tesisleri az
sayida olmakla birlikte mevcuttur. Bu tesislerde
farkli kapasitelerinde farkli su drinleri Gretimleri
her il igin s6z konusudur.

Akdeniz’de Ulkemizdeki énemli bir Gretim olanagi
ag kafeslerde levrek ve cipura baligr Uretimi
genel olarak olmasi gerekenin altinda oldugu
gorulmektedir. Antalya, Mersin ve Hatay illerinde
az sayida kafes isletmesi mevcuttur Mersin’de
4 Hatay’da halihazirda 2 tesis bulunmaktadir.
Hatay’da bulunan tesislerin Uretim kapasiteleri

Kaynaklar

Ucer bin ton olup, Mersin’deki tesislerde 950
tonluk tip projeler mevcuttur. Aslinda Hatay ili
kiyisinda olan iskenderun Kérfezi ve Samandag
Koérfezi aciklarinda levrek ve cipura Uretimi
Tarkiye’nin en uygun Uretim alanlarindan birdir.
CuUnkl bu alanlarda su sicakhdi kis aylarinda
iiman olmakla birlikte yaz aylarinda da ylzey
suyunun dalgali ve hareketli olmasina bagl olarak
asiri Isinmasi ve oksijen disukligu Ege Bolgesine
nazaran s6z konusu degildir. Ayrica bdlgedeki dip
akintilan tesislerin dinamik kalmasini saglamaktan
dogal olarak yogun balik yetistiriciligi icin uygun
ortam olusturmaktadir. Ancak 15 yildir 6zellikle
Hatay ilinde yeni su Urlnleri ag kafes isletme
projesinin kabul edilmemesi bu bdlge i¢in dnemli
bir kayip olarak gdrtlmelidir. Bu boélgede Mersin
ve Hatay sahilleri ile Adana ili Karatas aciklar ag
kafes tesisleri icin olduk¢a uygun sahalardir. Bu
baglamda bu alanlara bir planlama kapsaminda
yeni tesisler projelendiriimesi Ulke su UrUnleri
Uretim agisindan oldukc¢a énemlidir. Bu bélgelerde
gerekli gorilen ag kafes tesisleri kuruldugu
takdirde Turkiye’nin su drdnleri Gretim rakamlari
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