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Abstract: In this study, it was aimed to evaluate the water quality of the Coruh Basin using BMWP (Biological Monitoring Working Party) index, ASPT
(Average Score Per Taxon) index, Shannon-Wiener Diversity Index, EPT (Ephemeroptera Plecoptera Trichoptera taxa), EP (Ephemeroptera Plecoptera
taxa) index scores and benthic macroinvertebrates. The benthic macroinvertebrates were collected from 54 stations at the Goruh basin between 2014-2016
years. Standard hand net (D-frame net) and Ekman-Birge grab were used as sampling tools. As a result of the diagnoses, a total of 7246 individuals
belonging to Insecta, Crustacea, Mollusca, Oligochaeta and Plathyhelminthes were obtained. It was determined that the most dominant group was Insecta
and the rarest group was Plathyhelminthes. It was observed that the BMWP score ranged between 5 and 94, and the lowest and highest number of families
detected in the stations were 1 and 18, respectively. It was determined that the Shannon Wiener diversity index value was between 0.54-2.20, therefore the
basin streams generally showed moderate pollution. The results of BMWP index show that the basin streams had mostly show 3rd and 4th class water
quality and also biodiversity decreases with the deterioration of the riverbed or exposure to pollution.

Keywords: Biotic indexes, Coruh River, macroinvertebrates, water quality

0z: Bu calismada BMWP (Biyolojik izleme Calisma Grubu) indeksi, ASPT (Her Taksonun Ortalama Degeri) indeksi, Shannon-Wiener Cesitlilik indeksi, EPT
(Ephemeroptera Plecoptera Trichoptera taxa), EP (Ephemeroptera Plecoptera taxa) indeks skorlari ve bentik makroomurgasizlar kullanilarak Coruh
Havzasi'nin su kalitesinin degerlendiriimesi amaglanmigtir. Bentik makroomurgasizlar 2014-2016 yillari arasinda havza genelinde segilen 54 istasyondan
orneklenmistir. Omekleme aleti olarak standart el kepgesi (D-sekilli kepge) ve Ekman sediment kepgesi kullaniimistir. Yapilan teshisler sonucu Insecta,
Crustacea, Mollusca, Oligochaeta and Plathyhelminthes’e ait toplam 7246 birey elde edilmistir. En baskin grubun Insecta, en nadir rastianan grubun
Plathyhelminthes oldugu tespit edilmistir. BMWP skorunun 5-94 arasinda degistigi, istasyonlarda tespit edilen en diisiik ve en yiiksek familya sayilarinin
sirasiyla 1ve 18 oldugu goriimstiir. Shannon Wiener cesitlilik indeks degerinin 0.54-2.20 arasinda oldugu, dolayisiyla havza akarsularinin genellikle orta
derecede kirlenme gosterdigi belilenmistir. BMWP indeks sonuglarina gore havza akarsularinin gogunlukla 3. ve 4. sinif su ézelligi gosterdigi, akarsu
yataginin bozulmasi veya kirlilige maruz kalmasi ile biyogesitliligin azaldig tespit edilmistir.

Anahtar kelimeler: Biyotik indeks, Coruh Nehri, makroomurgasizlar, su kalitesi

INTRODUCTION

Rivers cover 2% of the surface fresh water on the earth
and contributed to the water cycle such as seas, oceans and
lakes. Water pollution in river systems increases in parallel
with population and industrialization. It is seen that the factors
causing pollution are generally domestic wastes from

macroinvertebrates and fish. Among these groups,
macroinvertebrates give different responses to organic
pollutants and toxic substances, so they are the one of the
most important groups in river.

settlements in the basin, substances such as fertilizers and
pesticides mixed from agricultural lands and pollutants from
enterprises (Gumrikglioglu and Bastirk, 2007). Disturbances
in water quality, contamination of any pollutant into the water,
and habitat degradation cause damage to living groups
(Wimbaningrum et al., 2016). Chemical parameters were
used for a long time to determine water quality. However, in
the following vears, researchers evaluated different
organisms as biological quality components and proved their
usage in determining the water quality of aquatic communities
such as phytoplankton, phytobenthos, macrophytes,

In the Water Framework Directive (WFD, 2000) adopted
by the member states of the European Union, the macro-
invertebrates can be used as bioindicator organisms due to
their response to pollution. The fact that these groups are
found almost everywhere, relatively easy sampling and
obtaining sufficient number have enabled them to be used for
biomonitoring purposes (Kazanci et al., 1997; Kazanci et al.,
2010a; Zeybek and Kalyoncu, 2012). The use of bioindicators
to determine water quality in surface waters dates back to the
1800s. After this date, many researchers have used different
mathematical methods to evaluate water quality using these

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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organisms. Due to different current conditions, geographical
distribution, and biodiversity differences, countries have
developed and used different indices. In Turkey, the biotic
index studies began with a work in Sakarya and Seyhan
catchment areas by Government Water Works in 1992 (DS,
1992). On this field, the studies have importantly accelerated
since 1992 (Kazanci and Diigel, 2000; Kazanci et al., 2003;
Duran et al., 2003; Balik et al. 2006; Sukatar et al., 2006;
Kazanci and Dugel, 2008; Kazanci et al., 2008; Kazanci et
al., 2009; Kazanci, 2009; Kazanci et al., 2010b; Turkmen and
Kazanci, 2010a; Turkmen and Kazanci, 2010b; Yildiz et al.,
2010; Tlrkmen and Kazanci, 2011; Topkara et al., 2011;
Zeybek et al., 2014; Yildiz et al. 2015; Yorulmaz et al., 2015;
Bagoren and Kazanci, 2016; Zeybek, 2017, Ozbek et al.
2019; Tuzln Tereshenko, 2019; Kosal Sahin and Zeybek,
2019). One of these indices used in monitoring studies is the
BMWP (Biological Monitoring Working Party) index that was
established in 1976 to determine the biological quality of
water by family identification of aquatic invertebrates collected
from rivers in the UK and Scotland.

The aim of this study is to get an overall view of the
benthic macro-invertebrate composition along the Coruh
River Drainage and to assess the water quality assessment of
Coruh River by using various metrics (benthic macro-
invertebrate based biotic indices, biodiversity indices, EP and
EPT).

MATERIAL AND METHODS
Study area

The Coruh River originates from the west of the Mescit
Mountains at an altitude of 3000 m, within the boundaries of
Erzurum province. It turns eastward along with the tributaries

Table 1. Some information belonging to stations

that are involved in the Bayburt plain and continues to flow
along a tectonic line. Together with Tortum and Oltu Streams,
it passes through the Yusufeli district and continues to flow
towards the north. It leaves from Muratll Town (Artvin
Province) in Turkey and enters the borders of Georgia. It
flows into the Black Sea by the delta formed by alluviums it
carries from Batumi, the capital of Ajara, which is the semi-
autonomous province of Georgia. A large part of the drainage
area (91%) is located within the borders of Turkey, and the
rest (9%) is located within the borders of Georgia (Akpinar et
al., 2009; Baytasoglu and Gozler, 2018). The total length is
466 km. In this study, a total of 54 stations (Table 1) were
selected on the Coruh River from the source to the drainage
in our country. The map of the sampling stations is given in
Figure 1. QGIS geographic information system was used in
the map.
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Figure 1. The sampling stations on Coruh River and its tributaries

Sampling

Station No Stations Name Province/Town Coordinates T e Sampling Date Substrat
40.476 N
1 Stream Catiksu Aydintepe/Bayburt 39.983 E B-elzrame %gggzg?y Stony
2 Stream Yoncali Demirdz(i/Bayburt igggg E B-elzrame 1?25812 Stony, Vegetated
Giivercindere Irrigation P 40.132N D-Frame 21.09.2014 Concrete
3 Channel Demiroz(/Bayburt 38,896 Net 1352015 structure
4 Stream Aydincik Merkez/Bayburt jgggg E B;}I:rame %;ggzg?y Stony, Vegetated
40.660 N
Tortum Waterfall D-Frame 24.09.2014
5 (Lower) Tortum/Erzurum 41.668 E Net 145.9015 Stony, Vegetated
6 Stream Anur ispir/Erzurum iggig E B-elzrame %2925(1);4 Stony, Vegetated
40221 N
Stream Bagkale D-Frame 23.09.2014 Stony
7 (Hamidiye) Tortum/Erzurum 41640 E Net 145.9015
8 Stream Capan ispir Erzurum iggg% N [l)\lgtr e 1?25812 Stony
- 40.219N
Stream Demirci D-Frame 25.09.2014
9 (Caylica) Tortum/Erzurum 41755 E Net 145.9015 Stony
40.779N D-Frame 23.9.2014 Stony, Vegetated
10 Stream Alabalik Olur/Erzurum 49141 E Net 155.2015
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Table 1. Continued

1

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36
37

Stream Karatas

Stream Yagcilar

Tortum Waterfall
(Upper)

Stream Dikyar

Stream Doruklu

Stream Yedigéze
(Goruh River)

Stream Catakkaya
(upper)

Stream Anur 2

Stream Catakkaya
(Lower)

Stream Kaleboynu

Stream Baskale
(Mercimekli)
Stream Kilickaya
Village

Stream Sapaca

Alapinar Fountain

Stream Morkaya

Stream Uzunkavak

Stream Olurdere

Stream Mansuret

Stream Narlik

Stream Balikli

Stream Ortakdy

Stream Altiparmak

Stream Torball

Stream Goknar
Stream Savsat
(Velikdy)

Stream Baskoy

Stream Eksinar

spir/Erzurum

Tortum/Erzurum
Tortum/Erzurum

Tortum/Erzurum

Tortum/Erzurum

ispir/ Erzurum

Ispir/Erzurum
ispir/Erzurum

Ispir/Erzurum

Tortum/Erzurum
Tortum/Erzurum
Ispir/Erzurum
Uzundere/Erzurum

Tortum/Erzurum

Tortum/Erzurum

Tortum/Erzurum

Olur/Erzurum

Savsat/Artvin
Yusufeli/Artvin
Savsat/Artvin
Savsat/Artvin
Yusufeli/Artvin
Ardanug/Artvin
Savsat/Artvin

Savsat/Artvin

Murgul/Artvin
Ardanug/Artvin

40481 N
40.660 E
40.277N
41.365E

40.661 N
41,668 E

40.530 N
41520 E
40.358 N
41.314E

40.547 N
41.051E

40.630N
41.070E

40.435N
40.792E

40.62N
41.079E

40.3970N
41.2960 E

40.244 N
41.837E

40.7332N
414417E

40.55N
4158 E
40.312N
41410E

40.744 N
41673 E

40.490 N
41473 E

40.8058 N
421608 E

41455N
42190 E

41.00N
4170E

414150N
42.266 E

4127N
42.00E

41.07N
42.03E

414712N
421618 E

41316 N
42436 E

4129N
4158 E
41.1109N
42.055 E

D-Frame
Net
D-Frame
Net
Ekman
Grab,
D-Frame
Net
D-Frame
Net
D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

Ekman
Grab,
D-Frame
Net
Ekman
Grab,
D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net

D-Frame
Net
D-Frame
Net

15.5.2016
17.8.2016
23.9.2014
14.5.2015

24.09.2014
14.5.2015

16.5.2016
15.5.2015
24.09.2014
15.5.2015

25.09.2014
16.5.2015

24.09.2014
16.5.2015

22.09.2014
16.5.2015

24.09.2014
16.5.2015

23.9.2014
15.5.2015

23.9.2014
15.5.2015

16.5.2016
17.8.2016

17.5.2016
17.8.2016

24.09.2014
15.5.2015

17.5.2016
15.5.2015

17.5.2016
17.8.2016

23.9.2014
15.5.2015

27.9.2014
17.5.2015

26.9.2014
19.5.2015

27.9.2014
17.5.2015

27.9.2014
17.5.2015

26.9.2014
19.5.2015

26.9.2014
17.5.2015

27.9.2014
18.5.2015

27.9.2014
18.5.2015

29.9.2014
20.5.2015
28.9.2014
20.5.2015

Stony
Stony, Vegetated

Stony, Vegetated,
Muddy

Stony, Vegetated
Stony, Vegetated

Stony

Stony
Stony,

Muddy
Stony

Stony, Vegetated

Stony
Stony

Stony

Concrete
structure

Stony, Vegetated,
Muddy

Stony,
Muddy

Stony

Stony

Stony

Stony, Vegetated

Stony, Vegetated

Stony

Stony

Vegetated

Stony, Vegetated

Stony
Stony
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Table 1. Continued

41215N
38 Stream Damar Murgul/Artvin 41546 E e rame a2 a‘gggy
. . 41.365N D-Frame 29.9.2014 Stony
39 Stream Deviskel Borgka/Artvin 41880 E Net 20.5.2015 Muddy
41401 N
40 Stream Aralik Borgka/Artvin 41.722E B;I:rame ggggglg Stony, Vegetated
. 41.070N D-Frame 29.9.2014
41 Stream Saribudak Artvin MTTE Net 20.5.2015 Stony
: 4141N D-Frame 29.9.2014 Stony, Vegetated
42 Stream Balikli 2 Savsat/Artvin 4296 E Net 185.2015
41207 N
43 Stream Arpali Village Savsat/Artvin 42289 E B;}I:rame fgggglg Stony
41208 N
4 Stream Seyitler Artvin 41863 E D Frame 2892018 Stony, Vegetated
I . 41.39N D-Frame 27.9.2014 Stony, Vegetated
45 Stream Ciftekdpri Borgka/Artvin 4156 E Net 20.5.2015
40.99 N
; A D-Frame 28.9.2014
46 Stream Kirazalan Yusufeli/Artvin 4176 E Net 195.9015 Stony
41.032N
A D-Frame 28.9.2014
47 Ciro Waterfall Yusufeli/Artvin 41368 E Net 195.2015 Stony
41.3640N
: D-Frame 27.9.2014
48 Stream Cuhala Cankurtaran/Artvin 41.6655 E Net 205.2015 Stony
: 40.86 N D-Frame 27.9.2014
49 Stream Hizarli Artvin 3966 Net 205.2015 Stony
41.18N
. D-Frame 28.9.2014 Stony, Vegetated
50 Stream Bashatila Borgka/Artvin 41.73E Net 20.5.2015
. 4123N D-Frame 28.9.2014
51 Stream Balli Savsat/Artvin 4245 Net 185.2015 Stony
41.304 N
’ D-Frame 27.9.2014
52 Stream Kokolet 2 Murgul/Artvin 41631E Net 1852015 Stony
- ’ 4141N D-Frame 27.9.2014 Vegetated,
53 Stream Ogiil SavgatiArtvin 4.79E Net 1852015 Muddy
41.245N
54 Stream Sungu Savsat/Artvin 42126 N rame e Stony, Vegetated

Indices for determination of biological water quality

For the determination of water quality by biological
methods, BMWP index, ASPT index, EP and EPT taxa
values, Shannon-Wiener diversity index were used. The
BMWP and ASPT indexes is based on the sensitivity of
invertebrates for pollution. The score is between 1 and 10. It
is calculated according to the values of the families in the
samples. As the total value approaches 100, the pollution rate
decreases (Kazanci et al., 2010c). ASPT gives the average
tolerance values of all taxa in the community. The ASPT
value of taxa is found by dividing the BMWP scor by the total
number of families at the sampling point. According to the
ASPT index, values less than 4 indicate extremely dirty,
values between 4-5 indicate moderately polluted, values
between 5-6 indicate doubtful waters that are not certain to be
of good quality, and values above 6 indicate clean waters
(Armitage et al., 1983). The Shannon-Wiener index is also
used to interpret water quality. In the Shannon-Wiener index,

which is between 0 and 5, the low score indicates low water
quality and the high score indicates high water quality
(Shannon ve Wiener 1963, Jorgensen et al., 2005.)

RESULTS AND DISCUSSION

Sampling studies were carried out at the selected 54
stations where the Turkish side of the Coruh River basin.
Date, station name, station no, province, coordinates,
substrate and sampling instrument information belonging to
stations are shown in Table 1. As a result of sampling studies
and diagnoses in Coruh River and its tributaries, a total of
7246 individuals were sampled; of them 5283 individuals
belonging to Insecta, 1442 individuals to Crustacea, 176
individuals to Mollusca, 208 individuals to Oligochaeta and
137 individuals to Plathyhelminthes. Insecta was the most
dominant group among the taxa and Platyhelminthes was the
rarest one. In the Insecta group, Ephemeroptera individuals
were the most common with 40% and Odonata individuals
were the least encountered with 1% (Figure 2).
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Plathyhelminthes
e
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Plecoptera

3t

= Ephemeroptera = Tricoptera

Muollusca

Figure 2. Rational distributions of the determined groups

The taxa observed at the stations were given in Table 2. It
has been observed that the stations with high family numbers
are far from the settlements and there are no factors that
could destroy the streambed in the nearby location.

The highest number of family was found at St -36 (18
families) and the lowest number of family at St -23(1 families)
(Table 3).

It is estimated that the stations with the lowest family
numbers are selected from the near point to the main body of
the Coruh River (St-22, St-23), so the diversity is affected by
both the flow velocity and the pollution load carried along the
stream bed. St-24 station is a concrete structure built for
animals to drink water. Although there are living groups
transported here by various means, the high level of exposure
to daily humanitarian activities caused the diversity to be very
low. Although Ephemeroptera, Trichoptera and Plecoptera
are good indicators for uncontaminated waters, some families
like Baetidae, Caenidae and Hydropsychidae are tolerant to
organic pollution and deterioration in the physicochemical
properties of streams (Minaya et al., 2013; Kaboré et al.,
2016). During the study, Ephemeroptera, Tricoptera and
Plecoptera families were sampled both from the upper zones
with the least pollution effect and from the locations where
wastewater mixtures and structures such as touristic facilities,
dams and HEPPs are located. It has been reported that the
families  Gyrinidae,  Dytiscidae,  Hydrophilidae  and
Notonectidae have a high capacity to reflect the ecological
and geographical changes that occur throughout the year

= Plecoptera

n Flathyvhelminthes s Oligochaeta

[sopada

3%

= (dlonata

= Dhiptera

u Amphipoda = [sopoda

(Mauricio da Rocha et al, 2010). In this study, Dytiscidae
family was identified from the stations that shows 3rd and 4th
class water quality characteristics and Gyrinidae family was
also identified at the stations showing 2nd and 3rd class water
quality characteristics.

In the evaluation of the data in this study, the scores of
BMWP used to determine water quality with biological data.
According to the BMWP score system, the highest scores
were 94 (St -36 and St -30) and 85 (St -35), and the lowest
BMWP scores were 5 (St -23), 7 (St -22) and 11 (St -24). In
studies conducted on different river systems, researchers
reported that in locations with better water quality, the
diversity of the benthic macroinvertebrates is high, and the
diversity decreases as the pollution increases (Duran et. al.
2003, Kalyoncu ve Zeybek, 2011). It has been observed that
the stations with low biodiversity in the Coruh River are
selected from the main body with high flow or the fast flowing
tributaries, the points where the pollution is concentrated, had
a channel modification and the wastes are directly mixed. The
stations having 2nd class water quality characteristics were S-
9, St-29, St-30 and St-32. St-9 is the closest station to the
source of the river and the natural habitat was not disturbed at
the St -29, St -30 and St-32 was selected from the areas
officially declared protected areas. Stations with 3rd and 4th
class water quality were deformed due to the construction of
hydroelectric power plants (St-16, St-18), and mining activities
(St -38). In addition, the stations where touristic activities (St-
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44) are intense and streams flowing close to agricultural
areas were also 31 or 4t water quality.

In this study, the ASPT index gave similar results to the
BMWP score at many of the stations. However, there were
differences between the results to the indices at some of the
stations. Although some stations show polluted water
characteristics according to the BMWP score, they showed
clean water characteristics according to the ASPT index
(Table 3).

Shannon-Wiener diversity index is the most widely used
diversity index in determining habitat quality using
invertebrates. The Shannon index increases as the number
and distribution of taxa within a community increases.
(Shannon-Wiever, 1949). According to Wilhm and Dorris
(1968), if the Shannon-Weaner index value ranges from >3 it
indicates clean water, 1-3 indicates moderate pollution, <1
indicates heavy pollution. In this context, the streams of the
Coruh basin have moderate pollution (between 1-3). Shannon
index range from 2.20 to 0.54 in the Coruh River basin.
Shannon index value was calculated at the highest St-10 and
the lowest at St-23 (Table 3). It was observed that as the
BMWP score decreased, Shannon index values decreased.
In these calculations made at the stations, it was determined
that the data of the two indexes fit together.

EPT taxa values give an idea about the water quality of
the sampling area due to their sensitivity to water pollution. In
this study, the highest EPT value was recorded at St-36, St-
30 and St-32 stations. On the other hand, the lowest EPT
value was recorded at St-24 and St-22 stations. St-36 station
passes through the settlements and the river bed is partially
exposed to trash. Therefore, sampling was made from the
upper zone of the river as much as possible. St-32 station
was selected from the area known as Altiparmak Mountains
Nature Park. Since this area contains endemic species, so it
is protected by the local administration. At the St-36 and St-32
stations EP taxa value was calculated as the highest,
whereas it was the lowest at St-16, St-22, St-23, St-24 and
St-25 stations. Similarly, BMWP, EP and EPT values were
used to evaluate the Aksu stream in the Eastern Black sea
basin by Kazanci et al. (2010a) , and they stated that
urbanization, tourism, agricultural activities and the
destruction of the river bed changed the community structure

of the benthic macroinvertebrates. In this study, we can say
that similar reasons may have effective role on the streams of
the Coruh basin.

Ephemerellidae and Caenidae families belonging to
Ephemeroptera are pollution tolerant families (Yaman, 2019).
In this study, Ephemerellidae family was found in stations with
2nd and 3rd class water characteristics and Caenidae family
was found in stations with 3rd and 4th class water
characteristics, according to BMWP index.

Habitat quality assessment of Altindere Valley was made
by using biotic indices and physicochemical parameters by
Tirkmen and Kazanci, (2016). The families of Heptageniidae,
Leptolepiidae, Leuctridae, Nemouridae have been determined
as an indicator group for uncontaminated waters. (Ttrkmen
and Kazanci, 2016). In this study, according to BMWP scores,
Nemouridae was detected at stations that were slightly
polluted, and other families were detected at polluted station.

Studies on determining the water quality by using
invertebrate fauna and indices in the Coruh River Basin,
which is a transboundary streams, is very limited. Kazanci et
al., (2015) reported 31 taxa from 5 stations on the river. The
taxa determined in the present study are different from those
reported by Kazanci et al. (2015) because of the numbers
and locations of the stations. Kazanci et al., 2015 reported
that the main source of pollution of the Coruh Basin is the
interference of urban wastewater into the river system,
depending on land usage. In this study, construction of
hydroelectric power plants, domestic wastewater and river
beds affects the biodiversity in the basin. The two studies are
similar in terms of some results obtained.

“Reference condition” is represented unimpaired (or
minimally impaired) point in terms of biological, chemical and
morphological characters of rivers. In this study, St-36 and St-
30 had unimpaired properties in terms of BMWP, EP and EPT
taxa. Thus these stations can be selected as reference
stations.

According to BMWP score and number of EPT-Taxa,
Kazanci et al 2015 accepted the first station as a reference
habitat in Coruh River. In this study, St-36 and St-30 had
unimpaired properties in terms of BMWP, EP and EPT taxa.
Thus, these stations can be selected as reference stations.
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Table 2. The detected families at the stations.
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Table 2. Continued

25 * * *

2 * * * *

27 * * * *

28 * * * * * * * * * * * * *
29 * * * * * * * * * * * *

30 * * * * * * * * * * * * *
31 * * * * * * *
32 ¢ * * * * * * * * *

33 * * * *

34 * * * * * * * * *
35 * * * * * * * * * * * *
36 * * * * * * * * * * * * * * *

37 * * * * * * *

38 * * * *

39 * * * *

40 * * * * * * * *

41 * * * * * * *

42 * * * * * * *

43 * * * * * * * * * * *
44 * * * * * * * *
45 * * * * * * * * *

46 * * * * *

47 * * * * * * * * *

48 * * * * * * *

49 * x *

50 * * * * * * *

51 * * * * *

52 % * * * * * *

53 * * * * *

54 * * * *
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Table 3. Evaluation of stations according to the index values

Shannon-Wiener Index value

Stations  Number of family BMWP score class ASPT A EP- Taxa EPT Taxa
(Diversity)

1 13 61 3 4.7 2.09 4 6
2 9 33 4 3.7 14 1 2
3 6 19 4 3.1 14 1 1
4 5 32 4 6.4 1.36 1 2
5 17 73 2 42 1.76 2 4
6 13 78 2 6 213 5 7
7 10 52 3 5.2 1.05 2 5
8 9 55 3 6.1 2.06 4 4
9 12 76 2 6.3 1.54 5 7
10 11 56 3 5.09 2.2 2 4
11 5 35 4 7 1.39 3 4
12 7 26 4 3.7 142 1 1
13 8 38 4 475 1.96 2 3
14 5 22 4 44 1.46 2 3
15 17 65 3 3.82 1.92 3 5
16 5 24 4 48 1.37 0 1
17 7 47 3 6.7 1.48 4 4
18 5 31 4 6.2 1.27 1 1
19 7 51 3 7.2 1.33 4 6
20 10 59 3 5.9 1.48 4 5
21 7 39 4 5.5 1.64 2 3
22 2 7 5 3.5 0.6 0 0
23 1 5 5 5 0.54 0 1
24 3 11 4 3.6 1.1 0 0
25 4 12 4 3 0.74 10 1
26 4 29 4 7.25 1 2 4
27 5 25 4 5 1.15 1 1
28 14 72 2 5.14 1.91 3 6
29 13 84 2 6.46 2.18 4 7
30 14 94 2 6.71 1.97 5 8
31 7 51 3 7.2 1.52 3 5
32 1 78 2 7.09 1.68 6 8
33 5 27 4 54 1.23 1 3
34 13 68 3 5.2 1.89 3 6
35 16 85 2 5.3 2.03 4 6
36 18 94 2 5.2 1.94 6 10
37 7 37 4 5.2 1.39 2 4
38 4 29 4 7.25 1.09 3 4
39 4 26 4 6.5 0.79 3 3
40 9 56 3 6.2 1.77 3 4
41 7 48 3 6.8 1.29 4 5
42 9 55 3 6.1 1.72 3 5
43 12 64 3 5.3 1.81 4 7
44 9 46 3 5.1 1.84 3 4
45 9 58 3 6.4 18 4 7
46 6 31 4 5.1 1.36 1 4
47 10 50 3 5 1.72 3 3
48 7 55 3 7.8 15 4 6
49 4 15 4 3.75 0.63 1 1
50 7 39 4 5.57 1.82 2 3
51 9 44 3 49 1.33 2 4
52 8 30 4 3.75 0.86 3 3
53 5 36 4 7.2 1.03 2 3
54 4 32 4 8 0.72 2 3
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CONCLUSION

Coruh River and its tributaries are located at the
intersection of two different features as geological and
climatic. Due to its high flow rate, it is the focal point of
hydroelectric power plants and dams, as well as for
agricultural activites and recreational purposes. The
presence of biodiversity hotspot points and bird migration
routes increases the importance of the Coruh Basin. In this
study, Coruh River, which is the fastest flowing stream of
Turkey, was evaluated by using macroinvertebrates according
to BMWP, Shannon-Wiener, Margalef and Simpson indices.
According to BMWP score values, 9 of the stations are Il.
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Abstract: The storage of commercial feeds in a cool and dry place is a prerequisite management strategy to minimize the deterioration of commercial
feeds. This study investigated the effects of feed storage conditions on feed intake and growth performances of juvenile rainbow trout (Oncorhynchus
mykiss). A total of 240 juvenile rainbow trout, weighing 8.7-10.5 g, were randomly distributed into four groups. Each group was further subdivided into three
replicates with 20 fish in each. The experimental fish were fed to apparent satiation twice daily over a 35-days period using four commercial feeds previously
kept at different storage conditions, i.e., room temperature storage (20.8°C), cold storage (10°C), or frozen storages (-1.1°C and -15°C). The feed utilization
was assessed by relative feed intake (RFI%) and feed conversion rate (FCR), while growth performance was evaluated by the thermal-unit growth
coefficient (TGC) and specific growth rate (SGR). The preliminary findings suggest that the food storage conditions did not significantly affect feed intake
and growth performance in juvenile rainbow trout. The findings provide practical information for fish farmers in the management of feed storage, which
covers a remarkable proportion of the total production costs in aquaculture facilities.

Keywords: Aquafeeds, storage conditions, relative feed intake, growth performance, Oncorhynchus mykiss

Oz: Ticari yemlerin serin ve kuru bir yerde depolanmasi, yemin bozulma hizinin en aza indiriimesi icin 6n kosul olan bir ydnetimdir. Bu galismada, oda
sicakliginda (20.8°C), soguk ortamda (10°C) ve dondurulmus kosullarda (-1.1°C ve -15°C) muhafaza edilen yemlerle giinde 2 kez doygunluk derecesinde
35 giin slreyle beslenen gokkusagi alabaligi (Oncorhynchus mykiss) yavrularinda biiyime performansi yem tiiketim oranlari (zerindeki etkileri
incelenmistir. 8,7-10,5 g agiriginda toplam 240 adet yavru gokkusagi alabaligi rastgele segilerek dort gruba ayrilmistir. Her bir grup ayrica her birinde 20
balik bulunan ig¢ tekrar olacak sekilde ayrilmistir. Yem tiiketimi, ylizde yem tiketim orani (% RFI) ve yem déntstim orani (FCR) ile degerlendirilirken,
biiylime performani, spesifik bliylime orani (SGR) ve termal blyiime katsayisi (TGC) ile degerlendirilmistir. Elde edilen veriler, yem depolama kosullarinin
gokkusagdi alabaliginin yem tiketimi ve blyiime performanslari tizerinde 6nemli derecede etkilemedigi kaydedilmistir. Bu galismada elde edilen bulgular,
balik ciftliklerinde toplam Uretim maliyetinin 6nemli bir kismini kapsayan ticari yemlerin depolama yonetiminde Ureticiler icin pratik bilgiler ortaya
koymaktadir.

Anahtar kelimeler: Balik yemi, depolama sartlari, yiizde yem tiketimi, bliyime performansi, Oncorhynchus mykiss

INTRODUCTION

The aquaculture sector plays a vital role in contributing to
poverty alleviation, economic development, and food security,
representing ~82 million tonnes of aquatic animal production
in 2018 and is projected to increase to 109 million tonnes by
2030 (FAO, 2020). Aquafeeds are one of the most important
and relatively expensive aquaculture  components,
representing about 40%-90% of operating expenditures of fish
farms (Rana et al., 2009; Pinfold, 2013; El-Sayed et al.,
2015). The prices for different feed raw materials used in
aquafeeds have risen considerably over the last decade:
fishmeal, soybean meal, corn, and wheat increased by 55 to

225% (Rana et al., 2009; Wong et al., 2016; Naylor et al.,
2021). Consequently, aquafeeds need to be carefully
considered and managed for profitable production (FAO,
2020).

The aquafeed production reached 44 million tonnes in
2019 worldwide (Alltech, 2020) and is projected to increase to
82 milion tonnes by 2023 (CISION, 2018). Turkey's
aquafeeds production rose from 0.59 million tonnes in 2019 to
0.63 million tonnes in 2020 and is projected to increase to
0.90 million tonnes by 2023 (Atalay and Maltas, 2020;
TUYEM, 2021).
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The quality of aquafeeds can be subject to rapid
deterioration developing molds if not stored properly (Robb et
al., 2013). The lousy storage condition can initiate a repaid
oxidization of aquafeeds, increasing the number of peroxides
that lead to rancidity in the aquafeeds (Kop et al., 2019). The
use of oxidized aquafeed results in retarded growth, poor feed
efficiency, lethargy, and anemia, with dark body coloring in
farmed fish (Tacon, 1992; Kop et al., 2019). Several biological
risk factors have also been identified in the aquaculture
industry due to poor storage conditions, such as the nesting
of rodents, microorganisms, and human endoparasites,
including genetically modified ones in areas where aquafeeds
and fish products are stored (Firat et al., 2020). In addition,
aquafeeds are highly susceptible to insect infestations during
their storage at ambient temperature, causing quantity and
quality losses with the passing of time (Smith, 1980; Solomon
et al, 2016). Insects attacking stored aquafeeds show a
rapidly increasing population at temperatures between 25°C
to 32°C (Smith, 1980; Fields et al., 2012). On the other hand,
these insects stop feeding, develop slower, and eventually die
at a temperature below 13°C (Fields et al., 2012). The
storage of aquafeeds at low temperatures can also prolong
the shelf life of aquafeeds since low temperatures reduce
many of the chemical reactions that occur in feed (Singh and
Desrosier, 2018).

Consequently, the storage of aquafeeds at a temperature
below 13° C will probably restrain insect infestation and retard
the rate of various chemical reactions that can damage the
quantity and quality of aquafeeds during their storage.
However, the water content of aquafeeds may form ice
crystals at low temperatures, which may influence the
digestive process (dos Santos, 1990; Hui et al, 2006)
retarding farmed fish growth. The effects of aquafeeds
storage conditions (frozen and non-frozen) on the digestive
process have been investigated by Khan and Seyhan (2019)
for farmed brook trout. They found no significant effects of
storage conditions on the gastric evacuation rates of farmed
brook trout. However, data on aquafeed storage conditions'
impact on fish growth lack in the published literature. This
study thus aimed at filling this knowledge gap by examining
the growth performance and feed utilization of juvenile
rainbow trout (Oncorhynchus mykiss) fed aquafeeds
(hereafter “commercial feeds”) kept at different storage
conditions (ambient, cold, frozen) have been evaluated.

MATERIALS AND METHODS

A total of 240 juvenile rainbow trout, weighing 8.7-10.5 g,
were obtained from the Sirmene Faculty of Marine
Sciences in Trabzon. They were randomly distributed into four
groups. Each group was further subdivided into three
replicates with 20 fish in each. They were stocked in 12
experimental tanks (~100 L). Each experimental tank
received a constant supply of fresh water at a flow rate of 2.5
I/min from a brook, and a continuous air bubbling in each tank
ensured oxygen saturation. The experiments were conducted
in an indoor environment under ambient water temperatures.

The experimental feeds were stored in two refrigerators
equipped with varying ranges of temperature. They were fully

adequate for obtaining desired temperatures. One of the
refrigerators had two sections with two standard temperature
ranges: 10°C and -1.0°C, while the other was a deep freezer
with a single standard temperature of -15.0°C. A refrigerator
thermometer (TFA 14.4000, TFA Dostmann, Germany) was
used to reaffirm the temperatures of the above-mentioned
refrigerators. Experimental feeds were first placed in airtight
bottles and then stored in the refrigerators for 1 week.

Fish were fed by hand twice a day (08:00 h and 16:00 h)
to apparent satiation throughout the feeding period that lasted
for 35 days. The fish were fed with one of the four different
experimental feeds previously kept at different storage
conditions, viz., room temperature storage (20.8 + 0.4°C),
cold storage (10°C), and frozen storage (-1.1°C and -15°C).
The feeds stored at cold and frozen conditions were fed
immediately to experimental fish without thawing to defrost.

The uneaten feed (pellets) was carefully siphoned using a
water hose without disturbing the experimental fish. The
uneaten feed was then dried in an oven (Ecocell Drying Oven,
MMM Medcenter, Germany) at 60°C until a constant weight
was reached. The uneaten feeds ' mass was subtracted from
the feed offered to calculate the satiation meal for fish in a
tank. The commercial feeds used in this study were acquired
from Skretting Aquaculture (www.skretting.com) packed in
food-grade oxygen barrier polyethylene/aluminum bags. Their
chemical compositions are listed in Table 1. The water
temperature and dissolved oxygen of experimental tanks
were measured using a HACH portable multi-meter (HQ40D)
twice a day.

Weekly measurements of the total biomass (g) of
replicate groups for each tank were performed at 04:00 to
05:00 h to prevent feeding cessation after weighing. Fish from
each replica was carefully transferred into a bucket filled with
water (known amount of water in kg) to take measurements.

Table 1. Main ingredients and chemical composition of commercial
feeds” used in the experiment

Nutrient value (%)

Crude protein 440
Crude fat 210
Crude fiber 39
Crude ash 9.0

Macro Elements (%)

Calcium 1.8

Phosphorus 1.0

Sodium 0.2
Trace Elements (ma/kg)

Iron 80

Copper 7

Zinc 110

* Skretting Aquaculture (Nutreco Company, Turkey)
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Growth measurements

The weekly feed consumption was divided by total fish
biomass in each tank at the end of the week and then
multiplied by 100 to express in percentage to evaluate
changes in feed intake (relative feed intake, RF1%) over the
growth period. The values of RF1% were plotted against time,
and their relationship was described by an exponential
function that provided the best fit to the data than the linear
function.

The feed conversion rate (FCR), specific growth rate
(SGR), and thermal-unit growth coefficient (TGC) were
estimated using the following equations (Korkut et al., 2007;
Karabulut et al., 2011)

Feed eaten by fish

RESULTS AND DISCUSSION

The water temperature ranged from 15.1 to 16.2° C
gmean + SD., 154 £ 0.4?, and oxygen saturation was
0.53% (+ 4.45). No mortality was observed, and all fish
actively fed throughout the feeding experiment.

The RFI% decreased with fish growth SFi ure 1), which
was comparable to the findings of Craig ef al. (2017). Smaller
fish generally require more protein than larger fish and
consume a larger amount of meals related to their body size
than larger fish (Craig et al., 2017). Consequently, feed intake
per body weight often decreases over time as fish grow. In
this study, the RFI% of juvenile rainbow trout showed no
significant differences between all experimental groups (One-
way ANOVA, Fi23= 0.229, P= 0.874). The relationship
between RF1% and time could thus be described by FI% =
33.17¢70022t; R2 = (.98, where { is time for combined data.

FCR = Weight gained by fish This parameterized exponential function was used to provide
a curved line for Figure 1. The RFI% data from different
experimental groups are used together in Figure 1.
ln W _ ln W 40 ==me 95% Confidence Limits == == 95% Prediction Band
SGR = w RF1% = 33.17e°°2; R? = 0.98
1 1 g 35 —
WP —w TN
~temp. (°C) X t % 30 ~\\\ e W
. ) . , L = _J]Y N\
where W is the final total biomass weight of all fish in each o N i
tank, Wi is the initial total biomass of all fish in each tank @ 25 — ™ e
weight, t is time (days) between Wrand Wi ® | NN~
= S Q\\\ S
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i Jo-1°C N ST
Growth pattern modeling | s S o
The relationship between fish weight and time was ‘ | T T T | ;
described by the linear function: W =a + pt, and 0 10 20 30 40
exponential function: W = aef®, where W is weight, t is t (days)

time, a is the intercept, and p is the regression slope, which
can be considered as a growth rate parameter.

Statistical analysis

One-way analysis of variance (ANOVA) was used to test
significant differences between all groups. The analysis of
covariance (ANCOVA) was used to compare the regression
slope values p estimated from different groups to test
significance differences. All statistical analyses were carried
out using SigmaPlot version 14, from Systat Software, Inc.,
San Jose California USA, www.sigmaplot.com.

Figure 1. Mean relative feed intake in juvenile rainbow trout
(Oncorhynchus mykiss) fed commercial feeds stored at
different temperatures.

The results of FCR, SGR, and TGC (mean + S.D.) are
presented in Table 2. The feed intake and growth
performance of juvenile rainbow trout fed either cold, frozen,
or non-frozen feeds showed no significant difference between
treatments. Likewise, based on weekly data, feed intake and
growth performance of different experimental groups also did
not reveal any significant difference.

Table 2. Summary statistics for growth and feed intake in juvenile rainbow trout (Oncorhynchus mykiss) fed commercial feeds stored at

different temperatures.

STORAGE CONDITIONS

Room temperature Cold condition Frozen condition one-way ANOVA
Parameter* 208 (£ 0.4)°C 10°C -1.0°C -15.0°C Fss P
TGC 0.005 + 0.000 0.004 + 0.000 0.004 + 0.000 0.005 + 0.000 1.207 0.368
SGR 5.983 £ 0.044 6.056 £ 0.030 5.972 £0.095 5.969 + 0.051 1.422 0.306
FCR 1.083 +£0.026 1.020 £ 0.018 1.013 £0.022 1.071 £ 0.068 2446 0.139
P 10.239 + 1.549 10.182 £ 0.912 9.393 +£2.529 9.958 + 1.803 0.834" 0.48

* Thermal-unit growth coefficient, TGC); standard growth rate, SGR; feed conversion rate, FCR; regression slopes of the linear function, p * Fsgs, “simple linear
function
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The linear function best described the relationship
between fish weight gain and time since it consistently
provided a higher value of the coefficient of determination, R2
than the exponential function. A positive regression slope
value was obtained for each group, indicating increased body
weight over time (Figure 2). Based on regression slope
values, the growth rates in juvenile rainbow trout fed either
cold stored, frozen, or non-frozen feeds did not differ
significantly (One-way ANOVA, Fses = 0.834, P = 0.480). The
ANCOVA  reaffrmed these results and revealed
homogeneous slopes suggesting that juvenile rainbow trout
from different groups had similar growth rates (ANCOVA,
F@esy = 0.834, P = 0.480). Several authors have used the
ANCOVA to validate the homogeneity of regression slopes
estimated for different groups (Gillanders, 1997; Basusta and
Khan, 2021). The relationship between fish weight gain and

time has been determined using the linear function,
exponential function, asymptotic function, and von Bertalanffy
growth function (Hopkins, 1992; Hamre et al., 2014).

Fish growth generally has two phases: an initial
exponential phase that changes linearly as fish reaches its
maximum asymptotic weight (Soderberg, 2017). Such a
relationship can appropriately be described by von Bertalanffy
growth function (Katsanevakis, 2006; Lugert et al., 2016).
However, this study found a linear growth rate in juvenile
rainbow trout, which is consistent with previous studies'
results (Yakupitiyage et al., 1991; Lugert et al., 2016; Khan,
2019). Consequently, the growth in fish during their initial
stage might follow a linear growth trend, followed by an
exponential phase that would eventually lead to a relatively
linear as a fish achieve a maximum asymptotic weight.

=== 95% Confidence Limits = = 95% Prediction Band
600 —| Roomtemp.20.8+0.4°C g 10° C 2
. 450
A=)
=
S 300
©
=
150
W=10.18t + 213.59; R* = 0.99
O T T ] T | T ] T T [ T ] T | T I T
600 - -1°C < H-15°C >
__ 450
R=)
=
E, 300
()
=
150
> g
g
v W=9.39t+ 195.06; R? = 0.94 W=9.96t+ 177.79; R = 0.97
0 T l T ] T l T [ T T [ T ] T | T | T
0 10 20 30 40 0 10 20 30 40
t (days) t (days)

Figure 2. Growth rate of juvenile rainbow trout (Oncorhynchus mykiss) fed commercial feeds stored at different temperatures.
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The water content of commercial feeds could form ice
crystals due to the freezing process, which may affect
different biochemical and physicochemical processes and
may influence the digestive process in the stomach of fish
(dos Santos, 1990; Hui et al., 2006). Andersen (2012) fed
Atlantic cod Gadus morhua with the previously frozen (-20°
C) and fresh Ammodytes tobianus to examine the possible
influence of non-frozen and frozen meals on the gastric
evacuation in fish. The author found that both previously
frozen and freshly killed A. tobianus evacuate at a similar rate
from the stomach of G. morhua. Similarly, brook trout
(Salvelinus fontinalis) were fed non-frozen and frozen (-15.0°
C) feeds; the trout evacuated both meal types with a similar
rate of gastric evacuation, indicative of no effect of feed
storage on digestive processes (Khan and Seyhan, 2019).
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Oz: Hamsi (Engraulis encrasicolus Linnaeus, 1758) hari tutuldugunda, Tiirkiye'deki pelajik baliklarin nerdeyse yarisi Ege Denizinde avianan girgir
tekneleri ile yakalanmaktadir. Calisma bu nedenle 1973 ve 2019 yillari arasinda Ege bélgesinde avcilik yapan girgirlarda yakalanan bazi 6nemli pelajik
tiirlerin av miktarlarini incelemeyi amaglamistir. 1990’11 yillarin ortalari, sardalyanin (Sardina pilchardus Walbaum, 1792) Ege Denizi ve Tiirkiye denizlerinde
en ok yakalandig yillar olup, bu miktar 2000'li yillarin ortalarinda 10000 tonlar seviyesine gerilemis ve giinimiize kadar bu diizeyde seyretmistir. Sardalya
2011 yilina kadar Ege'de en fazla yakalanan tir iken bu durum son yillarda hamsi lehine degismistir. Tirkiye'de uskumru (Scomber scombrus Linnaeus,
1758), kolyoz (Scomber japonicus Houttuyn, 1782) ve kupez (Boops boops Linnaeus, 1758) gibi tiirlerin neredeyse tamami Ege Denizi'nden
yakalanmaktadir. Calismamizda yukarida belirtilen tirlerin tarihsel stiregteki av miktarlari, avciligi diizenlemek icin gikarilmis olan sirkiiler ve tebliglerin yani
sira uygulamaya sokulan diger diizenlemelerle iliskilendirimeye galisiimistir. Ayrica, bundan sonraki stiregte s6z konusu tirlerin siirdirdlebilir kullaniminin
ontindeki sorunlar ortaya konarak bu sorunlara yonelik ¢dziim dnerileri getirilmeye galisiimistir.

Anahtar kelimeler: Sirkiiler, teblig, strdurilebilirlik, bolgesel balikgilik

Abstract: The fishing activity with purse seines in the Aegean Sea accounts for almost half of the pelagic fish excluding anchovy (Engraulis encrasicolus
Linnaeus, 1758) in Turkey. In this study, we aimed to analyse the catch amounts of some important pelagic species caught by Aegean purse seiners
between 1973 and 2019. While mid-1990s are the most captured years for the European pilchard (Sardina pilchardus Walbaum, 1792) in Aegean Sea and
also Turkish Seas, this amount has decreased at the level of 10000 mt in the mid-2000s and remained similar amounts up to now. Though European
pilchard was the most caught species in the Aegean until 2011, this has changed in favour of anchovy in the last decade. Recently, almost all pelagic
species such as mackerel (Scomber scombrus Linnaeus, 1758), chub mackerel (Scomber japonicus Houttuyn, 1782) and bogue (Boops boops Linnaeus,
1758) have been caught from the Aegean Sea in Turkey. In the study, the production of these species in the historical period was tried to be associated with
the regulations implemented with circulars and notifications, and the problems preventing the sustainable use of these species that were caught by purse
seiners were determined and solutions were proposed for the future.

Keywords: Circular, notification, sustainability, regional fisheries

GIRIS

Girgir, diinyadaki en dretken av araci olup son elli yildir
tek basina, kiresel avin yaklasik 1/3'Uni yakalamigtir
(Watson vd., 2006). Norveg, yillik 500.000 ton ringa (Clupea
harengus Linnaeus, 1758) ile 180.000 ton uskumruyu
(Scomber scombrus Linnaeus, 1758) bu av araci ile
avlamaktadir (Breen vd., 2012; Margalo vd., 2019). Bu durum
girgir balikgiligini miktar agisindan en fazla balik avlayan ve
dolayisi ile en karli avcilik konumuna getirmistir. Bazen tek bir
avda 1.000 tonun Uizerinde balik yakalanmakta ve bunun ticari
degeri de yaklasik 1 milyon Euro’'yu asmaktadir. Tirkiye'de
basta hamsi (Engraulis encrasicolus Linnaeus, 1758) olmak
lzere sardalya (Sardina pilchardus Walbaum, 1792), istavrit
(Trachurus trachurus Linnaeus, 1758) gibi bircok pelajik balik
tirindn neredeyse tamami girgir aglari ile avlanmakta ve bu
miktarin da avcilik yolu ile Uretilen su drdnlerinin yarisindan
fazlasi oldugu TUIK istatistiklerinde rapor ediimektedir.

Bes yillik kalkinma planlarinda, 1990 éncesinde avcilik
Uretimini artirmaya ydnelik planlamalar yapilirken, 2000’li
yillardan sonra stirdirtilebilir avcilik en énemli konu olmustur
(Anonim, 2018). Su Urinleri kaynaklarinin - sirdurilebilir
kullanimi igin, mevcut kaynaklarin nitelikleri ve bu kaynaklarin
kullanilma (hatta sémirlime) durumunun slrekli izlenmesi,
yeterli ve giincel verilerin toplanmasi, bilimsel ydntemlerle
degerlendirme yapilarak gelecege yonelik kararlar alinmasi
ve uygulanmasi gerektigi son kalkinma planinda da yer
almaktadir (Anonim, 2018). Bu calismanin da kalkinma
planinda belirtilen amaglara hizmet ettigi distnilmektedir.

Tirkiye'de girgir balikgiliginda elde edilen drin miktari
diger balikgiliklar ile kiyaslandiginda, oldukga yUksek olsa da
bu balik¢ilik (izerine yapilan bilimsel calisma sayisi (%2)
oldukga azdir (Ozbilgin vd., 2015). Tiirkiye genelinde av
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araclari ve balikgiligi tzerine yapilan 610 galismanin 22 adedi
gevirme av araglari ve yontemi ile yapilmis olup bunlardan
sadece 12'si girgir kapsamaktadir. Bu galismalar da girgir
aglarinin teknik ozellikleri (Tokag, 1985; Hossucu vd., 1995;
Karakulak vd., 2002; Doyuk, 2006; Emirbuyuran ve Calik,
2016; Erdem vd., 2019), av kompozisyonu ve yakalanan
miktarlar (Hossucu vd., 1995; Pasaoglu, 2015) ile girgir
balikgihgi ve sorunlarina (Kara, 1989; Hossucu vd., 1995;
Erdem, 2016) yoneliktir. Bunlarin diginda Tirkiye'nin en
blylk bitceli balikgilik arastirma projesinde ise yine
godunlukla girgir ile yakalanan Karadeniz hamsisinin son
yillarda go¢ vyollari ve balikgiliginin  sémirilme  sekilleri
yeniden degerlendirimis ve hamsi icin bazi dnemli hasat
kontrol stratejileri gézden gegirilmistir (Gucu vd., 2017).

Karadeniz’de avlanan hamsi ve caga (Sprattus sprattus
Linnaeus, 1758)'dan dolayr Ege’nin toplam iretimde payi
distk olsa da son vyillarda birgok pelajik tirin Ege
Denizi'ndeki av miktari diger denizlerimize gére oldukga
ylkselmistir. Gelinen bu durumla ilgili olarak 1967 yilindan
2019 yilina kadar yaklasik yarim asri gegen siiregte dnemli
pelajik tlrlerin av kayitlari incelenmis ve av miktarlarindaki
dalgalanmalar balikgilik yonetim uygulamalari (diizenlemeler)
ile aciklanmaya calisiimistir. Calismada ayrica Ege Denizi
stirdurdlebilir girgir balikgiiginin énindeki temel sorunlar
belirlenip, ¢ozlim onerileri getirilmeye caligilmigtir.

MATERYAL VE METOT

Bu calismada, 1967-2019 yillar arasi 53 yillik stregte,
Ege Denizinde girgirda yakalanan &énemli pelajik tirlerin
TUIK su drlinleri istatistikleri degerlendirmeye alinmistir. Ege
Denizinde avcillk yapan girgirda onemli miktarlarda
yakalanan pelajik tlrlerin baginda sardalya, uskumru, kolyoz
(Scomber japonicus Houttuyn, 1782), kupes (Boops boops
Linnaeus, 1758) ve yuvarlak sardalya (Sardinella aurita
Valenciennes, 1847) gelmektedir. Hamsi ve istavrit

(Trachurus spp.) tirlerinin Ege’de yakalanma miktarlar az
oldugundan burada bu tirler degerlendirmeye alinmamistir.
Balikgilarin tirsi (Alosa fallax Lacepéde, 1803) olarak
isimlendirdigi, TUIK istatistiklerine giren tiir, gergekte yuvarlak
sardalyadir. Bir karigikliga neden olmamasi igin bu tir de
detayli bir degerlendirmeye alinmamistir.

Av  verilerinin  tanimlamali istatistiki  degerlerinin
hesaplanmasi ve yillar itibari ile av miktarlarini gdsteren
grafiklerin ¢gizimi Ms Excel programinda yapilmistir.

1967-2019 yillari arasindaki av kayitlari, avcilik
doénemlerinde uygulanan balikgilik diizenlemeleri (sirkiiler ve
tebligler) ile iliskilendiriimeye calisiimistir. Bu nedenle 1973-
2020 vyillari arasinda yiirlirlige giren sirkiler ve tebliglerin,
girgir balikgiligi ile ilgili genel ve Ege Denizi 6zelindeki ilgili
bazi maddeleri kronolojik sirada dlizenlenmistir. Ancak
calismada Ege Denizi'ne bazi dénemler diger bolgelerden
gelen tekneler ile avlanan girgir tekne sayisi ve bunlarin
motor gugleri ayrica kullandiklari akustik aletler ve aglarinin
uzunluklar ilgili kayith ya da saglikli bir veri seti olmadig icin,
bu tir balikgilk eforu parametrelerinin av miktarini nasil
etkiledigi tespit edilememistir. Calismada ayrica Ege girgir
balikgihidinin sorunlari, alanda faaliyet gdsteren Ege Bolgesi
Girgir Balikgiigi Dernegi yonetici ve Uyeleri ile tartigiimig,
bunlara ¢dziim onerileri getiriimeye ¢aligilmistir.

BULGULAR

2019 yili kayitlarma gbre sardalya, kupes, kolyoz,
yuvarlak sardalya ve uskumru tlirleri en fazla miktarlarda Ege
Denizinde yakalanmaktadir (Tablo 1). Eder bu tablodaki
hesaplamaya hamsi dahil edilmez ise yaklasik %40'lik oran
ile Ege, pelajik tirlerin en fazla yakalandigi deniz olarak
karsimiza ¢ikmaktadir. Son yillarda Ege Denizinde de en
fazla miktarda yakalanan tiir hamsi olsa da %4,6'lik bu oran
Trkiye toplaminda oldukga disuktr.

Tablo 1. TUIK 2019 kayitlarina gore girgir ile yakalanan bazi énemli pelajik turlerin av miktarlari ve Ege’nin pay!

Table 1. The catch amounts of some important pelagic species caught by purse seine and the ratio of the Aegean in TUIK 2019 records
2019 Toplam Karadeniz Marmara Ege (%) Akdeniz
Engraulis encrasicolus 262544 .4 233083,6 17231,8 12141,4 (4,6) 87,6
Trachurus trachurus 13179,8 11190,0 1265,7 473,5(3,6) 250,6
Trachurus mediterraneus 63254 2789,7 24439 899,3 (14,2) 192,5
Scomber japonicus 2334,2 36,1 36,4 1693,2 (72,5) 568,5
Boops boops 2865,0 76,1 2594,6 (90,6) 194,3
Pomatomus saltatrix 1213,7 5844 400,9 152,6 (12,6) 75,8
Sarda sarda 1578,3 603,3 220,4 4225 (26,8) 3321
Sardina pilchardus 19119,2 244 4 4536,4 10682,8 (55,9) 3655,6
Sardinella aurita 1965,3 555,1 31,6 1371,6 (69,8) 7,0
Scomber scombrus 186,3 0,1 1,5 184,4 (99,0) 0,3
Belone belone 184,9 49,2 91,4 39.2(212) 5,1
Toplam 311496,5 2491359 26336,1 30655,1(9,8) 53694
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1967 ve 2019 yillari arasinda ortalama 8655,3 ton ile
sardalya, en ¢ok avi Ege Denizinde vermis olup, 1971, 57 ton
ile en az, 1993, 23439 ton ile en yiksek av verdigi yillardir
(Tablo 2). 1967 ile 1977 yillari arasindaki 10 yillik sirecte
sardalya av miktari, Ege Denizi ve Turkiye toplaminda
oldukga distiktir (Sekil 1). 53 yilda avlanan toplam sardalya
miktarinin %55,7’si Ege Denizi'nde yakalanmis olup, Ege’nin
ortalama vyillk sardalya yakalama orani da %52 olarak
hesaplanmigtir. 90°li yillar, sardalyanin Ege ve Tirkiye
denizlerinde en fazla miktarda avlandigi yillardir. Girgir tekne
boy ve motor glgleri ile girgir aglarinin boy ve derinligi deki
artiglar sardalya av miktarina dogrudan yansimistir. 2000'li
yillarda Ege’de 10000 tonlara disen av miktari, glinimize
kadar bu seviyelerde devam etmistir. Ege'den sonra
sardalyanin en fazla miktarda yakalandi§yi Marmara
Denizi'nde, 2020 yilinda uygulamaya baslayan isik yasagi, bu
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Table 2. The descriptive statistics of catch amounts of European
pilchard in Turkish seas between 1967 and 2019

ggﬁizi th::i:?ra Akdeniz  Karadeniz Toplam
Ortalama 8655,3 37279 2356,5 832,0 15541,3
Standart Hata 7977 3971 361,3 175,5 1353,6
Aralik 23382 15415 12120 6778 33720
En Kiglk 57 282 2 0,1 989
En Blylk 23439 15697 12122 6778 34709
Sayi (yil) 53 53 53 49 53
Givenirlik Diizeyi 1600,74 796,85 724,93 352,96 2716,26
(%95,0)
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1967-2019 yillari arasinda Ege Denizi ve Tlrkiye denizlerinde yakalanan sardalya bali§i av miktarlari

Figure 1. The catch amounts of European pilchard in the Aegean Sea and Turkish seas between 1967 and 2019

Uskumru, 1967 ve 2019 yillari arasinda Ege Denizi'nde
yillk ortalama 240,9 ton av vermistir (Tablo 3). En fazla
uskumru, 1370 ton ile 1993 yilinda yakalanmistir ve bu rakam
53 yillk siregte 1000 tonun Uzerinde gergeklesen tek
rakamdir.

Ege’de 90’ yillarin baglarindaki uskumru av miktari artis|,
1995 yilindan sonra sadece 2007 yili harig diger yillar 500
tonu gegmeyen rakamlar seklinde devam etmistir (Sekil 2). 53
yillik stregte uskumrunun %38,1’i, son otuz bir yilda (1989-
2019) ise %57,1'i Ege Denizi'nden yakalanmis olup, 53 yilin
Ege Denizi ortalama uskumru yakalama orani %45 olarak
hesaplanmustir.

Tablo 3. 1967-2019 yillari arasinda Ege Denizi ve Tirkiye
denizlerinde yakalanan toplam uskumru miktarinin

tanimlamali istatistiki degerleri

Table 3. The descriptive statistics of catch amounts of mackerel in
the Aegean Sea and Turkish seas between 1967 and
2019
Ege Denizi Toplam

Ortalama 240,9 631,7

Standart Hata 36,15 76,13

Aralik 1366 2542

En Kiiglik 4 38

En Blylk 1370 2580

Sayi (yil) 53 53

Guvenirlik Diizeyi (%95,0) 72,53 152,77
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Sekil 2. 1967-2019 yillan arasinda Ege Denizi ve Tiirkiye denizlerinde yakalanan uskumru baligi av miktarlari
Figure 2. The catch amounts of mackerel in the Aegean Sea and Turkish seas between 1967 and 2019

Kolyoz, 1967 ve 2019 yillar arasi 53 yillik stirecte Ege
Denizi ve Turkiye toplaminda sirasi ile yillk ortalama 1539,3
ve 6928,9 ton av vermistir (Tablo 4).

Tablo 4. 1967-2019 yillan arasinda Ege Denizi ve Tirkiye

denizlerinde yakalanan toplam kolyoz  miktarinin
tanimlamali istatistiki degerleri

Table 4. The descriptive statistics of catch amounts of chub

mackerel in the Aegean Sea and Turkish seas between

1967 and 2019
Ege'de 5000 tonun (Uzerinde kolyozun en fazla Ege Denid T
yakalandigi yillar sadece 1993-1994-1995 ardisik yillaridir  Ortalama 1539,3 69289
; ) o . Standart Hata 2211 1186,1
(Sekil 3). 1967 dgn guiniimiize kacli:lar oIan‘53 yillk siiregte Aralik 6701 32168
kolyozun %22,2'si, 2002 yilindan itibaren ise %54,6'st Ege  EnKiigiik 7 112
Denizinde yakalanmistir. 53 yilin Ege Denizi ortalama kolyoz gxw# g% gxo
yakalama orani ise %32'dir. Giivenirlik Diizeyi (%95,0) 443,75 2380,09
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Sekil 3. 1967-2019 yillari arasinda Ege Denizi ve Tiirkiye denizleri toplaminda yakalanan kolyozun av miktarlari
Figure 3. The catch amounts of chub mackerel in the Aegean Sea and Turkish seas between 1967 and 2019
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Kupes'in, 1967-2019 vyillar arasi 53 yillik slrecgte Ege
Denizi ortalama av miktari 1392,1 ton iken Tirkiye ortalamasi
1864,7 tondur (Tablo 5). Bu stiregte Turkiye kupes avinin %4'd,

Tablo 5.

Ege Denizi'nde gerceklesmistir (Sekil 4). Yillik 2500 ton civari
kupes, 2005 yilindan itibaren Ege’de hemen hemen her yil
avlanmakta ve bunun toplamdaki orani %85'in lizerindedir.

1967-2019 yillari arasinda Ege Denizi ve Tirkiye denizlerinde yakalanan toplam kupes miktarinin tanimlamali istatistiki degerleri

Table 5. The descriptive statistics of catch amounts of bogue in the Aegean Sea and Turkish seas between 1967 and 2019

Ege Denizi Toplam
Ortalama 1392,1 1864,7
Standart Hata 130,91 160,85
Aralik 3197 4037
En Kigiik 51 199
En Byiik 3248 4236
Sayi (yil) 53 53
Givenirlik Diizeyi (%95,0) 262,69 322,76
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4500 =0 Ege Toplam
4000
3500
§ 3000
§ 2500
E
<2000
1500 ‘
1000 M
500 }
0
SEEHLLL LSS EL S PSS 0 P g
Sekil 4. 1967-2019 yillari arasinda Ege Denizi ve Tiirkiye denizleri toplaminda yakalanan kupesin av miktarlari

Figure 4. The catch amounts of bogue in the Aegean Sea and Turkish seas between 1967 and 2019

TARTISMA VE SONUG

1943 yilinda uygulamaya alinan Meclis Kararname’sinde,
memleketin bltin su avi yerlerinde 15 Nisandan Agustos
nihayetine kadar 4,5 aylik middet iginde aletli balik avciligi
memnudur ile iktisat ve Ticaret Vekaletinin 1956-1973 yillari
arasinda cikan sirkilerlerde baliklarin yumurtlama zamani
olan 15 Nisan'dan Adustos sonuna kadar dort buguk aylik
stire iginde butin su avi yerlerinde balik avciigi yapmak
yasaktir diizenlemelerinden, 1943 Oncesi ve sonrasinda
uygulanan Zabitai Saydiye Nizamnamesi'ne gore 15-Nisan-31
Adustos arasi dénemde girgir aveiliginin Tirkiye denizlerinde
yasak oldugu anlasiimaktadir. iktisat ve Ticaret Vekaleti
(Ticaret Bakanhgi) ile Tarim Bakanhginin 1956-1990 vyillari

arasinda glkardigi sirkilerlerde, i¢sulara oranla deniz baliklari
avcihgina iliskin dlizenlemenin ¢ok az olmasi, bu yillarda
denizlerin sonsuz kaynak gibi gorilmesi ve kullaniimasindan
kaynaklanmaktadir. Ancak 80'li yillarda filo ve tekne boy ve
motor gliclerindeki asiri artis, bazi yasaklarin 90'li yillardan
sonra daha yodun uygulanmaya baglamasina neden
olmustur. Bunlara ilaveten balikgl teknesi ruhsatlarina
sinirlandirmalar  gefirilmistir. Fakat, Unal (2004) gegmiste
lisans sistemi ile gemi sayisi sinirlamasinin, higbir bilimsel
calisma veya arastirma raporu dikkate alinmadan
kaldirildigini rapor etmektedir. Her ne kadar 12 metreden
biyik balikgl teknelerinin  ruhsatlandiriimasi  1991'de
durdurulduysa da, Unal ve Gonciioglu (2012) her tiir balikgi
teknesi ruhsatlandiriimasinin 1997'de durdurulduguna vurgu
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yapmaktadir. Ancak Unal (2004) lisans sistemi ile gemi sayisi
sinirfamasinin, bilimsellikten uzak populist yaklagimlarla, alti
ay sureyle Haziran 2001°den 31 Aralik 2001’e kadar tekrar
kaldinldigini rapor etmektedir. Bu alti aylik siire boyunca
(Haziran 2001- 1 Aralik 2001) ¢ok fazla sayida yeni balikgi
teknesinin balikgiliga girmesine yasal olarak izin verilmistir.
Teknelere ruhsat verilmemesi 2002 yilindan bu yana devam
etmektedir. Su anda, filo kapasitesinin daha fazla biyimesi,
balikgi filosuna ilave balikgi gemilerinin girmesine izin
veriimeyerek  durdurulmus  goriniyor fakat Unal ve
Goncioglu (2012) bu uygulamada bir geliski oldugunu ifade
etmektedir. Ruhsat sistemi ylirlrlliktedir ancak mevcut sistem
balikgilik cabalarini sinirlamaktan oldukga uzaktir. Balikgilarin
ve teknelerin ruhsatlandirimasiyla balikgilik cabalarinin etkin
kontrolil; sadece balik avlama izinleri, tekne sayilari ile degil,
ayni zamanda avlanacak alanlari ve slreleri ve hatta
baliklarin  karaya cikarlmasi gereken limanlarin  da
belirlenmesi ile miimkiin olabilir. Glinlimizde Karadeniz'den
ve Marmara’dan bir ok balikgi teknesi, diledigi zaman Ege ve
Akdeniz'e gelip diledigi avlaklarda, diledigi tirleri, diledigi
miktarda avlamaya devam etmektedir (Unal, 2004; Unal ve
Gonctioglu, 2012).

1980’li yillardaki girgir cabasindaki artiglarin (tekne boy
ve motor gici ile girgir aginin boy ve derinligindeki artislar,
gemi inga ve balik bulucu cihazlardaki gelismeler vb.)
olumsuz etkilerini azaltmak igin, 90’ yillarda Ege girgir
balikgiligina bazi diizenlemelerin geldigini gérmekteyiz. 2020
ile 2024 wyillari arasindaki girgir balikgiligini diizenleyen,
uygulanmakta olan son tebligde ise bu kapsam gok daha
genisletimis ve detaylandirimistir. Bu diizenlemeler girgir
dénem ve yer yasaklari, 151k yer ve dénem yasaklari, girgir
1sik yasaklari, girgir agina iliskin yasaklar ve girgirda
yakalanan pelajik tlrlere iligkin diizenlemeler seklinde detayli
olarak ele alinmistir.

Yer yasaklari (girgir ve 1s1k)

1990 yilindan itibaren Ege Denizi'nin kérfez ve koylarina,
girgirla ile su drdnleri aveiligina yasaklar gelmeye baslamistir.
Bu alanlar Mugla Giilik Korfezi, Fethiye Korfezi, Bodrum
Yarimadasi, Gokova Korfezi, Givercinlik Korfezi, Kdycegdiz
iztuzu Sahili, Aydin Akbiik Koérfezi ve Balikesir Ayvalik
Limanrdir. 2020-2024 yillari arasi dénemi kapsayan son
tebligde, girgir yer yasaklari asagidaki gibidir (Sekil 5). Bunun
yaninda ayrica Ege Denizi'nde dbénem boyu su Urlnleri
avciligina yasak olan yerler de mevecuttur. Omegin izmir
Korfezinde sadlik icin sakincali olmasi ve dipteki kirletici
maddeleri su yliziine cikararak ikinci bir kirlenmeye yol
acmasl nedeniyle 1976 yilinda Guzelyali iskelesi, 1990
yilinda Hava Egitim Komutanligi ve 1994 yilinda Ugkuyular
vapur iskelesi ile Bostanli-Sazburnu arasinda gekilen hattin
dogusunda kalan korfez icinde girgir ile avciliga
yasaklanmigtir.  Tim bu alanlar, girgir  balikgiliginin
strdardlebilirligi igin bircok pelajik tlire 6zel Greme ve blylime
rezerv alani olugturmustur.
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Sekil 5. Ege Denizinde girgir avcihigina yasak olan vyerler
(Anonim, 2020)
Figure 5. The areas where the purse seine fishery is prohibited in

the Aegean Sea (Anonim, 2020)

Ege Denizi'nde i1sikla dénem yasaklari ise ilk kez 1 Nisan-
31 Mayis 1985 ile 15 Mart-31 Mart 1986 tarihleri arasinda
uygulanmaya baslamistir. Sonrasinda Meri¢ Nehrinin denize
dokaldagu vyer ile Edremit Kérfezindeki Kiglkkuyu limani
arasinda kalan alanda, Edremit Kérfezi Kiigikkuyu Limani ile
Kusadas! Limani arasinda kalan alanda, Edremit Korfezi
Kiiglikkuyu Limani ile Gesme Limani arasinda kalan alanda;
izmir Korfezinde, Calibagi Burnu-Pelikan banki Feneri-
Abdullahaga Ciftligi hattinin  dogusunda kalan sahada,
Ganakkale li, Biyiik Kemikli Burnu, Bozcaada, Bati Burnu ve
Ayvacik Baba Burnu arasinda gekilen hattin dogusunda kalan
kisimda, Mugla ili, Gilllik Kérfezinde, Tekagag Burnu ile ince
Burnu birlestiren hattin dogusunda kalan kisimda isikla ve
girgirla su Grlnleri aveiligi tim sezon boyunca yasaklanmistir.
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Son tebligde ise asagidaki sekilde gorlldigi gibi Ege
Denizi'nin birgok yeri isikla girgir avciligina kapatiimistir (Sekil
6). Bu yerler, Kardak Kayaliklarinin dogusu, Topan Adasinin
guneyi, Catal Adanin kuzey burnu ve Cavus Adasi etrafi 1
Aralik-31 Ocak tarihleri arasinda (Sekil 6; 49-1), Glllik
Korfezinde; Kapali Burnu ile Kizilyar Burnunu birlestiren hattin
dogusunda kalan alan (Sekil 6; 49-2), lidir Kérfezinde; Colak
Burnu ile Cesme Ugburnu arasinda cekilen hattin dogusunda
kalan alan (Sekil 6; 49-3), izmir Kérfezinde; Ardig Burnu ile
Kapan Burnu arasinda gekilen hattin glineyinde kalan alan
(Sekil 6; 49-4), Candarli Kdrfezinde; Kemikli Burnu ile Aliaga
Tasl Burun arasinda gekilen hattin kuzeydogusunda kalan
alanda (Sekil 6; 49-5), Kiclikkuyu Balikgi Barinadi ile Kigik
Maden Adasl, Giines Adasi Feneri, Ciplak Ada Yumru Burnu
ve Egribucak Burnunu birlestiren hattin dojusunda kalan alan
(Sekil 6; 49-6), Babakale ile Kiglkkuyu Balikgi Barinag
arasinda kalan sahada 2 mil igerisinde (Sekil 6; 49-7) ve
Babakaleyi, Bozcaada Eskifener Burnu, Bozcaada bati burnu,
Gokgeada Aydincik Burnu, Gokgeada Kaskaval Burnu, Biylk
Kemikli Burnu ve Boztepe Burnu ile birlestiren hattin
dogusunda kalan alandir (Sekil 6; 49-8). Ayrica Merig
Nehrinin denize dokuldiga yer ile Anamur Burnu arasinda
kalan karasularimizda 15 Nisan-31 Agustos tarihleri arasinda
1sikla aveilik yasaklanmistir.
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Sekil 6. Ege Denizi'nde isikla girgir avciliina yasak olan yerler
(Anonim, 2020)
Figure 6. The areas where the purse seine fishery with light is
prohibited in the Aegean Sea (Anonim, 2020)

Girgir 11k yasaklar

Girgirda ilk 151k yasagi 1980 yilinda toplam 8 bin mum’un
Uzerinde 1slk veren elektrojen gruplari ile avciligin
yasaklanmasi olmustur. Daha sonra 1990 yilinda takimlarin
kullandigi 1s1k takati, ana tekne, yardimci ve tasiyici tekneler
dahil toplam 8000 mum’u gegemez; 1991-1999 yillarinda
takimda sadece bir teknede 1sik kaynagi bulunabilir ve 1sik
takati, ana tekne, yardimci ve tasiyici tekneler dahil toplam,
akkor telli lambalarda 4000 watt'l, florasan lambalarda 1000
watt'l, buharli lambalarda 500 watt' gegemez seklinde
uygulanmustir. 2000-2024 vyillari arasinda 1sik takati, ana
tekne, yardimci ve tasiyici tekneler dahil toplam 8000 watt’i
gecemez ve Isik ile avcilikta aydinlatma ancak su (stlinde
yaplilir kurallari uygulamaya alinmistir. Karadeniz ve Marmara
Denizi'nde 1sik kullaniminin yasaklanmasi nedeniyle 1sik ile
avciligin serbest oldugu alanlarda su (rlnleri kaynaklarinin
Uzerinde olugsan yogun av baskinin 6niine gegmek, su
urlinleri  kaynaklarinin -~ etkin ~ kullanimi - ve  sirdr(lebilir
isletiminin saglanmasi amaciyla 2020 yilindan itibaren 1sik
kaynadi olarak beyaz isik kullanimi yasaklanmigtir. 1996-
2006 arasinda uygulanan isikla avcilikta lamba teknelerinde
Isikk kaynagi olarak kullanilan jeneratorlerin - glici 12
kilowatt'dan fazla olamaz sinirlamasi, sonraki tebliglerden
cikarilmigtir. 1988 yilindan itibaren iki ayr takimin 1sik
tekneleri arasinda en az 100 m; 1999-2024 yillari arasinda
2000 m mesafe ve lamba teknelerinde personel
bulundurulmasi zorunludur ile 2004 yilindan itibaren 30 m'den
daha si§ sularda i1sik yakilmasi diizenlemeleri uygulamaya
alinmistir.

Girgir ag yasaklari

ik kez 1986-1987 yillari arasinda 5 m (3 kulagtan) daha
sI§ sularda girgir agi kullanilmasi; 1988-1990 yillari arasinda
ise 8 m'den (5 kulag) daha si§ sularda girgir adi kullanilmasi
yasaklanmigtir. 1998 yilinda ise izmir ili 6zelinde Rauf Paga
Dalyani ile Kirdeniz arasindaki sahil kesiminde 9 m (5
kulag)den daha si§ sularda girgr ad  kullanimi
yasaklanmistir.  1991-2003 vyillari arasinda mekanik gug
kullanilan girgir aglarinin 16-18 m'den (10 kulag), mekanik
guc kullaniimayan girgir aglarinin ise 10-11 m'den (6 kulag)
daha si§ sularda kullanilmasi  Tirkiye  genelinde
yasaklanmistir.  2004-2011  vyillarr  arasinda  btlin
karasularimizda girgir aglari ile 10 kulag¢ (18 m) derinlikten
daha sig sularda avcilik yapilmasi, 2012 yilindan itibaren Ege
Denizi'nde girgir adlari ile kiyidan itibaren 24 metre derinlikten
sIg sularda avcilik yapilmasi yasaklanmistir.

1988 yilinda mavi yiizgecli orkinos (Thunnus thynnus
Linnaeus, 1758) avciliginda kullanilan aglarin disindaki girgir
aglarinin ag uzunlugu 400 kulag, ag derinligi 80 kulagtan;
1989-1996 yilinda ise bu aglarinin sadece derinligi 80
kulagtan fazla olamaz hikmi getirilmistir. 2006 yilindan
itibaren ise mavi ylzgecli orkinos avciliginda kullanilan girgir
agdlar harig, derinligi 164 m (90 kulag)'den daha fazla girgir
adlarinin  kullanimi yasaklanmigtir. Ancak girgir aglarin
uzunlugu ile uygulamada olan bir sinirlama mevcut degildir.
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Girgir ile avlanan pelajik tiirlere iligkin yasaklar

Tarim ve Orman Bakanh§inin 1973 yilindan 2020 yilina
kadar yayinladigi tum sirkler ve tebliglerde, Ege Denizi'nde
girgir avcihgr ve hedef tlrlerine iliskin bazi dlizenlemeleri
mevcuttur. 1 Nisan 1973-1 Mart 1974 av sezonuna ait
sirkllerde 1 Haziran ile 15 Agustos 1973 tarihleri arasinda
Ege’nin pek bilinmeyen pelajik balik tirlerinden biri olan ve
yerelde papalina olarak isimlendirilen ¢aga baligi icin dénem
yasagl getirilmistir. Bu uygulama ¢ok biyik olasilikla yaz
déneminde Kuzey Ege kiyilarinda kiyi siriitme aglarindan
igrip ve ftrata ile yakalanan, geleneksel olarak tiiketilen
papalina avciligini 6nlemeye yonelik bir uygulama olabilir. Bu
uygulama 4 yil surekli uygulandiktan sonra 1 Nisan 1977-31
Mart 1978 av sezonunda, sardalya dénem yasagi, 1 Mayis-1
Kasim 1977 arasi olarak uygulanmis ve sardalyaya ilk kez 10
cm catal boy ilk yakalama boyu yasagi getirilmistir. Bu boy
yasag! daha sonra kaldiriimis olup, 1 Eylil 2012'den itibaren
gunimize kadar 11 cm total boy olarak uygulanmaya
baglamistir. 1 Nisan 1977-31 Mart 1978 av sezonunda
uskumruya da 1 Mart-1 Agustos 1977 tarihleri arasinda ilk kez
dénem yasagi ile 31 Mart 1981 av sezonu sonuna kadar
uygulanacak 22 cm’lik catal boy ilk yakalama boy yasagi
getiriimistir. 1 Nisan 1981-31 Mart 1982 av sezonunda
uskumru ve kolyoz tirlerinin ilk yakalama boylari 20 ¢cm gatal
boy seklinde degistirimis, 1 Nisan 1987-31 Mart 1988 av
sezonunda ise kolyozun ilk yakalama boyu 18 cm catal boya
dlsUrilmastir. 1 Nisan 1990-31 Mart 1991 av sezonundan
itibaren gecerli olmak Uzere glinimiize kadar uskumruya 20
cm, kolyoza da ise 18 cm total boy ilk yakalama boy yasagi
getirilmig ve uygulanmistir.

1 Nisan 1991-31 Mart 1992 av sezonundan itibaren
Ege'de ilk kez girgir dénem yasaginin 15 Nisan-1 Eylll 1991
tarihleri arasinda uygulanmaya basladigi ve glinimuze kadar
devam ettigini goérmekteyiz. Ancak bazi ddonemler bu
yasaginin 15 Nisan ile 15 Mayis arasinda bagladigi, 25
Adustos ile 1 Eylul arasinda sonlandidi seklinde degisik
uygulamalar da vardir. Son olarak 1 Eylil 2006 av
sezonundan itibaren glinimUize kadar girgir ddnem yasagi 15
Nisan-31 Adustos seklinde Ege Denizi i¢in uygulanmaktadir.

Tirkiye, &zellikle 2000'li yillardan itibaren sorumlu
balikgilik ilkelerine uyum konusunda 6nemli ilerlemeler
sadlamistir ~ (Anonim, 2018). Balikg! filosunun
siniffandiriimasi, geri alim yoluyla kigiltilmesi, balikgilik
yonetimi igin sirkiler ve tebliglerle onemli dlzenlemeler
getirimesi gibi pek cok &énemli adimlar atiimistir. Ancak
kaynaklarin yipranmasini onlemek igin gelecekte daha fazla
koruyucu tedbirlerin alinmasina ihtiya¢ vardir. Ustelik bu
tedbirler sadece ulusal ihtiyaglarin bir geregi olmakla
kalmayip  kiiresellesen  dinya igerisinde  uluslararasi
zorunluluklar da beraberinde getirmektedir. Okyanuslar,
denizler ve uluslararasi paylasilan stoklar, Ulkelerin ortak
varliklari olarak gériilmekte bu kaynaklardan faydalanmada
uluslararasi kurallara uyum konusu daha fazla giindeme
gelmektedir. Bu nedenle sardalya basta olmak (izere tiim

pelajik tlrlerin av kayitlari istatistiklerde eksiksiz olarak yer
almaldir.

Ege Denizi girgir balikgigi 6zelinde glincel mevcut
strdurdlebilirfik sorunlarinin en baginda, Ege Denizine her
girgir av sezonunda &zellikle Marmara basta olmak (izere
birgok yerden ok sayida girgir teknesi (bazi donemler 70'i
gecmektedir) gelmekte ve Ege Denizi koy ve korfezleri ile
ozellikle agik sulardaki banklarda yogun bir avcilik faaliyeti
gerceklestirmektedir. Hemen hemen her yil ayni sekilde bu
teknelerin tamami Ege Denizinin kuzeyindeki korfez ve
agigindan baslayip, o alanda balik kalmayana kadar avcilik
yaptiktan sonra bir sonraki kérfeze ilerlemektedir. Hossucu
vd. (1995) Ege limanlarina kayith 60 girgir teknesinin
oldugunu, ancak bu sayinin diger bélgelerden (Marmara ve
Karadeniz) gelen tekneler ile 100G astigi 1993-1994 av
sezonu igin belirtilmistir. Girgir teknelerdeki son teknoloji
sonar ve echo-sounder gibi balik bulucu cihazlar ile 1sik
tekneleri sayesinde bu alanlardaki balik siriilerinin
yakalanmama sansi yok gibidir. Bu sebeplerden dolayi Ege
Denizi'nde girgira yasak olan koy ve korfezlerin, birer rezerv
alani olarak ne kadar buylk bir islev gordigu g6z ardi
edilmemelidir. Ancak bu dlizenlemeler de Ege girgrr
balik¢iliginin - stirdirdlebilirligi igin yeterli gorilmemektedir.
Bazi balikgilara gore ya kiyilar (koy ve korfezler) ya da agiklar
(banklar) girgir balikgiigina yasaklanmalidir. Cinkd bu iki
alandan biri pelajik trlerin devamlilig igin rezerv alani olmak
zorundadir (iki alandan biri rezerv alani olarak korunmalidir).
2000'li yillardan sonra kolyoz basta olmak Uzere bazi pelajik
balik tiirlerin av miktarlarindaki dlstisiin bir sebebi de agikta
calisan girgir teknelerinin oldugu ifade edilmektedir. Eskiden
kliclk boyutlu girgir tekneleri ve ayrica kiyi (voli) girgiri olarak
adlandirilan el girgirlar ile Ege’nin koy ve i¢ korfezlerinde
yakalanan bu tlrler, artik bu koy ve kdrfezlere giris yapmadan
aclklarda biyuk girgir tekneleri ile yakalanmaktadir.

Ege Denizi'nde uskumru ve kolyoz av miktarlari 2000’li
yillardan sonra olduk¢a azalmigtir. Bunun baslica
sebeplerinden biri de ézellikle sezon sonu olan Mart 15-Nisan
15 doneminde stoda yeni katilan asin miktarda jivenil
uskumru ve kolyozun (balikgilar kolit demektedir) girgir
adlarinda yakalanmasidir. Oysa Nisan ayinda ¢ok fazla
miktarda yakalanan bu uskumru juvenilleri, 5,5 ay sonra
baslayacak sezonun ergin bireyleri olacaktir. 2017 ve 2019
yillarinda TAGEM (Kasapoglu vd., 2020) ve TUBITAK
(Tosunoglu vd., 2020) projelerinin izmir Kérfezi arazi
calismalarinda, Mart ayinda stoda yeni katilan sardalya, iri
sardalya, istavrit ve uskumru gen¢ bireylerinin girgir ag
gozlerinden gectigi ancak ¢ok hizli bir blylime performansi
gosteren uskumru geng bireylerinin, Nisan ayinda girgir ag
gbzlerinden gecemedigi gdzlenmistir. Ozellikle sardalye ve
hamsi ile birlikte hareket eden bu gen¢ bireylerin gerek isik
teknesi altinda gerekse sonarda yakalanmalari kaginilmazdir.
Bir kasa baligin (~14 kg) birka¢ kg'i bu yavru baliklardan
olusmaktadir. Yavru balik avciliinin énlenebilmesi teknik
acidan bir hayli zor gériinmektedir. Bu nedenle 6zellikle Nisan
ayinda uskumru, kolyoz ve diger tlrlerin yavru bireylerinin
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avciligini - engelleyecek  balikgillk  diizenlemelerinin
uygulamaya alinmasi pelajik tirlerin  strdurilebilirligi
acisindan oldukga 6nemlidir. Burada dikkat edilmesi gereken
en 6nemli husus, bdyle bir diizenleme uygulandiginda diger
bolgelerden gelen teknelerin olusturdugu avcilik baskisi
olacaktir. Gerek girgir ve gerekse diger tlim av araglari ile ilgili
olarak boblgesel balikgiiga gecilmesi ile yapilacak
duzenlemeler, balik stoklari Uzerindeki baskiyl oldukga
azaltabilir.

Girgir balikgiiginda teknoloji ve eforun en Ust diizeyde
¢iktigi gindmizde yakalanan balik miktari, 90°l yillar ile
benzerlik géstermektedir (Hossucu vd., 1995; Tosunoglu vd.,
2018, 2021). Nitekim Hossucu vd. (1995) Ege’de 1992 yili igin
55000 tonluk bir av miktari tahmin edilmistir. Bu miktarin
27000 tonu sardalya, 10000 tonu kolyoz, 5000 tonu kupez,
3500 tonu uskumru, 2500 tonu hamsi ve 7000 tonu da diger
tirlerdir. Teknoloji ve cabanin en (st diizeyde oldugu bu
dénemde, strdlrilebilirlik  kurallarina  uygun  hareket
edilmedigi takdirde Ege Denizi pelajik balik stoklarinda gokiis
kaginilmazdir. Nitekim 2020-2021 Ege Denizi girgir av
sezonu, bu yonde sinyaller vermistir (Kisisel gorisme, Ege
Bolgesi Girgir Balikgilari Dernegi).

Basta asiri avcilik baskisi ile Karadeniz ve Marmara’daki
bazi ticari tirlerin yok olusu (Ulman vd., 2020) ya da
stoklarindaki azalmalar (Demirel vd., 2020) benzer sekilde
Ege Denizi’nde de gerceklestigi degerlendirilmektedir. Clnku
Ege Denizi koy ve kérfezlerinde son yillarda girgir av
sezonunun sonlarina dogru hamsiden bagka avlanilacak balik
tlrline neredeyse rastlaniimamaktadir (Tosunoglu vd., 2020).
Bu sebepten dolayr artik ¢ogu tekne sezon sonunu
gdérmeden, yaklasik bir ay 6ncesinden sezonu kapatmaktadir.
Diger tekneler ise sezon sonuna dogru dnceki aylara gore
balik cesitliligi ve miktarindaki diisis ve Mart ayinda isida
balik toplanmamasindan dolayi, giindiz sonar ile balik
takibine ve dlslik miktardaki sirlilere en az 2-3 kez ag
atmaktadir. Artik girgir balikgilari arasindaki “cok balik
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Abstract: Innovative bioactive protein hydrolysates (PH), produced from Rainbow trout (Oncorhynchus mykiss W., 1792) by-products, were used as a
coating on smoked fillets of bonito (Sarda sarda) for extension of the quality and shelf life during chilled storage for 60 days. Three fillet groups were
prepared as control group without coating (CG), normal hydrolysate coated group (NHCG), and ultrasound-assisted hydrolysate coated group (UHCG).
Total volatile basic nitrogen (TVB-N) and TBA values exceeded the acceptable limits on the 39th and 33rd days for CG respectively; 60th day for NHCG and
UHCG. However TBA of UHCG was significantly lower than NHCG. Total aerobic mesophilic bacteria (TAMB) and total aerobic psychrophilic bacteria
(TAPB) loads reached 6.32+0.06 and 7.30£0.12 log cfu/g for CG on the 39th day. TAMB and TAPB values of NHCG and UHCG have remained within the
limits of consumable until the end of the storage. PH coatings prolonged the storage of fillets by delaying chemical, physical, and microbial degradation.
Results showed that ultrasound-assisted PH could be used as a coating for smoked bonito at refrigerated conditions, delaying oxidation and microbial
degradation.

Keywords: Bioactive coatings, protein hydrolysate, smoked fish fillet, ultrasound, food preservation

0z: Gokkusagr alabaligi (Onchorhynchus mykiss W., 1792) yan iriinlerinden iretilmis yenilikgi biyoaktif protein hidrolizat (PH), tiitstilenerek 60 giin
boyunca soguk depolanan palamut filetolarinin kalite ve raf émriinii uzatmak amaciyla kaplama olarak kullaniimistir. Kaplamasiz kontrol grubu (CG), normal
hidrolizat kapli grup (NHCG) ve ultrason destekli hidrolizat kapli grup (UHCG) olarak (g fileto grubu hazilanmistir. CG igin toplam ugucu bazik nitrojen
(TVB-N) ve TBA degerleri, kabul edilebilirlik sinirlarini sirasiyla 39. ve 33. giinde; NHCG ve UHCG igin ise 60. giinde asmistir. Ancak UHCG'un TBA degeri
NHCG'dan énemli dlgiide daha diisiiktir. CG'na ait toplam aerobik mezofilik bakteri (TAMB) ve toplam aerobik psikrofilik bakteri (TAPB) yiikleri 39. glinde
sirastyla 6,32 + 0,06 ve 7,30 + 0,12 log kob/g'a ulagmistir. Bu degerler NHCG ve UHCG icin depolamanin sonuna kadar tiketilebilirlik sinirlari iginde
kalmistir. PH kaplamalar kimyasal, fiziksel ve mikrobiyal bozunmayi geciktirerek filetolarin depolama siresini uzatmistir. Sonuglar ultrason destekli PH'nin,
oksidasyon ve mikrobiyal bozunmay geciktirerek, soguk kosullarda depolanan tiitsilenmis palamut icin kaplama olarak kullanilabilecegini géstermistir.

Anahtar kelimeler: Biyoaktif kaplama, protein hidrolizati, tiitstilenmis balik filetosu, ultrason, gida muhafazasi

INTRODUCTION

FAO authority stated, "Food loss and waste is a big
challenge of our time”. Food losses and waste occurs at all
stages from farm to table including harvesting, transferring,
processing, and storage. With the reduction of all these
losses and wastes, productivity increases, more food can be
supplied to people, and reduced economic and environmental
problems such as energy and water are wasted (FAO, 2020).

Fish is an extremely perishable food, this spoilage occurs
at every stage of the process from harvest to consumption,
and rapid quality losses are experienced. This deterioration
occurs not only how the fish is treated but by the biological
reactions that occur in its structure and the metabolic
activities of the bacteria (Lougovois and Kyrana, 2005). Also,
high rate of unsaturated fatty acids is one of the leading

causes of degradation by oxidation. As a result, loss of
nutritional quality properties such as safety, color, flavor, and
texture and shortening the shelf life of the fish (Sone et al.,
2019). As a result, it needs particular care to be taken from
harvesting and all necessary steps to preserve quality
nutritional properties and decrease losses and waste.

A large part of the fish produced in the world is processed
and presented for consumption. The smoking process not
only prolongs the shelf life but also helps to improve the
organoleptic characteristics of fish. It has been reported that
the combined effects of the salt in the brine, the high
temperature and the antibacterial and antioxidant compounds
in the sawdust composition are responsible for the protection
compared to non-smoked products. Drying the fish surface by
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the effect of the process also decreases the water activity
(aw), resulting in increased inhibition of bacterial growth
(Lerfall and Hoel, 2020). Although the above advantages,
smoked fish are among semi-preserved products and always
carry a risk for quality assurance (Kramarenko et al., 2016).
To meet the consumer's demand for quality and prevent
economic losses, the producers try to find innovative methods
and new applications to produce safe-to-eat products with
high quality and extended shelf life.

In recent years, the use of certain natural molecules such
as tocopherols, ascorbic acid, plant extracts in the storage of
such products has great potential. Edible coatings have been
tried with an overall goal of improving safety, quality, and
extend shelf life. The application of coatings achieves this
with the corresponding functionality through the surface of the
product. There is an increasing trend as artificial materials
changing towards natural-based and eco-friendly alternatives
on coating materials. PH’s from marine sources has been
reported to possess strong protection properties for the
quality of fish (Hajfathalian et al., 2020). Especially protein
hydrolysates produced from a by-product of aquatic
organisms allow utilizing the lost and highly protein-rich
materials as natural sources. The application of innovative
technologies such as high hydrostatic pressure, irradiation,
ultrasound, filtration, plasma technology, pulsed electric field,
gamma irradiation, supercritical fluid extrusion, etc., can
modify the protein structure and functional properties. Among
these technologies, ultrasound technology modifies the
enzymatic hydrolysis and could increase extraction yields and
enhance the hydrolysate properties. Ultrasound is a novel
technology is a safe, non-toxic, eco-friendly and easy to use.
It can be divided into two categories; high frequency, low
energy diagnostic ultrasound, low frequency, high energy
power ultrasound, and have shown significant improvements
in the food industry in the analysis and the modification of
food products. Significant changes occur in physicochemical
characteristics of food under the power ultrasonic frequency
(between 16 kHz to 100 kHz). Ultrasonic waves cause gas
dissolution and cavitation that result in physical, mechanical,
or chemical, biochemical effects on modifying the product
properties compared to conventional methods (Zink et al.,
2016). One application is extracting on the recovery of protein
and bioactive compounds (Wen et al., 2018). It could
significantly improve the enzymatic hydrolysis and properties
of proteins such as potential free radical-scavenging activities
and capability of lipid oxidation-reduction (Balcik Misir and
Koral, 2019a). But the ultrasound treatments still need new
research to find out the ultrasound technology’s effectiveness
on food properties. Several studies have been achieved in the
production of ultrasound-assisted PH from plant and animal
origin raw materials and determining characteristics of the
final products such as biochemical composition, molecular

structure, amino acid composition, functional properties,
antioxidant and antimicrobial activities. But very limited
reported researches exist in investigating the effects of
ultrasound-assisted hydrolysates coatings on shelf life and
quality parameters of smoked fish.

Atlantic bonito (Sarda sarda Bloch, 1793), a fusiform fish
species belonging to the Scombroid family, has a high market
value globally and Turkey. It is a good source of food with
high protein and fat contents (average 20.16g/100g and 8.4%,
respectively)  including  reasonable  amounts  of
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) in a range of 252.0-1169.1 mg/100 g and 712.1-
3324.1 g/100 g, respectively, (Balcik Misir et al., 2014). But
high rate of unsaturated fatty acids causes deterioration and
degradation by oxidation of bonito flesh.

In this study, smoked bonito fillets were coated with PH
produced from rainbow trout by-products (not include viscera)
enzymatically normal and ultrasound-assisted. PH was
produced and characterized biochemically, functionally, and
structurally in a previous study (Balcik Misir and Koral,
2019a). Coatings were applied by the dipping method and
coated fillets were stored at 4+1°C. To determine the impact
of coatings on fillet's quality and shelf life, physicochemical
properties and bacterial counts of coated fillets were analyzed
during 60 days.

MATERIAL AND METHODS

Fish protein hydrolysates; Normal hydrolysate (NH)
was produced from rainbow trout by products and
characterized previously. The production was conducted
briefly by using Alcalase 2.4 L with enzyme/substrate ratio of
0.5%, pH 8, for 1 h at 60°C. The same conditions were used
for ultrasound-assisted PH production. A probe-type
ultrasound equipment (Sonics Vibra cell, USA, tapered micro
tip, 142 x 6 mm) with 40% ultrasonic amplitude, pulse
duration of 10 s on- time; 20 s off-time was applied during the
production. NH contains 86.40% protein, 0.05% lipid, 1.36%
moisture, and 6.25% ash, with the degree of hydrolysis 25.29
%. Ultrasound-assisted hydrolysate (UH) contains 86.75%
protein 0.05% lipid, 2.10% moisture, and 5.95% ash with the
degree of hydrolysis 23.67%. Copper (ll) ion-reducing
antioxidant capacites (CUPRAC) were 230.23 M
Trolox®/mg mixture and 244.89 uM Trolox®mg mixture for
NH and UH, in order. Iron (lll) ion-reducing antioxidant power
(FRAP)  antioxidant  activies were 12161 M
FeS04.7H20/mg mixture and 13.75uM FeS04.7H20/mg
mixturefor NH and UH, respectively (Balcik Misir and Koral,
2019a). Food-grade glycerol; (99.96% purity W252506,
Sigma-Aldrich) at 20% (w/w, based on biopolymer content)
was purchased from Sigma Aldrich (Steinheim, Germany) and
used as a plasticizer. All other chemicals, solvents used in
this work were of analytical grade.

Fish, thirty individuals of fresh bonito weighing 15.25 kg,
were purchased from a local fish market in Trabzon, Turkey.
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The bonitos were immediately stored in ice in polystyrene
boxes and delivered to the laboratory. The average weight
and length of the whole fish were 503.75+45.67g and
36.20+0.91 cm, respectively.

Smoking material; beechwood sawdust (purchased from
alocal supplier).

Smoking, coating, and storage of bonito fillets in the
cold (+4%1°C) storage conditions; Bonitos were
eviscerated, filleted, and washed, then drained for thirty
minutes. Drained fillets were brined before smoking. Brining
was carried out by immersing. The fillets were immersed in
10% sodium chloride (NaCl) solution for 1 h at 2°C for brining.
After that, fillets were washed and drained again, then placed
on the grills of the smoking kiln.

Smoking kiln specifications; A conventional smoking
kiln (TERMAL Laboratuvar Aletleri, Istanbul, Turkey) made of
stainless chrome with dimensions 120 x 80 x 80 cm (height x
width x depth). On-board electronic thermostat (adjustable
between 0-260°C) and humidity meter (0-100%) were
available. For the heating of the kiln, A hidden resistance (220
V) was placed between two floors for heating. A separate
oven was used to produce smoke and mouthed to the oven
with a 13 cm diameter chrome pipe.

Smoking process conditions; The hot smoking process
was performed according to Koral (2006). Firstly the fillets on
the smoking kiln grills were dried in the smoking kiln for 30
min, at 30°C and then the kiln temperature was increased to
60°C and the process was continued at this temperature for
45 min. After that the temperature was allowed to reach 90°C,
and the fillets were kept at this temperature for another 30
minutes. Then, the smoking process was completed, and the
smoked fillets were allowed to cool at room temperature
(22+2°C).

Preparation and application of the coatings materials;
NH and UH were dissolved in distilled water (10% w/w), and
glycerol was added (2:1 protein/glycerol) as plasticizer (pH
was adjusted to 7 with HCI or NaOH). Solutions were stirred
slowly in a water bath (Daihan, Digital Precise Water Bath,
WB, 06, Philippines) for 15 min at 60°C (Rodriguez-Turienzo
et al., 2011). The coating materials were applied on one side
of the fish with a silicone brush and left to stand for 5 minutes.
After that, the same process was repeated for the other side.
CG was prepared as uncoated. The fillets were placed in
styrofoam plates individually, covered with stretch film for
each day of analysis. Physical, chemical, and microbiological
analyses were performed on the fresh fish and, 1st, 6t, 12th,
16h, 21st, 33, 39, 501, and 60t days of storage. For the Ot
day analysis, samples (n=6 different fillets; n=2 for each
group) were kept at -80 °C until analysis. The rest of the fillets
(n=54 different fillets; n=2 fillets for each group) was stored at
411 °C for analysis. Before each analysis, the film was taken
off from the plates, and the fillets were homogenized with a
knife by cutting into small particles.

Measurement of salt, aw, pH, and color

The salt content was determined by the Mohr method.
According to the procedure, the aliquot was titrated with 0.1 N
silver nitrate, and the amount of salt was calculated (Rohani
et al, 2010). aw was measured with Aqualab 3TE (0.100-
1.000£0.003, Aqualab, Decagon Devices, Pullman,
Washington, USA) brand device at 25 °C (+£0.2°C). pH was
measured with a probe-type pH meter (Mettler-Toledo AG,
Seven Compact 8603 N, Sweden) with the procedure given
by Koral (2012). Konica Minolta Colorimeter (CR 10, Tokyo,
Japan) was used for color measurement of the coated fillets.
The instrument was standardized with the standard white
plate. CIE color table was used for evaluation. Three different
points of the surface of two fish fillets were taken for the
measurement.

Indicators of fish degradation and resistance to fat
oxidation

Deterioration and fat oxidative stability of fillets during
storage were assessed in TVB-N, TMA, and TBA analysis.
The method described by Liicke and Geidel (1935) was used
for TVB-N analysis. TBA analysis was carried out with the
method used by Tarladgis et al. (1960). TMA analysis was
done according to Boland and Paige (1971). TVB-N, TBA,
and TMA analyses were performed as described previously
by Balcik Misir and Koral (2019b). All experiments were
performed in triplicate.

Microbiological analysis

The surface plate method was used for enumeration. All
counts were expressed as log CFU/g and performed in
triplicate.

Total aerobic mesophilic bacteria (TAMB) and total
aerobic psychrophilic bacteria (TAPB) counts

Standard plate count agar (PCA, Cat No. 105463, Merck,
Darmstadt, Germany) was used for TAMB and TAPB. The
methods determined by Bell et al. (2005) were applied for
TAMB and TAPB analysis.

Yeast, mold, and coliform count

Potato dextrose agar (Cat. No: 1.10130.500, Merck,
Darmstadt, Germany) was used for yeast and mold count,
and violet bile agar (Cat. No: 1.01406.0500, Merck,
Darmstadt, Germany) was used for the coliform count. The
procedure was followed, explained by Bell et al., (2005).

All experiments were performed in triplicate.
Data analysis

All data analyses were done in triplicates, and means
were compared statistically with Analysis of variance (one-
way ANOVA), in case of significant differences, Tukey and
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Mann Whitney U test (data not provided in the normality of
assumptions) were applied with the program named “JMP
5.0.1” (SAS Institute. Inc. USA) and SPSS 18.0 (SPSS Inc.,
Chicago, IL) (Sokal and Rohlf, 1987). A significance level of
95% (P<0.05) was used throughout the analysis.

RESULTS AND DISCUSSION
Salt, aw, pH and color

Salt contents of smoked, and coated fillets were analyzed
and calculated as 6.45%, 7.60% and 7.88%, for CG, NHCG
and UHCG, respectively. Codex Alimentarius (2013) stated
that the salt concentration in the aqueous solution should be
at least 5% to ensure completely effective protection at
temperatures from 3 to 10 °C. As it can be seen in Table 1,
the initial aw of the fresh bonito fillet was 0.993. A similar aw
value (0.994) was measured by Koral and Kése (2018), for
the same species. In the current study, fluctuations have
occurred in all groups' aw values during storage. It was
measured above the limiting level of this parameter to ensure
microbial stability because it is generally accepted that no
microbial growth will occur at aw< 0.66 (Castarfieda-Lopez et
al., 2021). Decreasing of aw value was assumed as a result of
the application of salting and drying processes due to the
nature of smoking technology. It has been determined that
salt substitution and drying process decreases the aw of foods
(Pedro and Nunes, 2019). The acidity level of the fillets was
determined by the pH measurement. The initial pH of the
smoked fillet was 6.21+0.03. It was decreased in each group
on the first day, and the differences between CG and NHCG
and UHCG were not significant (p<0.05). It fluctuated for each
group, but the general trends were reducing during the
storage. No significant differences were observed between
NHCG and UHCG except the 6th day of storage (p>0.05)
(Table 1). This similarity can be attributed to the pH values of
the two coatings that ultrasound treatment hadn't affected the
pH of the PH (Balcik Misir and Koral 2019a). Several
researchers have explained that the pH of smoked fish can be
affected by some factors such as used fish species, smoking
material, salting process, smoking procedure, and
temperature of the process (Mufioz, et al., 2020; Jimenez et
al., 2020). The decreasing of the pH during storage was

attributed to the salt content which has been said to have a
highly significant linear decreasing effect on the pH, which
was explained by the increase of the ionic strength of the
solution inside of the cells (Leroi and Joffraud, 2000). This is
confirmed by the present results. Color is one of the most
important elements that influence consumer acceptance of
food products. Coating materials affected the color of smoked
fillets (Table 1); CG differed significantly (p<0.05) from coated
fillets. Decreasing values have been experienced during the
storage in this group. The color of UHCG was brighter and
preserved the original color of fillets longer than CG and
NHCG. L* value, which represents the lightness and varies
from O (black) to 100 (white), was measured as 45.08 for
fresh bonito fillets and increased in all groups after smoking.
However, NHCG and UHCG have higher L* values than CG.
L* values of CH have decreased during storage and
measured as 41.03 on the 39th day of storage, where it
sensibly fell below the consumable limit. L * values of NHCG
and UHCG increased on the 1st day of storage and then
decreased in the following days. Decreased values of L*
demonstrated that fillets have become pale and darker.
However, the barrier formed by the coating materials against
environmental oxygen, other gases and moisture, made
NHCG and UHCG more attractive than CG. Karnjanapratuma
and Benjakul (2020) had determined the impact of the
ultrasound-assisted process (UAP) on the yield and
characteristics of Asian bullfrog skin gelatin. In their research,
ultrasonication caused increased L* value, representing the
lighter color of the gelatin. a* value of the CG had increased
during the storage and reached the maximum value on the
39t day (16.68). Although a* values of NHCG and UHCG
showed an increasing trend during the storage, they were
lower than CG. Increasing a* value means increasing the
redness in the color of fillets. The previous researchers also
had similar results in their studies that mean generally
smoking effect increase the redness of the fish fillets (Lerfall,
and Hoel, 2021; Valg et al., 2020). Having statistically
different L*, a*, and b* values from other groups, UHCG has
prevented the color of fillets more effectively. The structural
changes produced by ultrasonication during  protein
hydrolysate production might have influenced the color
parameters.

Table 1. Changes in aw, pH and color (L*, a*, b*) parameters of smoked bonito fish preserved in cold storage (4 + 1°C)

Days Sample aw pH L* a* b*

0 Fresh bonito 0.993+0.001 6.21£0.03 45,08+0.32 11.09£0.28 21.10+0.23
CG 0.980+0.00124 5.43+0.0324 45.10+0.2225 13.40+0.0824 24.75+0.132a

1 NHCG 0.97740.00024 5.45+0.012a 45.93+0.2152 12.23+0.05b4 23.68+0.16°
UHCG 0.97740.00224 5.39+0.0425 46.28+0.13b 12.28+0.2204 23.50+0.08b
CG 0.975+0.00128 5.31£0.0228 42.93+0.13% 14.23+0.15% 24.48+0.1427

6 NHCG 0.97740.00124 5.64+0.01% 46.15+0.2455 13.90£0.14b8 23.18+0.18%
UHCG 0.972+0.001% 5.6910.01¢ 47.15+0.10% 12.7340.10% 22.20+0.12%
CG 0.977+0.0012c 5.4240.012a 42.97+0.25% 14.87+0.15%¢ 24.07+0.06%

12 NHCG 0.97940.00124 5.53+0.01b¢ 45.23+0.06% 13.83+0.06b 23.02+0.15%
UHCG 0.97410.001b4 5.5110.06b 47.10+0.062 13.20+0.17¢c 21.47+0.12¢%
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Table 1. Continued

CcG 0.9750.001% 5.26£0.01%
16 NHCG 0.974:0.0025 5.3940.03%
UHCG 0.969+0.000¢ 5.35+0.025
CcG 0.97620.001%c 4.9140.04%
2 NHCG 0.966+0.001% 4.76:0.060
UHCG 0.96620.001% 4.80+0.02%
CcG 0.97620.001%c¢ 4.95+0.01%
33 NHCG 0.9720.0015 5.09+0.03b
UHCG 0.973+0.00205 5.06+0.02%
cG 0.972+0.001% 4.9740.02%
39 NHCG 0.973+0.0012 4.830.04%
UHCG 0.97420.0012 4.85£0.02%
6 \ \
50 NHCG 0.973+0.0012 4.88+0.03%
UHCG 0.97120.0012 4.8740.02%
G \ \
60 NHCG 0.968+0.001% 4.9240.03%
UHCG 0.97020.0012 4.9140.02%

42.23+0.15% 15.20£0.10% 23.83+0.29%
44.53+0.29° 13.30£0.34% 22.47+0.06%
45.27+0.23% 12.87£0.42% 21.23+0.15%
41.65+0.172p 15.48+0.18% 23.45+0.08%
44.28+0.08 14.00£0.14% 22.95+0.06%
45.15+0.06°% 13.45+0.06%¢ 22.63+0.16%
41.28+0.10% 16.53+0.10% 23.65+0.312
44.18+0.19% 14.30+0.08% 22.35%0.10%
44.88+0.13% 14.25+0.06% 22.02+0.19%
41.03+0.112¢ 16.68+0.192 23.88+0.13%
43.63+0.29° 14.73+0.13b% 22.10+0.14%
44.45+0.18% 14.45+0.130% 22.7520.15%
43.17+0.13% 15.23+0.06% 21.63+0.06%

44.000.10° 15.07+0.15% 21.13+0.125
43.02+0.14% 15.58+0.142¢ 21.78+0.13%
43.88+0.13% 15.30+0.100 21.34+0.16%

Different lowercase letters (a, b, c) in the same column indicate the difference between the groups on the same day (P <0.05). Different capital letters in the
same column (A, B, C, D) indicate the difference in the same group on different days (P <0.05). CG: Control. NHCG: Normal hydrolysate coated group. UHCG:

Ultrasound-assisted hydrolysate coated group, *: Not analyzed

Indicators of fish degradation and resistance to fat
oxidation

The degradation of protein and non-nitrogen components
by factors such as microbiological activities of bacteria,
enzymatic autolysis, lipid, and oxidation of proteins leads to
the accumulation of organic amines, generally known as TVB-
N. With the storage period, the TVB-N value increases
depending on this accumulation. TVB-N contents are toxic
and cause color and taste changes in the texture, thus
affecting the acceptability in consumption (Cao et al., 2019).
Changes in TVB-N, TBA, and TMA values of smoked bonito
fillets that were coated and stored at +4 °C, are shown in
Table 2.

TVB-N of fresh bonito fillet was determined as 15.56 +
0.50 mg /100 g. This value has increased statistically in all
groups starting from the first day of the storage (P <0.05).
Increases were significantly higher in CG than NHCG and
UHCG (P <0.05). It exceeded the acceptability limit by
reaching 41.88 + 0.35 mg / 100 g for CG on the 39th day of
storage, 43.12 £ 0.35 mg / 100g and 42.68 + 0.30 mg / 100g
for the NHCG and UHCG, on the 60t day of the storage,
respectively. In addition to improved protective effects
supplied by the combination of low moisture content by the
effect of drying, salt content, and sawdust active ingredients,
it can be said that coating materials could delay microbial
deterioration and oxidation and made NHCG and UHCG's
shelf lives longer than CG. The differences in TVB-N values
of NHCG and UHCG were not statistically significant
(P>0.05). Yu et al, (2021) determined the effects of

ultrasound-assisted  chitooligosaccharide (COS-UA) and
chitooligosaccharide (COS) coating on grass carp fillets
during cold storage. Researchers stated that TVB-N values of
the fillets increased slowly up to the 3rd day for each group,
but this increase was not statistically important. TVB-N values
of COS and COS-UA were lower than the control group
(about 17-37 %). TVB-N value of COS-UA was found lower
than COS on the 6th day. The control group’s TVB-N value
reached the minimum limit (11.39 mg/100 g) on the 6th day,
but this limit was exceeded by COS and COS-UA on the 9th
and 12th days, respectively. This was explained by the effect
of ultrasound application that could help to inhibit the
deterioration. EI-Obeid et al., (2018) observed the shelf-life of
smoked eel fillets treated with chitosan and thyme oil using
vacuum packaging (VP) at 4 °C. They prepared smoked fillet
groups as S (control, smoked, no antimicrobials added), ST
with added thyme EO, SC with added chitosan, and SCT with
added chitosan and thyme EO. They reported increasing
trends in TVB-N content of all groups of smoked ell fillets had
during the storage. They calculated the TVB-N values of S,
ST, SC and, SCT as 31.5 mg N/100 g and 18.1, 14.9 and
13.1 mg N/100 g, respectively, on final days 35 and 42, 49 of
storage. These previous studies’ results had shown similar
trends with the present study that ultrasound-assisted and/or
normal treatments of natural coatings extended the shelf life
of fish fillets during cold storage by delaying the deterioration.
In the present research preventive effect of coating materials
with their antioxidant activities (determined in our previous
research paper (Balcik Misir and Koral 2019a) resulted in a
lower increase in the TBA values of NHCG and UHCG than
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CG. The TBA values of CG exceeded the consumable limit on
the 33rd day of storage whereas, in the NHCG and UHCG,
this limit was exceeded on the 60th day. As seen in Table 2,
the TBA of UHCG was significantly lower than NHCG
(p<0.05). Higher antioxidant activity of UHCG could be
effective on this result (Balcik Misir and Koral, 2019a). Noman
et al., (2020) reported, “US (ultrasound) technique can play a
promising role in the production of protein hydrolysates and
the improvement of their antioxidant properties.” EI-Obeid et
al., (2018) explained the lower TBA values in the treated SC,
SCT eel samples as the high antioxidant activity of chitosan
and thyme EO which could reduce the level of oxidation in the
eel samples.

Table 2. Changes in TVB-N, TBA and, TMA parameters of smoked
bonito fillets coated with fish protein hydrolysate during

storage at (4+1°C)
TVB-N TBA
Days Sample TMA (mg/100g)
(mg/100g) (mg MA/kg)
Fresh
0 L 15.56+0.50 0.46+0.06 0.48+0.06
Bonito fillets
CG 18.114£0.302a  1.1840.062a  0.68+0.062
1 NHCG 16.66+0.1504  0.9240.06°a  0.56+0.04b
UHCG 16.31£0.10%a  0.86+0.08%a  0.54+0.04b4
CG 2228+0.15%  2.72+0.123  0.89+0.05%
6  NHCG 18.14+0.17%s  1.54+0.08%s  0.66+0.06%
UHCG 18.68+0.15%s  1.394£0.10%  0.60+0.04bA
CG 241240155 4.1120.08:c  1.02+0.10%
12 NHCG 20.50+0.17>¢  2.56+0.14b¢  0.86+0.04%
UHCG 20.28+0.15°c  2.24+0.06c  0.78+0.08%
CG 27.88+0.17%p  5.7610.14%p  1.68+0.06%
16 NHCG 2348+0.17%  3.48+0.10p  1.18+0.060c
UHCG 23.08+0.15%  3.25+0.08%  1.09+0.04%
CG 30.12£0.30%  6.35+0.14%  2.08+0.10%
21 NHCG 26.18+0.30%  4.56+0.06%  1.52+0.08%
UHCG 26.1240.15%  4.08+0.12¢  1.38+0.10%
CG 33.88£0.17%  7.28+0.10%  2.72+0.06%
33 NHCG 29.26+0.10%  5.02+0.08>  1.82+0.10%
UHCG 29.18+0.15%  4.700.06¢% 1166:0.08%
CG 41.88+0.35%  8.03+0.082%c  3.62+0.08%
39 NHCG 31.78£0.15%  5.50+0.12%  2.24+0.06%
UHCG 31.66+0.30%  5.0840.10c¢  2.16+0.10%
cG * * *
50 NHCG 34.28+0.35%  5.98+0.10%y  2.64+0.06%
UHCG 33.96£0.173y  5.38+0.12%;  2.56+0.10%
cG * * *
60 NHCG 43.12+0.352 7.19£0.16% 3.06+0.08a4
UHCG 42.68+0.307 6.48+0.125 2.88+0.10a4

Different lowercase letters (a, b, c) in the same column indicate the difference
between the groups on the same day (P <0.05). Different capital letters in the
same column (A, B, C, D) indicate the difference in the same group on
different days (P <0.05). CG: Control. NHCG: Normal hydrolysate coated
group. UHCG: Ultrasound-assisted hydrolysate coated group, *: Not analyzed

Triethylamine oxide forms TMA by the enzymatic activity
of bacteria, which is responsible for the unpleasant fishy odor
(Olafsdottir et al.,1997). The TMA values of all studied groups
were well below the consumable limits throughout the entire
store (Table 2). This situation could be due to both brining
process used by the nature of the smoking process and the
antioxidant and antimicrobial activities of the smoking
material, and the temperature applied during the smoking.
The microbial growth in the product was restricted under the
influence of salt and temperature with decreasing moisture
content. But lower TMA values of NHCG and UHCG than CG
could be explained by coating materials used in these
products. Coatings might have formed a protective layer on
the surface of the fillets that prevented the passage of
gasses, moisture, and microorganisms through the fillets and
protected them. But similar to TVB-N, TMA values of NHCG
and UHCG were not statistically different throughout the
storage. There have been stated in some previous
researches that edible coating materials of both vegetable
and animal origins have shown antioxidant and antimicrobial
effects in smoked fish species resulting in quite a long shelf
life compared to control groups (EI-Obeid et al, 2018;
Martinez et al., 2018).

Changes in the microbiological structure

The changes in the number of TAMB, TAPB, total
coliform, and total mold and yeast in coated smoked bonito
fillets are presented in Table 3. The initial TAMB, TAPB,
coliform bacteria, and yeast/mold counts for fresh bonito fillets
were 3.18+0.10, 2.94+0.08, <1.47, and <1.47, respectively.

The counts have decreased with the effect of the smoking
process on the 1st day of storage, then started to increase.
CG became inconsumable in terms of TAMB and TAPB loads
on the 39th day, while in NHCG and UHCG, these loads have
remained within the limits of consumable until the end of the
storage period. TAPB loads of NHCG and UHCG have
exceeded the consumable limits on the 60th day of storage.
Although initially very low, there was an increase observed in
the counts of coliform bacteria in CG on the 16th day of
storage. Although the counts of yeast and mold increased in
the CG on the 12t day, these counts increased on the 33
day of storage in NHCG and UHCG. Yeast and molds are not
found in normal flora in fish. The contamination can occur
during catching, processing, from nets, tools, and other
materials (Carrion-Granda et al., 2018). As seen from Table
3, similar to coliform bacteria, there was an increase occurred
in the counts of yeasts and molds. Previous studies supported
that protein-based edible films can extend the shelf life of the
product by suppressing microbial growth (Xiong et al., 2021;
Dinika et al., 2020). Choulitoudi et al. (2017) applied plant
extracts enriched with rosemary extracts as a coating material
in the preservation of smoked ell. They expressed that the
coating material shoved antimicrobial activity and prevented
bacterial growth compared to the control group. Enriched the
stability of smoked ell antimicrobial points.
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Table 3. Changes in microbiological counts of smoked bonito fillets coated with fish protein hydrolysate during storage at (4+1°C)

Total Aerobic Bacteria (log CFU/g)

Days Groups
Mesophilic Psychrophilic Coliform Bacteria Yeast and Mold
0 P e 3182010 2.94+0.08 <147 <147
CG 2.44+0.062 2.46+0.042, <147 <147
1 NHCG 2.36+0.042, 2.42+0.062 <147 <147
UHCG 2.32+0.082 2.40+0.062 <147 <147
CG 2.68+0.06% 2.78+0.04% <147 <147
6 NHCG 2.40+0.08bA 2.48+0.08bA <147 <147
UHCG 2.38+0.04b4 2.400.10b4 <147 <147
CG 3.18+0.10%¢ 3.48+0.08%¢ <147 1.5840.06a
12 NHCG 2.68+0.10% 2.900.12b <147 <147
UHCG 2.70+0.14bg 2.86+0.10b <147 <147
CG 3.76+0.10%p 4.25+0.08% 1.62+0.12a 1.98+0.08s
16 NHCG 3.12+0.12b¢ 3.48+0.06¢¢ <147 <147
UHCG 3.04+0.10b¢ 3.40+0.14b¢ <147 <147
CG 4.63+0.06% 5.18+0.06% 1.9840.045 2.38+0.10p
21 NHCG 3.72+0.10b 4.12+0.100p <147 <147
UHCG 3.60+0.08b 4.02+0.080 <147 <147
CG 5.20+0.08% 6.40+0.06%F 2.28+0.06%¢ 2.88+0.06%
33 NHCG 4.52+0.10b 4.96+0.10b 1.6210.044 1.52+0.044
UHCG 4.38+0.08¢ 4.80+0.12% 1.58+0.08%A 1.50+0.020A
CG 6.3 2+0.06% 7.30+0.123p 2.82+0.10%p 3.26+0.122¢
39 NHCG 4.90+0.080 5.36+0.06% 1.88+0.08% 1.72+0.06
UHCG 4.96+0.120 5.24+0.10b 1.80£0.06% 1.70£0.08%
cG « * * *
50 NHCG 5.22+0.06% 5.98+0.10%¢ 2.18+0.062¢ 1.98+0.042c
UHCG 5.16+0.082c 5.92+0.082c 2.12+0.084¢ 1.90£0.06¢
cG % « ¥ *
60 NHCG 5,72+0,08z24 6,820,102 2,420,062 2,22+0,06%
UHCG 5,600,102 6,68+0,062H 2,360,04a¢ 2,160,082

Different lowercase letters (a, b, c) in the same column indicate the difference between the groups on the same day (P <0.05). Different capital letters in the
same column (A, B, C, D) indicate the difference in the same group on different days (P <0.05). CG: Control. NHCG: Normal hydrolysate coated group. UHCG:

Ultrasound-assisted hydrolysate coated group, *: Not analyzed

CONCLUSION

Normal and ultrasound-assisted protein hydrolysates
were produced enzymatically. Resultant hydrolysates were
used as a bioactive coating on smoked bonito fillets for
preservation. Ultrasound technique could have a promising
potential to get increased antioxidant/antimicrobial activities
and improved physical, chemical properties for protein
hydrolysates. The overall results clearly illustrated that both
protein hydrolysates here-produced are a well-defined
approach that could extend the shelf life of smoked fish fillets.
Both coatings inhibited the microbiological growth and
significant decreases obtained in the TVB-N, TBA, and TMA
values. As a result, it is obvious that ultrasound-assisted

protein hydrolysate produced from fish by-products may be
used as a coating material with good antioxidant activity.
However, ultrasonic applications in protein hydrolysate
production are still in their early stages. It requires many
future investigations to implement this technology on an
industrial scale and explain the effect of ultrasound on the
properties of protein hydrolysates.
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Abstract: In the present study size and structure of the Mediterranean medicinal leech (Hirudo verbana Carena, 1820) populations inhabiting wetlands
around Lake Egirdir (Turkey) were investigated. Population size was estimated by removal methods, age classes were estimated for the first time in leeches
(Hirudinea) using “Modal Progression Analysis” of body length frequencies using Bhattacharya's method. The population size and biomass of medicinal
leeches around Lake Egirdir were estimated to be 1,562,696 + 805,613 leeches and 467.26 + 172.91 kg, respectively. Three age classes were identified;
the age group of 0+ was dominant with 78.6%. While 89.9% of the individuals weighed less than 1 g, whereas the broodstock was estimated to represent
only 7%. Body weight, body length and condition factor were found to be 0.52 + 1.19 g, 4.5 + 2.4 cm and 0.620 + 0.123, respectively. This study reveals
that the population size of H. verbana in the wetlands around Lake Egirdir is relatively well preserved and there is no significant threat to the sustainability of
the exploitation of the medicinal leech populations. It is concluded that the stability of the lake's water budget, the variety and abundance of the host in the
undamaged wetlands, the socioeconomic structure of the leech collectors, the sales policies, and the effective activities of conservation and control units
might affect conservation status of the medicinal leech populations inhabiting wetlands around Lake Egirdir.

Keywords: Removal methods, Bhattacharya’s method, body length frequency, sustainable management, conservation

0z: Bu calisma ile Egirdir Golii gevresindeki sulak alanlarinda yasayan Akdeniz tibbi siiliigii (Hirudo verbana Carena, 1820) popiilasyonlarinin biyiikligii ve
yapisinin aragtiriimasi amaglanmistir. Popiilasyon biy(ikligi Griin azaltmaya dayali metotlarla, yas siniflari ise siiliiklerde (Hirudinea) ilk kez viicut boyu
sinifi frekanslari kullanilarak Bhattacharya’nin “Modal Progression Analysis” metodu ile belirlenmistir. Popiilasyon biiyikligii sirasiyla 1.562.696 + 805.613
adet ve 467,26 + 172,91 kg olarak belirlenmistir. Ug farkli yas sinifi tespit edilmis; 0+ yas grubunun %78,6 ile baskin grup oldugu belirlenmistir. 1 g'dan
kiigik bireylerin poplilasyonun %89,9'unu temsil ettigi, buna karsin anag siliklerin oraninin %7 oldugu tespit edilmistir. Viicut agirlidi, viicut boyu ve
kondisyon faktori sirasiyla 0,52 + 1,19 g, 4,5 + 2,4 cm ve 0,620 £ 0,123 olarak belirlenmistir. Bu galisma Egirdir Golii gevresindeki sulak alanlarda yasayan
H. verbana poplasyonlarinin biiylik oranda korundugunu ve popllasyonlarin sirdirilebilir yonetimi bakimindan tehdit bulunmadigini ortaya gikarmistir.
Egirdir Golu gevresi sulak alanlarinda yasayan tibbi siiliik poptilasyonlarinin korunmasinda goliin istikrarli su bitcesinin, tahrip edilmemis habitatlardaki
konakg! cesitliligi, stlik toplayicilarinin sosyoekonomik yapisi, silik satis politikasi ve koruma-kontrol birimlerinin faaliyetlerinin etkili oldugu
dustinliimektedir.

Anahtar kelimeler: Uriin azaltma metodu, Bhattacharya metodu, viicut boyu frekansi, siirdilriilebilir yénetim, koruma

INTRODUCTION

The trade of medicinal leech collected from nature is
mostly based on H. verbana populations found in Turkish and
Russian (Krasnodar Territory) wetlands (Trontelj and Utevsky,
2012; Saglam et al., 2016). Although Turkey is an important
supplier of medicinal leeches, leech gathering has been done
without information of their biological characteristics,
reproductive behavior, and population structure (Kasparek,
1998). The intensive use of leeches in medicine, habitat
destruction and over-collecting have led to a gradual
decrease of medicinal leech populations in European
wetlands and they have completely disappeared in some
wetlands (Elliott and Tullett, 1984; Elliott and Kutschera,

2011; Saglam, 2011; Elliott and Dobson, 2015; Ceylan and
Cetinkaya, 2017). International medicinal leech trade,
therefore, is conducted under the Convention on International
Trade in Endangered Species of Wild Fauna and Flora
(CITES) (Collier et al., 2016; CITES, 2021; Ugural and
Serezli, 2020). Export quota was established to 10,000
kg/year in 1996 and has gradually declined for Turkey, which
has about 80% of leech market of leeches collected from the
wild, to 2,000 kglyear since 2014 (Saglam 2011; Official
Gazette, 2014; Official Gazette, 2020a). However, there is not
enough information on the populations of H. verbana to form
a basis for both export quota and international medicinal
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leech trade (Neubert and Nesemann, 1999; Kutschera, 2006;
Kutschera and Roth, 2006; Elliott and Kutschera, 2011).
Therefore, export quotas should be determined both
realistically and reliably to manage the wild populations
sustainably. For this purpose, sufficient and regularly updated
information on the size and structure of the medicinal leech
populations is required, especially in the wetlands where
leech collection is conducted at the commercial level.

Because the population size is the most important
information required for the conservation studies, scientific
studies should be carried out especially on the exploited
populations (Shaffer, 1981). The medicinal leech populations
and their biological characteristics are largely neglected in
scientific studies (Trontelj and Utevsky, 2005; Ceylan and
Erbatur, 2012; Ceylan et al, 2019). Therefore, regular
monitoring studies of medicinal leech populations and
updated conservation policies are needed. In this study, it
was aimed to investigate the structure and size of the
medicinal leech, H. verbana populations inhabiting wetlands
around Lake Egirdir (Turkey), where leech collection has
been carried out commercially. The removal methods to
estimate population size were used for the first time for
medicinal leech, H. verbana populations, and modal
progression analysis of body length frequency to determine
the age classes were used for the first time for all leech
species (Hirudinea). The findings of the study can be used to
conserve and manage sustainably the leech populations and
habitats, and to provide more realistic export quotas for
medicinal leech trade.

MATERIALS AND METHODS
Study area

This study was carried out in Akbik, Asag Tirtar, Boyall,
Gelendost and Kayaagzi wetlands around Lake Egirdir, areas
located between 38°16'41"-37°50'31"N and 030°44'49"-
030°5810"E in the province of Isparta, Turkey (Figure 1). The
wetlands selected for the present study are the main areas,
where the commercial leech collection is conducted, around
Lake Egirdir. The studied wetlands are distinctly isolated from
the lake, being far from each other, rich in macrophytes, being
shallow, and rich in food in the form of hosts for leeches
(Ceylan, 2016; Ceylan and Cetinkaya, 2017; Ceylan et al.,
2021a).

The medicinal leeches were be collected in a total surface
area of 110,300 m2 in the studied wetlands. The suitable
surface areas were estimated as 4,400 m2, 9,000 m2, 22,600
m2, 24,000 m2 and 50,300 m2 in the wetlands of Boyall,
Akblik, Asadi Tirtar, Kayaadzi and Gelendost, respectively.

Figure 1. The wetlands around Lake Egirdir where the
present study was conducted. 1: Boyal, 2:
Kayaagzl, 3: Asadi Tirtar, 4: Akbuk, 5: Gelendost.

Determination of population size

The removal methods, "Maximum likelihood" (MLM)
(Zippin, 1956) and "Regression" (RM) (Leslie and Dauvis,
1939), were used to estimate the population size of H.
verbana. Removal methods aim to estimate population size
using the decreasing trend of leeches withdrawn by
successive collection operations. These methods were used
in medicinal leeches for the first time in H. medicinalis by
Elliott (2008) and successful results were obtained.

The present study was conducted in May, June, July, and
August of 2014 when the water temperature was suitable
(>19°C) to activate the majority of leeches (Elliott and Tullett,
1986). The water temperature measured during the study per
location and month was given in Table 1.
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Table 1. The water temperature measured and number of collected
leeches per location and month.

Locations  Months Water te:nperature Number of collected
(°C) leeches (n)
May 30.7 53
June 31.7 276
Akblik
July 327 202
August 284 39
May 26.5 205
June 28.1 431
Asagi Tirtar
July 29.1 313
August 28.8 39
May 216 56
June 28 98
Boyall
July 29.8 10
August 278 4
May 254 442
June 26.7 751
Gelendost
July 278 764
August 279 355
May 217 28
June 275 342
Kayaagzi
July 304 293
August 28.6 83
May 252+38 784
June 28419 1,898
All habitats
July 300+1.8 1,583
August 283104 520

In total, four catch operations, each of which lasted for 45
minutes, were performed in each habitat by rotating clockwise
in the certain surface areas. The leeches were stimulated to
swim by disturbing the water by collectors. The leeches,
which are actively swimming and attaching to the fishing boot,

were collected, and put into 5L pet jars which were labelled
accordingly. Between the catch operations, 15 minutes were
left as the break. All leeches collected during the study (n =
4,784) were transported to the laboratory for counting and
weighing, and afterwards all leeches were released in the
wetlands, where they were collected. The collected leech
number per location and month was given in Table 1.

The equations of the removal methods used in the
present study are explained in detail below.

Maximum likelihood method: The population size in
this method was estimated using following equations
according to Zippin (1956).

N=Sni/(1-q)

where “N” is the population size, “Zni" is the sum of all
collected leeches, “s” is the number of catch operation runs,

and “q” is the probability of a leech not being caught. “q” was
determined following equation.

q = (Zni-C1)/ (Zni- Cs)

where “C+" is the number of leeches caught in the first
operation and “Cs” is the number of leeches caught in “s”
operations.

Regression method: The population size in this method
was estimated using following equation according to Elliott
(2008).

N=m+(n/p)

[[Pee)

where “N” is the population size, “m” is mean of the
cumulative sum of the collected leeches except in the last
catch operation, “'n” is the mean of the sum of the collected
leeches for all catch operations and “p” is the slope of the
regression line between the sum of the previous operations
and the number of leeches caught on each successive catch

operation.

These methods were applied in the sub-areas
representing the studied wetlands. A proportion coefficient for
each wetland was determined dividing the suitable surface
area to sampling area. The estimated population size in the
sub-areas was multiplied with proportion coefficient to
estimate the total population size in each wetland.

Determination of biometric properties of leeches

Al leeches were weighed, but since body length
measurement has some technical difficulties, body length
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measurement was conducted in only some of them (n =
1,214). To measure the body length, leeches were
anesthetized for 15 min in 2.5 ml/L phenoxyethanol solution
(25 °C). Body length, the distance between the endpoints of
the anterior and posterior suckers, was measured with a
precision of 1 mm when they were anesthetized (Ceylan et
al., 2021b). Condition factor (K) was calculated using the
standard formula [K = (Body weight) / (Body length)3 x 100]
according to Ricker (1975). The body weight frequency of the
leech populations was determined. Since the majority
distribution was densified in small weights (right skewed), the
axis showing the weight in the graph has been log scaled in
especially small weights to show the weight distribution more
clearly.

Determination of age classes

The age classes of the medicinal leech populations were
estimated by Modal Progression Analysis (Bhattacharya's
method) based on body length frequencies using FISAT I
v.1.2.2 package software. Modal progression analysis uses
the methodology which infers the growth from the apparent
shift of modes or means in a time series length-frequency
sample. The lowest separation index was considered as “2”
for distinguishing age classes (Gayanilo et al., 2005).

Statistical analysis

Normality of data was tested by Kolmogorov-Smirnov test.
One-way ANOVA test or Kruskal-Wallis rank order test was
applied according to normality test results. While the Duncan
post-hoc test was used for comparison of normally distributed
data, Tukey HSD post-hoc test was used for non-normally
distributed data. The results obtained from the removal
methods used to determine the population size were
evaluated by the Chi-Square Test of Independence.
Relationship between average body weight and leech number
per catch operation was determined using Regression
analysis (Ozdamar, 2011). The results are given as mean =+
standard deviation (X' + SD). The significance level was
accepted as a = 0.05. Data were analyzed using IBM SPSS
Statistics version 25.0 for Windows package software (IBM
Corp., Armonk, NY, USA).

Legal permissions and ethical statements

The medicinal leech, Hirudo verbana is an endangered
species and whose international trade is regulated by the

CITES. The present study, therefore, was carried out getting
the legal permission (Date: 24.12.2012, Number: 05757) from
the Ministry of Food, Agriculture and Livestock (currently
Ministry of Agriculture and Forestry), General Directorate of
Fisheries and Aquaculture, the management authority for the
CITES in Turkey.

The present study was conducted under the Regulation
on the Working Procedures and Principles of Animal
Experiments Ethics Committees of Turkey. Accordingly, only
experiments conducted on vertebrate animals require review
and approval by the Ethics Committees, and thus leeches did
not require approval.

RESULTS
Estimated size of the medicinal leech populations

Since the response of leeches to collecting effort differs
by season, and because the composition of the population
size also differs according to the sampling date, the results of
four months were averaged. The mean population size and
biomass were estimated as 1,552,042 + 778,378 leeches and
463.85 + 166.43 kg, respectively by RM, and 1,562,696 +
805,613 leeches and 467.26 + 172.91 kg, respectively by
MLM. The population size determined by methods of RM and
MLM are very close to each other (y2 = 2819.074, df = 19, P
< 0.001). The difference in population size between the two
methods is approximately 7%o.

Population size tended to increase from May to July. It
was estimated to 829,806 leeches (357 kg) in May, increased
to 2,565,122 leeches (715 kg) in July, and sharply decreased
to 998,552 leeches (340 kg) in August.

The Boyali wetland has the smallest population size with
2,106 £ 3,163 leeches (3.04 + 4.15 kg) and the Gelendost
wetland has the biggest population size with 1,205,999 +
514,871 leeches (260.93 + 139.18 kg). Gelendost wetland
was followed by Asadi Tirtar (117,045 £ 80,182 leeches -
11155 + 85.76 kg) and Kayaagdzi (212,297 + 208,751
leeches — 72.15 + 49.48 kg), respectively. The difference in
population size among habitats was significant (P < 0.05).
The mean population size in studied wetlands was estimated
as 1,562,696 + 805,613 leeches and 467.26 £ 172.91 kg
biomass. Monthly change of size of the medicinal leech
populations per habitat is given in Table 2.
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Table 2. Monthly change of size (abundance and biomass) of the medicinal leech, H. verbana populations per habitats.

Months (2014)
Habitats Parameters ?)AethOd
May June July August Average (X+ SD)
RM 8203 6,833 £ 56 476 £ 25 2510 2,095 + 3,1672
Abundance
MLM 8512 6,836 + 35 486 £ 19 251£0 2,106 + 3,1632
Boyali
RM 1.97 £ 0.00 9.16 £ 0.07 0.55+0.03 0.38+0.00 3.02 +4.167
Biomass (kg)
MLM 2.04+0.00 9.16 £ 0.04 0.56 +0.02 0.38 £0.00 3.04 +4.158
RM 5,660 + 129 32,970 £ 176 50,855 + 309 11,5515 25,259 + 20,7092
Abundance
MLM 5480+ 79 32,692 £ 106 51124 £213 11,701 3 25,249 £ 20,8112
Akbik
RM 14.04 £0.20 12.86 £ 0.11 35.60 + 0.26 16.06 £ 0.01 19.64 £ 10.727
Biomass (kg)
MLM 13.59 £0.12 12.75+£0.07 35.79+0.18 16.26 £0.00 19.60 + 10.904
RM 19,290 + 215 365,047 + 1,891 443,416 + 1,344 52,633 £ 207 220,097 + 215,4452
Abundance
MLM 19,301 + 148 335,901 + 1,278 441,668 + 953 52,316 £ 131 212,297 + 208,7512
Kayaagzi
RM 19.68 £0.22 105.86 + 1.02 128.59 +£0.72 43.69+0.19 7446 +51.207
Biomass (kg)
MLM 19.69 £0.15 97.41 +0.69 128.08 +0.51 4342 +0.12 72.15 +49.48~
RM 77,652 £ 136 186,045 + 383 178,649 + 222 22,967 + 81 116,328 + 79,4912
Abundance
MLM 78,709 + 94 186,718 + 258 180,347 £ 145 22,406 + 46 117,045 + 80,1822
Asagi Tirtar
RM 22441+£0.23 78.14 £ 0.25 114.34 £0.18 2549 +0.03 110.60 + 84.19%8
Biomass (kg)
MLM 22747 £0.16 7842017 11542 £0.12 24.87 +£0.05 111.55 + 85.76%8
RM 748,918 +2,013 1,282,646 £2,614 1,827,074 £4,033 894,416 + 482 1,188,264 + 481,7880
Abundance
MLM 725465+1,336 1,295,157 £1,964 1,891,497 £3,203 911,878 + 339 1,205,999 + 514,8710
Gelendost
RM 97.36 £0.73 256.53 £ 1.17 420.23 £1.93 250.44 £0.26 256.14 + 131.878
Biomass (kg)
MLM 94.31+£0.48 259.03 £0.88 435.04 £ 1.54 255.33+£0.18 260.93 + 139.188
RM 852,340 1,873,541 2,500,470 981,818 1,552,042 + 778,378
Abundance
MLM 829,806 1,857,304 2,565,122 998,552 1,562,696 + 805,613
All habitats
RM 357.46 462.55 699.31 336.06 463.85 £ 166.43
Biomass (kg)
MLM 357.10 456.77 714.89 340.26 467.26 £ 172.91

(*) RM: Regression Method (Leslie and Davis, 1939), MLM: Maximum Likelihood Method (Zippin, 1956). The difference of the estimated number of leeches
(abundance) and biomass of the populations among the habitats are shown by lower and upper cases respectively (P < 0.05).
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In addition to the studied wetlands, leech collecting is
carried out also in the wetlands of Yenice, Gengali and
between Boyall and Akkegcili located around Lake Egirdir.
However, the current study was conducted in only five
wetlands due to technical possibilities. When the suitable
surface area (approximately 30,000 m?) of the nonstudied
areas was taken into consideration, the total population size
and biomass of medicinal leeches around Lake Egirdir was
estimated as 1,988,700 leeches and 593 kg, respectively.

Biometric features of the populations

The mean body weight, body length and condition factor
of the medicinal leech populations in all habitats were
estimated as 0.52 + 1.19 g (min = 0.0182 g, max = 13.10 g),
45 % 24 cm (min = 1.4 cm, max = 12.0 cm) and 0.620 +
0.123 (min = 0.260, max = 1.252), respectively. 89.9% of
leeches in the populations weighed less than 1 g. The
smallest gravid leech in populations of H. verbana weighted
1.69 g (Ceylan, 2016). The percentage of the leeches bigger
than 1.69 g, representing gravid specimens, was only 7.0% in
this study. The frequency of the medicinal leech, H. verbana
populations according to the weight classes is given in Figure
2.

The differences of the body weight, body length and
condition factor among the habitats was significant
considering the data of all months (P < 0.05). The biggest
leeches (1.69 + 1.70 g and 6.0 £ 2.2 cm) were collected from
the Boyall, which has the lowest catch amount and population
size, while the smallest ones (0.21 + 0.57 g and 3.5 + 2.0 cm)
were collected from the Gelendost, which has the highest
catch amount and population size. The leeches having the
lowest mean condition (0.590 + 0.111) were found in Boyall,
which hosts the largest leeches. The highest mean condition
(0.650 + 0.135) of the populations was obtained from
Kayaagzi (Table 3).

There was a negative significant correlation (r = -0.620, P
< 0.01) and second order polynomial regression (R2 = 0.761,
P < 0.001) between the size and catch amount (Figure 3).

The differences of the sizes and condition factors of the
leeches among the months were significant considering the
data of all habitats (P < 0.05). The mean body weight and
body length of the medicinal leech populations with 1.21
2.09 g and 5.3 £ 3.2 cm in May decreased to 0.35 + 0.94 g
and 4.5 £ 2.4 cm in June and then gradually increased to
052 + 067 g and 4.3 + 1.7 cm in August. The mean
condition factor was found to be the lowest in June with
0.602+0.107 and the highest in August with 0.664 + 0.136
(Table 3).
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Figure 2. The body weight frequency of the medicinal leech, H.
verbana populations.
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Figure 3. Relationship between average body weight and leech
number per catch operation.
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Table 3. The body weight, body length and condition factor the medicinal leeches by months and habitats (X'+ SD).

Months Habitats Body weight (g) Body length (cm) Condition factor
Kayaagzi 1.02 £ 1.344 4.2 + 2.8Abc 0.593 £ 0.111A
Asag Tirtar 2.89 £ 2.55% 6.4 + 3.0% 0.609 £ 0.1148
May Gelendost 0.13 + 0.488¢ 321228 0.610 £ 0.133
Akbiik 248 £ 3.26" 5.4 + 3.6ABeb 0.644 £ 0.09948
Boyali 240 £ 1.562 6.6 +2.6 0.607 £ 0.159
All habitats 1.21+2.09 53+32 0.614 £0.122
Kayaagz 0.29 £ 0.8280 3.9+ 2.4h8b 0.629 + 0.1214a
Asagdi Tirtar 0.42 £ 1.048b 4.5+ 2.48b 0.620 £ 0.1124Ba
June Gelendost 0.20 £ 0.7148b 4.1 +£2.74 0.599 + 0.10920
Akbiik 0.39 £ 0.82¢0 4.3+2,08 0.562 + 0.08880
Boyali 1.34 £1.772 56+2.2a 0.592 + 0.0862
All habitats 0.35+0.94 45+24 0.602 + 0.107
Kayaagz 0.29 + 0.488¢c 3.5+ 158 0.633 £ 0.124%a
Asagdi Tirtar 0.64 + 0.96A8¢c 48+2.18b 0.672 £ 0.154%a
July Gelendost 0.23 £ 0.50A¢ 34+ 1.778c 0.595 + 0.113e
Akbik 0.70 £ 1.38¢ 4.9 + 2,0ABab 0.599 + 0.0918Czb
Boyali 1.15+0.362 6.0+ 0.8 0.529 £ 0.070°
All habitats 0.39+0.79 40+1.9 0.617 £0.123
Kayaagz 0.83 £ 0.82% 4.5 + 1.6Abc 0.728 + 0.148%a
Asag Tirtar 1.11 £ 0.658 5.4 + 1.2ABeb 0.665 % 0.075%Bb
August Gelendost 0.28 + 0.49A¢ 33+ 138 0.631 £ 0.139
Akbiik 1.39 £ 0.318a 6.0 + 0.5% 0.658 £ 0.122Aab
Boyali 1.51+0.352 6.4+0.72 0.566 + 0.060°
All habitats 0.52 + 0.67 43+17 0.664 +0.136
Kayaagdz 0.38 +0.762 4.0+ 2.0a 0.650 £ 0.135¢
Asagi Tirtar 1.03 £ 1.75¢ 53+26P 0.634 + 0.123bc
Al months Gelendost 0.21+£0.572 35+200 0.608 + 0.124ab
Akblik 0.76 £ 1.53v 494240 0.603 £ 0.101ab
Boyali 1.69 + 1.70d 6.0+22¢ 0.590 £ 0.1112
All habitats 0.52+1.19 45+24 0.620 £ 0.123

While the difference of body weight, body length and condition factor among the habitats was shown with lower case (P < 0.05),

the difference among the months was shown with upper case (P < 0.05).
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Age groups in the medicinal leech populations

Three distinct classes representing 0+, 1+ and 2+ ages
were identified by analysis of body length frequencies using
the Bhattacharya's method. The mean body length for each
age class was estimated as 2.96 £ 1.35 cm (0+), 7.20 + 1.01
cm (1+) and 9.79 £ 1.06 cm (2+), respectively (Table 4).
According to the Table 4, body length of the leeches has
decreased in general due to the continued participation of
baby leeches in the population living in the water during the
study. While the dominant age group was 0+ with 78.6%, the
percentage of 1+ and 2+ age groups were 12.8% and 8.6%,
respectively. The age classes of the medicinal leech, Hirudo
verbana populations are given in Figure 4.

Table 4. Monthly changes of the body length, number of leeches,
percentage, and the body length frequency separation
index (S.1.) in age classes for all habitats.

Age classes
Months  Parameters
0+ 1+ 2
z:dy oG o 0s062 7524169 10564095
M P
2 (of;ce”tage 146 (55.9%) 89 (341%) 26 (10%)
(]
sl na* 3.740 2.090
Sr:dy ength 3111081 820112 10294073
June Percentage 0 0 0
% 222 (763%) 41(14.1%) 28 (9.6%)
sl na. 3610 2.050
z:dy ongth 571086 550£099 8924198
July Percentage 0 0 0
o 320(836%) 28(73%)  35(9.1%)
sl na. 2,040 2140
z‘:]dy oG s 07+135 6074081  850%124
August f;;ce”tage 165(70.8%)  65(27.9%) 3 (1.3%)
(]
sl na. 2.380 2.110
S;dy ength 061135  720£101 9794106
Al Percentage 1073
0, 0,
months . 78.5% 175 (12.8%) 118 (8.6%)
sl na. 2.870 2130

*n.a. methodologically not assessed.
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Figure 4. The age classes of the medicinal leech, H. verbana

populations ~ which  were determined by the
Bhattacharya's method.
DISCUSSION

In total, three age groups were identified in the studied
medicinal leech populations. However, 4 size groups (age
classes) were depicted in the Hirudo medicinalis populations
inhabiting Jenny Dam (Lake District, England) (Elliott, 2008).
In the study conducted by Elliott (2008) the oldest group,
representing 4 years old leeches, represented only 1% of the
population. This may indicate the difficulty of sampling large
leeches that withdraw from the habitats subjected to leech
harvesting before reaching older ages.

The body weight of the leeches varied between 0.0182 g
and 13.10 g in this study. The body weight range of the
leeches was 0.23 - 5.63 g in Akpinar Marsh, Turkey (Saglam
et al., 2018) and 0.1 - 15.8 g in Lake Efteni and Lake
Poyrazlar, Turkey (Demirsoy et al., 2001). The studies
conducted in some Turkish wetlands revealed that the mean
body weight of the medicinal leech populations decline
gradually from the spring months until June-July and then
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increase (Demirsoy et al., 2001; Ceylan, 2016). The mean
body weight of the population was 1.21 £ 2.09 g in May, then
decreased sharply to 0.35 = 0.94 g in June and then
gradually increased in the present study. This can be
explained by the effects of the water level of the lake on the
structure of medicinal leech populations. The gravid leeches
of both H. medicinalis and H. verbana populations leave the
water and deposit the cocoons in damp places in July, August
and September (Wilkin, 1989; Elliott and Dobson, 2015;
Ceylan, 2016). The water level gradually falls during this
period. The cocoon incubation period lasts approximately 30
days in H. verbana populations (Kutschera and Roth, 2006;
Petrauskiené et al., 2009; Ceylan et al., 2015). Decreasing
the water level of lake during the cocoon incubation period
causes leeches, which wait passively in the soil part of the
habitat, to delay participation into populations living in the
water. According to Ceylan (2016) the waiting period can last
for 9-10 months, depending on both the water level rising and
the distance of the overwintering cocoons to the water line of
wetlands. Hatchlings live in the moist microhabitats during this
period. When leeches started to deposit cocoons in July
2013, the water level of Lake Egirdir was 917.77 m (Ceylan,
2016). However, the water level of the lake was able to rise to
917.68 m in following year (2014), then it gradually fell
(Ceylan, 2016). As the highest water level in 2014 didn’t
reach the level at the beginning of the reproduction period in
2013, until June 2014 the entrance of offspring to the
populations living in lake water continued. The mean body
weight of the population decreased to the lowest value of 0.35
1 0.94 g in this month. After this, the mean body weight of the
populations increased gradually to 0.52 £ 0.67 g in August
due to both the end of the entrance of offspring to the lake’s
water and that the leeches had the opportunity to feed
regularly in lake’s water.

In addition to the studied wetlands, also a couple of
wetlands serve as habitat for medicinal leeches in Lake
Egirdir. Considering the surface areas of these habitats the
size of medicinal leeches population in Lake Egirdir is
estimated at 1,988,700 leeches. According to this, the
populations of H. verbana in the wetlands around Lake Egirdir
are much larger in comparison to the populations of H.
medicinalis inhabiting Jenny Dam (248-289 leeches) (Elliott,
2008) and Dungeness (England) (more than 10,000 leeches)
(Wilkin and Scofield, 1991). The size of medicinal leech
populations in studied wetlands is higher than in the other 21
wetlands except for the population of the medicinal leech
population in Dogubeyazit Marsh, which was estimated to
17,500,000 leeches (Saglam et al., 2008). The size of the
studied medicinal leech populations is also higher than in the
other 10 wetlands except for the population of the medicinal
leech population in Beysehir Lake, Turkey, which was
estimated to 2,890,000 leeches (Anonymous, 1997).

It is thought that decline of the water level of the lake and
the reproduction period are responsible for the sharp

decrease in the estimated population size in August. In
addition to this, it is considered that medicinal leeches (Hirudo
sp.) becoming inactive after feeding for a long time can cause
this result. Some of the leeches, which moved to the humid
terrestrial areas of the habitats to lay cocoons, remain in
these areas far from the water because of the decrease of
lake water level. Sampling different sized leeches in the moist
terrestrial areas of 200-300 m distance from the water and in
the puddles revealed that some of the leeches passively wait
in terrestrial areas without returning to the water until the
water level increases. The ability of adaptation to arid
conditions compared to other medicinal leech species should
be considered as an assurance and the populations of H.
verbana can tolerate the lake level cycle. The fact that the
leeches remain in terrestrial environment due to the decrease
in the water level of the lake provides an opportunity to
naturally protect them from the pressure of leech-collecting,
which occurs by catching individuals actively swimming in the
water.

The medicinal leech population size was estimated as
1,796,000 leeches and biomass as 2,739 kg in the same
wetlands 20 years ago in Lake Egirdir (Anonymous, 1997).
Although the population size in the present study is only
slightly larger, the difference of the estimated biomass
between both studies is quite high. The estimated biomass in
the mentioned study was determined using an average
individual body weight (1.525 g) for all wetlands. This
difference occurred because of the low mean body weight
(0.21 £ 0.57 g) of the population in Gelendost wetland, which
has about 77% of the total estimated population size. It is
thought that the number of leeches provides a more realistic
assessment rather than biomass due to the fact that
medicinal leeches can consume 8.9 times their own body
weight in a feeding period (Dickinson and Lent, 1984).

Mediterranean medicinal leech, H. verbana populations
living in wetlands around Lake Egirdir deposit the cocoons
from July to September when the water level of the lake
decreases (Ceylan, 2016). Breeding season of H. medicinalis
seems to be the same as of H. verbana, according to some
studies conducted with H. medicinalis populations (Sawyer,
1986; Wilkin, 1989; Elliott and Kutschera, 2011; Kutschera
and Elliott, 2014). However, the prohibition season is valid
from 1 March to 30 June, according to the "Notification No.
4/1 Regulating Commercial Fisheries" in Turkey. It is thought
that misapplying leech collection prohibition season may be
due to insufficient knowledge on phenology and reproduction
ecology of the H. verbana populations. Furthermore, also
catch quantity restriction is not applied for medicinal leeches
in Turkey (Official Gazette, 2020b). Despite commercial leech
collection carrying out without the catch quantity restriction
and misapplying the prohibition season, it is thought that the
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medicinal leech populations in wetlands around Lake Egirdir
are protected. Some biological, ecological, and operational
factors are thought to be effective in this result. Long-term
passive staying of medicinal leeches in bottom of habitats
without any reaction after feeding period (Dickinson and Lent,
1984), the difficulties of leech collection due to habitat
structure and decrease of the water level of the lake, and the
collection on just only swimming leeches suggest that the
collection pressure on leeches is not primary threat for
medicinal leech populations.

The populations of H. medicinalis living in European
wetlands have significantly declined (Elliott and Tullett, 1984;
Elliott and Kutschera, 2011). The populations of H. verbana in
the wetlands of the Black Sea Region (Turkey) where leech
collection is the most intense in Turkey, also are declining day
by day (Saglam, 2011). However, the findings of the present
study revealed that the populations of H. verbana living in the
wetlands around Lake Egirdir are protected. It is thought that
stability in the withdrawal and rise of the water level of the
lake, the variety and abundance of the host in the undamaged
wetlands, the social structure of the leech collectors, the sales
policies, and the effective activities of conservation and
control units play important role on the protection of the
/llmedicinal leech populations living around Lake Egirdir.

The marking methods (Wilkin and Scofield, 1991;
Anonymous, 1997), Ekman dredge and modified unit square
design methods (Saglam et al., 2008) were used to estimate
the medicinal leech population sizes. However, marking
methods cause the injuries and deaths in leeches (Wilkin and
Scofield, 1991). There are operational difficulties in using the
Ekman dredge and modified unit square design methods due
to habitat structure of the wetlands. It seems that the removal
methods are more effective and leech-friendly compared to
the other methods to estimate the population size of the
medicinal leeches. Non-injury to the leeches, easy
application, and taking quick results are the strengths of
removal methods compared to other methods. However,
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Abstract: The present study investigated the total elemental composition (Fe, Cu, Mn, Zn, Al, S, B, Na, Mg, K, Ca, P, S) in smooth scallop (Flexopecten
glaber) meat collected monthly in the Cardak Lagoon (Turkey) in 2017- 2018. Considering the distribution of elements in terms of quantity during the year,
the elements were sorted as S> Na> K> P> Mg> Ca> Fe> Zn> Mn> Al> B> Cu> Se and the heavy metals were below the detection limit. Although the
elements were at their highest values during autumn and summer, they were at their lowest values during spring and winter. The differences between the
months in terms of Fe, Mn, Mg, and Ca elements were found to be statistically significant (p <0.05). It was determined that the element composition of
smooth scallop meat was suitable for consumption in terms of the area where it is collected and is beneficial for health when consumed in the amounts
recommended by FAO/WHO, and CODEX. The Hazard Quotient (THQ) and the Hazard Index (HI), which was conducted to evaluate the health risks of
consuming smooth scallop, were found below 1 all months. For this reason, smoth scallop consumption in this region does not have any negative effects on
human health.

Keywords: Flexopecten glaber, smooth scallop, element, Cardak Lagoon, Canakkale Strait

0z: Bu galismada Cardak Lagiini’nden (Tiirkiye) 2017- 2018 tarihleri arasinda bir yil boyunca aylik olarak toplanan smooth scallop (Flexopecten glaber)
etinin toplam element kompozisyonu (Fe, Cu, Mn, Zn, Al, Se, B, Na, Mg, K, Ca, P, S) belirlenmistir. Elementlerin miktar agisindan yil icindeki dagilimina
bakildiginda S> Na> K> P> Mg> Ca> Fe> Zn> Mn> Al> B> Cu> Se siralamasinda oldugu, agir metallerin ise dedeksiyon limitinin altinda oldugu
gozlenmistir. Elementler sonbahar ve yaz déneminde en yiksek degerde bulunmasina karsin, ilkkbahar ve kis déneminde en disiik degerde gozlenmistir.
Fe, Mn, Mg ve Ca elementlerinde aylar arasindaki farklar istatistiksel olarak énemli bulunmustur (p<0.05). Toplandi§i bélge bakimindan deniz taragi etinin
element kompozisyonunun tiiketim igin uygun oldugu ve FAO/WHO, CODEX tarafindan tavsiye edilen miktarlarda tiiketildiginde sagliga yararli oldugu tespit
edilmistir. Deniz taragi tiketmenin saglik agisindan risklerini degerlendirmek amaciyla yapilan Hedef Tehlike Katsayisi (THQ) ve Tehlike Indeksi (HI) tim
aylarda 1'in altinda bulunmustur. Bu nedenle bu bdlgedeki deniz taradi tiiketiminin insan sagligina olumsuz etkisi bulunmamaktadir.

Anahtar kelimeler: Flexopecten glaber, deniz taragi, element, Cardak Lagtinii, Canakkale Bogazi

INTRODUCTION

Seawater, which forms oceans and seas, covers more

than 70% of the earth's surface. Also, seawater is a mixture of
96.5% water, 2.5% salt and contains dissolved inorganic and
organic substances and several atmospheric gases.
Seawater is rich in elements (Sharp and Bryne et al., 2020).
Elements reach the sea from various sources. These are
divided into natural resources and anthropogenic resources.
Natural resources include mineral deposits, erosion of soil
and rocks, dust caused by wind, volcanic activities,
atmospheric and forest fires. Those anthropogenic resources
include waste products, household wastes, pesticides, mines,
petroleum refineries, protective paints, which are formed as a
result of the use of elements and compounds in the industry
(Unsal, 2004). Elements that reach the seas from these

sources are soluble in seawater or are present in the form of
particles. Soluble ones are in the form of free metal ions or
unstable organic and inorganic compounds (Cetingil and
Aysel, 1998; Unsal, 2004). Sea bottoms are areas of
continuous sediment formation. Some of the sediments are
materials transported by rivers, winds, and glaciers to the sea,
and most of the sediments are the remains of marine
creatures (Akkan, 1981). Aquatic organisms can take
elements directly from the body surface and gills, as well as
through digestion (Phillips and Rainbow, 1994; Bat and
Raffaelli, 1998).

Lagoons are ecotones between freshwater, marine, and
terrestrial biotopes (Ustaoglu et al., 2012; Maanan et al.,
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2015; Botello et al., 2018; Kiikrer et al., 2020). Lagoons are
connected to the sea via one or more canals. The water
exchange with the sea and the transport of nutrients with it
occur through tides, river flow, wind, and waves (Larson,
2012; Sevgi and Ulutarhan-Stizer, 2019). Due to the shallow
transitional environments of lagoons such as rivers, streams,
groundwaters and currents in lagoons, and also due to the
influence of coastal geomorphological processes, hydrological
processes, nhatural vegetation, and land use in the basin
(Ustaoglu et al., 2012), the physicochemical parameters
frequently change. This affects the physiology and metal
bioaccumulation in organisms distributed in lagoons (McLusky
et al., 1986; Dame, 1996; Ulutarhan et al., 2019). Lagoons
are among the most productive marine ecosystems in the
world, serving as nutrition, habitat, migration routes, and
nursery areas for many organisms such as phytoplankton,
diatom, dinoflagellate, algae, fish, and bivalves (Din, 1992;
Balls et al., 1997; Chapman and Wang, 2001). The Cardak
lagoon chosen as a study area is abundant in terms of many
economic fish species such as Mullet (Mugil sp.), Gilthead
seabream (Sparus aurata), Scad (Trachurus sp.), Bluefish
(Pomatomus saltatrix), eel fish (Anguilla sp.), picarel (Spicara
smaris), common sole (Solea sp.), sparid fish (Sarpa salpa),
striped sea bream (Lithognathus mormyrus), garfish (Belone
belone), twaite shad (Livoneca punctata), flounder
(Platichthys ~ flesus) and bivalve species such as
Mediterranean mussel (Mytilus galloprovincialis), manila clam
(Ruditapes philippinarum), carpet shell clam, (Ruditapes
decussatus), flat oyster (Ostrea edulis), razor clam (Ensis
sp.), venerid clam (Venus gallina), lagoon cockle
(Cerastoderma glaucum)(Vural and Acarli, 2018).

Smooth scallop (Flexopecten glaber) is one of the bivalve
organisms within the mollusks and is included in the
Pectinidae order. F. glaber is distributed from the eastern
Atlantic, Mediterranean, Black Sea, and Portugal to Morocco
while in Turkey, it is seen as dense stocks from the south of
Marmara, along the Aegean Sea, and throughout the
Mediterranean (Aquamaps, 2019).

Bivalves are important marine organisms due to their
nutritional value, taste, and reasonable selling prices (Orban
et al., 2002; Orban et al., 2007). They have a rich nutritional
composition, including high protein content, essential amino
acids, low-fat content, high levels of w3 fatty acids, elements,
and antioxidants (Orban et al., 2002; Orban et al., 2007; Prato
etal., 2019).

Microelements are accumulated in marine organisms
(Plessi et al., 2001) and transferred to humans through the
food chain (Gokoglu et al, 2008). Microelements are

especially of important in infants and children (WHO, 2006).
Elements such as iron (Fe), copper (Cu), zinc (Zn), and
manganese (Mn) are essential elements as they play an
important role in biological systems (Hogstrand and Haux,
1991), however, their excessive consumption is toxic (Tarley
et al., 2001). Generally, bivalves accumulate certain
elements, especially zinc (Lok et al., 2010). Storelli et al.
(2000) have reported that mollusks have a higher amount of
Zn compared to fish species found in the Mediterranean.
Manthey-Karl et al. (2015) have reported that smooth scallop
meat is a good source of Zn. El Shenawy et al. (2016)
observed that Al is dominant in sediments and bivalves. In
humans, an average of 4% aluminum (Al) taken with nutrition
is absorbed by the intestines and accumulates in bones, liver,
lung, thyroid glands, and brain (Hellstrom-Westas and Rosen,
2006).

Sodium (Na), Magnesium (Mg), Potassium (K), Calcium
(Ca), Phosphorus (P), and Sulfur (S) are macro elements. Na
is an important element in the regulation of osmotic pressure
(Tapiero et al., 2003; Yasar and Melek, 2003), stimulation of
nerves, and continuity of nerve and muscle functions. Also,
Na plays a role in bone development together with Ca.
Bivalves contain higher levels of Na than fish species
(Spanish mackerel, Gray eel-catfish, Longtail shad; Cuttlefish,
Prawn) (Nurnadia et al., 2013), while sea species contain
higher levels of Na than freshwater species (Sidwell et al.,
1977). K is one of the vital elements for humans. Of the K in
the body, 98% is found inside the cell walls. K, together with
Na, is responsible for the water balance in the body, in the
passage of food into the cell, in the transmission of messages
in the nervous system, in the formation of tissues such as
bones, teeth, red blood cells, and muscles, and it maintains
the healthy structure of the heart and other muscles. Also, K
has beneficial effects in the development of bones together
with Ca (Karadeniz, 2004, inan and Giil, 2001; Cashman,
2006). It was determined that the macro element with the
highest ratio in smooth scallop meat is usually K (Bilandzic et
al., 2015, Manthey-Karl et al., 2015).

There are studies n the elemental composition of smooth
scallop meat (Ozden and Erkan, 2011; Berik et al., 2017;
Prato et al., 2019a; Prato et al., 2019b). However, studies on
the monthly element composition are limited (Prato et al,
2019a). Therefore, the present study aimed to monthly
determine the element content of the meat of smooth scallop
(F. glaber), one of the economic bivalves collected from the
Canakkale Strait Cardak lagoon in the Turkish Straits System,
and also to determine its compliance with the maximum limits
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determined by health organizations. In addition, in this study,
it was aimed to evaluate the potential health risk that may
occur in case of consumption by adults by determining the
Target Hazard Quotient (THQ) and Hazard Index (HI) values
for the general population, taking into account the
consumption frequency of the smooth scallop.

MATERIAL AND METHODS

Smooth scallop samples (53.95£3.70 mm in length) were
collected by hand monthly between July 2017 and June 2018
in the Canakkale Province, Lapseki district, Cardak Lagoon in
Turkey, (40° 22' 56"N, 21° 42' 58" E) (Figure 1). Cardak
lagoon consists of 3 parts: Burunucu lagoon, Burunigi lagoon
and Ortagol. The lagoon is a 180 ha saltwater lagoon located
near the village of Cardak (Lapseki-Canakkale) on the
southern coast of Marmara Sea. It is a lagoon with an
average depth of 1.5 m (GTHB, 1997). The lagoon is under
the influence of the sea, with its deep and open passage.
There are many fish and bivalve species in the lagoon.
Throughout the study, 30 smooth scallops per month were
brought to the laboratory. Fouling organisms adhering on the
smooth scallops were removed using a knife and the meat
content of the smooth scallop was freeze dried after
seperating the meat from the shell parts.
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Figure 1. Map showing the sampling area Cardak Lagoon

A 0.5 g of dry smooth scallop meat and 10 ml of HNO3
mixture were dissolved by burning in @ microwave incinerator.
It was then allowed to cool and filtered with distilled water.
SpectroBlue inductively coupled plasma optical emission
spectrometry (ICP-OES) was used to measure the element
concentrations in smooth scallop meat after closed-vessel
microwave digestion (EPA, 1994). Element content was
expressed as percent of dry weight (dw).

Freeze-dried meat of the scallops was used to determine
the element compositions. The dry weight of element
concentration (mg/g) was converted to wet weight using to
calculate the hazard quotient (THQ) and hazard index (HI). A
coefficient was used in the conversion to wet meat. In the

calculation of this coefficient, the method of EI-Shenawy et al.
(2016) was used (Table 1).

Table 1. Conversion coefficients of freeze dried Flexopecten glaber
meat to wet F. glaber meat.

Wet meat
Months converison coefficients
July 025
August 0.26
September 0.24
October 0.26
November 0.24
December 0.22
January 022
February 025
March 025
April 0.23
May 0.23
June 023

The values of element in smooth scallop meat were used
to calculate the estimated daily intake of elements (EDI), and
target hazard quotients (THQ), hazard index (HI) seperately
for adult individuals. In this evaluation, 70 kg of body weight
refers to adult people (Yaman et al. 2014). The bivalve
consumption rate in Turkey in 2010 is 1g/ personday
(FAO, 2010).

Edible Daily Intake (EDI)

The EDI value was calculated with the following equation
(Javed and Usmani, 2016; Alkan et al, 2020; Tokath and
Ustaoglu, 2021):

EDI = Celement*Pfood intake
BW

Celement= Element concentration in smooth scallop wet weight
(mglkg),
Drood intake= Dalily ingestion rate (kg/person.day) 1 g for bivalve )
BW= Average body weight ( 70 kg for adults).

Target Hazard Quotient (THQ)

The THQ is an estimation of the non-carcinogenic risk
level and is used in its calculation with the following equation
(USEPA,2019a; 2019b):

_ EDI
"~ RfDo x AT
RfD: Oral referans dose (mg/kg/day) (Table 2)

AT: Average exposure time for non-carcinogenic effects (365
days/year x ED)

THQ

ED: Exposure duration (70 years for a person is assumed in
this study, equivalent to the average lifetimes),

HQ is categorized into six classes: HQ<1 (no health risk);
1<HQ<1.5 (low health risk); 1.5<HQ<2 (medium-low health
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risk); 2<HQ<2.5 (medium risk); 2.5<HQ<3 (next higher risk);
3<HQ (high risk) (USEPA, 1989; Culha et al., 2016; Alkan et
al., 2020).

Hazard Index (HI)

The HI can be calculated by the sum of the target hazard
quotients of each metal (USEPA, 1989, 2011).

HI = THQ

The significance of the monthly variations of element
composition was determined using the one-way analysis of
variance (ANOVA). Homogeneity of variance was determined
using the Levene test. Investigation of the normality of data
was carried out using the Kolmogorov-Smirnov test.
Differences were analyzed using the post hoc Tukey test.
Differences with values of p<0.05 were considered
statistically significant.

The results were also examined using principal
component analysis (PCA) using R Version 3.6.1., in order to
identify the element that most contributes to the monthly
variations of element content. PCA-based Biplots (Gabriel,
1971) were made for each element separately. PCA
transformed the raw data into unit-less variables and also
distribute variability into different factors or principal
components. Biplot was drawn by using principal factors,
which have most of the variability. Biplot was two dimensional
scatter diagram that depicted the scattering pattern of
elements and months. The method has been used to display
objects and variables on the same graph in principal
components  analysis, row and column factors in
correspondence analysis of two-way contingency tables, and
detect interaction in two-way analysis of variance tables
(Gower and Hand, 1996). Proximity between elements or
months may be gleaned from these types of plots. Also, it is
commonly used to interpret the axes in the biplot and treat the
coordinates as scores on these axes. In the correlation
analysis graphs, dark colors indicate a very high relationship
and red colors indicate a negative relationship. As the
darkness of the color increases, the strength of the
relationship increases. As the color approaches white, the
contribution value approaches 0.

RESULTS

The monthly changes in element concentrations are given
in Table 2. The most abundant microelement was Fe,
followed by Zn, Mn, and Al. The average Fe value was
0.31+0.06 mg/g dry weight ,dw (0.08+0.02 mg/g wet weight,
ww), the highest Fe value was measured in March whereas
the lowest Fe value was measured in June, and a statistically

significant difference was found between the months
(p<0.05). The average Zn value was 0.11£0.02 mg/g dw
(0.03£0.00 mg/g ww), and Zinc did not present clear temporal
trends. Mn showed a statistically significant difference
especially in March and June (p<0.05). The average value of
Al per month was found to be 0.04+0.02 mg/g dw (0.01+0.00
mg/g ww). The average B value was found to be 0.01 mg/g
dw only in April and June, whereas 0.02 mg/g dw in the other
months, and there was a statistically significant difference
between the months (p<0.05). The average Cu value was
0.01£0.00 mg/g dw (1.01£0.36 ug/g ww), and the difference
between the months was statistically significant (p<0.05).
Selenium (Se) was detected in smooth scallop meat in trace
levels (0.01 mg/g dw, 1.18 pg/g ww) only in December, and
the differences between the months were significant (p<0.05)
(Table 2.)

Of the macro elements, S was generally found to be low
in winter and spring, whereas high in summer and autumn. It
was observed that Na is usually high in summer and autumn,
low in winter and spring, and statistically different between the
months (p<0.05). The lowest K value was measured in April,
whereas the highest value was measured in October. P
values varied in the range of 4.86-7.10 mg/g dw (1.55+0.18
mg/g ww) during the study and the differences between the
months were statistically significant (p<0.05). The average
value of Mg was 2.34+0.36 mg/g dw (0.56+0.09 mg/g ww)
and it varied between 1.64 mg/g dw (0.38 mg/g ww) in April
and 2.92 mg/g dw (0.73 mg/g ww) in July and the difference
was statistically significant (p<0.05). The average value of Ca
was 1.12+0.34 mg/g dw (0.22+0.27 mg/g ww) and it varied
between 0.61 mg/g dw (0.15 mg/g ww) in March and 1.90
mg/g dw (0.48 mg/g ww) in July (p<0.05). (Table 2.).

According to the correlation graph of the elements,
negatively correlated were found between B and Fe, Se and
Mn, Al and Fe, Mn, S and Ca. A positively correlated was
observed between other elements (Figure 2).

There were three dimensions with =21 according to their
eigen values. This showed that three dimensions will be
sufficient to explain all elements (Table 3.)

According to the graph of the percentage of variances that
can be explained, the elements were examined in four
dimensions. Among these four dimensions, the first
dimension explained 58.7% of the variances, while the
second dimension explained 17.92% (Figure 3). Therefore,
examining the first and the second dimensions (since it
explained 76.62% of the variances) was sufficient for the
evaluation of all elements.
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Table 2. Monthly variation of element composition in smooth scallop (mg/g dw)'

Element Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
Microelement
Fe 0.39%d  (0.33abed  (.32abcd  (.32abcd  (20abed  (.37bed () 2Qabod 0282 0.202 0232 (0.34abcd 0.43¢
Cu 0.01 0.01 0.01 0.01 0.01 0.01 ND 0.01 0.01 ND 0.01 ND
Mn 0.119 0.07¢f 0.06bedet 0,050 (.08efy 0.05bcde  0,032b 0.04d  0.012 0.03abc  0,07cdef 0.08f9
Zn 0.12 0.09 0.10 0.11 0.13 0.13 0.12 0.11 0.10 0.08 0.12 0.10
Al 0.022c  (.03bede  (0.04¢e 0.03¢de  0.03bed 0.05f 0.089 0.079 0.04¢"  0.012  0.04cde 0.02z0
Se ND ND ND ND ND 0.01 ND ND ND ND ND ND
B 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01
Macroelement
Na 16.980  156Qbcde  16.11bcde  16.31cde  1527bcde  187Qe  13,12abcde 10 Q7abc 103720 9392  13.7Qebcde 12 25abcd
Mg 2.92 2.38abe 2.47abc 247ec 2 35abe 2.80bc  2.56e0c 210c 191 1642  2.30bc 2.14abc
K 1363 1217 12.76 14.44 13.08 13.42 11.38 10.48 1059  8.04 10.61 10.31
Ca 1.900 1.3720 1.1020 1.33e 1.09a 1.3726  0.962 1.01a 0.612 0.722  1.06° 0.962
P 6.92 6.40 6.82 6.63 6.51 6.55 6.65 6.23 7.10 4.86 6.93 5.98
S 35.01 28.22 30.85 33.66 30.86 3067 7.10 6.53 6.30 5.35 6.98 7.25

'Different superscript letters within rows represent significant differences (p<0.05) based on results of the post hoc Tukey test.
2N.D.: Not detected.
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Figure 2. Correlation plot of elements (Fe, Mn, Cu, B, Se, Zn, Al, P,
S, Na, K, Mg, and Ca)

1

Table 3. Eigen value of elements (Fe, Mn, Cu, B, Se, Zn, Al, P, S,
Na, K, Mg, and Ca)

Eigen Value Variance (%) Cumulative Variance (%)

Dimension 1 5.81 48.39 48.39
Dimension 2 2.52 21.02 69.41
Dimension 3 1.36 11.35 80.76
Dimension 4 0.96 7.97 88.72
Dimension 5 0.48 4.00 92.73
Dimension 6 0.35 2.89 95.61
Dimension 7 0.30 250 98.11
Dimension 8 0.15 1.24 99.35
Dimension 9 0.06 0.51 99.86
Dimension 10 0.01 0.10 99.96
Dimension 11 0.00 0.04 100.00
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Figure 3. Percentage of explained variances of elements (Fe, Mn,
Cu, B, Se, Zn, Al, P, S, Na, K, Mg and Ca)

According to the biplot graph, the contribution of Na, Mg,
K, Ca, S, B elements were higher at Dimension 1.
Furthermore, Al, Mn, B, and Fe elements among other
elements were higher at Dimension 2. There were proximity
were observed in May with Al, August with Fe, Mn, October
with Se, Zn, Cu, P, December with K, October and November
with Ca, S, Na, and Mg (Figure 4).

PCA - Biplot

Dim2 (19.6%)

-4 -2 0 2 4
Dim1 (51.4%)

Figure 4. Principal component analysis (PCA)-Biplot of the
composition of element values (Fe, Mn, Cu, B, Se, Zn, Al, P, S, Na,
K, Mg and Ca,1:January,2: February,3:March,4: April, 5: May, 6:
June,7:July,8:August, 9: September, 10: October, 11: November, 12:
December).

THQ and HI values were used to determine the non-
carcinogenic health risks posed by the elements in the
consumption of smooth scallops. The THQ and HI values of
the smooth scallop are given in Table 4. THQ and HI values
below 1 in all months throughout the year, confirmed that
continuous consumption of smooth scallop for 70 years had
no adverse effects on human health.

Table 4. Rererence dose (Rfd), Estimated daily intake (EDI), Target
hazard quotient (THQ) and Hazard index (HI) values of
elements via consumption of smooth scallop

Elements RfD EDI of smooth scallop THQ of smooth
mg/kg bw-day) (mg/70kg bw-day scallop
kg bw-d /70kg bw-d Il
Na 2x103 4.83x10% 6.17x104
Mg 3.5x102 8.01x10% 5.85x104
K 2x103 4.04x10% 5.16 x10+4
Ca 8 x102 3.87x10% 1.24 x10+4
P 3x102 2.22 x10% 1.89 x10°
Fe 7x10- 1.08 x10¢ 3.93 x102
Cu 4x102 2.16 x10% 1.38 x10?
Mn 1.4x10- 1.93 x107 3.53 x102
Zn 3x10-1 3.77 x107 3.21x102
Al 1 1.28 x107 3.27x103
Se 5x103 1.14 x10°8 5.83 x102
B 2x10-1 5.9x10°8 7.54 x103
ZHI 0.19

Rfd value data taken from WHO (2012), FAO/WHO (1993, 2002,
2010), Aksoy (2014), USEPA (2019a).

DISCUSSION

Bivalves taking elements not only from water and food but
also from inorganic particles they digest (Warnau et al., 1996;
El-Sikaily et al., 2004). However, even though they are in the
same region, the element contents in bivalves may differ.
Differences in element levels in bivalves depend on the
bioaccumulation capacity of each species, physiological
conditions (reproductive activity, growth, filtration rate), biotic
factors (age, height, and sex), genetic characteristics, abiotic
factors (salinity, pH, temperature, and dissolved oxygen)
depends on the chemical form of the elements, the structure
of the sediment, and the area (O'Connor, 1996; Mendez et
al., 2001; Skinner et al., 2004; Fuentes et al., 2009; Ulutarhan
etal., 2019).

In humans, Fe has several vital functions including
transporting Oz to tissues via the red blood cells hemoglobins,
being a transport medium for electrons in cells, and being a
part of important enzyme systems in various tissues
(FAO/WHO, 2002). Fe is found in pigments (hemoglobin) that
are found in the blood of many vertebrate and invertebrate
organisms and carry oxygen and carbon dioxide for cell
respiration (Clark, 1992). The increase in Fe concentrations
are an indicator of the field's nutrient flow (drawdown),
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phytoplankton biomass, productivity (Fitzwater et al., 2000).
Fe deficiency is seen in more than two million people around
the world (Stoltzfus and Dreyfuss, 1998). Different
consumption values are recommended for Fe based on the
criteria including age, gender, etc. There is 300 mg Fe stored
in the body, and 1 mg/day Fe in men, and 1.5 mg/day in
women are excreted from the body (Aksoy, 2014). It is
recommended to take 10 mg Fe for adult men and 15 mg/day
for women. Fe intake is recommended as 15 mg/day (Aksoy,
2014) during pregnancy and breastfeeding, 11 mg/day for
0.5-1 year-olds (Schimann et al, 2007), 10 mg/day for
babies and children from 6 months to 3 years (Aksoy, 2014).
In the present study, the Fe values in smooth scallop were
lower than those reported in the previous studies (Orban et
al., 2007; Periyasamy et al., 2014).

Cu plays an important role in the functioning of various
enzymes (Bajgas, 2000; Hambidge, 2000), carbohydrate
metabolism, photosynthesis (Bajgas, 2000). It is also
essential for the circulatory system (Walker et al., 2002). So it
has to be consumed by humans, fish, bivalves, and other
aquatic creatures (FAO/WHO, 2004). Excessive Cu has a
toxic effect on the body and prevents the functions of some
enzymes (Bajgas, 2000). FAO/WHO (2004) and USEPA
(2019) temporarily determined the edible daily intake (EDI) as
0.4 mg/kg/day. The Cu value found in the present study was
below the limits determined by FAO/WHO (2004) . It was
thought that consuming 42.85 g smooth scallop daily will meet
the amount recommended by FAO/WHO (2004) and USEPA
(2019). Also, the Cu levels decrease when industrial and
urban emissions, fertilizers, algaecides, fungicides,
molluscicides, cyanobacteria in the region decrease (Moffett
et al., 1997; Besada et al., 2002; Cheriyan et al., 2015). Cu is
found in the greenish-blue pigment (hemocyanin) that carries
oxygen of mollusks and crustaceans (Clark, 1992). The
amount of influx and efflux of Cu element in bivalves vary
among species (Cai and Wang, 2019).

The dissolved concentration of Zn in seawater ranges
around <0.1 nmol/kg in surface waters. Zn plays a role in the
synthesis of some enzymes that affect CO2 and P uptake,
photosynthesis, phytoplankton growth and microalgal growth,
and the catabolism of carbohydrate, fat, protein, and nucleic
acids (Morel et al., 1994; Bajgas, 2000; FAO/WHO, 2002;
Shaked et al., 2006; Shariati and Yahyaabadi, 2006). In the
present study, the Zn value was found to be lower than those
in P. maximus (12.6-16.9 mg/kg wet meat) (Manthey-Karl et
al., 2015), D. incarnatus (0.34 mg/g dry meat) (Periyasamy et
al., 2014), and C. gallina (0.91-1.48 mg/100g wet meat)
(Orban et al., 2007). Since Zn is an essential element
observed in the cell wall of bacteria and diatoms, the death or
decay of these microorganisms increases the amount of this
element in the upwelling zone where coastal water and
seawater are mixed (Lewis and Luther IIl, 2000; Monteiro and
Roychoudhury, 2005; Baines et al., 2016; Grasse et al.,
2016). In the present study, Zn values of smooth scallop were
found to be safe for human consumption. Based on

FAO/WHO (2004), it can be thought that consuming at max
350 g per week (7 g per day) would be sufficient.

The daily Al consumption should be 4-9 mg (Hellstrom-
Westas and Rosen, 2006). The tolerable daily intake has
been reported as 1 mg/kg body weight (WHO,1996, USEPA,
2019). Examining the values found in the present study,
consuming 50 g per week(7 g per day) of the smooth scallop
collected from the Cardak Lagoon is within the limits
determined by EFSA (2013).

Se is an essential micronutrient with selenoproteins that
perform various metabolic functions in animals and humans
(Wen and Hu, 2010; Rayman, 2020). Many of the
selenoproteins affect antioxidant metabolism (Steinbrenner et
al., 2016). Se plays a role in protection from infections,
promotes growth and development (FAO/WHO, 2002).
Thyroid dysfunction may occur in Se deficiency. The Se
concentration in the blood should be 60-100u. Chronic high
consumption of Se can cause changes in nail morphology,
hair loss, diarrhea, central nervous system disorders,
anorexia, kidney and liver damage (Selinus et al., 2005). The
Se values in sediments and living things in the world vary due
to different environmental conditions and agricultural practices
(FAO/WHO, 2002). A daily intake of 55-75 upg Se is
recommended (Aksoy, 2014). In the present study, Se was
detected in trace levels in smooth scallop meat only in
December and below the detection limit in other months.
Therefore, it can be argued that consuming 5.5-7.5 g of
smooth scallops per day from the Cardak Lagoon during
December will meet the daily requirement.

Turkey ranks first in the world in the B source
(Yigitbasioglu, 2004). B can be obtained from both foods and
water. Evaluating the B element together with Ca, P, and Mg
elements, contributes to the protection of vitamin D in the
body (sufficient quantity of boron prevents vitamin D
deficiency and, hence, osteoporosis and weakening and
breaking of the bones) (Yakinci and Kok, 2016). The B
element is also effective in preventing the loss of Ca element
in the body and in the transport of Ca element between cells
(Aksoy, 2014). In the present study, a positively correlated
was found between Ca and B (p<0.05). For adults, a daily
intake of 0.4-0.5 mg/kg body weight B is recommended (
CODEX, 2007). In line with the results obtained from the
present study, it can be argued that the smooth scallop in the
lagoon contains B elements throughout the year, and
consuming 40 g smooth scallop per day will be sufficient to
meet the B requirement.

Although the presence of 77 elements in seawater was
detected, only 7-8 of them were abundant. In order of
abundance, these elements are Cl, Na, Mg, S, Ca, K, Br, and
C (Bat et al., 1998). In the present study, it was observed that
the elements contained in the flesh of the smooth scallop
were in a similar order except for sulfur. The anoxic nature of
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sedimentary affects the amount of sulfur in the water column
(Blytikates, 2017). In the present study, it can be argued that
the high values of sulfur in the spring and summer months
when the temperature increased was associated with the fact
that the sediment was anoxic and, as a result, the water
column was affected by this situation. In other words, the
water properties of the environment may have affected the
sulfur content of the smooth scallop.

In the present study, the Mg values in smooth scallop
were much lower than those in P. maximus (330-356 mg/kg
ww) (Manthey-Karl et al., 2015), C. gallina (74.3-89.4
mg/100g ww) (Orban et al., 2007), and D. incarnatus (60.54
mg/g dw) (Periyasamy et al., 2014). Mg is found in shell
formation in small amounts as Mg-calcite (Broadaway, 2012).
In the present study, it can be argued that the Mg in the
smooth scallop will decrease due to its contribution to the
shell growth in the spring. Evaluating in terms of nutrition, the
daily recommended consumption is 350 mg for men and 280
mg for women (Aksoy, 2014). It can be argued that it would
be sufficient to consume 500-628 g smooth scallop per day
purchased from the Cardak Lagoon to meet this amount.

As a result of the death of organisms, a significant part of
organic P dissolved or in particulate form in seawater turns
into inorganic phosphate with the effect of phytoplankton
species, the remaining part turns into inorganic phosphate by
bacteria and this inorganic P turns into organic matter that
phytoplankton and other marine creatures can benefit from
(Karl et al., 1995; Geldiay and Kocatas, 1988; CSB, 2020).
Although P in seawater is maximum in summer, it was
observed to decrease in autumn and reach a minimum level
in the winter months. However, it was concluded that these
changes depend on the regions (Geldiay and Kocatas, 1988).
In the present study, although the P value in smooth scallop
was stable, it was generally the lowest in spring whereas
highest in autumn. Also, the results obtained in the present
study were similar to those reported by Orban et al. (2007) for
C. gallina (108-177 mg/100g wet meat). The recommended
daily P consumption is 300-500 mg (Aksoy, 2014). Therefore,
it can be argued that consuming 300-500 g smooth scallop
per day in the present study will meet the P requirement.

Ca is of importance since it provides rigidity to the
skeleton and plays an important role in many metabolic
processes (FAO/WHO, 2002). Smooth scallop's shell consists
of CaCOs. In the present study, one of the reasons for the
decrease in this element in spring may be the contribution of
Ca to the shell formation. Ca value determined in smooth
scallop in the present study was lower than those reported in
previous studies (Orban et al., 2007; Manthey-Karl et al.,
2015). In terms of human consumption, the daily requirement
is recommended as 800 mg, and this value increases to 1200
mg for pregnant and breastfeeding women (Aksoy, 2014). In
general, it can be recommended to consume daily 2 kg of
smooth scallop in the Cardak Lagoon. In previous studies, it
was stated that the macro element with the highest value in
smooth scallop meat is usually the K element (Bilandzic et al.,

2015, Manthey-Karl et al., 2015). The values found in this
study were lower than the values found for P. maximus (3860-
4118 mg/kg wet meat) (Manthey-Karl et al., 2015), C. gallina
(221-257 mg/100g wet meat) (Orban et al, 2007), D.
incarnatus (20.36 mg/g dry meat) (Periyasamy et al., 2014).
The daily recommended K consumption for a healthy nervous
system and a steady heart rhythm is 2000 mg (Aksoy, 2014).
In this study, it can be recommended to consume 167 g of
smooth scallop per day to meet the amount needed. The Na
values obtained in the present study were higher than those
reported in the previous studies (Orban et al., 2007; Manthey-
Karl et al., 2015), however, the values exhibited a similar
pattern of change during the year (Orban et al., 2007). The
recommended daily minimum Na consumption is 500 mg
(Aksoy, 2014) and the maximum recommended value is 2 g
(WHO, 2012). According to the Na values in this study, it was
thought that consuming 167 g of smooth scallop meat per
day, especially in autumn and summer, will meet the daily Na
amount required. Mn is one of the vital microelements. It is
also a structural component of some enzymes (Wen and Hu,
2010). Considering the Mn values determined in the present
study, the consumption of 13-33 g smooth scallop is within
the limits determined by CODEX (2007).

CONCLUSION

The results obtained in the present study provide valuable
information for both smooth scallop breeders and the
consumers. For smooth scallop consumers, the data obtained
from the present study can be a guide for the months, and
consumption amounts for the smooth scallop in this region.
Since the smooth scallop in Cardak Lagoon meets the criteria
set by the Ministry of Agriculture and Forestry in terms of
element composition, its cultivation is recommended in this
region.

It was observed that F. glaber individuals collected from
Cardak Lagoon were suitable for consumption in terms of
their element content. Also, in the present study, the heavy
metal content of smooth scallop meat was below the limit
values specified by organizations such as the Turkish Food
Codex, WHO, FAO, etc. In addition, the fact that the THQ and
HI values of the smooth scallop were below 1 in all months
throughout the year confirmed that their consumption did not
have a negative effect on human health.

ACKNOWLEDGEMENTS

This study was supported by Canakkale Onsekiz Mart
University The Scientific Research Coordination Unit, Project
number: FDK/1349. We would like to thank Asst. Prof. Dr.
Burcu Mestav, who contributed to the statistical analysis of
this article. We would also like to thank Assoc. Prof.
Dr.Bayram Kizilkaya and Assoc. Prof. Dr. Semih KALE for
their valuable comments. Lab experiments were carried out in
the laboratory of Biochemistry, and the laboratory of Feed and
Food Analysis, Faculty of Marine Sciences and Technology,
Ganakkale Onsekiz Mart University.

456



Monthly variation of micro- and macro-element composition in smooth scallop, Flexopecten glaber (Linnaeus, 1758), from the Cardak Lagoon (Ganakkale Strait, Turkey)

REFERENCE

Akkan, E. (1981). Okyanuslarin mineral varliklari. Cografya Arastirmalari
Dergisi, 10, 91-100.

Aksoy, M. (2014). Beslenme biyokimyasi. Ankara: Hatiboglu Yayinlari.

Aquamaps,(2019).
https://lwww.aquamaps.org/receive.php?type_of_map=regular
Retrieved from 15.03.2019

Alkan, N., Alkan, A., Demirak, A. & Bahloul, M. (2020). Metals/metalloid in
Marine Sediments, Bioaccumulating in Macroalgae and a Mussel. Soil
and Sediment Contamination: An International Journal, 29(5), 569-594.
DOI:10.1080/15320383.2020.1751061

Baines, S. B., Chen, X., Vogt, S., Fisher, N. S., Twining, B. S. & Landry, M.
R. (2016). Microplankton trace element contents: Implications for mineral
limitation of mesozooplankton in an HNLC area. Journal of Plankton
Research, 38, 256-270. DOI:10.1093/plankt/fov109

Bajgas, A. (2000). Blocked of heavy metals accumulation in Chlorella vulgaris
cells by 24- epibrassinolide. Plant Physiology and Biochemistry, 38, 797-
801. DOI:10.1016/S0981-9428(00)01185-2

Balls, P. W., Hull, S., Miller, B. S., Pirie, J. M. & Proctor, W. (1997). Trace
metal in Scottish estuarine and coastal sediments. Marine Pollution
Bulletin, 34 (1), 42-50. DOI:10.1016/S0025-326X(96)00056-2

Bat, L. & Raffaelli, D. (1998). Survival and growth of Corophium volutator in
organically enriched sediment: A comparison of laboratory and field
experiments. Turkish Journal of Zoology, 22 (3), 219-229.

Berik, N., Cankirihgil, E.C. & Gil, G. (2017). Mineral content of smooth
scallop (Flexopecten glaber) caught Canakkale, Turkey and evaluation
in terms of food safety. Journal of Trace Elements in Medicine and
Biology, 42, 97-102. DOI:10.1016/j.jtemb.2017.04.011

Besada, V., Fumega, J. & Vaamonde, A. (2002). Temporal Trends of Cd, Cu,
Hg, Pb and Zn in mussel (Mytilus galloprovincialis) from the Spanish
North- Atlantic Coast 1991- 1999. Science of the Total Environment, 288
(3), 239-253. DOI:10.1016/S0048-9697(01)01010-5

Bilandzi¢, N., Sedak, M., Calopek, B., Doki¢, M., Kolanovi¢, B. S., Varenina,
l., Bozi¢, D., Varga, |., Dafi¢, N., Mideti¢, D., Zm¢i¢, S. & Orai¢, D.
(2015). Differences in element contents of shellfish from coastal
locations of Istria. Veterinarska stanica, 46 (1), 9-17.

Botello, A. V., Villanueva, F. S., Rivera, R. F., Velandia, A. L., & de la Lanza,
G. E. (2018). Analysis and tendencies of metals and POPs in a
sediment core from the Alvarado Lagoon System (ALS), Veracruz,
Mexico. Archives of Environmental Contamination and Toxicology, 75
(1), 157-173.

Broadaway, B. J. (2012). The relation among essential habitat, ocean
acidification, and calcification on the Nantucket bay scallop (Argopecten
irradians). Dissertation Thesis, Environmental, Earth and Ocean
Sciences Program, University of Massachusetts Boston.

Biiylkates, Y. (2017). Demir, siilfiir ve silis dongtisi. In R. Witzel (Ed.),
Limnoloji Gl ve Nehir Ekosistemleri (pp 289-328). Ankara: Nobel
Akademik Yayincilik.

Cai, C. & Wang, W. X. (2019). Inter-species difference of copper
accumulation in three species of marine mussels: Implication for
biomonitoring. Science of the Total Environment, 692, 1029-1036.
DOI:10.1016/j.scitotenv.2019.07.298

Cashman, K. D. (2006). A prebiotic substance persistently enhances
intestinal calcium absorption and increases bone mineralization in young
adolescents. Nutrition Reviews, 64 (4), 189-196. DOI:10.1111/j.1753-
4887.2006.tb00201.x

Chapman, P. M., & Wang, F. (2001). Assessing sediment contamination in
estuaries. Environmental Toxicology and Chemistry: An International
Journal, 20 (1), 3-22. DOI:10.1002/etc.5620200102

Cheriyan, E., Sreekanth, A., Mrudulrag, S. K. & Sujatha, C. H. (2015).
Evaluation of metal enrichment and trophic status on the basis of
biogeochemical analysis of shelf sediments of the Southeastern Arabian
Sea, India.  Continental ~ Shelf  Research, 108, 1-11.
DOI:10.1016/j.csr.2015.08.007

Clark, R. B. (1992). Marine pollution. Oxford: Clarendon Press.

Codex, (2007). Codex Alimentarius Commission: Procedural Manual. Food
and  Agriculture  Organization ~of the  United  Nations.
http://www.fao.org/3/a1472e/a1472e00.htm (25.04.2021)

Cetingdl, V. & Aysel, V. (1998). Ekonomik degerdeki bazi kahverengi ve
kirmizi alglerin agir metal birikim diizeyleri. Ege Universitesi Su Uriinleri
Fakiiltesi Dergisi, 15 (1-2), 63-76.

Culha, S. T., Yabanli, M., Baki, B. & Yozukmaz, A. (2016). Heavy metals in
tissues of scorpionfish (Scorpaena porcus) caught from Black Sea

(Turkey) and potential risks to human health. Environmental Science
and Pollution Research, 23, 20882-20892.

DOI:10.1007/s11356-016-7337-2

GSB, (2020). Kiyi  ve Deniz Sularindaki Besin  Maddeleri.
https://cevreselgostergeler.csb.gov.tr/kiyi-ve-deniz-sularindaki-besin-
maddeleri-i-91719 (25.04.2021)

Dame, R. F. & Allen, D. M. (1996). Between estuaries and the sea. Journal of
Experimental Marine Biology and Ecology, 200 (1-2), 169-185.
DOI:10.1016/S0022-0981(96)02642-1

Din, Z. B. (1992). Use of aluminium to normalize heavy-metal data from
estuarine and coastal sediments of Straits of Melaka. Marine Pollution
Bulletin, 24 (10), 484-491. https://doi.org/10.1016/0025-326X(92)90472-

EFSA, (2013). Dietary exposure to aluminium-containing food additives. 10
(4): 411E.

El-Shenawy, N. S., Loutfy, N., Soliman, M. F., Tadros, M. M. & El-Azeez, A.
A. A. (2016). Metals bioaccumulation in two edible bivalves and health
risk assessment. Environmental Monitoring and Assessment, 188 (3),
139. DOI: 10.1007/s10661-016-5145-2

El-Sikaily, A., Khaled, A., & El Nemr, A. (2004). Heavy metals monitoring
using bivalves from Mediterranean Sea and Red Sea. Environmental
Monitoring and Assessment, 98 (1-3), 41-58.
DOI:10.1023/B:EMAS.0000038178.98985.5d

EPA (1994). Microwave assisted acid digestion of sediments, sludges, soils,
and oils. Method 3051.

FAO (2010). Statistics Division Food Security Statistics, Food Consumption.
http://www.fao.org/fishery/statistics/global-consumption/en (21.06.2010)

FAO/WHO, (1993). Evaluation of ceratin food additives and contaminants.
Forty-first report of the Joint FAO/WHO Expert Committee on Food
Additives, Geneva.

FAO/WHO, (2002). Human vitamin and mineral requirements. Report of a
joint  FAO/WHO  Expert Consultation, Bangkok,  Thailand.
hitp://www.fao.org/3/y2809e/y2809e.pdf (25.4.2021)

FAO/WHO, (2004) Summary of evaluations performed by the joint FAO/WHO
expert committee on food additives (JECFA 1956-2003). ILSI Press
International Life Sciences Institute, Washington

FAO/WHO, (2010). Safety evaluation of certain food additives. Seventy-first
meeting of the Joint FAO/WHO Expert Committee on Food Additives,
Geneva.

Fitzwater, S. E., Johnson, K. S., Gordon, R. M., Coale, K. H. & Smith Jr, W.
0. (2000). Trace metal concentrations in the Ross Sea and their
relationship with nutrients and phytoplankton growth. Deep Sea
Research Part Il: Topical Studies in Oceanography, 47 (15-16), 3159-
3179. DOI:10.1016/S0967-0645(00)00063-1

Fuentes, A., Fernandez-Segovia, |., Escriche, I. & Serra, J. A. (2009).
Comparison of physico-chemical parameters and composition of
mussels (Mytilus galloprovincialis Lmk.) from different Spanish origins.
Food Chemistry, 112 (2), 295-302.
DOI:10.1016/j.foodchem.2008.05.064

Gabriel, K. R. (1971). The biplot graphic display of matrices with application
to principal component analysis. Biometrika, 58 (3), 453-467.
DOI:10.1093/biomet/58.3.453

Geldiay, R. & Kocatas, A. (1988). Beginning to Marine Biology. , izmir: Ege
University, Science Faculty Book Series (In Turkish).

Gower, J. C. & Hand, D. J. (1996). Biplots. London UK: Chapman&Hall.

457


https://doi.org/10.1080/15320383.2020.1751061
https://doi.org/10.1093/plankt/fbv109
https://doi.org/10.1016/S0981-9428(00)01185-2
http://doi.org/10.1016/S0025-326X(96)00056-2
https://doi.org/10.1016/j.jtemb.2017.04.011
https://doi.org/10.1016/S0048-9697(01)01010-5
http://doi.org/10.1016/j.scitotenv.2019.07.298
http://doi.org/10.1111/j.1753-4887.2006.tb00201.x
http://doi.org/10.1111/j.1753-4887.2006.tb00201.x
http://doi.org/10.1002/etc.5620200102
https://doi.org/10.1016/j.csr.2015.08.007
https://doi.org/10.1016/j.csr.2015.08.007
http://www.fao.org/3/a1472e/a1472e00.htm
https://link.springer.com/journal/11356
https://link.springer.com/journal/11356
https://doi.org/10.1007/s11356-016-7337-2
https://doi.org/10.1007/s10661-016-5145-2
https://doi.org/10.1023/B:EMAS.0000038178.98985.5d
http://www.fao.org/fishery/statistics/global-consumption/en
http://www.fao.org/3/y2809e/y2809e.pdf
https://doi.org/10.1093/biomet/58.3.453

Vural and Acarli, Ege Journal of Fisheries and Aquatic Sciences, 38(4), 449-459 (2021)

Gokoglu, N., Yerlikaya, P. & Gokoglu, M. (2008). Trace elements in edible
tissues of three shrimp species (Penaeus semisulcatus, Parapenaeus
longirostris and Paleomon serratus). Journal of the Science of Food and
Agriculture, 88 (2), 175-178. DOI:10.1002/jsfa.3086

Grasse, P., Ryabenko, E., Ehlert, C., Altabet, M. A. & Frank, M. (2016).
Silicon and nitrogen cycling in the upwelling area off Peru: A dual
isotope approach. Limnology and Oceanography, 61(5), 1661-1676.
DOI:10.1002/In0.10324

GTHB (1997). Tiirkiye Kiyllarindaki Lagiinlerin Yénetim ve Gelistirme
Stratejileri ve Islah. Tanm ve KOy Isleri Bakanligi. Tarimsal Uretim ve
Gelistirme Genel Muduirligu. 2(6), 384-988.

Hambidge, M. (2000). Human zinc deficiency. The Journal of Nutrition, 130
(5), 1344S5-1349S. DOI:10.1093/jn/130.5.1344S

Hellstrom-Westas, L. & Rosén, I. (2006). Continuous brain-function
monitoring: state of the art in clinical practice. In Seminars in Fetal and
Neonatal Medicine 11 (6), 503-511. DOI:10.1016/}.siny.2006.07.011

Hogstrand, C. & Haux, C. (1991). Binding and detoxification of heavy metals
in lower vertebrates with reference to metallothionein. Comparative
Biochemistry and Physiology Part C: Comparative Pharmacology, 100
(1-2), 137-141. DOI:10.1016/0742-8413(91)90140-0

inan, Y. & Giil, M. (2001). Biyokimya. Ankara: Nobel Yayin Dagitim

Javed, M. & Usmani, N. (2016). Accumulation of heavy metals and human
health risk assessment via the consumption of freshwater fish
Mastacembelus armatus inhabiting, thermal power plant effluent loaded
canal. SpringerPlus, 5(1), 1-8. DOI:10.1186/s40064-016-2471-3

Karadeniz, T. (2004). Sifali meyveler (Meyvelerle beslenme ve tedavi
sekilleri). Istanbul: Burcan Ofset Matbaacilik Sanayi.

Karl, D. M. R., Letelier, D., Hebel, L., Tapas, J., Dore, J., Christian, C. &
Winn, C. (1995). Ecosystem changes in the North Pacific Subtropical
Gyre attributed to the 1991-92 E1 Nino. Nature, 373, 230-234.
DOI:10.1038/373230a0

Kiikrer, S., Erginal, A. E., Kilig, S., Bay, Ozender, Akarsu, T. & Oztura, E.
(2020). Ecological risk assessment of surface sediments of Cardak
Lagoon along a human disturbance gradient. Environmental Monitoring
and Assessment, 192- 359. DOI:10.1007/s10661-020-08336-9.

Larson, M. (2012). Coastal lagoons. In: L. Bengtsson.et al. (Eds.),
Encyclopedia of Lakes and Reservoirs (pp. 171-174).Netherlands:
Springer. DOI: 10.1007/978-1-4020-4410-6_236

Lewis, B. L. & Luther Ill, G. W. (2000). Processes controlling the distribution
and cycling of manganese in the oxygen minimum zone of the Arabian
Sea. Deep Sea Research Part Il: Topical Studies in Oceanography, 47
(7-8), 1541-1561. DOI:10.1016/S0967-0645(99)00153-8

Lok, A., Colakoglu, S., Acarli, S., Serdar, S., Kiigiikdermenci, A., Yigitkurt, S.,
Kirtik, A. & Giiler, M. (2010). Heavy metal concentration in the
mediterranean mussels (Mytilus galloprovincialis) collected from the
Dardanelles. In: CIESM 39t Congress (pp. 278) Venezia, ltaly.

Maanan, M., Saddik, M., Maanan, M., Chaibi, M., Assobhei, O. & Zourarah,
B. (2015). Environmental and ecological risk assessment of heavy
metals in sediments of Nador lagoon, Morocco. Ecological Indicators,
48, 616-626. DOI:10.1016/}.ecolind.2014.09.034

Manthey-Karl, M., Lehmann, ., Ostermeyer, U., Rehbein, H. & Schroder, U.
(2015). Meat composition and quality assessment of king scallops
(Pecten maximus) and frozen Atlantic Sea Scallops (Placopecten
magellanicus) on a Retail Level. Foods, 4 (4), 524-546.
DOI:10.3390/foods4040524

McLusky, D. S., Bryant, Victoria, B. & Campbell, R. (1986). The effects of
temperature and salinity on the toxicity of heavy metals to marine and
estuarine invertebrates. Oceanography and Marine Biology Annual
Review, 24, 481-520.

Mendez, E., Giudice, H., Pereira, A., Inocente, G. & Medina, D. (2001). Total
mercury content-fish weight relationship in swordfish (Xiphias gladius)
caught in the Southwest Atlantic Ocean. Journal of Food Composition
and Analysis, 14 (5), 453-460. DOI:10.1006/jfca.2001.1005

Moffett, J. W., Brand, L. E., Croot, P. L. & Barbeau, K. A. (1997). Cu
speciation and cyanobacterial distribution in harbors subject to
anthropogenic Cu inputs. Limnology and Oceanography, 42 (5), 789-
799. DOI:10.4319/10.1997.42.5.0789

Numadia, A. A., Azrina, A., Amin, I, Mohd Yunus, A. S. & Mohd Izuan
Effendi, H.  (2013). Mineral contents of selected marine fish and
shellfish from the west coast of Peninsular Malaysia. International Food
Research Journal, 20 (1), 431-437.

Monteiro, P. M., & Roychoudhury, A. N. (2005). Spatial characteristics of
sediment trace metals in an eastern boundary upwelling retention area
(St. Helena Bay, South Africa): a hydrodynamic-biological pump
hypothesis. Estuarine, Coastal and Shelf Science, 65, 123-134.
DOI:10.1016/j.ecss.2005.05.013

Morel, F. M. M., Reinfelder, J. R., Roberts, S. B., Chamberlain, C. P., Lee, J.
G. & Yee, D. (1994). Zinc and carbon co-limitation of marine
phytoplankton. Nature, 369(6483), 740-742. DOI:10.1038/369740a0

O'Connor, T. P. (1996). Trens in chemical concentrations in mussels and
oysters collected along de US coast from 1986 to 1993. Marine
Environmental Research, 41(2), 183-200.
DOI:10.1016/0141-1136(95)00011-9

Orban, E., Di Lena, G., Nevigato, T., Casini, |., Marzetti, A. & Caproni, R.
(2002). Seasonal changes in meat content, condition index and
chemical composition of mussels (Mytilus galloprovincialis) cultured in
two different Italian sites. Food Chemistry, 77, 57-65.
DOI:10.1016/S0308-8146(01)00322-3

Orban, E., Di Lena, G., Nevigato, T., Casini, I., Caproni, R., Santaroni, G. &
Giulini, G. (2007). Nutritional and commercial quality of the striped venus
clam, Chamelea gallina, from the Adriatic sea. Food Chemistry, 101 (3),
1063-1070. DOI:10.1016/j.foodchem.2006.03.005

Ozden, O. & Erkan, N. (2011). A preliminary study of amino acid and mineral
profiles of important and estimable 21 seafood species. British Food
Journal, 113 (4), 457-469. DOI:10.1108/00070701111123943

Periyasamy, N., Murugan,, S. & Bharadhirajan, P. (2014). Biochemical
composition of marine bivalve Donax incarnatus (Gmelin, 1791) from
Cuddalore Southeast coast of India. International Journal of Advanced in
Pharmacy, Biology and Chemistry, 3, 575-582.

Phillips, D. J. H. & Rainbow, P. S. (1994). Biomonitoring of trace aquatic
contaminants, Environmental Management Sweies, London: Chapman
& Hall. DOI:10.1007/978-94-011-2122-4

Plessi, M., Bertelli, D. & Monzani, A. (2001). Mercury and selenium content in
selected seafood. Journal of Food Composition and Analysis, 14 (5),
461-467. DOI:10.1006/jfca.2001.1003

Prato, E., Biandolino, F., Parlapiano, ., Giandomenico, S., Denti, G., Calo,
M., Spada, L. & Di Leo, A. (2019a). Proximate, fatty acids and metals in
edible marine bivalves from Italian market: beneficial and risk for
consumers health. Science of The Total Environment, 648, 153-163.
DOI:10.1016/j.scitotenv.2018.07.382

Prato E., Biandolino, F., Parlapiano, I., Papa, L., Denti, G. & Fanelli, G.
(2019b). Seasonal changes of commercial traits, proximate and fatty
acid compositions of the scallop Flexopecten glaber from the
Mediterranean ~ Sea  (Southern  ltaly).  Peerd, 7, 5810.
DOI:10.7717/peer}.5810

Rayman, M. P. (2020). Selenium intake, status, and health: A complex
relationship. Hormones, 19, 9-14. DOI:10.1007/s42000-019-00125-5

Schiimann, K., Ettle, T., Szegner, B., Elsenhans, B. & Solomons, N. W.
(2007). On risks and benefits of iron supplementation recommendations
for iron intake revisited. Journal of Trace Elements in Medicine and
Biology, 21 (3), 147-168. DOI:10.1016/j.jtemb.2007.06.002

Selinus, O., Lindh, U., Fuge, R., Centeno, J., Alloway, B., Smedley, P. &
Finkelman, R. (2005). Essentials of Medical Geology. Impacts of the
Natural Environment on Public Health. China: Elsevier Academic Press.

Sevgi, S. & Ulutarhan- Stizer, E. (2019). Assessment of Hg, Cd, Pb and Cr
accumulations in razor clam (Solen marginatus) from the Homa Lagoon.
Ege Joumal of Fisheries and Aquatic Sciences, 36 (1), 31-39.
DOI:10.12714/egejfas.2019.36.1.04

Shaked, Y., Xu, Y., Leblanc, K., & Morel, F. M. (2006). Zinc availability and
alkaline phosphatase activity in Emiliania huxleyi: Implications for Zn-P

co-limitation in the ocean. Limnology and Oceanography, 51 (1), 299-
309. DOI:10.4319/10.2006.51.1.0299

458


http://doi.org/10.1002/jsfa.3086
https://doi.org/10.1002/lno.10324
https://doi.org/10.1002/lno.10324
https://doi.org/10.1093/jn/130.5.1344S
https://doi.org/10.1016/j.siny.2006.07.011
http://doi.org/10.1016/0742-8413(91)90140-O
https://doi.org/10.1186/s40064-016-2471-3
https://doi.org/10.1038/373230a0
http://doi.org/10.1007/s10661-020-08336-9
https://doi.org/10.1007/978-1-4020-4410-6_236
https://doi.org/10.1016/S0967-0645(99)00153-8
https://doi.org/10.1016/j.ecolind.2014.09.034
https://doi.org/10.3390/foods4040524
https://doi.org/10.3390/foods4040524
http://doi.org/10.1006/jfca.2001.1005
https://doi.org/10.4319/lo.1997.42.5.0789
https://doi.org/10.1016/j.ecss.2005.05.013
https://doi.org/10.1038/369740a0
https://doi.org/10.1016/0141-1136(95)00011-9
https://doi.org/10.1016/S0308-8146(01)00322-3
https://doi.org/10.1016/S0308-8146(01)00322-3
https://doi.org/10.1016/j.foodchem.2006.03.005
https://doi.org/10.1108/00070701111123943
https://doi.org/10.1007/978-94-011-2122-4
https://doi.org/10.1016/j.scitotenv.2018.07.382
https://doi.org/10.1016/j.scitotenv.2018.07.382
https://doi.org/10.7717/peerj.5810
https://doi.org/10.1007/s42000-019-00125-5
http://doi.org/10.1016/j.jtemb.2007.06.002
http://doi.org/10.12714/egejfas.2019.36.1.04
https://doi.org/10.4319/lo.2006.51.1.0299

Monthly variation of micro- and macro-element composition in smooth scallop, Flexopecten glaber (Linnaeus, 1758), from the Cardak Lagoon (Ganakkale Strait, Turkey)

Shariati, M. & Yahyaabadi, S. (2006). The effects of different concentrations
of cadmium on the growth rate and beta-carotene synthesis in
unicellular green algae Dunaliella salina. Iranian Journal of Science and
Technology Transaction a-Science, 30 (A1), 57-63.

Sharp, J. D. & Byme, R. H. (2020). Interpreting measurements of total
alkalinity in marine and estuarine waters in the presence of proton-
binding organic matter. Deep Sea Research Part I: Oceanographic
Research Papers, 165, 103338. DOI:10.1016/).dsr.2020.103338

Sidwell, V. D., Buzzell, D. H., Foncannon, P. R. & Smith, A. L. (1977).
Composition of the edible portion of raw (fresh or frozen) crustaceans,
finfish, and mollusks. Il. macroelements: sodium, potassium, chlorine,
calcium, phosphorus, and magnesium. Marine Fisheries Review, 39 (1),
1-11.

Skinner, C., Turoczy, N. J., Jones, P. L., Bamett, D., & Hodges, R. (2004).
Heavy metal concentrations in wild and cultured Blacklip Abalone
(Haliotis rubra Leach) from southem Australian waters. Food Chemistry,
85 (3), 351-356. DOI: 10.1016/j.foodchem.2003.07.011

Steinbrenner, H., Speckmann, B. & Klotz, L. O. (2016). Selenoproteins:
Antioxidant selenoenzymes and beyond. Archieves of Biochemistry and
Biophysics, 595, 113-119. DOI:10.1016/j.abb.2015.06.024

Stoltzfus R. J. & Dreyfuss M. L. (1998). Guidelines for the use of iron
supplements to prevent and freat iron deficiency anemia. Washington:
lIsi Press.

Storelli, M. M., Storelli, A. & Marcotrigiano, G. O. (2000). Heavy metals in
mussels (Mytilus galloprovincialis) from the lonian Sea, ltaly. Journal of
Food Protection, 63 (2), 273-276. DOI:10.4315/0362-028X-63.2.273

Tapiero, H., Townsend, D. A. & Tew, K. D. (2003). Trace elements in human
physiology and pathology. Copper. Biomedicine & pharmacotherapy,
57(9), 386-398. DOI:10.1016/S0753-3322(03)00012-X

Tarley, C. R., Coltro, W. K., Matsushita, M. & de Souza, N. E. (2001).
Characteristic levels of some heavy metals from Brazilian canned
sardines (Sardinella brasiliensis). Journal of Food Composition and
Analysis, 14 (6), 611-617. DOI:10.1006/jfca.2001.1028

Tokatl, C. & Ustaodlu, F. (2021). Meri¢ delta baliklarinda toksik metal
birikimlerinin degerlendirimesi: Muhtemel insan saghgi riskleri. Acta
Aquatica Turcica, 17(1), 136-145. DOI:10.22392/actaquatr.769656

Ulutarhan, E., Darilmaz, E., Kontas, A., Bilgin, M., Alyuruk, H., Altay, O. &
Sevgi, S. (2019). Seasonal variations of multi-biomarker responses to
metals and pesticides pollution in M. galloprovincialis and T. decussatus
from Homa Lagoon, Eastern Aegean Sea. Marine Pollution Bulletin, 141,
176-186. DOI:10.1016/j.marpolbul.2019.02.035

USEPA (U.S. Environmental Protection Agency) (1989) Risk assessment
guidance for superfund. Volume I: human health evaluation manual

(Part A). Interim Final Office of Emergency and Remedial Response
EPA/540/1-89/002

USEPA (U.S. Environmental Protection Agency) (2011) Exposure factors
handbook 2011 edition (Final). National Center for Environmental
Assessment, Office of Research and Development, Washington D.C

USEPA (U.S. Environmental Protection Agency) (2019a). Regional screening
levels (RSLs) — equations. https://www.epa.gov/risk/regional-screening-
levels-rsls-equations

USEPA (U.S. Environmental Protection Agency) (2019b) Regional screening
level (RSL) summary table (TR=1E-06
THQ=1.0). https://semspub.epa.gov/work/HQ/197414.pdf

Ustaoglu, M. R., Ozdemir Mis, D. & Aygen, C. (2012). Observations on
zooplankton in some lagoons in Turkey. J. Black Sea/Mediterranean
Environment, 18 (2), 208-222.

Unsal, M. (2004). 2003-2004 Yillarinda diizenlenen tarimsal gevre ve su
kirliligi hizmetici egitim semineri notlari, Tanm ve Kéyisleri Bakanligi
Koruma ve Kontrol Genel Miid(irliigii (pp. 159). Ankara.

Vural, P. & Acarli, S. (2018). Assessment of Cardak Lagoon for fisheries and
aquaculture production. In: S. Canbulat, N. Giltepe, A. Tirkyllmaz
(Eds.), International Symposium Ecology 2018 (pp. 1051). Kastamonu,
Turkey: Abstract Book.

Yakingi, Z. D. & Kék, M. (2016). Borun saglik alaninda kullanimi. inénd
Universitesi Saglik Hizmetleri Meslek Yiiksekokulu Dergisi, 5 (7), 36-44.

Yagar, H. & Melek, S. (2003). Besinler ve beslenme. istanbul: Nobel Yayn
Dagitim

Yigitbasioglu, H. (2004). Tirkiye igin onemli bir maden: Bor (An Important
Ore for Turkey: Boron). Cografi Bilimler Dergisi/Turkish Journal of
Geographical Sciences, 2(2), 13-25. DOI: 10.1501/Cogbil_0000000046

Walker, J. M., Tsivkovskii, R. & Lutsenko, S. (2002). Metallochaperone Atox1
transfers copper to the NH2-terminal domain of the Wilson's disease
protein and regulates its catalytic activity. Journal of Biological
Chemistry, 277 (31), 27953-27959. DOI:10.1074/jbc.M203845200

Warnau, M., Teyssié, J. L. & Fowler, S. W. (1996). Biokinetics of selected
heavy metals and radionuclides in the common Mediterranean Echinoid

Paracentrotus lividus: Sea water and food exposures. Marine Ecology
Progress Series, 141, 83-94. DOI: 10.3354/meps141083

Wen J. & Hu C. (2010). Elemental composition of commercial sea cucumbers
(Holothurians). Food Additives and Contaminants, 3 (4), 246-252.
DOI:10.1080/19393210.2010.520340

WHO (1996). Trace elements in human nutrition and health. Geneva

WHO (2006). Guidelines on food fortification with micronutrients. World
Health Organization

WHO (2012). Guideline: sodium intake for adults and children. WorldHealth
Organization, Geneva.

Yaman M., Karaaslan N.M. & Yaman |.H. (2014) Seasonal variations in toxic
metal levels of two fish species, Mugil cephalus and Mullus barbatus
and estimation of risk for children. Bulletin of Environmental
Contamination and Toxicology, 93,344-349.
DOI:10.1007/s00128-014-1342-2

459


https://doi.org/10.1016/j.dsr.2020.103338
https://doi.org/10.1016/j.foodchem.2003.07.011
https://doi.org/10.1016/j.abb.2015.06.024
https://doi.org/10.4315/0362-028X-63.2.273
https://doi.org/10.1016/S0753-3322(03)00012-X
https://doi.org/10.1006/jfca.2001.1028
https://doi.org/10.22392/actaquatr.769656
https://doi.org/10.1016/j.marpolbul.2019.02.035
https://www.epa.gov/risk/regional-screening-levels-rsls-equations
https://www.epa.gov/risk/regional-screening-levels-rsls-equations
https://semspub.epa.gov/work/HQ/197414.pdf
https://doi.org/10.1501/Cogbil_0000000046
https://doi.org/10.1074/jbc.M203845200
https://doi.org/10.3354/meps141083
https://doi.org/10.1080/19393210.2010.520340
https://doi.org/10.1007/s00128-014-1342-2




http://www.egejfas.org Su Uriinleri Dergisi (2021)
Ege Journal of Fisheries and Aquatic Sciences, 38(4), 461-466 (2021) DOI: 10.12714/egejfas.38.4.07

RESEARCH ARTICLE ARASTIRMA MAKALESI

About the identity of Granulina pusaterii Smriglio & Mariottini, 2003
(Volutoidea: Granulinidae) from the Tunisian Plateau

Franck Boyer™® e Walter Renda2e Attilio Pagli®

' Garrigues-Sainte-Eulalie, Gard, France
2 Amantea, Calabria, Italy
3 Empoli, Toscana, Italy

https://orcid.org/0000-0003-4162-2124
https://orcid.org/0000-0003-3944-6758
https://orcid.org/0000-0002-2581-0291

*Corresponding author: franck.boyer7@orange.fr Received date: 15.05.2021 Accepted date: 24.09.2021

How to cite this paper:
Boyer, F., Renda, W. & Pagli, A. (2021). About the identity of Granulina pusaterii Smriglio & Mariottini, 2003 (Volutoidea: Granulinidae) from the Tunisian
Plateau. Ege Journal of Fisheries and Aquatic Sciences, 38(4), 461-466. DOI: 10.12714/egejfas.38.4.07

Abstract: On the ground of an extensive study of topotypes and of the shell morphology documented in comparable Mediterranean populations, Granulina
pusaterii Smriglio & Mariottini, 2003 described from the Tunisian Plateau is proved to belong to the natural variability of G. melitensis Smriglio, Mariottini &
Rufini, 1998 and it is proposed as junior synonym name of the latter.
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INTRODUCTION

Since the pioneering work of Gofas (1992), several new
species of Granulina were described from the Mediterranean
waters by various authors, most from circalittoral or upper
bathyal levels, and a supraspecific revision of the granuliniform
gastropods was proposed by Boyer (2017). More recently, few
works were dedicated to the phenetic variability occurring in
some Granulina species from Mediterranean, and partial
specific revisions were proposed (Boyer et al., 2017 and Boyer
et al., 2020). In most cases, an extensive documentation about
the chromatism of the soft parts remains to be gathered for
conclusive revisions. In some occurrences, it seems however
that the shell morphology data allow by themselves to reach
robust conclusions, if based on a representative material.

This consideration leads to dedicate the present article to
a shell morphology-based revision of the taxon G. pusaterii
Smriglio and Mariottini (2003) only reported from its type
locality on the border of the Tunisian Plateau and never revised
since its description. The identity of G. pusaterii has been
originally defined by comparison with G. melitensis Smriglio et
al.(1998), described from Malta, so the present work will
proceed as a comparison between these two taxa, referring
both to the morphologic variability displayed by a lot of
topotypes of G. pusaterii recently discovered in the collection
of Attilio Pagli, and to the morphologic variability of G.
melitensis extensively pictured by Boyer et al. (2020) in their
recent revision of the granulinid fauna from the coasts of
Turkey.

MATERIAL AND METHODS

The documentation of this work is based on the variability
of G. melitensis as documented by Boyer et al. (2020) in the
frame of their study of the Granulina fauna from the waters of
Turkey, and on an important lot of topotypes of G. pusaterii
studied more recently by the authors. This lot of 181 topotypes
constitutes the main part of a sampling of 201 similar shells
sorted out of from shell grit dredged at 100 m on the Tunisian
Plateau, 60 miles off Sfax, and saved by Dr Marco Taviani: 20
shells were selected firstly by Carlo Smriglio and Paolo
Mariottini, as type material of their new species G. pusaterii,
and the 181 remaining shells were sorted out later from grit of
the same sample by the third author without conclusive
identification.

The holotypes of G. melitensis and of G. pusaterii have
been studied on the ground of new photos performed at higher
resolution by Antonio Bonfitto (Museo di Zoologia di Bologna).

For the presentation of the morphologic variability in the
nominal G. melitensis, the reader will refer to the extensive
iconography given in Boyer et al. (2020) (Figures 6A-P, 10A,
10C-D, 10P, 11D, 11M-P), whereas the morphologic variability
at work in the taxon G. pusaterii is illustrated herein through six
contrasted topotypes (Figures 1G-I; 2A-l). The tentative of
making morphometric graphics of this multifactorial variability
range proved to be not operative neither probative in the
present case, and the direct comparison of referred pictures
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looks to give more valuable information than any superposition
of scatter graphs.

Abbreviations and Acronyms
BEL: Benthic Ecology Laboratory, University of Messina.
ISMAR : Istituto di Scienze Marine, Bologna.
MZB : Museo di Zoologia di Bologna.
APC : Attilio Pagli Collection.
FBC : Franck Boyer Collection.
WRC : Walter Renda Collection.
spm : specimen.
L : length.
Ib : ibidem, like the previous bibliographic reference.
e. g.: “exempli gratia”, for instance.
RESULTS

In the present study, Granulina pusaterii Smriglio &
Mariottini, 2003 and G. melitensis Smriglio, Mariottini & Rufini,
1998 have been compared for their shell morphology on the
ground of their respective type material, of topotypes of G.
pusateri, and of extensive samples of G. melitensis previously
studied by Boyer et al. (2020). This morphologic comparison is
evidencing that G. pusateri belongs to the natural variability of
G. melitensis.

Systematics
Phylum: Mollusca
Class: Gastropoda
Order: Neogastropoda
Superfamily: Volutoidea Rafinesque, 1815
Family: Granulinidae Coovert & Coovert, 1995
Genre: Granulina Jousseaume, 1888

Type-species: Marginella pygmaea Issel, 1869 (non-
Marginella pygmaea Sowerby, 1846) = Marginella isselli Nevill
and Nevill, 1875 (nom. nov.). By monotypy.

Granulina melitensis (Smriglio et al., 1998) (Figure 1, A-C).
Smriglio et al. (1998) (pp. 53-56, figures 1-7)

Type material

Holotype MZB (Figure 1, A-C), L= 2.2 mm, and 11
paratypes in the collections Smriglio, Mariottini, Ruffini and
Engl.

Other material examined

Out of the material refered and illustrated in Boyer et al.
(2020):

APC: 181 spm, 60 miles off Sfax, 100m.

FBC: typical form = 1 spm, Anzio, Coste Laziali, 250 m; large
angular form = 11 spm, Capri Island, 200 m; 4 spm, Karpathos
Island, no depth datum.

WRC: thick inflated form = 5 spm, Egadi Islands, 500 m.
BEL: 11 spm, Eolie Islands, 300 m.

The species was originally described by Smriglio et al.
(1998: 53-54): « Specie di piccola taglia, I'olotipo misura 2.2 x
1.4 mm, di forma ovoidale allungata anteriormente, con l'ultima
spira avvolgente tutto linsieme dei giri precedenti, che
presenta una rottura del profilo anteriore accentuata.
Rostrazione pronunciata e posta centralmente rispefto 'asse
de avvolgimento del nicchio ; apertura boccale stretta ed
allungata, labro ispessito che internamente presenta una serie
di denticolazioni fitte e poco rilevate. La parete labiale esterna,
osservata lateralmente si presenta notevolmente inspessita,
quasi callosa, e nella parte terminale posteriore si arcua
all'indietro verso il dorso del nicchio. La columella presenta
quattro pliche che si raddopiano allinterno dellapertura, e
sono Sseparate da una depressione, poco visibile, posta
longitudinalmente. Superficie del nicchio liscia, lucida e
brillante ; colorazione bianco lattea, lievemente trasparente
nelle conchiglie fresche. Le dimenzioni medie di G. melitensis,
calcolate dopo la misurazione di tutto il materiale tipico, sono
paria 2.1 x 1.4 mm, il rapporto H/D é pari a 1.49 ».

Type locality
Malta, 100-120 m.
Distribution

Documented from the northern Alboran Sea, the
Tyrrhenian Sea, the lonian Sea, Malta, the Gulf of Gabés, the
Aegean Sea and the Turkish Levantine and Aegean coasts.

Remarks

Boyer et al. (2020) reported that the shell of Granulina
melitensis seems to present a morphologic cline in Western
Mediterranean, with transitional forms getting closer to the thick
and rounded G. minusculina (Locard, 1897) in the Alboran Sea
and parts of the Tyrrhenian (e.g.: Eclie Islands, 300 m and
Egadi Islands, 500 m). Other distinctive variants are occurring
in the Tyrrhenian, like a large angular form observed off Capri
Island at 200 m, as well as various intergrades linking these
variants to the typical form of G. melitensis.

In the Eastern Mediterranean Basin, the shell morphology
of G. melitensis looks as less contrasted, even if a noticeable
variability in observed in geographical populations, as
demonstrated by Boyer et al. (2020) about the Turkish waters.
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In their description article, Smriglio et al. (1998) are
underlining the originality of the apical labrum morphology,
looking as bending backwards when viewed laterally [Smriglio
et al. (1998, 54), Description: “ The top of the posterior end of
the outer lip is bending towards the dorsum of the shell’], what
is considered by them as a distinctive specific feature at the
scale of the Mediterranean fauna (ib., Discussion : “character
unmistakable for the identification of the species”).

Granulina pusaterii Smriglio and Mariottini (2003) (Figure
1, D-I and Figure 2, A-l).Smriglio and Mariottini (2003) (pp.
286-288, figures 737a-740b).

Type material.

Holotype MZB-14683 (Figure 1, D-F), L = 1.8 mm, and 19
paratypes in the collections Smriglio and Mariottini (2003).

Other material examined
APC : 181 spm, 60 miles off Sfax, 100 m (topotypes).
Original description

Smriglio and Marriottini (2003: 286): « Species small
(holotype: 1.8 (H) x 1.3 (D) mm), ovoid in shape slightly
pyriform, last whorl enclosing all the previous whorls, a break
in the anterior profile just traced. Posterior rostration weak,
anterior rostration slightly elongated, semi-central with respect
to the columellar axis. Aperture narrow; outer labial varix not
too thick, showing interiorly a series of small teeth, few, inequal
and weak. Four strong columellar plicae. Surface of the shell
smooth and bright. Colour milky white, slightly translucent even
in fresh specimens. No microsculpture evident even at strong
magnification ».

Type locality

60 miles off Sfax, 100m.
Distribution

Only referred from the type locality.
Remarks

The name Granulina pusaterii is attributed by Smriglio and
Mariottini (2003) to a phenon said to be « similar to Granulina
melitensis Smriglio, Mariottini and Rufini, 1998, from which (it)
differs by the presence of strong diagnostic characters, as
follows:

1. smaller average size (1.8 x 1.3 mm) instead of 2.1 x 1.4
mm in G. melitensis,

2. general shape more inflated and less slender (H/D
ratio=1.38), G. melitensis=1.49,

3. labial teeth smaller and more irregularly spaced,
4, stronger and more evident columellar plicae.

DISCUSSION

The type material of G. pusaterii is made of 20 specimens
sorted out from a set of 201 similar shells matching closely the
typical form of G. melitensis. The holotype of G. pusaterii
(Figures 1D-F) looks as slightly diverging from the typical form
of G. melitensis (Figures 1A-C) by its less pyriform and more
oval outline, and by its less produced upper rostrum. Paratypes
A and D selected by Smriglio and Mariottini (2003: figures
238a-b and 240a-b) are more oval-shaped, whereas paratype
B (ib: figures 239a-b) is matching more closely the typical form
of G. melitensis, despite a less sharp upper rostrum. The type
material selected by Smriglio and Mariottini (2003) as
representative of their new taxon G. pusaterii looks as
corresponding to the 20 most « oval-shaped shells » among a
series of 201 specimens belonging to the variability range of G.
melitensis, even if this Tunisian population is showing to be
less strongly rostrated in its whole than the holotype of G.
melitensis (Figure 1, G-I and Figure 2, A-l). We note that
various topotypes of G. pusaterii are intergrading between the
oval and low-rostrated specimens selected in the type series of
G. pusaterii and the typical form of G. melitensis: the holotype
of G. pusaterii (Figure 1, D-F) is for instance matching closely
the topotype illustrated in Figure 2, D-G and the three
paratypes of G. pusaterii pictured in Smriglio and Mariottini
(2003) (ib.) are closely matching the topotype illustrated in
Figure 2, F-1.

On the ground of the variability observed in the population
from the type locality of G. pusaterii, the comparison made by
Smriglio and Mariottini (2003) between the « more oval shaped
» G. pusaterii and the « more pyriform » G. melitensis must be
corrected:

1. The specimens selected as type material of G. pusaterii are
ranging from 1.7 mm to 2.0 mm, versus 1.8 mm to 2.1 mm for
the 181 topotypes, whereas the type material of G. melitensis
is sizing 1.8 mm to 2.2 mm. So the phenon G. pusaterii cannot
be distinguished on the simple ground of its length size. We
note that the diversified populations of G. melitensis observed
from the coasts of Turkey are sizing 1.9 mm to 2.35 mm, that
means a bit larger than the type material from Malta and the
population studied from the Tunisian Plateau.

2. The more rounded and squatter look of G. pusaterii is just
coming from the fact that the authors did select the specimens
presenting the lowest rostrum. As a result, their length size is
also shorter. Such « low rostrated » and « poorly pyriform »
shells belong to the natural variability of G. melitensis, as
demonstrated by Boyer et al. (2020) about the populations
studied from the coasts of Turkey. In fact, all the intergrades
are represented among the topotypes of G. pusaterii, from
rather oval outline (Figure 2C) to strongly rostrated (Figure 1,
G-l) and to heavily pyriform (Figure 2, E- H).

3. Tiny and irregularly spaced labial teeth are also found in
more rostrated shells (Figure 2C), as well as quite smooth inner
labrum (Figure 2, E-F). The size, number and distribution of the
labial teeth prove to be deeply variable in G. melitensis (Boyer
et al., 2020).
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4. Strong and produced columellar plaits are also found in And last, we must notice that the holotype of G. pusaterii

rostrated and pyriform shells (Figure 1, G-I). The position and ~ (Figure 1, D-F) as well as its topotypes (Figure 1, G-I) are all
the orientation of the columellar plaits show to be rather showing their apical labrum bending backwards, what was

) Y o , , considered by the describers themselves as a specific feature
constantin G. melitensis, but their thickness and their elevation characterizing G. melitensis, when they described this species

show to be noticeably variable (Boyer et al., 2020). (see above).

Figure 1. A-l. A-C. Granulina melitensis, holotype MZB, Malta, 100-120m, L = 2.2 mm.
D-F. G. pusateri, holotype MZB, off Sfax, 100 m, L = 1.8 mm. G-l. G. melitensis, off Sfax, 100 m, L = 2.0 mm, APC.
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Figure 2. A-l. A-B. Granulina melitensis, off Sfax, 100 m, L = 2.1 mm. C. idem, L = 2.0 mm. D-G. idem, L = 2.0 mm. E-H. idem L = 2.0 mm.
F-l. idem, L = 1.8 mm. All from APC.
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CONCLUSION

On the ground of the shell morphology studied on a
diversified material from its type locality (type material and
topotypes), G. pusaterii shows to belong to the natural
variability of the species G. melitensis and it must be
considered as junior synonym name. In its whole, the
population studied from the Tunisian Plateau looks to have
slightly smaller and less rostrated shells than the typical
population from Malta and the populations studied from the
coasts of Turkey (Boyer et al., 2020). The higher disparities
observed in the populations from Turkey is possibly coming
from the wide dispersion of the numerous documented stations
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Abstract: The study was conducted in Karasu Stream (Sinop Province, Black Sea Region of Turkey). The purpose of this study is, to determine the benthic
macroinvertebrate composition of the stream, together with some of its environmental characteristics (water temperature, pH and dissolved oxygen) to
evaluate the trophic level of the stream. Samplings of benthic macroinvertebrates and environmental variables were performed monthly at ten stations
between February 2013 and January 2014. As a result, 18260 specimens were investigated and 175 taxa were determined. Chironomidae and Oligochaeta
were the higher groups in terms of species richness with 48 and 38 taxa, respectively. The BMWP and ASPT indices indicate that all the stations belong to
“slightly polluted (Class Il)" or “unpolluted (Class |)” water quality levels.

Keywords: Stream, water quality, benthos, macroinvertebrate, Turkey

Oz: Calisma; Karasu Cayi'nda (Tiirkiye'in Karadeniz Bolgesi, Sinop ili) yiiriitilmistiir. Bu calismanin amaci, akarsuyun bentik makroomurgasiz tiir
kompozisyonunu belirlemek, bazi gevresel dzellikleri (su sicakligi, pH ve ¢oziinmis oksijen) ile birlikte akarsuyun trofik seviyesini degerlendirmektir.
Makrobentik omurgasizlarin ve gevresel degdiskenlerin érneklemesi, Subat 2013 - Ocak 2014 tarihleri arasinda 10 istasyonda aylik olarak gerceklestirilmistir.
Sonug olarak, 18260 érnek incelenmis ve 175 takson belirlenmistir. Tiir zenginligi agisindan Chironomidae ve Oligochaeta sirasiyla 48 ve 38 takson ile en
ylksek gruplardir. BMWP ve ASPT endeksleri, tim istasyonlarin *hafif kirli (Sinif 11)” veya “kilenmemis (Sinif 1) su kalitesi seviyelerine ait oldugunu

gostermektedir.
Anahtar kelimeler: Akarsu, su kalitesi, bentos, makroomurgasiz, Tirkiye

INTRODUCTION

The physico-chemical parameters can reflect temporary
water quality levels of the region and cannot give reliable data
about the amount of pollution in streams or rivers. Which can
be helpful but insufficient when considering a long-term water
quality assessment (Demir, 2005) but organisms such as
macroinvertebrates, fish, etc. can be more adapted to a
specific environment. Benthic macroinvertebrates constitute a
major component of the aquatic biota in freshwater
environments. Most of them have constricted ecological
demands and are very beneficial as bioindicators in
determining the characteristics of aquatic environments
(Benetti and Garrido, 2010). They are the group of organisms

most frequently used in biomonitoring studies of running
waters because their responses to all kind of pollution have
been extensively proven (Thorne and Williams, 1997).

Various studies have been conducted on the assessment
of benthic macroinvertebrates in  Sinop  province
(Akbulut,1996; Bat et al. 2000; Akbulut, 2001; Akbulut et al.
2001;2002; Ertorun and Tanatmis, 2004; Oktener, 2004;
Tanatmis, 2004; Sendogan, 2006; Tanatmis and Ertorun,
2008; Yardim et al. 2008; Aydemir-Cil, 2014; Yardim et al.
2017). There is no study carried out on the diversity of benthic
macroinvertebrate of the Karasu Stream.

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


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.38.4.08
https://orcid.org/0000-0003-2405-1155
https://orcid.org/0000-0003-4607-3507
https://orcid.org/0000-0002-7753-5922
https://orcid.org/0000-0002-2848-7469
https://orcid.org/0000-0003-4056-118X
https://orcid.org/0000-0002-6826-6337
https://orcid.org/0000-0001-6298-8905
https://orcid.org/0000-0003-2405-1155
https://orcid.org/0000-0003-4607-3507
https://orcid.org/0000-0002-7753-5922
https://orcid.org/0000-0002-2848-7469
https://orcid.org/0000-0003-4056-118X
https://orcid.org/0000-0002-6826-6337
https://orcid.org/0000-0001-6298-8905
mailto:ozbekm71@gmail.com
http://doi.org/10.12714/egejfas.38.4.08

Aydemir Cil et al., Ege Journal of Fisheries and Aquatic Sciences, 38(4), 467-477 (2021)

The objective of this study is to determine both the
benthic macro-invertebrate composition of the stream and
some environmental parameters (water temperature, pH, and
dissolved oxygen) and to assess the ecological quality of the
stream

MATERIALS AND METHODS

Karasu Stream, which has approximately 80 km in length,
originates from Boyabat district, passes along Erfelek town in
Sinop province, and flows into the Black Sea (Figure1). The
stream and Erfelek Dam supply the drinking water of the
surrounding settlements.

Environmental variables and benthic materials were
sampled at 10 sites between February 2013 and January
2014 in monthly intervals (Figure 1, Table 1). In total, seven
sites were located on the mainstream (two of them —
upstream the dam) and three sites were on tributaries. Karasu
River flows into the Black Sea through an estuarine system,
thus the sites A1 and A2 are under the influence of water from
the sea in spring and winter due to waves and currents. The
A3 and AG sites are located on Karasu Creek, while the A4,
A5 and A7 sites were selected from the ftributaries of the
stream. A9 and A10 were selected before the Erfelek Dam.
The substrate types, vegetation, and geographic data of the
sites are given in Table 1.

Table 1. Geographical and ecological data about the sampling sites
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Erfelek Reservoir

A9 N

A10 ‘
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Figure 1. The geographical location of the study area (Karasu
Stream) and the sampling sites.

The environmental variables were measured using Hanna
9829 HI model multiparameter device. Samples were
collected by the Kick-sampling method (Letovsky et al. 2012)
from a 1 m? area with a 5-minute collection standard (kick-net
mesh size 180 pum).

Station Latitude Longitude Substrate Type Depth(m) Riparian Vegetations

A1 42°01'56"N 35°03'33"E sand and mud 0-4m grassland and reedbed

A2 42°01'52'N 35°03'34"E sand and mud 0-4m grassland and reedbed
A3 41°55'05"N 35°06'14"E stone and mud 0-1m grassland and moss

Ad 41°54'16"N 34°59'49"E mud 0-0.5m grassland

A5 41°53'32'N 34°56'04'E mud 0-0.5m grassland

A6 41°52'46"N 34°5123"E stone and mud 0-0.5m grassland and Chara sp.
A7 41°52'59"N 34°47'45"E rocks and mud 0-1m grassland and green algae
A8 41°50'53'N 34°46'31"E calcareous rocks 0-0.5m

A9 41°50'26"N 34°46'47"E mud 0-0.5m grassland and Astiboles sp.
A10 41°4924"N 34°467'E rocks and mud 0-1m grassland and moss

The samples were transferred into 500-1000 ml plastic
jars and fixed in 4% formalin solution in the field. Then, in the
laboratory, the collected materials were washed under tap
water to remove formaldehyde and filtered through 0.5- and
1-mm sieves to sort the macroinvertebrates based on size.
The, organisms were transferred into small jars with 75%
ethanol solution.

Fauna Europaea (2021) database was used for the
current names of the taxa. All the macroinvertebrate samples
were identified to the genera-species level whenever
possible.

The Index of Diversity (H') (Shannon and Weaver, 1949),
Pielou’s Evennes Index (J') (Pielou, 1975), Similarity Index
(Brayand Curtis, 1957), frequency (Soyer, 1970), and
dominance values (Bellan-Santini, 1969) of the determined
taxa were calculated and used to describe the characteristics
of the sites and Karasu Stream. For assessing the water
quality of the studied locations, Biological Monitoring Working
Party (BMWP) scores (Paisley et al. 2013) and Average
Score Per Taxon (ASPT) (Armitage et al. 1983) were
calculated. These scores were obtained from ASTERICS
3.3.1 (AQEM/STAR Ecological River Classification System;
AQEM Consortium 2002) software.
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The similarity of the studied localities followed by cluster
analysis (UPGMA, Unweighted Pair Group Average) was
calculated starting from the quantitative data of the
macroinvertebrate taxa; the Multivariate Statistical Package
(MVSP) program version 3.1 (Kovach, 1998) was used to
perform the cluster analysis.

The results of the physico-chemical measurements and
biological analysis were evaluated according to the National
Surface Water Quality Regulations of Republic of Turkey
Ministry of Agriculture and Forestry (Anonymous, 2016) to
classify the water quality levels of the sites.

RESULTS
Environmental variables

During the study, the lowest water temperature (4.06 °C,
in February) was observed at the A5 station while the highest
(27.6 °C, in August) was measured at A1 and A2 sites. The
dissolved oxygen value (DO) was the highest at the A1
station (17.7 mg/l, in April) and the lowest at the A4 station
(1.07 mg/l, in July). Similarly, the highest pH value was
observed at the A2 station (11.62) in January and the lowest
at the A10 station (6.18) in May. The general pattern of the
pH values suggests that Karasu Stream has a slightly alkaline
character (Table 2).

Table 2. Maximum and minimum values of the measured
environmental variables (T: water temperature, DO:
dissolved oxygen)

Months T(°C) pH DO (mgll)
February 4.06-6.73 8.09-8.48 57-83
March 4.08 - 8.03 8.27-1044 9.18-11.32
April 6.66-10.9 7.48-8.39 10.7-11.7
May 8.34-147 6.18 - 8.57 8.09-11.1
June 7.81-148 8.3-9.17 48-8.76
July 75-17.2 7.92-841 1.07-85
August 12.7-276 7.79-8.85 1.24 -547
September 12.7-24.6 7.64-8.27 37-97
October 136-27.5 8.18-9.04 1.9-104
November 112-16 7.55 - 8.55 55-10.3
December 9.42-14.93 7.75-8.46 10.1-118
January 7.83-8.53 7.19-11.98 53-84

Benthic macroinvertebrates

In total 18,260 individuals belonging to 175 taxa were
determined. Almost all of them (170 taxa) except for that of
Ephemeroptera (5 taxa were reported by Ertorun and
Tanatmis, 2004) are new records for the Karasu Stream. The
benthic macroinvertebrates diversity of the stream consisted
of Mollusca (12 taxa, 860 ind.), Oligochaeta (38 taxa, 1157
ind.), Malacostraca (11 taxa, 10568 ind.), Ostracoda (7 taxa,
65 ind.), Hexapoda (26 taxa, 2437 ind.), Trichoptera (20 taxa,
151 ind), Chironomidae (48 taxa, 595 ind.) and other
Dipterans (13 taxa, 2427 ind.) (Figure 2). The family of
Chironomidae has the highest number of taxa among the
groups. The list of the identified taxa and their occurrence,
dominancy and frequency values per station are given in
Table 3.
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Figure 2. The number of individuals and taxa of the identified systematic groups for the whole study (A), and in time scale (B).
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Table 3. List of the identified taxa and their annual abundance (ind/m?), dominance (%D), and frequency (%F) values at the sites (Ent.:
Entomobryomorpha; Dec.: Decapoda).

gl o Family Taxa A1 |A2 | A3 |A4 |A5 |A6 |A7 |A8 | A9 [A10|%D |%F
S| ®
Dero digitata (Miller, 1774) 0| 4 0 0 0 0 0 0 0 0] 002 10
Nais barbata Miller, 1774 0 2 0 0 0 1 0 0 0 0] 0.02]| 20
N. bretscheri Michaelsen, 1899 0 1 0 0 0 0 0 0] 23 3] 0151 30
N. christinae Kasprzak, 1973 0| 0 0 0 0 2 0 0 0 0] 0.01 10
Naididae N. communis Piguet, 1906 11 0 0 0 0 0 0 48 0 0| 027 20
N. elinguis Miller, 1774 3| 2 0 0 1 9 0 16 0 0| 017 | 50
N. pardalis Piguet, 1906 of 1 0 0 0 0 0 0 0 0| 001 10
N. stolci Hrabé, 1981 0 o0 7 0 0 0 0 0 0 71 0.08| 20
Ophidonais serpentina (Miiller, 1774) 0] 0 5| 166 0 1 0 0 0 0] 094 30
Pristina menoni (Aiyer, 1930) o] 1 0 0 3 1 0 0 3 0] 0.04| 40
Pristinidae
P.sima (Marcus, 1944) 0| 2 0 0 0 0 0 1 0 2| 0.03| 30
Aulodrilus limnobius Bretscher, 1899 o o 0 1 0 0 0 0 0 0| 001 10
A. pigueti Kowalewski, 1914 of 1 1 1 0 0 0 0 0 0| 0.02]| 30
pluriseta (Piguet, 1906) of 1 1 2 1 1 0 0 3 0| 0.05| 60
Tubificidae Limnodrilus claparedeanus Ratzel, 1868 ol o] 18] 2| of o 0 ol of of o1 20
L.hoffmesteri Claparede, 1862 21| 76| 48| 34 11 27 0 2 0 0] 114 70
L.hoffmeisteri f. parvus Southern, 1909 4] 8| 14 1 21 29 1 4 3 0] 042 90
L.udekemianus Claparede, 1862 0] 3 2 3 1 4 0 0 1 0] 013 70
Potamothrix hammoniensis (Michaelsen, 1901) 0] © 0 0 0 0 0 0 1 0] 001 10
8 £ é Psammoryctides albicola (Michaelsen, 1901) 0] 1 0 0 1 0 0 0 0 0] 001| 20
g g ;::E P.deserticola (Grimm, 1876) 141 27 0 0 2 0 0 ol 10 0| 029 40
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el o Family Taxa A1 |A2 | A3 [A4 |A5 |A6 |A7 |A8 |A9 [A10 |%D | %F
S 3
=l 2| 8
£l S| S
Tubifex blanchardi Vejdovsky, 1891 9115| 13| 56 1 6 0 0 0 0] 055| 60
T. newaensis (Michaelsen, 1903) 0] O 2 0 0 0 0 0] 26 5] 018 30
T. tubifex (Miller, 1774) 2| 3 6 4 3 0 3 0 0 0| 012 50
Tubificoides sp. 11 0 0 1 0 0 0 0 0 0| 001 20
Haber speciosus (Hrabé, 1931) 0ol 2 0 0 0 0 0 0 0 0] oo1| 10
Spirosperma ferox Eisen, 1879 0] O 0 0 0 0 0 0 2 0] 001] 10
S.nikolskyi (Lastockin & Sokolskaya, 1935) 0] 0 0 0 0 0 0 0 3 0] 0.02] 10
Spirosperma sp. 0] O 0 0 0 0 0 0 3 0] 002] 10
Cognettia glandulosa (Michaelsen, 1889) 36 | 12 1 4 0 4 19 0 4 0] 044 70
Henlea ventriculosa (Udekem, 1854) 41 7 0 2 3 5 14 3] 40 1] 0431 80
Enchytracidae Henlea sp. 11 0 0 2 0 0 0 0 0 0] 002 20
y Marionina riparia Bretscher, 1899 0| 0 0 0 0 0 6 0 1 0] 004 20
Fridericia spp. 0] 1 0 0 0 0 2 1 0 0] 0.02] 30
Mesenchytraeus sp. 0] 3 0 0] 14] 12 2 1 1 1] 019] 70
Haplotaxidae Haplotaxis gordioides (Hartmann, 1821) 0] 2 0 0 0 8 1 0 1 0] 0.07] 40
Lumbriculidae Lumbriculus variegatus (Miiller, 1774) 1110 3 0 0] 18 3 3] 14 2] 030] 80
Lumbricidae Eiseniella tetraedra (Savigny, 1826) 0] 0 0 0 0 4 0 0 0 0] 002 10
Zonitidae Zonites algirus (Linnaeus, 1758) 0] 0 0 0 0 0 0 0 1 0] 0.01] 10
Planorbidae Gyraulus albus (O. F. Milller, 1774) 25178 2 4 1 0 0 0 0 0] 060 50
= Bithyniidae Bithynia tentaculata (Linnaeus, 1758) 131 3 0 6 1] 14 0 2 1] 10] 0.27] 80
§_ Lymnaeidae Potamopyrgus jenkinsi Smith, 1889 2] 2 0 2 0] 11 0 1 0 0] 0.10] 50
= Y Radix peregraMiiller, 1774 2|13 0 0 0 0 0 0 0 0] 008 20
S Succineidae Succinea putris (Linnaeus, 1758) 38| 38 1 1 2 9 0 0 0 1] 0491 70
Unionoida Anodonta cygnea (Linnaeus, 1758) 2] 0 0 0 0 0 0 0 0 0] 001] 10
Unio pictorum (Linnaeus, 1758) 0] 8]120 1 0 0 0 0 0 0] 071 30
Mytilidae Mytilus galloprovincialis Lamarck, 1819 5] 0 0 0 0 0 0 0 0 0] 003] 10
8| Mesodesmatidae Donacilla cornea (Poli, 1791) 5] 2] 0of 0] 0] © 0 0f 0 0] 009 20
3 = Veneridae Chamelea gallina (Linnaeus, 1758) 11 0 0 0 0 0 0 0 0 0] 001] 10
2| & Sphaeriidae Pisidium casertanum (Poli, 1791) 5110] 17]1279] 25| 54 2 3] 27 0] 231| 9
Candonidae Candona candida (O. F. Miller, 1776) 0] 0 0 1 0 3 0 0 1 0] 0.03] 30
C. neglecta G.0. Sars, 1887 0] 1 2| 14 6 8 2 1 3 0] 020 80
Cyprididae Heterocypris sp. 0] O 0 0 0 1 0 0 0 0] 001] 10
8 llyocypris sp. 0] 0 0 1 0 0 0 0 0 0] 001 10
© —
§ 2 Iivocyprididae Prionocypris zenkeri (Chyzer and Toth, 1858) 1 1 0 0 0 0 0 0 0 0] 001 20
g _“g’ yocyp Psychrodromus olivaceus (Brady and Norman, 1889) 0] O 3 4 3 2 2 0 4 0] 010 40
3| & Tonnacypris lutaria (Koch, 1838) 0] O 0 0 0 1 0 0 0 0] 001] 10
Detonidae Armadilloniscus littoralis Budde-Lund, 1885 41 4 1 7 0 1 0 2 1 0] 011 70
Asellidae Asellus aquaticus Odenwall, 1927 35| 93 5 6 0 3 0 0 2 0] 079] 60
Trichoniscoid Haplophthalmus sp. 2] 0] of 0] 0] 0 0 0] 0 0] 0.01] 10
g [ reremseot®® michoniscus sp. s| ool 3] 2f of 1] o 1] o of oor| 50
E' Ligiidae Ligia italica 0] 0 3 1 0 0 0 1 0 0] 003 30
Gammarus balcanicus Schaferna, 1922 11 0 11 49 31 13 15 16| 69 0] 091 80
G.komareki Schaferna, 1922 3] O 34| 31| 62| 77| 1431 | 3170 | 944 2513164 | 90
Gammaridae
= G.pulex pulex (Linnaeus, 1758) ol 1 0f 45] 13 6 29 12| 64 2| 094 80
o
g £ G.uludagi Karaman, 1975 0| O 22| 287|265 77| 2456 | 455 | 542 1] 2248 | 80
- =%
g E Niphargidae Niphargus sp. 13 8 7 0 0 0 0 0 0 11 016] 40
g § | Potamidae Potamon sp. 21 4| 32 0 30| 21 0 9 5| 32| 074 80
E Isotomidae Isotoma sp. 0] © 1 0 0 2 3 0 0 0] 003]| 30
Beatidae Baetis sp. 0] 3| 56| 59| 131|185| 180 49| 38| 82| 4.34]100
© Caenidae Caenis sp. 0] © 0 0 0 0 1 0 0 0] 001] 10
‘%. Ephemeridae Ephemera sp. 11 51 28 0 21 15 0 0 8| 36| 049 70
g Heptageniidae Heptagenia sp. 0] 6| 161334 14| 5 8 3 3| 43| 264 9
o
u'g_l- Leptophlebiidae Leptophlebia sp. 0] 0 01163 ] 68 9 0 0 41 42| 154 50
Calopterygidae Calopteryx sp. 10| 14| 36 6 2 0 1 0 0f 10] 043 70
s| = Euphaeidae Euphaea sp. 0] O 0 0 0 0 0 0 0 1] 0.01] 10
I3 ‘g s | Coenagrionidae Coenagrion sp. 9] 18 5 5 0 0 0 0 0 0] 020] 30
:__‘2 _g’ g Cordulegastridae Cordulegaster sp. 0] O 6 3 3 0 6 1 4 1] 013] 70
E S| S| Gomphidae Gomphus sp. 0] O0f 16 2 3 5 5 0 2 0] 0.18] 60
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el o Family Taxa A1 |A2 | A3 [A4 |A5 |A6 |A7 |A8 |A9 [A10 |%D | %F
S 3
= 2| 8
£l S| S
Lestidae Lestes sp. 18 | 12 91 11 2 0 1 0 1 5] 0.32] 80
Libellulidae Libellula sp. 2| 2 2| 4 4 0 0 0 0 0| 028 50
Capniidae Capnia sp. 0] 4 0 0] 21] 36 3 15 2] 21] 056 70
Perlodidae Perlodes sp. 0] O 0 0 0 0 3 1 0 0] 002] 20
« |_Perlidae Agnetina sp. 0] O 0 0 2 0 1 0 0] 15] 010 30
‘E_ Leuctridae Leuctra sp. 0] 0 0 0 0] 19 5 6 3] 24] 031 50
9 | Nemourida Nemoura sp. 0] 0 0 20] 49| 35 4 17 6| 34] 090 70
£ Taeniopterygidae Taeniopteryx sp. 0] 0 1 0 0 0 1 0 0 0] 001] 20
« | Carabidae Carabus sp. 0] 0 0 0 0 0 3 0 0 1] 0.02] 20
g Dytiscidae Dytiscus sp. 0] 1 0] 11] 25 7 2 16 3 2] 037] 80
8 | Hydrophilidae Hydrophilini sp. 0] 0 0 0 1 0 2 13 1 0] 0.09| 40
8 | Tenebrionidae Tenebrio sp. 0] 0 0 0 0 0 18 0 0 0] 0.10] 10
& | Notonectidae Notonecta sp. 0] 1 0] 5] 2] 9 0 0] 0 0] 020] 40
E‘ Pleidae Plea sp. 0] 0 0 0 0 0 0 3 0 0] 0.02] 10
£ o Pentatomidae Pentatoma sp. 0] O 0 0 0 0 0 0 0 1] 0.01] 10
Phryganeidae Agrypnia obsoleta Martynov, 1928 0] 0 0 1 0 0 0 0 0 0] 001 10
Hydropsychidae Diplectrona felix McLachlan, 1878 0] 0 0 0 0 0 0 2 1 1] 0.02] 30
Ecnomidae Ecnomus tenellus (Rambur, 1842) 0] O 0 0 0 0 0 0 3 1] 0.02] 20
Limnephilidae Glyphotaelius pellucidus (Retzius, 1783) 0] 0 0 0 1 0 0 0 0 0] 001] 10
Hydropsyche angustipennis (Curtis, 1834) 0] 0 4 0 0] 15 2 3 0] 21] 025] 50
Hydropsychoidae H.instabilis (Curtis, 1834) 0] 0 0 0 0 0 3 0 0 6] 0.05] 20
ydropsy H.pellucida (Curtis 1834) 0] o] o] o] ol 1] o of of o] oo1| 10
Hydropsyche sp. 0] 0 0 0 0 0 0 0 0 3] 0.02] 10
Psychomyiidae Lype reducta (Hagen, 1868) 0] O 0 0 0 9 0 0 0 0] 005] 10
Limnephilidae Micropterna lateralis Stephens 1837 0] © 0 0 0 5 0 0 0 0] 003| 10
Molannidae Molanna angustata Kolenati, 1858 0| o 0 9 0 4 0 1 3 0] 009 40
Sericostomatidae Notidobia ciliaris (Linnaeus, 1761) 0] © 0 0 0 0 0 0 8 0] 004 10
Polycentropus flavomaculatus (Pictet, 1834) 0] © 0 0 0 1 0 0 0 0] 001 10
Polycentropodidae | P.irroratus (Curtis, 1835) 0] © 0 0] 10 1 0 0 0 1] 007] 30
P.kingi McLachlan, 1881 o o 0 0 0 0 0 0 2 0| 001 10
Rhyacophila dorsalis persimilis McL 0| o 0 0 0 0 4 3 0 0] 004 20
R. munda Navas, 1936 o o 0 0 0 0 1 0 0 0| 001 10
Rhyacophilidae —
© R.septentrionis McLachlan, 1865 11 0 0 1 0 1 3 1 0 0] 0.04| 40
D
g Rhyacaphila sp. o o 0 0 0 0 0 6 4 0| 0.05| 20
=
E Sericostomatidae Sericostoma sp. 0] © 0 0 0 4 0 0 0 0] 002]| 10
Athericidae Atherix sp. 11 5| 25 0 7 9 0 0 1| 37 047] 80
Tabanidae Tabanus sp. 71 5| 19] 37| 28| 26 15 20 9| 17| 1.00| 100
Dolichopodidae Dolichopus sp. 0] © 0 0 0 1 1 6 1 1] 0.05] 50
Ephydridae Ephydra sp. 21 0 1 0 0 5 34 5 8 0] 030 60
Syrphidae Syrphus sp. 0] © 0 0 0 0 2 0 1 0] 002| 20
Stratiomyidae Stratiomys sp. 0| o 5 1 41 10 0 12 2 11 019] 70
Fannidae Fannia sp. 0| o 0 0 0 1 0 0 0 0] ocot1| 10
Tipulidae Tipula sp. 24| 4| 88| 38| 18| 28 42 181 27| 23| 1.70 | 100
Limoniidae Limonia sp. 0] 3 0 1 1 5 7 2 8] 12| 021 80
Ceratopogoninae Bezzia sp. 19| 40| 83| 104 6 202 19 26| 50| 32| 3.18] 100
Simuliidae Simulium sp. 3| 11180 48] 131252 | 374 21| 50| 32| 598|100
Culicidae Aedes sp. of 1 0 6] 16 0 0 0 0 0| 013 30
Psychodidae Psychoda sp. 0] O 0 0 0 1 0 8 1 0] 005| 20
Ablabesmyialongistyla Fittkau, 1962 51 11| 14 111 20 4 0 1 0 41 038 80
Apsectrotanypus sp. 0] O 0 2 0 0 0 0 0 0] 001] 10
Conchapelopia sp. 0] © 6 8| 10] 14 1 1 3 2] 025| 80
Chironomidae Procladius (Holotanypus) sp. 3| 2 3| 18 3 0 0 0 0 11 016 ] 60
Telopelopia sp. 11 0 0 6 2 0 1 0] 12 41 014 | 60
g Potthastia gaedii (Meigen, 1838) o o 4 0 0 5 1 0 0 0| 0.05| 30
g' Prodiamesa olivacea (Meigen, 1818) 0] © 2 4 1 0 0 0 0 0] 004 30
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gl o Family Taxa A1 |A2 | A3 [A4 |A5 |A6 |A7 |A8 |A9 [A10 |%D | %F

2| 8| o

£l 4| 8
Brillia flavifrons (Johannsen, 1905) 11 0 6 0 0 0 0 0 2 31 007 40
B.modesta (Meigen, 1830) o o 0 3 7 5 10 6] 10 2| 024 70
Cardiocladius fuscus Kieffer, 1924 0| 0 0 0 0 0 0 1 0 0] 0.01 10
Cricotopus sp. 41 4 5 5 0 4 2 1 5 3] 0.18] 90
Cricotopus sylvestris (Fabricius, 1794) 21 1 0 0 0 0 0 0 0 0] 002| 20
C.triannulatus Macquart, 1826 0] O 0 0 0 2 0 0 0 0] 001] 10
Eukiefferiella sp. 11 0 2 0 1 1 0 0 3 3| 0.06| 40
Eukiefferiella claripennis (Lunnbeck, 1898) 1 1 1 0 0 0 0 0 0 0] 002| 30
E.gracei (Edwards, 1929) 0o 0 0 0 0 1 0 0 1 0l 001 20
Orthocladius sp. 2|1 0 1 0 1 1 0 0 0 2| 0.04| 40
Parametriocnemus sp. 11 0 1 0 1 1 0 1 1 0] 003| 60
Paratrissocladius sp. 0] © 1 0 0 0 0 0 0 0] 001 10
Psectrocladius sp. 0] © 0 0 0 0 0 0 1 0] 001 10
Rheocricotopus fuscipes Kieffer, 1909 0| o 1 0 0 0 0 1 0 0] 001 20
Rheocricotopus sp. 0] © 4 1 6 1 9 1 4 0] 014 70
Smittia sp. 1 1 2 0 0 0 1 0 0 0| 0.03| 40
Thienemannimyia sp. 0] © 4 2 3 7 1 2 7 2] 015]| 80
Tvetenia sp. 0] o 0 0 1 0 1 0 0 0] 001 20
Chironomus sp. 8] 8 6 8] 10 3 0 0 4 21 027 80
Cryptochironomus denticulatus (Goetghebuer, 1921) 0] © 1 0 0 0 0 0 0 0] 001 10
Dicrotendipes lobiger (Kieffer, 1921) 0] 1 0 5 3 0 0 0 0 0] 005| 30
D.nervosus (Staeger, 1839) 2| 1 0 5 0 0 0 1 0 0] 005 40
D.notatus (Meigen, 1818) 11 1 0 0 1 0 0 0 0 0| 0.02]| 30
Endochironomus dispar (Meigen, 1830) 41 5 0 5 2 0 2 0 1 0] o010 60
E.lepidus (Meigen, 1830) 11 0 0 2 2 0 0 0 0 0| 0.03]| 30
Endochironomus sp. 21 1 0 1 0 0 0 0 1 0] 003| 40
Kiefferulus sp. 41 7 0f 12 3 0 0 0 0 0] 014 40
Microtendipes pedullus (De Geer, 1776) 0] © 1 1 1 0 0 2 1 0] 0.03]| 50
Phaenopsectra sp. 11 1 0 1 2 0 0 0 0 0] 0.03| 40
Polypedilum laetum (Meigen, 1818) o 2 2 0 1 0 0 0 1 2| 0.04| 50
P.albicorne (Meigen, 1838) 0o 0 0 0 0 1 0 2 0 0l 002 20
P.convictum (Walker, 1856) o o 0 0 0 0 1 1 0 1] 002] 30
P.nubeculosum Meigen, 1804 2| 2 0 0 0 0 0 0 0 0] 002 20
P.pedestre (Meigen, 1830) 0] 1 2 0 1 1 0 0 1 0] 0.03]| 50
P.scalaenum (Schrank, 1803) 0| o 1 0 0 0 0 0 0 0] ocot1| 10
P.tritum (Walker, 1856) 11 1 0 0 0 0 0 0 0 0| 001 20
P.uncinatum (Goetghebuer, 1921) 1 1 0 0 0 0 0 0 0 1] 0.02] 30
Polypedilum sp. 6110 1 0 1 0 0 0 1 5] 013| 60
Micropsectra sp. 0] © 0 0 1 2 1 0 3 1] 0.04] 50
Paratanytarsus sp. 0] 2 1 0 2 0 0 0 0 11 0.03] 40
Tanytarsus sp. 0] 2 2 4 1 0 1 2 0 0] 007| 60

According to Soyer's frequency index, 175 taxa were
observed continuously all year long (Table 3). The highest
number of taxa was determined in July (98 taxa), June (90
taxa), and February (89 taxa), while the least in April (52
taxa). The highest number of individuals was sampled in July
(2986 ind./m?) and June (2539 ind./m?), while the lowest in
March (589 ind./m?) (Figure 2).

A1 and A2 sites were located near the mouth of the
stream, thus the sampled benthic organisms consist of mainly
salinity-tolerant taxa such as N. pardalis, P. jenkinsi, D.
cornea, M. galloprovincialis, C. gallina, T. blanchardi, and T.
tubifex. Similarly, A3, A4, A5, and A6 sites were in the middle
part of the stream where pure freshwater forms were
observed (such as G. albus, L. hoffmeisteri, H. ventriculosa,
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S. putris, G. uludagi, and G. pulex pulex). A7, A8, A9, and
A10 sites were in the upper part of the stream and are the
cleanest ones because of the lack of pollutants around them.
G. balcanicus and G. uludagi were the two typical taxa at
these sites.

G. komareki has the highest dominance among the
determined species with 31.64% and was followed by G.
uludagi with 22.48%. Individuals belonging to the orders of
Hemiptera and Trichoptera with dominance of 0.01%, also
make up the least common groups.

The dominant taxon of A1 and A2 was A. aquaticus. All
the dominant taxa observed at these sites are tolerant to
organic pollution. The bottom of the A3 station consists of
stone, gravel, and sand and the flow rate of water varies
significantly throughout the year. The dominant taxa at the
station were Simulium sp. and U. pictorum. A4 and A5 are
creeks that join the Karasu Stream, and they have a rich
riparian zone. The villages near the creeks were the main
pollutants because of discharging wastes. The dominant taxa
of these sites were G. uludagi and P. casertanum. The latter
is cosmopolitan and euryoecious, which is mostly found in
oligo- or beta-mesosaprobic freshwater environment (Subba
Rao, 1989). Karasu River at site A6 passes through a sparse
forest with a low flow rate, it has shallow with a stony-gravelly

bottom and a dense Chara sp. population. Simulium sp.,
Bezzia sp., G. komareki, and G. uludagi were the dominant
taxa at the station. A7 has 1-1.5 m depth, a rocky and stony
bottom with rich terrestrial and aquatic plants. G. uludagi and
G. komareki were the dominant taxa at the station. A8 was a
small, clean waterfall outflowing to a reservoir near Erfelek
town. The bottom of the station has rocks, stones, and
pebbles. G. komareki, G. uludagi, and Baetis sp. were the
dominant taxa at the station. A9 has a sandy bottom and is
located near the Tatlica Waterfall. The dominant taxa of the
station were G. komareki, G. uludagi, Bezzia sp., and
Simulium sp. A10, which has a rocky and stony bottom, is
located above the Tatlica Waterfall. The dominant taxa of
these sites were G. komareki and G. uludagi.

Biological indices

According to BMWP scores, the water quality of the sites A4,
A5, A6, A9, and A10 was of the first class. Only around the
sites of A1, A2, and A3, settlements and agricultural activities
occur; the other localities are not under the pressure of such
negative effects. Results of BMWP analysis showed that A1,
A2, A3, A7, and A8 sites were classified in slightly polluted
(Class Il) groups. Similarly, ASPT analysis indicated that A1,
A2, AB, and A8 were in the third class while the remaining
ones in the second class (Table 4).

Table 4. The BMWP and ASPT scores and diversity indices of the sites (S: Total number of taxa, N: Total number of individuals, D: Margalef
Species Richness, J': Pielou’s Evenness Index, H': Shannon-Weiner Diversity Index, 1-A": Simpson Index of Diversity)

BMWP ASPT Diversity Indices

Score value Quality class Score value Quality class S N D J' H' 1-A'
A1 1M1 Il. Good 46 I Poor 68 453 10.96 0.85 3.59 0.96
A2 144 Il. Good 46 M. Poor 77 642 11.76 0.77 3.36 0.94
A3 144 Il. Good 5.1 Il. Fair 72 1024 10.24 0.75 3.21 0.93
A4 159 l. Excellent 5.1 Il Fair 74 2030 9.59 0.69 2.96 0.91
A5 170 l. Excellent 5.3 Il Fair 74 1102 10.42 0.69 2.98 0.90
A6 180 I Excellent 48 M. Poor 80 1445 10.86 0.73 3.19 0.92
A7 143 Il. Good 5.1 Il Fair 60 4774 6.96 0.35 1.45 0.64
A8 141 Il. Good 47 1. Poor 60 4033 7.1 0.25 1.01 0.37
A9 189 I Excellent 52 Il. Fair 78 2119 10.05 0.48 210 0.73
A10 175 I Excellent 55 Il. Fair 60 638 9.14 0.81 3.31 0.95

Both Shannon-Weiner and Simpson indices resulted in
high scores. Station A1 has the highest diversity value
(H'=3.59), while station A8 has the lowest (H'=1.01). Nearly all
the sites have high values in terms of richness but A2 has the
highest taxa while A7 has the lowest. Similarly, the evenness
index suggested that A2 has the highest score (J'=0.85) while
station A8 has the lowest (J'=0.25) (Table 4).

The UPGMA analysis grouped the sites with a similarity of
more than 50% according to the occurred taxa. In general, all
the localities have high level of similarities (more than 50%) to
each other. A10 (with a stony and gravel bottom) was out
grouped from the others. A7 and A8, which have a rocky
bottom, were grouped; both were separated from all the other
sites except A10 and constitute another group. Within this
group, A1 and A2 constituted a separate group with almost 70
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% similarity. Both sites are in the Abramis zone (lower part of
the stream) and have a slightly brackish character. The other
group was constituted by the remaining sites, which are
purely freshwater. A3 with a stony and muddy bottom was

20

separated within this group. Although the bottom structure of
the other sites A4, A5, A6, and A9 were different, all have a
muddy bottom and similarities in terms of faunal components;
they form another cluster (Figure 3).

40

60

Similarity

80

100

Al
A2
A9
A7
A3

Figure 3. The UPGMA dendrogram showing the similarity of the sites

DISCUSSION

Long-term changes in water quality can be estimated
more accurately if biological indicators are used as they are
adapted to specific environmental conditions for a long time.
For this reason, if any changes occur in running waters, they
can be detected using the compositions and structures of
aquatic organisms (Zamora-Mufioz and Alba-Tercedor, 1996).

In  general, diverse and productive fish and
macroinvertebrate communities prefer slightly alkaline aquatic
environments, where pH values were between 6.5 and 8.5
(NAS, 1972). High pH and low oxygen concentrations have a
lethal effect on living organisms (Tanyolag, 2004). By having
slight alkaline character, Karasu Stream offers a comfortable
settlement for various benthic macroinvertebrate species.

Water temperature and dissolved oxygen values were the
determinant factors in species richness at the sites. Pollution-
sensitive taxa or clean water indicator species were observed
frequently at the A4, A5, A6, A9, and A10 sites, where
diversity values were high andwater quality levels were in first
class.

Climate and regions are the main predictors for the
temperature periodicity patterns (Ward, 1985) and seasonality
may become weak or harsh according to locations of the
stream (e.g. Hopkins, 1971). The water temperature of the
sites varies between 4.06-27.6°C throughout the year and is
within the seasonal norms.

A10
A3
A4
A5
AB

Macroinvertebrates inhabit different parts of a waterbody.
They can live in the sediment or water’s surface, water itself,
etc. Environmental conditions such as submerged rocks, leaf
litter, or water velocity can be determinant which
macroinvertebrates can live (Tanyolag, 2004).

The BMWP and ASPT scores are frequently used to
determine the stream quality. Biological indices are usually
specific for certain types of pollution since they are based on
the presence or absence of indicators organisms, which are
unlikely to be equally sensitive to all types of pollution. They
are considered the sensitivities of macroinvertebrates to
pollution and the BMWP scores give the how much clean or
polluted the sites (Chapman, 1996). In the present study, the
BMWP scores, suggested that all of the localities have high
(more than 100) scores and it means all of them are in good
(even excellent) conditions. On the other hand, the results of
ASPT indicated that A1, A2 and A8sites were in poor
conditions while the other ones in fair conditions.

The content of the species is expected to have high
similarities at successive sampling sites, such as A1-A2 and
AT7-A8 or A5-A6. Because habitat transitions are close to one
another, species compositions may be similar (Figure 3).
Although A3 and A10 stations are far from each other in terms
of location, they have high similarity to each other. Having
similar environmental characteristics such as water depth,
bottom structure, presence of riparian vegetation can be main
reason for the high similarity.
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The species compositions expected to have high
similarities at successive sampling sites, such as A1-A2 and
AT7-A8 or A5-A6. Because habitat transitions are close to one
another, species compositions may be similar (Figure 3).
Although A3 and A10 stations are far from each other in terms
of location, they have high similarity to each other. Having
similar environmental characteristics such as water depth,
bottom structure, presence of riparian vegetation can be main
reason for the high similarity. In addition, both sites have
natural environmental conditions, isolated from roads and
settlements.

A6 has the highest species richness (82 taxa). Rich
riparian zone, diverse bottom structure (stone, gravel, sand,
and mud), and relatively low water flow rates can be the main
reasons for the higher macroinvertebrate diversity at the
station. Reversely, A7 (with 62 taxa) has the lowest species
richness where weak aquatic vegetation, rocky bottom, and
rapid water flow occur. The main restrictive factor for species
diversity at the station can be the high velocity of water flow.
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Abstract: Since heavy metal dirtiness, which we frequently encounter in environmental pollution causes harmful effects on the organism through
biochemical enzyme reactions, in this study, the effects of mercury (Hg*2?), copper (Cu*?), and zinc (Zn*2) heavy metal ions, which are common in
environmental pollution, on PON (paraoxonase) enzyme activity in muscle tissue of bonito (Sarda sarda) were investigated. In the study, 25 bonito (S.
sarda) fish muscle tissues freshly obtained from the Samsun region sea were used. The changes in PON enzyme activity were determined by adding
different volumes of heavy metal solutions. PON enzyme activities of Hg*2 heavy metal ion used in different volumes were calculated as 30.9383 U/mLdak,
29.0598 U/mLdak, 26.3799 U/mLdak, 23.9443 U/mLdak, 20.6725 U/mLdak, PON enzyme activities of Cu*2 heavy metal ion used in different volumes were
calculated as 19.7949 U/mLdak, 19.4807 U/mLdak 19.1864 U/mLdak, 19.1200 U/mLdak, 18.9037 U/mLdak and PON enzyme activities of Zn*2 heavy metal
ion used in different volumes were calculated as 23.8305 U/mLdak, 23.0781 U/mLdak, 22.9073 U/mLdak, 22.4324 U/mLdak, 21.8159 U/mLdak. As a result
of these obtained data, activity (%) values were calculated and activity (%) graphs were drawn. As a result of the study, it was determined that increasing
concentrations of Cu*2 and Zn*2 heavy metal ions caused a decrease in PON enzyme activity, but there was no statistically significant difference between
the different concentrations used. It was determined that increasing concentrations of Hg*2 heavy metal ion inhibited the PON enzyme activity, caused a
statistically significant decrease between the activities depending on the different concentrations used (p < 0.05).

Keywords: Bonito (Sarda sarda), heavy metals, copper (Cu), mercury (Hg), zinc (Zn), paraoxonase (PON)

0z: Gevre kirliliginde sik rastianan agir metal kirlilikleri, biyokimyasal enzim reaksiyonlari {izerinden organizmada zararli etkiler meydana getirdigi igin bu
calismada gevre kirliliginde sik rastlanan civa (Hg*2), bakir (Cu*2) ve ¢ginko (Zn*2) agir metal iyonlarinin palamut (Sarda sarda) baligi kas dokusunda bulunan
PON (paraoksonaz) aktivitesi tizerine etkileri arastiriimistir. Calismada Samsun bdlgesi denizinden taze olarak temin edilen 25 adet palamut baliginin kas
dokulari kullanildi. Agir metal ¢ozeltilerinden farkli hacimlerde eklenerek PON enzim aktivitesindeki degisiklikler tayin edildi. Farkli hacimlerde kullanilan Hg*2
agir metal iyonunun PON enzim aktiviteleri 30,9383 U/mLdak, 29,0598 U/mLdak, 26,3799 U/mLdak, 23,9443 U/mLdak, 20,6725 U/mLdak olarak
hesaplandi, farkli hacimlerde kullanilan Cu*2 agir metal iyonunun PON enzim aktiviteleri 19,7949 U/mLdak, 19,4807 U/mLdak 19,1864 U/mLdak, 19,1200
U/mLdak, 18,9037 U/mLdak olarak hesapland ve farkli hacimlerde kullanilan Zn*2 agir metal iyonunun PON enzim aktiviteleri 23,8305 U/mLdak, 23,0781
U/mLdak, 22,9073 U/mLdak, 22,4324 U/mLdak, 21,8159 U/mLdak olarak hesaplandi. Elde edilen bu veriler sonucunda % aktivite degerleri hesaplanarak %
aktivite grafikleri gizildi. Calisma sonucunda Cu*2 ve Zn*2 agir metal iyonlarinin artan derisimlerinin enzim aktivitesinde azalmaya neden oldugu fakat
kullanilan farkli derisimler arasinda istatistiksel olarak anlamli bir fark olmadigi belilendi. Hg*2 agir metal iyonun artan derigimlerinin PON enzim aktivitesini
inhibe ettigi, kullanilan farkli derisimlere bagl olarak aktiviteler arasinda istatistiksel olarak anlamli bir azalmaya neden oldugu belirlendi (p < 0.05).

Anahtar kelimeler: Palamut (Sarda sarda), agir metal, bakir (Cu), civa (Hg), ginko (Zn), paraoksonaz (PON)

INTRODUCTION
Paraoxonase (PON) is a serum esterase with  and ester substrates such as phenylacetate (Eckerson et al.,
arylesterase and paraoxonase activities 1983; Sorenson et al., 1995). The gene which is responsible

(aryldialkylphosphatase; E.C.3.1.8.1), which is expressed
from the liver and able to hydrolyze paraoxone, which the
active metabolite of parathion (Primo-Parma et al., 1996;
Memisogullari and Orhan, 2010). The paraoxonase enzyme
hydrolyzes toxic oxon metabolites of insecticides such as
chlorpyrifos, parathion, and diazinon (Mackness et al., 1996),
OP (organophosphate) nerve agents such as sarin, tabun,
and soman (Broomfield and Ford, 1991; Baillie et al., 1993),

for PON activity has three members and is called PON1,
PON2, PON3 (Primo-Parma et al., 1996). After PON1 and
PON3 are synthesized in the liver, they are delivered to the
blood, the plasma is transported together with HDL (high
density lipoprotein). PON2, on the other hand, is not found in
serum and synthesized in many different tissues (Teiber et
al., 2007). It has been hypothesized that the receptor that
provides the relationship between PON and HDL is scavenger
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receptor B1 (SR-B1). It has been reported that this receptor
HDL binding to the membrane of the cell and providing
material exchange between the cell and lipoproteins and that
PON is synthesized abundantly from the liver (Deakin and
James, 2004).

There are many defense mechanisms to prevent the
formation of reactive oxygen species (ROT) in living and the
damage which is caused (Prior and Cao, 1999). One of them
is the PON enzyme (Costa et al., 1999; La Du et al., 1999).
The paraoxonase enzyme exists depending on HDL and has
a protective effect against the formation of lipid peroxides by
oxidation of LDL (low density lipoprotein) (Mackness et al.,
2001; Carey et al., 2005). It shows an antioxidant property by
limiting lipid oxidation in LDL thanks to HDL, which is
dependent on the structure of this enzyme (Elana et al,
2006).

Heavy metals are defined as metals which have toxic or
poisoner effects even at low concentration and they have a
density of more than 5 g/cm? in terms of physical properties
(Kahvecioglu et al., 2003; Seven et al., 2018). These metals,
even if found in small quantities, accumulate in the body of
aquatic organisms at increasing rates and reach levels that
will do a toxic effect (lkuta, 1985). Although some metals, like
copper and iron, are necessary for life at certain levels,
metals in the state of mercury and lead can be toxic even at
trace levels (Hu, 2002). Heavy metals are taken from the
external environment by fish and are transported to tissues
and organs through the blood tract by binding with carrier
proteins, reaching high concentrations holding by metal-
retaining proteins in tissues (Kaptan, 2014). Metals of
physiological importance are stored from metals that can be
excreted out of the body by participating in different metabolic
processes in the living structure, but if these are toxic metals,
these can disrupt enzyme structures (Yazkan et al., 2004).
Mercury (Hg) levels in the tissues of fish found in these
regions have also increased due to the increase of industrial
enterprises on the sea coast (Vural, 1993). Hg is highly toxic
to fish, even in very low amounts. Organic Hg compounds
usually enter the living body through food, causing chronic
toxic disorders after accumulating (Dokmeci, 2001; Kaya and
Akar, 2002). Copper (Cu) is taken from the environment by
fish usually through the gill and food, its excretion outside the
body is through feces and urine (Sagmanligil, 1994; Cicik,
2003). Excess copper in the water accumulates in the gill
tissue within a short period, as well as reaching higher
concentrations in the liver tissue depending on the duration of
action (Kalay and Erdem,1995). Besides, the Cu metal
increases the outflow of sodium ions by fracking the energy-
bound sodium/potassium pump in the gill tissue (Cicik, 2003;
Coppock and Nation, 2007). In addition to the fact that the
mechanism of action of zinc (Zn) metal in fish is not fully
known, it has been found to cause damage to gill tissue
(Cicik, 2003; Kaya and Akar, 2002; Agcasulu, 2007).

Heavy metals, which reach from the first step to the last
step of the food chain and showing accumulation, in bonito

(S. sarda Bloch, 1793) fish, which is of great importance in
protein-rich human nutrition, the accumulation in increasing
concentrations shows a toxic effect and negatively affects
human health. To find a solution to such a problem, further
research of some metals is needed. How the activity of the
PON enzyme with physiological function in metabolism, is
affected by some heavy metals is extremely important for
animal and environmental health. This study has investigated
the effects of mercury (Hg*2), copper (Cu*?), and zinc (Zn*2)
heavy metal ions on PON enzyme activity in muscle tissue of
bonito (S. sarda) fish.

MATERIAL AND METHODS

A total of 25 bonito (S. sarda) fish, which an average
weight of 600-800 g and a length of 40 to 45 cm consisted of
the material of the study. In the study, muscle tissue of bonito
(S. sarda) fish freshly taken from the sea of Samsun region in
October, which is the seasonal season of this fish species,
and brought to the laboratory environment by the cold chain in
a short time was used. Tissue samples taken from bonito (S.
sarda) were weighed 0.3 g and taken into dry centrifuge
tubes, then 1.5 mL Tris-HCI buffer was added to them and
homogenized. The homogenized tissues were centrifuged in
a cooled centrifuge at +4 °C and 3000 rmp speed for 30
minutes and supernatants were separated. Then, the
separated supernatants were used on the same day.

PON  enzyme activity determination  method
recommended by Gilct and Gursu (2003), was used for PON
enzyme activity determination. In activity determination, 50 pL
Tris-HCl ~ buffer, 50  uyL  substrate  (calcium
chloride+paraoxone) solution were added to cuvettes and the
value at 405 nm absorbance was read in ELISA. 50 L
supernatant solution was added to the measured cuvettes
and the change occurring in the absorbance at 405 nm, at 37
°C in ELISA it was read in 30 seconds. In this way, the
enzymatic conversion speed of paraoxone to p-nitrophenol
was defined as PON activity (1 U/L).

The activity measurement in the paraoxonase enzyme
of the mercury n chloride (HgCl2) solution: In paraoxonase
enzyme activity determination, 50 L tris-HCL buffer, 50 pL
substrate (calcium chloride+paraoxone) solution, and 50 pL
supernatant solution were added to the cuvettes, and the
value at 37 °C and 405 nm absorbance in ELISA it was read
in 30 seconds. Then, the change in enzyme activity was
determined, after adding different volumes 10 pL, 20 uL, 30
ML, 40 uL, 50 pL 0.001 M HgCl2 solution to the measuring
cuvette. The enzyme activity determined in the environment
without inhibitor was used as 100% activity.

The activity measurement in the paraoxonase enzyme
of the copper n chloride (CuClz) solution: In paraoxonase
enzyme activity determination, 50 L tris-HCL buffer, 50 pL
substrate (calcium chloride+paraoxone) solution, and 50 pL
supernatant solution was added to the cuvettes and the value
at 37 °C and 405 nm absorbance in ELISA it was read in 30
seconds. Then, the change in enzyme activity was

480



The effect of mercury, copper, and zinc on paraoxonase (PON) enzyme activity in Bonito (Sarda sarda) fish

determined, after adding different volumes 10 L, 20 uL, 30
pL, 40 pL, 50 pL 0.001 M CuCl2 solution to the measuring
cuvette. The enzyme activity determined in the environment
without inhibitor was used as 100% activity.

The activity measurement in the paraoxonase enzyme
of the zinc n chloride (ZnClz) solution: In paraoxonase
enzyme activity determination, 50 uL tris-HCL buffer, 50 L
substrate (calcium chloride+paraoxone) solution, and 50 pL
supernatant solution were added to the cuvettes, and the
value at 37 °C and 405 nm absorbance in ELISA it was read
in 30 seconds. Then, the change in enzyme activity was
determined, after adding different volumes 10 L, 20 uL, 30
ML, 40 pL, 50 pL 0.001 M ZnCl: solution to the measuring
cuvette. The enzyme activity determined in the environment
without inhibitor was used as 100% activity.

Measurement of the total oxidant capacity (TOC): The
TOC was measured by a colorimetric method based on the
cumulatively oxidize of ferrous ion to the ferric ion of oxidant
molecules present in the supernatant (Erel, 2004, 2005).
Calculations were made according to the formula in the
procedure.

Measurement of the total antioxidant capacity (TAC):
The TAC was measured by the method of decolorization of
the colored radical in proportion to the total concentration of
the antioxidant molecules by reducing dark blue-green
colored ABTS cationic radical of all antioxidant molecules

present in the supernatant (Erel, 2004, 2005). Calculations
were made according to the formula in the procedure.

Calculation of the oxidative stress index (OSI): The
0S| was obtained by calculating from the Total oxidant
capacity (gmol H202Equiv/L)/Total antioxidant capacity (mmol
TroloxEquiv/L) x 10 formulation.

SPSS statistical (version 22) package program was used
for statistical analysis. The analysis of the samples was done
with a One-Way Analysis of Variance (One-Way Anova).
While the difference between the samples was not significant
for p>0.05 value, the difference was regarded to be significant
for p<0.05 value. For the samples with a value of p<0.05, the
homogeneity of the samples was examined using the
homogeneity of variance test, and the samples with a
significant difference between them were compared with the
Tukey test.

RESULTS

The enzyme activity table and graph were drawn by
repeating the measurements made by taking different
volumes from CuClz, HgClz, and ZnCl2 solutions and studying
in duplicate and calculating the average of the results.

Paraoxonase enzyme activity (%) values obtained by
using HgCl2 solutions of different concentrations (0.6 x 104 M,
1.1 x 104 M, 1.6 x 104 M, 2.1 x 104 M, 2.5 x 104 M) were
given in Table 1.

Table 1. Activity (%) values of paraoxonase enzyme determined in HgCl2 environment

Substrate
Solution Volume

(L)

Supernatant
Solution Volume

(L)

Tris-HCI Buffer

Heavy metal
y (uL)

Metal Solution
Volume
(ML)

Metal Solution
concentration (1x10+
M)

AOD
(405nm)

Activity (U/mL

d2K) Activity (%)

Hg 50 50 50

10
20
30
40
50

1.1822
1.8862
1.7717
1.6082
1.4598
1.2603

19.3910
30.9383
29.0598
26.3799
23.9443
20.6725

100.00
159.55
149.86
136.04
123.48
106.61

0.6
1.1
1.6
2.1
25

—_
®
>

—_
=y
>

Hg

ACTIVITY (%)
= v~
L —— R — IR — S — T — S —

1x10*M

=]
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Figure 1. Activity determination for paraoxonase enzyme in HgCl2
environment

The solution concentrations and activity (%) graph
specified in Table 1 for paraoxonase enzyme in HgClz
environment were given in Figure 1.

After determining enzyme activity, PON enzyme activity
was calculated as 159.55% when added a 10 pL-0.6 x 104 M
HgCl2 solution to cuvettes, while enzyme activity decreased
as a result of increased concentrations and was calculated as
106.61% when added a 50 pL-2.5 x 104 M HgCl. solution.
When the activity (%) graph was examined as a result of the
measurements made, it was determined that Hg*2 heavy
metal ion caused a decrease in paraoxonase enzyme activity
(p<0.05). Paraoxonase enzyme activity (%) values obtained
by using CuCl. solutions of different concentrations (0.6 x 104
M, 1.1 x 104 M, 1.6 x 104 M, 2.1 x 104 M, 2.5 x 104 M) were
given in Table 2.
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Table 2. Activity (%) values of paraoxonase enzyme determined in CuCl2 environment

Supernatant Substrate Metal Metal
Tris- HCI Buffer Solution Solution Solution Solution Activity n
stealigal (ML) Volume Volume Volume Concentration dunlis (U/mL dak) BRI
(ML) (wL) (ML) (1x10M)
1.0730 17.5997 100.00
10 0.6 1.2068 19.7949 112.49
20 1.1 1.1877 19.4807 110.69
cu 50 50 50 30 1.6 1.1697 19.1864 109.02
40 2.1 1.1657 19.1200 108.64
50 25 1.1525 18.9037 107.41

The solution concentrations and activity (%) graph
specified in Table 2 for paraoxonase enzyme in CuClz
environment were given in Figure 2.

~

S

ACTIVITY (%)

180
160
140
120
100

25 3

Cu

1x10*M

J

Figure 2

Table 3.

. Activity determination for paraoxonase enzyme in CuClz
environment

After determining enzyme activity, PON enzyme activity
was calculated as 112.49% when added a 10 pL-0.6 x 104 M
CuCl2 solution to cuvettes, while enzyme activity decreased
as a result of increased concentrations and was calculated as
107.41% when added a 50 pL-2.5 x 104 M CuCl2 solution.
When the activity (%) graph was examined as a result of the
measurements made, it was determined that Cu*2 heavy
metal ion caused a decrease in paraoxonase enzyme activity
but there was no statistically significant difference (p>0.05).

Paraoxonase enzyme activity (%) values obtained by
using ZnClz solutions of different concentrations (0.6 x 10+ M,
1.1 x 104 M, 1.6 x 104 M, 2.1 x 104 M, 2.5 x 104 M) were
given in Table 3.

Activity (%) values of paraoxonase enzyme determined in ZnCl2 environment

Heavy
Metal

Tris- HCI Buffer
(WL)

Supernatant
Solution
Volume

(ML)

Substrate
Solution
Volume

(ML)

Volume
(ML)

Metal Solution

Metal Solution
Concentration
(1x104M)

Activity (U/mL

4aK) Activity (%)

AOD (405nm)

Zn

50

50

50

10
20
30
40
50

21.3574
23.8305
23.0781
22.9073
22.4324
21.8159

100.00
111.58
108.06
107.26
105.03
102.15

1.3021
0.6 1.4529
1.1 1.4070
1.6 1.3958
2.1 1.3676
25 1.3300

S

ACTIVITY (%)

W LTy

0.5 1

25 3

/n

1x10'M

J

Figure 3. Activity determination for paraoxonase enzyme in ZnClz
environment

The solution concentrations and activity (%) graph
specified in Table 3 for paraoxonase enzyme in ZnClz
environment were given in Figure 3.

After determining enzyme activity, PON enzyme activity
was calculated as 111.58% when added a 10 pL-0.6 x 104 M
ZnCl2 solution to cuvettes, while enzyme activity decreased as
a result of increased concentrations and was calculated as
102.15% when added a 50 pL-2.5 x 10+ M ZnCl: solution.
When the activity (%) graph was examined as a result of the
measurements made, it was determined that Zn*2 heavy
metal ion caused a decrease in paraoxonase enzyme activity
but there was no statistically significant difference (p>0.05).
The TOC, TAC, and OSI index values obtained as a result of
the analyses were given in Table 4.
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Table 4. Total antioxidant capacity (TAC), total oxidant capacity
(TOC), and oxidative stress index (OSI) values (mean

values + standard error)

Mean + SE
TAC (mmol TroloxEquiviL) 0.55+0.29
TOC (umol H202EquiviL) 10.72 £3.52
osl (AU) 245+ 141
DISCUSSION AND CONCLUSION

Recently, the pollution of surface water resources by
heavy metals, which is one of the common environmental
pollutants, has started to increase all over the world
(Uncumusaoglu et al., 2016; Mutlu and Kurnaz, 2017; Huang
et al., 2020) and the level of metals in the environment has
become very dangerous for the health of water and land life
(Pamukoglu and Kargi, 2007). Especially, It has been shown
in many studies that fish, which are among aquatic
organisms, are the living group most affected from heavy
metal pollution (Yilmaz et al., 2016; Aytekin and Kargin, 2019;
Cogun and Kargin, 2020). Among marine creatures, fish
accumulate pollutants from the aquatic environment and
therefore widely used in pollution monitoring systems of the
aquatic environment (Henry et al., 2004). Due to pollution
from chemicals and waters, fish are constantly exposed to
heavy metals (Ashraf, 2005). An increasing heavy metal
accumulation in the bodies of fish can disrupt the structure of
enzymes by showing toxic effect (Mackness et al., 2000;
Mackness et al., 2001). Heavy metals exhibit toxicity by
complexing with organic compounds and if they bind to these
groups, they can switch to the inactive enzyme form (Ekinci et
al., 2007). Since PON activity is important in environmental
pollution, in this study the effects of Hg*2, Cu*2, and Zn*2
heavy metal ions on the activity of paraoxonase enzyme,
which has detoxification, antioxidant and antibacterial activity
in muscle tissue of bonito (S. sarda) fish was examined and
the oxidative stress index of the muscle tissue at normal
levels was determined.

When the effect of Cu*2 heavy metal ion on PON enzyme
activity, it was determined that increasing concentrations
caused a decrease in PON enzyme activity, but there was no
statistically ~ significant  difference  between increasing
concentrations of Cu*2 heavy metal ion. Sayin et al. (2012), in
a study, examined in vitro the inhibition effect of Cu?*, Ni?*,
Cd?*, and Hg% metal ions on PON enzyme activity in
Scyliorhinus canicula fish. CuZ, Nizt, Cd?*, and Hg% metal
ions showed an inhibitory effect on this enzyme activity and
were determined that the strongest effect was by Cuz* (Sayin
et al., 2012). But when the activity (%) graphs were examined
in this study, it was found that Cu*2 heavy metal ion did not
cause a significant difference between enzyme activities, but
Hg*2 heavy metal ion significantly caused a decrease in
enzyme activity, causing a greater effect on activity. Hg is a
metal that acts toxic by binding to thiol groups and inactivating
proteins and enzymes when it enters the cell (Misra, 1992).
Erdds et al. (1960), in a study, stated that Hg, Cu, and Ni salts
inhibit PON1 activity at low concentration due to interacting

with a thiol group at the catalytic center (Erdos et al., 1960).
Therefore, Hg heavy metal ion is thought to inactivate the
enzyme by binding to the free sulfhydryl (thiol) group in the
cysteine at the 284 th position of the PON enzyme. During the
oxidation of Cu*'/Cu*? ions, it has also been reported that it
may be responsible for the partial inactivation of PON,
replacing the Ca ion required for PON’s paraoxonase activity
(Aviram, 1999). In this study, when the activity (%) graph was
examined, It was determined that the Cu*2 heavy metal ion
acted in this way, causing a partial decrease in paraoxonase
enzyme activity but there was no significant difference
between statistically measured activities.

When the effect of Zn*2 heavy metal ion on PON enzyme
activity was examined, it was determined that increasing
concentrations caused a decrease in PON enzyme activity,
but there was no statistically significant difference between
increasing concentrations of Zn*2 heavy metal ion. In a study
investigating the effect of zinc on PON enzyme activity in fish,
plasma PON activity of Capoeta capoeta fish kept in tanks
containing 5 and 10 mg/L ZnSO4 for 10 days decreased
compared to the control group. They reported that this
decrease in PON enzyme activity may be due to the
absorption relationship between Ca*2 and Zn*2 cations
(Deveci et al., 2015). In this study, when the activity graph of
the Zn*2 heavy metal ion was examined, it was observed that
it caused a decrease in PON enzyme activity, and this
decrease in activity was thought to be due to the absorption
relationship between Ca*2/Zn*2 ions. Because the Ca*2 ions
required for the stability and activity of the PON enzyme due
to HDL in plasma are directly related to the absorption of Zn*2
ions (Babacan et al., 2011; Cicik, 2003). Also, Zn is taken by
an apical Ca*2 channel found in mitochondrial-rich ion carrier
cells in the gills of fish (Bury et al., 2003; Zhang and Wang,
2006).

It was observed that Hg*2 heavy metal ion showed a
statistically significant decrease in PON enzyme activity
compared to Cu*2 and Zn*2 ions due to increasing
concentrations and inhibited the enzyme. Especially when
enzyme activities were compared, it was determined that
there were significant differences between the 0.6 x 104 M
and 2.1-2.5 x 104 M samples used and between 1.1 x 104 M
and 2.5 x 104 M samples. According to the results obtained, it
was seen that the Hg*2 heavy metal ion inhibited by showing
more effect compared to Cu*2 and Zn*2 ions on enzyme
activity. In a study examined the effect of different metals on
paraoxonase enzyme activity in carp (Cyprinus carpio) fish, it
was determined that Co, Hg, Cu, and Cd heavy metals
inhibited different levels of PON activity (Beyaztas et al.,
2007).

In another study in scaly carp (C. carpio) fish, the effect of
malathion, which is known to be toxic such as heavy metals
on paraoxonase and arylesterase enzyme activities were
researched and it was observed that PON activity decreased
due to increasing concentrations of malathion (Kili¢ and
Yonar, 2017). In a study using the chromium oxide (CrOs)
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form of chromium, a heavy metal such as copper, mercury
and zinc, it was determined that chromium applied at
concentrations of 15, 30 and 60 ppb for 28 days reduced the
activity of carp (C. carpio) serum PON (Yonar et al., 2012).

In a study conducted in bonito (S. sarda) fish, it was
examined the effect of some heavy metals on glutathione
transferase enzyme, which has detoxification and antioxidant
properties such as the PON enzyme. Giller et al. (2014), in
this study, the effects of Pb2*, Cr2+, Fe3* Ag*, Cu2*, Cd?*, and
Zn2* metal ions on the enzyme activity were examined and it
was reported that Cu ion showed the strongest inhibitor effect
and, Zn ion showed weakest inhibitor effect (Giiler et al,
2014). When the activity (%) graphs were examined also in
our study, it was found that Zn heavy metal ion caused a
more significant decrease in PON enzyme activity compared
to Cu heavy metal ion.

Besides studies carried out among fish, in the studies also
carried out in rats, humans, bull, and sheep, the effect of
heavy metals on PON enzyme activity was investigated. Pla
et al. (2007), in a study, examined the effects of some metal
ions on PON1 enzyme activity purified from rat liver. In the
present study they have done, inhibition effects of Mn*, Cu*2,
Hg*2 ve Co*2 heavy metal ions were determined and it was
determined that Hg*2 heavy metal ion was the strongest
inhibitor and Cu*2 ion was the weakest inhibitor for PON1 (Pla
et al., 2007). In this study, when the activity (%) graphs were
examined, it was determined that the inhibitor effect of Hg*2
ion on the enzyme activity more than the effect of Cu*2 ion.
When looked the effect of Hg*2 and Cu*2 heavy metal ions on
PON enzyme activity studied in bonito (S. sarda) fish, it is
seen that it causes a decrease in enzyme activity similar to
the PON1 enzyme activity in rats. Samra et al. (2010),
examined the in vitro inhibitor effects of some metal ions, at
1.0 mM concentration on human PON1 enzyme activity. It
was determined that Mg*2 and Mn*2 ions did not show any
effect on human PON1 enzyme activity, Pb*2, Co*2, and Zn*2
ions decreased the activity, while Ni*2, Cd*2 and Cu*2 ions
inhibited the PON1 enzyme activity (Samra et al., 2010).
Dedeoglu et al. (2014), in a study, determined changes
occurring in PON1 enzyme activity purified from bull semen in
the presence of Cu*2, Mn*2, Cd*2, Zn*2, Ni*2, and Pb*2 heavy
metal ions in different cuvette concentrations. While Cd*2 ions
increased PON1 activity, other heavy metal ions were found
to inhibit PON1 at micromolar levels (Dedeoglu et al., 2014). It
was determined that Cu*2 and Zn*2 heavy metal ions used in
this study also caused at low levels decrease of PON enzyme
activity in bonito (S. sarda) fish but there was no statistically

significant difference. Therefore, it is seen that Cu and Zn
heavy metal ions affect PON enzyme activity studied in bonito
(S. sarda) fish, similar to that of human PON1 enzyme and
PON1 enzyme activity purified from bull semen. Erol ef al.
(2013), in another study, examined the effect of some metal
ions on PON1 enzyme activity purified from blood samples
taken from Merino and Kivircik sheep breeds. It was
determined that Mn*2, Hg*2, Co*2, Cd*2, Ni*2 and Cu*2 metal
ions showed different levels of inhibition effect on PON
enzyme activity and Cu*2 heavy metal ion caused strongest
inhibitor effect for PON (Erol et al., 2013). When examined
the effects of heavy metal ions used in this study on PON
enzyme activity in bonito (S. sarda) fish, it is seen that Cu*2
metal ion caused a partial decrease in the enzyme activity
compared to other heavy metal ions (Hg*2, Zn*2) used in the
study. Therefore, it is seen that the Cu*2 heavy metal ion
caused a decrease at different levels of PON enzyme activity
in Merino and Kivircik sheep breeds by the PON enzyme of
bonito (S. sarda) fish.

In the study, the effect of Hg*?, Cu*2 and Zn*2heavy metal
ions was researched on paraoxonase enzyme activity, which
an antioxidant enzyme in muscle tissue of bonito (S. sarda)
fish, and it was found Cu*?, Zn*2 ions caused a statistically
insignificant decrease in enzyme activity. It is thought that the
inhibitory effect of Cu and Zn ions, which are present in
excess amount in the environment, on the PON enzyme may
be due to the substitution of Ca ions, which are the cofactor of
the enzyme. Therefore, it is thought of these ions cause a
decrease in activity by causing inhibition of enzymatic activity.
It is thought that Zn*2 and Cu*2 ions to be used in higher
concentrations in studies where the effects of heavy metals
on PON enzyme activity will be investigated, may cause a
significant decrease in enzyme activity. Hg*2 heavy metal ion
is thought to inhibit the enzyme activity and show its inhibitory
effect on the enzyme by binding to the free sulfhydryl (thiol)
group in the cysteine at the 284 th position of the PON
enzyme. It is thought that controlled experimental studies may
be conducted to investigate the effects of heavy metals taken
in higher concentrations on TOC, TAC and PON enzyme
activity and our study may also create an example.
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Abstract: This study was conducted to evaluate the histological changes of 17amethyl-testosterone (MT), wet testes of bull (Bos indicus), boar (Sus
domesticus), bull/mud catfish testes (B. indicus/C. gariepinus) and pawpaw (Carica papaya) seed powder-based diet on the Nile tilapia fry in an indoor
experimental pond. Histological changes and efficacies in producing monosex males were determined after four months. Fifty-five fry were assigned
randomly to three experimental ponds in triplicates. Five experimental feeds composed of soya-bean, fish meal, wheat bran, cassava flour were formulated
by adding 0.06g of 17a- methyl-testosterone, 17.47g of bull wet testes, 25.59g of boar wet testes, 20.48g of bull/catfish and 20g of pawpaw seed powder
per kg of feed to group 1, 2, 3, 4, 5 respectively. Obtained results from the morphological examination revealed a significant difference (p < 0.05) in
phenotypic males of the Nile tilapia fry fed with the experimental diets. The highest indistinct percentage was recorded in the 17amethyl-testosterone-treated
diet while the lowest was recorded in diets 3 and 4 with no significant differences. All the groups showed histopathological differences in the livers, gills, and
muscles. However, the liver histology of groups 1 and 5 showed central vessels that are mildly congested with abundant glycogen vacuolation and
somewhat fat infiltration, while the histology of the muscles of group 5 showed pathological lesions including moderate to severe necrosis. These alterations

can be considered an indication of the performance and health of fish in monosex culture medium indicating effects of plant extract and MT.
Keywords: Histological changes, Oreochromis niloticus, monosex, 17a- methyl-testosterone, pawpaw seed

INTRODUCTION

Overstocking of tilapia in an enclosed pond causes
stunted growth due to the unavailability of natural food,
especially in the semi-intensive system (Meske and Vogt,
2014). To achieve more productivity in growing tilapia
Oreochromis niloticus, it is important to produce a monosex
culture that constitutes males (El-Greisy and El-Gamal, 2012),
because male grows faster than female because of
unnecessary spawning. The most efficient method of
producing only males is using steroid hormones fed to newly
hatched fry with unknown sex (Ajiboye et al., 2015). This is
done by exposing the fish to hormones (testosterone or
estrogen) in their diets orally for several weeks when the fish
start feeding, which leads to sex reversal. The application of
synthetic hormones is under serious criticism due to their
health and environmental hazards. More so, there is little
literature on the tangible effect of the residuals on the
environment and human health (Desprez et al, 2003,
Mengumphan et al., 2006).

Thus far, the caused by the synthetic hormone on
environmental damage or harm to humans used for sex
inversion has no substantial proof; however, there is a huge
amount of MT used for sex reversal compared to the actual
dose (Xu et al., 2015; Mialila et al., 2015), which may lead to
building up of MT chemical in tilapia farming. Hormone

treated fish is restricted in some countries except it is proven
that it will not pose risks to human health (Megbowon and
Mojekwu, 2014). However, the potential disadvantage of
synthetic hormone treatment increased the risk of long-term
exposure of workers handling methyltestosterone during food
preparation and feeding may cause adverse effects on their
health (Green et al., 1997). There have been reports that
hormones excreted by treated fish from undigested feeds can
build up in a closed water system; accumulate in water
residue and aquatic biota (Dauda et al., 2014). Kefi et al.
(2013) in their trial with tilapia fish, observed an induced sex
inversion in waters not directly applied with methyl-
testosterone, although is not well understood; the effect on
water pollution.

Owing to the detrimental toxicity of hormone on human
health which results in mostly carcinogenic and endocrine
disorder and on the environment, researchers has deliberated
on its use in aquaculture production (Dergal et al., 2016).
Furthermore, the use of anabolic steroids has been banned
because of the harmfulness to humans, fish and the
environment (Suseno et al., 2020); based on the decision
from the Republic of Indonesia with  number
KEP.52/MEN/2014 of the Ministry of Marine Affairs and
Fisheries.

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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In recent times, the use of MT in the seed production of
Oreochromis species has increased despite inadequate
information about the impact of the androgen on fish
physiology; though, its long-term impacts on the pathology of
livers, gills and muscle remain unclear (Kefi et al., 2013).
Curtis et al. (1991) established the fact that metabolizes of
plasma testosterone are quickly excreted from the body.
There are few published articles on the histological changes
of O. niloticus subjected to sex steroids in particular MT,
animal, and plant extract; hence, the need to evaluate the
histological changes associated with the gills, livers, and
muscles of O. niloticus subjected to MT, animal hormone and
plant extract. Therefore, this study will help to understand the
effects of O. niloticus exposed to the different sex reversals-
based diets and provide fishery resources managers and
decision-makers information on the most fish-friendly and
effective sex reversal-based diet.

MATERIAL AND METHODS

A total of 825 Oreochromis niloticus (Nile tilapia) fry with
an average weight of 0.013g; were obtained from the Tilapia
family testing unit of the Africa Regional Aquacultural Center
(ARAC) Aluu, Port Harcourt, Rivers State. The experiment
was carried out in 15 different experimental ponds at ARAC
and was distributed randomly into five groups; fifty-five (55)
fry were stocked in each in triplicate. The methyl-testosterone
was acquired from Lagos State (University of Lagos) Nigeria
while the testes of boar bull fish were procured from Port
Harcourt market, while pawpaw fruits were collected from the
University of Port Harcourt Farm which was sun-dried, ground
and prepared as described by (Orose et al., 2016).

Hormone preparation

The hormone was prepared by adding 0.06 g of 17 a-
Methyltestosterone, 4 g of catfish testes, 10 g of boar and bull
testes to a beaker containing 500 ml of ethanol (95%)
respectively, while 5.7 g of pawpaw seed powder was
dissolved in water ~ for  hormonal analysis
(testosterone/estrogen) at the Chemical Pathology
Laboratory, University of Port Harcourt Teaching Hospital
(UPTH) for hormonal analysis. Total testosterones from the
serum of each experimental animal were analyzed using an
Enzyme Immunoassay Testosterone test kit (Table 1). The
1000 g compounded feed was formulated with the addition of
the steroid hormone and plant extract. Group 1 was added
with 0.069 of 17a- methyl-testosterone, group 2 was prepared
with 17.47 g of bull testes, group 3 was prepared with 25.59g
of boar testes, group 4 was prepared by adding 20.48 g of
bull/ catfish testes while group 5 was prepared by adding 20 g
of pawpaw seed powder-based diet (Orose et al., 2018).

Exposure of test organisms

One thousand grams of feed was formulated based on
the working composition obtained from the feed mill of ARAC,
using 40% crude protein. The formulated feed materials were
composed of wheat bran, fish meal soya-bean, groundnut

cake, vitamins etc. in various percentages as described by
Orose and Vincent-Akpu, 2016. The feeding frequency was
three times daily at 20% of fish body weight for 42 days
hormonal trial with final weight for group 0.42g, 0.52g, 0.78g,
0.60g and 0.69g for group 1 to 5 respectively. Thereafter, the
fry were reared for 4 months for histological studies with final
weights of 7.30g, 10.43g, 11.73g, 10.67g and 10.40g for
groups 1 to 5 respectively.

Table 1. Total testosterone of steroid, animal and pawpaw seed
powder
Treatments Sample (gram)  Concentration

Treatment 1 (MT) 0.06g 16.25
Treatment 2 (bull testes) 109 9.3
Treatment 3 (boar testes) 109 6.3
Treatment 4 (catfish testes) 4q 1.8
Treatment 5 (PSP) 57¢g 0.3

Sex determination

After four months of growth stage, sexing of fingerlings
was determined, each group was collected in all the replicates
and confirmed by examining the external genitals (Figure 1).

Figure 1. Male (left) and female (right) genital papilla (Fuentes —
Silva et al., 2013)

Histological Changes

Fish samples were prepared with standard methods for
histological analysis as detailed in the guideline as describe
by Avwioro, (2010). Livers, gills, and muscles of 5 fish per
treatment were surgically removed and placed in 10%
Davison’s solution and taken to the Veterinary Department of
the Federal University of Agriculture, Abeokuta. The livers
gills and muscles were fixed and prepared for sectioning
involved dehydration, clearing and infiltration, embedding and
sectioning using a microtome. The process for dehydration
involved fixation of tissue in ascending grades alcohol of 30%,
50% 70% and 90% alcohol each for 1 hour; 95% alcohol for
12 hours; and absolute alcohol for 1 hour. The clearing
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process involved immersion of dehydrated tissue in xylene for
1 hour. The infiltration process involved immersion of the
cleared samples in molten paraffin wax (between 56°C -
60°C) for two hours. The embedded tissues were sectioned
using a microtome before placing them on slides then staining
with Haematoxylin for 3 minutes and 1% solution of Eosin
stain for 5-10minutes (H and E method). The prepared slides
were viewed under a light microscope, Olympus CX31RTSF.

Data Analysis

All data were subjected to statistical analysis using
Statistical Package for Social Sciences (SPSS) version 21,
analysis of variance (ANOVA) was used to determine
significant differences among treatments. Differences were
regarded as significant at P < 0.05; mean significant was
compared using Duncan Multiple Range Test (DMRT).

RESULTS

Effect of experimental diet on masculinization of Nile
Tilapia (O. niloticus)

The results for the morphological examination on sex ratio
are presented in Table 2. There was no significant difference
between group 3 and group 4, although there were significant
differences (p < 0.05) among group 1, group 2 and group 5.
The lowest male value was observed in group 5

Table 2. Morphological effect of treatments on sex ratio of O niloticus

(73.9842.04%). The results on indistinct (sex differentiation
that was not clear) showed that group 1 had a higher
indistinct  (5.00£0.58), while there was no significant
difference (p = 0.05) between group 3 and group 4.

Effect of experimental diets on mortality rate of Nile
Tilapia (O. niloticus)

The result on the mortality rate of Nile tilapia fries after the
four months experimental period is shown in Figure 2. The
result showed that group 1 recorded the highest mortality
(51%) during the experiment, followed by group 2 (18%).
However, there were no significant differences in mortality
rates among group 3, group 4 and group 5 with mortality rates
of 10%, 11%, and 10% respectively.

Group 5

Mortality Rate

Figure 2. Mortality rate of Nile tilapia fed five experimental diets (5 groups)

Numbers of Fish Observed per Group (percentages are in parentheses)

Sex 1 2 3 4 5
Male 19.00+1.53¢ 30.33+2.000 37.67+1.202 36.67+0.882 30.33+0.88°
(79.1710.74bc) (79.82+1.030) (91.88+2.119) (91.68+0.592) (73.98+2.04b)
Female 0.00+0.00¢ 3.67+0.330 2.67+0.33¢ 3.00+0.00bc 7.3340.332
0.000.009) 9.66+0.27") 6.51+0.68¢) 7.500.60¢) 17.88+0.602)
Indistinct 5.00+0.582 4.00+1.002 0.67+0.67° 0.33+0.210 3.34+0.882
20.83+0.742) 10.52+1.980 1.61+1.63¢) 0.82+0.80¢) 8.1442.059)
Total 24 38 41 41 41
(100) (100) (100) (100) (100)

a, b, ¢ and d are superscripts to indicate significant differences among different groups/ Mean values (mean * standard error) in the same row with different

superscript are significantly different (p < 0.05).

Histological examination

Histological changes in the livers of Oreochromis
niloticus fed experimental diets

The histological analysis of the livers revealed that there
were pathological differences among the groups. Group 1
photomicrograph of fish liver showed Central vessels that are
mildly congested with mildly thickened vascular wall (white
arrow), the sinusoids (black arrow) appear normal and not
infiltrated by inflammatory cells while the hepatocytes showed
abundant glycogen vacuolation and somewhat fat infiltration
(blue arrow) (Figure 3), Group 2 showed section with normal
central vessels that are not congested (white arrow),
however, there was mild perivascular infiltration seen (gray

arrow), the sinusoids (black arrow) appeared normal and not
infiltrated by inflammatory cells, the hepatocytes showed
abundant glycogen vacuolation (blue arrow) (Figure 4), group
3 showed normal central vessels that are not congested
(white arrow), the sinusoids (black arrow) appeared normal
and not infiltrated by inflammatory cells, the hepatocytes
showed moderate glycogen vacuolation (blue arrow) (Figure
5), additionally, group 4 showed normal central vessels that
are not congested (white arrow), the sinusoids (black arrow)
appeared normal and not infiltrated by inflammatory cells, the
hepatocytes showed abundant glycogen vacuolation (blue
arrow) Figure 6. On the other hand, group 5 showed mildly
congested central vessels (white arrow), the sinusoids (black
arrow) appeared normal and not infiltrated by inflammatory
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cells, the hepatocytes showed abundant glycogen vacuolation
and fat degeneration (blue arrow) (Figure 7). However, there
appeared to be differences in their hepatocytes: group 1
showed abundant glycogen vacuolation and somewhat fat

infiltration, group 2 and 4 showed abundant glycogen
vacuolation, group 3 showed moderate glycogen vacuolation
while group 5 showed abundant glycogen vacuolation with fat
degeneration.

Figure 5. Photomicrograph of group 3 fish liver section
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Figure 7. Photomicrograph of group 5 fish liver section

Histological changes in the gills of Oreochromis
niloticus fed experimental diets

The histopathological study of the gills section revealed
that the gills section for group 1 showed normal gill lamellae
(white arrow) and arch (blue arrow) lamellae consist of normal
erythrocytes, chloride cells and pillar cells (black arrow), while
the gill arch showed normal osteocyte-like cells (Figure 8).
Group 2 had a normal gill lamella (white arrow) and arch (blue
arrow) the lamellae consist of normal erythrocytes, chloride
cells and pillar cells (black arrow) while the gill arch showed

normal osteocyte-like cells (Figure 9). Group 3 showed poorly
arranged gill lamellae (white arrow) and arch (blue arrow).
The lamella consists of normal chloride cells and pillar cells
(black arrow), while the gill arch showed normal osteocyte-like
cells (Figure 10). Group 4 showed shortened gill lamellae
(white arrow) and arch the lamellae consisting of normal
erythrocytes and few chloride cells and pillar cells (Figure 11),
while group 5 showed normal gill lamellae (white arrow) and
arch (blue arrow) (Figure 12). The lamellae consist of normal
erythrocytes, chloride cells and pillar cells (black arrow), while
the gill arch showed normal osteocyte-like cells.

Figure 8. Photomicrograph of group 1 fish gill section
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e

Figure 12. Photomicrograph of group 5 fish gill section
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Histological changes in the muscles of Oreochromis Group 3 showed normal architecture (white arrow),
niloticus fed experimental diets without pathological lesion (Figure 15), while group 4 showed

The histopathological examination of the muscles mo_derate architgcture (white arrow), with no pgthological
revealed that muscles sections of group 1 showed normal ~ 'esion found (Figure 16) whereas group 5) (Figure 17)
architecture (white arrow), the pathological lesion was not ~ showed a poor architecture, but with the presence of
seen (Figure 13), group 2 showed normal architecture (white ~ Pathological lesion including moderate to severe necrosis
arrow), with no pathological lesion (Figure 14). (black arrow).

Figure 15.Photomicrograph of group 3 fish muscle section
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Figure 17.Photomicrograph of group 17 fish muscle section

DISCUSSION

The examination of external genital papillae of O. niloticus
showed that the natural hormone and plant extract had the
highest male percentage. However, MT treated diet had the
highest indistinct percentage rate and mortality rate. These
results are in line with the findings of Mohamed (2019) that
reported the variation between morphological and gonad
results. Mohamed (2019) examined 50 fish from a group;
morphologically, 40 of the fishes were presumed to be males,
but after gonad and histological examination of the gonad, it
was observed that there were 42 males, seven females and
one hermaphrodite. The result from this study showed that
MT had the lowest percentage of phenotypic males (79.26%).
Group 3 had the highest percentage male ratio. The
differences among the groups were scientifically significant.
The lowest male ratio was observed in the MT diet, this may
be due to the high percentage indistinct found in group 1
compared to all other groups upon observation, while groups
3 and 4 had the lowest rate.

Hussain (2004) and Rahma et al. (2015) reported that the
sexual dimorphism of tilapia is expressed in genital papillae.
Furthermore, at the time of sex determination, few fish were

less than 4 g in weight; at this stage, sex determination of the
gonad is difficult. Fish with reduce weight and abnormalities
were regarded as indistinct. In this study, fish genital papilla
that was not clear at the time of sex determination were
regarded as indistinct. In addition, Ekwu and Sikoki (2001),
sexed tilapia at 2 g and observed indistinct fish by gross
examination. They reported that those indistinct fish turned
out to be female after histological sectioning, which was not in
line with Berger and Rothbard (1987) that reported that
indistinct fish were regarded as male.

The liver section of the present study (Figure 3-8) showed
pathological differences among the groups, mildly congested
central vessels that were with mildly thickened vascular wall,
although group 2 were normal in the central vessels,
however, there was mild perivascular infiltration seen in
groups 3 and 4. Groups 3 and 4 showed normal central
vessels that were not congested, on the other hand, group 5
showed mildly congested central vessels, the sinusoids
appeared normal and not infiltrated by inflammatory cells.
This finding agrees with a similar study by Khater (1998) in
studying the effect of different doses (15, 30, 60, 90 mg) of
17a-methyltestosterone on the liver for 28 days and indicated
that the hepatic parenchyma had diffused vacuolar
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degeneration while the central veins and hepatic sinusoids
were congested, on the contrary, Deborah, (1990) and Kefi et
al. (2013) found that there was no deviation from the normal
morphology in livers. However, in this study, there appeared
to be differences in the hepatocytes, abundant glycogen
vacuolation in groups 2 and 4. But group 1 showed abundant
glycogen vacuolation and somewhat fat infiltration, group 3
showed moderate glycogen vacuolation, while group 5
showed abundant glycogen vacuolation with fat degeneration.
Khater (1998), also reported that liver tissue treated with 60
mg MT for 14 days showed diffuse hydropic degeneration,
congestion of central vein and haemorrhage was seen in the
hepatic parenchyma. Furthermore, Dias-Neto et al. 2016
observed that only the larvae that received hormone had
hydropic degeneration on day 28, while the fish fed with and
without hormone had more lesions and severe lesions (lipid
degeneration).

The liver histological changes in this study were
pronounced more in the fish exposed to methyl-testosterone
and pawpaw seed basal diet. Although, Myers et al. (1987)
reported that alterations are often associated with a
degenerative-necrotic condition. Similarly, Gayao et al. (2013)
found a high level of protein in fish that received steroid
hormone with higher hepatic alterations. Additionally, Sayed
et al. (2018) observed hydropic degeneration in the
hepatocytes and blood congestion in the central vein of tilapia
fish produced using 17alpha-methyltestosterone. In the same
vein, diffuse vacuolar degeneration followed by mild and
severe vacuolation of the hepatocytes was described by
Hasheesh et al. (2011). Furthermore, Suseno et al., 2020
stated that vacuole degeneration was reversible when
exposed to toxic substances and at the end of administrating
MT; cells could be returned to normal, and congestion was
preceded by degeneration of liver cells in which an enlarged
vacuole was filled with erythrocytes that cause sinusoid to
widen which was accumulated in blood and haemorrhage.
Whereas Sipahutar et al. (2013) highlighted that there is no
cure for necrosis; if it is exposed to tissue activity
continuously, cell activity will decrease, and cells will lose
some parts leading to death.

The gill section of the present study (Figure 8-12) showed
normal gill lamellae and arch with the lamellae consisting of
normal erythrocytes, chloride cells and pillar cells while the gill
arch showed normal osteocyte-like cells. This result agrees
with the study of Vallada™o et al. (2013) that reported severe
alterations in gill structure, compromising the function of its
filaments. On the other hand, poorly arranged gill lamellae
and arch with the lamellae consisting of normal chloride cells
and pillar cells, with the gill arch showed normal osteocyte-
like cells was also observed in this study. Lamellar oedema is
the most common lesion in fish and may progress to necrosis

of the lamellar epithelium. This can lead to osmoregulatory
and respiratory distress, which may result in health
compromise, development, and survival of fish (Yang and
Albright 1992).

According to the study of Suseno et al. 2020, larger than
normal gill lamella looked unclear between the primary and
secondary lamellas which is a result of hypertrophy (cell
enlargement). Furthermore, Dias-Neto et al. 2016 also
reported that Edema of branchial lamellae was less
pronounced in the fish fed with natural feed at the end of the
experiment.

The histopathological examination of the muscles
revealed that muscles sections showed normal, moderate and
poor structure throughout the experimental period. In
contracts, Khalil et al., 2011 and Curtis et al. (1991) stated
that there was no change in muscle composition and traces of
hormone accumulation in the muscle tissue of fish.
Additionally, the residual value of 17 a- methyltestosterone in
Oreochromis niloticus fry muscle dropped significantly after
the withdrawal period of 6 weeks but was still higher than their
control group (EI- Nemr et al., 1999). In this study, we also
observed pathological lesions including moderate to severe
Necrosis.

Pandian and Kirankumar (2008) observed that a high
concentration of MT was found in the muscle and flesh;
because the MT metabolite has been absorbed into the
muscle and flesh of fish, which might cause accumulation
every month of this hormone in the flesh. In addition,
excretion of methyltestosterone and rapid metabolism by fish
treated early with the extended period needed to produce a
marketable size fish results in a safe consumer product
(Phelps, 2001).

CONCLUSION

The obtained results in this study showed the superior
effects of plant extract, steroid and natural hormone in the sex
reversal rates of Oreochromis niloticus. Although, the highest
indistinct percentage and mortality rate was recorded in the
MT-treated diet while the least was recorded in diets 3 and 4
with no significant difference. Consequently, all groups
showed histopathological differences in the livers, gills, and
muscles. However, the liver histology of groups 1 and 5
showed central vessels that are mildly congested with
abundant glycogen vacuolation and somewhat fat infiltration
while muscle histology of group 5 showed pathological lesions
including moderate to severe necrosis. These changes can
be measured as a sign of fish performance indicating the
effects of plant extract and MT. However, further studies are
essential for a better understanding of its effects.
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Abstract: In recent years the most salient change in the global food sector has been witnessed in the range of fisheries. Due to the gravity of fishery,
particularly in meeting the needs of an adequate and balanced diet, its total share in production, consumption and trading has been on the rise on a global
scale. The aim of this study is to detect the factors impinging upon growth trend and foreign trade of global fishery sector. To that end, data from 1990-
2017 period of 10 countries meeting 72% of global fisheries and data from Turkey have been employed. In this study panel data analysis method has been
applied by using 11 cross-section data and 28-time series. Importation and exportation models have thus been set. An increase by 100% in production of
fisheries climbs exportation share by 15% and degrades importation share by 1%. 1-unit increase in income heightens importation by 8 units. Slowness in
the growth rate of production of fisheries can be associated with supplying the vast majority of total production by only a few select countries thus
threatening global exportation of fisheries. Turkey and relevant countries could gain exportation advantage by conducting a better analysis of their existing
potential.

Keywords: Fisheries, foreign trade, exportation, panel data analysis, Turkey

0z: Son yillarda diinya gida sektorii icerisindeki en dnemli gelisme su iriinleri alaninda gériilmektedir. Ozellikle yeterli ve dengeli beslenme bakimindan
olan 6nemi nedeniyle dlinya toplam retimi, tiketimi ve ticareti artmaktadir. Bu ¢alisma ile diinya su Grlnleri sektoriinin gelisme trendi ve dis ticaretini
etkileyen faktorlerin belirlenmesi amaglanmistir. Bu amagla diinya su driinleri Gretiminin %72’sini kapsayan 10 Ulke ve Tirkiye’nin 1990-2017 donemi verileri
kullanilmistir. Calismada 11 yatay kesit verisi ve 28 zaman serisi kullanilarak panel veri analiz yéntemi kullanilmigtrr. ithalat ve ihracat modelleri kurulmustur.
Su Urlnleri tretimindeki %100'lik artis ihracati %15 artirmakta, ithalati %1 azaltmaktadir. Gelirde gériilen 1 birimlik arti ithalati 8 birim artirmaktadir. Su
Urtinleri tretiminin artis hizinin yavaslamasi, toplam tretimin buyik kismini birkag tlkenin karsiliyor olmasi diinya su trtinleri ihracati agisindan tehdit olarak
degerlendirilebilir. Tirkiye gibi tlkeler mevcut potansiyelini daha iyi degerlendirerek ihracat avantaji yakalayabilir.

Anahtar kelimeler: Su irinleri, dis ticaret, inracat, panel veri analizi, Tiirkiye

INTRODUCTION

In recent times policies on food security and safety have
grabbed much wider attention due to a number of reasons
such as; global rise in population, scarcity of agricultural lands
due to misuse, rising demands in consumption, failure to stop
food waste and unequal distribution of food, hunger and
environmental risks. Studies suggest that world population
being 7.6 billion presently will be over 9 billion in 2050 (FAO,
2017) and protein demand of humans will multiply by 70%
(Ozdemir, 2019).

An adequate and balanced diet plays a critical role in the
development of societies. Currently animal protein
consumption per person is a salient criterion in measuring
development level of states. According to data released by
World Health Organization (WHO), a healthy individual must
consume 1 gr. of protein for every kilogram of total body
weight and 42% of this intake should be animal-based
(Ozugur et al., 2019). One of the best resources to meet
protein deficiency in a cheap and effective way is fisheries of

which value has now grabbed an increasing focus. Having
acknowledged this trend, countries seek ways to maximally
use water products to further enrich their animal protein
sources. Hence, many countries have an economic and
sustainable fisheries management (Diizglnes and Erdogan,
2008).

Fishery sector holds an economic value too by virtue of its
direct or indirect links with the food and manufacturing
industry, health, environment, tourism and transportation
sectors. Since it has no equivalent match in food pyramid and
provides a positive contribution on employment and foreign
trade, significance of water-products sector climbs even
higher (Anonymous, 2012).

Production of fisheries has gained rapid impetus as of
post Second World War and been soaring since then. Food
and Agriculture Organization (FAO) highlights water products
as the fastest-growing food sector globe wide (Tatlidil et al.,
2009). Production of fisheries is practiced under two
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categories namely; sea and fterritorial sea hunting &
aquaculture (fish farming) in territorial seas, seas and
territorial waters. A great ratio of production is through hunting
but in recent years’ fishery through hunting has been losing its
share in total production whereas fishery through aquaculture
has been following a rapid growth. One of the most apparent
causes is failure to increase the quantity of products
obtainable from the seas through hunting. To ensure
sustainable fishery we have now reached the utmost level in
the quantity of huntable fish (Anonymous, 2012).

There has been a rise in the global production of fisheries
and trading. Turkey is a peninsula surrounded by seas on
three sides. Turkey lies within an 8,333 km. of seashore and
177,714 km-long rivers. Besides it holds dam lakes of
342,377 hectare expanding each new year. Total surface
area of seas and inland water resources of Turkey is
measured as 25 million hectares; this figure is close to the
totality of agricultural lands of Turkey (Anonymous, 2012).
Irrespective of this potential Turkey's global share in the
production of fisheries is 0.3%, its global share in the
exportation of fisheries is 0.5%. Foreign-trade surplus of
fisheries merely 405 million dollars (FAO, 2019).

The fishery sector that, by virtue of added-value and
employment it creates, holds a strategic interest has been
developing in Turkey as also witnessed globe wide. Studies
that analyze the contribution of sector on national economy
and foreign trade are of vital importance (Akyol and Ceyhan,
2010; Candemir and Dagtekin, 2020; Demir, 2011; Emiroglu,
2018; Hossucu et al., 2001; Kosar, 2009; Sariézkan, 2016;
Tekelioglu et al., 2007; Yildinm and Okumus, 2004). In
addition, many studies have been carried out on production
(Algigek, 2009; Basginar, 2007; Celiker, 2006; Demir, 2011;
Dogan, 1997; Emiroglu, 2018; Kose et al., 2010; Y(ingll et al.,
2012), trade (Bascinar, 2007; Dagtekin and Orhan, 2007;
Kusat and Kusat, 2019), consumption (Akbay et al., 2013;
Aydin and Karadurmus, 2013; Bayraktar et al., 2019;
Colakoglu et al., 2006; Dagtekin and Orhan, 2007; Dereli et
al., 2016; Ozudur et al., 2019; Saglam and Samsun, 2018;
Saygi et al., 2015; Senol and Saygi, 2001), competition
(Kusat and Kusat, 2019), and organization (Unal and Yercan,
2006; Yilmaz et al., 2009), and it is important to determine the
foreign trade potential and the factors affecting this potential
in order to increase competitiveness in today's conditions
where the market structure is changing very rapidly. Thus, it
was aimed to increase the competitiveness of Turkey in this
field by determining measures, strategies and policies to
improve foreign trade in fisheries products.

MATERIALS AND METHODS

Research material consists of secondary-data collected
from 10 countries (China, Indonesia, India, Vietnam, USA,
Russia, Japan, Peru, Bangladesh, the Philippines) that meet
72% of global-production of fisheries as well as data from
Turkey.

In scientific research data categories are generically
recognized and utilized as cross-section and time series, but
in case there is inadequacy of monitoring the quantity in
constructing applicable models, panel data model is opted for.
In relation to relevant variable in data sets constructed via
panel data, there is data in both time and also cross
dimension. Within the context of this study too, panel data set
was used in analyzing the factors affecting importation and
exportation of fisheries among select countries. Panel data
analysis is defined as estimation of economic relations by
utilizing cross series of time dimension (Pazarlioglu, 2001). It
is feasible to repeat the observations in panel data sets. From
this point of view, it is detected that on the basis of panel data
analyses repetitive variance analysis and variance analysis
models are formed (Greene, 2003). In the panel-data set
used in this study there are 11 cross-section data and 28-time
series. This study focuses on explaining importation and
exportation practices of 10 countries with the highest rate of
global fish production and data from Turkey. Importation,
exportation, production, consumption, income and currency
parities of the said countries for the period between 1990-
2017 were compiled and a panel data set constructed with a
total of 308 observation values was formed.

The model based on panel data analysis is as follows
(Greene, 2003).

Yie = oy + B'Xie + wie
Xit contains a K regressor. But the constant term is not

included, i , IS constant over time t, describing the special
effect for cross-section units i. This is an ordinary regression
model. If a;; all units of 's are the same, this dataset can be
analyzed by the ordinary least squares method and the
parameters are consistent and unbiased. Panel data models
are examined in two groups as fixed effects and random
effects methods. The difference between these two methods
is to determine a constant coefficient for each group. In the
fixed effects method, each group is considered
heterogeneous and the fixed coefficient for each group is
estimated. However, the same constant coefficient is
estimated for each group in the random effects method. Some
tests are needed to decide which method to use in panel data
models. These tests are the F test, the Breusch-Pagan test
and the Hausmann test.

F test: It aims to test if panel data has fixed effect or not.
Based on this test, pooled or fixed-effect panel data model is
estimated. As the model is estimated via Classical Least
Squares Method (LSM), F test is applied and hypothesis is
tested. Given that F Statistics is significant (< 0.05) Ho
hypothesis is rejected. Hypotheses of F test are as listed
below.

Ho = Pooled Regression Model is Fit.
H1 = Fixed Effects Model is Fit.
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In the second stage, by harnessing Breusch-Pagan Test
Pooled Model-Random effects, the model is tested. In a
different saying it tests whether or not panel data have
random effects. Model is estimated through classical LSM
and by administering “Breusch-Pagan LM’ test, hypothesis is
tested. Given that Breusch-Pagan LM Statistics is significant
(< 0.05) Hohypothesis is rejected. Hypotheses are such;

Ho = Pooled Regression Model is Fit.
H1 = Random Effects Regression Model is Fit.

In the third stage by using Hausmann test, a choice is
drawn between fixed effects model and random effects
model. Based on this test fixed or random effect panel data
model is estimated. To conduct Hausman test, firstly, the
model should be estimated through “Random Effect Panel
Data Model” method. Hypotheses of Hausmann test are as
depicted below.

Ho = Random effects Model is Fit.
H1 = Fixed effects Model is Fit.

As a result of the tests, it was determined whether the
model has a random or constant effect and the estimation of
the model was made with the help of the STATA package
program.

In this study two models were built to explain importation
and exportation. Variables mentioned in the model are given
below. All of the variables out-of-parity were measured per
person and included in the model.

Importation (IM): explains per person fisheries importation
quantity of countries (kg/year)

Exportation  (EX): explains per
exportation quantity of countries (kg/year)

person fisheries

Production (PR): explains per person production quantity
of fisheries in countries (kg/year)

Consumption (CM): explains per person consumption
quantity of fisheries in countries (kg/year)

Income (IN): explains gross-domestic-product income per
person in countries (dollar/year)

Parity (PR): explains dollar parity of national currency in
countries (dollar)

RESULTS
Current status in fishery sector

Data of top-ranking 10 countries in the global production
of fisheries and data from Turkey are as listed in Table 1.
There is a steady growth in production. Currently total
production is twice above the production quantity (103 million
tons to 206 million tons) computed in 1990 (FAO, 2019). Main
cause of the global rise in the production of fisheries is adding
new resources to present resources rather than effective
management of existing resources. Indeed, there is an
abundance of evidence on the diminished fish efficiency in
current resources. Environmental damages, pollution of coast
waters, insensible hunting are some of the negative factors on
global fish population (Longer, 2000). Presently half ratio of
global production of fisheries nearly 206 million tons, is met
by China and Indonesia. In these countries growth in the
production of fisheries outpaces the rise in entire world.
Compared to year 1990, in China, production multiplied
around 5 times and in Indonesia production increased
approximately 7 times above.

Likewise, there is a global increase in the consumption of
fisheries. While in 1990 annual consumption quantity per
person was computed by 13.2 kg/year the same percentage
climbed to 19.2 kg/year in 2017. Countries with maximum
consumption per person are listed as maritime countries such
as Japan, China, Vietham and Indonesia in which the
production ratio is also at its peak. Turkey is far below the
world average in terms of both production of fisheries and
also in consumption per person.

There is also a corresponding climb in the global trading
of fisheries. In 1990 sum of exportation value in fisheries
measured as 35 billion dollars reached to 158 billion dollars in
2017. Among the most significant exporter countries are
China, Norway and Vietnam respectively and these three
countries constitute around one fourth of total exportation
ratio. The most significant importer countries are USA, Japan
and China respectively and these three countries constitute
around one third of total importation ratio (FAO, 2019). All
over the world, the most popular fisheries globally exchanged
are prawns, tuna and salmon fish (Anonymous, 2012).

Table 1. Production, consumption and foreign trade status in select countries (2017) Source: FAO (2019)

. Production Per Persqn Exportation Importation Per Pers_on Per Person Per Person
Countries (tons) Consumption (000 §) (000 §) Production EX M
(kglyear) (kglyear) (kglyear) (kglyear)

China 79,935,168 3913 20,701,805 11,027,653 55.03 294 3.36
Indonesia 22,632,380 30.95 4,383,228 398,007 85.52 4.01 112
India 11,632,313 6.74 7,183,336 113,732 8.69 1.05 0.03
Vietnam 7,108,815 36.24 8,586,492 1,765,991 75.15 19.28 6.62
USA 5,480,131 2223 6,246,034 21,842,536 16.86 525 8.64
Russia 5,065,176 20.72 4,524,995 2,025,068 34.81 15.27 4.28
Japan 4,295,728 46.21 2,112,314 15,352,351 33.69 4.66 19.35
Peru 4,285,648 24.21 2,875,635 311,286 136.29 49.98 4.31
Bangladesh 4,134,436 24.65 496,166 104,930 25.89 0.38 0.85
Philippines 4127777 28.68 883,537 585,047 39.25 3.06 469
Turkey 627,797 5.03 862,127 456,745 7.74 2.01 3.27
WORLD 205,580,364 19.20 158,102,263 148,605,591 27.24 10.44 5.12
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The global ratio of total food exchange in fishery trading is
also on the rise. In recent years' liberalization policies,
technological innovations, improvements in processing,
packaging, and transportation, as well as changes in
distribution and marketing, have further accelerated this trend
while facilitating the emergence of complex supply chains in
which goods often cross national borders several times before
final consumption (Bellmann et al., 2016).

Developing countries play a key role in global trading of
fisheries. With respect to exchange value of fisheries in total,
the share of developing countries group in 1990 was
computed as 40% while in 2017 the ratio jumped to 52%
(FAOQ, 2019).

Analysis results

Panel fitness of data tests were conducted for the data
utilized in this research. The first test is F test aimed at
checking whether or not panel data renders a fixed-effect.
Accordingly, as can be seen in Table 2 since F Statistics is <
0.005 Ho hypothesis is rejected thus for both models it is
essential to apply fixed-effects regression model (Yerdelen
Tatoglu, 2013).

Another test aims to check whether or not panel data
leads to a random effect. Based on this model pooled or
“Random Effect Panel Data Model” is estimated. As displayed
in Table 2 in both models probability values (prob.) of
Breusch-Pagan LM were measured as 0.000. This value is <
%5 hence based on this equation Ho hypothesis is rejected.
This finding validates that in the model fixed-term is randomly
determined in the average of population and differences
cause an effect equal to error term for every unit.

Based on this finding it can reasonably be argued that
there is a greater advantage in using “Random Effect Panel
Data Model”. It was also concluded that based on F test and
Breusch-Pagan LM, test estimation should be processed
through panel data models. That being the case, however, it
is essential to make a choice between Fixed-effect and
Random Effect models as both being panel data models. To
that end Hausman Test was conducted to check if panel data
has fixed or random effect. Based on Hausman test statistics,
since both models are > 0.05, data are fit for fixed effects
model.

Table 2. F Statistics, Breusch-Pagan LM Test and Hausmann

Statistics
Model Statistics Value Prob.
Statistics
Exportation F Statistics 2670.719 0.000
Importation F Statistics 16101.99 0.000
Exportation Breusch- 639.1554 0.000
Pagan LM
Importation Breusch- 442.1815 0.000
Pagan LM
Exportation Hausmann 79.09318 0.074
Importation Hausmann 3.993122 0.406

Source: Author's calculations

Table 3 exhibits parameters of exportation and
importation model. Firstly, R? that validates significance of the
model was analyzed. In exportation model R2 was computed
as 95%, in importaton model as 97%. R? indicates
explanatory power of the model and presents to what extend
independent variables can affect dependent variable (Kalayc,
2010). Significance of the model is visualized by F test.
Accordingly, in two models alike F Statistics was measured to
have a statistical-significance level by 1%. Autocorrelation
problem in the model was analyzed via Durbin Watson
Statistics. As a result of the DW statistics, autocorrelation
could not be determined since the 1.275590 statistics
included in the export model are between the minimum-
maximum value in the DW 5% significance level table (1.028-
1.850). However, since the DW test result obtained in the
import model is lower than the minimum value in the test
table, the autocorrelation problem has been detected.
Therefore, in order to solve the autocorrelation problem, the
one degree lagged values of the import model were included
in the model and re-estimated.

Regarding the 11 countries selected within the scope of
this research importation and exportation models have been
explained via fixed-effect panel model. There is always a
linear relationship between importation and exportation and
this deduction has been validated in a wide array of studies
too (Tatlidil et al., 2009).

Similarly, in the context of this research too, exportation
and importation variable signs of both models were detected
as positive as expected. It can be argued that in exportation
model; 100% climb in importation quantity would lead to rise
by 78% in exportation quantity. However, in importation model
it is suggested that 100% climb in exportation quantity would
lead to a rise of merely 6% in importation quantity (Table 3).
Based on the results of these models the fact that importation
has a greater effect on the rise of exportation could be
explained by two reasons. The first reason is re-exportation.
In another saying countries can re-export the kind of products
imported in a lower cost margin of their own production cost.
Second reason is that countries can process the products
they import and then export the same products. Thus in both
scenarios exportation is made dependent on importation and
in such cases importation acts like the source of constant
exportation.

Another parameter in these models is consumption. In
exportation model consumption is statistically significant and
as expected, its sign was detected to be negative. In that
case it can be argued that when consumption quantity climbs
by 100% exportation quantity will fall by 24%. In the
importation model, however, there is a significant and linear
relationship between importation and consumption. In that
sense, as consumption quantity rises by 100% importation
quantity falls by 23%.
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Table 3.Parameters of exportation and importation model

EXPORTATION IMPORTATION
Variables Coefficient t-Statistics Prob. Variables Coefficient t-Statistics Prob.
Consumption -0.241049 -3.379675 0.0008 DConsumption 0.233546 1.269585 0.0012
Production 0.158651 1.813343 0.0000 DProduction -0.043256 -7.854236 0.0000
Income 6.14E-05 0.994756 0.3207 Dincome 6.23E-05 3.126358 0.0000
Importation 0.788944 3.631783 0.0003 DExportation 0.063561 2.452369 0.0004
Parity 0.000323 1.920341 0.0558 DParity -5.83E-05 -3.221529 0.2215
C 2.145.094 1.661833 0.0976 C -0.456923 -2.752169 0.0463
China 8.927895 China 2.707073
Indonesia 1.496104 Indonesia -0.344443
India 2.835507 India -4.372223
Vietnam 1.321334 Vietnam -1.347603
USA -4.935283 USA 8.643756
Russia 1.630721 Russia 4.322457
Japan -2.684346 Japan -2.042774
Peru 2.675309 Peru 0.344436
Bangladesh -3.231482 Bangladesh 0.034670
Philippines -0.908791 Philippines -2.345374
Turkey 1.700477 Turkey 1.373377
R2 0.955842 R2 0.935693
Adjusted R? 0.953573 Adjusted R? 0.935458
S.E.of regression 4.273755 S.E.of regression 1.156985
F-statistics 421.3729 F-statistics 758.6582
Prob (F-statistic) 0.000000 Prob(F-statistic) 0.000000
D.Watson stat. 1.275590 D.Watson stat. 1.652892

Source: Author’s calculations

In production variable, on the other hand, there is an
inverse relationship as for consumption. In exportation model
there is a significant and linear relationship between
production and exportation and if production climbs by 100%
exportation escalates by 15%. In importation model, there is
an inverse but significant relationship between production and
importation. As production jumps up by 100% importation
goes down by 4%. Based on these parameter results, trading
of water products is remarkably effective to raise national
income level since they are categorized as products with high
value of exportation potential and render a rise in added
value.

As we delve into the relationship between income variable
and importation and exportation not any statistically significant
relationship could be measured between income and
exportation whilst in importation model a significant
relationship was identified between income and importation. It
can thus be projected that 1-unit rise in income would climb
importation 8 times above. Indeed, previous studies
evidenced that production of water products leads to a high
elasticity in income demands (Tatldil ef al., 2009). That being
the case a change of one unit in income would lead to a
greater increase in consumption. Then rising demand
unviable to meet through domestic consumption would thus
be met via importation.

One of the most effective factors in foreign trade is
national currency value. Given that a state's national currency
gains value against the currency of other nations, exportation
becomes tougher for the said country while importation
becomes easier. On that account parity-variable sign is
expected to be positive in importation model but negative in

exportation model. Within the context of this study, a
significant relationship in a range of 10% could not be
determined between importation and parity. Between
exportation and parity, a significant and yet not positive
relationship could be detected. In exportation model sign of
parity variable is expected to be negative. The main reason
for obtaining a positive sign is that lately there has been a
value-gain against dollar in the national currency of China and
Japan as holding 41% share in fish production and 14% share
in exportation.

Finally, the country results are evaluated in the Table, and
the differences of the countries in imports and exports of each
country are shown. Accordingly, countries with a high
constant coefficient have a higher impact on imports or
exports. For example, in the export model, China and the
USA were determined as the countries with the highest
impact, and in the import model, the USA and Russia had the
highest impact. In addition, the changes in the consumption,
production, income, import and parity variables in the USA,
Japan, Bangladesh and Philippines in the export model affect
exports negatively. In the import model, it was determined
that the changes in consumption, production, income, import
and parity variables in Indonesia, India, Vietnam, Japan and
the Philippines affected imports negatively. As a matter of
fact, the USA and Japan are among the important importing
countries in fisheries products, and the change in the demand
for fishery products will have a significant impact on world
exports. Similarly, Indonesia, India and Vietnam countries,
especially China, are known as important exporters, and the
differences in the production potential of these countries or
depending on market conditions affect world imports
significantly. For this reason, the effects of these countries on
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both exports and imports are high. In Turkey, the per capita
consumption of fishery products (5.03 kg/year) is below the
world average (19.20 kg/year), and it has not yet reached the
desired level of competition in aquaculture. In this context, it
was aimed to establish policies to increase competitiveness
and it was emphasized that the factors affecting import and
export should be taken into consideration.

DISCUSSION

Fisheries is acknowledged as an indispensable sector to
satisfy escalating animal-protein need of global population on
the rise. Consequently, all over the world and in Turkey alike
there has been a continuous upward trend in production,
consumption and trading of fisheries. Nevertheless, despite
its geographical advantage Turkey has failed to grab the lion's
share from this expanding market. In the last decades,
although a major rise in production has been achieved
through aquaculture, total sum of production is significantly far
below Turkey's real potential. Backwardness of Turkey in the
production of water products has also been echoed in its
consumption and trading.

In relation to this research, it was aimed to detect certain
factors affecting foreign trade of fisheries all over the world.
Doubtless to say that there are many factors impinging upon
foreign trade. A few of these factors are resolutions taken by
international organizations such as World Trade Organization,
bilateral trade agreements between countries, foreign trade
policies effectuated in countries and political developments. In
line with the objective of this research, by using 28 years of
data obtained from 10 countries constituting 72% of total
production of fisheries in the world and data from Turkey,
importation and exportation models have been structured.
Production, consumption, income, importation, exportation
and parity independent variables were integrated into the
models. Explanatory power of independent variables for these
models were computed to be significantly high, thus results to
obtain from the model are qualified to steer foreign-trade
policies of fisheries.

In exportation model a positive relationship was unveiled
between exportation and production. Thus any lag in the
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Abstract: In this research, in order to observe the seasonal change between April 2014 and February 2015, heavy metal contents in the water, sediment
and the Carassius gibelio (Bloch, 1782) tissues (muscle, gill and liver) growing in Eber Lake were determined. The obtained results showed that trace
elements were founded in water, sediment and fish tissues. Among the average annual concentrations of water samples, the highest concentration was
found for Mn (0.1584 mg/L) element and the lowest concentration was found for Pb element in the spring season. the maximum Average annual
concentration was calculated for Mn (0.1584 mg/L, Spring) and the minimum was determined for Pb in water. In the sediment, Fe (16245.84 mg/kg, Spring)
was found to be maximum and Co was the minimum. In fish, the highest concentrations were found in liver (Mo, Ni, Pb, Co, Cu, Fe), while the lowest
concentrations were found in gill (Mn, Zn) and muscle (Cd, Cr, Se) tissues While the highest heavy metal concentrations were observed in the sediment, the
minimum was found in the fish tissues (the ranking was the following; liver, gill and muscle). It was concluded that the heavy metal levels measured in the
Lake Eber have no risk to the environment and to the public health.

Keywords: Eber Lake, heavy metal, water, sediment, fish tissues

0z: Bu galismada Nisan 2014 ile Subat 2015 arasinda Eber Golii'nden alinan su, sediment ve Carassius gibelio (Bloch, 1782) dokularindaki (kas, solungag
ve karaciger) agir metal iceriklerinin mevsimsel degisimlerini belirlemek amaglanmistir. Su, sediment ve balik dokularinda iz elementler tespit edilmistir. Su
drneklerinde ortalama yillik konsantrasyonlar igerisinde en yilksek Mn (0,1584 mgiL) ilkbahar mevsimde en diisiik konsantrasyon ise Pb elementinde
bulunmustur. Sediment 6rneklerinde ortalama yillik konsantrasyonlar igerisinde en yiiksek Fe (16245,84 mg/kg) ilkbahar mevsimde en diisiik konsantrasyon
ise Co elementinde bulunmustur. Baliklarda, en yiiksek konsantrasyonlar karaciger dokusunda (Mo, Ni, Pb, Co, Cu, Fe) bulunurken, en diisik
konsantrasyonlar solungag (Mn, Zn) ve kas dokularinda (Cd, Cr, Se) tespit edilmistir. En yliksek agir metal konsantrasyonlari sedimentte gozlenirken, en
dustk agir metal konsantrasyonlari balik dokularinda sirasiyla karaciger, solungag ve kasda bulunmustur. Eber Gélii'nde dlgiilen agir metal seviyelerinin
cevre ve halk saghigi agisindan herhangi bir risk tagimadigi tespit edilmistir.

Anahtar kelimeler: Eber Golii, agir metal, su, sediment, balik dokusu

INTRODUCTION

2015; Rajeshkumar et al., 2018; Tokatli, 2019; Varol & Sunbul
2019).

The heavy metals accumulated within the sediment of the
aquatic environments damage particularly the benthic
organisms and also the other living organisms through the
food chain (Mohiuddin et al., 2011; Arslan et al., 2009). In
recent years, researches on trace element accumulation in
lentic ecosystems have accelerated (Siddiqui et al. 2019;
Milagi¢ et al., 2019; Ozparlak et al., 2016).

The different types of water pollutions observed in many
countries will lead to life-threat problems all around the world.
Heavy metal pollution is considered to be one of the most
significant environmental hazards. Streams form the wetland
areas which are considered as receivers by collecting the
pollutants within the soil including the heavy metals as well
(Brzozowska et al., 2011). Heavy metals are shown among
those pollutants which have the abilities to cause problems.
Heavy metals are important because they accumulate in
biotic and abiotic elements, can stay in the environment for a

long time, show toxic effects on aquatic organisms and pass
on to other living things through the food chain (Shrivastava et
al., 2003; Withanachchi et al., 2008). Therefore many studies
were carried out recently both in Turkey and also worldwide
related to the accumulation of the heavy metals (Icaga, 2007;
Emiroglu and Arslan, 2015; Fidan et. al., 2008; Zhu et al.,

Lake Eber is one of the most important wetland areas
concerning this issue. The lake is an important biodiversity
area which has the characteristics of a wetland area however
if the necessary measures are not taken in a very short time it
will lose this characteristic (Glims and Akkoz, 2020). Due to
this critical situation Lake Eber was chosen as the research
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area. The most important surface water which feeds the Eber
Lake is Akarcay. Akarcay carries the waste of sewage
system, the sugar, beer and milk factories of Afyonkarahisar,
a meat and fish combine, alkaloids and enamel factories
located in Bolvadin and the waste of many small industrial
places around Afyonkarahisar and Bolvadin (Kivrak et al.
2012; Gimis, 2021). This has led to intense eutrophication
especially in Lake Eber (Fidan et al. 2008). Therefore, it was
aimed to determine the heavy metal values seasonally in the
lake’s water, sediment and in the muscle, gill and liver tissues
of the fishes.

MATERIAL AND METHODS
Study area

Ecologically it is one of Turkey’s most shallow and eutrophic
lakes. Aimost the lake’s entire surface is covered with reeds and
canes, there are some open water surfaces (lake mirrors) which
do not exceed 5-10 hectares. The average depth of the lake does
not exceed 3-4 meters. Lake Eber is a tectonic lake situated in
the Lake District in the north of the Sultan Mountains and the
south of the Emir Mountain between the geographic coordinates
of 38° 40N and 310 12' S. It is 65 km far from the city of
Afyonkarahisar and the altitude of the water surface is 966 m.
The water, sediment and fish tissues (muscle, gil, liver) were
gather seasonally among April 2014 and March 2015. When
determining the stations during the field studies five points were
selected which reflected the structure of the lake homogenously
including the inflow of Akarcay which is the most important river
feeding the lake with high pollution load. The station 1. is in the
shallowest part of the lake. Station 2 was located on the where
the eber village settlement is dominated. Station 3 and station 4
was located on the where it could reflect all domestic, agricultural,
industrial discharges and natural-geologic effects. Station 5. is
located in the area at the entrance of Akarcay Stream and
exposed to agricultural and domestic discharges. Water and
sediment samples taken from the stations were collected using
appropriate containers. The fish (Carassius gibelio) samples
were also caught from the same localities. In each sampling
season, 40 fish (160 fish in total) were caught by making a net
with the help of professional fishermen from the same field. In the
heavy metal analysis all samples were brought with cold chains
from the land to the laboratory. The geographical locations of the
stations and the locations on Lake Eber were given in Figure 1.

.—<‘P,——-—._- =5 f;_j
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Figure 1. Eber Lake sampling stations

Element analysis

The water samples brought to the laboratory were passed
over a 45 ym membrane filter (Whatman) (GF/C) and were
put into 500 mL coloured flasks, 5SmL of nitric acid was added
and the flask were stored in the refrigerator at 4 °C until the
analysis was made (Skujins, 1998). The sediment samples
were taken from the same areas as the water samples. An
Ekman Grab was used to collect the sediment samples.
Some of the sediment samples (1 kg) were put into glass petri
plates after they had been sifted, and they were dried by
being kept in the drying oven at 105°C for 24 hours. The
solubilisation process was performed in the microwave oven
(CEM Mars Xpress 5) after 0.2 g. samples adding 5 mL of
HCI, 3 mL of HNO3s and 2 mL of pure water. After the tubes
taken out of the oven were kept at room temperature, the
solution was transferred to the falcon tubes with a 45 um
membrane filter and completed with 25 mL of distilled water
(Mohiuddin et al., 2011). The samples taken from the tissues
were awaited for 24 hours at 105 °C. The sample tissues
(each of them weighting 0.2 g) taken from the fish tissues
were taken to separate polypropylene containers. The
solubilisation process of the taken tissues were carried out in
a microwave oven (CEM Mars Xpress 5) after adding 6 mL of
HNOs (% 65) and 4 mL distilled water. The tubes which were
removed from the oven later were cooled down to room
temperature and the solution in the tubes was transferred to
falcon tubes through 45 pm membrane filter. The amount of
the solution within the tubes was completed to 25 mL with
pure water. The prepared samples were stored at +4°C
before analysis (UNEP, 1984). Samples ready for analysis
were analyzed by ICP-OES (Varian Vista). The wavelengths
of the elements measured in the device were respectively Co
238.892 nm, Mo 202.032 nm, Cd 214.439 nm, Cr 267.716
nm, Cu 327.395 nm, Fe 238.204 nm, Mn 257.610 nm, Ni
231.604 nm, Pb 220.353 nm, Se 203.985 nm and Zn 213.857
nm.

The averages were taken after reading the samples 3
times. In addition the accuracy of the results was tested with
the prepared fish reference materials. The measuring device
was tested by fish reference material TORT-2 (Lobster
hepatopancreas) in order to verify the validity of its analytical
method. According to these results the accuracy of the
recorded values was between 87% and 95% according to the
reference value (Table 1).

Table1. Values of metals found in certified and observed

reference material TORT-2

Elemental value Certified Observed  Recovery  RSD
(mg/kg) value value (%) (%)

Cd 26.7+0.6 22.6319 87 122

Cr 0.77+0.15 0.7376 95 36

Co 0.51£0.09 04727 92 5.2
Cu 10610 94.6928 88 1.2

Fe 105+13 99.7398 94 74

Pb 0.35+0.13 31.6438 90 6.7

Ni 2.50+0.19 22319 89 4.1

Se 5.63+0.67 5.1448 9 27
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Statistical analysis

The statistical differences of heavy metal accumulations
between the fish tissues and stations were determined by a
Duncan Multiple Comparison Test (p<0.05) one-way anova
analysis of variance using the SPSS 21packet program. The
results of heavy metals are given as mean values (Steel et al.
1996; Barlas, 2005).

RESULTS

The seasonal heavy metal values of Lake Eber's water
and sediments were determined and the annual average
heavy metal levels are given in Table 2 and Table 3.

The minimum Cd level in water samples was detected at
the first station (0.0003 mg/L) in autumn. The maximum Cd
level was detected at the fifth station (0.0008 mg/L) in winter.
The maximum Co level in the water was observed at the fifth
station in summer while the minimum level was recorded at
the second station in winter. The Co concentration was
measured to be higher in summer than in the other seasons.
The Co level at the fifth station was significantly higher
statistically compared to the other stations (p<0.05). The
maximum Cr value was detected in the first station (0.0017
mg/L) at the first station. In spring, the highest Cr
concentration was found at the first station (0.0017 mg/L). Cr
could not be detected at the second station in autumn and at
the first and third station in the winter. The highest Fe
concentration in the water was detected at the first station
(0.1259 mg/L). The annual average Mn level in the water
varied between 0.0181and 0.0488 mg/L. The minimum level
in was detected at the fifth station (0.0003 mg/L) in winter.
The maximum level was detected at the fifth station (0.0008
mg/L) in spring. The Mo concentration in the water was higher
in the winter months than in the other months. The maximum
Mo concentration was observed at the third station in winter
(0.0049 mg/L) while the lowest Mo concentration was
observed at the first station (0.0013 mg/L) in the summer. The
fifth station (0.0049 mg/L) had the highest Ni concentration
found in summer. Significant difference was determined
among the stations in relation to the Ni values of the water.
The Ni concentration was statistically higher at the fifth
station. The fifth station (0.0008 mg/L) had the highest Pb
concentration in spring. Pb was not detected in water at any
station in the summer. Statistically significant difference was
determined in the Pb values among the station (p<0.05). The
Se was not observed in the water during all seasons except 3
stations. The fifth station (0.0507 mg/L) had the highest Zn
concentration found in spring. It was not detected except the
fourth station during the winter. Significant differences were
not determined in the Cr, Se, Zn, Mo, Fe, Mn and Cd values
among the different stations (p>0.05).

In the sediment of Lake Eber, the highest Cd level was
found at the fifth station in the autumn (5.6435 mg/kg). This
value was above the toxic effects threshold (TET) value (4.98
mg/kg) determined by MacDonald et al (2000). The values
observed at all the other stations during all seasons were

lower than the threshold effect level (TEL) (0.596 mglkg),
lowest effect level (LEL) (0.6 mg/kg) and minimal effect
threshold (MET) (0.9 mg/kg) values (MacDonald et al., 2000).
The Cd level was significantly higher statistically at the fifth
station than at the other stations (p<0.05) (Table 3). The
highest Co concentration was founded at the first station
(1.796 mg/kg) in the summer while the lowest was seen at the
second station (0.2767 mg/kg) in the spring. The highest Cr
concentration in the sediment was observed generally in the
summer season except the fourth and fifth stations. The
highest Cr level of sediment samples was observed at the first
station (41.1762 mg/kg) in the summer. The Cr concentration
values obtained from the sediment were below the MET (55
mg/kg) and TET (111 mg/kg) values and above the TEL (3.3
mg/kg) and LEL (26 mgl/kg) values at some of the stations.
The highest Cu level in the sediment was observed at the fifth
station (32.1933 mg/kg) during the autumn while the lowest
level was seen at the third station (5.5892 mg/kg) during the
spring. The Cu values obtained from the sediment were all
below the TET value (149 mg/kg). The Cu and Cr
concentration was statistically significantly higher at the first
and fifth stations compared to the other stations (p<0.05).

The Fe level was significantly higher statistically at the
first and fifth stations compared to the others (p>0.05). The
Fe levels of Lake Eber's sediment were observed between
3285.455 and 12424.48 mg/kg during the spring, between
2633.244 and 14524.79 mglkg during the summer and
3551.377 and 16245.84 mg/kg during the autumn and
between 3971.337 and 16199.74 mg/kg during the winter.
The maxium Mn level of the sediment was found at the third
station (775.2915 mg/kg) in the spring while the minimum
concentration was observed at the first station (180.9605
mg/kg) during the summer. The Mn concentration was
statistically significantly higher at the third and fourth stations
compared to the other stations (p<0.05) (Table 3). The Mn
concentrations of the sediment taken from Lake Eber was
recorded between 192.0395 and 533.6344 mgl/kg during the
spring, between 180.9605 and 417.6687 mg/kg during the
summer, between 267.4343 and 775.2915 mg/kg during the
autumn, between 613.7977 and 16199.74 mg/kg during the
winter. The highest Mo concentration in the sediment was
observed at the first station (775.2915 mg/kg) in the winter,
while the lowest concentration was found at the fifth station
(180.9605 mg/kg) during the winter. The Mo levels in the
sediment was recorded between 1.3607 and 2.0979 mg/kg in
the spring, between 0.907 and 2.27 mg/kg during the
summer, between 1.3804 and 3.2159 mg/kg during the
autumn and between 1.2465 and 3.2773 mg/kg during the
winter.

The highest Ni concentration in the sediment was
recorded at the first station (46.30458 mg/kg) in spring. The
Ni values obtained from the sediment were below the TET
value (48.6 mg/kg). The maximum Pb concentration in the
sediment was founded at the fifth station in winter (17.194
mg/kg) while the minimum concentration was measured at the
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fourth station (3.4189 mg/kg) in summer. The Pb
concentration was significantly higher statistically at the first
and fifth stations compared to the other stations (p<0.05). The
Pb values obtained from the sediments were below the values
of MacDonald et al (2000) quality criteria. The highest Se
level in the sediment was observed at the first station (3.0274
mg/kg) in the spring. It was not detected at the fourth and fifth
stations during the summer, at the fourth station during the
autumn and at the third station during the winter. The highest
Zn level was measured at the fifth station (91.1524 mg/kg) in
spring, while the lowest level was observed at the fourth
station (15.6252 mgl/kg) in summer. The Zn concentration
was considerably higher at the fourth station compared to the
other stations (p<0.05). Significant differences were not
determined in the Co, Mo, and Ni values among the different
stations (p>0.05).

The heavy metal levels in the tissues (muscles, gill and
liver) of Carassius gibelo (Bloch, 1782) taken from Lake Eber
seasonally are shown in Table 4. The heavy metal
concentrations within the muscle tissue of the fish were
compared to the quality criteria of the Turkish Food Codex
(2011). The highest Cd concentration in the fish tissue was
found in autumn in the muscle tissue (0.0598 mgl/kg) (Table
4). Significant difference was not determined in the Cd values
within the fish tissues (p>0.05). The Co concentration in the
fish tissues was the highest in the liver (0.2206 mg/kg) and
the lowest in the gill (0.0987 mg/kg) in spring. In the summer
the lowest Co concentration was observed in the gill (0.0112
mg/kg) and the highest in the liver 0.1214 mg/kg, in autumn
the highest Co concentration was observed in the muscle
0.1415 mg/kg while the lowest was in the liver 0.0716 mg/kg,
in winter the highest Co concentration was found in the
muscle 0.1685 mg/kg while the lowest was found in the gill
(0.0766 mg/kg). Statistically significant difference was not
determined in the Co values of the fish tissues among the
stations. In spring the Co concentration in the liver was
considerably higher statistically compared to the other
seasons and tissues (p<0.05). The Cr concentration in the
fish tissues was the highest in the muscle 0.7989 mg/kg and
the lowest in the liver 0.4803 mg/kg in spring, during the
summer the lowest Cr concentration was observed in the liver
0.0111 mg/kg and the highest in the muscle 0.782 mglkg, in
autumn the highest Cr concentration was observed in the gill
(0.3645 mgl/kg) while the lowest was in the liver 0.1156
mg/kg, in the winter the highest Cr concentration was found in
the gill 0.2112 mg/kg while the lowest was found in the liver
0.0877 mgl/kg. The Cr concentration of some freshwater fish

was reported as 1.32-4.20 mg/kg by Alas et al., (2014). The
Cr level in the fish tissue was significantly higher in the
muscles during the spring compared to the other seasons and
tissues. The Cu concentration in the fish tissue was found to
be the highest in the liver in all seasons except summer. The
values obtained from the muscle tissue in all seasons were
lower than the acceptable limit values given by the Turkish
Food Codex (20 mg/kg). Statistically significant difference
was determined in the Cu values of the fish tissues between
the stations (p<0.05). The highest Cu concentration was
found in the liver tissue during winter (2.1995 mg/kg) (Table
4). The Fe accumulation in the fish tissue of Lake Eber were
the following in all seasons liver>gill>muscle. In this study the
amount of Fe was determined between 11.3897 and
208.0796 mg/kg. The Fe level in the fish tissue was
statistically significantly higher in the liver (208.0796 mglkg)
(Table 4) during autumn compared to the other tissues and
seasons (p<0.05). In this study, the amount of Mn was
determined between 0.0379 and 14.7615 mg/kg. The Mo
concentration in the fish tissues was the highest in the liver
0.1511 mg/kg and the lowest 0.0832 mg/kg ins spring, during
the summer highest Mo concentration was observed in the
muscle 0.1044 mg/kg and the lowest in the gill 0.1214 mg/kg,
in autumn the highest Mo concentration was observed in the
gill 0.0997 mg /kg while the minimum was in the muscle
0.0633 mglkg, in the winter the highest Mo concentration was
found in the gill 0.0943 mg/kg while the lowest was found in
the gill 0.0742 mg/kg. The Mo level was significantly higher
statistically in the liver in summer compared to the other
seasons and tissues (p<0.05). In our study the highest Ni
value was observed in the liver (0.7328 mg/kg) in spring
(Table 4). The values measured in the gill and liver during the
winter were below the measurable limit values. The Ni level in
the liver in spring was statistically significantly higher than in
other tissues in other seasons (p<0.05). Lead was detected
below the measurable limit values in the gills and liver during
the summer and winter season and in the muscle during the
autumn. The highest Pb values was measured during the
spring in the liver (0.0876 mg/kg). Significant difference was
determined in the Pb values within the fish tissue (p<0.05).
Selenium was found below the limit value in the muscle
during spring, in the gill during the summer, and in the liver
during the autumn and winter. In this research, the highest Se
level was measured in the muscle tissue in winter (0.336008
mg/kg) (Table 4). Significant difference was determined in the
Se values within the fish tissue (p<0.05).
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Table 2: Seasonal and annual average heavy metal values of water taken from Eber Lake stations (mg/L)

Season  Station Cd Co Cr Cu Fe Mn Mo Ni Pb Se Zn
1 0.0008 0.0022 0.0017 0.0021 0.1259 0.022 0.0015 0.0021 ND ND 0.0386
> 2 0.0006 0.0029 0.0004 0.0013 ND 0.0113 0.0033 0.0023 ND ND 0.0156
£ 3 0.0004 0.0018 0.0005 0.00005 ND 0.0094 0.0037 0.0019 ND 0.0004  0.0179
@ 4 0.0005 0.0016 0.0002 ND ND 0.0092 0.0033 ND ND ND 0.0106
5 0.0004 0.0036 0.0013 ND 0.0969  0.1584 0.003 0.0053 0.0008 ND 0.0131
1 0.0005 0.0015 0.0001 0.0016 ND 0.0106 0.0013 0.0012 ND ND 0.0099
5 2 0.0005 0.0032 0.0004 ND 0.0049  0.0618 0.0043 0.0004 ND ND 0.0136
£ 3 0.0006 0.0021 0.0003 ND ND 0.0616 0.0026 0.0012 ND 0.0063  0.0079
@ 4 0.0005 0.0023 0.0003 ND ND 0.0094 0.0015 0.0016 ND ND 0.011
5 0.0005 0.0049 0.0009 ND 0.0117  0.0109 0.0019 0.0095 ND ND 0.0036
1 0.0003 0.0019 0.0003 0.0013 ND 0.031 0.0025 0.0014 ND ND 0.0265
£ 2 0.0005 0.002 ND ND ND 0.0092 0.0038 0.0027 ND ND 0.0191
e 3 0.0008 0.0016 0.0006 ND ND 0.0284 0.0021 0.00002 ND ND 0.0267
< 4 0.0005 0.0025 0.0001 ND ND 0.0554 0.0016 0.0004 ND ND 0.0194
5 0.0006 0.0022 0.0002 ND ND 0.0175 0.0049 ND 0.001 ND 0.0507
1 0.0005 0.0023 ND ND ND 0.0087 0.0036 0.0015 ND ND 0.0074
= 2 0.0004 0.0012 0.0004 ND 0.0911 0.0124 0.0042 0.0008 0.0002 ND 0.0034
= 3 0.0005 0.0024 ND ND 0.0167 0.0116 0.0049 0.0017 ND ND 0.0009
= 4 0.0005 0.002 0.00006 ND ND 0.0101 0.0041 0.0012 ND ND ND
5 0.0008 0.0025 0.0002 ND ND 0.0085 0.0044 0.002 ND 0.0063  0.0015
c 1 0.0005" 0.002> 0.00052 0.0013=  0.0314=  0.01812  0.00222  0.00162 ND ND 0.02062
é 2 0.00052 0.0023e0 0.00032 0.00030 0.0242 0.02372 0.003%92  0.00152®  0.00005° ND 0.01292
= 3 0.00062 0.002° 0.0003=  0.00001>  0.0041=  0.0278=  0.0033=  0.0012 ND 0.00162  0.01332
g 4 0.00052  0.0021b 0.0001a ND* ND 0.0212  0.0026a  0.0008° ND ND 0.0102a
< 5 0.00062 0.00332 0.00062 ND 0.02712  0.04882  0.00352 0.00422 0.00042 0.00152  0.01722
‘Averages indicated by different letters in the same column are statistically different (p<0.05) * ND: Not Detected <0,0001 mg/kg
Table 3. Seasonal and annual average heavy metal values of sediment taken from Eber Lake stations (mg/kg)
Season  Station Cd Co Cr Cu Fe Mn Mo Ni Pb Se Zn
1 0.3624 1.5429 29.012 256042  12424.48 192.0395 19669  46.3045  12.7267 3.0274 66.4788
> 2 0.1667 0.2767 11.862 10.169 5368.347 353.9277 1.3607  19.6738 5.0009 2.374 31.3378
g 3 0.133 0.3842 5.0594 5.5892 3285455  533.6344 1.5259  15.8469 3.6497 0.2635 25.0848
@ 4 0.1665 0.5154 10.0565 11.0674 4382358  355.7712 20979  19.8341 5.3219 15143 32.2830
5 3.1074 0.6269  27.3750 299756 9778956  200.8294  2.0909 259991 102345 25967  91.1524
1 0.275 1.796 411762 255576  13331.67 180.9605 14054  22.3749 12.272 25117 514702
5 2 0.1666 0.3846 14.4272 126427  6621.718  224.6447 227 23.625 5.8811 0.5383 27.5589
£ 3 0.115 0.3537 120906  10.6679  5034.166  319.7483  1.4291 145262 57035 1.9036  22.1982
@ 4 0.1006 0.3186 5.5649 6.8079 2633.244  417.6687 12943 13.9233 3.4189 ND 15.6252
5 3.8949 0.6504 30.7425 247902 1452479  246.2176 0.907 31.1456 14.63 ND 64.3621
1 0.2843 0.3909 257425  26.7874  15864.94  303.2335 1.3804 259143 122412 2.0762 51.2592
= 2 0.1966 0.5485 13.7591 171517 8835.225 416.925 32159  21.7762 8.0622 0.9626 31.8664
é 3 0.1257 0.7858 6.0432 9.159 4620155  775.2915 2.5177 13.29 5.3555 2.3851 20.6419
< 4 0.1129 0.9328 4.6858 7.1566 3551.377 710.626 24275  10.7329 4.69 ND 18.5806
5 5.6435 0.8497 347876 321933 1624584  267.4343 1.3892 36.064 17.1591 2.2285 78.9697
1 0.3072 0.671 14.8066 18.9685  13707.47  457.6013 3.3277 182166  11.7165 21832 453732
. 2 0.198 0.8413 14.5196 15.0903  7548.085  429.8555 2.0681 17.6466  10.1386 21119 33.243
_’qé) 3 0.1238 0.619 5.3709 8.0475 3971337 613.7977 2.2252 10.525 5.7073 ND 20.3113
= 4 0.1585 0.557 10.2756 16.6193 5474896  600.4953 21735  19.0524 7.5022 0.6107 24.5946
5 0.9725 0.6896 33.485 264259  16199.74  371.3087 12465  30.1273 17.194 1.6401 65.0904
- 1 0.3072> 110022  27.6844a  24.2294a  13832.142  283.4587> 2.02012 28.2026a 12.2393=  2.4496:  53.6453"
§ 2 0.1820 0.51282 136420 13.7634>  7093.34c  356.33822> 222872  20.68042  7.2707°  1.49672>  31.0015¢
= 3 0.1244>  0.53572 7.14100 8.3659  4227.77° 560.6182 1.92452  13.5472 5.104> 1.1380  22.0591¢
g 4 0.13470 0.5812 7.6457>  10.4128> 401046  521.1403=  1.99832 15.88572  5.2332  0.53122>  22.7709¢
5 34042 070412 3159762  28.34622 14187.332  271.4475> 140842  30.834=  14.8044= 1.6163> 74.89362

*Averages indicated by different letters in the same column are statistically different (p<0.05) * ND: : Not Detected <0,0001 mg/kg
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Table 4. Heavy metals concentrations in different tissues of Carassius gibelio (Bloch, 1782) from Eber Lake (mg/kg, dry weight)

Season  Tissue Cd Co Cr Cu Fe Mn Mo Ni Pb Se Zn
M- 0.0358*  0.1147bc  (0.79892  (0.9949bc 50.9¢ 1.9283¢  0.085%c  (0.583»  0.017° ND 26.3751¢
S.D. 0.0091 0.0391 0.6953 1.075 16.8372 0.4069 0.0624 05326  0.0188 6.0022
2 G- 0.04792  0.0987bc  0.6727a0  1.2879bc 121.38kc 8.2728¢  0.0832ac  0.4237bc  0.0095°  0.0354>  127.22732
% S.D. 0.0167 0.0485 0.3507 0.6106 30.9984 3.6508 0.053 0.1373  0.0005 0.0054 46.9508
L- 0.04432 0.2206@  0.4803%c  1.6975>  182.0846@  1.5688¢  0.1511eb  (0.73282  0.08762  0.15532>  84.39472
S.D. 0.0167 0.2107 0.1621 0.9208 33.7451 0.2511 0.1634 0.3429  0.0912 0.069 21.1185
M- 0.0352a  (.1203bc 0.7752 11367 21.0209¢ 1.6744¢  0.08482c  (0.1735«¢  0.0328>  0.0552° 15.147¢
S.D. 0.0116 0.0274 0.782 0418 13.9103 1.179 0.0179 0.0118 0.008 0.0552 1.7352
g’ G- 0.05422  (0.1378ac  (5258ac  (0.4144c  39,0372d 6.067¢ 0.0507¢  0.1819cd ND ND 50.3372bc
U% S.D. 0.0008 0.0112 0.0705 0.1155 12.7286 1.3584 0.0307 0.1265 - - 3.0521
L- 0.03462  0.11098  0.35342bc ~ 1.0031c  167.192a  1.6248¢ 0.17732  0.1677c ND 012216 112.3692
S.D. 0.0031 0.0991 0.009 0.2674 10.9506 0.0309 0.0635 0.0475 - 0.0849 23.0366
M- 0.05982  0.1415ac  (0.1188¢ 0.6691¢ 11.38974 1.1452¢  0.0633>  0.0039¢ ND 0.09810  15.0727¢
S.D. 0.0725 0.0425 0.0467 0.1709 41343 0.1696 0.0066 0.0117 - 0.0849 2.1739
£ G- 0.04482  0.1227  0.358c  (0.6605¢ 107.194c  14.76152  0.09972c ~ 0.1224¢  0.0124> 0.1038>  52.5166bc
§ S.D. 0.0164 0.0384 0.0771 0.1177 54.757 4.3054 0.0546 0.1402  0.0264 0.0809 8.2681
L- 0.04082 0.0716¢ 0.1156c  1.4625bc  208.0792 1.1771¢  0.0895%c  (0.0702¢  0.011b ND 29.6267¢
S.D. 0.0153 0.0173 0.0613 0.2964 68.36 0.2337 0.0683 0.1524  0.0031 - 3.2853
M- 0.03882  0.1685q 0.1468c  1.0723cc  13.9041¢ 1.0921¢  0.0752>  0.0552¢ 0.052b 0.3362 17.6810¢
S.D. 0.005 0.0089 0.0475 0.2871 0.1977 0.0809 0.0229 0.0054 0.005 0.1939 2.8817
Io) G- 0.04752 0.0766¢ 0.2112bc  (0.74234c  60.4995¢  11.7071>  0.0943abc ND* ND 0.0072>  57.6319¢
§ S.D. 0.0099 0.0173 0.0561 0.0265 3.4687 0.694 0.0042 - - 0.0041 2.2548
L- 0.01992  0.0894bc 0.0877¢ 219952 126.127bc  1.1999¢  0.0742c ND ND ND 24.9595¢
S.D. 0.0017 0.0415 0.0072 0.6344 39.585 0.054 0.0448 41375

‘Averages indicated by different letters in the same column are statistically different (p<0.05) “ ND: Not Detected <0,0001 mg/kg

DISCUSSION

At all stations and in all season the heavy metal values for
all metals except Mn were first class according to the Turkish
water quality control regulations (WPCR) and were found to
be under the limit values according to EPA (Environmental
Protection Agency) (EPA, 2018) and European Communities
(EC, 2006). During the spring season Pb and Se were
detected only at one station, while Cu was detected at two
and Fe at three stations. Ni was not detected only at the
fourth station. In the summer, Cu and Se could be detected
only at one station while Fe could be detected at two stations.
Pb was not detected at any of the stations (Table 2). In this
research, the Mn was the most recorded metal in the water of
the Lake Eber, and it was followed respectively by Fe, Zn,
Mo, Co, Ni, Se, Cd, Cr, Cu and Pb. In this study, metals
generally reach their highest values in warm seasons, while
these values decrease in winter months. Comparing this
study to the study conducted on the Lake Kovada (Kayrak
and Tekin-Ozan, 2018) and the Pondicherry Lake
(Satheeshkumar and Senthilkumar 2011) in this study Mn and
Fe were the most detected elements in the water. The high
Mn accumulation is of anthropogenic origin due to the
discharge of the Akargay river.

In this study, Fe was the mostly recorded metal in the
sediment, and followed respectively by Mn, Zn, Ni, Cr, Cu,
Pb, Se, Mo, Cd, Co. Comparing to the studies which were
carried out on Aktan and Tekin-Ozan (2012), Habbaniya (Al-
Saadi et. al., 2002) and Hazar Lake (Karadede-Akin, 2009)

also in this research Fe then Mn were the most observed
metals in the sediment. Barlas et al., (2005) reported the
highest mean levels metals Cu (1.19 mg/kg), Cr (4.88 mg/kg),
Pb (2.39 mg/kg), Cd (0.12 mg/kg) and Ni (8.93 mg/kg) in May
2002 in sediment samples. The highest concentration of Zn
(8.36 mg/kg) was recorded in September 2002. The excess
amount of Fe in the sediment of the river and lake can be
explained with the fact that the Fe is the most often observed
metal within the Earth’s crust.

In present study, the amount of metals in the sediment as
a state bonding to the metal has varied but in general the
highest accumulation was observed at the fifth station. This
can be caused by two reasons: one of them is the fact that
Akarcay, which is one of the main source feeding the lake,
enters the lake by being subjected to organic and industrial
waste and the other one is the collapse of the suspended
solids onto the sediment which bind the metals in the water
(Kivrak.and Uygun, 2012; Gimis, 2021)

The amounts of Zn was determined between 4.2504 and
127.2273 mg/kg. In all seasons, the amount of Zn which was
obtained from the muscle tissue was below the acceptable
limit values of the Turkish Food Codex 50 mg/kg and FAO 40
mg/kg (FAO, 1989; TFC 2011). Significant difference was
determined in the Zn values within the fish tissue (p<0.05).
The Zn concentration of some fish was reported as 1.25-1.32
mg/l 100 g Zn by Ozyurt et al., (2009). Nawaz et al., (2010)
determined the levels of Cd, Pb, Hg, Zn, and Cu as 0.35-
045, 2.1-3.0, 37.85-40.74, and 1.39-2.93 mg/kg in
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freshwater fish species of the River Ravi in Pakistan. Malik et
al., (2010) stated that in Lake Bhopal (India) the majority of
the metals accumulated in the liver of the Labeo rohita and
Ctenopharyngodon idella species while the least of the metals
accumulated in the muscles. Zn accumulated at the highest
percentage among the metals while Hg was deposited at the
lowest rate. Mohammadi et al., (2011) determined that within
the body of Barbus grypus which is living in River Karoon and
Dez most of the metals accumulated within the liver while in
Barbus xanthopterus the maximum concentration rate of the
metals was determined in the gill. In this study the highest
concentration of the heavy metals was detected in the gill and
liver of the fish tissue. In the study conducted by Fidan et al.,
(2008) on Lake Eber, some heavy metals were determined in
the muscle, gills and liver tissues of the Carassius carassius
L., 1758 fish. The concentration of the metals in the tissue
was the following muscle<gill <liver, the most accumulated
metal was Fe and Zn. Altundag et al, (2019) found the
following levels of Cu<Fe<Zn in muscle tissue of carp caught
from the Sapanca Lake. Uysal, (2010) the Zn level in which
the highest Zn accumulation in the tissues of the C. carpio,
Carassius carassius and Rutilus rutilusspecies were found in
the gill tissue. These data showed similarities with the data
which was obtained in our study. According to this study in
Carassius gibelio (Bloch, 1782) fish the highest concentration
of Co, Mo, Ni, Cu, Fe, Pb, metals were determined in the
liver, while the maximum concentration of Mn and Zn were
detected in the gill tissue and the highest level of Cd, Cr and
Se were determined within the muscle tissue. According to
the findings obtained from Lake Eber the accumulation of the
metals varied according to the tissue and to the type of the
metal. Canpolat and Catla (2003) reached the highest values
for heavy metals in the tissue of the Capoeta capoeta umbla
fish during the spring. These results are in line with the data
obtained in our study.
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Abstract: Otoliths are calcium carbonate (CaCOs) accumulations. Under the influence of different ecosystems morphological and chemical composition
change. In this study, economically important two demersal fish species; European hake Merluccius merluccius (Linnaeus, 1758) and Stripet red mullet
(Mullus surmuletus Linnaeus, 1758) was examined. Otoliths (Sagitta) belonging to these two species have been studied both chemically and morphologicall.
Morphometric measurements of otoliths (length, mm; width, mm; area, mm2; perimeter, mm) in the sagittal of each species was made by the Leica M125 tri-
ocular microscope. In the chemical analysis of otoliths, strontium (Sr), magnesium (Mg) and calcium (Ca) trace element amounts, the ratios of Sr and Mg
trace elements to Ca element (Sr/Ca and Mg/Ca) were determined. For the micro-chemical analysis of otoliths ICP-MS was used. The highest magnesium
(24.92+9.57 mmol/mol) and strontium (26.17+1.81 mmol/mol) element values were found in the otolith of red mullet. The difference between strontium (Sr)
and magnesium (Mg) amounts for two fish species was found to be significant (P<0.05). In addition to it was found that the difference between them in the
amount of calcium is significant (P<0.001). The shape indexes of otoliths are significantly different between the two fish species. Especially in terms of
roundness (Ro) and aspect ratio (Ar) (P<0.001). The results of this study provide information about the habitats of two economic importance demersal fish
species. Since such studies can give information about the habitat areas of fish species, they are important for tracking stocks, migration routes and
sustainable fisheries.

Keywords: Demersal fish, otolith chemistry, otolith morphology, Sea of Marmara

0z: Otolitler kalsiyum karbonat (CaCQs) birikimleridir. Farkli ekosistemlerin etkisi altinda morfolojik ve kimyasal olarak degismektedir. Bu calismada,
ekonomik olarak énemli iki demersal balik tiirli; Bakalyaro Merluccius merluccius (Linnaeus, 1758) ve tekir (Mullus surmuletus Linnaeus, 1758) baligina ait
otolitler (Sagitta) hem kimyasal hem de morfolojik olarak incelenmistir. Otolitlerin (uzunluk, mm; genislik, mm; alan, mm2; ¢evre, mm) morfometrik 6lgiimleri
Leica M125 tri-okuler mikroskop ile yapilmistir. Otolit yapisindaki stronsiyum (Sr), magnezyum (Mg) ve kalsiyum (Ca) iz element miktarlari ile Sr ve Mg eser
elementlerinin Ca elementine (Sr/Ca ve Mg/Ca) oranlari belirlenmistir. Otolitierin mikro kimyasal analizi igin ICP-MS kullanilmistir. En yliksek magnezyum
(24,9249,57 mmol/mol) ve stronsiyum (26,17+1,81 mmol/mol) element degerleri tekir otolitinde tespit edilmistir. Iki balik tiirii igin stronsiyum (Sr) ve
magnezyum (Mg) miktarlari arasindaki fark dnemli bulunmustur (P<0,05). Ayrica kalsiyum miktari agisindan aralarindaki farkin oldukga 6nemli oldugu tespit
edilmistir (P<0,001). Otolitlerin sekil indeksleri iki balik tirli arasinda énemli élgiide, 6zellikle yuvarlaklik (Ro) ve en boy orani (Ar) agisindan dnemli oldugu
tespit edilmistir (P<0,001). Bu calismanin sonuglari, ekonomik 6nemi olan iki demersal balik tiiriiniin habitatlari hakkinda bilgi verdiginden; stoklari, gég
yollari ve stirdirilebilir balikgiligin takibi agisindan dnem arz etmektedir.

Anahtar kelimeler: Demersal balik, otolit kimyasi, otolit morfolojisi, Marmara Denizi

INTRODUCTION

Otolith are stable structures in terms of metabolic activity ~ (Popper and Coombs, 1980; Campana, 1999; Campana and
and calcium carbonate (CaCOs) deposits (Degens et al.,  Thorrold, 2001).
1969; Pannella, 1971; Campana, 1999). There are three pairs Otolith has been the subject of studies in many areas
of otoliths in sagitta, lapillus and asteriscus in bony fishes.  such as fish biology, fish ecology, fish stock detection, diet
They undertake the task of providing balance and hearing  assessment, as well as age and growth (Campana, 1999;
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Friedland and Reddin, 1994; Tracey et al. 2006; Gonzalez-
Salas and Lenfant, 2007; Barrett, 1990; Martucci et al., 1993;
Velando and Freire, 1999; Turan, 2006; Morat et al., 2014;
Basusta and Khan, 2021).

Otolith constitute a source of information and data for the
identifying ichthyological taxa with systematic and fleet
genetic studies. Scientific studies and applications on otolith
are not limited to ichthyology. It is also possible to access in-
depth information about historical processes by using them in
fields such as paleontology, stratigraphy, archeology and zoo-
geography (Schwarzhans, 1999).

The best evidence of fish movement is observing and
following their movements from one place to another.
However, these data are difficult to obtain for multiple life
stages (Gillanders, 2005). Although the potential importance
of movement, relatively little is known about how many fish
species vary within and between populations (Quinn, 1993;
Gowan et al., 1994). Therefore, a robust and cost-effective
method is needed to determine the habitat origins and
movements of fish and to describe the stock structure of fish
species. Otolith element composition has recently proven to
be a robust natural tag for tracking population structure,
species life history, habitat areas and migration routes
(Campana and Neilson, 1985; Rieman et al., 1994; Campana
et al., 1995; Thorrold et al., 1997; Wells et al., 2000; Thorrold
et al., 2001). The structures of otolith undergo differentiation
ontogenetically under the influence of different ecosystems.
Their structure is three-dimensional, but not all dimensions
grow equally and at the same rate. It also varies significantly
among species in terms of size, shape and chemical content
(Campana and Thorrold, 2001). One of the fastest growing
areas of fisheries science is the use of these calcined
structures (otolith) to answer ecological questions about fish
movement and habitat areas. Otolith's two properties make it
particularly suitable for keeping records of the environment in
which the fish live (Gillanders, 2005). European hake and
stripet red mullet are the most economically important
demersal fish species in Turkey Seas (Yildiz and Karakulak,
2018). It mainly inhabits rocky bottoms and soft substrates
and undergoes vertical movements between 5 and 100 m in
depth (Froese and Pauly, 2008).

However, stocks are gradually decreasing due to
overfishing, which have been decreasing recently. According
to the Turkey Statistical Institute (2018-2019) 1.019 tons of M.
merluccius, 2.914 tons M. surmuletus and 1269 tons M.
merluccius, 2341 tons M. surmuletus were caught,
respectively (TUIK, 2021).

In this study, the amount of trace elements and
morphological structures of otoliths was examined and
evaluated comparatively to monitor the stocks of two
important demersal fish species.

MATERIAL AND METHODS

A total of 10 M. merluccius and 10 M. surmuletus were
obtained from fishing vessels in the Sea of Marmara (west of
"Kapidag Peninsula"). Otoliths were examined both
morphologically and in microchemical analysis.

Otolith chemistry

Whole otoliths (right and left) were used for otolith
chemistry. For each otolith to reach a constant weight, it has
been subjected to drying in glass tubes for 2 h in an oven set
at 120 °C. The otolith samples whose drying was completed
were weighed with a sensitive scale sensitive to
approximately 0.001 g and transferred to the vessels in the
microwave incinerator unit. Then, 5 ml of nitric acid (HNO3)
and 2 ml of hydrogen peroxide (H202) were added to each
vessel and subjected to heat-controlled microwave
combustion using the SK-12 rotor in the Easy model Ethos
(Rooker et al., 2001; Correia et al., 2011). After the extract
reached room temperature, the final volume was diluted with
25 ml of distilled water and analyzed in solution mode on a
Perkin Elmer brand Nexion 350X model Inductively Coupled
Plasma Mass Spectrometer ICP-MS (Jarvis and Jarvis,
1992).

At the end of the analysis, strontium (Sr), calcium (Ca)
and magnesium (Mg) trace element concentrations and
elemental calcium ratios (Sr/Ca and Mg/Ca) were determined.

Otolith morphology

Firstly, the length (with a height measuring scale with 0.01
mm precision) and weight measurements (in 0.01 g precision
balance) of the fish samples were examined. The sagitta
otoliths were removed and soaked in 3% hydrogen peroxide
(H202) and 1% nitric acid (HNOs) for 5 min, respectively, to
purify the blood, tissue and other surface contaminants. It was
then kept in distilled water for 5 min to remove the acid
(Rooker et al., 2001). There were no differences between
right and left otolith of both species (f-test, P>0.05).
Therefore, the right otolith was used for the measuring the
otolith morphology of two fish species. Otolith length (OL) and
otolith width (OWi) (£0.001 mm) were determined by Leica
M125. Otolith length was defined as the greatest distance
between the anterior and posterior edge and otolith width was
described as the greatest distance from dorsal to the ventral
edge. To illustrate how measurements of otolith morphology
are made M. merluccius otolith measurements are given as
an example (Figure 1).

The raw data obtained at the end of the measurement
[otolith length (OL, mm), otolith width (OW, mm), otolith area
(OA, mm?2) and otolith perimeter (OP, mm)] was evaluated
and the shape indexes of was calculated. The otolith shape
identification process helps construct the otolith atlas and
identify the species (Tuset et al., 2008). The formulas given in
Table 1 were used to determine the shape indexes of otoliths
(Tuset et al., 2003; Ponton, 2006).
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Figure 1. a: OL otolith length (mm); OW: otolith width (mm); b: OP otolith perimeter (mm); c: OA otolith area (mm2); measurement: 1mm.
Photos by H. BAL)

Table 1. Formulas to be used for the shape index otoliths of the
species

Parameters Shape indexes Formula

OP (otolith perimeter, mm) Form Factor (Fr) ~ 4.m.OA/(OP)2

OA (otolith area, mm?) Circularity (Ci) (OP)2/OA

OL (otolith length, mm) Roundness (Rp) 4 OA/m.(OL)?

OWi (otolith witdh, mm) Width/Length (W/L) OL.OW; !

The results of this study provide information about the
habitats of two demersal fish species that have economic
importance and share the same habitat. Since such studies
can give information about the habitat areas of fish species,
they are important for tracking stocks, migration routes and
sustainable fisheries.

Statistical analysis

One-way analysis of variance (ANOVA) was performed
using the SAS package program (Version: 6.0.0) to determine
the differences between two demersal fish species on otolith
chemistry and morphology.

Table 2. Data on otolith chemistry of two demersal fish species

RESULTS

Both chemical and morphological analysis was performed
on otolith belonging to two demersal fish species.

Otolith chemistry

Chemical trace elements (Sr, Mg and Ca) in otoliths
belonging to two demersal fish species were investigated. It
was determined that the highest value among the three trace
elements was in otoliths belonging to M. surmuletus species
and the average amount of strontum as 26.17+1.81
mmol/mol was determined. Similarly, it was determined that
the highest amount of Mg was in M. surmuletus (24.92+9.57
mmol/mol). However, calcium trace element (Ca) content of
M. merluccius was found to be 10.2+0.07 mmol/mol higher
than M. surmuletus. The difference between strontium (Sr)
and magnesium (Mg) amounts for the two fish species was
found to be significant (P<0.05). It was found that the
difference between them in the amount of calcium is
significant (P<0.001). Data of fish size and otolith chemistry
for two demersal species are given in Table 2.

Sr Mg Ca Sr/Ca Mg/Ca
TL (cm) W(g) (umol/img) (umolimg) (umolimg) (mmol/mol) (mmol/mol)
Species Min-max Min-max Min-max Min-max Min-max Min-max Min-max
MeantSE MeantSE MeanzSE MeantSE MeantSE MeanSE MeanSE
Merluccius 27.10-36.50 141.87-413.14 3.97-30.28 0.60-1.98 9.97-10.67 0.38-2.96 0.05-0.19
merluccius 31.5440.98 264.97+28.53 15.51+2.99 1.2610.18 10.25+0.07 1.52+2.11 0.12+0.11
Mullus 13.50-18.0 25.75-75.83 20.46-38.30 5.63-105.96 7.49-10.50 2.42-3.64 0.57-14.17
surmuletus 15.35+0.38 43.01+4.27 26.17+1.81 24.92+9.57 9.30+0.29 2.79+0.45 2.94+1.20
Slg *kk Fkk *k k% Fkk *k *kk

TL: Total fish length (cm), W: Total fish weight (g); Sr: Strontium (mmol/mol);
Significance, **: P<0.01, ***: P<0.001.

Otolith morphology

It was determined that the shape indexes obtained from the
morphological analysis of the otoliths belonging to both fish
species differ from each other. The otolith morphology of the two

Mg: Magnesium (mmol/mol); Ca: Calcium (mmol/mol); SE: Standard error; Sig.:

species was determined to be significantly different from each
other. The minimum, maximum, mean and standard error of fish
size and otolith measurement are given in Table 3. The raw data
obtained at the end of the measurement [otolith length (OL, mm),

517



Bal and Esen, Ege Journal of Fisheries and Aquatic Sciences, 38(4), 515-5621 (2021)

otolith width (OWi, mm), otolith area (OA, mm?) and otolith
perimeter (OP, mm)] was evaluated and the shape indexes of
was calculated. The shape indexes differ significantly from each

Table 3. Descriptive statistics on fish size and otolith measurements

other. Especially in terms of roundness (Rp) and aspect ratio (Ar)
(P<0.001). Data of morphological and shape indexes are given in
Table 4.

Fish size and otolith Species
measurements Merluccius merluccius Mullus surmuletus
Min-max MeantSE Min-max MeantSE Sig.

TL (cm) 27.10-36.50 31.54+0.98 13.50-18.0 15.35+0.38 ok
W (9) 141.87-413.1 248.51+2.05 25.75-75.83 43.01+4.27 ok
OW (mg) 75.0-159.0 107.70+7.81 4.20-10.80 6.08+0.64 b
OL (mm 10.09-13.33 11.45+0.37 2.11-3.01 2.31+£0.09 ok
OWi(mm) 3.96-5.82 465+0.17 1.41-1.99 1.60+0.06 ok
OA (mm?) 28.57-52.20 37131224 2.05-4.08 2.48+0.19 ok
OP (mm) 22.73-30.82 25.98 £0.83 5.28-8.34 6.32+0.31 b

TL: Total fish length (cm), W: Total fish weight (g), OW: Otolith weight (mg), OL: Otolith length (mm), OWi: Otolith width (mm), OA: Otolith area (mm?), OP: Otolith

perimeter (mm), SE: Standard error; Sig.: Significance, ***: P<0.001.

Table 4. Fish size and otolith shape analysis

TL (cm) W(g) Circularity (Ci) Form factor (Fr)  Roundness (Ro) Aspect ratio (Ar)
Species Min-max Min-max Min-max Min-max Min-max Min-max
MeanSE MeanzSE MeanzSE MeanzSE MeanzSE MeanzSE
Verlucci e 27.10-36.50 141.87413.14 17.33-1977 0.635-0.725 0.325-0.378 2.292-2.600
Eriuccius menuceius 34 54+0.98 248.5142.05 18.30+0.22 0.680+0.008 0.358+0.006 2.464+0.029
Wl ot 13.50-18.0 25.75-75.83 12.87-20.05 0.626-0.976 0.547-0.642 1.322-1.620
uilus surmuiets 15.35+0.38 43.0144.27 16.33£0.83 0.789:0.042 0.592:£0.009 1.445+0.030
Sl'g dkk F*kk * * *kk *kk

TL: Total fish length (cm); W: Total fish weight (g); OW: Otolith weight (mg); SE: Standard error; Sig.: Significance; *: P<0.05; ***: P<0.001.

DISCUSSION

Although the potential importance of the movement,
relatively little is known about the populations of many fish
species (Quinn, 1993; Gowan et al., 1994). Therefore, there is
a need for a robust and cost-effective method to determine
the habitat origins and movements of fish and to describe the
stock structure of fish species. Otolith element composition
has recently proven to be a powerful natural label for tracking
population structure, species life histories, habitat ranges, and
migration routes (Campana and Neilson, 1985; Rieman et al.,
1994; Campana et al., 1995; Thorrold et al., 1997; Wells et
al., 2000; Thorrold et al., 2001).

Although M. merluccius and M. surmuletus are demersal
fish species, it has been determined that the chemical
element amounts and ratios of otoliths belonging to M.
surmuletus were higher than M. merluccius. Especially, when
compared to the otolith size of M. surmuletus, Sr/Ca and
Mg/Ca ratios are observed to be higher although it is much
smaller than M. merluccius. Similarly, although M. surmuletus
otolith is lighter (MeantSE; 6.08+0.64 mg) than M.
merluccius otolith (Mean+SE; 107.70+7.81 mg), it contains
higher amounts of Sr and Mg trace elements (Table 2 and
Table 3). But, calcium (Ca) trace element content of M.
merluccius was found to be 10.2+0.07 mmol/mol higher than

M. surmuletus. According to the results of scientific studies, it
has been determined that salinity, temperature and
conditional environmental effect the otolith chemistry (Secor
et al., 1995; Hoff and Fuiman, 1995; Elsdon and Gillanders,
2004). It is thought that the differences between species in
the inclusion of elements in our study may be partially related
to environmental conditions, differences in metabolic and
otolith deposition rate (Hamer and Jenkins, 2007).

This study is the first to examine the otolith chemistry and
morphology of these two demersal species for Turkish waters
and there is no study using this method for M. merluccius and
M. surmuletus fish species in Turkey Seas. Therefore, no
comparison could be made.

Only one study has been detected as research that
examines both the morphological and analysis of the
chemical structure of otoliths in Turkey Seas. Within the
scope of the research, the horse mackerel (Trachurus
mediterraneus Steindachner, 1868) was examined and a
significant contribution was made to the separation of the
stocks related to the species (Turan, 2006). Apart from this
study, otolith Sr/Ca ratios were examined to determine the
migration characteristics of the European eel (Anguilla
anguilla Linnaeus, 1758) species in the Asi River (Lin et al.,
2011). The average ratio of Sr/Ca in otoliths of A. anguilla
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taken from the Asi River was determined as 2.79x10-3 pm,
which is approximately twice time (1.4x10-3 um ) the ratio of
Sr/Ca in ofliths of samples taken from the Garonne and
Dordogne rivers (Lin et al., 2011). Thus, it was determined
that the same fish species exist in different habitats by using
otolith chemistry.

However, there are many studies examining otolith
chemistry and morphology of two demersal fish species in
different seas of the world (Torres et al., 2000; Lombarte et
al., 2003; Morales-Nin et al., 2005; Swan et al., 2006; Leakey
et al., 2009; Mahe et al., 2014; Morales-Nin et al., 2014;
Bakkari et al., 2020).

In different study, it has been determined that Mg and Sr
amounts in otoliths of fish samples (M. merluccius) taken from
five different geographical locations (in north-east Atlantic and
the Western Mediterranean Sea) is significantly different
between the sample locations (Morales-Nin et al., 2005).

In another study on otolith chemistry was used to
determine the relationship among populations of European
hake; it was found that the ratio of Sr:Ca in the otolith core
was higher than the otolith edge of the European hake. Also,
the otolith edge had lower ratios for all elements except Mg
(Morales-Nin et al., 2014). This situation shows that the
habitat areas in which the juvenile stages, which are the first
life stages of the fish, may differ from the adult stages.
Another idiom on the otolith morphology of European hake
was investigated for two different areas (North-eastern
Atlantic-Cantabrian Sea and the Mediterranean Sea-Gulf of
Lion). In the study, fish lengths are between 14 and 77 cm
and 21-70 cm, and the average otolith area, otolith perimeter
and otolith length of the samples in the North Atlantic were
calculated as 80.15 mm2, 102.01 mm, and 17.71 mm,
respectively. In the Mediterranean, the average otolith area,
otolith perimeter and otolith length were calculated as 102.78
mm2, 118.8 mm, and 19.6 mm, respectively (Torres et al.,
2000). Another idiom conducted in the Mediterranean, trace
elements of the European otoliths were examined.

All otoliths from M. merluccius separate areas differed not
only in elemental concentrations but also in the distribution of
elements among different individuals. For example, significant
differences were found in the otolith concentrations between
Mg, Mn and Sr among individuals in the Mediterranean region
(Swan et al., 2006).

Although many factors such as the amount of
accumulation of chemical trace elements, fish physiology,
stress and genetics are effective, it may vary in proportion to
environmental conditions, especially temperature and salinity
(Reis Santos et al., 2013; Avigliano et al., 2014; Sarimin and
Mohamed, 2014). The amount of strontium element increases
positively depending on the salinity of the water (Kraus and
Secor, 2004; Sturrock et al., 2012; Avigliano and Volpedo,
2013). However, barium is negatively affected (Miller, 2011;

Avigliano et al., 2014). Calcium (Ca) is physiologically
included in otoliths (Popper et al., 2005). However,
magnesium increases depending on the metabolic activity
and growth in the ecosystem where the fish is located (Martin
and Thorrold, 2005; Sturrock et al., 2015; Grammer et al.,
2017). Also, strontium (Sr) and magnesium (Mg) are included
in the otolith chemistry according to the natural abundance of
trace elements carried by the fish habitat and chemical
property of water (Farrell and Campana, 1996).

Additionally, environmental conditions affect the
morphology of otoliths may differ between populations of the
same species (Congiu et al., 2002). Determination of shape
indices such as circularity and roundness by using the
structural shapes and sizes of otoliths that change in a
morphological sense and identification of species are
secondary areas of use that help to determine the differences
between stocks of the same species depending on
geographical distance (Ponton, 2006; Campana and
Casselman, 1993; Torres et al., 2000; Monteiro et al., 2005).
In this study, the otolith morphology of two demersal fish
species was investigated. Although samples from different
regions cannot be taken and analyzed, in the present study
findings are expected to form complementary data that will be
a source for future scientific research on similar species.
There are many studies examining the morphology of otoliths
for descripting fish stocks in different parts of the world and in
Seas of Turkey (Campana and Casselman, 1993; Campana
et al., 1995; Monteiro et al., 2005; Ozpicak et al., 2017; Bal et
al., 2018). They made a significant contribution to the stock
descriptions of the investigated species in these studies.

Since the same ftrace elements and the same
morphological features were not examined in other studies, a
comprehensive comparison could not be made with the
present study.

CONCLUSION

The differences between the stocks of demersal species
and their habitat areas are not yet well known. It is of great
importance to define the habitats of these important fish
species, which can be considered the basic stone of the
marine ecosystem, the characteristics of their habitat areas
and the stocks. Because; if the stocks and habitat areas of
the species are not analyzed well, it is obvious that the
extinction of the species will be endangered as these areas
cannot be protected since stocks cannot be distinguished and
defined.

However, samples could not be taken from different
regions due to some limiting factors such as the costs
required for laboratory analysis. To determine the differences
between stocks in more detail, complementary studies are
needed. It is thought that the findings obtained from this study
will be a source for future research.
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Abstract: In this study, the length-weight relationships (LWRs) and condition factors were estimated for 445 specimens belonging to three gobiid species
viz. Ponticola bathybius (Kessler, 1877), Neogobius caspius (Eichwald, 1831) and Neogobius pallasi (Berg, 1916) from the Southern Caspian Sea basin.
Total length and total weight of the examined specimens ranged 4.9-28.3 cm and 0.64-263.4 g, respectively. The length-weight parameter b of the studied
species found between 2.47 (N. caspius) and 3.45 (N. pallasi) with r2 ranging 0.831 to 0.988. LWR and K parameters are reported first time for N. pallasi
from the Caspian Sea basin. The condition factor estimated was calculated from 0.94 (N. pallasi) to 0.98 (N. caspius) and 1.00 (P. bathybius). The basic
biological information on the LWRs of these three gobies will be useful as baseline information for further biological research in the region.

Keywords: Gobiidae, goby, condition factor, Southern Caspian Sea basin

INTRODUCTION

Study of the length-weight relationship (LWR) is important
in fisheries science as it provides valuable information on fish
condition (Bagenal, 1978). It is applied to compare the
interregional morphological variation of a single species’
populations (Froese, 2006; Ali et al., 2013), to estimate the
weight of a specimen from its length and vice versa, to
estimate the biomass, understanding the life cycle, evaluation
of the fish stocks, ontogenetic changes and growth studies
(Froese, 2006; Cherif et al, 2008; Mouludi-Saleh and
Eagderi, 2019; Eagderi et al., 2020a; Eagderi et al., 2020b;
Mouludi-Saleh et al., 2021).

Condition factor (K) states condition of fish species viz.
well-being of a certain species and its degree of fatness, the
state of sexual maturity, the degree of food sources
availability, and age and sex of some species and is
significance for management and conservation of natural
populations (Bagenal, 1978; Sarkar et al., 2009; Muchlisin et
al., 2010).

In the Iranian coast of the Caspian Sea, 43 species of the
family Gobiidae in 15 genera have been reported (Esmaeili et
al., 2018; Eagderi et al., 2020c). The species members of the
genus Neogobius is three (Froese and Pauly, 2008; Esmaeili
et al., 2018; Eagderi et al., 2020c) and those of the genus
Ponticola is six in the southern Caspian Sea (Eagderi et al.,
2020c). These genera are great importance due to their

relatively large size (10 to 35 cm) (Berg, 1949; Rahimov,
1991). Therefore, in this study, LWRs and K are provided for
Ponticola bathybius, Neogobius caspius and N. pallasi from
the Southern Caspian Sea basin.

MATERIAL AND METHODS

A total of 165 specimens of P. bathybius, 102 N. caspius
and 178 N. pallasi were collected between September 2012
and April 2019 using seine nets (mesh size: 4, 6 and 8 mm)
from The Anzali Wetland, Turkman, Langrud, Chaboksar,
Sefidroud and Lisar shores of the Southern Caspian Sea. Al
sampled fishes were anesthetized with a 1% clove oil solution
and fixed with 10% buffered formalin then transferred to the
laboratory for further studies. For each specimen, total length
(TL) was measured with a digital caliper to the nearest 0.01
mm and body weight (BW) was recorded using a digital scale
to the nearest 0.1 g.

The length-weight relationship was determined by the
method of least squares using the equation of W = alLb and
logarithmically transformed into Log (W) = Log (a) + b log (L)
(Froese, 2006), where W is the total body weight (g), L is the
total length (cm) and “a” is the intercept and “b” is the slope.
Prior to regression analyses, log-log plots of the length—
weight pairs were performed to identify outliers (Froese et al.,
2011). Outliers perceive in the log-log plots of all species
were removed from the regression. The student’s t-test (ts)

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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was used to determine whether the parameter b is
significantly different from the expected or theoretical value of
3. Fulton’s condition factor (K) was estimated by the equation:
K =100x(W/TL3) (Fulton, 1904), where W is the total body
weight (g), L is the total length (cm) and scaling factor of 100
was used to fetch the K close to the unit factor. All statistical
analyses were performed in Excel 2016 and PAST v 2.17b
(Hammer et al., 2001) software.

RESULTS AND DISCUSSION

The length-weight relationship (LWR) data of fish species
is an important parameter in their dynamic population studies,
playing a key role in fisheries assessments. In the current
study, LWR parameters of 445 gobiid fishes belonging to
three species were estimated. Total lengths and weight of

P. bathybius, N. caspius and N. pallasi ranged 6.95-28.36 cm,
2.3-263.4 g and 8.20-13.20 cm, 7.0-21.6 g, 4.92-12.55 cm
and 0.6-24.6 g, respectively. The results of LWR data of the
three studied species, including values of the slope parameter
(b), intercept (a), coefficient of determination (r2) and 95% CL
of b, a and condition factor (K) of the studied species are
presented in Table 1.

The results showed b-values of the studied species
ranging 2.47 (N. caspius) to 3.45 (N. pallasi) and coefficient of
determination (r2) 0.83 to 0.98, indicating the length increased
with increasing weight of the fish (Konan et al., 2007; Tah et
al., 2012; Koffi et al., 2014; Cicek et al., 2019). The b-value
based on Froese, 2006 is between 2.5 and 3.5 or 2—4 (Tesch
1971), which all calculated b-values were within this expected
ranges in this study.

Table1. Descriptive statistics and length-weight relationship parameters for three gobiid species from the Southern Caspian Sea basin
2012-2019
Total length  Total Condition  Growth
. LWR parameters t

Species n (cm) weight (9) P factor (K) pattern

min-max min-max a b r 95% CL of b 95% CL of a
P. bathybius 165  6.95-28.36 232634 0.003 332 00983 3.28-3.35 0.002-0.0047  1.00+£0.18  A* <0.05 38.78
N. caspius 102 8.20-13.20 7.0-21.6 0.032 247 0831 225270 0.013-0.026 0.98+0.12 A <0.05 -75.81
N. pallasi 178 4.92-12.55 0.6-24.6 0.003 345 0.902 3.25-3.67 0.002-0.005 0.94+0.18 A+ <0.05 59.48

N= number of individuals; Min= minimum; Max= maximum; a= intercept; b= slope; CL= confidence limits; r2= coefficient of determination.

In LWRs, b-values which are higher and lower than 3
indicated positive and negative allometric growth patterns,
respectively. Based on the results, allometric growth pattern
was positive for P. bathybius and N. pallasi, and negative for
N. caspius. Abdoli et al. (2009) estimated the b-value of P.
bathybius as 2.44 lower than our result (3.32). Aghajanpour et
al. (2016) and Mahdipour et al. (2017) in their study reported
b-value for N. caspius 2.85-3.0 and 3.17 which is different
with our study. LWR and K parameters have been reported
for the first time for N. pallasi from the Caspian Sea basin.
LWRs may change during the events of life cycle, growth, and
onset of maturity, gut fullness, sampling techniques, and
availability of food (Le Cren, 1951).
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Abstract: In the present study, strain MHDS3 was isolated from a water sample of Camalti Saltem and identified using conventional and molecular
methods. 16S rRNA gene sequence analyses showed that the strain MHDS3 belonged to Planococcus dechangensis species. It gave a positive result in
the Gram staining test. The cells were coccus, non-motile, aerobic, catalase positive, oxidase negative and the colony pigmentation was yellow-orange. It
showed negative results for citrate utilization, indole production from tryptophane, Voges-Proskauer and methyl red. This isolate was able to grow at 10-
45°C (optimally 35°C), pH 6-8 (optimally pH 7) and 3-20% NaCl (optimally 10% NaCl). It was not able to grow at 4°C, 10°C, 50°C, salt-free, 0.5%, 25%,
%30 total salt, pH 4-5, and pH 9-12. Glucose, ribose, fructose, sucrose, maltose were used by the test isolate as carbon sources. Different amino acids
found in the structure of animal hide such as L-lysine, L-arginine, L-cysteine, L-alanine, L-tyrosine, L-histidine were also utilized by the bacterium. During the
salt production process, this bacterium may contaminate the salt which is used in the food and leather industries. The activities of harmful moderately
halophilic bacteria should be prevented by effective antimicrobial applications.

Keywords: Moderately halophilic bacterium, Camalti Saltern, salt production, Planococcus dechangensis

0z: Bu calismada, MHDS3 susu Gamalti Tuzlasinin su érneginden izole edilmistir ve geleneksel ve molekiler yontemlerle tanimlanmistir. 16S rRNA gen
dizi analizleri bu susun Planococcus dechangensis tiri oldugunu gostermistir. Gram pozitif, kok formunda, hareketsiz, aerobik, katalaz pozitif, oksidaz
negatiftir ve sari-turuncu koloni pigmentasyonu géstermistir. Bu sus sitrat kullanimi, triptofanda indol dretimi, Voges-Proskauer ve metil kirmizisi testlerinde
negatif sonug vermistir. Bu izolat 10-45°C'de (optimum 35°C), pH 6-8'de (optimum pH 7) ve %3-20 NaCl konsantrasyonunda (optimum %10 NaCl)
gelisebilmektedir. 4°C, 10°C, 50°C’de, tuzsuz ortamda, %0.5, %25, %30 toplam tuz oraninda, pH 4-5 ve pH 9-12'de gelisme gdstermemistir. Glukoz, riboz,
fruktoz, sukroz, maltoz bu izolat tarafindan karbon kaynagi olarak kullaniimistir. Hayvan derisinin yapisinda bulunan L-lizin, L-arjinin, L-sistein, L-alanin, L-
tirozin, L-histidin gibi farkli amino asitler bu izolat tarafindan da kullanilmistir. Tuz Uretimi asamasinda, bu bakteri gida ve deri endustrisinde kullaniimak
Uzere Uretilen tuzu kontamine edebilir. Ihml halofil bakterilerin zararli etkileri uygun antimikrobiyal uygulamalar ile engellenmelidir.

Anahtar kelimeler: [limli halofil bakteri, Camalti Tuzlasi, tuz tretimi, Planococcus dechangensis

INTRODUCTION

Moderately halophilic aerobic microorganisms can grow at
3-15% NaCl, 0-45°C and pH 5-10. Salt tolerance and salt
requirement vary among the different moderately halophilic
species (Ventosa et al., 1998). Moderately halophilic bacteria
produce important metabolites such as compatible solutes,
enzymes, exopolysaccharides, pigments, which have
industrial and commercial values (Galinski and Louis, 1998;
Ventosa et al, 1998; Shivanand and Mugeraya, 2011).
Compatible solvents such as ectoine, hydroxyectoine, glycine,
proline, and betaine found in moderately halophilic bacterial
cells, are also called organic intracellular solutes. They
provide osmotic balance and prevent denaturation of proteins
and enzymes caused by drying, heating and freezing in the
cells (Imhoff, 1986; Galinski and Louis, 1998; Ventosa et al.,
1998). Compatible solvents have been used as stress-
protective agents in medicine (Shivanand and Mugeraya,

2011). In molecular biology, new halophilic restriction
endonuclease enzymes and also other halophilic enzymes
have been discovered in  moderately halophilic
microorganisms that inhabit saline environments. The
pigment carotenoids produced by orange or pink moderate
halophile colonies have been used in the food industry as a
food-colouring and as additives in health food products.
These microorganisms may also have the potential for novel
and diverse extracellular salt-adapted enzymes (Ventosa et
al., 1998, Rohban et al, 2009; Ventosa et al., 2011). In
previous studies, protease, amylase, pullulanase, xylanase,
DNase, inulinase, cellulase and lipase enzymes were
produced by moderately halophilic bacteria isolated from
saline environments (Sanchez-Porro et al., 2003; Rohban et
al., 2009; Ventosa et al., 2011; Akpolat et al., 2015). These
microbial enzymes have been applied for starch liquefaction
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in the paper, leather, pharmaceutical, food, meat, baking, dry
cleaning, textile, and brewing industries (Ventosa et al., 1998;
Gupta et al., 2016; Kami et al, 2020). Due to moderately
halophilic  microorganisms can tolerate various pH,
temperature and salt concentration, they have significant
potential in harsh industrial applications. The researchers
were isolated the Planococcus genus from different places
such as sea, salted food, fermented food, marine beach (Hao
and Komagata, 1985; Junge et al., 1998; Engelhardt et al.,
2001; Romano et al., 2003). Planococcus spp. produce
proline, glycine-betaine at high salinities. The researchers
applied rhamnolipid biosurfactant produced by two
Planococcus species against pathogenic bacteria and they
reported that it exhibited bactericidal properties (Gaur et al.,
2020). Moreover, those Planococcus species which may be
used in food industry were able to emulsify various vegetable
oils (Gaur et al., 2020). Thus, the investigation of industrially
interesting compounds in moderately halophilic bacteria is
important. The investigations with different moderately
halophilic species as well as Planococcus dechangensis in
several industrial applications are still promising. Hence,
scientific researchers about their industrial applications should
be carried out.  Therefore, this study was aimed to
characterize a moderately halophilic bacterial isolate (strain
MHDS3) from a water sample of Camalti Saltern and to
investigate its biochemical properties.

MATERIAL AND METHODS

The water sample collected from Camalti Saltern
(38°29'25.6"N, 26°56'39.2"E) in Izmir (Turkey) was placed in
a sterile plastic bottle, then the plastic bottle was placed in ice
and immediately brought to the laboratory. 10 mL of water
sample were added to a flask containing 90 mL 10% NaCl
solution (10-' dilution of water sample) was placed in a
shaking incubator at 90 rpm and 24°C for 2 hours. Aliquots of
100 pL direct and 10" dilution of water sample were
separately spread onto the surface of the petri plate
containing Complex Agar Medium (CAM) containing 5 g yeast
extract. The final salt concentration of CAM was adjusted to
10% with the following composition: 0.0026% (w/v) NaBr,
0.96% (w/v) MgSQs, 0.7% (wiv) MgClz, 8.1% (w/v) NaCl,
0.2% (wiv) KCI, 0.036% (w/v) CaCl; and 0.006% (w/v)
NaHCOs (Ventosa et al., 1989). The plates were incubated at
35°C for 24 h (Ventosa et al., 1989). After the incubation
period, yellow-orange bacterial colonies were restreaked
several times to obtain pure cultures, then subjected to
phenotypic and genotypic analysis.

QlAamp DNA Mini Kit (Qiagen) and QlAquick PCR
Purification Kit (Qiagen) were respectively used for isolation
of genomic DNA and PCR purification. The isolation and
purification were conducted according to the manufacturer's
instructions. 16S rRNA gene was amplified by Polymerase
Chain Reaction using two primers: Reverse Primer 16R1488
(5-CGGTTACCTTGTTAGGACTTCACC-3) and Forward
Primer 16F27 (5-AGAGTTTGATCMTGGCTCAG-3') (Mellado
et al., 1995). The 16S rRNA gene sequence analysis (1194

bp) were determined by IONTEK Laboratory in Istanbul
(Turkey). 16S rRNA gene sequence similarity (100%)
between the test isolate and closely related species was
detected by using ChromasPro Software (ChromasPro 2.1,
Technelysium Pty Ltd, Australia) and the web-based
EzTaxon-e program (Kim et al., 2012). The gene sequence
data of the strain MHDS3 were deposited in GenBank under
accession number (MH748798). Gram reaction, morphology
and motility of the exponentially growing cells were examined
on wet mounts under the light microscope (Caglayan et al.,
2017). The growth of test bacterium at different salt
percentages (0, 0.5%, 3%, 5%, 7.5%, 10%, 12.5%, 15%,
20%, 25%, %30), different pH (4, 5, 6,7, 8, 9, 10, 11, 12), and
different temperatures (4°C, 10°C, 20°C , 28°C, 32°C, 35°C,
37°C, 40°C, 45°C, 50°C) were investigated on CAM
(Caglayan et al., 2018). Catalase, oxidase, citrate utilization,
indole production, Voges-Proskauer and methyl red tests
were tested according to earlier described procedures
(Johnson and Case, 2010; De la Haba et al., 2011). Utilization
of different amino acid sources (L-valine, L-ornithine, L-lysine,
L-arginine, L-cysteine, L-alanine, L-tyrosine, L-histidine, L-
threonine) by the isolate was investigated using 1% (w/v)
amino acid, 0.05% (w/v) dextrose, 0.0005% (w/v) cresol red,
0.5% (wiv) beef extract, 0.5% (w/v) peptone, 0.001% (w/v)
bromocresol purple, 0.0005% (w/v) pyridoxal in 10% saline
water. A positive test result was indicated by purple colour in
the test tube after 24-hour incubation. The test isolate was
also investigated for its sugar requirement as the sole carbon
source using seven different sugars (glucose, galactose,
ribose, fructose, lactose, sucrose, maltose). 0.001% (w/v)
phenol red, 0.5% (w/v) yeast extract and 1% (wlv) of each
sugar source was used for the medium. The colour change
from red to yellow was accepted as a positive result,
indicating pH change to acidic (Johnson and Case, 2010,
Caglayan et al., 2018).

RESULTS AND DISCUSSION

The 16S rRNA gene sequence (1194 bp) of strain
MHDS3 showed 100% similarity with the corresponding gene
sequence of the GenBank accession numbers for the 16S
rRNA of the isolate is MH748798.

The results of Gram staining, cell morphology, motility,
catalase, oxidase, citrate utilization, indole production, Voges-
Proskauer, methyl red, minimum, optimum and maximum
growth ranges for temperature, pH and total salt of the test
bacterium were shown in Figure 1 and Table 1.

The cells were Gram-positive, coccoid, non-motile,
catalase-positive, oxidase-negative. The pigmentation of the
bacterial colony was yellow-orange. This isolate showed
negative results for citrate utilization, indole production,
Voges-Proskauer and methyl red tests. This isolate showed
growth at 10-45°C (optimally 35°C), at pH 6-8 (optimally pH
7) and at 3-20% NaCl (optimally 10% NaCl). It did not show
growth at 4°C, 10°C, 50°C, without salt, 0.5%, 25%, %30
total salt, pH 4-5, pH 9-12 (Table 1).
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Figure 1. Gram stained cells of strain Planococcus dechangensis
MHDS?3 taken through light microscope

Table 1. Biochemical characteristics of moderately halophilic

Planococcus dechangensis

Carbon sources

minimum 10
Glucose + Temperatures  optimum 35
Galactose - range (°C) maximum 45
Ribose + minimum 6
Fructose + pH range optimum 7
Lactose - maximum 8
Sucrose minimum 3
Maltose + Total salt  optimum 10

range (%)

maximum 20
Amino acids
L-valine - Gram staining positive
L-ornithine - Cell morphology COCCi
L-lysine + Pigmentation yellow-

orange

L-arginine + Motility -
L-cysteine + Catalase +
L-alanine + Oxidase -

L-tyrosine + Citrate Utilization -

L-histidine + Indole  production  from .
tryptophane
L-threonine - Voges-Proskauer test -

Methyl red test -

Acid is produced from glucose, ribose, fructose, sucrose
and maltose, but not from galactose and lactose (Table 1).

The test isolates utilized 71% of the tested sugar sources.
While the isolate utilized L-lysine, L-arginine, L-cysteine, L-
alanine, L-tyrosine, L-histidine, it did not use L-valine, L-
ornithine, L-threonine (Table 1). The skin structure contains L-
lysine (%2.9), L-arginine (4.9%), L-cysteine (0.1%), L-alanine
(10.9%), L-tyrosine (0.3%), and L-histidine (%0.5) (Szpak,
2011). Planococcus dechangensis strain NEAU-ST10-9T was
first isolated from saline and alkaline soils in Dechang
Township in China and identified by Wang et al. (2015). In
that study, the growth of the test bacterium was investigated
at different salt percentages (0, 1%, 2%, 3%, 4%, 6%, 7%,
8%, 10%, 15%, 17%, 20%), different pH (3-11), and different
temperatures (0°C, 4°C, 28°C, 30°C, 32°C, 35°C, 37°C,
40°C, 42°C, 50°C, 60°C). The strain was reported as a
moderately halophilic bacterium and was able to grow at 2-
10% NaCl concentrations (optimal 4% NaCl), at 4-50°C
(optimal 30°C) and pH 6-10 (optimal pH 7) (Wang et al.,
2015). In the present study, while Planococcus dechangensis
strain MHDS3 was optimally able to grow at 10% NaCl
concentration, pH 7, and 35°C, it showed growth between 3%
and 20% NaCl, pH 6-8, 10°C-45°C ranges (Table 1). The
strain Planococcus dechangensis strain MHDS3 was able to
grow narrow ranges of pH and temperature than the strain
Planococcus dechangensis strain  NEAU-ST10-9T. Both,
strain NEAU-ST10-9T (Wang et al., 2015) and strain MHDS3
in the present study were able to use glucose and fructose.
Although strain MHDS3 produced acid from ribose, strain
NEAU-ST10-9T did not. Bacterial and archaeal populations of
Camalti Saltern were investigated several times (Yasa et al.,
2008; Poli et al., 2012; Mutlu and Guven, 2009; Guven et al.,
2010; Mutlu and Guven, 2011; Erdogmus et al., 2013; Mutlu
and Guven, 2015). Extremely halophilic archaeal species
Haloferax alexandrinus and Halobacterium salinarum were
isolated from soil samples obtained from Camalti Saltern
(Yasa et al., 2008). Enzyme producing bacterial and archaeal
species were isolated from water samples in Camalti Saltern
by Guven et al. (2010). Mutlu and Guven (2011) investigated
microbial community in Camalti Saltern using FISH and Real-
Time PCR. They reported that the samples contained
approximately 107 cells in one mL belonging to Bacteria and
Archaea domains. Poli et al. (2012) have isolated a new
moderately halophilic bacterium phylogenetically related to
Halomonas smyrnensis, which was optimally grown at 10%
NaCl (w/v). Haloferax sp., Halorubrum sp., Halobacterium sp.
and Haloarcula sp. found in Camalti Saltern were stated as
aromatic hydrocarbon-degrading Archaea by Erdogmus et al.
(2013). In the study of Mutlu and Guven (2015), 17 different
bacterial isolates were found to be phylogenetically related to
Halobacillus, Virgibacillus, ~Salinibacter and Halomonas
genera. Halotolerant Bacillus licheniformis was isolated from
crude salt samples of Camalti Saltern by the researchers
(Kirtel et al., 2021).

In Camalti Saltern, solar salt is produced by solar
evaporation. In this method, the seawater of Aegean Sea is
pumped into crystallizer multiponds (the salinity is about
0.35%) in spring. After the evaporation, the final salinity is
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measured approximately 26.5% in shallow ponds. Under
supersaturation levels, salt begins to crystallize (Guven et al.,
2010; Mutlu and Guven, 2015). It is known that moderately
halophilic bacteria are able to grow at a wide range of salt
concentrations (Ventosa et al., 1998). Therefore, moderately
halophilic bacteria found in crystallizer multiponds, can also
grow at the final solar salt produced in Camalti Saltern.

CONCLUSION

This is the first study that Planococcus dechangensis, a
moderately halophilic bacterium, was isolated from Camalti
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0z: Bu calisma Tiirkiye'deki balikgilik ve su diriinleri yetistiriciligi sektoriinii is sagligi ve giivenligi istatistikleri agisindan biitiinsel ve paydaslar 6zelinde
degerlendirmek ve Turkiye'deki is saghgi ve glvenligi istatistikleri ile kiyaslayarak sektoriniin durumunu ortaya koymak amaciyla gergeklestirilmistir.
Balikcilik ve su Urtinleri yetistiriciligi sektriinde yillik ortalama 312 (+147,6) kaza oldugu, bunlarin 2,14 (+1,57)'lnin strekli is géremezlik ve 1,57
(£1,51)'sinin 6limle sonuglandigi tespit edilmistir. Tirkiye'deki genel kaza sikligi, 6liimlii kaza sikligi, stirekli is goremezlik kaza sikligi ve is kazasi siklik hizi
sirasiyla 2211,8 (+574) 103,6 (£13,4), 5,88 (£2,41) ve 8,36 (+1,93) olarak hesaplanirken balikgilik ve su Uriinleri yetistiriciliginde bu degerler sirasiyla
3579,1 (£1549,3) 175,65 (+152,34), 240,67 (154,62) ve 13,65 (+5,84) olarak bulunmustur. 2019 yilinda Tirkiye'deki 6limlii kaza orani genel olarak %0,27
bulunmus, maden sektériinde %0,34, insaatta %0,77, nakliyede %0,80 olarak tespit edilmistir. Balik¢ilik ve su Urtinleri yetistiriciliginde ise bu oran %1 olarak
hesaplanmistir. Denizlerde yapilan avcilik ve yetistiricilik faaliyetlerinde tatli sulardakilere gore daha fazla is kazasi ve oliimli kaza oldugu tespit edilmistir.
Denizlerde yapilan avcilik ve yetistiricilik faaliyetleri ile tatli sularda yapilan avcilik faaliyetlerinde yasanan is kazasi sayisi ve is kazasi sonucu gegici is
goremezlik stireleri arasindaki farkin da 6nemli oldugu saptanmistir (p<0,05). Yetistiricilik sektériinde meydana gelen 6limlii is kazasi sayisinin ise avciligin
4 katindan fazla oldugu bulunmustur. Balikgilik ve su Urtinleri yetistiriciliginin tahmin edilenden ok daha riskli bir sektdr oldugu ortaya konmustur. Mevcut
durumun iyilestirilmesi igin birtakim degerlendirme ve oneriler ortaya konsada, sistemsel ve giiciinii mevzuattan alan bir yaklasimin daha efektif olacagi
distiniilmektedir. Bu yiizden, balikgilik ve su irlnleri yetistiriciligi ekonomik faaliyet koluna ait tiim alt calisma alanlarina ait tehlike siniflarinin “gok tehlikeli”
sinifa yukseltilmesi uygun bir yaklasim olacaktir. Bu sayede sektér calisanlarinin mesleki riskler konusunda aldiklari egitim siresi artacak, sektorde galisan
ISG profesyonellerinin unvan ve sayilari artarak daha nitelikli bir uzmanlasma gerceklesecek, kontrol ve denetim faaliyetlerinin daha siklasmasi saglanmig
olacaktir.

Anahtar kelimeler: Is kazasl, is giivenligi, balikgilik, yetistiricilik

Abstract: This study was carried out to make a holistic evaluation on the occupational health and safety (OHS) of fisheries and aquaculture sector with its
subsectors and to reveal the actual situation of fisheries and aquaculture sector by comparing relevant OHS statistics reported in Turkey. Annual average of
accidents in the fisheries and aquaculture sector was found to be 312 (+ 147.6), of which 2.14 (+ 1.57) resulted in permanent incapacity and 1.57 (+ 1.51)
of them with fatality. While general incidence rate, fatal incidence rate, permanent incapacity incidence rate and work accident frequency rate were
calculated as 2211.8 (+574) 103.6 (+13.4), 5.88 (£2.41) ve 8.36 (£1.93), these values for fisheries and aquaculture sector were determined to be 3579.1
(+1549.3) 175.65 (£152.34), 240.67 (154.62) ve 13.65 (£5.84), respectively. In 2019, the fatal accident rate in Turkey was found to be 0.27% in general,
0.34% in the mining sector, 0.77% in construction and 0.80% in transportation. This ratio was calculated as 1% in the fisheries and aquaculture sector. It
was determined that there were more work accidents and fatal incidents in fisheries and aquaculture activities in the seas than in fresh water. Difference
between number of work accidents and the duration of temporary incapacity as a result of work accidents in fisheries and aquaculture activities in marine
and fresh waters were also significant (p<0.05). Number of fatal accidents in aquaculture sector was found to be more than 4 times than in fisheries. It was
determined that the all types of incident rates, work accident frequency rates and fatality rates per work accident in fisheries and aquaculture sector were
higher than that of Turkey in general. Evaluation of occupational accidents in the fisheries and aquaculture activity was found to be riskier than expected.
Although some evaluations and suggestions are put forward to reduce the number of accidents and the severity of these accidents, a systematic and
legislative approach will be more effective. Therefore, it would be a suitable approach to raise the hazard classes of fisheries and aquaculture economic
activity to the “very dangerous” class. In this way, the training period of the sector employees on occupational risks and the titles and numbers of OHS
professionals working in the sector will be increased, a more qualified specialization will be realized, and control and audit activities will be more frequent.

Keywords: Work accident, occupational safety, fisheries, aquaculture
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Ginimizde is saghd ve guvenligi insan odakli  ve meslek hastaliklarindan korumak, isletmenin givenligini

yaklagimin bir sonucu olarak strekli gelisen, ilerleyen,
dinamik ve ¢ok disiplinli bir bilim dali olarak ifade edilmektedir.
is saghigi ve giivenligi uygulamalarinin temel amaglari tim
sektdrlerdeki calisanlari proaktif yaklagim ile is kazalarindan

sa@lamak, Uretim ve kaliteyi arttirmaktir. Tim dlnyada oldugu
Tirkiye'de de is kazalari ve buna bagli olarak élim sayilarinin
en yiksek oldugu ekonomik faaliyetler isthdamin da fazla
olmasiyla maden, ingaat, metal ve nakliye sektorlerine aittir
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(Goetsch, 2010; Bayraktar vd., 2018). Her meslegin veya
sektoriin kendine 6zgl calisma kosullari olsa da is saghg ve
guvenligi kapsamindaki ¢alismalar farkli dretim proseslerine
sahip sektorleri de kapsamakta ve bu sektérlerin sorunlarina
¢6zUm Uretebilmektedir. Kendine ézgl calisma kosullarina
sahip olan sektdrlerden biri de balikgihk ve su drinleri
yetistiriciligidir. Balikgilik ve su Urinleri yetistiriciligi dlinyadaki
en eski sektorlerden biri olmakla beraber kokll geleneklere de
sahiptir (Soykan, 2018). 2018 yilinda dinya su Urlnleri
uretimi 179 milyon tona ve buna karsilik gelen 401 milyar
dolarlik ekonomik blytklige ulagsmistir (FAO, 2020). Diinya
genelinde 58 milyon kisi balikgilik ve akuakiiltir sektériinde
calismakta, bunlardan 38 milyonu ise avcilik sektérinde
gorev yapmaktadir (ILO, 2018). Tirkiye'de 2019 yilinda 836
bin 524 ton su drinleri Gretimi gergeklestirilmistir. Uretimin
%44,8'ini avcilik yoluyla elde edilen deniz baliklari, %6,8'ini
avcilik yoluyla elde edilen diger deniz rinleri, %3,8'ini avcilik
yoluyla elde edilen i¢ su Grlnleri ve %44,6'sini yetistiricilik
urdnleri olusturmustur. Tirkiye'nin su Grtnleri ihracat miktar 1
milyar dolari gegmistir (TUIK, 2020).

Tirkiye'de balikgilik sektdriinii (¢ ana grupta ele almak
mimklndUr.  Bunlar; avcilik, yetistiricilik ve isleme
sektorleridir. Bu alt sektorlere ait resmi istihdam sayisi
yalnizca avcilik sektdri icin mevcut olup, 2019 yili igin
bildirilen rakam 28717'dir (TUIK, 2020). Buna ek olarak,
Turkiye'de yetigtiricilik sektdrindeki ¢alisan sayisi konusunda
resmi veri olmamakla birlikte retim, isleme, pazarlama, alet
ve ekipman temini, balik yemi Uretimi ve bu sektorle ilikili
isyerlerinde yaklagik 25.000 kisinin calismakta oldugu
bildirilmistir (Aydin, 2016; Gllsahin vd., 2020). Balikgilik
dunyanin birgok Ulkesinde en tehlikeli ve riskli mesleklerin
basinda gelmektedir (ILO, 2010). Buna karsin balikgilik ve su
Urdnleri  yetistiriciligi, Turkiye'de, 26.12.2012 tarihinde
yayinlanarak yirirlige giren “is Saghgi ve Giivenligine iligkin
Tehlike Siniflari Tebligi'ne gore tehlikeli isler kategorisinde
bulunmaktadir.

Gegmisten giniimiize Tlrkiye'de is sadligi ve guvenligi
konusunda yasanan en dnemli gelisme slphesiz ki kavramin
bir kanun haline geldigi 2012 yilinda olmustur. Bu yilda
yiirtirliige giren 6331 sayili “is Saglg Ve Giivenligi Kanunu’
balikgilik sektori de dahil olma izere, kamu ve 6zel sektore
ait batin islere ve isyerlerine, bu isyerlerinin isverenleri ile
isveren vekillerine, ¢irak ve stajyerler de dahil olmak Gzere
tim calisanlarina  faaliyet  konularina  bakiimaksizin
uygulanmaktadir. Buna ilaveten kamu kurumlarinda caligan
memurlar ile 50’den az caligani olan az tehlikeli isletmeler igin
kanunun yirirlige girme tarihi 31 Aralik 2023’e ertelenmistir.
Ayrica bazi galisan gruplari (MIT personeli, TSK personeli,
Sivil savunma personeli vd.) bu kanunun istisnalari arasinda
yer almaktadir. Bu kanun kapsamina dahil edilen her tirl
olay velveya slire¢ (is kazasi, meslek hastaligi, vb.) T.C
Sosyal Glvenlik Kurumu tarafindan kayit altina alinmaktadir.
is saghg ve Giivenligi Kanununun yirirlige girmesinin
ardindan bu kanunun farkli sektdrler tizerindeki etkisini ortaya
koyan ve bu kanun sonucu olusan farkindaligin birgok sektor

Uzerindeki yansimalarini konu alan pek ¢ok ulusal ve
uluslararasi  bilimsel galisma  Uretilmistir.  Madencilik
sektdrlindeki is kazalarinin analizi (Bayraktar vd., 2018),
tekstil sektériindeki istihdam-is kazas iligkisi (Gulllioglu ve
Taggin, 2018), Orman (Akyiz vd., 2016) ve ingaat (Ceylan,
2014) sektorlerindeki is kazas! istatistikleri Tirkiye’de yapilan
onemli bilimsel calismalardandir. Balikgilik ve yetistiricilik
alaninda uluslararasi bircok galisma varken (Kaplan ve Kite-
Powell, 2000; Myers ve Durborov, 2012; Pfeiffer ve Gratz,
2016; Watterson, 2018), balikgilik ve su Urlnleri sektorindeki
is saghgi ve glvenligini konu alan ulusal 6lgekteki bilimsel
makale ve proje sayisi azdir (Mert ve Ercan, 2014; Akyol vd.,
2016; Ulukan, 2016; Doganyilmaz Ozbilgin ve Tok, 2017;
Soykan, 2018; Koéken vd., 2018; Gilsahin vd., 2020;
Aydogan, 2020).

Bu calismanin amaci balikgilik sektorini is saghgr ve
guvenligi istatistikleri agisindan butinsel ve paydaslar
0zelinde degerlendirmek ve Turkiye'deki is saghgr ve
guvenligi istatistikleri ile kiyaslayarak balikgilik sektérinin
gercek durumunu ortaya koymaktir. Ayrica balikgiliktaki is
saghg ve guvenligi kavraminin gelistiriimesi ve konunun
éneminin  anlagilabilmesi igin bilimsel temelli katki ve
elestirilerde bulunulmustur. Bu galisma ile Turkiye balikgilik
sektorindeki is saghgr ve glvenligi konusuna bilimsel katki
yapilarak, ulusal literatliri zenginlestirmek ve gelecekte
yapilacak kapsamli galismalara 6nemli bir altyapi olusturmak
amaclanmstir.

MATERYAL VE YONTEM

Bu calismanin veri setini T.C. Sosyal Guvenlik Kurumu
(SGK) istatistik yilliklarina ait “is kazasi ve meslek hastali§”
ve “sigortall ve isyeri istatistikleri® olusturmaktadir. SGK
istatistik yilliklarinda is saghgi ve guvenligi alanindaki veriler
2007 yilindan itibaren verilmektedir. Bu galismada, is saghg
ve guvenligi kanununun yirirlige girdigi 2012 yilindan
sonraki veriler (2013-2019) incelenmistir. Ttrkiye'de balikgilik
ve su (rlnleri yefistiriciligi “Is Saghgi ve Giivenligine iliskin
isyeri Tehlike Siniflari Tebligi'ne gore deniz balikgilig, tath su
balikgihg, deniz drlnleri yetistiriciligi ve tath su Grlnleri
yetistiriciligi olmak Uzere 4 bagslk altinda toplanmistir. Bu
nedenle galismada is kazasi ve meslek hastaliklarina ait
istatistikler bu bagliklar altinda incelenmistir. Balikgilik ve su
Urtnleri yetistiriciligindeki is kazalari, meslek hastaliklari, 61im
sayilari, gegici is gdremezlik sireleri ve strekli is géremezlik
sayisi dederlendirmeye alinmistir. Balikgilik ve su (rlinleri
yetistiriciligindeki galisan sayilari SGK’nin yayinladigi sigortali
ve igyeri istatistiklerinden alinmistir. Bu veri seti igerisinde
balikgilik ve su drinleri yetistiriciliginde ¢alisan sayilari alt
sektorlere gore siniflandirimadigindan istihdam sayisi tim
sektorli kapsayacak sekilde verilmigtir. Tirkiye Cumhuriyeti
Aile, Calisma ve Sosyal Hizmetler Bakanhigrnin 2017 ve
sonrasinda calisanlarla ilgili verileri 4a ve 4b olarak
siniflamasi nedeniyle 2017, 2018 ve 2019 yilina ait veriler bu
iki grubun toplamini icermektedir.
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is kazalar ile ilgili karsilastirmalarda, uluslararasi
gegerliligi olan gesitli kiyaslama dlgitleri kullanilmakta,
bunlardan ulusal ve uluslararasi mevzuatta en yaygin olanlari
genel kaza sikligi, strekli is gérmezlik kaza sikhigi, 6limlu
kaza siklii, standardize is kazasi orani ve is kazasi siklik
hizidir (Eurostat, 2013; SGK, 2016). Bu galismada, balikgilik
ve su JUrlnleri sektérinde meydana gelen kazalarin
biyikligund degerlendirebilmek icin Turkiye ¢apinda faaliyet
gosteren iskolu ve sektérlerin toplami ile balikgilik ve su
Urdinleri yetistiriciligi sektdriinde meydana gelen is kazalarina
ait istatistiksel veriler bu parametreler araciligiyla
hesaplanmis ve karsilastirmali olarak sunulmustur. Bunlara
ek olarak is kazas| basina diisen &lim orani da verilmistir.

Genel is kazasi sikhg (GKS): Bir yilda 100.000 ¢aligan
basina diisen is kazasi sayisidir ve asagidaki formdille
hesaplanmaktadir;

_ KSx100000
GKS—T
KS: Kaza sayisi, CIS: Calisan isci sayisi kavramlarini
ifade etmektedir.

Siirekli is gormezlik kaza sikhig (SIGKS): Bir yilda
1.000.000 calisan basina diisen strekli is géremezlik sayisi
olup formalii agagida verilmigtir.

; _ SIGsx1000000
SIGKS—T
SIGS: Siirekli is géremezlik sayisi, CiS: Calisan isci
sayis| kavramlarini ifade etmektedir.

Oliimlii is kazasi sikhgi (OKS): Bir yilda 1.000.000
calisan bagina disen 6lim sayisidir. Formili asagida
verilmistir:

Aa_ 05x1000000

OKS—T

Formiilde verilen OS: Olim sayisi, CiS: Calisan isci
sayisidir.

Standardize is kazasi orani (SIKO): Bir yil icerisinde,
incelenen faaliyet kolunda meydana gelen is kazasi sayisinin
o faaliyet kolundaki beklenen kaza sayisina oraninin ylizdesel
ifadesidir. Diger bir ifade ile ilgili sektdrde bir yilda calisan
sigortall sayisi ve meydana gelen is kazasl sayisina gére
hesaplanan siklik hizinin, Glke i¢in o yil beklenen is kazasi
siklik hizina gére artis oranini ifade etmektedir. SIKO
herhangi bir sektorln bir yil igindeki performansini genel kaza
sikhgini baz alarak Tirkiye geneli ile karsilastirmak igin
kullanilan bir parametredir. Bu ¢alismada Turkiye icin her yil
referans alinan SIKO degeri diger bircok calismada
(Giilluoglu ve Giilluoglu, 2019; Glllioglu ve Taggin, 2018)
verildigi gibi %100 olarak alinmigtir. SIKO orani hesabi igin
kullanilan bu formiiller asagida verilmistir (Karadag, 2010);

SIKO (%)= (Yilda faaliyet kolundaki is kazasi sayisi x
100) / Beklenen is kazasi sayisi

Beklenen is kazasi sayisi = Genel is kazasi hizi x Is
kolundaki zorunlu sigortall sayisi

Genel is kazas| hizi = Kaydedilen toplam is kazasi sayisi /
Toplam sigortali sayisi

is kazasi siklik hizi (IKSH): Bir takvim yili icerisinde
6limli ya da 6limlG olmayan is kazasi sayisinin incelenecek
sektor icinde yer alan iscilerin calisma saatine bolinmesi ile
elde edilen orandir. Farkli hesaplama yontemleri olmasina
karsin, dlkeler ve sektorler arasinda karsilastirma yapmaya
olanak sagladigi icin en fazla tercih edilen parametredir
(Akyiiz vd., 2016). IKSH genel olarak iki farkli yontemle
hesaplanir. Birinci yontem (IKSH1); bir yil ierisinde galigilan
her 1.000.000 is saatine karsilik gelen kaza sayisi olarak
tanimlanmaktadir.

IKSH+= IKS / (PTEGS x 8) x 1.000.000
IKS: Is kazasi gegiren sigortali sayisi,

PTEGS: Toplam prim tahakkuk eden giin sayisi (PTEGS,
her gin icin 8 saatlk tam calisma ile carpilarak tim
sigortalilarin bir yil iginde toplam calisma saati bulunur),
olarak ifade edilmektedir.

PTEGS, SGK istatistik yilliklarinda her bir faaliyet kolu igin
ayri ayri veriimemektedir. Balikgilik ve su Grlnleri yetistiriciligi
icin toplam prim tahakkuk eden giin sayisini hesaplanirken
Turkiye genelinde ilgili yilda calisan bagina diigen ortalama
prim tahakkuk eden giin sayisi bulunmus ve Balikgilik ve su
Urtnleri yetistiriciliginde calisan sigortali sayisiyla garpilmistir
(Akylz vd., 2016).

ikinci yontem (IKSHz); tam giin calisan her 100 kisi

arasinda ka¢ kaza oldugunu ifade etmekte ve asagidaki
formiille hesaplanmaktadir:

IKSH2= IKS / (PTEGS x 8) x 225.000

Formilde 100 sigortalinin haftada 45 saat, yilda 50 hafta
calistigi kabul edilmektedir (SGK, 2016).

is kazasi bagina diigen 6liim orani (IKBDOO): Bir yil
icerisinde, incelenen faaliyet kolunda meydana gelen 6lumli
is kazasl sayisinin o faaliyet kolundaki toplam is kazasi
sayisina oraninin yiizdesel ifadesidir.

i A Sektordeki 6limli is kazasi1¥100
IKBDOO= ?

Sektoérdeki toplam is kazasi

Balikgilik ve su Urlnleri yetistiriciligindeki is kazalari,
olumli is kazasi sayilari, is kazas! istatistikleri, is kazasi siklik
degerleri ve siklik hizlart MS Office Excel programinda
degerlendirilmis, bu verilere iliskin ortalama (ort), varyans
(var) ve standart sapma (std.sap) degerleri hesaplanmistir.
Deniz balikgiligi-deniz yetistiriciligi, deniz balik¢iligi-tath su
balikgiligi, deniz yetistiriciligi-tatl su yetistiriciligi ve deniz-tatli
su galismalarindaki (avcilik ve yetistiricilik toplam olmak
Uzere) kaza sayllar ve is kazasl sonras| gegici is géremezlik
stireleri arasindaki farklar p=0,05 dnemlilik derecesinde non
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parametrik Mann Whitney U testi ile Statistica 12.0 paket
programinda test edilmistir.

BULGULAR

Tirkiye'de balikgilik ve su Griinleri yefistiriciligi faaliyet
kolu, Is Saghgi ve Guvenligine lliskin Isyeri Tehlike Siniflari
Tebligi'nde deniz balikgidi, tath su balikgihgi, deniz Urinleri

yetistiriciligi ve tatli su Grlinleri yetistiriciligi olarak 4 ana grupta
incelenmektedir. Bu alt faaliyetler “az tehlikeli”, “tehlikeli” ve
“cok tehlikeli” olarak ilgili tebligde siniflandiriimigtir (Tablo 1).
Buna karsin Sosyal givenlik kurumu (SGK)'nun kurulusundan
once var olan Sosyal Sigortalar Kurumu (SSK), balikgilik ve
balik¢iligin icerdigi tlm alt sektdrleri “Balikgilik” bashgi altinda
toplamistir.

Tablo 1. s Sagligi ve Giivenligine lligkin isyeri Tehlike Siniflar Tebligine gére Tiirkiye'de balikgilik ve su iiriinleri yetistiriciligine ait faaliyet
kollari ve tehlike siniflari (T.C. Resmi Gazete, 28509, 26.12.2012)

Table 1. Economic avtivity codes and danger classes of subsectors belonging to fisheries and aquaculture sector in Turkey according to
danger class communiqué of occupational health and safety (Republic of Turkey, Official Newspaper 28509, 26.12.2012)

NACE i
Rev.2, Altl NACE Rev.2_Altili Tanim Teniike
Kod
03 Balikgilik ve su iiriinleri yetistiriciligi
03.1 Balikgilik
03.11 Deniz balikgihgi
03.11.01 Deniz ve kiyi sularinda yapilan balikgilik (girgir balikgiligi, dalyancilik dahil) Tehlikeli
03.11.02 Deniz kabuklularinin (midye, 1stakoz vb.), yumusakgalarin, diger deniz canlilari ve Uriinlerinin toplanmasi (sedef, dogal inci, ~ Cok

o slinger, mercan, deniz yosunu, vb.) Tehlikeli
03.12 Tath su balikgigi
03.12.01 Tatli sularda (irmak, gél) yapilan balikgilik (alabalik, sazan, yayin vb.) Tehlikeli
03.2 Su iriinleri yetistiriciligi
03.21 Deniz iiriinleri yetistiriciligi
03.21.01 Denizde yapilan balik yetistiriciligi (ipura, karagdz, kefal vb. yetistiriciligi ile kiltir bali§i, balik yumurtasi ve yavrusu dahil) Tehlikeli
03.21.02 Denizde yapllgn diger su Uriinleri yetistiriciligi (midye, istiridye, 1stakoz, karides, eklembacaklilar, kabuklular, deniz yosunlari Tehiikeli

vb.) (balik harig)

03.22 Tath su lriinleri yetistiriciligi
(Degisik: RG- o
311/2018- Tatli sularda yapilan balik yetistiriciligi (stis balig, kiilttir balidi, balik yumurtasi ve yavrusu dahil) Az Tehlikeli
30318) 03.22.01
03.22.02 Tatlisu Urtinleri yetistiriciligi (yumusakgalar, kabuklular, kurbagalar vb.) (balik haric) Tehlikeli

Tirkiye'de 4a (hizmet akdine bagh ¢alisanlar) ve 4b
(kendi adina ve hesabina bagimsiz ¢alisanlar) statistinde
caligan sigortalilardan 2019 yilinda 422837 is kazasi ve 1091
meslek hastaligi bildirilmis olup balikgilik ve su Urinleri
yetistiriciliginde 375 is kazasI meydana gelmis buna karsin hi¢
meslek hastali§i rapor edilmemigtir. Tlrkiye’de 2019 yilinda
yasanan toplam is kazalarinin 1147 tanesi o6limle
sonuglanirken, olimli kaza orani %0,27 olarak tespit
edilmigtir. Bu oran maden (kdmir ve linyit g¢ikariimasi
(05.10.01), metal cevheri madenciligi (07.10.01, 07.21.03,
07.21.04, 07.29.01-06), diger madencilik ve tas ocakgiligi
(08.11.01-07, 08.12.01-03, 08.91.01-05, 08.92.01, 08.93.01-

02, 08.99.01-90), madenciligi destekleyici hizmet faaliyetleri
(09.10.01-03)) ingaat (bina ingaati (41.10.01-03, 41.20.01-05),
bina disi yapilarin ingaati (42.11.01-03, 42.12.01, 42.13.01-
02, 42.21.01-05, 42.22.01-07, 42.91.01-04, 42.99.01-04), 6zel
ingaat faaliyetleri (43.11.01, 43.12.01-02, 43.13.01, 43.21.01-
03, 43.22.03-07, 43.29.01-05, 43.32.01-03, 43.33.01-02,
43.34.01-03, 43.39.01-02, 43.91.01, 43.99.01-15)) ve nakliye
(kara tagimaciligi ve boru hatti tagimaciigi (49.10.01,
49.20.01, 49.31.01-90, 49.32.01-02, 49.39.01-90, 49.41.01-
90, 49.42.01, 49.50.01-90), su yolu tagimacilgi (50.10.12-90,
50.20.17-91,  50.30.08-09,  50.40.05-08), hava yolu
tasimaciligi (51.10.01-03, 51.21.17, 51.22.02), tagimacilik igin
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depolama ve destekleyici faaliyetler (52.10.02-90, 52.21.04-
90, 52.22.06-90, 52.23.03-90, 52.24.08-11, 52.29.01-90))
sektorleri (parantez icinde NACE 2 kodlar ile verilen tiim ilgili
faaliyet kollari dahil olmak Uzere) icin sirasiyla % 0,34, % 0,77
ve % 0,8 olarak hesaplanmistir. Ayni yil iginde balikgilik ve su
urdinleri yetistiriciligi sektortinde 6limle sonuglanan is kazasi
sayisi 4 olup, élimli kaza orani %1 olarak bulunmustur. Bu
oranlar baz alindi§inda 2019 yilinda Tirkiye'de kaza basina
dusen 6llim oraninin en fazla oldugu faaliyet balikgilik ve su
Urlinleri yetistiriciligidir. Bununla beraber 2013-2019 yillari
arasinda balikgilik ve su Urlnleri yetistiriciligindeki is kazasi
basina disen 6lim orani %0,71 iken, Tirkiye'deki tim
sektorlerin ortalamasi %0,51 olarak tespit edilmistir (Tablo 2).

goéremezlik sayilari, is kazasi nedeniyle élim sayilari 2013-
2019 dénemi igin Tablo 3'te verilmistir.

Tablo 3. 2013-2019 vyillari arasinda balik¢ilk ve su (rinleri
yetistiriciligi faaliyet kolundaki bazi is kazasi istatistikleri
(Den. bal: deniz balikgiligi; Tat. Bal: Tatl su balik¢ilgr;
Den Yet: Deniz yetistiriciligi; Tat. Yet: Tatli su yetistiriciligi)

Tablo 2. 2013-2019 vyillari arasinda balikcilik ve su Urinleri
yetistiriciligindeki is kazas! ve élimli is kazasi sayilarinin
Ttirkiye'deki genel durum ile kiyaslanmasi

Table 2. Comparing the number of work accidents and fatal
incidents in fisheries and aquaculture sector and Turkey
in general
Tiirkiye'deki tiim sektorler ~ Balikgilik ve su iiriinleri

toplam yetistiriciligi
is kazast  Olim IKBDOO' Iskazasi  Olim IKBDOO'
sayisl sayIsl sayisl sayisl
2013 191389 1360 0,71 118 3 2,54
2014 221366 1626 0,73 169 0 0,00
2015 241547 1252 0,52 300 1 0,33
2016 286068 1405 0,49 582 0 0,00
2017 359653 1633 0,45 273 2 0,73
2018 430985 1541 0,36 344 1 0,29
2019 422463 1147 0,27 375 4 1,07

Var, 8127828060 29848,82 0,02
Ort.  307638,71 142343 0,51
9015447 172,77 0,16

19652,49 1,96 0,69
308,71 1,57 0,71

Std.sap. 140,19 1,40 0,83

*IKBDOO: is kazas! bagina diigen 6lim orani

6331 sayill Is Saglg ve Giivenligi Kanunu yiiriirlige
girmeden d&nce Tirkiye'de 2007-2012 yillari arasinda
balikgilik ve su rlnleri yetistiriciligi faaliyet kolunda toplam
230 is kazas! gergeklesmis, bu kazalardan 4 tanesi strekli is
goéremezlikle ve 8 tanesi de Olimle sonuglanmigtir. Bu
donemde resmi kayitlara gegen hi¢ meslek hastaligi
olmamistir.

Balikgilik ve su drinleri sektdriinde ve bu sektorin alt
dallarina iligkin is kazasi sayilari, slrekli ve gegici is

Table 3. Some work accident statistics of fisheries and aquaculture
sector between 2013 and 2019
Sigortall g kazasi Iz:::::' Iz:::s:' is kazas
Yl Faaliyet SN Sayist o il sireklig  "edenivie
sayis| e A . > oliim
goremezlik goremezlik (Kisi)
(giin) (kisi) s
Deniz. Bal. 38 591 1
17 65 0
2013 1B gge 2
Den. Yet. 48 401 1
Tat. Yet. 15 158 1
Ara Toplam 118 1215 2 3
Den. Bal. 96 790 0
1 194
2014 TBaAL e 18 s 0 0
Den. Yet. 7 638 0
Tat. Yet. 11 136 0
Ara Toplam 196 1758 0 0
Den. Bal. 169 478 0
13 65 0
2015 1Ba gy 2
Den. Yet. 101 1289 0
Tat. Yet. 17 475 1
Ara Toplam 300 2307 2 1
Den. Bal. 374 959 0
10 69 0
2016 etBa gue 2
Den. Yet. 190 1989 0
Tat. Yet. 8 92 0
Ara Toplam 582 3109 2 0
Den. Bal. 17 432 0
11 378 0
2017 T3tBal g 1
Den. Yet. 224 2105 1
Tat. Yet. 21 529 1
Ara Toplam 273 3444 1 2
Den. Bal. 32 57 0
13 30 0
2018 1B ga0e 5
Den. Yet. 277 1060 1
Tat. Yet. 22 93 0
Ara Toplam 344 1240 5 1
Den. Bal. 37 789 1
5 10 0
2019 1B g7gy 3
Den. Yet. 309 4104 3
Tat. Yet. 24 364 0
Ara Toplam 375 5267 3 4
Genel Toplam 2188 18340 15 1"
Varyans 18664 1806306,29 2,12 1,96
Ortalama 3126 2620 2,14 1,57
Standart sapma 1476 145167 1,57 1,51

Galismanin  kapsadigl dénemde tatli su balikgiiginda
gerceklesen 87 is kazasinda hi¢ 6lim rapor ediimemesine
karsin, tatl su yetistiriciliginde 118 kazanin 3’lnln, deniz
yetistiriciliginde 1220 kazanin 6’sinin ve deniz balikgiliginda
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763 kazanin 2'sinin 8limle sonuglandigi bildirilmistir. is kazas!
basina digen 6lim oranin en yiiksek oldugu faaliyetin %2,54
ile tath su yetistiriciligi oldugu, bunu sirasiyla %0,49 ve %0,26
ile deniz yetigtiriciligi ve deniz balikgiiginin izledigi tespit
edilmistir. Incelenen 6 yillik dénemde hic meslek hastaligi
buna bagli is goremezlik ve 6lim rapor edilmemistir. Yapilan
istatistiksel degerlendirmelerde deniz balikgihigi ve deniz
yetistiriciligi faaliyet alanlarinda yaganan is kazasi sayilari ve
is kazasi sonucu gegici is goremezlik streleri arasindaki
farklarin dnemsiz tespit edilmistir (p>0,05). Buna karsin deniz
balikgiligi-tath su balikgiligi ve deniz yetistiriciligi-tath su
yetistiriciligi karsilastirildiinda bu farklarin her iki durum
icinde énemli oldugu bulunmustur (p<0,05). Daha genel bir
degerlendirme ile denizlerde yapilan avcilik ve yetistiricilik
faaliyetleri ile tatl sularda yapilan avcilik faaliyetlerinde
yasanan is kazasl sayisi ve is kazasl sonucu gegici is
goremezlik slreleri arasindaki farkin da dénemli oldugu
saptanmistir (p<0,05) (Tablo 4)

Tablo 4. Denizlerde ve tatli sularda gergeklestirilen faaliyetlerin is
kazasi sayisi ve is kazasl sonucu gegici is gbremezlik
stresi agisindan Mann Whitney-U testi ile karsilastirimasi

Table 4. Comparing number of work accidents and days of
temporary incapacity in marine and freshwater activities

by Mann Whitney-U test

i kazasi sonucu

Kiyaslanan faaliyetler is kazasi sayis gegici is goremezlik
siiresi

Deniz balikgilgi - Deniz p=0,12 p=0,054

yetistiriciligi

Deniz balikgiligi — Tatl _ _

su balikgiligr p=0004 p=0015

Deniz yetistiriciligi — _ _

Tath su yetistiriciligi p=0002 p=0.004

Deniz (avcilik ve

yetistiricilik toplam) - 0=0.002 0=0.002

Tatli su (aveilik ve
yetistiricilik toplam)

incelenen tarih araliginda en fazla dlimlii is kazasinin
2019 yilinda (n=4) oldugu, 2014 ve 2016 yillari arasinda ise
yasanan kazalarin élimle sonuglanmadigi tespit edilmistir. is
kazalari ve oOlimle sonuglanan is kazalarinin faaliyet
bdlgesine gére dagiiminda denizlerde yapilan avcilik ve
yetistiricilik faaliyetlerinin 1983 is kazasi ve 8 dlimlu kaza ile
rapor edildigi, tatli sularda ise 205 kazaya karsin, 3 dlimli
kaza meydana geldigi bildirimistir (Tablo 3). Calismanin
kapsadigi dénemde vyetistiricilik sektoriinde (deniz ve tath su
toplam) 1338 kazaya karsilik 9 6limll is kazasi meydana
gelmis, avcilik sektdriinde (deniz ve tatli su toplam) ise 850
kazaya karsin 2 6limlu is kazas rapor edilmistir (Tablo 3). Bu
periyotta olimli is kazasl yasanmayan tek alt sektor tatl su
balik¢ihdr olmustur. 2013-2019 yillari arasinda balikgilik ve su
urdnleri yetistiriciligi faaliyet kolunda meslek hastaligindan
kaynakli gecici ve kalici is goremezlik ve meslek hastaligi
nedenli 6lim bildiriimemigtir. Is kazasi sonucu strekli is
gbremez olarak nitelendirilen c¢alisan sayisi en yiksek
seviyeye (n=5) 2018 yilinda ulasiimis, 2019 yilinda 3 olarak

tespit edilmis, 2013, 2015, 2016 yillarinda 2, 2017 ‘de 1 ve
2014'te 0 olarak rapor edilmigtir. Is kazasi sonucu gegici is
goremezlik verilerinde en yliksek sayi 5267 ile 2019 yilinda ve
en distik sayl 1215 ile 2013 yilinda verilmistir. Calismanin
kapsadi§i dénemde gegici is goremezlik siirelerinin en fazla
oldugu alt sektdriin deniz yetistiriciligi oldugu (11586 giin),
bunu sirasiyla deniz balik¢iligi (4096 giin), tatli su yetistiriciligi
(1847 gln) ve tath su balikgiliginin (811 giin) izledigi tespit
edilmistir. Yetistiricilik (deniz ve tatl su toplam) sektdriindeki
13433 ginlilk gegici is géremez slresine karsin balikgilikta bu
sayl 4907 olmustur.

Balikgilik ve su Uriinleri yetistiriciligine ait alt sektorlerde
2013-2019 yillari arasinda yasanan is kazalarinin dagiliminda
deniz balikgiigindaki kaza sayilarinin 2013'ten 2016 yilina
kadar arttigi ve 2016’da pik noktaya ulastigi gorlimektedir.
2017 vyiinda deniz balikgiiginda yasanan kaza sayisl
dramatik bir disls gostermis ve 2018 ve 2019 yillarinda az
miktarda artmistir. Buna kargin ¢alismanin  kapsadigi
dénemde deniz vyetistiriciligi alaninda meydana gelen kaza
sayilari strekli artis géstermistir (Sekil 1).

400
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200
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100
50
0
2013 2014 2015 2016 2017 2018 2019
Yil

Is kazas! sayis|

Den. Bal. Tat. Bal.

Sekil 1. Balikgilik ve su drlnleri sektorinin alt dallarina iliskin is
kazasi sayilarinin 2013-2019 yillari arasindaki dagilimi
Figure 1. Distribution of work accident numbers between 2013 and

2019 within the subsectors of fisheries and aquaculture

Galismada incelenen 3 adet kaza siklik degeri Tablo 5'de
verilmistir. Balikgilk ve su drinleri yetistiriciligindeki genel
kaza siklik de@erleri 2013 yili harig Ttirkiye genelinde bildirilen
genel kaza siklik degerlerinin (izerinde bulunmustur. Ayrica
2016 yilinda hesaplanan kaza siklik degeri TUrkiye genelinin
yaklasik 5 katidir. Surekli is géremezlik kaza siklik degerinde
ise 2014 vyilinda balikgilk ve su Urinleri yetistiriciligi
sektérinde sUrekli is géremezlikle sonuglanan kaza
gerceklesmediginden bu deder 0 olarak tespit edilmistir.
Bunun disindaki yillarda ise sektdrde hesaplanan oran
Tlrkiye genelindeki oranlardan ¢ok yiiksek bulunmustur. 2014
ve 2016 yillarinda balikgilik ve su drlinleri yetistiriciligi faaliyet
kolunda 6lumld is kazas! bildirilmemistir ve bu nedenle 6limli
kaza sikligi degeri bu vyillarda O'dir. Diger vyillarda ise
sektdrdeki Olimlu kaza siklik degerleri Tirkiye genelinde
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tespit edilen dederlerden 1,9 ile 5 kat daha fazla olarak tespit
edilmistir. Standardize is kazasi oranlar incelendiginde
minimum degerin 2013, maksimum degerin ise 2016 yilinda
elde edildigi gorilmektedir (Tablo 6). Balikgilik ve su rlinleri
yetistiriciligi faaliyet kolundaki is kazasi siklik hizlari da 2013
yill harig Tirkiye geneli icin verilen degerlerin (zerinde

hesaplanmistir. Son 7 yillik dénemde balikgilik ve su Urlnleri
yetistiriciliginde her 1000000 is saatinde ortalama olarak
13,65 is kazasI meydana gelirken TUrkiye geneli igin bu deger
8,36’'dir. Bununla beraber incelenen faaliyet kolunda her 100
calisana 3'ln (zerinde kaza duserken, Tirkiye geneli igin
2'nin altindadir (Tablo 7).

Tablo 5. 2013-2019 yillar arasinda balikgilik ve su Grlnleri yefistiriciligindeki is kazasi sikiik degerleri ve Tirkiye'deki tlim sektorlerle
karsilastirimasi (GKS: Genel kaza sikligi, SIGKS: Sirekli is géremezlik kaza sikligi, OKS: Oliimli kaza sikligr)

Table 5. Incident rates in fisheries and aquaculture sector and Turkey in general between 2013-2019 (GKS: General incidence rate, SIGKS:
Permanent incapacity incidence rate, OKS: Fatal incidence rate)
Tiirkiye'deki tiim sektorler toplam
Galisan sayisi is kazasi sayisi gé:zri:]r:zkggm 6Iﬁmlsi.'|aiy§lslfaza5| GKS SIGKS Oks
2013 12484113 191389 74 1360 1533,06 593 108,94
2014 13240122 221366 115 1626 1671,93 8,69 122,81
2015 13999398 241547 5 1252 1725,41 0,36 89,43
2016 13775118 286068 94 1405 2076,7 6,82 102,00
2017 14447817 359866 85 1636 2490,8 5,88 113,24
2018 14229170 431276 94 1542 3030,93 6,61 108,37
2019 14314313 422837 98 1149 2953,95 6,85 80,27
Var. 421720756485 8153541487 1089,06 29905,3 329508,9 58 180,1
Ort. 13784293 307764 80,7 14242 22118 5,88 103,6
Std.sap 649400 90296 33,0 172,9 574,0 2,41 134
Balikgilik ve su iiriinleri yetistiriciligi
2013 8148 118 2 3 1448,21 245,459 368,189
2014 7582 196 0 0 2585,07 0 0
2015 8041 300 2 1 3730,88 248,725 124,363
2016 8467 582 2 0 6873,75 236,211 0
2017 9062 273 1 2 3012,58 110,351 220,702
2018 9306 344 5 1 3696,54 537,288 107,458
2019 9784 375 3 4 3832,79 306,623 408,831
Var. 525625,26 18664 2,12 1,95 2400477 23906,3 23208,6
Ort. 8627,14 312,57 2,14 1,57 3597,12 240,67 175,65
Std.sap 725,0 136,62 1,46 1,40 1549,35 154,62 152,34

*ligili yilda is kazas! gegirip stirekli is gremez durumuna diisen calisan sayis
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Tablo 6. Balikgilik ve su trinleri yetistiriciligi sektoriinde standardize is kazasi oranlarina iliskin parametreler ve bu oranlarin yillik dagilimlari

(GIKH: Genel is kazas! hizi, SIKO: Standardize is kazas orani)

Table 6.  Annual distribution of standardized work accident rates in fisheries and aquaculture sector (GIKH: General work accident frequency,
SIKO: Standardized work accident rate)
Galigan sayisi is kazasi sayisi siko
Balikgilik ve su Tiirkive Balikgilik ve su . Tiirkive
Tiirkiye geneli uriinleri ¥e uriinleri GIKH Ve Balikgilik ve su liriinleri yetistiriciligi
. geneli TR geneli
yetistiriciligi yetistiriciligi
2013 12484113 8148 191389 118 0,015 100 9447
014 13240122 7582 221366 196 0,017 100 154,62
2015 13999398 8041 241547 300 0,017 100 216,23
2016 13775118 8467 286068 582 0,021 100 330,99
w017 14447817 9062 350866 273 0,025 100 120,95
so1s 14229170 9306 431276 344 0,030 100 121,96
worg 14314313 9784 422837 375 0,030 100 12975
Tablo 7. Balikgilik ve su Griinleri yetigtiriciligindeki is kazasi siklik hizina iligkin veriler ve bu verilerin Tirkiye'deki tim sektorlerin geneli ile
karsilastirimasi (PTEGS: Prime tahakkuk eden glin sayisi, IKSH1: Is kazasi siklik hizi (1. ydntem), IKSH2: Is kazasi siklik hizi (2.
yontem))
Table 7. Data and results for incidence rates of occupational injuries in fisheries and aquaculture sector and comparison with the values
reported for Turkey in general (PTEGS: number of days of premium accrued represents total working days of all insured persons
during calendar year, IKSH1: This method represents the number insured persons who had an occupational accident per 1.000.000
working hours (1. method), IKSH2: This method represents the number insured persons who had an occupational accident per 100
person (2. method))
Tiirkiye'deki tiim sektorler toplam Balikgilik ve su iiriinleri yetistiriciligi
Galisan is kazasi _ _ Galisan is kazasl _ _
sayisl sayisl PTEGS IKSH1 IKSH; sayis| sayisl PTEGS IKSH1 IKSH;
2013 12484113 191389 4069831784 5,88 1,32 8148 118 2656255 5,55 1,25
2014 13240122 221366 4248428182 6,51 1,47 7582 196 2432877 10,07 2,27
2015 13999398 241547 4462091444 6,77 1,52 8041 300 2562944 14,63 3,29
2016 13775118 286068 4524501578 7,90 1,78 8467 582 2781026 26,16 5,89
2017 14447817 359866 4524383875 9,94 2,24 9062 273 2837797 12,03 2,71
2018 14229170 431276 5006245563 10,76 2,42 9306 344 3274128 13,13 2,95
2019 14314313 422837 4907005930 10,76 2,42 9784 375 3353996 13,98 3,14
Var. 3,76 0,19 34,12 1,72
Ort. 8,36 1,88 13,65 3,07
Std.sap 1,93 0,43 5,84 1,31
TARTISMA VE SONUG sektorin is sagligi ve glvenligine iliskin bazi tespitler ilk kez

Bu calismada, Tiirkiye ekonomisine ylksek katma deger
saflayan Turkiye balik¢ilik ve su Urinleri yetistiriciligi
sektorlinin is saghg ve givenligi 6zelinde icinde bulundugu
durumu ortaya koyabilmek igin is kazasi ve meslek hastaligi
istatistikleri degerlendirilmigtir. Trkiye'deki balikgilik ve su
Urtinleri yetistiriciligi is kolunun son 7 yilina ait is kazasl ve
meslek hastaligi istatistiklerini degerlendiren bu makale ile

yapilmistir. Bu tespitlerin en dnemlilerinden birisi son 7 yillik
istatistiklerin  ortalamasinda  balikgilik ve su  Uriinleri
yetistiriciligindeki  6limli is kazasi oraninin  TUrkiye
ortalamasindan yaklasik %50 fazla olmasidir. 2019 yilinda
Tlrkiye'deki 6limli kaza orani genel olarak %0,27 bulunmus,
maden sektorinde %0,34, insaatta %0,77 ve nakliyede
%0,80 olarak tespit edilmistir. Balikgillk ve su Uriinleri
yetistiriciliginde ise bu oran %1 olarak hesaplanmis ve en
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riskli faaliyet kollarindan olan madencilik, insaat ve nakliye
sektorleri, kaza bagina diigen 6lum sayisinda balikgilik ve su
urtinleri yetistiriciliginin gerisinde kalmigtir. Daha genel bir
ifade ile degerlendirmek gerekirse balikgilik ve su Uriinleri
yetistiriciligi sektorlindeki is kazas! basina dlisen 6lim orani
Tirkiye ortalamasinin 4 katina yakin olmustur. Bu baglamda
balikgilik ve su rinleri sektdri 2019 yili igin Tlrkiye'de kaza
basina diisen 6lim oraninin en yiksek oldugu calisma alani
olarak karsimiza gikmaktadir. Kaplan ve Kite-Powell (2000),
bu bulguya paralel olarak, balikgilik meslegindeki 6lim
oranlarinin polislik ve itfaiyecilik dahil koruma hizmeti
sektorlindeki 6lim oranlarindan énemli dlglide daha yiksek
oldugunu bildirmistir. Balikgilik ve su drlinleri sektorinde kaza
basina dusen 6lim oranlarinin yliksek olmasinin en dnemli
nedenlerinden birisinin ¢alisma ortamlarinin genel olarak
profesyonel saglik hizmeti sunan servislerden uzak olmasi ve
is kazas! sonucu olusan yaralanmalara kisa strede miidahale
edilememesi oldugu distinlimektedir. Kaplan ve Kite-Powell
(2000) balik ve diger denizel kaynaklarin tretim sreglerinin
genelde zorlu hava ve deniz sartlarinda gergeklestirildigini
bdyle zamanlarda kaza ve yaralanmalarin sayisinin oldukga
yuksek oldugunu bildirmistir.

Tirkiye'de meslek hastaligi kavrami tiim sektorlerde
Uzerinde oOnemle durulmasi gereken bir konudur. Mevcut
galismanin bulgularinda en dikkat ¢eken noktalardan biri
balikgilik ve su drinleri yetistiriciligi sektérinde hi¢ meslek
hastaligi rapor edilmemesidir. Meslek hastaliginin rapor
edilmemesi, meslek hastaliginin bu sektdrde hi¢ yasanmadig
anlamina gelmemektedir. Bir (ilkede beklenen meslek
hastaliklari  sayisi  konusunda Harrington vd., (1998)
tarafindan yayinlanan “Occupational Health” isimli ¢alisma
temel literatlirlerden bir tanesidir. Harrington vd., (1998) bir
Ulkenin is sagligdi alanindaki gelismislik diizeyiyle baglantil
olarak saptanmasi gereken meslek hastaligi sayisi binde 4-12
arasinda olmasi gerektigini ifade etmistir. Bu kriter baz
alindiginda 2013-2019 yillari arasinda balikgilik ve su Uriinleri
faaliyet kolunda beklenen meslek hastaligi sayisinin 32 ile
120 arasinda olmasi gerekti§i de@erlendirilmistir. Meslek
hastaliklarinin tanisi ve raporlanmasi asamasinda birtakim
eksiklikler ve yetersizlikler yasanmaktadir ki bunlar gercek
sonuglarin ortaya konmasindaki en Onemli sorunlardir
(Aydogan, 2020). Ozveri (2018), meslek hastaliklarinin
tespitine iliskin hukuki strecin, teknik ve hukuki araglardan
yoksun, uzun, yetersiz, keyfi sekilde seyrettigini, meslek
hastaliinin tespitinde SGK saglik sunucularinin sorumluluk
almaktan kagindigini ve ilgili vakalarin meslek hastaliklari
hastanelerine yollandigini  bildirmistir. Meslek hastaliklari
hastanelerinin ise kadro ve bilgi birikimi agisindan ciddi
sekilde erozyona ugradidi arastirici tarafindan eklenmigtir.
Diger taraftan, meslek hastaliklarinin tespit edilmesindeki
guglik, bazi meslek hastaliklarinin ¢ok uzun dénemlerde
ortaya gikmasi ve caliganlarin bu siregte sektdr degistirmeleri
meslek hastaligi bildiriminin 6nlindeki engeller olarak ifade
edilmektedir (Aydogan, 2020). Avcllik, yetistiricilik, isleme gibi
zorlu Uretim ve streglerde ¢alisan balikgilik ve su Urlnleri
yetistiriciligi calisanlari fiziksel, kimyasal ve biyolojik risk

etmenlerine maruz kalarak ¢alismakta bu ylizden de gesitli
meslek hastaliklarina yakalanma ihtimalleri artmaktadir. Bu
nedenle calisanlarin ve igverenlerin meslek hastaligi
konusunda farkindaligi arttirilmali ve meslek hastaligi
konusundaki mevzuat ve sireg titizlikle takip ediimelidir.

Calismada, balikgilk ve su Grlnleri yetistiriciligi
sektdriindeki is kazasi siklik degerleri (GKS, SIGKS ve OKS)
Tirkiye geneliyle kiyaslanmis ve sektdrde veri bildirimi
yapilan hemen her yil hesaplanan deger (GKS igin 2013,
SIGKS igin 2014, OKS icin 2014 ve 2016) Tirkiye genelinde
elde edilen degerlerin ve ylksek istihdama sahip birgok
sektoriin (izerinde bulunmustur. Ornedin 2016 yilinda tekstil
sektdriinde bildirilen genel kaza sikhgi 1935 iken (Gullioglu
ve Tacgin, 2018) balikgilik ve su trinleri yetistiriciliginde
(6873,5) bunun yaklasik 4 katidir. Ceylan (2014) Tirkiye'de
2004-2010 yillari arasinda ingaat sektériinde olimli kaza
siklik degerlerinin 127-350 arasinda ve sirekli is gdremezlik
kaza sikigini 196-460 olarak bildirilmistir. 2013-2019 yillari
arasini kapsayan bu calismada balikgilik ve su rlnleri
yetistiriciligi faaliyet kolunda veri bildirilen yillarda 6limli kaza
sikliginin 107-480 ve slrekli is gbéremezlik kaza sikliginin
110-537 arasinda degistigi tespit edilmistir. Her iki sektdre ait
verilen degerler goz 6ninde bulunduruldugunda balikgilik ve
su Urinleri yetistiriciligine ait maksimum degerlerin daha fazla
oldugu goriilmektedir. Sektore ait is kazasi siklik hizi da 2013
yili harig Tirkiye genelinin hep Uzerinde seyretmistir. 2013-
2016 vyillari arasinda balik¢ilik ve su drdnleri yetistiriciligi
sektérinde elde edilen kaza siklik hizlari tekstil sektdrlintn
yaklasik 4 katina ulasmaktadir. Bayraktar vd. (2018), 2015
yilinda Turkiye'de en riskli sektdrlerden olan madencilik, metal
ve ingaat sektorlerindeki is kazasi siklik hizlarini sirasiyla
8,05, 4,8 ve 1,68 olarak rapor etmiglerdir. Ayni yil balikgilik ve
su Urdnleri yetistiriciliginde hesaplanan deger 3,29 olup ingaat
sektorindeki degerin yaklasik 2 katidir. Standardize is kazasi
orani (SIKO) bir sektdriin belirli bir yildaki performansini genel
kaza sikligi agisindan Tirkiye geneli ile kiyaslamak igin
kullandigi bir karsilastirma olcutlidir. Her ne kadar SGK
istatistik yilliklarinda 2012 yilindan sonra kullanilmasa da
halen giincel akademik galismalarda (Glltioglu ve Gullioglu,
2019; Gilltioglu ve Taggin, 2018; Akyuz vd., 2016) yer verilen
bir parametredir. Calismada hesaplanan standardize is kazasi
oranlari incelendiginde, Tirkiye genelinde gergeklesen is
kazalarini standardize orani 100 olarak kabul edildiginde,
balikgilik ve su drlnleri yetistiriciliginde is kazalarinin en
yogun 2016 (SIKO=330,99) ve en az 2013 (SIKO=94,47)
yillarinda gergeklestigi gorilmektedir. Tim bu istatistiki
degerlendirmeler balikgilik ve su driinleri yetistiriciligi faaliyet
kolunun Turkiye'deki en riskli sektdrlerden biri oldugunu
gostermektedir. Buna ek olarak sadece balikgilik (avcilik
faaliyeti) meslegi 6limli kaza oranlari ve galisan basina
dugen 6lim oranlari nedeniyle diinyanin en tehlikeli ve riskli
mesleklerinden  biridir (ILO, 2010). Dinyada balikgilik
konusunda s6z sahibi olan bazi (lkelerde bildirilen ¢alisan
basina dlisen 6lim oranlari genellikle 1 6lim/1000 ¢alisan
civarindadir (Jensen vd., 2014) (Tablo 8). Turkiye bu kriterlere
gore degerlendirme yapmak veri eksikligi nedeniyle oldukca
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gugtir. Calismanin kapsadi§i donemde Tiirkiye’de sadece
2013 ve 2019 yillarinda deniz balik¢iiginda 1’er 6lim
bildirilmis ve bu yillarda balikgilikta galisan sayisi sirasiyla
33455 ve 28717 olarak verilmistir. Bu nedenle Tirkiye
balik¢iliinda ¢alisan basina disen 6liim orani diger ulkelere
nazaran oldukga diisik bulunmustur (Tablo 8). Bu durumun
temel nedeninin balikgiliktaki is kazasi ve galisan sayisi
istatistiklerindeki veri toplama stireci ve konuya gerekli
dnemin verilmemesi oldugu distnulmektedir. Buna ek olarak
dlnya gapinda yetistiricilik sektdriindeki is kazalari ve meslek
hastaliklarini  konu alan c¢alisma sayisi oldukg¢a sinirh
sayidadir. Bu galismalarin en énemlilerinden birinde Norveg
yetistiricilik sektérinde 1982-2015 yillari arasinda toplam 35
olumli is kazasi rapor edilmistir (Holen vd., 2018). Bagka bir
ifade ile Norveg yetistiricilik sektoriinde yillik ortalama 6lim
sayisi 1,06 iken Trkiye yetistiriciliginde bu oran 1,28 olup,
Norveg'tekinden %20 daha fazla oldugu tespit edilmistir.

Tablo 8. Baz tilkelerde avcilik sektdrl igin bildirilen élim oranlari
(Jensen vd., 2014)

Table 8. Fatality rates (per 1,000 fishermen) of fishery sector in
some countries (Jensen vd., 2014)

Ulke Veri dénem Oran (6liim/caligan sayisi)
Norveg 1998-2006 0,2/1000
jzlanda 1980-2005 0,5/1000
Danimarka 2000-2009 1/1000
ingiltere 1992-2006 1,26/1000
Polonya 1960-1999 0,9/1000
Kanada 1999-2010 0,24/1000
ABD 2000-2010 1,24/1000
Tirkiye 2013-2019 0,03/1000

Balikgilik ve su Uriinleri yetistiriciligine ait alt sektorlerde
2013-2019 yillari arasinda yasanan i kazalarinin dagilimi
incelendiginde; tatli su balikgih§l ve vyetistiriciligindeki is
kazasi sayllarinin yillik dagiimlarinda 6nemli degisiklikler
olmamistir. Buna karsin deniz balik¢iliginda kayda deger
dalgalanmalarin oldugu ve deniz yetigtiriciliginde kaza
sayisinin dizenli artis egilimi gosterdigi gorlimektedir. Tatl
sularda yapilan balikgilik ve yetistiricilik faaliyetlerinde 2013-
2019 vyillari arasindaki kaza sayilari ise diger iki sektére
nazaran farkliliklar gdstererek nispeten klclk degisimlerle
sabit bir egilim ifade etmektedirler. Genel olarak, denizlerde
yapilan Uretim faaliyetlerinde kaza ve Ollimlerin daha gok
oldugu bunun da sektérel bazdaki istihdam ile ilgili oldugu
degerlendiriimektedir. Ulkemizde kayit digi istihdam ve
bildirilmeyen is kazasi sayisinin ¢ok fazla oldugu
dusundlirse, SGK tarafindan agiklanan verilerin aslinda
gergegi tam yansitmadigi (Ergin, 2016), her sektdrde oldugu

gibi balikgilik ve su drinleri yetistiriciligi alaninda da yasanan
kazalarin sayisinin kayitlarda belirtilenden daha fazla oldugu
ortaya ¢ikmaktadir.

Bu calismanin balikgilik ve su trlnleri sektdrl igin ortaya
cikardigi en dnemli tartismalardan biri de Turkiye'de balikgilik
ve su Urlnleri yetistiriciligi faaliyet kolundaki calisan sayisi
uzerinedir. SGK verilerine gbre 2013-2019 yillar arasinda
balikgilik ve su drlinleri yetistiriciligi faaliyet kolunda, calisan
sayisi 8148-9784 arasinda degismesine ragmen, TUIK su
Urdnleri istatistiklerinde yalnizca balikgiliktaki istihdamin bu 7
yilllk sirecte 33455 ile 28717 kisi arasinda oldugu
gorllmektedir. Buna ek olarak 150.000 calisanin yetistiricilik
ve 100.000 kisinin balikgilik olmak Uzere su Urinleri
sektdrlinin 250.000 calisana istihdam sagladigi bildirilmistir
(Kalkinma Bakanligi, 2014). Ayrica, Aydin (2016), Tirkiye'de
kiltir balikgiigi  sektorlindeki ¢alisan sayisi  konusunda
saglikli bilgi olmadigini, bununla birlikte Uretim, isleme,
pazarlama, alet ve ekipman temini, balik yemi Uretimi ve bu
sektorle iliskili isyerlerinde 25.000 kisinin calismakta oldugunu
rapor etmigtir. Bildirilen bu rakamlar arasindaki buylk
farkliliklar ciddi bir tutarsizlik olusturmaktadir. Bu tutarsizligin
en onemli yansimasi siphesiz ki is kazasi siklik oraninin
hesaplanmasinda ortaya ¢ikacaktir zira bu oranin hesabinda
kullanilan  parametrelerden biri ¢alisan sayisidir. Bu
calismada SGK sigortali ve isyeri istatistiklerinde bildirilen
calisan sayilari baz alinmis olmasina ragmen yukarida
tartisilan diger literatirlerdeki istihdam sayilariyla yapilacak
hesaplamalar cok farkli sonuglara neden olacaktir. Bir diger
konu ise balikgilik ve su Uriinleri yetistiriciligine ait alt faaliyet
kollarinin - siniflandirimasidir. SGK is kazasi ve meslek
hastaligi istatistiklerinde balikgilik ve su Uriinleri yetistiriciligi
faaliyet kolu deniz balikgihdi, tatli su balik¢iligi, stnger
avcihgi, deniz Grlnleri vetistiriciligi ve tatl su drdnleri
yetistiriciligi olmak (izere 5 baslik altinda toplanmasina karsin
ls Saglig ve Givenligine iliskin isyeri Tehlike Siniflari
Tebligi'nde deniz balikgiligi, tath su balik¢ihgi, deniz Urinleri
yetigtiriciligi ve tath su Urinleri yetistiriciligi olarak 4 grupta
verilmistir. Giniimizde slinger avciligi artik bir endistri kolu
veya ana gegim kaynagl olan bir is olmadigindan SGK
istatistiklerinin tehlike siniflar tebligine gére diizenlenmesi
ilgili mevzuatlarin tutarli ve glivenilir olmasini saglayacaktir.

is sagli§l ve givenligi biitin mesleklerde; calisanlarin
sagliklarini sosyal, ruhsal ve bedensel olarak en st dlizeyde
strdirmek, galisma kosullarini saglia uygun hale getirmek,
calisanlari zararli etkilerden ve tehlikelerden koruyup daha
guvenli bir calisma ortami vyaratarak, isin ve caliganin;
birbirine uyumunu saglamak (zere kurulmus bir bilim dalidir.
Guvenlik kiltirinin halen tam olarak olusmadigi Trkiye'de
is kazalari ve meslek hastaliklarina iligkin istatistiklerin her
sektor icin detayll sekilde ele alinmasi ve bu ¢alismalara
iliskin sonuglarin topluma gesitli yollarla (resmi-akademik
yayinlar, kamu spotlari ve sosyal medya) aktariimasi
gerekmektedir. Her ne kadar tim meslekler gerek tanimsal
gerekse de mevzuat bakimindan is saghgl ve guvenliginin
kapsami dahiline alinmisda olsa balikgillk ve su drinleri
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yetistiriciligi gibi bazi ekonomik faaliyetler is saghg ve
guvenligi galismalari agisindan yeterli akademik ve burokratik
ilgiyi gérememektedir. Balikgilik ve su drlinleri yetistiriciligi
faaliyet kolunda is kazalari ve meslek hastaliklarinin
degerlendirildigi bu ¢alisma sonucunda ilgili calisma alaninin
tahmin edilenden gok daha riskli bir sektor oldugu ortaya
konmustur.

Sektorde yasanan kaza sayilarinin disirilmesi ve bu
kazalarin sonuglarinin hafifletilebilmesi bir takim énlem, egitim
ve kontroller ile bir dereceye kadar mimkin olabilir. Bu
onlem, egitim ve kontrol faaliyetlerinin en énemlileri, dnemli
hastaliklara ve yaralanmalara karsi acil eylem planlarinin
hazirlanmasi, ilgili galismaya ve galisana uygun, is glvenligi
standartlarina sahip kisisel koruyucularin kullaniimasi, sektor
calisanlarinin ilk yardim ve acil durum egitimi almalaridir. Bu
noktada ilkyardim egitimi gok dnemlidir ¢linkil gogu kaza ve
yaralanma sektorde yapilan galigmalarin fiziki ortami geregi
profesyonel saglik hizmeti sunucularina olduk¢a uzak
mesafelerde gergeklesmektedir. Diger yandan, balikgilik ve
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