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Abstract: Amphibian and reptile species, which are ectothermic animals, spend the winter months
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2 WA Tl DB B2 (et 2T feeding, escaping from predators. With the global climate change that is taking place, unusual winter activities
can be observed in amphibian and reptile species. In addition, global warming has a significant impact on

amphibians and reptiles, which leads to the fact that the species leaves hibernation earlier. As part of the

research, field works were carried out in Bozcaada, Canakkale on 19 and 20 February 2022. During the field

studies, sampling was carried out for the detection of amphibian and reptile species, air temperature,

coordinates of the observed individuals, habitat characteristics in which they lived, and sex characteristics

Zcorrﬁpog%ig% EL‘UthOFI were recorded. The captured specimens were subsequently released. In this study, Lissotriton schmidtleri,
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Canakkale Onsekiz Mart University, Schiool of Mauremys rl\/.ulgta,“Testuqo graeca, Hemidactylus turcicus, Medl.odactylu_s .k.otschyl, Ophisops elegans and
Graduate Studies, Department of Biology, Ablepharus kitaibelii species in February and data on unusual winter activities were reported. Among the
Canakkale, Turkey. species, winter activity was found for the first time in relation to Ablepharus kitaibelii. Determining the

B: cerennurozgul@gmail.com unusual winter activity of ectothermal animals will contribute to the literature on the biology of species and

the effects of climate change.
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Bozcaada’da (Canakkale, Tiirkiye) Yasayan Bazi Amfibi ve Siiriingen
Tiirlerinin Olagandisi Kis Aktivitesi

Oz: Ektotermik canlilar olan amfibi ve siiriingen tiirleri, 1iman bolgelerdeki mevsimsel degisime bagli olarak
kis aylarini yer altinda gegirirler. Besin bulunabilirligi de bu hayvan tiirlerinin kig uykusuna yatmasi igin
onemli bir gerekgedir. Ektotermik hayvanlar hibernasyondan sonra iireme, beslenme, avcilardan kagma gibi
yasamsal faaliyetlerini gerceklestirebilmeleri igin yliksek hava sicakligina ve viicut sicakhigna ihtiyag
duyarlar. Yasanmakta olan kiiresel iklim degisikligi ile birlikte amfibi ve siirlingen tiirlerinde olagandist ki
aktiviteleri gozlemlenebilmektedir. Bunun yaninda kiiresel 1stnma amfibiler ve siiriingenler iizerine oldukg¢a
etkilidir ve bu durum tiirlerin hibernasyondan daha erken ¢ikmasina neden olur. Arastirma kapsaminda 19 ve
20 Subat 2022 tarihlerinde Bozcaada, Canakkale’de arazi ¢alismalar1 gergeklestirilmistir. Arazi ¢aligmalari
sirasinda amfibi ve siiriingen tiirlerinin tespiti i¢in 6rnekleme yapilmis, hava sicakligi, gézlemlenen bireylerin
koordinatlari, yasadiklar1 habitat 6zellikleri ve cinsiyet ozellikleri kaydedilmistir. Yakalanan 6rnekler daha

*Sorumlu yazar: sonra serbest birakilmistir. Bu ¢alismada Lissotriton schmidtleri, Mauremys rivulata, Testudo graeca,
Ceren Nur OZGUL o Hemidactylus turcicus, Mediodactylus kotschyi, Ophisops elegans ve Ablepharus kitaibelii tiirleri Subat
Canakkale Onsekiz Mart Universitesi, aymda tespit edilmis olup, olagandis1 kis aktivitelerine iliskin veriler rapor edilmistir. Tirler arasinda

Lisansiistii Egitim Enstitiisii, Biyoloji
Boliimii, Canakkale, Tiirkiye.
DX: cerennurozgul@gmail.com

Ablepharus kitaibelii ile ilgili ilk kez kis aktivitesine rastlanmustir. Ektoterm canlilarin olagandist kis
aktivitesini belirlemek, tiirlerin biyolojisi ve iklim degisikliginin etkileri hakkinda literature katk1
saglayacaktir.

Anahtar kelimeler: Amfibi, bozcaada, hibernasyon, iklim, kis aktivitesi, reptil.
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INTRODUCTION

Global warming and climate change have a
significant impact on animal species, especially amphibians
and reptiles (Corn, 2005; Hawkes et al., 2009; Bickford et al.,
2010; Blaustein et al., 2010; Huey et al., 2012; Li et al., 2013;
Le Galliard et al., 2012; Escobedo-Galvan, 2013; Jablonski,
2013; Kurnaz et al., 2016). Many of these effects have
negative consequences for amphibian and reptile populations
(Winter et al., 2016). Primarily, climatic changes affect the
spring and winter activities of amphibians and reptiles (Zug
etal., 2001). Poikilothermic animals, such as amphibians and
reptiles, live depending on the thermal dynamics taking place
in their micro and macro habitats (Vitt & Caldwell, 2013;
Sahin, 2021).

Seasonal periods of low temperatures lead to the fact
that these animals hibernate in the winters (Ultsch, 1989;
Ozkan & Biilbiil, 2021). The beginning of next spring activity
of hibernating species depends on climatic changes, as well
as the photoperiod of the day, the gradual rise in temperature,
changes in barometric pressure and the altitude of the habitat
(Gregory, 1982; Vitt & Caldwell, 2009). Therefore, it is
extremely rare to observe the winter activity of amphibians
and reptiles which are usually hibernating, but it can happen
under the influence of extraordinary environmental
characteristics of the habitat, such as the phenomenon of
thermal habitat (Covaciu—Marcov et al., 2010; Sas et al.,
2012). Hibernation in amphibians and reptiles occurs as a
behavioral response to seasonal change and is directly
influenced by climate change (Gregory, 1982; Adolph &
Porter, 1993).

The Turkish Smooth Newt, Lissotriton schmidtleri
(Raxworthy, 1988), lives in shallow backwaters that see the
sun in the spring, or in waters such as a slowly flowing pools,
ditches, and lakesides (Baran et al., 2021). L. schmidtleri
usually hibernates on land between November and March
(Kowalewski, 1974; Juszczyk, 1987; Baru§ & Oliva, 1992;
Kaczmarek et al., 2018).

The Balkan Terrapin, Mauremys rivulata
(Valenciennes, 1833) is found in habitats consisting of
constant and slow-flowing waters such as swamps, lakes,
ponds, dams, rivers, estuaries, and irrigation canals (Sidis &
Gasith, 1985). They spend the hibernation period between the
months of November and February under the mud at the
bottom of the water (Ayaz & Cigek, 2011; Bilgin, 2018).

Mediterranean Spur-Thighed Tortoise, Testudo
graeca (Linnaeus, 1758) usually lives in damp, sandy and
stony terrains. This tortoise species lives in forests, glades,
roadsides, and watersides. T. graeca awakens from
hibernation in March-April. Generally, the hibernation period
begins in November (Basoglu & Baran, 1977).
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Mediterranean House Gecko, Hemidactylus turcicus
(Linnaeus, 1758) lives in houses, on the outer walls of houses,
ruins, forest edges, under stones and rock crevices and is a
nocturnal species (Baran et al., 2021). The hibernation period
of this species lasts from early December to mid-March
(Wessels et al., 2018).

Kotsakiozi et al., (2018) studied the phylogenetic
relationships of 174 specimens from 129 sampling sites that
covering a significant part of the distribution of
Mediodactylus species. It was established that the M. kotschyi
lives in the mainland of Balkans, most of the Aegean islands
and Italy. However, the species belonging to the
Mediodactylus genus in our study area was uncertain
according to Kotsakiozi et al., (2018). In recent studies (Gidis
& Bagkale, 2020; Yildiz, 2020; IUCN, 2022), the species that
is distributed in Turkey was identified as M. kotschyi, so this
species was evaluated as M. kotschyi in our study. Kotschy's
Gecko, Mediodactylus kotschyi (Steindachner, 1870) is a
species that can be seen at night on house walls and lives in
stony areas with few plants. And it was reported that the
hibernation period of M. kotschyi lasts from the beginning of
November to the middle of March (Stojanov et al., 2011).

Snake Eyed Lizard, Ophisops elegans (Ménétries,
1832), lives on stony and sandy ground in open areas with
few plants. It was reported that O. elegans is in the
hibernation period from November to mid-March (Arakelyan
etal., 2011).

Shake-Eyed Skink, Ablepharus kitaibelii (Bibron &
Bory de Saint-Vincent, 1833) lives in woodlands that has
short plants, areas with maquis and sparse trees. Helmer et al.,
(1989) were determined that the hibernation period of A.
kitaibelii was complete at late April-early May. Baran et al.,
(2021) were stated that this species is active in autumn and
spring periods.

In this study, data on unusual winter activities of L.
schmidtleri, M. rivulata, T. graeca, H. turcicus, M. kotschyi,
O. elegans and A. kitaibelii species observed in February in
Bozcaada are presented.

MATERIAL AND METHOD

Bozcaada is located in the northeast of the Aegean
Sea, in the southwest of the Canakkale (Figure 1). The city is
located between 39°47' 30"- 39° 50' 90" northern latitudes and
25° 57' 80"- 26° 05' 00" east longitudes about 6 kilometers
away from the Aegean exit of the Dardanelles Strait.
Bozcaada is the third largest island of Turkey with 36.03 km?
surface area, after Gokceada and Marmara Islands (Atalay,
1982; Hocaoglu, 1988). The highest points of Bozcaada are
Goztepe (194 m) and Yenikale (115 m).
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Figure 1. Study area.

The necessary permission was obtained from
Ethics Committee of Animal Experiments of Canakkale
Onsekiz Mart University (Decision Number: 2021/01-04)
for the studies carried out. All species were observed in the
field study carried out on 19-20 February 2022, between
11:00 and 16:00, in Bozcaada, Canakkale. The air
temperature in the region was measured with digital
thermometer as 12°C during the observations. The
coordinates of the samples were recorded using GPS
(Global Positioning System) device and photographs were
taken with digital camera. The species were released back
to their habitats after being captured by hand to determine
their sex.

RESULTS

Two male L. schmidtleri individuals (Figure 2)
were observed on 19 February 2022 at noon at a puddle
that located on the roadside of Cayir location in the north
of the island, at 2 m above sea level (39°50'10.62"N,
26°2'17.75"E). The parameters of water that the species
found were measured; water temperature was 14.9°C, pH
was 6.46, and dissolved oxygen was 9.19 mg/L.

el
A 4

Figure 2. Observed L. schmidtleri species (A) and their habitat (B)

A juvenile M. rivulata individual (Figure 3) was
observed in the Azmak River, the only water source of
Bozcaada, at noon on 20 February 2022 (39°50'27.74"N,
26°2'13.22"E, 0 m a.s.l.). The parameters of water that the
species found were measured; water temperature was
14.1°C, pH was 7.30, and dissolved oxygen was 8.38 mg/L.

" a NS A 4
Figure 3. M. rivulata (A) and habitat (B).

Goztepe (194 m), where the species T. graeca has been
identified, is the highest region of the island. This region
has a stony-hilly type of habitat. A male T. graeca
individual (Figure 4) was observed on 20 February 2022
before noon at 140 m a.s.1. (39°50°19.88”N, 26°3°6.30”E).
The species was observed and photographed while
sunbathing.

Figure 4. T. graeca (A) and habitat (B).
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A female H. turcicus individual (Figure 5) was
observed on 19 February 2022 at noon on a rock, at 81 m
a.s.1. (39°50'11.03"N, 26°3'7.81"E).

Figure 5. H. turcicus (A) and the habitat in which it is observed (B).

A male M. kotschyi individual (Figure 6) was
observed and photographed on 19 February 2022 between
at noon under a rock, at 81 m as.l. (39°50'11.03"N,
26°3'7.81"E).

Figure 6. M. kotschyi (A) and habitat (B).

Sixteen O. elegans individuals (7 male, 9 female)
were observed on 19-20 February 2022, between 11:00 and
16:00 and different altitudes in various habitats
(39°49'48.35"K, 26°0'12.86"D, 53 m a.s.1.; 39°50'20.94"K,
26°3'8.98"D, 135 m a.s.l.; 39°50'10.62"K, 26° 2'17.75"D,
10m a.s.l.; 39°50'31.92"K, 26°1'57.00"D, 3m a.s.l) of
Bozcaada. This species was mostly seen among scrubs or
on stones and rocks (Figure 7).

; 'A,“..,y;;h\ B

Figure 7. O. elegans (A) and their habitat (B).

Two A. kitaibelii individuals (1 male, 1 female)
were observed on 20 February 2022 in the afternoon on a
rock at 120 m a.s.l. (39°50'18.94"N, 26°3'7.45"E) (Figure
8).

Figure 8. A. kitaibelii (A) and habitat (B).

DISCUSSION AND CONCLUSION

Hibernation is a physiological condition that is
carried out due to seasonal changes and disruption of many
ecological activities in the environment in poikilothermic
animals. Poikilothermic animals tend to protect themselves
over the period until they find their reduced vital needs
again in their microhabitats with hibernation. The seasonal
activities of these animals are directly affected by climate
changes (Zug et al., 2001, Biilbiil et al., 2019). For this
reason, when the temperature in their microhabitat
increases, poikilothermic animals tend to wake up from
hibernation independently from other ecological needs
(nutrients, predators etc.) and they can return to their vital
activities (Kurnaz & Sahin, 2021).

Since amphibians are poikilothermic animals,
their body temperature is directly influenced by the
environment (Moss, 2010). Especially in aquatic
salamander species, the temperature of the water they live
in directly affects their vital activities such as reproduction,
food search and escaping from their predators (Biilbiil &
Kog, 2020). However, due to the inability to find enough
nutrients in their micro-habitats, this species cannot be able
to perform many other vital activities and as a result they
will face the danger of death (Kurnaz & Sahin, 2021). The
findings obtained from this study also indicate this risk for
the L. schmidtleri. Although the water temperature is
sufficient for this species to emerge from hibernation, it is
thought that the lack of sufficient nutrients in February will
negatively affect the species. Additionally, Kaczmarek et
al., (2018) were observed the winter activity of Lissotriton
vulgaris in the December and January months between
2014 and 2018 in their study. On 19 December 2014, they
observed 6 L. vulgaris individuals and were reported that
the air temperature was 11°C during the observation. On 29
January 2018, 5 individuals were observed, and it was
indicated that the air temperature was 9°C. Kurnaz & Sahin
(2021) were observed the Triturus ivanbureschi in their
study conducted on 11 January 2021 in Sahinli, Canakkale.
During their observation, the air temperature was measured
as 21°C and the substrate temperature as 19°C. In our study,
the air temperature was measured as 12°C, and the water
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temperature was measured as 14.9°C at the moment that we
observed the L. schmidtleri.

Since turtles and tortoises can spend more than
half of their lives in hibernation (Ultsch, 2006), it is
important for successful conservation actions to have
information about the activity and habitat of turtles during
the winter months (Newton & Herman, 2009). According
to Giil et al., (2014)’s study conducted in Bozcaada, M.
rivulata was observed in March and air temperature was
26°C during the observation. However, in our study,
aquatic M. rivulata and terrestrial T. graeca species was
observed on 20 February 2022 and the air temperature was
measured as 12°C. It was known that March-April months
was the beginning of spring activity for both species.
Rising of the air temperature in winter due to global climate
change is important for showing that species which should
be active in spring can also be active in winter months.

The cold environment is an influential factor on
the hibernation of lizards. Certain vital activities of lizards
(e.g., mobility, food availability and escaping behavior)
depends mainly on air temperature, and low temperatures
have a negative impact on these activities (Adolph &
Porter, 1993). Gradual changes in air temperature can be
the reason of emerging early from the hibernation in some
lizard species (Kurnaz et al., 2016). Researchers from
different parts of the world have reported winter activity
for different lizard species: Darevskia rudis (Kog et al.,
2018), Lacerta media (Biilbiil et al., 2019), Lacerta viridis
(Vongrej et al., 2008), Hemidactylus turcicus (Stone et al.,
2021), Mediodactylus kotschyi (Mollov et al., 2015),
Ophisops elegans (Franzen, 1986), Podarcis erhardi
(Buresh & Tsonkov, 1933; Beshkov, 1977), Podarcis
muralis (Rugiero, 1995; Beshkov & Nanev, 2002;
Westerstrom, 2005; Tzankov et al., 2014), Sceloporus
jarrovi (Tinkle & Hadley, 1973) and Zootoca vivipara
(Grenot et al., 2000). In our study, in addition to these
species studied before, we were detected unusual winter
activity in A. kitaibelii species that has not found in
previous studies. In their study, Stone et al., (2021) were
stated that the H. turcicus species was active at different
temperatures (18.89°C, 13.89°C, 8.89°C, 15.56°C) during
January and February months between 2012 and 2017 on
outside walls of the science building at the University of
Central Oklahoma, Edmond, USA. Mollov et al., (2015)
were reported that M. k. rumelicus was active on 18
January 2017 and M. k. danilewskii was active on 23
January 2015 in urban areas in Bulgaria. And they were
explained this unusual gecko activity by the finding that
cities and urban areas are 1-2°C higher than the
surroundings of the cities. According to Shterback &
Golubev, (1986), the minimum temperature that geckos
were observed was 12°C. At the same time, small sizes of
lizards play an advantageous role that helps with thermal
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regulation and promotes activity at low environmental
temperatures compared to larger species (Porter et al.
1973). Therefore, differences in the levels of winter
activity can occur depending on the size of each species
and the thermoregulation behavior (Grant, 1990). The
small size of all of the lizard species that we observed (H.
turcicus, M. kotschyi, O. elegans, A. kitaibelii) may be one
of the reasons why their seasonal activity begins in the
early winter months by rising in the body temperatures.

In recent years because of global warming, it has
been observed that amphibians and reptiles are active in the
winter (Kaczmarek, 2018; Altunisik, 2019; Biilbiil et al.,
2019; Biilbiil & Kog, 2020; Altumisik & Kara, 2021; Ozkan
& Biilbiil, 2021; Kurnaz & Sahin, 2021). The identification
of these unusual winter activities not only contributes to the
biological knowledge of the species, but also provides
important preliminary information for analyzing climate
change models.

In conclusion, increasing temperatures due to
global climate change have also affected amphibian and
reptile species (L. schmidtleri, M. rivulata, T. graeca, H.
turcicus, M. kotschyi, O. elegans and A. kitaibelii) living in
Bozcaada, Canakkale, causing them to wake up from
hibernation earlier than normal spring activities.
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Abstract: This study aimed to screen the antibacterial effect of Lactococcus lactis against
selected pathogens and to characterize its probiotic properties in vitro. The whole-cell product
and cell-free supernatant of L. lactis were tested and the antibacterial effect of the whole-cell
compound was found to be greater than that of the cell-free supernatant. L. lactis exhibited the
greatest inhibitory effect against A. veronii from which it was isolated from the same
environment. L. lactis showed observable growth at 4-37 °C, 1-4% NaCl, 0.3% ox gall and pH
2-3. The cells had 89.3 % hydrophobicity. Of the 19 enzymes tested in the API-ZYM system,
only 7 were evident for the strain. L. lactis was resistant to streptomycin and sulfadiazine but was
susceptible to 7 other antibiotics commonly used in aquaculture. It was y-hemolytic. The results
demonstrated that L. lactis exhibited probiotic properties such as being able to survive in a wide
temperature and salinity range, growing in acidic and bile salt environments, and producing
enzymes that can support digestion. According to these findings, L. lactis may have the potential
to be used as a probiotic supplement in aquaculture.

Keywords: Antibacterial activity, Lactococcus lactis, probiotic.

Levrekten (Dicentrarchus labrax) izole Edilen Lactococcus lactis'in Antibakteriyel
Aktivitesi ve In vitro Probiyotik Ozellikleri

*Sorumlu yazar:

Ecren UZUN YAYLACI

Karadeniz Teknik UniversitesiSiirmene
Deniz Bilimleri Fakiiltesi, Trabzon, Tiirkiye
D<: ecrenuzun@ktu.edu.tr

Oz: Bu calismanin amac1, Lactococcus lactis’in secilmis patojenlere kars: antibakteriyel etkisini
taramak ve probiyotik 6zelliklerini laboratuvar ortaminda karakterize etmektir. Caligmada, L.
lactis’in tam-hiicre iriinii ve hiicresiz siipernatanti test edilmistir ve tam hiicreli bilesigin
antibakteriyel etkisinin, hiicresiz siipernatantinkinden daha fazla oldugu tespit edilmistir. L. lactis
en bitylik inhibitor etkiyi test edilen bakteriler arasinda, ayni ortamdan izole edilen A. veronii’ye
kars1 gdstermistir. L. lactis, 4-37 °C, %1-4 NaCl, %0,3 oxgall ve pH 2-3'te gozlemlenebilir
biliytime sergilemistir. Hiicreler %89,3 oraninda hidrofobik 6zellik gdstermistir. API-ZYM
sisteminde test edilen 19 enzimden sadece 7'sinin L. lactis i¢in belirgin oldugu tespit edilmistir.
L. lactis’in, streptomisin ve siilfadiazin'e direngli, su iirtinleri yetistiriciliginde yaygin olarak
kullanilan diger 7 antibiyotige karsi ise duyarli oldugu belirlenmistir. Izolat y-hemolitiktir.
Sonuglar, L. lactis’in genis bir sicaklik ve tuzluluk araliginda hayatta kalabilme, asidik ve safra
tuzlu ortamlarda gelisebilme ve sindirimi destekleyebilen enzimler iiretebilme gibi probiyotik
Ozellikler sergiledigini gostermistir. Bu bulgulara dayanarak L. lactis’in su iriinleri
yetistiriciliginde probiyotik takviyesi olarak kullanilma potansiyeli oldugu 6ngoriilmektedir.

Anahtar kelimeler: Antibakteriyel aktivite, Lactococcus lactis, probiyotik.
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INTRODUCTION

Disease outbreaks are a major problem in the
aquaculture industry. Among the diseases, bacterial fish
diseases are considered to cause the most mortality in fish
(Gomez-Gil et al., 2000; Balta, 2020). Antibiotics and their
derivatives are widely used for the control and
management of bacterial diseases (Midhun et al., 2017;
Balta & Tekin 2021). The excessive and uncontrolled use
of antibiotics causes the development of antibiotic-
resistant bacteria, as well as the deterioration of the
beneficial microbiota in the intestines (Resende et al.,
2012). Probiotic supplements can be used as alternative
biocontrol applications to reduce these risk factors and
develop environmentally friendly disease management
(Verschuere et al., 2000).

Probiotics are defined as live microorganisms that
are non-pathogenic and can live in the gastrointestinal tract
to benefit the host (de Vrese & Schrezenmeir, 2008).
Probiotic intake improves the intestinal microbiota,
provides resistance to diseases, and increases growth
performance (Olmos et al., 2020). Therefore, probiotic
applications play an important role in aquaculture
industries. Probiotics commonly used in aquaculture are
Alteromonas, Arthrobacter, Bifidobacterium, Bacillus,
Pseudoalteromonas, = Rhodosporidium,  Roseobacter,
Streptomyces, Enterococcus, Lactobacillus, Lactococcus,
Carnobacterium and Weissella species (Irianto & Austin
2002; Yaylact, 2021).

Lactic acid bacteria (LAB) are widely used in
aquaculture for their ability to improve the gastrointestinal
tract, digestive function, and immunity, promote growth
and increase host disease resistance (Ringe et al., 2018).
LAB are Gram-positive, non-motile, and non-spore-
forming microorganisms that are "generally recognized as
safe" (Salminen et al., 1998). LAB produces various
bacteriocins and organic acids that inhibit the growth of
some fish pathogens (Planas et al., 2004).

There are many probiotic strains currently in
commercial use, but there is still growing interest in new
strains with probiotic properties (Kim & Austin, 2008). In
vitro and in vivo tests are used to select probiotic strains.
In vitro tests are quite different from in vivo tests, but they
are essential because they provide useful information in the
characterization of potential probiotics (Jacobsen et al.,
1999; Uzun Yaylaci, 2021).

The study aimed to test the inhibitory activity of
Lactococcus lactis against selected pathogens and to
characterize its probiotic properties, in vitro. The inhibitory
effect was tested against pathogenic bacteria isolated from
sea bass (Dicentrarchus labrax) showing disease
symptoms. The probiotic features of L. lactis were
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investigated by assays for survivability at different
temperature and salinity ranges, acid and bile salt
resistance, and hydrophobicity. The enzyme profile of the
isolate was defined, and its safety was determined by
hemolytic activity and antibiotic susceptibility tests.

MATERIAL AND METHOD

Bacterial strains: Lactococcus lactis
(ON564732) isolated from sea bass (D. labrax) (Uzun
Yaylaci, 2019) was evaluated in terms of its inhibitory
effect and probiotic properties. Indicator microorganisms
were Vibrio wvulnificus (KF443056), V. harveyi
(KF443058), V. rotiferianus (KF443057), Photobacterium
damselae subsp. damselae (KF443048) and Aeromonas
veronii (KF443053) which were isolated from sea bass
with disease symptoms and confirmed previously by Uzun
and Ogut (2015). A. sobria (ATCC 43979), A. hydrophila
(ATCC 7966), Escherichia coli (ATCC 25922), Listeria
monocytogenes (ATCC 43251), Salmonella enterica
(ATCC 13076) and Staphylococcus aureus (ATCC 25923)
were also tested. The stock cultures were maintained with
10% (v/v) glycerol at -70 °C.

Antibacterial activity: The whole-cell product
and the cell-free supernatant of L. lactis were evaluated for
antibacterial activity against the indicator strains
mentioned above. L. lactis was grown in deMan Rogosa
Sharpe (MRS) broth at 30 °C for 24 h. After centrifugation
(10000 x g, 10 min, 4 °C), the pellets and supernatant were
separated from each other. The pellets were washed twice
and resuspended in phosphate-buffered saline (PBS) (pH
7.2). The cell-free supernatant was filtered through 0.22
um-pore size filters.

The agar well diffusion method was carried out to
screen the antibacterial activity of L. lactis according to
Tagg et al. (1976) with minor modification. The samples
(30 pL) were added to wells cut in tryptic soy agar (TSA)
plates previously inoculated with indicator bacteria. Wells
filled with 30 pl of PBS (pH7.2) served as controls. The
plates were incubated at 30 °C for 24 h. The experiments
were repeated three times and the diameter of the inhibition
zone was measured.

Growth at different temperatures and salt
concentrations: To observe visible growth at different salt
concentrations, the overnight culture (100 pl) of L. lactis
inoculated on MRS agar plates supplemented with 1%, 2%,
3%, 4%, 5%, and 6% of 1 M NaCl and incubated at 30 °C
for 48 h (Mohamad et al., 2020). To observe visible growth
at different temperatures, L. lactis was prepared under the
same conditions, inoculated on MRS agar plates, and
incubated at 4, 10, 25, 35, 37, 40, and 44 °C for 48 h. The
assays were performed in triplicate.
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Resistance to low Ph: The acid tolerance of L.
lactis was determined according to Maragkoudakis et al.
(2006). The overnight culture was centrifuged (10000 x g,
10 min, 4 °C) and washed twice with PBS buffer (pH 7.2).
The pellets were resuspended in PBS adjusted to pH 2.0 or
pH 3.0 with 0.5 N HCI and incubated at 30 °C for 3 h. PBS
adjusted with pH 7.2 was used as a control. During the
cultivation, samples were withdrawn at 0, 1.5, and 3 h and
serially diluted in PBS (pH 7.2). MRS agar plates
inoculated with 100 pl suspension were incubated at 30 °C
for 48 h. Viable colonies were enumerated using the pour
plate method. The assays were performed in triplicate.

Bile salt tolerance: The bile salt tolerance of L.
lactis was determined by following the procedure
described by Mohamad et al. (2020) with minor
modifications. The overnight culture was centrifuged
(10000 x g, 10 min, 4 °C) and washed twice with PBS
buffer (pH 7.2). The pellets were resuspended in PBS
containing 0.3% (w/v) ox gall (Sigma) and incubated at 30
°C for 6 h. During the cultivation, samples were withdrawn
at 0, 3, and 6 h and serially diluted in PBS (pH 7.2). MRS
agar plates were inoculated with 100 pl of suspension and
incubated at 30 °C for 48 h. Viable colonies were
enumerated using the pour plate method. The assays were
performed in triplicate.

Hydrophobicity: The hydrophobicity of L. lactis
was evaluated according to the method of Vinderola et al.
(2004) with minor modifications. The overnight culture
was centrifuged at 10 000 x g for 10 min at 4 °C and
washed twice with PBS buffer (pH 7.2) and adjusted to the
optical density at 600 nm (ODego) (Ho). n-hexadecane was
used as a solvent. The bacterial suspension was mixed with
20% (w/v) n-hexadecane vortexed for 2 min. After the
mixture was separated into two phases (30 min, 30 °C), the
OD of the aqueous phase was measured at ODgoo (H1). The
hydrophobicity was calculated according to the following
formulae:

Hydrophobicity (%) = [(Ho- H1) / Ho] x 100

Hemolytic activity: L. lactis was streaked onto an
agar plate containing 7% sheep blood. After incubation at
30 °C for 48 h, the plates were evaluated for hemolytic
activity.

Enzyme profile: The enzyme profile of L. lactis
was performed using the API ZYM kit (BioMerieux, USA)
according to the manufacturer's instructions.

Antibiotic  susceptibility: =~ The  antibiotic
susceptibility of L. lactis was determined by using the disc
diffusion method described by Bauer et al. (1966).
Antibiotic discs containing ampicillin (10 pg disc?),
rifampicin (10 pg disc?), amoxicillin (10 pg disc™?),
penicillin G (10 units), vancomycin (30 pg disc?),
streptomycin (10 pg disc?), chloramphenicol (30 pg disc”
1), oxytetracycline (30 pg disc™?) and sulphadiazine (300 pg
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disc) were placed on the Mueller Hinton agar plates and
incubated at 30 °C for 24 h. The experiments were repeated
three times and the clear zones (including disc diameter)
were measured.

Statistical analysis: The data were presented as
means + standard deviation. The results were analyzed
using a one-way analysis of variance (ANOVA) using
MINITAB 19 software. p < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Antibacterial activity: The antimicrobial effect of
the whole-cell compound and cell-free supernatant of L.
lactis was evaluated against twelve pathogens by the agar
well diffusion method. Four indicator bacteria were
inhibited by the whole-cell compound or cell-free
supernatant of L. lactis. Moreover, the inhibition effect of
the whole-cell compound was found to be greater than that
of the cell-free supernatant (Table 1). This result can be
explained by the fact that similar to the report of Liu et al.
(2015), the cultured cells of probiotic bacteria may contain
antimicrobial compounds that are not present in their cell-
free supernatant.

Table 1. Antibacterial activity of L. lactis whole-cell product and cell-
free supernatant.

Inhibition zone (mm)
whole-product cell-free supernatant

Indicator bacteria

V. vulnificus

V. harveyi

V. rotiferianus

Photobacterium damselae subsp. damselae - -

A. veronii 21.45+0.21 11.06 £ 0.36
A. sobria 11.84 +0.25 7.12+0.11
A. hydrophila 16.25+0.44 9.14 +£0.37
S. marcescens - -

L. monocytogenes

S. enterica

E. coli -

S. aureus 9.11 £0.34

2 Values are the mean + standard deviations of triplicate measurements.
-No inhibitory zone

Aeromonas spp. have been reported as
opportunistic pathogens with global distribution in various
aquatic environments (Burke et al., 1984). Motile (A.
hydrophila, A. veronii, and A. sobria) and non-motile (A.
salmonicida) members of Aeromonas may cause infections
in humans and lower vertebrates, including amphibians,
reptiles, and fish (Janda & Abbott, 1998). Motile
Aeromonas infections are characterized by exophthalmia,
hemorrhages, ulcerations, skin lesions, an acidic fluid,
liver, and kidney lesions in fish (Garcia et al. 2007; Uzun
& Ogut, 2015) and cause massive fish mortality worldwide
(John et al., 2013). Among the tested bacteria, Aeromonas
spp. were the most sensitive indicator bacteria to L. lactis.
This result was supported by the studies of lvanova et al.
(1993), Balcazar et al. (2007), and Zhou et al. (2010),
which reported that L. lactis could inhibit Aeromonas
species. In the current study, the potential probiotic L.
lactis showed the greatest inhibitory effect against A.
veronii from which it was isolated from the same
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environment. Whole-cell compound and cell-free
supernatant of L. lactis did not show any inhibitory effect
against V. vulnificus, V. harveyi, V. rotiferianus, P.
damselae subsp. damselae, S. marcescens, L.
monocytogenes, S. enterica, and E. coli.

Probiotic  characteristics:  The  probiotic
characteristics of L. lactis were evaluated by its NacCl,
temperature, acid, and bile-salt tolerances. NaCl tolerant
strains can survive in the high salt environment of the
gastrointestinal tract and withstand the adverse effects of
osmotic pressure (Xu et al., 2019). In this study, L. lactis
was able to tolerate 1 to 4% NaCl but, high NaCl
concentrations had an inhibitory effect on the strain.
Besides, L. lactis was able to grow at 4 to 37 °C, but growth
was not observed at high temperatures (40°C <). Low
acidity and bile-rich intestinal juices in the gastrointestinal
tract are effective mechanisms for the destruction of
pathogens (Halim et al., 2017). A strain with probiotic
potential should have acid and bile salt tolerance (Jena et
al., 2013). Here, the isolate survived after incubation for 3
hat pH 2.0-3.0 (Figure 1a) and 6 h in 0.3% ox gall (Figure
1b). Similar to the report of Jawan et al. (2021), it was
concluded that L. lactis evaluated in this study could also
survive in the gastrointestinal tract and have the potential
to be effective as a probiotic. Hydrophobicity can
determine the adhesion capacity of probiotic bacteria to
intestinal epithelial cells (Falah et al., 2019). In this study,
the hydrophobicity of L. lactis was determined as 89.3%.
Although there is no standard value for hydrophobicity, it
is advantageous for probiotic bacteria, and high
hydrophobicity results in better attachment to epithelial
cells (de Souza et al., 2019).

Enzyme profile: The exo-enzymes of bacteria,
especially amylase, protease, and lipase, can affect the
digestive process of the host (Newaj-Fyzul et al., 2014).
The enzymatic activities of L. lactis determined by the
API-ZYM system are listed in Table 2. The strain showed
high acid  phosphatase and  Naphthol-AS-BI-
phosphohydrolase activities. However, the strain's lipase
activities were low and negative for carbohydrase
activities.

Safety

Hemolytic activity: In vitro evaluation of
hemolytic activity is one of the safety prerequisites for the
selection of the probiotic strain. It has been previously
reported that L. lactis has gamma hemolytic activity (no
hemolysis) (Jawan et al., 2021). Similarly, L. lactis showed
v-hemolysis in this study, indicating that the tested strain
has the potential to be preferred as a probiotic additive.

Antibiotic susceptibility: Determination of the
antibiotic profile of L. lactis is a necessary step for its safe
use as a probiotic. In the current study, L. lactis was
sensitive to ampicillin, rifampicin, amoxicillin, penicillin
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G, vancomycin, chloramphenicol, and oxytetracycline but
resistant to streptomycin and sulphadiazine (Table 3).

(a) 12 4
g
= 8 1
5
=
=
=
=
S
= 4 1
z —&—L. lactis pH 2
—e—L. lactis pH 3
—&—[. lactis pH 7.2
0 T T
0 2 3
Time (h)
(b) 27
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0 3 6
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Figure 1. Survival of L. lactis after incubation at pH 2.0, 3.0, and 7.2 (a),
in the presence of 0.3% ox gall (b). Values are means + SD.

Table 2. Enzyme profile of L. lactis with API-ZYM kit

Enzyme L. lactis Enzyme L. lactis
Control Valine arylamidase 0
Glycosidases Cystine arylamidase 0
a-galactosidase 0 Trypsin 0
B-galactosidase 0 o -chymotrypsin 0
B-glucuronidase 0 Ester hydrolases

a-glucosidase 0 Esterase (C4) 2
B-glucosidase 0 Esterase lipase (C8) 2
N-acetyl- B-glucosaminidase 0 Lipase (C14) 1
a-mannosidase 0 Phosphohydrolases

a-fucosidase 0 Alkaline phosphatase 3

Peptide hydrolases
Leucine arylamidase 3

Acid Phosphatase 4
Naphthol-AS-BI- phosphohydrolase

3]

+ positive reaction; — negative reaction

Table 3. Antibiotic susceptibilities of L. lactis

Antibiotics Inhibition zone (mm)
Ampicillin 31.56 +£0.58%
Rifampicin 8.11+0.25
Amoxicillin 3523 +0.85
Penicillin G 32.51+0.34
Vancomycin 16.12 £ 0.40
Streptomycin 0
Chloramphenicol 22.1+0.44
Oxytetracycline 3356+ 1.14

Sulphadiazine 0

2 Values are the mean + standard deviations of triplicate measurements.

CONCLUSION

In this study, the inhibitory activity of L. lactis
isolated from sea bass against selected pathogens was
screened and its probiotic properties were characterized in
vitro. The whole-cell product of L. lactis showed the
greatest inhibitory effect against A. veronii isolated from
the same environment. L. lactis showed probiotic
characteristics including being able to survive in a wide
temperature and salinity range, acid, and bile salt
resistance, and producing extracellular enzymes that can
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support digestion. Being sensitive to many antibiotics and
showing gamma hemolytic activity are its positive features
in terms of safety. Therefore, L. lactis can be used as a
potential probiotic in aquaculture. Although many
probiotic properties have been elucidated by in vitro tests,
the strain is a good candidate for further investigation by in
vivo studies.
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Abstract: Diabetes mellitus is agreed to be among the biggest public health burdens seen at the
world. Recently, the using natural products (flavonoids specially) in diabetes treatment saw a rise
in interest due to insulin's and oral anti-diabetic medicines' unfavorable side effects. The present
work is studying the beneficial effects of morin (2',3,4,5,7-pentahydroxyflavone) on antioxidant
of tissues and lipid peroxidation status in diabetic and non-diabetic rats. Diabetes associated with
elevation in reactive oxygen species and deficient in antioxidant activity, which is important
aspects for pathogenesis of diabetes. The role of morin on the brain and heart antioxidant markers
were estimated. The diabetic rats exhibited elevated levels of thiobarbituric acid reactive
substances (TBARS), Nitric oxide (NOx) and glutathione (GSH) levels in brain and heart tissues
when compared with healthy animals. The treatments using morin significantly stopped elevation
in brain and heart TBARS and NOx levels. Oral administration of morin showed significant
increase in GSH level in brain tissue. These results indicated that morin exerts antioxidative
activity in diabetic rats.

Keywords: Diabetes, glutathione, morin, oxidative stress.

Morin (2',3,4',5,7-Pentahidroksiflavon) Streptozotosin ile Indiiklenen Diyabetik Sican
Beyin ve Kalp Dokularinda Antioksidan Etkisi

*Sorumlu yazar:

Ahmet BEYATLI

Saglik Bilimleri Universitesi, Hamidiye Saglik
Hizmetleri Meslek Yiiksekokulu, Tibbi ve
Aromatik Bitkiler Béliimii, 34668, Istanbul,
Tiirkiye

B<: ahmet.bevatli@sbu.edu.tr

Oz: Diabetes mellitusun diinyada goriilen en biiyiik halk sagligi zorunluklarindan biri oldugu
kabul edilmektedir. Son zamanlarda, insiilin ve oral anti-diyabetik ilac¢larin olumsuz yan etkileri
nedeniyle diyabet tedavisinde dogal iiriinler (6zellikle flavonoidler) kullanimi artan bir ilgiye
tanik olmustur. Bu arastirma, diyabetik ve diyabetik olmayan si¢canlarda morinin (2',3,4',5,7-
pentahidroksiflavon) doku antioksidanlari ve lipid peroksidasyonu iizerindeki yararli etkilerini
incelemektedir. Artan reaktif oksijen tiirleri ve yetersiz antioksidan aktivite diyabet ile iliskilidir,
buda diyabet patogenezinde baslica sorumludur. Beyin ve kalp antioksidan belirtegleri iizerinede
morin'in rolii degerlendirildi. Diyabetik siganlarin beyin ve kalp dokularinda normal siganlara
gore tiyobarbitiirik asit reaktif maddeleri (TBARS) ve nitrik oksit (NOx) diizeyleri daha yiiksek,
glutatyon (GSH) diizeyi ise daha diigiik gozlendi. Morin muamelesi beyin ve kalp TBARS ve
NOx diizeylerindeki artis1 anlamli olarak onledi. Ayrica morin beyin GSH seviyesinde énemli
artis gosterdi. Sonuglar morin’in diyabetik siganlarda antioksidan aktivite gosterdigini
belirtmektedir.

Anahtar kelimeler: Diyabet, glutatyon, morin, oksidatif stres.
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INTRODUCTION

The overexpression of oncogene genes,
production of mutagen compounds, encouragement of
atherogenic activity, occurrence of senile plaques, or
inflammation are just a few of the factors that can lead to
oxidative damage in a cell when there is an imbalance
between the oxidant species and the antioxidant defense
system. Cancer, neurodegeneration, cardiovascular
ilinesses, diabetes, and kidney ailments are appeared as a
consequence of this imbalance (Pisoschi & Pop, 2015).
Diabetes mellitus, also known as metabolic abnormalities,
causes hyperglycemia, which is caused by a lack of insulin
secretion, impact, or both. Type 1 diabetes is the most
common type, which outcome by completely loss of the
secretion of insulin and Type 2 that appears as a result of
synergy between insulin and insufficient secretion of
insulin  (Hansen, 1998; ADA, 2008). Free radical
production, particularly reactive oxygen species (ROS), is
mediated by chronic hyperglycemia. Three primary
methods can be used to explain the formation of ROS;
autooxidation of glucose, activation of polyol pathway and
protein glycation, accompanied by impaired antioxidant
defense mechanisms which lead to oxidative stress that
cause damage of cellular components (Bonnefont-
Rousselot, 2002; Atlan et al., 2006). The defense system of
antioxidants consisting of nonenzymatic (e.g., a-lipoic
acid, cofactors, glutathione (GSH), trace elements,
vitamins) and enzymatic (e.g., catalase, glutathione
peroxidase, superoxide dismutase) players which present
in all aerobic organisms to protect cells and tissues against
oxidative damage. Using of different antioxidants in
experimental diabetes models subjected to extensive
scientific studies. Recently numerous compounds with
antioxidant properties, especially those derived from
plants, showed beneficial effects against diabetes and its
complications (Fidan et al., 2009; Sankaranarayanan &
Pari, 2011) and some compounds used as an approved
antidiabetic agents have antioxidant activity (Giileg Peker
etal., 2021).

Flavonoids are considered one of the most
powerful antioxidants which were also used against
oxidative  stress in  diabetes  (Roghani &
Baluchnejadmojarad, 2010; Srinivasan and Pari, 2012).
Morin (2',3,4',5,7-pentahydroxyflavone) considered one of
the flavonoids belonging to flavonols (Figure 1).

Isolated specially from plants of Moraceae (Xie et
al., 2006). Morin known to have several records of
biological and pharmacological activities (Lee et al., 2008;
Sreedharan et al., 2009; Subash & Subramanian, 2009; Al-
Numair et al., 2012). Moreover, even at high doses it has
no toxic effects in animals (Yugarani et al., 1992). This
study was conducted to explore morin antioxidant activity
in streptozotocin (STZ) diabetic rats.
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Figure 1. Morin structure.
MATERIAL AND METHOD

Chemicals and Reagents: Sigma Aldrich, St.
Louis, USA, provided the STZ and all other compounds.
The rest of the reagents were of analytical grade.
Experimental Animals: Male Wister rats, aged 2-
3 months (180-230 g), were obtained from Refik Saydam
Central Institute of Health (Ankara, Turkey) and kept
under conventional conditions, including a 12/12 h
light/dark cycle, a 2242 °C ambient temperature, and free
access to food and water. The Institutional Animal Ethics
Committee at Gazi University (G.U ET-10.084) approved
the procedure and rules for animal experimentation.
Induction of Diabetes: STZ was delivered
intraperitoneally to overnight fasting rats (45 mg/kg) in 0.1
M cold sodium citrate buffer (pH: 4.5), normal animals
were given only buffer. 72 hours after STZ injection, blood
glucose levels were assessed. Diabetic rats are those whose
blood sugar levels are greater than or equal to 200 mg/dL.
Experimental Design: The animals were placed

into seven groups, each with six animals:

Group |: normal rats given only vehicle (carboxy methyl
cellulose CMC 0.5%; 1mL/kg) (NC)

Group II: normal rats + morin (25 mg/kg) (N25)

Group I11: normal rats + morin (50 mg/kg) (N50)

Group IV: diabetic control rats given only vehicle (DC)

Group V: diabetic rats + morin (25 mg/kg) (D25)

Group VI: diabetic rats + morin (50 mg/kg) (D50)

Treatment was given orally by gavage once daily
for 21days. The rats were sacrificed in day 21 under ether
anesthesia. Dissected brain and heart tissues were cleansed
with ice cold 0.9 percent saline solution to move blood,
then dried on filter paper and kept at 80 °C for biological
analysis.

Biochemical Assays: The levels of thiobarbituric
acid reactive substances (TBARS) in brain and heart
tissues are used to assess lipid peroxidation (Buege & Aust,
1978). In brief, tissue samples were homogenized
(Heidolph Diax 900 homogenizer, Germany) in ice-cold
150 mM KClI, then 1 mL of homogenate treated with 0.5
mL of 15% TCA for deproteinization then samples
centrifuged at 2000 xg. 0.5 mL of 0.67% TBA and 10 uL
of 1% BHT were added to supernatant for prevention
further lipid peroxidation. After 10 min in water bath
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samples cooled, absorbance read at 535 nm. TBARS
concentrations expressed as nmol/g tissue.

Ellman (Ellman, 1959) was used to determine the
GSH levels in the tissues. Tissues were homogenized in
ice-cold 150 mM KCI, then combined with 0.75 mL of
deproteinization solution (NaCl, metaphosphoric acid,
EDTA) and centrifuged at 4000 xg for 20 minutes. The
supernatant was then combined with 2 mL of 0.3 M
NaH2PO4 and 0.2 mL of the DTNB (5,5'-dithio-bis-2-
nitrobenzoic acid) reagent. At 412 nm, the absorbance was
measured. GSH concentrations are measured in
micromoles per gram of tissue.

Nitric oxide (NOx) measured by Griess assay
which involves nitrate reduction by vanadium (I11) chloride
through acidic reaction of Griess (Miranda et al., 2001).
Tissues homogenized (1:9) in phosphate buffer (0.1 M,
pH7.0) and centrifuged for 15 min at 3500 xg at 4 °C. The
supernatants were then treated with 0.25 ml of 0.3 M
NaOH (0.5 ml). After 5 minutes of room temperature
incubation, 0.25 mL of 5% (w/v) ZnSO4 was added for
deproteinization. The mixture was then centrifuged at 3000
xg for 20 minutes, with the supernatants utilized in the
Griess assay (Green et al., 1982). Absorbance read at 540
nm. NOx concentrations expressed as pmol/g tissue.

Statistical analysis: Statistical analyzing were
carried out using SPSS package (version 13.0), which
include ANOVA pursued by post hoc Tukey's test. The
results are presented as the mean+SEM for six rats in each
group. p-Values <0.05 are deemed significant.

RESULTS AND DISCUSSION

Antioxidants are substances or nutrients found in
food that can stop or delay the body's oxidative damage.
Free radicals are naturally produced by our body cells as
they use oxygen, and they can harm our tissues. As "free
radical scavengers,” antioxidants stop and reverse the
damage caused by these free radicals. Oxidative damage is
a factor in a number of health issues, including cancer,
diabetes mellitus, heart disease, and muscle degeneration
(Nirmala et al., 2011).

STZ is a cytotoxic glucose analogue which enter
B-cells of pancreas through the glucose 2 transporter and
preferentially accumulates inside these cells (Tjélve et al.,
1976). STZ (alkylating agent) methylnitrosourea moiety
results in the death of these cells through fragmentation of
the DNA. The cellular efforts for repairing DNA will lead
to the overstimulation of poly (ADP-ribose) polymerase
and that will be the reason for the depletion of cellular
NAD-+, thus the storage of ATP that in turn take the p-cells
toward necrosis. Also, diabetogenic activity of STZ can be
backed to its ability to the liberation of NO and ROS
(Lenzen, 2008; Murata et al., 1999; Yamamoto et al.,
1981). Persistent hyperglycemia leads to oxidative stress
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which considered the major factor in occurrence of
diabetes complications (Bonnefont-Rousselot, 2002).

Free radicals generated due to chronic
hyperglycemia which in turn leads to shortage in
antioxidant defense systems which cause oxidative stress
(Karasu, 1999). Lipid peroxidation (LP) is the reaction of
free radicals like ROS with polyunsaturated fatty acids that
will be responsible from lipid products formation such as
TBARS (Lubin et al., 1972). LP is one of the most
important mechanisms of cell damage leading to necrosis
or apoptosis (Burton, 1989; Stark, 2005). The present study
showed a significant elevation in diabetic rats TBARS
levels of brain and heart. These values were obtained
through experiments are in agreement with several studies
(Bellamkonda et al., 2011; El Ghoul et al., 2012). The
elevated TBARS levels in diabetic rats suggest that
peroxidative damage may be an important part of the
appearing complications of diabetes. In our study the morin
significantly reduced the brain and heart tissues TBARS
levels of the diabetic animals that can be because its
scavenging capacity of the free radicals generated by ROS
and prevent its deleterious effects.

The protection against oxidative stress includes
enzymatic and non-enzymatic antioxidant systems. GSH is
an important intracellular scavenger of free radicals, GSH
acts by redox homeostasis balancing, free radicals
quenching and through taking role in the reactions of
detoxification (Matkovics et al., 1982). In diabetes
depletion of NADPH through polyol pathway leads to
shortage in GSH and subsequently decreases in GPx
activity (Lorenzi, 2007).

Administration of morin (25 and 50 mg/kg) to
normal rats didn’t display notable difference in TBARS,
GSH and NOx levels relative to normal control group in
brain and heart tissues. STZ-diabetic rats exhibited a
seriously raise in TBARS levels in all studied tissues
(p<0.05). Morin administration (25 and 50 mg/kg)
displayed varied degree of reduction in TBARS levels of
brain and heart (Figure 2).

Brain GSH levels in diabetic control rats
manifested significant decrease (p<0.05). Application of
morin to diabetic rats failed to show any clear changes in
D25, while increase in D50 group was significant (p<0.05),
this activity reflects the strong antioxidant nature of this
flavonoid. There was no obvious change in heart GSH
levels among groups (Figure 3). This result is consistent
with former studies (Maritim et al., 1999).

Earlier studies show variable information
regarding impact of diabetes on the level’s NOx. A
significant reduction has been shown by many studies (Xie
etal., 2006; Zhang et al., 2011), on the contrary, some other
references revealed an increase in NOx levels as a
consequence for induction of diabetes (Seven et al., 2004).
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Upon our results NOXx levels were raised in both brain and
heart tissues of diabetic control rats in comparison with
healthy animals. This height could be one of the reasons
leads to B-cells damage during diabetes development
(Welsh et al., 1994). Morin treatment lowered obviously
(p<0.05) brain NOx levels in D25 and D50 groups when
compared with diabetic control (p<0.05). In the heart tissue
only D50 group showed a clearly decrease (p<0.05) in NOx
levels (Figure 4). This improvement because of morin
administration can be backed to either down-regulation of
NOS gene expression or directly scavenging of NOXx.
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Figure 2. Morin treatment effects on TBARS in brain and heart tissues.
*Significantly different from diabetic control rats at p<0.05. Data presented as
mean+SEM (n= 6).
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Figure 3. Morin treatment effects on GSH in brain and heart tissues.
*Significantly different from diabetic control rats at p<0.05. Data presented as
meantSEM (n= 6).
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Figure 4. Morin treatment effects on NOx in brain and heart tissues.
*Significantly different from diabetic control rats at p<0.05. Data presented as
mean+SEM (n= 6).

CONCLUSION

Findings indicates that morin application to STZ-
diabetic rats results in a considerable antioxidant activity.
In terms of human health studies morin thought to be a
good source in the alternative remediation of diabetes.

REFERENCES

Al-Numair, K.S., Chandramohan, G. & Alsaif, M.A.
(2012). Pretreatment with morin, a flavonoid,
ameliorates adenosine triphosphatases and
glycoproteins in 1soproterenol-induced
myocardial infarction in rats. Journal of Natural
Medicines, 66(1), 95-101. DOI: 10.1007/s11418-
011-0558-2

American Diabetes Association. (2008). Standards of
medical care in diabetes-2008 Diabetes Care, 31
(1, Suppl. 1). S12-S54. DOI: 10.2337/Dc08-S012

Atlan, N., Sepici Dingel, A. & Koca, C. (2006). Diabetes
mellitus ve oksidatif stres. Tirk Biyokimya
Dergisi, 31(2), 51-56.

Bellamkonda, R., Rasineni K., Singareddy, S.R.,
Kasetti, R.B., Pasurla, R., Chippada, AR. &
Desireddy, S. (2011). Antihyperglycemic and
antioxidant activities of alcoholic extract of
Commiphora mukul gum resin in streptozotocin
mduced diabetic rats. Pathophysiology, 18(4),
255-261. DOI: 10.1016/j.pathophys.2010.10.002

Bonnefont-Rousselot, D. (2002). Glucose and reactive
oxygen species. Current Opinion in Clinical
Nutrition & Metabolic Care, 5(5), 561-568. DOI:
10.1097/00075197-200209000-00016


doi:%2010.1007/s11418-011-0558-2
doi:%2010.1007/s11418-011-0558-2
doi:%2010.2337/Dc08-S012
doi:%2010.1016/j.pathophys.2010.10.002
doi:%2010.1097/00075197-200209000-00016
doi:%2010.1097/00075197-200209000-00016

Beyatli at al., (2022)

Buege, J.A. & Aust, S.D. (1978). [30] Microsomal lipid
peroxidation. Pp. 302-10. In Methods in
enzymology, Vol. 52.  Elsevier. DOI:
10.1016/s0076-6879(78)52032-6

Burton, G.W. (1989). Antioxidant action of carotenoids.
The Journal of Nutrition, 119(1), 109-111. DOI:
10.1093/jn/119.1.109

El Ghoul, J., Smiri, M., Ghrab, S., Boughattas, N.A. &
Ben-Attia, M. (2012). Antihyperglycemic,
antihyperlipidemic and antioxidant activities of
traditional aqueous extract of Zygophyllum album
in streptozotocin diabetic mice. Pathophysiology,
19(1), 35-42. DOI:
10.1016/j.pathophys.2011.12.001

Ellman, G.L. (1959). Tissue sulfhydryl groups. Archives
of Biochemistry and Biophysics, 82(1), 70-77.
DOI: 10.1016/0003-9861(59)90090-6

Fidan, A.F., Kucukkurt, I., Yuksel, H., Ozdemir, A.,
Ince, S. & Dundar, Y. (2009). The effects of
structurally different saponin containing plants on
tissue antioxidant defense systems, lipid
peroxidation and histopathological changes in
streptozotocin-induced diabetic rats. Journal of
Animal and Veterinary Advances, 8(5), 920-927.

Green, L.C., Wagner, D.A., Glogowski, J., Skipper,
P.L., Wishnok, J.S. & Tannenbaum, S.R.
(1982). Analysis of nitrate, nitrite, and [15N]
nitrate in  biological  fluids.  Analytical
Biochemistry, 126(1), 131-138. DOl:
10.1016/0003-2697(82)90118-x

Giile¢ Peker, E.G., Balabanl, B., Ozer, C. & Coskun
Cevher, S. (2021). Benfluorex, friends or foe?
The effects of Benfluorex on oxidative status in
the brain during experimental diabetes. Journal of
Anatolian Environmental and Animal Sciences,
6(3), 357-363. DOI: 10.35229/jaes.929547

Hansen, M. (1998). Instructor’s manual for hansen
pathophysiology: foundations of disease and
clinical intervention. WB Saunders Company.

Karasu, C. (1999). Increased activity of H.O; in aorta
isolated from chronically streptozotocin-diabetic
rats: effects of antioxidant enzymes and enzyme
inhibitors. Free Radical Biology and Medicine,
27(1-2), 16-27. DOI: 10.1016/s0891-
5849(99)00028-3

Lee, H.S., Jung, K.H., Hong, SW., Park, I.S,, Lee, C,,
Han, H.K., Lee, D.H. & Hong, S.S. (2008).
Morin protects acute liver damage by carbon
tetrachloride (CCly) in rat. Archives of Pharmacal
Research, 31(9), 1160-1165. DOI:
10.1007/s12272-001-1283-5

Lenzen, S. (2008). The mechanisms of alloxan-and
streptozotocin-induced diabetes. Diabetologia,
51(2), 216-226. DOI: 10.1007/s00125-007-0886-
7

Lorenzi, M. (2007). The polyol pathway as a mechanism
for diabetic retinopathy: attractive, elusive, and
resilient. Journal of Diabetes Research, 2007,
61038. DOI: 10.1155/2007/61038. DOI:
10.1155/2007/61038

261

J. Anatolian Env. and Anim. Sciences, Year:7, No:3, (257-262), 2022

Lubin, B.H., Shohet, S.B. & Nathan, D.G. (1972).
Changes in fatty acid metabolism after
erythrocyte peroxidation: stimulation of a
membrane repair process. The Journal of Clinical
Investigation, 51(2), 338-344. DOl:
10.1172/3C1106819

Maritim, A.C., Moore, B.H., Sanders, R.A. & Watkins
111, J.B. (1999). Effects of melatonin on oxidative
stress in streptozotocin-induced diabetic rats.
International Journal of Toxicology, 18(3), 161-
166. DOI: 10.1016/j.biopha.2005.08.005

Matkovics, B., Varga, S.l., Szabo, L. & Witas, H.
(1982). The effect of diabetes on the activities of
the peroxide metabolism enzymes. Hormone and
Metabolic Research, 14(02), 77-79. DOI:
10.1055/s-2007-1018928

Miranda, K.M., Espey, M.G. & Wink, D.A. (2001). A
rapid, simple spectrophotometric method for
simultaneous detection of nitrate and nitrite.
Nitric Oxide, 5(1), 62-71. DOI:
10.1006/niox.2000.0319

Murata, M., Takahashi, A., Saito, |I. & Kawanishi, S.
(1999). Site-specific dna methylation and
apoptosis: induction by diabetogenic
streptozotocin.  Biochemical ~ Pharmacology,
57(8), 881-887. DOI: 10.1016/s0006-
2952(98)00370-0

Nirmala, A., S. Saroja, S. & Gayathri Devi, G. (2011).
Antidiabetic Activity of Basella rubra and its
Relationship with the Antioxidant Property.”
British Biotechnology Journal, 1(1), 1-9. DOI:
10.1007/s12291-013-0344-x

Pisoschi, A.M. & Pop, A. (2015). The role of antioxidants
in the chemistry of oxidative stress: A review.
European journal of medicinal chemistry, 97, 55-
74. DOI: 10.1016/j.ejmech.2015.04.040

Roghani, M. & Baluchnejadmojarad, T. (2010).
Hypoglycemic and hypolipidemic effect and
antioxidant activity of chronic epigallocatechin-

gallate in streptozotocin-diabetic rats.

Pathophysiology, 17(2), 55-59. DOl:

10.1016/j.pathophys.2009.07.004
Sankaranarayanan, C. & Pari, L. (2011).

Thymoquinone ameliorates chemical mduced
oxidative stress and pB-cell damage in
experimental hyperglycemic rats. Chemico-
Biological Interactions, 190(2-3), 148-154. DOI:
10.1016/j.cbi.2011.02.029

Seven, A., Giizel, S., Seymen, O., Civelek, S., Bolayirh,
M., Uncu, M. & Burcak, G. (2004). Effects of
vitamin e supplementation on oxidative stress in
streptozotocin induced diabetic rats: investigation
of liver and plasma. Yonsei Medical Journal,
45(4), 703-710. DOI: 10.3349/ym;j.2004.45.4.703

Sreedharan, V, Venkatachalam, K.K. &
Namasivayam, N. (2009). Effect of morin on
tissue lipid peroxidation and antioxidant status in
1, 2-dimethylhydrazine induced experimental
colon carcinogenesis. Investigational New Drugs,
27(1), 21. DOI: 10.1155/2011/473964


doi:%2010.1016/s0076-6879(78)52032-6
doi:%2010.1016/s0076-6879(78)52032-6
https://doi.org/10.1093/jn/119.1.109
https://doi.org/10.1093/jn/119.1.109
doi:%2010.1016/j.pathophys.2011.12.001
doi:%2010.1016/j.pathophys.2011.12.001
doi:%2010.1016/0003-9861(59)90090-6
doi:%2010.1016/0003-2697(82)90118-x
doi:%2010.1016/0003-2697(82)90118-x
https://doi.org/10.35229/jaes.929547
doi:%2010.1016/s0891-5849(99)00028-3
doi:%2010.1016/s0891-5849(99)00028-3
doi:%2010.1007/s12272-001-1283-5
doi:%2010.1007/s12272-001-1283-5
doi:%2010.1007/s00125-007-0886-7
doi:%2010.1007/s00125-007-0886-7
doi:%2010.1155/2007/61038.%20DOI:%2010.1155/2007/61038
doi:%2010.1155/2007/61038.%20DOI:%2010.1155/2007/61038
doi:%2010.1172/JCI106819
doi:%2010.1172/JCI106819
doi:%2010.1016/j.biopha.2005.08.005
doi:%2010.1055/s-2007-1018928
doi:%2010.1055/s-2007-1018928
doi:%2010.1006/niox.2000.0319
doi:%2010.1006/niox.2000.0319
doi:%2010.1016/s0006-2952(98)00370-0
doi:%2010.1016/s0006-2952(98)00370-0
https://doi.org/10.1007/s12291-013-0344-x
https://doi.org/10.1007/s12291-013-0344-x
https://doi.org/10.1016/j.ejmech.2015.04.040
doi:%2010.1016/j.pathophys.2009.07.004
doi:%2010.1016/j.pathophys.2009.07.004
doi:%2010.1016/j.cbi.2011.02.029
doi:%2010.1016/j.cbi.2011.02.029
doi:%2010.3349/ymj.2004.45.4.703
doi:%2010.1155/2011/473964

Beyatli at al., (2022) J. Anatolian Env. and Anim. Sciences, Year:7, No:3, (257-262), 2022

Srinivasan, S. & Pari, L. (2012). Ameliorative effect of
diosmin, a citrus flavonoid against streptozotocin-
nicotinamide generated oxidative stress induced
diabetic rats. Chemico-Biological Interactions,
195(1), 43-51. DOI: 10.1016/j.cbi.2011.10.003

Stark, G.J. (2005). Functional consequences of oxidative
membrane damage. The Journal of Membrane
Biology, 205(1), 1-16. DOI: 10.1007/s00232-005-
0753-8

Subash, S. & Subramanian, P. (2009). Morin a flavonoid
exerts antioxidant potential in  chronic
hyperammonemic rats: a biochemical and
histopathological study. Molecular and Cellular
Biochemistry, 327(1-2), 153. DOl:
10.1007/s11010-009-0053-1

Tjilve, H., Wilander, E. & Johansson, E.B. (1976).
Distribution of labelled streptozotocin in mice:
uptake and retention in pancreatic islets. Journal
of Endocrinology, 69(3), 455-456. DOI:
10.1677/joe.0.0690455

Welsh, N., Eizirik, D.L. & Sandler, S. (1994). For debate
nitric oxide and pancreatic p-cell destruction in
insulin dependent diabetes mellitus: don’t take no
for an answer. Autoimmunity, 18(4), 285-290.
DOI: 10.3109/08916939409009530

Xie, M.X., Long, M., Liu, Y., Qin, C. & Wang, Y.D.
(2006). Characterization of the 1nteraction
between human serum albumin and morin.
Biochimica et Biophysica Acta (BBA)-General
Subjects, 1760(8), 1184-1191. DOI:
10.1016/j.bbagen.2006.03.026

Yamamoto, H., Uchigata, Y. & Okamoto, H. (1981).
Streptozotocin and alloxan mmduce DNA strand
breaks and poly (ADP-ribose) synthetase in
pancreatic islets. Nature, 294(5838), 284-286.
DOI: 10.1038/294284a0

Yugarani, T., Tan, B.K.H., Teh, M. & Das, N.P. (1992).
Effects of polyphenolic natural products on the
lipid profiles of rats fed high fat diets. Lipids,
27(3), 181-186. DOI: 10.1007/BF02536175

Zhang, W., Wang, Y., Yang, Z., Qiu, J., Ma, J., Zhao,
Z. & Bao, T. (2011). Antioxidant treatment with
quercetin ameliorates erectile dysfunction in
streptozotocin-induced diabetic rats. Journal of
Bioscience and Bioengineering, 112(3), 215-218.
DOI: 10.1016/j.jbiosc.2011.05.013

262


doi:%2010.1016/j.cbi.2011.10.003
doi:%2010.1007/s00232-005-0753-8
doi:%2010.1007/s00232-005-0753-8
doi:%2010.1007/s11010-009-0053-1
doi:%2010.1007/s11010-009-0053-1
doi:%2010.1677/joe.0.0690455
doi:%2010.1677/joe.0.0690455
doi:%2010.3109/08916939409009530
doi:%2010.1016/j.bbagen.2006.03.026
doi:%2010.1016/j.bbagen.2006.03.026
doi:%2010.1038/294284a0
doi:%2010.1007/BF02536175
doi:%2010.1016/j.jbiosc.2011.05.013

f:-

ARASTIRMA MAKALESI

JAES

Journal of Anatolian Environmental and Animal Sciences Year: 7, No: 3, 2022 (263-268)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi)
DOI: https://doi.org/10.35229/jaes.1104835

Yil: 7, Sayt: 3, 2022 (263-268)
RESEARCH PAPER

Kursunun Musca domestica’nin (Diptera: Muscidae)

Biiyiime ve Gelisimi Uzerindeki Etkileri

Meltem KOKDENER

Ondokuzmayis Universitesi, Saglik Bilimleri Fakiiltesi, Sosyal Hizmetler Boliimii, Samsun, Turkiye

Gelis Tarihi: 20.04.2022

Kabul Tarihi: 06.06.2022 Basim Tarihi: 30.09.2022

Atif yapmak i¢in: Kokdener, M. (2022). Kursunun Musca domestica’nin (Diptera: Muscidae) Biiyiime ve Gelisimi Uzerindeki Etkileri. Anadolu Cev. ve Hay.

Dergisi, 7(3), 263-268.

How to cite: Kokdener, M. (2022). Effects of Lead on the Growth and Development of Musca domestica (Diptera: Muscidae). J. Anatolian Env. and Anim.

Sciences, 7(3), 263-268.

*U5: https://orcid.org/0000-0002-0107-3274

*Sorumlu yazarin:
Meltem KOKDENER
Ondokuzmays Universitesi, Saglik Bilimleri

Fakiiltesi, Sosyal Hizmetler Boliimii, Samsun,

Turkiye.
DX: kokdener@omu.edu.tr

Oz: Kursun (Pb), agir metaller arasinda oldukca toksik bilesiklerden biridir, organizmalar ve
ekosistemler iizerinde ciddi problemlere yol acarlar. Bu ¢aligmanin amaci kursunun adli agidan
6nemli bir sinek olan Musca domestica 'nin Linnaeus, 1758 (Diptera: Muscidae) bazi1 gelisimsel
parametreleri {izerindeki etkilerini incelemektir. Mevcut ¢aligmada 30 adet Musca domestica
larvasi dort farkli kursun konsantrasyonuna maruz birakilmig besi yeri iizerinde yetistirilmigtir.
Bu ¢aligma 2021 yilinda Ondokuz Mayis {iniversitesi zooloji béliimii'nde gergeklestirilmistir.
Gelisme hizi, pupa ve larva 6liim orani, yetiskin ve pupa agirligi kaydedilen parametrelerdir.
Yasam Oykiisii parametrelerini karsilastirmak igin tek yonlii varyans analizi (ANOVA)
kullanilmigtir. Sonuglarimiz kursun varliginda pupa ve eriskin sayisi, pupa, ve yetiskin agirliginin
azaldigini géstermistir. Larval geligim siiresi kontrole kiyasla kursunlu diyette azalmis, fakat pupa
gelisim stiresi uzamustir. Musca domestica'nin yagam oykiisti parametrelerinin kursuna duyarlt
oldugu sonucuna varilmigtir.

Anahtar kelimeler: Agir metal, gelisim, kursun, Musca domestica.
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Abstract: Lead is one of the highly toxic compounds among the heavy metals and lead causes
serious problems on the organisms and ecosystems. The aim of present study was to investigate
the lead impacts on some developmental parameters of forensically important fly, Musca
domestica Linnaeus, 1758 (Diptera: Muscidae). About 30 larvae of Musca domestica reared on
diet that were exposed to four different concentrations of lead in present study, This study was
carried out at the Zoology Department, University of Ondokuz Mayis in 2021. Larvae of
development rate, pupal and larval mortality, adult, and pupal weight were the recorded
parameters. A one way analysis of variance (ANOVA) was used to compare life history
parameters. Our results demostrated that the presence of lead decreased number of pupae and
adult, pupal, and adult weight. Larval development time was decreased but pupal development
time was increased in diet with lead compared to control. We concluded that life-history
parameters of Musca domestica are sensitive to lead.

Keywords: Development, heavy metal, lead, Musca domestica.

GIRIS

Biyosferdeki agir metal kirliligi, bugiin diinyanin
kars1 karsiya oldugu en 6nemli ¢evre sorunlarindan biridir
(Luo vd., 2020). Agir metallerin ¢ogu yer kabugunda
bulunmasina ragmen birgok agir metal, insan faaliyetleri ve

dogal olaylarla ¢evreye yayilmaktadir. Agir metal artigina
neden olan insan faaliyetleri arasinda; komiir yakma,
madencilik, fosil yakitlar, endiistriyel atiklar, tarimda
kimyasallarinin kullanimi (Chauhan vd., 2017; Luo vd.,
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2020) askeri operasyonlar, nakliye ve endiistriyel liretim
(Gall vd., 2015; Azam vd., 2015) sayilabilirken dogal
olaylar arasinda; erozyon, kayalarin ayrismasi, volkanik
patlamalar, yer kabugu hareketleri (Luo vd, 2020; Butt vd,
2018) sayilabilir (Hong-hua vd., 2019). Cevreye yayilan bu
agir metaller canli organizmalar1 (insan, bitki, bdcekler
gibi) ve onlarin yasam alanlarini tehdit ederler (Rai vd.,
2019; Gall vd., 2015; Xie vd., 2014). Agir metallerin
endiistride artan kullanimi insan sagligini olumsuz yonde
etkilemektedir (Ahamed & Siddiqui, 2007). Agir metaller
cevrede; toprakta, su kaynaklarinda, havada uzun siire
kalmakta (Luo vd., 2020), bitki ve hayvanlar araciligiyla
gida zincirlerine transfer olmaktadir (Gall vd., 2015; Rai
vd. , 2019). Besin zincirinde agir metalin birikmesi, canli
organizma lizerinde ciddi bir tehdit olusturmaktadir (Xie
vd., 2014; Rai vd., 2018; Gall vd., 2015).

Baz1 agir metaller demir (Fe), ¢inko (Zn) ve bakir
(Cu), metabolik siire¢lerin 6nemli unsurlaridir, enzimlerin
fonksiyonlarini1 yapmalarinda ve kimyasal reaksiyonlarda
gorev yaparlar. Bu metallerin organizmadaki toksisiteleri
doza baglidir (Tchounwou vd., 2012; Ilahi vd., 2020).
Kursun (Pb), arsenik (As) ve civa (Hg) gibi agir metaller
organizmanin metabolik islevleri i¢in gerekli (Rai vd.,
2019) degildir ve tiim canli organizmalar igin toksik
etkilere sahiptir (Bhat vd., 2019). Agir metaller, hiicresel
diizeyde iyon dengesini, pH stabilitesini, membran
gecirgenligini, hiicre membran polaritesini etkileyebilir.
Ayrica agir metaller organizma diizeyinde; metabolik
bozukluklara, biiyiimenin engellenmesine veya yasam
oykiisii 6zelliklerinde degisikliklere neden olurken (Xie
vd., 2014), popiilasyon diizeyinde ise tiir bollugunu ve
biyolojik c¢esitliligi etkilerler (llahi vd., 2020; Xie vd.,
2014).

Agir metaller arasinda canli organizmalar i¢in en
tehlikelilerinden biri olan kursundur. Kursun, insanda
bobrek yetmezligi, hipertansiyon, anemi, genital organ
bozukluklari, sinir sistemi bozukluklarina neden olabilir
(Ahamed & Siddiqui, 2007). Kursun diger canlilar
iizerinde de olumsuz etkileri vardir. Bu nedenle, agir
metallerin ~ toksisitesinin  belirlenmesine ~ yonelik
arastirmalar oldukg¢a dnemlidir.

Tanimlanmig 1.000.000'dan fazla olan tiir say1isina
sahip olan bocekler dogadaki en biiyiik metazoa sinifidir
(Amendt vd., 2004) ve agir metal varligindan en ¢ok
etkilenen canli grubundandir (Azam vd., 2015). Kursun
iyonlari, boceklerin metamorfozundan sorumlu hiicreleri
etkiler, mitokondriyal kristalara zarar verir, ve ATP
sentezini azaltir. Ayrica, bliylime hormonlarinin iiretimi
iizerinde kurgunun olumsuz etkileri kaydedilmistir (Saface
vd., 2014). Bocekler dogrudan yutma, diflizyon (suda
yasayan organizmalar) veya temasla (suda ve toprakta)
cesitli metal Kirleticilerine maruz kalirlar (Diener vd.,
2015; Baghban vd., 2014). Agir metaller boceklerin
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organlarinda veya tiim viicutlarinda biriktiginden (Butt vd.,
2018), cevre kirliliginin biyolojik gostergeleri olarak
kullanilabilirler (Ghannem vd., 2017). Agir metaller bir
yandan boceklerin yasam alanlarimi, hava sicakligimi
(kiiresel 1sinma ve kuraklik) olumsuz etkilerken, diger bir
yandan da biyokimyasal, fizyolojik faktorleri etkileyerek,
bocek popiilasyon dinamiklerini degistirir (Hong-hua vd.,
2019).

Baz1 organizmalar dikkat ¢ekici derecede agir
metallere toleranshidir. Ornegin, bazi Hemiptera, tiirleri
asir1 nikel biriktiren bitkilere yogun ilgi gosterirken (Boyd,
2009). bazi isopodlar ve collembolalar yiiksek olan
kadmiyum iceren topraklara adapte olurlar (Posthuma &
Van Straalen, 1993). Agir metal toleransindaki
varyasyonu, bunun altinda yatan mekanizmay1 anlamak,
ozelliklede hangi agir metali hangi boécek tiirliniin ne
dereceye kadar tolere edecegini bilmek ekosistem
agisindan son derece dnemlidir.

Musca domestica Linnaeus, 1758 (Diptera:
Muscidae), tiim diinyada yaygin olarak bulunan bir tiirdiir.
Insanlarin yasadigi konutlarda, hayvan ciftliklerinde
(tavuk, at ve sigir ¢iftlikleri) kentsel ve kirsal alanlarda
yaygin olarak bulunurlar. M. domestica 100'den fazla
hastaliga (dizanteri, tifo, kolera gibi) (Wang vd., 2018),
neden olan patojenlerin vektoriidiir (Farooq & Freed, 2014;
Ahmed, 2018). Diski, les, ¢opler, bakimsiz siit veya
hayvancilik tesisleri gibi hijyenik olmayan yerler, bu
sinekler i¢in uygun beslenme ve iireme ortamlar1 saglar
(Khan vd., 2012). Ttim bu zararlarina ragmen M. domestica
ekosistemdeki organik maddenin ayrigma dongiisiine
katkida bulunarak endiistriyel, tarimsal ve evsel atiklarin
neden oldugu ¢evresel baskiy1 azaltir. Bu tiiriin larvalarinin
besin degeri ¢ok yiiksek oldugundan kiimes hayvanlar1 ve
baliklar1 beslemek i¢in yem olarak kullanilabilirler.

Ayrica birgok Olim vakasinda ve bdcek
stiksesyon ¢alismalarinda, M. domestica 'min erginleri
karkaslarda gorilmiistir. M. domestica insan ve
hayvanlarda miyaza neden olur. Bu sinegin larvalarimin
yaslt ve ¢ocuklarda ihmalinin kanit1 olarak kullanilmalari
yanisira, dliim sonrasi araligin, Posmortem Interval (PMI)
tahmini i¢in kullanilabilecegi diisiiniilmektedir (Wang vd.,
2018).

Kozmopolit bir tir olan M. domestica aglik,
sicaklik ve tehlikeli metal tehdidi olan c¢esitli ortamlara
adapte olabilir (Tiana vd., 2018) bu nedenlede agir metal
kirliliginin ve etkisinin tespit (Haq vd., 2012a)
edilmesinde, entomotoksikolojik (Silva vd., 2017)
caligmalarda kullanilabilecek iyi bir model organizmadir.
Ancak, kursunun M. domestica’nin, farkli biyolojik
parametreleri {izerindeki etkileri hakkinda ¢ok az galisma
vardir (Haq vd., 2011; Haq vd., 2012a; Haq vd., 2012b;
Haq, 2013; Tiana vd., 2018). Farkli cografik bolgelerdeki
M. domestica popiilasyonlar1 arasinda genetik faktorlere
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bagli farkliliklar olabilir (Hagq vd., 2012b). Aym tiiriin
farkli biyocografik ve biyoiklimsel bolgelere adaptasyonu
nedeniyle, suslar arasinda genetik farkliliklar olugabilir bu
da gelisimlerinin farkli olmasina yol agabilir (Tharindu vd.,
2019; Thomas vd., 2016). Bu yiizden aym tiiriin farkh
cografik bolgelere adapte olmus varyasyonlariyla ¢aligma
yapmak 6nemlidir.

Bu ¢alismanin amaci, kursunun M. domestica
gelisimi ve bazi yasamsal parametreleri {izerindeki
etkilerinin belirlenmesidir. M. domestica'nin, ekonomik,
tibbi, tarimsal ve adli 6nemi, biyolojik ve ekolojik
arastirmalarda  kullanilabilme potansiyeli géz Oniine
almdiginda, bu ¢aligmadan elde edilen veriler adli,
biyolojik ve ekolojik ¢alismalara referans veri
olusturacaktir.

MATERYAL VE METOT

Bu ¢alisma 2021 yilinda Samsun, Ondokuz Mayis
Universitesi Fen Fakiiltesinde Zooloji boliimiindeki
Hayvan Fizyolojisi labratuvarinda gerceklestirilmistir. M.
domestica larvalarimin farkli kursun konsantrasyonu igeren
besi yerlerindeki gelisimsel verileri incelenmistir.

Sinek Kolonileri: Calismamizda kullanilan M.
domestica, erigkinleri Haziran 2019 yilinda kampiis arazisi
icerisinde bulunan biiylikbas hayvan ahirlarindan atrapla
toplanmistir. Laboratuvara getirilen ergin sineklerden
koloniler olusturularak deneysel calismalarda
kullanilmistir. Erigkinler 40x30x40 cm kafeslerde 27°C,
%67 nem (RH), ve 12:12 (A:K) h fotoperiyodunda
muhafaza edilmistir. Ergin sineklerin bulundugu kafeslere
seker ve su ilave edilmistir. Erigkin g¢iktiktan bir hafta
sonra, siit ve kepek karigimindan olusan besi yerleri
eriskinlerin yumurtlamas1 igin kafeslere konmustur.
Yaklasik 6-10 saat sonra, (besi yerinde yeterince yumurta
goriildiigiinde), besi yerleri kafeslerden alinmig ve
toplanan yumurtalar inkiibatére konulmustur. Elde edilen
yumurtalarin -~ bir  kismu  deneysel analizler igin
kullanilirken, diger kisimlar ise sinek kolonisinin devami
icin kullamilmistir. Calismamizda birinci evre larvalar
kullanilmastir.

Deney Asamasi: Kursun ¢ozeltisinin (Pb) dort
farkli konsantrasyonu hazirlanmus, (0,25 pg/g, 0,50 pg/g, 1
pug/g ve 2 ng/g) ve iginde larva olan besi yerlerine
uygulanmistir. Toplamda 750 M. domestica larvasi
kullanilmustir. stok soliisyon 4 saat
bekletildikten sonra besi yerlerine ilave edilmistir. M.
domestica 30 tane birinci donem larvasi, (yumurtadan
¢iktiktan sonra 0-4 saat i¢inde) dort farkli konsantrasyonda
Pb iceren iginde besi yeri (30 g) bulunan kaplara
yetistirilmigtir.

Larvalar pupa asamasmna gectiginde pupalar
icinde 50 g'lik talas bulunan 500 ml'lik cam kavanozlara
aktarilmigtir. Caligmada incelenen parametreler sunlardir;

Hazirlanan
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Eriskin ve pupa, agirliklari, pupa ve eriskin sayilari,
gelisim evrelerinin siireleri. Her konsantrasyon igin 5
tekrarli deneyler yapilmistir, kontrol deneylerinde sadece
stit ve kepek iceren besi yeri kullanilmistir. Larvalar pupa
asamasina gegtikten 2 giin sonra agirliklart Slgiilmiistiir.
Pupadan ¢ikan erigkinler yaklagik 2 giin sonra - 20°C'de 4
saat bekletildikten sonra cinsiyetleri belirlenmis ve
agirliklart 6l¢iilmiistiir. Pupa ve erigkin agirliklart hassas
terazide (AUW 220D, Shimadzu Corporation, Kyoto,
Japan) Olciilmiistiir.

Veriler SPSS 21 istatistik programiyla analiz
edilmistir. Agir metal konsantrasyonlar1 arasindaki farklar
tek yonlii varyans analizi kullanilarak incelenmis ve Tukey
HSD testi ile de gruplar arasindaki farkliliklar tespit
edilmistir.

BULGULAR

Larval ve Pupal Gelisim Siiresi: Ortalama larva
ve pupa gelisim siireleri Tablo 1 de gosterilmistir. Farkli
kursun konsantrasyonundaki toplam larval gelisim siireleri
(F=62,242; p<0,000) ve pupal gelisim siireleri (F=6331,52;
p<0,000) kontrol grubu ile karsilagtirildiginda aradaki fark
istatiksel olarak anlamlidir (Tablo 1). Farkli kursun
konsantrasyonlar1 ile beslenen larvalarin larval gelisim
stireleri kontrol grubuna kiyasla azalirken, pupal gelisim
stireleri ise kontrol grubuna kiyasla uzamistir. En kisa
larval ve pupal gelisim siireleri konsantrasyon 1 (0,25
ug/g) iken en uzun larval ve pupal gelisim siireleri
konsantrasyon 4 te (2 pg/g) gorilmiistiir.

Pupa ve Erigkin Agwrhigi: Ortalama pupa ve
erigkin agirliklar1 Tablo 2 de gosterilmistir. Ortalama pupa
agirligi, kursun konsantrasyonu arttikga azalmistir. Farkli
kursun konsantrasyonlarindaki pupa agirliklart kontrol
grubu ile karslagtirildiginda aradaki fark istatiksel olarak
anlaml degildir (F=1,941; p<0,404). Kontrol grubundaki
ve farkli kursun konsantrasyonlarindaki disi agirliklari
(F=19,077; p<0,000) ve erkek agirliklarin1 (F=12,562;
p<0,000) karsilagtirdigimizda aradaki fark istatiksel olarak
anlamlidir. Ortalama disi agirligi, ve erkek agirligi kursun
konsantrasyonu arttik¢ca dnemli 6l¢iide azalmgtir.

Tablo 1. Farkli kursun konsantrasyonlarindaki larval ve pupal geligim
siireleri.

Table 1. Larval and pupal development durations at different lead
concentrations.

Larval Siire (giin) Pupal Siire (giin)

Konsantrasyon (Ortalama+SS) (Ortalama=Ss)
1 5,010,572 8,0120,64b
2 5,17+0,72b 8,180,10b
3 5,280,73bc 8,28+0,48bc
4 5,4540,13¢ 8.45+0,13d
6,00£0,0d 5,0020,0a
ool F=62,242, F=6331,52
df=4,405 df=4,405
P<0,000 P<0,000

*Konsantrasyon 1 (0,25 pg/g) konsantrasyon 2 (0,50 pg/g), konsantrasyon 3 (1 pg/g) ve
konsantrasyon 4 (2 pg/g) Ayni siitunda yer alan ve ayni harfle baslayan ortalamalar arasindaki
farklihik istatistiksel olarak onemsizdir (P<0,05).
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Tablo 2. Farkli kursun konsantrasyonlarindaki pupa ve erigskin agirligt

(mg)
Table 2. Pupal and adult weight (mg) at different lead concentrations.
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Konsantrasyon Pupa Agirhig: Disi Agirhig Erkek Agirligt
(Ortalama+SS) (Ortalama+SS) (Ortalama+SS
1 20,10+0,46b* 3,73+0,01b 3,36+0,03b
2 19,94+0,15b 3,50+0,04ab 2,92+0,06b
3 19,19+0,19a 2,78+0,03a 2,89+0,11a
4 17,88+0,02a 2.29+0,07a 2,53+0,07a
22,10+0,07¢ 3,90+0,05¢ 3,47+1,05¢
Kontrol F=1,941 F=19,077 F=12,562
df=4;404 df=4;225 df=4,173
P<0,404 P<0,000 P<0,000

* Konsantrasyon 1 (0,25 pg/g) konsantrasyon 2 (0,50 pg/g), konsantrasyon 3 (1 pg/g) ve
konsantrasyon 4 (2 pg/g). Aym siitunda yer alan ve ayni harfle baglayan ortalamalar arasidaki
farklihik istatistiksel olarak onemsizdir (P<0,05).

Pupa ve Eriskin Saydari: Ortalama pupa ve
erigkin sayilar1 Tablo 3 de gosterilmistir. Farkli kursun
konsantrasyonlarindaki pupa kontrolle
karslastirdigimizda aradaki fark istatiksel olarak anlamlidir
(F=627,40; p<0,000). Farkli kursun
konsantrasyonlarindaki disi ve erkek sayilar1 kontrol grubu
ile karglastirdiginda aradaki fark istatiksel olarak
anlamhidir (Erkek sayi; F=260,055; p<0,000; Disi say1:
F=68,977, p<0,000) (Tablo 3). Calismamizda kursun
konsantrasyonunun artmastyla pupa ve erigkin 6liim orani
artmistir.

sayilari

Tablo 3. Farkli kursun konsantrasyonlarindaki pupa ve erigkin sayilar1.
Table 3. Numbers of pupa and adult at different lead concentrations.

Konsantrasyon Pupa Sayisi Disi Sayist Erkek Sayist
(Ortalama+SS) (Ortalama+SS) (Ortalama+£SS)
1 23,23+0,18c* 11,48+0,58¢ 9,61+0,03d
2 19,30+0,03b 10,01£0,53¢ 8,25+0,24¢c
3 17,31+0,02a 8,82+0,71b 6,28+0,17b
4 16,91£0,08a 7,82+0,51a 4,5140,45a
28,72+0,04d 12,42+0,06dc 13,92+1,49¢
F=627,40 F=68,977 F=260,055
Kontrol df=4:404 df=4:225 df=4:173
P<0,000 P<0,000 P<0,000

*Konsantrasyon 1 (0,25 pg/g) konsantrasyon 2 (0,50 pg/g), konsantrasyon 3 (1 pg/g) ve
konsantrasyon 4 (2 pg/g). Aym siitunda yer alan ve ayni harfle baglayan ortalamalar arasidaki
farklilik istatistiksel olarak onemsizdir (P<0,05).

TARTISMA VE SONUC

Agir metaller, tiim canli organizmalar iizerinde
yaygin toksik etkisi olan kirleticilerdir. Bceklerin hayatta
kalmalari, olumsuz yasam kosullariyla basa c¢ikma
yetenekleriyle ilgilidir. cevresel kosullar
boceklerin  gelisimlerini, kalma oranlarini,
biiyiimelerini, dogurganliklarin
negatif yonde etkiler (Zhan vd., 2017). Bocek gelisim
stireleride ¢evresel streslere duyarlidir ve farkli bocek
gruplarinin agir metale yonelik tepkileri farkli olabilir.
Yaptigimiz calismada kursun varliginin larva biiylimesi
izerinde Onemli bir etkisi oldugu ve tim
konsantrasyonlarda larval gelisim siiresinin kontrol
grubuna kiyasla azaldigi goriiliirken pupa siiresi kontrol
grubuna kiyasla uzamistir. Calismamizda tiim kursun
konsantrasyonlarinda toplam gelisim kontrol
grubuna kiyasla yaklasik 2-2,9 giin farklidir. Yiksek
kursun konsantrasyonu, mitokondri krista yapisini
degistirip, ATP sentezini ve oksidatif fosforilasyonu

Olumsuz
hayatta

omiir uzunluklarini,
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azaltir, buda metamorfozu olumsuz etkiler (Malecka vd.,
2001) dolayisiyla larvalar, pupa asamasina ulastiginda,
mevcut problemler nedeniyle, metamorfoz i¢in daha fazla
zamana ihtiya¢ duyabilirler (Saface vd., 2014).
Calismamizla uyumlu olarak Safee vd., (2014), Drosophila
melanogaster Meigen, 1830 (Diptera: Drosophilidae),
Heer & Singh, (2019) Chrysomya megacephala (Fabricius,
1794) (Diptera:Calliphoridae) ile yaptiklar1 ¢alismalarda
kursun  varligmun  gelisim uzattigini
gostermislerdir. Calismamizdan farkli olarak Kékdener &
Yilmaz (2021) Lucilia sericata (Meigen, 1826) (Diptera:
Calliphoridae) yaptig1 calismada besi yerindeki kursun
konsantrasyonunun artigina bagli olarak larval ve pupal
gelisim siiresinin kisalttigini1 gostermislerdir. Shulman vd.,
(2017) yaptiklar1 ¢alismada farkli kursun yogunlugunun
Calliphora vicina (Robineau-Desvoidy, 1830) (Diptera:
Calliphoridae) larvalarinin gelisimi {izerindeki etkilerini
incelemigler ve konsantrasyona bagli olarak gelisimin

stiresini

hizlandigin1 gostermistir.

Yaptigimiz calismada pupa ve eriskin agirliklari
kursun konsantrasyonu arttik¢ca azalmstir, en diisiik pupa
ve erigkin agirliklar1 konsantrasyon 4 (2 pg/g) kullanildigi
besi yerindeki pupa ve erigkinlerde goriilmiistiir. Heer &
Singh, (2019) yaptiklart ¢alismada C. megacephala nin
pupa ve eriskin  agirliklarmin - farklt
konsantrasyonundan etkilendigini gostermiglerdir.
Kokdener & Yilmaz, (2021) L. sericata ile yaptigi
calismada besi yerinde kursun varligmin pupa ve erigkin

kursun

agirhgint  azaltigl goézlemlemislerdir ve calismamizla
uyumludur. Bunun muhtemel nedeni agir metalin bocek
bagirsak epitel dokusunu ve gida metabolizmasini tahrip
etmesidir (Zhan, 2017). Ayrica larvalarin tiikettigi gida
maddelerindeki agir metaller, besinin sindirilmesini,
emilimini azaltir, dolayisiyla yeterince beslenmeyen larva,
pupa ve erigkin agirliklar1 azalir (Baghban vd., 2014).
Yetiskin agirlig, pupa agirligi ile pozitif korelasyon
gosterir. Yapilan gesitli ¢aligmalar diyet, larva yogunlugu
ve kimyasallarin varliginin pupa agirligini ve dolayisiyla
ortaya c¢ikan yetiskin kuru kiitlesini 6nemli Olgiide
etkiledigini gostermistir. Pupalar ve ortaya ¢ikan
yetigkinlerin kuru agirligi cesedin i¢inde bulunduklar
durumun bir gostergesi olabilir (Bauer vd., 2020)
Gelecekteki farkli agir metallerin varliginda bu 6riintiiniin
devam edip etmedigi arastirmalidir.

Yaptigimiz ¢alismada pupa ve larval 6liim orani
kursun konsantrasyonu arttik¢a artmistir. En az erigkin
sayist konsantrasyon 4 (2 pg/g) oldugu besi yerinde
gorilmiistiir. Calismamizla uyumlu olarak, Haq vd.,
(2012a) M. domestica, Heer & Singh, (2019) C.
megacephala, Kokdener & Yilmaz, (2021) L. sericata ile
yaptiklar1 ¢aligmalarda artan kursun konsantrasyonunun
larval 6lim oranini arttirdigimi gostermislerdir. Ayrica
Safaee vd., (2014), D. melanogaster ile yaptiklari
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calismada kursun varligmmin larvalarin hayatta kalma
potansiyelini azalttigini gostermislerdir ve ¢aligmamizla
uyumludur. Bunun olasi nedeni besi yerindeki kursun
varligmmm larvanin biiylime ve gelisimini olumsuz
etkilemesidir (Al-momani & Massadeh, 2005; Roeterdink
vd., 2004). Agir metal varligi bocekte protein ve lipid
metabolizmasi i¢in gerekli ¢ok sayida enzim yapisinin
bozulmasina neden olur. Yeterince beslenemeyen larva ve
pupalar gelisim siireclerini tamamlayamazlar, dolayisiyla
eriskin ve pupa sayisi azalir (Baghban vd., 2014).

Sonu¢ olarak bu c¢alismada, kursunun, M.
domestica 'min yasam dongiisiiniin olumsuz etkiledigi
gOriilmistiir. gelisimi kursun
konsantrasyonlarmin varliginda kontrol grubuna kiyasla
kisalmig, ama pupal gelisim siireleri uzamigtir. Total
gelisim siireleri kontrolle kiyaslandiginda 6nemli bir artiga
neden olmustur (2-2,9 giin). Kursuna maruz kalma, pupa,
ve erigkin sayilarini, erigkin agirliklarimida, olumsuz

Larva siiresi,

etkilemistir. Bu parametrelerin, ¢cevresel stresi izlemek igin
biyolojik belirtegler kullanilabilicegi
distintilmektedir.

M. domestica 'nin potansiyel adli degere sahip
onemli bir saglik zararlis1 oldugu goz Oniine alindiginda,
bu tiire ait gelisimsel verilerin biyolojik ve ekolojik
aragtirmalar kadar adli arastirmalar i¢inde 6nemli olacagt
kanaatindeyiz. Ileride farkli kimyasal maddelerin, ve agir
metallerin M. domestica’ nin yasamsal paremetreleri
iizerindeki etkisinin adli, biyolojik ve fizyolojik
perspektiflerden arastirilmasi planlanmaktadir.
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Oz: Sunulan caligmada, zebra midye (Dreissena polymorpha) bireyleri, LCso degerlerinin
belirlenmesi i¢in, konsantrasyon diizeyleri farkli olan, malathion etken maddesini igeren pestisitin
bu organizma lizerindeki akut toksik etkisi aragtirilmistir. Bu amacla aralik belirleme ve deneysel
tasarim kurgulanmistir. Tiim deneyler (aralik belirleme dahil) 2 litre hacimli cam kaplar igerisine
1 litre su katilarak yapilmigtir. Her akvaryum igerisine, 10’ar adet D. polymorpha bireyi
eklenerek, deneme caligmast hazirlanmigtir. LCso degerinin belirlenmesi i¢in gézlem periyodu
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Determination of Acute Toxicity (Lcso) of Malathion in Zebra Mussel (Dreissena polymorpha) ']

Abstract: In the presented study, LCso values were determined from acute toxicity tests by
exposing zebra mussel (Dreissena polymorpha) individuals to different concentrations of
pesticide containing malathion active ingredient. For this purpose, spacing and experimental
design were established. All experiments (including determination of spacing ) were carried out
in 2 liter glass aquariums by placing 1 liter of water. For each concentration group, 10 zebra

*Corresponding author: mussel D. polymorpha individuals were used. In order to determine the LCso value, the viability
Nese AKCANAL ODUN ) of the organisms was observed and recorded at 24-hour periods. D. polymorpha individuals that
:ﬁg;gs"t:mia‘ d?n"eTCl:?lzzte of Agriculture lost their vitality were removed from the aquarium and excluded from the study. The study was
5 nese.akyc’amﬂodl]n@tarﬁ{]ormmgovltr carried out in 3 replications and the LCso value of malathion active ingredient pesticide for D.

polymorpha was determined as 120.11 + 19.32 mg/1.

Keywords: Lethal concentration, malathion, pesticide, zebra mussel.

GIRiS Teknolojinin  gelismesi  ile  birlikte;  son
zamanlarda kullanilan pestisitler, sucul canlilar ve insanlar

Tarim ve endiistriyel faaliyetler sonucu, basta olmak tlizere birgok hedef dis1 organizmalar {izerinde
ekosisteme zarar verecek diizeyde cevreye kimyasal toksik etki etmektedir. Toprak yiizeyine temas eden zirai
salimmi  gergeklesmektedir.  Pestisitler de  bu ilaglarin; yagislarla yikanmasi, durgun ya da akarsulara;
kimyasallardan bir tanesini olusturmaktadir. Pestisitler tarimsal ilag endiistri atiklarinin desarj1 ve atik zirai ilag
tarimda, birim alan verimliligini maksimum diizeye ambalajlariin su kaynaklari ile temas etmesiyle pestisitler
¢ikartmak i¢in, zararhlarla (bitki, bocek, mantar vs.) sulara girmektedir. Akuatik ekosisteme giren pestisitler,
miicadelede kullanilmaktadir. akuatik flora ve fauna fiizerinde olumsuz etkiye yol

agcmaktadir (Amdur vd., 1991).

1 Bu makale, Nese AKCANAL ODUN’iin doktora tezinin bir kismindan dretilmistir. This manuscript was produced from a part of Nese AKCANAL ODUN's doctoral thesis.
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Teknolojinin gelismesinin yaninda ekonomik,
sosyal ve Kkiiltiirel alanlardaki degisimler insanlarin
hayatinda etkili olmustur. Bu degisimlerin siiregelmesi ile
birlikte hava, toprak ve su kirliligi problemleri de
insanlarin etkisiyle hizla artmaktadir. Su kirliliginin en
biiyiik nedenleri arasinda tarimsal kirleticiler, kanalizasyon
desarjlari, sanayi atiklari ve diger kirleticiler bilingsiz
olarak su ortamina birakilmasi gosterilebilir. Akarsu
kirliliginin ise %50°lik bir kismin1 zirai maddeler meydana
getirmektedir (Cook vd., 1995; Alberdi vd., 1996; Celikel,
2011).

Pestisitlerin  su ortamma bulagma yollar1
genellikle yagislar, riizgar, yiizey akiglari, drenaj ve sulama
sulart vasitast ile gerceklesmektedir. Bununla birlikte
akuatik canlilara veya su kanallarinda yasayan bitkilere
kars1 yapilan ilaglamalarla, yerlesim bdlgelerinde
kanalizasyon ve lagim sularina karigmasiyla ve pestisit
iiretim artiklarinin desarji ile girdi olusturmaktadir. Ayrica
dogrudan suya yapilan uygulamalar sonucunda (6rnegin
sivrisinek miicadelesinde) pestisitler su bitkileri veya dip
camurlar1 tarafindan tutulurlar (Atamanalp & Yanik,
2001).

Organik fosforlu bilesikler grubunda yer alan
malathion; bocek ve hasereleri 6ldiirmek i¢in giinliik ve
zirai alanda kullanimi yaygin olan bir insektisittir.
Yararlar1 ile birlikte insanlarin yani sira tiim ekosistem
iizerinde zehirlenme seklinde istenmeyen tehlikeli etkisi de
mevcuttur (Tugyan vd., 2005).

Tiim cevresel kirleticiler sucul organizmalarda
oksidatif ~stresi arttirabilmektedir. Ksenobiyotiklerin
organizmalarin hiicrelerinde ve dokularinda oksidatif stresi
tegvik ettigi saptanmigtir (Campana vd., 2003), cevre
kirleticileri ve  oksidatif stresin  artist
organizmalarda doku hasarlarinda artis gergeklestigi
belirtilmigtir. Organizmalardaki hastalik lezyonlarinin
olas1 kaynaklari stres ve enzim diizeyindeki degisikliklerin
oldugu belirtilmistir (Isamah vd., 2000).

Toksikoloji, fiziksel veya kimyasal etmenlerin
canli organizmalar {iizerindeki zarar ve tahrip edici
etkilerini inceler. Bu baglamda akuatik toksikoloji
testlerinin amact sucul canlilar {izerinde herhangi bir
maddenin hangi konsantrasyonda organizmalara zarar
verip vermedigini belirlemektir (Karatag, 2005).

Zebra midyesi (Dreissena polymorpha)’nin
dagilim alanlari Dogu Avrupa, Kuzey Amerika ve Bati
Asya’dir (Kinzelbach, 1992). Zebra midyesinin istilaci
davranmigt  yaygin  kullannminda dezavantaj olarak
goriilmektedir. Bu belirgin dezavantaj biyo-izleme ve
toksik etki degerlendirmesi c¢aligmalarinda hem istilaci,
hem de ¢ok sayida ve genis dagilim gosteren D.
polymorpha'nin orneklenmesiyle yerli tiirlerin
korunmasinin saglanabilmesi i¢in onemli nedenlerden
birini temsil edebilir (Binelli vd., 2015). Bu nedenle

sonucu,

caligmanin canli materyali olarak Zebra midyesi (D.
polymorpha) se¢ilmistir.

MATERYAL VE METOT

Aralik Belirleme Deneyleri: Calismanin canli
materyalini olusturan midyeler, Firat Nehri (Keban Baraj
Goli cikisi, koordinatlar: 38°48'11.2"K
38°43'42.5"D)'nden toplanmistir. Model canlilar el
yordamiyla toplanarak almmistir (Sekil 1). Toplanan
model canli, plastik bidonlarla hizli bir sekilde ortami
ayarlanmig fiber tanklara yerlestirilmistir.

Sekil 1. Model canlilarin araziden toplanmasi.
Figure 1. Collection of model organisms from the field.

Sekil 2. Model organizma stok tanklarina yerlestirilmesi.
Figure 2. Placement of model organisms in stock tanks.

Laboratuvar kosullarina en az 1 ay siire ile adapte
edilen model canli igin galisma kapsaminda akut letal
konsantrasyon (LCso) degerleri i¢in oOncelikle aralik
belirleme testleri yapildi. Yapilan aralik belirleme
testlerinde cam kaplarin her birine 10’ar adet D.
polymorpha bireyi konulmustur. Aralik belirleme
deneyleri sonrasinda malathion etken maddeli pestisitin
LCso deneylerinde uygulanmak tizere konsantrasyon
araliklar1 belirlenmistir.
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Letal Konsantrasyon (LCso)’un Belirlenmesi:
Caligmada denemeler i¢in 2 litre hacimli cam akvaryumlar
kullanilmistir ve her akvaryuma 10 adet D. polymorpha
konulmustur. Aralik belirleme deneyleri sonuglarina gore
malathion etken maddeli pestisiti i¢in deneme dizayni (Co
(kontrol 0,0 mg/l) , C1 (0,1 mg/l), Cz (1,0 mg/l), C5 (10,0
mg/l), Cs (1000 mg/l) ve Cs (200,0 mg/l)
konsantrasyonlari belirlenmistir (Tablo 1).

Tablo 1. Malathion i¢in belirlenen deney tasarimi ve konsantrasyonlari.
Table 1. Experimental design and concentrations of determined for
malathion.

Uygulama Gruplari (mg/1)
Co C, C Cs Cy Cs
| 0,0 0,1 1,0 10,0 100,0 200,0
1l 0,0 0,1 1,0 10,0 100,0 200,0
11 0,0 0,1 1,0 10,0 100,0 200,0

Tekerriir

LCso deneyleri 96 saat siirede statik olarak
ylritilmiistir (OECD, 2004) . Her deneyde 24 saatlik
periyotlarda 6lii bireyler sayilarak tespit edilmis ve deney
ortamindan uzaklastirilmistir. Deney siiresince canlilara
yemleme yapilmamustir (Sekil 3).

Sekil 3. Letal konsantrasyon belirleme ¢alismalari.
Figure 3. Lethal concentration determination studies.

Istatistiksel Analiz: Tim deneysel calismalar 3
tekerriirlii olarak uygulanmigtir. LCsp degerleri SPSS 24
paket programi Probit analizi ile belirlenmistir (Sekil 4).

Probit Transformed Responses

Recurrence
1,00
Cz00

3,00

0,54

Probit

0,0

0,5

T T T T T
0,00 50,00 100,00 150,00 200,00

Const
Sekil 4. Malathion pestisitinin D. polymorpha’da probit analiziyle
belirlenen logaritmik verileri.
Figure 4. Logarithmic data of malathion pesticide as determined by probit
analysis in D. polymorpha.
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BULGULAR

Malathion Insektisitinin LCso Degeri: Yapilan
calismada malathion etken maddeli pestisitin  D.
polymorpha iizerindeki LCso degeri 3 tekrarli olarak
belirlenmis olup ortalama degerleri Tablo 2°de verilmistir.
Malathion etken maddeli pestisitine ait LCso ortalama
degeri 120,11+19,32 mg/l, alt bant seviye ortalama degeri
90,63+17,12 mg/l ve iist bant seviye ortalama degeri ise
152,50+20,78 mg/1 olarak bulunmustur (Tablo 2).

Tablo 2. Malathion etken maddeli pestisite maruz birakilan D.
polymorpha’ya ait LCso degerleri.

Table 2. LCs values of D. polymorpha exposed to malathion active
ingredient pesticide.

LCso Degerleri
LCso Alt Seviye Ust Seviye
(mg/1) (mg/1) (mg/1)
1. Tekerriir 135,36 104,51 168,40
1I. Tekerriir 126,59 95,88 160,12
11 Tekerriir 98,39 71,50 128,97

Ortalama 120,11+19,32 90,63+17,12 152,50+20,79

TARTISMA VE SONUC

Son yillarda tarim ve hayvancilikta verimi
arttirmak i¢cin kullanilan pestisit ya da insektisitlerin
kullanma amacinin disinda kalan ve hedef olmayan gerek
karasal ve gerekse sucul canlilara en diisiik miktarlarda
dahi zarar verdigi yapilan bilimsel ¢alismalarda ortaya
konulmustur. Bu amagla tarimda zirai ilag olarak kullanilan
malathion insektisitinin D. polymorpha iizerindeki akut
toksisitesi arastirilmustir.

Pestisitlerin hedef dis1 canlilar tizerindeki etkileri
birgok arastirmaci  tarafindan  arastirilmistir.  Bu
arastirmacilardan Kopriicii ve Aydin, (2004) deltamethrin
pestisitinin; Aydin ve Kopriicii, (2005) diazinon
pestisitinin; Aydin vd., (2005) cypermethrin pestisitinin
Cyprinus carpio’nun larva ve embriyosunda akut
toksisitesini tespit etmislerdir. Ural ve Kopriicii, (2006)
dichlorvos pestisitinin Silurus glanis yavrularina olan akut
toksisitesini  incelemiglerdir. Farkli balik tiirlerinde
gergeklestirilen  caligmalar  sonucunda, uygulama
konsantrasyonlarinda 6lme ya da yasamlarinin olumsuz
etkilenmesi bakimindan tam bir benzerlik gdsterdigini
belirlemislerdir. Cimen, (2011) Daphnia magna (su piresi)
yavrularinda 24, 48, 72 saatlik olarak Aroclor 1242 (PCB
1242)’nin  akut  toksititesi  iizerinde arastirmada
bulunmustur. Caligma siiresince D. magna yavrularina
besin verilmeyerek, deney ortamu sabit tutulup, ortam
havalandirmas1 yapilmamustir. Bes farkli konsantrasyona
Aroclor 1242 (PCB 1242)’nin D. magna yavrular1 72 saat
stire ile {i¢ tekrarli olarak maruz birakilmiglardir. 1,2 pg/l,
1,4 ng/l, 1,6 pug/l, 1,8 ng/l ve 2,0 pg/l konsantrasyonlarinda
calistlmistir. Calisilan kimyasalin yavru davraniglart ve
Olim oranlart incelenmistir. D. magna yavrularindaki
Aroclor 1242°nin 72 saatlik akut toksitite belirtileri,
ylizmede azalma, karapaks deformu ve 6lim olmustur.
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Cold ve Forbes, (2004) Piretroid pestisit uygulamalarinin
G. pulex’in yasama orani ve tiremesine etkisini
arastirmistir.  Kullanimi  yaygin  olan  esfenvalerate
pestisitine maruz kalan konsantrasyonlarinda G. pulex'in
yagsam siiresini ve liremeleri etkiledigini belirlemislerdir.
Lukancic vd., (2009), Asellus aquaticus ve G. fossarum'u
iki farkli pestisite maruz birakilip fizyolojik durumlari
iizerine yaptiklari ¢alismada; her ikisi de yiiksek Solunum
(R) seviyeleri ve Elektron Aktarim Sistemi (ETS) aktivitesi
ile kisa siireli maruziyete tepki gostermistir. Her iki test G.
fosilinin A, aquaticus'a goére kisa pestisit
maruziyetine daha fazla duyarli oldugunu belirtmislerdir.
Yordonova vd., (2009) Daphnia magna i¢in 24 saatlik
LCso degerini 0,3 pg/l, 48 saatlik ECso degerini 0,8 pg/l
olarak  belirtmislerdir.  Demirci, (2018)  organik
ksenobiyotik olan neonikotinoit pestisitlerden asetamiprit
ve imidakloprit’in G. Kischineffensis iizerine akut toksik
etkisini arastirmak igin, 48, 72 ve 96 saatlik LCsp degerleri

sireli

belirlemistir. Konsantrasyon araliginda; asetamiprit igin
LCso degeri 72 ve 96 saat olarak 1,687 ve 0,517 ng/l;
imdakloprit i¢in 48, 72 ve 96 saatteki LCso degeri 9764,4,
4546,7 ve 1560,9 pg/l olarak kullanilmasi belirlenmistir.
Tatar vd., (2019) yaptiklar1 ¢calisgmada kongo kirmizisina
maruz birakilan G. pulex'te bazi biyokimyasal yanitlarin
belirlenmesini  amaglamiglardir. Kongo kirmizisinnin
sublethal konsantrasyonlar1 belirlemek i¢in G. pulex'te
LCso degerini hesaplamigslardir. Sahinkusu, (2018) igerigi
malathion olan insektisitinin farkli konsantrasyonlarina
maruz birakilan Gammarus pulex (L., 1758) tizerindeki 24
saatlik akut toksisitesinin (LCsp) belirledigi calismada,
LCso degerleri ortalama 1,58 £+ 0,56 mg/l, alt seviye degeri
0,47 + 0,17 mg/l, list seviye degeri ise 5,46 + 2,18 mg/l
olarak tespit etmistir. Serdar vd., (2021a) yaptiklart
calismada D. polymorpha’da ticari insektisit olan Beta-
Cyfluthrin  (B-CF)’nin  bazi biyokimyasal yanitlar
arastirmak i¢in B-CF’nin D. polymorpha iizerindeki 96
saatlik LCso degerini 0,51 mg/L olarak belirlemislerdir.
Serdar vd., (2021b) Gadolinyumun nadir toprak
elementinin tatli su omurgasizi D. polymorpha iizerindeki
biyokimyasal arastirmada uygulama
konsantrasyonsyonlarin1  saptamak i¢in s6z konusu
materyalin D. polymorpha iizerindeki LCso degerlerini

etkilerini

belirlemiglerdir. Serdar, (2021) yaptig1 baska bir
caligmada, D. polymorpha’da ticari insektisit olan
Cyfluthrin (CFT)’nin baz1 biyokimyasal yanitlarini

arastirmig ve CFT nin D. polymorpha iizerindeki 96 saatlik
LCso degerini 0,55 + 0,028 mg/L olarak hesaplanmuistir.
Akut toksiste testleri yukarida verilen literatiir bilgisinde
oldugu gibi birgok bilimsel c¢alismada organizmalarin
toksik etki degerlerinin ve canlilarda 6ldirici
konsantrasyonun belirlenmesi i¢in gergeklestirilmistir.
Yapilan bu c¢alismada da malathion etken maddeli
pestisitin farkli konsantrasyonlarina maruz birakilan D.
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polymorpha’da LCsy degeri belirlenmistir. Akut toksiste
deneylerinden letal konsantrasyon miktarlar1 deneysel
ortamda hesaplanmistir. Yukarida verilen literatiir
bilgisine benzer sekilde hedef dis1 sucul bir organizma olan
D. polymorpha’da, diisiik say1labilecek
konsantrasyonlarda ki malathion pestisitinin akut toksik
etki yaptigi saptanmustir. Elde edilen bulgular D.
polymorpha’nin malathion etken maddeli ksenobiyotik
maddeye maruz kalmasi yoniiyle literatiir bilgisiyle
benzerlik gostermektedir.

Tarimsal alanlarda kullanilan pestisitler, c¢esitli
yollarla sulara karigarak, yasamin kaynagi olarak
niteledigimiz sular1 kirletmektedir. Baliklar basta olmak
lizere, suyu siizerek beslenen midyeler gibi ekolojik
dengede oOnemli rol oynayan bir¢ok sucul canlinin
metabolizmasina pestisit girisi olmaktadir. Bu pestisit
girisi balik, midye vb. sucul organizmalar1 besin kaynagi
olarak tiiketen basta insan olmak iizere besin zincirine
negatif etki etmektedir.

Bu olumsuz etkileri en aza indirmek i¢in pestisit
kullanmiminda  kontrol saglanarak, c¢iftcilere egitim
verilmelidir. Gereklilik durumunda, pestisitlerin en az
toksik olam tercih edilmelidir. ilaglama yapilirken
kontrolli. bir sekilde olmasina dikkat edilerek, su
kaynaklarina ulagimi engellenmelidir. Pestisit ile temas
eden kaplar ve aletlerin, sucul kaynaklar ile temasi
hususunda maksimum diizeyde dikkat edilmelidir. Bu alet
ve kaplar imha edilerek, ¢evreye birakilmamalidir.
Bununla birlikte su kaynaklarindan belirli araliklarla
ornekler alinarak analizleri yapilmalidir.

Sonug olarak dogaya ve insana verdigi zararlar
konusunda, pestisitler ile ilgili bilimsel ¢alismalara 6nem
verilerek, artirtlmasi gerekmektedir. Yasamin kaynagi
suyun Onemi goz Oniine alindiginda, tiim canlilara
dogrudan ve dolayli yonde olumsuz etki olusturmamast
i¢in aragtirma, 6nlem ve egitimlere 6nem verilerek, gerekli
onlemlerin alinmas1 gerekmektedir.
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Abstract: The survey was conducted during the period 2013-2016. A total of eight species
belonging to subfamily Campopleginae, Cryptinae, Diplazontinae, Ichneumoninae, Pimplinae
and Tryphoninae have been listed. The material of the family Ichneumonidae collected from Igdir
of Eastern Tirkiye. Besides, Diadegma elishae (Bridgman,1884), Diadegma mediterraneum
(Constantineanu, 1930), Lysibia nana (Gravenhorst, 1829), Promethes sulcator (Gravenhorst,
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*Corresponding author’s: 1829), Ichneumon confusor Gravenhorst, 1820 and Tryphon (Tryphon) atriceps Stephens, 1835
Zf::é?fg;ii;fy?‘;;ﬁgif AT, are reported for the first time from Igdir. In addition, Diadegma elishae (Bridgman,1884) and
Department of Plant Protection, 25240, Ichneumon confusor Gravenhorst, 1820 are second exact locality both Eastern Anatolia Region

Erzurum, Tiirkiye.

= el A e and Tirkiye. A short zoocographical characterization and associated plants data of the specimens

collected are given for each species.

Keywords: Hymenoptera, ichneumonidae, 13dir, Tiirkiye.

Tiirkiye’nin Dogusunda Yer Alan Igdir ilinden Ichneumonidae
(Hymenoptera) Tiirlerine Katkilar

Oz Bu ¢alisma 2013-2016 yillar1 arasinda yiiriitiilmiistiir. Calismada Campopleginae, Cryptinae,
Diplazontinae, Ichneumoninae, Pimplinae ve Tryphoninae altfamilyalarina ait sekiz tiir tespit
edilmistir. Ichneumonidae 6rnekleri Tiirkiye nin en dogusunda yer alan [gdir ilinden toplanmustir.
Tespit edilen Diadegma elishae (Bridgman,1884), Diadegma mediterraneum (Constantineanu,
1930), Lysibia nana (Gravenhorst, 1829), Promethes sulcator (Gravenhorst, 1829), Ichneumon

*Sorumlu yazar: confusor Gravenhorst, 1820 ve Tryphon (Tryphon) atriceps Stephens, 1835 ise Igdur ili i¢in yeni

Yesim BULAK KORKMAZ o kayit niteligindedir. Ayrica Diadegma elishae (Bridgman,1884) ve Ichneumon confusor

At Uinigmsitigsd Zirs Lz Bk Gravenhorst, 1820 hem Tiirkiye hem de Dogu Anadolu bélgesi igin ikinci kayit olarak verilmistir.

Koruma Bolimii, 25240, Erzurum, Tirkiye 1 h i icin k bi srafik dasil . 1 I landi81 bitki tiirleri

4 yesim.bulak@atauni.edu.tr Top]an.an. er tur 1¢1n K1Sa Db1r Zzoocogratl agilimi, mcelenen materya ve top andigl 1tki turlert
vertlmugtir.

Anahtar kelimeler: Hymenoptera, ichneumonidae, 1gdir, Tiirkiye.

INTRODUCTION

Insects have lived on the earth longer (400 million species are the most successful group, and it alone accounts
years) and adapt to changes. It has long been recognized for over 80% of all arthropods (Zhang, 2013).
and documented that insects are the most diverse group of Hymenoptera is the third largest order of insects,
organisms, meaning that the numbers of species of insects comprising the sawflies, wasps, bees, and ants and over
are more than any other group. The Insecta with 1.070.781 150.000 species of hymenoptera have been recognized

(Klopfstein et al., 2013). Collectively, Hymenoptera are
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most important to humans as pollinators of wild and
cultivated flowering plants, as natural enemies (Predator,
parasite and parasitoids) of destructive insects and as
makers of honey. The Hymenoptera places an important
role in biological control of insect pest as 75% of the total
species are parasitoids and predators (Begon et al., 1996;
Carlo et al., 2009; Sulang, 2021).

The Ichneumonidae, also known as the
ichneumon wasps, Darwin wasps, or ichneumonids, are a
family of parasitoid wasps of the insect order
Hymenoptera. Ichneumonidae are one of the most diverse
groups within the Hymenoptera with approximately 25.285
species currently described. (Yu et al., 2016).

Studies on Ichneumonidae of Tiirkiye have gained
acceleration in recent years. Coruh et al., (2013), reported
975 species in 282 genera for Tiirkiye Ichneumonidae
fauna. Now, the number of Ichneumonidae species has
reached 1439 with valuable studies: Caylak & Coruh,
2020a, b; Coruh, 2018; Coruh et al., 2018; Coruh et al.,
2019; Coruh, 2019a, b; Coruh, 2022; Coruh et al., 2022;
Coruh & Riedel, 2022; Dogru, 2022; 1necikli0g1u, 2022;
Kirag¢ & Giirbiiz, 2020; Kolarov et al., 2017; Kolarov et al.,
2020; Kolarov et al.,, 2021; Kolarov & Coruh, 2022;
Narmanlioglu & Coruh, 2017; Ozdan & Giirbiiz, 2019;
Riedel et al., 2018; Sar1 & Coruh, 2018; Vas 2019a, b;
Schwardz, 2020, Teymuroglu, & Coruh, 2021, Yurtcan et
al., 2021).

The purpose of this study is to identify the
Ichneumonidae species collected from Eastern corner of
Tirkiye, to make this data available to researchers and
relevant people and to contribute the biodiversity.

MATERIAL AND METHOD

Study area: This study was conducted in Igdir
Province, located in Eastern of Tiirkiye Figure 1 and it has
a microclimate with a continental climate close to the
Mediterranean climate. [gdir Plain altitudes range from 817
to 1662 m. samples were collected from Prunus armeniaca
L. and Malus domestica L. orchards during the seasons of
spring and summer of 2013-2016.

Figure 1. Location of study area.
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Sampling method: The specimens were collected
between April and August. Sweeping nets were used to
obtain samples on fruit orchards.

The collected specimens were killed with ethyl
acetate and prepared and labeled according to taxonomic
rules and regulations. All examined material was collected
by first author and determined by second author and
deposited in the Entomology Museum Erzurum, Tiirkiye
(EMET). General distributions and associated plants of the
species were taken from Yu et al. (2016). Additionally
different distributions information on the species is
summarized in Table 1 and 2.

RESULTS AND DISCUSSION

We here report 17 samples belonging to eight
species seven genera for Igdir, Diadegma elishae
(Bridgman,1884), Diadegma mediterraneum
(Constantineanu, 1930), Lysibia nana (Gravenhorst, 1829),
Promethes sulcator (Gravenhorst,1829), Ichneumon
confusor Gravenhorst, 1820 and Tryphon (Tryphon)
atriceps Stephens, 1835 are reported for the first time from
Igdir.

Subfamily Campopleginae Forster,1869

Diadegma elishae (Bridgman, 1884)

General distribution: Eastern Palaearctic, Europe
and Western Palaearctic Regions.

Distribution in Tiirkiye: Kars (Coruh et al., 2005;
Coruh et al., 2014).

Material examined: Igdir, Melekli, 854 m,
39°95.894' N 044°90.576' E, 06.V.2014, Q, Tuzluca,
Incesu, 1039 m, 40°06.855' N 043°25.366'E, 29.IX.2013,
Q.

Associated plants: Unknown.

Remarks: New locality record for Igdir and
second exact locality from Tiirkiye. This species collected
on Prunus armeniaca L.

Diadegma mediterraneum (Constantineanu,
1930)

General distribution:
Palaearctic Regions.

Distribution in Tiirkiye: Bursa Erzincan,
Erzurum and Kahramanmaras (Caylak & Coruh, 2020b;
Coruh et al., 2005, 2014, 2016; Kolarov & Beyarslan
1995).

Europe and Western

Material examined: Igdir, Tuzluca, Uckaya, 1505
m, 39°95.896' N 043°326.915' E, 31.VIIL.2013, &, Aralik,
Kopriiler, 817 m, 39°52.698' N 044°30.710' E, 02.X.2013,
&, Oba, 902 m, 39° 57.400' N 043°59.782' E, 26.VII. 2016,
&, Tuzluca, Kiigiikova, 1662 m, 39°56.902' N 043°40.638'
E, 13.VI1.2015, &, Tuzluca, Gaziler, 1034 m, 40°06.131' N
43°28.624' E, 03.X. 2013, J.

Associated plants: Unknown.
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Remarks: This species collected on Prunus
armeniaca L. and new locality record for Igdur.

Subfamily Cryptinae Kirby, 1837

Lysibia nana (Gravenhorst, 1829)

General distribution:  Eastern
Europe, Nearctic, Oceanic, Oriental
Palaearctic Regions.

Distribution in Tiirkiye: Adana, Aydin, Balikesir,
Bursa, Edirne, Isparta, Istanbul, and Izmir (Coruh et al.,
2014, Coruh, 2019a; Fahringer, 1922; Giirbiiz & Kolarov,
2008; Kolarov, 1995; Kolarov & Beyarslan, 1994; Kolarov
et al., 1997b; Kolarov et al., 2002), Erzincan, Giimiighane
(Alaserhat & Giiclii, 2020); Erzurum (Ozbek & Coruh,
2012).

Palaearctic,
and Western

Material examined: Igdir, Oba, 902 m, 39°
57.400' N 043°59.782' E, 26.VI1.2016, 2 33, Akyumak,
866 m, 39° 59.109 N 044° 03 545 E, 19.VIIL.2014, ¢.

Associated plants: Aegopodium podagraria,
Alnus glutinosa, Larix europaea, Larix polonica, Oryza
sativa.

Remarks: This species both new exact locality
from Eastern Anatolia and new record for Igdir. Besides
this species collected on Prunus armeniaca L. and Malus
domestica L.

Subfamily Diplazontinae Viereck, 1918

Promethes sulcator (Gravenhorst,1829)

General distribution:  Eastern  Palaearctic,
Europe, Nearctic, Oriental and Western Palaearctic
Regions.

Distribution in Tiirkiye: Ankara, Cankiri, Isparta,
Kayseri, Kirsehir, Konya, (Ozdemir, 2001); Edirne,
Tekirdag (Yurtcan et al., 1999); Ardahan, Erzurum (Coruh,
2011; Coruh et al., 2014); Afyon, Antalya, Isparta,
Kahramanmarasg, Mersin, Mugla (Kolarov, 2015).

Material examined: Igdir, Melekli, 858 m,
39°56.444'N 044°05.442' E, 10.VII1.2015, &, Calpala, 894
m, 40°01.021' N 043°52.035' E, 31.VIIL.2013, &.

Associated plants: Angelica sylvestris, Oryza
sativa, Phragmites australis, Picea abies, Picea excelsa,
Poa pratensis, Triticum aestivum.

Remarks: This species collected on Prunus
armeniaca L. and new locality record for Igdur.

Subfamily Ichneumoninae Latreille,1802

Ichneumon confusor Gravenhorst, 1820

General distribution: Eastern Palaearctic, Europe
and Western Palaearctic Regions.

Distribution in Tiirkiye: Kars (Coruh et al., 2014;
Coruh, 2017; Riedel et al., 2010).

Material examined: Igdir: Tuzluca, Egrekdere,
1216 m, 40°00.599' N 043°38.637' E, 13.VIL.2016, ¢.

Associated plants: Chaerophyllum aromaticum,
Chaerophyllum bulbosum, Crataegus oxyacantha, Daucus
carota, Deschampsia cespitosa, Fagus sylvatica, Ferulago
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sylvatica, Heracleum sphondylium and Peucedanum
oreoselinum.

Remarks: New locality record for Igdir and
second exact locality from Tiirkiye. This species collected
on Prunus armeniaca L.

Subfamily Pimplinae Wesmael, 1845

Itoplectis viduata (Gravenhorst,1829)

General distribution:  Eastern  Palaearctic,
Europe, Nearctic and Western Palaearctic Regions.

Distribution in Tiirkiye: Ankara (Kolarov et al.,
1997a; Ozdemir & Ozdemir 2002); Bursa (Kolarov et al.,
1997a); Bitlis, Erzincan, Erzurum, Igdir, Kars (Coruh,
2005; Coruh, 2010; Coruh, 2016; Coruh & Kolarov, 2010;
Kolarov, 1995; Ozdemir & Kilinger, 1990; Ozdemir &
Ozdemir, 2002; Teymuroglu, 2021; Teymuroglu & Coruh,
2021; Tuatay et al., 1972); Cankir1 (Ozdemir & Ozdemir,
2002); Edirne (Konca, 2015).

Material examined: Igdir: Calpala, 987 m,
39°59.901' N 043°54.308', E, 19.VIIL.2015, J; Tuzluca,
Ciyrikli, 1095 m, 40°07.957' N 43°34.515' E, 28.1V.2013,
3.

Associated plants: Anethum graveolens, Daucus
carota, Heracleum sphondylium, Peucedanum
oreoselinum and Quercus robur.

Remarks: This species collected on Prunus
armeniaca L.

Scambus sagax (Hartig, 1838)

General distribution: Eastern Palaearctic, Europe
and Western Palaearctic Regions.

Distribution in Tiirkiye: Bayburt, 1gdir, Kars
(Coruh, 2005; Coruh, 2010; Coruh, 2017; Coruh &
Kolarov, 2010; Coruh & Ozbek, 2008; Coruh & Tozlu,
2008).

Material examined: Igdir: Calpala, 889 m,
39°59.901' N 043°54.308' E, 16.VII1.2014, J.
Associated  plants:  Anethum  graveolens,

Anthriscus sylvestris, Chaerophyllum bulbosum, Daucus
carota, Daucus carota sativus, Euphorbia nicaeensis,
Euphorbia virgata, Fraxinus excelsior, Heracleum
sphondylium, Larix europaea, Larix polonica, Pastinaca
graveolens, Picea spp., Pinus sylvestris, Prunus cerasifera,
Salvia sylvestris.

Remarks: This species collected on Malus
domestica L.

Subfamily Tryphoninae Shuckard, 1840

Tryphon (Tryphon) atriceps Stephens, 1835

General distribution: Eastern Palaearctic, Europe
and Western Palaearctic Regions.

Distribution in  Tiirkiye:  Afyonkarahisar,
Aksaray, Ankara, Antalya, Artvin, Bayburt, Bolu, Denizli,
Diyarbakir, Edirne, Elaz1g, Erzincan, Erzurum, Eskisehir,
Isparta, Icel, Istanbul, Kars, Kirklareli, Malatya, Mugla,
Nigde, Sivas, Yozgat (Beyarslan et al., 2006; Coruh et al.,
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2014; Coruh, 2019b; Coruh et al., 2005; Eroglu etal., 2011;
Giirbiiz, 2005; Giirbiiz & Kolarov, 2006; Giirbiiz et al.,
2009; Kolarov, 1994; Kolarov & Coruh 2012; Kolarov et
al., 1999; Ozdemir, 2001; Sar1 & Coruh 2018; Shaw &
Kasparyan, 2005; Yurtcan & Beyarslan, 2002; Yurtcan et
al., 2006; Yaman, 2014).

Geographical Regions Sea Aegean Region Anatolia Black Sea Region

Diadegma elishae
Diadegma mediterraneum

Lysibia nana .
Promethes sulcator .
Ichneumon confusor

Itoplectis viduata

Scambus sagax

Tryphon (Tryphon) atriceps

Second exact locality from Tiirkiye
New locality record for Igdir
Regional distributions of species

Zoogeographical Regions Eastern Palearctic Europea Mediterranean Region

Eastern Anatolia Region
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Material examined: Igdir: Sarigoban, 867 m,
40°018.166' N 044°011.158'E, 12.V. 2014, Q.

Associated  plants:  Anthriscus
Chaerophyllum  temulum, Heracleum
Peucedanum oreoselinum.

Remarks: This species collected on Prunus
armeniaca L. and new locality record for Igdur.

sylvestris,
sphondylium,

Mediterranean Region Marmara Region South Eastern Region

H =
[ [ | [ |
[ | [ | [ |
[ [ | [ |
H =
[ |
[
[ | | |
_ Eastern Palearctic | Europea Mediterranean Region ~ Nearctic Mediterranean ~ Oriental  Western Palearctic =~
Diadegma elishae . . .
Diadegma mediterraneum . .
Lysibia nana [ ] B B [ | [ |
Promethes sulcator || B B || |
Ichneumon confusor . . .
Itoplectis viduata [ ] B ] [ |
Scambus sagax . . .
Tryphon (Tryphon) atriceps [ ] B [ |
CONCLUSION

As a result, eight ichneumon wasps species
belonging to seven genera were recorded that six of these
species were new records for Igdir. In addition, Diadegma
elishae (Bridgman, 1884) and Promethes sulcator
(Gravenhorst, 1829) were recorded second exact locality
from Tiirkiye.

Additionally both the regional distribution of for
each species and their zoogeographic distribution are given
in Table 1 and 2.
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Abstract: In this study, a comparative economic analysis was made on how financial
performance can be measured and analyzed in four fishing ports (Cevlik, Konacik, Iskenderun
and Dortyol) in Hatay, Turkey. To measure the financial performance, the data were obtained
from the database of the Provincial Directorate of Agriculture and Forestry and the Property
Directorate, through one-to-one interviews with the operators of the fishing ports in 2017. At the
end of the study, it has been determined that there are differences between the legal regulations
and regulations related to the practical activities of the fishing port enterprises. In these
differences, it can be clearly said that the operation of the fishing ports by the fishery cooperatives
in the region does not provide the expected benefit from the fishing ports. The results showed that
Dértyol fishing port was to be the best fishing port in terms of financial performance, location
and diversity of boats using the port.

Keywords: Financal performace, fishing port management, Iskenderun Bay, Tiirkiye Fishery
Sector.
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Oz: Bu calismada Hatay’ da bulunan 4 adet (Cevlik, Konacik, Iskenderun ve Dértyol) Baliket
Limant isletmelerinde finansal performansin nasil Olgiilebilecegi ve analiz edilebilecegi
konusunda karsilastirmali ekonomik analiz yapilmustir. Finansal performansin 6lgiilmesi icin
ihtiya¢ duyulan veriler 2017 yilinda balik¢1 limanlari isletmecilerinden birebir gorisiilerek, ayni
zamanda Tarim ve Orman Il Midiirliigiinden ve Mal Miidiirliigii’nden detayli bir inceleme
sonucu elde edilen saglikli bir veri tabanindan elde edilmektedir. Caligmanin sonunda balikg1
barmag isletmelerinin pratik faaliyetleri ile ilgili yasal diizenlemeler arasinda farkliliklar oldugu
tespit edilmistir. Bu farkliliklarda balik¢1 barinaklarinin bolgedeki su iiriinleri kooperatifleri
tarafindan isletilmesinin balikg1 barinaklarindan beklenen faydayr saglamadigi agikga
sOylenebilir. Elde edilen verilerin degerlendirilmesi dogrultusunda bahse konu olan balikgi
limanlar1 arasinda finansal performans agisindan bulundugu konum ve limani kullanan teknelerin
cesitliliginden dolayr en iyi durumda olan balik¢t limani1 Dértyol balik¢i limani oldugu
belirlenmistir.

Anahtar kelimeler: Finansal performans, balikci barmaklar yénetimi, Iskenderun kérfezi,
Tiirkiye balik¢ilik sektorii.
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INTRODUCTION

The increase and diversification of activities in the
maritime fields are changing the port management
approach day by day (Scheffczyk, 2009; Sciortino, 2010;
Ng et al.,, 2013; Sharaan et al., 2017). In addition to
providing one-to-one coordination, the ports are
increasingly cooperating with commercial institutions and
organizations. These relationships are effective in reducing
environmental impact and increasing sensitivity towards
the safety of life and property, as well as increasing
commercial profits (Di Vaio et al., 2019). Especially,
fishing ports are an important investment for both regional
and country fisheries. Therefore, it is necessary to provide
the expected benefits from fishing ports for sustainable
fishing and other vital maritime activities such as tourism
and the service sector. In order to provide these benefits, it
is required to determine the expense conditions of fishing
ports, compare the situations and measure the financial
performance. In practice, fishing ports can serve not only
fishing vessels but also vessels belonging to different
sectors. Therefore, this service is not only a shelter, but also
provide a region where basic requirements of these vessels
were satisfied like maintenance and repairing.

Having a coastline of 8333 km, Turkey has 48
ports, 49 marinas, and 385 fishing ports (Can & Demirci,
2012; MAF, 2021; DTO, 2022) Fishing ports are important
investments built in line with the needs of regional fishing
vessels in Turkey and managed by the Turkish Ministry of
Agriculture and Forestry and by fisheries cooperatives in
settlements (Erdem et al., 2018). The fishing ports are
operated by the Fisheries Cooperative in that region, and
with the last law amendment of the law numbered 1380,
aquaculture farms in that region can also be given shelter.
(Law No. 1380, Amended paragraph: 6/11/2019-7191/3
art.). The operation and related inspections of these
investments are carried out by the Ministry of Agriculture
and Forestry. However, the activities of these enterprises
are within the scope of the coastal structures operation
circular. Fishing ports in our country should be in very
conditions in terms of the port area, pier, dock, and
protection against sea conditions (Belen, 2012; Akar et al.,
2017). Because considering these situations, these shelters
are serious investments for the country (Akar, 2017). These
coastal structures have a special importance in fisheries
management in terms of fisheries monitoring, control and
supervision (Huntington et al., 2015).

Operators of fishing ports may demand a shelter
fee from the ships to the extent notified by the Ministry of
Agriculture and Forestry to provide for their service (TKB,
2008). Depending on the purpose of establishment, fishing
ports should be evaluated financially by looking at their
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income and expense situations so that they can serve the
purpose of aquaculture production, healthily maintain their
existence and provide more benefits by constantly
renewing themselves. In this study, clues are given about
how financial performance analysis should be done in
Cevlik, Konacik, Iskenderun and Dértyol fishing ports
located on the shores of Iskenderun Bay. It is thought that
this study will contribute to the cooperative managers
operating 385 fishermen's shelters located on the 8333 km
coastline and will play an important role in providing the
desired benefit from the shelters.

MATERIAL AND METHOD

In this study, the annual economic income and
expense tables of the fishing ports were calculated and
evaluated. However, it has been determined that there are
some data gaps in these income and expense tables of port
operators. There are some gaps between the practical
applications of fishing port operators or legal regulations.
Fees may be charged at the entrances of the vehicle to the
ports, fuel tankers and crane. Although the entrance fees
for this vehicle are generally accepted, due to the lack of
legal infrastructure, a figure about its economic amount
could not be obtained. Therefore, these data were not taken
into account in the economic analysis. All calculations are
presented as arithmetic mean and standard deviation. No
statistical analysis has been made.

Iskenderun Bay is an economically significant
area on the Northeastern Mediterranean shores of Turkey
concerning port operations, marine traffic, industrial
facilities and fishing activities (Can et al., 2006; Gezmen
et al., 2015; Mazlum et al., 2019; Yilmaz et al., 2019;
Demirhan et al., 2020; Akar et al., 2021; Yilmaz et al.,
2022). In the study, the data obtained from the records of
the Provincial Directorate of the Ministry of Agriculture
and Forestry and the Property Directorates from Dortyol
(), Konacik (II), Cevlik (IIT) and iskenderun (IV) Fishing
Ports cooperatives, which have an important place in the
Iskenderun Bay, were also used. Information on the
infrastructure and superstructure conditions and capacities
of the Cevlik, Konacik, iskenderun and Dértyol fishing
ports located in the Iskenderun Bay are given in Table 1
(MTI, 2014).

The locations of these fishing ports in the
Iskenderun Bay are given in Figure 1. Although the
Madenli fishing port, which was built as a fishing port,
served in this direction for a short time, it was revised as a
marina by the regional authority without being transferred
to any fishing cooperative.

In the study, the incomes and expenses of Cevlik,
Konacik, Iskenderun and Dértyol Fishing Ports
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cooperatives were determined. The personnel, electricity,
water and maintenance expenses of the shelter were
covered by the port operators. In the calculation of
accommodation fees received by the port operator, an
average value was calculated for different ships as a result
of the ministry's tariff, the port operator's statement and the
negotiations with the shipowners. In addition, the data
regarding the pricing is determined by looking at the
dimensions, characteristics and usage periods of the boats
that will use the port from the Provincial Directorate of the
Ministry of Agriculture and Forestry and the rental fee that
the fishing port operator must pay to the state from the
Property Directorate and were used.

Table 1. Technical Properties of the fishing ports in the
Iskenderun Bay (I: Doértyol, II: Konacik, III: Cevlik, IV:
Iskenderun)

Properties Fishing Port
| 11 1 v
Breakwater length (m) 1295 785 800 740
Berth length (m) 370 465 330 270
Protective water area (m?) 13500 10500 9000 5500
Berth number 90 115 95 60
Number of fishing vessels 200 450 60 45
Number of other ships 4 91 7 5
Density (%) 68 251 43 33
Transport distance (km) 2 0 29 33
Operation of the building - + + -
Maintenance area + + +
Electric + + + +
Water + + + +
Operators fishing cooperative ~ + + + +
“+” available, “-“ not available

Iskenderun Bay

N 36. 50°

Konacik

East
Mediterranean

Figure 1. Study area.

RESULTS

There are four fishing ports on the coastline of
Hatay Province. In the study, the types and numbers of
ships sheltering in fishing ports are shown in Table 2. As
can be seen from the table, no fishing port is used only by
fishing vessels. Only 49 % of the vessels sheltering the
ports are commercial fishing vessels. There are sea
vehicles belonging to the tourism and maritime service
sector in each port. The most crowded port is Port 1V,
which hosts 254 out of 546 vessels. Considering the ship
densities, it is related to the number of fishermen settled in
that region and the types of activities. The population
density of the region directly affects the number of ships in
the fishing port. In this study, income and expense tables
of four fishermen's shelters currently used by fishermen in
Iskenderun Bay were prepared and evaluated.

In the study, the quality and economic value of the
income and expenses of the fishing ports were determined
annually, and the information obtained is the data from
2017. The number of ships in the fishing ports during the
economic evaluation period is shown in Table 2. This table
is based on the ports where the ships stay permanently.
Because a sea vehicle does not pay port fees to more than
one port at the same time. In the fishing ports used for
product extraction or supply, a fee is charged by the shelter
operator according to the vehicle used at the port gate
(automobile, pickup truck, fuel tanker, etc.).

Table 2. Number of ships permanently sheltered (located) in Iskenderun
Bay Fishing Ports by ship type (I: Dértyol, 1I: Konacik, III: Cevlik, IV:
Iskenderun).

. Fishing Ports Total

Ship Type
| 1 11 v

Trawl 1 1 33 11 46
Purse Seine 1 1 6 3 11
Set Net 8 4 25 58 95
Long line 20 40 0 56 116
Recreational fishing 90 10 16 101 217
Yacht 3 3 10 6 22
Ship Service 6 - - 6 12
Submersible and underwater Work vessel 3 1 - 4 8
Touring boat - - 4 8 12
Tug 4 - - - 4
Total 136 60 96 254 546

“-“No data available

The fee charges of the fishing ports of the
Ministry of Agriculture and Forestry for the period of the
research are given in table 3 for fishing vessels and table 4
for others.

The incomes of the fishing ports in the region
within a year arising from the housing fees are presented in
Table 5. According to Table 5, other sea vehicles have an
important place in the revenues of the ports. Only 38.42%
of the total revenue comes from commercial fishing
vessels. Especially in Port I, this rate is very low with
6.48%, while in other ports it is 51.89%, 32.88% and
38.42%, respectively. Although the number of other
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vessels using the fishing port is high due to recreational
fishing vessels, the number of vessels belonging to other
sectors is low. In this context, the economic dimension is
higher in the general evaluation due to the high wages
received from vehicles belonging to other marine sectors.

Table 3. Fishing ports accommodation fees (TRY) for Fishing Vessels

(2017).

Ship Length (m) Daily Weekly Monthly Annually
0-5.99 7.5 29 44 367
6-8.99 10 44 67 509
9-11.99 13 59 79 730
12-15.99 16 73 93 940
16-20.99 19 87 108 1085
21-25.99 21 101 123 1460
26-31.99 24 116 139 1850
32-37.99 28 131 152 2315
38-44.99 30 152 166 2915
45+ 33 165 178 4290

Table 4. Accommodation fees (TRY) for vessels other than fishing

vessels (2017).

Ship type Ship Length (m) Daily Weekly Monthly

0-5.99 12 82 190

6-8.99 15 89 215

9-11.99 17 107 269

12-14.99 20 100 285

15-18.99 23 110 320

Yachts, Kotra and Speedboats 19-22.99 26 114 345

23-27.99 30 125 357

28-32.99 32 130 390

33-38.99 35 141 406

39-44.99 37 153 384

45+ 44 163 429

. 50 73 203 678

Fuel Supply Ship 60 106 340 860

Barge, Floating Crane, Strobe, 1% 16% 17+

Dredging, etc.
*per 1 m?

Table 5. The average port fee paid annually in Iskenderun Bay fishing
ports by ship type.

Ship type Average wage (TRY)
Trawl 1902.24232.3
Purse Seine 3066.5+712.5
Set Net 513.4£56.25
Long line 525.7+48.36
Recreational fishing boat 950.4+115.24
Yacht 2500

Ship Service 420.45+180.67
Submersible and underwater work vessel 9.000

Touring boat 4106.12+235.74
Tug 40000

One of the most important problems for the
operators in fishing ports is the regular and insufficient
payment of accommodation fees. The payment rates for
each port in 2017 by ship types are presented in Table 6.

The service payment rates of the fishing ports of
Hatay province according to the ship types are presented in
Table 7. Results for the fourth port cannot be given in this
table. Because the information in this direction could not
be obtained from the port operator. In the interviews with
the ship owners using the port, it was understood that a
significant part of them did not pay the ship
accommodation fee in 2017 for the yachts. When the
payment rates in this table are examined, the overall
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payment rate is very low at 37.44%. When the payment rate
is evaluated economically, this value becomes 59.83%. A
significant portion of non-paying vessels is commercial
fishing vessels. In addition, recreational fishing vessels do
not pay their housing fees properly as they should
commercial fishing vessels.

Table 6. Hatay fishing ports projected revenue sources and amount for
2017 (TRY) (I: Dértyol, II: Konacik, IIT: Cevlik, IV: Iskenderun).

. Fishing Ports
Ship Type I T T v
Trawl 1902 1902 62766 20.922
Purse Seine 3067 3067 18399 9.200
Set Net 4107 2054 12835 29.777
Long line 10514 21028 0 29.439
Recreational fishing boat 85536 9504 15.206 95.990
Yacht 7500 7500 25000 15.000
Ship Service 2523 - - 2.523
Submersible and underwater work 27000 9000 36.000
vessel
Touring boat - 16.424 32.848
Tug 160000 - - -
Total 302148 54054 150630 271699

“-“No data available

Table 7. The percentages of service payment rates by ship types (I:
Dortyol, 1I: Konacik, III: Cevlik, IV: Iskenderun),

. Fishing Ports Mean
Ship Type I 1 1 v
Trawl 100 100 51 - 76
Purse Seine 100 100 66 - 83
Set Net - 25 5 - 15
Long line 30 25 - - 28
Recreational fishing 33 70 31 - 45
Yacht 100 100 30 - 7
Ship Service 100 - - - 100
Submersible and underwater work vessel 100 100 - - 100
Touring boat - - 100 - 100
Tug 100 - 100 - 100
Average Pay Rate (Number of Ships) 39.49 36.67 36.17 - 37.44
Average Payout Rate (Income, TRY) 77.23 54.05 48.75 - 59.83

“-“No data available

According to the data in Table 6 and 7, the annual
income estimates of the shelters from the ship sheltering
fees are 1302148, 154054, 150630 and 1271699,
respectively. The expenses of the ports are comprised of
the items presented in Table 8, primarily staff, rent and
electricity. Due to the reasons stated earlier in this table,
the data for the fourth port could not be obtained. The
difference in the rental prices of the ports arises from the
tender prices. It is seen in the official records that only the
Port | payments from the ports are examined
retrospectively. However, in this table, since the legal
period of the payments to be made to the government for
2017 has not expired, it is considered fully paid. Electricity
costs are directly related to port lighting costs. Since ships
can be supplied with electricity at the Port I, they are higher
than other expenses. Staff expenses are related to the
number of employees. One staff member at the Port II,
three staff at the Port 111, and four staff at Port I. Port Il and
Il do not pay water fees. Maintenance expenses are
declared only in the first and third ports. Maintenance
expenses consist of lighting, electrical installation,
perimeter wires, eyebolts and maintenance of bollards.
Only the First Port declared expenses on hospitality and
accounting in addition to these.
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Table 8. Expenditure amounts of fishing ports by type of outlay (TRY)
(I: Dértyol, IT: Konacik, ITI: Cevlik, IV: Iskenderun).
Fishing Ports

Outlay

| 1 11 I\
Rent 24000 12000 85000 -
Electric 25000 5400 6000
Water 18000 - -
Staff salary 120000 29400 93600
Meal cost 36000 - -
Maintenance-repair 20000 23000
Accounting and tax 4800 - -
Total 247800 46800 207600

“-“No data available

Considering the income-expenditure tables and
payment ratios of the fishing ports in the region, the income
of the ports is less than their expenses. In general, the
average cost coverage ratio for all ports is 63.99. When we
analyse this ratio based on ports, a port is 94.17%, the
second port is 62.42%, and the third port is 35.37%.

DISCUSSION

It has become important to make financial
analyzes for businesses to grow healthily and to serve their
purposes correctly and healthily (Akgiig, 1995). Fishing
ports not only meet the vital needs of fishermen, but also
serve all maritime sectors in general and especially in the
region (Demirci & Karagiizel, 2018; Zaucha & Matczak,
2018; Menhat et al., 2021). This service both important for
other sectors and makes the port management sustainable
(Koseoglu et al., 2015). Because the port operator can't
meet the minimum expenses with the wages they receive
only from commercial and recreational fishing vessels.
This situation causes the fishing vessels to have low
housing fees and not to make regular payments. It is
evaluated that there are three basic factors in making
regular payments. Reasons such as (1) the low economic
income level of fishing vessels, (2) the port operators lack
of sanction power against non-payment, and (3) the lack of
transparency of the port management.

Fishing is based on the exploitation of living
resources and there is a production based on fishing (Kent,
1997). However, this fishing in the sea depends on the
quality of the vessel and fishing gear (Mutlu et al., 2018).
While this quality brings a cost to the fishermen, it
increases the fishing power and affects the limited living
resources negatively. Capital increase in fisheries
negatively affects fishery resources day by day and
therefore reduces the total fishing income (Kale, 2019;
2020; Can et al., 2020; Demirci et al., 2020; Kaya & Can,
2022).

Although fishing ports are under the responsibility
of the fisheries cooperative, there are legal gaps in terms of
authority and control mechanism (Karademir & Arat,
2014). Fishing ports are seen by some fishermen in the
region as a free service of the state, and therefore they
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consider it unfair that the operator demands a housing fee
and only pays for the water and electricity they use. In this
very wrong view of the fishermen, the port operator makes
a correct sense, albeit to a limited extent, in a situation
where the cooperative does not even pay the service quality
and rental fees. The port operator can legally claim the
unpaid accommodation fees, and attorney and enforcement
costs incurred in practice pose a separate problem for the
parties. In addition, the low level of ship sheltering service
reduces the payment demand efficiency of the operator and
encourages other non-paying ship owners. This situation is
evident in all ports, but one of the regional ports has not
been able to charge accommodation fees for fishing vessels
for many years due to past conflicts.

According to the laws of our country, the
operation of a fishing port is carried out by fisheries
cooperatives formed by fishermen residing in that region
(TKB, 2008). However, a fishery cooperative is established
by sea fishermen who want the right to operate a fishing
port to carry out their activities. Likewise, in our region,
membership in the cooperative is established for port
management rather than commercial fishing activities
(Sahinler et al., 2005; Can et al., 2012; Demirci et al.,
2015). Cooperative managements may consist of
individuals who do not actively fish in the sea, trade only
with fisheries, or even outside the fishing sector. The lack
of sufficient economic control over port management leads
to the failure to keep records. The port operator has legal
responsibilities to the Ministry of Agriculture and Forestry
and the Ministry of Transport and Infrastructure.
Therefore, the operation of these regions should be stopped
as the ports do not meet the minimum requirements (TKB,
2008). However, due to the negativities that will occur in
the practice with the closure, the inspection is not taken
into account. The Ministry of Agriculture and Forestry
does not adequately monitor the obligations of the port
operator as per the relevant legislation. No operator is
qualified to provide these qualifications. Economic
inadequacy and lack of legal control in ports cause
different practices and ignorance in port management.
There is no legal basis for charging fees for vehicle entry
at port entrances. However, daily and annual fees are
charged at the ports, depending on the size of the vehicle.
In addition, additional fees are collected from fuel tankers
and cranes entering the port. Perhaps the main income of a
port is the vehicle entrance fees to this port, which has no
legal basis.

The economic insufficiency of the regional
fishing ports causes significant losses in life, property,
work and environment (Akar, 2017). Regional
municipalities, public institutions and some chambers of
commerce take initiative due to the negative situations
experienced in the ports. These initiatives are to increase
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the income of the fishery cooperative, which is the ports
operator by opening all or some of the fishing ports to the
use of summary yachts (Akar et al., 2017). Despite a few
positive examples, these practices have been tried and
unsuccessful in different parts of our country (Unal &
Mercan, 2006; Dogan, 2017). It should be accepted that the
main reason for this failure is the lack of port management
knowledge of the port operator fisheries cooperatives. The
lack of forward-looking management plans for evaluating
the direction of service supply and demand in the operation
and leasing of the regional ports is an important deficiency
in a sustainable management approach.

Fishing ports cause significant losses not only for
our region but also for the nation due to administrative
deficiencies. Due to the demands from different maritime
sectors regarding the use of the ports, the agenda regarding
these ports continues. It is planned to build a shipyard in
Dértyol fishing port for ports in our region. There has been
a constant discourse on the marina for the port of
Iskenderun. However, the fact that fishing ports are
primarily operated by fisheries cooperatives does not make
these considerations possible. For this reason, which was
issued for the improvement of the Economy of the Country,
the responsibility of the fisherman port was taken from the
Ministry of Agriculture and Forestry and the path was
opened to the Ministry of Transport and Infrastructure
(Fisheries Law Additional paragraph: 6/11/2019-7191/3).
In this way, business administration has been opened to the
use of many different individuals or institutions (Eriiz &
Erol, 2018). However, this legal change did not take place
in practice.

The demand for ports in marine areas is driven by
tourism, fishing, trade, transportation, etc. As it may come
from different sectors, there may be different demands in
the same sector. The service demands and port usages of a
purse seine and a trawler of the same tonnage for the
fishing industry are very different (Sciortino, 2010). While
trawling requires mooring and simple replenishment, there
is a significant berth occupation with the net maintenance
of the purse seiner. The supply capacity is high depending
on the amount of fish caught and the number of personnel.
Similarly, there is a fishing vessel of the same size as a
fishing vessel and a fishing vessel using a long line set.
While the ship, which applied longline fishing, does not
have a berth demand, the net maintenance of the extension
net ship is possible with the berth occupation. Similar
situations exist in other sectors. Private yacht demand is a
comfortable living space and a social environment. Tourist
cruise ships, on the other hand, require an environment that
is easily accessible to the public. Apart from these sectors,
there are sheltering problems of sea vehicles belonging to
public institutions, agency and service boats, pontoons, sea
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vehicles belonging to aquaculture companies, and sea
vehicles belonging to underwater and industrial services.

CONCLUSION

As a result of the research, it was concluded that
the fishermen's shelters in Hatay region could not be
utilized sufficiently. The reason for this is assumed to be
due to the management strategy. Fisheries cooperatives are
not qualified to provide even the minimum requirements in
line with the Turkish Coastal Structures Management
Circular on port management. In this context, the
deficiency is not only regional but also covers the whole
country. The institution responsible for the operation of
fishing ports in Turkey is the Ministry of Agriculture and
Forestry, and the institution responsible for inspection is
the Port Authority under the Ministry of Transport and
Infrastructure. The Ministry of Agriculture and Forestry
does not have the necessary personnel for port
management.

The Ministry of Agriculture and Forestry has
made some changes in the operation of fishing ports in
recent years, but there has been no significant change in
operation. It is an important mistake to consider these
coastal structures, whose number is approaching four
hundred in our country, only as fishermen's shelters. It
would be much more rational to operate these coastal
structures if they offer port services to cover all maritime
activities in the region, rather than just looking at them as
fishermen's shelters. Moreover, this is how the practice
works.

When the fishing ports in the Mediterranean
countries are examined, it is seen that the management
approach is different from ours. First of all, these marine
shelters are not only limited to fishermen's shelters, but are
also considered as ports serving all sea vehicles. All
infrastructural possibilities in the region should be used in
a way that includes the rational requirements of the present
and the potential for the future. In this use, a management
plan and arrangement should be made with the
participation of all stakeholders. There may be legal
changes in these regulations on a national basis.
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Abstract: This study represents new information on the nutritional value of soup prepared from
cultured Rainbow trout (Oncorhyncus mykiss). The proximate contents of soup were represented
by 87.56% moisture, 7.22% protein, 1.59% crude fat, 0.07% carbohydrate, 1.17% dietary fibre
and 2.44% ash. The energy value was calculated as 48.0 kcal/100g. Amino acid values were in
the range of 183.5-1128.5mg/100g while mineral contents were varied as 0.6ug/g-19.5mg/g. The
value of polyunsaturated fatty acids (PUFA) was higher than saturated fatty acids (SFA). Total
PUFA and eicosapentaenoic acid + docosahexaenoic acid (EPA+DHA) were observed as 37.2
and 7.2%, respectively. These values corresponded to the values of 673.3 and 123.2 mg/100g of
edible portion of the soup within the same respect. The results of this study demonstrated that a
portion of trout soup would almost cover daily recommended n-3 PUFA intake, however, higher
amounts are required for the necessary levels of EPA+DHA. The vitamin B12 content was well
above the recommended levels. The values of a and 3 tocopherols were observed as 272.0 and
1131.0 ug/100g (wwb), respectively. This study indicates that trout soup has a good nutritional
value for human consumption for a healthy diet.

Keywords: Amino acids, cultured rainbow trout, fatty acid, fish soup, nutritional value, proximate
composition.

Gokkusagi Alabaligindan (Oncorhyncus mykiss, Walbaum, 1792) Hazirlanan
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Balik Corbasinin Besin Degeri

Oz: Bu galigma Gokkusag alabaligindan (Oncorhyncus mykiss) hazirlanan balik gorbasinin besin
degeri hakkinda yeni bilgiler sunmaktadir. Hazirlanan balik ¢orbasinin besin kompozisyonu
%87.56 nem, %7.22 protein, %1.59 ham yag, %0.07 karbonhidrat, %1.17 diyet lifi ve %2.44 kiil
olarak tespit edilmistir. Enerji degeri ise 48.0 kcal/100g olarak hesaplanmustir. Amino asit
degerleri 183,5-1128.5mg/100g araliginda iken mineral igerikleri ise 0.6pg/g-19,5mg/g olarak
degisim gostermistir. Coklu doymamis yag asitlerinin (PUFA) degeri, doymus yag asitlerinden
(SFA) daha yiiksek olarak belirlenmistir. Toplam PUFA ve eikosapentaenoik asit +
dokosaheksaenoik asit (EPA+DHA) sirasiyla %37.2 ve %7.2 olarak gozlenmistir. Bu degerler
ayni zamanda ¢orbanin yenen kisminin 673.3 ve 123.2 mg/100g degerlerine tekabiil etmektedir.
Calisma sonuglarina gore, bir porsiyon alabalik ¢orbasinin giinliik nerilen n-3 PUFA ihtiyacini
hemen hemen karsilayacagi, ancak gerekli EPA+DHA seviyeleri igin daha yiiksek miktarlara
ihtiyag oldugunu gdstermistir. B12 vitamini igerigi ise Onerilen seviyelerin ¢ok iizerinde
bulunmustur. o ve B tokoferol degerleri ise sirasiyla 272.0 ve 1131.0 pg/100g (wwb) olarak
belirlenmistir. Bu calisma, alabalik ¢orbasinin insanlarin saglikli beslenmesini destekleyici
zengin besin igerigine sahip bir {irlin oldugunu ortaya koymaktadir.

Anahtar kelimeler: Aminoasit, balik ¢orbasi, besin degeri, kiiltiir gokkusagi alabaligi, yag asid.
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INTRODUCTION

The health benefits of fish are well recognized
with the extensive supportive research studies in the
literature (Gogus and Smith, 2010). Therefore, any product
that originated from fish has a good potential for a healthy
diet for human consumption (CFS, 2020). Fish soup is a
popular meal worldwide and commonly consumed at
restaurants and households for many years. Commercially-
prepared soups are usually called ‘instant soups’. They are
usually manufactured in several types: dried or dehydrated,
canned, or treated by freezing. Some consist of a packet of
dry soup stock. Different fish species are used to make fish
soup. The ingredients of fish soup also vary depending on
the consumer acceptability, therefore, nutritional value
also changes to a great extent. The percentage of fish and
other ingredients used in the fish soup also changes,
particularly at the use of restaurants and household
productions (Obiakor-Okeke et al., 2014; Zhang et al.,
2018). For this reason, it is important to evaluate the
nutritional value of fish soups prepared from a specified
methodology and ingredients (recipe).

Rainbow trout (Oncorhynchus mykiss, Walbaum,
1792) belongs to the Salmonidae family. It is anadromous
fish lives in coastal streams and stocked in almost all water
bodies such as lakes, rivers, and streams, however, it is
usually not stocked in water above 25°C or ponds with very
low oxygen concentrations. It feeds on a variety of aquatic
and terrestrial invertebrates and small fishes in its natural
environment. Mature individuals undertake short spawning
migrations (FISHBASE, 2020). It is known as one of the
most widely introduced fish species in the world and has
been introduced into at least 99 countries including Turkey.
It has established reproducing populations in many
different parts of the world (Stankovi¢ et al., 2015).
Rainbow trout is the most cultured species in our country
with 144 182 tonnes of annual production (approximately
34% of total aquaculture production) in Turkey in 2020
(TUIK, 2021). World production was reported as 917 896
tonnes in 2019 (FAO, 2020).

Proximate composition and nutritional value of
Rainbow trout have been studied in the past by various
researchers (Chaiyapechara et al., 2003; Hosseinzadeh
Sahafi et al., 2013; Oz and Dikel, 2015). Recently, we
obtained that a nutritious fish soup can be produced from
brook trout for human consumption suitable for a healthy
diet (Kose et al., 2021). Despite limited studies on the
nutritional value of fish soup (Ankrah and Dovle, 1973;
Chan et al., 1994; Zhang et al., 2018), no study exists on
the nutritional value of soup prepared from rainbow trout.
Therefore, this study aims to estimate the proximate
composition and nutritional value of trou soup in terms of
a healthy diet for human consumption.
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MATERIAL AND METHOD

Materials

Production of fish soup: Rainbow trout (O.
mykiss) was obtained from a fish farm which is situated
about 35 min drive from the authors’ laboratory, Trabzon,
Turkey. The fish was transported to the laboratory in ice in
Styrofoam boxes. The weight and the sizes of rainbow trout
were 30.5-45.1 cm and 700-1000 g, respectively.

Garlic (Taskoprii, Kastamonu), wheat meal
(Akmehmet, Samsun), salt (Billur, izmir), water (Ayder,
Rize), vegetables (onion, carrot, garlic, fresh green pepper,
fresh tomatoes, fresh celery and fresh parsley), dried bay
leaves and fresh lemons were obtained daily from a
supermarket situated in central Trabzon, Turkey. They
were transferred to the laboratory and kept in cool
conditions until use.

Preparations of fish soup: All fish were
measured and weighed before use. The fish soup was
prepared using our earlier methodology applied to brook
trout soup (Kose et al., 2021). However, differences
occurred in the ratio of the ingredients as given in Table 1.
After cooking, all the ingredients in the soup were
homogenized using a blender for 1-3 minutes.

Table 1. Ingredients used in the preparation of fish soup from rainbow
trout.

Ingredients %
Fish mince (Boiled and separated from bones and skin) 17.34
Carrot 4.57
Tomatoes 3.45
Onion 2.29
Green Pepper 3.60
Parsley 0.67
Celery stalk 0.11
Garlic 0.14
White flour (roasted) 0.62
Salt 0.83
Lemon juice 0.92
Water ~65.46

TOTAL (Water loss due to evaporation was not taken into account) ~100

*Bay leaves and lemon pieces separated into two or three pieces were added to the product during
the first cooking phase and then discarded. The ratio of these amounts is not taken into account.

Analytical methods

Proximate composition and energy value: The
AOAC method numbers of 985 (AOAC, 1995a), 7.009 and
2.507 (AOAC, 1980) were used to analyse moisture, ash
and protein contents, respectively. The dietary fibre of the
fish soup was analysed using AOAC Official Method
991.43 (AOAC, 1995b). Crude fat content was analysed by
using solvent extractor Velp SER 148/6 with petroleum
ether (130°C). The Atwater method was applied to
calculate the total energy value of the soup (Merrill and
Watt 1973).

Metal (Mineral) analysis: Metals (mineral
contents) were analysed using an in-house method
developed by the authors’ analytical chemistry laboratory
as described in the earlier study (Kose et al., 2021). All
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minerals were determined using an Inductively Coupled
Plasma - Mass Spectrometer (ICP-MS) (Agilent
Technologies, model 7900) against aqueous standards. The
mineral concentration is expressed as mg mineral/kg fish
dry weight.

Analysis of Fatty Acids: Fatty acid analysis of
trout soup was carried out according to the method
described by Tufan et al. (2016). The determination of fatty
acids was conducted on a Shimadzu 2010 gas
chromatograph with the autosampler (Shimadzu, JAPAN)
equipped with a split injector (ratio 1:20), a flame
ionization detector (FID), and a 100 m SUPELCO (model
SPTM-2380, USA) fused silica capillary column (film 0.20
um, diameter 0.25 mm). The temperatures of the injector
detector and the port were held at 260°C. The injected
volume was 1 pL. The column temperature was held at
140°C for 5 min, then raised to 240°C at 5°C /min and held
at 240°C for 30 min. Fatty acids were identified by
comparing the retention times of Fatty acid methyl ester
(FAME) with SUPELCOTM 37 component FAME
mixture (Cat. No. 47885-U). Three replicate GC analyses
were performed for each fish soup sample. Quantification
of FAME was carried out by FID detector and using area
normalization method. According to the area, the value of
each compound, area compositions were detected, and
results were shown as FAME%. The amount of mg fatty
acid in the edible portion of trout soup was calculated by
Greenfield and Southgate (2003) using the following
formulae:

FA content (mg FA per 100 g edible portion of
fish soup) = [FAME% x FACF x lipid content% (g lipid /
100g food)] / 100;

Where FAME is fatty acid methyl esters, FACF:
the lipid conversion factor (fatty acid conversion factor, g
FA g-! lipid).

FACF is reported as 0:933 for fish finfish
(Weihrauch et al., 19779). All chemicals used were of
analytical grade and obtained from Merck (Germany),
Sigma-Aldrich (USA) and J.T. Baker (USA).

Vitamin Analysis: Vitamin E (alpha and gamma-
tocopherol) was analyzed according to the method
described by Prevc et al. (2015). It is an in-house method
developed at the author’s laboratory in Slovenia. Fish soup
samples were subjected to high-performance liquid
chromatography (HPLC) analysis after dissolving in 2-
propanol. Separation of Vitamin E isomers was carried out
using an HPLC (Infinity 1260, Agilent, USA) equipped
with the fluorescent detector and OpenLab ChemStation
software. The column used was Luna 5 um PFP (250 mm
x 4.6 mm), the flow rate was 1.5 mL/min., the injection
volume was 25 pL, the mobile phase was a mixture of
methanol-water (92:8 v/v) and the column temperature was
35 °C. The fluorescent detection was applied at the
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conditions of Aex = 280 nm and Aem = 330 nm. An external
standard mixture was used for quantitative measurements.
The standard mixture was prepared daily as fresh from
Tocopherol set (613424-1SET, Calbiochem, Merck,
Darmstadt, Germany) using the concentrations of 0.5-3.5
ppm for a-tocopherol, 0.2—1.5 ppm for B-tocopherol, 0.3—
2.6 ppm for y-tocopherol and 0.2-14 ppm for &-
tocopherol. A concentration of approximately 0.5 mg/mL
was used for the stock solution. The concentrations were
confirmed at a spectrophotometer (Cary 100 UV-Vis
spectrophotometer).

For vitamin B12 (cobalamin), the samples were
extracted by the modified method from Eitenmiller et al.
(2008) and Guggisberg et al. (2012). After the extraction,
the solution was passed through an immune affinity
column for purification (R-Biopharm Easy-Extract
Vitamin B12, 2011). The samples were dissolved in
0.025% trifluoroacetic acid, then vitamin B12 in the
samples was determined using the following HPLC
(Shimadzu LC20A) conditions. Detection was carried out
using a detector at 361 nm UV. The mobile phase was a
mixture solution of water (containing (0.025%
trifluoroacetic acid) and acetonitrile (87:13)) and the
column was a reversed-phase column (ACE, 5 AQ-C18, 5
pm, 4.6x150 mm).

Amino Acid Analysis: Analysis of amino acids
was also carried out by the method modified from Dimova
(2003) and Gheshlaghi et al. (2008). The samples were
derivatized using the solution of phenyl isothiocyanate,
then dried. After that, they were dissolved in a 0.02M
ammonium sulfate solution. After filtration, the solution
was analyzed at the high-speed HPLC (Shimadzu UFLC-
20A) system coupled with an Agilent, Eclipse XDB-C18
column (sizes: 5 pm, 4x6x150 mm). The mobile phase was
used with different ratios of sodium phosphate tampon
solution at pH 6.9 and acetonitrile. The detection was
carried out at a UV detector at 254 nm. The detailed
analytical conditions were described in Anonymous
(2007).

Statistical analysis: The data obtained were
subjected to analysis of variance (ANOVA), and if
significant differences were found, comparisons among
means were carried out by using the Tukey test (p < 0.05)
by JMP 5.0.1 (SAS Institute Inc., Cary, NC, USA; Sokal
and Rohlf, 1987). Data are presented as mean + standard
deviation (SD) of the values obtained from triplicated
samples.

RESULTS AND DISCUSSION
The results for proximate composition and energy

value of trout soup were given in Table 2. The proximate
composition of foods closely relates to a well-balanced diet
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and health benefits for human consumption. It is well-
known that soup consumption prior to main meals is highly
common around the world. Therefore, information on the
proximate values of soups is valuable for consumers and
dieticians in terms of maintaining a daily nutrient balance
and energy uptake. Several studies and food databases of
different organizations reported that the proximate
composition of different types of foods including fish soup
highly varies (Ankrah and Dovle, 1973; Chan et al., 1994;
Zhang et al., 2018).

Table 2. Proximate composition and energy value of rainbow trout soup.
Analytical parameters Value (Wet weight bases)

Moisture (%) 87.56 £0.02
Protein (%) 7.22£0.04
Crude Fat (%) 1.59+0.01
Carbohydrate (%) 0.07 £0.09
Dietary Fibre (%) 1.17 +£0.00
Ash (%) 244+0.21
Energy (kcal/100g) 48.0+0.0

n=3, £: standard deviation (SD)

These are mainly attributed to the ingredients of
soups as in the case of most meals and the techniques used
in cooking/preparation. Although proximate composition
values, as well as other nutrient components of different
types of fish soups, can be obtained from the databases of
several organizations and commercial food companies, the
type and the ratio of ingredients used in the preparation of
soups are often not included in their reports. Therefore,
such information has limited value in the identification of
their nutritional properties.

Past studies demonstrated that moisture contents
of soups highly depend on their consistency and affect the
ratios of other components such as protein and ash
contents. Various researchers reported moisture contents of
different types of soups in a wide range depending on
dried, condensed and ready-to-eat soups (Chan et al., 1994;
Obiakor-Okeke et al., 2014; Zhang et al., 2018; USDA,
2019; Kose et al., 2021). Ready-to-eat soups contained
moisture contents usually between 80 and 89%, while
lower values were attributed to condensed soups (Obiakor-
Okeke et al., 2014). The moisture content obtained in this
study was found within the values obtained in the literature
indicating the thickness of it was similar to commercial
soup products. The moisture contents of the soup from
brook trout (Salvelinus fontinalis) obtained in our earlier
study (Kose et al., 2021) and smoked trout soup obtained
by Tolasa et al. (2012) closely supported this study. A wide
range of moisture contents in between 73 and 98% was
reported for different types of fish soups by different
studies (Ankrah and Dovle, 1973; Zhang et al., 2018).

Limited data exist on nutrient values of trout soup.
Tolasa et al. (2012) reported slightly higher protein content
as 9.76% in soup prepared from smoked trout although fat
content was close to the results obtained in the current
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study. In our earlier study, slightly lower values were
determined for the brook trout soup (Kose et al., 2021).
Similarly, the values of protein, fat and ash contents
reported by different studies and food databases for varying
types of fish soups also varied (Chan et al., 1994; Obiakor-
Okeke et al., 2014; USDA food database, 2019). Also,
calorie value of fish soup can change based on the
ingredients, their amount, and type. The calorie value of
the fish soup prepared in this study was determined as 48
kcal/100g. When calculated as a portion, 96 kcal/serving
was determined. The energy values of some fish soups with
different fish species content commercially vary between
37-94 kcal/100g and are similar to the values we found in
the study (URL-1; URL-2; URL-3). Due to its low calorie
value, fish soup prepared in this study can be accepted as
suitable for low calorie diets.

Amino acids, particularly essential amino acids
are necessary for growth and maintenance, and therefore,
they must be included in the human diet. Amino acids like
aspartic acid, glycine, and glutamic acid are also known to
play a key role in the process of wound healing (Erkan et
al., 2010). Table 3 shows amino acid values obtained for
the rainbow trout soup.

Table 3. Amino acid values of rainbow trout soup.
The types of Amino acid Value (mg/100 g)

L-Alanine (Ala) 353.0+£2.8
L-Arginine (Arg) 4545+2.1
L-Aspartic Acid (Asp) 751.0+7.1
L-Phenylalanine (Phe) 312.0£0.0
Glycine (Gly) 432.5+0.7
L-Glutamic Acid (Glu) 1128.5+4.9
L-Histidine (His) 3160+ 1.4
L-Isoleucine (lle) 264.5+3.5
L-Lysine (Lys) 1074.5+£0.7
L-Leucine (Leu) 528.5+2.1
L-Methionine (Met) 183.5+0.7
L-Proline (Pro) 330.5+£0.7
L-Serine (Ser) 356.0+2.8
L-Threonine (Thr) 525.0+2.8
L-Tyrosine (Tyr) 235.0+12.7
L-Valine (Val) 236.5+2.1

n=3, +: standard deviation (SD).

Among 16 amino acids, the highest amount found
in trout soups was L-glutamic acid as 1128.5 mg/100g and
the lowest value represented by L-methionine as 183.5
mg/100g. The values of essential amino acids were
obtained over the amount of 500 mg/100 g for lysine,
leucine and threonine. Therefore, the results indicate that
trout soup is a good source of amino acids, particularly for
the essential amino acids except for tryptophan. Limited
information exists for amino acid values of fish soup in the
nutrition databases. However, a few studies investigated
the levels of amino acids in different types of soups.
Similarly, Zhang et al. (2018) also obtained lower amino
acid levels in two types of fish soups. The differences may
be attributed to the high moisture contents of the analyzed
soups by Zhang et al. (2018). Recently, Jeyakumari et al.
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(2016) reported the most common amino acids found in
fish soups incorporated with carrageenan as threonine,
glutamic acid, proline, alanine, isoleucine, phenylalanine,
tyrosine, histidine, lysine and arginine. Their results show
some similarities with this study

The Health benefits of fatty acids in fish soup are
mostly related to its contents of highly unsaturated fatty
acids, particularly, omega-3 fatty acids. The fatty acid
values were presented in Table 4 as FAME% and mg/100
g in trout soup.

Table 4. Fatty acid composition of rainbow trout soup.

Fatty Acids FAME (%) FAME (mg/100g)
C14:0 (Myristic acid) 1.4+0.1 23.49
C15:0 (Pentadecanoic acid) 0.0+0.0 0.00
C16:0 (Palmitic acid) 12.5+0.1 215.45
C17:0 (Margaric acid) 0.1+0.0 1.72
C20:0 (Arachidate acid) 0.6+0.1 9.74
C22:0 (Eicosanoic acid) 1.2+0.1 21.20
>'SFA (Saturated Fatty Acids) 15.8+0.2 271.60
C14:1 (Myristoleic acid) 0.2+0.0 3.44
C15:1 (Cis-10-Pentadecanoic acid) 2.1+0.0 36.10
C16:1 (Palmitoleic acid) 0.1+0.0 172
C17:1 (Cis-10-Heptadecanoic acid) 4.1+0.0 70.48
C18:1n-9 (Oleic acid) 31.9+0.3 548.36
C20:1 (Eicosenoic acid) 0.0+0.0 0.00
C22:1n-9 (Erucic acid) 0.6+0.0 10.31
C22:1n-11 (Cetoleic acid) 0.2+0.1 2.87
>MUFA (Monounsaturated Fatty Acids) 39.2+0.3 673.28
C18:2n-6 (Linoleic acid) 26.3+0.5 452.67
C18:3n-6 (Gama-linoleic acid) 1.3+0.1 2177
C18:3n-3 (Linolenic acid) 1.6+0.1 28.08
C20:2n-6 (Eicosadienoic acid) 0.2+0.0 3.44
C20:3n-6 (Homo- y -Linolenic acid) 0.4+0.0 6.88
C20:3n-3 (Eicosatrienoic acid) 0.1+0.0 172
C20:5n-3 (Eicosapentaenoic acid) 1.1£0.1 18.34
C22:2n-6 (Docosadienoic acid) 0.1£0.0 172
C22:6n-3 (Docosahexaenoic acid) 6.1+0.0 104.86
Y PUFA (Polyunsaturated Fatty Acids) 37.2+£0.5 639.47
Yn3 (Omega-3) 8.9+0.1 152.99
>'n6 (Omega-6) 28.3+0.4 486.48
>'n3/>'n6 (Omega-3/0Omega-6) 0.3+0.0 0.31
>'n6/>'n3 (Omega-6/0Omega-3) 3.240.1 3.18
SEPA+DHA 7.240.1 123.20
Unidentified 7.8+0.5 -
n=3, +: standard deviation (SD).

Total saturated (SFA), monounsaturated

(MUFA), and polyunsaturated fatty acids (PUFA) were
obtained as 15.8, 39.2 and 37.2%, respectively.

These values corresponded to the values of 271.6,
673.3, and 639.5 mg values in 100 g of trout soup in the
same respect. Therefore, the results showed that trout soup
has good nutritional value in terms of fatty acids since it
contains a higher amount of >PUFA compared to >SFA.
The major SFA in trout soup was palmitic acid as 12.5%,
which accounted for 215.5 mg/100 g of soup. Oleic acid
was the most abundant MUFA determined as 21.9% (548.4
mg/100 g of the soup). Although high PUFA values were
obtained in trout soup, the highest amount was found for
linoleic acid as 26.3% followed by docosahexaenoic acid
(DHA) as 6.1%. Previous studies indicated that fatty acid
values of farmed trout are highly affected by its diet
(Trbovi¢ et al., 2012), and it contains higher n-6 fatty acids,
particularly linoleic acid (Guillou et al., 1995). Similarly,
high levels of omega 6 were determined in different types
of vegetable oils (Strobel et al., 2012). Therefore, high
levels of omega 6 were also expected in trout soup used in
this study due to being of farmed origin. The percentages
of total eicosapentaenoic acid + docosahexaenoic acid
(O EPA+DHA) in trout soup were found as 7.1% which
corresponded to 123.2 mg/100 g. The ratios of n3/n6 and
n-6/n-3 have been suggested as a useful indicator for
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comparing relative nutritional values of oils. Varying
levels were suggested for n-3/n-6 as lowas 0.2 and up to 1,
while The UK Department of Health recommends an ideal
ratio of n6/n3 of 4.0 at maximum (HMSO, 1994). The
result relating to the n-3/n-6 ratio was found as 0.3 in this
study. However, a higher value was obtained for the ratio
of n-6/n-3 as 3.2 although it was within the suggested level.

Various health benefits of omega-3 fatty acids,
particularly, EPA and DHA have been reported (Gogus and
Smith, 2010). Therefore, different health institutions have
recommended daily intake of n-3 PUFA and EPA + DHA
in varying rates within the range of 0.2-0.45g and 0.5-1.0g,
respectively. The results of this study demonstrated that a
portion of trout soup (about 200 g) would almost cover
daily recommended n-3 PUFA intake, however, higher
amounts are required for the necessary levels of
EPA+DHA. Kose et al. (2021) obtained slightly higher
EPA and DHA levels in brook trout soup, therefore, the
values were also accounted as higher in the mg of edible
soup in comparison to this study.

Limited research has been carried out relating to
fatty acid contents of fish soup (Chan et al., 1994; Udari et
al., 2015; Jeyakumari et al., 2016) while no study exists on
the soup from Rainbow trout. Recently, higher SFA and
PUFA and lower MUFA values were obtained for brook
trout soup (Kose et al., 2021). Different studies reported
the percentages of PUFA were lower than SFA and MUFA
values in different fish soups (Chan et al.,, 1994;
Jeyakumari et al., 2016; Zhang et al., 2018; USDA, 2019).
Udari et al. (2015) investigated the fatty acid profile of fish
soup powder from Sardinella longiceps. Although EPA
and DHA values in this study were closed to their results,
they obtained lower >PUFA and MUFA levels against
higher SFA values in their fish soup. The differences may
have been attributed to the other ingredients used in the
soup preparations since they used a high ratio of cornflour
and milk powder in their product. They also demonstrated
that boiling and frying decreased the fatty acid values
(Udari et al., 2015). Therefore, the contribution of omega-
3 fatty acids of trout may have been reduced during the
cooking of fish soup in the present study.

Table 5 shows the mineral contents of the trout
soup. Minerals are reported to play a key role in biological
processes and metabolism.

Table 5. Mineral contents of rainbow trout soup (dry weight bases).
Minerals Values

Sodium (Na) (mg/g) 19.50+1.7
Potassium (K) (mg/g) 7.75+0.8
Magnesium (Mg) (mg/g) 0.72+0.02
Calcium (Ca) (mg/g) 2.41+0.7
Iron (Fe) (no/g) 18.50+1.7
Copper (Cu) (ng/g) 1.60+0.1
Zinc (Zn) (ng/g) 15.20+0.6
Barium (Ba) (ng/g) 0.60+0.4

n=3, +: standard deviation (SD). The values of minerals named Li, Be, B, Al, V, Mn, Cr, Co, Ni,
Cu, Ga, Rb, Sr, Mo, Ag, Cd, Te, Tl and U were reported to be below the detection limit (1ng/g(ppb).

For example, it is known that iron (Fe) is involved
in haematopoiesis, which is an important component of
heme iron in erythrocytes, and its deficiency easily leads to
anaemia and other symptoms. Zinc (Zn) deficiency can
cause metabolic dysfunction and decreased immune
functions, leading to infection by bacteria, viruses and
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fungi, growth retardation and premature and poor wound
healing. Therefore, they are considered nutrient minerals
related to specific health benefits (Zhang et al., 2018). In
this study, the highest value was obtained for sodium (Na)
as 19.5 mg/g (dwb) followed by potassium (K), calcium
(Ca) and magnesium (Mg). Trace amounts were found for
copper (Cu), Zn, Fe and barium (Ba). Other analyzed
minerals were below the detection limits. The high amount
of Na level was related to the addition of salt to the trout
soup during cooking. Food Standards Agency (2002) has
reported twice higher amounts of Na level in instant soup
powder. High Na intake is not recommended for health
risks that arise from high salt intake. Therefore, 1500 mg
Na intake was advised by the health authorities for adults
and lower amounts were suggested for children (National
Academies of Sciences, 2019). The Na content obtained in
this study was well below the upper limit given by this
mineral. Low levels of other minerals can be related to their
initial values of raw materials and processing methods used
in this study as supported by other researchers (Marimuthu
etal., 2012; Kose et al., 2021).

Mineral contents obtained in this study were
higher than several types of fish soups obtained by
different researchers with some exceptions (Chan et al.,
1994; Obiakor-Okeke et al. 2014; Zhang et al., 2018;
USDA, 2019). However, recently lower values were
obtained for the soup made from brook trout except for Ca
and Fe (Kose et al., 2021).

Vitamins are also important nutrient elements in
foods relating to different health functions (National
Institute of Health, US, 2017). Vitamin B12 is required for
proper red blood cell formation, neurological function and
DNA synthesis. Recommended dietary allowance was
reported as 2.4 ug for people over 14 years old and 0.4-1.8
g for the children below 14 years old and various illnesses
were reported with its deficiency (Institute of Medicine,
1998). The vitamin B12 content obtained in the current
study was found as 1560.0+0.01 pg/100g (wet weight
bases) which was well above the recommended levels
indicating the nutritional benefits of trout soup.

National Institute of Health, US (2017) reported
that vitamin E acts as an antioxidant, helping to protect
cells from the damage caused by free radicals of the human
body, and promotes the immune system. Vitamin E
contents of the soup were obtained as 1131+0.01 pg/100g
for a- tocopherol and 272+0.01 pg/100 g for y- tocopherol
(wwhb). The recommended value for vitamin E for adults is
known as 15 mg per day (National Institute of Health, US,
2017). Vitamin contents in fish can vary according to
species, age and body parts (Mendéz and Abuin (2012).
Although lipid-soluble vitamins are more stable to heat
compared to water-soluble ones, several studies
demonstrated that most vitamins could degrade during the
cooking period (Jakobsen and Knuthsen, 2014). USDA
(2019) reported 0.53-0.69 pg/100 g for vitamin B12 and
0.17-0.34 mg/100 g for Vitamin E (alpha-tocopherol) in the
restaurant and homemade fish soups. Although Vitamin E
value obtained in the present study was lower than the
recommended level by National Institute of Health, US
(2017), the value was found higher than various soups
including chicken, different vegetables and fish soups as
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reported by Chan et al. (1994), Food Standards Agency
(2002) and USDA (2019).

It is also thought that the amounts of vitamins,
minerals and amino acids may differ depending on the diet
of the fish used (aquaculture or fishing) and the
vegetables/additives used in the soup.

In conclusion, this study represents new
information on the nutritional proximate composition and
nutritional value of cultured trout soup. The moisture
content obtained in this study was found within the values
reported in the literature indicating the thickness of it was
similar to commercial soup products although some
differences in the other values. The results showed that
trout soup is a good source of amino acids, particularly for
the essential amino acids except for tryptophan. The values
of fatty acids demonstrated that a portion of trout soup
(about 200 g) would almost cover daily recommended n-3
PUFA intake, however, higher amounts are required for the
necessary levels of EPA+DHA. The highest mineral
content was obtained for Na followed by K, Ca and Mg.
Significant amounts of Vitamin Bi; and E were also
obtained in the trout soup. The values obtained in this study
indicate that soup prepared from cultured Rainbow trout
has good nutritional value and therefore, it is suggested for
a healthy diet for human consumption.
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Abstract: In this study, the effects of GroBiotic®-A on growth performance, survival rate, and
) L feed conversion ratio of green tiger shrimp were investigated. The commercial GroBiotic®-A
:gzzxz:z:gg:g;ggggggg;;g;igg?f was added to the commercial sea bass feed diet at four different levels (0, 0.5, 1, and 2%). Penaeus
- hitps://orcid.org/0000-0003-1305-2750 semisulcatus juveniles with an average weight of 1.65+0.08 g was stocked randomly in 0.785 m?
cylindrical tanks and grown for 45 days. The experiment consisted of four treatment groups, each
with three replications. Although the survival rate and weight gain were found highest in the
group with 2% GroBiotic®-A supplementation, no difference was found (P>0.05) among the

*U5: https://orcid.org/0000-0002-9547-0966

*Corresponding author: treatment groups. The feed conversion rate was best observed in the control and 2% GroBiotic®-
Ve ALY A supplemented group, but it was found to be statistically insignificant (P>0.05). According to
Iskenderun Technical University, Faculty of A . .

Marine Science and Technology, Iskenderun, the results of the current study, when the growth, survival rate and feed conversion ratio are taken
HATAY, TURKIYE. into account, it is thought that adding 2% GroBiotic®-A to shrimp feed will be beneficial for
D<: yavuz. mazlum@iste.edu.tr juvenile culture.

Keywords: Green tiger shrimp, Penaeus semiculcatus, prebiotic, feed additive, shrimp, growth
performance, culture.

GroBiotic®-A'nin Penaeus semisulcatus (de Haan, 1844) Yavrularimn Biiyiime
Performansi ve Hayatta Kalma Oram Uzerindeki Etkileri

Oz: Bu caligmada Grobiyotik-A nin yesil kaplan karidesinin (Penaeus semisulcatus) biiyiime,
yasama orani ve yem degerlendirme orani iizerine etkileri arastirilmigtir. Deneme yemleri, ticari
levrek yemine 4 farkli diizeyde (% 0, 0,5, 1 ve 2) Grobiyotik-A ilave edilerek hazirlanmistir.
Ortalama agirhgi 1,65+0,08g olan Penaeus semisulcatus yavrulari 0,785 m?lik silindirik
tanklarda 10 adet olarak stoklanmis ve 45 giin boyunca yetistirilmistir. Deneme, her biri li¢
tekerriirlii dort muamele grubundan olusturulmustur. Deme sonunda yasama orani ve agirlik

*Sorumlu yazar: kazanci en yiiksek %2 Grobiyotik-A ilaveli grupta gdzlenmis olmakla birlikte, 6nemli fark
Ez\é:ée'\rﬂuﬁtz?k Universitesi. Deniz bulunmamustir (P>0,05). Yem degerlendirme orani en iyi kontrol ve %2 Grobiyotik-A ilaveli
Bt v Teltsusileghi Belilios, gruplarda gozlenmis fakat istatistiksel olarak dnemsiz bulunmustur (P>0,05). Mevcut ¢alismanin
Iskenderun, HATAY, TURKIYE. sonuglarina gore biiylime, yasama orant ve yem degerlendirme oran1 dikkate alindiginda karides
B<: vavuz. mazlum@iste.edu.tr yemlerine %2 Grobiyotik-A ilavesinin faydali olacag: diisiiniilmektedir.

Anahtar kelimeler: Karides, Penaeus semiculcatus, prebiyotik, yem katkisi, karides, biiyiime
performansi, yetistiricilik.

INTRODUCTION

In order to meet the food needs of the world the efforts to make optimum use of existing sources have
population, which is predicted to reach approximately 10 gained momentum (FAO, 2018). Fishery products
billion by 2050, the search for alternative food sources or obtained through fishing or aquaculture are one of the low-
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cost sources of protein and essential nutrients (Hoseinifar
et al. 2020a). However for providing maximum return in
aquaculture enterprises, maximum utilization of the unit
area has been made. Aquaculture in an intense environment
leads to poor water quality and malnutrition, which causes
stress in fish and increases their susceptibility to disease
(Dinardo et al., 2020; Syahidah et al., 2015; Wang et al.,
2016). Antibiotics have been used successfully for a long
time as the most common method of struggle against the
disease problem in aquaculture. However, the emergence
of resistant bacterial strains over time and the awareness of
their potential harmful effects on the environment, fish and
human health triggered the search for alternative products
to antibiotics (Caipang et al., 2019; Cunha et al., 2018;
Dawood et al., 2021; Romero et al., 2012).

The use of feed additives in aquatic diets, which
has increased in recent years, is effective in both increasing
the efficiency of feed and reducing stress by strengthening
the immune system of the fish, thus controlling diseases
(Hoseinifar et al., 2020b; Nawaz et al., 2018; Alnaiem et
al., 2021). With the use of these substances, very promising
results have been obtained in increasing the efficiency of
aquaculture in recent years (Ashouri et al., 2020;
Hoseinifar et al., 2021; Miandare et al., 2016; Safari and
Sarkheil 2018; Yousefi et al. 2020). Diets prepared with
functional feed additives play an important role not only in
providing the necessary nutrients for the growth and
development of the animals being farmed, but also in
protecting the health of the animals raised by increasing
their resistance to stress and disease-causing factors (Li &
Gatlin, 2004; Rossi et al., 2015; Wang et al., 2016).
Prebiotics are considered ideal feed additives because they
are completely natural, relatively inexpensive, and can be
used for long periods of time to exert their beneficial
effects (Raggi et al., 2012). In this respect, prebiotics have
offered an important potential in aquaculture.

Prebiotics are considered ideal feed additives
because they are completely natural, relatively
inexpensive, and can be used for long periods of time to
exert their beneficial effects (Raggi et al., 2012). In this
respect, prebiotics have offered an important potential in
aquaculture. The most commonly used prebiotics in
Agquculture are MOS (milk oligosaccharides), FOS (fructo-
oligosaccharides), scFOS (short-chain fructo-
oligosaccharide), GOS (galacto-oligosaccharides), IMOS
(isomalto-oligosaccharides), AROS (arabi-
nooligosaccharides). As an alternative to these prebiotics,
GroBiotic®-A, a commercial prebiotic consisting of a
mixture of partially autolyzed brewer's yeast, dried
fermentation products, and milk components, has seen
increased use in recent years (Gonzalez-Félix et al., 2018;
Li & Gatlin, 2004). Although positive results have been
obtained in wide variety fish species, at different trial
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periods and supplemented levels, studies on the
effectiveness of GroBiotic®-A in crustaceans are almost
non-existent. To our knowledge, only Li et al., (2009) have
a study on white legs (Litopenaeus vannamei). To the best
of our knowledge, this study will be the first attempt to
apply GroBiotic®-A to an important shrimp species, green
tiger shrimp (P. semisulcatus).

P. semisulcatus, a species of Indo-Pacific origin,
passed into the Mediterranean via the Suez canal and began
to spread in the Eastern Mediterranean coasts and the Gulf
of Iskenderun (Kumlu et al., 2000). Due to the fact that this
region is suitable in terms of food and living environment
for P. semisulcatus, a dense population has formed here,
which has allowed widespread hunting (Aktas & Kumlu,
1999). The fact that it is resistant to fluctuations in
environmental factors, shows good growth, price and high
market demand shows that this shrimp species will have a
suitable potential for aquaculture in the Eastern
Mediterranean coasts of Turkey (Aktas & Kumlu, 1999;
Aktas et al., 2014). Although some trial studies have been
carried out for its cultivation, these have not been carried
out on a large scale (Kaya et al., 2020). Nutrition in the
larval period, cannibalism and survival rates emerge as the
most important obstacles in breeding. Therefore, in this
study, the effects of adding GroBiotic®-A, which has
positive effects on other aquatic organisms, to green tiger
shrimp P. semisulcatus feeds on growth and survival rates
were investigated.

MATERIAL AND METHOD

Experimental animals and rearing conditions:
In this study, shrimps hatched in the fish breeding and
rearing unit of Iskenderun Technical University/Faculty of
Marine Sciences and Technology were used. The shrimps
were kept in earthen ponds for a certain period of time and
then transferred to the tanks where the experiment would
take place. A total of 120 shrimp weighing 1.65 g were
stocked as 10 individuals in 1 m3 cylindrical fiberglass
tanks (Figure 1) by using a randomized experimental
design. After a one-week adaptation period, the shrimp was
fed and started to experiment. During the experiment,
dissolved oxygen (DO, mg/L), temperature (°C) and
salinity (ppt) were measured daily with an oxygen meter
(YSI, Model Y85). DO, water temperature and salinity
were determined as 6.45+0.43mg/L, 27.75+1.18°C and
38.5 ppt, respectively. The experiment lasted 45 days.

Experimental Design and Preparation of
Experimental Diet: Experimental feed was prepared by
adding GroBiotic®-A to the control feed at four different
levels, 0% (control), 1%, 1.5%, and 2% groups.
GroBiotic®-A was kindly supplied from International
Ingredient Corporation (St Louis, MO, USA). The addition
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of GroBiotic®-A to commercial feeds was carried out with
Alphiel with a 3-dimensional mixing feature. The prepared
diets were kept in plastic containers at +4 °C until used.
Each treatment group was performed in three replications.
Fish were fed twice a day ad libitum during the 45-day
study.

Figure 1. (a): a view of the tanks used in the study, (b): experimental
animal.

| a

Measuring Growth Performance and Survival
Rate of Experimental Fish: Measurement of growth
performance parameters was performed on day 0, day 20
and day 45 and survival was monitored daily by using the
formulas below (Hoseinifar et al., 2020)

Weight gain (WG) = W2 (g) - W1 (9);

Specific Growth Rate (SGR) = 100 [In W2 - In W4]/T;

Wi is initial weight (g), W2 is final weight (g), T
is time (days),

Feed Conversion Ratio (FCR) = FO/WG,

FO is feed offered (g) and WG is weight gain (g),

Survival Rate was also measured at the end of the
experiment the as following formula:

Survival= (N#No)*100;

where N is initial number of fish and Ns is final
number of fish

Statistical Analysis: SPSS package program was
used in the calculation of statistical analysis. Homogeneity
of variances was tested before comparisons between
treatment groups were performed.

One-way analysis of variance (One-way
ANOVA) was used for statistical comparisons among the
treatment groups, while Duncan's multiple comparison
tests were used to compare means.

RESULTS AND DISCUSSION

Although various studies have been conducted to
investigate the effects of grobiotics on growth parameters
such as survival rate, weight gain and specific growth rate
in fish (Adel et al., 2016; Gonzalez et al., 2018), but studies
in crustaceans are limited. At the end of the 45-day trial
study, weight gain, feed conversion rate, specific growth
rate and survival rates were determined (Table 1, Figure 1).
In the present study, it was determined that the addition of
GroBiotic®-A to the feed did not affect the growth
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parameters such as weight gain, specific growth rate and
FCR of green tiger shrimp (Table 1).

Studies conducted on crustaceans and fish to date
have been applied in the form of adding prebiotic
substances directly to the diet, giving them together with
probiotics or giving them together with live feeds such as
artemia and rotifer (Naz et al., 2021). It has been shown
that used MOS, the most studied prebiotic, is added to feed,
it improves growth and survival of shrimps at different
developmental stages. When added to the diet, MOS is
found in post-larvae of green tiger shrimp (P. semisulcatus)
(Geng et al., 2007), juvenile black tiger shrimp (Penaeus
monodon) (Sang et al., 2014), and western king shrimp
juveniles (Penaeus latisulcatus) showed an increase in
specific growth rate (SGR) and final weight. In our current
study, there was no significant difference in growth
performance among the treatment groups. This situation
can be attributed to factors such as starting the experiment
after the shrimps used in the experiment have completed
the nursery stage in open ponds, filtering of the water
except for UV, size of the shrimp, the feed content, and the
experiment duration. On the other hand, in a study on
freshwater crayfish (Astacus leptodactylus) by Mazlum et
al., (2011), it was found that MOS (0, 1.5, 3.0, and 4.5 g
kg™') added to the feed at different doses was found to
increase body weight. On the other hand, it was reported
that there was no significant change in feed conversion
ratio (FCR). Geng et al. (2007) emphasized that green tiger
shrimp fed with the addition of 3 g kgt MOS provided a
better feed utilization rate.

On the other hand, the results of studies on the
growth performance of Grobiotic-A in fish are conflicting.
Previous studies indicated that GroBiotic®-A has no effect
on growth performance in rainbow trout (Betiku et al.,
2018; Bockus et al., 2021; Sealey et al., 2007), brown trout
Salmo trutta macrostigma, (S6nmez et al., 2020),
European sea bass Dicentrarchus labrax, (Yazici et al.,
2020), red drum (Buentello et al., 2010; Rossi et al., 2017)
and tilapia (Peredo et al., 2015; Vechklang et al., 2012).
However, some researchers reported that Grobiotics
showed an increase in growth performance in their studies
with rainbow trout Oncorhynchus mykiss (Azari et al.,
2011), red drum Sciaenops ocellatus (Anguiano et al.,
2013), tilapia Oreochromis niloticus, (Zheng et al., 2011)
fathead minnow Pimephales promelas, (Lochmann et al.,
2011), great sturgeon Huso huso (Adel et al., 2016), starry
flounder Platichthys stellatus (Wang et al., 2016),
largemouth bass Micropterus salmoides (Yu et al., 2019).

Considering the survival rate; in our study,
although the survival rate was high in the 2% GBA
supplemented groups, it was statistically insignificant
(Table 1, Figure 1). In line with our study, it was
understood that the addition of 5 g kg-1 MOS did not affect
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the survival rate of king prawns. In contrast, the addition of
MOS to the feed (2, 4, 6 and 8 g kg-1) for L. vannamei
(Zhang et al., 2012) and 3 and 4.5 g kg-1 MOS for P.
semisulcatus shrimp (Geng et al., 2007) reported that it
increased the survival rate. An increased survival rate has
been reported in white shrimp fed MOS from desiccated
coconut as an alternative source of prebiotics
(Rungrassamee et al., 2014). Meanwhile, Li et al., (2009)
stated that there was no difference between the control
group and the GroBiotic®-A supplemented groups.

Similar to the results obtained in our study, the
addition of GBA did not affect the survival rate of fish in
rainbow trout Betiku et al., 2018; Bockus et al., 2021), red
drum (Buentello et al., 2010; Rossi et al., 2017), tilapia
(Vechklang et al., 2012), starry flounder (Wang et al.,
2016), goldfish (Raggi et al., 2012), Totoaba macdonaldi
(Gonzalez-Félix et al., 2018), Largemouth bass (Yu et al.,
2019) and European sea bass (Yazici et al., 2020).

In the findings of the FCR value, the lowest value
was obtained from the control group, and the highest value
was obtained from the group with 1% GBA added.
However, statistical differences were not observed
between the control and experimental groups. As for SGR,
the highest increase was observed in the group
supplementation with 2% GBA, and the lowest was found
in the group with 1% GBA supplementation (Table 1).
Similarly, no statistical differences were observed between
the control and supplement groups (P>0.05).

Table 1. Mean and standard deviation (+SD) of initial weight, weight
gain, SGR, FCR, and survival of different levels of GroBiotic®-A on
growth performance of green tiger shrimp.

Parameters Control 1% GBA 1.5% GBA 2% GBA
Initial body weight (g) 1.65+0.07 1.64+0.14 1.64+0.08 1.63+0.06
Final body weight (g) 3.48+0.11 3.26+0.19 3.59+0.15 3.8420.2
Weight gain (g) 1.83+0.12 1.62+0.25 1.95+0.51 2.21+0.28
Feed conversion ratio (FCR %)  2.16+0.25 2.63+0.09 2.31+0.63 2.24+0.71
Specific growth rate (SGR %)  0.016+0.001 0.015+0.002 0.017+0.003 0.019+0.002
Survival rate (SR %) 60.00=10.0 60.00+10.0 56.66+15.27 73.33£5.77
100 5
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Figure 2. Mean weight gain and survival rate on different sample days of
green tiger shrimp fed different levels of GroBiotic®-A.

CONCLUSION

In this preliminary study, it was observed that
GBA showed a statistically insignificant increasing trend
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in growth performance and survival rate. The best results
were observed in the 2% GBA supplemented groups. In the
future, before recommending the sectoral use of
GroBiotic®-A, it would be useful to investigate the effects
of shrimps of different sizes on immune response, digestive
enzyme activity and disease resistance at different feeding
periods.
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Abstract: Since diseases began to play a role in human history, people have sought ways to heal
and prevent disease. This struggle started in hunter-gatherer communities that lived tens of
thousands of years ago and has survived to the present day. Nanotechnology is one of the current
stops of today's modern medicine, which includes fine techniques that people with the mission of
healing diseases in ancient times cannot even imagine. In this review, nanoparticles, which is
product of nanotechnology, are classified according to various methods and the methods used
during their preparation are mentioned. The underlying are principles of nanoparticles being used
as drug delivery, imaging and vaccine adjuvants, and toxicity of nanoparticles have been
investigated. Some of the nanoparticle applications that currently used in veterinary medicine and
have the potential to be applied in the future are also mentioned.

Keywords: Nanoparticles, nanotechnology, vaccine delivery.
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Oz: Hastaliklar insanlik tarihinde rol oynamaya basladigindan beri insanlar hastaliklari
iyilestirmenin ve hastaliklardan korunmanin yollarini aramiglardir. Bu miicadele on binlerce yil
oncesinde yasamis olan avci-toplayic topluluklarda baglamis, gliniimiize kadar gelmistir. Eski
caglarda hastaliklar1 iyilestirme misyonunu yiiklenmis insanlarin hayal dahi edemeyecegi ince
teknikleri barindiran gliniimiiz modern tibbinmn gelmis oldugu giincel duraklardan birisi de
nanoteknolojidir. Bu derlemede bir nanoteknoloji {iriinii olan nanopartikiiller ¢esitli metotlara
gore smiflandirilmistir ve hazirlanmalari sirasinda kullanilan yontemlerden bahsedilmektedir.
Nanopartikiillerin ilag iletimi, goriintiileme ve as1 adjuvanlari olarak kullanilabilmelerinin altinda
yatan prensipler ile birlikte nanopartikiillerin toksisitesi konular1 incelenmistir. Nanopartikiillere
yonelik veteriner hekimlikte giiniimiizde kullanilmakta olan ve gelecekte uygulanma potansiyeli
bulunan uygulamalardan bazilarina da deginilmistir.

Anahtar kelimeler: Asi iletimi, nanopartikiiller, nanoteknoloji.

INTRODUCTION Accordingly, everything started with the thought that the

Indians and Buddhists believe, anyone who drinks snake

The goal of humanity since ancient times has been venom can protect themselves from being poisoned.

to protect themselves against life-threatening diseases. Following the lead of Edward Jenner's idea that cowpox
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should protect people from smallpox, a new era was opened
and the field of medicine became closely interested in the
concept of improving immunity against potentially deadly
diseases (Plotkin et al., 2013). However, with the spread of
infectious diseases, the need of developing new effective
vaccines emerged. Most vaccines are formulated to mimic
pathogens, thereby stimulating an individual's immunity to
disease. Nevertheless, vaccine development has not always
been such a simple task. Therefore, many studies have been
initiated to obtain detailed information on the recognition of
the immune system against antigens, which has led to the
synthesis of many vaccines with antibody and cell-mediated
protection mechanisms (Li et al., 2013).

The impact of mass vaccination practices on global
health has been great. Thanks to this, infectious diseases
such as smallpox have been eliminated, and diseases like
polio and diphtheria have become less life-threatening.
Despite the overall success of vaccination, there is still an
urgent need to develop new vaccines against diseases such
as cancer, tuberculosis and malaria that cause deaths
globally. It is also necessary to develop conventional
vaccines for populations with immune system disorders. In
vaccine development studies, there has been a shift in
direction from whole cell vaccines and live attenuated
vaccines to safer subunit vaccines. However, new vaccine
candidates alone cannot produce an adequate immune
response. Therefore, adjuvants are required that can
enhance, accelerate and/or prolong the specific immune
response. Vaccines designed to produce a long-lasting and
protective antibody response against pathogens primarily
consist of antigen and adjuvant. Conventionally, antigens
have been obtained from inactivated microorganisms.
However, this situation has started to decrease and nowadays
synthetic peptides and recombinant proteins have become
preferred because they are safer (Nordly et al., 2009).

Structures considered as new vaccine candidates
are generally weakly immunogenic and susceptible to
degradation. Therefore, they need new adjuvants that
optimize their immunogenicity. These novel nanoparticle-
based adjuvants can be designed to reduce dosage frequency
by an appropriate route of administration to induce a specific
immune response (Scheerlinck et al., 2006; Wang et al.,
2011).

Nanotechnology is a science that has its origins in
precision engineering. Nano is a Latin word meaning dwarf,
and the idea of nanotechnology was first proposed by Nobel
laureate physicist Richard Feynman in 1952 in Southern
California (Kakade, 2003; Buzea et al., 2007). Feynman, at
conferences long before nanotechnologies were designed,
pointed out that objects consisting of only a few atoms are
small enough to affect the physical properties of quantum
mechanics, and the importance of miniaturization in this
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context. The famous quote he said in 1959, "There's plenty
of room down there", also draws attention to this issue.

According to the definition of the International
System of Units (Systéme international d'unités, SI), a
nanometer (nm) is a unit of length 10~ meters long. In
general, nanomaterials (NM) are defined as materials with at
least one dimension, 1-100 nm in diameter, 1-1000 nm in
length. Today, the European Union (EU) and the United
States of America (USA) have different definitions of NMs
and there is no single internationally accepted definition. It
is known that different organizations also have
disagreements on the definition of NMs (Boverhof et al.,
2015; Jeevanandam et al., 2018). For over 30 years,
nanoparticles have been defined as ordered structures with
diameters less than 1000 nm (Brigger et al., 2002). However,
a definition has been made recently by the British Standards
Institute. Nano objects with three external nanoscale
dimensions are defined as nanoparticles (BSI, 2011). When
the longest and shortest axis lengths of a nano-object are
different, the terms nanorod or nanoplate can be used instead
of nanoparticle (NP) (Jeevanandam et al., 2018).

In the literal sense, the term nanotechnology was
popularized by Eric Drexler in the 1980s. Nanotechnology is
the technology of experimenting and manipulating particles
called nanoparticles (Verma et al., 2012). Nanotechnology
offers the opportunity to design nanoparticles on parameters
that vary in composition, size, shape and surface properties
for use in fields such as medicine and veterinary medicine
(Moghimi et al., 2005; Couvreur & Vauthier, 2006). Due to
their similarity in size to cellular components, nanoparticles
can enter living cells by the cellular endocytosis mechanism,
especially using pinocytosis (Treuel et al., 2013).
Nanoparticles have revolutionized the diagnosis of diseases,
the use of biological-active substances in preventive
medicine or the treatment of diseases. The emergence of
virus-like particles (VLPs) and the re-understanding of the
importance of nanoparticles such as quantum dots and
magnetic nanoparticles indicates the convergence of protein
biotechnology with inorganic nanotechnology, which
promises a significant advance for the field of nanomedicine
(Pankhurst et al., 2003; Tissot et al., 2008). Approved
nanotechnology vaccine and drug delivery systems highlight
the revolution in disease prevention and treatment (Maurer
et al., 2005; Couvreur & Vauthier, 2006; Rolddo et al.,
2010).

CLASSIFICATION OF NANOPARTICLES

There are many classifications of nanoparticles
depending on their origin, shape, structure and application
purpose. They are classified under four main categories:
according to their structure and usage, origin, shape and
various other classifications (Table 1).



Ergiiden & Ciftci, (2022)

Table 1. Classifications of nanoparticles (El-Sayed & Kamel, 2018).

Classification Nanoparticles

Polymeric Nanoparticles

Liposomes

Fullerenes and Bucky tubes

Microbivores and Respirocytes

Nano Shells

Quantum Dots

Solid Lipid Nanoparticles

Magnetic Iron Oxide Nanoparticles

Dendrimers

Nano Emulsion

Nano Bubbles

Aluminosilicate Nanoparticles

Polymeric Micelles

Polymer-coated Nanocrystals

Polymeric Nanospheres

Metallic Nanoparticles

Ceramic Nanoparticles

Inorganic Nanoparticles

Organic Nanoparticles

Hybrid Nanoparticles

They are classified as spheres, tubes or drops
depending on the application purposes such as
therapeutic, diagnostic, vaccine administration,
nutrition

Structures that strengthen the immune system
Virus-like particles

Self-assembling structures/proteins

According to their

structure and usage

According to their origin

According to their shape

Various other classifications

NANOTECHNOLOGY APPLICATIONS

Nanotechnology is seen as an area that can provide
solutions to numerous problems in terms of improving
animal health and production.

Nanoparticles as Drug Delivery Systems: The use
and efficacy of many currently available pharmacological
agents are limited by their low bioavailability and
undesirable side effects. Approximately 95% of all potential
therapeutic agents have poor bioavailability and
pharmacokinetics (Brayden, 2003). Nanoparticle-based drug
delivery systems can be designed to overcome such
problems and improve the therapeutic index and safety
profile of the substances transported by these systems.
Nanoparticles have shown remarkable efficacy in many
studies targeting the delivery of antimicrobials (Cordeiro et
al., 2000), analgesics (Rose et al., 2005), anti-inflammatory
(Metselaar et al., 2003) and anti-neoplastic agents (Hofheinz
et al., 2005). Until about 10 years ago, there are at least 30
nanoparticle-based therapeutic products and more than 200
nanoparticle drug delivery systems, which were approved
for clinical use in humans and are still in clinical studies
(Wagner et al., 2006; Bawa, 2008). Today, it is known that
there are at least 50 nanoparticle-based therapeutic products
approved for clinical use in humans, and this number is
increasing. Many of these therapeutics are prohibitively
expensive for use in veterinary medicine, but several
nanoparticle formulations are currently available in the
veterinary field. As nanoparticle production facilities
develop, these therapeutics will become more suitable for
use in the veterinary field (Sainz et al., 2015; Ventola, 2017;
Agrahari & Agrahari, 2018).
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Nanoparticles improve the therapeutic index of the
pharmaceutical agents they carry through four key
mechanisms. First, they ensure the use of drugs that would
be insoluble or unstable under other conditions when used.
Secondly, they increase the concentration of the
pharmaceutical at the site of action targeted by the
pharmaceutical, resulting in greater efficacy. Thirdly, they
reduce systemic toxicity and drug concentration in healthy
tissues, primarily because the accumulation occurs at target
sites. Lastly, the lower clearance of nanoparticles compared
to the parent drug allows nanoparticles to be used as a
sustained and controlled release method over long periods of
time (Sahoo & Labhasetwar, 2003; Bakker-Woudenberg et
al., 2005; Fahmy et al., 2005).

As a result of these mechanisms, nanoparticle
formulations require a lower dose compared to the free drug.
This is especially true in veterinary medicine in two ways: It
can allow the use of expensive human drugs that were
previously impossible due to the high cost of dosing, and
reduces the levels of residues first directly in the carcass,
then indirectly in the environment and food. To create a
successful drug delivery system, nanoparticles must be
loaded with a sufficient amount of pharmaceutical agent,
transport it to the target tissue, and then release the
pharmaceutical agent at the target site. Nanoparticles can be
loaded with drugs by encapsulating the drug into the particle
or by attaching the drugs to the surface of the particle (Lu et
al., 2007). The method of drug loading depends on the
nanoparticle type, the type of drug and the target. When a
drug is loaded into a nanoparticle, the drug takes on the
external properties of the nanoparticle until the particle is
destroyed or the drug is released to its target. The targeting
of nanoparticles to specific sites is carried out passively
(based on the fundamental properties of the nanoparticle)
and/or actively (by binding a functional group or part of the
targeted molecule to the nanoparticle). The archetypal
mechanism of passive targeting is achieved by the "enhanced
permeability and retention (EPR) effect" demonstrated by
nanoparticles almost ubiquitously due to their small size
(Maeda, 2010). This effect is based on the ability of
intravenous (1V) nanoparticles to extravasate in regions of
increased vascular permeability, but if they are not
extravasated, the nanoparticles remain in circulation. Due to
this effect, nanoparticles accumulate in areas of increased
vascular permeability such as areas of inflammation, tumors,
and infections. In other words, this effect causes the active
substances carried by the nanoparticles to target these
regions (Ishihara et al., 2010).

With the involvement of the reticuloendothelial
system, the nanoparticles are first opsonized and then taken
up into the cell, so their circulating number is reduced and
they can undergo extravasation (Laverman et al., 2000). To
overcome this, nanoparticles can be coated with hydrophilic
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materials such as polyethylene glycol (PEG), which is often
used, which reduces opsonization and prolongs the
circulation time (Arulsudar et al., 2004).

In addition to coating with PEG, nanoparticle
properties such as size, surface charge, hydrophobicity, and
structural design can be designed to passively target specific
tissues or cell types. On the other hand, the neglect of
hydrophilic coating causes nanoparticles to be rapidly taken
up by cells of the mononuclear phagocytic system, making
them ideal for targeting intracellular parasitic, bacterial,
fungal, and viral infections. Passive targeting does not
require the addition of a functional group or part of the
molecule to be targeted, therefore less expensive than active
targeting, thus potentially more useful for veterinary use
(Schiffelers et al., 2001; Adiseshaiah et al., 2010).

In addition to passive targeting, active targeting
may be necessary to increase the interaction between
nanoparticles and target tissues. Active targeting is achieved
by binding a functional group or part of the molecule to the
nanoparticles, which causes the resulting structure to bind to
a specific receptor/cell type, thereby increasing the
concentrations in the targeted region. Ligand-mediated
binding is particularly valuable for therapeutics that are not
readily taken up by cells and require facilitated fusion,
endocytosis, or some other type of uptake process to access
intracellular active sites. Significant advances have been
made in the active targeting of nanoparticles to inflammatory
markers, adhesion molecules, and abnormal cell surface
receptors, enabling high levels of pharmaceutical delivery to
tumors and vascular diseases such as atherosclerosis
(Guccione et al., 2004; Winter et al., 2010).

Using and developing antibodies and antibody
fragments to target nanoparticles to a particular tissue or cell
type can be expensive; however, targeting specific tissues by
changing the charge of nanoparticles or coating them with a
substance naturally uptake by that tissue is a more cost-
effective approach for developing targeted nanoparticles for
veterinary use. This method has been successfully used in
the treatment of neurological diseases, with the aim of
increasing the binding and uptake of nanoparticles to the
blood-brain barrier (Lu et al., 2006).

When it comes to the target area, the next step is the
release of the drug. Numerous drug release/nanoparticle
uptake mechanisms can be created depending on the
properties and surface characteristics of the nanoparticle in
question. Possible drug release mechanisms include (1) drug
molecule release due to nanoparticle degradation or
enzymatic  degradation; (2) diffusion from intact
nanoparticle; (3) release from the surface of the nanoparticle;
(4) fusion of the nanoparticle with the cell surface membrane
followed by release of the contents into the cell; (5) the
release of the content into the endoplasmic reticulum
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following endocytosis of the nanoparticle, and (6) the
triggered release, triggered by the application of an external
factor such as a magnetic field, temperature, or pH change.
Often a combination of these processes coexists and particles
can be engineered to have optimal and controllable release
kinetics targeting them to specific intracellular pathways
(Couvreur & Puisieux, 1993; Liu et al., 2007).
Nanoparticles have found widespread use in drug
delivery with indications such as cancer, infection and
analgesia. Nanoparticular delivery systems increase drug
concentration and retention time in the tissue by increasing
drug penetration into the target tissue, thus improving the
pharmacokinetics of intravenous, ocular, inhalation, intra-
articular, perineural, epidural, oral and topically applied
pharmaceuticals (Shek et al., 1994; Gershkovich et al., 2008;
Cai et al., 2010). Although there are still many areas of
nanotechnology that have not yet been explored within the
veterinary field, a number of nanoparticle formulation
studies including veterinary field preparations have been
tabulated (Table 2). More studies will emerge as the
development costs of nanoparticle formulations decrease.
Some of the pharmaceuticals designed for human use also
have the potential to be applied in the veterinary field,
especially anti-cancer drugs for pet animal use.
Nanoparticles in the Field of Diagnostics:
Recently, extensive research has been conducted to develop
nanoparticle systems for in vivo diagnostic imaging and
laboratory-based diagnostic methods. The aim is to enable
the identification of subclinical diseases through the use of
refined nanoparticle systems in diagnostic analyses using
high-resolution imaging methods that are sensitive enough
to detect even small aggregates of atypical cells within an
entire organism and in direct, rapid, precise diagnostic
analyses for early detection of biomarkers/pathogens.
Nanoparticle platforms that utilize similar application
principles for nanoparticle drug delivery systems can be
loaded with imaging agents to detect pathological tissues and
specific cell types. Nanoparticles are used to visualize,
characterize, and measure cellular processes in living
organisms, and this imaging process can be performed at the
macroscopic or molecular level. Some nanoparticles, such as
quantum dots, gold nanoparticles, and perfluorocarbon
nanoparticles, have imaging properties as structural
characteristics, while other nanoparticles, such as liposomes,
can be loaded with contrast media used in imaging to enable
the detection of pathological tissues. These nanoparticles are
either based on conduction mechanisms involving passive
targeting, or are conjugated into various ligands (such as
monoclonal antibodies, peptides, polysaccharides or
aptamers) to direct them to a specific cell type or pathway
(Matteucci & Thrall, 2000; Bentolila et al., 2009).
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Table 2. Overview of some nanoparticle systems involved in drug and vaccine delivery used in veterinary medicine. All the listed studies have been carried
out in species where the actual use of the nanoparticle is intended (Underwood & Van Eps, 2012).

Species Nanoparticle Agent Disease Delivery Pathway Findings
Liposome 99 m-technetium Imaging v
Liposome DNA Transfection of equine spermatozoa N/A O A
Liposome Diamidine Treatment of babesiosis M om A
Horse Micellar microemulsion Propofol Anesthesia v A
Micelle Ivermectin Strongylus vulgaris M v
Polymer nanospheres Streptococcus equi antigens Strangles vaccine Intranasal LRV
Water based nanoparticle adjuvant Rhodococcus Equi Vap peptides R. equi pneumonia vaccine M (R
Dendrimer Foot and mouth disease vaccine Foot and mouth disease M O A
Pigs Liposome a-tocopherol Vitamin E supplementation PO DO A
Chromium nanocomposite Chromium Chromium supplementation PO O A
Polymeric E. coli fimbriae vaccine E. coli PO O, A
Liposome Butorphanol Arthritis in parrots and conures sC A O A
Liposome Avian pathogenic E-coli vaccine Avian colibacillosis vaccine Intraocular om A
Birds Liposome Fimbriae antigens SEF14 and SEF 21 Salmonella enteritidis vaccine Intraocular/nebulized o A
Liposome DNA vaccine Newcastle disease virus and infectious bursal disease Transdermal 0O A A
Polymer nanoparticle Chlamydophila psittaci vaccine C. psittaci vaccine Nebulized LRV
Chitosan nanoparticles Copper Copper st ior PO A
Emulsion Propofol Anesthesia v ¢ onV
Liposome Muramil tripeptide Mammary Adenocarcinoma v .V
Liposome Photosensitizer Squamous cell carcinoma v omAen/\OV
Liposome IL-2 DNA Chronic rhinitis Intraperitoneal om A
Cat Liposome Technetium-99m Imaging of sarcomas v o A
Liposome Doxorubicin Soft tissue sarcoma v *n OV
Liposome Ribavirin Infectious peritonitis of cats PO, IM, IV v
magnetic nanoparticle grcat\g;l.llotgﬁlr:n'z\af;uphage colony. - stimulating Fibrosarcoma Intratumoral om A
Liposome Bovine leukemia virus Bovine leukemia virus vaccine IM oA
Liposome Staphylococcal antigens Staphylococcal mastitis vaccine M LROW'N
Sheep Polystyrene nano beads Ovalbumin Evaluation of nanobeads as an adjuvant SC, IM, Intradermal OmA
Polystyrene nano beads Foot and Mouth disease antigens Foot and Mouth disease vaccine Intradermal A
Micelle Fasciola hepatica antigen Fh12 F. hepatica sC oA
DNA Chitosan nanospheres Newcastle disease vaccine and IL-2 gene Newcastle disease vaccine IM oA
Emulsion Cyclosporine Immunosuppressive to prevent tissue/organ transplant rejection PO A
Liposome Hydromorphone Analgesia sC nOA
Liposome Clodronate Malignant histiocytosis v o A
Liposome Trifluralin Leishmaniosis v A
Dog Liposome Meglumine antimoniate Leishmaniosis v omAe A AN O A
Liposome IL-2 DNA Osteosarcoma lung metastasis v om A
Liposome DNA Hemangiosarcoma Intraperitoneal om A
Liposome Amphotericin B Leishmaniosis v om A
Liposome Muramy! tripeptide Oral melanoma v oA
Liposome Muramy! tripeptide Spleen hemangiosarcoma v oA
Liposome Streptomycin Brucellosis Intramammary A
Liposome Gentamicin S. aureus mastitis Intramammary LVANA 4
Liposome Adriamycin Leukemia v 0O A
Cattle Niosome Flurbiprofen Analgesic v JAROW'N
Ring shaped Respiratory Syncytial Virus Cattle respiratory system Intranasal, IM A
Nanoparticle Virus nucleoprotein syncytial virus
Liposome Diclofenac Anti-ir ory and analgesic Transdermal o AN ANVA

® Clinical trial/evaluated in animals with clinical disease, /A pharmacokinetic study, <& compared with non-nanoparticle formulation, A The effect of nanoparticle formulation was considered beneficial or the nanoparticle formulation fulfilled the
objectives of the study, ¥ The nanoparticle formulation has no beneficial effect / there is no difference in the non-nanoparticle formulation compared to the free drug, m side effect was seen

The preliminary phase of the study focused on the
macroscopic use of nanoparticles such as radiography,
magnetic resonance imaging (MRI), scintigraphy, positron
emission tomography (PET) and computed tomography
(CT) for the diagnosis of tumors and foci of inflammation.
Due to the increased permeability in areas such as tumor
and inflammatory foci, nanoparticles are extravasated from
there. The EPR effect causes more signals to be received
from the contrast medium of the imaging agent that the
nanoparticles carry to the area in question. Some
nanoparticle formulations, such as radiolabeled liposomes,
have advanced to the clinical trial stage in human medicine.
However, concerns about toxicity and safety, particularly
complement-mediated hypersensitivity reactions that
occur in 5-45% of human patients during liposome
administration, have restricted the diagnostic use of such
substances (Szebeni et al., 2007). It may prove that lesion
localization may be more challenging and imaging using
nanoparticles would be very useful in animal species where
there are fewer alternative agent/imaging methods. For
example, radiolabeled liposomes have the potential to find
tumors or septic foci in farm animals, where it is unlikely
to use conventional imaging methods due to their size.
Although this area of research lags behind other
nanotechnology applications in terms of its readiness for
clinical use and applicability, the investigation of
nanoparticle systems in diagnostic imaging has gained
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significant momentum and labeled nanoparticles are
becoming an extremely valuable tool in terms of being the
subject of research. Ligand-guided nanoparticles, such as
fluorescent quantum dots, provide unprecedented
information about the pathophysiology of disease by
identifying diseased tissues and molecular processes
through intravital microscopy (Bentolila et al., 2009). In
models of animal diseases on a larger scale, nanoparticle-
based imaging techniques are widely used to assess the bio
distribution of potential nanoparticle-drug delivery
systems. Much of the available information on nanoparticle
clearance, the degree of uptake by the mononuclear
phagocytic system, and tissue localization is based on the
results of studies with imaging agents conjugated into
potential nanoparticle conduction systems. The new
diagnostic analyses have been successfully created thanks
to the binding of functional nanoparticles to biological
molecules such as antibodies, peptides, proteins and
nucleic acids (Luchini et al.,, 2010). Spectroscopy,
combined with flow cytometry and histological methods,
provides a new platform that can be used as a powerful,
highly sensitive and amplification-free pathogen detection
method to map molecular profiles associated with disease
and infection. The ultimate goal of this technology is to
develop a simple, sensitive panel for biomarker proteins
that enables early detection of diseases such as cancer.
While more work needs to be done before this complex
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system becomes a clinical reality, there are numerous
proven nanoparticle-based detection systems for the
detection of viral, parasitic, and bacterial pathogens in the
veterinary field (Kumanan et al., 2009; Yuan et al., 2009).
In addition to disease diagnosis, conjugated nanoparticles
to the monoclonal antibodies of the veterinary drug
molecule are integrated into immune assays to determine
drug levels in foodstuffs with a fast, precise, and simple
analytical method (Zhang et al., 2008). These techniques
have great potential for the detection of drug residues and
the early diagnosis of diseased animals.

Vaccine Delivery: Vaccines designed to create a
long-lasting and protective antibody response against a
pathogen are basically composed of antigens and
adjuvants. Traditionally, antigens have been provided from
inactivated microorganisms. However, this situation has
begun to decrease and synthetic peptides and recombinant
proteins have become preferred today because they are
safer (Nordly et al., 2009). These structures, which are seen
as new vaccine candidates, are usually weakly
immunogenic and susceptible to degradation. For this
reason, it needs new adjuvants that make their
immunogenicity appropriate. The effect of traditional
adjuvants cannot be adjusted, but with the advent of
nanotechnology, there has been a drastic increase in the
number of new antigen delivery strategies. The new
nanoparticle-based adjuvants can be designed to reduce
dosage frequency through an appropriate administration
pathway to stimulate specific immune response. Providing
a better mucosal immunity by choosing the intranasal route
can be shown as an example of this (Morein et al., 2004;
Scheerlinck et al., 2006; Wang et al., 2011). In a situation
where more than one animal needs to be treated together in
a commercial enterprise, in comprehensive agricultural
practices such as wildlife, where accessibility is difficult or
where a small amount of manpower is used in proportion
to the size of the area, the use of new generation
vaccination systems in the veterinary field is more
reasonable due to the inconvenience of vaccination by
conventional means (Nordly et al., 2009).

Nanoparticle adjuvants can increase the
immunogenicity of a vaccine in five potential ways
(Nordly et al., 2009). First, nanoparticle adjuvants activate
pattern recognition receptors such as Toll-Like Receptors
by mimicking pathogen-associated molecular patterns.
This triggers the intracellular signaling cascade and
initiates the formation of a natural immune response.
Natural immune response formation also results in
increased  adaptive immune response.  Secondly,
nanoparticle adjuvants activate co-stimulator molecules in
antigen-presenting cells, leading to increased activation by
the antigen of T cells. Thirdly, nanoparticle adjuvants can
control the location of the released antigen, the duration of
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its stay and the dose of the antigen, thus preserving the
existing level of immunity and increasing the translocation
of the antigen to the lymph nodes. Fourth, nanoparticle
adjuvants act as reservoirs to ensure long-term antigen
transmission. Finally, nanoparticles can be designed to
produce virus-like particles with morphology similar to
virus capsids that stimulate an immune response without
containing the genetic material that causes infection in the
host (Nordly et al., 2009).

Nanoparticle adjuvants approved for use in
veterinary medicine (or in clinical trials) include
emulsions, liposomes, polystyrene nanobeads,
immunostimulant complexes (ISCOMSs) and inorganic
particles (Scheerlinck et al., 2006; Nordly et al., 2009;
Vandamme et al., 2011). In order for nanoparticle
adjuvants to be practically usable in veterinary medicine,
they must be stable, easy to apply, biodegradable and
inexpensive. The principle of cheapness is especially
important in species that are offered to human
consumption. Although the use of formulations of
expensive nanoparticles, such as DNA-coated gold
nanoparticles, can be cost-prohibitive, the flexible and
adjustable nature of nanoparticle-based vaccine delivery
systems holds great promise for the development of
veterinary vaccines that can be administered in a more
convenient way at low frequency compared to their
conventional counterparts.

The nanoparticle vaccine delivery system has
been successfully developed in more than 40 animal
diseases such as equine influenza and Streptococcus equi.
var. equi infections in horses (Morein et al., 2004; Florindo
et al., 2009); foot and mouth disease virus, BVD virus and
Toxoplasma gondii infections in ruminants (Harpin et al.,
1999; Cubillos et al., 2008; Hiszczynska-Sawicka et al.,
2011); Newcastle and HS5N1 influenza in poultry
(Rimmelzwaan et al., 1999; Zhang et al., 2010);
enterotoxigenic E. coli infections and atrophic rhinitis in
pigs (Kang et al., 2008); parvovirus infections and atopic
dermatitis in dogs (Morein et al., 2004; Mueller et al.,
2005; Vandamme et al., 2011).

ALTERNATIVE MEDICATION DELIVERY
METHODS

The term compliance refers to the patient's
willingness and degree to comply with the prescribed
medications or protocol. Non-compliance, on the other
hand, means non-submission and non-obedience and is
associated with the degree of unwillingness and
disobedience with the drugs or protocol prescribed by the
physician to the patient (Vermeire et al., 2001). Research
in the UK suggested that only 37 per cent of clients has
shown full compliance with the medicines or follow-up
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practices recommended by the veterinarian. It has been
revealed that approximately 70-85 percent of patient
owners give only one-third of the required doses on time
(Loftus, 2012).

Most vaccines are still administered by injection.
In recent years, however, there has been a greater focus on
alternative routes of administration to increase patient
compliance. Among these alternative routes of application,
mucosal and transdermal routes come to the fore. Since
most pathogens infect the host through the mucosal or
dermal epithelium, these pathways are seen as attractive
ways in which vaccines can be administered to control and
prevent disease at the site of infection. The advantage of
alternative administration is that vaccines target local
immune-active tissue. Langerhans cells in the epidermis or
mucosa-associated lymphoid tissue are shown as an
example. Mucosal immunization results in the stimulation
of local immune responses. IgA secretion is an important
immune effector mechanism in this type of immunity.
Some of the studies that apply alternative application
pathways that are being investigated for lipid-based
conduction systems can be shown as examples of this issue.
Mucosal (intranasal) administration of MF59-adjuvanted
influenza subunit vaccines is one of the studies reported.
As a result of the study, mucosal IgA response to influenza
was developed. The percentage of subjects whose antibody
response in their serum was developed by mucosal
administration was only slightly lower compared to
intramuscular administration. The immune response with
the adjuvanted vaccine was not significantly different from
the immune response with the unadjuvanted vaccine. This
suggests that MF59 adjuvation is of no use. Both vaccines
produced more responses than those seen in placebo
recipients, suggesting a potential benefit of intranasal
administration (Agrawal et al., 2003).

Lipid-based nanoparticle delivery systems are
seen as promising alternatives, according to Alum. The
MF59 emulsion adjuvant is already on the market, and
other types of lipid-based nanoparticle systems are in
clinical development. Furthermore, more clinical trials are
needed to fully explain the potential of lipid-based
nanoparticles. Lipid-based systems are biocompatible and
biodegradable, versatile in that they have the possibility of
including other immunostimulatory agents that optimize
the immunological properties of the specific adjuvant.
Further research on their adjuvant mechanisms is needed
to fully understand the immunostimulatory properties of
lipid-based adjuvants and to ensure rational separation of
vaccines into specific immunological profiles. Alternative
routes of administration are attractive in terms of ensuring
adherence, but there is still not enough information on
important factors such as optimal dosing and repeatability
of administration (Nordly et al., 2009)
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CONCLUSION

Today, thanks to the researches, treatment
methods have been developed for diseases that were not
cured in the past, and even thanks to the vaccines produced,
it has been possible to protect against some diseases to a
great extent. However, despite the developing technology
and medical techniques, new diseases and new problems
continued to emerge, and new solutions were tried to be
offered to new problems. Nanotechnology and
nanoparticles are thought to be a field with the potential to
bring new solutions to today's problems. The fact that
nanoparticles can be designed with the preferred size,
shape, charge, porosity, efficiency and stability and that
they can be adjusted to cross biological barriers at any time
shows promise in many areas. These properties have made
both cellular and humoral immune responses more
efficient in some improved vaccine formulations and are
open to improvement if more extensive research is
conducted (Hajizade et al., 2014; Yue & Ma, 2015).
Similarly, in research on antibiotic formulations
synthesized with nanoparticles, it has been determined that
antibiotics given at once can be effective for a long time
under harsh ambient conditions and suppress the growth of
bacteria used in the study by realizing the desired
antimicrobial effect (Carmona et al., 2018). The field of
study of nanotechnology is not limited to these, but it can
be used for diagnostic purposes in veterinary medicine
(Mishra et al., 2010), as a biocide (Hu & Hsieh, 2015), as
a topical shampoo for pet animals (Bansod et al., 2015), as
nutraceutical (Sirirat et al., 2013) or for sperm purification
(Pawar & Kaul, 2014).
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elde edilen solucan giibresinin Daphne odora Thunb. ‘Aureomarginata’ bitkisinin biiyiimesi
iizerindeki etkisinin tespit edilmesidir. Solucan giibresi tiretmek amaciyla 2 farkli (atiksu gamuru
(%100) ve atiksu ¢amuru (%50) + killi toprak (%50)) besi ortami kullanilmistir. Arastirma, 40
cm en x 40cm boy x 20 cm derinlige sahip plastik kasalarda tesadiif parselleri deneme desenine
uygun ve ii¢ tekrarlt olarak yiiriitiilmiistiir. Aragtirma sonucunda, atik suyu ¢camuru (%100) besi
ortaminda solucan sayilari ilk 5 hafta boyunca azalmis, daha sonra artmigtir. Atik suyu
camurundaki solucan agirlifi ilk 2 hafta siiresince %6,20 oraninda azalmus, ikinci haftadan 6.
haftaya kadar artmis, daha sonra tekrar azalmistir. Atiksu camuru (%50) + killi toprak (%50)
karisimindan olusan besi ortamindaki solucan sayilari 1. haftada artmis, daha sonra dogrusal bir
sekilde azalmistir. Atik camurunun vermikompostlastirma teknigi ile kat1 solucan giibresine
doniistiiriilmesi sonucunda atik ¢amurunda 6lgiilen 11 parametrenin tiimiinde %9-25 arasinda
degisen oranlarda artis olmustur. Parametreler arasinda en yiiksek artig IC miktarinda, en diisiik
artig ise Na degerinde meydana gelmistir. Ca, Zn, TOC ve IC degerleri arasindaki farkin
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Anahtar kelimeler: Atik camuru, besin elementleri, bitki gelisimi, Daphne odora Thunb.
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Determination of The Effect of Worm Fertilizer Obtained from Red California Worm Fed with A
Mixture of Municipal Waste and Clay Soil on The Growth of Daphne odora Thunb.
‘Aureomarginata’

Abstract: Conversion of municipal waste sludge into products with economic value by using
recycling methods is extremely important for sustainable environmental management. The aim
of this study is to determine the effect of vermicompost obtained from red California earthworm
fed with municipal sludge and clay mixture on the growth of Daphne odora Thunb.
‘Aureomarginata’plant. In order to produce vermicompost, 2 different (wastewater sludge (100%)
and wastewater sludge (50%) + clay soil (50%)) feding materials were used. The research was
carried out in the plastic box with a width of 40 cm x 40 cm length x 20 cm in accordance with
the randomized plot design in three repetitions. As a result of the research, the number of worms
in the wastewater sludge (100%) feding material decreased during the first 5 weeks and then
increased. The worm weight in the wastewater sludge decreased by 6.20% during the first 2
weeks, increased from the second week to the 61 week, and then decreased again. The number of
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worms in the medium consisting of a mixture of wastewater sludge (50%) + clayey soil (50%)
increased in the first week, then decreased linearly. As a result of the conversion of the waste
sludge into solid vermicompost by vermicomposting technique, there was an increase of 9-25%
in all 11 parameters measured in the waste sludge. Among the parameters, the highest increase
occurred in the amount of IC, while the lowest increase occurred in the Na value. It was
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Engineering and Architecture, Department of
Landscape Architecture, Rize, Turkiye

DX: bahriye_cembercil7@erdogan.edu.tr

determined that the difference between Ca, Zn, TOC and IC values was statistically significant.
The highest growth in height, the highest number of leaves, the highest root collar diameter, the
highest root length, the highest root weight, the highest leaf weight, the highest stem weight, the
highest flower weight, the highest above-ground biomass ratio was obtained in plants where
vermicompost obtained from wastewater sludge (%) 50) + clay soil (50 %) growing medium.

Keywords: Daphne odora Thunb. ‘Aureomarginata’, Eisenia fetida, plant growth, soil nutrients,

vermicompost, waste sludge.

GiRisS

Vermikompost teknigi kullanilarak pek ¢ok
cevresel atigin geri kazanilmasi ve ekonomik degeri olan
triinlere  dondstiiriilmesi mimkiindiir. Vermikompost
tekniginde; evsel yemek atiklari, ¢ay atiklari, bitkisel
atiklar (sap, saman, dal, kozalak, yaprak, ¢igek, vb)
biiyiikbas, kiigiikbag ve farkli hayvansal kokenli atiklar,
endiistriyel atiklar, atik su camurlar1 gibi pek ¢ok organik
kokenli atik kullanilabilmektedir (Yiiksek, 2019). Organik
kokenli vermikompostlastirma  teknigi
kullanilarak geri kazanilmasi ve atiklardan solucan giibresi
iretimi ile alakali diinya genelinde yiiriitiilen calismalar
artarak devam etmesine ragmen; iilkemiz genelinde
atiklarin geri kazanilmasi ve solucan giibresi tiretimi ile
alakali yapilan ¢alismalarin heniiz baslangi¢ asamasinda
oldugu belirtilmektedir (Yiksek vd., 2017). Akyurt
(2018), yaptigi calismada evsel ve endiistriyel aritma
Kaliforniya Solucanlar1 ile
vermikompostlanmasindan  olusacak  giibrenin  pH,
elektriksel iletkenlik (EC), toplam azot (TN), toplam
organik karbon (TOC), C/N parametrelerini incelemistir.
Aragtirma sonuglarina gore; evsel ve tekstil ¢amurun
bulundugu tiim karisimlar %20°den fazla atiksu aritma
tesisi aritma ¢amuru iceren karisimlarda solucanlarin
yasamadiklari, %5-%20 arasinda aritma ¢amuru ve ahir
giibresiyle birlikte  kullanildig
solucanlarin gerekli aktiviteyi gostererek vermikompost
olusturdugu belirlenmistir. Evsel aritma ¢amuru ve tekstil

atiklarin

camurlarinin - Kirmizi

uygulamalarda ise

aritma ¢amuru ahir giibresi ile karistirilmis ve elde edilen
vermikompost kalitesine bakildiginda her iki ¢amurda
ortalama pH, EC, Nem, TOC simir degerler arasinda olup,
TN ve C/N sinir degerlerin lizerinde bulunmustur. Dindar
(2008), aritma camurunda solucan aktivitesinin azot
formlarina etkisini incelemistir. Bu ¢alismanin sonucunda
amonyum ve nitrat azotunun aritma ¢amuru uygulanan
topraklarda daha yiiksek oldugu goézlenmistir. Bu
degerlerin azot mineralizasyonunda olumlu etkiye sebep
olacagi calismada Ongdriilmiistiir. Calisma sonucunda
ongorillen bir diger husus da solucanlarin aritma
¢amurlarini yem olarak tercih etmesini nedeniyle atiksu
¢amurlarinin toprak biyolojisine olumsuz etki etmedigi
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yoniindedir. Tirkay (2010), findik zurufu ve aritma
camurunun kompostlanmasi ile ilgili yaptig1 caligmada
findik zurufu, ahir giibresi, atiksu camuru kullanmistir.
Farkl1 oranlarla kurulan deney diizeneginde ideal organik
atik karigiminin %30 aritma ¢gamuru + %35 findik zurufu +
%35 ahir giibresi oldugu saptanmistir. Bir diger ortaya
konulan sonug¢ ise solucanlarin biinyelerinde agir metal
biriktirebilme yetenegi ile vermikompost igindeki agir
metal oraninin azaldigi ve atik su gamurundaki agir metalin
bu vasitayla uzaklastirilabildigi sonucudur.

Tiiriit (2018), yaptig1 ¢alismasinda demlenmis ¢ay
atigl, yemek atigi, inek giibresinin farkli oranlarda
hazirlanmasi ve kompostlanmasi sonucunda ortaya ¢ikan
parametreleri incelemistir. Caligma sonucunda en yiiksek
solucan sayist ve agirligima %50 demlenmis cay atigi +
%50 inek giibresi karigiminda, en yiiksek N degerine %100
demlenmis ¢ay atiginda, en yiiksek P, K, Ca, Zn, Cu, Fe,
Mg degerleri ve pH’a %50 demlenmis cay atig1+ %50 inek
giibresinden elde edilen solucan giibresinde, en yiikksek Mn
degerine %40 demlenmis cay atig1 + %40 yemek atig1 +
%20 inek giibresinden elde edilen solucan giibresinde
rastlanmistir. Yemek artiklarinin %50 den fazla oldugu
ortamlarda solucanlarin yasamadigi belirlenmistir.

Demlenmis ¢ay atig1 ve evsel yemek atiklart ile
beslenen Kirmizi Kaliforniya solucanindan elde edilen kati
solucan  gilibresindeki bazi  besin  elementlerinin
belirlenmesi konulu arastirmada; besi ortamlarindan elde
edilen solucan giibresindeki en yiiksek azot degerine (%
2,16) %100 demlenmis cay atifindan elde edilen solucan
giibresinde, en yiiksek fosfor, potasyum, kalsiyum, ¢inko,
bakir, demir, magnezyum ve pH degerlerine %50
demlenmis ¢ay atig1 + %50 inek giibresinden elde edilen
solucan giibresinde, en yiiksek mangan degerine %40
demlenmis cay atigi +%40 yemek atigi + %20 inek
giibresinden elde edilen solucan giibresinde rastlandigi
ortaya konulmustur (Yiksek vd., 2019). Yiksek (2022)
yaptig1 bir aragtirmada farkli tip besi ortamlarinda (inek
giibresi, ¢ay lifi, findik zurufu, testere talasi, gazete kagidi
saf ve karigimlari) solucan giibresi iiretmistir. Caligma
sonucunda besi ortamlarindan elde edilen solucan
giibresindeki en yiiksek N, P, Al, S, Cr, Mn degerlerine
%100 cay lifinden elde edilen solucan giibresinde, en
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yiiksek Fe, Co degerlerine C Findik zurufu (%50) + Cay
lifi (%50) besi ortamindan elde edilen solucan giibresinde,
en yiiksek Pb ve pH degerine ise A (%100 findik zurufu)
besi ortamindan elde edilen solucan giibresinde
rastlanmigtir.  Aragtirma  sonucunda  farkli  besi
ortamlarindan elde edilen tiim vermikompostaki Pb, Cd ve
As degerlerinin baslangigtaki (kontrol) besi ortamlarina
kiyasla daha diisiik seviyede oldugu ortaya konulmustur.
Yiiksek vd. (2017) yilinda yaptiklar1 calismada farkli
zamanlarda sagimi yapilan hayvan giibresinden elde edilen
solucan giibresinin iz ve besin elementlerini
arastirmislardir. Arastirma sonucunda, sagim
arttikca sivi solucan giibresindeki N, K, Ca, Mg, Na, Fe,
Ni, Cu, Zn, Hg, Sb degerleri istatistiksel olarak 6nemli
seviyede azalirken; Co, As, Ag, Cd, Pb, Al, Se, Mo, Li ve
Be degerleri istatistiksel olarak onemli seviyede arttigi
tespit edilmistir. Chattopadhyay (2014), Hindistanda kati
ve sivi formdaki solucan giibresinin siis bitkisi Zinnia

S1V1
siiresi

sp’nin biiylimesi ve ¢icek yapist iizerindeki etkisini
arastirmistir. Arastirma sonucunda kati ve sivi solucan
giibresinin bitki bliylimesi, ¢icek yapisi ve ¢icegin gorsel
kalitesi iizerinde olumlu yonde etki yaptigini ortaya
koymustur. Radovich vd. (2011), siv1 solucan giibresinin
pak choi (Brassica rapa cv Bonsai) bitkisinin biiylimesi
lizerine etkisini aragtirdilar. Aragtirma sonucunda sivi
solucan giibresinin bitki biiylime ve kalitesini arttirdigi
farkli tip topraklardaki biyolojik aktiviteyi hizlandirdigini
tespit etmislerdir. Ulug (2018), solucan giibresi ve
mikoriza kullaniminin fasulye ve soganda bitki gelisimi ve
verim {iizerine etkilerini aragtirdig1 ¢aligmasinda 6zellikle
verim, meyve kalite 6zellikleri ve bitki gelisiminde solucan
giibresinin etkili oldugunu tespit etmistir. Yiiksek vd.,
(2020) solucan giibresi ve torf uygulamalarinin farkli saksi
ortaminda Plectranthus amboinicus (Lour.) Spreng
bitkisinin gelisimine etkisini arastirdiklari ¢aligmada besi
ortamlarma gore en iyi bitki gelisimi 10 gr kati1 solucan
giibresinin  uygulandigi deneme ortamlarindan elde
edilmistir. Ayni aragtirmada en yiiksek toprakalt1 biyomas
700 cc saksida ve torf besi ortaminda 10 gr kati solucan
giibresinin uygulandigi denemelerden elde edilmistir.
Diinya’da artan niifus ve tiiketimle birlikte dnemli
bir atik problemi olugmaktadir. Diinya genelinde oldugu
gibi ililkemizde de atiklarin geri doniisiimii gok 6nemli bir
sorun olarak karsimiza ¢ikmaktadir. Bu olusan atiklardan
biri de atiksu c¢amurlaridir. Atiksu
vermikompost teknigi ile ekonomik degeri olan firiinlere
doniistiirilmesi ilgili caligmalar yapilmaktadir. Ancak

¢amurlarinin

yuriitiilen calismalar heniiz baglangi¢ seviyesindedir.
Ulkemiz  genelinde 2018  yilinda  kanalizasyon
sebekesinden desarj edilen 4,8 milyar m®atik suyun 4,2
milyar m®{i atiksu aritma tesislerinde antilmistir. Aritilan
atik suyun %47,9'una gelismis, %?27,6'sina biyolojik,

%24,2'sine  fiziksel ve %0,3'ine dogal aritma
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uygulanmistir. Aritilan atik suyun %45,1'1 akarsuya,
%44,5'1 denize, %2,5'i baraja, %1,2'si gol-golete, %0,3"
araziye ve %6,4'li diger alic1 ortamlara desarj edilmistir.
Artilan atiksuyun %2,3"iniin sanayi, tarimsal sulama vb.
alanlarda yeniden kullanildig: belirlenmistir. Atiksu aritma
islemleri sonucunda 319 bin ton (kuru madde bazinda)
atiksu aritma ¢amuru olustugu tespit edilmistir (TUIK,
2018). Tlgili degerlerden de goriilecegi iizere iilkemiz
belediyelerinde olusan giiclii bir atik ¢amuru rezervi
bulunmaktadir. Ancak bu potansiyelin iyi bir sekilde
degerlendirilebildigini sdylemek pek dogru degildir.
Ekonomik degeri olan atiksu camurunun gelisigiizel
cevreye depolanmasi yerine vermikompostlama teknigi ile
ekonomik degeri olan iiriine doniistiiriilmesi bir yandan
stirdiiriilebilir ¢cevre yonetimi, diger yandan kalkinma ve
istihdam galismalari igin son derece 6nemlidir. Bu nedenle
farkli nitelikteki atiklarin  vermikompostlasma olay1
sonucunda sahip oldugu degerin ortaya konulmasi igin
vermikompostlastirma islemleri ile alakali ¢aligmalarin
artarak devam etmesi gerekmektedir. Ancak yapilan
literatiir aragtirmasi sonucunda iilkemizde belediye atiksu
camurlarinda vermikompostlastirma teknigi kullanilarak
giibre {iretimi ve elde edilen giibrenin bitki gelisime etkisi
ile alakali bir ¢alismaya rastlanilmamustir.

Bu ¢alismanin amaci1 vermikompost teknigi ile (i)
atiksu ¢camuru, atiksu ¢amuru ve kil toprak karigimlarinda
solucan sayist ve agirhiginin tespiti, (ii) atiksu ¢amuru,
atiksu ¢camuru ve kil toprak karisimlarindan elde edilen
solucan giibrelerinin bazi fiziko kimyasal parametrelerinin
belirlenmesi, (iii) elde edilen solucan giibresinin Daphne
odora Thunb. ‘Aureomarginata’ bitki biiylimesine
etkisinin ortaya konulmasidir.

MATERYAL VE METOT

Materyal: Denemelerde kullanilan atiksu ¢amur
ornekleri Rize Belediyesi Engindere Mahallesi’ndeki
attksu desarj noktasindan alinmistir. Denemelerde
kullanilan Kirmiz1 Kalifornia Solucani (Eisenia fetida)
Recep Tayyip Erdogan Universitesi, Peyzaj Mimarlig
Boliimii’nde, Prof. Dr. Turan Yiiksek’in solucan {iretim
laboratuvarindan saglanmustir.

Metot: Denemelerde 2 farkli (atiksu ¢amuru
(%100), atiksu ¢amuru (%50) + killi toprak (%50)), besi
ortamlar1 kullanilmigtir. Aragtirma, 40 cm en x 40cm boy
x 20 cm derinlige sahip plastik kasalarda tesadiif parselleri
deneme desenine uygun ve ii¢ tekrarli olarak yiirtitiilmiistiir
(Tablo 1; Sekil 1).

Tablo 1. Denemelerde kullanilan besi ortamlari.
Table 1. Feeding materials in the trials.

Deneme No Denemelerde Kullanilacak Besi Ortamlari Tekrar Sayilan
A Atiksu Camuru (%100) Al A2 A3
B Atiksu camuru (%350) + Killi Toprak (%50) B1 B2 B3
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Sekil 1. Solucan besleme ve giibre tretim diizenegi (Tasarim
Fikir/Konsept: Turan Yiiksek; Cizim: Bahriye Cemberci).

Figure 1. Worm feeding and fertilizer production mechanism (Design
Concept: Turan Yiiksek; Design: Bahriye Cemberci)

Arastirma i¢in hazirlanmis deneme kaplarina 6nce
fiziksel olarak parcalanmis 2 kg agirligindaki besi

ortamlart  yerlestirilmistir. Daha sonra ilgili besi
ortamlarinin her birine agirliklart belirlenmis 30 adet
Kirmizi Kaliforniya solucani yerlestirilmigtir. Besi

ortamlarina konulan solucanlarin besine olan tepkileri ilk 6
saat titiz bir sekilde izlenmistir. Solucanlarin besi ortamina
yerlestikleri goriildiigiinde deneme kaplarinin igindeki nem
%350 seviyesine ulagincaya kadar gesme suyu su verilmis
ve kaplarin iizerleri 2 mm’lik ince tiil ile kapatilmistir. Besi
ortamlarindaki solucan sayis1 ve agirligt 7 giin araliklarla
ve 7 hafta boyunca tespit edilmistir. Yedinci haftanin
sonunda solucanlarin konuldugu besi ortamlarindaki
yemlerin sindirilmesi, renk degisimleri kontrol edilmis ve
giibre olusumu tamamlandig1 i¢in besi ortamlarindaki kati
ve siv1 giibreler hasat edilmistir.

Bitki boy gelisimi haftada bir kez cetvel ile
Olciilmiis, yaprak sayisi haftada bir kez sayilarak kayit
altina alimmustir. Bitki kok bogazi ¢ap1 toprak seviyesinden
hassas dijital ¢ap Olger ile 15 hafta boyunca dlgtilmiistiir.
Kok uzunlugu dikim 6ncesi ve 15. hafta sonunda topraktan
sokiilen 6rnekler {izerinde cetvel ile Sl¢lilmistiir. 15. Hafta
sonunda topraktan sokiilen her bir bitkinin yapraklari,
govdesi ve c¢igekleri ayrilmis ve ayri1 ayri tartilarak
agirliklar belirlenmistir.

Verilerin degerlendirilmesi: Farkli niteliklerdeki
besi ortamlarindan elde edilen kati ve sivi solucan
giibresindeki bazi besin elementlerinin degisimi Anova ve
Varyans analizi ile, besi ortamlar1 arasindaki ¢oklu
karsilagtirma Duncan testi ile yapilmistir. Arastirma
sonucunda elde edilen veriler tablo ve grafik halinde
doniistiiriilmiistiir. Istatistiksel analizlerin yapilmasinda
SPSS-23 paket programi kullanilmistir.

BULGULAR
Atik su camuru (%100) besi ortaminda solucan

sayilar1 ilk 5 hafta boyunca azalmis, daha sonra artmustir
(Sekil 2). Atik su camurunda solucan sayilarinin zamana
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gore degisiminde R?>= 0,9327 polinomvari bir degisim
gostermistir.
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Sekil 2. Atik su gamuru (%100) ortamindaki solucan sayilarinin degisimi.
Figure 2. Variation of worm numbers in waste water sludge (100%)
growing medium.

Atik su camurundaki solucan agirligi ilk 2 hafta
siresince %6,20 oraninda azalmis, ikinci haftadan 6.
haftaya kadar artmig, daha sonra tekrar azalmigtir (Sekil 3).
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Sekil 3. Atik su camuru (%100) ortamindaki solucan agirliklarmmn
degisimi.
Figure 3. Variation of worm weights in waste water sludge (100%)
growing medium.

Atik su camuru (%50) + killi toprak (%50)
karisimindan olusan besi ortamindaki solucan sayilari 1.
haftada artmis, daha sonra dogrusal bir sekilde azalmistir
(Sekil 4).

y = -4,2743x + 44,579
R? = 0,8568
31,93

Solucan Sayis1 (Adet)
N
=)

Zaman (Hafta)

Sekil 4. Atik su camuru (%50) + killi toprak (%50) karigimindaki solucan
sayilarinin zamana bagl degisimi.

Figure 4. Variation of worm numbers in waste water sludge (50%) +
clayey soil (50%) growing medium.
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Atiksu camuru (%50) +killi toprak (%50)
karisimindaki solucan agirliklari zaman bagl olarak
dogrusal bir sekilde azalmistir (Sekil 5).

@ o

g =-0,7125x + 7,4314
' R?=0,8565

g,

1l
(&)

o Solcan 42

Zaman (Hafta)

Sekil 5. Atiksu gamuru (%50) + killi toprak (%50) karisimindaki solucan
agirliginin zamana bagli degisimi.

Figure 5. Variation of worm weight in wastewater sludge (50%) + clayey
soil (50%) mixture.

Besleme materyallerinden elde edilen solucan
giibresi icindeki bazi besin maddelerinin degigimi:
Aragtirma sonucunda en yiiksek Ca, Zn, Al, Fe, TOC, TC
ve IC degerlerinde atik ¢amurundan (%100) elde edilen
kat1 solucan giibresinde rastlanirken; en yiiksek K, Mg, Na
ve Mn degerlerine Atiksu Camuru (%50) + Killi Toprak
(%50) Kontrol numunesinde rastlanmistir (Tablo 2).

Tablo 2. Atik su ¢amuru (%100) ve atik ¢amuru (%50) +killi toprak

(%50) karimigimu besi ortamlarindan iretilen kati solucan giibresindeki

bazi fiziko-kimyasal parametrelerin degisimi.

Table 2. Variations of some physico-chemical parameters in solid

vermicompost produced from wastewater sludge (100%) and waste

sludge (50%) + clay soil (50%) feeding material.
A B

C D
Atik su Camuru Atik su Camuru Killi Toprak Atik su Camuru
Parametreler (%100, Kontrol) (%100) giibresi  (%2100) Kontrol (%50) +Killi
numunesi Toprak (%50)
giibresi
Ca (mg/L) 11878,3+8498 15110+ 722,65 3823+362° 481,7+ 546°
K (mg/L) 1406,7+246,818  1734,6+66,748  3706,6+413A 043,5+298,967
Mg (mg/L) 5191,5+859,1¢ 5996,74316,5C  9110+1435.84  500+246,938
Na (mg/L) 1021,16+145,148  1117,360,4548  1513,7+416,94  30+143,658
Mn (mg/L) 244,5+20,628 289,83+15,318 1031,5+208,9* 64,5+42,788
Zn (mg/L) 126,26,588 156+9,824 103,33+13,58¢  34,6+11,888
Al (mg/L) 24653,3+2408 28883,3£1582,6°  11190+12718 083,3£512,68
Fe (mg/L) 22073+4349,74 25214,1+£890,9A 7966,7£1092,78 530+301°
TOC (%) 5,730,558 6,6440,6” 2,030,030 7140,26¢
TC (%) 5,85+0,40° 6,800,882 2,13+0,147¢ 82+0,588
IC (%) 0,12+0,018 0,16£0,01A 0,100,038 11120,048

A: Atiksu Camuru (%100, Kontrol), B: Atiksu Camuru (%100) giibresi, C: Killi Toprak (%100) Kontrol numunesi,
D: Atiksu Camuru (%50) +Killi Toprak (%50) giibresi, TOC (%): Toplam organik karon, TC (%): Toplam karbon,
IC: inorganik karbon

Atik camurunun vermikompostlastirma teknigi ile
kat1 solucan giibresine doniistiiriilmesi sonucunda atik
¢amurunda Olgillen 11 parametrenin tiimiinde %9-25
arasinda degisen oranlarda artis olmustur. Parametreler
arasinda en yiiksek artig IC miktarinda, en diisiik artis ise
Na degerinde meydana gelmistir. Ca, Zn, TOC ve IC
degerleri arasindaki fark istatistiksel olarak Onemli
seviyededir (Tablo 2). Atiksu ¢amuru (%50) + killi toprak
(%50) karisimindan olusan besi ortamindan elde edilen
giibredeki Ca, TOC, TC ve IC degerleri artarken; K, Mg,
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Na, Mn, Zn, Al ve Fe miktarlar1 azalmistir. Ca, Mg, Na,
Mn, Zn, TOC ve IC degerleri arasindaki degisim
istatistiksel olarak dnemli seviyededir (Tablo 2).

Giibrelemenin  Daphne  odora  Thunb.
‘Aureomarginata’’min gelisimine etkisi: Atik su ¢amuru
(%100) besi ortamindan elde edilen vermikompostun
Daphne odora Thunb. ‘Aureomarginata’nin gelisimine
etkisi gilibre uygulanmayan kontrol ortamina kiyasla daha
zayif olmustur. Atik camuru (%100) solucan giibresinin
Daphne odora Thunb. ‘Aureomarginata’ nin boy gelisimi
(Sekil 6), yaprak sayisi (Sekil 7), kdk bogaz cap1 (Sekil 8)
ve kok boyu (Sekil 9)’de verilmistir.

79 e=@== Kontrol Numuneleri

7,1

E6,9
O
=6,8
36,7
6,6
6,5
6,4
1 3 5 7 9 11 13 15

Zaman (Hafta)

Sekil 6. Atik su gamurundan (%100) elde edilen solucan giibresinin bitki
boy degisimine etkisi.

Figure 6. The effect of vermicompost obtained from wastewater sludge
(100%) on plant height change.
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Sekil 7. Atik su ¢amuru (%100) solucan giibresinin yaprak sayisi
degisimine etkisi.

Figure 7. The effect of vermicompost obtained from wastewater sludge
(100%) on change in leaf number.

@@= Kontrol Numunesi

0—.—.___,__/.—_.
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1 3 5 7 9 11 13 15
Zaman (Hafta)

Sekil 8. Atik su Camurundan (%100) elde edilen solucan giibresinin kok
bogaz ¢ap1 degisimine etkisi.

Figure 8. The effects of vermicompost obtained from wastewater sludge
(100%) on root collar diameter.
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Sekil 9. Atik su (%100) ¢amurundan elde edilen solucan giibresinin kok
boy gelisimine etkisi.

Figure 9. The effect of vermicompost obtained from waste water sludge
(100%) on root length development.

Atik camuru (%50) + killi toprak (%50) karigimi
besi ortamindan elde edilen vermikompostun Daphne
odora Thunb. ‘Aureomarginata’nin gelisimine etkisi giibre
uygulanmayan kontrol ortamina kiyasla daha basarili
olmugtur. Atik ¢amuru (%50) + killi toprak (%50) besi
ortamindan elde edilen solucan giibresinin Daphne odora
Thunb. ‘Aureomarginata’nin boy gelisimi (Sekil 10),
yaprak sayisi (Sekil 11), kok bogaz cap1 (Sekil 12) ve kok
boyu (Sekil 13)’te verilmistir.
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Sekil 10. Atik su (%50) camuru + killi toprak (%50) besi ortamindan elde
edilen solucan giibresinin bitki boy gelisimine etkisi.

Figure 10. The effect of vermicompost obtained from wastewater sludge
(50%) + clay soil (50%) feeding medium on plant height.
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Sekil 11. Atik su ¢amuru (%50) + killi toprak (%50) karisimlarindan elde
edilen solucan giibresinin yaprak sayisi degisimine etkisi.

Figure 11. The effect of vermicompost obtained from waste water sludge
(50%) + clay soil (50%) feeding medium on the number of leaves.

Arastirma sonucunda en yiiksek kok gelisimi
(Sekil 14), en fazla yaprak sayisi (Sekil 15), en yiliksek
cicek agirligr (Sekil 17) atik su gamuru (%50) + Killi toprak

(%50) solucan giibresinin uygulandigi bitkilerden elde
edilmistir. En diisiik kok agirligi (Sekil 14), en diisiik ¢igek
agirligi (Sekil 17) ve en diisiik toplam toprak iistii biyokiitle
(Sekil 18) atik su ¢amuru (%50) + killi toprak (%50)
kontrol karigimlarinda elde edilmistir.
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Sekil 12. Atik su gamuru (%50) + killi toprak (%50) solucan giibresinin
kok bogaz ¢ap1 degisimine etkisi.

Figure 12. The effect of vermicompost obtained from waste water sludge
(50%) + clay soil (50%) feeding medium on root collar diameter.
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Sekil 13. Atik su ¢gamuru (%50) + killi toprak (%50) karisiminda elde
edilen solucan giibresinin kok gelisimine etkisi.

Figure 13. Variation of root growing in vermicompost obtained from
wastewater sludge (50%) + clay soil (50%) on root growth.
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Sekil 14. Farkli besi ortamlarindan elde edilen solucan giibresinin kok
agirhgina etkisi.

Figure 14. The effect of vermicompost obtained from different growing
media on root weight.
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Sekil 15. Farkli besi ortamlarindan elde edilen solucan giibresinin yaprak
agirhigima etkisi.

Figure 15. The effect of vermicompost obtained from different media on
leaf weight.

3 2,748
2,418

N
N ol

Govde Agirligi (gr)
=
w1

1,148 1,158
1
0,5
0
15

m Kontrol numunesi (%100 Atik su gamuru)

%100 Atik su camuru solucan giibresi

m Kontrol numunesi (%50 Atik su gamuru + %50 Killi toprak)
%50 Atik su camuru + %50 Killi toprak solucan giibresi)

Sekil 16. Farkli besi ortamlarindan elde edilen solucan giibresinin govde
agirhigina etkisi.

Figure 16. The effect of vermicompost obtained from different media on
stem weight.
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Sekil 17. Farkli besi ortamlarindan elde edilen solucan giibresinin gigek
agirhigma etkisi.

Figure 17. The effect of vermicompost obtained from different media on
flower weight.

~

6,396
5,580

(=]

ol

~

3,233

w

2,358

N

[N

Toplam Toprak Ustii Biyokiitlesi (gr)

0

m Kontrol numunesi (%100 Atlklgu camuru)

H %100 Atik su camuru solucan giibresi

m Kontrol numunesi (%50 Atik su ¢camuru + %350 Killi toprak)
%350 Atik su camuru + %50 Killi toprak solucan giibresi)

Sekil 18. Farkli besi ortamlarindan elde edilen solucan giibresinin toprak
ustii biyokiitleye etkisi.

Figure 18. The effect of vermicompost obtained from different growing
media on above ground biomass.

TARTISMA VE SONUC

Solucanlar, organik atiklar1 sindirim sistemi
yoluyla fiziksel, kimyasal ve biyolojik degisikliklere neden
olurlar (Suthar, 2010). Solucanlar, azotlu bosaltim
drinleri, mukus, viicut enzimler ve hatta
solucanlarin ciiriiyen 6li dokularini solucan giibresi alt
sistemine ekleyerek sindirim sirasinda bagirsaklaridaki
azot seviyelerini artirabilir (Suthar, 2007). Organik atigin
yapisi, nitrojen miktar1 ve mineralizasyonu, son
vermikomposttaki nitrojen ¢ikist {izerinde etkilidir.
Vermikomposttaki N igeriinin artmasinin organik
maddenin mineralizasyonununda  etkili oldugu
sOylenebilir. Fosfat igerigi, solucan aktivitesi nedeniyle
fosforun mineralizasyonuna ve mobilizasyonuna baglanir.
Solucanlarin tiikettigi hammaddelerin igerik ve kalitesinin
ve vermikompostlama isleminin yetistirme ortamlarindaki
fosfor miktarim1  degistirmede  etkili  oldugu
diistiniilmektedir.  Ansari ve Rajpersaud (2012)
solucanlarin organik maddedeki fosfatlarin salinmasinda
onemli bir rol oynadigini ifade etmektedir. Basit kompost
ve substrat ile iligkili olarak solucan giibresinin K
degerindeki artig, muhtemelen bagirsaktan gecis sirasinda
biyolojik 6gilitme nedeniyle organik atik maddenin fiziksel
ayrismasindan ve solucanin bagirsaginda enzimatik
aktivite ile birlesmesinden kaynakladigi diisiniilmektedir
(Rao ve digerleri, 1996). Solucanin bagirsaginda bulunan
mikroorganizmalar, muhtemelen mikrobiyal enzimler
ireterek  ¢Oziinmeyen potasyumu ¢Oziiniir forma
doniistiirmistir (Kaviraj ve Sharma, 2003). Organik
kokenli  atiklarin  vermikompostlastirma  dncesinde
herhangi bir 6n igleme (6rnegin: oksijenli veya oksijensiz
ortamlarda ciiriitme, materyallerin 6gitiilmesi, vb) tabi
tutulmamast, C:N orant, pH gibi parametrelerin degismesi

S1VIS,
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herhangi bir 6n islem yapilmamasinin vermikompost
stirecine ve cikan Urlinlin kimyasal igerigine etki ettigi
sOylenebilir. Organik atigin yapisi, nitrojen icerigi miktar1
ve mineralizasyonu, son vermikomposttaki nitrojen ¢ikist
iizerinde etkilidir. Vermikomposttaki N igeriginin
artmasinin organik maddenin mineralizasyonunun etkili
oldugu soylenebilir. Fosfat igerigi, solucan aktivitesi
nedeniyle fosforun mineralizasyonuna ve mobilizasyonuna
baglanir. Solucanlarin tiikettigi hammaddelerin icerik ve
kalitesinin ve vermikompostlama isleminin yetistirme
ortamlarindaki fosfor miktarini degistirmede etkili oldugu
diisiintilmektedir Ansari ve Rajpersaud (2012) solucanlarin
organik maddedeki fosfatlarin salinmasinda 6nemli bir rol
oynadigimi ifade etmektedir. Atiklar
vermikompostlastirmaya alinmadan 6nce herhangi bir 6n
islemin (6rnegin atiklarin ¢iriitilmesi, ogiitilmesi, C:N
dengesinin saglanmasi, pH diizenlemesi vb) yapilmasi
vermikompost siirecine ve elde edilen vermikomposttaki
fiziko kimyasal 6zelliklere etki ettigi sOylenebilir. Ayrica
attk camuru tiirli, attk ¢amurunun karigim igerigi bir
yandan vermikompostlagsma siiresi {izerine, diger yanda
vermikomposttaki fiziko-kimyasal parametreler iizerinde
etkili olmaktadir. Atik camuru (%50) + killi toprak (%50)
karisimindan elde edilen solucan giibresi control
ortamlarindan elde edilen solucan giibrelerine kiyasla
Daphne odora Thunb. ‘Aureomarginata’ denemelerindeki
bitki kok agirligi, govde agirligi, ¢gigek agirhigi ve toplam
toprak {istii biyomas agirliginda daha basarili sonuglar
ortaya koymustur.
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Oz: Ekolojik tasima kapasitesi ekosistemlere zarar verilmeden ortamdan iist diizeyde yararlanma
Olgiitlinii tanimlar. Her ekonomik faaliyet gibi su iriinleri yetistiriciliginin de sucul ekosistemler
iizerine énemli etkileri bulunmaktadir. Ozellikle yiizer ag kafes balik ciftlikleri yerlesim konumu
geredi ortama besleyici element vererek 6trofikasyona neden olabilir. Bu nedenle balik ¢iftlikleri
kurulmadan Once ortamin tagima kapasitesi hesaplanmalidir. Bu caligmada Tiirkiye’nin
Karadeniz Bolgesinde yeralan Kiligkaya Baraj Goliiniin tasima kapasitesi Dillon-Rigler fosfor
yiiklenme modeli kullanilarak tahmin edilmistir. Hesaplamalarda c¢iftlik ve g6l limnolojik
verileri; ortalama derinlik 16 m, yiizey alan1 64,4 km?, kabul edilebilir fosfor yiikii 30 mg/m?,
ortalama fosfor konsantrasyonu 24 mg/md3, yemden yararlanma oram 1,0-1,5-2,0 arasinda

*1: https://orcid.org/0000-0003-4338-1758
- https://orcid.org/0000-0002-2028-6822

*Sorumlulyazarin: kullanilmigtir. Model golde ag kafeslerde iiretilebilecek yillik alabalik miktarint 1.697 ton ile
Ekrem BUHAN 25.162 ton arasinda tahmin etmistir. Go6liin derinliginin az olmasi, alt havzanin 6trofik yapisi ve
Tollza]t Gaziosma]r(lpasa }Jniversitisi, Zirale(lt kiiresel iklim degisimi dikkate alinarak, ¢evreye zarar vermeden ortalama 3000 ton/y1l alabalik
Fakiiltesi, Zootekni Bolimii, Tokat, Tiirkiye P . - MR .. . R [
T ———— iiretilebilecegi sonucuna ulasilmistir. Ayrica Tiirkiye’nin tiim baraj gollerinde; ag kafes ciftligi

kurulmadan 6nce ekolojik tasima kapasitesinin hesaplanmasi 6nerilmistir.

Anahtar kelimeler: Yiizer ag kafes, alabalik, su iiriinleri yetistiriciligi, tasima kapasitesi.

Ecological Carrying Capacity: Carrying Capacity Estimation for Kilickaya Reservoir Using
Phosphorus Based Loading Model

Abstract: Ecological carrying capacity defines the degree of maximum utilization of the
environment without damaging ecosystems. Aquaculture has significant effects on the aquatic
ecosystems something like every economic activity. Especially, floating net cage fish farms may
cause eutrophication by releasing nutrients into the environment due to their settlement location.
For this reason, the carrying capacity of the environment should be calculated before the
establishment of fish farms. In this study, the carrying capacity of the Kilickaya Resevoir located
in the Black Sea Region of Turkey was estimated using the Dillon-Rigler phosphorus loading
model. In the calculations, limnological and cage farm data (average depth 16 m, surface area

64.4 km?, acceptable phosphorus load 30 mg/m3, average phosphorus concentration 24

mg/m3, food conversation rate between 1.0-1.5-2.0) were used. According to the model, annual
*Corresponding author: amount of trout that should be produced by cage farms in the reservoir was estimates as between
Ekrem BUHAN 1.697 and 25.162 tons. Considering the low depth of the lake, the eutrophic structure of the lower
Tokat Gaziosmanpasa University, Faculty of basin, and the global climate change, it has been concluded that an average of 3.000 tons/year
?g&;“%ﬁe[’epmme"“’fA”ima' Science, trout can be produced without damaging the environment. In addition, it is suggested that
54 e,’(rem.bl}{]an@gop.edu_tr ecological carriyng capacity for all reservoir in Turkey should be estimated before the fish farm

establishment.

Keywords: Floating net cage, trout, aquaculture, carrying capacity.
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GiRisS

Hizli niifus artis1 ve ekonomik kalkinma girisimleri
icin su kaynaklarinin asir1 kullanimi; sucul ekolojik ortami
¢ok ciddi olumsuz etkilemektedir (Li & Zhou,2009). Géller
ve baraj golleri su temini yaninda balik ve diger su {irlinleri
iiretimi i¢in de dnemli su kaynaklaridir (Sun et al., 1999).
Glinlimiizde kiiresel oOlgekte ¢ogu g6l ve akarsu
ekosisteminde yasanan su kirliligi tehditleri s6z konusu
ortamlarin ekolojik islevlerin bozulmasinin 6tesinde,
toplumlarin ekonomisini ve siirdiiriilebilir kalkinmasini da
ciddi sekilde olumsuz etkilemektedir (Zhang et al.,2014). Su
iiriinleri yetistiriciligi sistemlerinin atik sularindaki azot ve
fosfor gibi iki elementin fazlaligi Gtrofikasyona ve bunun
sonucunda su ekosisteminde istenmeyen degisikliklere yol
acabilirler (Jahan et al., 2003). Keza, kiiltiire alinan yogun
ve ist diizeydeki balik miktar1 da goliin 6zgiin ekolojik
dengesini bozar (Zhou et al.,2011; Zhang et al.,2014).

Su driinleri yetistiriciligi en hizli biiyliyen gida
tiretim sektorlerinden biridir ve gida giivenligi ve gegim
kaynaklar1 i¢in biiyiilk potansiyelere sahiptir. Bununla
birlikte, kimyasal ve biyolojik kirlilik, hastalik salginlari,
stirdiiriilemez yem kaynaklar1 ve kullanim alan1 i¢in rekabet
dahil olmak iizere gevre i¢in endise verici sonuglara neden
olabilmektedir (Carballeira Brafia et al.,2021). Suda yasayan
hayvanlarin (balik, yumusakg¢a, kabuklu vb.) ve deniz
yosunlarinin yetistirilmesi olarak bilinen su {irlinleri
yetistiriciligi, 2000-2016 déneminde yillik ortalama % 5,8
biiylime oraniyla 80 milyon tona ulasmis ve diinyanin en
hizli biiyiiyen gida tiretim sektorii olmustur (FAO, 2018).
Tiirkiye’nin alabalik iiretimi 135.732 ton (TUIK,2022) ile
Iran’dan sonra ikinci sirada gelmektedir (EUMOFA,2021).
2014 yilinda toplam 1945 adet 248.455 ton/yil proje
kapasiteli i¢ su iiretim tesisinde, 122.873 ton/yil fiili olarak
alabahik iiretimi gergeklestirilmistir (TUIK, 2015). Bu
iretimin biiyiik cogunlugu baraj gollerindeki yiizer ag kafes
isletmelerinden gerceklesmekte olup, potansiyel olarak
otrofikasyon tehdidi olusturmasi kaginilmaz goriilmektedir.
Ulkemizdeki 13.450 km?’lik igsu alanminin yaklasik 4.250
km*’lik (% 32) kismu 677 adet baraj go6linden
olusturmaktadir (Tiifek ve Yalgmn, 2007; Ayvaz ve vd.,
2011). Bu baraj gollerinin potansiyel su iiriinleri iiretiminin
stirdiirtilebilirligi literatiir bildiriglerine gore ekolojik tagima
kapasitesinin belirlenmesi ile yakin iliskilidir.

Her tiirlii insan faaliyeti ortamlarinda istenmeyen
degisiklere neden olabilmektedir. Bu faaliyetlerin
ortamlarina etkisini azaltmak icin c¢evresel araglar
gelistirilmektedir. Tagima kapasitesi kavramu siirdiiriilebilir
kalkinmanin  hem  temelini  olusturur hem de
islevsellestirilmesi i¢in bir ¢evresel arag olarak kabul edilir
(Sala et al.,, 2015). Tasima kapasitesi, modern ¢evre
politikalarinda yaygin olarak kullanilan bir kavram haline
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gelmis olup; genel olarak kabul edilemez gevresel bozulma
meydana gelmeden Once, bir ortamin tolere edebilecegi en
iist kullanim seviyesi olarak tanimlanabilir (Weitzman and
Filgueira, 2019). Tasima kapasitesi; bagimsiz olarak
biyoloji, populasyon ekolojisi, insan demografisi, yaban
hayat1 ve kaynak yonetimi gibi bir¢ok alanda siirdiiriilebilir
kalkinmay1 saglayict bir dizi uygulama haline gelmistir.
Tarihsel ve kavramsal kokeni Thomas Malthus (1798) ve
onun yaklasimlarini "lojistik bilyiime egrisi" olarak taninan
formiilasyona doniistiren matematik¢i Pierre Verhulst
(1838)’ a kadar uzanmaktadir (Sayre, 2008; Weitzman &
Filgueira, 2019).

McKindsey et al. (2006); bolgeye ve yetistirilecek
su iirlinleri sistemine gore kiimiilatif yogunlugu dengelenen
dort adet kaldirma kapasitesi tanimlamistir. Bunlar;

. Fiziksel Tasima Kapasitesi: Bir ekosistem icindeki potansiyel,
yeterli ve mevcut su ftiriinleri yetistiriciligi bolgelerinin
tanmimlanmas (batimetri, akim, sicaklik, arazi kullanimu, alt yap1
vb.) olup agirlikli UA ve CBS kullanimi 6nerilir,

. Sosyal Tasima Kapasitesi: Toplumsal goriis, gorsel etki,
degerler zinciri, rakip sektorler, paydas izlenimleri vb. temel
alinarak olumsuz sosyal etkinin hangi noktada olustugunun
belirlenmesidir,

. Uretim Tasima Kapasitesi: Bolge, yer ve ¢iftlik diizeyinde
stirdiiriilebilir en tist su tirtinleri tiretiminin belirlenmesidir. Bu,
kiiltiir sistemine (yem, FCR, atik vb. olusturmak i¢in kullanilir),
kullanilan teknolojiye ve gerekli yatirima veya ekonomik
kapasiteye ve ayrica hedef pazarlara baghdir.

e Ekolojik Tasima Kapasitesi: Uretim ortamlarimn tiirleri,
popiilasyonlart veya ekolojik siirecleri ve hizmetleri iizerinde
onemli bir etki yaratmadan su iiriinleri yetistiviciligi
faaliyetlerini idare etme kabiliyetini olarak 6zetlenebilir. Bu,
oksijen tiikkenmesi, asir1 besleyici element yiikii ve 6trofikasyon
gibi kriterleri gosterge olarak kullanir.

Bunlardan Ekolojik Tasima Kapasitesi (ETK);
McKindsey (2013) tarafindan kabul edilemez ekolojik
etkilere neden olmayan, kiiltiire alinan tiirlerin maksimum
yogunlugu olarak tammlanmistir. Elliott et al.(2018) ise
kavramim aym1 zamanda Oziimseme kapasitesi terimiyle
esanlamli kabul edilebilecegini belirtmistir. FAO (2010) ise
ekolojik tagima kapasitesini; esneklik kapasitesinin tesinde
herhangi bir bozulma olmaksizin siirdiiriilebilir kalkinmanin
bir geregi olarak ekosistem perspektifinde ele alinmasi
gerektigini bildirmistir (Weitzman & Filgueira, 2019).

Ekolojik tasima kapasitesi, su {lriinleri iiretimi i¢in
iist cevresel sinirlarin belirlenmesine yardimcr olan ve
boylece dogal ekosistemlerde “kabul edilemez degisiklik”
ten kaginan;  siirdiiriilebilirlik, dayaniklilik ve en iyi
uygulama kilavuzlarina dayali siirdiiriilebilir yonetim igin
onemli bir kavramdir (Ross et al., 2013). Ozellikle ag kafes
isletmelerinin  yogunlastigi baraj gollerinde ekolojik
kaldirma kapasitesinin tahmini sektdrel siirdiiriilebilir
gelisim i¢in hayati bir konudur. Ekolojik kaldirma kapasitesi
icin fosfor kiitle dengesi modelleri ve hidrografik modeller
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gelistirilmistir (Akpojotor,2015). Beveridge (2004)’e gore
daha en popiiler fosfor kiitle dengesi modellerinden ikisi
Dillon & Rigler (1974) modeli ve OECD (1982) modelidir.
Vollenweider (1975) denkleminin g¢esitli modifikasyonlari,
su kiitlelerinin besleyici element kapasitesini modellemek
icin ¢esitli arastirmalarda kullanilmustir. Sirdiriilebilir su
iirtinleri tiretimi, su kiitleleri gibi dogal kaynaklarin verimli
kullanimi1 i¢in ekolojik  tasima kapasitesinin
degerlendirilmesini dikkate almalidir (David et al.,2015).
Kilickaya Baraj Goliinde ag kafeste alabalik yetistiriciligi
icin heniiz kapasitesi belirlenmemis bir potansiyel
bulunmaktadir. Bu calisma, Kelkit Irmag iist havzasinda
bulunan Kiligkaya Baraj Goliinde alabalik kafes kiiltiirii i¢in
ekolojik tagima  kapasitesini tahmin etmek icin
gergeklestirilmistir. Calismada gol ortamin tasiyabilecegi
fosfor yiiklerini degerlendirmek i¢in limnolojik ve alabalik
yetistiricilik verileri dikkate alinarak Dillon & Rigler (1975)
fosfor yiiklenmesi modeline dayali tahminde bulunulmustur.
Makalede ayrica iilkemizin balik {retim kapasitesi ve
potansiyelini de dikkate alarak; yasamakta oldugumuz
kiiresel iklim degisimi doneminde su kaynaklarimizin

korunmas icin ekolojik kaldirma kapasitesi kavrami ve
O6nemine de vurgu yapmaktadir.

MATERYAL VE METOT

Calisma Alani: Bu ¢alisma Karadeniz Bolgesinde
bulanan Giresun ili Sebinkarahisar Il¢esi ile Sivas Ili Susehri
ilgesi simirlar1 arasinda bulunan Kilickaya Baraj Goliinde
yiriitilmiigtir. Caligma alaninin 40°14'K  38°11'D ve
40°14'K 38°11'D koordinatlar1 arasinda konumlanmaktadir
(Sekil 4). Baraj goli Yesilirmagin en biiyiik kolu olan 320
km uzunlugundaki Kelkit Cay1 iizerinde enerji ve taskin
koruma amaciyla 1990 yilinda hizmete alinmigtir. Barajin
yiiksekligi 135 m, normal su kotunda g&l hacmi 103x107 m?,
normal su kotunda gél alam1 64 km?'dir (DSI, 2017). Géliin
en derin yeri 100 m civarindadir. Kilickaya Hidroelektrik
Santrali’nin  yillikk  ortalama  enerji  {retimi ise
332GWh/yildir. Go6l sazan yavrulari birakilmakta, goliin
cevresindeki tarim alanlarma gdlden su c¢ekilmektedir
(Aydogar, 2004; Dirican, 2008).
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Sekil 4. Kiligkaya Baraj Golii cografi konumu, 6rnekleme istasyonlarini (a) ve yagis havzasi (b) haritast.
Figure 4. Map of Kiligkaya Dam Lake geographical location and sampling stations (a) and precipitation basin (b).
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Su orneklemesi ve analizleri: Bu ¢alisma Temmuz
2018 ile Mart 2019 tarihleri arasinda dort mevsim su
ornekleri toplanarak gerceklestirilmistir. Goliin  baraj
settesinden yaklagik 1,5 km uzakta; orta noktali bir
konumdan yiizey suyu ( l.istasyon) ile golin tim su
kiitlesini temsil ettigini diisiindiigiimiiz baraj ¢ikis (kuyruk)
suyu bolgesinden (2.istasyon) olmak {izere iki bolgeden su
ornekleri toplanmustir. Su kalitesi parametrelerinden,
sicaklik, ¢6ziinmiis oksijen ve pH; YSI-556 MPS ¢ok
parametreli 6l¢iim cihazi kullanilarak yerinde oOl¢lilmiis;
amonyak, nitrat, nitrit ve toplam fosfor, Hach-Lange Dr-
2800 mobil ve masaiistii spektrofotometre kullanilarak cihaz
kiitiiphanesindeki uygun yontemler ve test kitleri (Hach-
Lange,2007) kullanilarak belirlenmistir.

Calismada kullamilan ekolojik tasima kapasitesi
modelin tanitimi: Vollenweider (1968) tarafindan dnerilen
ve Dillon and Rigler (1974) tarafindan gelistirildigi fosfor
yiiklenmesi modeli; g6l hacmi, suyun yenilenme siiresi, gole
giren fosfor miktari, fosforun sedimentte tutulan miktari ve
goldeki toplam fosfor derisimi ile iliskisel olarak asagida
sunulan formiil temel alinarak tahmin edilmistir. Model
balik yetistiriciliginden kaynaklanan fosfor yiiklenmesine
uygulanirsa, agagidaki model ortaya cikar:

AlP]= Le-(1-Re) | _ AlPl.z.p
- - _  —bkBTT o A
Z.p 1-R;

Burada;

Ls = Baraj golleri yogun balk kiiltiirii i¢in tasima
kapasitesi (mg/m?yil)

A[P] = Kabul edilebilir maksimum fosfor derigimi [Pf]
ile kafes kiiltiirtinden dnceki fosfor derigimi [Pi]
arasindaki fark (mg/m?)

z = Ortalama derinlik (m)

P = Gol suyu yenilenme siiresi (1/y11)

Re =  Yogun balik kiiltiriinden ¢okelen fosforun
sedimentde tutulan kismi

Modelin diger formiiliizasyonlar1 ve agiklamalari

Tablo 3’de verilmektedir.

BULGULAR VE TARTISMA
Su  Kalitesi Bulgulari: Golde mevsimsel
donemlerle yapilan analizlerde nitrit analiz Olglim

degerlerinin altinda bulunmustur. Nitrat analiz sonu¢larinin
0,119 ile 0,285 mg/l degerleri arasinda dagilim gdstermis,
Olciilen en yiiksek deger Ekim ayinda, en diisiik deger ise
Kasim ayinda saptanmistir. Amonyak analiz sonuglarimin
0,001 ile 0,023 mg/1 arasinda; en diisiik degerin Mart ayinda,
en yiksek degerin Temmuz ayinda Olc¢lilmistiir. Toplam
fosfor analiz sonuglarimin 0,011 ile 0,074 mg/l arasinda
dagilim gosterdigi en yiiksek deger Mart ayinda, en diigiik
deger ise Temmuz ayinda saptanmustir. Nitrit degerleri
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kitlerin 6l¢iim smurlarindan diisiik bulunmugtur. Gol suyu
sicaklig; 8,41+0,21 (7,52-17,94)°C, pH’s1 8,41+0,21 (8,20-
8,69) ve ¢Oziinmiis oksijen degeri 7,08 + 0,21 (6,50-7,60)
mg/l dl¢iilmiistiir( Tablo 1).

Tablo 1. Kiligkaya Baraj Géliinde 6lgiilen bazi su kalitesi parametreleri
Table 1. Some water quality parameters measured in Kiligkaya Dam Lake

Parametre Ortalama Minimum Maksimum Standart sapma
Nitrat azotu (mg/I) 0,199 0,119 0,285 0,074
Amonyak azotu (mg/l) 0,020 0,001 0,057 0,020
Toplam fosfor (mg/l) 0,024 0,011 0,074 0,028
Sicaklik °C 10,51 7,52 17,94 1,09
Coziinmiis oksijen (mg/l) 7,08 6,50 7,60 0,56
pH 8,41 8,20 8,69 0,21
Kilickaya Baraj Golinde Dirican (2008)’in

gerceklestirdigi caligmada, g6l su kalitesi birinci sif
yiiksek kaliteli sular kapsaminda degerlendirilmis ve dnemli
bir kirlilik sorununun olmadigi, ¢iftlik yerlesim alanina
dikkat edilmesi kosulu ile su kalitesinin alabalik
yetistiriciligi icin genelde uygun oldugunu belirtilmistir. S6z
konusu calismada, su sicakligi 7,8 ile 17.9 °C arasinda, pH
degeri 7,21 ile 8,25 arasinda, ¢oziinmiis oksijen degeri
yiizeyde 8,64 ile 8,94 mg/l arasinda, nitrat azotu yiizeyde
0,30 ile 0,66 mg/1, nitrit azotu ylizeyde 0,002 ile 0,004 mg/1
arasinda orto-fosfat fosforu 0,009 ile 0.015 mg/l arasinda
degistigi saptanmistir (Dirican,2008). Tablo 2’de Molony
(2001)’nin bildirdigi alabalik yetistiriciliginde uygun sinir
degerlerin bu calisma sonuglari ile karsilagtirildiginda ve
Dirican (2008)’nin  degerlendirmesi de goz
alindiginda; genel bir degerlendirme olarak gol su kalitesi
alabalik  yetistiriciligine uygundur. Ancak bdlgesel
farkliliklara (6rnegin giiney ve dogu kesimleri) bagh olarak
uygun nitelikler de tasimayabilir. Isletme kurulmadan 6nce

Oniine

yerlesim yerinin bir yil siire ile su kalitesi acisindan
izlenmesi Onerilir. Giivenlik mesafesi birakilarak baraj
settesine yakin derin alanlar g6l ag kafes isletmeciligi igin
daha uygun morfometrik karakterler sergilemektedir.
Kiligkaya Baraj Goliinde alabalik yogun kafes
kiiltiirii i¢in tasima kapasitesi; g0l ortalama derinligi
yaklastk 16 m ve yiizey alam 64,4 km? olan goliin
iiretilebilecegi balitk miktar1 kabul edilebilir fosfor
yiiklenmesi 60 mg/m® olarak kabul edildiinde, yemden
yararlanma orani (FCR) 1. 0 igin 25.162 ton/y1l, FCR 1.5
icin 14.500 ton/yil, FCR 2.0 igin 10.185 ton/yil olarak
hesaplanmistir. Kabul edilebilir fosfor yiiklenmesi 30
mg/m® kabul edildiginde, golde yetistirilebilecek balik
miktari, FCR 1. 0 i¢in 4.194 ton/y1l, FCR 1.50 i¢in 2.417
ton/y1l ve FCR 2. 0 i¢in 1.697 ton/y1l olarak hesaplanmistir
(Tablo 3). Dillon and Rigler (1974) kabul edilebilir fosfor
yiikiinii 60 mg/m? olarak bildirmisse de, Carlson & Simpson
(1996); Brasil (2005) ve ANA (2009) ise kabul edilebilir
toplam fosfor miktari igin 6trofikasyon sinir degeri olarak 30
mg/m?3 olarak énermislerdir. Bu degerin ETK ¢alismalarinda
kabul gormesi gdl ckosistemlerinin  korunmasini
saglayacaktir. Temel fosfor kiitle dengesi modelleri
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kullanildiginda dahi, bir rezervuarin ekolojik tasima
kapasitesini tahmin etmek i¢in gereken veri yigini
karmasgiktir ve ¢cok disiplinli bir ¢aba gerektirir, bu ¢aligmalar
zahmetli ve pahalidir, ancak tath su kaynaklarinin stratejik

onemi goz Oniine alindiginda gereklidir. Su {iriinleri

Tablo 2. Yetistiricilik sartlarinda alabaliklar i¢in gerekli iyi su kalitesi sinirlart*.

Table 2. Required good water quality limits for trout culture*.
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yetistiriciligi alanlarinin belirlenmesi, alternatif kullanimlar
icin diigiik degerleri veya karar vericilerin daha genis
giindemleriyle baglantili siyasi nedenlerle
degistirilmemelidir (Leschen et al., 2005; David et al.,2015).

Parametre Sedgwick (1985) Stevenson (1987) Barton (1996) Wedemeyer(1996) Brannon(1991) Bu ¢calisma
Sicaklik(°C) 10-15 (G) 10-16 (G) 10-22 (G) >26,5 9-16 (G) 10,51
21 alt1 en iyi, >25-27 letal(Y) 20 alt1 en iyi letal (Y) <26 (Y) (7,52-17,94)
>25 letal(Y)
pH 7-7,5 (G) 7-7,6 (G) 6.5-8 (G) 7-8 (G) 6.7-8,5 (G) 8,41
6’dan az 6’dan az 6’dan az 6-9 (Y) (8,20-8,69)
olamaz (Y) olamaz (Y) olamaz (Y)
Amonyak <0.0125 (G) Soderberg et al.(1983) 0,3 0,2 0,020
NHaz-N mg/I <1.8(S) 0,1-0,6 1,0 0,001-0,057
Nitrit < 0.00012(G) Brown and Mcleay (1975) 0.014
NOz-N mg/I <0.23(Y) 0.003-0.028 OSA
Nitrat <0.025 (G) Westin (1974) G:gelisme sinirlari, 0.08 0,199
NO3-N mg/I <0.25(Y) Y:yasam simirlari 0.02-0,2 0,119-0,057
*Molony (2001) 'den degistirilerek
Tablo 3. Kiligkaya Baraj Gélii Ekolojik tagima kapasitesi model bilesenleri ve sonuglari.
Table 3. Kiligkaya Dam Lake Ecological carrying capacity model components and results.
A: G6l alani (m2) 644 x 10°
V: Gl hacmi (m3) 103 x 107
Q: Golden gikan su hacmi (m3) 132 x 107
7. Go R VIA 16
: Gol ortalama derinligi (m)
p: GOl yenilenme siiresi (1/y1l) Qv 1,28
Pi: Goliin ortalama fosfor degeri (mg/m3) 24
R: Fosfor tutulma katsayisi 1/(1+0.515 p °55L) 0,63
Re :Balik tiretimi kaynakli fosfor tutulma orani Re=x + [(1 - x) R] 0,815
X:Sedimente ¢okelen toplam fosfor orani (0.45-0.55) 0,50
A[P] : Fosfor yiiklenmesi (mg/m®) [P - [Pi]
[Pf]1:Kabul edilebilir fosfor derigimi 60 mg/m3 36
[Pf]2:Kabul edilebilir fosfor derisimi 30 mg/m3 6
Pyem:Yem igerigindeki fosfor kgP/ton ( % 1.5) 15 kg/ton
Puaik:Balikta tutulan fosfor kgP/ton (% 0.48) 4,8 kgl/ton
Pgevre: Cevreye salinan fosfor kgP/ton balik FCR:1 15,0-4,8=10.2 kg P/ton
(FCR: Yemden Yararlanma Orani) Pyem- Poaik FCR:1.5 22,5-4,8= 17,7 kg P/ton
FCR:2 30,0-4,8= 25,2 kg P/ton
[P]s FCR:1 25162 ton
60 mg/m3 FCR:1.5 14500 ton
- I¢in FCR:2 10185 ton
LB=A [P]. Z. p.A /(1-Rg). 10° .Pgevre [Pz FCR:1 4194 ton
30 mg/m3 FCR:1.5 2417 ton
I¢in FCR:2 1697 ton

Piort: Olgiilen ortalama toplam fosfor (ortofosfat
olgiimiinden): 0,024 mg/l= 24 mg/m?®

Buna gére: ; LB=A [P]. I, p.A /(1-Rs). 108 Pcevre
I. Kabul edilebilir fosfor konsantrasyonu 60 mg/m? kabul edilerek
ETK:
FCR 1. 0 i¢in kapasite 25162 ton alabalik/y1l
FCR 1. 5 i¢in kapasite 14500 ton alabalik/yil
FCR 2. icin kapasite 10185 ton alabalik/y1l
11. Kabul edilebilir fosfor konsantrasyonu 30 mg/m? kabul edilerek
ETK
FCR 1.0 igin kapasite 4194 ton alabalik/y1l
FCR 1.5 i¢in kapasite 2417 ton alabalik/y1l
FCR 2. igin kapasite 1697 ton alabalik/y1l
edilmigtir.

Ulkemizde hizli artan alabalik iiretimine bagh
olarak diger iilkelere gore kaldirma kapasitesi arastirmalari

olarak tahmin
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daha iist diizeyde gerceklesmistir. Caligmalarin tamamina
yakini Dillon and Rigler (1974) tarafindan gelistirilen fosfor
yliklenmesi modelini kullanmislardir. Bu model ilk 6nce
Kesikkoprii Baraj Golii (Pulatsii, 2002) ve Uzungdl (Verep
vd.,2003)’ de uygulanmistir. Daha sonraki yillarda baraj
gollerindeki ag kafeslere alabalik yetistiriciligi uygulamalari
cok hizli gelismis ve paralel olarak da s6z konusu kaldirma
kapasitesi modeli iilkemiz arastirmacilarinca yaygimn bir
sekilde kullanilmistir. Tiirkiye’de model alabalik iiretimi
icin (Biiylikcapar & Alp, 2006; Buhan vd.,2010; Polat &
Ozmen, 2011; Alp, 2015; Ayekin vd.,2018; Kiiciikyilmaz
vd., 2021; Aslantiirk & Cetinkaya,2021) kullanilirken; diger
iilkelerde tilapya iiretimi (Mhlanga et al.,2013; David et
al.,2015; Abd Hamid et al.,2022; Akpojotor, 2015)
degerlendirmelerine konu olmustur (Tablo 4).
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Tablo 4. Ekolojik kaldirma kapasitesinde fosfor yiiklenme modeli kullanan arastirmalar

Table 4. Studies using phosphorus loading model in ecological carrying capacity

Su Kaynagin Konumu Yiizey alan1 (km?) Ortalama Derinlik (m) Ortalama TP(mg/m?®) ETK ton/yil Arastirma
Kesikkoprii BG Ankara 6,5 15 53,10 3.335* Pulatsii (2002)
Uzungd Trabzon 0,13 3 35-83 503-930* Verep vd.,(2003)
Menzelet BG K.Maras 42 34 31 6998* Biiyiikcapar & Alp (2006)
Almus BG Tokat 31,30 33 0,29 5536* Buhan ve vd.,(2010)
Almus BG Tokat 31,30 33 0,30 4023-6998* Polat & Ozmen (2011)
Karkamis BG Gaziantep 28,40 46 0,016 26144* Alp (2015)
Karakaya BG Malatya 268 36 14,5 43.000* Ayekin vd.,(2018)
Ozliice BG Elazig/Bingél 26,52 42 1,86 21.500* Kiigiikyllmaz vd.,(2021)
Siiciillii BG Isparta 0,82 8 41 9,67* Aslantiirk & Cetinkaya(2021)
*Kariba Lake Zambiya 5.500 29 10 33.200** Mhlanga et al.,(2013)
*1lha Solteira BG Brezilya 1195 17 13,1 155.690** David et al.,(2015)
*Temengor BG Malezya 152 254 Otrofik 325.230** Abd Hamid et al.,(2022)
*Volta Goli Gana 84,86 26,7 147 4.970** Akpojotor (2015)
BG:Baraj Golii, ETK:Ekolojik Tasima Kapasitesi *Alabalik **Tilapya {iretimi i¢in
Son yillarda modelin adi ekolojik tasima SONUC
kapasitesi olarak adlandirilmig ve yayginlagsan balik
yetistiriciliginin ¢evresel etkilerinin 6niine gegmek i¢in bir Fosfor yiiklenmesi model ciktilarina gore
ara¢ olarak kullanilmasi onerilmistir (David et al.,2015). Kilickaya Baraj Golinde yilizer ag kafeslerde

Gergeklestirilen caligmalarda takip edilen metotlar birbiri
ile benzerlik gosterse de bolgesel ve yerel sosyal ve
ekolojik farkliliklar, gol suyundaki fosfor miktarlari, gol
morfolojileri ve dinamikleri g6z Oniine alindiginda
kaldirma kapasite ile ilgili yapilan tahminler farkliliklar
gostermistir. Kilickaya Baraj Goli'nde ag kafeslerde
alabalik yetistiriciligi s6z konusu olacagindan goliin
ekosistemlerinin  korunmasi, akilci kullanilmasi  ve
stirdiiriilebilir gelismenin saglanabilmesi i¢in iretimden
kaynaklanacak c¢evresel etkilerin daha detayli olarak
izlemesi ve diisiik su kalitesine sahip alanlarda dikkat
edilmesi gerektigi bildirilmistir (Dirican,2008). Su iiriinleri
yetigtiriciliginin ~ gelisimi  kiimelenerek  yogunlasma
egilimindedir ancak giftlik alanlarinin birbirinden uzak
olmasi arzu edilir, ¢linkil en iyi alanlarm asir1 yogun olmasi
tim alan1 c¢evresel olarak siirdiiriilemez hale getirebilir
(Costa-Pierce, 2002). Tek tek kafes ciftlikleri ¢cok az
gevresel etki yaratirken, kiimeler halinde ¢ok sayida
ciftligin kiimiilatif etkileri dnemli olabilir (White et al.,
2013; David et al.,2015). Keza Kilickaya Baraj Goliiniin
kuyruk suyu ile beslenen Camligoze Baraj Golii’ndeki
alabalik Isletmelerin teorik ve fiili toplam kapasiteleri
strastyla 4.250 ton/yil ve 2.500-3.000 ton/yil’dir (Yiingiil
vd.,.2016). Bu goli etkileyebilecek  bir
kapasitenin olusmamasi igin iki gol i¢in kiimilatif tagima
kapasitesi hesaplanmalidir.

Ulkemiz yeriistii su kalitesi mevzuatina gore
Oziimleme kapasitesi belirlenene kadar, en disiikk su

olumsuz

kotunda g6l yiizey alaninin en fazla %3’iine kadar
yetistiricilik faaliyetleri izin verilmektedir (YSKY,2012).
Brezilya da ise gdl ylizey alaninin %1 dolulugu sinir olup,
bu durumun &trofikasyona karsi etkili bir dnlem kabul
edilmemesi ve her g¢iftlik igin ayrintili limnolojik inceleme
yapilmasi gerekliligi vurgulanmistir (David et al.,2015).
Bu husus iilkemiz igin baraj gollerinin kaldirma
kapasitesinin belirlenmesi i¢in de oOncelikli bir konu
olmalidir.
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otrofikasyona firsat vermeden {iretilebilecek yillik alabalik
miktar1 1697 ton ile 25162 ton olarak tahmin edilmistir.
Goliin gliney ve dogu bdlgelerinde derinliginin az olmast,
alt havzada 5.000 tonu askin alabalik tretimin kiimiilatif
etkileri de dikkate alinarak; goller igin kabul goren giincel
otrofik seviyenin 30 mg/m?® kabul edilmesi durumunda
ortalama deger olarak Kilickaya Baraj G6li’nde 3000 ton
alabalik ¢evreye zarar vermeden yetistirilebilir. Ancak
modellerin hata paylar1 ve asag1 havzanin 6trofik durumlart
da dikkate alinarak 2000 tondan sonra 6trofikasyon izleme
programui gergeklestirilmelidir. Kilickaya Baraj Golii’nde,
g0l ekolojik sisteminin korunmasi, verimli kullanim ve
stirdiiriilebilirligin saglanabilmesi icin kafeslerde alabalik
yetistiriciliginin sebep olabilecegi ¢evresel tesirlerin
detayli olarak diizenli bir sekilde gdzlemlenmesi biiyiik
onem arz etmektedir. Yasamakta oldugumuz iklim
degisimi doneminde su kaynaklarimin artan 6nemi goz
Oniine alinarak, iilke genelinde biran dnce baraj gollerinin
ekolojik tagima kapasitesi belirlenmeli ve daha sonra
iretime gecilmelidir. Higbir bilimsel dayanagi olmayan
%3’lik ylizeysel kapasite kullanim orani mevzuattan
¢ikartilmalidir.
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Oz: Dogal kaynaklar zaman gectikce azalirken insanoglunun da teknolojinin gelisimiyle ihtiyac

*~* https://orcid.org/0000-0003-0853-8772 duydugu dogal kaynaklar tiiketimi gittikge artmaktadir. Bu ters durumun yasadigimiz cevrenin
- o T DO G aleyhinde olmasi maalesef insanoglunun elini kolunu baglarken yapabilecegimiz bazi seylerin
varlig1 yliregimizi serinletmektedir. Cevrenin korunmasi siirecinde kuskusuz dogal kaynaklarin

daha az tliketimine yonelik faaliyetler ve politikalar iiretmek gerekirken toplum bireylerinin de

yapabilecegi bir¢ok sey bulunmaktadir. Bunlardan biri de gelecegimizin teminati ¢gocuklarimizin

cevre farkindaligini ve bilincini artirarak gelecege bazi mesajlar gondermek olacaktir. Bu amagla

egitim stireclerinde 6zellikle ilk ve ortadgretim 6grencilerinin ¢evre konusunda bilinglendirmeye

*Sorumlu yazarm: yonelik bir¢ok aragtirma ve ¢aligmalar yapilmaktadir. Bu ¢alismada bu amaca yonelik olarak
Hatice VEREP ilkogretim 6grencilerinin gevre duyarligi, farkindaligi veya bilinci olusturmaya yonelik yapilan
?gfkfliﬁgr it Qlintlry, Wileriez, SO, 1¥e; caligmalarin ne kadar basarili oldugunu gormek igin Ogrenciler iizerinde uygulanan gevre
5 h{/e‘rep999@gmail.com farkindaligt ve bilinci Olgiitleriyle yapilan anket sonuglarini degerlendiren arastirmalar
degerlendirilmistir.
Anahtar kelimeler: Cevre, Cevre farkindalig, ilkdgretim dgrencileri.
Studies on Environmental Awareness and Awareness of Primary School Students.
Abstract: While natural resources are decreasing over time, the consumption of natural resources
that human beings need with the development of technology is increasing. The fact that this
adverse situation is against the environment we live in, unfortunately, cools our hearts that there
are some things we can do while tying the hands of human beings. While it is necessary to produce
activities and policies for less consumption of natural resources in the process of environmental
protection, there are many things that society members can do. One of them will be to send some
messages to the future by increasing the environmental awareness and awareness of our children,
which is the guarantee of our future. For this purpose, many researches and studies are carried
*Corresponding author: out to raise awareness of environmental issues, especially among primary and secondary school
Hatice VEREP students. In this study, the studies evaluating the results of the questionnaires applied on the
<T3§ryk1i’;iemafy School, Merkez, 53100, Rize; students with the environmental awareness and awareness criteria were evaluated in order to see
ul

how successful the studies on environmental awareness, awareness or awareness of primary

DX: hverep999@gmail.com _
school students were for this purpose.

Keywords: Environment, Environmental awareness, Primary school students.
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GiRisS

Cevre canlilarin yasamis olduklar gesitli fiziksel
ve kimyasal 6zelliklere sahip canli ve cansiz ortamlardan
olugmaktadir. Dogrudan insanoglu ve canlilarin yasamsal
faaliyetlerini  slirdiirmeleri agisindan elzem olmasi
sebebiyle korunmasi gereken Onemli bir varliktir. Bu
acidan bilimsel kuramlarda cevre terminolojine birgok
cevresel tanimlar girmistir. Cevre koruma, ¢evre saghigi,
ekoloji, ekosistem ve ekolojik denge gibi bircok kavram
cevrenin yonetilmesinde ortaya ¢ikmis ¢evre biliminin alt
bilim dallaridir (Kocatag, 2012).

Cevrenin canlilardan olusan Onemli kismin
olusturan bitkiler ve hayvanlar ¢evrenin fiziksel kismini
olusturan su, hava ve topragin belirli 6zelliklere sahip
olmasiyla kullanilabilir. Dogal bir ortamda canli ve cansiz
ortam belirli fiziksel ve biyolojik kanunlarla yonetilirken
dogal ¢evre kendi dengesini olusturmaktadir. Ancak
insanoglunun yasadig1 ¢evreyi yonetme ve degistirebilme
kabiliyeti sayesinde ¢ogu zaman dogal dengeyi bozabildigi
herkesin bilebildigi bir konudur. Cevre kirliligi olarak
ortaya ¢ikan dengesizlik insanoglunun dogal kaynaklarin
kisitliligint ve gevrede ekolojik dengeyi gozetmeksizin
yaptigi faaliyetler neticesinde ortaya ¢ikmaktadir.

Bu ¢alismada ¢evre kavramlar1 agisindan ilk ve
orta dgretim Ogrencilerinin ne diizeyde ¢evre bilincine
sahip olduklarini arastiran ¢alismalarin sonuglar1 derlenmis
ve gelecege yonelik egitim siirecinde yapilmasi gerekenler
konusunda degerlendirmeler yapilmistir

Cevre Farkindaligint Ol¢meye Yonelik Yapilmis
Calismalar: Cevre bilinci veya farkindalifi ve bilincinin
Olciilmesine  yonelik olarak gelecegimizin
cocuklar olmasindan dolay1 toplumun en geng bireyleri
olan ilkogretim ve orta dgretim Ogrencilerinin ve onlari
egitmeye malik 6gretmenlerin goriisleri oncelikle dikkate
almmustir. Elbette ki yarmin erigkin bireyleri olacak olan
¢ocuklarin ¢evre bilincinin gelistirilmesi ¢evre koruma
acisindan gelecege yonelik dnemli bir adimdir. Daha iist

teminati

yas gruplartyla ilgili olarak daha ¢ok ¢evre korumaya
yonelik politikalar belirlenmesi ve ¢esitli uygulamalarin
yiriitiilmesine yonelik dogrudan kamu kurumlarinin
yiiriitecegi faaliyetlere katilmalarina yonelik faaliyetler
yiiriitilmektedir.

Oncelikle ilkdgretim ve ortadgretim miifredatinda
¢evrenin yeriyle ilgili olarak sunlar s6ylenmelidir ki sosyal
bilgiler programindaki 18 06zel amagtan yalmzca iki
tanesinin, fen bilgisi programinda belirtilen 10 6zel
amagtan dort tanesinin, biyoloji programinda belirtilen 10
0zel amagtan yalnizca bir tanesinin ve cografya
programinda belirtilen 15 6zel amagtan 6 tanesinin ¢evre
konusu ile ilgili oldugu tespit edilmistir. Yapilan arastirma
sonucunda programlarda gevre egitimi ilkdgretim 7. ve 8.
Siniflarda segmeli ders olarak verildigi, ortadgretim de ise
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cevre egitimi adinda segmeli veya zorunlu bir ders
olmadig1 tespit edilmistir. Ayrica programlarda bir¢ok
teorik kazanim bulunmasina ragmen uygulamaya yonelik
kazanimlarin oranmin daha az oldugu ve bu oranin
artirllmasinin daha etkili bir ¢evre egitimi agisindan da
gerekli oldugu arastirmacilar tarafindan ileri stiriilmektedir
(Ozbugutu, 2021).

Ogrencilerin gevre bilinci ve farkindaligiin
belirli dlgiitler kullanilarak olciildiigii calismalarla ilgili
literatiir incelendiginde ilkdgretim &grencileri tizerindeki
calismalarin gorece daha fazla oldugu goriilmektedir.
[Ikogretim dgrencilerinden sonra orta dgretim dgrencileri,
lise ve iiniversite Ogrencileri ve Ogretmen adaylarinin
goriisleri lizerine ¢alismalara rastlanilmistir.

Cevre bilinci ve farkindaligi konusuyla ilgili
olarak agirlikli olarak ilkdgretim ve diger seviyelerde
literatiir incelendiginde asagidaki sonuglara ulasildigt
goriilmektedir. Ilkdgretim 4 ve 5. simf dgrencilerinin
cevresel biling ve algilamalari ile ¢evre konularina karst
gelismis incelendigi  bir ¢alismada;
ogrencilerin ¢evre konusunda biling ve algilamalarinin
olumlu oldugu, ¢evre konularina yonelik tutumlarinin sinif
seviyesine, cinsiyete ve Ogrencilerin babalarinin egitim
gore farklillk gosterdigi  belirlenmistir.
Ogrencilerin gevre konularma yonelik tutumlarinin ailenin
gelir durumu ile annelerinin egitim seviyesine goére ise
farklilasmadig1 sonucuna ulagilmigtir (Saglam, 2012).

Canakkale’de ortaokul Ogrencilerinin g¢evreye

tutumlarinin

seviyesine

yonelik tutumlarint farkli degiskenler agisindan tespit
edilmesini amaglayan bir ¢alismada ise ¢evresel
duyarsizlik ile g¢evresel duygu arasinda, c¢evresel
duyarsizlikla gevresel davranis arasinda negatif bir iliski
bulunmustur. Cevresel duygu ile g¢evresel davranis
arasinda pozitif yonde bir iligki
ulagilmigtir.  Cevresel duyarsizligin = ¢evresel duygu
davranis tizerinde etkili oldugu
belirlenmistir. Erkek 6grencilerin ¢evresel duyarsizliginin
kiz 6grencilerden daha yiiksek oldugu tespit edilmistir
(Erdogan, 2021).

Kiireci (2018) Kiitahya il merkezinde &grenim
goren ilkokul 4. simf &grencilerinin gevreye yonelik
tutumlariin incelenmesini amaglayan tez caligsmasinda;
[lkokul 6grencilerinin gevreye yonelik tutumlarinin yiiksek
diizeyde oldugu bulunmustur. Kiz ogrencilerin erkek
Ogrencilere gore cevreye yonelik tutumlarinin daha olumlu
oldugu bulunmustur. Ogrencilerin akademik basarilari
arttikca ¢evreye yonelik tutum puanlarinin - arttig
bulunmustur. 11 merkezinde yasayan 6grencilerin kdyde

oldugu sonucuna

lizerinden c¢evresel

yasayan Ogrencilere gore gevreye yonelik tutumlarinin
daha olumlu oldugu belirlenmistir.

Ogrencilerin evlerinde havyan besleme durumlari
ile gevreye yonelik tutum diizeyleri arasinda anlamli bir

iliski bulunamamustir. Ogrencilerin evin bahgesi olmasi
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durumu degiskeni ile ¢evreye yonelik tutum diizeyleri
arasinda anlamli bir iliski bulunamamustir. Ogrencilerin
babalarinin egitim diizeyi ile c¢evreye yonelik tutum
puanlart arasinda istatistiksel olarak anlamli bir iliski
bulunmamustir. Ogrencilerin annelerinin egitim diizeyi ile
¢evreye yonelik tutum puanlari arasinda istatistiksel olarak
anlamli bir iligki bulunmamistir. Orta ve yiiksek diizeyde
aile geliri olan 6grencilerin diisiik diizeyde aile geliri olan
Ogrencilere goére daha olumlu cevre tutumlarina sahip
oldugu bulunmustur.

Sosyo-ekonomik diizey ile ¢evre bilinci arasinda
bir iligki olup olmadigini ortaya koymak; varsa bu iligkinin
hangi temel kavram ve etkinliklerle ortaya c¢iktigini
bulmak; ortaya konulacak bulgularla ¢evre egitimi
yaklasimina  katkida  bulunmak amaghi  bir
arastirmasinda ise 6grencilerin ¢evre bilinci ile ilgili olarak
okullar arasinda belirgin farkliliklarin olmadigi, cevaplarin
genellikle ayni yonli oldugu, ilgi

tez

diizeylerinin ve
tercihlerinin birbirine ¢ok yakin oldugu, gelir durumu ve
cevre bilinci arasindaki iligki incelendiginde okul farki
gozetmeksizin 6grenciler arasinda farkli gelir durumunun

farkli  tercihlere neden  olmadiginin  goriildiigi
belirtilmektedir (Ozpinar, 2010).
Erzurum ilinde ilkdgretim 7. ve 8. smf

ogrencilerinin ¢evreye yonelik tutumlarinin belirlenmesi
amaglanan bir aragtirmada ise Ogrencilerin cinsiyet,
ogrenim gordiikleri sinif diizeyi, ailelerinin aylik geliri
degiskenleri agisindan istatistiksel olarak 0.05 anlamli bir
farlilik bulunmustur (Nalcaci ve Beldag, 2012).

Erdem ve ark. (2019) ilkokul &grencilerinin
cevresel farkindalik diizeylerini ¢esitli degiskenler
acisindan  degerlendirdigi  ¢aligmasinda  6grencilerin
cevresel farkindaliklar1 “genel diizey” ile “dogada yasam”,
“donistirtlebilir enerji kaynaklart ve kullanimlar” ve
“cevresel sorumluluk” alt boyutlarinda “yiiksek”;
“canlilarin devamliligi” alt boyutunda ise “diisiik” diizeyde
¢ikmistir.  Arastirmada ayrica Ogrencilerin  gevresel
farkindaliklarinin  “genel diizey” ile “dogada yasam”,
“dontstiirtilebilir enerji kaynaklar1 ve kullanimlar” ve
“cevresel sorumluluk™ alt boyutlarinda dérdiincii siniftaki
ogrenciler lehine; “dogada yasam” alt boyutunda ise kiz
ogrenciler lehine farklilastig1 tespit edilmistir. Ogrencilerin
cevresel farkindaliklarinin “genel diizey” ve “dogada
yasam” alt boyutunda kardes sayis1 agisindan; “canlilarin
devamlilig1” alt boyutunda anne egitim durumu agisindan
ve “cevresel sorumluluk” alt boyutunda ise baba egitim
durumu agisindan farklilagsma tespit edildigini belirtmistir.

flkokul 6grencilerinin gevre farkindaliklarinin ne
diizeyde oldugu ve gesitli degiskenlere gore farklilasip
farklilasmadigini aragtiran baska bir ¢alismada ise ilkokul
ogrencilerinin ¢evre farkindaliklarinin genel toplam
ortalamalar1 ve ¢evresel sorumluluk alt boyutlarina gore
yiiksek diizeyde oldugu; dogada yasam ve doniistiiriilebilir
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enerji kaynaklar1 ve kullanimi alt boyutlarina gore ¢ok
yiiksek diizeyde oldugu, canlilarin devami alt boyutuna
gore diisiik diizeyde oldugu bulunmustur.

flkokul ~&grencilerinin  ¢evre farkindaliklari
dogada yasam alt boyutunda cinsiyet, yere ¢Op atanlari
uyarma durumu ve evde ¢igek yetistirme durumu
degiskenlerine gore istatistiksel olarak anlamli bir farlilik
gostermektedir. Bu anlaml farklilik kiz 6grenciler, yere
¢Op atanlar1 uyaranlar ve evde cicek yetistirenler lehinedir.
[Ikokul 6grencilerinin ¢evre farkindaliklar1 genel toplamda
ve dogada yasam alt boyutunda geri doniisiime yonelik
atiklar1 toplama durumu degiskenine gore geri doniisiime
yonelik atiklar1 toplayanlar lehine anlamli bir farlilik
gostermektedir.

[lkokul dgrencilerinin ¢evre farkindaliklar: genel
toplamda, dogada yasam ve g¢evresel sorumluluk alt
boyutlarinda evde hayvan beslemenin uygun olup
olmadigint disiinme degiskenine gore evde hayvan
beslemenin uygun oldugunu diisiinenler lehine anlamli bir
farkhilik gostermektedir. Ilkokul &grencilerinin cevre
farkindaliklar1 canlilarin devamlilifi ve doniistiiriilebilir
enerji kaynaklar1 ve kullanimi alt boyutlarinda siif
degiskenine gore istatistiksel olarak anlamli bir farklilik
gbstermektedir. Ilkokul grencilerinin ¢evre farkindaliklar:
doniistiiriilebilir  enerji  kaynaklart ve kullanimi alt
boyutlarinda kardes sayis1 degiskenine gore istatistiksel
olarak anlamli bir farklilik gdstermektedir. Ilkokul
ogrencilerinin gevre farkindaliklari ¢evresel sorumluluk alt
boyutunda baba egitim durumu degiskenine gore
istatistiksel olarak anlamli bir farklilik gostermektedir.
Ilkokul dgrencilerinin ¢evre farkindaliklari anne egitim
diizeyi ve evde evcil hayvami olup olmama durumu
degiskenine gore istatistiksel olarak anlamli bir farklilik
gostermedigi ileri siiriilmektedir (Bayraktar ve Firat,
2020).

Saylik ve Mercin (2020) ¢ocuklara ¢evre bilinci
kazandirilmasinda oyun tasarimmin katkisini inceledigi
caligmalarinda 8-12 hedef yas grubundaki cocuklar i¢in
daha 6nce tasarlanan ¢evre bilincini destekleyici ve egitici
bir oyuna rastlanmadig: ileri siiriiliirken buna benzer bir
caligma yapacak aragtirmacilara oyunu tasarlarken
izleyebilecekleri yol ve oyunun daha genis bir yas
grubunda da kullanmaya uygun hale getirerek
gelistirilebilmelerine yonelik ¢dzlimler dnermistir.

ilkdgretim altinci, yedinci ve sekizinci simf
Ogrencilerinin ¢evreye karst tutumlarmin c¢oklu zeka
alanlarina gore degisiklik gosterip gostermediginin
arastirildigr bir calismada cinsiyet, sinif diizeyi ve sosyo-
ekonomik diizeye gore 6grencilerin ¢evreye karst tutumlari
arasinda anlamli bir farklilik bulunmamistir. S6zel zeka
alan1 hari¢ diger zeka alanlarinin gelisme diizeyleri arttikga
Ogrencilerin ¢evreye karsi tutumlarinin olumlu ydnde
arttig1 belirtilmektedir (Arslanyolu, 2020).
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Ibret ve ark. (2021)’in ilkokul 4. simf Sosyal
Bilgiler dersi “Insanlar, Yerler ve Cevreler” &grenme
alaninda yer alan dogal ¢evreye duyarlilikla ilgili konular1
alternatif etkinliklerle 6grencilere vermenin amaglandigi
bir incelemede c¢evre konularinda alternatif etkinlik
kullaniminin, 6grencilerin dogal ¢evreye karst duyarlilik
kazanmasinda etkili oldugu sonucuna ulasilmis oldugunu
bildirmektedirler.

Ogretmen adaylarinin (Biyoloji, Fizik, Kimya,
Sosyoloji, Cografya, Tarih ve Ilkogretim Fen Bilgisi
Ogretmen  adaylar1) c¢evre  Dbilinci ve  c¢evresel
duyarliliklarini1 baz1 degiskenler agisindan incelendigi bir
arastirmada ise Ogretmen adaylarinin Cevre Bilinci ve
Cevresel Duyarliliklarinin branglari ve cinsiyetleri arasinda
anlamli bir farklilik géstermedigi, ancak 6lgegin Cevresel
Duyarlilik boyutunda branglar arasinda anlamli bir farklilik
bulundugu ileri siiriilmektedir (Akgay ve Pekel, 2017).

Literatiir ~ tarandiginda  yukarda  siralanan
caligmalarda ifade edilen hususlar agisindan bir¢ok 6rnek
bulunmaktadir. Burada konu itibariyle ilk goze batan ve
konuyla en ilgili arastirmalar iizerinde durulmustur. Bu
calismada mevcut literatiir bulgularinin degerlendirilmesi
yaninda ilkdgretim ve orta 6gretim Ogrencilerine cevre
bilinci ve farkindaligi verilmesi adina yapilmasi gerekenler
irdelenmistir.

Cevre Bilinci ve Farkindalik Olgiitleri: Cevre
bilinci ve farkindalig1 diizeyinin ilkdgretim ve ortaggretim
diizeyindeki 6grenciler igin belirlemeye yonelik bir¢ok
Olciit Bu olgiitlerin - akademik
arastirmalar neticesinde iiretilmig olmasi, uygulamalardaki
basarisi ispatlanmig ve uygulanan &grenciler veya kisiler
tarafindan anlagilir nitelikte olmasina dikkat edilmektedir.
Omegin Cevresel tutum {izerinde {iretilen sorulardan
olusan bir olgiitte ¢evresel davranis, ¢evresel diisiince ve
duygu alt dlgiitleri tamamen, kismen ve hi¢ katilim gibi
Olgiitlerle degerlendirilmektedir. Tabiidir ki olgttlerin

kullanilmaktadir.

uygulandigi 6grencilerin sosyo-ekonomik pozisyonlari
yaninda kisisel bilgileri 0l¢iitiin uygulanmasinda temin
edilmektedir.

Degerlendirme ve Sonuc: Oncelikle su
belirtilmelidir ki hali hazirda ilkdgretim ve orta 6gretimde
egitim-6gretim miifredatinda ¢evre konusunda hedeflenen
0zel amaglar igerisinde ¢evre konusunda ¢ok diisiik sayida
madde bulunurken ve verilen dersler icerisinde zorunlu
dersler olmadigi gibi sadece se¢meli derslerin oldugu bir
gergektir. Diger yandan ¢evre konusundaki egitim-6gretim
faaliyetlerinin teorik bazda yiiriitildiigii pratige yonelik
herhangi  bir uygulama olmadigi
goziikmektedir. Bu durum ¢evre farkindaligt veya ¢evre
bilincinin &grencilerde olusmasi i¢in yeterli olmadigin
gostermektedir. Dolayisiyla egitim-6gretim faaliyetlerinin
¢evre konularinda daha fazla igerikli, daha pratige yonelik
uygulamalarin gelistirilmesi gerekliligi agik bir gercektir.

soz  konusu
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IIkogretim dgrencileri iizerinde cevre bilinci ve
farkindalig1 iizerinde belirli Olgiitlerle yapilan anket
calismalar1 neticesinde kiz Ogrencilerin cevreye karst
tutumlarmin erkek 6grencilere karst daha olumlu oldugu,
sosyo-ekonomik durumu iyi olan Ogrencilerin gevreye
kargt tutum konusunda daha dikkatli oldugu ve kirsal
kesimdeki 6grencilerin sehir merkezlerindeki 6grencilere
nazaran ¢evresel tutumlart daha diisiik seviyede oldugu
bulunmustur.

Bir¢ok arastirmada Ogrencilere c¢evre bilinci
yolunda alternatif yollarin bulunmasinin
gerekliligi vurgulanmakta, pratik ve gorsel oyunlarla ¢evre
tutumu ve farkindaliginin daha iyi oturtulabilecegi ileri
stirilmektedir.

Diger yandan oOgretmen adaylarinin da cevre
farkindalig1 hususunda tutumlar: arasinda brans agisindan
farkliliklarin  ortaya ¢iktigi bazi ¢alismalarda ifade
edilirken &grencilere ¢evre bilinci verilmesi hususunda en
uygun  branglarin
¢ikmaktadir.

Sonug olarak ilkogretim Ggrencilerine ¢evresel
tutum konusunda olumlu goriisler olusturmaya yonelik
olarak gelistirilmesi, ¢evre
konusunda igeriklerin zenginlestirilmesi ve uygulamaya
yonelik alternatif yollarin  gelistirilmesi  gerekliligi
kesinlikle ifade edilmelidir. Bu konuda ilkdgretim
diizeyindeki &grencilerin biyoloji, orman ve su iiriinleri
veya ziraat fakiiltelerinin bitki ve hayvan arastirmalarinin

verilmesi

secilmesinin  gerektigi  ortaya

Oncelikle miifredatin

yapildig1 miize ve laboratuvarlari periyodik olarak ziyaret
ettirilmeli, 6gretim elemanlarinca teknik gezi boyunca
bilgilendirilmeli, varsa 6grencilerin yasadigi sehirlerdeki
hayvanat bahgeleri ve biiylik akvaryumlar 6grencilere
gezdirilmelidir. Okul bahgesinde veya belediye tarafindan
halka a¢ilan hobi bahgelerinde 6grencilere tohum ve bitki
yetistirme konusunda uygulamali faaliyetler yaptirilmali,
agaclandirma calismalarinda fidan diktirme ve sulama
caligsmalari bizzat yaptirtlmalidir.
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Abstract: In a study of the fishes of the Lake Hazar, and Tigris, Euphrates and Kueik rivers were
recorded four species of Squalius belonging to the Squalis cephalus-group were found: The
western drainage of Euphrates River (Tohma Stream) population was identified as S. seyhanensis,

#1571 https://orcid.org/0000-0002-9586-6223

*Corresponding author: northern drainages of Euphrates as S. semae, and the Kueik populations as S. berak. The
pavut TURAN ison of 28 metric, 9 meristi ters and morphological characters showed that th
Recep Tayyip Erdogan University, Faculty of comparison 0 metric, 9 meristic parameters and morphological characters showed that the
Fisheries, 53100 Rize, Tiirkiye populations of the Lake Hazar and the upper Tigris drainages are distinct and belong to a hitherto

: dvit hoo. : o . )
ran@yahoo.corm unnamed species. We describe it here as Squalius verepi sp. n.

Keywords: Freshwater fish, Tiirkiye, taxonomy, chub, morphology.

Hazar Golii ve Dicle Nehri Yukar1 Havzasinda Yeni Bir Squalis Tiiriiniin
Tamimlanmasi (Teleostei: Leuciscidae)

Oz: Bu calismada, Hazar Golii, Dicle, Firat ve Kueik nehirlerinden Squalius cepphalus grubuna

*Sorumlu yazar: ait 4 tiir tespit edilmistir. Firat Nehri’nin bat1 drenajlarinda S. seyhanensis, Kuzey drenajlarinda
Davut TURAN i S. semae ve Kueik Nehri’'nden S. berak dagilim gosterdigi saptanmigtir. Hazar ve Dicle
Recep Tayyip Erdogan Universitesi, Su popiilasyonlar1 28 metrik ve 9 meristik karakter bakimidan Firat ve Kueik nehirlerinden rapor
Urtinleri Fakiiltesi, 53100, Rize, Tiirkiye . M . . . <

=t e @ E e @l edilen tiirler ile karsilastirilmis ve bu popiilasyonlarin heniiz tanimlanmamis oldugu saptanmustir.

Burada, bu popiilasyonlar1 S. verepi adinda yeni tiir olarak tanimlanmaktatir.

Anahtar kelimeler: Tatlisu baliklari, Tiirkiye, taksonomi, tatlisu kefali, morfoloji.

INTRODUCTION Kamensky, 1901 from Kura River drainages; S. fellowesii
(Giinther, 1868) from Madra south to Esen River; S.

The genus Squalius Bonaparte, 1837 is distributed pursakensis (Hanko, 1924) from Sakarya River; Squalius

in Europe and Western Asia. The genus includes about 48 cii (Richardson, 1857) from Sususrluk River; S. kosswigi
species widespread in the Western Palearctic (Ozulug & (Karaman, 1972) from Tahtali River; S. aristotelis Ozulug
Freyhof, 2011; Turan et al., 2013). In Turkey, the species & Freyhof, 2011 from Tuzla drainage, S. carinus Ozulug
of genus occur in almost all streams and rivers. Turkish & Freyhof, 2011 from Lake Isikli basin; S. cappadocicus
Squalius species morphologically divided in two groups. Ozulug & Freyhof, 2011 from Melendiz River in Lake Tuz
First one, Squalius cephalus group, morphologically basin; Squalius cephalus (Linnaeus, 1758) from western
represented with 16 species: S. orientalis (Nordmann, part of Turkish Black Sea coast; S. recurvirostris Ozulug
1840) from the rivers and streams of Caucasus; S. berak & Freyhof, 2011 from Lake Eber, Aksehir, and Ilgin
Heckel, 1843 from Kueik River; S. turcicus De Filippi, basins; S. adanaensis Turan, Kottelat & Dogan, 2013 from
1865 from Arax Rivers drainaegs; S. agdamicus streams of the lower Seyhan River basin; S. seyhanensis

"l urn:lsid:zoobank.org:pub:42683D9B-F91C-4588-8F0E-421007BC479E
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Turan, Kottelat & Dogan, 2013 from streams of the upper
Seyhan River basin; and S. semae Turan, Kottelat &
Baygelebi, 2016 from the northern drainages of Euphrates
(Heckel, 1843; Hanko, 1924; Nordmann, 1840; De Filippi,
1865; Battalgil, 1942; Berg, 1949; Karaman, 1972;
Bogutskaya, 1994; Ozulug & Freyhof, 2011; Turan et. al.,
2009; Turan et al., 2013; Turan et al., 2016, Baygelebi,
2019). The other, Squalius lepidus group, include 3
species: S. lepidus Heckel, 1843; S. anatolicus Bogutskaya,
(1997); and S. kottelati, Turan, Yilmaz & Kaya, 2009.

This study identified one species from the Lake
Hazar and two species from Tigris River (Persian Gulf
basin) of Squalius. One is readily identifiable as S. lepidus,
a species belonging to the Squalius lepidus group and it
occurs in the Euphrates and Tigris drainages (Turan et al.,
2009). The other species belongs to the Squalius cephalus
group which is unnamed thus, the aim of the present study
is to describe the species based on morphological
characters.

MATERIAL AND METHOD

Fish were caught by pulsed DC electrofishing
equipment and Killed by over anaesthetization,

fixed and stored in formaldehyde.
examined is deposited in Recep Tayyip Erdogan

University Zoology Museum of the Faculty of
Fisheries, Rize (FFR). Measurements were taken with
digital calipers (0.1 mm accuracy). Counts and
measurements follow Kottelat & Freyhof (2007) except as
follows. Head width1: distance between anterior margin of
eyes; head width2: distance between posterior margin of
eyes; head width3: at middle of opercle; head depthl:
through eye; head depth2: at nape; width of mouth gape:
between corners of mouth; length of mouth gape: from tip
of upper lip to corner of mouth. The lateral-line scale count
includes the scales on the base of the caudal fin. The last
two branched dorsal and anal-fin rays articulating on a
single pterygiophore are counted as 1%. The number in
parentheses after a count indicates the frequency of that
count. Asterisks indicate the values of the holotype. The
map was created using the Qgis v. 3.8.3-Zanzibar software
available at http://diva-gis.org. Occurrence data in the map
(Fig. 2) are based on our own material.

Abbreviations used: SL, standard length, SD,
standard deviation; HL, lateral head length. We follow
Stout et al. (2016) and authors cited in this publication and
treat the cyprinid subfamily Leuciscinae as an own family:
Leuciscidae.

The morphometric and meristic data for Squalius
species in eastern Turkey Turan et al. (2009; 2013, 2017),
Baycgelebi (2019).

Material
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RESULTS

Squalius verepi, hew species

Figure 1. Squalius verepi, FFR 6296, holotype, 175 mm SL; stream
Behremas.

Figure 2. Squalius verepi, paratypes, from top, FFR 763, 180 mm SL, 161
mm SL; 155 mm SL, stream Behremas.

Figure 3. Squalius verepi, paratypes, from top, FFR 748, 169 mm SL, 165
mm SL; 157 mm SL, stream Ak¢apinar, Tigris River.

urn:lsid:zoobank.org:act:F2A706E6-FF90-43DF-
B156-BA10507CABD5

Holotype: FFR06296, 1, 175 mm SL; Turkey:
Elazig prov.: stream Behremas at lake Hazar, 38.501N
39.508E.

Paratypes: FFR00763, 38, 87-176 mm SL; same
data as holotype. -FFR00628, 52, 45-120 mm SL; Turkey:
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Diyarbakir prov.: stream Batman at Malabadi bridge,
38.153N 41.205E. -FFR00630, 4, 80-103 mm SL; Turkey:
Diyarbakir prov.: stream Akgayir at Sinankdprii bridge,
37.871N 40.989E. -FFR00678, 16, 32-158 mm SL;
Turkey: Diyarbakir prov.: stream Akgayir at Sinankoprii
bridge, 37.868N 40.988E. -FFR00679, 15, 65-98 mm SL;
Turkey: Diyarbakir prov.: stream Batman at Malabadi
bridge, 38.154N 41.203E. -FFR00748, 11, 117-166 mm
SL; Turkey: Diyarbakir prov.: stream Akcayir at at
Sinanképrii bridge, 37.871N 40.990E. -FFR00751, 13, 86-
138 mm SL; Turkey: Diyarbakir prov.: stream Batman at
Malabadi bridge, 38.154N 41.203E.

Diagnosis: Squalius verepi is distinguished from
the species in Tigris-Euphrates and adjacent basins as the
following characters. Squalius verepi is distinguished from
S. berak (Fig. 4) by having a smaller head (length 25-28%
SL, vs. 29-31), a greater interorbital distance (interorbital
width 36-41% HL, mean 38.2, vs. 30-37, mean 34.2), the
mouth gape smaller than its width (vs. greater than its
width), a deeper head (head depth at nape (62-68% HL,
mean 64.8, vs. 56-64, mean 59.8), a deeper snout (snout
depth at the nostril 32-38% HL, mean 34.0, vs. 24-33,
mean 29.0), and fewer black pigments on posterior edge on
flank scales and more black pigments on each flank scale
pocket (Fig.5). Squalius verepi is distinguished from S.
semae by the presence of orange pigments on anal-fin rays
in live individuals (vs. anal-fin rays with black pigments in
live individuals, fewer dark brownish or blackish pigments
on posterior edge of each flank scales (vs. with dense dark
brown pigments, and almost covered by the posterior
margin of preceding scales (Fig. 5), fewer gill rakers the
outer side of the first gill arch (8-11, vs. 11-12) and length
of mouth gape is smaller than its width (vs. approximately
equal). Squalius verepi is distinguished from S.
seyhanensis by having a fewer dark grey or blackish
pigments on posterior edge of each flank scale (a few, vs.
numerous, [Fig. 5]), a narrower head (width at the posterior
margin of eyes 50-55% HL, vs. 56-60) and a slenderer
anal-fin (height 50-55% SL vs. 56-60). It is distinguished
from S. lepidus by the lower jaw not projecting, having
fewer branched anal-fin rays (7%-8'%, mode 8', vs. 8-
10%, mode 9), fewer lateral line scales (42-46, vs. 48-49)
and fewer gill rakers the outer side of the first gill arch (8-
11, vs. 11-13).

Description: The general appearance is shown in
Figs. 1-3; morphometric and meristic data are given in
Tables 1. Body moderately deep, slightly compressed
laterally. Dorsal profile of body convex, ventral profile less
convex than dorsal profile. Head short, its length 25-28 %
SL, approximately 1.0-1.3 times body depth, its dorsal
profile straight or slightly convex at the interorbital area
and slightly convex on the snout. Mouth slightly
subterminal, its corner not reaching vertical through

anterior margin of eye. Length of mouth gape slightly
smaller than its width. Upper lip thick, anterior width
approximately 1.7-2.0 times width at the corner of the
mouth. Snout with a slightly rounded tip.

-"“"M, 22
AN

Figure 4. Squalius Berak, From Top, Ffr 3821, 169 Mm Sl, 165 Mm SI;
157 Mm SI, Stream Kueik.

Figure 5. Pigments on flank scales: from the top of: a) Squalius semae,
FFR 669, 174 mm SL; b) S. berak, FFR 775, 164 mm SL, Kueik River;
(c) S. seyhanensis, FFR 729, 228 mm SL; d) S. verepi, FFR 763, 180 mm
SL, 161 mm SL; 155 mm SL, stream Behremas.

Dorsal fin with 4 simple and 8% (19) and 9% (1)
branched rays, its height approximately equal to the
pectoral-fin length, outer margin straight or slightly
convex. Pectoral fin short, its length 16.7-19.2% SL, outer
margin convex, with 15 (2), 16 (5), 17 (8) and 18 (5)
branched rays. Pelvic fin rounded, with 1 simple and 8 (3)
or 9 (17) branched rays, outer margin convex. Anal fin with
3 simple and 7' (3) and 8' (17) branched rays, fleshy,
outer margin convex. Caudal fin slightly forked, lobes
slightly pointed. Lateral line with 42 (4), 43 (2), 44 (5), 45
(7) and 46 (2); 7 (6) and 8 (14) scale rows between lateral

338



Turan, (2022)

line and dorsal-fin origin; 3(8) and 4 (12) scale rows
between lateral line and anal-fin origin. Gill rakers 8-11 on
the outer side of the first-gill arch. Pharyngeal teeth 2.5-
F5.2, distinctly hooked, serrated.

Table 1. Morphometric data of Squalius verepi from stream Behremas
and Akcapinar.

holotype range (mean) SD
N=22
Standard length (mm) 175 140-181
In % SL
Head length 26.9 25.3-28.2 (26.6) 0.7
Body depth at dorsal-fin origin 24.7 21.5-26.0 (24.4) 11
Predorsal length 54.8 52.6-56.0 (54.3) 0.8
Prepelvic length 514 48.7-51.4 (50.3) 0.7
Preanal length 725 69.8-73.9 (71.8) 13
Pectoral-fin origin to anal fin 49.6 47.0-51.2 (48.9) 14
Pectoral-fin origin to pelvic fin 27.3 25.2-28.7 (26.6) 1.0
Pelvic-fin origin to anal fin 23.4 21.2-24.5 (23.0) 0.9
Dorsal-fin height 16.4 16.2-19.0 (17.3) 0.8
Anal-fin height 15.0 14.2-17.3 (15.5) 0.7
Pectoral-fin length 17.1 16.7-19.2 (17.9) 0.8
Pelvic-fin length 15.2 14.2-16.3 (15.3) 0.5
Length of upper caudal-fin lobe 215 20.6-23.7 (22.1) 0.9
Length of middle caudal-fin rays 13.7 12.3-14.1(13.3) 0.5
Length of caudal peduncle 20.1 18.3-22.2 (20.4) 1.0
Depth of caudal peduncle 114 10.4-12.7 (11.5) 0.6
In % HL 0.3
Snout length 29.0 29-32 (30.4) 0.9
Eye diameter 16.6 17-20 (18.3) 0.9
Interorbital width 39.3 36-41(38.2) 12
Head width; at anterior margin of eyes 42.6 40-45 (42.6) 12
Head width; at posterior margin of eyes 50.6 50-55 (51.6) 15
Head widths at middle of opercle 60.8 57-65 (60.4) 21
Head depth, at through eye 45.9 45-51 (47.1) 15
Head depth; at nape 62.9 62-68 (64.8) 17
Snout width at nostrils 38.1 36-40 (38.0) 11
Snout depth at nostrils 34.3 32-38 (34.0) 18
‘Width of mouth gape 31.8 27-38 (29.6) 13
Length of mouth gape 28.9 27-30 (28.1) 0.9
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Figure 6. Distribution of Squalius species in eastern Turkey.

Sexual dimorphism: There are small tubercles on
head in males.

Coloration: In life, general body color silvery,
pelvic, anal and pectoral and anal fins yellowish, dorsal and
caudal fins light greyish. There are a few orange pigments
on anal fin rays. Dorsal fin with numerous black pigments
on rays and membranes. A black bar behind the opercle.
Formalin-fixed adults and juveniles grey on the back and
upper part of flank, yellowish on the belly. Dorsal and
caudal fins dark grey; pectoral, pelvic and anal fins
yellowish. Scale pockets with dark grey or blackish spots,
and not covered by the posterior margin of preceding scales
(Fig. 7). There are a few dark grey or blackish pigments
along the posterior margin of each flank scale. Anal, pelvic
and pectoral fins hyaline. Dorsal fin with a few black
pigments on rays and membrane (Fig. 3-5).
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Etymology: This species is named in honor of
Prof. Dr. Biilent Verep, who has always supported me
throughout my research.

Distribution: Squalius verepi is presently known
from Lake Hazar basin and Batman and Akgayir streams
(Tigris River drainages) in southeast Turkey (Fig. 6). See
Figure 7 for habitat of S. verepi. Its maximum known size
is 181 mm SL. Larger individuals probably can be found in
nature but most likely there is a propensity for smaller fish.

Figure 7. Turkey: Stream Behremas, type locality of Squalius verepi.
Photo by BY.

DISCUSSION

In this study, species belonging to the genus
Squalius, which are distributed in the Lake Hazar, and
Kueik, Tigris and Euphrates rivers, were examined. As a
result of this study, one species (Squalius berak) from the
Kueik River, three species (S. semae, S. seyhanensis, S.
lepidus) from the Euphrates River, two species (S. verepi
and S. lepidus) from Tigris River and one species (S.
verepi) from Lake Hazar were determined. In addition, in
the distribution area of S. berak is restricted to the Queik
River. The differences of Squalus verepi between the
above species are given in the diagnosis section. Squalius
verepi also differs from the species (S. agdamicus [Kura
River], S. turcicus [Aras River] and S. orientalis [Coruh
River]) found in adjacent waters. Squalius verepi is
distinguished from S. turcicus and S. agdamicus by the
presence orange pigments on anal-fin rays in live
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individuals (vs. absent) and fewer dark grey or blackish
pigments along posterior edge of each flank scale (a few,
vs. numerous). Squalius verepi is further distinguished
from S. agdamicus by having a smaller mouth gape (length
of mouth gape 27-30% HL, vs. 28-36). Squalius verepi is
further distinguished from S. turcicus by having a deeper
body (depth at dorsal-fin origin 22—-26% SL mean 24.4, vs.
20-23 mean 21.4) and a smaller mouth gape (length of
mouth gape 27-30% HL, vs. 31-36). Squalius verepi is
distinguished from S. orientalis by having a fewer dark
grey or blackish pigments on the posterior edge of each
flank scale (a few, vs. numerous), fewer branched anal-fin
rays (7'2-8Y4, mode 8, vs. 8/2-9%, mode 9) and a smaller
mouth gape (length of mouth gape 27-30% HL, vs. 31-36).

Comparative material: Materials of Squalius
species examined other than those below are listed by
Turan et al. (2009; 2013, 2017), Baygelebi (2019).

Squalius agdamicus: FFR00595, 12, 100-186 mm
SL; Turkey: Ardahan prov.: Kura River, 41.116N 42.701E.
-FFR00637, 5, 107-137 mm SL; Turkey: Ardahan prov.:
stream Olceksuyu at Olcek village, 39.349N 30.038E. -
FFR00638, 5, 95-115 mm SL; Turkey: Ardahan prov.:
stream Agikyazi at Acikyazi village, 41.144N 42.591E. -
FFR00639, 4, 166-222 mm SL; Turkey: Ardahan prov.:
stream Hanak at Hanak, 41.225N 42.847E. -FFR00684, 9,
100-150 mm SL; Turkey: Ardahan prov.: stream Simsilik
at Gole, 40.885N 42.606E. -FFR00687, 12, 110-152 mm
SL; Turkey: Ardahan prov.: Kura River, at Yalnizgam,
41.071N 42.485E. -FFR00754, 8, 46-158 mm SL; Turkey:
Ardahan prov.: Kura River, 41.117N 42.701E.
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miktarmim Ongérisii amaglanmistir. Konteyner ellegleme hacimlerinin 6ngoriisii, konteyner akisindaki

planlamanin yapilmasini saglayacak ve boylece hem liman isletmelerinin hizmet kalitesinin iyilestirilmesine
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*Sorumlu yazarin: yiizdelik hata kriterleri ile tespit edilmistir. Sonug olarak, analiz agamasinda kullanilan yontemler arasinda en
BanuWAKKAN uygun yontemin SARIMA yontemi oldugu tespit edilmistir. Ayrica, Tiirkiye’deki tiim limanlara ait 2022

iskenderun Teknik Universitesi, Lisansiistii f Lo o N . Lo
Ejgitim Enstitiisii, Deniz Ulastirma Miihendisligi yilina ait ortalama konteyner ellegleme 6ngorii degerleri %95 alt ve list giiven smiri ile tespit edilmistir.

ABD, Iskenderun, Hatay, Tiirkiye i . . ..
B<: akkanbanu@yahoo.com Anahtar kelimeler: Ellecleme, konteyner, Tiirkiye, zaman serisi analizi.

Container Handling Forecasting With Classical Time Series Analysis

Abstract: The increase in the trade volume in the global competitive environment constitutes the essential
element of the economic inputs of the countries. Even though there are many ways to stand out from
competitors in national or international trade; the main advantage is to discover the logistics service and the
quality provided. Container transport is the most effective type of maritime transport, especially between the
fast-growing and the load-carrying species in recent years. This study is intended to forecast the average
amount of container handling in all ports in Turkey. The foresight of container handling volumes will ensure
that the planning of container flow is carried out, helping to improve the quality of service of port businesses
and helping our country gain an advantage over global competition. In this study, data on the monthly total
container handling amount for the period of January 2004-December 2021 at Turkish ports were used from
the relevant Ministry's website. First of all, the time series we have was examined, and time series analysis
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percent error criteria. Conclusion, the most suitable method is SARIMA, among the methods tested in this
study. In addition, the average container handling prediction values of all ports in Turkey for the year 2022
were determined with 95% lower and upper confidence limits.
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GiRisS

Diinya ticaret hacminde yasanan donemsel
dalgalanmalar iilkelerin ekonomik dayanikliliginin ve
istikrarmin Onemini ortaya c¢ikarmaktadir. Son yillarda
kiiresel ticaret hacmindeki dalgalanma ve sonrasinda
yasanan artig egilimi, ilkelerin bu pazardan pay alma
zaruriyetini ortaya ¢ikarmustir. Ticari yarigta rakiplerden 6ne
¢tkmanin birden fazla segenegi mevcut olmakla birlikte,
avantaj1 saglama noktasinda lojistik hizmet kalitesi belirgin
sekilde one ¢ikmaktadir. Lojistik, iilkelerdeki hammaddenin
iirlin haline doniistiiriilerek tiretici ve tiiketici arasindaki tiim
stirecidir. Diinyada en ¢ok tercih edilen tagima yontemi,
giivenli ve diisiikk maliyetli olmast nedeniyle deniz yolu
tasimaciligidir. Ozellikle son yillarda izl bir sekilde
biliyliyen denizyolu tasimaciligi ile yiik tasima tiirleri
arasinda, en etkin bir sekilde gelisim saglayan tiir konteyner
tasimacihigidir. ISO 6nciiligiinde Olgiileri bir standarda
baglanan ve tagimacilikta yaygimnlasarak kullanilan
konteyner; mevcut durum ve yakin gelecekte lojistik
secenekleri arasinda en ¢ok tercih edilen tiir olmakla birlikte
iilkeler arasindaki deniz yolu tasimacilifinin da belkemigi
olan limanlar arasinda rekabet ortaminin kizigmasina neden
olmaktadir. Normal sartlarda kiiresel bityiimenin 2010-2030
arasinda iki katma denizyolu ile tasmnan konteyner
miktarinin ise yillik ortalama %6'nin tizerinde biyiiyecegini
ve limanlarda islem goren konteyner miktarinin da 2030'da
dort katina kadar artig gosterebilecegi OECD tarafindan
ongorilmektedir (OECD, 2011). Bu nedenle kiiresel
ekonomik pazardan biiylik oranda pay alma biiyiik 6nem arz
etmektedir. Konteyner tagimaciligindaki tahmin edilen bu
ani gelisime ayak uydurmak igin
isletmelerinin  kapasitelerini artirma yoluna gitmeleri
gerektigi, aksi takdirde talebe karsilik veremeyen limanlarin,
gemilerin bekleme siireleri arttirarak liman kapilarinda
tikanikliklarin yasanmasina neden olacagi ve sonug olarak
miisterilerinin bir kisminin bdlgede hizmet kosullar1 daha iyi
olan limanlar tercih etmesi kaginilmazidir (Saka & Cetin,
2017).

ve hizli liman

Ongorii bir diger ifadeyle tahminleme, alt-iist yap1
planlamasi, baglanti elemanlar1 planlamasi, deniz yolu
tasimaciliginin planlanmasi, is¢i planlamasi gibi birgok
tereddiitte mahal konularda nicel ¢iktilar esliginde ¢dziim
Onerisi sunmakta ve yatirimlarin geri doniis siirelerinin
gergege en yakin tahminlenmesiyle siirdiiriilebilir ilave
yatirimlarin da oniine acabilecek potansiyeli
barindirmaktadir. Dolayisiyla, oldukc¢a yiiksek biitceli
yatirim maliyetlerine sahip olan liman yapim ve isletim
sektoriindeki onemi goz ardi edilememektedir. Denizcilik
sektoriinde teknik olarak birbirinden farklilik arz eden kisa
ve uzun vadede Ongoriiler stratejik olarak biiyiik avantaj
saglamakla birlikte, 6zellikle kisa vadede gerceklestirilen
calismalarin, operasyonlarda meydana gelebilecek ani
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degisikliklerle miicadelede saglayacagi olumlu katkilar;
rakip  limanlara  kiyasla  tercih nedeni  olarak
goriilebilmektedir. Degisen ve gelisen sermaye orant
diistintildiiglinde ekonomik ve stratejik acidan ciddi 6neme
sahip bu siire¢ diger agidan; limanlarin kisa vadeli eylem
planlarmin  olusturulmasinda ve stratejik hedeflerini
gerceklestirilmesine de katki saglayabilecek potansiyeli
tagimaktadir.

Diinya genelinde denizyolu tasimaciliginda
gerceklestirilen 6ngdrii ¢alismalarinda; Markov zinciri yillik
bliyime orani modeli, egilim bileseniyle zaman serisi
modeli, gri sistem modeli (Twrdy & Batista, 2016),

mevsimsel  oto-regresif entegre  hareketli ortalama
(SARIMA), Holt-Winters'n mevsimsel yontemi ve
Facebook’s Prophet yontemi (Ubaide vd., 2021),

SARIMAX, MLP, LSTM ve NARX ve SARIMAX-ANN
hibrit modelleri (Fiskin vd., 2022) ve Yapay Sinir Aglari
(YSA) Dogrusal Olmayan Digsal Girdili Otoregresif Ag
(NARX) Modeli (Kiling vd., 2022) gibi bir ¢ok yontem
kullanilarak gelecege yonelik planlamada fikir sahibi
Bu bu c¢alismada
limanlarinda 2004-2021 yillarina ait toplam elleglenen
konteyner veri setinden faydalanilarak; 2022 yilindaki aylik
toplam konteyner ellegleme 6ngoriisii olusturmada en uygun
yontemi tespit etme amaglanmustir.

Literatiir  Analizi: Peng ve Chu (2009),
Tayvan’daki {i¢ biiyiik liman icin klasik ayrisma modeli,
trigonometrik  regresyon modeli, mevsimsel kukla
degiskenler ile regresyon modeli, gri model, hibrit gri model
ve MOHOM (Mevsimsel Otoregresif Hareketli Ortalamalar
Modeli) modelini kullanarak konteyner hacmini tahmin
etmistir. Schulze ve Prinz (2009) Alman limanlarindaki
konteyner aktarmalarini Mevsimsel SARIMA modeli ve
Holt-Winters listel yumusatma yaklasimiyla irdelemisdir.
Kara (2011) Candarli Limani1 hakkinda ii¢ adet fizibilite
raporunu  Ozetleyerek; (Alsancak) Limaninda
konteyner ve karigik yiik trafik verileri kullanilmig ve zaman
serisi yontemiyle Izmir (Alsancak) Limaninmn 2016 yilina
kadar gelecek yiik trafigi tahmin edilmistir. Farhan ve Ong
(2018), mevsimsel SARIMA  yontemini
uluslararasi limanlardaki konteyner c¢ikiglarini
etmistir. Incaz ve Karaképrii (2019) konteyner elleglemede
COVID-19 pandemisinin Ambarli Limanina etkisi ve
gelecege yonelik tahmin analizini Tek Ustel Diizlestirme
Yontemiyle gergeklestirmistir. Shankar vd. (2020) Singapur
Limanlarindaki konteyner ¢ikti verilerini kullanarak
ARIMA, basit iistel yumusatma, Holt-Winter's, hata-egilim-
mevsimsellik, trigonometrik regresyonlar (TBATS), sinir
agt  (NN) ARIMA + sinir ag ile O6ngori
gerceklestirmislerdir. Sen vd. (2021) Tiirkiye’de Limanlarda
Yiik Tagimacilig1 Veri Analizi i¢in T.C Ulastirma ve Altyap1
Bakanligi’'ndan aliman Tirk limanlarindaki yiik istatistik
verileri kullanilmig ve bu veriler lizerinde Lineer Regresyon

olunmaktadir. nedenle tilkemiz

[zmir

kullanarak
tahmin

Ve
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Yontemi ve Yapay Sinir Aglar1 Yontemini kullanilarak
zaman serisi analizini gerceklestirmislerdir. Kiling vd.
(2022) Tiirkiye’deki limanlarda gergeklesen konteyner ve
yik ellecleme miktarinin Yapay Sinir Aglart (YSA)
Dogrusal Olmayan Digsal Girdili Otoregresif Ag (NARX)
Modeli ile 6ngoriisiinii tespit etmislerdir.

MATERYAL VE METOT

Calisma kapsami ve Veri Seti Eldesi: Bu caligmada
T.C. Ulagtirma ve Alt Yap:1 Bakanlifi Denizcilik
Istatistikleri Bilgi Sisteminde yer alan verilerden
faydalanilmistir. Birimin resmi internet sayfasinda yer alan
“Konteyner” bashig1 altindaki “Konteyner Istatistikleri”
sekmesi kullanilarak 2004-2021 yillarina ait hazirlanan aylar
bazinda elleglenen toplam konteyner miktarlar1 (TEU)
kullanilmistir. Kullanilan verilerin aylik degisimlerine ait
grafikler asagidaki gibidir. COVID-19 pandemisinin
yasandig1 kosullar ve diger zaman araliklar1 normal seyirde
kabul edilip veriler normalize edilmemistir. Calismanin
amact Tirkiye’nin 2022 yilindaki aylik toplam konteyner
ellecleme Ongodriisii  olusturmak oldugundan oOncelikle
elimizdeki zaman serisinin yapist incelenmis olup seri hem
trend hem de mevsimsellik igerdiginden analiz edilen zaman
serisine uygun olan yontemler olarak Mevsimsel Naive,
Holt-Winters Toplamsal, Holt-Winters Carpimsal, ETS ve
SARIMA kullanilmustir.

Calismada oncelikle 2004’tin ilk aymdan 2020
yilinin son ayma kadar olan veri seti egitim verisi olarak
kullanilmis son yil olan 2021 yilina ait veri seti ise test
kiimesi olarak belirlenmistir. Tiim yontemlerden elde edilen
test kiimesine ait hata kareler ortalamasi (HKOK) ve
ortalama mutlak ytizdelik hata (OMYH) kriterlerine gére en
iyi yontem SARIMA yontemi olarak secilmis ve secilen bu
yontem tizerinden 2022 yilinin tiim aylart i¢in aylik 6ngorii
yapilmigtir.

Kullanilan Yontemler

Mevsimsel Naive Yontemi: Mevsimsel bir bilesene
sahip bir zaman serisini analiz etmede kullanilan bu
yontemin her tahmini ayni mevsimdeki son gdzlemlenen
degere esit olacak sekilde ayarlanma prensibine dayanir.

@

Esitlik (1)’de s: mevsimsel periyodu, k: (h — 1)/s
sayisinin tam kismi ve h: da ongdrii adim sayisin ifade
etmektedir.

Holt Winters Ustel Diizlestirme Yontemi: Holt
Winters {istel diizlestirme yontemi bir zaman serisinin hem

Xt+h = Xt+h-s(k+1)
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trend hem de mevsimsellik icerdigi durumda kullanilabilen
bir zaman serisi tahmin yontemidir. Holt Winters {istel
diizlestirme yontemi serideki mevsimsel bilesenin yapisina
gore iki farkli sekilde kullanilabilir. Eger mevsimsel
degisimler seri boyunca kabaca sabit kaliyor ise Holt
Winters Toplamsal {istel diizlestirme, mevsimsel degisimler
seri diizeyiyle orantili olarak degisiyor ise Holt Winters
Carpimsal iistel diizlestirme yontemi tercih edilebilir.

Holt Winters toplamsal iistel diizlestirme
yontemine ait tahmin denklemleri Esitlik (2) - Esitlik (5) ile
verilmistir.

Resn = Ly + hb, + St+h-m(k+1) 2
Zt = b —Se-m) + (1 — /11)(zt—1 +bi—1) (3)

Bt = Az(zt - Zt—1) +(1- Az)Bt—1 4)
se = A3(te = Loy — b)) + (L= A3)sm (5)
Holt Winters ¢arpimsal iistel diizlestirme

yontemine ait tahmin denklemleri Esitlik (6) - Esitlik (9) ile
verilmigtir.

Reyn = (Zt + hBt)St+h—m(k+1) (6
Zt =h(x/Se-m) + (1 — /11)(zt—1 + Bt—l) (7
Bt = Az(zt - Zt—1) +(1- Az)Bt—1 (8)
St = 13(xt/(zt—1 - Bt—l)) + (1= 43)St-m )

ETS Modelleri: ETS yontemleri hata, trend ve
mevsimsel bilesenleri bir arada modelleyen en genel ve
esnek modellerdir. Hata terimi carpimsal (M) veya toplamsal
(A) oldugunda hata terimi (E: A; M), seride trend bileseni
yok ise (N), var ise toplamsal (A) veya damped (Ad)
oldugunda trend terimi (T: N;A;Ad), seride mevsimsel
bilesen yok ise (N), var ise toplamsal (A) veya carpimsal
oldugunda mevsimsellik (S: N;A;M) ile gosterilir.

Otomatik SARIMA Yontemi: Otomatik SARIMA
yontemi, bir SARIMA modeli i¢in otomatik olarak model
secimi yapan Hyndman ve Khandakar (2008) tarafindan
onerilen bir yontemdir.

Eger, zaman serisinde mevsimsel dalgalanmalar
s0z konusu ise, o zaman seri Mevsimsel Biitiinlesik
Otoregresif Hareketli Ortalama Modelleri (SARIMA)
yontemiyle modellenir. Bu yontem, dizideki bir sonraki
adimi, Onceki adimlarindaki  farklilagtirilmig
gbzlemlerin, farklilagtirilmig

zaman
hatalarin, mevsimsel
gozlemlerin ve mevsimsel hatalarin dogrusal bir fonksiyonu
olarak modeller. ARIMA modelini, mevsimsel diizeyde ayni
otoregresyon, fark alma ve hareketli ortalama modellemesini
gerceklestirme yetenegi ile birlestirir.

R programinda “Otomatik SARIMA” igin gerekli
islemler “forecast” paketindeki “auto.arima” fonksiyonu

kullanilarak yapilmistir.
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UYGULAMA VE BULGULAR

2004-2020 yillar1 arasindaki aylar bazinda iilkemiz
limanlarinda gergeklestirilen toplam ellegleme miktarlarina
(Ellec) ait zaman serisinin analizi Sekil 1°deki gibidir.

2004-2020 Yillar1 Arasindaki Toplam Ellegleme Miktarlari

Elleglerne Miktar (

2010 2015 2020

Yil

Sekil 1. 2004-2020 yillari arasindaki aylar bazinda limanlarimizda
gergeklestirilen toplam ellegleme miktarlarina ait zaman serisi grafigi.
Figure 1. Time series graph of total container handling quantities at our
ports on a monthly basis between 2004-2020.

Toplam ellecleme miktarlarina ait zaman serisine
ait otokorelasyon ve kismi otokorelasyonlar grafikleri Sekil
2 ve Sekil 3°deki gibidir. “Ellec” serisinin
otokorelasyon otokorelasyon  grafikleri
incelendiginde serinin trende sahip oldugu tespit edilmistir.

zaman

ve  kismi

Series Ellec

08

ACF
04

00

Lag
Sekil 2. 2004-2020 y1llar1 arasinda aylar bazinda elde edilen “Ellec” zaman
serisi igin otokorelasyon grafigi.
Figure 2. Autocorrelation graph for “Ellec” time series obtained on monthly
basis between 2004-2020.

Series Ellec

1.0

Partial ACF
06

-0.2

Lag
Sekil 3. 2004-2020 y1llar1 arasinda aylar bazinda elde edilen “Ellec” zaman
serisi i¢in kismi otokorelasyon grafigi.
Figure 3. Partial autocorrelation graph for “Ellec” time series obtained on
monthly basis between 2004-2020.

“Ellec” serinin mevsimselliginin test edildigi ve
ilgili serinin mevsimsellik de igerdigi bulgulari iceren grafik

344

Anadolu Cev. ve Hay. Dergisi, Yil:7, No:3, (341-349), 2022

Sekil 4.’deki gibi kayit edilmistir. Bu durum, “Ellec” zaman
serisi hem trende hem de mevsimsellige sahip bir zaman
serisi olmakla birlikte seride baskin trend oldugu sonucunu
da ortaya ¢ikarmustir.

flgili zaman serisinin hem trende hem de
mevsimsellige sahip oldugunun tespit edilmesiyle; “Ellec”
zaman serisinin analizi Mevsimsel Naive, Holt-Winters
Toplamsal, Holt-Winters Carpimsal, ETS ve SARIMA
yontemleri ile gerceklestirilmistir. SARIMA yontemine ait
parametrelerin belirlenebilmesi icin ilgili serinin birinci
farklarina ait korelasyon ve kismi otokorelasyon grafigi
Sekil 5 ve 6 ile gorsellestirilmistir.

Seasonal plot: Ellec

1e+06

6e+05

2e+05

Temmuz
Agustos

Aylar
Sekil 4. 2004-2020 yillar1 arasinda aylar bazinda elde edilen “Ellec” zaman
serisi i¢in mevsimsellik grafigi.
Figure 4. Seasonality graph for “Ellec” time series obtained on monthly
basis between 2004-2020.
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Sekil 5. 2004-2020 yillar1 arasinda aylar bazinda elde edilen “Ellec” zaman
serisine ait birinci fark i¢in otokorelasyon grafigi.
Figure 5. Autocorrelation graph for the first difference of the “Ellec” time
series obtained on a monthly basis between the years 2004-2020.
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Sekil 6. 2004-2020 y1llar1 arasinda aylar bazinda elde edilen “Ellec” zaman
serisine ait birinci fark i¢in kismi otokorelasyon grafigi.

Figure 6. Partial autocorrelation graph for the first difference of the “Ellec”
time series obtained on a monthly basis between 2004-2020.
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Analiz  sonuglarinda elde edilen
irdelendiginde; uygun SARIMA
SARIMA (0,1,1) (1,0,1),, olarak tespit edilmistir.

Ik asamada “Ellec” zaman serisi “Mevsimsel
Naive, Holt-Winters Toplamsal, Holt-Winters Carpimsal,
ETS ve SARIMA” yontemleri ile analiz edilmistir. Analiz
asamasinda “Ellec” zaman serisinin son 12 gézlemi (son bir
yil) test kiimesi olarak alinmistir. Tiim yontemlerden elde
edilen test kiimesine ait HKOK ve OMYH hata kriteri
degerlerine sonuglar Tablo 1’de verilmistir. HKOK ve
OMYH hata kriterlerine ait degerler Esitlik (10) ve Esitlik
(11) ile hesaplanmuistr.

grafikler
modeli

HKOK = Fiﬁﬂ’:"mz (10)
OMYH = ~ 3, ":t’?t (11)

Esitlik (10) ve Esitlik (11) de, n, x, ve X, sirasiyla;
O0grenme Ornegi sayisi, gozlenen deger ve ongorii degerini
gostermektedir.

Tablo 1. “Ellec” zaman serisi i¢in tiim yontemler ile elde edilen HKOK ve
OMYH hata kriteri degerleri.

Table 1. HKOK and OMYH error criteria values obtained by all methods
for the “Ellec” time series.

Yontem HKOK OMYH
Mevsimsel Naive 73653,33 11,07
SARIMA 35038,36 4,36
Holt-Winters Carpimsal 34929,87 4,47
ETS 33796,74 4,13
Holt-Winters Toplamsal 33209,24 4,20

Ayrica, her bir yontemden elde edilen artiklarin ak
giiriiltii olup olmadigint anlamak i¢in artik analiz yapilmistir.
Ilk olarak Mevsimsel Naive yontem ile elde edilen artiklarin
ak giiriiltii olup olmadigs; Tablo 2’de verilen Ljung-Box test
istatistigi sonuglarina gore ve Sekil 7 ile verilen artiklarin
plot grafigi, otokorelasyon katsayilar1 ve histogram grafigi
incelenmek suretiyle degerlendirilmistir.
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Tablo 2. “Ellec” zaman serisinin Mevsimsel Naive yontem ile tahmin
edilmesiyle elde edilen artiklarinin Ljung-Box testi uygulamasi.

Table 2. Ljung-Box test application of residuals obtained by estimating the
“Ellec” time series with the Seasonal Naive method.

Q* = 342,37, df = 24, p-value < 2.2e-16

Model df: 0. Total lags used: 24

Ljung-Box test

Ljung-Box test sonucuna gore p degeri 2.2e-16
oldugu i¢in elde edilen artiklarin ak giiriiltii siirecine uygun
olmadig1 yontemin gecerli olmadigt
ulagilmastir.

Sekil 7 ile wverilen grafikler incelendiginde,
artiklarin otokorelasyonlarinin genelde giiven sinirlari iginde
kalmadig1 kayit edilmistir.

Sonraki asamada, SARIMA yontemi ile elde edilen

Ve sonucuna

artiklarin ak giiriilti olup olmadigi; Tablo 3’de verilen
Ljung-Box test istatistigi sonuglarina gore ve Sekil 8 ile
verilen artiklarin plot grafigi, otokorelasyon katsayilar1 ve
histogram grafiklerinin irdelenmesiyle degerlendirilmistir.

Tablo 3. “Ellec” zaman serisinin SARIMA yo6ntemi ile tahmin edilmesiyle
elde edilen artiklarmm Ljung-Box testi uygulamasi.

Table 3. Ljung-Box test application of residuals obtained by estimating
“Ellec” time series by SARIMA method.

Q* = 29,098, df = 21, p-value = 0,1117
Model df: 3. Total lags used: 24

Ljung-Box test

Ljung-Box test sonucuna gore p degeri 0,1117
oldugu i¢in elde edilen artiklarin ak giiriiltii siirecine uygun
oldugu ve yontemin gegerli oldugu sonucuna ulasilmistir.

Sekil 8 ile verilen grafik sonuglarina gore, artiklarin
otokorelasyonlariin genelde giiven sinirlart iginde kaldigi
tespit edilmistir.

Holt Winters toplamsal {istel diizlestirme yontemi
ile elde edilen artiklarin ak giiriiltii olup olmadigi; Tablo 4’de
verilen Ljung-Box test istatistigi sonuglarina gore ve Sekil 9
ile verilen artiklarin plot grafigi, otokorelasyon katsayilari ve
histogram grafigi incelenmek suretiyle degerlendirilmistir.

Residuals from Seasonal naive method
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Sekil 7. “Ellec” zaman serisinin Mevsimsel Naive yontem ile ¢6ziimlenmesinde artik analizi i¢in grafikler.
Figure 7. Graphs for residual analysis in the analysis of the “Ellec” time series with the Seasonal Naive method.

345



Akkan & Calisir, (2022)

Anadolu Cev. ve Hay. Dergisi, Yil:7, No:3, (341-349), 2022

Residuals from ARIMA(0,1,1)(1,0,1)[12]
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Sekil 8. “Ellec” zaman serisinin SARIMA yontemi ile ¢oziimlenmesinde artik analizi i¢in grafikler.
Figure 8. Graphs for residual analysis in the analysis of the “Ellec” time series with the SARIMA method.

Tablo 4. “Ellec” zaman serisinin Holt Winters Toplamsal iistel diizlestirme
yontemi ile tahmin edilmesiyle elde edilen artiklarinin Ljung-Box testi
uygulamasi.

Table 4. Ljung-Box test application of residuals obtained by estimating
“Ellec” time series with Holt Winters Additive exponential smoothing
method.

Tablo 5. “Ellec” zaman serisinin Holt Winters Carpimsal iistel diizlestirme
yontemi ile tahmin edilmesiyle elde edilen artiklarmin Ljung-Box testi
uygulamasi.

Table 5. Ljung-Box test application of residuals obtained by estimating
“Ellec” time series with Holt Winters multiplicative exponential smoothing
method.

Q* = 44,796, df = 8, p-value = 4.023e-07

Ljung-Box test Model df: 16. Total lags used: 24

Ljung-Box test sonucuna gore p degeri 4.023e-07
oldugu i¢in elde edilen artiklarin ak giiriiltii siirecine uygun
olmadigi ve yontemin gegerli olmadigi
ulasilmugtir.

Sekil 9°da verilen grafiklerin incelenmesiyle,
artiklarin otokorelasyonlarinin genelde giiven sinirlari i¢inde
kalmadig1 anlagilmaktadir.

Holt Winters ¢arpimsal iistel diizlestirme yontemi
ile elde edilen artiklarin ak giiriiltii olup olmadigini; Tablo

sonucuna

5’de verilen Ljung-Box test istatistigi sonug¢larina gore ve
Sekil 10 ile verilen artiklarin plot grafigi, otokorelasyon
katsayilar1 ve histogram grafigi ile sinanmustir.

Ljung-Box test sonucuna gore p degeri 1.275e-05
oldugu i¢in elde edilen artiklarin ak giiriiltii siirecine uygun

Q* = 36,758, df = 8, p-value = 1.275e-05

Ljung-Box test
Jung-boxtes Model df: 16. Total lags used: 24

Sekil 10 ile verilen grafik sonuglarina gore,
artiklarin otokorelasyonlarinin genelde giiven sinirlari iginde
kalmadigi ifade edilebilir.

ETS yontemi ile elde edilen artiklarin ak giiriiltii
olup olmadigt; Tablo 6’da verilen Ljung-Box test istatistigi
sonuglarina gore ve Sekil 11 ile verilen artiklarin plot grafigi,
otokorelasyon katsayilar1 ve
degerlendirilmistir.

Ljung-Box test sonucuna gore p degeri 2.057¢-06
oldugu i¢in elde edilen artiklarin ak giiriiltii siirecine uygun
olmadigi ve yoOntemin gegerli olmadigi
ulasilmustir.

Sekil 11 ile verilen grafikler incelendiginde;

histogram grafigi ile

sonucuna

artiklarin otokorelasyonlarinin genelde giiven sinirlari iginde

olmadigrt ve yontemin gegerli olmadigi sonucuna kalmadig1 tespit edilmitir.
ulagilmugtir.
Residuals from Holt-Winters' multiplicative method
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Sekil 9. “Ellec” zaman serisinin Holt Winters Carpimsal iistel diizlestirme yontemi ile ¢6ziimlenmesinde artik analizi igin grafikler.
Figure 9. Graphs for residual analysis in solving “Ellec” time series with Holt Winters multiplicative exponential smoothing method.
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Residuals from Holt-Winters' multiplicative method
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Sekil 10. “Ellec” zaman serisinin Holt Winters Carpimsal iistel
Figure 10. Graphs for residual analysis in solving “Ellec” time

Residuals from ETS(M,A,M)
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diizlestirme yontemi ile ¢oziimlenmesinde artik analizi i¢in grafikler.
series with Holt Winters multiplicative exponential smoothing method.
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Sekil 11. “Ellec” zaman serisinin ETS Yo6ntemi ile ¢dziimlenmesinde artik analizi i¢in grafiklerg
Figure 11. Graphs for residual analysis in the analysis of “Ellec” time series with ETS Methodg

Tablo 6. “Ellec” zaman serisinin ETS y6ntemi ile tahmin edilmesiyle elde
edilen artiklarinin Ljung-Box testi uygulamasi.

Table 6. Ljung-Box test application of residuals obtained by estimating
“Ellec” time series by ETS method.

Q* = 41,031, df = 8, p-value = 2.057e-06

Model df: 16. Total lags used: 24

Ljung-Box test

Sonug olarak tiim bulgular degerlendirildiginde;
“Ellec” zaman serisi i¢in analiz asamasinda kullanilan
yontemler arasinda en uygun yontemin SARIMA yontemi
oldugu tespit edilmistir. SARIMA yontemini kullanarak
“Ellec” zaman serisi i¢in “2022 yilina” ait 6ngoriilerin
grafikleri ise Sekil 12°degdsterilmistir.

Forecasts from ARIMA(0,1,1)(1,0,1)[12]
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Sekil 12. “Ellec” zaman serisinin SARIMA yontemi ile dngoriisii.
Figure 12. Prediction of “Ellec” time series with SARIMA method.
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Son asamada Tablo 7°de “Ellec” zaman serisi igin 2022
yilina ait 6ngorii degerleri %95 alt ve st gliven sinurt ile
Ozetlenmistir.

Tablo 7. Giiven siirlar1 dahil 6ngoriilen “Ellec” zaman serisi.

Table 7. Projected “Ellec” time series including confidence limits.
%95

Donem Ongorii Alt Simir Ust Sinir
Ocak 2022 1045942 935134.6 1169880
Subat 2022 1012601 881202.6 1163592
Mart 2022 1104294 939566.5 1297901
Nisan 2022 1104040 920963.1 1323511
Mayis 2022 1133334 928705.2 1383051
Haziran 2022 1109249 894229.4 1375969
Temmuz 2022 1109465 880918.7 1397306
Agutos 2022 1132242 886282.3 1446460
Eyliil 2022 1108827 856343.5 1435752
Ekim 2022 1177283 897649 1544028
Kasim 2022 1124143 846719.3 1492462
Aralik 2022 1151551 857261 1546868
TARTISMA VE SONUC

Diinya genelinde goriilen salgin hastaliklar ve
siyasi istikrarsizliklar basta olmak iizere iklim krizi ve
diger sosyoekonomik etkiler, kiiresel ticari deniz
tagtmaciligimi  etkileyen en Onemli haline
gelmistir. Ozellikle iklim degisikligiyle birlikte deniz
tagimaciliginda alisageldik rotalarin degisme ihtimaline

unsurlar

ilaveten Cin gibi sektorii regiile eden tilkelerin Bir Kusak,
Bir Yol Projesi gibi vizyonlar1 bu degiskenligi daha da
dikkate deger kilmaktadir. Bu durum, mevcut bolgelerin



Akkan & Calisir, (2022)

tagimacilik alaninda farkli acilardan incelenmesi ve
caligilmasi noktasinda arastirmacilarin dikkatini ¢ekmistir.
Ayrica, liman lojistik tesislerinin genisletilmesinin temeli
olan konteyner hacminin tahmini, bir limanin gelismesinde
biiyiik etkiye sahip oldugu bilinmektedir (Kim vd., 2011).
Ozellikle konteyner elleglemede yakin ve uzun vadedeki
degisimin 6ngodriilmesi dogrudan ve dolayli yoldan bu
sektorle iligkili tim diger paydas sektorleri de
etkileyeceginden 6ngorii ¢aligmalari ¢ok 6nem arz eder
hale gelmistir. Bu kapsamda literatiirde; dngorii ¢aligmast
ile 2018’in son ii¢ aymi ve 2019 yilim kapsayan zaman
dilimi i¢in Tirkiye’deki ithalat ve ihracat konteynerlerin
toplamina yonelik tahminleme islemi gerceklestirilmis ve
liman yoneticilerine liman operasyonlarinda karar alma
noktasinda katkida bulunulmustur (Bal & Calisir, 2018).
Benzer dogrultuda, Kocaeli Limanlari yiik talep tahminleri
tizerine gerceklestirilen bir aragtirmada 2009-2020 yillari
arasinda Tirkiye’deki toplam yiikk (ton) ve toplam
elleclenen konteyner (adet) verilerinin bagimli degisken,
yine ayn1 yillardaki Tiirkiye’ye ait GSYIH, ithalat, ihracat
ve niifus rakamlarina ait veriler bagimsiz degiskenler
olarak  kullanmustir.  Aragtirmact  yapmus  oldugu
degerlendirme sonucunda, toplam yiik bakimindan Kocaeli
limanlarinin uzun vadede yeni bir kapasite arttirimina
gereksinim  duymadigini, konteyner agisindan ise
halihazirda 3,7 milyon TEU olan kapasitenin 2033 yilindan
itibaren gereksinimleri karsilayamayacagi ve Kocaeli’nde
konteyner kapasitesinin arttirtllmasina ihtiyag olacagina
dikkat ¢ekmistir (Dogusel, 2021). Istanbul, izmir ve
Mersin limanlarindaki konteyner trafigini dort farkli
yontemle tahmin edildigin bir aragtirma sonucunda, 2023
yilinda bu limanlarda konteyner trafiginin sirastyla %60,
%67 ve %95'e ¢ikacagi dngoriilmiistiir (Gokkus vd., 2017).
Tiirkiye’deki limanlarda gergeklesen konteyner ve yiik
ellecleme miktarlarinin  Yapay Sinir Aglari (YSA)
Dogrusal Olmayan Digsal Girdili Otoregresif Ag (NARX)
Modeli ile ongoriisii sonucunda Temmuz 2020-Aralik
2021 doénemi icin 18 aylik 6ngorii degerleri hesaplanarak
ongorii degerlerinden agiklanan ilk 4 ay ile tahmin ve
gercek degerler mukayese edilmistir. Konteyner ellegleme
miktart igcin OMYH %5,7 ve HKOK 750.153 olarak tespit
edilmistir (Kiling, 2022). Ulkemizde Yurtici kargo
hacimlerinin 6ngoriildiigii bir arastirmada; SARIMAX-
ANN OMYH %4,81, Fourier ayristirmasi ile LSTM
OMYH %6,52 diizeyinde tahminlenmistir (Fiskin vd.,
2022).

Literatiir ile kiyaslandiginda bizim c¢alismamizda
Mevsimsel Naive Yontemi harig, diger tiim yontemlerde
OMYH degerinin %10’unun altinda yer aldigi ve
kullanmis oldugumuz zaman serisi i¢in tiim analiz
sonuglar1 incelendiginde analiz asamasinda kullanilan
yontemler arasinda en uygun yontemin SARIMA yontemi
oldugu tespit edilmistir. Sonu¢ olarak; Lewis’in (1982)
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performans 0l¢iitii degerlendirmesine gore, test ettigimiz
ongori yontemlerinin OMYH degerinin %10°un altinda
degerler alarak “cok iyi model” simifina girdigini ifade
edebilmekteyiz.  Ayrica, Tablo  8’deki  wveriler
irdelendiginde Resmi Aciklanan Deger ile Ongorii
degerleri arasinda dogruluk orani oldukga yiiksek tespit
edildigi de goriilmektedir.

Tablo 8. Giiven sinirlart déhil 6ngoriilen “Ellec” zaman serisi ve ilan
edilen resmi degerler.

Table 8. Pojected “Ellec” time series including confidence limits and
official declared values.

%95 Resmi Ag¢iklanan Deger

(UAB, 2022)

Donem Ongorii Alt Smir Ust Sinir

Ocak 2022 1045942 935134.6 1169880 1111995
Subat 2022 1012601 881202.6 1163592 1006456
Mart 2022 1104294 939566.5 1297901 1068757
Nisan 2022 1104040 920963.1 1323511 1067296
Mayis 2022 1133334 928705.2 1383051 1071176

Dolayisiyla, mevcut o6ngorii ile Tiirkiye’nin

jeopolitik konumunu daha etkili sekilde kullanabilmesi ve
rakipleriyle rekabet hacmini artirabilmesi agisindan
limanlarda gerceklesen konteyner ellecleme miktarlarinin
tahminlenmesi; diizenliligini etkileyen
belirsizlikleri ortadan kaldirmada olumlu katki sunabilir.

hizmet

Bunun saglayacagi avantaj ile devlet ve/veya 0Ozel
isletmeler gerceklestirecekleri faaliyetlerde planlamalarini
daha gercekei ve diizenlenebilir stratejiler dogrultusunda
yonlendirmesi, liman isletmelerinin rakiplerine gore
avantajli konuma gelmelerine ve rakiplerine gore pazar
paylarin1 arttirmalarina katki sunabilecektir.
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Oz: Bu calismada, yesil alglerden Ulva intestinalis tiiriiniin ekolojik &zellikleri ile besin
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olup, kis mevsimi protein degerlerinde (%11,63+2,30) diger mevsimlere gore belirgin artis
gozlenmistir. U. intestinalis tiirlinde %71,25+1,13 oraninda karbohidrat tespit edilirken bunu
%20,50+0,16 ile kiil, %7,82+1,16 ile protein ve %0,4440,04 ile yagin izledigi saptanmistir. Deniz
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Seasonal Changes in Biochemical Content of Green Algae Ulva intestinalis
(Linnaeus, 1753) From Sinop Coasts ]

Abstract: In this study, it was aimed to determine the ecological characteristics of the green algae
Ulva intestinalis and the change in nutrient composition. The study material was collected
seasonally from four different locations along the coast of Sinop. At the end of the analysis,
statistically significant differences (P<0.05) were found between seasons and stations, and a
significant increase was observed in winter protein values (11.63+2.30%) compared to other
seasons. In U. intestinalis, 71.25%+1.13% carbohydrate was detected, followed by 20.50+0.16%
ash, 7.82+1.16% protein and 0.44+0.04% fat detected. According to the correlation analysis
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GiRisS

Algler, icerdigi biyokimyasal 6zellikleri nedeniyle
denizel ortamlarin en 6nemli kaynaklarindan biri olarak
goriilmekte olup hem insan hem de hayvan sagligina faydali
olduklart  bilinmektedir ~(Fleurence, 1999). Ozellikle
yapisinda yer alan yiiksek protein, amino asit, vitamin ve
mineral maddeler ile diisiik yag miktari, saglikli beslenme
icin baliktan sonra alglerin tiiketilebilecek cazip besin
kaynaklar1 arasinda yer almasini saglamaktadir (Southgate,
1990).

Alglerin kimyasal bilesimi ile ilgili c¢alismalar
1900'lii yillarda baslamis olup (irkin & Erdugan, 2014)
besinsel katkisi ile ilgili yapilan son yillardaki aragtirmalar
yiikksek vitamin, mineral, protein ve karbohidrat igerigine
sahip disiik kalorili gidalar olduklarini gostermistir
(D’Armas vd., 2019). Ancak alglerin gida sektoriinde ve
endiistriyel alanlarda kullanilabilmesi i¢in bilesenlerin en
yiiksek oldugu donemlerinin bilinmesinin gerekli oldugu
bildirilmektedir (Yesilova vd., 2017).

“Deniz yosunlar1 (seaweeds)”, diinyanin tiim
kiyisal alanlarinda bol miktarda bulunan ve bunlar arasinda
yesil algler (Chlorophyta) sinifi tek hiicreli, koloni olusturan
veya c¢ok hiicreli tiirlerden olusmakta ve fotosentez
triinlerini, karbohidrat, nisasta ve yag seklinde
depolamaktadir (irkin & Erdugan, 2014). Bu sebeple, gida
sektoriinde alg gruplart igerisinden Ozellikle yesil algler
(Chlorophyta), yiiksek miktarlarda vitamin, mineral ve
protein icermelerinden dolayi kullanilmaktadir (Kaykag vd.,
2008).

Ulkemiz makroalglerinin besin komposizyonuna
ait caligmalar incelendiginde arastirmalarin daha ¢ok
Akdeniz, Ege ve Marmara Denizi’nde yapildigi
goriilmektedir (Aras & Sayin, 2020; Berik & Cankiriligil,
2019; Cetingiil vd., 1995; Irkin & Erdugan, 2014; Kaykag
vd., 2008). Karadeniz'deki alglerin kimyasal igerikleri ile
ilgili smirlt sayida g¢alisma bulunmaktadir (Karaguha &
Yildiz, 2017; Yesilova vd., 2017). Bu c¢alismada
Karadeniz’in Sinop kiyilarindan zengin besin igerikleri
nedeniyle farkli alanlarda da kullanim olanagi olan ve her
mevsim dogal olarak yayilim gosteren Ulva intestinalis
tiirtiniin besin kompozisyonundaki (kiil, protein, yag ve
karbohidrat) mevsimsel degisimlerin ve verimli sekilde
yararlanilabilmesi agisindan en uygun mevsimin tespit
edilmesi amaglanmustir.

MATERYAL VE METOT

Sinop kiyillarinda  baskin  olarak  bulunan
Chlorophyta grubu (yesil algler) alglerden Ulva intestinalis
calisma materyali olarak se¢ilmis ve 2014 yilinda
orneklemeler — dort  farkli  istasyonun  (Hamsilos
(42°3'35.69"N, 35°2'37.46"E), Akliman (42°2'53.07"N,
35°2'46.69"E), DSI (Devlet Su Isleri; 42°0'23.78"N,
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35°7'5.23"E) ve Karakum (42°0'55.14"N, 35°11'10.14"E)
iist infralittoral bolgesindeki 0-1 derinlige kadar olan kayalik
substratumlarda mevsimsel olarak elle toplanmistir (Sekil
1). Ancak o&rnekleme sirasinda sonbahar mevsiminde
toplanan ornekler kurutulduktan sonra analizler igin yeterli
miktar elde edilemediginden ¢aligmaya dahil edilmemistir.
Toplanan materyalin tiir tayini Gallordo vd., (1993) ne goére
yapilmistir.

Analizler i¢in toplanan 6rnekler agzi kilitli plastik
posetlere deniz suyu icerisinde almarak en kisa siirede
laboratuvara getirilip kum, tas ve epifitlerden temizlendikten
sonra 3 kez distile su ile yikanmigtir. Yikanan 6rneklerden
fazla suyu uzaklastirmak i¢in kurutma kagitlar1 iizerine
almmis ve daha sonra 60°C’ye ayarli etiivde 48 saat
bekletilmistir (Zhuang and Zhang, 2001). Biyokimyasal
ozelliklerini belirlemek amaciyla etiivden alinan &rnekler
ogiitiicii destegiyle toz haline getirilmis, silika jel i¢erisinde
agz1 kapali kutularda muhafazaya alinmig ve hemen

ardindan ¢ tekerriirlii olarak toplam kiil, protein ve yag
analizleri yapilmistir. Orneklerdeki toplam ham protein
tayini Kjeldahl metodu (AOAC, 1995), yag tayini i¢in Bling
ve Dyer, (1959) ve inorganik madde miktar (kiil) tayininde
de AOAC (1984) yontemi kullamlmistir. Istasyonlardaki
deniz suyunun fiziko-kimyasal parametreleri her mevsim
Ol¢tilmiuistiir.

Sekil 1. Ornekleme alan1 (Google Haritalar).
Figure 1. Sampling area (Google Map).

Istatistiksel Analizler: Istatistiksel analizler, SPSS
stirtim 24.0 paket programi kullanilarak hesaplanmigtir. Tek
yonlil varyans analizi (one-way ANOVA) sonucuna gore
TUKEY’in ¢oklu karsilastirma testleri yapilmustir. U.
intestinalis  tiiriiniin ~ besin  igerikleri ile toplandigi
istasyonlardaki fiziko-kimyasal parametreler arasindaki
arasindaki iliskileri mevsimsel olarak ortaya ¢ikarmak i¢in
two-tailed Pearson Korelasyon katsay1 matriksi “r” yontemi
kullanilmigtir.  Verilerin normal dagilima uygunlugunu
belirlemek icin Kolmogorov Smirnov testi yapilmistir.
Calisilan  makroalgin  biyokimyasal bilesimi tiizerinde
mevsim, toplandigi istasyon ve/veya deniz suyuna ait
fizikokimyasal paremetrelerin etkileri gibi ¢ok sayida
parametre vardir. Bunlar arasindaki yiiksek diizeydeki

korelasyon nedeniyle; degisken sayisii azaltmak igin
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Ozdegerleri 1'den yiiksek olan degiskenler kullanilmis,
beklenen agirligi elde etmek icin de Kaiser normalizasyonu
ve dogrudan Oblimin rotasyonu ile Temel Bilesen Analizi
(PCA) yapilmistir.

BULGULAR

Mevsimsel olarak dort istasyondan toplanan
orneklere ait kimyasal icerik degerleri ile istasyon ve
mevsimler arasinda gerceklestirilen tek yonlii varyans
analizi (one-way ANOVA) sonuglarindan elde edilen
bulgular Tablo 1°de verilmistir.

Bu caligmada U. intestinalis tiriin kiil, yag ve
karbohidrat degerleri agisindan en verimli déneminin yaz,
protein bakimindan ise ki mevsiminin oldugu ve deniz suyu
sicakligindaki diisiisle birlikte mevsimsel bir artig gosterdigi
saptanmistir  (Tablo 1, S$ekil 2). Bununla birlikte,
makroalglerde karbohidrat miktarlarinin yaz aylarinda daha
yiiksek olmasinin sebebi olarak bu mevsimde yiiksek
fotosentetik faaliyet gostermeleri oldugu 6ne siiriilmektedir
(Yesilova vd., 2017). U. intestinalis tiiriin mevsimsel yag
ylizdelerine bakildiginda, en diisiik yag igeriginin kis
mevsiminde (%0,34+0,02), en yiiksek degerin ise yaz
mevsiminde (%0,54+0,04) oldugu tespit edilmistir (Tablo 1,
Sekil 2b). Kaykag vd., (2008) Ulva rigida tiiriin maksimum
yag igeriginin sonbaharda, minimum yag icerigini ise yazin
elde edildigini bildirmektedir. Irkin, (2009) tarafindan ise U.
rigida tiirin yag iceriginin maksimum degeri ayni sekilde
sonbaharda tespit edilirken, minimum deger ise kisin
saptanmistir. Yapilan bu caligmada U. intestinalis tiirin
minimum yag iceriginin ki mevsiminde saptanmasina
karsin, maksimum degerin yaz mevsiminde bulunmasi hem
Kaykag vd., (2008) hem de Irkin, (2009)’nin sonuglar1 ile
ortiisgmemektedir. Nitekim makroalglerdeki lipit iceriginin
tirler arasinda degisim gostermekle birlikte ortamda
bulunan besleyici elementlerin ¢esit ve miktarina gore de

degisim gosterdigi rapor edilmektedir (Mishra vd.,
1993). Manivannan vd., (2008), U. intestinalis tiiriin yag
igeriginin %1,3340,20 ile yag icerigi en disiik tiir oldugunu
tespit etmistir. Calismamizda elde edilen degerler
Manivannan vd., (2008) tarafindan elde edilen degerleri
desteklemektedir. Chakraborty ve Bhattacharya, (2012)
ortamda bulunan besleyici elementlerin ¢esit ve miktarina
gbre yag iceriginin degisim gosterebilecegini rapor
etmislerdir. Bununla birlikte, U. intestinalis tiiriinde kiil
degerleri bakimindan mevsimler arasinda bir diizensizlik
oldugu, en diisiik kiil miktarinin (%20,12+0,12) ilkbahar
mevsiminde ve en yiiksek (%21,11+0,17) yaz mevsiminde
oldugu belirlenmistir (Tablo 1, Sekil 2b). Zavodnik (1987)
de benzer sekilde U. rigida tiiriintin kiil iceriginde diizensiz
degisimler oldugunu ve bu diizensizligin algin biiylimesi
strasinda arttigin belirtmistir. Bununla birlikte irkin, (2009),
U. rigida tiirtintin kiil igeriginde en diisiikk miktarini yazin, en
yiksek miktarim1 ise kisin elde etmistir. Kaykac vd.,
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(2008)’nin ¢alismasinda da benzer sekilde U. rigida’nmin
minimum kiil icerigi yaz mevsiminde saptanmis fakat irkin
(2009)’nin calismasindan farkli olarak maksimum degeri
ilkbahar mevsiminde tespit edilmistir. Cetingiil, (1993), kirli
veya kirli sayilabilecek istasyonlarda yesil alglerin kiil
igeriklerinde degisken degerler elde edildigini, ayrica
calismasinda elde edilen sonuglara benzer olarak yesil
alglerden U. intestinalis, U. rigida, Enteromorpha linza ve
Codium tomentosum tiirleri kiil oranlarinin ilkbahar ve yaz
mevsiminde artip sonbahar ve kig mevsiminde azaldigini
saptamistir. Padua vd., (2004), kis mevsiminde U.
oxysperma igin %18,91 ile %22,14, U. lactuca i¢in %12,54
ile %13,23 arasinda ve U. fasciata igin %17,75 ile %20,61
arasinda kiil diizeyini bildirmislerdir. Alglerin kiil i¢erikleri
karasal bitkilerden olduk¢a fazla olup ve daha yiiksek

seviyelerde kiil icerdigi rapor edilmistir (Ruperez vd., 2002).

Tablo 1. Ulva intestinalis tiirtiniin besin kompozisyonundaki (kiil, protein,
yag ve karbohidrat) yiizde oranlarin istasyon ve mevsimlere gore dagilimi
ve tek yonlii varyans analizi (one-way ANOVA).
Table 1. Distribution of the percentage ratios in the nutritional composition
(ash, protein, fat and carbohydrate) of Ulva intestinalis by station and
season and one-way analysis of variance (one-way ANOVA).

Kis

istasyon % Kiil % Protein % Yag % Karbohidrat
Hamsilos 20,56:0,06™ 11,752,487 0,47+0,03% 67,22+2,57%
Akliman 20,400,262 10,442,032 0,43+0,0152 68,741,772
DSi 20,4140,07°2 14,2343,16" 0,23+0,01%° 65,14+3,2482
Karakum 19,7140,16"5° 10,09+1,544 0,23+0,03%° 69,98+1,415
Ortalama 20,27+0,14 11,63+2,30 0,34:£0,02 67,77+2,25
ilkbahar

Istasyon % Kiil % Protein % Yag % Karbohidrat
Hamsilos 19,87+0,28%° 4,46+0,65%° 0,51+0,01%° 75,16+0,3972
Akliman 19,70+0,14%° 5,44+0,62 AB° 0,840,142 74,020,627
DSi 20,86+0,0352 8,27+0,3852 0,2140,025¢ 70,69+0,374°
Karakum 20,03+0,02° 9,620,582 0,210,015 70,14+0,56%°
Ortalama 20,12+0,12 6,95+0,56 0,440,05 72,50+0,49

Yaz

istasyon % Kiil % Protein % Yag % Karbohidrat
Hamsilos 19,63+0,03%° 4,86+0,252 0,75+0,07%3 74,760,152
Akliman 20,64+0,46"° 4,13+0,1852 0,37+0,03%° 74,860,262
DSi 24,78+0,1°% 6,20+1,6952 0,52+0,03° 68,5+1,63%°
Karakum 19,39+0,085° 4,33+0,4652 0,52+0,02°° 75,760,57°2
Ortalama 21,1120,17 4,88+0,63 0,540,04 73,47+0,65
istasyonlarin Mevsimsel Ortalamasi

istasyon % Kiil % Protein % Yag % Karbohidrat
Hamsilos 20,02+0,12 7,02£1,11 0,58+0,04 72,38+1,04
Akliman 20,25+0,29 6,67+0,94 0,55+0,06 72,540,388

DSi 22,02+0,07 9,57+1,74 0,320,02 68,11=1,75
Karakum 19,71%0,09 8,010,86 0,320,02 71,96+0,85

*Her deger ortalama+standart sapmay: ifade etmektedir. Farkli iist yazili isaretler (ort.+standart
sapma, 3 tekrarli grup) birbirinden istatistiksel olarak farklidir. Her bir parametre i¢in ayni siitunda
farkh Gssel harflerle (a, b, c: istasyonlar arasi ve A, B, C: mevsimler arasi) ifade edilen degerler
arasindaki fark istatistiksel olarak birbirinden farklidir (P<0,05).

Bu aragtirmada, U. intestinalis tiiriiniin protein
diizeyi ile sicaklik arasinda negatif bir iliskisi oldugu
goriilmiistiir (Sekil 2b). Bu konuda yapilan diger ¢alismalar
incelendiginde, Zavodnik, (1987) U. rigida tiiriiniin
maksimum protein igerigini subat sonunda, minimum
protein igerigini ise mart ayinda tespit ettigini
bildirmislerdir. Kaykag vd., (2008), calismalarinda U. rigida
tiriiniin  protein igeriginin en yilksek degerini kis
mevsiminde, en diigiik degerini ise ilkbahar mevsiminde
saptamistir. Sinop kiyilarinda gerceklestirilen bu caligma
sonucunda U. intestinalis tiiriniin maksimum protein
oranlarnin  bulundugu mevsimin kis olmas1 diger
literatiirlerle benzerlik gdstermis fakat minimum degerin
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bulundugu mevsimin yaz olmasi farklt bir sonu¢ olarak
tespit edilmistir. Parthiban vd., (2013), protein igeriginin
fakli cinslere, hatta ayni cins icindeki tiirlere gore
degisebilecegini, degisimin alansal ya da zamansal
olabilecegini ve bu degisimlerde en biiyiik payin su
kalitesine ait oldugunu bildirmistir. Mevsimler arasindaki bu
dalgalanmanin tiiriin bagli bulundugu sudaki sicaklik,
tuzluluk, azot ve nutrient gibi faktdrlerin degisiminden
kaynaklandig1 diistiniilmektedir. Nitekim yapilan bir
calismada, protein iceriginin farkli alg cinslerine, hatta ayni
cins i¢indeki tlirlere gore degisebilecegini, bu degisimin
alansal ya da zamansal olabilecegini ve degisimlerde
belirlenen en biiyilk paym su kalitesi ile ilgili oldugu
bildirilmistir (Saranya & Girija, 2013). DSI istasyonundaki
yiiksek protein seviyeleri ise bu yerlerdeki kirlilige
baglanabilir.  Parchevskij Rabinovich,  (1991)
kanalizasyon ve atik su atiklariyla kirlenmis Karadeniz kiy
bolgelerinde yatay ve dikey olarak asili halatlar iizerinde U.
intestinalis yetistirdiklerini bildirmislerdir. Ayrica Cirik ve
Cirik, (1999) tarafindan Ulva tiirlerinin nitrofil (azot seven)
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algler oldugunu ve kig aylarinda sudaki niitrient seviyesinin
maksimum olmasindan dolayr artisin meydana geldigini
rapor etmislerdir. Bununla birlikte Munda ve Gubensek,
(1986) alglerin azot miktar1 dolayisiyla da protein
miktarlariin bulunduklart ortamin tuzlulugu ve mevsimsel
degisimlerine bagli olarak degistigini bildirmistir. Ayrica
ayni aragtirmacilar, kisin azalan 11k siddetiyle birlikte deniz
alglerinin metabolizmalarinda da degisimler oldugu ve bu
durumun da diisiik molekil agirlikli peptidlerle taze
aminoasitlerin ~ birikmesine ve protein  sentezinin
azalmasi/durdurulmasina neden oldugunu ifade etmislerdir.
Dolayist ile c¢alismamizda kis mevsiminde elde edilen
yiiksek protein miktarindaki artisin sebebi olarak gelisim
déneminin yavaglamasi ve metabolik faaliyetlerdeki azalisla
beraber 1s1k siddeti, sicaklik vb. fiziksel parametrelerdeki
degisime bagl ortaya ¢iktigini diisiindiirmektedir. Nitekim
U. intestinalis yilin her doéneminde ireme durumunda
bulunabilen bir tiir olmasina ragmen maksimum iireme,
gelisme ve yayilisinin 6zellikle yaz aylarinda gergeklestigi
belirtilmektedir (Burrows vd., 1991).

I Kiil e Protein B Karbonhidrat Yag
£
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Sekil 2. Ulva intestinalis tiiriniin besin kompozisyonundaki yiizde oranlarin mevsimsel ortalamalarinin istasyonlara gore dagilimi (a) istasyon

ortalamalarinin mevsimlere dagilimi (b).

Figure 2. Distribution of seasonal averages of the percentages in the nutritional composition of Ulva intestinalis according to stations (a) distribution of

station averages to seasons (b)

Genel olarak deniz alglerinin kuru maddede
yaklasik %40 karbohidrat, %0,6-%4,3 yag ve % 8-40 kiil
icerdigi; yesil alglerin % 0,6-4,3 yag ve %10-26 protein
icerikleri oldugu; kahverengi alglerin %15, yesil alglerin
%3-18 ve kirmizi alglerin %3-20 oraninda total protein
icerdigi belirtilmektedir (irkin & Erdugan, 2014; Kaykag
vd., 2008). Bununla birlikte yesil algler igerisinde Ulva
tiirlerinin protein miktarinin kuru agirlik iizerinden %15—
20 arasinda oldugu (irkin & Erdugan, 2014), yag
igeriklerinin gruplara gore de farkliliklar gosterdigi ve yesil
alglerin yag miktar1 bakimindan olduk¢a fakir oldugu
bildirilmektedir (Aysel vd., 1992; Orhon, 2009).
Negreanu-Pirjol vd., (2011) tarafindan Karadeniz’in
Romanya kiyilarinda Ulva tiirlerinde %18,38 oraninda kiil,
%14,5 oraninda total protein ve %0,69 oraninda yag
icerdigi tespit edilmistir. Metin ve Baygar, (2018), U.
intestinalis tiird kil iceriginin mevsimlere gore %11,75-
17,35 arasinda, Aras ve Sayin, (2020) ise %27,49+0,43
oraninda oldugunu bildirmislerdir. Bu c¢alismada elde

edilen degerlerin mevsimsel ortalamalart  dikkate
alimdiginda icerik olarak en yiiksek oranda bulunan
parametrenin karbohidrat (%71,25+1,13) oldugu bunu kiil
(%20,50+0,16), protein  (%7,82+1.16) yag
(%0,44+0,04) igeriklerinin izledigi tespit edilmis olup
onceki caligmalardan elde edilen bulgular ile bazi
farkliliklar gosterdigi belirlenmistir (Tablo 2). Bunun
sebebi olarak karsilastirma yapilan ¢aligmalardaki verilerin
farkli mevsim/mevsimlerden elde edilmesi olarak

diigiiniilmektedir.

Ve

Tablo 2. Mevcut ¢alisma ile karsilagtirmali olarak U. intestinalis tiiriin
biyokimyasal igerikleri

Table 2. Biochemical contents of U. intestinalis in comparison with the
current study

Tiirler Kiil (%) Protein (%) Yag (%)  Karbohidrat (' Kaynak

U. intestinalis 20,50£0,14  7,82£1,16 0,44£0,03  71,25+1,13 Meveut galigma (ort)

U. intestinalis - - 1,33 - Manivannan vd., 2008

U. intestinalis 27,49 15,77 1,04 Aras & Sayin, 2020

E. intestinalis 1,63 15,02 1,63 - Akkoz vd., 2011

U. intestinalis 13,34 9,18 0,44 64,36 Metin & Baygar, 2018
Ulva spp. 18,38 14,5 0,69 54,95 Negreanu-Pirjol vd., 2011
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Calismamizdaki deniz suyuna ait bazi

fizikokimyasal parametrelerin istasyonlara gére mevsimsel

degisimi Tablo 3’te verilmistir. Ozellikle sicaklik
degerlerinin  mevsimlere gore farklilik gdsterdigi
saptanmuigtir.

Tablo 3. Deniz yiizey suyuna ait bazi fizikokimyasal parametrelerin
istasyonlara gore mevsimsel degisimi (K: kis; I: ilkbahar; Y: yaz).

Table 3. Seasonal variation of some physicochemical parameters of sea
surface water according to stations (K: winter; I: spring; Y: summer).

Hamsilos Akliman
Parametreler K i Y K i Y
Sicaklik (°C) 8,36 11,39 21,71 87 12,66 21,51
Tuzluluk (ppt) 17,16 17,35 18,32 17,42 17,62 18,52
pH 8,33 8,22 8,62 81 8,38 8,57
Coziinmiis oksijen (mg/l) 7,49 6,46 5,35 7,02 5,85 5,25
iletkenlik (mS/cm) 27,61 2713 29,55 28,33 27,57 28,86
TDS (ppt) 14,6 12,57 15,78 12,64 13,79 14,03
Yogunluk (1) 11,5 11,4 12,7 11,9 11,8 12,4
DSi Karakum
Parametreler K i Y K i Y
Sicaklik (°C) 9,07 12,86 22,97 9,05 13,17 22,18
Tuzluluk (ppt) 17,82 17,01 18,24 18,08 17,99 17,61
pH 8,22 8,39 8,73 8,19 8,42 8,56
Coziinmiis oksijen (mg/l) 737 5,83 5,33 8,44 5,67 5,32
iletkenlik (mS/cm) 27,01 27,43 29,46 29,05 27,03 28,51
TDS (ppt) 13,52 13,72 14,73 14,1 13,52 14,26
Yogunluk (61) 11,3 12,4 12,9 12,3 12,2 13,1

Makroalg tiirlerinin yasadigi deniz suyunun
ekolojik degiskenleri ile bunlarin inorganik madde (kiil),
protein, yag ve karbohidrat icerikleri arasinda elde edilen
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korelasyon katsayilar1 mevsimlere gore Tablo 4 'te
verilmistir. Sicaklik ve ¢oziinmiis oksijen artis1 arasindaki
negatif  korelasyon, korelasyon analizi ile de
desteklenmistir (Tablo 4).

Ayrica korelasyon analizinde yaz ve ilkbahar
mevsimlerinde sicaklik ile pH arasinda pozitif yonde bir
korelasyon gozlenirken ayni zaman da pH ile ¢oziinmiig
oksijen arasinda negatif bir iligkinin oldugunun tespit
edilmis olmasi, ¢oziinmiis oksijen miktarindaki mevsimsel
azalmay1 destekleyen sicaklikla baglantili bir diger
cevresel faktér oldugunu gostermistir (Tablo 4). Deniz
suyunun yogunlugu sicaklik, tuzluluk ve basincin etkisine
bagli olarak degisebilen fiziksel bir 6zelliktir ve sicaklik
artisina ~ paralel  olarak  yogunlugun  diismesi
beklenmektedir. Fakat yapilan bu ¢alismadan elde edilen
veriler bu bilgi ile ortiismemektedir. Bunun nedeninin
mevsimler arasinda Onemli oranda yagis farkliliklart
bulunmasi meydana
getirmesi olabilir. Bu ¢aligmada, meydana gelen tuzluluk
farkinin deniz yiizey suyu yogunluguna etkisinin,
mevsimsel sicaklik farkinin etkisinden daha yiiksek oldugu

ve bunun tuzluluk degisimini

sonucu ortaya ¢ikmistir.

Tablo 4. Ulva intestinalis tiiriiniin yaz, ilkbahar ve ki mevsimi 6rneklemelerinden elde edilen inorganik madde (kiil), protein, yag ve karbohidrat (%) ile
ekolojik degiskenler arasindaki iliskinin Pearson Korelasyon katsayisi Sig. (2-tailed) matriksi (K: karbohidrat; Pr: protein; Y: yag; Sic: sicaklik; Tuz: tuzluluk;

iletk: iletkenlik; Yog: yogunluk; C.O.: ¢dziinmiis oksijen)

Table 4. Pearson Correlation coefficient of the relationship between inorganic matter (ash), protein, fat and carbohydrate content (%) obtained from summer,
spring and winter sampling of Ulva intestinalis and ecological variables Sig. (2-tailed) coefficient matrix (K: carbohydrate; Pr: protein; Y: fat; Sic: temperature;

Tuz: salinity; Iletk: conductivity; Yog: density; C.O.: dissolved oxygen)

Parametreler K. (%) (Po/':)') Y. (%) KH (%) Sic. (°C) Tuz. (ppt) pH C.0. (mg/l) iletk. mS/cm) TDS (ppt) Yog. (o1)
yaz 1 ,881 -,229 -,984* ,801 ,282 ,906 ,077 478 -,071 ,083
Kiil ilkbahar ,537 - 722 -,639 ,345 -,655 ,311 -,278 127 ,309 ,746
kig ,517 ,654 -,689 -,633 -,832 ,306 -,880 -,790 -,131 -,838
yaz 1 246 -,950% 857 1123 990** 535 ,700 1351 322
Protein ilkbahar -,783 -.990** ,848 ,285 ,798 -,807 -,293 ,545 ,893
ki 1 -,289 -,976* ,203 -,002 ,378 -,356 -,931 ,060
yaz 1 ,056 -,002 -,098 ,205 ,880 ,600 ,955* ,278
Yag ilkbahar ,789 -,356 ,100 =277 ,280 ,564 -,006 -,649
kis 077 -,956* -,956* 187 -573 -,081 -,008 -176
yaz 1 -,839 -,241 -,965* -,248 -,582 -,089 -,165
Karbohidrat ilkbahar -,855 -,158 -,808 ,810 ,193 -,593 -,944
kig -,006 ,215 -,410 ,516 ,987* -,031 967*
yaz 1 -,325 ,794 ,450 ,240 -,023 ,663
Sicakhk ilkbahar ,347 996** -,997** ,166 ,890 ,880
kig ,948 -,461 ,415 ,150 -,281 ,248
yaz 1 ,259 -,375 ,580 ,192 -,897
Tuzluluk ilkbahar ,338 -,385 -,440 ,104 -,061
kig -,347 ,680 ,367 -,052 ,455
yaz 1 ,453 ,751 ,348 ,186
pH ilkbahar -,999** ,244 ,923 ,856
kig ,182 -,453 ,897 -,491
e yaz 1 ,522 ,785 ,648
glf;}’e“n"‘“s ilkbahar 1 -,203 -,906 -,842
kig ,597 ,584 ,627
yaz 1 794 -,204
iletkenlik ilkbahar ,597 ,131
kig -,046 995**
yaz 1 ,045
TDS ilkbahar ,761
kig -,074
Yogunluk 1

** Korelasyon 0,01 diizeyinde onemlidir * Korelasyon 0,05 diizeyinde 6nemlidir.

Deniz suyunun ekolojik degigkenleri ile U.
intestinalis tiiriin inorganik madde (kiil), protein, yag ve
karbohidrat igerikleri arasinda yapilan korelasyon analizi,
ilkbahar ve yaz mevsimlerinde protein degerleri ile pH
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arasinda pozitif bir korelasyon oldugunu ancak her mevsim
karbohidrat degeri ile negatif korelasyon gosterdigi tespit
edilmistir (Tablo 4). U. intestinalis tiirinden yaz
mevsiminde elde edilen yag degerlerinin TSD ile pozitif ve
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kis mevsiminde sicaklik ve tuzluluk ile negatif korelasyon
gosterdigi, karbohidrat degerlerinin ise kis mevsiminde
iletkenlik ve yogunluk ile pozitif korelasyon gosterdigi
tespit edilmistir. Ancak ilkbahar mevsiminde protein ve
yaz mevsiminde ph/kiil ile negatif korelasyonu oldugu
saptanmugtir. Ayrica temel ekolojik parametrelerden
sicakligin ilkbahar mevsiminde pH ile pozitif ve ¢oziinmiis
oksijen ile negatif korelasyon gosterdigi, diger yandan pH
ile ¢oziinmiis oksijen arasinda ise negatif bir korelasyon
oldugu tespit edilmistir. Ote yandan, kis mevsiminde
iletkenlik ile yogunluk degerleri arasinda ise pozitif
(P<0,01) korelasyonun oldugu saptanmistir (Tablo 4).
Makroalgdeki icerigi  degiskenleri
arasindaki mevsimsel iligkiyi netlestirmek igin yapilan
calismamizda, temel bilesen analizi (PCA) sonucu ii¢ olasi
grup (PCI1, PC2 ve PC3) ile tiim varyansin %99,38'ini
aciklayarak mevsimsel dagiliminin 6nemli oldugunu,
ozellikle karbohidrat-protein oranlarinin negatif yonde

besin

iligkili oldugu, protein-kiil degerleri ile karbohidrat-yag
degerlerinin  ise yakindan iligkili oldugu ortaya
konulmustur (Sekil 4). Ayrica makroalgdeki besin igerigi
ile fiziko-kimyasal parametreler iliskiyi
netlestiren PCA analizi ise 2 olast grup (PC1 ve PC2) ile
agiklanmustir.

arasindaki
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Sekil 4. Ulva intestinalis tiiriinden 4 istasyonda elde edilen %kiil,
Y%protein, %yag ve %karbohidrat degerler ortalamalarinin mevsimler
arasindaki farkliliklar i¢in temel bilesen analizi (PCA) (Kh: karbohidrat;
K: kiil; P: protein; Y: yag; k: kis; i: ilkbahar; y: yaz).

Figure 4. Principal component analysis (PCA) for the seasonal
differences of the mean %ash, %protein, %fat and %carbohydrate values
obtained from Ulva intestinalis at 4 stations (Kh: carbohydrate; K: ash; P:
protein; Y: fat; k: winter; i: spring; y: summer).

Buna gore toplam %383,46's11
aciklayan PC1 fiziksel parametrelerden sicaklik, pH ve
yogunlugun yag ve karbohidrat igerikleri ile yakindan
iligkili oldugu buna karsin ¢oziinmiis oksijenin protein

varyansin

icerigi ile uzak iliskili oldugu; %16.54linii agiklayan PC2
fiziksel parametrelerden ise sicaklik, tuzluluk, pH,
iletkenlik, TSD ve yogunluk ile U. intestinalis tiiriin kiil
igeriginin 6nemli dlgiide ve yakindan iliskili oldugu ortaya
konulmustur (Sekil 5). Bu bilgiler 1s1¢inda makroalglerin
besin degerlerinde mevsimsel bazi degisiklikler iizerinde
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fizikokimyasal bazi
sOyleyebiliriz.
Alglerin biyokimyasal bilesiminin besin, su
sicakligi, tuzluluk, 151k, mevsim ve tiir gibi birgok ¢evresel
faktor tarafindan dalgalanabilecegi  bildirilmektedir
(Chakraborty ve Bhattacharya, 2012; Irkin, 2009; Kaykag
vd., 2008; Manivannan vd., 2008; Yesilova vd., 2017). Bu

arastirmada elde edilen sonuglar, deniz alglerinin kimyasal

parametrelerin  etkili oldugunu

bilesimi ile cografi alan, cevresel kosullar ve gelisim
gosterdikleri mevsimlerdeki farkliliklar arasindaki iliskiyi
dogrulamaktadir.
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Sekil 5. Ulva intestinalis tiirinden 4 istasyonda elde edilen %kiil,
Y%protein, %yag ve Y%karbohidrat ile fizikokimyasal parametre degerler
ortalamalar1 arasindaki mevsimler farkliliklar i¢in temel bilesen analizi
(PCA).

Figure 5. Principal component analysis (PCA) for seasonal differences
between the averages of physicochemical parameter values with %ash,
Y%protein, %fat and %carbohydrate obtained at 4 stations from Ulva
intestinalis.

SONUC VE TARTISMA

Deniz alglerinden U. intestinalis tiirtintiin diisiik
yag icerigi ve onemli bir karbohidrat ve protein igerigi
gostermesi, diinyadaki karasal sebzeler ve diger deniz
algleri ile karsilastirildiginda saglikli bir gida olarak kabul
edilebilecegini  diiglindiirmektedir.  Ancak  bdlgesel,
donemsel ve tiirsel farkliliklarin alglerin kimyasal igerik
etkiledigini  gostermektedir. Caligsmamiz
intestinalis en kullamgh
donemlerini tespit etmede Onemli bir veri kaynagi

olusumunu
sonuglarinin ~ U. tiirtinlin
olacagina inanilmaktadir. Ancak, kiyisal alanlara degisik
kaynaklardan gelen kirleticiler, pestisit, niitrient madde
girdileri ile iklimsel farkliliklarin, alglerin biyokimyasal
igeriklerini degistirebilmektedir. Bu sebeple, alglerin
biyokimyasal igeriklerinde meydana gelen donemsel
degisimlerin daha iyi anlasilabilmesi igin daha genis alanda
ve daha sik periyodlarla yapilacak calismalara ihtiyag
oldugu unutulmamalidir.
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Abstract: This study evaluated the seasonal nutrient content and trace element composition of the great
Mediterranean scallop (Pecten jacobaeus), which is among the economic scallop species. The samples
were obtained as by-catch from the trawler nets of commercial fishing boats operating in the Gulf of
Antalya seasonally between 2017 and 2018. After determining the scallops' growth indices; proximate
composition, amino acid and element analyses were carried out. According to the results, condition
index and gonadosomatic index were highest in the summer, while meat yield was highest in autumn.
The muscle tissue's crude protein and ash ratio decreased to a minimum in summer. Crude fat was
determined at the highest level in the spring and decreased after the summer when the reproduction
period was over (P<0.05). Total amino acid contents in muscle were found between 13.313+0.81 to
15.047+0.57 g/100g. Valine, phenylalanine and isoleucine decreased from autumn to summer (P<0.05),
and no statistically significant change was found in amounts of tryptophan and threonine (P>0.05).
Also, P. jacobaeus was found as rich in boron, zinc, and manganese. All trace elements measured in
this study were found below the acceptable limits. Amongst the toxic metals, arsenic and mercury were
not detected in the scallop tissues. Although cadmium and lead were not detected in muscle tissue, they
were found below the acceptable limit values in the digestive gland.

Keywords: Bivalve, by-catch, essential amino acids, heavy metals, seafood safety.

Antalya Korfezi’nden Toplanan Akdeniz Deniz Tarag (Pecten jacobaeus)’nmin Mevsimsel Ham
Besin Bilesimi, Amino Asit ve 1z Metal Icerikleri

*Sorumlu yazar:

Erding VESKE

Koyunculuk Arastirma Enstitiisti, Bandirma,
Balikesir, Tiirkiye

DX: erdinc.veske@tarimorman.gov.tr

Oz: Bu calismada, ekonomik tarak tiirleri arasinda yer alan Akdeniz deniz taragi (Pecten
jacobaeus)’nin mevsimsel besin igerigi ve iz metal igerikleri degerlendirilmistir. Ornekler Antalya
Korfezi'nde faaliyet gdsteren ticari balik¢1 teknelerinin trol aglarindan hedef dig1 av olarak 2017-2018
yillar1 arasinda alinmistir. Deniz taraklarmin bazi biiyiime indeksleri belirlendikten sonra, ham besin
bilesimi, amino asit ve element analizleri ger¢eklestirilmistir. Sonuglara gére; kondisyon indeksi ve
gonadosomatik indeks en yiiksek yaz mevsiminde, et verimi ise en yiiksek sonbaharda tespit edilmistir
(P<0,05). Yaz mevsiminde kas dokusunun ham protein ve kiil oran1 en az miktarlarda bulunmustur.
Ham yag miktar ise ilkbaharda en yiiksek diizeyde belirlenmis olup iireme doneminin bittigi yaz
mevsiminden sonra azalmigtir (P<0,05). Kas dokunun toplam amino asit igerigi ise 13,313+0,81 ile
15,047+0,57 g/100g arasinda tespit edilmistir. Valin, fenilalanin ve izolsin miktarlari sonbahardan yaz
mevsimine dogru azalig gosterirken (P<0,05), triptofan ve treonin miktarlardinda istatistiksel olarak
anlamli bir degisim saptanamamustir (P>0,05). Ayrica, P. jacobaeus’un bor, ¢inko ve manganez
acisindan zengin oldugu tespit edilmistir. Bu ¢aligmada tespit edilen tiim iz elementler kabul edilebilir
limit degerlerin altinda bulunmustur. Toksik metallerden arsenik ve civa ise tarak dokularinda tespit
edilememistir. Kadmiyum ve kursun ise kas dokusunda tespit edilememelerine ragmen, miktarlar1 sinir
degerlerin altinda olsa da sindirim kesesinde tespit edilmistir.

Anahtar kelimeler: Agir metallar, ¢ift kabuklular, esansiyel amino asitler, hedef disi av, su iiriinleri

giivenligi.
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INTRODUCTION

Scallops are considered one of the palatable seafood
products with low fat and high protein levels by consumers.
The nutritional value of the essential amino acids, the high
rate of the long-chained polyunsaturated fatty acids, highly
digestible proteins and the mineral ingredients make the
scallops a very beneficial food source (Manthey-Karl et al.,
2015). With these benefits and the high consumer demand,
several scallop species were evaluated in the seafood
processing sector (Beaumont & Gjedrem, 2007; Biandolino
et al., 2020), and the marketing of scallops in Europe has
increased significantly in recent years (FAO, 2020). Thus,
the high economic value of the scallops sustained them to
become a subject of both fisheries and aquaculture studies
(Barber & Blake, 2016). Although the procured quantity of
scallops presents some declines in the last decade, 810
million tons of produced scallops were recorded in 2019.
The trading value of the scallops was estimated to be 965
million USD in 2008, which increased to 1.65 billion USD
in 2018 (FAO, 2017; 2020). According to FAO (2020), the
total import value is expected to reach 2.5 billion USD
within a decade.

The Mediterranean Sea has rich resources of
economic scallop species such as Pecten jacobaeus,
Flexopecten glaber, Aequipecten opercularis and
Mimachlamys varia (Erdem et al., 2006). Among these
species, the great Mediterranean scallop (Pecten jacobaeus)
is unique because it can be obtained from both captured and
aquaculture operations (Beaumont & Gjedrem, 2007; FAO,
2020). This species is distributed from Eastern Atlantic to
the Mediterranean Sea and lives at 0-500 m depth. The shell
valves of the species are asymmetrical and have prominent
15-18 ribs arranged in radial (Palomares & Pauly, 2022). The
ribs are usually fan-shaped, and these can be equal, or the
front can be larger (Pechenik, 1996). The foot is small and
byssus. Scallops are mostly hermaphrodites, and the sexual
cycle spreads over the year (Mattei & Pellizzato, 1996;
Palomares & Pauly, 2022). They find suitable mossy or
rocky bottoms during the breeding season and create the
ideal environment for spawning (Barnes, 1987). They
usually live attached to a substrate by byssus threads. Many
species can move short distances by suddenly opening and
closing their shells. The anterior adductor muscle is
shrunken. However, the posterior adductor muscle is quite
large and consumed as food (Erdem et al., 2006; Serb, 2016).
Adductor muscle has a high amount of omega-3 fatty acids,
proteins and beneficial trace elements in adequate amounts
(Krzynowek & Murphy, 1987; Tan et al., 2021). Although
several comprehensive studies on the chemical compositions
of other economic scallop species have been carried out for
species of Flexopecten glaber, Pecten maximus,
Patinopecten yessoensis (Krzynowek & Murphy, 1987;
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Pazos et al., 1997; Li et al., 2010; Berik et al., 2017), studies
on P. jacobaeus are limited. For the seafood sector, the
nutrient composition and elemental contents are among the
most important subjects to be assessed in the scallop species.

The main criteria in assessing seafood products are
the nutritional quality of fresh scallops and any changes
during the transportation, processing, and storage
operations. Identifying the losses in the nutrition level of the
food is a challenging issue, and the original nutritional
composition and properties, as mentioned above, can be
considered valuable tools for identifying adulterations that
cause quality losses (Manthey-Karl et al., 2015). Besides, the
chemical quality of the scallop species can be changed
according to environmental conditions and gonadal
development (Barnes, 1987; Pechenik, 1996; Barber &
Blake, 2016). Therefore, it is vital to know the seasonal
changes in the biochemical composition of the scallops.
Another biochemical factor that directly affects benthic
organisms is the element variations in the marine
environment (Stankovic et al., 2014). Especially in recent
years, rapid industrialization and environmental pollution
caused by human activity endanger the food safety of the
marine environment (Belcheva et al., 2007; Stankovic et al.,
2014). Possible elemental contaminations in the
environment affect the elemental composition of aquatic
creatures, such as scallops that take elements directly from
the water column as filter feeders (Bustamante & Miramand,
2005; Broadaway, 2012). Besides the Marine Strategy
Framework Directive (MSFD, 2008/56/EC), the Task Group
9 report, which comprised the period between 2010-2020,
stated that the cadmium, lead, and mercury levels in fish and
other seafood should be monitored in future food security
studies even if they were studied in the same species and
location before (Swartenbroux et al., 2010). Besides,
Kruzynski (2004) highlighted the significance of monitoring
the cadmium levels in market products of scallops due to
their digestive gland being located in the majority of entire
cadmium compositions.

This study evaluated the seasonal nutrition content
and trace metal composition of the great Mediterranean
scallop Pecten jacobaeus, which is widely distributed in the
Mediterranean and listed in high economic valued scallop
species. The article's topic is very important for future food
security studies since the consumption and production of
species like P. jacobaeus show an increasing trend and thus
could directly affect the seafood processing sector and
human nutrition studies.

MATERIAL AND METHOD
Sampling Studies: The study material was selected

as the great Mediterranean scallop, Pecten jacobaeus.
Scallop individuals were obtained from bottom trawl
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operations (cod-end mesh size 40 mm) as a by-catch between
2017 and 2018 (October, January, April and July) from 6
stations in the Gulf of Antalya, the Mediterranean Sea. Due
to the migratory behaviour of the species from shallow to
deep waters in cold seasons, scallops were collected from
different stations. In Summer and Spring, scallops were
collected from two stations, while in Autumn and Winter,
they were found only in one station each season. Sampling
stations are shown in Figure 1. In this research, 50 scallops
were studied in each season.

Spl vSul
W Su2

Gulf of Antalya

ad
Q_W"_mﬂw%( .
1.5%

Figure 1. Sampling stations of the great Mediterranean scallop (Pecten
jacobaeus) A: The sampling station in autumn (36°4726.16"N,
31°6'27.36"E), W: The sampling station in winter (36°46'24.24"N,
30°54'0.72"E), Spl: The first sampling stations in spring (36°48'9.36"N,
30°49'36.84"E), Sp2: The second sampling stations in spring
(36°46'37.92"N, 31°9'54.36"E), Sul: The first sampling station in summer
(36°48'3.96"N, 30°57'35.64"E), Su2: The second sampling station in
summer (36°4727.24"N, 31°1'14.52"E). The sampling station map was
drawn with Ocean Data View Software (ODV) (Schlitzer, 2015).

Determination of Growth Indices: Firstly, scallops
were weighted with 0.001 precision, and the total weight
(with shell) was determined. In the following, shell valves
were removed, and whole fresh tissue, adductor muscle and
gonadal tissue were weighed individually. Condition index
(CI) was calculated according to Lucas & Beninger (1985),
meat yield (MY) was calculated with the equation of Oztan
(2005), and gonadosomatic index (GSI) was calculated
according to Ricker (1975) as follows:

Cl = (Wy/Wyz) X 100

Wo: weight of whole fresh scallop tissues, Wr:
total scallop weight with shells.

MY = (W,/W;) x 100

Wa: weight of adductor muscle, Wr: total scallop
weight with shells.

GSI = (W /W) X 100

Wo: weight of gonad, Wr: total scallop weight
with shells.

Determination of Proximate Composition:
Proximate composition analyses were carried out seasonally
in the adductor muscle, the edible part of the scallops. In
moisture analysis, homogenized samples were weighed into
petri plates, and samples were dehydrated at 100 °C for 24
hours in a drying oven. In crude ash analysis, weighed
samples were burned with a muffle furnace at 600 °C for 6
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hours until the samples were completely burned. Finally,
moisture and crude ash contents were calculated according
to AOAC (2000). Crude protein content was determined
with the Kjeldahl procedure (AOAC, 2000). Samples were
digested with H.SOs and Kjeldahl catalyst containing
selenium until the samples were completely hydrolyzed.
Obtained samples were distilled with NaOH and titrated with
0.1 N HCI. In crude fat analysis, tissues were mixed with
methanol-chloroform complex (2:1) for 12 hours for fat
extraction. Finally, mixtures were evaporated with a vacuum
evaporator at 55 °C, and crude fat content was calculated
according to Folch et al. (1957).

Amino Acid Analysis: In amino acid analysis, the
muscle tissue of the scallop was digested with 3.67 N HCI at
100 °C for 24 hours in a drying oven as a pre-treatment,
according to Cankiriligil et al. (2020). After digestion,
hydrolysates were filtered with 0.45 pm PTFE syringe filters
and diluted with deionized water as 10, Filtrates were
transferred into 2 ml amber vials, and derivatization was
performed automatically with borate buffer, OPA and
FMOC reagents in the Agilent HPLC system. According to
Henderson et al. (2000), amino acid analyses were carried
out. In amino acid separation, a C18 amino acid column
(Zorbax Eclipse AAA) and a mobile phase consisted of 40
mM Na;HPO4 (A) adjusted to 7.8 pH and the mixture of
MeOH:ACN:H0 (45%:45%:10%) (B) were used. Gradient
elution stages of the mobile phase were follows; A:100%,
B:0% in 1.9 min, A:43%, B:57% in 18.1 min, A:0%,
B:100% in 18.6 min, A:0%, B:100% in 22.3 min, A:100%,
B:0% in 23.2 min, with 2 ml/min flow rate. The detection
was performed with a diode array detector at two
wavelengths, 338 nm for OPA bonded amino acids and 262
nm for FMOC bonded amino acids.

Trace Metal Analysis: Scallops are consumed as
whole flesh tissue with all organs or as adductor muscle
(Berik et al., 2017). In scallops, elements were primarily
accumulated in the digestive gland, and the consumers
digested this tissue in the first consumption option. Thus
element analyses were carried out with adductor muscle and
digestive gland to evaluate possible elemental risks caused
by consuming options. Element analyses were carried out
according to NMKL (2007). Also, the 9th task group of the
Marine Strategy Framework Directive implications were
applied to avoid secondary contaminations and perform
standardized analysis (Swartenbroux et al., 2010). Firstly,
tissue samples were digested with 7 ml HNOg3 in Milestone
Ethos Easy microwave at 160 °C for 2 hours. Afterwards,
obtained mixtures were filtered and diluted with deionized
water (1:1). Finally, filtrates were analyzed by an inductively
coupled plasma optical emission spectrometry (ICP-OES) in
Namik Kemal University, Central Research Laboratory. In
analyses; arsenic (As), boron (B), cadmium (Cd), chromium
(Cr), cobalt (Co), copper (Cu), lead (Pb), manganese (Mn),
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mercury (Hg), nickel (Ni), tin (Sn) and zinc (Zn) contents
were evaluated.

Data evaluation: All analyses were carried out in
triplicate, and obtained data were expressed as mean value +
standard error. The normality of the mean values was
calculated with the Anderson-Darling test, while
homogeneity was calculated with Levene Test. The one-way
ANOVA method analyzed differences between mean values
of growth characteristics, proximate composition
parameters, amino acid, and trace element contents. The
significance level was accepted as 0.05 (Zar, 1999). All
statistical analyses were carried out by IBM SPSS Statistics
23 software.

RESULTS

Condition index (CI), meat yield (MY) and
gonadosomatic index (GSI) of the great Mediterranean
scallop (Pecten jacobaeus) are shown in Table 1. Cl and GSI
were lowest in autumn, while they were found highest in the
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summer. CI increased from 37.35+0.45% to 42.42+0.51%,
while GSI increased from 3.41+0.24% to 10.24+0.52% in
the summer, similarly (P<0.05). On the contrary, meat yield
(MY), expressed as the ratio of the adductor muscle to the
total weight, was lowest in the spring with 12.27+0.19%,
while it was highest in the autumn with the ratio of
15.21+0.14% (P<0.05).

The proximate composition of the great
Mediterranean scallop (Pecten jacobaeus) is shown in Table
2. According to the results, P. jacobaeus has 78.16+0.30%
to 79.63+0.36 moisture content in samples. The highest
moisture was found in spring and summer, while the lowest
was detected in autumn and spring. Similarly, crude ash
ratios were highest and lowest in exact seasons, ranging from
1.2240.02% to 1.55+0.16%. The highest crude protein ratio
was detected at 14.28+0.32% in the autumn, and it was found
to be lowest at 12.57+0.21% in the spring. Crude fat ratios
of the P. jacobaeus were found between 1.05+0.08% and
2.03£0.11%. The highest crude fat was detected in spring,
while the lowest was in autumn (P<0.05).

Table 1. Some growth indices of great Mediterranean scallop (Pecten jacobaeus) (%).

Autumn Winter Spring Summer
Cl 37.35+0.45¢ 39.13+0.42° 40.51+0.37° 42.42+0.512
MY 15.21+0.14% 14.36+0.30° 12.27+0.19° 13.98+0.24°
GSI 3.41+0.24¢ 6.32+0.44° 8.36+0.63" 10.24+0.522
Values expressed as mean value (%) + standard error and different superscripts in a line represent statistical differences. MY: meat yield, Cl: condition index, GSI: gonadosomatic index.
Table 2. Proximate composition of great Mediterranean scallop (Pecten jacobaeus) muscle.
Autumn Winter Spring Summer
Moisture 78.41£0.34° 78.16+0.30° 79.42+0.412 79.63+0.36%
Protein 14.28+0.322 13.68+0.18% 12.57+0.21° 13.45£0.24°
Fat 1.050.08¢ 1.45+0.05° 2.03+0.11% 1.77+0.06°
Ash 1.260.04° 1.22+0.02° 1.38+0.107 1.55+0.16°

Values expressed as mean value (%) + standard error and different superscripts in a line represent statistical differences.

The seasonal amino acid composition of the great
Mediterranean scallop (Pecten jacobaeus) adductor muscle
is shown in Table 3. Asparagine (Asn) and glutamine (GIn)
which can be found as aspartic acid (Asp) and glutamic acid
(Glu) in the analysis, were evaluated together as Asp+Asn
and Glu+GIn. Besides, these amino acids were the most
abundant in the P. jacobaeus muscle tissue. All essential
amino acids were found in the P. jacobaeus muscle tissue in
all seasons. The highest essential amino acids were detected
as lysine, threonine and leucine, with amounts greater than 1
g/100g in all seasons. Besides, P. jacobaeus has considerable
valine, methionine, phenylalanine, isoleucine and histidine.
Amongst all detected 18 amino acids, the lowest one was
found as tryptophan in the range of 0.022+0.004 g/100g to
0.031+0.006 g/100g. Thus, no statistical differences were
determined in the tryptophan contents between seasons
(P>0.05). Similarly, threonine contents were statistically the
same between seasons (P>0.05). However, most of the
amino acids decreased from autumn to summer. In autumn,
the amounts of histidine, glycine, alanine, tyrosine, cysteine,
valine, methionine, phenylalanine and isoleucine were found
as highest, and they were decreased until summer (P<0.05).
On the contrary, serine and lysine were the only amino acids
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that increased from autumn to summer. Finally, total amino
acid content was highest in the autumn with the content of
15.047+0.57 g/100g, and it was found to be lowest in the
summer at 13.313+£0.81 g/100g, with gradually reducing
throughout the year (P<0.05).

Seasonal trace metal contents of great
Mediterranean scallop (Pecten jacobaeus) are shown in
Table 4. Results were expressed as adductor muscle and
digestive gland, considering two consumption options.
According to the results, the most abundant trace metals
were detected as zinc (Zn), manganese (Mn), boron (B),
copper (Cu), nickel (Ni) and chromium (Cr), respectively.
Thus, these elements were found in all tissues, while
cadmium (Cd) and lead (Pb) were detected only in the
digestive gland. However, Arsenic (As), cobalt (Co),
mercury (Hg) and tin (Sn) were detected in neither adductor
muscle nor digestive gland. Zn, B and Cr contents increased
from autumn to summer, reaching the highest values in
adductor muscle (P<0.05). On the contrary, they were found
lowest in summer sampling in the digestive gland (P<0.05).
In the summer, Cu, Mn and Ni contents were lowest in the
adductor muscle and digestive gland (P<0.05). The toxic
metals, Cd and Pb, detected only in the digestive gland, were
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highest in the summer (P<0.05). Cd amounts ranged from
0.055+0.007 g/100g to 0.119+0.008 g/100g, while Pb
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contents were found between 0.018+0.001 g/100g and
0.028+0.002 g/100g.

Table 3. Seasonal amino acid compositions of great Mediterranean scallop (Pecten jacobaeus) adductor muscle (g/100g).

Amino acids Autumn Winter Spring Summer

ASP+ASN 2.194+0.033° 2.223+0.038% 2.278+0.0392 2.026+0.050°
GLU+GLN 1.851+0.021° 2.096+0.074% 1.764+0.034°¢ 1.620+0.049¢
SER 0.292+0.024°¢ 0.311+0.021° 0.387+0.017° 0.538+0.0422
HIS 0.594+0.0112 0.552+0.019° 0.419+0.020° 0.407+0.017¢
GLY 1.1390.025° 1.113+0.051% 1.099+0.056% 1.010£0.046°
THR 1.556+0.064% 1.526+0.080? 1.484+0.0712 1.493+0.056%
ALA 0.341+0.0242 0.323+0.019* 0.260+0.015° 0.205+0.022°¢
TYR 1.1794+0.0152 1.123+0.021° 1.155+0.023% 0.902+0.025°¢
CYS 0.258+0.0122 0.186+0.013° 0.176+0.020° 0.154+0.09¢
VAL 0.520+0.0252 0.510+0.018% 0.426+0.021° 0.366+0.029°¢
MET 0.642+0.0412 0.594+0.0352 0.459+0.034° 0.493+0.031°
TRP 0.025+0.0052 0.022+0.0042 0.031+0.006* 0.025+0.0042
PHE 0.738+0.0312 0.662+0.039° 0.529+0.042¢ 0.500+.033¢
I1ISO 0.524+0.0202 0.506+0.0182 0.401:+0.014° 0.385+0.017°
LEU 1.389+0.067% 1.261+0.057° 1.111+0.054°¢ 1.277+0.063°
LYS 1.806+0.078% 1.730+0.079° 1.675+0.061° 1.911+0.054*
TAA 15.047+0.57% 14.738+0.69° 13.655+0.35° 13.313+0.81¢

Values expressed as mean value (g/100g) + standard error and different superscripts in a line represent statistical differences. ASP: aspartic acid, ASN: asparagine, GLU: glutamic acid, GLN: glutamine, SER:
serine, HIS: histidine, GLY: glycine, THR: threonine, ALA: alanine, TYR: tyrosine, CYS: cysteine, VAL: valine, MET: methionine: TRP: tryptophan, PHE: phenylalanine, I1SO: isoleucine, LEU: leucine, LYS:

lysine, TAA: total amino acids.

DISCUSSION AND CONCLUSION

In scallops, gonadal development and reproduction
can affect species or environmental conditions (Barber &
Blake, 2016; Genez et al., 2015). The scallop species'
reproduction period starts from April to September in the
Mediterranean Sea (Barber & Blake, 2016; Marceta et al.,
2016). Most reproduction occurs mid-summer, especially in
July and August (Marceta et al., 2016). In our research,
gonadosomatic index (GSI) values indicate gonadal
development, regularly increasing throughout the year and
are found to be highest in the summer as expected (P<0.05).
In parallel with gonadal development, the scallop's total flesh
weight also increases, which causes an increase in the
condition index till summer (P<0.05). The meat vyield
decreases towards the reproduction period due to the area
covered by the muscle tissue being relatively less by the
enlargement of the gonads (P<0.05).

Condition index, meat yield and gonadosomatic
index are essential parameters to evaluate the commercial
quality of scallops, and they directly correlated with the
nutritional changes in the scallop tissues during reproduction
(Berik & Cankiriligil, 2013; Biandolino et al., 2020; Orban
et al., 2002).

Scallops are beneficial nutritional profiles in lipids
and protein ratios, especially in the adductor muscle, which
presents a healthier nutritional profile than the whole flesh
scallop (Berik et al., 2017; Prato et al., 2018). The muscle of
scallop species has approximately 75-80% moisture
(Manthey-Karl et al., 2015), while they have moderate
protein and low-fat contents (Berik et al., 2017; Biandolino
et al., 2020; Prato et al., 2018), similar to our results. In
spring, crude fat content increased to 2.03+0.11% at its
highest and decreased parallel with the reproduction period.
In scallops, energy values originating from macromolecules
just as lipids, carbohydrates, and proteins increase just before
reproduction due to the high energy requirement needed for
gametogenesis (Barber & Blake, 2016; Marceta et al., 2016;
Telahigue et al., 2013a). Significantly crude fat content can
be increased in the muscle tissue, and those lipids are used to
compensate for energy demand caused by gametogenesis
(Berik & Cankiriligil, 2013; Telahigue et al., 2013a;
Telahigue et al., 2013Db). Besides, total energy gained by the
gonads came from adductor muscle in the ratio of 63-99%
and caused degradation of the protein ratio in the scallops
(Brokordt et al., 2000).

Table 4. Seasonal trace metal contents of great Mediterranean scallop (Pecten jacobaeus) (g/100g).

Adductor Muscle

Digestive Gland

Autumn Winter Spring Summer Autumn Winter Spring Summer
As <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
B 0.31620.008° 0.327+0.007° 0.346+0.010% 0.338+0.007% 0.267+0.005* 0.2510.006P 0.249+0.005P 0.237+0.0067
Cd <0.003 <0.003 <0.003 <0.003 0.067+0.012P 0.055+0.007" 0.104+0.011* 0.119+0.008*
Co <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003
Cr 0.008+0.001° 0.0090.001% 0.011+0.001? 0.010+£0.001% 0.017+0.001P 0.020£0.002% 0.023+0.002* 0.018+0.002°
Cu 0.056+0.003? 0.050+0.002° 0.048+0.002° 0.039+0.003¢ 0.185+0.009* 0.169+0.006° 0.179£0.007% 0.155+0.0047
Hg <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Mn 0.357+0.004° 0.37440.006 0.346+0.005° 0.334+0.004¢ 0.843+0.011° 0.851+0.013° 0.809+0.007" 0.913+0.010*
Ni 0.025+0.002° 0.027+0.0012 0.036+0.0022 0.019+0.001°¢ 0.0620.002P 0.05240.003 ¥ 0.074+0.002* 0.059+0.0037
Pb <0.008 <0.008 <0.008 <0.008 0.018+0.0017 0.022+0.002° 0.026+0.002% 0.028+0.002*
Sn <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Zn 3.152+0.039° 3.05140.032° 3.225+0.0422 3.271+0.044? 2.987+0.031% 2.963+0.047* 2.846+0.040° 2.856+0.033°

Values are expressed as mean (g/100g), and different superscripts in a row (a, b, ¢, d for muscle and a, B, y for the digestive gland) indicates statistical differences (P<0.05).

The LOD values were given for the elements below the detection limits.
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According to amino acid analyses, 18 amino acids
were detected in the adductor muscle. Among these amino
acids, asparagine (Asn) and glutamine (GLN) can be
digested into aspartic acid (Asp) and glutamic acid (Glu),
respectively, with the high heat and low pH conditions in
the pre-treatment of the amino acid analysis (Varlik et al.,
2004; Cankirihigil et al., 2020). Thus, they were evaluated
as Asp+Asn and Glu+Gln to get more acquired results. In
this research, Asp+Asn, Glu+GlIn, lysine, threonine, and
leucine were highest in the adductor muscle. These amino
acids were also found high in similar studies focused on the
other economic scallop species such as Chlamys nobilis,
Flexopecten glaber, and Mizuhopecten yessoensis (Hao et
al., 2015; Han et al., 2019; Vural & Acarli, 2021; Li et al.,
2022). These amino acids are generally detected in high
amounts in seafood and are responsible for the taste (Erkan
et al., 2011; Kumar et al., 2011). Tryptophan is also very
vulnerable to high temperature and low pH and may be lost
entirely in the analysis (Cuq & Firedman, 1989).
Therefore, tryptophan was the lowest amino acid in the
scallop muscle in all seasons. All other essential amino
acids except tryptophan, such as threonine, valine,
methionine, phenylalanine, isoleucine, leucine, lysine and
histidine, were detected in all groups. However, the
majority of the essential amino acids and total amino acid
content were decreased throughout the summer. The
decrease in the protein and amino acids can explain
gametogenesis (Brokordt et al., 2000; Telahigue et al.,
2013a). Brokordt et al. (2000) stated that gonadal
development could cause the reproduction expanse of
muscle protein in the scallops. That is why the crude
protein and total amino acid contents were degraded during
the reproduction period of P. jacobaeus (P<0.05). On the
contrary, serine increased parallel with gametogenesis and
was detected approximately 1.8 times higher in summer
than in autumn (P<0.05). According to Zandee et al.
(1980)'s research on Mytilus galloprovincialis, serine was
detected at the highest amount in summer, while glycine
and aspartic acid were found as the lowest, similar to our
results. This situation is explained by the bivalves adapting
to changing seasonal environmental conditions by giving
an osmoregulatory response (Zandee et al., 1980). Besides,
Yao et al. (2020) state that amino acids can supply energy
during such adaptation. It is also expected that glycine
amount will increase while serine decrease due to glycine
synthesis from stored carbohydrates from serine caused by
long-term starvation (Zandee et al., 1980). The opposite
situation indicates the presence of protein-rich food in the
marine environment (Allen, 1961; Zandee et al., 1980). So,
it can be said that sampling stations have adequate nutrient
sources for scallop growth and reproduction rather than any
nutrient shortage.
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Scallops are suspended feeders that live in the
seabed in a semi-buried form of benthos. Primary
production directly affects the feeding mechanism of the
scallops with the changing environmental parameters such
as riverine inputs, a quantity of light penetration, and the
currents in a coastal ecosystem (Rossi et al., 2004).
Phytoplankton is the essential diet component of the
scallops; however, other sources such as suspended and
sedimentary particulate organic matter, bacterial
community, microphytobenthic ~ organisms,  and
zooplankton can also become significant elements for the
diet composition (Egzeta-Balic et al., 2012; Pechenik,
1996). Scallop species accumulate metals in tissues
through their feeding strategy, especially some toxic
elements, particularly cadmium, even in clean
environments (Francesconi et al., 1993; Uthe & Chou,
1987). The accumulation of the metals pertains to tissues
for scallop species, and each can differ in metal toxicity
(Nardi et al., 2018). In our research, a similar element
accumulation pattern was observed. Except for Zn and B,
elements were detected higher in the digestive gland than
in adductor muscle (P<0.05). Cr, Cu, Mn, and Ni
accumulated approximately 2 to 4 times higher in the
digestive gland than in muscle tissue (P<0.05). However,
Zn and B were detected in lower values in the digestive
gland (P<0.05), especially in the spring and summer when
reproduction takes place. In reproduction season, Zn and B
were found to be lowest in the digestive gland and highest
in the adductor muscle (P<0.05). Zinc is one of the highest
trace metals existing in the scallop species (Pan & Wang,
2008), and it primarily accumulated in the gonadal tissue
in the reproduction period (Greig et al., 1978). Besides, the
scallop's muscle tissue is a rich source of boron (Berik et
al., 2017), and boron content can be increased with
elevated water temperatures (Tate et al., 2017). Thus, Zn
and B were taken by feeding and may have been used for
reproduction parallel with growing, while stored elements
in muscle tissue may not have been needed. In future
studies, elemental accumulations of other tissues such as
gonad, gill and mantle should be examined to make further
comments on these accumulation patterns. Therefore, the
quantity of the accumulated metal content in tissue can
increase with the growth of the scallops (Belcheva et al.,
2006). In our research, Cd and Pb have detected only the
digestive gland. They were accumulated in the digestive
gland parallel with scallop growth until summer (P<0.05).
Similarly, Berik et al. (2017) stated that the scallop's
muscle tissue was rich in beneficial macro and
microelements, while toxic metals were found below the
acceptable limits stated by the legislation. However, it was
determined that the digestive gland contains 300 times
more cadmium than muscle tissue (Berik et al., 2017).
Besides, Prato et al. (2008) stated that cadmium is the
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primary toxic metal that can accumulate in high amounts
in the scallop species. Belcheva et al. (2006) reported that
cadmium and calcium intakes are related; therefore, excess
cadmium can be found in the scallop digestive tissues.
Thus, to reduce elemental risks and ensure food safety,
scallops should be consumed as only adductor muscle after
the digestive gland and other organs are separated
(Belcheva et al., 2006; Berik & Cankiriligil, 2013; Berik et
al., 2017).

In conclusion, the results of our study showed that
P. jacobaeus is an important marine food source with
essential amino acids in ideal proportions and low fat and
moderate protein ratios. Besides, scallop muscle tissue has
some beneficial microelements such as Zn, B and Mn in
significant amounts. Toxic metals, Cd, Pb, Hg, and As,
were not detected in adductor muscle, while Cd and Pb
were detected in the digestive gland. Cd and Pb content of
the digestive glands were found below the legal limits, but
it is safer to consume the scallops solely as an adductor
muscle after removing the digestive gland. Although there
is a decrease in some amino acids and trace elements
depending on the breeding period, scallops were evaluated
as quite nutritious, especially in winter and autumn.
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: https://orcid.org/0000-0002-7567-921X on Ross 308 broiler chickens reared under similar commercial conditions from two different seasons
(autumn and winter) and three different withdrawal duration (8, 10 and 12 hours). A total of 180

broilers, 10 samples per transport distance were randomly selected to determine meat quality

characteristics, (2 seasons x 3 withdrawal durations x 10 samples x 3 repeats). Meat colour parameters,

pHa, pHaas, drip loss and cooking loss were determined. In this study, pHas value increased (p<0.001)

and L*24 value decreased (p<0.001) as the withdrawal duration increased. Broiler chicken transported

in winter had more dark, red and yellow meat colour than autumn season. As the withdrawal duration

increased, the differences between two seasons about meat quality characteristics increased (L*o, L*24,

a*o, a*24, b*o, b*24). In addition, as the withdrawal duration increased sensor characteristics of broiler
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Ticari Kesim Kosullarinda Etlik Piliclerde Mevsim ve Aclik Siiresinin Et
Kalite Ozelliklerine Etkisi

Oz: Bu arastirma etlik piliglerin et kalite 6zellikleri iizerine mevsimin ve aglik siiresinin ticari kesim
kogullarinda etkisini belirlemek amaciyla yapilmistir. Bu arastirma benzer ticari kosullar altinda
yetistirilen 2 farklt mevsim (sonbahar ve kis) ve 3 farkli kesim 6ncesi aglik siiresi (8, 10 ve 12 saat)
uygulanan Ross 308 hatti etlik piligler tizerinde yiiriitiilmiistiir. Her nakil i¢in rastgele 10 6rnek olmak
ilizere (2 mevsim x 3 aglik siiresi x 10 drnek x 3 tekrar) toplam 180 etlik pili¢ et drnegi segilmistir. pHa,
pH24, et rengi, damlama kaybi ve pisirme kaybi gibi et kalite 6zellikleri analiz edilmistir. Bu
arastirmada aglik siiresinin artmasiyla birlikte pHs degerinin attig1 (p<0,001), L24* degerinin diistiigi
(p<0,001) tespit edilmistir. Kis mevsiminde nakledilen etlik piliglerin, sonbaharda nakledilenlere
kiyasla daha koyu, daha kirmizi ve daha sar1 renkte g6giis etine sahip oldugu belirlenmistir. Aglik siiresi
arttikga iki mevsim arasinda et kalite 6zellikleri (L*o, L*24, a*o, 8*24, b*o, b*24) arasindaki farklihigin
da arttig1 tespit edilmistir. Aglik siiresinin artisiyla birlikte pilic eti duyusal ozelliklerinin arttig
belirlenmistir. Arastirma sonucunda et kalite 6zellikleri aglik siiresi ve mevsimden 6nemli derecede
etkilenmigtir. Olumsuz etkinin dzellikle kis mevsimindeki uzun aglik siiresinde daha gok ortaya ¢iktig1

*Sorumlu yazar:
Biilent TEKE
Ondokuz Mayis Universitesi, Veteriner

Fakiiltesi, Zootekni Anabilim Dali,Samsun, belirlenmistir. Soguk hava sartlar1 ve uzun aglik siiresinin pH artigina neden oldugu fakat bu artisin
Tiirkiye ) DEFD et olusturmayacak diizeyde oldugu belirlenmistir. Bu yiizden sadece sonbahar kogullarinda degil
B<: bulentteke@gmail.com ayni zamanda ki kosullarinda da etlik piliglere 12 saate kadar aglik siiresinin uygulanabilecegi

sonucuna varilmistir.

Anahtar kelimeler: Aclik siiresi, DFD et, duyusal analizler, et kalitesi, mevsim, pilic.

1 This study was produced from the master thesis.
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INTRODUCTION

Broilers are exposed to various stress factors in the
last moments of its life before slaughter. These stress factors
include starving, catching, placing in crates and loading on
the transport vehicle, then transporting them to the
slaughterhouse under different seasonal conditions, and
resting in the slaughterhouse before slaughter under these
seasonal conditions. It has been reported by various
researchers that catching broilers, crating, loading into
transport vehicles and transporting are very stressful stages
for broilers (Elrom, 2000; Knowles & Broom 1990; Mitchell
& Kettlewell, 1998; Von Borrell, 2001). Each of these
processes adversely affects animal welfare to varying
degrees, increases corticosterone levels in plasma, and
reduces energy stores in the muscles of broiler chickens, and
damages meat quality. In addition, the body temperature of
the chicken increases and the liver glycogen stores decrease
during the fasting period (Warris et al., 1999). Fasting is a
routine practice of broilers for a certain period of time before
slaughter. Broilers are taken from the feeders and starved a
few hours before catching in order to reduce the risk of
carcass  contamination, mainly  Salmonella  and
Campylobacter. If the fasting period is less than 6-7 hours,
since the gastrointestinal tract will still be filled with food,
the intestines will occupy most of the cylindrical abdominal
cavity during this process, and increasing the possibility of
leakage of gastrointestinal contents during the evacuation of
the internal organs (Nortcutt, 2000). Although it is
recommended to apply a total fasting period of 8-10 hours
before slaughter (Wabeck, 1972), sometimes this period may
be longer depending on the slaughter plan in the
slaughterhouse. In some studies, it has been determined that
the optimum fasting period for broilers is 8-12 hours, in
which carcass contamination is reduced to the lowest level
and meat quality characteristics are increased (Lyon et al.,
1991; Veerkamp, 1986).

Meat pH is an important parameter that affected the
pre-slaughter fasting period. The glycogen content in the
muscle tissue of the broiler determines the extent and rate of
the pH drop at the onset of rigor mortis (Hwang et al., 2003).
It is necessary to have sufficient glycogen in the muscles of
the chicken before slaughter in order to obtain broiler
chicken meat that is suitable for production and preferred by
the consumer, therefore, the appropriate feeding plan should
be applied to the animal before slaughter (Lyon & Buhr,
1999).

Seasonal conditions during transport may also
affect meat quality characteristics. The water holding
capacity and meat colour of the breast meat of broilers
transported in cold weather conditions are adversely affected
(Barbut et al., 2005; Dadgar et al., 2010), on the other hand,
drip loss, cooking loss and L* value is high in breast meat of
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broilers transported at hot weather conditions (Bianchi et al.,
2005; Petracci et al., 2004). It has been reported by some
researchers that the season in which the broiler is transported
does not have a significant effect on meat quality
characteristics (Debut et al., 2003; Sandercock et al., 2001).

In recent years, interest on meat quality
characteristics of pre-slaughter fasting period has increased,
and various studies have been carried out to determine the
optimum range of pre-slaughter fasting period. However,
among these studies, it was determined that the number of
studies in which different pre-slaughter fasting periods
applied in different seasons was quite low. This research was
carried out to determine the effects of 2 different seasons
(autumn and winter) and 3 different pre-slaughter fasting
periods (8, 10 and 12 hours) on meat quality characteristics
of broiler chickens.

MATERIAL AND METHOD

Animals, Study Design and Slaughter Process:
The animal material of this study consisted of Ross 308 line
broiler chickens, which were selected from three similar size
and design coop of the same company in the same
commercial conditions in Bafra, Samsun. Broiler chickens
were given three different feeds during the study. Broilers
started for the first 11 days with beginning (HP: 23.5%; ME:
2850 Kkcal/kg), reared between 12-22 days (HP: 22%; ME:
2950 kcal/kg) and finished until sent to slaughter (HP: % 20;
ME: 3010 kcal/kg). Feed and water were given ad libitum
and 23 hours of light and 1 hour of darkness were applied.
On the slaughter day, 8, 10 and 12 hours of fasting periods
were applied to the first, second and third coop, respectively.
The time of catching the broilers and placing them in the
crates (2 hours), the transport period (2 hours 30 minutes)
and the resting period before slaughter (1 hour) were
included the fasting period, and their feed was withdrawn
from the feeders according to the fasting period to be
applied. Water was given until the animals were caught.
They were loaded onto a separate transport vehicle for each
coop after placing the broilers in 80 cm length x 45 cm width
% 30 cm height boxes at the density recommended by FAWC
(1991). The transport vehicles with 320 loading crates in
each of the 9 transport vehicles, 3 transport vehicles from
each poultry house, travelled 125 km at a constant speed of
approximately 50 km/h on average and reached the
slaughterhouse in 2 hours and 30 minutes. The transport
vehicles completed the transport without stopping, without
sudden acceleration or deceleration during the transport. The
broiler chickens were slaughtered after resting in the
slaughterhouse for 1 hour. Meat samples were taken from
randomly selected 10 chickens from each transport vehicle
and 90 chickens were utilized for each season (3 fasting
times x 10 samples x 3 repeats). A total of 180 chicken meats



Colak & Teke, (2022)

were used throughout the research (the autumn and winter
seasons). In addition, the average temperature and humidity
values on the slaughter day were obtained from the
meteorology, and the slaughter age and average body weight
of broiler chickens were obtained from the slaughterhouse.
These recorded values are given in Table 1.

Table 1. Averages and standard errors of some transportation, slaughter
characteristics, temperature and humidity values of slaughter day (X +sx)

Traits Autumn Winter
Stocking density (m?chicken) 0.041+0.001 0.040+0.001
Slaughter weight (kg) 2.38+0.05 2.30+0.05
Slaughter age (d) 41 41
Temperature (°C) 11.30+0.26 -1.00 £ 0.26
91.90+0.77 85.40+0.62

Humidity (%)

In the research, transportation and slaughtering was
took place at night, autumn season data were collected in
November 2019 and winter season data were collected in
January 2020, the broilers were unloaded from the crates and
hung upside down on the slaughter line following the rest
periods in the slaughterhouse. Electric current were given the
broilers before slaughtering and they were cut by hand, then
the blood flow was provided. They were passed through a
hot water tank at 60°C and their feathers were automatically
plucked. The carcasses were taken to the relevant sections
for cooling after the internal organs were removed
automatically. A total of 180 broiler chickens (30 samples x
3 fasting periods x 2 seasons) were randomly selected to
determine their meat quality characteristics.

Meat Quality Analysis: M. pectoralis major was
removed from the 15 carcasses. The pH of this muscle was
measured by a pH meter (Testo 205) 4 hours and 24 hours
after slaughter and the result was recorded as pHan and pHaan.

Drip Loss Measurement: Samples were obtained
from M. pectoralis major was dried with a paper towel, the
samples were weighed (HT-1000NH+ model, Dikomsan,
Istanbul) and the results were recorded as the initial weight
(Winitiar). The samples was placed in a nylon bag in such a
way that it would not touch the nylon bag and was weighed
after it was kept at 4°C for 24 hours (Wiast). Drip loss (DL)
is calculated using the below formula (Honikel, 1998):

DL (%) = [(Winitiat — Wiast) / Winitial] % 100

Meat Colour Measurement: Meat colour
measurements (L*, a* and b* values) was measured by a
device (Minolta CR 400) according to the CIE (1972)
standards. The device was calibrated with a white plate
(Y=93.8; x=0.316; y=0.3323) and D65 was used as the light
source. Measurements were made from three different places
of M. pectoralis major for colour analysis. The first
measurement of sample was made as soon as the sample was
obtained. Afterwards, the sample was maintained in a
refrigerator at 4°C for 24 hours and then a second colour
measurement was obtained. The colorimeter was set so that
it averaged three reading. The mean was recorded as colour
value for each sample.
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Cooking Loss Analysis: The samples (the
remaining part of M. pectoralis major) were weighed and
vacuumed, then vacuum packed samples were warmed in a
water bath at 80°C for 20 minutes. Afterwards, the samples
cooled under running water until their internal temperature
reached room temperature. All samples were maintained in
arefrigerator at 4°C for 24 hours. The samples were removed
from vacuum bags. The liquid on the sample was dried with
paper towels and weighed to obtain their weights after
cooking. The difference between pre- and post-cooking
weights divided by the precooked weight for cooking loss
(%) (Honikel, 1998).

Sensory Analysis: Thigh meats of broiler chicken
which were applied 3 different fasting periods in the autumn
season cooked in the oven until the temperature in the centre
reached 80°C. Afterwards, they were presented to the
panellists for their evaluation. A consumer panel consisting
of 12 people was arranged and cooked thigh meat was scored
between 1-8 in terms of juiciness, tenderness and flavour.

Statistical Analysis: One way ANOVA test was
used to determine the effect of pre-slaughter fasting period
on meat quality characteristics, and a t-test was used to
compare meat quality characteristics between two seasons.
Tukey's multiple range tests was used to determine the
significance of the difference between fasting periods.
Friedman Test was applied to determine the effect of pre-
slaughter fasting time on sensory characteristics.

RESULTS

The mean and significance levels of meat quality
characteristics belonging to the fasting period groups are
given in Table 2. Accordingly, pHa, L*o, L*24 and cooking
loss were significantly affected by the fasting period. The
pHs value increased (p<0.001). L*o and L*y values
decreased (p<0.01 and p<0.001, respectively) with
increasing fasting period. The cooking loss decreased as the
fasting period increased (p<0.05). Other meat quality
characteristics did not change with the increase of the fasting
period.

The averages and significance levels of meat
quality characteristics according to the season are given in
Table 2. Accordingly, most of the meat quality
characteristics (pHa, L*o, L*24, @*0, a*24, b*o, b*24) were
significantly affected by the season (p<0.001). The averages
and significance levels of meat quality characteristics of the
fasting duration groups in the seasons are given in Table 3.
Accordingly, the effect of fasting time was significant on
pH. at p<0.001, on a*p at p<0.01, on a*»4 at p<0.05 and on
cooking loss at p<0.05 level in the autumn season. The
number of affected parameters increased in winter, when the
effect of fasting period on meat quality characteristics was
compared with the autumn season. Among these parameters,
the pHas (p<0.05), L*p (p<0.001), L*»4 (p<0.001), b*p
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(p<0.01) and cooking loss (p<0.001) was significantly
affected by fasting period. Comparison of meat quality
characteristics according to fasting groups between two
seasons and their significance levels are given in Table 4.
According to this, as the fasting time increased, the number
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of affected meat quality parameters increased. All colour
parameters (L*o, L*24, a*o, a*24, b*o, b*24) significantly
different (p<0.001) between the two seasons in the 12-hour
fasting group.

Table 2. Mean values and significance levels of meat quality trait values belonging to season and fasting period groups

Season (S) Fasting Period (F) Significance
Meat Quality Characteristics Autumn Winter 8h 10 h 12h S F
pHa 5.95+0.01° 6.02+0.012 5.92+0.01° 6.01£0.012 6.04+0.012 ok e
pH24 6.00+£0.01 5.99+0.01 5.97+0.01 6.01+0.01 6.00+£0.01 ns ns
L*o 50.28+0.18 49.95+0.20 50.24+0.22% 50.60+0.232 49.54+0.23° ns il
L*24 49.41+0.242 48.05+0.26" 49.01+0.322 49.43+0.282 47.79+0.33° Frx il
a*o 2.08+0.06° 3.754+0.092 3.02+0.14 2.93+0.13 2.80+0.15 Fokk ns
a* 2.55+0.09° 3.76+0.092 3.29+0.14 3.13+£0.12 3.05+0.15 Frx ns
b*o 1.96+0.12° 6.48+0.17° 4.69+0.37 4.11+0.32 3.86+0.33 Fokk ns
b*24 3.13+0.19° 6.46+0.17% 5.18+0.34 4.65+0.28 4.56+0.30 Frx ns
Drip Loss (%) 2.38+0.11 2.56+0.09 2.60+0.16 2.34+0.09 2.46+0.11 ns ns
Cooking Loss (%) 17.59+0.32 17.79+0.29 18.39+0.32° 16.99+0.30° 17.69+0.45% ns *
ns: Not significant (P>0.05) a, b, ¢ Mean values in the same row with different letters differ significantly (P<0.05).
*P<0.05 **P<0.01  ***P<0.001
Table 3. Mean values and significance levels of meat quality characteristics of fasting duration groups in the seasons
Autumn Winter
Meat Quality Characteristics 8h 10h 12h Sig 8h 10h 12h Sig
(n=30) (n=30) (n=30) (n=30) (n=30) (n=30)

pH4 5.90+0.01° 5.97+0.02° 5.99+0.02° Frx 5.94+0.01° 6.04+0.012 6.08+0.012 il
pH2a 5.98+0.02 6.04+0.02 5.98+0.03 ns 5.97+0.01° 5.99+0.01% 6.01+0.012 *
L*o 50.13+£0.30 50.58+0.26 50.15+0.34 ns 50.35+0.312 50.61+0.38% 48.94+0.29° il
L*24 49.37+0.52 49.68+0.31 49.18+0.41 ns 48.66+0.36° 49.18+0.46% 46.40+0.38° ekl
a*o 2.21+0.10% 2.22+0.10% 1.83+0.10° ** 3.83+0.16 3.65+0.16 3.77+0.09 ns
a* 2.80+0.19% 2.65+0.13% 2.22+0.14° * 3.77£0.16 3.61£0.17 3.88+0.17 ns
b*o 2.25+0.21 2.09+0.21 1.560.12 ns 7.14+0.332 6.12+0.27° 6.17£0.23° ok
b*24 3.44+0.35 3.17+0.34 2.80+0.32 ns 6.91+£0.37 6.13+0.23 6.33+0.25 ns
Drip Loss (%) 2.53+0.30 2.34+0.13 2.28+0.11 ns 2.68+0.12 2.34+0.12 2.64+0.19 ns
Cooking Loss (%) 18.48+0.36% 17.65+0.33% 16.68+0.77° * 18.29+0.54* 16.32+0.49° 17.79+0.29% il
ns: Not significant (P>0.05) a, b, ¢ Mean values in the same row with different letters differ significantly (P<0.05).
Sig: Significance
*P<0.05 **P<0.01 ***P<0.001
Table 4. Comparison of meat quality characteristics between two seasons according to fasting period groups

Meat Quality Characteristics 8h 10h 12h

pHAh * *kk *kk

pH24n ns * ns

L*o ns ns el

L*24 ns ns falalad

a*o *kk K*kk *kk

3*24 *hk *kk *kk

b*O *kk K*kk *kk

b*24 *hk *kk *kk

Drip Loss (%)
Cooking Loss (%)

ns: Not significant (P>0.05)
*P<0.05 **P<0.01 ***P<0.001

Sensory analysis values and significance levels
according to fasting period are given in Table 5.
Accordingly, it was determined that the preference of all
sensory properties (juiciness, tenderness and flavour) by the
panellists increased with the increase of the fasting time. The

biggest difference between the fasting period groups was felt
in the tenderness trait (p<0.001), while the smallest
difference was felt in the juiciness trait (p<0.05) in terms of
the effect of fasting period on sensory characteristics.

Table 5. Sensory analysis values and significance levels according to fasting times

Sensory characteristics 8 h of fasting 10 h of fasting 12 h of fasting Significance
MR Value MR Value MR Value
Juiciness 1.79 1.71 2.50 *
Tenderness 1.88 1.38 2.75 Fkk
Flavour 2.21 1.29 2.50 *x
MR: Mean Rank *p<0.05 **P<0.01  ***p<0.001
DISCUSSION effect of fasting on meat quality characteristics was

In the study by Komiyama et al. (2008), four
different pre-slaughter fasting periods (4, 8, 12 and 16
hours) were applied to broilers before slaughter and the
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investigated. The pH values of broiler chickens which were
fasted for 4, 8 and 12 hours were 5.87, 5.87 and 6.04,
respectively, and the pH value increased as the fasting
period increased. As the fasting period increased, the L*
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(lightness) value decreased (51.39, 46.98, 46.31 and 46.54,
respectively), a* (redness) value increased (2.51, 3.06, 3.30
and 3.02, respectively). It was reported that the differences
between fasting time groups regarding both colour
parameters were significant, but the b* (yellowness) value
was not affected by the fasting period. Drip loss and
cooking loss values were determined as 5.17 and 28.48,
5.37 and 27.38, 5.11 and 29.07, 2.38 and 24.31 for 4, 8, 12
and 16 hours pre-slaughter fasting times, respectively. As
a result of the research, it was reported that the pre-
slaughter fasting period significantly affected the meat
quality characteristics. Haslinger et al. (2007) examined
the long fasting period and broiler chickens were divided
into 6 groups as 0, 2, 4, 8, 16 and 24 hours before slaughter.
It was reported that immediately after slaughter and post-
mortem 24-hour pH values increased slightly (0.17-0.34)
with the increase of fasting time, and the postmortem 24-
hour pH value reached similar levels in all groups. It was
determined that the slight increase in pH value was not at a
level that would enable the development of DFD meat. In
a study (Schedle et al., 2006), pre-slaughter fasting period
groups were divided into 6 groups (0, 2, 4, 8, 16 and 24
hours), pH values immediately after slaughter (pH1) and
postmortem 24 hours (pH,) was measured by researchers.
It was determined that as the fasting period increased, the
pH: value increased slowly from 6.30 to 6.50. The
maximum value was 6.00 in the 16-hour fasting group
while pH2 was 5.80 in the group without fasting, and the
difference was found to be statistically significant
(p<0.05). As fasting period was increased, both pH values
increased, but the increase did not cause the DFD meat.
Savenije et al. (2002), half of the broiler chickens were
starved for 5 hours before slaughter, and the other half were
allowed to reach the feed until they were transported. At
the end of the study, it was reported that the effect of pre-
slaughter fasting period on breast meat pH, water holding
capacity, L* and b* values was not significant. In the study
of Kotula & Wang (1994), broilers were slaughtered after
0,3, 6,12, 18, 24 and 36 hours of fasting. It was determined
that the pH and glycogen levels in breast meat and thigh
meat decreased with the increase in the fasting period, and
the fasting period did not affect the colour characteristics
of breast and thigh meat. Lyon et al. (2004) applied a
fasting period of 0-8 hours to broilers aged between 42-52
days and the effect of this fasting period on meat quality
characteristics was investigated. According to the research
findings, it was reported that as the fasting period
increased, the breast meat L* value increased (lighter), a*
value decreased (less red), and b* value increased (more
yellow). In current study, it was determined that the pHa
value increased (p<0.001) and the Lys* value decreased
(p<0.001) with the increase in the fasting period. The
results of the current study are similar to the results of most
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researchers (Haslinger et al., 2007; Komiyama et al., 2008;
Schedle et al., 2006). However, it was reported by some
researchers that the fasting period was not significant effect
on the pH and L* values of broiler chickens (Kotula &
Wang, 1994; Savenije et al., 2002) or the L* value
increased with the increase of the fasting period (Lyon et
al., 2004). The differences between studies may be due to
differences in the length of fasting period.

In this study, the breast meat of broiler transported
in winter was darker (- 1.36 L*24 units), redder (+ 1.21 a*24
units) and yellower (+ 3.33 b*24 units) colour compared to
those transported in autumn. In addition, it was determined
that the difference between two seasons increased (L*o,
L*24, a*o, @*24, b*o, b*24) as the fasting period increased
related to meat quality characteristics. In studies on the
transportation of broilers under cold weather conditions
(Dadgar et al., 2010; 2011), it was reported that breast
meats obtained from these chickens were darker and higher
pH than those transported under optimum weather
conditions. Similar results were obtained in current study.
Birds have the ability to keep their body temperature
constant and they use some of the glycogen in their muscles
to maintain their body temperature when transported in
cold weather conditions. It is thought that the rate of
conversion of glycogen to lactic acid increases with the
prolongation of the fasting period in winter conditions, and
therefore the pH remains high (Warriss et al., 1999). In this
study, it was determined that the increase in pH value was
not at a level that would provide DFD meat formation.

Haslinger et al. (2007) investigated the effect of
fasting time (0, 2, 4, 8, 16 and 24 hours) on sensory
characteristics. It was reported that the sensory properties
of broiler chickens with a long fasting period were better,
and there was a tendency for broiler meats with a longer
fasting period, but this difference was reported to be very
small and statistically insignificant. In another study
(Schedle et al., 2006), the effect of fasting time (0, 2, 4, 8,
16 and 24 hours) on sensory characteristics was examined.
Chicken breast meats were evaluated in terms of
tenderness, juiciness and flavour in the test panel. It was
reported that the panellists preferred broiler meats fasted
for a longer period of time, and the length of the fasting
period had a significant positive effect on the sensory
quality of the meat product. Lyon et al. (2004) investigated
the 0-8 hour fasting period on sensory characteristics, and
it was reported that the juiciness and tenderness of chicken
meats with 0-hour fasting period were lower than those of
chickens with 8-hour fasting period. For this reason, it was
reported that the panellists preferred the chicken meat
subjected to 8 hours of fasting than other fasting periods. It
has been reported by many researchers (Haslinger et al.,
2007; Lyon et al., 2004; Schedle et al., 2006) that the
sensory properties of chicken meat increase with the
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increase in fasting time. Similar results were obtained in
this study as well. The effect of fasting time (8, 10, 12
hours) on sensory properties was investigated in current
study, it was determined that as the fasting time increased,
the panellists preferred chicken meat that was kept during
a long fasting period.

CONCLUSION

It is a routine practice to fasting broilers for a
certain period of time before slaughter. It is mainly applied
to reduce the risk of carcass contamination and to improve
meat quality. This research was carried out to determine
the effects of season (autumn and winter) and fasting
period (8, 10 and 12 hours) on chicken meat quality
characteristics. As a result of the research, it was seen that
the duration of fasting and the season significantly affected
the meat quality characteristics. The adverse effect was
more effective especially in the winter season and during
the long fasting period. It was determined that cold weather
conditions and long fasting period caused an increase in
pH, but this increase was at a level that did not produce
DFD meat. In addition, the results of the sensory meat
analysis revealed that the 12-hour fasting period had a
significant positive effect on the sensory quality.
Therefore, in this study, it was concluded that a fasting
period of up to 12 hours could be applied to broiler
chickens not only in autumn conditions but also in winter
conditions, since meat quality problems did not occur and
it did not affect sensory quality.
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Self-Aeration Process in Mountain Stream Morphologies: Harmankaya
Stream, Field Study

Abstract: In this paper, a forested-mountain stream (Harmankaya) with a catchment area about

12 km? located in Zonguldak (41°N-31°E) on the NW of Turkey has been studied associated with

its plunge pools. In the stream, 22 plunge pools were detected and plunge pools drop heights had

a variation of 0.7-20 m, whereas average pool depths had a range of 0.53-1.59 m. In a selected

pool, the variation of dissolved oxygen (DO) concentration and temperature (Tw) through the pool
e e depth have been investigated at different seasons. The data indicated the seasonal dependence of
Serhat KUCUKALI dissolved oxygen concentration in the plunge pool related to the water temperature. In all seasons
Hacettepe University, Department of Civil DO levels had a downward trend from pool surface to the pool bottom. Riparian vegetation
Engineering, Beyiepe 06800, Ankara, Turkiye  significance has been revealed in terms of regulating the temperature and dissolved oxygen levels
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of a pool, especially during the summer.

Keywords: Dissolved oxygen, mountain stream, plunge pool, riparian vegetation stream
temperature.

GIRIS saglar. Boylece, hava su arasinda gaz transferi gergeklesir
Hava su igine giris yaptiktan sonra kabarcik haline doniisiir

Akarsularda  dogal  havalandirmay1  saglayan ve kabarciklarin suda kalis siireleri esnasinda, atmosferik

hidrodinamik stire¢lerde (6r. hidrolik sigrama, su diistimii, gazlar (Or. Oz, N2) su iginde ¢odziiniir. Bu hidrodinamik

stireglerin yaninda, su sicakligimin ve su iizerindeki hava
basincinin degismesi Coziinmiis Oksijen (CO) miktarinda

pliriizlii kanal) tiirbiilans diisey calkanti bilesenin serbest
yiizeyi yakininda yarattifi diizensizlikler hava girisine
direng gosteren ylizey gerilmesi kuvvetlerinin agilmasini
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onemli degisimlere yol acar. Butcher & Covington (1995)
Santa Margarita Akarsuyun’daki CO miktarinin sicaklikla
olan degisimini incelemislerdir. Yaptiklar1 Sl¢iimlerle su
sicakligiyla CO konsantrasyonu arasindaki ters orantiyi
gostermiglerdir. Su sicakligi CO miktarmin degisiminde en
onemli parametrelerden bir tanesidir ve bu konuda
gelistirilen amprik formiillerde genelde referans sicakligi 20
°C alimmistir. Literatiirde dogal-havalandirmayla ilgili
yapilan calismalar genelde savaklar, basamakli kanallar,
diisey kapaklar gibi hidrolik yapilarda strdiiriilmiistiir
(Gulliver vd., 1998). Halbuki, kanal taban egiminin yiiksek

oldugu ( SO 20,02m/m ) dag akarsularinda (Wohl,
2000) dogal-havalandirma siirecinin gerceklestigi dogal
yapilar da bulunmaktadir (Cirpka vd., 1993; Valle &
Pasternback, 2001; Whittaker & Jaeggi, 1982). Bu dogal
yapilar: basamakli kanallar, basamak-havuz olusumu, su
diistimii, kaya parcalar1 etrafindaki hizli akimlar olarak
Ozetlenebilir (Grant vd., 1990; Montgomery & Buffington,
1997; Wohl, 2000) ve bu yapilara ait baz1 6rnekler Sekil 1°de
gosterilmistir.

Kaya pargalan etrafindaki hizli akim

Su distimi

Sekil 1. Dag akarsularinda hava-su gaz transferinin gerceklestigi
morfolojilerden 6rnekler.

Figure 1. Examples of morphologies where air-water gas transfer takes
place in mountain streams.

Dag akarsularinda havuzlar, ¢esitli ve karmagik
habitatlar yaratarak ve sucul biyotaya kuraklik ve sel gibi
asirt hidrolojik kosullara kars1 siginak saglayarak onemli
ekolojik islevlere sahiptir (Elso & Giller, 2001). Dalma
havuzlari, 6zellikle baliklarin diisiik akim donemlerinde
hayatta kalabilmeleri igin ¢ok Onemli hidro-morfolojik
alanlardir. Bununla ilgili olarak, havuz derinligi boyunca su
sicakligl (Tw) ve ¢oziinmils oksijen konsantrasyonu (CO)
degisiklikleri baliklarin hayatta kalmasi ve biiyiimesi igin
onemli ekolojik etkilere sahiptir (Giller & Malmgvist, 1998).
Balik popiilasyonlart igin iyi bolluk ve tiir ¢esitliligi igin CO
kriterleri 5 mg/L'nin iizerinde ve 1lik (6rnegin sazan) ve
soguk su baliklar1 (6rnegin alabalik) tiirleri icin 6ldiiriicii
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sicaklik sinir1 sirasiyla 34 °C ve 21 °C olarak bildirilmistir
(Welch & Jacoby, 2004). Bu yiizden bu havuzlardaki
sicaklik ve ¢oziinmiis oksijen seviyeleri ekoloji agisindan
son derece dnemlidir. Bu ¢aligmada su diistimlerinin dogal
havalandirma verimliligine olan etkisi ve bir havuz
igerisinde CO’nun mevsimsel olarak derinlikle degisimi Bati
Karadeniz Zonguldak’ta bulunan bir dag akarsuyunda
yapilan arazi calismasiyla incelenmistir. Ulkemizde
akarsular ve derelerin habitat degerlendirmesine yonelik
calismalar olduk¢a simirlidir. Bu nedenle s6z konusu
calismanin literatiire Onemli bir katkinin yapmasi
beklenmektedir.

MATERYAL VE METOT

Dag akarsularindaki su diisiimlerinin havalandirma
verimliligi Zonguldak Harmankaya Deresi’nde yapilan
Olgiimlerle arastirilmigtir. Harmankaya Deresi’nin bdlge
iizerindeki konumu Sekil 2°de gosterilmistir. Harmankaya
Deresi 41°23°- 41°25" kuzey enlemleriyle 31°49°-31°51"
dogu boylamlar: arasinda kalmaktadir. Akarsu yaklasik 12
km?’lik ormanlik havza alamyla, Uziilmez Deresi’nin ikinci
dereceden koludur (Sekil 2). Bdlgenin jeolojik yapisi
karbonifer tipi kayaglardan olugsmaktadir. Bu karstik yapinin
neticesinde bolgede birgok biiylik Olgekli magaralar
olusmustur (Kucukali ve Bilir, 2004) ve akarsuyun ortalama
pH degeri 8,2 mertebesindedir. Bolge yillik yaklasik
ortalama 1100 mm yagis yiiksekligi ve 14,5 °C ortalama
hava sicakligiyla 1liman bir iklime sahiptir. Ozellikle kis ve
bahar donemlerinde kar erimesi akarsulari besleyen 6nemli
kaynaklardan bir tanesidir.

KARADENIZ
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Sekil 2. Harmankaya Deresi’nin Zonguldak iizerindeki konumu.
Figure 2. The location of Harmankaya Stream on Zonguldak.

Calisilan akarsuyun uzunlugu 5200 metredir ve
rakimi 100-600 m araliginda degisim gostermis (Sekil 3);
kanal genisligi ise 3-20 m arasinda degerler almistir. Akarsu
yatag1 genelde kaya tabanlidir, fakat bazi boliimlerde kaya
pargast, tag ve ¢akillardan olugmaktadir. Harmankaya havza
alani, koruma altindaki bir ormanlik alandir ve bu nedenle
akarsuya insan kaynakli kirleticiler girisim yapmamaktadir.
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Akarsuyun su toplama alani, Taxus bacatta, Fagus
orientalis, Alnus sp., Carpinus betulus, Corylus avellana,
Ostrya sp., Castanea sativa Tilia sp., tiriindeki bitkilerle
kaplidir. Bu yapilarin koordinatlari el tipi Magellan Sportrak

Pro modelinde GPS kullanilarak belirlenmistir. GPS 3m
hassasiyetle deger okumaktadir ve deniz seviyesinden olan
yiikseklik Ol¢iimleri barometre yardimiyla yapilmistir.
Akarsudaki debi 6l¢iimii muline (Model A.OTT Kempten,
CM No:19535) aleti kullanilarak gergeklestirilmistir.
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Sekil 3. Harmankaya Deresi’nin akim dogrultusundaki boyuna profile.
Figure 3. Longitudinal profile of Harmankaya Stream in the direction of
flow.

Kolay ulasilabilirligi ve gollenmenin derin olusu
nedeniyle 7 nolu havuzda olglimler gergeklestirilmistir.
Yapilan oOlgtimler Nisan 2004 ile Kasim 2004 zaman
diliminde gergeklestirilmistir ve bu periyod bahar, yaz, kis
olmak tizere iic doneme ayrilmistir. Coziinmiis oksijen ve
sicaklik Ol¢timleri eltipi WTW Oxi 330i modelindeki
oksijenmetreyle £0,5% hassasiyetle gergeklestirilmistir. 7.
nolu havuzun iki bolgesinde derinlik boyunca periyodik CO
ve sicaklik oOlgtimleri gergeklestirilmistir. Bolgelerden
birincisi, su diigiimiiniin oldugu suyun hizli aktig1 bolgeyi

temsil etmekte, ikincisi ise akarsu kiy1 bitkilenmesiyle
golgelenmis olan durgun su kiitlesini temsil etmektedir
(Sekil 4).

Sekil 4. Harmankaya Deresi’nde ¢alisilan havuzdaki 6l¢tim bolgeleri.
Figure 4. Measurement zones in the studied pool in Harmankaya Stream.
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IZLEME SONUCLARI VE TARTISMA

Harmankaya Deresi’nde toplam 22 tane su diistimii-
havuz olusumu tespit edilmistir ve bunlarin fiziksel
ozellikleri Tablo 1°de sunulmustur. Bu havuzlar 6zellikle sel
ve kuraklik gibi ekstrem kosullarda sucul canlilara barinak
sagladigi sahada gozlenmistir. Bu su distimii-havuz
olusumuna ait iki ornek Sekil 5°te gosterilmistir. Dalma
havuzlarinin diisiim ytikseklikleri 0,7-20 m arasinda degerler
almig ve diistim yiiksekliklerinin %73’ 1-4 m arasinda
kalmigtir (Sekil 6a). Bunun yaninda ortalama havuz
derinlikleri 0,53-1,59 m, maksimum havuz derinlikleri ise
0,6-2,35 m arasinda degisim gostermistir (Sekil 6b). Soz
konusu akarsudaki su diisiileri ve dalma havuzlarinin GPS
konumlart mevcu degildir; fakat izleme c¢alismasi yapilan
dalma havuzunun boyutlar1 Sekil 5’de sunulmustur.

Aciklamalar

:Golgeleneme

*70 :Derinlik

3. Havucuk

10. Havuzcuk

Sekil 5. Su diistimii-havuz morfolojilerine 6rnekler. 3 ve 10 nolu havuzlarin
ustten goériniimi. Biitiin oOlgiiler santimetre cinsindendir ve noktayla
gosterilen degeler su derinliklerini gostermektedir. Tarali alanlar nehir
kiy1s1 bitki ortiisii tarafindan golgelenen alanlar gostermektedir.

Figure 5. Examples of water fall-pool morphologies. Top view of pools 3
and 10. All measurements are in centimeters and dotted values indicate
water depths. Shaded areas indicate areas shaded by riparian vegetation.

Olgiimlerin gerceklestirildigi tarihlerdeki akim
karakteristikleri Tablo 2’de sunulmustur. Tabloda, Ta, Ty,
and Tgq sirasiyla hava sicakligini, havuz girisindeki suyun
sicakligini  ve  havuz  ¢ikisindaki  su  sicakligini
gostermektedir; Cs, Cy, and Cqy sirasiyla, doygun CO
degerini, havuz girisindeki CO konsantrasyonunu, havuz
¢ikisindaki  CO  konsantrasyonunu Q  debiyi
gostermektedir. Tablo 2’deki degerler incelendiginde akarsu

Ve
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sicakliginin genelde hava sicakligini mevsimsel olarak takip ¢coziinmiis oksijen konsantrasyonu tam doygun haldedir.
ettigi goriilmektedir. Akarsuda su olduk¢a tiirbiilansl Dolayisiyla  havuzcugun giris ve c¢ikisinda CO
aktigindan ve akarsuya bir kirletici karigmadigindan, suyun konsantrasyonlar1 arasinda bir degisim gbzlenmemistir.

Tablo 1. Harmankaya Deresi’nde tespit edilen su diisiimii-havuzlarin fiziksel 6zellikleri.

Table 1. The physical properties of the water drop-pools detected in Harmankaya Stream.
Kaynaga olana mesafe (m) Rakim (m)  Diigiim Yiiksekligi (m)  Diisiimiin egimi (derece) Uzunluk (m) ~ Maksimum genislik (m)  Ortalama derinlik (m) Maksimum derinlik

(m)
1 2251 378 25 30 13,85 8,85 0,86 15
2 2197 375 11 90 12,4 55 0,53 08
3 2433 373 7 90 15,4 17,4 1,59 2,55
4 2532 365 3,25 90 15,3 13 0,82 1,2
5 2607 327 35 45 18,1 3,9 0,41 0,6
6 2644 321 21 90 165 425 0,65 14
7 2677 319 11 90 11,7 17,75 12 22
8 2776 315 2,9 90 16 21,6 1,13 2,1
9 2862 312 0,7 90 5,65 14 0,93 1,75
10 2867 292 45 50 119 191 0,97 175
11 2960 287 14 90 9,7 138 0,95 1,45
12 3441 266 2 90 10 6 0,39 0.75
13 3652 255 15 90 57 11,6 0,93 1,7
14 3725 251 21 80 10,4 7 0,69 1
15 4162 220 20 90 9.1 6,1 0,85 2,35
16 4291 162 15 90 23 2,3 1,24 2,3
17 4481 135 2,8 45 27 7,7 1,14 2,5
18 4623 130 1 45 123 135 0,88 2
19 4700 129 45 65 6,16 116 0,98 21
20 4764 124 2,15 80 13,1 11,7 0,97 1
21 4827 122 2,3 90 10,4 15,9 1,68 34
22 5075 100 107 90 48 191 1,03 1,65
Jacoby, 2004) degerinin olduk¢a yukarisindadir (Sekil 9).
10 N\ . . [ . - . . . R
(@ Olgilimlerin isaret ettigi bir diger 6nemli sonug ise, biitiin
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a .0 1
Tablo 2. Harmankaya deresi 7. havuzda 6l¢tim yapilan tarihlerdeki akim
2 B ) B kosullari.
D Table 2. Flow conditions in Harmankaya Stream 7th pool at the time of
o L . measurement,
<1 1-2 2.3 3.4 4-5 25 Tarih T.(C) _ Co(mgll) Q(Ls) _ Cu(Mg/L, Tws (°C) _ Ca(Mg/L) Tua (°C)
Distim Yiiksekligi (m) 24042004 115 10,35 58 1032 108 1059 105
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o ortalama ®) 09.07.2004 25 8,61 8,2 89 255 915 19
— = Makeimam 09.07.2004 213 8,75 8,2 792 2 8,1 202
19.08.2004 205 9 11,12 932 179 942 177
8 02002004 192 8,79 8,9 9 16,8 907 167
02.09.2004 23 8,28 8,9 84 199 8,8 188
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Sekil 6. Harmankaya Deresi’ndeki su diisiimii-havuz yapilarinin diigtim 160 L ® ' a '
yiiksekligi ve havuz derinligi ilgili histogramlar. 10 10.5 0 11.5 12
Figure 6. Histograms of the water drop-fall height and pool depth of the v
pool structures in Harmankaya Stream. GO (mglL)
8.5 9 9.5 10
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. . . oo AT A
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konsantrasyonunun %6,5’a diigmesine yol agmstir (Sekil .
Tw (°C)
7)' Sekil 8. Yaz doneminde 7. havuzdaki CO ve T, nin derinlik boyunca
Sonbahar déneminde, su sicakliginin diismesiyle, farkh bolgelerde degisimi.

Figure 8. Variation of DO and Tw in pool 7 in different regions along the

CO seviyesi artis egilimindedir ve baliklarin yasamlarin depth during the summer period.

devam ettirmeleri i¢in gerekli olan CO > 5 mg/L (Welch &
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Sekil 9. Sonbahar déneminde 7. havuzdaki CO ve T, nin derinlik boyunca farkli bolgelerde degisimi.
Figure 9. Variation of DO and Tw in pool 7 in different regions along the depth in the autumn period.

7. havuzun havalandirma verimliligi Avery &
Novak, (1978) ve Nakasone, (1987) formiilleri kullanilarak
farkli debilerde Cy=0 oldugu durum i¢in tahmin edilmeye
calistimustir (Sekil 10). Tki formiil sonuglarinda onemli
farkliliklar oldugu goriilmektedir. 130 L/s debiye kadar iki
formiil birbirine ters gidis sergilemistir ve bu degerden
sonra uyum sergilemiglerdir. Avery & Novak, (1978)
formiiliine gore en biiyiik oksijen kazanimini 8,2 mg/L’le
Q=1 L/s’de saglamig; buna karsin Nakasone, (1987)
formiilinde en biiyiikk oksijen kazanimim 6,9 mg/L’le
Q=130 L/s’de saglamistir. Havuzcugun boyutlar1 dikkate
alindiginda, Nakasone, (1987) formiilii dag akarsularindaki
su diisiimlerinin havalandirma verimliligini daha tutarli
tahmin ettigi ¢ikarimi yapilmigtir. Ayrica, Van der Kroon
& Scharm, (1969) bir savaktaki su diisiimiinii bolerek
parcalara ayirmanin daha etkin bir havalandirma sagladigi
Onerilmigtir. Bu tasarim Onerisi, Nakasone, (1987) ve
Wormleaton &  Tasang,  (2000)
dogrulanmigtir. Bu tip parcalara bdliinmiis dogal
savaklanmalar Harmankaya Akarsuyunda da gozlenmistir
(Sekil 11).

10.0

sonuglariyla

l <o Awery ve Novak (1978) A Nakasone (1987) l

2 so
E ¢ a
E 60 <& A A N
c b:e o Aa
< <
N LN N
S 40 a PN A
5 A MRS
[Z]
X 20
o

0.0

1 10 100 1000 10000
Q (L/s)

Sekil 10. Avery & Novak, (1978) ve Nakasone, (1987) formiilleriyle 7.
havuzdaki havalandirma verimliliginin debinin fonksiyonu olarak tahmin
edilmesi: h=1,4m, d,=1,5m, B =2 m (nap genisligi), T, =20 °C, C,
=0mg/L, and C; = 9,05 mg/L.

Figure 10. Estimation of aeration efficiency in pool 7 as a function of
flow rate using the formulas of Avery & Novak, (1978) and Nakasone,
(1987): h=1.4m, dp = 1.5 m, B=2 m (nap width) , Tw=20°C, Cu=0
mg/L, and Cs = 9.05 mg/L.
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Sekil 11. Harmankaya Deresi’nde ii¢ kisma bolinmiis bir dogal
savaklanmadan 6rnek.

Figure 11. Example of a natural spillway divided into three sections on
Harmankaya Stream.

SONUCLAR VE ONERILER

Sahada gergeklestirilen izleme ¢alismalarinda dag
akarsuyu havuzunda ¢Oziinmiis oksijen
konsantrasyonunun su sicakligina bagli mevsimsel bir
bagimliligt oldugu ortaya konmustur. CO seviyeleri her
mevsimde havuz yiizeyinden havuz tabanina dogru asagi
yonlii bir egilim gostermistir. Veriler, o6zellikle yaz
mevsiminde nehir kenar1 bitki
sicakligina ve ¢oziinmiis oksijen seviyelerine olan etkisi
acisindan 6nemli roliinii ortaya koymustur. Havuz giines
1s18ina maruz  kaldiginda derinlik  boyunca termal
tabakalasma meydana geldigi ortaya konmustur. Ayrica,

Ortiistinin  havuzun

iyi golgelinmis alanin, golgelik ortlisii nedeniyle su
disimii ¢arpma alanma kiyasla daha diisiik derecede
termal tabakalagsma oldugu gosterilmistir.  Nakasone
(1987) ampirik formiiliiniin, diger ampirik formiillerinle
kiyasla bir dag akarsuyu dalma havuzu havalandirma
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performansini tahmin etmek icin daha uygun sonuglar
verdigi degerlendirilmistir.
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Abstract: In this study, a total of 366 samples were collected and 30 of them belonged to Sardina
pilchardus, 54 of Engraulis encrasicolus, 30 of Belone svetovidovi, 18 of Caranx rhonchus, 12
of Trachurus mediterraneus, 10 of Trachurus trachurus, 21 of Mullus Barbatus, 30 of Mullus
surmuletus, 30 of Boopss boops, 35 of Oblada melanura, 46 of Scomber colias, 22 of Scomber
scombrus and 28 of Solea solea, were obtained by commercial fishermen in the lzmir Bay
(Aegean sea coast of Turkey) during period of 2020 and 2021 fishing season.
*Corresponding author’s: Negative allometry was determined for Caranx rhonchus, Scomber colias and Solea
gm‘ AVDIN UNCUNMUBSAOELY solea while positive allometry was present for Engraulis encrasicolus and the remaining 9 fish

epartment of Environmental Engineering, . ) .
Faculty of Engineering, Giresun University, species have isometric growth.
TR ALY, Ve . The results indicated further that the length-length relationships were highly correlated
DX}: arzu.a.uncumusaoglu@gmail.com . .

for all examined fish species (r*>>0.900, P<0.05).

*UE: https://orcid.org/0000-0002-9676-7737
: https://orcid.org/0000-0003-2807-7512

Keywords: Fishes, length-weight relationship, length-length relationship, izmir bay, aegean sea.

Izmir Korfezi'nde (Tiirkiye'nin Ege Denizi Kiyis1) Bashica Ticari Balik Tiirlerinin
Boy-Agirlik ve Boy-Boy iliskileri / 2020-2021 Av Sezonu

Oz: Bu calismada 30’u Sardina pilchardus, 54’ Engraulis encrasicolus, 30’u Belone
svetovidovi, 18’i Caranx rhonchus, 12°si Trachurus mediterraneus, 10’u Trachurus trachurus,
21’1 Mullus Barbatus, 30’u Mullus surmuletus, 30’u Boopss boops, 35’i Oblada melanura, 46’s1
Scomber colias, 22’si Scomber scombrus ve 28’1 Solea solea olmak iizere toplam 366 adet 6rnek
2020-2021 balikgilik sezonunda Izmir Kérfezi (Tiirkiye’nin Ege Denizi kiyilar1)’nde avlanan
*Sorumlu yazar: .. e .
Arzu AYDIN UNCUMUSAOGLU ticari balik¢ilardan elde edilmistir.
Cevre Miihendisligi Boliimii, Miihendislik Caranx rhonchus, Scomber colias ve Solea solea i¢in negatif allometri belirlenirken,
Fakiiltesi, Giresun Universitesi, Giresun Engraulis encrasicolus i¢in pozitif allometri ve diger 9 balik tiirii isometrik biiyiime saptanmustir.
28200, Tiirkiye . .. Lo ST A .
P . Sonuglar ayrica incelenen tiim balik tiirleri i¢in boy-boy iliskilerinin yiiksek diizeyde
: arzu.a.uncumusaoglu@gmail.com e . o . ..
iliskili oldugunu gostermistir (r>>0,900, P<0,05).

Anahtar kelimeler: Baliklar, boy-agirlik iliskisi, boy-boy iliskisi, izmir korfezi, ege denizi.

INTRODUCTION regression analysis (Le Cren, 1951). Length-weight
relationships (LWRs) have been commonly used by fisheries

The length-weight relationship (LWR) in fish is managers and aquatic biologists to appraise the fish stocks,
described by the power function W = aL®, where W is the fisheries ecology and the population dynamics in aquatic

weight, L is length and a and b are the species-specific ecosystems. and semi-controlled aquatic environments
parameters of the function, which can be estimated by
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(Ricker, 1968). The length-weight relationships help
evaluate the condition, reproduction history, life cycle and
the general health of fish species (Pauly, 1993) and are useful
in local and interregional morphological and life historical
comparisons in species and populations. Also the
productivity level and ecological health of aquatic
ecosystems could be assessed via length-weight models
(Deekae & Abowei, 2010). These models help to evaluate
the well-being and the growth patterns of fishes (Muchlisin
et al., 2010; Ndiaye et al., 2015).

In fisheries studies, fish length can often be
measured more rapidly and easily than mass.The knowledge
of the length-weight relationship makes it easier to
determine the mass where only the length is known. In the
field, the tail fin are often cut which makes it difficult to
measure the total length accurately. Knowing the standard
length will enable us figure out the total length.

The length-weight relationships of the fish
populations which examined this research were described by
previous studies both in Turkish seas and in other localities
(Torres et al., 2012; Daley, 2018; Froese & Pauly, 2022).

However, the length-weight parameters of the same
species may be different in the population because of
feeding, reproduction activities and fishing etc. Therefore we
need to know length-weight relationships of fish which are
captured in a given place in a certain period of time. The
present study provides information on the length-weight and
length-length relationships of 13 fish species, including
some commercially important, found in Izmir Bay (central
Aegean Sea of Turkey) in 2020 and 2021. The spesies
studied are Sardina pilchardus, Engraulis encrasicolus,
Belone svetovidovi, Caranx rhonchus, Trachurus
mediterraneus, Trachurus trachurus, Mullus barbatus,
Mullus surmuletus, Boops boops, Oblada melanura,
Scomber colias, Scomber scombrus and Solea solea.

MATERIALS AND METHODS

In this study, 366 specimens were obtained from
commercial fishermen in the Izmir Bay (central Aegean Sea
of Turkey) between 2020 and 2021. Izmir Bay has a great
ecological and economic importance of many fish species in
the Aegean Sea coast of Turkey. Total length (TL), fork
length (FL) and standart length (SL) of all individuals was
measured using a 0.1 cm class interval and a total weight (W)
of each specimen was measured to the nearest 0.01 g. Total
length of all specimens was used in order to calculate the
length-weight relationship (LWR), which was calculated by
log transformed data log: W = log a + b log L where. (W) is
the total weight (g), (L) is the total length (cm), (a) the
intercept and (b) the slope or allometric coefficient (Ricker,
199). The statistical significance level of »? was estimated by
linear regressions on the transformed equation. Allometric
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coefficient (b) larger or smaller than 3.0 shows an allometric
growth (Bagenal and Tesch, 1978). Value b is > 3 and it can
be said to have a positive allometric growth. However, b<3
showed a negative allometric growth or isometric growth
when equal to 3.0.

Moreover, (1) TL vs FL; (2) FL vs SL; and (3) SL
vs TL relationships were calculated by linear regressions.
Length-length relationship (LLR) was measured as TL =a +
bSL equations to standardize the length values used in other
studies.

In order to test for likely significant differences in
both slope and intercept, covariance analysis was performed.
All statistical analyses were evaluated at p<0.05 significance
level.

RESULTS

Fish from 13 species from 8 families and five orders
were analyzed in present study. All examined individuals of
Sardina pilchardus showed length group values of 11.1-15.0
cm. Mean total length and weight values of the species were
12.240.15 cm and 13.9+0.59 g, respectively. Total length-
weight relationship was found W = 0.0054*TL3%7 (12 =
0.904) with an isometric growth. 54 individuals of Engraulis
encrasicolus species exhibited minimum maximum length
range of 9.2-11.0 cm. Its mean total length and weight values
were 10.2+0.09 cm and 13.9+0.59 g, respectively. Total
length and weight relationship was W = 0.0011*TL3726 (r2=
0.886) with a positive allometric growth. 30 individuals of
Belone svetovidovi had a minimum maximum length range
of 28.8-36.7 cm. Its mean total length and weight values
were 33.1+0.42 cm and 38.5+1.73 g, respectively. Total
length weight relationship was W = 0.0003*TL33% (r2 =
0.849) with an isometric growth. 18 individuals of Caranx
rhonchus had a minimum maximum length range of 13.5-
18.1 cm. Its mean total length and weight values were
15.5£0.28 cm and 32.6+1.49 g, respectively. Total length
weight relationship was W = 0.0968*TL?2% (r2 = 0.809) with
a negative allometric growth. 12 individuals of Trachurus
mediterraneus species exhibited minimum maximum length
range of 11.5-17.8 cm. Its mean total length and weight
values were 13.8+0.49 cm and 22.3+2.95 g, respectively.
Total length and weight relationship was W = 0.0038*T L%
(r? = 0.904) with an isometric growth. 10 individuals of
Trachurus trachurus had a minimum maximum length range
of 20.5-24.5 cm. Its mean total length and weight values
were 12.8+0.41 cm and 102.3+4.84 g, respectively. Total
length weight relationship was W = 0.0486*TL24 (r? =
0.816) with an isometric growth. 21 individuals of Mullus
barbatus had a minimum maximum length range of 14.0-
18.8 cm. Its mean total length and weight values were
15.840.26 cm and 42.4+2.12 g, respectively. Total length
weight relationship was W = 0.0177*TL2%% (r> = 0.903) with
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an isometric growth. 30 individuals of Mullus surmuletus
species exhibited minimum maximum length range of 13.0-
15.3 cm. Its mean total length and weight values were
14.240.11 cm and 34.9+0.88 g, respectively. Total length
and weight relationship was W = 0.0094*TL3%% (r2= 0.889)
with an isometric growth. 30 individuals of Boops boops had
a minimum maximum length range of 13.0-19.0 cm. Its
mean total length and weight values were 15.9+0.31 cm and
39.6+2.37 g, respectively. Total length weight relationship
was W = 0.0053*TL32% (r2 = 0.969) with an isometric
growth. 35 individuals of Oblada melanura species
exhibited minimum maximum length range of 19.1-26.0 cm.
Its mean total length and weight values were 22.2+0.29 cm
and 143.6+5.85 g, respectively. Total length and weight
relationship was W = 0.0182*TL289 (r2 = 0.951) with an
isometric growth. 46 individuals of Scomber colias species
exhibited minimum maximum length range of 23.0-30.0 cm.
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Its mean total length and weight values were 26.6+0.31 cm
and 166.8+5.13 g, respectively. Total length and weight
relationship was W = 0.0483*TL2%% (r2 = 0.877) with a
negative allometric growth. 30 individuals of Scomber
scombrus had a minimum maximum length range of 25.5-
31.8 cm. Its mean total length and weight values were
28.2+0.32 cm and 169.8+6.44 g, respectively. Total length
weight relationship was W = 0.0071*TL35(r2 = 0.837) with
an isometric growth. 28 individuals of Solea solea species
exhibited minimum maximum length range of 20.5-24.0 cm.
Its mean total length and weight values were 22.6+0.17 cm
and 98.9£1.85 g, respectively. Total length and weight
relationship was W = 0.0676*TL>*%® (r? = 0.386) with a
negative allometric growth (Table 1).

All LLRs presented in Table 2 were highly
significant (p<0.05), with all coefficient of determination
values being greater than 0.980.

Table 1. Descriptive statistics and estimated parameters of length-weight relationships of main commercial fish species in Izmir Bay (Aegean Sea of Turkey)
from 2020 to 2021 (N: number of individuals, a: intercept, b: slope, r coefficient of determination).

TL range (cm)

W range (g)

Ordo Family Species N (Min.-Max. (Min.-Max. a b SE of b 95% C.I. r t-test  Growth type
Mean + SE) Mean + SE) ofb
Clupeiformes Clupeidae  Sardina pilchardus (Walbaum, 1792) 30 nrso R 00054 3137 0193 27513523 0904  0.710 isometric
Engraulidae  Engraulis encrasicolus (Linnaeus, 1758) 54 ?0221110?19 225021 0.0011 3.726 0.186 3.354-4.098 0.886 3.903* +allometry
Beloniformes Belonidae Belone svetovidovi Collette & Parin, 1970 30 i??j)ﬁjz iggjeé 0.0003 3.356 0.268 2.820-3.892 0.849 1.328 isometric
Perciformes Carangidae  Caranx rhonchus E. Geoffroy Saint-Hilaire, 1877 18 }ggil(?zlg 5;214194{) 0.0968 2.239 0.272 1.695-2.783 0.809 -2.798 -allometry
Trachurus mediterraneus (Steindachner, 1868) 12 %23074% g%jzsgss 00038 3137 0193 27513523 0.904  0.710 isometric
Trachurus trachurus (Linnaeus, 1758) 10 522304451 ;/(3)2131114781 0.0486 2.444 0.410 1.624-3.264 0.816 -1.316 isometric
Mullidee  Mullus barbatus Linnaeus, 1758 21 o Boos 00177 2815 0.212 23913239 0903  -0.873 isometric
Mullus surmuletus Linnaeus, 1758 30 130083 BT 00094  3.098 0.207 2684-3512 0889 0473 isometric
Sparidee  Boops boops (Linnacus. 1758) 30 }23;09301 g:fzsﬁ 00053 3.200 0.109 29913427 0969 1917 isometric
Oblada melanura (Linnaeus, 1758) 35 ;g%izoezog ?2'39_2;253_5‘599 00182 2889 0114 26613117 0951  -0.974 isometric
Scombriformes Scombridae  Scomber colias Gmelin, 1789 4 ;22500301 }22:3;2;?33 00483 2480 0.140 22002760 0877  -3.714 _allometry
Scomber scombrus Linnaeus, 1758 2 By 1207620835 oo 3015 0.297 2421-3600 0837 0051 isometric
Pleuronectiformes  Soleidae  Solea solea (Linnacus, 1758) 28 522304107 Z;g;f;; 00676 1598 0395 08082388 0386  -3.549 _allometry
Total 366

Table 2: Length-length relationships between total length (TL), fork length (FL) and standard length (SL) of main commercial fish species in Izmir Bay
(Aegean Sea of Turkey) from 2020 to 2021 (N: number of individuals, a: intercept, b: slope, r?: coefficient of determination).

Ordo Family Species Equation N a b r
Clupeiformes Clupeidae Sardina pilchardus (Walbaum, 1792) FL=a+bhSL 30 0.4036 1.0144 0.980
TL=a+bFL TL=a+hSL -0.0118 1.1091 0.974
0.3147 1.1366 0.975
Engraulidae Engraulis encrasicolus (Linnaeus, 1758) FL=a+bhSL 54 1.0804 0.9353 0.971
TL=a+bFL TL=a+hSL -0.3269 1.1420 0.956
0.7497 1.0862 0.960
Beloniformes Belonidae Belone svetovidovi Collette & Parin, 1970 FL=a+hSL 30 1.2031 0.9859 0.985
TL=a+bFL TL=a+hSL -0.3253 1.0491 0.991
1.0047 1.0322 0.972
Perciformes Carangidae Caranx rhonchus E. Geoffroy Saint-Hilaire, 1877 FL=a+bhSL 18 0.8571 0.9827 0.983
TL=a+bFL TL=a+hSL 2.3677 0.9684 0.958
2.6798 0.9917 0.903
Trachurus mediterraneus (Steindachner, 1868) FL=a+bhSL 12 0.4775 1.0069 0.997
TL=a+bFL TL=a+hSL -0.3765 1.1496 0.991
0.1460 1.1598 0.991
Trachurus trachurus (Linnaeus, 1758) FL=a+bhSL 10 2.1965 0.9303 0.902
TL=a+bFL TL=a+hSL -0.9895 1.1728 0.985
1.3899 1.1012 0.995
Mullidae Mullus barbatus Linnaeus, 1758 FL=a+hSL 21 -0.4914 1.1250 0.975
TL=a+bFL TL=a+hSL -0.6115 1.1784 0.969
-1.1902 1.3257 0.945
Mullus surmuletus Linnaeus, 1758 FL=a+hSL 30 0.4824 1.0303 0.923
TL=a+bFL TL=a+hSL 1.0182 1.0601 0.938
1.1781 1.1227 0.915
Sparidae Boops boops (Linnaeus, 1758) FL=a+bhSL 30 0.6479 1.0099 0.993
TL=a+bFL TL=a+hSL 0.4236 1.1613 0.989
0.2767 1.1767 0.989
Oblada melanura (Linnaeus, 1758) FL=a+bhSL 35 -0.6765 1.1253 0.971
TL=a+bFL TL=a+bSL 0.7476 11113 0.976
0.2678 1.2654 0.970
Scombriformes Scombridae Scomber colias Gmelin, 1789 FL=a+hSL 46 0.2743 1.0106 0.958
TL=a+bFL TL=a+hSL -1.1094 1.1428 0.927
-1.0425 1.1653 0.975
Scomber scombrus Linnaeus, 1758 FL=a+hSL 22 1.4348 0.9659 0.989
TL=a+bFL TL=a+bSL 3.0606 0.9632 0.959
4.3443 0.9342 0.956
Pleuronectiformes Soleidae Solea solea (Linnaeus, 1758) TL=a+bSL 28 2.2075 1.0209 0.908
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Table 3. LWRs of commercial fish species from different areas (N: number of individuals, a: intercept, b: slope, r coefficient of determination).

Species References Country, Locality N Length range (TL, cm) a b r’ SE of b 95% C.1. of b
Sardina pilchardus Froese and Pauly, 2022 Selected 75 studies 25820 1.7-26.0 0.0057 3.110 - 0.220 2.670-3.550
This study Turkey, Izmir Bay / 2020-2021 30 12.6-28.4 0.0119 3.182 0.972 0.193 2.751-3.523
Engraulis encrasicolus Froese and Pauly, 2022 Selected 93 studies 66420 2.1-20.0 0.0055 3.040 - 0.283 2.474-3.606
This study Turkey, Izmir Bay / 2020-2021 54 9.2-11.0 0.0011 3.726 0.886 0.186 3.354-4.098
Belone svetovidovi Bilge et al., 2014 Tirkey, Southern Agean Sea / 2009-2010 36 28.2-41.8 0.0070 3.117 0.830 0.114 2.889-3.345
This study Turkey, Izmir Bay / 2020-2021 30 28.8-36.7 0.0003 3.356 0.849 0.268 2.820-3.892
Caranx rhonchus Froese and Pauly, 2022 Selected 6 studies 132 7.0-38.0 0.0224 2.790 - 0.195 2.400-3.180
This study Turkey, Izmir Bay / 2020-2021 18 13.5-18.1 0.968 2.239 0.809 0.272 1.695-2.783
Trachurus mediterraneus Froese and Pauly, 2022 Selected 24 studies 7707 3.9-51.0 0.096 2.990 - 0.200 2.590-3.390
This study Turkey, 1zmir Bay / 2020-2021 12 11.5-17.8 0.0038 3.137 0.904 0.193 2.751-3.523
Trachurus trachurus Froese and Pauly, 2022 Selected 60 studies 57916 2.0-46.5 0.0091 2.970 - 0.160 2.650-3.290
This study Turkey, 1zmir Bay / 2020-2021 10 20.5-24.5 0.0486 2.444 0.816 0.410 1.624-3.264
Mullus barbatus Froese and Pauly, 2022 Selected 69 studies 82596 5.0-38.2 0.0085 3.120 0.156 2.808-3.432
This study Turkey, 1zmir Bay / 2020-2021 21 14.0-18.8 0.0177 2.815 0.903 0.212 2.391-3.239
Mullus surmuletus Froese and Pauly, 2022 Selected 75 studies 23719 4.4-46.5 0.0083 3.160 0.165 2.830-3.490
This study Turkey, Izmir Bay / 2020-2021 30 13.0-15.3 0.0094 3.098 0.889 0.207 2.684-3.512
Boops boops Froese and Pauly, 2022 Selected 37 studies 7182 3.7-40.0 0.0087 3.060 0.158 2.744-3.376
This study Turkey, Izmir Bay / 2020-2021 30 13.0-19.0 0.0053 3.209 0.969 0.109 2.991-3.427
Oblada melanura Froese and Pauly, 2022 Selected 14 studies 6868 8.0-36.6 0.0098 3.090 0.265 2.560-3.620
This study Turkey, Izmir Bay / 2020-2021 35 19.1-26.0 0.0182 2.889 0.951 0.114 2.661-3.117
Scomber colias Daley, 2018 Northwest Atlantic 1136 22.4-38.6 0.0258 2.720 - 0.070 2.580-2.860
Torres et al., 2012 Spain, Gulf of Cadiz 1307 9.0-35.1 0.0510 3.131 0.940 - -
This study Turkey, Izmir Bay / 2020-2021 46 23.0-30.0 0.0483 2.480 0.877 0.140 2.200-2.760
Scomber scombrus Froese and Pauly, 2022 Selected 35 studies 51608 7.5-47.5 0.0035 3.250 - 0.280 2.690-3.810
This study Turkey, Izmir Bay / 2020-2021 22 25.5-31.8 0.0071 3.015 0.837 0.297 2.421-3.609
Solea solea Froese and Pauly, 2022 Selected 25 studies 16855 3.0-59.0 0.0068 3.100 - 0.258 2.584-3.616
This study Turkey, Izmir Bay / 2020-2021 28 20.5-24.0 0.0676 1.598 0.386 0.395 0.808-2.388

DISCUSSION AND CONCLUSION

In the present study, 366 individuals belonging to
eight fish family species were examined. Studies
previously made on length- weight relationship for 13
species examined in the present study are shown in Table
3.

Type of growth in fish (parameter b of LWR)
normally tends to isometry, in the majority of species, fall
between 2.5 and 3.5 (Froese, 2006) or 2 to 4 (Tesch, 1971).
In this study, b values of the studied fish species were
within these expected ranges.

Normally the differences in LWR parameters
between different studies are related to different
environmental and biological factors (Torres et al., 2012),
spatial variation (Sparre et al., 1989), due to the influence
of water quality or food availability on fish growth
(Mommsen, 1998), photoperiodism and water temperature
(Schultz and Conover, 1997), and also to the characteristics
of the sampling, e.g., size ranges, number of individuals
sampled, etc. (Torres et al., 2012). Such differences in
values b can be ascribed to one or a combination of most
of the factors including differences in the number of
specimens examined area/season effects and distinctions in
the observed length ranges of the specimens caught to
which duration of sample collection can be added as well
(Moutopoulos and Stergiou. 2002). Furthermore. the
degree of sexual maturity, diet, fullness or emptying gut
and sampling techniques, number and duration of sampling
can affect its value (Wootton, 2003; Eagderi et al., 2020).

In conclusion, this study provided new
information about LWRs and LLRs for 13 commercial
important fish species from Izmir Bay (central Aegean Sea
of Turkey) of 2020-2021 fishing season, Trachurus
trachurus of which is included in vulnerable category by
International Union for Conservation of Nature (IUCN) is
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expected to be of great contribution to fisheries
management studies in future. Also added further data to
those previously reported species, which will be helpful in
biological studies. It is hoped that the present study leads
to an improved knowledge and better understanding of the
central Aegean Sea fish community.
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