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Affiliations ABSTRACT

"Faculty of Fisheries, Van Yiiziinci Yil
University, Van, TURKEY

The information on maximum length, weight, and age of living things within
an ecosystem are necessary for population dynamics and stock assessment

Keywords studies. In this connection, a single specimen of Boops boops with 32.6 cm
Bogue in total length and 375.00 g in total weight was caught off Gokgeada Island
Boops boops (Northern Aegean Sea, Turkey) with gill nets by commercial fisherman on 20
Maximum size May 2017. This size has been recorded as the maximum length of the species
Gokceada for the Northern Aegean Cost of Turkey.

Turkey

Gokceada civarinda (Kuzey Ege Denizi, Tiirkiye) yakalanan Kupes Baliginin
(Boops boops Linnaeus, 1758) maksimum boy kaydi

OZET

Anahtar Kelimeler
Kupes

Boops boops
Maksimum boy
Gokgeada

Tarkiye

Giris

Sparidae familyasina ait olan kupes balgi (Boops
boops Linnaeus, 1758) Akdeniz havzasinin tim
kiyllarinda dagilim gdésteren, cesitli dip yapisina
sahip yerlerde yasayan, semipelajik veya demersal
bir tirdir (Bauchot ve Hureau, 1986). Juvenil
bireylerinin genellikle karnivor, ergin bireylerinin
ise herbivor olduklari belirtiimekle beraber kupes
baliginin protogynous 6zellige sahip oldugu ve
Akdeniz havzasi icin disilerin 1 yasinda eseysel
olgunluga ulastigi ifade edilmektedir (Manasirh ve
ark., 2006). Tum denizlerimizde dagilim gésterdigi
bilinen (Fricke ve ark., 2007) bu tir, bilhassa,
kis aylarinda Yunanistan ve italya gibi Avrupa
Ulkelerine ihrag edildigi igin ekonomik dneme sahip

T
iz, 0 . Maximum size record of Bogue (Bogps boops Linnaeus, 1758) caught around Gokgeada Island (Northern

Bir ekosistem icindeki canlilarin maksimum boy, agirlik ve yas ile ilgili bilgileri
populasyon dinamigi ve stok degerlendirme calismalari igcin gereklidir. Bu
baglamda, 32,6 cm total boya ve 375,00 gr agirhiga sahip bir adet kupes baligi
(Boops boops Linnaeus, 1758) 20 Mayis 2017 tarihinde Goékgeada aciklarinda
ticari balikcilar tarafindan uzatma aglan ile yakalanmistir. Bu boy, Tirkiye'nin
Kuzey Ege kiyilari igin tlriin maksimum uzunlugu olarak kaydedilmistir.

olup Kuzey Ege kiyilarinda olta, uzatma agi ve girgir
aglariyla avciligi yapilmaktadir (Cengiz ve ark.,
2013). Ticari agidan olduk¢a dnemli olmasindan
dolayl, hem Ulkemiz sularinda (Manasirli ve ark.,
2006; Bilge, 2008; Karakulak ve Erk, 2008; Cengiz
ve ark., 2013; Cengiz ve ark., 2014; Andsoy, 2015;
Kara ve Bayhan, 2015; Soykan ve ark., 2015;
ilkyaz ve ark., 2017; Cengiz ve ark., 2019a) hem
de dinyada (Gordo, 1996; Alegria Hernandez,
1989; Tsangridis ve Filippousis, 1991; Kallianiotis,
1992; Allam, 2003; Khemiri ve ark., 2005; Bottari
ve ark., 2014; Layachi ve ark., 2015; Kherraz ve
ark., 2016) tlrin populasyon yapisi ve avciligi ile
ilgili cok sayida arastirma mevcuttur.

Aegean Sea, Turkey). Marine and Life Sciences, 3(1): 1-6. (In Turkish)
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Maksimum boy ve agirlk degerleri, balikcilik
yonetimi acisindan oldukca 6nemli parametrelerdir
(Dul¢i¢ ve Soldo, 2005). Bu parametreler, dogrudan
ya da dolayl olarak, stok tayini ¢alismalarinin
cogunda kullanildiklarn igin, 6zellikle, ticari olarak
sOmurilen balik tirlerinde maksimum boy ve agirlik
degerlerinin glincellenmesi her gegen giin dnem
kazanmaktadir (Borges, 2001). Bu sebeplerden
dolayi, biyolojik fonksiyonlar bulylklige 6zgu
(Peters, 1983) oldugu icin bir populasyondaki
baliklarin maksimum by UkIiginin dogru élgcimi
bu cesit calismalar yapanlar icin son derece 6nem
tasimaktadir. Ornegin, bir canlinin metabolik hizi
vicut buyUkligua ile ters orantill olmasina ragmen
toplam gida tiketimi vicut biyUkligu ile dogru
orantilidir. ilk yumurtadan gikma boyu, ilk reme
boyu ve yasam slresi baliklarin maksimum
boyuyla dogrudan iliskilidir (Freedman ve Noakes,
2002; Van der Veer ve ark., 2003). Bu bilgilere
ilaveten, maksimum boy ve agirlik ile ilgili degerler,
Von Bertalanffy ve Gompertz blylime modelleri
gibi birgok balkgilik modeli icin 6nemli bir
bilesendir (Quinn ve Deriso, 1999). Kanitlanan boy,
Tarkiye’nin Kuzey Ege kiyilar icin kupes baliginin
en blyuk boy kaydidir.

Materyal ve Yontem

Tarkiye’nin Kuzey Ege kiyllari Saros Korfezi,
Gelibolu Yarimadasi, Godkceada, Bozcaada
ve Edremit Korfezi olmak lzere 5 alt bdlgeye
ayrilmaktadir (Cengiz ve Parug, 2020). Canakkale
BogazI’'ndan yuzey akinti yardimiyla Ege Denizi’ne
akan ve besleyici elementler, oksijen ve plankton
agisindan zengin olan Karadeniz sulari, 6zellikle,
Kuzey Ege Denizi’'ndeki balik faunasini olumlu
yonde etkileyen etmenlerden birisidir (Cengiz
ve ark., 2012). Kuzey Ege Denizi uzun bir kita
sahanligina, gamurlu ve kumlu duiz bir dip yapisina
ve daha fazla miktarda besleyici elementlere
sahiptir (Maravelias ve Papaconstantinou, 2006) ve
Guney Ege Denizi ile kiyaslandiginda fitoplankton
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Sekil 1. Tirkiye’nin Kuzey Ege kiyilari ve Gokgeada
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ve zooplankton agisindan ¢ok daha zengindir
(Theocharis ve ark., 1999). Bu sebeplerden
dolayr Goékgeada (Sekil 1) tir acisindan cesitlilik
sergiledigi icin (Keskin ve Unsal, 1998; Karakulak
ve ark., 2006; Altin ve ark., 2015) 6nemli bir
balik¢ilik sahasi olarak kabul edilebilir.

Birey, 20 Mayis 2017 tarihinde Gokgeada
aciklarinda (Sekil 1) ticari balikgilar tarafindan
uzatma aglan ile yakalanmis, Mater ve ark.
(2009) gore tanimlandiktan sonra bilimsel ismi
FishBase’de (Froese ve Pauly, 2019) kontrol
edilmistir. Toplam uzunluk, agiz kapatildiginda
balik kafasinin én ucu ile kuyruk ylizgecinin en
uzun I1sininin ug noktasi arasindaki uzunluk olarak
ifade edilir (Anderson ve Gutreuter, 1983). Elde
edilen bireyin boyu + 1 mm, vicut agirigi = 0.01 g
hassasiyette dlciimustr.

Sonug¢

Gokgeada aciklarindan avlanan kupes balgi 32,6
cm total boya ve 375,00 gr agiriga sahip olup
(Sekil 2), Tuarkiye’nin Kuzey Ege kiyilari icin kupes
baliginin maksimum boy ve agirlik degerlerinin
karsilastirilmasi Tablo 1’de sunulmaktadir.

Sekil 2. 32,6 cm total boya ve 375,00 gr toplam adirhga
sahip kupes baligi

Herhangi bir ekosistem igindeki bir balk
populasyonu asiri avciiga maruz kalirsa, balik
boylari zaman igerisinde kademeli olarak azalir.
Bundan dolayl, ancak asiri avciiga maruz
kalmayan bireyler bu cesit bir boya ulasabilir. ilave
olarak, baliklarin beslenme faaliyetleri ve buna
bagli olarak ortamdaki besin bollugu; sicaklik,
oksijen, tuzluluk, kirlilik gibi parametre degerleri;
predatoérlerin varligi ve tlrler arasindaki av-avci
iliskisinin roli bu cesit boya ulasmayi etkileyen,
diger bir 6nemli unsurlardir (Helfman ve ark.
2009; Acarli ve ark., 2018). Bu bilgiler 1siginda bu
degerlerin asin avcilik faaliyetlerine ve cevresel
sartlara bagh oldugu sonucu ortaya ¢ikmaktadir.
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Tablo 1. Tiirkiye’nin Kuzey Ege kiyilar igin kupes baliginin phycis (Filiz ve Sevingel, 2014); Pomatomus
maksimum boy ve agirlik dederlerinin karsilastiriimasi saltatrix (Cengiz, 2014; Bal ve ark., 2018); Sardina
Arastirmaci(lar) Bolge N L _em W (@0 pilchardus (Cengiz ve Sepil, 2018); Sarpa salpa
Kara,kulak —— ok o (Cengiz, 2020b); Sciaena umbra (Cengiz ve ark.,
(o00p)  Gokceada 518 32,1 - 2019d); Scomber japonicus (Cengiz, 2020c);
ismen ve ark. Saros 189 220 5100 Scomber scombrus (Cengiz, 2020d); Siganus
(2007) Korfezi ’ ’ rivulatus (Soykan ve ark., 2021); Solea solea

_ Edremit (Cengiz, 2018a); Sparisoma cretense (Filiz ve
Bilge (2008) Korfezi 1190 28/ 237,55 Sevingel, 2015); Sparus aurata (Aydin, 2018b;
Gakar ve ark. Edremit a0 291 111.60 Cengiz, 2018b); Spicara maena (Cengiz, 2020e);
(2008) Korfezi ’ ’ Sponayliosoma cantharus (Cengiz, 2018c);

Karakulak ve Erk Gokceada 428 263 i Stephanolepis diaspros (Akyol ve ark., 2018;
(2008) ’ Metin ve Akyol, 2021); Symphodus melops (Aydin,
Cengiz ve ark. Gelibolu 504 270 2020); Umbrina cirrosa (Aydin ve Soézer, 2020;
(2013) Yanmadasi ' Aydin, 2021; Cengiz ve Parug, 2021) konunun son

Andsoy (2015) Eggg;‘lt 389 23.9 154,39 derece dnemli oldugunu ortaya koymaktadir.
ey ke %8 278 25963 Sonug
Bu galisma Gokceada 1 326 375,00 Sonug olarak, bu calismada Tarkiye’nin Kuzey
Ege kiyilari icin kupes baliginin yeni maksimum
Ulkemiz sularinda bu cesit calismalarin her gecen boy ve agirlk degerleri ile ilgili veriler literatire
gun sayisinin artmasi [(A/ectis alexandrina (Akyol kazandirimis olmakla beraber, tirle alakali
ve Coker, 2019); Argyrosomus regius (Tokag ve calismalarda bilim insanlarinin  bu verilerden
ark., 2017); Balistes capriscus (Cerim ve ark., faydalanabilece@i umulmaktadir.

2021); Belone belone (Acarli ve ark., 2018); Boops .
boops (Ceyhan ve ark., 2018); Chelidonichthys Tesekkur
lucerna (Akyol, 2013; Hasimoglu ve ark., 2016;
Ozdemir ve ark., 2019); Djplodus annularis (Cengiz
ve ark., 2019b); Diplodus puntazzo (Aydin, 2019;

Yazar yardimlarindan dolayr ticari balikgilara
tesekklrl borg bilir.

Cengiz, 2019a); Diplodus sargus (Parug ve ETIK STANDARTLARA UYUM
Cengiz, 2020a); Diplodus vulgaris (Cengiz ve ark., Cikar Catismasi

2019c); Gonostoma denudatum (Ayas ve ark.,
2020); Fistularia commersonii (Kog ve ark., 2019);
Lithognatus mormyrus (Aydin, 2018a; Cengiz,
2019b); Mullus barbatus (Filiz, 2011); Mullus Etik Onay

surmuletus (Cengiz, 2019c); Oblada melanura Yazar bu tiir bir calisma igin resmi etik kurul onayinin gerekli
(Akyol ve ark., 2014; Cengiz, 2020a); Pagellus olmadigini bildirmektedir.

bogaraveo (Parug ve Cengiz, 2020b); Phycis

Yazar herhangi bir cikar catismasi olmadigini deklare
etmektedir.
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In this study, bacteriological pollution of Ceyhan River flowing into Iskenderun
Bay (Northeast Mediterranean) and antibiotic resistance of Gram (+) and Gram (-)
bacteria were investigated. Water samples were collected from May 2014 to April
2015 in monthly periods and 222 Gram (-) and 74 Gram (+) bacteria were isolated
from collected water samples. The isolates were contained 8 different species
(Acinetobacter baumannii, Enterococcus faecalis, Escherichia coli, Klebsiella
pneumoniae, Proteus vulgaris, Pseudomonas aeruginosa, Staphylococcus
aureus, Staphylococcus epidermidls) which have been identified with Vitek Il
automated culture system. Microorganism susceptibility tests were performed
in accordance with CLSI (Clinical and Laboratory Standards Institute, 2015)
criteria. Resistance of the isolates to 15 different antibiotics (Amikacin,
Meropenem, Levofloxacin, Imipenem, Piperacillin, Gentamycin, Cefepime,
Ceftazidime Penicillin, Oxacillin, Clindamycin, Erythromycin, Ciprofloxacin,
Vancomycin, Rifampin) was investigated. The highest antibiotic resistance was
found in E. faecalis with 37% against Penicillin antibiotics. No resistance to
vancomycin antibiotics has been observed. It was concluded that the Ceyhan
River was exposed to fecal bacterial contamination, and it was revealed that
this situation would adversely affect both the ecosystem and human health.
Measures to protect and improve the ecological and microbiological qualities
of rivers and lakes are key to preserving the quality and quantity of water
resources for the future.

Keywords

Ceyhan River
Bacterial pollution
Antibiotic resistance

Introduction ecosystem and agricultural activities as well as
public health (Noori et al., 2018; GUmus et al.,
2021). Water resources used for drinking and
household usage should be adequate amount
with appropriate chemical and bacteriological

characteristics (GUmus et al., 2013).

Streams are ecosystems that are primarily
affected by environmental pollution. Pollutants
originating from agricultural, domestic and
industrial activities are first introduced into
surface waters. When human populations were

low, waste materials mixed with streams could A Dbacteriological analysis is based on the

be diluted and disintegrated naturally in a short
distance. However, with the industrialization and
rapid increase in the population that came with
development, industrial and domestic wastes
also increased and rivers became unable to clean
themselves. Quality of surface waters such as
lakes, streams, dams and agricultural waters is
very important for the continuity of the aquatic

T —

presence of coliform bacteria. For example, £
colj, a coliform bacterium, is used as an indicator
in the bacteriological analysis. Although E. colf
is not a pathogenic microorganism, its presence
is important for health as it may represent
presence of fecal or orally transmitted disease
agents. If sewage water is dumped into lakes or
rivers without any prior treatment, it causes the

Bigkicl, E. & Eken, M. (2021). Investigation of bacterial pollution in Ceyhan River (Turkey) and the resistance levels of Gram (+)

and Gram (-) bacteria to antibiotics. Marine and Life Sciences, 3(1): 7-14.
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transmission of pathogenic microbes to humans
(Unat, 1997).

Accordingtothereportsfromrelevantorganizations
such as the United Nations and UNESCO,
approximately eighty countries, including forty
percent of the world's population, are already
suffering from water shortages. For this reason, it
is vital to evaluate the water resources very well,
to prevent the pollution of the river resources by
wastewater, and conscious water management
and precautions to be taken without disturbing the
quality of life.

The Ceyhan River is an important stream that is
exposed to wastes from industrial activities, septic
tanks from rural areas, domestic wastewaters from
settlements, pesticides and artificial fertilizers
used in agricultural areas, leachate from solid
waste storage facilities, wastes from cattle, and
ovine livestock. Wastewater from the settlements
is mostly collected by the sewerage system and
discharged without adequate treatment. In this
study, bacterial species causing microbiological
pollution (along with antibiotic resistance of these
bacteria) were investigated.

Material and Methods

Ceyhan River is one of the largest rivers of Turkey.
The first source of Ceyhan River is in the mountains
surrounding the Elbistan lowland. The length of
the Ceyhan River is 509 km and the rainfall area is
20,000 km2. The river comes out under the name
So6gutlt Creek, grows on various sources, and is
named as Ceyhan River with joining the Gdksun
and Hurman streams. After passing through the
straits in the Ahir and Engizek Mountains, it enters
the northeastern part of the Cukurova plain, after
crossing the Misis Mountains, it flows in its wide
delta and flows into the Gulf of iskenderun (Figure

1).

During the bacterial isolation and identification
phase, water samples were brought to the
Bacteriology Laboratory of the Department of
Microbiology under the cold chain by taking
100 ml sterile containers from the water surface
monthly. Samples were planted on Blood Agar
for Gram (+) bacteria isolation and on EMB
(Eosin Methylene Blue) agar for Gram (-) bacteria
isolation. For transplantation, 1 ml of water
sample was placed in plates and spread with a
sterile drumstick. In the incubator, the Petri plates
were incubated in a flat position for 1 hour for
the plates to absorb the liquid material. Then,
the incubation phase was started for at least 72
hours. At the same time, water samples were

planted in Mueller-Hinton Broth medium as 10%
of the medium and left to incubate at 37°C for
72 hours with agar smears. Microbial isolations
were performed by making bacterial passages
from Mueller-Hinton broth into solid media when
it is needed. The bacterial identification stage
was started by applying Gram staining, catalase
test, plasma coagulase test, oxidase test, sugar
tests and advanced biochemical tests from the
microorganism colonies that appeared at the
end of the incubation. The gram staining method
is used in the first step for the identification of
microorganisms grown on solid media. A clean
slide of microorganism colonies produced in
blood and EMB agar was suspended with 1 drop
of saline solution and the bacterial colony spread
was homogenized with the help of a loop and then
allowed to dry in air. The preparations dried in the
air were treated with Crystal Violet (2 min), Lugol
(2 min) after the flame fixation process, followed
by 1 % aqueous acid fuchsin (30 sec) after the
alcohol decolorization process and dyeing
process was carried out. Then, the preparations
were examined with immersion oil used with the
100x objective and Gram (+) Gram (-) bacteria
distinction was made, which is the first step of the
identification. The antimicrobial susceptibilities of
the microorganisms identified with conventional
methods were also examined by verifying their
species identification with automated systems.
The identified isolates were stored at -70°C in
storage media containing 20% glycerol until the
study was completed.

Bacterial identification (with bacteria identification
kits; Biomerieux, France) was performed by
microbiological analysis of water samples. Gram(-
) and Gram (+) antibiogram susceptibility tests
were performed according to the type of bacteria
identified. In the study, for Gram (-) bacterial
origins, Amikacin, Levofloxacin, Gentamicin,
Cefepime, Meropenem, Ciprofloxacin, Imipenem,
Piperacillin, Ceftazidim susceptibility with Gram
(+) cocci (staphylococci), Oxacillin, Clindamycin,

(original)
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Ciprofloxacin, Penicillin, Erythromycin,
susceptibility were investigated. Microbial
identifications were evaluated simultaneously with
conventional methods and automated culture
systems. Verification of microorganisms identified
by the conventional method was also performed
by automated culture systems. Antimicrobial
susceptibility tests were performed with the help
of Vitek Il (Biomerieux, France) automated culture
system. Microorganism susceptibility tests were
performed according to CLSI (Clinical delta and
flows into the Gulf of iskenderun (Figure 1).

In this study, water samples were taken from the
sampling location (37°01.696'N-35°48.669'E),
which is under intense pollution. The study was
conducted between May 2014 and April 2015.
Water samples were taken in monthly periods and
studied in 3 parallel (Figure 2).

.
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Figure 2. Study area (modified from Kurutas Belge et al.,
2009)

During the bacterial isolation and identification
phase, water samples were brought to the
Bacteriology Laboratory of the Department of
Microbiology under the cold chain by taking
100 ml sterile containers from the water surface
monthly. Samples were planted on Blood Agar
for Gram (+) bacteria isolation and on EMB
(Eosin Methylene Blue) agar for Gram (-) bacteria
isolation. For transplantation, 1 ml of water
sample was placed in plates and spread with a
sterile drumstick. In the incubator, the Petri plates
were incubated in a flat position for 1 hour for
the plates to absorb the liquid material. Then,
the incubation phase was started for at least 72
hours. At the same time, water samples were
planted in Mueller-Hinton Broth medium as 10%
of the medium and left to incubate at 37°C for

72 hours with agar smears. Microbial isolations
were performed by making bacterial passages
from Mueller-Hinton broth into solid media when
it is needed. The bacterial identification stage
was started by applying Gram staining, catalase
test, plasma coagulase test, oxidase test, sugar
tests and advanced biochemical tests from the
microorganism colonies that appeared at the
end of the incubation. The gram staining method
is used in the first step for the identification of
microorganisms grown on solid media. A clean
slide of microorganism colonies produced in
blood and EMB agar was suspended with 1 drop
of saline solution and the bacterial colony spread
was homogenized with the help of a loop and then
allowed to dry in air. The preparations dried in the
air were treated with Crystal Violet (2 min), Lugol
(2 min) after the flame fixation process, followed
by 1% aqueous acid fuchsin (30 sec) after the
alcohol decolorization process and dyeing
process was carried out. Then, the preparations
were examined with immersion oil used with the
100x objective and Gram (+) Gram (-) bacteria
distinction was made, which is the first step of the
identification. The antimicrobial susceptibilities of
the microorganisms identified with conventional
methods were also examined by verifying their
species identification with automated systems.
The identified isolates were stored at -70°C in
storage media containing 20% glycerol until the
study was completed.

Bacterial identification (with bacteria identification
kits; Biomerieux, France) was performed by
microbiological analysis of water samples. Gram(-
) and Gram (+) antibiogram susceptibility tests
were performed according to the type of bacteria
identified. In the study, for Gram (-) bacterial
origins, Amikacin, Levofloxacin, Gentamicin,
Cefepime, Meropenem, Ciprofloxacin, Imipenem,
Piperacillin, Ceftazidim susceptibility with Gram
(+) cocci (staphylococci), Oxacillin, Clindamycin,
Ciprofloxacin, Penicillin, Erythromycin,
susceptibility were investigated. Microbial
identifications were evaluated simultaneously with
conventional methods and automated culture
systems. Verification of microorganisms identified
by the conventional method was also performed
by automated culture systems. Antimicrobial
susceptibility tests were performed with the
help of Vitek Il (Biomerieux, France) automated
culture system. Microorganism susceptibility tests
were performed according to CLSI (Clinical and
Laboratory Standards Institute) criteria (CLSI,
2015).
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Table 1. Bacterial species isolated from Ceyhan River (Jan: January, Feb: February, Mar: March, Apr: April, Jun: June, Jul: July,
Aug: August, Sep. September, Oct: October, Nov: November, Dec: December, A.B.: Acinelobacter baumannii, E.C.: Escherichia
colj, EF.: Enterococcus faecalis, K.F. Klebsiella pneumoniae, PA.: Pseudomonas aeruginosa, PV. Proteus vuigaris, S.A.:

Staphylococcus aureus, S.E.: Staphylococcus epidermidis

MONTHS Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Oct Nov. Dec.
AB. AB. AB. AB. AB. AB. AB. AB. AB. AB. AB. AB.
PA. PA. PA. PA. PA. PA. PA. PA. PA. PA. E.F E.F
Ceyhan S.E SE SE SA. EF S.A. EF SE S.E S.E K.P. K.P.
River E.F E.F E.F E.F K.P. E.F K.P. E.F E.F E.F PV. PV.
K.P. K.P. K.P. K.P. PV. K.P. PV. K.P. K.P. K.P. E.C EC

PV. PV. PV. PV. E.C. PV. E.C. PV. PV. PV.

E.C. E.C. E.C. E.C. E.C. E.C. E.C EC

Results

Studies on microbiological contamination in
aquatic environments have always been important
research issues of scientists. Also, most of
the studies on antibiotic resistance in aquatic
environments deal with fecal-derived bacteria,
which are both indicators of pollution and may
related to infectious diseases. Recently, the
emergence of antibiotic resistance of pathogenic
bacteria in clinical environments has caused
serious problems in all over the world.

When all water samples in our study were
examined, pathogenic microorganisms for human
health were found (S. aureus, S. epidermidis, P.
aeruginosa). In addition, intestinal bacteria (£
coli, K. pneumoniae, A. baumannii, E. faecalis, P.
vulgaris) was detected.

Looking at the months; A. baumannii, E. coli, P.
aeruginosa, K. pneumoniae, E. faecalis, and P.
vulgaris species were detected in all months of the
year; while, S. aureus was detected in April, June,
and S.epidermidis was detected in all months
except May, July, November, December. When the
species are considered as variety, high diversity
in the Ceyhan River was observed. The reason
for this is that the Ceyhan River is exposed to a
wide range of wastes such as domestic, industrial,
slaughterhouse wastes, and the wastewater

40%

supplied to the river is mostly collected by the
sewage system and discharged without adequate
treatment.

Microorganisms, which are pathogenic for human
health, were found in all reproductive samples.
Antimicrobial susceptibility tests are applied to
determine the in-vitro activity of an antimicrobial
agent against a particular bacterial species. In
this study, resistance to Penicillin, Oxacillin,
Clindamycin, Erythromycin, Ciprofloxacin,
Vancomycin and Rifampin antibiotics were
evaluated with antibiogram kits (Biomerieux,
France) in gram-positive bacteria isolated from
water samples. In the study, the lowest resistance
rate was found to be 7% against Oxacillin followed
by 10% Rifampin (Figure 3).

In the study, susceptibility to Amikacin,
Meropenem, Ciprofloxacin, Levofloxacin,
Imipenem, Piperacillin, Gentamicin, Cefepime and
Ceftazidime was investigated with antibiogram kits
(Biomerieux, France) in Gram-negative bacterial
strains. The lowest resistance rate was found as
Amikacin with 2.85%, followed by Meropenem
with 3.09% and Imipenem with 4.12% (Figure 4).
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Figure 3. Antibiotic resistance rates of
Gram (+) bacteria
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Discussion

Eight different types of bacteria have been
identified after the identification of the isolates
isolated from the Ceyhan River which was pour
its water into the Iskenderun Bay. When the
identification results are examined, it is seen that
70.7% of the total isolates were E. col. It is known
as fecal pollutionindicatorin aquatic environments,
and high abundance (70.7%) of E. co/i indicates
disposal of large amounts of contaminated
sewage wastes directly or indirectly in water
environments (Toroglu et al., 2008). In the study
conducted by Boéger et al. (2021), they detected
antibiotic-resistant bacteria in all water samples
and found that £. coli and Enierococcus species
of these bacteria were resistant to Cyprofloxacin
in some rivers in Brazil. According to this study,
they concluded that antibiotics are likely to come
from household waste and may contribute to the
spread of bacterial resistance. In our study, it was
found that £ coli and Enterococcus species are
resistant to Cyprofloxacin. Yerlikaya et al. (2021)
found that £. col/strains were resistant to Amikacin
2.3% and Meropenem 4.6%. In our study, it was
found that £ co/i was 2.8% resistant to Amikacin
and 4% Meropenem. Tahri et al. (2021) tested
the resistance of E£. cofi strains to 16 antibiotics
in Moroccan groundwater and found the highest
resistance to Ceftazidime.
was found resistant to Ceftazidime. Most of the
genus Pseudomonas bacteria, which account
for 56% of the isolates, are found extensively in
nature, soil and water. It has a diseasing feature for
some of the plants, animals, and humans. Since it
is a bacteria that can be found widely in nature,
it can survive in organic substances and water
for a long time. The presence of this bacteria in
aquatic environments has been reported to pose
a risk to human health (Mena and Gerba, 2009).
In our study, P. aeruginosa was highly isolated
(approximately 56%), which is important in terms

In our study, £ colf
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of the ability of bacteria to spread between aquatic
ecosystems and humans and animals and to have
high antibiotic resistance potential.

K. pneumoniae is commonly found bacteria in
nature. This bacterium is found in the upper
respiratory tract and fecal flora of humans, and
become an opportunistic pathogen in the face of
unfavorable conditions. Therefore, it is responsible
for hospital infections (Cetinkaya et al., 2005).
The isolation of K. pneumoniae from the studied
water sources is important, because it represents
that sewage and hospital waste water are mixed
discharged in water resources. In the study, A
pneumoniae showed high resistance to Cefepime
and Cyprofloxacin antibiotics. Similarly, in the
study conducted by Bircan Yildinm and Vurmay,
in 2017, it was reported that K pneumoniae
showed high resistance to Cefepime (52.9%) and
Ciprofloxacine (47.1%). Acinetobacter species,
which are opportunistic pathogens, can settle
in the hospital environment and cause serious
nosocomial infections in hospitalized patients and
patients with the suppressed immune system.
A. baumannii is the most isolated species from
clinical samples, especially in hospital-acquired
infections (Koneman et al., 1992). In the study,
A. baumannii was found in most isolates. A.
vulgaris, one of the bacterial species isolated in
the study, is found in human feces as a normal
flora element. For this reason, it is often found in
sewage waters. When find suitable conditions in
humans, it causes infections. It is especially found
in wound infections and urinary tract, which are
hospital infections. E. faecalis is also isolated in
our study which is found at a higher rate in the
stool compared to other enterococci species.
Morinigo et al. (1990) studied the isolation of £
faecalis in water samples taken from seashore
and river settlements. As a result of their study,
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they isolated E. faecalis at a level that could pose
a risk to human health, especially in areas with a
risk of contamination with faecal wastes. Although
S. epidermidis, one of the bacteria isolated in our
study, is not usually a pathogen, it is a big risk for
patients with an insufficient immune system and
patients with permanent catheters. Since it is part
of the normal flora of humans, it has developed
resistance to many common antibiotics such as
methicillin, novobiocin, clindamycin and benzyl
penicillin (Nilsson et al., 1998). S. averus, one of
the bacteria isolated in our study, is densely found
in the feces of humans and animals. S. averus is
a highly virulent microorganism that is common in
humans as a disease agent. In the 1950s, it gained
resistance to many antibiotics, and in 1961, the
problem of multiple antibiotic resistance emerged
in methicillin-resistant S. awerus strains and
staphylococci became one of the "problematic"
microorganisms (Tambic et al., 1997; Ginaydin
et al., 2002). Penicillin resistance has gradually
increased in staphylococci since 1944. In addition
to penicilin, resistance to antibiotics such as
erythromycin, tetracycline, and streptomycin
was also developed in the 1950s (Haznedaroglu,
2008). Yerlikaya et al. (2021) found erythromycin
resistance as 23.3% and the highest antibiotic
resistance 98.5% against penicillin in the study
of S. auerus strains. Similarly, in our study, it was
found that S. aureus was resistant to erythromycin
by 24% and showed the highest antibiotic
resistance to penicillin (31%). In many studies,
vancomycin resistance was not found as in our
study (Yerlikaya et al., 2021; Simer et al., 2001;
Zer et al., 2002; Yurtsever et al., 2009).

Differences in the pollution between the months
were considered as total coliforms related since
due to variation human-animal wastes and
contamination. Spot pollution sources disrupt
the ecological balance of the environment due to
continuous waste inputs and therefore constantly
change the environment of competition between
microorganisms. Therefore, there are no expected
changes from environmental factors in the areas
where there are point sources of pollution (Clark,
1989).

Resistance percentages of E. coli bacteria were
found to be between 0-39% against Amikacin and
1-54% against Gentamicin (Can et al., 2005; Cicek,
et. al., 2006). The percentages of resistance in our
study also fall within this range. In Yugoslavia,
Mirovic et al. (2000) found that penicillin resistance
rate was 0.9% in £. faecalis strains; Toutouza et
al. (2001) found that penicillin resistance rate was
75.8% in E. faecalis strains isolated.

-12 -

In recent years, the problem of increasing
resistance to antibiotics has become a threat to
the whole world (Akcam et al., 2004). Antibiotic
resistance rates in this study are from the years of
our study and are likely to change in the following
years.

Antibiotics have a high water solubility and
are mixed with aquatic environments following
human activities through sewer systems and
as a result of a farm, slaughterhouse, and land
uplifting studies (Daughton and Ternes, 1999).
Domestic wastes contain bacteria carrying
R-plasmids, most of them originating from the
human intestinal flora. Since R-plasmids, which
give resistance to antibiotics, are widespread in
these bacteria, the discharge of wastewater into
environmental waters causes the spread of such
resistant bacteria to the environment (Karayakar
et al., 2004). Recent studies have shown that non-
therapeutic antibiotic use plays an important role
in increasing antibiotic resistance in surface waters
(Kimmerer, 2009). Since domestic wastewater is
the most important source of antibiotic resistance,
excessive and misuse of antibiotics should be
avoided by following the rational antibiotic usage
policy. It can be thought that the emergence of
resistance is due to the intensive and unconscious
use of antibiotics and the addition of resistant
bacteria in waste to water environments without
being purified from city sewers.Antibiotic use is
a common practice in animal nutrition. Resistant
bacteria, which are transferred to the receiving
environment (as fertilizer) by animal faeces, often
cause epidemic infections in humans through the
food chain and ultimately contribute to the spread
of antibiotic resistance.

Conclusion

When the results of the study are examined,
it is concluded of the river water flowing into
Iskenderun Bay has a potential risk in terms of
public health. It will be appropriate to prevent
sewage and other domestic and similar wastes
flowing into these waters, to ensure the control
and operation of the treatment system, and to
examine the parts where rivers pass through cities
in terms of microbiological and physicochemical
aspects. Suitability of the water quality is important
for the use of water for a specific purpose. It is
important to speed up water quality monitoring
and evaluation studies in order to improve water
resources polluted by industrial and agricultural
reasons and to protect our natural resources.
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‘Ege University, Faculty of Fisheries, 35100, In this study, it was investigated that to determine the selectivity of 40 mm
ZFi%rgﬁgsléé?ég;ﬁﬁ;ﬁute 32500, Egirdi- square (405 and 90° turned mesh (40790 codend for the european hake
Isparta, TURKEY ' ' (Mertuccius merfuccius) and blue whiting (Micromesistius poutassod). Fishing

experiments were conducted on the international waters of the Aegean Sea
by using 1200 mesh tailored trawl. Codends have knotted polyethylene (PE)
380d/21 no rope thickness and 5 m in lengths. The hooped covered codend
technique was employed for the estimated codend selectivity. The selectivity
parameters were estimated by using SELNET software. The plots were made

?;’\'N";mrds with R (v.4.0.3) based RStudio (v.1.4.1106) software using the “ggplot2 (v.3.3.3)"
Selectivity package. Nineteen successful hauls, 11 with 40S and 8 with 40790 codends,
Aegean Sea were performed. The mean L, values (50% retention length) of 40Sand 40790

. , were found to be a 13.23 cm and 12.55 cm total lengths for the european hake
Merluccius meriuccius

. L and 23.73 cm and 19.91 cm total lengths for the blue whiting, respectively.
Micromesistius poutassou

Trol balik¢ciginda 40 mm g6z acikhgindaki kare ve 90° dondiiriilmiis torbalarin
bakalyaro (Merluccius merluccius, Linnaeus, 1758) ve derinsu mezgiti
(Micromesistius poutassou Risso, 1827) seciciligi

OZET

Bu calismada, bakalyaro (Merluccius meriuccius) ve derinsu mezgiti’nin
(Micromesistius poutassod) 40 mm ag gbéz acikigina sahip kare (40S) ve
dondiriimlis (40790) torbalardaki  segicilik parametreleri  arastinimistir.
Denemeler 1200 gézlu dip troll kullanarak Ege Denizi'nin uluslararasi sularinda
gerceklestirilmistir. Torbalar digumli polietilen (P£)380d/21 noip kalinhgindave 5
m uzunlugundadir. Torba segiciliginin élgiminde gcemberli 6rtl torba tekniginden

Anahtar Kelimeler yararlaniimistir. Boy seciciligi analizi igin SELNET programi kullanilmistir. Grafikler,
Trol "ggplot2 (v.3.3.3)" paketi kullanilarak RStudio (v.1.4.1106) yazilimi ile yapilmistir.
Segicilik Toplam 19 gegerli cekim yapilmistir. Bu cekimlerin 11’i 40S ve 8'i ise 40790 ile
Ege Denizi gerceklestirilmistir. Bakalyaro icin 405 ve 40790torbandan elde edilen, ortalama
Merluccius merluccius L,, degerleri sirasi ile 13,23 ve 12,55 cm’dir. Mezgit igin L,, degeri 40S torbada
Micromesistius poutassou ortalama 23,73; 40790 torbada ise 19,91 cm olarak bulunmustur.
Giris

etkili yoéntemin segcicilik oldugu bildiriimektedir
Trol  balik¢ihginin  sirdirilebilirik  hedefleri (Hall ve ark., 2000). Genel olarak trollerde
balikcilik efor, kota kontroll ile donam ve dizayn secicilik tir ve boy seciciligi olmak Uzere ikiye
degisimleri gibi dizenlemelerle yapilabilse de en ayriimakla beraber, temel yaklasim Dbireylerin
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luceius Linnaeus, 1758) and Blue whiting (Micromesistius poutassou Risso, 1827) in trawl fisheries Marine and
Life Sciences, 3(1): 15-23. (In Turkish)
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hayat ddnguleri icerinde en az bir defa Uredikten
sonra yakalanmasina dayanmaktadir. Bu da
belirli bir boyun Gzerindeki bireylerin yakalanmasi,
altindakilerin ise avcilik esnasinda kagmasi veya
tasfiye edilmesi ile saglanabilmektedir (Armstrong
ve ark., 1990). Trol aginin kanatlarindan itibaren
baslayan secicilik %90'dan fazla oranla son
bélimde gerceklesmektedir (Wileman ve ark.,
1996). Bu nedenle secicilik calismalarn daha
¢ok trolin son bdlimu olan torba kisminda
yogunlasmistir.

Tarkiye'de trollerle ilgili yasal dizenleme Ticari
Amacli Su Urinleri Avciligini Dizenleyen Teblig
(Teblig No:5/1) ile yurttiimektedir (Anonim, 2020).
Bu tebligde trol balik¢ihigina iliskin zaman, bdélge
kisitlamalarinin yaninda donam ile ilgili olarak
Ege ve Akdeniz’de trol torba kisminda kullanilan
ag go6zi acikkhgr 44 mm baklava goézli veya
buna alternatif olarak 40 mm kare gézli aglarin
kullanimina misaade edilmistir. Diger taraftan
son vyillarda baklava go6zli torbanin digim
yonlinin 90° dondirilmesiyle (790) elde edilen
torba tasarimi ile de galismalarn yuratdimektedir
(ICES, 2011; Wienbeck ve ark., 2011; Tokag ve
ark., 2014). Doksan derece doéndirliimis bir
torbanin kullanimi ayni materyalden yapilmis
standart baklava gézli bir torbanin kullanimiyla
karsilastirldiginda baz tilrlerde daha iyi bir
secicilik gbsterdigi ortaya konmustur (Moderhak,
1997; Madsen, 2007; Madsen ve ark., 2012). 790
torbanin Baltik Denizi'nde Gadus morhua hedefli
trol balik¢iliginda mevcut torbaya alternatif olarak
kullanilabilecegi belirtilmistir (Anonim, 2005).

Turkiye’de trol seciciligi Uzerine ¢ok sayida
calisma mevcuttur (Tokag ve ark., 1998; Stewart,
2002; Tosunoglu ve ark., 2003; Ozbilgin ve ark.,
2012). Kare go6zlu torbalarnn yuvarlak (fusiform)
baliklarin ayni boyuttaki baklava g6zl torbalara
nazaran daha iyi sonu¢ verdigi ortaya konmustur
(Aydin ve Tosunoglu, 2010; Dereli ve Aydin,
2016). Ancak uzun cekim sliresince torbanin
dolmasi ile digim kaymalarina neden olabilmekte
bu da kare g6z formunun yitiriimesine neden
olabilmektedir (Herrmann ve ark., 2007). 790torba
ile thrlerin segicilikleri Uzerine yapilan calismalar;
Aristaeomorpha foliacea (Deval ve ark., 2016),
Aristeus antennatus (Deval ve ark., 2016), Boops
boops (ilkyaz ve ark. (2017), Dentex moroccanus
(Dereli ve Aydin, 2016), Dijplodus annuiaris (Tokag
ve ark., 2014), Mullus barbatus (Tokag ve ark.,
2014; Dereli ve Aydin, 2016), Pagellus erythrinus
(Tokac ve ark., 2014), Parapenaeus longirostris
(Aydin ve Tokag, 2015; Deval ve ark., 2016;
Sensurat-Geng ve ark., 2018), Phycis blennoides
(Aydin ve Tokag, 2015), Plesionika martia, (Deval
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ve ark., 2016), T7rachurus trachurus (Dereli ve
Aydin, 2016) Sensurat-Geng¢ ve ark., 2018)’dir.
Diger taraftan 790 torba ile bakalyaro Uzerine iki
(Dereli ve Aydin, 2016; Sensurat-Geng¢ ve ark.,
2018), derin su mezgiti Uzerine yUrGtilmis bir
(Tokac ve ark., 2010) calisma mevcuttur.

Bu calismada, trol balik¢iiginda 40 mm ag g6z
acikhigina sahip kare (40S) ve 90° dondirilmis
(40790) polietilen (PE) materyale sahip torbalarin
bakalyaro ve derinsu mezgiti avciligindaki secicilik
parametreleri arastinimistir.

Materyal ve Yontem

Denemeler, 24 Agustos-13 Eylil 2012 tarihleri
arasinda ticari trol teknesi “Hapuloglu (23,83
m uzunluk ve 522 kW ana motor) ile Ege
Denizi Kusadasi Korfezi uluslararasi sularinda
gerceklestirilmistir. Trol sahalarinin derinligi 280 ile
470 m (ortalama 373 m) arasinda degismektedir.
Ortalama c¢ekim stresi ve hizi sirasiyla 250 dakika
ve 2,4 deniz mili arasindadir. Ahsap ve celikten
yapilmis her biri 160 kg agiriginda 190x90 cm
ebatlarinda geleneksel trol kapilari kullaniimistir.
Denemelerde Aydin ve Tokag¢ (2015)’te kullanilan
1200 g6zIti ayni dip troli kullaniimistir.  Ayni
materyale sahip 40 mm nominal ag g6zl boyutunda
kare (40S) ve dondirilmis (40790) torba test
edilmistir. Torbalar digimli polietilen (P£)380d/21
no ip kaliniginda ve 5 m uzunlugundadir. Torbalarin
birlestigitinel bdlimi 44 mm g6z agikligi 300 cevre
g6z sayisina sahiptir (44x300=13200 mm). TUnel
sonundaki cevre géz acihmini saglamak amaciyla
déndirdlmis torba (13200 mm/40 mm) 330 ag
g6zl olarak hesaplanmistir. Kare goézli torba ise
Avrupa Birligi'nde uygulanan y®&netmelige gore
yapilmistir. Yénetmelikte tlnel kisminin cgevresi
torbanin 2-4 kati seklinde olmalidir ifadesi vardir
(Anonim, 2006). Bu baglamda kare go6zli torba
cevresi (13200 mm/40 mm)/2) 165 g6z (bar) olarak
yapilmistir. Polipropilen (PP)malzemeden yapilmis
5,0 mm ip capinda, ¢cevre g6z sayisi 65 olan ve
5 m uzunlugundaki muhafaza agi kullaniimistir.
Torba ve muhafaza aglar birbirine baglanarak
birlestiriimistir. Ortalama ag g6zl aciklklarini
tespit etmek igin 4 kg agirlik ile hazirlanmis dijital
kumpastan yararlaniimistir. Ug farkli yerden olmak
Uzere birbirine ardisikk 20 ag go6zi OSlclimustir.
Torbalara iliskin dzellikler Tablo 1' de verilmistir.

Torbalarin segiciliginin élgiminde cemberli 6rtl
torba tekniginden yararlaniimistir (Wileman ve ark.,
1996). Ortii torba 7,5 m uzunlugunda, digimsiiz,
poliamid (PA) malzemeye sahip ve 24 mm 9oz
acikhgindadir. Ortii torbanin érnekleme torbalarina
maskeleme etkisini azaltmak amaciyla 1,6 m capa
(R) sahip iki adet cember, trol torbasinin 2,5 ve 5,0
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Tablo 1. Denemelerde kullanilan torbalarin bazi teknik 6zellikleri

Test torbalan

Parametreler

Muhafaza torba

408 40790
Nominal [mm] 40 40 88
Olgiilen 40,6+0,1 40,6+0,1 115,2
Olgiilen ag goz sayisi 60 60 60
ip kalinligs 380d/21 380d/21 5 mm @
Materyal PE (dugimlu) PE (dGgUmlt) PP (el 6rglsu)
Torba boyutlari
Cevre g6z sayisl 165 gdz/bar 330 g6z 65 goz
Uzunluk 125 goéz 125 g6z 50 g6z

40S: 40 mm kare g6zl torba, 40790: 40 mm ve 90° dondldrdiimdis torba.

metresinde olacak sekilde donatiimistir. Cember
yapiminda kullanilan yiksek yogunluklu polietilen
(HDPE) malzemenin ¢api 40 mm’dir.

Her cekimden sonra turler torba ve 6rtlu olarak
ayrilmis, tlr bazinda sayi ve agirliklari alinmistir.
Tarlerin total boylar 0,5 cm hassasiyetli dl¢im
tahtasi ile dl¢Uimustar.

Bakalyaro icin yasal yakalanma boyutuna (20 cm)
gore yapilan degerlendirmeler Tarim ve Orman
Bakanhginin yayinladigr  5/1 Numarali Ticari
Amagclh Su Uriinleri Avciligini Diizenleyen Tebligde
belirtilen boy yasagi sinirlamasina gore yapiimistir
(Anonim, 2020). Bu tebligde derinsu mezgiti i¢in
herhangi bir boy sinirlamasi yoktur. Bu tur igin
yapilan degerlendirmelerde Mir-Arguimbau (2020)
tarafindan 18 cm total boy olarak bildirilen L, ilk
Ureme boyu esas alinmistir.

Bu calismada, uygulanan deneysel tasarim torba
ve Ortide yakalanan bireylerin torbalarin boy
seciciligini tahmin etmede binomial veri olarak
analizini mimkun kilmaktadir. Deney torbasi icin
her bir cekim arasinda da secicilik parametrelerinde
fark beklenmektedir (Fryer, 1991). Sonuclarin
balik¢iliga uygulama asamasinda belirlenmis olan
ortalama L, degerleri kullanilabilmektedir.

Calismada boy seciciligi i¢in farkh parametrik
model!er T eodond (I'dee,?d) test edllm|$t|r. Veodend
modelin parametrelerinden olusan bir vektordir.
Analizin amaci, deneysel verileri (tUm c¢ekimlerin
ortalamasi) en ¢ok gdézlemlenen v parametre
. L. A o codend
degerinin tahminini saglamaktir. Bu amagcla
gozlemlenen deneysel verilerin  maksimum
olabilirligini saglamak icin asagidaki 1 no’lu
denklem kullaniimistir.

Esitlik 1’de ifade edilen belirli bir torba ile

gerceklestirilen denemeliler i¢in veriler boy
gruplarini (1) icermektedir. Calismada Logit,
Probit, Gompertz ve Richard olarak 4 farkh model
test edilmistir. ilk Gic model, L, (% 50 yakalanma
olasiligi olan balik boyu) ve segicilik araligi (SA, L,
ve L, arasindaki fark) olarak tanimlanmaktadir.
Richard model ise bunlara ilaveten egrinin
asimetrisi olarak tanimlanan ve (1/8) olarak bilinen
parametreye ihtiyac duymaktadir. Uygulanan
segicilik parametrelerinin denklemleri esitlik 2’de
verilmistir.

Bir modelin verileri yeterince tanimlayabilme
ve temsilinin degerlendiriimesi, p degerinin
hesaplanmasina dayanir; p degeri, uygulanan
model ile gdzlemlenen deneysel veriler arasindaki
maksimum olabilirligi saglamak igin farkliliklarin
elde edilme olasiigini ifade eder. Bu nedenle,
uygulanan  modelin  verileri  modellemede
kullanilabilmesi icin p degerinin 0,05'in altinda
olmamalidir (Wileman ve ark., 1996).

istatistigin zayif olmasi durumunda (p < 0,05);
gbézlemlenen ya da olgilen bir deger ile bir veri
modeli olusturulduktan sonra bu modele gére
deger arasindaki farkin secicilik egrileri kullanilarak
deneysel verileri model yapisindan mi yoksa
verilerdeki asir dagihmdan mi kaynaklandigini
belirlemek icin hesaplanmaktadir (Wileman ve
ark., 1996). iki no’lu esitlikte de ele alinan dort
model arasindan en iyi modelin secimi icin AIC
degerlerinin  karsilastirlmasina dayanmaktadir.
En iyi model en dusik AIC degerine sahip
olandir (Akaike, 1974). Torbalar icin en iyi model
tanimlandiktan sonra ortalama boy segiciliginin
guven araliginin hesaplanmasi icin érneklemede
dogallik gibi varsayimlar karsilanmadiginda ya da
standart hata kestirimleri elde bulunmadiginda,
ampirik verilerden yola c¢ikarak yapay érneklem alt

i:lzl{:ﬂcig = En{rcodend(fl t?codendj) + ?ICC.'; x !n{lD - Tcadend{iv Uraderl.d)}
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kimeleri secip bu 6rneklem dederlerinden standart
hatalarin ve glven araliklarinin hesaplanmasi
yéntemi olan tekrarlama (bootstrap) uygulanmistir.

Boy segiciligi analizi i¢cin SELNET programi
(Herrmann ve ark., 2012) kullaniimistir. Segcicilik
egrisi ile parametrelerin glvenlik sinirlarini elde
etmek igin c¢ift tekrarlama (double bootstrap)
yonteminden yararlaniimistir.  Millar (1993)'de
tanimlanan bu ydntem hem c¢ekimlerde hem
de cekimler arasi varyasyonlari g6z &nlnde
bulundurmaktadir. Cekimler arasi varyasyonun
ve bootstrap yontemi ile yeniden &rneklenen
gekimlerin gruplarinin hesaplanmasi bu prosedire
dahil edilmistir. Her boy sinifi icin yeniden
orneklenen veriler, ¢ekimler arasi varyasyonunu
hesaplamak icin kendi arasinda bootstrap
yapimistir.

Her boot strap, tanimlanan sec¢im modeli
kullanilarak analiz edilmis birlestiriimis
(havuzlanmis) bir veri kimesiyle sonuglandinimistir.
Bu sayede her bir bootstrap ortalama bir secicilik
egrisiyle sonuclandinimistir. Analiz edilen her tir
icin, 1000 tekrar yapilmis ve Efron (1982) %95
glven sinirlari tahmin edilmistir.

Boy seciciligi icin torbalar arasindaki farkin
belirlenmesi icin 3 numaral esitlikteki genel delta
egrisi (Ar (1)) kullaniimistir.

r..(1), her bir torba igin temel tasarimda yapilan
degisiklik yeni dizayndan elde edilen torba igin
elde edilen yakalanma oranini, r (1) her bir

baseline’

temel dizayn ile yapilan ikili karsilastirmadan elde
ﬁ?ﬂ“) = r:es:(sj _TbﬂS‘EIiTtE{E) 3
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edilen yakalanma oranini, Ar(l) ise 1000 tekrardan
sonra elde edilen Efron %95 glven araligini ifade
etmektedir.

Yeniden elde edilen &rneklem iki grup icinde
rastgele ve bagimsiz oldugundan, sonuclari,
bootstrap kullanarak elde edilen verilere baghdir
(Herrmann ve ark., 2018) (esitlik 4):

?'te:r(”i 2y Thase{fﬂe(”: iE [l lﬂDD}-

i: bootstrap tekrar indeksi. Torbalar arasindaki
farkin  énemli olup olmadi§i boy gruplarinin
delta egrilerinin %95 glven araliklarinda 0,0’la
cakismamasi gerekmektedir. Grafikler, "ggplot2
(v.3.3.3)" paketi (Wickham, 2016) kullanilarak R
(v.4.0.3) tabanh RStudio (v. 1.4.1106) yazilimi ile
yapimistir.

Bulgular ve Tartisma

Calismada 11’i 40S (Toplam 50,41 saat) ve
8’i 40790 ile (Toplam 28,75 saat) toplam 19
gecerli cekim gercgeklestiriimistir.  Parapenaeus
longirostris, lllex coindettii, M. meriuccius, Phycis
blennoides, Lophius piscatorius ve M. poutassou
tdrleri 405'de avin %61,9’unu ve 40790da %
69,5’ini olusturmaktadirlar. Geri kalan diger tirler
(balik ve omurgasizlar) ve tanimlanamayanlar
4052 de 38.1% 40790da ise %30,5’dir. Av
kompozisyonuna iliskin veriler Tablo 2’de
verilmistir.
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Tablo 2. Denemelerden elde edilen toplam av ve tiirlerin torbalardaki yakalanma orani (%)

Parametreler 405 — 40790 —
Toplam Torba Ortii Toplam Torba Ortii
Agirlik (kg) 24231 1903,6 519,6 1847,1 14954 351,7
Parepeaneus longirostris (%) 29,8 34,1 13,9 31,2 33,0 23,6
Mex coindetii (%) 14,9 19,0 0,0 19,7 23,1 5,0
Meriuccuis meriuccuis (%) 4,9 49 5,0 2,5 3,0 0,5
Phycis blennoides (%) 53 45 8,5 3,6 35 4,0
Lophius piscatorius (%) 45 5,7 0,0 39 4.8 0,0
Micromesistius poutassou (%) 2,5 0,5 9,8 8,6 6,0 20,0
Diger (%) 38,1 31,3 62,8 30,5 26,6 46,9

Tablo 3. Torbalar igin farkli modellerden elde edilen AIC degerleri

Tiir Torba Logit Probit Gompertz Richard

408 3781,69 3794,59 3822,16 3782,85

Bakalyaro

40790 619,11 617,75 619,98 621,09

) 408 690,05 689,58 689,02 691,16

Mezgtt 40790 1766,10 1766,05 1765,91 1767,93

En iyi modelin uygulanmasi i¢in farkli modellerden
elde edilen AIC degerleri Tablo 3’de verilmistir. En
disitk A/C degerini bakalyaro i¢cin 40S'de Logit
model (3781,69), 40790da Probit model (617,75)
vermistir. Mezgit icin 405689,02) ve 40790da
(1765,91) Gompretz model en dustk A/C degerini
vermistir.

Ortalama L., ve SA degerleri ile onlarin glven
araliklari Tablo 4’te ve ortalama segcicilik egrileri
bakalyaro icin Sekil 1, derinsu mezgiti icin de
Sekil 2’de verilmistir. Bakalyaro i¢in 40S torbadan
elde edilen, ortalama L, degeri 13,23 cm, 40790
torbadan elde edilen ise 12,70 cm’dir. Bakalyaro
icin 40S torbadan elde edilen SR degeri 3,30 iken

icin (Sekil 3 sag kisim) her boy sinifi icin yakalama
oranlari arasinda istatistiki farkhlk belirlenmemistir
(max C/ degerleri tim boy siniflarnda 0.0
degerinin  Uzerinde  bulunmustur).  Derinsu
mezgiti'nde ise yakalama oranlari (Sekil 4 sag
kisim) 13,00-17,00 cm boy araliginda fark dnemli,
diger boy siniflarinda ise dnemsiz bulunmustur.
Degerlendirmelerde kullanilan referans boylar baz
alindiginda (bakalyaro i¢in 20 cm asgari av boyu
ve derinsu mezgiti icin 10 cm ilk Greme boyu) her
iki tUr icinde 40S ve 40790 torbalarin secicilikleri
arasinda istatistiksel fark bulunmamistir.

Bu calismada, bakalyaro ve derinsu mezgiti’nin
405 ve 40790 torbalarda secicilik parametreleri
arastinimistir. 40S torba 40790 torbaya gore

Tablo 4. Denemelerde bakalyaro ve derinsu mezgiti icin elde edilen segicilik parametreleri (L, %50 yakalanma boyu, SA:

Segcicilik araligi, df: serbestlik derecesi)

Tiir Torba qu (cm) SR (cm) p-value Deviance df
Bakalyaro 40S 13,23 (12,97-13,87) 3,30 (2,58-5,3) 0,0528 93,94 41
40790 12,70 (10,83-14,81) 2,96 (1,97-3,65) 0,3665 47,16 32

Mezgit 40S 23,73 (17,96-112,94) 9,34 (1,87-100,0) 0,0001 41,40 13
40790 19,91 (14,46-57,60) 18,14 (4,75-100,00) 0,0324 27,91 16

40790 dan elde edilen SR degeri 2,96’dir. Derinsu
mezgiti icin 40S torbada ortalama L, degeri 23,73
cm, 40790 torbada 19,91 cm, SR degeri 40S
torbada 9,34 ve 18,14 cm olarak bulunmustur.
Secicilik egrilerinin  birebir karsilastirimasinda
Delta yakalanma olasilgi grafiklerinden
faydalaniimistir (Sekil 3). Bu cercevede, bakalyaro

bakalyaro i¢cin %4, mezgit icin ise %19 daha
ylksek L., degeri Gretmistir.

40S ve 40790 torbalarindan elde edilen L
degerleri, ticari balikcilikta kullanilan 44 mm baklava
go6zIlu aglar ile karsilastinldiginda her iki tiriin boy
seciciligi gelistirilmistir. Ozbilgin ve ark. (2005),

-19 -
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Ege Denizi’nde bakalyaro icin standart torbada (40
mm nominal PE), értiye hicbir bireyin gecmedigi
icin herhangi bir segicilik sonucuna ulasilamazken,
Aydin ve Tosunoglu (2010), 44 mm baklava goézIU
torbaile 10,4 cm L, degerine ulagsmislardir. Yapilan
diger arastirmalarda da bakalyaro icin kare gozli
torbalarin seciciliginin baklava g6zli torbalara

-20 -

20

30
Total boy (cm)

nazaran daha ylksek oldugu ortaya konulmustur
(Campos ve Fonseca, 2013, Campos ve ark., 2003;
Dereli ve Aydin, 2016). Ozbilgin ve ark. (2005),
kare g6zll Ust panel (Ust panelde 50 bar kare, alt
panelde 100 baklava gobz) torba ile L., degerini
15,25 cm, Aydin ve Tosunoglu (2010) 40 mm kare
gozlu torba icin 14,4 cm olarak bildirmistir. Bu
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Sekil 4. Derinsu mezgiti icin 40Sve 407901torbalardan elde edilen L, sonuglarinin karsilastirimasi

calismada ise, 40Storba igin bulunan 13.23 cm L,
degeri bakalyaro icin kare g6zli ve dénduriimis
torbadan elde edilen 12,70 cm L, degerleri ile
karsilastirilabilir niteliktedir. Diger taraftan 40790
torbadan tespit edilen L., degeri ile 40S arasinda
sadece %4 gibi bir farkin ve bu farkin istatistiksel
olarak 6nemsiz olmasi 40S torbaya bir alternatif
olabilecegi duslinllmektedir. Bununla birlikte,
yapilan calismalarda bulunan L., degerleri, 20
cm yasal asgari av boyu ile kiyaslandiginda halen
disik oldugu goérilmektedir (Anonim, 2020).
Cevre g6z sayisi disirilmis daha buyik ag g6z
acikligina sahip torbalar ile bu tlrin seciciligin
gelistirilebilecedi dislinllmektedir. Kaldi ki cevre
g6z sayisinin disUrilmesi L., degerini anlamli bir
sekilde ylkseltmektedir (Sala ve Lucchetti 2011;
Sensurat-Geng ve ark., 2018).

Kita yamaci ve sahanhigindan 1000 m derinlere
kadaryayilim gésterenderinsu mezgitiyayginolarak
300-400 m’lerde bulunmaktadir (Cohen, 1990). Bu
derinlikler Turkiye sularinda genellikle uluslararasi
sular niteliginde degerlendiriimektedir ve her
¢ekimden secicilik parametrelerini hesaplamada
kullanilabilecek birey yakalanamadigi icin derinsu
mezgiti Uzerine segicilik galismalar nispeten daha
azdir. Tokag ve ark. (2010), 300 g6z c¢evresine
sahip 42,42 mm g6z acikhgindaki baklava gozli
torba ile L, degerini 18,75 cm, Ust paneli kare
g6z (75 bar) ve alt paneli baklava (150 g6z) olan
ve 41,65 mm kare go6zli torbada ise 19,42 cm

bulmustur. Kaykac (2010) nominal 40 mm g6z
acikhiginda, 300 g6z cevre gbz sayisina sahip
baklava gozll torba ile L, degerini 16,98 bulurken,
48 mm g6z acikhginda kare gézlli Ust panel ile
sahip (40 mm g6z acikliginda 150 g6z cevre g6z
sayisina sahip) 22,84 cm L., degeri elde etmistir.
Bu calismada 40.6 mm g6z acikliga sahip torbadan
40S igin 23,73 cm L, degeri elde edilmistir ki bu
deger Tokag ve ark. (2010) ve Kaykag (2010)' dan
daha ylksek bir degerdir. 40790 icin elde edilen
19,91 cm L, degeri ise Kaykag (2010) ve Tokag
ve ark. (2010)'nin baklava g6zli torbadan elde
ettiklerinden daha yuksektir. Derinsu mezgiti icin
yapilan segicilik calislarindan tir icin bildirilen
18 cm ilk Ureme boyunun Uzerinde deger elde
edilmistir.

Sonug

Sonug¢ olarak 40 mm ag g6z acikhigina sahip
torbalarla yapilan bu calismada, kare g6zIi torba
déndurdlmis torbaya gére her iki tlr igcinde
seciciligi gelistirmistir. Yasal yakalanma boyu
dikkate alindiginda bakalyaro i¢in her iki torbada
20 cm degerin altinda sonug vermistir. Bu nedenle
bakalyaro seciciliginin gelistiriimesi icin ¢cevre goz
sayisi dusurilmus veya blyuk g6z acikligindaki
torbalarla denemelerin gerceklestiriimesi
gerekmektedir. Her iki torbadan mezgit icin elde
edilen L, degerleri 18 cm olarak bilinen ilk Greme
boyuna gore yeterli bulunmustur.

-21 -
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Introduction

Due to rapid urbanization and industrialization especially near water resources,
heavy metal pollution in both water and inland environments have been studied
all around the world. In this study, some selected heavy metals (Al, Sr, Cd,
Co, Ni and, Pb) and fish species (Mullus barbatus, Solea solea, and Siganus
rivulatus) from three Bays (iskenderun, Mersin, and Antalya from North-Eastern
Mediterranean Sea) were used for heavy metal accumulation level evaluation
and health risk assessment on both general and fish populations. A variety
of accumulation patterns for considered metals were observed in tissues.
Significant (p<0.05) inter- and intraspecies/tissues/bays differences were
detected. The most stable tissue in terms of Al and Sr accumulation was
determined as muscle. For Cd, Co and Ni accumulation the most stable tissue
was found as liver. Lastly, for Ni accumulation skin was found to be the most
stable tissue. The Target Hazard Quotients (THQ) and Total Target Hazard
Quotients (TTHQ) values based on muscle were not exceeded 1.00. Therefore,
these results suggest that both general and fish populations are not subjected
to the significant potential health risk from those bays.

Since  fisheries products have many

In the last century, due to the industrialization and
urbanization in the world, aquatic environments
have been seriously threatened by pollutants.
Heavy metals are one of these anthropogenic
pollutants and they are considered as dangerous
for the aquatic environment because of their
toxicity, high persistence, non- biodegradability,
and tendency to accumulate in organisms
(Cogun et al., 2017). The accumulation rate and
amount of heavy metals may vary depending on
the fish species, quality of some environmental
parameters, such as salinity, temperature, pH,
hardness, heavy metal concentration, exposure
period, sex and size of fish (Yiimaz et al., 2010).
Thus, metal accumulation ratios in fish tissues
may show fluctuations at different locations, even
for the same fish species (Yilmaz, 2003).
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polyunsaturated fatty acids, liposoluble vitamins,
minerals and essential proteins, they are important
for human consumption in terms of nutritional
value (Mohanty et al., 2019; Kili¢ et al., 2019). For
those reasons, there have been growing interest
in "food safety" and keeping food quality at
acceptable levels on aquatic products for human
beings worldwide. The Target Hazard Quotients
(THQ) and Total Target Hazard Quotients (TTHQ)
values have been used for assessing potential
health risks of individual and total effects of
heavy metals, respectively. However, TTHQ has
been expected to be much more reliably helpful
to assess and compare their combined risks and
therefore have been widely employed in recent
literature (Yi et al., 2011; Korkmaz et al., 2017;
Rajan and Ishak, 2017).
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iskenderun Bay, Mersin Bay, and Antalya Bay have
rapid and intense urbanization, industrialization
along with marine traffic issues, ship accidents
(Can et al., 2020). All these have been resulting in
the intensity of anthropogenic pollutants on these
three bays from the North-Eastern Mediterranean.
Red mullet Mullus barbatus)) Common sole
(Solea solea), and Marbled spine foot (Siganus
rivulatus) are fish species that exist in these three
bays. While red mullet and common sole are
sharing similar habitats in terms of depth, seabed
and feeding types, marbled spine foot found on
shore and feeds on algae. Therefore, in this study,
accumulation rates of some selected heavy
metals (Al, Sr, Cd, Co, Ni, and Pb) in the different
tissues (muscle, liver, skin, and intestine) of Red
mullet (M. barbatus), Common sole (S. solea), and
Marbled spine foot (S. rivulatus) were determined
and compared according to both inter- and intra-
species/ tissues/bays.

Also, the accumulation stability of these metals
in different tissues was examined. Target Hazard
Quotients (THQ) and Total Target Hazard Quotients
(TTHQ) values (both general and fish population) of
these heavy metals accumulation in muscle tissue
as the edible part of fish were assessed.

Material and Methods
Fish Species

Solea solea, Mullus barbatus, and Siganus
rivulatus were studied. Fish species were
confirmed according to Froese and Pauly (2020).

Common sole (S. solea) is demersal marine
species living on sandy or muddy bottoms,
ranging from nearshore to 200 m of depth. Adults
feed mainly on polychaete worms, mollusks, and
small crustaceans.

Red mullet (M. barbatus) is benthic species on
muddy bottoms of the continental shelf between

5 and 300 m. They are also found on gravels
and sandy bottoms and it feeds on benthic
invertebrates (crustaceans, worms, mollusks).

Marbled spine foot (S. rivufatus) occurs in shallow
waters over substrates clothed with algae,
including rocky and sandy areas at depths of less
than 15 m. They are herbivorous, feeding mainly
on algae.

Studied Areas

Fish samples were taken from local fishermen in
the iskenderun, Mersin, and Antalya Bay, in April
2016. These three consecutive bays are located
in the Northern East coast of the Mediterranean
Sea (Figure 1). All bays have intensive marine
traffic, tourism activities and shelf regions are
surrounded by domestic areas. Moreover, many
heavy industrial facilities have been established
around iskenderun and Mersin bays which may
cause an increase in heavy metal pollution risk for
aquatic life. They interact with each other through
current systems (Hamad et al., 2005).

Sampling, Preparation and Metal Analysis
Sampling

Fish samples (n=15 specimens for each species)
were taken from local fishermen in iskenderun,
Mersin, and Antalya Bays in April 2016 (Figure
1). The samples were brought to the laboratory
on ice immediately and then frozen at -25°C until
dissection. Total fish length and weight were
measured to the nearest millimeter and gram
before dissection. The mean length and weight of
the S. solea, M. barbatus, and S. rivulatus were
25.22+2.20 cm and 135.90+43.11 g, 19.64+4.07
cm and 158.31+123.61 g and 17.29+2.08 cm and
108.34+72.52 g, respectively. The mean body
length of each species from three bays were not
significantly different (p>0.05).

Figure 1. Map

of Studied Areas
(iskenderun, Mersin,
and Antalya Bay)
from North Eastern
Mediterranean Sea
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Preparation

Fish samples were dissected to get tissue samples
(epaxial muscle, intestine, skin, and liver). Studied
tissue from each fish was transferred to a petri
dish after being wet weighed and 2 mL nitric
acid (HNO,, 65%, S.W.: 1.40, Merck) and 1 mL
perchloric acid (HCIO,, 60%, S.W.: 1.53, Merck)
mixture were added in the sample which is located
in the experimental tube. Then, tissue samples
were wet digested on a hotplate at 120°C for 8
h. They were transferred to polyethylene tubes
and volume were set up to 10 mL using deionized
water. Samples were passed through a 0.45-pm
membrane filter before analysis.

Analysis

All analyses were carried out in triplicate by using
Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) (Perkin Elmer Nexion 350 X). Blanks
were carried out in the same manner as samples
and concentrations were determined using
standard solutions prepared in the same acid
matrix. Calibration standarts were prepared
from a multi-element ICP Standard (Merck). The
quality of data was checked against the analysis
of standard reference material DORM-2 (National
Research Council of Canada; dogfish muscle and
liver MA-A-2/TM Fish Flesh). The recovery values
for Al, Sr, Cd, Co, Ni, and Pb were measured as
99.98, 93.25, 94.16, 96.57, 91.22 and 97.12%,
respectively. Metal concentrations were calculated
in micrograms per gram wet weight (ug metal g
w.wt.).

Target Hazard Quotients (THQ) and Total
Target Hazard Quotients (TTHQ)

Estimated weekly intake (EWI) amount were
calculated by multiplying the mean concentrations
of each metal and the weight (g) of weekly
consumed fish. In Turkey, the weekly fish
consumption amount is 105.42 g (TUIK, 2018).
The average weight of a person was considered as
72.8 kg (TUIK, 2016) and multiplied by provisional
tolerable weekly intakes (PTWI) values, proposed
for each element. Then the percent PTWI was
calculated.

In order to evaluate the potential health risk of S.
solea, M. barbatus, and S. rivulatus consumption,
Target Hazard Quotients (THQ) which is indication
of heavy metal exposure risk was calculated. THQ
calculation formula is given below (Han et al.,
1998; Chien et al., 2002; Storelli, 2008).

THQ = [(EXEXF oXC)/(RpXW, XT )]x10

- 26 -

where, E_is the exposure frequency: 365 days/year,
E, is the exposure duration: the average lifetime
is assumed as 70 years according to (Bennett et
al.,1999). F_ is the food ingestion rate: 15.06 g/
day for Turkish consumers, according to TUIK
(2018). C is the determined metal concentration in
muscle tissue (mg/kg).

R, is the oral reference dose (mg/kg/day): Al, Sr,
Cd, Co, Ni, and Pb have been suggested as 1
(EFSA, 2008), 0.6 (US EPA, 2009), 0.0001 (ATSDR.
(2012), 0.0003 (CDEP, 2008), 0.02 (US EPA, 2009)
and 0.00357 (FAO/WHO, 2004) respectively.

W,; is the average body weight: 72.8 kg, according
to TUIK (2016). T, is the average exposure time for
non-carcinogens (365 days/year x E;, assuming
70 years in this study). In this study, the total THQ
(TTHQ) is treated as the arithmetic sum of the
individual metal THQ values (Yi et al., 2011):

TTHQ= THQ (toxicant 1) + THQ (toxicant 2)+
+ THQ (toxicant n)

THQ and TTHQ values were estimated for the
general population (THQ_) and fishermen (THQ)
separately to compare the risk of heavy metals
from different consumers. In this study, FIR was
assumed for Turkish fishermen to be two times
higher than the general population as 30.12 g/day.
The THQ and TTHQ = 1.0 refers to people may
experience significant health risk from the intake
of individual metals through fish consumption (Yi
et al., 2011).

Statistical analyses

All data were checked for outliers and then
descriptive statistics and Box-Whisker plots
were calculated and drawn, respectively. Both
inter- and intra-species/ tissues/bays differences
were assessed using by one-way PERMANOVA
(Permutational multivariate analysis of variance)
test.

The stability (variability) of heavy metal
accumulation in different tissues was evaluated by
coefficient of variation (Cv, %), i.e. high variability
indicates low stability and low variability indicates
high stability. All computations and statistical
analyses were carried out using Microsoft Excel
and Past software (V. 3.23) (Hammer et al., 2001).

Results and Discussion

Heavy metals were widely studied polluters in
marine ecosystems. Some ofthem (iron, chromium,
manganese, cobalt, selenium) are essential in
trace amounts for aquatic life; while others were
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harmful to aquatic life (Kalay and Canli, 2000).
Results of essential metal accumulation of S.
solea, M. barbatus, and S. rivulatus can be found
at Can et al. (2020).

It is well known that cadmium and lead are
harmful metals for any biological process.
Although aluminum, cobalt, nickel are considered
as nhon-essential, these are playing important
role in bioactivities at trace amounts. Sr mainly
accumulates in bony tissues of fish and results in
the development of scoliosis and osteoporosis. At
high concentrations, Sr also is accumulated in soft
tissues (Neff, 2002).

The mean values (ug g—' w.wt.) with standard
deviation (x+sd) and coefficient of variation (Cv,
%) of measured heavy metals (Al, Sr, Cd, Co, Ni,
and Pb) in the tissues muscle (M), intestine (),
skin (S), and liver (L) of S. solea, M. barbatus, and
S. rivulatus by studied locations are given in Table
1-6 and Table 7, respectively. Also, mean and
standard deviations of heavy metal concentration
in muscle tissues of studied species and the
estimated Target Hazard Quotients (THQ) in Table
8, respectively.

Aluminum (Al)

Aluminum, one of the most abundant metal in
the Earth (7.5-8.1%), has very active ion (APF)
and bonds covalently with some compounds.
Although it is not classified as heavy metal, it
has toxic effects. Al toxicity and bioavailability
to aquatic biota largely depends on its solubility
and represents inverse relationship. Aluminum
toxicity is reported to be among the factors lead to
Alzheimer's disease, dementia, and Parkinson's
disease (Chin-Chan et al., 2015).

There were no significant differences detected
among the tissues for three species in each bays,
except S. rivulatus (skin and muscle, p<0.05) from
Antalya Bay (Table 1, denoted as A, B, C). Mean
Al concentrations in the tissues of S. solea had
same pattern for three bays as I> S> L> M. Al
concentration for M. barbatus was ranked as |>
L> S> M for iskenderun, Mersin Bays and I> S>
L> M for Antalya Bay. Mean Al level ranking of S.
rivulatus for iskenderun Bay was ordered as I> S>
L> M; on the other hand, the ranking for Mersin
and Antalya Bays were as I> M> S> L and S> I>
L> M, respectively.

The mean Al concentrations in the muscle tissue
of S. solea among the three locations were not
significantly different (p>0.05), but a significant
difference was found in the muscle of M. barbatus

Kilig et al.
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Figure 2. Box and whisker plots indicating heavy
metal concentration in muscle tissues of So/ea
solea, Mullus barbatus, Siganus rivulatus

and S. rivulatus among locations (p<0.05, Table
1 denoted as x, y). There were no significant
differences among the same tissues of different
species at the same locations of all samples
(p>0.05, Table 1, denoted as a).

The highest mean Al accumulation in muscle
tissues was observed in S. rivulatus at Mersin
Bay (7.62 +9.40 yg g—' w.wt. Figure 2a). Also, in
general, Al accumulation stability was somehow
higher in muscle than that of the other tissues for
all species and bays (Table 7).
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Table 1. Mean Al concentration (ug metal g™ wet weight [w.wt.]) with standard deviation

in the tissues of

Solea solea, Mullus barbatus, Siganus rivulatus with respect to studied locations

Location Intestine Skin Liver Muscle
. X 49 57~ 15.28%ax 5.55%ax 7.49%x
Iskenderun
+s 40.20 9.82 3.55 8.15
R 34,142 5.34%ax 4 49hax 3.614ax
8. solea Mersin X
+s 28.20 3.62 6.68 2.58
X 5.32%ax 3.79%ax 3.83%ax 1.83%ax
Antalya
+s 2.16 3.03 3.22 1.34
. X 91.65%2* 13.32%ax 25.89nax 6.46%2
Iskenderun
+s 88.47 7.26 11.68 1.99
X 19.75mx 411k 9.56%ax 2.38%ax
M. barbatus Mersin
+s 9.16 3.12 9.39 1.29
X 125.90%x 15.81%ax 3.99hax 1.63%ax
Antalya
+s 70.21 15.56 4.01 1.14
. X 28.31%ax 27.80%a 473Ky 4,50~y
Iskenderun
+s 13.91 14.99 1.01 1.08
) ) X 29.06%ax 6.33%aw 2.54Ka0 7.62Aay
S. nivulatus Mersin
+s 39.40 6.91 1.53 9.40
X 2.04Aax 2.46M8x 1.91/8ax 0.5682x
Antalya
+s 0.39 2.25 1.31 0.27

AB,C denotes differences among tissues in the same species at the same location
a,b,c denotes differences among same tissues of different species at same locations
X,y,Z denotes differences among locations in the same tissues of same species

The range of mean Al accumulation in muscle
tissues of M. barbatus(1.63-6.46) in our study was
higher than that of previous studies (0.45-1.68).
No data was available for the Al accumulation in
S. rivulatus (0.56-7.62) and S. solea (1.83- 7.49)
on the same species in same bays (Table 1,
Table 9). But, Yilmaz et al., (2010) reported the Al
accumulation in the muscle tissue of 7. lucerna, L.
budegassa and S. /ascaris from iskenderun Bay
with the range of 2.23 to0 4.93 pg g™ w.wt.

Strontium (Sr)

Strontium is involved in bone and cartilage
metabolic processes in combination with calcium.
Strontium is rarely distributed in the environment,
thus, limited number of studies conducted about
its accumulation on the aquatic organisms
(Carvalho et al., 2005; Yilmaz et al., 2018).

The following differences were detected among
tissues (Table 2, denoted as A, B, C); S. sofea(skin
and liver from Mersin) and S. rivulatus (skin, liver,
and muscle from iskenderun and Mersin). With
regard to the results given in Table 2, the patterns
of Sr occurrence in the selected tissues can be
listed as follows in descending order: S. solea
(iskenderun), M. barbatus (iskenderun and Antalya

-28 -

Bays); I> S> L> M and for S. rivulatus ( iskenderun
and Antalya Bays); S> I> L> M.

The mean Sr concentrations in the muscle tissue
of S. solea and M. barbatus among the three
locations were not significantly different (p>0.05),
except for S. rivulatus from iskenderun and Mersin
Bays (p< 0.05, Table 2; denoted as x, y, z). There
were no significant differences among the same
tissues of different species at the same locations
of all samples (p>0.05, Table 2; denoted as a).

Strontium levels (ug g w.wt.) of muscle ranged
from 0.74 to 2.25 for S. solea, 0.51 to 0.90 for M.
barbatus and 0.40 to 1.23 for S. rivulatus from
bays (Figure 2b).

There has been no research conducted on the
Sr accumulation in the studied fishes from three
bays, except the current one. The maximum
variability in Sr accumulation was detected in the
intestine, the minimum variability was detected in
the muscle. These results show that in terms of Sr
accumulation stability in tissues, the muscle was
much more stable than other tissues (Table 7).
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Table 2. Mean Sr concentration (ug metal g wet weight [w.wt.]) with standard deviation in the tissues of Solea solea, Mullus
barbatus, and Siganus rivulatus with respect to studied locations.

Location Intestine Skin Liver Muscle
. % 9.92%% 8.59Ka 1.544x 0.74rax
Iskenderun
*s 6.84 4.41 0.66 0.18
, 10.32% 91.6%80% 0.96#C 2.25M
S. solea Mersin
+s 5.54 3.44 0.33 1.95
1 .32A;a;x 13_76A;a;x 2.72A;a;x 1 _1 1A;a;x
Antalya
*s 0.82 10.45 2.20 0.57
. 13.19%x 9.38Ka 3.14m 0.88"2
Iskenderun
+s 10.87 15.49 0.95 017
_ % 3.69%% 0.76% 0.844 0.90%
M. barbatus Mersin
*s 2.64 0.60 0.51 0.47
14448 3.344a 1,25 0.514a
Antalya
+s 712 1.91 0.26 0.22
. % 11,974 1451/ 0.8/ 0.72cmy
Iskenderun
*s 10.84 3.82 0.23 0.11
, , % 11228 7.75/0x 0.84¢Cax 1.23%0ay
S. rivulatus Mersin
+s 16.16 3.26 0.40 0.81
X 1.46Rax 5.68~ax 1.07%ax 0.40Max
Antalya
*s 0.84 1.64 0.68 0.09

AB,C denotes differences among tissues in the same species at the same location
a,b,c denotes differences among same tissues of different species at same locations
X,y,Z denotes differences among locations in the same tissues of same species

For L. budegassa and S. /ascaris from iskenderun
Bay, significant differences in Sr concentrations in
the liver were observed; however, there was no
such difference in skin and muscle of the same
species. Also in the same study, Sr levels ranged
from 0.78 pug g w.wt. in L. budegassato 1.58 (ug
g w.wt. in S. /ascaris for muscles, and from 2.03
in L. budegassato 2.46 ug g w.wt. in S. /ascaris
for livers (Yilmaz et al., 2010).

Carvalho et al. (2005) found that Sr concentrations
were significantly different between demersal and
pelagic species, tend to higher concentration for
demersal species. Our results on muscle were
consistent with that pattern (Figure 2b).

Cadmium (Cd)

Cadmium and its chloride and sulfate salts are
freely soluble and all of them are poisonous
for living organisms and it may cause enzyme
inhibition in high concentrations. It could be taken
up through Ca channels in the gills of fish and
mollusks (Galvez et al., 2006) and also could get
from food (McRae et al., 2018).

Mean cadmium concentrations of fish tissues
from three bay are shown in Table 3 (ug g™ w.wt.).
No significantly differences were detected among
the tissues of each location for S. solea (Table 3,

-29.-

denoted as A, B, C) and the accumulation rate in
the tissues of S. so/eawas the same for all stations
and ranked as L > | > S > M. Except iskenderun
Bay (p<0.05, denoted as A, B, C), there was no
differences among the tissues of M. barbatus and
Cd concentration was ranked as L> | > S > M
for three Bays. Some differences were observed
among tissues of S. rivulatus from Mersin and
Antalya Bays (Table 3, denoted as A, B, C) and it
was ranked as L > I> S > M except Antalya Bay
where it follows | > L > S > M.

The mean Cd concentrations in the muscle tissue
of S. solea and M. barbatus among the three
locations were not significantly different (p>0.05),
except for S. rivulatus from iskenderun Bay (p<
0.05, Table 3; denoted as X, y).

There were no significant differences among same
tissues of different species at same locations of all
samples (p>0.05, Table 3; denoted as a), except
in the liver tissue of S. solea and S. rivulatus from
iskenderun Bay (p<0.05, Table 3; denoted as b).

Maximum Cd concentrations in the muscle tissue
(Mg g w.wt) of S. solea, M. barbatus, and S.
rivulatus were found as 0.01, 0.03 and, 0.01
(iskenderun Bay), 0.03, 0.01 and, 0.01 (Mersin
Bay) and 0.01, 0.01 and, 0.003 (Antalya Bay),
respectively (Figure 2c).
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Table 3. Mean Cd concentration (ug metal g wet weight [w.wt.]) with standard deviation in the tissues of So/ea solea, Mullus
barbatus, Siganus rivulatus with respect to studied locations

Location Intestine Skin Liver Muscle
. X 0.014ax 0.008%2x 0.04%0x 0.00442x
Iskenderun
+s 0.00 0.01 0.03 0.01
) X 0.014ax 0.0442x 0.02%ax 0.014ax
S. solea Mersin
+s 0.00 0.01 0.03 0.01
X 0.02%ax 0.02%ax 0.06a0x 0.002%2x
Antalya
+s 0.02 0.02 0.05 0.01
. X 0.20%2x 0.0074B:2x 0.11ACax 0.01AB:2x
Iskenderun
+s 0.12 0.01 0.01 0.01
) X 0.03~2x 0.00442x 0.004%=y 0.002%2x
M. barbatus Mersin
+s 0.03 0.01 0.03 0.00
X 0.08%2x 0.014ax 0.16%22 0.003~2x
Antalya
+s 0.10 0.01 0.01 0.01
. X 0.02%ax 0.02%ax 0.04%0y 0.00442x
Iskenderun
+s 0.01 0.01 0.03 0.01
) ) X 0.06%2x 0.0044B:2x 0.10%C2x 0.004#B:2x
S. rivulatus Mersin
+s 0.06 0.01 0.04 0.01
X 0.12%ax 0.0044B:2x 0.01AC=x 0.003~2x
Antalya
+s 0.03 0.01 0.03 0.001

AB,C denotes differences among tissues in the same species at the same location
a,b,c denotes differences among same tissues of different species at same locations
X,y,Z denotes differences among locations in the same tissues of same species

Table 4. Mean Co concentration (ug metal g wet weight [w.wt.]) with standard deviation in the tissues of So/ea solea, Mullus
barbatus, Siganus rivulatus with respect to studied locations.

Location Intestine Skin Liver Muscle
. % 0.174ax 0.03ax 0.033%2x 0.02%e
Iskenderun
*s 0.19 0.01 0.02 0.02
, 0.08" 0.02 0.09% 0.03%
S. solea Mersin
+s 0.06 0.01 0.12 0.04
% 0.08%ax 0.13%ax 0.08%x 0.01#a
Antalya
*s 0.08 0.15 0.08 0.01
. 0.314a 0.03%a 0.114a 0.02%a
Iskenderun
+s 0.30 0.02 0.07 0.02
_ % 0.074ax 0.028a 0.10% 0.0182
M. barbatus Mersin
*s 0.03 0.01 0.04 0.01
01 5A;a;x 0_05AB;a;x 0.33A0;a;x 001 AB;a;x
Antalya
+s 0.05 0.03 0.01 0.01
. % 0.18% 0.09%% 0.1k 0.018
Iskenderun
*s 0.12 0.03 0.06 0.01
. . % 0.32A;a;x 0_07AB;a;xy 0_23AC;ac;x 0_04AB;a;x
S. rivulatus Mersin
+s 0.37 0.04 0.08 0.02
% 0.08% 0.02% 0.0442 0.0142
Antalya
*s 0.06 0.01 0.03 0.00

AB,C denotes differences among tissues in the same species at the same location
a,b,c denotes differences among same tissues of different species at same locations
X,y,Z denotes differences among locations in the same tissues of same species
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The maximum variability in Cd accumulation was
detected in the muscle, the minimum variability
was detected in the liver (Table 7). These results
show that in terms of Cd accumulation stability in
tissues, the liver was much more stable than other
tissues.

The mean Cd concentrations in the muscle tissues
of (ug metal g w.wt.) S. solea (0.004-0.01), M.
barbatus (0.003-0.01) and S. rivulatus (0.003-
0.004) were very lower than previous studies from
same bays as 0.11-0.38, 0.01-2.04 and, 0.06-
0.24, respectively (Table 3, Table 9).

Cobalt (Co)

Although cobalt is interpreted as a non-essential
metal, it is essential in very small amounts for
all living organisms. Co is the active center of
coenzymes called cobalamins which is found in
vitamin B12 and it has a role in blood pressure
regulation and thyroid function. Its inorganic form
is also a micronutrient for bacteria, algae, and
fungi (Lison, 2015).

There were no significant difference (p>0.05)
detected among the tissues of S. sofea in all
locations. But the differences were detected for
M. barbatus (Mersin and Antalya Bays) and S.
rivulatus (iskenderun and Mersin Bays), (Table 4,
denoted as A, B, C). Mean Co concentrations in
the tissues of M. barbatus and S. rivulatus had
the same pattern for three bays as I> L> S> M.
But there was no regular pattern observed for
S. solea from three bays (Table 4). The mean Co
concentrations in the muscle tissue of S. solea
and M. barbatus among the three locations were
not significantly different (p>0.05, Table 4 denoted
as x). But a significant difference was found
in the muscle of S. rivu/atus among locations
(p<0.05, Table 4 denoted as x, y). There were no
significant difference detected among muscle
tissues of different species at the same locations
of all samples, except S. rivulatus (iskenderun
and Mersin Bays: skin and liver, p>0.05, Table 4;
denoted as a, b, ¢).

Maximum Co concentrations in the muscle tissue
(Mg g w.wt) of S. solea, M. barbatus, and S.
rivulatus were found as 0.05, 0.05 and, 0.02 in
iskenderun Bay, 0.08, 0.02 and, 0.07 in Mersin
Bay and 0.02, 0.02 and, 0.01 in Antalya Bay,
respectively (Figure 2d).

The maximum variability in Co accumulation
was detected in the intestine and the minimum
variability was detected in the liver. These results
show that in terms of Co accumulation stability in
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tissues, the liver was much more stable than other
tissues (Table 7).

The mean Co concentrations in the muscle tissues
of (ug metal g' w.wt.) S. solea (0.01- 0.03), M.
barbatus (0.01-0.02) and S. rivulatus (0.01-0.04)
(Table 4) were found remarkable smaller than
previous studies from same bays as 0.17-0.43,
0.02-0.44 and, 0.08-0.39 respectively (Table 9).

Nickel (Ni)

Nickel and certain nickel compounds, which
are essential for human beings, are listed as
carcinogens (ATSDR, 2011). Nickel is rarely found
in fish, plants, and animals and its accumulation in
aquatic life is very rare (Yilmaz et al., 2018).

There were no significant differences among
the tissues for S. sofea in each location. The
accumulation rate in the tissues of S. solea had
different patterns and muscle showed the lowest
rate in all locations. (Table 5, denoted as A, B, C).
Except for Antalya Bay (p<0.05, denoted as A,
B, C), there were no difference detected among
the tissues of M. barbatus. Ni concentration was
ranked as | > S > L> M for Mersin and Antalya
Bays, | > L > S > M for iskenderun Bay. Significant
differences were not detected among the tissues
of S. rivulatus for each bays (p >0.05, Table 5;
denoted as A, B, C) and it was ranked as | > S >
L > M except from Antalya Bay where it followed
S > 1> L > M pattern (Table 5). The mean Ni
concentrations in the muscle tissue of S. solea
and M. barbatus among the three locations were
not significantly different (p>0.05, Table 5 denoted
as x). But a significant difference was found in the
muscle of S. rivulatus among locations (p<0.05,
Table 5 denoted as X, y). There were no significant
differences among the same tissues of different
species at the same locations of all samples
(p>0.05, Table 5 denoted as a).

The maximum variability in Ni accumulation was
detected in the intestine, the minimum variability
was detected in the skin. These results show that
in terms of Ni accumulation stability in tissues,
the skin was much more stable than other tissues
(Table 7).

Ni concentrations in the muscle tissue (ug g™
w.wt.) of S. solea, M. barbatus and S. rivulatus
were varied from 0.01-0.10, 0.02-0.09, 0.02-0.03
in iskenderun Bay; 0.01-0.10, 0.01-0.06, 0.01-
0.07 in Mersin Bay; and 0.02-0.17, 0.01-0.02,
0.01-0.02 in Antalya Bay, respectively (Figure 2e).

The range of mean Ni accumulation in muscle
tissues of S. solea, (0.04-0.05), M. barbatus



Mar Life Sci (2021) 3(1):24-38 Kilig et al.

Table 5. Mean Ni concentration (ug metal g wet weight [w.wt.]) with standard deviation in the tissues of So/ea solea, Mullus
barbatus, Siganus rivuiatus with respect to studied locations.

Location Intestine Skin Liver Muscle

. % 0.19% 0.07#a 0.05% 0.05%x

Iskenderun

+s 0.15 0.03 0.02 0.04

. % 0.10% 0.04Aax 0.09%ax 0.04#3x

5 solea Mersin +s 0.08 0.01 0.12 0.04
% 0.08%a 0.214x 0.09% 0.04#3x

Antalya +s 0.09 0.13 0.10 0.08

Ik % 0.35%9 0.06% 0.094 0.04#ax

skenderun +s 0.30 0.04 0.01 0.03

, % 0.06% 0.05% 0.03% 0.0

M. barbatus Mersin ts 0.03 0.05 0.02 002
Antalya % 0.38% 0.108 0.03802x 0.026

+s 0.40 0.04 0.01 0.006

isk X 025K 0.15kex 0.03% 0.02%

skenderun +s 0.23 0.08 0.01 0.005
S. rivulatus Mersin X 0.1 0.04% 0.03% 0.03
+s 0.25 0.02 0.008 0.02

Antalya % 0.044x 0.08% 0.02#% 0.01#ax

+s 0.03 0.09 0.008 0.005

AB,C denotes differences among tissues in the same species at the same location
a,b,c denotes differences among same tissues of different species at same locations
X,y,z denotes differences among locations in the same tissues of same species

Table 6. Mean Pb concentration (ug metal g-1 wet weight [w.wt.]) with standard deviation in the tissues of Solea solea, Mullus
barbatus, Siganus rivulatus with respect to studied locations

Location Intestine Skin Liver Muscle
. % 0.214ax 0.18Aax 0.22%2 0.10%s
Iskenderun
+s 0.10 0.06 0.09 0.02
_ % 0.0142 0.24%5 0.05% 0.08%x
. solea Mersin +s 0.10 0.34 0.04 0.05
% 0.10% 0.63% 0.374% 0.09%e
Antalya +s 0.06 0.88 0.48 0.03
: % 0.474ax 0.214ax 0.49%ax 0.244x
Iskenderun +s 0.23 0.22 0.40 0.38
. % 0.43%ax 0.20"a 0.47h2 0.06*
M. barbatus Mersin s 059 0.29 0.50 0.02
% 0.35%x 0.29% 0.20% 0.06#
Antalya +s 0.13 017 0.04 0.02
. % 0.33 0.37#8x 0.15%ax 0.064¢>
Iskenderun +s 0.15 0.11 0.07 0.01
S. rivutatus Mersin X 208 0347 052 0287
+s 2.62 0.09 0.36 0.35
% 0.56%% 0.174% 0.274ax 0.06#x
Antalya +s 0.55 0.07 0.12 0.03

AB,C denotes differences among tissues in the same species at the same location
a,b,c denotes differences among same tissues of different species at same locations
X,y,Z denotes differences among locations in the same tissues of same species
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(0.006-0.03), and S. rivulatus (0.005-0.02) in our
study (Table 5) were lower than that of previous
studies (0.14-3.27), (0.13-4.22), and (0.69-3.43),
respectively (Table 9).

Lead (Pb)

The inorganic lead salts are considered to be
moderately toxic to marine organisms because
of their low solubility. Lead binds to enzymes and
hormones in live cells, it can cause in fish to deficit
or decrease in survival, growth, development, and
metabolism, to increase mucus formation (Burger
et al., 2002).

There were no significant differences (p>0.05)
among the tissues for studied fish in each location,
except S. rivulatus from iskenderun and Mersin
Bays and no regular pattern on accumulation rates
was observed in among studied tissues. (Table 6,
denoted as A, B, C). The mean Pb concentrations
among the muscle tissue of all species from three
bays were not significantly different (p>0.05, Table
6; denoted as x). Also, there were no significant
differences among muscle tissues of different
species at the same locations of all samples
(p>0.05, Table 6; denoted as a).

Maximum Pb concentrations in the muscle tissue
(Mg g-1 w.wt.) of S. solea, M. barbatus, and S.
rivulatus were found as 0.12, 0.91 and, 0.08 in
iskenderun Bay, 0.16, 0.09 and, 0.84 in Mersin

Bay and 0.12, 0.08 and, 0.11 in Antalya Bay,
respectively (Figure 2f).

The maximum variability in Pb accumulation was
detected in the intestine, the minimum variability
was detected in the liver. These results show that
in terms of Pb accumulation stability in tissues,
the liver was much more stable than other tissues
(Table 7).

The range of mean Pb accumulation in muscle
tissues of S. solea (0.08-0.10) and M. barbatus
(0.006-0.24) (Table 6) were smaller than of previous
studies (0.037-1.31) and (0.03-5.94), respectively
(Table 9). There was no conducted study on Pb
accumulation for S. rivulatus in the same bays.

THQ and TTHQ

The highest levels of THQ , and THQ, for S. solea,
M. barbatus and S. rlvu/az‘usm Iskenderun Mersin
and Antalya Bays were determined for Al (Table 8).
The TTHQ and TTHQ, for S. solea, M. barbatus
and S. r/vu/az‘us in Iskenderun Mersin, and An-
talya Bays were calculated as (0.257 and 0.514),
(0.479 and 0.958), and (0.149 and 0.298); (0.178
and 0.356), (0.103 and 0.206), (0.153 and 0.306);
(0.028 and 0.056), (0.655 and 1.310), and (0.013
and 0.026), respectively. Among these values,
only TTHQ for fishermen (1.310) is exceeded the
value of 1 (reference value). But it does not mean
that fishermen are under the risk.

Table 7. Coefficient of variation (%CV) of heavy metals in the tissues of So/ea solea, Mullus barbatus, Siganus rivulatus with

respect to studied locations.

Station Species Metal | Muscle lqitr?g' Skin Liver Metal | Muscle ";its:' Skin Liver Metal | Muscle Ir;itr?es:_ Skin Liver
iskenderun 108.86 | 81.08 | 64.23 | 63.91 82.54 | 78.33 | 34.48 | 36.51 21.91 | 48.72 | 34.23 | 42.20
Mersin S. solea 7156 | 82.61 | 67.87 | 148.74 94.85 | 80.92 | 31.67 | 146.78 65.92 | 72.60 | 137.29 | 75.77
Antalya 73.08 | 40.53 | 79.94 | 84.13 8529 | 116.81 | 63.78 | 110.16 40.56 | 56.97 | 140.55 | 129.99
iskenderun 30.85 | 96.52 | 54.52 | 45.11 84.71 | 85.58 | 62.36 | 15.71 156.26 | 49.19 | 105.04 | 83.10
Mersin M. barbatus Al 5420 | 46.36 | 75.78 | 98.21 Ni 79.75 | 47.84 | 117.67 | 85.92 Pb 104.55 | 136.07 | 144.17 | 104.55
Antalya 69.75 | 55.76 | 98.40 | 100.35 28.57 | 105.06 | 39.46 | 47.14 3849 | 3594 | 59.43 | 21.21
iskenderun 2405 | 49.14 | 53.91 | 21.36 22.82 | 90.74 | 56.17 | 33.33 2557 | 45.43 | 30.07 | 46.42
Mersin S. rivitatus 123.24 | 135.61 | 109.10 | 60.32 84.98 | 135.22 | 57.60 | 29.88 151.59 | 129.07 | 27.19 | 69.04
Antalya 48.68 | 19.01 | 90.97 | 68.20 40.00 | 75.90 | 113.73 | 46.48 47.83 | 96.45 | 42.82 | 44.83
iskenderun 81.22 | 111.15 | 34.81 | 52.54 136.93 104.58 | 61.88 23.83 | 68.95 | 51.39 | 42.74
Mersin S. solea 127.27 | 67.39 | 60.85 | 139.77 141.42 136.93 | 111.11 86.62 | 53.72 | 37.51 | 34.67
Antalya 43.30 | 100.51 | 117.83 | 100.51 200.00 | 66.66 | 158.69 | 6.73 51.12 | 61.82 | 75.94 | 81.06
iskenderun 86.60 | 95.94 | 52.54 | 64.28 122.47 | 61.51 | 66.66 | 6.73 18.90 | 82.41 | 165.16 | 30.17
Mersin M. barbatus |  Co 39.12 | 38.06 | 46.48 | 36.51 Cd 223.60 | 94.28 | 136.93 | 61.88 Sr 5253 | 71.62 | 79.52 | 60.88
Antalya 81.64 | 3217 | 63.19 | 4.28 200.00 | 125.41 | 91.28 | 4.56 43.66 | 49.28 | 57.15 | 21.01
iskenderun 39.12 | 69.05 | 32.96 | 42.31 136.93 | 46.48 | 55.90 | 69.72 15.15 | 90.56 | 26.34 | 25.96
Mersin S. rivitatus 57.05 | 115.78 | 47.39 | 35.83 136.93 | 106.71 | 223.60 | 45.50 66.13 | 144.04 | 41.98 | 47.81
Antalya 86.06 | 50.00 | 57.04 23.00 | 136.93 | 30.01 57.25 | 28.87 | 66.77
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Table 8. The estimated weekly intakes (EWI), established provisional tolerable weekly intake (PTWI) and percent PTWI (%) of the
muscle tissue of S. solea, M. barbatus and S. rivulatus from three bays of Northern East Mediterranean Sea consumed by adult
people in Turkey.

Heawy S. solea M. barbatus S. rivulatus

Saon - eta v Fu EWI* PTWI (%) (wmgss) W PTWI (%) (urﬂt"l'gss) W PTWI (%) (urﬂt"l'gss)
Al 7000 | 509600 | 5239.55 1.0 0.256 9687.41 1.901 0.4740 | 2992.37 0.6 0.15

- Sr 4200 | 305760 | 1048.54 | 0.34 0.014 1394.18 0.5 0.0018 | 1265.23 04 0.002
% Cd 0.7 510 1.06 2.0 0.0001 20.88 41.0 0.0029 1.90 3.7 0.0003
_% Co 2.1 153 17.97 11.8 0.0001 32.77 21.4 0.0001 19.03 124 0.0001
Ni 140 10192 20.08 0.2 0.0001 37.00 0.4 0.0002 26.43 0.3 0.0002
Pb 25 1820 22.20 1.2 0.0001 49.68 2.7 0.0003 34.88 1.9 0.0002
Al 7000 | 509600 | 3607.54 | 0.708 0.18 2087.58 0.41 0.10 3070.59 0.60 0.0015

Sr 4200 | 305760 | 1048.54 0.3 0.0014 387.92 0.1 0.0005 | 1185.95 04 0.004
% Cd 0.7 510 1.06 2.0 0.0001 3.17 6.2 0.0004 6.34 12.4 0.0009
= Co 2.1 153 8.46 55 0.0000 719 4.7 0.0000 33.82 22.1 0.0001
Ni 140 10192 10.25 0.1 0.0001 6.34 0.06 0.0000 19.03 0.2 0.0001
Pb 25 1820 14.80 0.8 0.0001 45.45 2.5 0.0003 | 214.57 11.8 0.0014
Al 7000 | 509600 | 562.32 0.11 0.028 | 13307.63 2.61 0.6511 | 215.63 0.04 0.0106
Sr 4200 | 305760 | 139.52 0.0 0.0002 | 1527.37 0.5 0.002 154.32 0.1 0.0002
g Cd 0.7 510 2.33 45 0.0003 8.46 16.6 0.0012 12.16 23.8 0.0017
g Co 2.1 153 8.46 55 0.0000 15.86 104 0.0000 39.11 25.5 0.0001
Ni 140 10192 8.46 0.08 0.0001 41.22 0.4 0.0003 4.76 0.0 0.0000
o5 | 1820 | 10221 | 56 | 00007 [ 3700 | 20 | o0o0002| 6025 [ 33 | 0.0004

EWI : estimated weekly intake in pg/week
PTWI: Established Provisional Tolerable Weekly Intake in (ug/week/kg body weight)
*PTWI for average Turkish adult (body weight is taken as 72.8 kg based on TUIK (2016) data (ug/week/72.8 kg body weight)

Conclusion
This study was conducted to evaluate heavy programs should be continued to keep protecting
metal accumulation (Al, Sr, Cd, Co, Ni and, Pb) the environment and human health in the future.
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Table 9. Heavy metal accumulation (ug g~' w.wt.) and THQ values of muscle tissue of fish from previous studies evaluated in
Iskenderun, Mersin and Antalya Bays.

Species Metal Bay w.wt* THQ Reference
M. barbatus Al iskenderun 1.33 0.007 (Dural et al., 2010)
M. barbatus Al iskenderun 1.68 0.009 (Turan et al., 2009)
M. barbatus Al iskenderun 0.45 0.002 (Tirkmen et al., 2005)

S. solea cd iskenderun 0.20 0.001 (Tirkmen, 2011)

S. solea cd iskenderun 0.11 0.001 (Ersoy and Gelik, 2010)

S. solea Cd Mersin nd nd (Korkmaz et al., 2017)

S. solea Cd Mersin 0.38 0.002 (Tiirkmen, 2011)

M. barbatus Cd iskenderun 0.10 0.001 (Turan et al., 2009)
M. barbatus Cd iskenderun 0.17 0.001 (Tirkmen et al., 2005)
M. barbatus Cd iskenderun 0.62 0.003 (Codun et al., 2005)
M. barbatus Cd iskenderun 0.29 0.001 (Kalay et al, 1999)
M. barbatus Cd iskenderun 2.04 0.011 (Kargin, 1996)

M. barbatus Cd Mersin nd nd (Korkmaz et al., 2017)
M. barbatus Cd Mersin 0.21 0.001 (Kalay et al., 1999)
M. barbatus Cd Antalya 0.01 <0.001 (Yipel and Yarsan, 2014)
M. barbatus Cd Antalya 0.02 <0.001 (Tirkmen & Pinar, 2018)
S. rivulatus Cd iskenderun 0.24 0.001 (Ates et al., 2015)

S. rivulatus Cd Antalya 0.06 <0.001 (Ates et al., 2015)

S. solea Co iskenderun 0.17 0.001 (Tirkmen, 2011)

S. solea Co Mersin 0.43 0.002 (Tirkmen, 2011)

M. barbatus Co iskenderun 0.19 0.001 (Tirkmen et al., 2005)
M. barbatus Co iskenderun 0.06 <0.001 (Tepe et al., 2008)

M. barbatus Co Mersin 0.44 0.002 (Tepe et al., 2008)

M. barbatus Co Antalya 0.02 <0.001 (Turkmen and Pinar, 2018)
M. barbatus Co Antalya 0.05 <0.001 (Tepe et al., 2008)

S. rivulatus Co iskenderun 0.39 0.002 (Ates et al., 2015)

S. rivulatus Co Antalya 0.08 <0.001 (Ates et al., 2015)

S. solea Ni iskenderun 0.22 0.001 (Ersoy and Gelik, 2010)

S. solea Ni iskenderun 0.14 0.001 (Kaya and Turkoglu, 2017)

S. solea Ni iskenderun 0.83 0.004 (Tirkmen, 2011)

S. solea Ni Mersin 3.27 0.017 (Tirkmen, 2011)

S. solea Ni Mersin 0.26 0.001 (Korkmaz et al., 2017)
M. barbatus Ni iskenderun 0.13 0.001 (Turan et al., 2009)
M. barbatus Ni iskenderun 0.27 0.001 (Tirkmen et al., 2005)
M. barbatus Ni iskenderun 1.21 0.006 (Kalay et al., 1999)
M. barbatus Ni iskenderun 0.92 0.005 (Tepe et al., 2008)
M. barbatus Ni Mersin 0.61 0.003 (Kalay et al., 1999)
M. barbatus Ni Mersin 0.14 0.001 (Korkmaz et al., 2017)
M. barbatus Ni Mersin 4.22 0.022 (Tepe et al., 2008)
M. barbatus Ni Antalya 0.42 0.002 (Tirkmen and Pinar, 2018)
M. barbatus Ni Antalya 0.96 0.005 (Tepe et al., 2008)

S. rivulatus Ni Antalya 0.69 0.004 (Ates et al., 2015)
S .rivulatus Ni iskenderun 3.43 0.018 (Ates et al., 2015)
S .solea Pb Mersin 0.48 0.002 (Korkmaz et al., 2017)
S .so0lea Pb iskenderun 0.38 0.002 (Ersoy & Celik, 2010)
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S. solea Pb iskenderun 1.13 0.006 (Tirkmen, 2011)

S. solea Pb Mersin 1.31 0.007 (Kilcii et al., 2014)

S. solea Pb Mersin 0.37 0.002 (Tiirkmen, 2011)
M. barbatus Pb iskenderun 0.45 0.002 (Dural et al., 2010)
M. barbatus Pb iskenderun 0.11 0.001 (Turan et al., 2009)
M. barbatus Pb iskenderun 0.82 0.004 (Tirkmen et al., 2005)
M. barbatus Pb iskenderun 0.04 <0.001 (Tepe et al., 2008)
M. barbatus Pb iskenderun 1.88 0.010 (Cogun et al, 2006)
M. barbatus Pb iskenderun 1.82 0.009 (Kalay et al., 1999)
M. barbatus Pb iskenderun 0.50 0.003 (Tepe et al., 2008)
M. barbatus Pb Mersin 5.94 0.031 (Kalay et al., 1999)
M. barbatus Pb Mersin 1.27 0.007 (Kilcii et al., 2014)
M. barbatus Pb Mersin 0.40 0.002 (Tepe et al., 2008)
M. barbatus Pb Mersin 0.16 0.001 (Korkmaz et al., 2017)
M. barbatus Pb Mersin 0.89 0.005 (Tepe et al., 2008)
M. barbatus Pb Antalya 0.03 <0.001 (Tirkmen and Pinar, 2018)
M. barbatus Pb Antalya 0.32 0.002 (Tepe et al., 2008)
M. barbatus Pb Antalya 0.22 0.001 (Tepe et al., 2008)
M. barbatus Pb iskenderun 0.39 0.002 (Ates et al., 2015)
M. barbatus Pb Antalya 0.13 0.001 (Ates et al., 2015)

Dry weight values were converted to wet wt. dividing by 5 [According to Yilmaz (2010)]
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Four similar sizes eastern white river crayfish (Procambarus acutus acutus)
and red swamp crayfish (Procambarus clarkij) were stocked separately to
determine intra and inter-specific-competition. Three treatment levels were
used three treatment levels, with six replicates tanks each with stand green
rice (representing a stocking density of approximately 21 individuals per m?).
This study was carried out during 90 days to determine growth and survival
rate. Results showed that the growth of P. acutus acutus in the interspecific-
treatment tank was found higher than those grown in the intraspecific-treatment
tanks. For P. ciarkii; no significant differences in growth (estimated from the
mean Total length, TL) were detected between treatments. The survival of the
two species was the same up to the first 60 days of the experiment, while
the difference in survival was only noticeable at 90 days. The survival rate of
P. clarkii in the intraspecific-treatment tanks (55.0%) was higher than in the
interspecific tanks (26.7%) treatment, while the survival of P. acutus acutus
was found similar in two treatments. It was achieved higher survival, faster
growth and larger size in P. a. acutus than P. clarkii when grown in the tank
study. Size of body was important in determining competitive interactions
between the two species.
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Procambarus acutus acutus
Procambarus clarkii
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Introduction

Crayfish culture has developed rapidly in recent
years and has become one of the most important
contributors to the nutritional supply of human
demands (Yazici and Mazlum, 2019; Mazlum et al.,
2019; Mazlum et al., 2020). Its annual production,
which was 63.750 million kg in the U.S.A (Lutz,
2019). Presently there are more than 95% of the
production comes from Louisiana (Huner, 1995;
Eversole and McClain, 2000; Lutz, 2019). Red
swamp crayfish and white river crayfish production
are the most important commercial crayfish
species in North America and are successful in
commercial crayfish ponds. In addition both of
them may thrive in the low-energy-input, extensive
aquaculture systems used in Louisiana and other
southern states.

Cite this article as

P. clarkii can be easily distinguished from the A~.
acutus acutus. The color of red swamp varies
from light olive green to reddish black depending
on maturity stage. P. a. acutus are sandy white
or dark brown color depending on molting stage.
P. a. acutus chelae are narrower and longer than
those P. clarkii crayfish. Crayfish are classified
according to their feeding habits as herbivores,
detritivores, omnivores and sometimes obligate
carnivores (Correia, 2005; Nystrom, 2002; Mazlum
and Sirin, 2020). They are capable of living in
many different habitats in terms of physiological,
morphological and behavioral characteristics.
Crayfish are found abundant and predominantly
among all invertebrates. This organism play an
important role in the freshwater food chain by

Mazlum, Y. (2021). Intra-and inter-specific competition effects on survival and growth of juvenile Procambarus acutus acutus

and Procambarus clarkii. Marine and Life Sciences, 3(1): 39-43.
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feeding on the residues and detritus of thousands
of animals, from living and rotten plants, cereals,
algae and vertebrates to smaller vertebrates
such as small fish species (Lodge et al.,, 2012;
Twardochleb et al., 2013).

P. clarkii and P. acutus acutus are cultivated
simultaneously in various proportions in Louisiana
culture ponds, with the P. clarkii dominated catch
(Hunerand Barr, 1991). However, many ponds were
stocked with P. c/arkijin South Carolina eventually
became dominated by P. acutus acutus (Mazlum
and Eversole, 2000; Mazlum, 2003). Moreover,
approximately two years of supplementation,
stocking 59-114kg/ha of P. clarkii in 1996 and
1997, increased the average proportion of PA.
clarkii in the harvest to only 2% (Eversole et al.,
1999). P. clarkii was not found in the harvest
from these ponds in 2000, 2001 and 2002. ~.
clarkii and P. acutus acutus are frequently found
in the same habitat and biological requirements
are similar between two species (Huner and Barr,
1991; Mazlum and Eversole, 2004, 2005). The red
swamp crayfish appears to tolerate warmer water
temperatures and poor water quality than white
river crayfish. P. clarkii is the preferred species
in culture because it has a higher fecundity and
tolerance to low dissolved oxygen (DO) and great
market appeal. P. acutus acutus seem to prefer
cooler water temperatures and flowing water
where oxygen levels are higher (Mazlum and
Eversole, 2004, 2005; Mazlum et al., 2021).

Competitive interactions between two (or more)
co-occurring crayfish species when they highly
overlap ecological niches and use similar resources
can have long-term adverse effects on species
(Soderback, 1991; Gherardi, 2002). Our results
clearly demonstrate the competitive advantage of
P. acutus acutus over P. clarkii. Gherardi (2004)
reported that larger chelae crayfish species
provide more fight-winning advantages over
similar length and shorter chelae species. Our
previous results indicated that P. acutus acutus
had longer chelae and longer hatchlings than
P. clarkii, but this difference was not significant
(Eversole and Mazlum, 2002; Eversole et al.,
2006) for proving that size confers advantages
in conspecific interactions. Several studies have
been designed to better understanding ~. clarkii
and P. acutus acutus interactions. The aim of
this was to determine the effects of competitive
interactions on the growth and survival of P. clarkii
and P. acutus acutus.

Material and Methods

The experiment was conducted in 18 rectangular
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plastic 57 L tanks located at the Aquaculture
Research Facility, Clemson University, Clemson,
South Carolina. Prior to experiment, the eighteen
tanks were planted with rice (Figure 1). Four A.
clarkii and P. acutus acutus of the same size were
stocked separately for intraspecies treatments or
in combination in interspecific-treatment with two
individuals of each species. Three treatment levels
were used in the experiment, with six replicates
tanks each (representing a stocking density of
approximately 21 individuals per m?) with stand
green rice. Juvenile crayfish were randomly placed
to each of eighteen trial tanks (n=4).

Figure 1. View of experimental tanks from top indicating the
position of the standpipe. Rice stand was not fully grown at
the time of the photograph.

Flowing pond water with a flow rate of
approximately 10 L/h was used in the present
study. Dissolved oxygen and temperature were
determined daily in the early morning with a 55
YSI oxygen meter. Crayfish were held at 12L:12D
cycle. Crayfish were fed daily ad libitum in a 5 cm
glass petri dish placed at the bottom of the tank.
Uneaten feed was removed from the tank before
the next feeding. We measured total length (length
from the tip of rostrum to telson, TL) to the nearest
millimeter using a digital caliper at the beginning of
the experiment and then crayfish were measured
monthly interval to determine growth over the 3
month study.

At the end of the experiment, crayfish were
counted and measured individually. Growth was
evaluated by change in total length (TL) over 90
days and survival (%) calculated according the
following equations:

Survival (%) = (final number of crayfish/ initial
number of crayfish) x 100.

All data were analyzed by using SPSS software
(Version 16.0; SPSS; Chicago, IL, USA). One-way
analysis of variance (ANOVA) was used to compare
mean differences growth and survival between
treatments. A post hoc Duncan’s multiple range
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test was used to test for differences between
the treatments. Differences were considered
significant at the 95% confidence level. All means
were presented with + standard deviation (SD).

Results

Water temperatures and dissolved oxygen (DO)
during the experiment were within acceptable
ranges for cambarid crayfish growth (Huner,
1990; Mazlum and Eversole, 2005). There were no
differences between the treatments for the mean
water temperature of 18.2°C and the mean DO
of 5.8 mg/L during the study. The rice feed was
decayed and consumed for crayfish throughout
the experiment so that very little vegetation and
the noxious matter remained in the tanks at the
end of the study.

The mean starting of sizes of the two species was
similar in both competition treatments. At the end
of the experiment, the growth of P. a. acutus was
found to be significant between treatments (Table
1). P. a. acutus which grew significantly faster
in the interspecific-treatment tanks than in the
intraspecific-treatment tanks. It was observed that
no difference was detected in the growth between
the treatments for P. c/arkii(Table 1). After 90 days,
the growth rate in the inter specific-treatment tanks
was 76. 2+10.3 mm TL in compared to 54.6+8.6
mm TL in the intraspecific-treatment tanks.

Table 1. Mean and standard deviation of the total length
(TL) of £ a. acutus and R clarkif in the intraspecific- and
interspeeific-treatment tanks.

Sample P a. acutus TL (mm) P, clarkii TL (mm)

Days Intraspecific  Interspecific Intraspecific Interspecific
30days  24.9+0.4° 25.2+0.4° 24.3+0.5° 24.0+0.5°
60 days  50.6+7.2 54.0+5.8? 53.0+7.8 55.6+5.5
90days 54.6+8.6°  76.2+10.3° 63.1+£9.52 62.6+4.3

Different superscript letters in each line represent significant differences
(P<0.05).

At the 90 days, survival of the both species was
lower in the interspecific-treatment tanks (50.0%)
thaninthe intraspecific-treatment (26.7 %) tanks. P.
clarkii survival in the interspecific-treatment tanks
(26.7%) was also lower than in the intraspecific
tanks (55.0%) (Table 2). P. acutus acutus survived
at a similar rate in the interspecific-treatment tanks
(50.0%) and intraspecific-treatment tanks (63.7 %)
whereas P. a. acutus survival was similar in the
two treatments.

-4] -

Table 2. Mean and standard deviation of the survival (%) of
R a. acutus and £ clarkif in intraspecific and interspecific-

treatment tanks.

P, acutus acutus Survival P, clarkii Survival

Sample (%) (%)
Days

Intraspecific  Interspecific Intraspecific Interspecific
30days  24.9+0.4 25.2+0.42 24.3+0.5° 24.0+0.5
60 days  50.6+7.2 54.0+5.8° 53.0+7.8° 55.6+5.52
90days 54.6+8.6°  76.2+10.3° 63.1+9.52 62.6+4.3

Means within a species that share different superscripts are significantly
different (P <0.05).

Discussion

Sympatic crayfish species compete for food
resources (Bulter and Stein, 1985), and aggression
and competition for these food sources play an
important role in crayfish interactions (Soderback,
1991). In this study, it was revealed that the
competition between the two species is more
intense than the competition between the species.
For example, the survival of two species in the
interspecific treatment tanks was lower than in
the intraspecific treatment tanks. The growth (TL)
of both species was found to be higher in the
interspecies treatment than in the intraspecies
treatment, which supports previous studies
(Kozak et al., 2007). Compared to interspecific
pairs, individuals of P. acutus acutus initiated and
gained greater numbers of interactions. Because
of this, he was able to dominate agonistic
interactions against his opponents without getting
into more or longer fights and thus getting into
more fights. While these values did not change for
P. clarkii, the unilateral results of the fights reveal
the competitive advantage of P. acutus acutus as
P. clarkiiindividuals did not win the competitions.
As in other similar studies, crayfish length, weight
and claw length had effects on dominance, and
as a result, the dominance of P. acutus acutus
over P. clarkiiwas determined by (Eversole et al.,
2006; Fero et al., 2007; Martin and Moore, 2007;
Mazlum and Eversole, 2005). Eversole et al. (2006)
reported that the aggressive behavior of P. acutus
acutusindividuals is the most important factor that
provides an important advantage and determines
the outcome. It is true that where aggressive
behavior leads to death, competing crayfish have
the potential to grow faster depending on the feed
source. Therefore, the highest growth is expected
to occur in tanks with the highest mortality (ie,
interspecies tanks) (Table 2). This indicates that
larger crayfish continue competitively over smaller
crayfish (Momot, 1984). In environments with
low stocking density, mortality is higher in tanks
with high stocking (McClain, 1995). Eversole et
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al. (2006) indicated that male P. a. acutus had Conclusion
significantly longer chelae than male P. clarkii
while female P. a. acutus chelae were longer than
female P. clarkii. They suggested that the body
size of P. a. acutus was important in defining the
interaction between the two species. This situation

P. a. acutus achieved higher survival, faster growth
and larger size than P. c/arkii when grown in the
tank study. The size of the body was significant in
describing competitive interactions between two

has been noted in previous studies (Eversole et Species.

al., 2006; Mazlum et. al., 2007). This may bg orTe Acknowledgements
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Growth parameters

Introduction as the extinction of the biological diversity (Sala
et al.,, 2000). The excessive use of the water,
agricultural irrigation and extreme low tide as
aresult of dam and set applications change the
habitat characteristics of the river (Crivelli,1995).
It is asserted that destruction in Asi River caused
the deterioration of the species as bringing over
exploitation with it. According to the commercial
fishing activities, the existence of this species
could be mentioned especially as being inthe lower
parts of Asi River till the years of 1990s (Demirci
and Demirci, 2009). After this term, following
the negativities (partial water reduction, drying,
domestic waste, industrial pollution, agricultural
activities and irrigation) occurred in Asi River, no
B. lorteti individuals were encountered in the main
river bed (Yalgin, 1999).

Turkey, with its special geographical location and
freshwater potential, contains many endemic and
cosmopolitan fish species. (Innal and Erk’akan,
2006). Approximately 387 freshwater fish species
were determined as endemic (Froese and Pauly,
2010).

Barbus lorteti is an endemic species, belonging
to the family of Cyprinidae, mainly distrubuted in
the lower parts of Asi River from Syria to Turkey.
IUCN assessed this species as data defficient
(DD) because of the absence of reliable data on
distribution, abundance, trend and threat of this
species (Crivelli, 2018). The population of this
species has decreased after collection of the
specimens, and various attempts to collect them

species is wasted in last decade. The population Although little is known about concerning the

of this species has decreased dramatically in the checklist and systematic features of this species
last 25 years (Karatas et al., 2021). The changes (Cicek et al., 2018), the little was known about

and deteriorations occurred in the freshwater the population structure, habitat and ecological
ecosystems, emerged more devastatingly such features of this species. Age-length and age-

T
Demirci, S. & Yalgin Ozdilek, S. (2021). Biological traits of a data deficient species in the Asi River: Barbus lorteti(Sauvage,
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weight features belonging to this species were
given for the first time. In addition, in this study,
the reasons for the deterioration of the 5. /forteti
population are tried to be explained by comparing
the biological characteristics of Barbus luteus
which is another endemic specie still existing in
the region (Yalcin et al., 2004; Gokcek and Akyurt,
2008).

Material and Methods

The Asi River, also named as Orontes, was located
in both the borders of Syria and Turkey. The river
rose from the Bekaa Valley in Lebanon and reached
after in Syria. 94 km of its water were located in
the borders of Turkey (Yalcin Ozdilek et al., 2006;
Demirci et al., 2020). In the last set, it flowed into
Mediterrenean from Samandag (Yalcin, 1999;
Demirci et al., 2012; Demirci et al., 2016). There
are many fish passages in the Asi River (Demirci
et al., 2018). The research area, representing four
different capture areas, is shown in Figure 1.

E 35'48"
E36/30"

N 36'54"

Syria

Demirkipri

Mediterranean

Giizelburg

Tavla
Karagay

N 3552

Figure 1. Map of the research area with four different
catching (Demirkopri, Giizelburg, Tavla and Karacay)
region.

B. lorteti samples were obtained from the local
fishers who threw fyke net, electro-shocker and
trammel net. These catching gears were thrown in
the evening and then collected in the next morning.
201 individuals were sampled and brought to the
laboratory by being fixed in the 4% of formalin
solution following the preliminary studies. The
length measurements of the fish samples were
realized by fish measuring scale with 1 mm
interval and the weight measurements were done

with digital scale with 0.1 g. In age determination,
scales were used. For this purpose, the scales
taken from the left anterior-dorsal region of the
fish were washed with distilled water and kept in
3% NaOH solution for 3-6 hours, dipped in 96%
ethyl alcohol and kept for 3-6 hours. After washing
with distilled water for 30 minutes, it was dried
and fixed between two slides and became ready
for examination (Lagler, 1966). These preparations
were aged in a small magnifying binocular
microwave. In the estimation of the length-weight
relationship, the regression analysis method was
used (Ricker, 1975).

W=aLP

Here the ‘W’ indicated the total weight of the
fish in gram; ‘L’ indicated the total length of the
fish in cm, ‘a’ and ‘b’ coefficients indicated the
regression parameters, which vary according to
the species. von Bertalanffy growth equation was
estimated by the least squares method based on
the lengths and weights observed in every age
groups (Beverton and Holt, 1957).

L= L_*[1-e-Ktw
Wt= Ww*[‘] _e_K*(t—to)]b

The “L”, the fish length in t age, "L >, the
asymptotic length based on the growth gradient
in fish, “K'” the growth coefficient in length and
the “t,” the hypothetical age, as based upon the
weight is zero. Similarly “W.”, the fish weight in
t age, “W_”, the asymptotic weight based on the
growth gradient in fish, “K-'”indicates the growth
coefficient in weight and the “t” indicates the
hypothetical age, as based upon the weight is
zero.

The growth performance index usedto compare the
growth rate in fish was fixed as taking advantage
of the formula of ®'=logK'+2logL_ (Sparre and
Venema, 1998). In this equation; ® = shows the
growth performance index, L_ = asymptotic length
(cm), K'' = Brody’s growth coefficient (year).

Fulton’s Condition Factor was estimated and the
arithmetical average of these were taken. The
Fulton Condition Factor was stated in the below
formula (Holden and Raitt, 1974).

K= (W*100)/L°

As the species has currently not observed in
nature, the genetic analyses provied that the
samples obtained in the research belonged to
the species of B. /orteti. In the genetic structure
analysis, from the preferred molecular methods,
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the mtDNA-RFLP analysis method was used
(Watanabe, 2018).

Results

The age distribution of 201 5. /orteti specie which
were obtained from four different regions of Asi
River was ranged between I-VI. The majority of
the population in the region was constituted by
the individuals in the age intervals of Il and Il (73
and 65). Respectively, the number of species and
age; there were 43 items of 5. /orteti samples in |.
age, 14 of them in IV. age, 6 of them in V. age, 4 of
them in VI. age. The number of individuals based
on the ages were shown in Table 1.

Table1. Age- Length size distributions of Barbus lortetifrom
Asi River.

Age Groups (year)

Length

Cl Total
em 1 nm o om v v w
8 2 2
10 16 16
12 19 13 32
14 6 6 5 17
16 23 12 35
18 no1 22
20 15 8 1 24
22 5 1 2 18
24 14 10 2 26
26 1 3 2 6
28 2 2
30 1 1
Total 437361 14 6 4 201
Mean 12.37 17.62 20.67 24.14 27.00 28.35 18.37

Standard

Standard 455 297 320 136 1.82 074 4.8

It was determined that the length distribution of
the samples was between 7.4 and 31.0 cm. When
all data are taken into account, the average total
length of this population starting from the age
of | to VI, were found to be 12.37 cm, 17.62 cm,
20.67 cm, 24.14 cm, 24.55 cm, and 28.35 cm,
respectively. When the length distribution of the
sampled population was examined, the majority of
the stock was constituted by the individuals being
17-20 cm total length interval.

The weight distributions of the sampled population
by age were found as 109, 19.90 g, 52.13 g, 117.69
g, 175.69 g, 203.55 g starting from the first age to
last age, respectively. The weight of VI age group
was found to be 268.95 g in average (Table 2).

According to the measured weights, the minimum
and the maximum values were measured as
respectively 3.8 and 299.0 g, respectively.

Table 2. Weight distributions of Barbus lortefifrom Asi River.

V(\_I;?ight Age Groups (year)
@ 1 on owm v v oy T
25 36 1 37
50 7 33 40
75 34 2 36
100 5 17 22
125 21 21
150 11 11
175 6 11 1 18
200 3 1 4
295 1 1 4 6
250 1 1 1 3
275 2 2
300 1 1
Total 43 73 61 14 6 4 201

Means 19.90 52.13 117.69 175.69 203.55 268.95 82.57

Standard
Deviation 5.21 1415 31.65 22.69 17.69 21.58 60.99

The mean weight value of the population was
estimated as 82.57 g. According to the 201 items
obtained from the Asi River B. /lorteti population,
the total length (cm) and weight (g) regression
parameters were determined. At the end of this
regression analysis, the relationship was found
as W=0.013 L2%. According to the b coefficient
estimated in this formula, the weight and the
length regarding this species revealed an isometric
increase (Figure 2).

300 - .
/e
_ W= 0.012*L297
4 200 - R2=0.98
"5h
b -
2 100
0 T 1

0 10 20 30 40
Total length (cm)

Figure 2. The relationship between length and weight of
Barbus lortetifrom the Asi River.

According to the von Bertalanffy equation, the
growth model of the mentioned population in age
and length was found as: L =28.45"[1-g0-43(+023)]
(Figure 3). The growth performance index for
the fish species was estimated as ©=2.56.
Likewise, the growth model in weight estimated in
accordance to von Bertalanffy equation was fixed
as W= 501.04 [1-e 02201091297 (Figure 4).
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L28.45 [1—¢ 0430+C023))]
R?0.76

2 3 4 5
Age groups (vear 1)

Figure 3. Length size and age von-Bertalanfy growth
arameter of Barbus lortetifrom Asi River.

Wt: 501 .04*[176 022001 05)]2 a7

300 RZZO.SI o
55200
£ 100 A
4] T T T |
0 2 4 ) 8

Age groups (vear!)

Figure 4. Age and weight von-Bertalanfy growth parameter
of Barbus fortetifrom Asi River.

The condition factor estimated from the 5. /ortet/
population is shown in Figure 5. While the mean
condition factor was estimated as 1.11 the
maximum and the minimum condition factor was
found as 1.82 and 0.68, respectively.

Statistical difference between the measured
length and weight values were investigated by Khi
Square (X?) Test.

Discussion

In this study, biology of the 5. /orteti; the reasons
of the stock’s precipitation in Asi River where their
population were about to dissappear were tried to
be determined. On the other hand the B. luteus
population, which was sampled in Asi River in
a similar way in the same and near period, was
continuing its stock (Yalgin Ozdilek et al., 2004).
In this context, it would be beneficial to discuss
some of the biological and population features of
these two species in this part of the article to make
comparison. Also, as there was not adequate
information concerning the age and length
features of B. /orteti, the comparisons were made
referring to B. /uteus, which lived in the same river
ecosystem and was catched in the same period.

In the B. /lorteti population in Asi River, individuals

_47 -
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Figure 5. The comparision of condition factor as per the
ages of Barbus lorteti and Barbus luteus in the Asi River
(Gokcek and Akyurt 2008).

were encounted between the ages of I-VI. In the
same period, especially in the research that was
made by Yalgin Ozdilek et al. (2004), the age
distribution of the B. /uteus population, changed
between the ages of I-V. Gokgek and Akyurt (2008)
encountered to 5. /uteus individuals up to the 9
age group. In this case, when the environmental
conditions were convenient, they showed a
longer length of time compared to 5. /orteti. As
this species involved in the group living long, they
continued its population density in our day. As in
both of the studies one group of individuals were
more dominant which was age 3 for B. /uteus and
age 2 for B. lorteti, Mean individual sizes in age
groups were higher in length and weight for 5.
lorteti. Especially the individual weights as per the
age, was nearly twice as much compared to the 5.
luteus. This comparison was presented in Figure
5. When the growth features of both species were
compared, no significant difference was noticed.
However, ® prime index of B. /orteti (2.56) was
found be lower than B. /uteus (2.65).

In this context, though the age distribution of
the B. /orteti population was low in the Asi River
environment which had negative habitat conditions
during the process of time. It was thought that it
entered a deterioration process as giving negative
reaction due to its relatively high weight. As an
example to negative conditions, reduction of the
average rainfall in Asi River and the increase
of the agricultural irrigation in summer months,
could be given. As the reduction in water level
made catching in this region easy, it was thought
that the population might have limited the age
composition (Yalcin, 1997).

In the samples done throughout one year, the
individuals in the length group of 7.4 and 31.0 cm,
were catched by using the fyke net, electroshocker,
trammel net and throw net. Yalcin Ozdilek et al.
(2004) obtained the B. forfeti in the length group
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of 5.1 and 24.7 cm in the same region with fyke
net, electroshocker and a 17*17-30*30 mm of
throw nets. Gokcek and Akyurt (2008) catched the
individuals in the length group of 7.5 and 38.4 cm,
with 12 -34 mm of gillnet, 12- 22 mm of cast net.
In B. lorteti population, no 0 age group individuals
were encountered. It was thought that this case
was resulted from the catching tool selectivity
occurred basing on the mesh openness in the
fyke and trammel net. In both of the studies made
in the same region in different times, this case was
observed in B. luteus population, as well.

In the length-weight relationship which was
formed by B. /ortet/ individuals in Asi River, b
value was found as 2.97. Yalcin Ozdilek et al.
(2004) estimated the b value as 3.08 in the same
river system. Gokcek and Akyurt (2008) found
b value as 2.97 for female and 3.0 for male
indiviauals seperately. It could be said that when
the b value was taken into consideration, the 5.
lortetiindividuals were achieved isometric growth
in Asi River. The sample population obtained from
Asi River, was fixed to be ranged between 3.8 g
and 299.0 g.

Yalcin Ozdilek et al. (2004) found that the 5. luteus
population in this region varied between 2.1 g and
187 g. In B. /ortetipopulation, L_ value was found
as 28.45 cm. In B. /luteus population which was
catched from the same environment, L_ value
was found as 25.89 cm by Yalcin Ozdilek et al.
(2004), 38.77 cm for female and 40.32 cm for male
individuals by Gokgek and Akyurt (2008). When the
K" values were examined in the length growth, it
was found as 0.43 in B. lorteti population; while in
B.luteus population the values of 0.23, 0.30 were
found.

W_ value in the B. /fortet/ population was
determined as 501.04 g. B. /uteus individuals
revealed the 318.53 g W_ value (Yalcin Ozdilek et
al., 2004). Gokcek and Akyurt (2008) were found 5.
luteus W_ value as 750.40 g. When the condition
factor was examined as per the ages, it was seen
that there was significant difference (Figure 5).

Studying the population dynamic parameters
of B. lorteti living in Asi River, has provided the
exposure of the growth features. Moreover this may
contribute to the explanation of the deterioration
of this species. Especially, the determination of
growth and other biological features of the species
living in this type of river systems, could be
beneficial for both the sustainability of the natural
populations and the fishing management studies.
This species might have been subjected to over
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catching in that period unlike from B. /luteus. As
it is a hardly encounter species, it is difficult to
get information about the minimum legal catching
size due to its first reproduction size. Particularly,
determining the growth and other biological
features of the populations which faced with the
danger of extinction, would be beneficial in respect
to take the protective measures of the stock.

Conclusion

As a result, this study is very important as it was
the first data giving the growth features of the
rarely encountered species while determining
the history of the river ecosystem at the same
time. In addition, this paper confirms that the
population of B. /orteti is rarely encountered
species in the Asi River and this species might
be represented by small isolated populations
or really extinct in the river. Asi River have ben
exposed to various anthropogenic threats such
as pollution, water restrictions, barriers, invasives,
overexploitation etc. (Yalgin Ozdilek et al., 2004).
These adverse conditions might be responsible
for decreasing populations not only for 5. /lortet,
but also for decreasing other endemic/native fish
species. We suggest further detailed survey for
determining living populations along the river and
its tributaries. We also suggest to be arranged an
effective management plan for sustainable use of
freshwater fish species for river basin.
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