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YAZIM KURALLARI

Yazilar, dergiye yalnizca gevrimici gonderi sistemi ile elektronik
versiyonda agagidaki talimatlara gore gonderilmelidir.

Yaz1 gonderi tipleri

Arastirma makaleler, derleme makaleler, kisa notlar ve raporlar,

editore mektup.

e Arastirma makaleler; Daha dnce yaymlanmamis olan ve 7500
kelimeyi veya 25 sayfay1 gegmemesi gerekir. Orijinal tam metin
arastirma makaleleri (tablolar ve resimler dahil)

¢ Derleme makaleler; giincel konularda ve 10.000 kelimeye veya
25 sayfa (tablolar ve sekiller dahil)

e Kisa notlar ve raporlar; 6n nitelikte olabilecek c¢aligmayi
aciklayan (tercihen tablolar ve sekiller dahil 3000 veya 10
sayfadan fazla olmamalidir).

o Editore Mektuplar; giincel konulara dahil edilmeli ve 2000
kelimeyi veya tablolar ve sekiller dahil 10 sayfay1 gegmemelidir.

Dergi iicreti
Derginin yayin iicreti yoktur.

Yazilarin Hazirlanmasi

Calismalar Tiirkce veya Ingilizce hazirlanmalidir. Metninizi bir

kelime islemci yazilimi kullanarak hazirlaym ve ".doc" veya

".docx" formatlarinda kaydedin. Yazilar asagidaki sirayla

hazirlanmalidir;

e Bashk sayfasi

0 Baslik (Kisa ve bilgilendirici. Kisaltmalardan ve formiillerden
kaginin)

0 Yazar isimleri ve iiyelik adresleri (Tam isimler verilmeli,
kisaltma yapilmamalidir. lgili yazar bir yildiz isaretiyle
belirtilmelidir. Her tiyelik adresi kurum, fakiilte / okul, boliim,
sehir ve iilkeyi i¢cermelidir)

0 Sorumlu yazarin e-postasi, telefonu, faksi ve adresi

0 Tim yazarlar icin ORCID numarasi ve e-posta adresleri.

0 Sekil sayist

0 Cizelge sayisi

0 Tesekkiir (Varsa. Mutlaka minimumda tutun)

Ana metin

0 Bashk

0 Oz (150 ile 250 kelime arasinda olmali, kaynak ve
kisaltmalardan kaginilmalidir)

0 Anahtar Kelimeler (Minimum 3, Maksimum 6 anahtar
kelime)

0 Girig

0 Materyal ve Yontemler

0 Bulgular

0 Tartisma (Uygunsa Bulgular boliimii ile birlestirilebilir)

0 Sonuglar

o Etik Standartlara Uyum
a) Yazarlarm Katkilar
b) Cikar Catigmasi
¢) Hayvanlarin Refahina fliskin Beyan
d) insan Haklar1 Beyani

o Kaynaklar

o Cizelge(ler) (metinde uygun konumda)

o Sekiller (metinde uygun konumda)

o0 Ekler (varsa)

Makale Formati

Makale boyunca A4 boyutundaki kagidin tiim kenarlarinda cift
aralikli ve 25 mm kenar bosluklu referanslar, tablo bagliklar1 ve
sekil basliklar1 dahil olmak iizere 12 puntoluk bir yaz1 tipi kullanin

(Times New Roman). Sayfanin biitiin yonlerinde 25 mm'lik kenar
bosluklar1 kullanin. Metin tek siitun formatinda olmalidir
Yazarlarin sablon dosyalarini agsagidaki baglantilardan indirmeleri
oOnerilir:

* Her sayfa Arap rakamlari ile numaralandirilmali ve yazinin
basindan sonuna kadar satirlar siirekli olarak
numaralandirilmalidir.

* Vurgu i¢in italik kullanin.

* Yalnizca SI (uluslararasi sistem) birimlerini kullanin.

* Ondalik basamaklar i¢in "nokta" kullanin.

* Tiir adi i¢in italik kullanin.

Etik Standartlara Uyum

Sorumlu yazar, kaynak listesinden dnce ayr1 bir béliimde makale
metnine bir 6zet aciklama ekleyecektir. Asagidaki aciklama
orneklerine bakin:

a) Yazarlarin Katkilar

Liitfen makale icin yazarlarin katkilarini saglaymm. Ad ve
soyadlarinin ilk harflerini kullanin (6rnegin; Yazar MO ¢alismay1
tasarladi, MF makalenin ilk taslagini yazdi, AF istatistiksel
analizleri gerceklestirdi ve yonetti. Tim yazarlar son makaleyi
okudu ve onayladu.).

b) Cikar Catismasi

Mevcut herhangi bir ¢ikar ¢atismasi burada verilmelidir. Catisma
yoksa, yazarlar sunlar1 belirtmelidir:

Cikar Catismast: Yazarlar ¢ikar c¢atigmast olmadigint beyan
ederler.

¢) Hayvanlarin Refahina iliskin Beyan

Calismada hayvan kullanilmigsa; Arastirma igin kullanilan
hayvanlarin refahina saygi gosterilmelidir. Hayvanlar iizerindeki
deneyleri bildirirken, yazarlar agagidaki ifadeyi belirtmelidir:
Etik onay: Hayvanlarin bakimi ve kullanimi ig¢in gegerli tim
uluslararasi, ulusal ve / veya kurumsal yonergelere uyulmustur.
Veya geriye doniik caligmalar i¢in; makale metninde bir 6zet
beyan asagidaki sekilde yer almalidir:

Etik onay: Bu tiir bir ¢aligma i¢in resmi onay gerekli degildir.

d) insan Haklar1 Beyam

Insan katilimcilar1 iceren calismalari
asagidaki ifadeyi eklemelidir:

Etik onay: Caligmalar, uygun kurumsal ve / veya ulusal arastirma
etik komitesi tarafindan onaylanmig ve 1964 Helsinki Bildirgesi
ve daha sonra yapilan degisiklikler veya karsilastirilabilir etik
standartlarda belirtilen etik standartlara uygun olarak
gerceklestirilmigtir. Veya geriye doniik ¢aligmalar i¢in; makale
metninde agagidaki gibi bir 6zet beyan yer almalidir:

Etik onay: Bu tiir bir ¢aligma igin resmi onay gerekli degildir.

bildirirken, yazarlar

KAYNAKLAR

Metinde Alinti;

Liitfen metinde gegen her bir atifin kaynaklar listesinde de
sunuldugundan emin olun. Metindeki literatiirii kronolojik olarak,
ardindan bu 6rnekler gibi alfabetik sirayla belirtin "(Elp vd., 2018;
Biswas vd., 2016; Elp ve Osmanoglu, 2019)". Atifta bulunulan
kaynak bir climlenin konusuysa, parantez i¢inde yalnizca tarih
verilmelidir. Bu 6rnek gibi bigimlendirilmistir: “Durmaz (2007)
.... etkinligini arastirmistir”.

* Tek yazar: yazarin soyad1 ve yayin yili (Elp, 2017)

» Tki yazar: hem yazarlarin soyadlar1 hem de yayin yil1 (Adem ve
Elp, 2017)
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+ Ug veya daha fazla yazar: birinci yazarin soyadi ve ardindan "ve
digerleri". ve Elp et al., 2018 yayn y1l1)

Kaynaklar Listesinde Alinti;

Kaynaklar once alfabetik olarak siralanmali ve daha sonra
makalenin sonunda kronolojik olarak siralanmalidir. Ayn1 yazar
(lar) dan aym yil i¢inde birden fazla kaynak yayin tarihinden
(2016a) sonra yerlestirilen a, b, ¢ vb. Harflerle belirtilmelidir.
Cevrimigi olarak yaymlanan makalelerin, kitaplarin, ¢ok yazarli
kitaplarin ve makalelerin alintilar1 asagidaki orneklere uygun
olmalidir:

Makale:

Adem, S. S., & Elp, M. (2017). Muscle spindle and comparison of
fish muscle spindle with other vertebrates. Alinteri Journal of
Agriculture Sciences, 32(2): 113-117

Durmaz, Y. (2007). Vitamin E (alpha-tocopherol) production by
the marine microalgae Nannochloropsis oculata
(Eustigmatophyceae) in nitrogen limitation. Aquaculture, 272(4):
717-722.

Elderwish, N., M., Tastan, Y. & Soénmez, A. Y., (2019).
Tiirkiye’nin bati karadeniz kiy1 sularindaki agir metal birikimin
mevsimsel olarak incelenmesi. Menba Kastamonu Universitesi Su
Uriinleri Fakiiltesi Dergisi, 5(2): 1-8.

Elp, M., Osmanoglu, M. 1., Kadak, A. E., & Turan, D., (2018).
Characteristics of Capoeta oguzelii, a new species of cyprinid fish
from the Ezine Stream, Black Sea basin, Turkey (Teleostei:
Cyprinidae). Zoology in the Middle East. 64(2): 102-111.
https://doi.org/10.1080/09397140.2018.1442295

Sénmez, A. Y., Kale, S., Ozdemir, R. C. & Kadak, A. E. (2018).
An adaptive neuro-fuzzy inference system (ANFIS) to predict of
cadmium (Cd) concentration in the Filyos River, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 18(12): 1333-1343.
https://doi.org/10.4194/1303-2712-v18_12 01

Kitap:
Brown, C., Laland, K. & Krause, J. (Eds.) (2011). Fish Cognition
and Behavior. 2nd ed. Oxford, UK: Wiley-Blackwell. 472p.

Kitap boliimii:

Langston, W. J. (1990). Toxic effects of metals and the incidence
of marine ecosystems, pp. 102-122. In: Furness, R. W. (Ed.),
Rainbow Heavy Metals in the Marine Environment. New York,
USA: CRC Press. 256p.

Vassallo, A. I. & Mora, M. S. (2007). Interspecific scaling and
ontogenetic growth patterns of the skull in living and fossil
ctenomyid and octodontid rodents (Caviomorpha:
Octodontoidea).pp. 945-968. In: Kelt, D. A., Lessa, E., Salazar-

Bravo, J. A, Patton, J. L. (Eds.), The Quintessential Naturalist:
Honoring the Life and Legacy of Oliver P. Pearson. 1st ed.
Berkeley, CA, USA: University of California Press. 981p.

Tez:
Elp, M. (2002). Kogkdprii baraj goélii'nde (Van) yasayan siraz
(Capoeta capoeta, Guldensteadt, 1772) ve inci kefali

(Chalcalburnus tarichi, Pallas, 1811) populasyonlari iizerine bir
aragtirma. Ph.D. Thesis. Istanbul University, Istanbul, Turkey.

Konferans bildirimleri:

Notev, E. & Uzunova, S. (2008). A new biological method for
water quality improvement. Proceedings of the 2nd Conference of
Small and Decentralized Water and Wastewater Treatment Plants,
Greece, pp. 487-492.

Enstitii yayinlari:
FAO. (2016). The State of World Fisheries and Aquaculture:
Contributing to food security and nutrition for all. Rome. 200 pp.

Rapor:
FAO. (2018). Report of the ninth session of the Sub-Committee

on Aquaculture. FAQ Fisheries and Aquaculture Report No. 1188.
Rome, Italy.

Internet kaynaklar:

Froese, R. & Pauly, D. (Eds.) (2018). FishBase. World Wide Web
electronic publication. Retrieved on January 11, 2018 from
http://www.fishbase.org.

TurkStat. (2019). Fishery Statistics. Retrieved on December 28,
2019 from http://www.turkstat.gov.tr/

Cizelge(ler)

Arapca olarak numaralandirilmis ¢izelgeler, {iistte kisa bir
aciklayict baglik ile ayri sayfalarda yer almalidir. Dipnotlari
cizelge gdvdesinin altindaki tablolara yerlestirin ve bunlar kiigiik
harflerle (veya anlamlilik degerleri ve diger istatistiksel veriler
icin yildiz isaretleriyle) belirtin. Dikey kurallardan kaginin.
Cizelgelerde sunulan veriler, makalenin bagka bir yerinde
agiklanan sonuglari tekrar etmemelidir.

Sekil(ler)

Metinde tim resimler 'Sekil' olarak etiketlenmeli ve ardisik
Arapca rakamlarla, Sekil 1, Sekil 2 vb. Ile numaralandiriimahdir.
Bir seklin panelleri etiketlenmisse (a, b, vb.), Metinde bu panellere
atifta bulunurken ayni durumu kullanin. Sekillerin PNG, JPEG
gibi elektronik formatlarda olmasi 6nerilir. TIFF (min. 300 dpi) de
mevcut boyutlarda diizenlenmelidir. Tiim sekiller veya tablolar
metin i¢inde sunulmalidir. Yazi tipi boyutlart 9 ila 11 punto
arasinda olmalidir.
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WRITING RULES

Manuscripts must be submitted to the journal in electronic version
only via online submission system according to the guidelines
below:

Types of Paper

Research articles, reviews articles, short communications, letters

to the editor.

e Research articles: original full-length research papers which
have not been published previously and should not exceed 7500
words or 25 manuscript pages (including tables and figures)

e Reviews article: on topical subjects and up to 10000 words or 25
manuscript pages (including tables and figures)

e Short communications: describing work that may be of a
preliminary nature; preferably no more than 3000 words or 10
manuscript pages (including tables and figures).

o Letters to the editor: should be included on matters of topical
interest and not exceeding 2000 words or 10 manuscript pages
(including tables and figures)

Page charges
This journal has no page charges.

Preparation of Manuscripts

Papers must be written in Turkish and English. Prepare your text
using a word-processing software and save in “.doc” or “.docx”
formats. Manuscripts must be structured in the following order:

o Title page file
o Title (Concise and informative. Avoid abbreviations and
formulae)
o0 Author names and affiliation addresses (Full names should be
given, no abbreviations. The corresponding author should be
identified with an asterisk. Each affiliation address should
include institution, faculty/school, department, city, and
country)
o Corresponding author’s e-mail, telephone, fax, and address
0 ORCID number and e-mail addresses for all authors.
0 Number of figures
0 Number of tables
o Acknowledgements (If applicable. Keep these to the absolute
minimum)

e Main file
o0 Title
0 Abstract (Should be between 150 and 250 words. References
and abbreviations should be avoided)
0 Keywords (Minimum 3, Maximum 6 keywords)
o Introduction
o Material and Methods
0 Results
o Discussion (Can be combined with Results section if
appropriate)
o Conclusion
0 Compliance with Ethical Standards
a) Authors' Contributions
b) Conflict of Interest
c) Statement on the Welfare of Animals
d) Statement of Human Rights
o0 References
0 Table(s) with caption(s) (on appropriate location in the text)
o Figure(s) with caption(s) (on appropriate location in the text)
0 And appendices (if any)

Manuscript formatting

Use a 12-point Times New Roman font, including the references,
table headings and figure captions, double-spaced and with 25 mm
margins on all sides of A4 size paper throughout the manuscript.
The text should be in single-column format. The authors are
encouraged to download the template files from the links below:

* Each page must be numbered with Arabic numerals, and lines
must be continuously numbered from the start to the end of the
manuscript.

* Use italics for emphasis

* Use only SI (international system) units.

* Use “dot” for decimal points.

+ Use italics for species name.

Compliance with Ethical Standards

The corresponding author will include a summary statement in the
text of the manuscript in a separate section before the reference
list. See below examples of disclosures:

a) Authors’ Contributions

Please provide contributions of authors for the paper. Use first
letters of name and surnames (e.g.; Author MO designed the
study, MF wrote the first draft of the manuscript, AF performed
and managed statistical analyses. All authors read and approved
the final manuscript.).

b) Conflict of Interest

Any existing conflict of interest should be given here. If no
conflict exists, the authors should state:

Conflict of Interest: The authors declare that there is no conflict of
interest.

¢) Statement on the Welfare of Animals

If animals used in the study; The welfare of animals used for
research must be respected. When reporting experiments on
animals, authors should indicate the following statement: Ethical
approval: ~ All applicable international, national, and/or
institutional guidelines for the care and use of animals were
followed. Or, for retrospective studies; a summary statement in the
text of the manuscript should be included as follow: Ethical
approval: For this type of study, formal consent is not required.

d) Statement of Human Rights

When reporting studies that involve human participants, authors
should include the following statement:

Ethical approval: The studies have been approved by the
appropriate institutional and/or national research ethics committee
and have been performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Or, for retrospective
studies; a summary statement in the text of the manuscript should
be included as follow:

Ethical approval: For this type of study, formal consent is not
required.

REFERENCES

Citation in text;

Please ensure that each reference cited in the text is also presented
in the reference list. Cite literature in the text in chronological,
followed by alphabetical order like these examples "( Elp et al.,
2018; Biswas et al., 2016; Elp and Osmanoglu, 2019)". If the cited
reference is the subject of a sentence, only the date should be given
in parentheses. Formatted like this example: “Durmaz (2007)
investigated the efficacy of...”.
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+ Single author: the author’s surname and the year of publication
(Elp, 2017)

* Two authors: both authors’ surnames and the year of
publication (Adem and Elp, 2017)

* Three or more authors: first author’s surname followed by “et
al.” and the year of publication Elp et al., 2018)

Citation in the reference list;

References should be listed first alphabetically and then further
sorted chronologically at the end of the article. More than one
reference from the same author(s) in the same year must be
identified by the letters a, b, c, etc. placed after the year of
publication (2016a). The citation of articles, books, multi-author
books and articles published online should conform to the
following examples:

Avrticle:

Adem, S. S., & Elp, M. (2017). Muscle spindle and comparison
of fish muscle spindle with other vertebrates. Alinteri Journal of
Agriculture Sciences, 32(2): 113-117

Durmaz, Y. (2007). Vitamin E (alpha-tocopherol) production by
the marine microalgae Nannochloropsis oculata
(Eustigmatophyceae) in nitrogen limitation. Aquaculture, 272(4):
717-722.

Elderwish, N., M., Tastan, Y. & Sonmez, A. Y., (2019).
Tiirkiye’nin bati karadeniz kiy1 sularindaki agir metal birikimin
mevsimsel olarak incelenmesi. Menba Kastamonu Universitesi Su
Uriinleri Fakiiltesi Dergisi, 5(2): 1-8.

Elp, M., Osmanoglu, M. 1., Kadak, A. E., & Turan, D., (2018).
Characteristics of Capoeta oguzelii, a new species of cyprinid fish
from the Ezine Stream, Black Sea basin, Turkey (Teleostei:
Cyprinidae). Zoology in the Middle East. 64(2): 102-111.
https://doi.org/10.1080/09397140.2018.1442295

Sénmez, A. Y., Kale, S., Ozdemir, R. C. & Kadak, A. E. (2018).
An adaptive neuro-fuzzy inference system (ANFIS) to predict of
cadmium (Cd) concentration in the Filyos River, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 18(12): 1333-1343.
https://doi.org/10.4194/1303-2712-v18_12 01

Book:
Brown, C., Laland, K. & Krause, J. (Eds.) (2011). Fish Cognition
and Behavior. 2nd ed. Oxford, UK: WileyBlackwell. 472p.

Chapter:
Langston, W. J. (1990). Toxic effects of metals and the incidence

of marine ecosystems, pp. 102-122. In: Furness, R. W. (Eds.),
Rainbow Heavy Metals in the Marine Environment. New York,
USA: CRC Press. 256p.

Vassallo, A. I. & Mora, M. S. (2007). Interspecific scaling and
ontogenetic growth patterns of the skull in living and fossil

ctenomyid and octodontid rodents (Caviomorpha:
Octodontoidea). pp. 945-968. In: Kelt, D. A., Lessa, E., Salazar-
Bravo, J. A, Patton, J. L. (Eds.), The Quintessential Naturalist:
Honoring the Life and Legacy of Oliver P. Pearson. 1st ed.
Berkeley, CA, USA: University of California Press. 981p.

Thesis:

Elp, M. (2002). Kogkdprii baraj gélii'nde (Van) yasayan siraz
(Capoeta capoeta, Guldensteadt, 1772) ve inci kefali
(Chalcalburnus tarichi, Pallas, 1811) populasyonlar: iizerine bir
aragtirma. Ph.D. Thesis. Istanbul University, istanbul, Turkey.

Conference Proceedings:

Notev, E. & Uzunova, S. (2008). A new biological method for
water quality improvement. Proceedings of the 2nd Conference of
Small and Decentralized Water and Wastewater Treatment Plants,
Greece, pp. 487-492.

Institution Publication:
FAO. (2016). The State of World Fisheries and Aquaculture:
Contributing to food security and nutrition for all. Rome. 200 pp.

Report:
FAOQ. (2018). Report of the ninth session of the Sub-Committee

on Aquaculture. FAQ Fisheries and Aquaculture Report No. 1188.
Rome, Italy.

Internet Source:

Froese, R. & Pauly, D. (Eds.) (2018). FishBase. World Wide Web
electronic publication. Retrieved on January 11, 2018 from
http://www.fishbase.org.

TurkStat. (2019). Fishery Statistics. Retrieved on December 28,
2019 from http://www.turkstat.gov.tr/

Table(s)

Tables, numbered in Arabic, should be in separate pages with a
short descriptive title at the top. Place footnotes to tables below
the table body and indicate them with superscript lowercase
letters (or asterisks for significance values and other statistical
data). Avoid vertical rules. The data presented in tables should
not duplicate results described elsewhere in the article.

Figure(s)

All illustrations should be labelled as ‘Figure’ and numbered in
consecutive Arabic numbers, Figure 1, Figure 2 etc. in the text. If
panels of a figure are labelled (a, b, etc.) use the same case when
referring to these panels in the text. Figures are recommended to
be in electronic formats such as PNG, JPEG. TIFF (min. 300 dpi)
should be also arranged in available dimensions. All figures or
tables should be presented in the body of the text. Font sizes size
should be from 9 to 11 points.
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Article Info Abstract
Common pollutants found in rivers include sewage, pesticides, heavy metals, nutrients from
agricultural runoff, and pathogens. The resulting pollution can alter the physiological processes of
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Keywords: exposed to a wide variety of contaminants as filter feeders. The sessile nature of mussels and their
o Cox Gene relatively long life span make them useful indicator species for monitoring and assessment of water

quality. The aim of this study is to determine physiological stress in Unio stevenianus living in
Karasu River, whose pollution level is increasing daily, by Cox gene expression. Real-time PCR
analysis using p-actin as a reference gene was used for gene expression. The expression level of the
Cox gene was higher in the Zeve Region than in the Arisu Region. The lower level in Arisu region
e indicates that water quality criteria are better in this region than in Zeve Region. Expression studies
* Bioindicator should be carried out in U. stevenianus by selecting different genes specific to certain pollutants.
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INTRODUCTION

Mussels are invertebrate animals belonging to the class of molluscs. They are found all over the world in fresh and salt
waters. The Unionidae family is rich in species diversity, with all members living in freshwater (Joyon, 2020). Freshwater
mussels are an essential component of aquatic ecosystems and provide important ecosystem functions and services (Haukenes,
2013; Klishko et al., 2017). Mussels are sessile animals. As they are organisms that obtain their food by filtering the water, they
play a role in the filtration of organic matter, bacteria and plankton from the water body (Cetinkaya, 1996; Acarli et al., 2023).
Mussels face persistent and widespread anthropogenic pressures in their aquatic environment. These include excessive nutrient
inputs, exposure to toxic substances, sediment loads from agricultural activities, microplastics, changes in hydrological regime,
and global climate change. Mussels have become an important indicator for assessing the impact of pollution on aquatic life due
to their habitat, nutritional and physiological characteristics (Franzellitti et al., 2010; Haukenes, 2013; Atic1 et al., 2018; Atici,
2020; Atici, 2022). With their physiological adaptations, freshwater mussels are mostly able to reduce environmental stressors
(Roznere et al., 2018). Important insights for ecological research are provided by the stress-specific expression of cellular
proteins in response to exogenous stress and the resulting physiological change. Recently, ecological studies have begun to focus
more on the monitoring of various bioindicators to minimize threats to aquatic ecosystem (Viarengo et al., 2007). In this context,
the study of gene expression can be an effective method to understand the response of freshwater mussels to many environmental
stressors at the biomolecular level (Joyon, 2020; Mehni, 2021).

There are studies that show that physiologically important genes of mussel species are significantly expressed in
response to stress and exposure to pollutants. These studies were carried out on gene expression in Mytilus edulis held in a
copper-polluted region (Dondero et al., 2006); expression of heavy metal-related genes in Mytilus galloprovincialis held in the
Tunisia coastal region (Banni et al., 2007); expression of stress-related genes in M. galloprovincialis exposed to pollutants found
on the northern Adriatic coast (Franzellitti et al., 2010).

The Cox gene, which was selected as the target gene in the current study, catalyzes the rate-limiting step in the
production of prostaglandins, bioactive compounds that are involved in processes such as fever and pain sensitization. It is a
target of aspirin-like drugs (Chandrasekharan and Simmons, 2004). There are studies done by different researchers to express
Cox gene in mussels. These include freshwater mussel (Elliptio complanata) exposed to heavy metal contamination (Gagne et
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al., 2007); gonads of M. edulis exposed to estrogenic contaminants (Cubero-Leon et al., 2010); M. galloprovincialis exposed to
hypoxia (Woo et al., 2013); zebra mussel (Dreissena polymorpha) associated with metal bioaccumulation (Kerambrun et al.,
2016); freshwater mussel (D. polymorpha) exposed to samarium and yttrium (Hanana et al., 2018).

This study aimed to determine physiological stress by Cox gene expression in freshwater mussels (Unio stevenianus,
Krynicki 1837) living in the Karasu River, particularly exposed to domestic and agricultural waste load.

MATERIAL and METHOD
Mussel collection

A total of 12 mussel samples were collected from two different locations [Arisu (38°3620.75" N, 43°14'48.61" E) and
Zeve (38°35'45.13" N, 43°13'57.26" E)] of the Karasu River (Figure 1). Morphometric measurements were made on the live
specimens brought to the laboratory (Figure 2). Then, a sample of 0.5 g was taken from the whole tissue of the mussel to be used
in the gene expression analysis, and the isolation procedures were started.
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Figure 1. Karasu River and mussel sampling points

Figure 2. Mussel samples collected from Karasu River. (L: Shell length, H: Shell height, W: Shell width)
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RNA isolation

A total of 25 mg of tissue was taken from the mussel samples and the isolation was performed using the RNeasy Mini
Kit (Qiagen) in the QlAcube instrument. The protocol of the QlAcube instrument was optimized for RNA isolation during the
elution stage. The isolation procedures were performed in the following order:

a) Add 350 pL RTL buffer to 25 mg tissue and homogenize in Tissue Lyser LT (Qiagen),
b) Transfer the homogenate to a 2 mL eppendorf tube, add 600 pL 70% ethanol and pipette,
c) Centrifuge at 8000 x g for 15 seconds,
d) Transfer the supernatant to spin columns,
e) Add 700 pL buffer RW1 and centrifuge at 8000 x g for 15 seconds,
f)  Add 500 pL buffer RPE to the spin column and centrifuge at 8000 x g for 15 seconds,
g) Add 500 pL buffer to the RPE spin columns and centrifuge at 8000 x g for 2 minute,
h) Add 30 uL RNase free water and centrifuge at 8000 x g for 1 min,
i)  Obtaining RNA elutions (Onalan, 2019).
cDNA synthesis

All steps of cDNA synthesis were performed on a cold plate at +4 °C. RT? First Strand cDNA synthesis kit (Qiagen)
was used for cDNA synthesis. The following procedures were carried out in the following order:

a) Adjustment of isolated RNAs at 1 ng/pL in a nanospectrophotometer (QIAxpert, Qiagen),

b) Completion of the total volume to 10 pL with ultrapure water,

c) Addition of 2 uL GE Buffer,

d) Incubation of the mixture in a thermal cycler at 42 °C for 5 min,

e)  After incubation, 5X Reaction Buffer 4 uL, Primer 2 uL, Reverse Transcriptase Mix 2 uL were added,

f)  Keeping the samples at 42 °C for 15 minutes, followed by incubation in a thermal cycler at 95 °C for 5 min
(Schwartz et al., 2020).

Gene expression analysis

Real-Time PCR analysis was performed using cDNA products, RotorGene Q 9000 (Qiagen) and RT? SYBRGreen
gPCR Master Mix (Qiagen). In gene expression analysis, f-actin was selected as the reference gene. Cox gene was identified as
the target gene by sequence data from NCBI gene bank and primers were synthesized. The primers used in the study and their
properties are given in Table 1.

Table 1. Primers used in the study and their properties

Gene Sequence F tm bp Sequence R bp tm
p-actin - CTCTTGATTTCGAGCAGGAAA 60 21 AGGATGGTTGGAATAATGATT 21 60
Cox TTGGGCATCAGTGGTATTGA 60 20 GACCAGGAATGGCATCAACT 20 60

PCR mix was prepared by adding 12.5 uL. SYBRGreen gPCR Master Mix (Qiagen), 1uL Forward, 1pL Reverse Primer
and 5.5 pL ultrapure water. 5 pL of cDNA was added. Under PCR cycling conditions, the Real-Time PCR protocol was
completed with denaturation at 95 °C for 30 seconds and 40 cycles of 5 cycles at 95 °C and 30 seconds at 60 °C.

Statistical analysis

After PCR analysis, gene expression levels were determined with 224t -log values using ct values. Normalized values
were analyzed by one-way ANOVA, Duncan multiple comparison test to determine the significance of differences between
mean values, and paired data differences were analyzed by Student t-test for test groups. Statistical difference level was used as
p<0.05 (Onalan and Cevik, 2020; Xie et al., 2023).

RESULTS AND DISCUSSION
Morphometric measurements

Morphometric values of the mussels collected from the sampling points are given in Table 2.
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Table 2. Mean morphometric values+standard deviation of mussels collected from Arisu and Zeve stations (n=12)

Stations
Arisu Zeve
Total weight (g) 43.1£3.8 42.3£5.6
Shell length (cm) 6.4+0.1 6.5+0.3
Shell height (cm) 3.4+0.1 3.3+0.1
Shell width (cm) 2.540.1 2.420.1
Shell weight (g) 26.7£2.4 26.5+4.6
Soft tissue weight (g) 6.9+0.5 7.9+1.2

Gene expression analysis

In the Real-Time PCR results of the $-actin gene, which was used as a housekeeping gene in the study, the automatic
threshold value was determined by the device as 0.03. It was observed that all samples were above the threshold value and gave
a ct value. Cox gene expression values were determined using housekeeping gene ct values. Real-Time PCR result of S-actin
gene is given in Figure 3.
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Figure 3. Real-Time PCR results of -actin and Cox genes

The expression of Cox gene expression levels generated by fold values and 2 22t -log values after normalization and
formulation of ct values obtained from Cox gene Real-Time PCR results are given in Figure 4.
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Figure 4. Cox gene expression levels observed as a result of gene expression analysis (n=12)

In the results of Cox gene expression, an up-regulation of 0.19 fold was observed in the Zeve samples compared to the
Arisu group. According to S-actin reference gene, it was observed that there was a significant difference between Cox gene
expression levels in Arisu and Zeve Regions. The expression ratio of 1.02 for Arisu samples was found to be 1.22 for Zeve
samples.

The composition and quantity of wastes discharged into the aquatic environment without adequate treatment has
increased due to the increasing number of settlements near rivers. These pollutant loads have adversely affected the Karasu River
and its inhabitants (Atici, 2022; Kankaya and Atici, 2023). This study attempted to determine the effect of physiological stress
on Cox gene expression in freshwater mussel (U. stevenianus) as a result of river pollution.

According to the results obtained, the expression level of Cox gene, which is reported to be strongly affected by
environmental impacts and water quality criteria, was higher in the Zeve Region. Similar studies on Cox gene expression have

4
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also been carried out on mussels found or kept in different geographical areas contaminated by specific pollutants. In these
studies, it was reported that the gene activation increased in terms of both gene number and expression change and changed
depending on the increase in copper pollution in the study conducted with M. edulis kept in the area where copper pollution was
found (Dondero et al., 2006). The relationship of bioaccumulation of cadmium, copper, lead, nickel and zinc in D. polymorpha
with Cox gene expression was studied and the gene was significantly expressed with bioaccumulation (Kerambrun et al., 2016).
In addition, they reported that Cox gene expression was significantly suppressed in M. galloprovincialis experimentally
maintained in hypoxic environment (Woo et al., 2013). Cox gene expression level decreased in M. edulis experimentally exposed
to estrogenic contaminants (Cubero-Leon et al., 2010). It is observed that Cox gene expression tends to decrease or increase in
mussels experimentally exposed to contaminants or selected chemicals in the aquatic environment. In clinging mussels, chemical
accumulation in their tissues after chemical exposure causes physiological stresses that trigger gene expression (Joyon, 2020).
The variability in expression levels is thought to be due to the difference in the target physiological mechanisms of the toxic
effects of chemicals and the duration of exposure.

Many freshwater mussel populations are declining worldwide. Unionid species are either threatened or endangered
(Klishko et al., 2017). Deteriorating water quality is one of the most important reasons for the decline of freshwater mussels.
With growing interest in the effects of pollutant mixtures and emerging contaminants of concern, gene expression-based studies
can increase our understanding of the mode of action and interactions of various chemical and biological pollutants (Roznere et
al., 2018). The low expression level of Cox gene in Arisu Region indicates that water quality criteria in this region are better than
in Zeve Region.

CONCLUSION

It is expected that this study on mussels, which are a model for determining both heavy metal levels and bioaccumulation
of other pollutants, will be a reference for studies that will be evaluated with more comprehensive results by adding different
geographical regions and genes. In addition, it could help future ecological research to identify marker genes for the assessment
of water pollution.
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INTRODUCTION

As the world's population continues to grow, there is an anticipation of increased demand for seafood, but changing
climatic conditions are expected to reduce fishing yields (Tacon, 2002). In this context, the aquaculture sector plays a critical
role in ensuring the nutrition of the global population. According to data from the Food and Agriculture Organization (FAO,
2019), the aquaculture sector has become the fastest-growing food production sector worldwide, with an average annual growth
rate of 6.6% in the last decade (Bayrakli et al., 2019; Bayrakli & Duyar, 2021b; Duyar & Bayrakli, 2023). Currently, half of the
global seafood production is sourced from aquaculture, and it is expected that aquaculture will surpass wild-caught fisheries in
the near future (FAO, 2019).

In Turkey, the aquaculture sector has also been rapidly expanding, reaching 515,000 tons in 2021, which is 1.54 times
the quantity obtained from wild-caught fisheries (TUIK, 2023). This growth has led to an increasing demand for fishmeal and
fish oil, with inevitable price hikes due to production limitations (Bayrakli & Duyar, 2019a, 2019b; Kristofersson & Anderson,
2004). Consequently, the costs associated with farmed fish are closely tied to the prices of fishmeal (Bayrakli et al., 2019;
Bayrakli & Duyar, 2005; Duyar & Bayrakli, 2023). Despite their high costs, fishmeal and fish oil are indispensable for fish
nutrition, and suitable alternatives are limited (Bayrakli & Duyar, 2021a; Einarsson et al., 2019).

In Turkey, the fishmeal market cannot meet domestic demand due to insufficient raw material supply (Bayrakli &
Duyar, 2021a). Therefore, the factories supplying feed to the aquaculture sector in our country need to import a significant
portion of the required fishmeal. However, considering the growth trend in the aquaculture sector, an increase in fishmeal imports
is anticipated. Thus, for the country's economy, it is crucial for Turkey to explore alternative raw materials in the fishmeal sector
and adopt sustainable policies (Bayrakli & Duyar, 2021b).

While fishmeal production based on fishery catches is limited worldwide, the potential for using fish by-products and
waste is significant as aquaculture production increases. According to TUIK (2023) data, while the Black Sea Salmon produced
on land and in the sea in Turkey was 123 089 tons in 2019, this production reached 191 500 tons in 2022. This upward trend in
production, particularly in sea-based operations, leads to a proportional increase in by-products. These by-products encompass
fish parts removed before reaching consumers to maintain fish quality, reduce transportation costs, or enhance the value of the
main fish product. They contain substantial amounts of fat and protein, making them valuable resources for human consumption
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and animal feed, from a nutritional and food safety perspective (Ramirez, 2007). The primary components of aquaculture discards
include the head, internal organs, gills, bones, scales, fins, and sometimes skin. Depending on fish processing techniques and
species, a substantial amount of waste (20-80%) is generated (Ghaly et al., 2013).

In 2019, the Republic of Turkey's Ministry of Agriculture and Forestry, specifically the General Directorate of Fisheries
and Aquaculture, responded to a request from aquaculture producers and officially designated the Rainbow Trout as "Turkish
Salmon" (Ozal, 2021). Salmon farming and processing facilities located in the Black Sea region have become pivotal in meeting
the increasing demand for these fish. Nevertheless, this expansion has resulted in the generation of diverse fish by-products
within fish processing plants. Effectively harnessing the potential of these by-products is not only essential for ensuring the
sustainability of the industry but also for the responsible conservation of natural resources.

Traditionally, such fish by-products are often considered waste and can contribute to environmental problems. However,
recognizing the potential value of these by-products can be a significant step toward sustainability. Therefore, this study focuses
on evaluating fish by-products produced by a fish processing facility in the Black Sea region. The main objective of the study is
to investigate the process of obtaining fishmeal from these fish by-products and analyze the nutritional composition of this
fishmeal. Specifically, the data obtained are examined to assess whether this fishmeal could serve as a potential alternative raw
material for sustainable aquaculture.

The results of this study can provide crucial information to support waste management and sustainability efforts in the
fish processing industry in the Black Sea region. Additionally, it may serve as an inspiration to other similar industries on how
waste products can be effectively utilized to reduce environmental impacts and make more efficient use of natural resources.
This article delves into the nutrient composition and elemental content of fishmeal derived from the by-products of farmed Black
Sea Salmon (Oncorhynchus mykiss). By understanding the nutritional profile of fishmeal, we can identify potential alternative
ingredients and develop sustainable aquaculture practices.

MATERIALS and METHODS

Samples were obtained from a fishmeal and oil factory located in Samsun in May 2022. Three sacks were opened from
the factory's storage area, and samples of fishmeal derived from Salmon Processing By-Products (SBP-FM) were collected using
a scoop and mixed in a plastic container. Three 1 kg samples were taken from the mixture, placed in nylon bags, and labeled.

For laboratory analysis, the samples were sent to Sinop University Scientific and Technological Research Application
and Research Center. This center is equipped with a laboratory infrastructure that ensures reliable analysis procedures in
compliance with standardized protocols.

Nutrient Composition Analysis

Nutrient composition analyses (moisture, crude protein, crude fat, and crude ash) were performed according to the
standard AOAC method (AOAC 1990). Total carbohydrate content was calculated by subtracting the sum of crude protein, crude
fat, moisture, and crude ash from 100 (Ferris et al., 1995; Anonymous, 2005). The energy content was expressed as kilocalories
per gram (kcal/g) in fishmeal samples and was calculated from the percentages of crude protein, total carbohydrate, and crude
fat. Conversion factors used were 4.0 kcal/g for protein and carbohydrates and 9.0 kcal/g for total fat (Ferris et al., 1995; Merrill
and Watt, 1973). Total Energy = (Crude Protein * 4) + (Carbohydrate * 4) + (Crude Fat * 9).

Table 1: Nutrient Composition of SBP-FM

SBP-FM
Crude Protein (%) 65.22 + 0.118
Crude Fat (%) 9.28 =+ 0.139
Ash (%) 9.89 <+ 0.786
Moisture (%) 12.02 + 0.170
Carbohydrates (%) 358 + 1.102
Energy Content (kcal/g) 358.75 + 3.633

Elemental Analysis

For mineral substance analysis, homogenized fishmeal samples were weighed (1 g) in high-pressure-resistant Teflon
containers (10 ml volume, 200 psi pressure-resistant). Then, 4 ml of nitric acid (65%) (Merck, 1.00452) was added to each
container. Wet combustion was applied to the Teflon containers in a closed-system microwave oven. The temperature gradually
reached 150°C within the first 15 minutes and was maintained at this temperature for 5 minutes. After the pressure dropped
below 50 psi, the temperature was allowed to reach 250°C within 15 minutes, and it was maintained at this temperature for 5
minutes. After cooling at the end of wet combustion, the burned samples were washed with ultrapure water, transferred into 14
ml Falcon tubes, and filled with ultrapure water. Then, readings were taken using the Perkin Elmer ICP-OES Optima 2100 DV
spectrometer following the EPA (1994) guidelines.

RESULTS and DISCUSSION

Fishmeal derived from the by-products of farmed Black Sea Salmon exhibited a high crude protein content,
approximately 65.219 + 0.118%. This finding underscores fishmeal's significance as a rich source of essential amino acids, which
play a pivotal role in the growth and development of farmed fish. Furthermore, the crude fat content of the fishmeal measured at
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approximately 9.28 +0.139%, indicating that it serves as a valuable source of energy for fish. The moderate carbohydrate content,
approximately 3.58 = 1.103%, contributes to the overall nutritional profile of the feed.

An elemental content analysis of the fishmeal reveals the presence of several essential minerals and trace elements. The
crude ash content, which represents the mineral content, is approximately 9.89 + 0.786%. This suggests that fishmeal may serve
as a valuable source of minerals such as calcium, phosphorus, and magnesium, which are essential for the overall health and
development of fish.

In this study, the carbohydrate content was found to be %3.58 = 1.102, and the energy value was determined as 358.75
+ 3.633 kcal/g. Bayrakli and Duyar (2021b) reported lower carbohydrate values for anchovy and sprat meal, namely %0.80 +
0.085 and %0.96 £ 0.176, respectively, while the energy values were found to be similar to the results of this study, measuring
at 366.47 + 2.237 kcal/g and 367.11 £ 1.824 kcal/g, respectively. It is observed that SBP-FM is as rich in energy as fishmeal
derived from anchovy and sprat. The high carbohydrate content of fishmeal offers greater potential for various applications, but
harnessing this potential to its fullest extent may require careful balancing of feed formulations.

Fishmeal is considered one of the most important protein sources, especially in animal husbandry (Chen et al., 2023).
The crude protein content of fishmeal varies in many studies. Zarkadas et al. (1986) reported a crude protein content of %65.8
in fish by-products, De Koning (2002) found values ranging from %61.56 to %68.26 in fishmeals derived from various sources
such as anchovy, mackerel, and fish by-products. De Koning (2005), in another study involving different raw materials, reported
crude protein contents of %60-70 in fishmeals. Moghaddam et al. (2007) reported a crude protein content of %59.1 £ 2.02 in
kilka meal. They also stated that the crude protein content in the global fishmeal market was %64.2 for anchovy meal, %72.3
for herring meal, and %60.5 for menhaden meal. Duyar and Bayrakli (2005) reported that the crude protein content of samples
obtained from factories in Sinop province, Turkey, ranged from %66.50 to %76.00 between 2000 and 2005. Bayrakli and Duyar
(2019) reported crude protein contents of 72.56% and 66.68% for anchovy meal and sprat meal, respectively. Bayrakli and Duyar
(2021a) indicated that crude protein values in anchovy meal ranged from 68.02% to 76.63% and that these values varied
depending on the freshness of the raw materials and the processing factories. In this study, the values of SBP-FM were similar
to those of other fishmeals except for anchovy meal. It can be said that the crude protein content in fishmeal varies depending
on the type of raw material used.

In various fishmeals obtained from different raw materials, crude fat content was found to be %3.4 in fish by-products
by Zarkadas (1986), %10.28-%14.49 in fishmeals from various sources by De Koning (2002), %10-15 in fishmeals from different
raw materials in another study by De Koning (2005), %7.44 in herring meal by Kausoulaki et al. (2009), and %10.6 in sardine
meal by Bassompierre et al. (1998). Moghaddam et al. (2007) reported a crude fat content of %22.9 + 1.91 in kilka meal. They
also stated that in the global fishmeal market, crude fat content was %5.0 for anchovy meal, %10 for mackerel meal, and %9.4
for menhaden meal. Duyar and Bayrakli (2005) reported that the crude fat content of samples obtained from factories in Sinop
province, Turkey, ranged from %7.70 to %14.20. Bayrakli and Duyar (2019a) reported crude fat contents of 8.12% for anchovy
meal and 10.73% for sprat meal. Bayrakli and Duyar (2021a) stated that crude fat values in anchovy meal ranged from 7.52% to
12.44%. The obtained crude fat values are in line with the values reported by other researchers.

To minimize bacterial growth in fishmeal, it is desired to have a moisture content of less than 10% (Bayrakli & Duyar,
2019a, 2019b). Kausoulaki et al. (2009) found a moisture content of %7.1 in herring meal, while De Koning (2005) found
moisture content ranging from 5% to 10% in fishmeals obtained from various fish species. Moghaddam et al. (2007) reported a
moisture content of %5.5 in kilka fishmeals produced in different factories in Iran. They also reported moisture contents of %8.0
in anchovy meal, %7.0 in mackerel meal, and %8.0 in menhaden meal in the global fishmeal market. Bayrakli and Duyar (2019a)
reported moisture contents of 7.78% for anchovy meal and 6.41% for sprat meal. Bayrakli and Duyar (2021a) indicated that
moisture values in anchovy meal ranged from 3.54% to 6.51%. In this study, although the moisture content of fishmeal obtained
was among the reported values in other studies, it was higher than the values reported for anchovy meal.

The ash content in fishmeals obtained from various raw materials was reported to be %10-25 by De Koning (2005),
%10.34 in herring meal by Kausoulaki et al. (2009), %13.2 + 0.98 in kilka meal by Moghaddam et al. (2007), and %9.7 in sardine
meal by Bassompierre et al. (1998). Zarkadas (1986) reported an ash content of 20% in fish by-products, while Cho et al. (1987)
reported ash contents of %15.7 in herring meal and %26.4 in shrimp meal. Duyar and Bayrakli (2005) reported that the ash
content of samples obtained from factories in Sinop province, Turkey, ranged from %7.70 to %14.20. Bayrakli and Duyar
(2019a) reported ash contents of 10.75% for anchovy meal and 15.23% for sprat meal. Bayrakli and Duyar (2021a) stated that
ash values in anchovy meal ranged from 10.73% to 11.73%. In this study, the obtained ash content was lower than the values
reported for other types of fishmeal, similar to anchovy meal. It has been reported that the nutritional composition of fishmeal
varies depending on the species of fish, whether it is made from the whole fish or fish by-products, and the processing method
(Bayrakli & Duyar, 2021b). An elemental content analysis of SBP-FM is presented in Table 2. Macroelement concentrations
were found to follow the order Ca > P > K > Na > Mg. Meanwhile, trace element concentrations were observed as follows: Fe
>Al>Zn>Mn>Ti>Cu>Ba>B>Cr>Ni>Se>Rb>V>Li>Si>Co>Mo>Ga>Sr>Sn>U>Gd>Sh>Be>Cs.
Heavy metal concentrations followed the sequence As > Pb > Cd > Hg.
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Table 2. Element Concentrations in SBP-FM

Trace Elements (mg kg™?) Macro Elements (g kg™?) Heavy Metals (mg kg™)

Fe 4050.01 + 42.375 Ca 27.18 + 0.249 As 351 + 0.470
Al 698.13 + 16.118 P 23.28 + 0.055 Pb 1.46 + 0.136
Zn 179.94 + 2.029 K 5.04 + 0.086 Cd 0.15 + 0.004
Mn 56.08 + 1415 Na 458 + 0.042 Hg 0.07 + 0.012
Ti 18.82 + 1518 Mg 3.16 + 0.038

Cu 11.67 + 0.025

Ba 5.61 + 0.069

B 4.87 + 0.087

Cr 4.63 + 0.084

Ni 4.46 + 0.077

Se 2.28 + 0.739

Rb 1.61 + 0.016

\ 1.54 + 0.023

Li 1.14 + 0.013

Si 0.86 + 0.007

Co 0.58 + 0.004

Mo 0.37 + 0.015

Ga 0.32 + 0.064

Sr 0.31 + 0.088

Sn 0.14 + 0.008

U 0.06 + 0.003

Gd 0.05 + 0.004

Sb 0.05 + 0.005

Be 0.03 + 0.001

Cs 0.03 + 0.005

Table 3 displays the elemental contents of fishmeal obtained from various raw materials. Calcium (Ca) was found to be
the most abundant element in fishmeal, with a concentration of 27.18 g kg-1, falling within the reported range of 3.93-52.20 g
kg-1 in the literature. Phosphorus (P) content was determined as 23.28 g kg-1 in this study, with literature values ranging from
4.40 to 29.30 g kg-1. The potassium (K) content was relatively low at 5.04 g kg-1 in this research, which was consistent with
previous literature, including Bayrakli and Duyar (2021b), focused on herring meal. Sodium (Na) content was found to be 4.58
g kg-1, lower than reported in most studies except for Irungu et al. (2018). Magnesium (Mg) and iron (Fe) values exceeded those
reported in Table 3 by other research findings. Manganese (Mn) was determined at 56.08 mg kg-1, surpassing values reported
by all studies except Irungu et al. (2018). Copper (Cu) content was in line with Satoh et al. (1987) but higher than other studies
except Irungu et al. (2018). It's important to note that variations in fishmeal mineral composition can be attributed to seasonal
and biological factors (such as species, muscle type, sex, sexual maturity, breeding conditions, water chemistry, salinity,
temperature), processing methods, and the source of fish used (Bayrakli & Duyar, 2021b).
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Table 3. Elements detected in fishmeal and some literature (*g kg%, mg kg?)

Fishmeal Ca* Na* K* p* Mg * Fe Zn Mn Cu
Bayrakli ve Ay A58 809 2677-  23.98- 026- 2082- 232.76- 678
Duyar (2021) 711 1094 2946 2664 032 2525 253.04 20.12 '
Saton. etal SA 4430 320 350 2730 200 239 141 111 54
a0s7) Fb-PM 5220 840  3.10 2930 280 97.3 71 5.2 115
BHM 3440 830 1340 2470 200 289 141 11.1 5.4
SM 3970 830 5.0 2610 270 229 745 37 6.2
Moghaddam, et HM 2290 6.0  10.90 1700 150 140 132 5
al. (2007) AM 3730 650  6.90 2430 240 220 103 10 9
MFM 5110 650  6.50 28.80 160 440 147 33 11
Storebakken, et HM 2390 1450 12.20 2210 2.64 155 121 5 3.26
al. (2000)
Cho,etal. (1987) AM 677 2063 7.14 222 3598 167 6
Zarkadas et HM 1950 420 12.00 1500 110 100 100 30
al.(1986)
Irungu et al. FWSM 393 2125 10.06 440 219 9222 454.9 19321 P2
(2018) 5
This study 2718 458  5.04 2328 3.6 4050 179.9 56.08  11.67

In the case of SBP-FM, the concentrations of heavy metals As, Pb, Cd, and Hg were determined as 3.51 + 0.470, 1.46
+0.136,0.15 +0.004, and 0.007 = 0.012 mg kg-1, respectively. No existing literature references were identified for heavy metal
results in fishmeal. Therefore, the findings presented in this study could serve as valuable references for future research.

CONCLUSION

This research has examined the nutritional composition of fishmeal produced from fish by-products in seafood
processing facilities and demonstrates that this fishmeal could serve as an alternative raw material for sustainable aquaculture.
The findings highlight the importance of fishmeal as a significant source of protein for fish nutrition due to its high protein
content. Additionally, the energy-providing potential and nutrient profile of fishmeal underline its relevance in the aquaculture
sector.

Our study suggests that fishmeal production can be efficiently derived from by-products in seafood processing facilities,
which can contribute to reducing environmental impacts and promoting sustainable waste management practices.

Seafood processing facilities should promote the more efficient utilization of fish by-products. This would represent a
significant step towards sustainability. Diversifying the raw materials used in fishmeal production and exploring alternative
sources can contribute to making the industry more sustainable. However, it's crucial to note that feeding fishmeal derived from
salmon processing by-products to salmon may pose a potential risk of cannibalism in salmon populations. Further research is
needed to carefully assess and mitigate this risk while considering the environmental impacts of fishmeal production for a more
sustainable industry.

This research aims to contribute to the sustainability efforts of the seafood industry. Embracing such alternative
approaches to fishmeal production on a larger scale could contribute to the more sustainable use of natural resources and meet
the industry's future demands.
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Makale Bilgisi Oz
Bu calismada, giil agac1 esansiyel yaginin ve 2-fenoksietanoliin farkli su sicakliklarinda Japon

Gelis: baliklar1 tizerinde anestezik etkilerinin incelenmesi amaglanmistir. 14°C ve 20°C su sicakliklarinda
06/10/2023 anestezik denemeler gerceklestirilmistir. Giil agaci esansiyel yagt i¢in 250, 300 ve 350 pl/lt, 2-
Kabul Edilis: fenoksietanol i¢in ise 600, 700 ve 800 pl/lt konsantrasyonlar denenmistir. 14°C’de ideal Giil agac1
25/12/2023 esansiyel yag1 konsantrasyonu 300 pl/lt, 20°C’de ise 250 pl/It olarak belirlenmistir. 2-fenoksietanol

icin her iki su sicakliginda da ideal konsantrasyon 800 ul/lt olarak tespit edilmistir. Giil agact

Anahtar Kelimeler: . - . . .
esansiyel yag1 ve 2-fenoksietanoliin yiiksek konsantrasyonlar1 daha kisa indiiksiyon siirelerine ve

* 'SAneSteill . daha uzun iyilesme siirelerine neden olmustur. Anestezik ajanlarin konsantrasyonlari indiiksiyon
¢ Buls:(ca 18! stireleri ile negatif, iyilesme siireleri ile pozitif korelasyon gostermistir. Giil agaci esansiyel yagi i¢in
e Bali

14°C’de derin anestezi ve tam iyilesme stireleri arasinda zayif negatif bir iligki, 20°C’de ise negatif
. bir iliski bulunmustur. 14°C ve 20°C’lerde 2-fenoksietanol anesteziginde derin anestezi ve tam
yag iyilesme siireleri arasinda negatif iliski tespit edilmistir. Giil agac1 esansiyel yagi derin anestezi
stireleri ve Giil agaci esansiyel yagi konsantrasyonlari arasinda 14°C ve 20°C’lerde kuvvetli negatif
bir iligki vardir ve benzer bir iliski 2-fenoksietanol i¢in de bulunmustur. Bununla birlikte, farkli su
sicakliklarinda her iki anestezik ajanda tam iyilesme siireleri ve konsantrasyonlar arasinda kuvvetli
pozitif iliski tespit edilmistir. Artan su sicakliginin bir sonucu olarak her iki anestezik maddede
anestezi ve iyilesme siirelerinin kisaldig1 gériilmiistiir. Giil agaci esansiyel yagi ve 2-fenoksietanol
icin indiiksiyon ve iyilesme siirelerinde su sicaklig1 ve anestezik konsantrasyon interaksiyonu dnemli
bulunmustur.

e Bitkisel esansiyel

Anaesthetic Effects of Rosewood (Aniba rosaeodora) Essential Oil and 2-phenoxyethanol on Goldfish
(Carassius auratus) at Different Water Temperatures

Article Info Abstract

S an- In this study, it was aimed to investigate the anesthetic effects of rosewood essential oil and 2-
Received: . . . L -
06/10/2023 phenoxyethanol in goldfish at different water temperatures. Anesthetic trials were carried out at

water temperatures of 14°C and 20°C. Concentrations of 250, 300 and 350 pl-L* for rosewood

Accepted: essential oil and 600, 700 and 800 ul-L for 2-phenoxyethanol were tested. The ideal rosewood
25/12/2023 essential oil concentration was determined as 300 pl-L? at 14°C and 250 pl-L*at 20°C. The ideal
Keywords: concentration for 2-phenoxyethanol was determined to be 800 ul-L* at both water temperatures.
o Anesthesia Higher concentrations of rosewood essential oil and 2-phenoxyethanol caused shorter induction
times and prolonged recovery times. Concentrations of anesthetic agents were negatively correlated
¢ Water temperature o R . . . . . ;
« Fish with induction times and positively correlated with recovery times. A weak negative relationship

was found between deep anesthesia and full recovery durations at 14°C and a negative relationship
at 20°C for rosewood essential oil. A negative relationship was detected between deep anesthesia
and full recovery times in 2-phenoxyethanol at 14°C and 20°C. There is a strong negative relationship
between rosewood essential oil deep anesthesia times and rosewood essential oil concentrations at
14°C and 20°C, and a similar relationship was found for 2-phenoxyethanol. However, a strong
positive relationship was detected between full recovery times and concentrations of both anesthetic
agents at different water temperatures. As a result of increasing water temperature, anesthesia and
recovery times were observed to be shortened for both anesthetic substances. The interaction of
water temperature and anesthetic concentration was found to be important in the induction and
recovery durations for rosewood essential oil and 2-phenoxyethanol.

e Herbal essential oil
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GiRiS

Son yillarda su tiriinleri yetistiriciliginin kayda deger artis1 balik refahini da beraberinde giindeme getirmektedir ve bu
yonde gereken hassasiyetin gdz ardi edilmemesi gerekliligi dogmaktadir. Akuakiiltiir alaninda yapilan birgok operasyonel
uygulamalarda balik refahinin gozetilmesi kaginilmazdir. Bu uygulamalarda baliklarin en az strese ve zarara maruz kalmasi igin

anestezik ajanlar ve teknikler 6n plana ¢ikmaktadir. Balik refahi dikkate alinarak yapilacak bir iiretim hem balik sagligi hem de
insan saglig1 agisindan olduk¢a 6nemlidir.

Anestezik ilaglar tarihsel olarak su iiriinleri yetistiriciliginde, deneylerde ve veterinerlik uygulamalarinda baliklar
tizerinde kullanilagelmistir (Schoettger ve Julin, 1967). Kullanimlari, 6zellikle tartim, agilama, kan alma, markalama, deneysel
cerrahi ve veterinerlik prosediirleri gibi rutin prosediirler sirasinda ellemenin stresli etkilerini azaltir (Sneddon, 2012). Anestezi
islemi ile baliklar {izerinde biitiin operasyonel faaliyetler baliklara zarar vermeden gergeklestirilebilir. Anestezik ajanlar strese
bagli balikta meydana gelebilecek zararlari ve strese karsi fizyolojik tepkiyi azaltabilir (Weber vd., 2009).

Anestezik madde konsantrasyonu ve cesitli biyolojik veya cevresel faktdrler baliklarin anestezisini 6nemli dl¢iide
etkiler. Sicaklik, pH, yas, boyut, cinsiyet ve bu faktdrler arasindaki etkilesimler de baliklarda anesteziklerin etkinligine tesir eder
(Ross ve Ross, 2008; Zahl vd., 2009; Sneddon, 2012; Aydin vd., 2015; Santos vd., 2015; Mitjana vd., 2018; Aydin vd., 2019).
Baliklar poikilotermiktir ve bu nedenle fizyolojileri ve metabolik hizlari ortamdaki su sicakligina baglidir. Daha yiiksek
sicakliklar genellikle indiiksiyon ve iyilesme siirelerini azaltir. Baliklarin anesteziklere tepkileri farkli su sicakliklarinda énemli
oOlglide degisebilmektedir (Hamackova vd., 2004; Mylonas vd., 2005; Zahl vd., 2009; Kucuk, 2010; Aydin vd., 2015; Santos vd.,
2015; Skar vd., 2017; Park vd., 2018; Aydmn vd., 2019). Farkli su sicakliklarinda her balik tiirii igin etkili anestezik
konsantrasyonlarinin belirlenmesi su {iriinleri yetistiriciligi agisindan olduk¢a 6nemlidir.

Su iriinleri yetistiriciligi uygulamalarinda MS-222, 2-fenoksietanol ve benzokain gibi kimyasal 6zellikte anestezik
maddelerin kullanimi yaygindir. Dogal olan bitkisel anestezik maddeler igerisinde ise en ¢ok karanfil yagiin su iiriinleri
yetistiriciligi alaninda kullanimimin yaygin oldugu goriilmektedir (Kizak vd., 2018a). Son yillarda birbirinden farkli birgok
bitkisel esansiyel yagin su triinleri aragtirmalarinda anestezik ajan olarak etkinligi arastirilmistir (Cunha vd., 2010; Can vd.,
2017; Correia vd., 2018; Can vd., 2018; Kizak vd., 2018a; Kizak vd., 2018b; Can vd., 2019; Kizak vd., 2020; Yigit ve Kocaayan,
2023).

Giil agaci (Aniba rosaeodora) tiirleri Brezilya, Guyana, Peru, Kolombiya, Venezuela ve Surinam'da dagilim
gostermektedir. A. rosaeodora esansiyel yagi analjezik, antikonviilsan, antidepresan, antimikrobiyal, antiseptik, afrodizyak,
bakterisidal, hiicresel uyarici, sefalik, uyarici, doku yenileyici ve uykusuzlugu ve agriy1 azaltmak i¢in uygulanmaktadir (Sarrazin
vd., 2016).

En yaygin kimyasal ajanlardan biri 2-fenoksietanoldiir ve etkinligi bircok caligmada farkli balik tiirleri iizerinde
caligitlmistir (Weyl vd., 1996; Mylonas vd., 2005; Velisek ve ark, 2007; Weber vd., 2009; Kizak vd., 2018a; Mitjana vd., 2018;
Aydin vd., 2019; Kizak vd., 2020). 2-fenoksietanol nakiller sirasinda baliklarin sakinlestirilmesi i¢in de yaygin olarak
kullanilmaktadir. Bununla birlikte, hipoventilasyon iretir, ¢ok az analjezi saglar ve bu ajana diizenli olarak maruz kalmak
insanlarda norofizyolojik bir sendroma neden olur (Fernandez-Parra vd., 2017).

Bu ¢alismada Japon baliklarinda giil agaci esansiyel yaginin ve kimyasal bir anestezik ajan olan 2-fenoksietanoliin farkli
su sicakliklarinda anestezik etkilerinin incelenmesi ve optimal konsantrasyonlarinin belirlenmesi, anestezik konsantrasyonu ile
su sicaklig1 arasindaki interaksiyonun anesteziklerin etkinligi iizerindeki tesirlerinin incelenmesi amaglanmuistir.

MATERYAL ve YONTEM
Deneme Yeri ve Deneme Materyalleri

Calisma, Munzur Universitesi Su Uriinleri Uygulama ve Arastirma Merkezi’nde gergeklestirilmistir. Denemelerde 500
It hacimli balik tanklari, cam akvaryumlar, 1 It seffaf anestezi kabi, kepge ve mikropipet kullanilmustir.

Deneme Bahgi ve Su Kosullari

Denemeler ortalama canli agirligi 8,33 + 0,07 gr (n=84) olan Japon baliklar1 (Carassius auratus) ile gergeklestirilmistir.
Baliklar Elazig'daki bir evcil hayvan satis yerinden temin edilip Munzur Universitesi Su Uriinleri Uygulama ve Arastirma
Merkezi’ne transfer edilmistir. Fiberglas tanklara stoklanan baliklar kademeli olarak suya alistirilmistir. Giinde iki kez doyana
kadar (ad libitum) yemleme yapilmistir ve denemelerin baglamasindan 24 saat 6nce baliklar a¢ birakilmustir.

Su Kalitesi parametrelerinden su sicakligi ve ¢oziinmiis oksijen degerleri YSI marka portatif multi parametre 6lgiim
cihazi ile dlglilmiistiir. 20°C su sicakligini saglamak igin 200 watt giiclinde akvaryum su 1siticilari kullanilmistir. Deneme
baliklarinm bir kismi1 14°C su sicakliginda stoklanirken, bir kismi da 20°C su sicakligina adapte edilip stoklanmigtir. Bu sayede
ayni zaman diliminde aymi popiilasyon ig¢in iki farkli su sicakligi olusturulmustur. 14,11 + 0,4°C ortalama su sicakliginda
¢Oziinmiis Oz degeri 7,06 = 0,11 mg/lt iken, 20,07 £ 0,8°C ortalama su sicakliginda ¢oziinmiis O degeri 6,35 + 0,12 mg/It olarak
kaydedilmistir.
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Anestezik Ajanlar

Giil agac1 (A. rosaeodora) esansiyel yagi ticari bir sirketten temin edilmistir. Bu esansiyel yagin ana bileseni %86,23
ile linalool maddesidir. Giil agaci esansiyel yagi renksizdir ve karakteristik bir kokuya sahiptir. Kimyasal bilesimleri ve fiziksel
ozellikleri ticari tireticisi (Nu-Ka Defne Essencia) tarafindan saglanmigtir. Kimyasal anestezik ajan olarak 2-fenoksietanol (2-
PE) (Sigma-Aldrich) kullanilmustir.

Anestezik Uygulamalar

Giil agaci esansiyel yagi ilk olarak etanol i¢inde ¢oziilmiistiir. Giil agaci esansiyel yagi ve etanol karisimindan ArEO
anestezik ajani olusturulmustur. Her anestezik konsantrasyon denemeye baglamadan birka¢ dakika dnce hazirlanmistir. Esansiyel
yaglarin homojenizasyonu Can vd. (2018)’na gore gerceklestirilmistir. {1k olarak 15 ml hacimli plastik kapakli bir tiipe istenilen
konsantrasyonda esansiyel yag aktarilmig, ardindan tiipe 1:10 olacak sekilde %94 saflikta etanol eklenmistir. 5 sn ¢alkaladiktan
sonra ugucu yag+tetanol soliisyonuna 10 ml saf su ilave edilerek tekrar ¢calkalanmistir. Son olarak soliisyon 1 It su ile doldurulmusg
seffaf anestezik kaba uygulanmistir. 2-fenoksietanol anestezik ajani (2-PE) ise dogrudan deneme suyunda ¢6ziilmiistiir. Her iki
anestezik ajan i¢in ti¢ farkli konsantrasyon secilmistir; ArEO igin 250, 300 ve 350 pl/lt, 2-PE i¢in 600, 700 ve 800 pl/lt
konsantrasyonlar denenmistir.

Anestezi (A, : ilk Indiiksiyon, Ap : Derin Anestezi) ve lyilesme (R, : ilk Iyilesme, Rr : Tam lyilesme) sathalarmin
tespitinde balik davranislari dikkate alinmistir (Mylonas vd., 2005; Kizak vd., 2018a) ve saniye (sn) olarak siireler tespit edilerek
kaydedilmistir. Her bir konsantrasyon icin 7 adet balik teker teker denenmis ve her balik bir tekerriir olarak kabul edilmistir.
Toplamda her bir konsantrasyon i¢in 7 tekrarli uygulama gerceklestirilmistir. Anestezi ve iyilesme safhalarinin belirlenmesinde
iki kisi tarafindan gozlem yapilmistir. Siirelerin 6l¢lilmesinde kronometre kullanilmistir. Kepge yardimiyla alinan balik seffaf
anestezi kabina aktarildiktan sonra denge kaybi, operkiiler hareket ve kuyruga dis miidahaleye verdigi tepki yoniinden
gozlemlenmistir. Anestezi kabinda Ap safhasina ulasan balik kepge yardimiyla alinip canli agirlik 6lgtimii yapildiktan sonra
iyilesmenin gergeklesecegi anestezik maddenin bulunmadigi iyilesme (ayiltma) kabina alinmistir. Rr safhasina ulasan balik stok
tankina alinarak 6liim ve anormal davraniglar olup olmadiginin tespiti amaciyla 24 saat gézlem altinda tutulmustur. Anestezi ve
iyilesme esnasinda deneme sularina hafif siddette havalandirma uygulanmustir.

istatistiksel Analizler

Verilerin degerlendirilmesinde SPSS istatistik programi (20.0) ve Excel programi kullanilmistir. Sonuglar ortalama +
standart hata olarak verilmistir. Verilerin normalligi ve homojenligi ANOVA varsayimlarina uyacak sekilde kontrol edilmistir.
Ortalamalar arasindaki énemli farkliliklar ANOVA ve ardindan Duncan post hoc testi kullanilarak karsilastirilmistir. Anestezik
konsantrasyonlar ve su sicakliklar1 arasinda interaksiyonu belirlemek igin iki yOnlii varyans analizi (two-way ANOVA)
kullanilmistir. Anestezik konsantrasyonlari ile indiiksiyon/iyilesme siireleri ve ayrica indiiksiyon ve iyilesme siireleri arasindaki
iliskiyi aciklamak igin regresyon denklemleri kullanilmigtir.

BULGULAR VE TARTISMA

iki farkli su sicakliginda biitiin ArEO ve 2-PE konsantrasyonlar1 igin indiiksiyon saglanmistir. Anestezi edilen baliklarda
mortalite ve herhangi bir yan etki gbzlemlenmemistir. Rr sathasindan yaklasik 2 saat sonra baliklar yem almaya baslamistir. 24
saatlik gbzlem neticesinde baliklarda herhangi bir olumsuz durum goériilmemistir. Su sicakligi farkina bagl olarak her iki
anestezik ajanda indiiksiyon ve iyilesme siireleri degiskenlik gostermistir (Tablo 1 ve 2).

ArEO indiiksiyon ve iyilesme siireleri

En etkili ArEO konsantrasyonu 14°C’de 350 pl/lt (Ap ; Re—151 + 6,4 sn ; 524 + 32,6 sn) ve 20°C’de 350 ul/lt (Ap ;
Rr—131£1,6sn;468 = 11,1 sn) olarak tespit edilmistir. Konsantrasyonlar arasinda ayni sathalar bakimindan 6nemli istatistiksel
farkliliklar vardir (p<0,05). 14°C ve 20°C’lerde ArEO anestezik ajaninda konsantrasyon arttikca Ap sathasinda siireleri
kisalirken, R safhasi siireleri uzamistir (Tablo 1, Sekil 1). Su sicakligi farkina bagli olarak ArEO’da indiiksiyon ve iyilesme
stireleri de farklilik gostermistir. Diisiik sicaklikta biitiin indiiksiyon (A ve Ap) ve iyilesme (R ve Rf) siireleri yiiksek sicakliga
gore uzun kaydedilmistir.
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Tablo 1. 14°C ve 20°C su sicakliklarinda C. auratus tiiriinde farkli konsantrasyonlardaki ArEO anestezik ajanina ait indiiksiyon
(Aive Ap) ve iyilesme (R ve Rg) safhalarinin siireleri (sn).

14°C Su Sicakhiginda

Konsantrasyon (pl/It)

Indiiksiyon Zamani (sn)

Iyilesme Zamam (sn)

Al Ap Ri Rr
250 134 +3,9¢ 236 +12,8¢ 156 + 15,72 425 £ 25,62
300 118 £4,7° 188 +£13,9° 261 £15,9° 481 + 16,1
350 86 +3,12 151 £6,4% 301 + 16,9° 524 + 32,6°

20°C Su Sicakhiginda
Konsantrasyon (pl/1t) Indiiksiyon Zamani (sn) Iyilesme Zamani (sn)

Al Ap Ri RF
250 74 +£2,3¢ 182 £2,3° 133 +£3,72 316 £5,78
300 63 +£2,5° 165 +2,0° 163 +4,4° 455 + 8,6°
350 49 +£1,28 131 +1,62 244 + 4,9¢ 468 + 11,1°

*Aym siitun iginde ayni su sicakligi i¢in farkl st simgelere sahip degerler (ortalama =+ sh) arasinda istatistiksel olarak dnemli

farklilik vardir (p<0,05).
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Sekil 1. 14°C ve 20°C’lerde farkli konsantrasyonlarda ArEO ile anestezi edilen C. auratus tiiriinde A, Ap, Ri ve Rr safhalari
stirelerine ait Box Plot grafigi.

14°C ve 20°C’lerde ArEO konsantrasyonu arttik¢ca Ajve Ap safhalar siireleri kisalirken, Ry ve Rr sathalarinin siireleri
uzamaktadir (Tablo 1, Sekil 1) (p<0,05). ArEO anestezik ajaninda indiiksiyon ve iyilesme siirelerinin iki farkli su sicakliginda
da 6nemli derecede konsantrasyona bagli oldugu goriilmektedir (p<0,05).

2-PE indiiksiyon ve iyilesme siireleri

14°C’de en etkili 2-PE konsantrasyonu 800 pl/lt (Ap ; Re—181 + 2,38 sn ; 274 + 9,8 sn) ve 20°C’de 800 pl/lt (Ap ;
Rr—168 £ 3,4 sn ; 253 + 7,8 sn) olarak belirlenmistir. Konsantrasyonlar arasinda ayni safhalar bakimindan énemli istatistiksel
farkliliklar vardir (p<0,05). 14°C ve 20°C’lerde 2-PE anestezik ajaninda konsantrasyon artigina bagli olarak Ap sathast siireleri

kisalmaktadir. Buna karsin 14°C ve 20°C’lerde konsantrasyon artisina bagli olarak Re siirelerinin uzadigi gézlemlenmistir (Tablo
2, Sekil 2).

Su sicakligi farkina bagli olarak 2-PE’de indiiksiyon ve iyilesme siireleri de farklilik gostermistir. Diisiik sicaklikta
biitiin indiiksiyon (A ve Ap) ve iyilesme (R ve R) siireleri yiiksek sicakliga gore uzun kaydedilmistir (Tablo 2).

Tablo 2. 14°C ve 20°C su sicakliklarinda C. auratus tiiriinde farkli konsantrasyonlardaki 2-PE anestezik ajanina ait
indiiksiyon (A ve Ap) ve iyilesme (R ve Rf) sathalarinin siireleri (sn).
14°C Su Sicakhginda

Konsantrasyon (pl/1t) Indiiksiyon Zamani (sn) Iyilesme Zamani (sn)
Al Ab Ri Rr
600 113+4,9° 231 +£4,52¢ 128 + 5,82 232 +7,0°
700 90 + 4,8° 208 +£2,2° 149 + 4,7° 244 + 4,52
800 73 £ 4,52 181 +£2,382 162 +3,7° 274 +9,8°
20°C Su Sicakhginda
Konsantrasyon Indiiksiyon Zamani (sn) Iyilesme Zamani (sn)
(ull) Al Ap Ri RF
600 91 +2,1¢ 212 £5,0¢ 118 +£5,12 211+7,18
700 80 +2,0° 189 £ 6,7° 132 + 6,9% 227 + 6,72
800 67 + 1,42 168 £3,42 141 £6,2° 253 +7,8P

*Ayni siitun iginde ayni su sicakligi igin farkl iist simgelere sahip degerler (ortalama + sh) arasinda istatistiksel olarak 6nemli

farklilik vardir (p<0,05).
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Sekil 2. 14°C ve 20°C su sicakliklarinda farkli konsantrasyonlarda 2-PE ile anestezi edilen C. auratus tiiriinde Aj, Ap, Ri ve Rr
sathalar siirelerine ait Box Plot grafigi.

14°C ve 20°C’lerde 2-PE konsantrasyonu arttikca A ve Ap safhalari siireleri azalmakta, R ve Rr sathalarinin siireleri
ise uzamaktadir (Tablo 2, Sekil 2) (p<0,05). 2-PE anestezik maddesinde indiiksiyon ve iyilesme siireleri iki farkli su sicakliginda
da 6nemli derecede konsantrasyona baglidir (p<0,05).

Ap ve Rr zamanlari arasindaki iliski

14°C’de ArEO Ap ve Re siireleri arasinda zayif negatif bir iliski (R>= 0,3093), 20°C’de ise Ap ve R siireleri arasinda
negatif bir iliski kaydedilmistir (R?= 0,5833) (Sekil 3).
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Sekil 3. 14°C su sicakliginda farkli konsantrasyonlardaki ArEQ ile anestezi edilen C. auratus tiiriinde Ap ve Re
zamanlari arasindaki iligki.

14°C’de 2-PE Ap Ve R siireleri arasinda negatif bir iliski (R?= 0,5092), 20°C’de Ap Ve Re siireleri arasinda negatif bir
iliski kaydedilmistir (R?>= 0,6357) (Sekil 4).
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Sekil 4. 14°C su sicakliginda farkli konsantrasyonlardaki 2-PE ile anestezi edilen C. auratus tiiriinde Ap ve Rr
zamanlar1 arasindaki iligki.

Farkl su sicakliklarinda Apo/Rr zamanlar: ve konsantrasyonlar arasindaki iliski

ArEO Ap siireleri ve konsantrasyonlar arasinda 14°C’de kuvvetli negatif bir iliski (R?= 0,9937) ve 20°C’de kuvvetli
negatif bir iliski tespit edilmistir (R?>= 0,9615). ArEO R siireleri ve konsantrasyonlar arasinda 14°C’de kuvvetli pozitif bir iliski
(R?=0,9941) ve 20°C’de kuvvetli pozitif bir iliski bulunmustur (R?= 0,8157) (Sekil 5).

260 650 14°C
240
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= 220 y=-42,571x+ 276,9 = 550 22
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] » 450
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@ 160 °C T 7] 3
3 20°C S 2 3%0 y = 76x+261,29

< 140 y=-25,571x+210,67 250 R2=0,8157

120 R?=0,9615 '

100 150

250 pl/lIt 300 pl/It 350 ul/It 250 pl/lt 300 pl/lt 350 pl/lt
ArEO Konsantrasyonu ArEO Konsantrasyonu

Sekil 5. 14°C ve 20°C su sicakliklarinda ArEO Ap zamanlar1 / konsantrasyonlari arasindaki iligski ve ArEO Rr
zamanlar1 ve konsantrasyonlari iliski.

2-PE Ap siireleri ve konsantrasyonlar arasinda 14°C’de kuvvetli negatif bir iliski (R>= 0,9982) ve 20°C’de kuvvetli
negatif bir iliski bulunmustur (R?= 0,9996). 2-PE R siireleri ve konsantrasyonlar arasinda 14°C’de kuvvetli pozitif bir iliski (R>=
0,9435) ve 20°C’de kuvvetli pozitif bir iliski vardir (R?= 0,9807) (Sekil 6).
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Sekil 6. 14°C ve 20°C su sicakliklarinda 2-PE Ap zamanlar1 / konsantrasyonlari arasindaki iliski ve 2-PE Rr zamanlar
/ konsantrasyonlar arasindaki iligki.

Bu ¢aligmada, Japon baliklart iki farkli su sicakliginda (14°C ve 20°C) farkli konsantrasyonlardaki giil agact (A.
rosaeodora) esansiyel yagi (ArEO) ve kimyasal anestezik ajan 2- fenoksietanol (2-PE) ile anestezi edilmistir. ArEO’nin ana
bileseni linalool olup anestezik etkisinin oldugu birka¢ ¢aligmada bildirilmektedir (Heldwein vd., 2014; Mirghaed vd., 2016;
Mazandarani vd., 2017; Silva vd., 2017). ArEO’nin Japon baliklar tizerinde anestezik etki gostermesinde baslica unsur
linalool bilesenidir (Kizak vd., 2018a).

Ross ve Ross (2008)’a gore, derin anestezi (Ap) safhast 3 dk’dan az bir siirede gergeklesmelidir. Tam iyilesme (Rf)
sathast da 5 dk’y1 asmamalidir. Weber vd. (2009)’ne gore bu siireler baliklar iizerinde yapilacak operasyonel faaliyetler i¢in
yeterlidir. 14°C’de Japon baliklarinin anestezi (Ap) edilmesinde en etkin ArEO konsantrasyonu 350 pl/lt (Ap—151 + 6,4 sn)
iken, iyilesme (Rr) bakimindan en ideal konsantrasyon 250 pl/lt (Rr—425 + 25,6 sn) olarak bulunmustur. Bununla birlikte,
14°C’de ideal siirelere yakinlik agisindan Ap ve Rr birlikte dikkate alindiginda ideal konsantrasyonun 300 pl/lt (Ap ; Rr—188 +
13,9 sn ; 481 + 16,1 sn) oldugunu soyleyebiliriz. 20°C’de Japon baliklarinin anestezi (Ap) edilmesinde en etkin ArEO
konsantrasyonu 350 pl/It (Ap—131 + 1,6 sn) iken, iyilesme (Rr) bakimindan en ideal konsantrasyon 250 ul/lt (Rr—316 £ 5,7
sn) olarak kaydedilmistir. 20°C’de ideal siirelere yakinlik a¢isindan Ap ve Rg beraber ele alindiginda ideal konsantrasyonun 250
wl/lt (Ap ; Re—182 £ 2,3 sn; 316 £ 5,7 sn) oldugu goriilmektedir. Bu verilere gore, baliklarda anestezi igin siire kriterleri dikkate
alindiginda ArEO maddesinin ideal bir anestezik ajan oldugu ortaya ¢ikmaktadir. 14°C’de Ap i¢in en etkin 2-PE konsantrasyonu
800 pl/lt (Ap—181 £2,38 sn) ve Rr bakimindan en ideal 2-PE konsantrasyonu 600 pl/It (Re—232 + 7,0 sn) olarak belirlenmistir.
Bununla birlikte, 14°C’de ideal siirelere yakinlik agisindan Ap ve Rr birlikte dikkate alindiginda ideal 2-PE konsantrasyonunun
800 pl/lt (Ap ; Re—181 £ 2,38 sn ; 274 £ 9,8 sn) oldugu goriilmektedir. 20°C’de Apigin en etkin 2-PE konsantrasyonu 800 pl/lt
iken (Ap—168 + 3.4 sn), Rr bakimindan en ideal konsantrasyon 600 pl/It (Re—211 £ 7,1 sn) olarak bulunmustur. 20°C’de ideal
stirelere yakinlik acisindan Ap ve Rr beraber dikkate alindiginda ideal konsantrasyonun 800 pl/It (Ap ; Rr—168 £+ 3,4 sn ; 253
+ 7,8 sn) oldugu sdylenebilir. 14°C ve 20°C’lerde ArEO ve 2-PE konsantrasyonlart arttikca Ap stireleri kisalirken Rr siireleri
artig egilimi gostermektedir (p<0,05). ArEO ve 2-PE i¢in benzer bulgular 23°C su sicakliginda Kizak vd. (2018a) tarafindan da
bildirilmektedir. Weyl vd. (1996) baliklarin anesteziden kurtulma siiresinin konsantrasyona bagli oldugunu, en yiksek
konsantrasyonda anestezi uygulanan baliklarin daha diisiikk konsantrasyonlarda anestezi uygulananlardan daha geg iyilestigini
belirtmistir. Bu ¢alismada anestezik ajanlarin konsantrasyonlari indiiksiyon siireleri ile negatif, iyilesme siireleri ile pozitif
korelasyon gostermistir.

Genel olarak anesteziden iyilesme durumuna ge¢me anestezigin konsantrasyonuna baglidir (Weyl vd., 1996) ve bu
durum anestezik ajan tipine ve balik tiiriine bagh olarak indiiksiyon ve iyilesme arasinda pozitif veya negatif bir iligkiye sebep
olabilmektedir. Bu ¢alismada, 14°C’de ArEO anestezik ajaninda Ap Ve R siireleri arasinda zayif negatif bir iliski (R?= 0,3093),
20°C’de Ap ve R siireleri arasinda negatif bir iliski bulunmustur (R>= 0,5833). Yine benzer sekilde, 14°C ve 20°C’lerde 2-PE
anestezik maddesinde Ap ve R siireleri arasinda negatif iliski tespit edilmistir (sirastyla, R?= 0,5092 ve R?= 0,6357). indiiksiyon
ve iyilesme siireleri arasindaki negatif iligki bir¢ok ¢alismada bildirilmektedir (Weyl vd., 1996; Hoseini vd., 2015; Mazandarani
vd., 2017; Can vd., 2018a; Kizak vd., 2018a; Kizak vd., 2018b; Kizak vd., 2020).

ArEQ ve 2-PE anestezik maddelerinde konsantrasyon ve indiiksiyon siiresi arasinda énemli derecede negatif bir iliski
oldugu goriilmektedir. 14°C ve 20°C’lerde ArEO Ap siireleri ve konsantrasyonlar arasinda kuvvetli negatif bir iliski (sirasiyla,
R2=0,9937 ve R?>= 0,9615) bulunmustur. 14°C ve 20°C’lerde 2-PE Ap siireleri ve konsantrasyonlar: arasinda da kuvvetli negatif
bir iliski (sirastyla, R?= 0,9982 ve R?= 0,9996) kaydedilmistir. Konsantrasyon ve indiiksiyon siiresi arasindaki bu negatif iliski
durumu diger anestezik maddelerle yapilan ¢aligmalarda da karsilasilan bir olgudur (Cunha vd., 2010; Kizak vd., 2018a; Kizak
vd., 2018b; Aydin vd., 2015; Aydin vd., 2019; Can vd., 2019; Kizak vd., 2020; Silva vd., 2020). ArEO ve 2-PE’de konsantrasyon
artisina bagli olarak Ap siireleri kisalmig olsa da Rr siirelerinde durum farkli olmustur. Her iki su sicakliginda da ArEO ve 2-
PE’de Rf siireleri konsantrasyon artisina bagli olarak uzamistir. 14°C ve 20°C’lerde ArEO Rg siireleri ve konsantrasyonlar
arasmnda kuvvetli pozitif iliski (sirastyla, R?= 0,9941 ve R?= 0,8157) vardir. 14°C ve 20°C’lerde 2-PE Rf siireleri ve
konsantrasyonlar arasinda kuvvetli pozitif iligki (sirastyla, R?= 0,9435 ve R?= 0,9807) bulunmustur. Anestezik konsantrasyonu
ile iyilesme siiresi arasindaki bu pozitifiliski farkli anestezik ajanlar ve farkli balik tiirleriyle yapilan ¢alismalarda da bildirilmistir
(Aydin vd., 2015; Kizak vd., 2018a; Kizak vd., 2018b; Can vd., 2019; Aydin vd., 2019). Bununla birlikte, Kizak vd. (2020)
defne yapragi esansiyel yagi1 ve 2-PE ile yaptiklar1 ¢alismada, 2-PE konsantrasyonlari ile iyilesme siireleri arasinda pozitif, defne
yapragi esansiyel yagi konsantrasyonlari ile iyilesme siireleri arasinda negatif iliski kaydetmistir. Benzer negatif iliskiler birkag
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caligmada da bildirilmistir (Sena vd., 2016; Limma-Netto vd., 2016). Uygulanan anestezik ajanlar, su sicakligi ve balik tiirleri
iyilesme siirelerini etkileyebilir (Mylonas vd., 2005; Limma-Netto vd., 2016).

Su sicakligi farkinin indiiksiyon ve iyilesme siirelerine olan etkisi barizdir. Su sicaklig1 yiikseldikce anestezi ve iyilesme
stirelerinin azalmasi olgusu (Sneddon, 2012), bu ¢aligmada elde edilen bulgular ile teyit edilmektedir. Daha yiiksek sicakliklarda
daha hizli indiiksiyon ve iyilesme siirelerinin gerceklesmesi, sicaklik ve balik metabolizmasi arasindaki pozitif iligkiye
baglanmaktadir (Mylonas vd., 2005). Psetta maxima tiiriinde karanfil yag: ile yapilan bir ¢alismada, balik boyutu ve
konsantrasyonlar1 fark etmeksizin, su sicakliginin 10°C’den 20°C’ye ¢ikarilmasiyla indiiksiyon ve iyilesme siirelerinin yari
yartya azaldig1 bildirilmektedir (Aydin vd., 2015). Su sicakligindaki degisiklik nedeniyle balik fizyolojisinde meydana gelen
degisimler, anestezi ve iyilesme siirelerini 6nemli dlgiide etkiler (Aydin vd., 2019). Olasilikla daha yiiksek oksijen talebi
gerektiren artan bazal metabolik hiz ile iligkili olarak bu durum artan solunum ve dolagima yol agmaktadir (Schurmann ve
Steffensen, 1997; Clarke ve Johnston, 1999). Farkl balik tiirlerinde farkli anestezik maddelerle yapilan aragtirmalarda artan su
sicakliginin bir sonucu olarak anestezi ve iyilegsme siirelerinin kisaldig1 bildirilmektedir (Hamackova vd., 2004; Hoskonen ve
Pirhonen, 2004; Mylonas vd., 2005; Zahl vd., 2009; Aydin vd., 2015; Santos ve ark, 2015; Skér vd., 2017; Park vd., 2018; Aydin
vd., 2019).

Sicaklik, pH, yas, boyut, cinsiyet ve bu faktorler arasindaki interaksiyonlar anesteziklerin baliklardaki etkinligini etkiler
(Ross ve Ross, 2008; Zahl vd., 2009; Aydin vd., 2015; Mitjana vd., 2018; Aydin vd., 2019). Bununla birlikte, interaksiyon ile
ilgili farkli sonuglar da ortaya ¢ikabilmektedir. Skar vd. (2017) Cyclopterus lumpus tiirii {izerine yaptiklari ¢alismada, anestezik
konsantrasyonlarinin, sicakligin ve balik boyutunun etkisinin ve bunlarin birlesik etkilerinin istatistiksel analizleri, her bir
parametrenin ayr1 ayri ve anestezik konsantrasyonun sicaklik ve balik boyutu ile birlikte 6nemli bir etkiye sahip oldugunu
belirtmis, ancak sicaklik ve balik boyutu arasinda veya konsantrasyon, sicaklik ve balik boyutu arasinda herhangi bir interaksiyon
olmadigimt bildirmistir. Aydin vd. (2019) Garra rufa tiiriinde farkli konsantrasyonlarda karanfil yaginm ve 2-PE’i farkli su
sicakliklarinda denemis, su sicakligi ve anestezik konsantrasyonu arasinda istatistiksel olarak anlamli interaksiyonlar tespit
etmistir. ArEO ve 2-PE i¢in indiiksiyon ve iyilesme siirelerinde su sicakligi ve anestezik konsantrasyon interaksiyonu énemli
bulunmustur (p<0,001).

Bitkisel esansiyel yaglar ve bunlarin etken maddeleri ile yapilan anestezik caligmalarda, baliklarda anormal yiizme
davraniglari, kas kasilmasi, 6ksiirme, solunum kesme, lateral bolgede siyah bant olusumlari gibi bir takim yan etkilerden
bahsedilmektedir (Mazandarani ve Hoseini, 2017; Mirghaed vd., 2018; Kizak vd., 2020). Baska bir ¢alismada istemsiz kas
kasilmalari ve ayrica mortalite nedeniyle feslegen yagi onerilmemistir (Correia vd., 2018). Deri renginde ve desenlerde, siyah
ve hafif gélgelenme seklindeki bant olusumlari ile meydana gelen degisimler baliklarda stresi isaret etmektedir (Van der Salm
vd., 2006; Rezende vd., 2017). Calismada, Japon baliklar1 iizerinde ArEQO ve 2-PE anestezik ajanlarinin herhangi bir yan etkisi
gozlemlenmemistir. Konsantrasyon artisina bagli olarak ArEO’nun karakteristik kokusu artmasina ragmen uygulayanlar
lizerinde rahatsiz edici bir tesire sahip degildir. Giil agaci esansiyel yaginin etanol ile olan karisimi suda herhangi bulanikliga
sebep olmamakta, dolayisiyla balik davraniglarini gézlemlemek agisindan bir zorlukla kargilagilmamaktadir.

SONUC

Sonug olarak, ArEO anestezik ajaninin her iki su sicakliginda da etkili oldugu kanaatine varilmistir. Uygulayanlarda
koku ve gozlem agisindan herhangi bir olumsuz etkisinin olmamasi, baliklar iizerinde herhangi bir yan etkisinin olmamast,
anestezi ve iyilesme siireleri bakimindan ideal siireler i¢inde olmasi, anesteziyi saglayabilmek i¢in yiiksek konsantrasyonlarda
esansiyel yag kullanilmasina gerek olmamasi gibi makul 6zellikleri sebebiyle ArEO maddesi anestezik ajan karakteristikleri
sergilemektedir. Bununla birlikte, ArEO anestezik ajaninin farkli balik tiirleri {izerinde, farkli balik biiyiikliiklerinde ve farkli su
kosullarinda test edilmesi faydali olacaktir.

ETIiK STANDARTLARA UYUM
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Bu arastirmada, Karadeniz’in Sinop (Inceburun) kiyilarinda ticari olarak kullanilan dip trol aglarmin
Birim Cabadaki Av Miktarlar1 (BCAM) ve av kompozisyonu belirlenmistir. Deniz ¢alismalar1 2009-
2010 av sezonunda 40 giin siire ve toplam 195 avcilik operasyonu ile tamamlanmistir. Caligmada
dip trol aglar1 ile toplam 22063,8 kg iirlin elde edilirken, 11 kemikli balik, 3 kikirdakli balik, 2
eklembacakli, 1 yumusakea ve tesadiifi olarak yakalanan 1 deniz memelisi olmak {izere toplam 18
tiirlin avlandig1 tespit edilmistir. En fazla avlanan grup %99,18 ile kemikli baliklar olurken bunu
%0,55 ile kikirdakli baliklar izlemistir. Avlanan kemikli baliklardan mezgit baligi (Merlangius
merlangus, Nordmann 1840) %95,79 oram ile ilk sirada yer alirken, bu tiirii sirasiyla barbunya
(Mullus barbatus ponticus Essipov, 1927) tirsi (Alosa immaculata Bennett, 1835), caga ve kalkan
(Scophthalmus maeoticus Pallas, 1811) baliklar1 izlemistir. En diisiik av orami ise kum karidesi
(Palaemon adspersus Rathke, 1837) tiiriinde (%0,01) goriilmistiir. Ekonomik olarak degerlendirilen
avin BCAM en yiiksek degeri Eyliil ayinda (70,59 kg/s), en diigiik degeri ise Nisan ayinda
(29,55kg/s) hesaplanmistir. Ayrica, bolgede yapilan dip trol balik¢iliginda avlanan tiim tiirler igin
BCAM ve av kompozisyonunun aylik olarak degisim gosterdigi tespit edilmistir.
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In this study, Catch Per Unit Effort (CPUE) and catch composition of bottom trawl nets
commercially used in the Sinop (Inceburun) coasts of the Black Sea were determined. Sea trials were
completed in 2009-2010 fishing season with a duration of 40 days and a total of 195 fishing
operations. A total of 22063.8 kg catch was obtained with the bottom trawl nets in the study. It was
determined that a total of 18 species, including 11 teleost, 3 chondrostei, 2 crustaceans, 1 mollusca
and incidentally 1 marine mammal were caught. The most caught group was teleost with 99.18%,
followed by chondrostei with 0.55%. Among the teleost caught, whiting (Merlangius merlangus,
Nordmann 1840) first placed with a rate of 95.79%, followed by red mullet (Mullus barbatus
ponticus Essipov, 1927), shad (Alosa immaculata Bennett, 1835), sprat and turbot (Scophthalmus
maximus Linnaeus, 1758). The lowest catch rate (0.01 %) was in the sand shrimp (Palaemon
adspersus Rathke, 1837). The highest value of CPUE of the economically evaluated catch was
calculated in September (70.59 kg/h) and the lowest value was calculated in April (29.55 kg/h). In
addition, it has been determined that the CPUE and catch composition change monthly for all species
caught in bottom trawling in the region.

Atif bilgisi/Cite as: Aksu H., Samsun O., Ozdemir S. (2023). Karadeniz Kiyilarinda Ticari Dip Trol Aglart ile Avlanan Hedef Tiir, Hedef
Dist Av ve Iskartanin Birim Cabadaki Av Miktarmin (BCAM) Belirlenmesi. Menba Journal of Fisheries Faculty, 9(2), 27-39.
https://doi.org/10.58626/menba.1373906

GIRIS

Deniz ekosistemindeki tiirler kiigiik ya da biiylik gruplar olusturarak, iireme, beslenme, korunma, siginma amagh
birbirleriyle etkilesim igerisinde bulunmaktadir. Bu nedenle hedef tiiriin avcilig1 esnasinda av araciyla bir¢ok tiir avlanmaktadir.
Hedef tiirler disinda avlanan diger tiirler hedef dis1 av (by-catch) olarak adlandirilmaktadir. Avciligi istenmeyen organizmalarin
orantisiz bir sekilde yakalanmas1 ve genellikle hedef tiiriin yavrular1 ve avcilik esnasinda zarar gormiisleri de dahil olmak tizere
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cesitli hedef olmayan bireylerin avciligi hedef digi av ile sonuglanir (Andrew ve Pepperel, 1992; Alverson vd., 1994; Kelleher,
2005; Pascoe, 1997; Clucas, 1997; Broadhurst vd., 2006; FAO, 2018; FAO, 2019).

Hedef dis1 avin bilesenleri ekonomik olarak ayrilan ve karaya ¢ikarilan yan av ve 1skarta olarak denize atilan kisimdir.
Hedef dis1 av tiirleri hedef tiir disinda avlanan diger ekonomik tiirlerdir. Iskarta ise denize dokiilen ve ekonomik degeri olmayan
tiim bireyleri igerir (Andrew ve Pepperel, 1992; Alverson vd., 1994; Kinacigil vd., 1999; Kelleher, 2005; Broadhurst vd., 2006;
Ozdemir vd., 2006). Diinya avcilik iiretiminin %22’si trol aglariyla ger¢eklesmektedir. Diinyada kullamlan tiim av araglari
igcesinde trol aglarinin hedef dis1 av orani ise %50 seviyesindedir (Kelleher, 2005).

Hedef avin igerisindeki hedef dist tiirlerin av miktarindaki artis hem balikg¢ilik endiistrisini hem de tiim deniz canlilarini
etkilemektedir (Alverson vd., 1994; Hall., 1996; Kinacigil vd., 1999; Kelleher, 2005; Dalyan, 2020). Hedef dist av olarak
adlandirilan istenmeyen tiirlerin avlanmasi problemi diinya ¢apindaki tiim avcilik sistemleri i¢in ciddi bir problem teskil
etmektedir (Alverson vd. 1994; Kelleher, 2005; Pascoe, 1997). Son zamanlarda iilkemiz balik¢ilif1 ilizerinde de etkileri
goriilmeye baglamistir (Ceylan vd., 2013; FAO, 2018). Trol aglar1 ile biiyiik miktarda su iiriinii avlandigindan deniz ekosistemi
trol balik¢iliginin dogrudan veya dolayli olarak etkilerine maruz kalmaktadir. Bu olumsuz etkileri belirlemek ve ekosisteme
dayali siirdiiriilebilir bir balik¢ilik endiistrisini saglamak i¢in 1skarta oranlarinin tahmin edilmesi esastir. Diinyadaki birgok tilke
bu problemi halen ¢ézmeye caligmaktadir. Ancak genellikle politik, ekonomik, teknik ve balik¢ilik yonetimleri agisindan
sorunlarla karsilasiimaktadir (Kelleher, 2005).

Karadeniz dip trol balik¢iliginin av kompozisyonu bir¢ok balik, omurgasiz ve yumusakea tiiriinii igermekte olup hedef
tiiriin yaninda birgok tiir avlanmaktadir. Kullanilan dip trol ag1 geleneksel yapiya sahiptir (Erdem vd., 2019; Erdem vd., 2020).
Dip trol aglar1 Karadeniz ve Akdeniz havzasi balik¢iliginda yaygin olarak kullanilmalari, avcilik 6zelligi ve istenmeyen tiirleri
avlamasi nedeniyle siirekli tartigmal1 bir av araci olmaktadir (Ozdemir, 2006; Yildiz & Karakulak, 2018; Ogreden & Yaghoglu,
2017).

Bati1 Karadeniz, dip trol balik¢iligi igin ¢ok 6nemli bir balik¢ilik sahasidir ve avcilik yapilabilen sahalar oldukga dar
bantlar seklindedir. Bélgede Igneada’dan Sinop’a kadar 322 dip trol balik¢1 teknesi aveilik yapmaktadir. Bat1 Karadeniz’de
1skarta olarak etkilenen tiir sayis1 18 ile 24 arasindan degisim gostermektedir. Karadeniz’de 1skarta olarak etkilenen tiir sayisinin
az olmasinin nedeni diger denizlerimize gore tiir ¢esitliliginin daha diisiik olmasindan kaynaklanmaktadir (Kayka¢ vd. 2014;
Yildiz & Karakulak, 2017).

Tirkiye balik¢iligr 2022 yili av miktar1 335003 ton olarak gerceklesmis ve bunun biiylik kismu Karadeniz’den
saglanmistir. Av miktari iiretiminde sirasiyla girgir aglari, orta su trolleri ve dip trolleri gelmektedir (TUIK, 2022). Ulkemiz
avciliginda dip trollerinin av miktar1 Giretimi az olsa bile bu av ekonomik degeri oldukea yiiksek tiirlerden olugsmaktadir (Geng,
2000) Dip trolleri demersal ve semi-pelajik tiirlerin avciliginda kullanilan en modern av araglaridir (Erdem, 2000; Demirci, 2009;
Ozdemir, 2006). Bu nedenle bu av aracinin kullanimi zaman igerisinde gelismis ve kullanimi yayginlasmistir (Aydin vd. 2005).

Tiirkiye kiyilarinda dip trol aglari ile yakalanan tiir sayist 50'den fazladir (Tosunoglu vd., 2003). Karadeniz dip trol
aveiliginin hedef tiirii mezgit olup en ¢ok avlanan tir olmakla birlikte barbunyada dip trol aglariyla 6nemli miktarda
avlanabilmektedir (Erdem & Erkoyuncu 2000; Zengin vd. 1997; Génener & Ozdemir, 2012; Ozdemir & Erdem, 2011; Erdem
vd., 2008). Ayrica kalkan ve kirlangigc (Chelidonichthys lucerna Linnaeus, 1758) gibi demersal tiirler ile Lifer (Pomatamus
saltatrix Linneaus, 1766) ve istavrit gibi semi-pelajik tiirler yan av1 olusturmaktadir (Génener ve Erkoyuncu, 2005; Ozdemir vd.,
2009a; Ozdemir vd., 2009b; Bagkaya, 2012; Yildiz, 2016; Ozdemir ve Erdem, 2018). Bati Karadeniz’de demersal balik
stoklarinin yillik olarak karaya c¢ikarilan miktarinin yaklasik %96'sin1 olusturan mezgit ve barbunya baliklarinin biiyiik
gogunlugunu (%90) dip trol aglari avlamaktadir (TUIK, 2022). Dip trol gemilerinin kapasitesinin fazlaligi, yasa disi
yaklagimlarla (mil sinirlamasina uyulmamasi, kii¢iik gozlii torba kullanimu, ¢ift torba uygulanmasi) ve isleyisleri ile ilgili sorunlar
birlesince Karadeniz'deki demersal balik kaynaklarinin biiyiik boliimiiniin 1skarta olmasinda en biiyiik katkiyr trol aglar
saglamaktadir (Ceylan vd., 2013; Yildiz, 2016; Yildiz & Karakulak, 2017).

Karadeniz Bolgesi balik¢iligmin verimini etkileyen temel problemleri deniz kirliligi, kontrolsiiz ve bilingsiz balik¢ilik
aktiviteleri, asir1 av baskisi ve balik stoklarina aveiligin etkisi hakkinda bilimsel veri eksikligi olarak siralayabiliriz. Dip trolii av
aracinin hedef ve hedef dis1 tiirlerin av kompozisyonun belirlenmesi, av aracinin gelistirilmesi ve iyilestirilmesi yaninda
ekosistem tizerindeki olumsuz etkilerin de azaltilmasina katkilar sunacaktir.

Yapilan bu arastirmada, demersal balik avciliginda kullanilan en etkin av araci olan dip trol aglarimin av ve tiir
kompozisyonun belirlenmesi amaglanmigtir. Karadeniz’in dnemli bir balik¢ilik merkezi konumundaki Sinop kiyilarinda, ticari
olarak yapilan dip trol balik¢iliginda avlanan hedef ve hedef dis1 tiirlerin Birim Cabadaki Av Miktar1 (BCAM) ve av
kompozisyonu ile ilgili bilimsel verilerin olusturulmast hedeflenmistir.

MATERYAL ve YONTEM

Arastirma,  Karadeniz’in  Sinop  kiyilarinda,  ticari  olarak  avciik  yapan  trol = gemileri ile
42° 05,959’ N-34° 56,695’ E ile 42° 04,440 N-34°41,000 E koordinatlar1 arasinda yiirtitiilmistiir (Sekil 1). Arastirma verileri 15
Eyliil 2009 ile 14 Nisan 2010 tarihleri arasinda toplam 40 giin deniz seferine ¢ikilmistir. Avcilik operasyonlart 45-117 metre
arasindaki derinliklerde yapilmistir.
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Sekil 1. Arastirma Sahast

Arastirma, bolgede aktif olarak faaliyet gosteren iki ticari trol gemisinde yiiriitiilmiistiir. Aragtirmada kullanilan aglar,
bolgede demersal baliklarin aveiliginda kullanilmakta olan, herhangi bir kesim faktorii uygulanmayip paket aglarin boyuna
kesimi ve kiipe donamu ile yapilan, biiyiikliikleri goz hesabina gore 600 goz olan kanatlarda 55 mm’den baslayip torbada 22
mm’ye kadar diisen klasik geleneksel dip trolii aglaridir. Arastirmada kullanilan geleneksel dip trol aginin teknik 6zellikleri Sekil
2’de gosterilmistir.

Ag cekim siiresi avcilik yapilan av sahanin zemin yapisi ve 6zelliklerine gore degisiklik gostermekle birlikte genellikle
60-180 dakika arasinda degismistir. Ag ¢cekimi tamamlanarak torbanin giiverteye alinmasindan sonra avlanan tiirler hedef tiir,
hedef digt tiir ve 1skarta olarak siniflandirilarak kasalara ayrilmistir. Avlanan tiirlerin av miktarinin tespitinde 0,5 kg hassasiyetli
terazi ile kasalar tartilarak her grup i¢in agirliklar kaydedilmistir. Vatoz, kopekbaligi, rina ve kalkan gibi biiyiik baliklar ile daha
az miktarda yakalanan kabuklu ve eklem bacaklilar ise 0,5 g hassasiyetle bireysel agirlik dl¢iimil yapilarak toplam av miktar
belirlenmistir. Tartim iglemi tamamlandiktan sonra 1skarta baliklar denize dokiilmiistiir.

Ekonomik tiirlerden olusan av ile 1skarta avin Birim Cabadaki Av Miktarlar1 (BCAM) hesaplanarak karsilagtirmalar
yapilmustir. Birim ¢abadaki av miktari (BCAM), asagidaki formiil kullanilarak hesaplanistir (Gulland, 1983; Erkoyuncu, 1995):

U=XCIEf
Formiilde,

U birim ¢abadaki av miktari (BCAM), C av miktar1 (kg) ve F av ¢abasi (saat) olarak ifade edilmektedir. (Hoof ve Salz,
2001).

Verilerin istatistiksel olarak degerlendirilmesinde, iki grup arasindaki farkin 6nem kontrolii i¢in t-testi kullanilmstir.
Ikiden fazla gruplar igin farkin 6nem kontroliinde ise tek y&nlii varyans analizi (ANOVA) yapilmustir.

29



Aksu vd. Menba Journal of Fisheries Faculty. 2023; 9(2): 27-39

Ag gozii  Kenar ? ¢

agikhigt Uzunlugu

|
——————— |
|
55 mm 7.2m |
_______ |
7.2m T 63m
36m
7.2m
2mm @ c———
7.2m
Muhafaza
""" 150 mm
7.2m

Sekil 2. Arastirmada Kullanilan Trol Ag1 (Orijinal)

BULGULAR

Aragtirmada toplam 323 saat siire ile 1690,38 km uzunlugunda trol ag1 ¢gekimi yapilmstir. Bu ag ¢cekimlerinde 5 farkli
gruba ait 18 tiirtin avlandig: tespit edilmistir (Tablo 1 ve Tablo 2).

Operasyonlar sonucunda avlanan 22063,8 kg avin %99,18’ini kemikli baliklar (BCAM), %0,55’ini kikirdakli baliklar
(120,5 kg), %0,03’tinii de eklem bacaklilar (7,0 kg), %0,11’ini memeliler (24,0 kg) ve %0,14’linii de yumusakgalar (30,0 kg)
olusturmustur.

Avlanan 18 tiiriin 11’ini kemikli baliklar, 3’{inii kikirdakli baliklar, 1’ini memeliler, 1’ini yumusakgalar ve 2’sini eklem
bacaklilar olusturmustur. En fazla av veren grup kemikli baliklar olmustur. Mezgit toplam avin %95,79 unu olusturmus, bunu
barbunya balig1 (%1,28), tirsi (%0,60), ¢caga (Spratus spratus Linneaus, 1758) (%0,58) ve kalkan (%0,37) izlemistir. Kemikli
baliklar1 kikirdakli baliklardan kopek baligr (Squalus acanthias Linneaus, 1758) (%0,30) takip etmistir.
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Tablo 1. Avciligi Yapilan Tiirler, Av Miktarlar (kg) ve % Degerleri

Gruplar Tiirler Av Miktari %
Mezgit (Merlangius merlangus Nordman. 1840) 21134,8 95,79

Barbunya (Mullus barbatus ponticus Essipov, 1927) 283 1,28

Caca (Spratus spratus Linneaus, 1758) 127,5 0,58

Istavrit (Trachurus trachurus Linneaus, 1758) 15 0,07

o Liifer (Pomatamus saltatrix Linneaus, 1766) 47 0,21
E:{Pk'l';'; Kalkan (Scophthalmus maeoticus Pallas, 1811) 82,5 0,37
Tirsi (Alosa tanaica Grimm, 1901) 132 0,60

Iskorpit (Scorpaena porcus Linneaus, 1758) 22,5 0,10

Gelincik (Gaidropsarus mediterraneus Linneaus, 1758) 3 0,01

Kaya Balig1 (Gobius sp) 30 0,14

Trakunya (Trachinus draco Linneaus, 1758) 5 0,02

Kopek Balig1 (Squalus acanthias Linneaus, 1758) 65,3 0,30

g;ll{lll:ﬂikh Vatoz (Raja clavata Linneaus, 1758) 43,7 0,20
Rina (Dasyatis pastinaca Linneaus, 1758) 11,5 0,05

Eklem Kum Karidesi (Palaemon adspersus Rathke, 1837) 2 0,01
Bacakhilar Yengec (Liocarcinus depurator Linnaeus, 1758) 5 0,02
Deniz Memelisi Siseburun Yunus (Tursiops truncatus Montagu, 1821) 24 0,11
Yumusakgalar D. Salyangozu (Rapana venosa Valenciennes, 1846) 30 0,14
Toplam 22063,8 100,00

Tablo 2. Gruplara Gore Agirliklar ve % Degerleri

Gruplar Agirhik (kg) % BCAM
Kemikli Bahklar 21882,3 99,18 67,75
Kikirdakh Bahiklar 120,5 0,55 0,37
Yumusakcalar 30,0 0,14 0,09
Deniz Memelisi 24,0 0,11 0,07
Eklem Bacaklilar 7,0 0,03 0,02
Toplam 22063,8 100 68,31

Avlanan 11 kemikli balik tiirtiniin 6’s1 ekonomik, 5’1 ise 1skarta tiirlerden olusmaktadir. Bolgede trol avciliginin hedef
tiirli olan mezgit en fazla avi veren tiir (%96,58) olmustur. Bolge avciliginin diger hedef tiirleri olan barbunya ve kalkan, daha
az av vermis hedef dis1 av tiirleri olan istavrit, liifer ve tirsi gibi tiirler ise hedef dis1 av olarak av aracinda gozlenmislerdir. Caca,
gelincik (Gaidropsarus mediterraneus Linneaus, 1758), kaya baligi (Gobius sp), iskorpit (Scorpaena porcus Linneaus, 1758) ve
trakonya (Trachinus draco Linneaus, 1758) tiirleri 1skarta tiirlerdir. Avlanan kemikli baliklarin BCAM degerleri Tablo 3’te
sunulmustur.

Tablo 3. Kemikli Baliklarin Av Miktari, Av Oran1 ve BCAM (kg/saat)

Tiirler Av Miktan (kg) % BCAM
Mezgit 211348 96,58 65,43
Barbunya 283 1,29 0,88
istavrit 15 0,07 0,05
~  Lifer 47 0,21 015
S Kalkan 82,5 0,38 0,26
£ Tirsi 132 0,60 041
Caca 127,5 0,58 0,39
iskorpit 22,5 0,10 0,07
Kaya Balhigi 30 0,14 0,09
g Gelincik 3 0,01 0,01
% Trakonya 5 0,02 0,02
Toplam 21882,3 100,00 67,75
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Avciligin hedef tiirleri olan mezgit ve barbunya baliklar1 avinin degerlendirilen ve degerlendirilmeyen miktarlar1 ile
ilgili veriler Tablo 4’te goriilmektedir. Avlanan mezgitin %281, barbunyanin ise %14’ 1skarta edilmistir.
Tablo 4. Mezgit ve Barbunya Baliklari i¢in Ekonomik ve Iskarta Av Miktarlar1 (kg)

Tiirler Ekonomik (kg) % Iskarta (kg) % Toplam (kg)
15189 71,87 5945,8 28,23 21134,8

243 85,87 40 14,13 283

Mezgit (Hedef Tiir)
Barbunya (Yan Av)

Tablo 5’te avlanan mezgit baliginin aylara gére av miktarlar1 gorillmektedir. En fazla toplam avin Ekim ayimnda (5453
kg), en az ise Nisan ayinda (903 kg) oldugu goriilse de BCAM miktarlarina bakildiginda en fazla avin Eyliil (80,69 kg/s) en az
ise Nisan aymda (47,32 kg/s) avlandigi goriilmektedir. Mezgit avinin sezon sonuna dogru hem orani hem BCAM degeri
diigmekte, 1skarta miktarlari ise artmaktadir. Mezgit avinin degerlendirilen ve 1skarta olan kisimlar1 arasinda yapilan t-testi
sonucunda farkin 6nemli oldugu bulunmustur (p<0,004; t 1,943).

Tablo 5. Mezgit Baligi1 Aylik Av Miktari

Eyliil 3326 86,02 69,41 540,4 13,98 11,28 3866,4 80,69
Ekim 4088 7497 56,84 1365 25,03 18,98 5453 75,82
Kasim 2338 80,44 45,18 568,4 19,56 10,98 2906,4 56,16
Aralik 1888,4 69,21 38,67 840 30,79 17,20 27284 55,87
Ocak 1180 60,08 46,27 784 39,92 30,75 1964 71,02
Subat 1162 5092 29,11 1120 49,08 28,06 2282 57,17
Mart 681,6 66,07 37,69 350 33,93 19,35 1031,6 57,05
Nisan 525 58,14 2751 378 41,86 19,81 903 47,32
Toplam 15189 71,87 47,02 5945,8 28,13 18,41 21134,8 65,43

Tablo 6’da avlanan barbunya baliginin aylara gore av miktarlar1 goriilmektedir. Barbunya baligi av miktar1 bir standart
gostermemektedir.

Tablo 6. Barbunya Baligi Aylik Av Miktarina {liskin Veriler

Aylar Ekonomik % BCAM  |skarta %  BCAM  Tgplam % BCAM
Eyliil 10 33,33 0,21 20 66,67 0,42 30 10,60 0,63
Ekim - - - - - - - - -
Kasim - - - - - - - - -
Aralik 104 83,87 2,13 20 16,13 0,41 124 43,82 2,54
Ocak - - - - - - - - -
Subat 111 100,0 2,78 - - - 111 39,22 2,78
Mart 6 100,0 0,33 - - - 6 2,12 0,33
Nisan 12 100,0 0,63 - - - 12 4,24 0,63
Toplam 243 85,87 0,75 40 14,13 0,12 283 100,0 0,88

Ug tiir kikirdakli balik toplam 120,5 kg avlanmis en fazla avlanan 65,3 kg (%54,19) ile kdpek baligi olmustur. Kopek
balig1 ve vatoz (Raja clavata Linneaus, 1758 ve Dasyatis pastinaca Linneaus, 1758) tiirleri denize atilmiglardir (Tablo 7).
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Tablo 7. Kikirdakli Balik Av Miktarlari (kg) ve % Degerleri

Tiirler Agirhik (kg) % BCAM
Kopek Bahg 65,3 54,19 0,20
Vatoz 43,7 36,27 0,14
Rina 11,5 9,54 0,04
Toplam 120,5 100,00 0,37

iki eklem bacakl tiiriinden 7 kg avlanmustir. Bunun 5 kg’in1 yengeg (Liocarcinus depurator Linnaeus, 1758) (%71,43),
2 kg’mi ise kum karidesi (Palaemon adspersus Rathke, 1837) (%28,57) tiirleri olugturmustur. Eklembacakl tiirleri bolgede
ekonomik olarak degerlendirilmemektedir (Tablo 8).

Tablo 8. Eklem Bacaklilar Av Miktarlar1 (kg) ve % Degerleri

Tiirler Agirhik (kg) % BCAM
Kum Karidesi 2 28,57 0,01
Yenge¢ 5 71,43 0,01
Toplam 7 100,00 0,02

Arastirmada toplam avin biiylik kismin1 kemikli baliklar olugturmaktadir. Kemikli baliklarin BCAM en yiiksek Ekim
ayimda, en diisiik ise Nisan ayinda elde edilmistir (Tablo 9).

Tablo 9. Aylara Gore Gruplarin Av Miktarlar1 Dagilimi (kg)

Gruplar
. Kemi o BCA Kilkarda o BCA Topla BCA \

Aylar kli Bahklar M ki Bahklar Nm
Eyliil 3942,7 180 5508 23,9 198 050  3966,6 82,78
Ekim 5580,5 255 7760 27,8 230 039 56083 77,98
Kasim 2006 4 132 5616 32,7 211 963 29391 56,79
Aralik 29786 136 6100 6,9 573 014 29855 61,14
Ocak 1965,5 8,98 77,08 7.4 614 029 19729 17,37
Subat 2517 115 6306 13,8 4 935 25308 634
Mart 1049,6 4,80 58,04 58 481 032 10554 58,36
Nisan 942 430 49,36 2,2 183 0,12 9442 49,48

Topla 218823 100, 6775 120,5 100 537 200028 68,12

Ekonomik tiirlerin av miktarinin 8 ay ortalamasi1 1961,7 kg olarak hesaplanirken, en yiiksek degere 4088 kg ile Ekim
ayinda, en diisiik degere ise 564 kg ile Nisan ayinda ulagmustir. Iskartada ise 8 ay ortalamasi 796,29 kg olarak hesaplanmustir.
Iskarta i¢in en yiiksek av miktar1 Ekim ayinda (1520,3 kg), en diisiik ise mart ayinda (355,8) tespit edilmistir.

Aylara gore ekonomik av ve iskarta av miktari arasindaki fark istatistiksel olarak onemli (p<0,002; t=1,943)
bulunmustur. Ayrica ekonomik tiirlerin av miktarimin aylara gore degisimi de istatistiksel olarak 6nemli (p<0,0073), 1skartanin
ise dnemsiz oldugu tespit edilmistir (p>0,05). Ekonomik av en yiiksek BCAM degerini Eylil (70,59 kg/s) en disik BCAM
degerini ise Nisan ayinda (29,55 kg/s) vermistir. Ekonomik av BCAM degerleri arasindaki fark istatistiksel olarak 6nemli
bulunmustur (p<0,004; F=2,69). En diisiik 1skarta BCAM degeri Kasim ayinda tespit edilmistir. Iskarta BCAM degerleri
arasindaki fark istatistiksel olarak 6nemli bulunmustur (p<0,001; F=2,324). Ekonomik av ve 1skartanin aylik verileri Tablo 10°da
verilmistir.
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Tablo 10. Aylara Gore Ekonomik Avin ve Iskartanin BCAM

Ekonomik Av Iskarta
Aylar Av l(\/liiktarl BCAM % Miktarf\v BCAM % Toplam
9) (kg/s) (ka) (kg/s) (BCAM)

Eyliil 33823 70,59 84,88 602,3 12,57 15,12 83,16

Ekim 4088 56,84 72,89 1520,3 21,14 27,11 71,98

Kasim 2338 45,18 79,55 601,1 11,62 20,45 56,79

Aralk 2081,1 42,62 69,19 926,9 18,98 30,81 61,6

Ocak 11815 46,33 59,89 791,4 31,04 40,11 7,37

Subat 1359 34,05 53,39 1186,3 29,72 46,61 63,77

Mart 699,6 38,69 66,29 355,8 19,68 33,71 58,36

Nisan 564 29,55 59,36 386,2 20,24 40,64 49,79
Toplam 156935 48,59 7113 3703 19,72 2887  gg31

TARTISMA

Aragtirmada, dip trol aglari ile avlanan bes tiir grubundan kemikli balik grubu 11 tiir ile toplam 21.882,3 kg av elde
edilmis, hedef tiir olan mezgit bu avin %96,58’ini olugturmustur. Avlanan 11 kemikli balik tiiriiniin 9’u ekonomik, 2’si ise
iskartadir. Dip trol balik¢iliginda, barbunya, istavrit, liifer, kalkan, tirsi ve bazen iskorpit ve kaya balig1 hedef dis1 av olarak
avlanirken, gelincik ve trakonya ise her zaman 1skarta olan tiirlerdir. Barbunya balig1 Karadeniz Bolgesi trol aveiliginda diger
6nemli bir tiir olup toplam av igindeki oran1 %1,29 olmustur.

Calismada, toplam av icerisinde yer alan kemikli baliklar en fazla Ekim ayinda, en az ise Nisan aymda avlanmistir.
Diger taraftan, kikirdakli baliklarin av miktar1 en yiiksek Kasim ayinda, en diisiik Nisan ayinda elde edilmistir. Eklembacaklilar
sadece subat ayinda, yumusakgalar aralik ve subat aylarinda av aracina yakalanmustir.

Kemikli baliklar en yiiksek BCAM degerini Eyliil (82,28 kg/s) en diisiikk ise Nisan (49,36 kg/s) ayinda vermistir.
Ortalama BCAM degeri 67,754+4,208 kg/s olarak hesaplanmistir. Sezonun bagindan sonuna kadar birim ¢abada av miktarinda
neredeyse yari yariya bir azalma oldugu goériilmekte ve bu azalmanin nedeninin stoklardaki asirt av baskisindan kaynaklandigi
disiiniilmektedir.

Aragtirmada, 3 tiirden olusan kikirdakli balik avlanmis, avin %54,19 kopek baligr (65,3 kg), %36,27’si vatoz (43,7 Kg)
ve %9,541ini rina (11,5 kg) tiirlerinden olugmus, en yiiksek BCAM degeri Kasim (0,63 kg/s), en diisiik ise Nisan (0,12 kg/s)
ayinda hesaplanmistir. Ortalama BCAM degeri 0,37+0,061 kg/s olarak dl¢lilmiistiir. Eklem bacaklilarin subat ay1t BCAM degeri
0,18 kg/s olarak ol¢lilmiistiir. Yumusakealar sadece Aralik (0,46 kg/s) ve Subat (0,19 kg/s) aylarinda avlanmustir.

Benzer calismada Cigek (2006), aylar itibariyle en yliksek BCAM degerine Eyliil ayinda (66,76 kg/s) rastlandigini; bu
degerin Eyliil ayinda itibaren siirekli diigiis gostererek, en diigiik degerin 12,48 kg/s ile mart ayindan elde edildigini bildirmistir.
Hedef dis1 av igerisinde %19,48°1lik bir degerle Mullus barbatus’un ilk sirada yer aldigi; bunu sirastyla Charybdis longicollis
(%15,98) ve Saurida undosquamis’in (%15,56) izledigini belirlemistir. Baz1 tiirler igin belirlenmis olan segicilik parametreleri
sonucunda arastirmamizla benzer olarak bolge tiirlerinde agir1 aveilik goriildigi bildirilmigtir. BCAM degerlerinin belirlendigi
grup kemikli baliklar olup diger tiir ve gruplar ¢ok az miktarlarda avlanmustir.

Dip trol aglari ile ¢ok tiire (multispecies) dayalr avcilik yapilmaktadir. Av sahasinin derinligine gore barbunya ve mezgit
baliklarinin avciligin hedef tiiriinii olustururken, istavrit, liifer, kalkan, tirsi, kirlangi¢, pisi ve kaya baliklarmin yan avi
olusturdugu ayrica bu baliklarin av veriminin ve kompozisyonunun mevsime ve sahaya gore degisiklik gosterdigi
bildirilmektedir (Erdem, 2000; Ozdemir vd., 2006).

Calismada elde edilen tiir kompozisyonu ve av oranlar1 Karadeniz’de yapilan diger ¢aligmalarla benzerlik gosterirken
(Erdem ve Erkoyuncu, 2000; Ozdemir vd., 2006; Gonener ve Ozdemir, 2012; Kasapoglu ve Diizgiines, 2021), Ege ve Akdeniz’de
kullanilan dip trol aglarindan fakli bulunmustur (Cigek vd., 2014; Acarli vd., 2022). Karadeniz’de tiir cesitliginin diger
denizlerimizden az olmasi av kompozisyonu ve oranini etkileyen bir faktor olarak karsimiza ¢ikmaktadir. Asikoglu (2006) da
benzer tiir ¢esitliliginin ve av oraninin av araglar1 {izerinde etkili oldugunu ifade etmektedir. Arastirmamizdaki av miktarlari
farkliliklar1 aylara gore denize ¢ikilan giin ve operasyon sayisindaki farkliliktan kaynaklanmaktadir.
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Yine bolgede yapilan benzer ¢alismada Ak vd. (2011), avlanan toplam su tiriiniiniin 3,571 kg’ 11 kemikli balik (%59,24),
2,419 kg’ 11 kikirdakli balik (%40,12), 6 kg’ i1 kabuklu (%0,10) ve 32,5 kg’1n1 de yumusakgalarin (%0,54) olusturdugunu tespit
etmistir. Benzer sekilde Ceylan vd. (2013), Giineybat1 Karadeniz av sahalarinda yaptig1 calisma sirasinda 22 balik tiird, 2
eklembacakli tiirii, 1 gastropod ve 1 ¢ift kabuklu olmak {izere 26 tiir avlamstir. Avcilik esnasinda bolgenin trol aveiliginin hedef
tiirleri olan Mullus barbatus, Merganlius merlangus tiirlerini hedef almis ve bunlar en ¢ok av veren iki tiir olmustur. Yirmi bes
tiir 1skarta olarak tanimlanmistir. Toplam biyokiitle 2142,77 kg olup, bunun %46,01'i (985,86 kg) hedef, %53,99'u (1156,91)
hedef dis1 av olarak belirlenmis ve agirlikli 1skarta oran1 %42,06 olarak belirlenmistir. Hedef dist avlanma iginde 1skarta orant
%77,89 (901,21 kg) olarak belirlenmis olup, bunun %83,62'sini ticari boyutun altindaki M. merlangus olusturmaktadir.
Yakalanan en bol hedef, ticari yan av ve 1skarta tiir bu aragtirmada da oldugu gibi M. merlangus'tur.

Akdeniz’de yumurtalik koyunda dip trolilyle yapilan bir arastirmada ise 25 familyaya ait, 4’ii lesepsiyen tiir olmak iizere
toplam 29 kemikli balik, 4 kikirdakli balik ve 7 omurgasiz tiiriiniin yakalandig: ve kikirdakl balik av oraninin %45,5 olup, bunu
kemikli balik (%42,24) ve omurgasizlarin (%12,26) izledigi bildirilmektedir (Basusta vd., 2002). Bu sonu¢ Akdeniz, Ege Denizi
ve Marmara Denizi ile Karadeniz arasindaki tiir ¢esitliliginin farkliligini ortaya koymaktadir.

Malal (2006), Mersin-Anamur avlama bdlgesinde dip trol agi ile aveilikta hedef dis1 ve 1skarta av oranlarini belirlemek
icin yaptig1 arastirmada hedef tiirlin toplam av i¢inde agirlik olarak oranin1 %44,08, hedef dis1 avin oranim1 %44,31, 1skarta avin
oranini ise %11,6 olarak rapor etmistir. Ayni ¢calismada yazar BCAM degerlerini hedef tiir, hedef dis1 av ve 1skarta av i¢in
sirasiyla 14,51 kg/s, 17,69 kg/s ve 3,90 kg/s olarak hesaplamistir.

Toplam 22063,8 kg’lik av elde edilmis olup bunun %95,79’unu mezgit balig1 olusturmus, bu oran1 %1,28 ile barbunya
balig1 ve %0,60 ile tirsi izlemistir. Avlanan tiirlerden mezgit hedef tiir, barbunya, kalkan, liifer ve tirsi hedef dis1 av olmus diger
tiirler 1skarta edilmistir. Ayrica hedef tiir olan mezgit ve hedef dis1 av olarak avlanan barbunya baliginin bir kismi ekonomik
boydan kii¢iik oldugu ya da avcilik esnasinda zarar gormiis ve i1skarta olmustur. Avlanan 20801,2 kg mezgit baliginin %73,02’si
degerlendirilmis, %26,98’1 1skarta olmustur. Ayni sekilde barbunya baliklarinin %85,87’si degerlendirilmis, %14,13’si ise
1skarta olmustur. Toplam avin 15693,5 kg’1 degerlendirilmis ve %96,78’ini mezgit, %1,55’ini barbunya, %0,84’linii tirsi,
9%0,53tinii kalkan, %0,30’unu ise liifer olusturmustur. BCAM degerleri mezgit i¢in 47,02 kg/s, barbunya i¢in 0,75 kg/s, tirsi
icin 0,41 kg/s ve kalkan i¢in ise 0,26 kg/s olarak gergeklesmistir.

Iskarta edilen 6370,3 kg avin 5945,8 kg’1 mezgittir. Mezgit en yiiksek 1skartayr Ekim (1365 kg), en diisiik ise mart
ayimda (350 kg) vermis ve en yiiksek 1skarta BCAM degerini Ocak (30,75 kg/s) ayinda vermistir. Mezgit av miktarimin sezon
sonuna dogru hem oran1 hem de BCAM degeri diismekte, 1skarta miktar1 ise artmaktadir. Barbunya sadece iki ay 1skarta vermistir
(Eyliil 0,42 kg/s, Aralik 0,41 kg/s). Barbunya av miktarinin diisiik olmasi ve her ay avlanamamasinin sebebinin bolgesel ve
derinlikle alakali oldugu diisiiniilmektedir. Kikirdakli baliklardan Vatoz en fazla mart ayinda (0,32 kg/s) avlanmustir. Rina sadece
Kasim ayinda (0,22 kg/s) avlanirken, Kopek baligi en diisiik BCAM degerine subat ayinda (0,17 kg/s) en yiiksek ise Eyliil (0,50
kg/s) ayinda ulagmistir. Ayrica eklembacakl tiirleri bolgede ekonomik olarak degerlendirilmedigi i¢in her zaman 1skarta olarak
deger gormektedir.

Bagkaya (2012), 2010-2011 balik¢ilik sezonunda Bati Karadeniz’de yiiriittigii ¢alismada 34 trol operasyonunda 5
taksonomik gruba ait 25 kemikli balik (osteichthyes), 2 kikirdakli balik (chondrichthyes, 4 kabuklu (crustacea), 2 derisi dikenli
(echinodermata) ve 1 yumusakc¢a (mollusca) tiiri avlamistir. Avciligin hedef tiiriiniin tekir (Mullus barbatus) ve mezgit
(Merlangius merlangus) baliklar1 oldugu bildirilmistir. Hedef dig1 avin 10 adedi yan av, 20 adedi 1skarta ve iki adedi de tehlike
altindaki tiirlerden olusmustur. Sayica ve agirlik¢a en baskin tiirler Mullus barbatus ve Merlangius merlangus’tur. Avin sayica
%98,38’1 ve agirlikca %95,94°1 hedef tiirler olusmustur. Hedef dis1 avin orani ise sayica %1,62 ve agirlikga %4,06 olarak
hesaplanmustir.

Gonener ve Bilgin (2010), Karadeniz'de iki avlanma sezonunu kapsayan verilere gore barbunya, mezgit ve kalkanin
stok biyiikliiklerinde ilk sirada yer aldigini bildirmistir. Ticari trol balik¢iligi alanlarindaki balik stok yogunlugundaki
degisikliklerin giinliik, aylik veya mevsimsel olarak degisebilecegini ve avlanma alanindaki diger tiirlerin avlanma yogunluklar1
ile sulari biyoekolojik ve fizikokimyasal 6zelliklerinin bu degisikligi etkileyebildigini belirtmislerdir.

Emecan vd. (2023), Bati1 Karadeniz Bolgesinde trol aglarinin standartlarint ortaya koymay1 amagladiklar1 aragtirmada
33 tiire ait 64104 birey avlamistir. Birey sayilarina gore en fazla avi kum yengeci (Liocarcinus depurator) (%55,5) olustururken,
bu tiirli sirastyla mezgit (%23,42), kara midye (%38,78), barbunya (%3,63), caca balig1 (%3,02) ve tiryaki baligt (%1,46)
izlemistir.

Avlanan ekonomik tiirlerin yam sira hedef tiirlerin kiigiik boylar1 1skarta olarak denize dokiilmektedir. Ayrica bazi
ekonomik olamayan tiirler de Karadeniz dip trol balik¢iliginda her zaman 1skarta durumundadir. Hedef tiirlerin av miktarlarinda
goriilen farkliliklar 1skarta miktarlarinda da gézlenmektedir. Avcilik verilerinde goriilen degisikliklerin sebebi; gog, beslenme,
iireme gibi tiiriin yasam faaliyetlerini siirdiirmek i¢in yer degistirmesi olabilecegi gibi, ortamin fiziksel sartlari da (besin miktari,
su kirliligi, sicaklik, bulaniklik vs.) olabilir (Wieland, 1998). Ayrica kiiciik bireylerin artmasi ve istenmeyen tiirlerin bolgede
gorlilmeye baslamasi da yapilan avciligin stoklara zarar verdigi olarak yorumlanabilmektedir (Erkoyuncu, 1995).

Karadeniz’de siirdiiriilen dip trol balik¢iligi, demersal tiirlerin avciligi ile su {iriinleri liretimimize olumlu katkilar
sunarken, sektoriin en dnemli paydasi olan balik¢ilarimiza da 6nemli bir gelir kaynagi olmaktadir. Av sezonunun kapanmast ile
yeni sezonun agilisina kadar kendini yenileyebilen basta mezgit stoklar1 ve diger demersal tiirler, sezon basinda 6nemli miktarda
avlanarak ekonomik olarak yiiksek degerlere ulasabilmektedir. Av sezonunun ortasinda hamsi, istavrit ve liifer baliklarmin
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Karadeniz’in Tiirkiye kiyilarindaki avciliginin artmasi ile mezgit baligi bu konumunu ve pazardaki degerini kaybedebilmektedir.
Ancak pelajik tiirlerin bolgeden go¢ etmesi ile av sezonun sonuna dogru mezgit balig1 ve diger demersal baliklar tekrar pazardaki
paymu artirarak ekonomik degerini geri kazanabilmektedir.

SONUC

Sonug olarak, tiim diinyada oldugu gibi Tiirkiye denizlerinde de dip trol aglar1 demersal tiirlerin avciliginda kullanilan
etkin ve seciciligi yiiksek bir av aracidir (Ozdemir vd., 2006; Erdem vd., 2007). Ancak siirdiiriilebilir balik¢iligin saglanmas1 ve
maksimum iiriin elde edilebilmesi i¢in av aracinin tiir ve boy seciciliginin daha da gelistirilmesi, ag g6z agikligimnin avlanilacak
tire gore sinirlandirilmasi, zaman ve yer yasaklar: gibi baz1 yasal diizenlemeler yapilmasi gerekmektedir. Hedef tiirlerin av
miktar1 ve kalitesi artirtlirken, yan av ve iskarta miktarinin azaltilmasi i¢in av araglarinin iyilestirilmesinde yapilabilecek
degisiklikler kare gozlii torba, kare gozlii pencere panel, 1zgara sistemler, kagis pencerelerinin kullanilmasi 6nerilmektedir
(Metin, 1995; Ozdemir vd., 2012, Ozdemir vd., 2014; Eryasar ve Ozbilgin, 2015). Balikcilik otoriteleri ve ydnetimi yoniinden
ise ag goz aciklig1 diizenlemeleri, mevcut biiyiik 6l¢ekli balikgr gemisindeki sayinin diistiriilmesi, gemi ve av aract boyutlarinin
sinirlandirilmasi, av sahasi ve av mevsiminde yapilacak diizenlemeler olabilir.

Ulkemiz balikgihgimin ve denizel ekosistemlerimizin saglikli bir sekilde devamlilig: igin, bahsedilen diizenlemeler
yaninda 1skarta ve hedef dist avciligin 6nlenmesine yonelik tedbir ve kurallara gereksinim duyulmaktadir. Bati Karadeniz
Bolgesinde yapilan bu arastirmada elde edilen veriler ve sonuglarinin, demersal trol balik¢ilig1 iizerine hazirlanacak yeni bilimsel
calismalara, balik¢ilik yonetimine ve balik¢ilik sektoriine katkilar saglayacagi distiniilmektedir.

TESEKKUR

Aragtirma verilerinin alinmasina her tiirlii destegi vererek, zorlu deniz kosularinda, ¢alismamiza sagladiklart biiyiik
katkilar ve gabalarindan dolay1 Sinop ili kiyilarinda dip trol aveiligi yapan tiim balikgilara ¢ok tesekkiir ederiz.

Etik Standartlara Uyum
Yazarlarin katkilar

H.A.: Calismayi tasarladi, deniz denemelerini yiiriittii, verileri topladi, laboratuvar ¢calismasini gerceklestirdi, verileri
yorumladyi, ilk taslagini yazdi, son kontroliinii yapti.

0.S.: Caligmay tasarladi, verilerin analizini yapti, ilk taslagin yazimina katki sagladi, son kontroliinii yapti.
S.0.: Verilerin degerlendirmesini ve yorumunu yapti, makalenin ilk yazimina katki sagladi, son kontroliinii yapt.
Cikar catismasi
Yazarlar ¢ikar ¢atigmast olmadigini beyan ettiler.
Hayvanlarin Refahina iliskin Beyan
Etik onay: Bu tiir bir ¢caligma i¢in resmi onay gerekli degildir.
insan Haklan Beyam
Bu ¢aligma insan katilimcilar: kapsamamaktadir.
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Article Info Abstract
In fish embryos, a variety of abnormalities have been found, including stunted growth, a reduced

Received: survival rate, and aberrant development. One plausible explanation is that early embryonic stages
17/03/2023 are more sensitive. Embryonic studies provide additional information regarding the various impacts
Accepted: of heavy metals on fish, but information on larval abnormalities caused by waterborne metals is
20/12/2023 lacking. It is found that cadmium (Cd) causes a decrease in thyroid hormone levels as well as a
Keywords: disruption in fish growth hormone expression. Similarly, negative health effects have been

documented as a result of nickel (Ni) exposure. Some toxic effects on organs, skin irritation, skin
« Abnormalities itches or blisters and allergic reactions may occur as a result of Ni exposure. This review study
« Fish larvae focuses on the impacts of Cd and Ni, on the embryonic development of different fish species. The
« Toxic effects evidence on abnormalities in fish larvae caused by Cd and Ni was also provided in text.

« Embryonic studies

« Heavy metals

Baliklarin Embriyonik Gelisimi Uzerinde Kadmiyum ve Nikelin Etkileri: Bir Derleme

Makale Bilgisi 0Oz

Balik embriyolarinda, biiylimenin engellenmesi, diisiik yasama orani ve anormal gelismenin de dahil

Alinis tarihi: oldugu cesitli anormallikler bulunmustur. Bunun makul bir agiklamasi ise, erken embriyonik

17/03/ 202_3_ asamalarin daha hassas olmasi olabilir. Embriyonik calismalar, agir metallerin baliklar iizerindeki
Kabul tarihi: cesitli etkileri hakkinda bilgi saglamaktadir, ancak suda tasinan metallerin neden oldugu larva
20/12/2023 anormallikleri hakkinda bilgiler eksik kalmigtir. Kadmiyumun (Cd) balik biiylime hormonu
Anahtar Kelimeler:  €kspresyonunda bozulmaya ek olarak tiroid hormon diizeylerinde azalmaya neden oldugu tespit
« Embriyonik edilmistir. .Bc.enzer. sekilde, nikele (Ni) maruz kalmanin bir sonucu ola}rak oh.lmsuz.sggh.k etkileri de

calismalar belgelenmistir. Ni'ye maruz kalmanin bir sonucu olarak organlar lizerinde, cilt tahrisi, cilt kasintilar:

veya kabarciklart ile alerjik reaksiyonlar gibi bazi toksik etkiler meydana gelebilmektedir. Bu
derleme caligmasi, Cd ve Ni'nin farkli balik tiirlerinin embriyonik gelisimi iizerindeki etkilerine
odaklanmaktadir. Cd ve Ni'nin neden oldugu balik larvalarindaki anormalliklere iliskin kanitlar da

e Abnormaliteler
e Balik larvasi

e Toksik etkiler
o Agir metaller

Atf bilgisi/Cite as: Naz S., Chatha A.M.M., Danabas D. (2023). Effects of Cadmium and Nickel on Embryonic Development of Fish: A
Review. Menba Journal of Fisheries Faculty, 9(2), 40-51. https://doi.org/10.58626/menba.1266952

INTRODUCTION

Contamination of fresh and salt water due to various heavy metals such as mercury (Hg), lead (Pb), cadmium (Cd), and
nickel (Ni) is a rising concern, posing a serious hazard to the aquatic ecosystem even in miserable concentrations (Aldavood et
al. 2020). Many toxicants cause more harm during embryonic development than they do in adulthood. Such hazardous substances
(Cd, Ni, and other heavy metals) are exposed to fish in aquaculture during the culture period. Excessive use of feed, pesticides,
fertilizers, and medicines, as well as the discharge of effluents containing inorganic components like Cd and copper (Cu) that
can build in the sediment, are serious issues for farming systems (Pinto et al. 2021). Metals from skin and/or gills diffuse into
tissues after being taken up by diet, interfering with both traditional primary targets like kidney and liver and unconventional
ones including muscles, retina, and the lateral line (Motta et al. 2021).
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Cadmium and chromium (Cr) are the major environmental pollutants that pose substantial health hazards (Jin et al.
2015). Cadmium is a non-essential trace element having no role in human metabolism, but is slowly released in the body and is
easily stored in internal organ owing to 10-30 years half-life (Kumar and Sharma 2019). Long term Cd exposure via water, soil,
air and contaminated foods can affect urinary and reproductive system, central and peripheral nervous systems, liver, respiratory
and cardiovascular system, causing serious cancers (Puangprasert and Prueksasit 2019). Owing to negative effects on both
organisms and environment, the International Agency for Research on Cancer (IARC) has declared Cd as a carcinogenic metal
for human consumption. Recent studies indicated that Cd concentration in water can reach 0.1-0.3 pug L%, and can also reach 30
pg Lt in the wastewater discharge of numerous factories (Ahmed and Mokhtar 2020). In ecotoxicology, sensitive warnings are
important to monitor aquatic ecosystems (Hani et al., 2018).

Although most aquatic organisms need Ni as a necessary trace element (Bielmyer et al. 2013), large amounts can be
hazardous to fish, amphibians, and invertebrates (Eisler 1998; Brix et al. 2017). So many parameters like environmental Ni
concentrations, physico-chemical characteristics of water (e.g., pH, dissolved organic carbon, water hardness), and biological /
physiological functions, influence Ni bioavailability and toxicity in freshwater (FW) species (Bielmyer et al. 2013; Custer et al.
2016). Human industrial activities can cause Ni quantities in the environment to increase (Alsop et al. 2014). Natural processes
and human actions, such as rock weathering, industrial effluent discharge, and resource extraction, can also introduce Ni into
aquatic ecosystems. To measure the chemical's toxicity, embryonic morphological, physiological, and behavioural endpoints of
various fishes are frequently used (Liu et al. 2021). In aquatic toxicology, zebrafish have great value as they exhibit a short-term
reproductive cycle and strong progeny breeding ability, drug treatments, and toxin-induced phenotypic changes can be easily
observed (Tian et al. 2020). Scheil et al. (2010) found that Ni exposure hindered zebrafish embryo hatching. Exposure to Ni with
vanadium (V) caused heart developmental damage in exposed zebrafish embryos, according to Kim et al (2019).

Fish embryos are increasingly being used in aquatic toxicity testing, as indicated by the approval of the fish embryo
acute toxicity (FET) test by the Organization for Economic Cooperation and Development (Krzykwa et al. 2019). There is a
pressing need for impressive methodologies to assess the neurotoxic potential of contaminants being in the environment in
ecotoxicology (Zindler et al. 2019).

Aquatic sediments are regarded as a long-term source of contamination for aquatic species due to their great potential
to absorb toxins such as persistent organic pollutants and heavy metals (Barjhoux et al. 2012). Low-level metal pollution is a
common problem with often-unknown health and environmental implications (Sonnack et al. 2015). Multiple contaminants
coexist and interact in the ecosystem, usually at low levels. However, most of the published research either looked at single
toxicant exposures rather than combinations, or looked at many toxicant combinations, making it difficult to deduce the
underlying individual mechanisms of action. To assess the possible ecological risk, it is necessary to assess the toxicity of
combinations of coexisting substances (Ku et al. 2015). This review focussed on the effects of some metals on developments in
the embryonic stages of different fish species.

MATERIAL and METHOD

Fish embryos are increasingly being used in aquatic toxicity testing, as indicated by the approval of the fish embryo
acute toxicity (FET) test by the Organization for Economic Cooperation and Development. Embryos were checked daily for
standard signs of death (coagulation, lack of tail separation, lack of so mite development, and lack of heartbeat) until the test was
completed at 120 hours (Krzykwa et al. 2019).

Present study was designed to review the studies from 2000-2020, based on the embryonic developmental alterations
in fish due to the impact of Cd and/or Ni. Effect of Cd and Ni on larval and embryonic development of fish was reviewed from
different research papers. It was used a number of keywords such as heavy metals, deformities, survival rate, fish growth,
embryonic development, toxic effects in reference to both Ni and Cd. All the articles studied were further explored by using their
references for more detailed information. This search work was completed by October 10, 2021.

A study design was prepared to select a limited number of articles to be included in this paper. The searching process
was started from reading titles and abstracts of potentially relevant research articles, then irrelevant articles were removed from
the list. The remaining articles were scrutinized further for their relevance to Cd and Ni having adverse effect to the focused
subjects. After that, the remaining articles were studied in detail (Table 1 and 2). However, some of these articles were not
included in this paper for providing repeated or less valuable information regarding studied heavy metals.

41



Naz et al., Menba Journal of Fisheries Faculty. 2023; 9(2): 40-51

Table 1. Different studies reviewed on the effects of Nickel on embryonic development of different fish species

Study
No. Heavy metals  Fish species Concentration Duration Stages Effect References
1 Ni Pimephales  13.87 mg g* 21 days after 24 hpf* Decreased hatching time and elevated CCO* and NDPK*  Lapointe and Couture
promelas hatching activity (2010)
2 Ni /graphene Daniorerio  0-1000 ugL* 96 h 3 hpf Reduced locomotion Almeida et al. (2019)
nanocomposites
3 NiSO4 Danio rerio  5-100 mg L™ 24 h 24 hpf Increased mortality with Synergetic toxicity Ku et al. (2015)
4 NiCl, Danio rerio  Acute 2h 5-days old Decreased locomotory activity Kienle et al. (2008)
7.5-15mgL* larvae
Sub chronic After 11 days old Delayed hatching at 96h, decreased locomotory and
>10 mg L fertilization to increased mortality at age of 5 and 11 days, respectively.
11 days
5 NiCl, Daniorerio 05-15mgL" From 168 hpf Reduced hatching success, increased Hsp70* levels in  Scheil et al. (2010)
! fertilization to larvae when exposed to 1 mgL'of Ni, Strong
168 h histopathological effect on different organs (gut, liver,
pancreas, kidney, skin) including necrosis, caryolysis,
hypertrophy.
6 Ni Danio rerio 100 ppm Until 96 hpf 6 hpf Increased mortality, delayed development of yolk sac, Kimakova et al.
pericardial oedema, reduced heart rate, negative effectson (2018)
heart chamber and reduced regulation of amhc and nppa
genes
7 NiCl, Pimephales 0-2mgL™* 120 h <2 hpfto 120 Coagulation, lack of tail detachment, lack of somite Krzykwa et al. (2019)
promelas hpf development, absence of heart beat, and non-significant
effect on weight
8 NOM* (Ni) Pimephales 1.5-3mgL™* 21 days Breeding pairs Decreased egg production and tissue specific Ouellet et al. (2013)
promelas accumulation in gonads and gills.
9 Ni Danio rerio 3.7 mg L™ 144 h 0.5 hpf Egg coagulation, Lack of somite development, no tail Bartzke et al. (2010)
detachment, Lack of heart beat and blood circulation,
Gross morphological malformation, oedema, Growth
retardation, and decreased pigmentation
10 Ni Daniorerio 116 pg g* 82 days 0.2 -0.3g of fish  Significant decrease in egg production, decreased growth Alsop et al. (2014)
weight of male fish, and increased mortality
11 Ni- Cr alloy Danio rerio  33.65% of 4-7 week 4-144 hpf Decreased heart-beat rate and altered swimming Zhao et al. (2018)
alloy behaviour, decreased body length of larvae, eye
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deformation, pericardial oedema, spine flexion, tail
deformity, and yolk sac oedema

12 Ni Danio rerio  7.7-240 uM 0-78 hpf 0-78 hpf Observed effects on Epigenetic Bouwmeester et al.
(2016)
13 Ni Oryzias 0.13-65.80mg  3-4 hpf Newly hatched Changed the egg size and heart rate of the embryos, Liuetal., 2021
melastigma  L* larvae lowered the hatchability, increased the deformity rate,
(1-day post- and
hatch) shortened the total body length of newly hatched larvae
14 Ni Daniorerio  5.2,6.2,7.4, 4 hpf 4 h (late blastula  Impact on alterations of mortality, hatching rate, Yangetal., 2021
8.9, and 10.7 stage) malformation rate, body length, heartbeat rates, and gene
mg L* expressions
15 Ni Daniorerio  0.4,2.1,10.5, 2 hpf 48,72 hpf Decreased spontaneous movement and myosin expression  Aldavood et al., 2020
and 21.0 uM

* hpf = Hours post fertilization, CCO= Cytochrome C oxidase, NDPK= Nucleoside diphosphate kinase, Hsp70= Heat shock protein 70, NOM= Natural organic matter
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Table 2. Different studies reviewed on the effects of Cadmium on embryonic development of different fish species

Study
No. Fish species Concentration Duration  Stages Effect References
1 Danio rerio 0.032-32.4 24 hpf Late Increased the frequency of tail coiling and delayed embryonic Zindler et al. (2019)
mgL! pharyngula development
stage
2 Pagrus major 9.8,6.6 mgL™ 96 hpf 3 hpf Reduced hatchability, delayed hatching time, increased mortality, Cao et al. (2009)
reduced length in embryo and larvae, inhibited heart beat and
yolk absorption
3 Alopias 0.006 pgg* - Embryo FL* No significant effects Dutton and Venuti (2019)
vulpinus BDL* (73 cm)
4 Oryzias latipes  5gd. w 10 days Pre- blastula Spinal and cardiovascular deformities, tachycardia, Significant Barjhoux et al. (2012)
stage increase in DNA damage
5 Danio rerio 2-34.8mg L* 72 h 72 hpf Neuromast damage, coagulated egg, increased mortality rate Sonnack et al. (2015)
6 Danio rerio 10 uM 96 h 96 hpf Oxidative stress, increased MDA* level, decreased GSH* level Jinet al. (2015)
7 Danio rerio 1.0 uM 30 days Embryo Affects gene expression level, hepatotoxicity, altered liver size, Duan et al. (2017)
abnormal expression of gene
8 Pimephales 0-100 pg L* - Embryo/ larvae  Alteration in length, reduced eye size, significant decreased in Krzykwa et al. (2019)
promelas snout- vent length, increased pericardial area
9 Danio rerio 0-5ugl-1 15 Weeks 24 hpf—sexual Declined NO* level in liver and spleen, m RNA level sharply Guo etal. (2017)
maturity increased and decreased immunity
10 Danio rerio - 72h 3-days old Decreased regulation of gene expression Chouchene et al. (2016)
embryo
11 Danio rerio 0-5ugl-1 15 Weeks  Embryo Reduced GSH, no significant changes in cellular organelles Zhu et al. (2018)
12 Danio rerio 9 uM 24 h - Increased apoptotic event and induced cell death in brain of Monaco et al. (2017)
embryo
13 Gobiocypris 0.1-100 pgL-1 24 h Newly hatched Increased mortality of the embryo Zhu et al. (2011)
rarus larvae
14 Leuciscus idus 100 ug L-1 21 Days Embryonic and Reduced embryonic survival, increased frequency of Witeska et al. (2014)
larval malformation and delayed hatching
15 Danio rerio 0-10 uM 24-96 hpf  Embryonic and Increased heart beat rate of larvae and decreased brain size Wold et al. (2017)
larval
16 Leuciscus idus 0.1 mg dm3 2h Embryos and Reduced egg swelling, slowed the rate of development Lugowska and Kondera,

L.

newly hatched
larvae

(especially
body movements), and delayed hatching

2020

44



Naz et al., Menba Journal of Fisheries Faculty. 2023; 9(2): 40-51

17

18

19

20

21

22

24

Odontesthes
bonariensis

Trematomus
bernacchii

Zebrafish

Zebrafish

Zebrafish

Gobiocypris
rarus

Danio rerio

0.25 ugL-1

0.890 Mm
(CdCly)

0.01-1 pmol L
(CdCly)

0.01-1 pmol L
(CdCly)

0.0089, 0.089,
and 0.89 uM

0.07,0.7, 3.1,
and 6.6 uM

10 Days

10 days

48, 60
and 72 hpf

14-h/10-h

24 hours
post-
fertilizatio
n

3hpf

2 hpf

Advanced
stage embryos
and recently
hatched larvae
Adult stage

Sexually
mature

Sexually-
mature

8-cell stage

3-h post-
fertilization
(hpf)

48,72 hpf

Decreased hatching rate and the survival of embryo and larvae

Reduce fecundity by increasing degeneration among
previtellogenic oocytes. Induces changes in the localization of
progesterone and beta-estrogen receptors. Alter carbohydrates
composition of chorion and cytosol and the alveolar content.

Reduced egg production and fertilization rates. Increased
occurrence of various malformations and organ toxicity effects
and developmental toxicity in the thyroid endocrine system.

Reduced swimming speed and levels of neurotransmitters such as
dopamine, serotonin, and AChE in offspring; disrupted
neurotransmitter metabolism; and deregulated the expression of
genes related to neuronal development, thereby inducing
developmental neurotoxicity in off springs

Cadmium caused up-regulation and downregulation in the DNA
methylation levels and DNA methylation reflects the
carcinogenicity of Cd through the regulation of proliferation,
differentiation, apoptosis, and transcriptional protein expression.

Antagonistic and synergistic responses were detected

Increased yolk sac area, an index of metabolic rate

Garriz and Miranda, 2020

Motta et al., 2021

Tian et al., 2020

Tian et al., 2021

Bian and Gao,2021

Lietal., 2020

Aldavood et al., 2020
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EFFECTS OF CADMIUM ON FISH EMBRYO

The frequency of tail coiling predominantly increased by Cd at late pharyngeal stage. Dichlorvos played an effective
role in delaying embryonic development, causing convulsive movements of tail, which in turn extends the duration of tail coils.
At 24 h post-fertilization period (hpf), embryos showed absence of spontaneous tail movements, when exposed to citalopram
and fluoxetine teratogenic concentrations. In 10 to 50 % of embryos during development, hindrance along with incomplete
detachment of tail (>5.93 mgL* concentration) and set back of coiling activity (>5.93 mgL?; visual assessment) at 24 hpf was
observed respectively. From 72 hpf, developmental slows down as reduced growth in 20% of embryos at concentration value
>5.93 mgL (Zinder et al. 2019).

In a study reported by Cao et al. (2009), it was found that LCs, values of Cd at 24 and 48 h were 9.8 and 6.6 mgL™*
while LCso values at 24, 48, 72, and 96 h were 18.9, 16.2, 8.0, and 5.6 mgL ™ for red sea bream (Pagrus major) embryo and
larvae, respectively showing larvae are less susceptible to Cd toxicity than embryos. Cadmium concentration at 0.8 mgL* led to
many changes including abnormalities in morphology (42-100% vs. 1-10%), highest mortality rate (38-100% vs. 1-10%),
reduced hatchability (0-90% in 0.8 mgL* solutions vs. 97—100% in lower ones), slow down hatching time and major reduction
in length (3.55-3.60 vs. 3.71-3.72 mm) in both larvae and embryos. They were considered an important endpoint of biological
significance helpful in assessment of Cd risk factor for aquatic organisms. Moreover, yolk absorption and heart beat rate
somehow inhibited at higher concentrations, but not serve as much sensitive endpoints to Cd exposure.

Heavy metals have predominant role in aquatic environment species throughout their developmental period. Medaka
(Oryzias latipes) embryos in their pre-blastula stage and 10" day of their development were exposed to 2 heavy metals namely
Cu and Cd via static sediments contact. By keeping deadly toxicity and phenotypic restraints in consideration, some outcomes
as lethal and sub-lethal were monitored in embryos and larvae for post fertilization of 20 days (dpf).

Above mentioned metals incite significantly spinal and cardiovascular distortion as well as increase in DNA damage at
all tested concentrations (Barjhoux et al. 2012).

Out of heavy metals, Cr and Cd are considered major environmental contaminants posing noxious risks for healthy life.
Cadmium-exposed embryos having excessive conc. 34.8 mgL (309 uM) showed maximum mortality (90%) mainly caused by
concentration-dependent rise in coagulated eggs in zebra fish. Similarly, hatchability reduced remarkably, when 10 uM Cd was
given during 60 and 96 hpf. Sonnack et al. (2015) demonstrated that if Cd was exposed as CdCl, leads to some changes in
neuromast cells showing more sensitivity towards metal exposure than motor neuron damaging and tactile stimulation effect.

Reactive oxygen species and oxidative stress levels significantly affect metabolism and organs functioning of aquatic
organism, and rise in toxicity levels. Cadmium and Cr induced the changes in oxidative stress zebrafish in its larval stage. The
exposure of both these metals for 96 hpf rise MDA levels which in turn decreased GSH contents (Jin et al. 2015). In a reported
study, transgenic zebrafish (Danio rerio) and wild-type were selected to investigate acute toxicity together with single and joint
hepatotoxicity of Cd and 1-H-benzotriazole (1H-BTR). The exposure of 5.0 uM of 1H-BTR in transgenic zebra fish for a period
of one month elevated liver- specific fatty acid binding protein expression while acute toxicity was significantly low. Apart from,
co-exposure to 1H-BTR diminished not only acute toxic outcomes but also highlighted Cd-induced atrophy in liver of transgenic
fish. Correspondingly, how combined exposure to 1H-BTR effects Cd-induced expressions of various genes related signalling
pathways, glutathione-s-transferase proteins and SOD were also studied (Duan et al. 2017).

Following method of OECD TG 236 (OECD Guidelines for Testing of Chemicals, Test N0.236: Fish Embryo Acute
Toxicity Test), 5.0 uM of 1H-BTR and 1.0 mM Cd concentrations both singly or jointly using 24 well multi plates were exposed
to wide-type developing embryo. This exposure influence expressing level of gene, up-regulating expression of TNF and SERP
MRNA dramatically reduced (p<0.01). Even though, 1H-BTR acute toxicity was verified to be low. Hepatotoxicity comprising
variations in liver size due to abnormal genes and enzymes functioning was observed in zebrafish (Duan et al. 2017).

Procedures incorporating fathead minnows were performed with Texas Christian University (TCU) IACUC-approved
methods (Protocol 14/05). Different exposures were carried out over course of one and half year. For, proper maintenance of
reproductive activity of breeding colonies numerous cohorts look after larvae/embryos utilized in each set of exposures.
Cadmium exposure (ANOVA, p<0.01) results in a remarkable increase in pericardial area. There was a significant decrease in
snout-vent length in Cd treated embryos as well as in all other Cd groups confirmed by performing ANOVA at p<0.01. However,
there was a threshold response with no significant variations among Cd groups. It was investigated in a report that sub lethal
endpoints showed variations only during Cd exposure. Embryos/eleuthero embryos when treated with heavy metal Cd present
changes in length, pericardial area and eye size if observed at five-fold less concentrations than estimated LC50 value,
demonstrating that for Cd the incorporation of above sublethal endpoints may helpful in improving sensitivity offish embryo
acute toxicity(FET) test (Krzykwa et al. 2019).

The immune responses in organs of zebrafish (i.e., spleen and liver) was investigated at environmental levels of Cd (0,
2.5 and 5 pgL™) for 15 weeks from embryos to their sexually maturity period. When liver and spleen were exposed to5 pgL™*Cd
the NO and iNOS activities lessened showing immune suppressive effect. In spleen, an increase in levels of mMRNA of these
cytokines was seen (Guo et al. 2017). By using Real-Time Quantitative PCR (RT-gPCR) experimental techniques, mRNA levels
of CYP19A1B gene were assessed in zebrafish embryos after given treatment of Cd, E2 and/or Zn. In this case, remarkable
effect of Zn or Cd alone was not prominent. However, E2 revitalize CYP19A1B gene expression, results in 38 times more fold
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induction on comparison with control condition (EtOH). In addition to that, E2 and Cd co-treatment caused inhibition of E2-
induced CYP19A1B mRNA levels. Surprisingly, Zn alone represent zero effect confirmed by (Chouchene et al. 2016).

Examined after effects of waterborne Cd was also evaluated at (0, 2.5, and 5 mgL) concentrations in zebrafish female
for various responses such as histology, survival chances, metal homeostasis plus antioxidant effects (Zhu et al. 2018). This
study was carried out with the help of cytochemical staining. Six hours post fertilization embryos of zebrafish were given
treatment of 9 pM Cd for one day followed by Acridine orange stain in whole mount for brain apoptosis detection which showed
an elevation in apoptotic events. This gives a clear cut idea that Cd even at its sub-lethal concentration induces cell death in brain
of zebrafish embryos and adults (Monaco et al. 2017).

Copper, Zn, and Cd acute toxicity levels were evaluated both singly and in mixtures on Chinese rare minnow (Gobio
cyprisrarus) in larvae and embryos during their early developmental stages. Mainly 3 hpf larvae (newly hatched) and normal
embryos were selected for this purpose. Metal solution exposure were given to embryos which lasts for 24h and studied up to
different developing stages including detachment of tail (25 h 10 min), so mite formation (15h), heart-beat (34 h 10 min), hatching
(75h) and appearance of pectoral fin bud (47 h 40 min) respectively. Single toxicity tests confirmed that with increasing exposure
duration, the mortality rate of embryos also increases (Zhu et al. 2011). Hatching time, size of larvae newly hatched and embryos
survival were checked when the embryonic period was ended. The outcomes revealed the significant decrease in embryonic
survival, larvae death and delay in hatching time. In addition, body malformations became more as reported by a study confirmed
by Witeska et al. (2014).

We check out that what would be the longitudinal effects (long lasting) from Cd exposure in early stages of development
(between 24 and 96 hpf) having a range in which larvae might experience living a top typical Cd containing surface sediments
(0,0.01,0.1, 1.0, and 10 pM CdCly: 1.124, 11.24,112.4, and 1124 pg CdL™?). The aim was to target cardiovascular development,
secondary neurogenesis and monoaminergic differentiation without affecting initial patterning activities. Major development
based abnormalities in central nervous system morphology along with body size increased with concentration, but significantly
at highest concentration (10 uM). Furthermore, Cd reduces brain size and elevates acridine orange-positive (AO +) cell number
in forebrain of treated larvae. Telencephalic area showed a significant reduction in given 10 uM CdCl, (Wold et al. 2017).

NICKEL METAL EFFECTS ON FISH EMBRYO

Early-life fathead minnows were subjected to environmentally relevant quantities of aqueous and dietary Ni and
thallium (TI), and metal build up was tracked from the embryo to 21 days after hatching. Aqueous Ni exposure shortened the
time to hatch and boosted aerobic and biosynthetic capacity (as demonstrated by higher cytochrome C oxidase (CCO) and
Nucleoside-diphosphate kinase (NDPK) activity, respectively), implying that aqueous Ni stimulates metabolism in fathead
minnows in their early life stages (Lapointe and Couture 2010).

Zebrafish embryos were given various doses of the two nanocomposites: 0, 0.024, 0.12, 0.6, 3.0, and 15.0 mg L™ of
G/Nil and 0, 0.016, 0.08, 0.4, 2.0, and 10.0 mg L* of G/Ni2. GO was also analyzed at concentrations of 0.016, 0.08, 0.4, 2.0,
and 10.0 mg L%, as well as Ni at values of 0, 1.4, 4.1, 12.3, 37, 11.1, 333.3, and 1000.0 g L"* (nickel sulfate hexahydrate was
used as a source of the Ni ions). The purpose of this study was to determine the toxicity of two nickel/graphene nanocomposites
(G/Nil and G/Ni2) to Danio rerio embryos, that differed in size and shape. Both nanocomposites, however, had behavioural
impacts, reducing swimming distances. The G/Nil nanocomposite, on the other hand, showed this action at lower concentrations.
Only the G/Nil nanocomposite interfered with the observed parameters at the biochemical level, raising the activities of ChE,
CAT, and GST (Almeida et al. 2019).

The combined effects of the heavy metal Ni(NiSO.) and the insect growth regulator buprofezin on zebrafish embryo
toxicity were investigated in this study. We randomly subjected normally developed embryos to Ni at 10.0, 20.0, 40.0, 80.0,
200.0, 300.0, 400.0, 500.0, and 600.0 mg L or buprofezin at 2.5, 10.0, 40.0, 200.0, 300.0, 400.0, 500.0, and 600.0 mg L
respectively at 24 h postfertilization (hpf). 294.0 mg L™ CaCl,-2H20, 123.3 mg L' MgSO,4-7H:0, 63.0 mg L"* NaHCOs3, and 5.5
mg L™ KCI, were present in exposure solutions. Ni- and buprofezin levels were 5.0, 10.0, 20.0, 40.0, 80.0, and 100.0 mgL™* in
co-exposure treatment, that combined exposure to Ni and buprofezin at low doses generates synergistic toxicity that would not
have generated detectable effects from such levels of both chemicals alone, and that their coexistence in various habitats poses
an ecological and health danger (Ku et. al. 2015).

The effects of NiCl,.6H,0 on zebrafish (Danio rerio) both of embryos and larvae were studied in both acute (2 h
exposure of 5-day-old larvae) and sub-chronic (exposure from fertilization to age of 11 days) conditions, both alone and in
conjunction with oxygen deprivation. In the sub-chronic examination exposure to 10.0 mg NiL* resulted in delayed hatching at
96 h, locomotive activity decreased at 5 days and mortality increased at 11 days of age (LC20 14 9.5 mg NiL1) (Kienle et al.
2008).

Another study used a multilevel strategy to examine two separate groups of chemicals: NiCl, as a heavy metal
representative and chlorpyrifos, a pesticide. The effects of single chemicals and mixtures of them on embryonic development,
histological changes, and the stress protein (Hsp70) response in the zebrafish, Danio rerio were studied. Depending on the
endpoint studied, fishes were exposed from egg fertilization to a maximum of 168 hours after fertilization. When larvae are
exposed to 1.0 mgL™* of Ni, they have a lower hatching success and have higher hsp70 levels. Strong histopathological effects
include necrosis, caryolysis, and hypertrophy in several organs (gut, liver, pancreas, kidney, skin) (Scheil et al. 2010).
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The developmental toxicity of water-soluble carbon black wastes (CBW) extract (1:5, w/v) in zebrafish embryos (D.
rerio) was investigated in this work. The OECD guideline 236 for acute embryonic toxicity was followed. ICP-OES analysis
found that nickel (Ni) and V were the most abundant elements in CBW. CBW-exposed embryos showed developmental delays
as well as pericardial and yolk sac edemas. CBW-exposed embryos had malformed heart chambers, and significantly lower heart
rates were obtained for post-fertilization of 48 h (hpf). Two cardiac forming-related genes, AMHC and NPPA, which are
important for atrial cardiac myofibril assembly and cardiac muscle cell proliferation, were up-regulated after 96 hpf, according
to RT-gPCR research. An increasing mortality rate and more slowly yolk-sac development ontained to be linked to a pH drop to
around 5.5 caused by CBW. Individual Ni and V treatments did not have the same harmful effects as CBW. Vanadium had a pH
of about 5.5 at 100 ppm, which caused developmental delays and pericardial edema in zebrafish embryos. At the same pH,
combined Ni and V caused morphological abnormalities and decreased heart rates in embryos that had been exposed to CBW
(Kimakova et al. 2018)

The fish teratogenicity index (FT1), a new evaluation scheme that allows for sediment classifications into quality classes
of ecologic fields consistent with the WFD, was created for the ecotoxicological researches (toxicity test for fish embryo with
Danio rerio). Viable eggs were individually picked using an inverted microscope 30 minutes after fertilization and then put into
the sediment-containing cavities of the 24-well plates. Each experiment included ten duplicates per sediment sample. At a final
test concentration of 3.7 mgL™?, 3,4-dichloraniline solution was used as a positive control. Negative controls were reconstituted
water (standard water according to DIN 38415-6) and native reference sediment from the Elbrighduserbach. An inverse
microscope was used to examine embryos after 24, 48, 72, and 144 hours. Egg coagulation, absence of so mite development, no
tail separation, lack of heartbeat and blood circulation, gross morphological deformities, edema, growth retardation, and
diminished or missing pigmentation were all observed during the inspections (Bartzke et al. 2010).

In a study on zebrafish, they were fed with two different concentrations of Ni (control and exposure including 116 g
Ni/g feed). At 80 days, males fish exposure to Ni were considerably smaller (26%) than controls. Furthermore, by 75-78 days
of the trial, reduced overall egg productions were observed in the Ni exposure group (65% ). Zebrafish (Danio rerio; 0.2 to 0.3
g) were acquired from a commercial supplier and housed in six 40-L tanks, each holding 40 fish (3 control and 3 Ni-exposed).
The absorption rates of waterborne Ni in the two treatments were compared after 82 days of exposure. After 80 days of exposure
to Ni, growth of male zebrafish was slowed. These include population-level consequences including reproductive capacity, male
growth, and physiological changes in progeny (Alsop et al. 2014).

The leach solution was collected and used to treat zebrafish embryos at 4-144 h PFM. Gold palladium (Au-Pd), silver
palladium (Ag-Pd), nickel chromium (Ni-Cr), cobalt chromium (Co-Cr), and titanium (Ti) alloy porcelain crowns were immersed
in artificial saliva for 1, 4, and 7 weeks. For 4- and 7-week leachates, the Ni-Cr alloy group had higher rates of death and
malformation, but spontaneous movement, heart rate, and swimming behaviour were lower. In comparison to the control group
(3.61 mm), the body length of larvae in the 7-week Ti alloy (3.193 mm), Ag-Pd alloy (3.164 mm), Co-Cr alloy (3.193 mm), and
Ni-Cr alloy (2.878 mm) leach solution treatment groups was reduced (Zhao et al. 2018).

The zebrafish embryo's suitability as a screening model for DNA methylation alterations is enough. Bisphenol-A (BPA),
diethylstilbestrol, 17a-ethynylestradiol, Ni, Cd, tributyltin, arsenite, perfluoroctanoic acid, valproic acid, flusilazole, and 5-
azacytidine (5AC) were given to embryos in subtoxic quantities from 0 to 72 hours post fertilization (hpf). Epigenetic effects
have been observed (Bouwmeester et al. 2016).

CONCLUSION

We concluded that Cd and Ni are among the most toxic metals at different developmental stages of fish species including
embryonic and larval. Exposure to these metals even at very low concentration can cause severe deformities and abnormal growth
and development of fish embryo and larvae. The effect of heavy metal exposure at these developmental stages is also reflected
at later stages of fish. Furthermore, fish embryo and larvae are among excellent bio indicators to study level of pollutant in any
aguatic ecosystem.
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