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Authors Guidelines

Thank you for deciding to submit your article to the Ege Journal of Fisheries and Aquatic
Sciences (EgeJFAS). The journal welcomes the submission of articles that are of interest and
high scientific quality. Authors should check the "Author Guidelines" very carefully before
submitting their manuscripts. The instructions given here will ensure that your article's
evaluation process (referee, publication, etc.) can proceed smoothly. Make sure your article
is prepared and submitted in accordance with journal rules.

Submitted manuscripts will be checked primarily for compliance with journal subjects and
rules. Manuscripts not complying with required formatting will be returned for correction.
Papers outside the scope of the journal will be rejected.

GENERAL INFORMATION
Aim & Scope

Ege Journal of Fisheries and Aquatic Sciences (EgeJFAS) is open access, international,
double-blind  peer-reviewed journal publishing original research articles, short
communications, technical notes, reports, and reviews in all aspects of fisheries and aquatic
sciences.

The journal does not charge any submission and publication fees.
All articles receive DOI, are citable, published in PDF format.

The journal focuses on interdisciplinary studies that present new and useful information to the
international scientific community/readership, and contribute to scientific progress. Before
submitting your article, make sure it is suitable for the journal scopes.

The main functional areas accepted into the journal are listed as follows:

Marine and freshwater fisheries, Aquaculture, Vertebrate and invertebrate aquaculture
(marine/freshwater), Planktonology and plankton culture, Living resources, Management and
economics, Aquaponic, Seafood processing technology, Feeding and feed technologies,
Fishing technology, Fisheries management, Population dynamics, Disease and treatment,
Aquatic microbiology, Biology, physiology, Macroalgae, Biotechnology, Conservation and
sustainability, Environments and ecology, Biogeography, Biodiversity, Climate effects,
Pollution studies.

Ege Journal of Fisheries and Aquatic Sciences (EgeJFAS) (Su Uriinleri Dergisi) published
quarterly (March, June, September, December) by Ege University Faculty of Fisheries since
1984.

The journal is published only as an e-journal since the 1st issue of 2020.
Language

Although articles in English and Turkish are accepted, priority is given to articles prepared in
English in order to increase international readability and citation. Limited Turkish articles are
published in each issue.

Manuscripts should comply with the standard rules of grammar and style of the language
(English or Turkish) with appropriate spelling and punctuation in which they are written.

Editorial Policy and Referee Process

Manuscripts should not be copied elsewhere or submitted to another journal for parallel
evaluation. Only original manuscripts are considered. It is evaluated with the understanding
that the content is approved by all co-authors. Submitted manuscripts are first checked in
terms of journal scope, language, presentation, and style. Manuscripts that are not suitable
for these aspects will be returned without review.

In order to evaluate the appropriate articles, at least 2 or 3 external and independent referees
who are experts in their fields are appointed by a member of the editorial board/section editor.
Each manuscript is reviewed through a double-blind peer-review process (identities of neither
authors nor peer reviewers are disclosed). Manuscripts returned to authors with referee
reports should be revised and sent back to the editor as soon as possible.

Editor-in-chief/editors take the final decision (Accept, Reject) of the manuscript in line with the
reviewer's opinions. All responsibility for the scientific content and expressions in the
published article belongs to the authors. In accordance with the publication policies of
EgeJFAS, the plagiarism report for the relevant manuscript is requested to be uploaded to the
submission system by the responsible author.

Article Types

The types of articles accepted include original research articles (priority), short
communications, reviews, reports, and technical notes in all aspects, focusing on
interdisciplinary studies in the field of fisheries and aquatic sciences.

Original research papers: These are the article type that the Journal gives the most
importance and priority. Should contain data obtained from original studies such as
experimental results, field data, and/or theoretical studies.

Short communication: It should include original results and headings, like research
papers. Articles provide important new research results/methods or discoveries that do not
possible to publish as a full research paper. These articles that are narrowly focused deserve
to be published faster than other articles.

Review: Reviews may summarize current research areas of broad importance or provide the
readers with an insightful introduction to new and groundbreaking areas of research. It should
be examined and discussed in-depth and comprehensively written by the author(s) who have
expertise in the subject area, not just the literature surveys. Only invited reviews (in English)
are considered for publication. If you would like to submit an invited review, please contact the
editor-in-chief (editor@egejfas.org) and upload a review cover letter containing the requested
information. As of 2023, reviews in Turkish will not be accepted. Publication of those accepted
in the previous year will be completed in 2023.

Reports

Case reports encourage the submission of reports containing feature novel findings or new
management strategies. Well-written and illustrated reports are taken into account.

Brief reports are short, observational studies that report the initial results or completion of a
study or protocol.

Technical notes: They are short articles that focus on a new technique, method or
procedure. It should identify significant changes or unique applications for the method
described.

MANUSCRIPT SUBMISSION

The manuscript, when submitted together with the Cover Letter (Submission declaration and
verification) and Copyright Form signed by the corresponding author on behalf of all authors,

© Published by Ege University Faculty of Fisheries, Izmir, Tiirkiye

warrants (confirms) that it is original and has not been published elsewhere, has been
approved - tacitly or expressly - by all co-authors and the responsible authorities at the institute
where the work was carried out. The publisher will not be held legally responsible in case of
any claim for compensation.

Before you start submitting an article, please ensure that the article complies with the journal
guidelines (instructions) and that you are ready to upload all requested documents (Article
File, Similarity Report, Cover Letter, Copyright Release Form, Ethics Committee Approval (if
necessary). Please note that submissions that do not contain the required
documents/statements will be returned incomplete.

Authorship Contributions, Conflict of Interest Statement, Ethics Approval, Data Availability
should be written in the article after Acknowledgements and Funding section.

While starting

For submission of your manuscript prepared in accordance with the guideline to EGEJFAS
please click here and after logging into your account (if you don’t have an account please
register at https://dergipark.org.tr/en/ . Your default login ID is your email address. Use your
existing account; do not create new accounts with new submissions) use the “Submit Article”
button on the home page of the journal to start submission. Before submitting a manuscript,
do not forget to check the Submission Checklist.

After log in, the article submission process is completed in 5 steps. Upload your article
information, article file, and other necessary documents step by step correctly. There is no
transition to the next step until a step is completed.

To follow the status of the article;

When log into the system (Dergipark) with user information, the related journal appears when
the dashboard is clicked. By clicking on the journal, the status of the article can be followed.
After you submit your article via the online system, you will be able to follow the status of your
article and you will be automatically notified by e-mail when there is any action.

Similarity Report

To verify the authenticity of the submitted article, a similarity report should be obtained by
using the services of plagiarism detection software (Crossref Similarity Check, iThenticate:
Plagiarism Detection Software). This report should be uploaded as a separate file named
"similarity report".

Although a similarity report is requested for all submitted articles, a second check will be made
with the plagiarism detection software.

Cover Letter

When submitting a manuscript, Cover Letter should be uploaded under the subheading “Cover
Letter”. Cover letter should be prepared separately from the manuscript file.

Ethics in Publishing

Please see our information on Ethical Principles and Publication Policy. Before submission,
do not forget to read the "Ethical Responsibilities of the Authors".

Please ensure that any manuscript you submit to this Journal conforms to the Committee on
Publication Ethics (COPE) recommendations for ethics, Best Practice Guidelines and as well
as to the rules of Egejfas.

PREPARATION OF MANUSCRIPTS

Papers must be clearly written in Turkish or English. Manuscripts should be typed double
spaced on A4 size paper in 12-point Times New Roman font including the references, table
headings and figure captions with standard margins (25 mm) all around. The author's name
should appear centred under the title. Numbered (1) note should give the author's institutional
address and an asterisked (*) note should indicate the corresponding author’s e-mail address.
Degrees and qualifications should not be included.

Line and page numbers should be given from the first page of the manuscript.

Please prepare your typescript text using a word-processing package (save in .doc or .docx).
The complete manuscript should be in a single file containing full text, references, figures and
tables. Figures and tables should be inside the manuscript placed properly (not at the end of
manuscript). The line number should be given to the whole manuscript.

. Research papers and reviews must not exceed 25 manuscript pages including tables
and figures (except systematic checklists).

. Short communications, technical notes, and reports which are results of brief but
significant work, must not exceed 10 manuscript pages including tables and figures.

Papers must be clearly written in Turkish or English. Manuscripts should be typed double
spaced on A4 size paper in 12-point Times New Roman font including the references, table
headings and figure captions with standard margins (25 mm) all around. The author's name
should appear centered under the title. Numbered (') note should give the author's institutional
address and an asterisked (*) note should indicate the correspondence author's e-mail
address. Degrees and qualifications should not be included.

Please prepare your typescript text using a word-processing package (save in .doc or .docx).

The complete manuscript should be in a single file containing full text, references, figures and
tables. Figures and tables should be at the end of the manuscript file and the locations should
be indicated in the text.

. Research papers and reviews must not exceed 25 manuscript pages including tables
and figures (except checklists).

. Short communications, technical notes and reports which are results of brief but
significant work, must not exceed 10 manuscript pages including tables and figures.

First Page

The title should be short concise and informative, and be a statement of the main
result/conclusion presented in the manuscript. The title should not contain abbreviations. Do
not forget to add English title for Turkish article. The title should be written in sentence order.

Author Names and Affiliation

The first name and surname of each author should be clearly listed together and separated
by commas. Provide exact and correct author names (forenames-surnames) as these will be
indexed in official archives. Occasionally, the distinction between surnames and forenames
can be ambiguous, and this is to ensure that the authors’ full surnames and forenames are
tagged correctly, for accurate indexing online.

Present the authors' affiliation addresses should be indicated at the author's name with
superscript numbers immediately after the author's name. The full postal address of each



affiliation at the time of research should be listed in order: Department, institution, city with
postcode, and country name.

Please clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication. Provide an active e-mail address of the corresponding
author. It is editorial policy to list only one author for correspondence.

ORCID numbers of all authors should be listed on the article title page as of June 2017.
Authors who do not have an ORCID number are required to register their number at
www.orcid.org. The orcid number is mandatory. Articles that do not have an ORCID number
or are incorrect will not be evaluated.

Please refer to the journal’s “Ethical Responsibilities of Authors” policy in the Ethical Principles
and Publication Policy section for details on eligibility for author listing.

Abstract

English and Turkish abstracts (contributors who are not native Turkish speakers may submit
their manuscripts with an English abstract only) of a maximum of 300 words should be
included in all submissions. The abstract should be comprehensible to readers before they
have read the full paper, and reference citations must be avoided. In the abstract, the
importance of the work should be clearly stated; what, why, how it was done should be
answered and the contribution of the results to the scientific world should be expressed. It
should not contain undefined abbreviations.

Abstract should clearly the importance of the work described in the paper and reflect what was
done, why it was done and what important results were achieved. It should not contain any
undefined abbreviations and not be written in the first person.

Keywords

Below the abstract, please provide 4-6 keywords related to the study that will help to increase
the discoverability of your manuscript. It is especially important to include words that are
fundamental to your manuscript but are not included in the manuscript title or abstract to
increase discoverability by indexing services.

Following pages

Following pages should contain the rest of the paper and should be organized into an
Introduction, Material and Methods, Results, Discussion, Conclusion(s), Acknowledgements
and Funding, Authorship Contributions, Conflict of Interest Statement, Ethics Approval, Data
Availability, References. These should be capitalized. Please note that submissions without
required documents/statements will not be accepted.

Introduction

Provide clearly and an adequate background, avoiding a detailed literature survey or a
summary of the results. State the specific objective or hypothesis of the study.

Material and Methods

Provide adequate detail to allow the work/experiment to be reproduced. Methods already
published should be mentioned by references. Significant modifications of published methods
and new methods should be described in detail.

If the study requires “Ethics Committee Permission Certificate”, be sure to report after the
"Acknowledgements" section that permission has been obtained from the relevant institution.
A copy of the "Ethics Committee Permission Documents" should be uploaded to the system.
A detailed explanation on this subject has been made in the "Ethics Approval" heading above.

Results

Results should be clear and concise. Results for different parameters should be described
under subheadings or in separate paragraph. Present your results in a logical sequence in the
text, tables, and figures.

Discussion

The discussion should not repeat the results, but should provide a detailed interpretation of
the data. The discussion should highlight the importance of the work and the resulting new
insights. Only in exceptional cases may the results and discussion be combined with the
editor's consent. Avoid extensive citations and discussion of published literature.

Conclusions
This should briefly state the major findings of the study.
Acknowledgements and Funding

Acknowledgements including people, grants, funds, projects, etc. should be kept brief and
placed after conclusion section. Names of contributing people should be written clearly and
fully.

Examples:

“The authors are grateful to John Nare, for his friendly collaboration and hospitality during the
lipid analysis.”

“The authors would like to thank Ken More for language revision.”

Please clearly and fully specify the relevant funding information (name) with the grant number
or codes.

Financial support acknowledgwment should be written like the example given:

"This study was supported by the Turkish Scientific and Technological Research Institution
(Grant number: ........)."

“This work was supported by Ege University Scientific Research Projects Coordination Unit.
Project Number: ....”

“Author Mary Lee has received research support from Company A.”

If the research has no specific financial support, please include the following statement:

"This research has not received a specific grant, fund or other support from any funding
agency in the public, commercial, or not-for-profit sectors."

Authorship Contributions

Identifying individual author contributions (CRediT - Contributor Roles Taxonomy, ICMJE-
Defining the Role of Authors and Contributors, Transparency in authors’ contributions) is
important to reduce authorship disputes and facilitate collaboration. The publisher
recommends that authors include statements of contribution stating each author's contribution
to the work to promote transparency. This gives authors the opportunity to share an accurate
and detailed description of their various contributions to the work. The corresponding author
is responsible for ensuring that the disclosures are correct and accepted by all authors.

The roles of all authors should be listed. Authors may have contributed to more than one role.
These contributions should be placed in the text with the heading of “Authorship
Contributions”, after the "Acknowledgements" section of the article. See below examples:

Example: All authors contributed to the idea and design of the study. Material preparation and
investigation were performed by [full name], [full name] and [full name]. The writing/editing
was carried out by [full name] and all authors have read and approved the article.

Example: CRediT author statement (Click for more information about CRediT)
Full name/s: Conceptualization, Methodology, Software
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Full name: Data curation, Writing- Original draft preparation

Full name/s: Visualization, Investigation

Full name/s: Supervision

Full name/s: Software, Validation

Full name/s: Project administration, Resources, Funding acquisition
Full name/s: Writing- Reviewing and Editing

For review article; it should be stated whose idea, who did the literature survey and data
analysis, who wrote the draft, and who revised the criticisms.

For articles produced from student's dissertations or thesis, it is generally recommended that
the student is listed as the principal author (A Graduate Student’s Guide-APA Science Student
Council 2008).

Changes to Authorship

At the time of submission, the author (s) information, the corresponding author and the order
of the authors must be correct. Changing the author order, adding/deleting are not allowed
during the revision phases. However, in rare cases, it can be applied when detailed and
acceptable reasons are presented. All authors must agree with any addition, removal or
rearrangement and the reasons for changes should be explained in detail. After the article is
accepted, no changes can be made to the authorships.

Conflict of Interest Statement

Authors should declare if they have any financial or personal relationships with any
institution/organization or person that may adversely affect their work. Conflict of interest
statement should be attached to the article after the Acknowledgements section.

If the authors have financial or personal relationships with any institution/organization or
person that may adversely affect their work, they should declare within a separate file by
selecting the 'conflict of interest' subheading as the file type when submitting the manuscript.
Conflict of interest statement should also be attached to the article after the
Acknowledgements section of the article.

In the event of a potential conflict of interest, the authors must state: "The following financial
interests / personal relationships may be potential competitive interests."

Conflict of interest statement should be provided even if the authors have no competition or
conflict of interest.

If there is no conflict of interest; "The authors declare that there is no known financial or
personal conflict that may affect the research (article)" or “The authors declare that there are
no conflicts of interest or competing interests”.

Ethics Approval

All animal and human experiments conducted in the manuscript research should comply with
the ARRIVE guidelines, EU Directive 2010/63/EU, The Code of Ethics of the World Medical
Association (Declaration of Helsinki), and National Ethics Committee for Animal Experiments
(HADMEK, HADYEK). If there is a human study in the article, it must comply with The Code
of Ethics of the World Medical Association (Declaration of Helsinki).

If the submitted article involves the use of animal (vertebrate) and human subjects, authors
should prove that they have carried out the manuscript studies in accordance with the relevant
laws and regulations and they have received the approval of the authorized institutional
committee (s) (including the ethics committee name and reference number, if possible). If a
study was granted exemption or did not require ethics approval, this should also be detailed
in the manuscript.

Copies of approval should be uploaded to the system under the subheading "Ethics
Committee Approval”. In addition, an explanation should be added to the article with the title
of "Ethics Approval" after the Acknowledgements section.

Examples:
“Approval was granted by the Ethics Committee of University B (Date.../No....)."

“This is an observational study. The ABC Research Ethics Committee has confirmed that no
ethical approval is required.”

“This article does not contain any human or animal studies performed by any authors.”

“The authors declare that all applicable guidelines for sampling, care, and experimental use
of animals in this study have been followed.”

“Sampling and handling procedures of the fish were in accordance with an ...... protocol
approved by University of .. .

“No specific ethical approval was necessary for this study.”
Retrospective Ethics Approval

If necessary, an application should be made to the ethics committee and approval should be
obtained before starting a study. Generally, retrospective ethical approval cannot be obtained.
It may not be possible to consider such articles for peer review. In such cases, it is at the
Editor's discretion to decide whether to proceed with the peer review.

Data Availability

Articles are open access and free to use. Published articles are archived permanently. Proper
citation is required when using an article published in a journal.

In order for the datasets reflecting the results of the article should be accessible to the readers;
the journal encourages that datasets may be stored in public repositories (where available
and appropriate) and addressed in the article, provided in the article, or in supplementary files
whenever possible, or available from the corresponding author upon request. Regarding data
availability, authors can follow one of the ways described. Enquiries about data availability
should be directed to the authors. This information should be placed in the text with the
heading “Data Availability” after the “Acknowledgements” section of the article. See examples
below:

Examples:

Data availability: All of the data summarized in the study are available in the (name) Data
Repository, (link address).

Data availability: The data sets generated during and/or analysed during the current study will
be provided by the corresponding author upon the request of the editor or reviewers.

Data availability: For questions regarding datasets, the corresponding author should be
contacted.

Data availability: All relevant data is in the article.

Scientific Style

In writing of systematic /biological papers, international terminology such as “International
Codes of Zoological Nomenclature (ICZN), and International Code of Nomenclature for Algae
Fungi and Plants (ICNAFP)(Formerly known as the International Code of Botanical
Nomenclature - CBN) International Code of Botanical Nomenclature (ICBN)” must be strictly
followed. The first mention in the text of any taxon must be followed by its authority including
the year. The names of genera and species should be given in italics. Clearly write the full
genus name at the first occurrence in the text, and abbreviate it when it occurs again. When



referring to a species, do not use the genus name alone; Be careful when using 'sp' (singular)
or 'spp.' (plural).

Equations and units

Please ensure that equations are editable. Leave a space on both sides of the <, +, =, etc.
equations used in the text. For units and symbols, the S| system should be used.
Abbreviations

Please define non-standard abbreviations at first use in the text with full form followed by the
acronym in parentheses. Use only the acronym for subsequent explanations.

Footnotes

Footnotes should be numbered consecutively. Those in tables or figures should be indicated
by superscript lower-case letters. Asterisks should be used for significance values and other
statistical data. Footnotes should never include the bibliographic details of a reference.

References

Full references should be provided in accordance with the APA style. The usage of reference
managers as Mendeley© or Endnote®© or an online reference manager as Citefast with the
output style of APA 7th edition is advised in organizing the reference list.

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa) and avoid excessive referencing.

In-Text Citation

In-text citation to the references should be formatted as surname(s) of the author(s) and the
year of publication (also known as the author-date system).

If a specific part of a source (book, article, etc) is cited directly, a page number should also be
included after the date. If the full source is used, the citation page number is not displayed.
For example: Kocatas, 1978, p. 3

Citation can be shown in two ways: Parenthetical Citation or Narrative Citation.

References to be made at the end of the sentence should be shown in parentheses. If the
cited reference is the subject of a sentence, only the date should be given in parentheses.
There should be no parentheses for the citations that the year of the citation is given in the
beginning of the sentence.

Citation examples according to the number of authors are given below.

One author:

Consider the following examples:

SOOI (Kocatas, 1978)

- Kocatas (1978) states.......
- In 1978, Kocatas’s study of freshwater ecology showed that....

Two authors:

If there are two authors, the surnames of both authors should be indicated and separated from
each other by "and", (Geldiay and Ergen, 1972).

Consider the following examples:

EIUPT (Geldiay and Ergen, 1972)

- Geldiay and Ergen (1972) states......

- Similar results were expressed by Geldiay and Ergen (1972), Kocatas (1978).

More than two authors:

For citations with more than two authors, only the first author’'s surname should be given,
followed by “et al.” —in Turkish article ‘vd.- and the date (Geldiay et al.,1971; Geldiay vd.,
1971).

See below examples:

-Geldiay et al. (1971) state.......

- ...(Geldiay et al., 1971).

There are few studies on this subject (Geldiay et al.,1971).

Two or more works by different author:

When its needed to cite two or more works together, in-text citations should be arranged
alphabetically in the same order in which they appear in the reference list and used semicolons
to sparate citations.

For example: Several studies have reported similar results (Geldiay and Ergen, 1972; Kocatas
1978; Thurry 1987).

Two or more works by the same author:

If there are two or more works by the same author, list the years of publication in order, earliest
first. For example: (Kocatas, 1978, 1979, 1981) or Kocatas (1978, 1979, 1981)

Citation to authors with more than one work in the same year:

The works should be cited as a, b, c, etc. after the date. These letters must be listed
alphabetically according to the surname of the first author in the bibliography list.

For Example:

-Geldiay and Ergen, 1972a

-Geldiay and Ergen, 1972a, b

No authors:

If the author is unknown, the first few words of the source should be used and dated.

For example: (A guide to citation, 2017).

In some cases, "Anonymous" is used for the author, accept this as the name of the author
(Anonymous, 2001). Use the name Anonymous as the author in the reference list.

No publication date:

If the publication date is unknown, write “n.d.” (no date) in the in-text citation.

Example: (Geldiay, n.d.).

Citation to secondary sources:

In scientific studies, citation should be made to the original primary sources. Cite secondary
sources when the original work is out of print, not available, or only available in a language
you do not understand. If you want to cite a work that you can't find yourself, through a citation
from another source, using the phrase “............ as cited in”.

For Example:

(Geldiay and Ergen 1972, as cited in Kocatas, 1978)

Personal communication and unpublished results:

Personal communications, such as phone calls, emails, and interviews, are not included in
the reference list because readers can’t access them. The in-text citation is also formatted
slightly differently as follow:
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Example:
- Demands have been increasing lately. (A. Kale, personal communication, May 10, 2021).

General use of websites and software:

It should be showed as below.

-The website of Egejfas (www.egejfas.org) includes author guidelines.
-Statistical software SPSS (version 25) was used to analyze the data.

In References

All citations should be listed in the reference list, with the exception of personal
communications and unpublished results.

All references must be written in English. If an article is written in a language other than
English, give the title in English and indicate the language in which the article is in parentheses
at the end of the source. Example: (in Turkish)

If the article has only an English abstract, indicate it in parentheses (English abstract) or (only
English abstract)

References should be listed alphabetically ordered by the author's surname, or first author's
surname if there is more than one author.

Hanging indent paragraph style should be used.
The year of the reference should be in parentheses after the author name(s).

The correct arrangement of the reference list elements should be in order as “Author surname,
first letter of the name(s). (publication date). Title of work. Publication data. DOI

Article title should be in sentence case and the journal title should be in title case. Joumnal
titles in the Reference List must be italicized and spelled out fully; do not abbreviate titles (For
example; Ege Journal of Fisheries and Aquatic Sciences, not Ege J Fish Aqua Sci). Article
titles are not italicized. If the journal is paginated by issue the issue number should be in
parentheses.

DOI (Digital Object Identifier) information (if available) should be placed at the end of the
reference as in the example. After added DOI information, "dot" should not be put. The DOI
information for the reference list can be retrieved from CrossRef © Simple Text Query Form
(https://doi.crossref.org/simple TextQuery) by just pasting the reference list into the query box.
After copying and pasting all the references of your article in the query box on this page, the
DOI information is listed as added to the relevant reference. It is strongly recommended to
provide DOI information of the references.

. For a reference with up to 20 authors, ALL authors (up to 20) are spelled in the reference

list. When the number of authors is more than 21, "......" is used between the 19th author
and the last author (APA 7th edition).

For example:

Bolotov, I.N., Kondakov, A.V., Konopleva, E.S., Vikhrev, I. V., Aksenova, O. A, Aksenov, A.

S., Bespalaya, Y. V., Borovskoy, A. V., Danilov, P. P., Dvoryankin, G. A. Gofarov, M. Y.,

Kabakov, M. B., Klishko, O. K., Kolosova, Y. S., Lyubas, A. A., Novoselov, A. P., Palatov, D.

M., Sawvinov, G. N., Solomonov, N. M., ..& Vinarski, M. M., (2020). Integrative taxonomy,

biogeography and conservation of freshwater mussels (Unionidae) in Russia.Scientific

Reports, 10, 3072. https://doi.org/10.1038/s41598-020-59867-7

. In the reference list starting with the same surname and names (initials), works with a
single author are put in chronological order first; Then, two-author works are taken into
account in alphabetical order of the second author. Multi-author works are listed only
chronologically.

For example:

Kocatas, A. (1978)

Kocatas, A., & Ergen, Z. (1972).

Kocatas, A., & Geldiay, R. (1972)

Kocatas, A., Ergen, Z., & Geldiay, R. (1980)

The citation of journals, books, multi-author books and articles published online etc. should

conform to the following examples:

Journal Articles

Oztiirk, B. (2010). Scaphopod species (Mollusca) of the Turkish Levantine and Aegean seas.
Turkish Journal of Zoology, 35(2), 199-211. DOI:10.3906/z00-0904-23

Ozbek, M., & Ulutiirk, E. (2017). First record of Spongilla lacustris (Porifera: Demospongiae)
from the Eastern Black Sea (Uzungdl Lake, Trabzon) (in Turkish with English abstract). Ege

Journal of Fisheries and Aquatic Sciences, 34(3), 341-346.
https://doi.org/10.12714/egejfas.2017.34.3.14
Books

Parsons, T.R., Matia, Y., & Lalli, C.M. (1984). A manual of chemical and biological methods
for seawater analysis. New York, Pergamon Press.

Kleiner, F.S., Mamiya, C.J., & Tansey, R.G. (2001). Gardner’s art through the ages (11th ed.).
Fort Worth, USA: Harcourt College Publishers.

Chapter in books

Gollasch, S. (2007). Is ballast water a major dispersal mechanism for marine organisms? In
W. Nentwig (Ed.), Biological Invasions (pp. 29-57). Berlin: Springer.
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Abstract: Aquaculture sector is vulnerable to climate change, which has adverse impacts on water resources such as floods, droughts, sea level rise, water
scarcity and water pollution. In this study, climate change awareness of freshwater aquaculture producers and associated potential risks are investigated for
Tiirkive. A survey was applied to 257 trout producing plants out of 1440 active plants in 25 river basins in 2020. The results implied that 79% of producers
mentioned their awareness of the negative impacts of climate change, where water quantity and quality was reported as the highest impact that would threat
fish health. In terms of extreme weather events, floods and drought were experienced by 40% and 35% of respondents, respectively. Temperature increase
poses a threat for the plant owners and affects trout production. One-third of the producers had a financial loss of €6500-30.000. There is water sharing
problem for almost 40% of plants. Future concern on water allocation was higher than 70% and the rate of agricultural insurance was very low, i.e., 11%.

Keywords: Awareness, climate change, freshwater aquaculture, risk, survey

0Oz: Su triinleri yetistiriciligi sektdrii, sel, kuraklik, deniz seviyesinin yiikselmesi, su kitligi ve su kirliligi gibi su kaynaklari iizerinde olumsuz etkileri olan iklim
degisikligine karsi kirlgandir. Bu calismada, Turkiye igin tatlisularda balik yetistiriciligi yapan treticilerin iklim degisikligi farkindaligi ve iligkili potansiyel riskler
arastinimistir. 2020 yilinda 25 nehir havzasinda 1440 aktif alabalik Ureten tesisten 257'sine anket uygulanmistir. Sonuglar, treticilerin %79'unun iklim
degisikliginin olumsuz etkileri konusunda farkindaliklarinin oldugunu géstermis, balik sagligini tehdit edecek en yiiksek etki su miktar ve kalitesi olarak rapor
edilmistir. Asir hava olaylari agisindan, katilimcilarin sirasiyla %40't sel ve %35'i kuraklik yagamigtir. Sicaklik artiginin tesis sahipleri icin bir tehdit olusturdugu
ve alabalik Gretimini etkiledigi belirtiimistir. Ureticilerin te biri 6500-30.000 € arasinda maddi kayip yasadigini belirtmistir. Tesislerin yaklasik %40'inda su
paylasimi sorunu vardir. Su tahsisinde gelecek kaygisi %70'in tizerinde ¢ikmis, tarim sigortasi orani ise %11 gibi cok dustik bir seviyede kalmistir.

Anahtar kelimeler: Farkindalik, iklim degisikligi, tatl su balik yetistiriciligi, risk, anket

INTRODUCTION

Population  growth, economic development and  trace elements, fat-soluble vitamins and essential fatty acids

industrialization have induced a growing demand for natural
resources. As a result, expanding emissions of greenhouse
gases from burning fossil fuels have triggered the global
problem of climate change. Among the consequences of
climate change; global temperature rise, decreased snow
cover, warming oceans, sea level rise, declining arctic sea ice,
ocean acidification and extreme weather events such as floods
and droughts can be listed (NASA, 2024).

One of the most noticeable impacts of climate change is
perceived on the hydrological cycle and water resources.
Intergovernmental Panel on Climate Change (IPCC) reports
that global warming of 1.5°C and 2°C will be exceeded during
the 21st century unless deep reductions in CO2 and other
greenhouse gas emissions occur in the coming decades
(IPCC, 2021). One of the sectors to be adversely affected by
climate change is the fisheries and aquaculture production, as
they are directly linked to water.

Fisheries have an important role both in human diet and
the economy. Fish provide high-quality protein, minerals and

(FAO, 2010). Hence, fish consumption leads to nutritional
benefits. Worldwide recommended annual consumption of fish
is 11.7 kg per capita (WWF, 2016). The average annual
consumption of fisheries is 24.4 kg per capita in the European
Union (European Council, 2024). On the other hand, with an
annual consumption of 6.7 kg per capita consumption, Tiirkiye
is below average compared to other countries and the EU
(MoAF, 2021). Nevertheless, fish is expected to remain one of
the highly preferred healthy foods in the human diet. With ever
increasing population on earth, more fish will be required in
coming years. However, due to overfishing and pollution, wild
fish stocks have been decreasing, and the increasing demand
has led to growth of aquaculture production (Hoque, 2021;
World Bank, 2013).

Global fish production is estimated to have reached about
170 million tonnes in 2018 (FAQ, 2020a, b). The latest available
statistics shared by OECD demonstrate that China is the major
fish producer, where more than 12 million tonnes of fish were
captured in 2018. In capture, the rank is followed by Indonesia

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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and USA. In addition, China has produced more than 68 million
tonnes of fish by aquaculture production, followed by Indonesia
and India (OECD, 2022).

Fisheries and aquaculture production occur both in seas
and inland freshwaters in Tlrkiye. Among a total of 2139
aquaculture production plants, 432 of them are produced at
sea and 1707 of them are producing at inland freshwater.
These numbers indicate that aquaculture production plants are
mostly dependent on freshwater. Regarding the capacities,
1118 plants have small capacity of 0-50 tonslyear,
corresponding to 65% of total, and 99 plants have high capacity
of 500-1000 tons/year; corresponding to 6% of total. By the
year 2020, 1440 out of 1707 plants are active (84%) (MoAF,
2020). The most cultivated fish species in these plants are
bass, trout and bream (TURKSTAT, 2021a). About 80% of the
total production of the last 10 years was obtained from seas
(Figure 1). Despite the fish consumption being deficient in
Tirkiye, the production occurred as 785.811 tonnes in 2020,
where 364.400 tonnes of the total production were from
capture fisheries and 421.411 tonnes were from aquaculture
production, corresponding to 46% and 54% of total production,
respectively (TURKSTAT, 2021a). These data imply that in
recent years, growth in the capture fishing industry has slowed
down and there has been a significant increase in the level of
aquaculture production.
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Figure 1. Fisheries and aquaculture production in Tiirkiye (2010-
2020 average)

The fisheries and aquaculture sectors are highly vulnerable
to climate change as investigated by researchers (Kainge el
al., 2020; Sowman, 2020). Being located at the waterfront,
fishing and fish farming communities are exposed to climate
related extreme events and natural hazards, such as
hurricanes, cyclones, sea level rise, ocean acidification, floods
and coastal erosion (FAO, 2018). These negative impacts are
not only affecting people who make their livelihood from this
sector but also leading to global food insecurity. Turkiye has
exported an average of 163.000 tons of aquaculture products
to 80 countries worldwide from 2015 to 2019 (Figure 2). The
Netherlands and Italy are the top two importing countries with
an average rate of 13% (MoAF, 2020).

Climate change affects the aquaculture sector in different
ways according to different countries or regions. A study on the

impact of climate change on aquaculture in India reveals that
the farmers in Sundarban region feels the negative impacts on
the sector mainly because of the increasing frequency of
cyclones and extreme weather events (Dubey et al., 2017).
Similarly, another study, which investigated the possible impact
of climate change on aquaculture in Indonesia shows that high
density of rainfall causes decreasing water temperature and
oxygen depletion that result in fish deaths (Sugama and
Radiarta, 2012). There is also a case study which investigates
the Mekong Delta in Vietnam. The study uncovers that climate
change causes water level rise and saltwater intrusion, which
creates arisk for the striped catfish production that makes huge
contribution to the economy of Mekong Delta (Anh, 2014).
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Figure 2. Aquaculture export of Tirkiye (2015-2019 average)
(MoAF, 2020)

Revealing the associated risks on different culture systems
is important so that adaptation and resilience actions can be
designed. For this, a framework was developed for assessing
climate risk to aquaculture in Oman, where the overall climate
risk was quantified as the combination of four risks: (1) species’
temperature sensitivity, (2) flooding and storm surge exposure,
(3) low-oxygen hazard and (4) disease vulnerability (Engelhard
et al., 2022). They demonstrated that the framework was
equally applicable at the regional, national or sub-national
scale to support design of targeted resilience building actions
and enhance food security.

Fisheries and aquaculture make a significant contribution
to the economy of relevant countries, including Tirkiye. The
revenue generated by the export of fisheries and aquaculture
products was about 1 billion dollars in 2020 (TURKSTAT,
2021b). The data discloses evidently that any factor that may
adversely impact sustainable production will significantly harm
the producers, the national economy as well as the food
security of importing countries. The government has already
prepared relevant adaptation strategies (MoAF, 2022).
Awareness, participation and readiness of producers is vital
within the context of climate change adaptation.

To contribute to the national and international strategies for
adapting to climate change and in turn help sustainable
production and exportation of aquaculture products, this study
aims to assess the climate change awareness of freshwater
aquaculture producers and associated potential risks in
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Trkiye. To reach this aim, a survey was conducted with 257
production plants out of 1440 active plants from 25 river basins.
Almost half of the surveyed plants were fed from rivers. The
data obtained in the study was evaluated to identify river basins
with high vulnerabilities. In addition, the dimensions of the
threats and difficulties faced by the aquaculture sector have
been revealed.

MATERIALS AND METHODS

Strategy of selecting freshwater aquaculture plants for
the survey

The contact information of the freshwater aquaculture
production plants was provided from the Republic of Turkey
Ministry of Agriculture and Forestry (MoAF). Then, a province-
based list of the plants was created based on the classification
of the information in terms of the plant capacity, location,
associated water resource and production model. It was aimed
to sample the plants from each river basin, for which the
hydrological layer of the MoAF Flood Management Information
System was used. The survey was conducted in 2019. The
following points were considered for plant selection:

o Different water resources such as rivers and lakes were
represented.

e The distribution of plant capacities was represented; the
survey covered small capacity plants to a high extent.

e The plants that use ponds on land (fed from the rivers
mostly) and net cages in water bodies (reservoirs and
lakes) were considered.

o  The survey did not cover aquaculture production in closed
loop systems and those fed by the treated drinking water
(supplied by the municipality).

¢ In case there was a large number of plants on the same
water supply, the number of plants surveyed was kept
limited to avoid their impact on the results.

e For the basins whose water resources are used by
different provinces or districts, it was aimed to represent
producers with different economic and social conditions.

The inactive plants were eliminated and 257 active
freshwater aquaculture production plants, corresponding to
18% of 1440 plants, were contacted. The number of plants to
be covered by the survey was aimed to represent at least 10%
of the total number of plants in each basin. As seen, the
percentage of coverage varies between 11% to 100% (Table
1). The distribution of plants with respect to river basins is
depicted in Figure 3.

The types of water resources used for fish production are
given in Figure 4. As seen, 119 out of 257 plants use river
waters (46%), followed by 61 plants fed by reservoirs (24%)
and 53 plants fed by springs (20.6%). The number of plants
engaged in production with water from lakes is relatively small,
i.e., 23 (9%). In addition, there is only one plant that uses

groundwater resource (0.4%). Considering all the plants
surveyed in river basins and all types of water resources, the
share of use are 11-88% for rivers, 5-56% for reservoirs, 10-
100% for springs, 11-75% for lakes and 10% for groundwaters,
respectively.

Table 1. Number and ratio of plants surveyed

River Basin N“ms'{fr(,g‘f,&'f“'s T°(‘,?'p’|‘;‘r"‘;§°f Ratio (%)
01. Merig-Ergene 10 28 36
02. Marmara 2 2 100
03. Susurluk 9 18 50
04. Northern Aegean 4 8 50
05. Gediz 6 15 40
06. Kiigiik Menderes 1 2 50
07. Biiylik Menderes 10 43 23
08. Western Mediterranean 21 191 11
09. Antalya 26 133 20
10. Burdur 4 18 22
11. Akarcay 2 3 67
12. Sakarya 13 54 24
13. Western Black Sea 9 57 16
14. Yesilirmak 13 82 16
15. Kizilirmak 6 50 12
16. Konya Closed Basin 3 10 30
17. Eastern Mediterranean 9 53 17
18. Seyhan 8 34 24
19. Asi 1 3 33
20. Ceyhan 7 45 16
21. Euphrates-Tigris 50 381 13
22. Eastern Black Sea 28 131 21
23. Goruh 7 49 14
24. Aras 5 7 71
25. Van Lake 3 23 13
TOTAL 257 1440 18

@ o
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Figure 3. The distribution of plants participated in the survey with
respect to river basins

Among the ones surveyed, the highest number of plants
using river waters is 21 and they are in Eastern Black Sea Basin.
On the other hand, the highest number of plants using reservoir
waters is 28 and they are in Euphrates-Tigris Basin. This is quite
expected because Eastern Black Sea Basin gets the highest
precipitation compared to the country average, so the river flows
are adequate for aquaculture production. On the contrary,
Euphrates-Tigris Basin gets lower precipitation compared to the
country average, and therefore storage of water in reservoirs
becomes essential for sustainable production.
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Figure 4. Types of water resources used for fish production

In this study, the production model of surveyed plants is
either net cage for production in water source or ponds for
inland production. Figure 5 depicts the distribution of
production models; 33% of the plants were using net cages,
66% of plants were using ponds and 1% of plants were using
both. As seen from Figure 6, the number of surveyed plants
using ponds was highest in Antalya, Western Mediterranean,
Eastern Black Sea and Euphrates-Tigris River basins.

1%

Among the plants surveyed, 199 had small capacity of 0-
50 tons/year, corresponding to 76%, followed by 10% of plants
having a capacity of 101-250 tons/year. Only eight plants had
a high capacity of 500-1000 tons/year, corresponding to 3%
(Figure 7). These ratios well represented the situation in the
country. Figure 5. Share of production models
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Figure 6. Distribution of production models among the river basins
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Figure 7. Capacity of plants surveyed (tons/year)
Content of the survey

The survey included one open-ended, three multiple responses
and six multiple-choice questions (Table 2). The interviews
were conducted by phone call and questions were answered
by plant owners or authorized engineers. The results were
evaluated on a basin basis.

Table 1. Survey questions

No Question

Do you think that climate change affects the water resource that you
1 use? If so, what is the severity of the impact?
1. No effect 2. Little effect 3. Some effect 4. Severe effect 5. No idea
In which of the following do you observe the impacts of climate
change the most?
1. Production period and harvest 2. Water quality/quantity 3. Fish
health 4. Reproduction performance 5. No idea

Have you experienced extreme weather events in the last five years?
3 If so, which ones?
1. Storms 2. Drought 3. Flood 4. Frost 5. Others

Have you had any financial loss related to extreme weather events?
Can you give a range for your approximate loss?

1. €0-600 2. € 600-3500 3. € 3.500-6.500 4. € 6.500-30.000 5. €
30.000 and more

5 Do you have agricultural insurance? Yes/No

6 Do you have any problems with other sectors sharing water? Yes/No

Are you concerned with possible future problems on water allocation
in the basin you are located? Yes/No

How would you be affected by a possible temperature increase of 1°C
8 in the water supply?
1. Positive 2. Negative 3. No effect

Which of the following are the factors that you consider as a risk for
the sustainability of your business?

9
1. Fish feed 2. Share of water 3. Climate change 4. Economy 5.
Others

10 What is the most important problem that you think the freshwater

aquaculture sector will face in the future?

RESULTS

Perceptions on the impacts of climate change on water
resources and fish production stages

The respondents were asked whether the water resources
they were using were negatively affected by climate change
(Figure 8). The analysis of the answers on the basin level is
shown in Figure 9.

N

= Yes, it affects = No, it does not affect = No idea

Figure 8. Producers’ perception of climate change impacts on water
resources

To figure out the fish production stages which were mostly
affected by the climate change, the second question was
directed to the respondents. They were allowed to give multiple
answers (Figure 10).

Extreme weather events

The producers were asked which extreme weather events
they have faced in the last five years (Figure 11). The
occurrence of extreme weather events in each river basin is
given in Figure 12.

Financial losses and agriculture insurance

The range of financial losses of the plants surveyed in this
study are given in Figure 13 and their distribution with respect
to the river basins is given in Figure 14.

Water sharing problems

The distribution of responses on water sharing problems
with respect to river basins is given in Figure 15.

Impact of temperature increase

The distribution of producers’ perceptions on 1°C
temperature increase is shown in Figure 16 for all river basins.

Future risks

The future risks were asked to the respondents, and the
results are given in Figure 17 and Figure 18. The distribution of
possible risks is given in Figure 19.

The summary of all the responses is listed in Table 3.
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Figure 13.Financial losses of the plants
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Figure 14. Distribution of financial losses among river basins
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Table 3. Summary of all the responses

Question Result Response Most affected river basin
Climate change awareness High 79% All basins
Impact of climate change on Water quality/quantity 37% Al basins
production stages Fish health 19%
Floods 40% Floods; Eastern Black Sea, Western Black

Extreme weather events Drought 359 Sea, Merig-Ergene

I €6500 - €30.000 31% : -
Financial losses £600 - €3500 28% Yesilirmak, Euphrates-Tigris
Agricultural insurance Low 11% Euphrates-Tigris
Problem of water sharing There is conflict 38% Konya, Euphrates-Tigris and Antalya
Future concern on water .
allocation High >70% Sakarya and Konya

: . Western Mediterranean, Antalya, Euphrates-
Temperature increase Negative impact expected 58% Tigris and Eastern Black Sea
Possible future risks and Costs 31% Costs; Coruh, Kiiglik Menderes and Susurluk
problems Water shortage/drought 30% Water shortage/drought; Western Black Sea,
DISCUSSION

Perceptions on the impacts of climate change on water
resources and fish production stages

As evidenced from the survey study, 79% of the
respondents said that the water resources they were using
were negatively affected by climate change (Figure 8). These
data imply that aquaculture producers are aware of the climate
change and its impacts on water resources. This is quite
expected since recent studies point to the fact that Tlrkiye,
being in the Mediterranean Basin, is predicted to be severely
affected by the adverse effects of global climate change,
particularly in terms of water resources (Aktas, 2014;
ClimaHydro Project - MoAF, 2016a). According to ClimaHydro
projections, temperature increase of at least 1-2,5C° is
expected in Turkiye. Annual precipitation rates are expected to
decrease except Black Sea Basin. All projection periods predict
a serious water deficit in Euphrates-Tigris and Konya Closed

Basin while excess water is predicted in Eastern Black Sea and
Goruh Basins (MoAF, 2016a).

The analysis of the answers on the basin level shows that
50-100% of the plants in all river basins realize the climate
change impacts on water resources; where 100% reply
belongs to the producers from Northern Agean, Susurluk,
Burdur, Marmara, Biyik Menderes, Kiglk Menderes,
Akargay, Van Lake and Asi basins (Figure 9). The ratio of
respondents who said that climate change had no effect on
their water resources was as high as 44-50% in Eastern
Mediterranean and Seyhan basins. The corresponding number
of plants in this category was 4 out of 9 and 8, respectively.
The numbers were even higher in Euphrates-Tigris and
Eastern Black Sea basins, i.e., 9 out of 50 plants and 7 out of 28
plants, respectively, had the idea that no impact of climate
change was observed. However, most respondents in these
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basins also agreed with the impact of climate change on water
resources.

Regarding the evaluation of water resources with respect
to the level of impact; 40% of the respondents indicated that
they were moderately affected while 37% said that they were
strongly affected. The remaining stated that there was little
effect. By the analysis of the answers on river basin level,
Burdur is the only river basin that all respondents indicated that
the water resources were strongly affected by climate change
(Tatma, 2020). The climate change related future projections
support this information as it was revealed that water resources
of Burdur basin currently cannot meet the water demand and
the basin is expected to have the worst scenario in terms of
gross water availability in all periods from 2015 to 2100, where
80-90% decrease is expected (Burdur Report - MoAF, 2016b).

As seen from Figure 10, the most preferred answers were
water quality/quantity (37%) and fish health (19%) as the
production stages mostly affected by climate change in almost
all river basins. On the other hand, reproduction period/harvest
option was preferred more by producers from Aras, Sakarya,
Antalya, Euphrates-Tigris and Western Mediterranean River
basins. It is interesting to note that the ratio of those who have
no idea was as high as 19%. On the other hand, only 7% of
respondents had no idea about the impact of climate change
on water resources. This difference may imply that some
producers are aware of water-related problems but not aware
of the production problems in their plants. On the other hand, it
is also known that some producers having water related
problems have been trying to find different water resources and
make changes in their production plans. These efforts seem to
lessen the possible negative effects on production stages.

Extreme weather events

According to recent research, the severity and number of
extreme climatic and meteorological events such as storms,
heavy rains, floods, tornadoes, heat waves and forest fires are
expected to increase in Turkiye in relation to the climate
change (Demircan et al., 2017). In the current state, 54% of the
respondents in this study stated that they had faced extreme
weather events in the last five years (Tatma, 2020).

The producers were mostly exposed to floods (40%) and
drought (35%) (Figure 11), which may indicate evidence of a
change in precipitation patterns. Frost, by 15%, is the third
most observed extreme event. The respondents also indicated
that there had been an increase in the number of days without
rain and extreme precipitation rates after severe drought and
this situation resulted in floods, especially for the last three
years. Some of the respondents claimed that another reason
for the floods was the structures which prevent rainwater from
reaching rivers and watersheds. In addition, producers in
Eastern Black Sea River basin stated that the construction of
dams reduced floods by regulating flow regimes.

The number of extreme weather events was reported to be
between 15-30 in Euphrates-Tigris and Eastern Black Sea

River basins, with a majority of floods. This was followed by 10-
15 extreme weather events in Western Mediterranean, Antalya
and Sakarya river basins, with a majority of drought. This
outcome is supported by the findings of ClimaHydro project,
where Western Mediterranean is among the basins that is
expected to have the highest decrease of precipitation (25-
30%) in the period of 2071-2100 (MoAF, 2016a). The survey
results show that the occurrence of frost was highest in Aras
and Euphrates-Tigris River basins (Figure 12). Floods were
also observed in Merig-Ergene, Antalya and Western
Mediterranean basins. All these information need to be
handled carefully since extreme weather events due to climate
change might severely harm the sector in Ttrkiye.

Financial losses and agriculture insurance

The plants’ authorized staff were asked whether they had
any financial loss in the last five years due to extreme weather
events and 95 out of 257 plants (37% of the respondents)
replied positively. The amount of losses was grouped into five
ranges (Figure 13). It was noticed that the producers did not
consider the decreased production capacity (due to drought)
as a financial loss. This means their financial losses are very
likely to be higher than the reported values. As seen from
Figure 13, 8% of the plants had the highest loss of €30.000 or
more, whereas 31% of them had losses between €6500-
30.000, followed by 21% of plants with losses of €3500-6500
and 28% of them with losses of €600-3500.

The interviews showed that most of the financial losses
were caused by floods and drought. By its nature, production
plants are located nearby water resources, and they are
exposed to danger of floods. Overflow of the production pools
results in both fish stocks to escape to the natural environment
and turbidity problem. Floodwater causes blockage of fish gills
and fish deaths. It can lead to a complete loss of the production
season and significant financial losses. The financial losses are
high in Yesilirmak and Euphrates-Tigris River basins (Figure
14). The financial losses were mostly due to droughts and
floods (Figure 12). The total financial loss of all affected plants
was estimated as €950.000. This is equivalent to the income
that can be earned from almost 300 tons of trout, given that
one kg of trout costs approximately €3. This amount of fish can
be produced in six small sized plants (0-50 tons/year).

Although the sensitivity of the aquaculture sector to
extreme weather events and natural disasters was shown
explicitly by the survey, it has been observed that the number
of plants which had agricultural insurance is very low, i.e., only
28 out of 257 (11%).

Some of the respondents stated that they had tried but
failed to meet the requested conditions for insurance. Some of
them who had insurance indicated that they had to use a loan
to complete the process for agricultural insurance. In addition,
a large part of the plants which had insurance were the ones
that had large production capacities and using reservoirs as the
water resource. The plants located in/nearby rivers stated that
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the required conditions for insurance were too hard and it was
not possible for them to fulfill.

Kizilirmak river basin, with a number of 5 insured plants out
of 6, had the highest level of agriculture insurance. On the other
hand, Euphrates-Tigris River basin, having intense
aquaculture production at high-capacity plants shows the least
number of insured plants, that is 3 out of 50. Insurance seems
to be an option for producers in talking the climate related risks,
however it is not valid for most plants due to financial issues.

Water sharing problems

Tirkiye is a water-stressed country with a water potential
of around 1300 m3/cap/year and 77% of water resources are
used for agricultural production. Therefore, fair water allocation
for all sectors at river basin scale is of utmost importance.
According to the Regulation on Water Allocation (Official
Gazette of the Republic of Turkey, 2019), sectors are ranked
with respect to their priority. The first two are human
consumption and environmental flow requirement. Irrigation
and aquaculture production are in the third row, followed by
energy and industry sectors. However, in some basins
problems may occur in allocating water according to the priority
rank as sectors compete for the same water resource. Water
is generally not used efficiently in agriculture as modern
irrigation techniques cannot be applied widely yet.

In relation to this issue, the respondents were asked if they
were having any conflicts about the share of water resources
with other sectors. A total of 159 respondents (62%) answered
that they had not had any conflicts and 98 of them (38%)
answered that they had conflicts. They also stated that they
mostly had conflicts with irrigation unions, municipalities and
the people in the region. Besides, the producers had conflicts
with the energy sector. Water shortage and controlled release
of water during and after the construction of hydroelectric
power stations aggrieve the producers and they are forced to
reduce their capacity to overcome this problem, which in turn
causes economic losses.

All producers in Konya closed basin stated that they had
problems while all producers from Marmara, Susurluk and Asi
River basins indicated that they had not had any conflict about
sharing water resources (Figure 15).

Although 62% of the plants did not report any problem on
share of water, 54% of the respondents had concerns about
possible problems in the future on water allocation. They had
primarily cited drought periods as the reason for their concern.
The producers also had concerns about the water allocation
priority of other sectors such as drinking water, agriculture,
energy and industry. This issue is a good example to recall the
work of Zeitoun (2011) on the web of water security, where it is
mentioned that water security for some rests on the water
insecurity of others.

The analysis of the answers on the basin level
demonstrates that there is a concern about water allocation in
23 out of 25 river basins, excluding Marmara and Asi. The

concerns were high; 70-77% in Coruh, Yesilirmak, Sakarya,
Western Mediterranean and Merig-Ergene river basins, and as
high as 85% and 100% in Sakarya and Konya closed river
basins, respectively. Although the rate of concerned plants was
34% for Euphrates-Tigris basin, it is among the three basins
that are projected to have water deficiency in 2071-2100
period, followed by Eastern Mediterranean and Konya Closed
basins (MoAF, 2016a, b). These results clearly imply that
reduced water availability in the future due to pressures such
as population growth and climate change will most probably
lead to serious risks for the aquaculture sector.

Impact of temperature increase

Water temperature has a great influence on the initiation
and course of several fish diseases. The immune system of
most fish species has an optimum performance at water
temperatures of about 15°C (Svobodova et al., 1993). While
warm climate species naturally grow better between 20°C and
28°C, their ability to live decelerates as they approach 0°C.
Cold climate species show better development at water
temperatures below 20°C, and when the temperature rise
above 25°C, they can die (Dikel, 2009).

There are a number of studies investigating the impacts of
climate change on cold-water fish. Wiliams et al. (2015)
investigates the existing and future impacts of climate change
on salmonids in North America. Native salmonids in western
North America are facing mounting stressors because of
climate change and the resulting warmer streams, higher
variability in precipitation, and reduced snowpack (Westerling
et al., 2006). Similarly, a study evaluating the impacts of
climate change on brown trout in Central Europe shows an
increase of temperature-related risk for proliferative kidney
disease and a decrease of suitable thermal habitat for brown
trout (Borgwardt et al., 2020).

The optimum temperature for the growth of oncorhynchus
mykiss is 16.5°C and maximum temperature for taking the feed
is 19.5°C. Regarding the temperature tolerance, it can be said
that the critical lower limit is 5°C, the optimum temperature is
10-16°C and the critical upper limit is 20-22°C. Besides its
impact on fish growth and death, global warming may impose
severe risks for aquatic animal health if increasing water
temperature leads to an increase in the incidence of parasitic
diseases (Karvonen et al., 2010).

According to the ClimaHydro project, at least 1°C
temperature rise is expected for all river basins in Turkiye after
the year 2050, which is projected to be even higher; 2-6°C in
2091-2100 period (MoAF, 2016a). The survey shows that 1°C
temperature increase in water supply would negatively affect
the aquaculture production plants. Among all the respondents,
58% of them thought that they would be negatively affected by
a possible temperature increase of 1°C while 34% of them said
they would not be affected. On the other hand, 8% of them
mentioned that they would be positively affected. Regarding
the responses with respect to river basins, it was seen that
plants in Western Mediterranean, Antalya, Blylk Menderes,
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Kigik Menderes, Gediz, Sakarya, Yesilirmak, Euphrates-
Tigris and Eastern Black Sea River basins mentioned they had
low tolerance to temperature increase (Figure 16).

Considering the importance of trout production in Turkish
aquaculture sector, it is inevitable that a possible temperature
increase will negatively affect the producers because of the
thermal tolerance of trout and increased costs for the
aquaculture production sector. Because in such a case, the
temperature in the ponds might need to be reduced by
providing cooling. Furthermore, oxygen deficiency might need
to be compensated by providing oxygen to the ponds to
maintain optimum growth conditions. These practices would
increase the costs of fish production, which in turn would
increase the fish prices on the market.

Future risks

As the study aims to assess the possible future risks, the
respondents were asked which factor(s) they considered as
risk(s) to their businesses for the future (multiple answers
allowed). The most preferred answer was the share of water
with a rate of 27%, followed by the economy with a rate of 24%
and feed prices with a rate of 21%. Climate change was in the
fourth raw among the expected risks (Figure 17).

Considering the basin-based assessment of operating
risks, producers in Antalya, Gediz, Kiigik Menderes and the
Western Black Sea basins consider the share of water as a risk
in the future, while the risk for producers in the Akarcay, Van
Lake and Kiigiik Menderes basins is the climate change and
that for producers in Asi and Burdur basins is the economy.

In the last question, the participants were asked “What is
the most important problem that you think the freshwater
aquaculture sector would face in the future?” Although the
question was open-ended, the answers were very similar. For
that reason, the answers were grouped after the survey was
completed.

According to the respondents, the major problems that the
producers expect are the high production costs (31%) and
water shortage-drought (30%) (Figure 18). Since feed prices
are high, it also affects the production costs. As seen, climate
change is ranked as 6 in the list of nine problems asked to the
producers. Indeed, the second most voted problem, that is
water shortage-drought is also related to climate change. The
data shows that most of the producers don’t expect marketing,
legislative issues and illness as high risks.

Producers in Western Black Sea, Antalya and Yesilirmak
river basins were mostly concerned about water shortage and
drought while the producers in Coruh, Kiiglik Menderes and
Susurluk river basins were mostly concerned about costs
(Figure 19).

As given in Table 3, climate change awareness is high in
the sector. The major impact of climate change on production
stages is mentioned as water quality and quantity. The front
runner extreme weather events are floods and droughts. The

highest financial losses belong to Yesilirmak and Euphrates-
Tigris River basins, where the agricultural insurance is also
low. The conflict of water sharing was pronounced in Konya,
Euphrates-Tigris and Antalya River basins. And finally, the
future water allocation risks were mentioned highest for
Sakarya and Konya River basins.

CONCLUSION

This study has carried out a survey for the freshwater
aquaculture producers in TUlrkiye to assess their level of
awareness on climate change and possible risks for their
businesses. The results showed that producers have a high
awareness on climate change and its impacts on water
resources. Producers find production costs and water sharing
problems as the most likely future challenges.

From the river basin perspective, producers from all river
basins have common views about the impacts of climate
change on water resources. In terms of extreme weather
events, floods occurred in Eastern Black Sea, Western Black
Sea and Merig-Ergene river basins, droughts in Western
Mediterranean and frost in Aras basin. More than half of the
attendees have been exposed to extreme weather events in
the last five years. Total financial losses of the plant owners as
a result of the extreme weather are estimated as €950.000.
Although the fact that more than half of the plants have been
exposed to extreme weather events, there is only a small
number of plants which have insurance. Insurance should be
regarded as part of the possible solutions in tackling the risks
associated with climate hazards.

The survey shows that most of the plants did not have
problems with water allocation in the past. However, 54% of
the plant owners have concerns about water allocation
problems that may occur in the future.

At least 1.0 — 2.5°C temperature increase in Tlrkiye is
expected in the future. Increasing temperature is also expected
to affect fish health and especially trout production which holds
an important place in Turkish aquaculture sector. As a result of
temperature increase, 30% of the attendees think that water
shortage/drought will be a future problem.

The study clearly figures out that aquaculture sector in
Tirkiye needs immediate action to build capacity for climate
resilience. The future of the sector is important for the national
economy as well as international trade in relation to food
security. Some recommendations and adaptation options are
given below:

e There are still few studies in Turkiye on the impact of
climate change on aquaculture sector and determining the
sectoral vulnerability is the most priority issue.

e ltshould be determined which impacts climate change will
have on the aquaculture sector (water temperatures,
drought, floods, heat waves, etc.) and which stage of
production is more sensitive to it. Aquaculture production
takes place in different types of water sources such as
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lakes, streams, dams, and spring water. For this reason,
priorities will vary according to the different water
resources. Pollution may be a priority for still-waters while
drought may be a priority problem for streams.

e The applicability of production systems that will enable
more efficient use of water resources in aquaculture
should be evaluated such as closed-circuit production.

e The rate of insurance should be increased via legislative
and financial instruments.
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Abstract: This study investigates the effects of dietary gallic acid (GA) supplementation on growth performance and the expression of genes linked to
antioxidant, stress, and immune functions in rainbow trout (Oncorhynchus mykiss). Fish with an average body weight of 2.84 £ 0.25 g were fed diets containing
0 mg/kg (control), 300 mg/kg (G300), 450 mg/kg (G450), and 600 mg/kg (G600) of GA over 60 days. The results revealed significant improvements in growth
indices, including weight gain, specific growth rate, and feed conversion ratio, in GA-supplemented groups compared to the control (P<0.05). At the molecular
level, GA supplementation significantly upregulated the expression of antioxidant-related genes (SOD, CAT, GPX), stress-related genes (HSP70), and
immune-related genes (TNF-a, IL-1B). The G300 group consistently exhibited the most pronounced transcriptional responses, while higher doses (G450 and
G600) showed diminished or inconsistent effects. These findings suggest that a dietary inclusion of 300 mg/kg GA optimally enhances fish health and
productivity by modulating key molecular pathways. This dosage is recommended as an effective feed additive for improving the performance and resilience
of rainbow trout in aquaculture.

Keywords: Feed supplement, organic acid, growth, gene expression

0Oz: Bu galismada, gokkusag alabali§inda (Oncorhynchus mykiss) diyet gallik asit (GA) takviyesinin bilyiime performansi ve antioksidan, stres ve bagisiklik
fonksiyonlariyla baglantili genlerin ifadesi tzerindeki etkileri arastirlmistir. Ortalama viicut agirigi 2,84 + 0,25 g olan baliklar, 60 giin boyunca 0 mg/kg
(kontrol), 300 mg/kg (G300), 450 mg/kg (G450) ve 600 mg/kg (G600) GA iceren diyetlerle beslenmistir. Sonuglar, GA takviyeli gruplarda kontrole kiyasla kilo
alimi, 6zgil bliylime orani ve yem donlslim orani da dahil olmak (izere biiylime endekslerinde dnemli iyilesmeler oldugunu ortaya koymustur (P<0,05).
Molekiiler diizeyde, GA takviyesi antioksidanla iligkili genlerin (SOD, CAT, GPX), stresle iliskili genlerin (HSP70) ve bagisikiik ile iliskili genlerin (TNF-a, IL-
1B) ifadesini 6nemli 6iglide artirmistir. G300 grubu siirekli olarak en belirgin transkripsiyonel tepkileri sergilerken, daha ytliksek dozlar (G450 ve G600) azalan
veya tutarsiz etkiler gosterdi. Bu bulgular, 300 mg/kg GA'nin diyete dahil edilmesinin, temel molekiiler yollari diizenleyerek balik sagligini ve tretkenligini en
iyi sekilde artirdigini gdstermektedir. Bu dozaj, su Uriinleri yetistiriciliginde gokkusagi alabaliginin performansini ve dayanikligini iyilestirmek igin etkili bir yem
katki maddesi olarak 6nerilmektedir.

Anahtar Kelimeler: Yem takviyesi, organik asit, blyime, gen ifadesi

INTRODUCTION

Aquaculture is one of the fastest-growing industries
globally, playing a critical role in addressing the increasing
demand for food (Verdegem et al., 2023; Obirikorang et al.,
2024). Among farmed fish species, rainbow trout
(Oncorhynchus mykiss) stands out as a key species due to its
rapid growth, adaptability to diverse environmental conditions,
and high economic value (Vasdravanidis et al., 2022; Alkan et
al., 2025). However, achieving optimal growth performance
and resilience in rainbow trout requires precise nutritional
strategies to support health and counteract environmental

In recent years, organic acids have garnered considerable
attention as feed additives in aquaculture due to their potential
to improve growth, enhance nutrient utilization, and modulate
immune responses in fish. Research indicates that organic
acids can promote fish health by increasing nutrient absorption,
regulating intestinal microbiota, and stimulating digestive
enzyme activity (das Neves et al., 2021; Ghafarifarsani et al.,
2023; Yousefi et al., 2023). Moreover, these compounds have
been shown to boost antioxidant capacity and enhance
immune function in fish (Duan et al., 2018; Yilmaz, 2019;

stressors (Ciji and Akhtar, 2021; Toomey et al., 2024).
Enhancing growth and health in rainbow trout is not only vital
for the sustainability and profitability of aquaculture but also
aligns with the broader goals of efficient and sustainable food
production.

Zhang et al., 2020; Jin et al., 2023; Zhang et al., 2023).

Galllic acid (GA), a naturally occurring phenolic acid found
abundantly in plants and fruits (Sousa et al., 2024; Xiang et al.,
2024), has gained attention as a promising dietary supplement
due to its potent anti-inflammatory, antimicrobial, and
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antioxidant properties (Hadidi et al., 2024; Zhao et al., 2024).
Research conducted on terrestrial animal species has shown
that the inclusion of dietary GA supplementation leads to
notable enhancements in growth performance and overall
health status (Wei et al., 2016; Samuel et al., 2017; Zhao et al.,
2021; Xu et al., 2022). However, despite its proven efficacy in
terrestrial species, the application of GA in aquaculture
remains underexplored.

Emerging research has begun to highlight the potential of
GA in aquaculture species. For instance, Ghafarifarsani et al.
(2023) reported significant enhancements in growth indices,
antioxidant status, and immune function in common carp
(Cyprinus carpio) subjected to crowding stress when
supplemented with dietary GA. Similarly, Zhao et al. (2024)
demonstrated that GA alleviates fish enteritis by suppressing
immune cell activation, cytokine release, apoptosis, and
oxidative stress while promoting anti-inflammatory intestinal
metabolites with immunomodulatory and antioxidant effects.
Despite these promising findings, the specific effects of GA on
rainbow trout a globally significant aquaculture species remain
largely unexplored.

This research seeks to fill the existing knowledge gap by
examining how dietary supplementation with GA influences
growth indices, feed efficiency, and the expression of critical
antioxidant genes (SOD, CAT, GPX), immune-related genes
(IL-1B, TNF-a, and IL-8), and stress-related gene (HSP70), in
rainbow frout. The study also aims to identify the optimal
dosage of GA that maximizes its beneficial effects by
evaluating various levels of incorporation. Ultimately, this
investigation explores the potential of GA as a feed additive to
enhance growth performance and promote the expression of
antioxidant, immune, and stress-related genes in rainbow trout.
By providing critical insights into nutritional strategies that
foster healthier and more resilient fish populations, this
research aspires to contribute to the advancement of
sustainable aquaculture practices and improve production
outcomes.

MATERIALS AND METHODS
Experimental fish

Rainbow trout were obtained from a local aquaculture
facility located in Van Province, Turkey. Following their
collection, the fish were transported to the Aquatic Animals
Experiment Unit at Van Y(z(inct Yil University in Van, Turkey,
where they were placed in individual tanks. Before the
commencement of the experiment, the fish underwent a 15-
day acclimatization period to adapt to the experimental
conditions and were fed a standard control diet twice each day.

Experimental diets

Experimental diets were prepared by incorporating gallic
acid (Sigma-Aldrich, Germany) into a basal diet (composition:
54% crude protein, 15% crude fat, 1% crude fiber, 8.9% crude

ash, 1.3% phosphorus, 1.5% calcium, and 0.3% sodium;
Skretting, Milas-Mugla, Turkey) at concentrations of 0
(Control), 300, 450, and 600 mg/kg. The inclusion levels were
based on the study by Ghafarifarsani et al. (2023). To prepare
the diets, 300 mL of water was added per kilogram of the basal
diet to form a smooth dough. The required amount of gallic acid
was thoroughly mixed into the dough, which was then shaped
into sticks using a mincer and dried by fan air (22°C). The dried
sticks were pelleted (2 mm diameter) and stored in airtight
plastic bags at 4°C until use (Hoseinifar et al., 2017;
Ghafarifarsani et al., 2021).

Experimental design and feeding protocols

Four experimental diets containing varying levels of gallic
acid (0 mg/kg as Control, 300 mg/kg as G300, 450 mg/kg as
(G450, and 600 mg/kg as G600) were tested. A total of 360
healthy fish with an initial average weight of 2.84 £ 0.25 g were
randomly assigned to four dietary treatments, with three
replicates per group (30 fish per tank). The feeding trial lasted
60 days, during which fish were fed 3% of their body weight
three times daily (Karatas, 2025). Feed amounts were adjusted
biweekly based on average fish weight. The 12 tanks (400 L
each) were aerated using a central air pump, and 20% of the
water in each tank was exchanged daily with dechlorinated
water to maintain optimal water quality. Uneaten feed and
feces were removed from the tanks each morning before
feeding. Key water quality parameters were monitored and
maintained at 7.64 + 0.39 mg/L dissolved oxygen, 15.35 +
0.19°C temperature, and pH 8.2 + 0.05. Artificial lighting
provided a 12-hour light and 12-hour dark photoperiod.

Growth indices and sampling

At the start and end of the ftrial, fish were individually
weighed to calculate growth indices. Growth parameters were
determined using standard formulas.

Weight gain (WG; gffish) = Final weight (g) - Initial weight (g),

Daily weight gain (DWG; gffish) = (Final weight (g) - Initial
weight (g)) / days,

Specific growth rate (SGR; % / day) = ((In (final weight) — In
(initial weight)) / days) x 100,

Thermal growth coefficient (TGC) = ((final weight)1/3 — (initial
weight)1/3) / temperature in °C x time in days) x 1000,

Feed conversion ratio (FCR) = Total feed given (g) / Weight
gain (g),

Survival rate (SR; %) = (Final number of fish / Initial number of
fish) x 100.

Before sampling, the fish were subjected to a fasting period
of 24 hours and were anesthetized using clove powder at a
concentration of 200 mg/L (Karatas, 2024). Body weight was
recorded using a digital scale (Sartorius/0.01 g). For the
purpose of gene expression analysis, liver tissues were
extracted from six randomly chosen fish within each treatment
group, with two fish selected from each replicate tank. Liver
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samples (25-50 mg) were collected and preserved in RNAlater
solution until the RNA extraction process.

Gene expression analysis

Total RNA was isolated using the DiaRex® Total RNA
Isolation Kit (TR-0877-100, Diagen, Ankara, Turkey) in
accordance with the manufacturer's guidelines. The
concentration and purity of the isolated RNA were evaluated
with a QIAxpert nanospectrophotometer (Qiagen) at a
wavelength of 260/280 nm. cDNA synthesis was performed
using the Solver ArGe cDNA Synthesis Kit (SLV-M-2021-10-
100, Van, Turkey), following the methodology outlined by
Onalan (2019). Quantitative real-ime PCR (qRT-PCR) was
conducted using the Solver ArGe gPCR Master Mix (SLV-M-
2021-01-0.5ML, Van, Turkey) on a Rotor-Gene Q 9000 thermal
cycler (Qiagen). A total of eight genes were analyzed, including
seven target genes and one reference gene. Each 25 uL PCR
reaction contained 12 pL SybrGreen qPCR Master Mix, 4 pL

cDNA, 4 uL H,0, and 2.5 pL of forward and reverse primers
(Table 1). The PCR protocol included an initial denaturation at
95°C for 15 minutes, followed by 45 cycles of 95°C for 30
seconds and 60°C for 60 seconds. Beta-actin served as the
reference gene for normalization purposes. Gene expression
data were analyzed using the AACt method (Livak and
Schmittgen, 2001), with results presented as fold changes
relative to the control group.

Statistical analysis

Data analysis was conducted using SPSS v20 (IBM,
Chicago, IL, 2011), with results expressed as mean *
standard error of the mean (SEM). A one-way analysis of
variance (ANOVA) was utilized to assess differences
between treatment groups, followed by Duncan's multiple
range test for subsequent pairwise comparisons. A
significance level of P <0.05 was established for statistical
relevance.

Table 1. Details regarding the sequences of forward and reverse primers, accession numbers, and the conditions for the genes chosen for real-

time PCR
. BT Amplicon  Annealing .
Target gene Primer sequence (5 to 3°) size(bp) Tm (°C) Accession no.
p-actin (Beta-actin F.GGAGGCTCCATCTTGGCTTC 158 61 AJ438158.1
R.GAAGTGGTAGTCGGGTGTGG
CAT (Catalase) F-TGATGTCACACAGGTGCGTA 195 58 XM_021557350.2
R: GTGGGCTCAGTGTTGTTGAG
op . . F.CGAGCTCCATGAACGGTACG 183 60 HEG87022.1
X (Glutathione peroxidase) R: TGCTTCCCGTTCACATCCAC
sop o F-TGGTCCTGTGAAGCTGATTG 201 58 AF469663.1
(Superoxide dismutase) RTTGTCAGCTCCTGCAGTCAC
A . F:AGCAGGACTACACCAAACCG 184 59 AJ004821.1
1B (Interleukin-1 Beta) R-TCCTGATCGTAGAGGCCCAA
TNF-a (Tumor Necrosis Factor- F:GGCTGTGTGGCGTTCTCTTA 190 58 NM_001124374.1
Alpha) R: AMATGGATGGCTGCTTTCGC
1L (nterleuking) F.CACAGACAGAGAAGGAAGGAAAG 162 60 NM_001124279.1
RTGCTCATCTTGGGGTTACAGA
HSP 70 (Heat Shock Protein 70) F.CTGCTGCTGCTGGATGTG 135 59 AB062281.1

R:GCTGGTTGTCGGAGTAAGTG

RESULTS

Table 2 displays the growth performance metrics for
rainbow trout fed the experimental diets. Throughout the 60-
day feeding trial, no mortality occurred in either the control or
gallic acid (GA) groups. The inclusion of gallic acid in the diet
significantly enhanced final weight (FW), weight gain (WG),

specific growth rate (SGR), daily weight gain (DWG), and
thermal growth coefficient (TGC) compared to the control group
(P<0.05). Among the treatment groups, the G450 diet yielded the
highest growth indices, while the most efficient feed conversion
ratio (FCR) was observed in the G300 group (P<0.05).

Table 2. Effects of dietary gallic acid on growth performance in rainbow trout

Experimental diets

Growth performance

Control G300 G450 G600
Initial weight (g) 2.84+£0.03 2.84£0.02 2.84 £0.04 2.84 £0.04
Final weight (g) 9.82£0.07¢ 10.68 £0.122 10.79 £0.052 1041 £0.06°
WG (9) 6.97 £0.07¢ 7.83+0.12% 7.93+£0.052 7.57 £0.06°
DWG (g) 0.12 +£0.00¢ 0.13+0.00 0.13+0.002 0.13+£0.00°
SGR (%/day) 2.06 £0.01¢ 2.20 +£0.022 2.21 +0.002 2.16 +£0.00°
TGC 0.79 £0.00¢ 0.85+0.00% 0.86 £0.002 0.83 £0.00®
FCR 1.04 +0.024 0.89 £ 0.00s 0.94 £0.000 0.98 £0.01¢
SR (%) 100 100 100 100

Data are presented as means £+ SEM (n = 3). Different lowercase letters in each row indicate significant differences among groups (P <0.05). G300, diet
supplemented with 300 mg/kg gallic acid; G450, diet supplemented with 450 mg/kg gallic acid; G600, diet supplemented with 600 mg/kg gallic acid; WG, weight
gain; DWG, daily weight gain; SGR, specific growth rate; TGC, thermal growth coefficient; FCR, feed conversion ratio; SR, survival rate.
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The expression levels of SOD, CAT, and GPX, are shown in
Figure 1. CAT gene expression was significantly upregulated in
the G300 and G450 groups compared to the control, whereas it
was significantly downregulated in the G600 group (P<0.05). For
the SOD gene, expression was upregulated in the G300 group
but downregulated in both the G450 and G600 groups relative to
the control (P<0.05). Likewise, GPX gene expression was
significantly upregulated in the G300 group, while
downregulation was observed in the G450 group (P<0.05). No
notable difference in GPX expression was detected between the
G600 group and the control group (P>0.05).
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Figure 1. Effect of dietary gallic acid on the expression of antioxidant-
related genes (SOD, CAT, GPX) in rainbow trout (n = 6)

The expression levels of IL-1B, TNF-q, IL-8, and HSP70,
are depicted in Figure 2. The IL-1 gene showed increased
expression in the G300 group compared to the control,
although this difference was not statistically significant
(P>0.05). Downregulation of IL-1B was observed in both the
G450 and G600 groups relative to the control (P<0.05). For
TNF-a, expression was elevated in the G300 group and
decreased in the G600 group compared to the control
(P<0.05), with no significant difference between the G450 and
control groups (P> 0.05). The expression of IL-8 was
significantly downregulated in all gallic acid-treated groups
compared to the control (P<0.05). The stress-related HSP70
gene was significantly upregulated in the G300 group and
downregulated in the G600 group compared to the control
(P<0.05). No notable difference was detected between the
(G450 and control groups (P> 0.05).
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Figure 2. Effect of dietary gallic acid on immune response-related
genes (IL-1B, TNF-a, IL-8) and stress-related HSP70 gene
expression in rainbow trout (n = 6)

DISCUSSION

The use of organic acids as feed additives to enhance fish
growth and health has gained considerable attention in recent
years (Ghafarifarsani et al., 2023; Yousefi et al., 2023). The
performance of growth is a vital aspect influencing the
economic viability of aquaculture production (das Neves et al.,
2021). This study found that diets enriched with gallic acid (GA)
led to significant enhancements in growth metrics, including
weight gain (WG), specific growth rate (SGR), and daily weight
gain (DWG) in rainbow trout, when compared to the control
group, regardless of the level of supplementation. Additionally,
feed conversion ratio (FCR) was significantly enhanced across
all GA-treated groups, reflecting more efficient feed utilization.
These results align with previous findings demonstrating the
positive effects of dietary organic acids on the growth indices
of different fish species (Yilmaz, 2019; Zhang et al., 2020;
Ghafarifarsani et al., 2023; Zhang et al., 2023).

The observed improvements in growth indices may be
attributed to enhanced nutrient utilization facilitated by gallic
acid (Ghafarifarsani et al., 2023). Organic acids are recognized
for their ability to enhance the secretion and function of
digestive enzymes, which in turn facilitates more efficient
digestion, absorption, and utilization of vital nutrients (das
Neves et al., 2021; Hassaan et al., 2018; Huan et al., 2018).
Furthermore, the antimicrobial properties of organic acids and
their protective effects on the intestinal epithelium contribute to
improved gut health, which may further enhance growth
performance (Shah et al., 2015; das Neves et al., 2021).

The antioxidant capacity of aquaculture species is
influenced by various factors, including dietary practices and
environmental conditions (Zhang et al., 2020; Karatas, 2024).
In this research, the dietary addition of 300 mg/kg GA (G300
group) significantly upregulated the expression of antioxidant
enzyme-related genes, such as superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPX), compared
to the control and other GA-treated groups. These findings
suggest that GA supplementation enhances the antioxidant
defense system, protecting fish from oxidative damage. The
results are consistent with the reported antioxidant properties
of gallic acid and its ability to prevent oxidative DNA damage in
both animals and humans (Ferk et al., 2011). Similar effects of
other organic acids, such as succinic acid, chlorogenic acid,
and malic acid, on the antioxidant capacity of aquatic
organisms have been reported (Duan et al., 2018; Safari et al.,
2021; Ghafarifarsani et al., 2023; Jin et al., 2023). The
effectiveness of GA supplementation, particularly at 300
mg/kg, underscores the importance of optimizing dosage levels
to achieve the desired antioxidant effects. While gene
expression analysis provides valuable insights, further studies
are needed to confirm these findings through enzymatic activity
assays and direct assessments of oxidative stress markers.

Immune-related genes, including TNF-qa, IL-1B, and IL-8,
are essential components of the innate immune response in
fish and are frequently influenced by dietary modifications
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(Safari et al., 2021; Karatas, 2025; Kaya et al., 2025). In this
study, supplementation with 300 mg/kg GA significantly
upregulated TNF-a and IL-1B expression levels, suggesting
immunostimulatory effects. However, no significant changes
were observed in IL-8 expression across the treatment groups.
These findings are consistent with studies reporting that
organic acid-enriched diets enhance the expression of
immune-related genes (Yilmaz, 2019; Zhang et al., 2020;
Safari et al., 2021; Yousefi et al., 2023). Nevertheless, it is
important to note that gene expression does not necessarily
translate to functional immune enhancement due to potential
post-transcriptional  regulatory mechanisms (Vogel and
Marcotte, 2012; Karatas, 2025). Future studies should include
functional assays, such as assessments of lysozyme activity,
phagocytic activity, and tests for disease resistance, to confirm
these molecular findings.

Heat shock proteins (HSPs), such as HSP70, serve as
biomarkers of biological stress and play a protective role under
stressful conditions (Zhang et al., 2020; Jiang et al., 2016). In
this study, dietary GA at 300 mg/kg increased HSP70
expression, suggesting enhanced cellular stress resilience.
Similar effects of organic acids on HSP70 expression have
been documented in previous research (Duan et al., 2018;
Yilmaz, 2019; Yousefi et al., 2023). However, the specific role
of GA in modulating stress and HSP70 pathways in rainbow
trout remains unclear, necessitating further investigation.

CONCLUSION

This research indicates that the addition of gallic acid to the
diet notably improves growth performance, boosts antioxidant
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Abstract: In this study, it is aimed to contribute to the fishing sector by determining the locations of moving fish schools. With the Q-Leaming algorithm, areas
where fish schools are frequently seen were marked and autonomous ships were able to reach these areas faster. With the Q-Learning algorithm, one of the
machine learning techniques, areas where fish schools are abundant were determined and reward and penalty points were given to each region. In addition,
the fish density matrix of the region was extracted thanks to the autonomous systems. Moreover, the algorithm can be automatically updated according to fish
species and fishing bans. A different Q-Gain matrix was kept for each fish species to be caught, allowing autonomous ships to move according to the gain
matrix. In short, high gains were achieved in terms of time and travel costs in finding or following fish schools by recognizing the region by autonomous ships.

Keywords: Fish school finding, multi-agent systems, reinforcement learning, Q-Learning algorithm

Oz: Bu galismada toplu halde hareket eden balik stiriilerinin yerlerinin tespit edilerek, balik endiistrisine katki saglamaya odaklanilmistir. Takviyeli 6grenme
teknigini kullanan Q-Learning algoritmasi ile baliklarin sikga rastlandigi bélgeler isaretlenip, otonom gemilerin bu bolgelere daha hizli ulasmasi saglanmistir.
Makine 6grenmesi tekniklerinde olan Q-Learning algoritmasiyla, kiiglik karelere ayrilmis her bir bolgeye verilen 6diil ceza puanlariyla, balik strilerinin bol
oldugu bélgeler tespit edilmistir. Ayrica istenen bélgenin balik sirtisti yogunluk matrisi ¢ikartilip, avel ya da arastirmacilar tarafindan daha hizlica taninmasi
saglanmistir. Sonug olarak, bélgenin otonom gemiler tarafindan taninmasiyla birlikte, balik stirtlerini bulma veya takip etmede zaman ve yol maliyeti agisindan

yiiksek kazanglar elde edilmistir.

Anahtar kelimeler: Balik yuvasi bulma, coklu etmenler, takviyeli 63renme, Q-Learning algoritmasi

INTRODUCTION

Machine learning technique, which is one of the sub-
branches of artificial intelligence, is a heuristic algorithm that
analyzes the data sources of the machine and produces
appropriate solutions to new problems it may encounter(Angiuli
et al.,, 2022; Glimis, 2016) The network structure of the
machine, called artificial intelligence, updates itself according
to the expected and obtained results and aims to get better
results. Machine learning technique is divided into three types:
supervised, unsupervised and reinforcement learning.
Reinforcement learning technique works by observing the
rewards in the environment. This technique achieves more
successful results, especially in cases where the
environmental space is very large and cannot be expressed
briefly. Q-Learning algorithm is one of the methods that works
using the reinforcement learning technique. In the
reinforcement learning method, the aim is to trend towards the
step with the highest gain by using reward and penalty points.
By calculating reward and penalty at every step taken, the profit
is brought closer to the best. There is no need for expert or
competent instructor knowledge in this type of learning
management. Generally, the trained agent (player, robot, etc.)
tries to reach its goal by taking random steps. This algorithm
keeps the transition matrix between steps and the gain value
information of these transitions. The gain matrix values perform
the learning process by updating themselves with a certain
learning coefficient at each step taken.

Q-Learning is a learning method, one of the sub-learning

techniques of the machine learning system, was first proposed
by Watkins (Watkins,1989). In 1993, it was used by Peter
Dayan in calculating return prediction and finding suitability
depending on time (Dayan, 1993). At similar times, it was
proposed as a method in the field of reinforcement learning in
the training and development of agent robots (Lin, 1992).
Towards 1995, the algorithm was combined with dynamic
programming logic and benefited from real-time application
studies (Barto et al., 1995).

This method performs the learning process with a specific
function value. By using the Monte Carlo method and the
advantages of dynamic programming, it is aimed to predict
future steps with current values without creating a model
(Jones and Qin, 2022; Liu et al., 2019). The Q-Learning
method works by updating the reward value of each step and
the step values that can be taken. The aim of this method is to
maximize the reward or minimize the punishment in the long
term (Watkins and Dayan 1992).

The Q-Learning method, as a type of reinforcement
learning, works by updating the reward value of each action
taken and the possible future actions based on the current
state of the system. This approach helps in making decisions
that will maximize rewards or minimize penalties over time,
focusing on long-term outcomes rather than immediate
feedback. One of the key features of Q-Learning is its ability to
perform learning tasks without needing a model of the

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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environment. Instead, it uses the Monte Carlo method and
dynamic programming principles to predict future actions and
refine decisions based on the values of the current state (Jones
and Qin, 2022; Liu et al., 2019). The learning process relies on a
specific function value, where the goal is to optimize the sequence
of decisions to achieve the best possible results in the future.

In essence, Q-Learning is designed to operate by updating
its understanding of the environment step by step, refining its
choices through continuous learning, and aiming to maximize
the cumulative reward over time. This makes it a powerful tool
in fields where decisions must be made sequentially, and long-
term optimization is key (Watkins and Dayan, 1992). As its
usage continues to grow, Q-Learning is playing an increasingly
important role in both theoretical and applied research, driving
innovations in various sectors.

In recent years, the Q-Learning algorithm has contributed
to science, especially in areas such as marketing (Jogunola et
al. 2021), autonomous robot control systems (Elallid et al.
2022), economy (Meng and Khushi, 2019) and health
(Aydindag Bayrak et al. 2022). Moreover; it has been
presented as a suggestion to find solutions to problems in
many fields such as information and game theory, operations
research, statistics and optimization (Chapman and Kaelbling,
1991). With the reinforcement learning method, it is aimed to
predict the next step without labeling the environment or data
in the environment, adhering to the reward function (Jordan
and Mitchell 2015; Kober et al., 2013), and the use of the
algorithm has increased day by day (Parisotto, 2021).

This study aims to enhance fishing operations by
combining machine learning techniques with autonomous
systems, fostering cost-effective, time-efficient, and
sustainable practices. It contributes to the fishing industry by
utilizing the Q-Learning algorithm to streamline the
identification and tracking of fish schools. Additionally, it
determines areas with frequent fish activity and assesses their
density. Furthermore, it enables autonomous ships to navigate
to high-density fish regions more rapidly and efficiently,
minimizing both time and travel expenses.

MATERIALS AND METHODS

'Q-Learning Algorithm', one of the reinforcement learning
methods, is a common algorithm that performs the learning
process using the reward-punishment system as mentioned
above. This algorithm keeps the inter-region transition matrix
and the gain value information of the transitions. It is aimed to
improve the learning process by updating the gain matrix
values with a certain learning coefficient when each step is
taken, or a result is reached.

In this model, a fishing ship is considered to start fishing
from any point in the sea or lake. It assumes that the ship is
casually trying to locate and hunt fish areas. For each position
the ship changes, it gives a reward value for transitions
between zones. Thus, each other ship that sets out to sea
updates the gain values in the location, creating a training

network that can optimally find fish areas. In this way, ships use
smart systems that detect fish schools autonomously.

Q-Learning algorithm, the training process is based on
rewarding or punishing the values in the Q-Gain matrix. This
process will be achieved by determining the region where the
fish flock is located and increasing the profit value of the region
that allows reaching it (Nykjaer, 2022).

Q¢lstart,end] = (Ry[start, end] + (LCV * max))

Qs Qaain; Rn. Rueighborhood; LV Learning coefficient value

As seen in the equation; “QGain[start, end]" represents the
"gain" or reward for taking a certain path (from start to end) in
the Q-learning algorithm. It tracks how valuable that path is
based on prior experience and learning. “RNeighborhood[start,
end]” matrix is the reward for being in the current
"neighborhood" or region. It could represent how close the path
is to the fish school. “LearningCoefficientValue” is a factor that
influences how much the algorithm values past experiences
versus the current observation. It helps control the learning
rate. “Max” value refers to the maximum value of the Q-Gain
for all possible actions from the end state. Essentially, this term
captures the best possible future reward from that point (after
taking action). By increasing the gain value of the roads leading
to the location of the fish schools, faster discovery of the
schools is ensured. This process can be compared to the
process of increasing the efficiency of that path by ants in the
ant swarm algorithm by constantly secreting phenomena.
Thus, as the amount of gain/phenomenon increases, many of
the ants will use this path, and many of the ships will move
using the profitable path.

Matrix model representation of an area

The area where fishing ships hunt can be represented with
squares of 50 or 100 meters in length. In this way, the
autonomous ship can determine the fish density in the region
every time it changes location. Thus, the gain value in that
location is updated for each step taken. In fact, this is done in
a similar way by ship captains. With his previous experience,
the captain moves towards areas where fish are concentrated
and determines the fish value in that location. However, while
the captain uses his own or his immediate surroundings'
experiences when making this evaluation, autonomously
moving ships will have the opportunity to progress with more
experience by updating the gain/learning data they receive
from the common learning matrix.

In Figure 1, the sea is shown as a matrix space and the
regions where fish are found are expressed representatively.
Using this matrix, autonomous ships start hunting from any
point and try to find the location of fish schools. Ships randomly
sail around the sea while the learning process is taking place.
When they reach the position where the fish schools are, they
increase the gain values of that position and the positions that
help them reach that position, thus creating a Q-Gain matrix.
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Establishing neighborhoods between determined
regions

In order to represent the search space, transitions and gain
information between each region must be determined. Thus,
information on inter-regional neighborhood and its earnings
value can be obtained.

First of all, with the expression 'RNeighorfij] = 0', the
permissions for passage from all regions to other regions are
disabled. Then, by using certain mathematical conditions, the
upper neighbor, lower neighbor and diagonal neighbor
numbers are determined and the adjacency matrix value is set
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to 1, and you are informed that the transition can be made. As
seen in Figure 2, in order to define the transition to the right
(right neighborhood), it is sufficient to meet the "i==j-1"
condition to define the neighborhood from the active area (i) to
the area one number higher (j). However, this code makes all
consecutive fields neighbors. However, as can be seen from
Figure 1, although square 15 and square 16 have consecutive
values, they are not neighbors. Therefore, it is necessary to
remove the neighborhood for all elements to the right of the sea
space, even if they are consecutive. In this case, it will be
sufficient to meet the condition " (j % numberofelements) != 0)
" (Figure 2).

private void NeighborhoodTransitions(int matrixSize, int i, int j)

{
if (i == §)//no transition

{

}
if (1==7 =168 ((j % matrixSize) != 0))// transition right,
{

Reighbor(1, §] = 0;

Rileighbor[i, j] = 1;

}
if (i == j - matrixSize)//transition donn
{
Reighbor(i, §] = 1;
}

if ((1==j+18 (i%nmatrixSize) != 0))//transition left,
{
Rieighbor(i, j]1 = 1;

}

Figure 1. Representative illustration of sea space and schools of fish
Development of the interface and application

The program was developed as a desktop application in C
Sharp programming language, using the Visual Studio IDE
(integrated development environment). The aim is that the ship
left in a random location will find schools of fish using the optimal
path, looking at the earnings updated by the learning method. As

Figure 2. Defining interregional neighborhood

seen in Figure 3, the sea the ships navigated was represented
asa7*7 array.

The location of the fish schools was determined
dynamically by the person using the application. Thus, a ship
departing from any point will try to find schools of fish by moving
randomly (Figure 3).
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Figure 3. Application interface and training phase
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Application speed

In order to make the visual of the application
understandable, it would be meaningful to show the steps
taken with a painting tool. Thus, people running the application
will have more information about how the application works by
following the steps taken. However, since the learning process
will be long and laborious, you will need to accelerate after
seeing a few steps in slow motion. In this way, results can be
achieved quickly, without waiting too long. At the same time,
since it takes a long time to update the drawing and matrix
visual, the processing time will be much reduced by using the
max speed control.

Uses of the trained network

Once the training process is repeated a certain/sufficient
number of times, the training process is completed and ready
to be used. In this case, the earnings values have reached a
certain coefficient and the process of finding the school of fish
is easily completed by sailing a new ship. Figure 4 shows how
the ship placed in area 18 after the training found the school of
fish (Figure 5). Since the herd in area 46 was closer, an
orientation towards that area was quickly achieved.

A | B 4 |0 3
2|3 y | ® |3
g 4 | & 4
8 4 5 | M || %
% | 9 b1 R | 8

Figure 4. Fish shoal movement situation
Movement of the fish school

Generally, fish do not stay in a fixed place but move around
a certain nest or area. In this sense, updating the determined
fish points in certain steps will allow us to characterize the real
fish schools a little better. The school of fish seen at number 35
has been allowed to pass to areas number 36 and 27 (Figure
4). Although the fish school changed location during the
training process, the density of the gain matrix towards that
area helped control and step in other areas where the fish
roamed.

However, if the schools of fish move quickly and do not

focus on a certain point, it will become more difficult for the
schools to be caught by autonomous ships.

14 15 16 17
21 22 23 24
28 29 30 31

42 43 44 45

Figure 5. Finding schools of fish using trained network
Fish school density matrix

The matrix-represented region will be recognized by
autonomous ships and the creation of a density matrix showing
areas where fish density may be high will be beneficial for
hunters. In this sense, a representative matrix showing fish
density was created in Figure 6. In this matrix, the red color
represents the region where fish are abundant, while the areas
close to black represent the regions where fish are rare.
Thanks to this density matrix, fishermen or researchers who
know little or nothing about the region will have information
about the region.

Figure 6. Fish school density matrix

24



Detection of moving fish schools using reinforcement leaming technique

RESULTS

Since fishing vessels do not know where the fish are, it will
be time-consuming for them to locate the school. The vessels
will have to visit almost every area one by one and detect the
schools of fish. Moreover, if the school has moved a little when
the fish nests are reached, it will cause the school of fish not to
be found. In this sense, autonomous vessels- which are used
Q-learning algorithm- will helped to detect both the area where
the school is located and its movement area.

In Figure 7, the average number of steps to be taken for a
region according to the matrix size is given statistically. A ship
newly included in the system can reach the fish shoal in
approximately 75 steps by taking random steps in an 8*8 matrix
array, while autonomous ships moving with a trained network
data can find the fish area in approximately 4.6 steps. These
results show that defining the region with a trained network is
approximately 20 times more advantageous. In addition, as the
matrix size increases, the number of steps taken by ships
moving with an untrained network increases exponentially,
while a linear increase is observed when the trained network is
used (Figure 7).

Average Number of Steps Taken

Number of Steps

—Z 2.16 2.63 2.7%——4.65—— 526527 65—
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Figure 7. Average number of steps to find schools of fish
DISCUSSION

In the Q-Learning algorithm, the decision-making process
is evaluated based on the reward function. The step to be taken
is preferred according to the size of the profit in the reward
function. In the relative Q-Learning algorithm, the step with the
highest instant reward is selected by taking the previous step
into account (Pandey et al., 2010).In some cases, problems
caused by over-learning can occur in the Reinforcement
Learning algorithm (D’Eramo et al. 2017;.2021). In addition, as
stated in the article, due to events such as the movement of
fish schools, the reward function may need to be corrupted or
updated (Everitt et al., 2017). A solution to these problems was
proposed by expanding the reward and penalty functions
(Wang et al., 2020). Moreover, studies were conducted to
identify potential new rewards and focus on different rewards,
and the flexibility of the Q-Learning algorithm was improved
(Devlin et al., 2014).In this article, by using the Q-Learning
algorithm, in addition to detecting moving fish schools, it has
been ensured that obstacles and areas forbidden to fish are

avoided. In addition, it has been used in ATARI games, and the
steps taken by the player have been optimized (Christiano et
al.,, 2017; Van Seijen et al., 2017).

Additionally in this article, a density matrix has been
obtained that will allow them to go to the nearest school in a
short time. Moreover, by updating the matrix according to the
school and fish type, suitable schools will be reached during
suitable fishing periods. In particular, the areas prohibited from
fishing will be removed from the matrix, and the protection of
endangered schools will be ensured.

CONCLUSION

So, the process of discovering fish shoals, which is a
difficult and time-consuming process for fishing vessels, has
been made fast and effective thanks to autonomous ships. In
addition, the detection of herds that may not be detected due
to movement was ensured. With this method, it has become
possible to quickly identify areas that are not known to
fishermen or captains or that have not yet been discovered.

With the Q-Learning algorithm, areas such as seas or lakes
in a region are represented in a matrix and the areas where
fish schools and varieties are located are marked. In addition,
the algorithm can update itself according to fish types and
hunting prohibitions. By keeping a different Q-Earning matrix
for each type of fish to be caught, the Q-Total-Earning matrix
was obtained according to the types of fish desired to be
caught, and autonomous ships were enabled to act according
to this matrix. In addition, the region was recognized by
autonomous ships and the fish density matrix representing that
region was created.

For more complex and high-dimensional state spaces,
such as large areas with fluctuating conditions, Deep Q-
Learning (DQN) can be utilized. This method leverages deep
neural networks to approximate the Q-value function, allowing
autonomous ships to process greater volumes of data and
perform more effectively in diverse settings.

Furthermore, autonomous ships can collaborate by sharing
information about fish shoals and successful fishing regions.
This cooperative strategy would enable a more comprehensive
and dynamic understanding of fish movements, helping the
ships to operate more efficiently and work together.

The Q-Learning algorithm can also be improved by
incorporating adaptability, adjusting strategies based on the
real-time behavior of various fish species, which may exhibit
different movement patterns influenced by their environment,
season, and other factors.
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Abstract: Human beings have been benefiting from ecosystem services for a long time. Recreational diving, as a Cultural Ecosystem Service, engages
millions of divers worldwide. Because divers have a strong motivation to support biodiversity conservation, they have been involving in ecosystem assessment
studies. In this study, an online survey was conducted to investigate on the marine environment awareness of people who actively dive on the coast of Tirkiye.
The collected responses of the divers were evaluated according to the participants' demographic characteristics and diving experiences. The questionnaire
was conducted with 111 people, 32% of them were female divers. Divers' certificates vary from 1 star (1%) diver to 3 star (3*) instructor diver. On the
questionnaire, we presented photographs of 13 fish species that are frequently encountered at diving areas and/or have ecological importance in our country's
waters were asked to identify the species with their Turkish names. It was determined that there was no significant difference between genders, ages and the
levels of education in species identification (p>0.01). However, there was a significant relationship between the identification of Coris julis, Epinephelus
marginatus and Chromis chromis and the level of diving (p<0.01). Participants were asked which of the 13 fish species given in the survey is completely
prohibited to catch in our country's waters. More than half (61%) of divers know that fishing for dusky grouper is prohibited in the coasts of Ttrkiye. Within the
scope of this study, divers were asked "What tools do you use to get to know marine life better?". Thirty-five percent of the divers responded by watching
documentaries and 33% by following some social media accounts. It is very important for divers to obtain accurate information about marine life and
disseminate it to society with appropriate tools for the protection, planning and management of our seas.

Keywords: Recreational diving, SCUBA, cultural ecosystem service, environmental consciousness, awareness, Trkiye

0z: insanoglu uzun zamandir ekosistem hizmetlerinden faydalanmaktadir. Kiltiirel Ekosistem Hizmeti olan rekreasyonel dalis, diinya capinda milyonlarca
insani cezbetmektedir. Dalicilar biyogesitliligi korumada guglii bir motivasyona sahip olduklarindan, ekosistem degerlendirme calismalarinin bir parcasi
olmuslardir. Bu galismada, Tirkiye kiyilarinda aktif olarak dalis yapan kisilerin denizel gevre bilinglerini arastirmak igin gevrimici bir anket galismasi
ylrittiimistir. Dalicilardan toplanan yanitlar, demografik yapilari ve dalis tecriibelerine gére degerlendirilmistir. Anket 111 kisi ile ydrutilmustar, katimeilarin
%32'si kadin dalicilardan olusmaktadir. Dalicilarin broveleri 1 yildiz (1*) dalicidan 3 yildiz (3%) egitmen daliciya kadar gesitlilik gdstermektedir. Ankette, tilkemiz
sularindaki dalis alanlarinda siklikla karsilagilan ve/veya ekolojik 6Gneme sahip olan 13 balik tlirinin fotografi gosterilmis ve dalicilardan bu tirleri Tlrkge
isimleri ile tanimlamalari istenmistir. Dalicilarin cinsiyetlerine, yaslarina ve egitim seviyelerine gore tiir tanimlamada dnemli bir farkin olmadig belirlenmistir
(p>0.01). Ancak Coris julis, Epinephelus marginatus and Chromis chromis tirlerini tanimlama ve dalis brovesi arasinda 6nemli bir iliski vardir (p<0.01).
Katilimcilara, tilkemiz sularinda 13 balik tirli icinden hangisinin avciliginin tamamen yasak oldugu sorulmustur. Dalicilarin yarisindan fazlasi (%61) Turkiye
sularinda orfoz baliginin aveiliginin yasak oldugunu bilmektedir. Bu calisma kapsaminda, dalicilara “Denizel yasami daha iyi tanimak igin hangi araglari
kullaniyorsunuz?” sorusu sorulmustur. Dalicilarin %35'i belgesel izleyerek ve %33'U bazi sosyal medya hesaplarini takip ederek cevabini vermistir.
Denizlerimizin korunmasi, planlanmasi ve yonetimi agisindan dalgiglarin deniz canlilari hakkinda dogru bilgilere ulasmalari ve bunu uygun araglarla topluma
yaymalari biyik 6nem tagimaktadir.

Anahtar kelimeler: Rekreasyonel dalis, aletli dalis, kiiltiirel ekosistem hizmeti, cevre bilinci, farkindalik, Trkiye

INTRODUCTION
Ecosystem Services (ES) are "the benefits that people  cultural services. Cultural Ecosystem Service (CES),
obtain from nature." In broader terms, they can be thought of ~ encompasses a society's values, needs, and habits,

as resources and conditions provided by nature that enhance
human well-being, ranging from water resources, food, and
materials to opportunities for enjoyment or exercise in a
recreational area (M.E.A. A Report of the, 2005).

Humanity has long benefited from ecosystem services.
These services are necessary to ensure human health,
maintain social stability, promote economic growth, and
support human well-being (Costanza et al., 1997). Millennium
Ecosystem Assessment (MEA) categorized the ES in four
principal types as provisioning, regulating, supporting, and

considering its socio-political, economic, and environmental
dimensions. With CES, people provide benefits from the
ecosystem and which directly influence their quality of life
(M.E.A. A Report of the, 2005). Assessing cultural ecosystem
services is essential for effectively planning and managing an
ecosystem, and being aware of the diversity within the
environment (Gee et al., 2017).

As an important Cultural Ecosystem Service, recreational
diving involves millions of divers (De Brauwer et al., 2017;
Huveneers et al., 2017; Arcos-Aguilar et al., 2021). In marine

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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tourism activities, PADI (Professional Association of Diving
Instructors) reported that each year, more than one million
newly certified divers engage in this association. (PADI, 2019).
According to PADI 2019 Worldwide Corporate Statistics, more
than 28 million people in the world have received diving
certification since 1967. The United States Sports and Fitness
Industry Association reported that 3.1 million Americans
engaged in diving at least once in 2013 (Denoble, 2016).
According to the President of the Turkish Underwater Sports
Federation, there are approximately 150 thousand certified
active divers in Tiirkiye (S. Ozen, personal interview, 2018).
There is no comprehensive official statistic on the number of
divers and dives worldwide. However, Schuhbauer et al. (2023)
have estimated every year, 8.9-13.6 million divers and
snorkelers participate in marine dive tourism activities
worldwide. Several studies have been conducted to estimate
the value of ecosystem services related to recreational diving
(Ruiz-Frau et al., 2013; Failler et al., 2015; Rees et al., 2015;
Zunino et al., 2020), focusing particularly on evaluating nature-
based solutions such as habitats, species, and marine
protected areas.

SCUBA (Self-Contained Underwater Breathing Apparatus)
diving contributes to the economic growth of coastal regions
(Ha et al., 2020). Its economic contribution to in establishing a
Blue Economy make it an important sector (Schuhbauer et al.,
2023). Furthermore, diving industry has an important role in the
enhancement of biodiversity awareness (Oliveira et al., 2018).
Also, divers are progressively participating in marine
conservation efforts, often integrating these activities into their
recreational pursuits (Hammerton et al., 2012).

To understand the relationship between our daily lives and
a healthy coastal environment is important for the development
of coastal communities (Fletcher and Potts, 2007). To
understand this relationship requires increasing awareness of
marine environmental problems. It is also very important to
understand the role of personal behaviour in creating and
solving marine environmental problems (McKinley and
Fletcher, 2012).

In the current study, we were interested in examining the
level of marine environmental awareness of individuals who
actively dive on the coast of Turkiye. The collected responses
of the divers within the scope of the study were evaluated
according to the participants' demographic characteristics and
diving experiences. We presented photographs of 13 fish
species on the questionnaire. We compared the participants'
responses on ecological issues of these fishes, such as
correctly identifying them and whether there were any fishing
bans on them, according to their diving experiences and
demographic characteristics.

MATERIALS AND METHODS

A questionnaire (QA) survey accompanied by Google
Forms was conducted with divers at different levels from
different cities in Tirkiye in April and May 2024. To access
more respondents, the survey was shared through the social

media accounts of some of the diving centers, which are
hosted by many divers, on the coast of the country and student
communities of universities from different cities such as izmir,
Antalya, Mugla, istanbul and Kocaeli.

The QA gathered information which contains demographic
attribute, diving experiences and ecological knowledge
(species identification, fishing bans, etc.). In the ecological
knowledge section, photographs of 13 fish species were
presented, considering fishes that divers may frequently
encounter in the regions where they dive (Figure 1). In the
survey, divers were asked the names of these fishes in Turkish.
In the last part of the QA, divers were asked about the tools
they use to satisfy their curiosity about marine life (such as
documentaries, social media accounts, popular science
magazines, etc.). The full questionnaire can be found in the
Supplementary Material section.

The data from the multiple-choice questions in the survey
were analysed using the Statistical Package for the Social
Sciences (SPSS, Version 25) software. Chi-square and sign
tests were applied to categorical variables to assess
differences in responses to ecological knowledge questions.

Figure 1. Fish species frequently encountered in diving areas off the
Turkish coast: (a) Coris julis (Linnaeus, 1758) (gtin balig)
(b) Sargocentron rubrum (Forsskal, 1775) (asker baligi),
(c) Muraena helena Linnaeus, 1758 (muren), (d) Diplodus
puntazzo (Walbaum, 1792) (sivriburun karagdz), (e)
Seriola dumerili (Risso, 1810) (akya), (f) Serranus scriba
(Linnaeus, 1758) (hani baligi), (g) Epinephelus marginatus
(Lowe, 1834) (orfoz), (h) Diplodus vulgaris (Geoffroy Saint-
Hilaire, 1817) (karag6z), (i) Torquigener hypelogeneion
(Bleeker, 1852) (balon balidi), (j) Chromis chromis
(Linnaeus, 1758) (papaz baligi), (k) Pterois miles (Bennett,
1828) (aslan balii), (I) Dasyatis pastinaca (Linnaeus,
1758) (vatoz), (m) Syngnathus typhle Linnaeus, 1758
(deniz ignesi)

RESULTS

The survey was conducted with 111 divers, all of whom
were suitable for further analysis. The majority of divers
participating in the survey were from Izmir (44%), followed by
participants from Mugla (24%) and Antalya (16%). The
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proportion of female participants was smaller (32%). The
majority of the respondents (66%) were in their 30s and 40s.
Only 4 divers (all male) were over 60 years old. The
participants’ education level revealed that 87% held a higher
education degree with 47% having bachelor’s degree, and 23%
and 17% having completed a master's degree and doctoral
degree, respectively. More than half of the participants (52%)
were private sector workers, and 32% were employed in the
public sector. Only two percent of the participants were
unemployed. Only 2 participants reported having no income,
while the biggest proportion of the participants (37%) reported
an income ranging from 1072 to 1607 US$ (Reference average
exchange rate of April and May 2024: US$ 1 = 31.74 TL)
(TCMB, 2024). Table 1 presents the demographic variables
and the divers’ career.

Table 1. Divers’ sociodemographic characteristics and diving
background (n = 111)

2'?::::; r:::g;asphlc No. of divers| Dive experience No. of divers|
Age Female Male| Level of certification = Female Male
20s 8 10 | 1*diver 6 10
30s 18 23 | 2* diver training 1 2
40s 7 25| 2*diver 7 13
50s 2 14 | 3" training 0 1
>60 0 4 | 3* diver 12 14
Level of education Guide diver 0 2
Middle school 1 0 [ 1*instructor 5 14
High school 1 8 | 2" instructor 2 12
Undergraduate school 0 5 | 3*instructor 0 3
Bachelor degree 16 36 | Other 2 5
Master degree 11 14 | Years diving

Doctoral degree 6 130 1 1
Occupation 1-10 19 28
Student 1 3 (1120 14 29
Unemployed 1 2 |>21 1 18
Civil servant 11 25 | Annual number of dives

Private sector 22 36 |1-20 13 26
Retired 0 102140 11 N
Monthly income (US$) 41-60 4 5
0 0 2 |61-80 3 5
<536 1 4 |>81 4 29
537-1071 6 9 | Experience level

1072-1607 15 26 | Inexperienced 14 25
1608-2143 8 15 | Experienced 21 51
>2144 5 20

All participants in the study have diver certificates obtained
from different diving organizations (PADI, SSI, CMAS etc.).
The divers’ certification levels ranged from beginner [CMAS 1
star (1*)] to master instructor [CMAS 3 star (3*) instructor].
While the participants hold various diving certifications, 3*
(equal to dive master in PADI), 2* (equal to advanced open
water in PADI) and 1* instructor (equal to open water diver
instructor in PADI) divers account for 23%, 18%, and, 17%
respectively. The experience duration of certified divers ranged
from below 1 year (2%) and above 21 years (17%). Thirty-five
percent of participations reported the number of dives per year
as below 20, while 30% of divers stated having above 81
logged dives. In this study, recreational divers were at the
various diving levels, therefore they were categorized into two
groups, namely "experienced" and "inexperienced" for better

analysis. Inexperienced divers included 1* and 2* divers and
divers who were in training for 2* level (N=39), while
experienced divers included 3* divers, dive masters, and
instructors (N=72).

In this study, 111 divers were shown photographs of 13 fish
species commonly encountered and/or of ecological
importance at Turkish Seas, and they were asked to identify
the species by their Turkish names (Table 2). Majority of divers
identified fish species correctly except for Diplodus puntazzo
and Sygnathus typhle. Diplodus puntazzo was identified by
only 14% of female and %29 of male divers, and Sygnathus
typhle was identified by 29% of female and 41% of male divers.
Regardless of the fish species, there were no significant
differences in fish species identification according to divers’
socio-demographic characteristics (gender, age and level of
education) and diving location of them (p>0.01).

As diving experience increases, it is expected that marine
life will become better known. As expected, experienced divers
accurately identified fish species more than inexperienced
divers in this study. Lionfish (Pterois miles) and puffer fish
(Torquigener hypelogeneion) were the most known fishes for
divers. The level of diving certificate, the length of dive career,
and the number of annual logged dives have no affect to know
these two fish species (p>0.01). A significant relationship
between the diving experience of divers and species
identification was found the identification of Coris julis,
Epinephelus marginatus, and Chromis chromis according to
the diving level (p<0.01). These three fish species were
identified significantly more by experienced divers than
inexperienced divers (Table 2). The duration of diving
experience and the number of logged dives per year reflect the
divers’ experience (Stolk et al., 2005). Additionally, the number
of dives shows how are divers active in scuba diving. In this
study, except identify C. chromis and C. julis, there is no
significant relationship between fish species identification and
divers’ experience. While the length of dive career enlarged,
the rate of divers who identified the damsel fish increased
significantly (p<0.01). Similar with former finding, while the
number of annual logged dives increase, the rate of divers who
identified C. julis increased significantly.

In the survey, there were three exotic fish species
(Sargocentron rubrum, Torquigener hypelogeneion, Pterois
miles) among 13 fishes. Most divers (63%) identified pufferfish
and lionfish as exotic fish, while 24% identified these three fish
correctly. A significant relationship was not found between the
dive level category and identify exotic fishes. Both experienced
and inexperienced divers identify exotic fishes at the same rate
(~24%, p>0.01). Besides the ecological knowledge question,
we asked the fishing regulation question to divers. More than
half of divers (61%) stated that “fishing of E. marginatus is
prohibited in the coasts of Tirkiye”. The knowledge about
fishing regulations on fishes was not changed according to dive
level category either. More than half of experienced (67%) and
inexperienced (51%) divers have correct knowledge of the
fishing regulations (p>0.01).
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Table 2. Percentages of divers on fish species identification according to dive experience

Diving levels Length of diving career (year) The number of annual logged dives
Fish species Inexp. Exp. 0 110 11-20 >21 1-20 21-40 41-60 61-80 >81
(n=39) (n=72) (n=2) (n=47) (n=43) (n=19) (n=39) (n=22) (n=9) (n=8) (n=33)

C. julis 41 69 50 49 60 84 41 50 89 63 79
S. rubrum 59 72 100 60 77 63 62 68 78 75 70

M. helena 92 100 100 96 98 100 92 100 100 100 100
D. puntazzo 15 29 0 15 23 53 23 36 11 0 27
S. dumerili 77 88 100 79 81 100 72 86 78 100 94

S. scriba 51 74 100 55 65 89 51 59 67 63 88
E. marginatus 77 99 100 83 95 100 82 91 89 100 100
D. vulgaris 74 82 100 68 84 95 69 86 89 50 91

T. hypelogeneion 90 94 100 89 93 100 90 95 89 88 97
C. chromis 44 72 100 45 67 89 51 50 56 88 79
P. miles 92 99 100 96 95 100 95 95 100 88 100
D. pastinaca 97 97 100 98 98 95 95 100 100 100 97
S. typhle 33 39 0 26 42 58 31 41 44 25 42

To learn more information about marine life, 35% of the ~ were the most numerous certification level (Stolk et al., 2005;

respondents watch documentaries, and 33% follow regarding
social media accounts. Both groups use their mobile phones to
obtain the information. To identify a species to which
respondents encountered it, 42% use “search engine", and
almost half of the divers ask the species to a person (instructor;
24%, dive buddy; 25%) in their social surroundings.

DISCUSSION

This study was conducted with recreational divers who dive
in the waters of our country and possess various levels of
diving certifications. The percentage of female divers (32%) is
aligned with the finding from previous research on recreational
divers (Musa et al., 2006; Edney and Spennemann, 2015;
Sensurat-Geng et al., 2022). The age of the divers in the study
is younger than in previous studies (Ditton et al., 2002; Shani
etal., 2012; Kirkbridge-Smith et al., 2013).

The majority of participants (86%) have completed high
levels of education. The study’s respondents have higher
education level than previous studies (Ditton et al., 2002; Stolk
et al., 2005; Edney, 2012; Polak and Shashar, 2013; Edney
and Spenneman, 2014). Consistent with previous study
findings, the majority of recreational divers have incomes
above the minimum wage (Stolk et al., 2005; Shani et al., 2012;
Edney and Spenneman, 2014; Sensurat-Geng et al., 2022).
Eighty percent of the divers surveyed have monthly incomes
exceeding 30.000 TL. This amount is higher than the
approximately 7.000 TL (US$221), which is the annual average
disposable income per capita for households (TUIK, 2023).
While two participants reported no income, five individuals
have monthly incomes less than the minimum wage (US$536).
In this study, results consistent with previous studies
conducted with recreational divers were found, suggesting that
our sample properly reflects the diving community of Tirkiye.

Participants presented a wide range of certification levels,
from 1* divers to 3* instructors. The largest dive group was 3*
divers accounting for 23%, followed by 2* divers at 18%. In
previous studies conducted with recreational divers, 2* divers

Shani et al., 2012; Polak and Shashar, 2013). To analyze the
responses such as species identification, ecological
knowledge, divers were categorized into two groups as
experienced and inexperienced.

Recreational diving, by definition, makes the diver a part of
the marine ecosystem. The presence of a diver underwater
impacts ecosystem directly and/or indirectly. These impacts
can be either positive or negative. The main negative impact is
that diver contact with corals and cause damage (Hawkins et
al., 1999). To reduce this effect, some solutions have been
implemented such as giving brief information to divers before
diving (Camp and Fraser, 2012; Webler and Jakubowski, 2016;
Giglio et al., 2018), providing better negative buoyancy dive
training (Hammerton, 2017), limiting the number of dives and
creating closed areas.

"The exact information" is crucial for the preservation of the
marine ecosystem and all living creatures in it. The most
important requirement for the protection of a species is for the
diver to identify the species who encounters and to know its
ecological and economic importance. It is especially important
for instructor-level divers (herein experienced) to have known
well of the common species and habitats in their region.
Research on the motivations of SCUBA divers shows that
when diving development improves, the level of environmental
concern, or ethic increases (Todd et al., 2002). In this study,
our hypothesis was that experienced divers (N: 72) would be
able to identify all the thirteen species who frequently
encounter in their regions. The experienced divers identified
moray eels (100%), dusky groupers (98%), lionfish (98%) and
pufferfish (94%) at high rates, while the other 9 species were
identified by professionals better than the inexperienced divers,
but not at the high rates we expected. Among 13 species, only
24% and 67% of experienced divers were able to identify exotic
species and fishing prohibited species, respectively.

“Pufferfish and lionfish” were chosen by divers as exotic
species in this study (63%). These two species, which are in
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the news, talked about, and given information about their
ecology and even biology in many broadcasting channels and
social media in Tlrkiye, However, 24% of all divers stated that
"squirrel fish, pufferfish and lionfish" are not native species. So,
they completely answered the exotic species question in the
QA. Additionally, in this study, it was found that to "better
understand marine life" and "research a species they couldn't
identify underwater" the divers mostly utilized the internet.
While 33% of divers follow social media accounts to "better
understand marine life," 42% of them research online to
"research a species they couldn't identify underwater". It's
already known that people today use social media to support
environmental campaigns and to bring people together on
small and large environmental issues locally and globally
(Mallick and Bajpai, 2019).

CONCLUSION

“What was that fish?” is one of the most common question
heard after a dive. The training systems of diving organizations
are more or less the same. There is no special section in basic
diver training programs that introduces the marine environment
and/or fish species. Organizations give speciality courses
named as Environment Specialty Programs, Fish Identification,
Coral Identification etc. We believe that instead of such
speciality courses, short briefings before and after diving will
be a more useful and cheaper way to get to know the marine
environment and raise awareness on related issues. Social
media has become a part of today's lifestyle. It is also used as
a tool to reach people's awareness about current
environmental issues to a wider audience much faster and in a
very short time. In this study, it is noted that the majority of
divers surveyed are aware that lionfish and pufferfish are exotic
species. It is believed that the extensive coverage of these
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Abstract: It is important to quantify the concentrations of metalloids and heavy metals (metal(oid)s) in drinking water sources and tap water due to
contamination of drinking water sources by natural processes and anthropogenic activities. In this study, the genotoxicity of drinking water sources (Kacall
River) and tap water (Persembe district) was mainly investigated by comet assay. The effect of metal(loid)s was monitored in vivo using erythrocyte cells of
Cyprinus carpio. The eight heavy metals (aluminium, nickel, cadmium, lead, manganese, iron, copper, zinc) and one metalloid (arsenic) were found in the
water samples and the total content of metal(loid)s was determined seasonally. In general, the total metal(loid)s content of the Persembe tap water was higher
than that of the Kacali River in all seasons. Especially in summer, tap water causes higher DNA damage in C. carpio erythrocytes. Water samples from the
Kacall River showed significantly higher genotoxicity compared to control groups in all seasons. Careful management of water supplies is needed to reduce
the health risks associated with genotoxicity in drinking water.

Keywords: Comet assay, drinking water, DNA damage, metal(loid) content, tap water, Cyprinus carpio

Oz: igme suyu kaynaklarinin dogal siiregler ve antropojenik aktivitelerle kilenmesi nedeniyle icme suyu kaynaklari ve musluk sularindaki metaloid ve agir
metal (metal(oid)lerin) konsantrasyonlarinin dlciilmesi dnem kazanmistir. Bu galismada esas olarak igme suyu kaynagi (Kacali Deresi) ve musluk suyunun
(Persembe llgesi) genotoksisitesi comet analizi yéntemi ile arastirilmistir. Metal(oid)lerin etkisi Cyprinus carpio’nun eritrosit hiicreleri kullanilarak in vivo
izlenmigtir. Su 6rneklerinde sekiz agir metal (aliminyum, nikel, kadmiyum, kursun, manganez, demir, bakir, ginko) ve bir metaloid (arsenik) bulunmus ve
toplam metal(oid) igerikleri mevsimsel olarak belilenmistir. Genel olarak Persembe musluk suyunun toplam metal(oid) igerigi tim mevsimlerde Kacali
Deresi'nden daha ylksek bulunmustur. Ozellikle yaz aylarinda musluk suyu C. carpio eritrositlerinde daha fazla DNA hasarina neden olmustur. Kacali
Nehri'nden alinan su émekleri, tiim mevsimlerde kontrol gruplariyla karsilastirildiginda énemii dlgiide daha yiiksek genotoksisite gdstermistir. icme suyundaki

genotoksisite ile iliskili saglik risklerini azaltmak icin su kaynaklarinin dikkatli bir sekilde yonetiimesi gerekmektedir.

Anahtar kelimeler: Comet analizi, igme suyu, DNA hasari, metal(loid) icerigi, musluk suyu, Cyprinus carpio

INTRODUCTION

Chemical elements whose properties are classified
between those of non-metals and metals are called metalloids
(Batley, 1998). Heavy metals, such as mercury, lead, and
cadmium, are metals with a density greater than 4.5 g/cm3
(Mao et al., 2022). In the earth's crust, atmosphere, and water,
heavy metals occur naturally (Jannetto and Cowl, 2023).
Heavy metals lead to pollution in water resources (Kilig, 2021).
Water pollution is one of the most important environmental
problems today and pesticides, fertilizers, mining, sewage
waste, domestic wastewater, eutrophication, thermal pollution,
oil spills, acid rain, and radioactive waste are among the main
factors of water pollution (Hussain et al., 2018; Kontas, 2022;
Altunkaynak et al., 2023). These pollutants in water bodies can
come from both natural sources such as erosion, corrosion and
precipitation, and anthropogenic activities such as mining,
agricultural spraying, industrial and domestic wastewater
(Zeng et al., 2019).

Heavy metals can enter organisms directly from water or

indirectly via the food chain. Heavy metals are known for their
many negative properties such as  persistence,
bioaccumulation, and cellular, structural and environmental
toxicity potential in aquatic systems and organisms (Zhang et
al., 2014). Heavy metals, which have a high dispersal potential
in aquatic systems due to such different factors, can maintain
their presence in tap water as well as surface water and even
drinking water (Zhang et al., 2014).

The detection of pollutants in aquatic systems and their
possible genotoxic effects on organisms is important to study
the effects on organisms and especially on fish (de Lapuente
et al., 2015). Heavy metals are potentially genotoxic and
carcinogenic and are known to induce oxidative stress in
organisms. These genotoxic contaminants cause DNA
damage in organisms and can even cause cell death by
stimulating the production of reactive oxygen species (ROS) in
cells (Lushchak, 2011). The complexity of contaminants in
water samples leads to the preference of different genotoxicity
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tests in studies. In this sense, the use of the comet assay test
on different model organisms such as animal cells
(Onchorhynchus mykiss, Danio rerio) for sensitive assessment
of genotoxic effects of surface water samples is a very popular
and accepted approach (Zegura and Filipi¢, 2019). The comet
assay is a genotoxicity test that is generally applicable to all
cell types and can be used on both prokaryotic and eukaryotic
organisms. The comet assay can be used to assess water
quality both in vitro and in situ. It is a reliable, rapid and cost-
effective test for DNA damage susceptibility (Glei et al., 2016;
Kontas, 2022). The comet test allows the damaged DNA to be
seen in the 'comet' structure and the damage in the cell
increases as the calculated percentage of DNA in the fail
increases and decreases as it decreases. (Dogan et al., 2022).
Heavy metals are often found in trace amounts in aquatic
environments, but human activities have the potential to
release large amounts of these substances into water sources
(Matos et al., 2017). Water is used for many human activities,
and the quality of water needed for life is important (Mawari et
al., 2022). Contamination of freshwater sources can result from
human activities. The use of herbicides and pesticides causes
an increase in metals in the water of Kacali Stream. The
differences in total metal content between seasons may be an
indicator that surface waters are more polluted by different
means in the respective seasons.

There is also the potential for contamination from corrosion
of pipes used in plumbing fixtures and water distribution
systems. The soft, acidic water can cause some complications
in pipelines due to its contact with pipes, taps, and water
fittings. In addition, if the source and drinking water contain
high concentrations of sulfate and/or chloride, these corrosive
chemicals can dissolve the lime in the water transmission
system and cause the release of some undesirable heavy
metals. These situations can cause corrosion in water
transmission and installation pipes and increase the
concentration of some heavy metals such as Fe, Cu, Pb, and
Ni in tap water (WHO, 2005; U.S.EPA, 2011). Many studies
have reported that lead is often used for soldering purposes in
water distribution and plumbing systems. As a result, Pb
concentrations in tap water may increase (Sorlini et al., 2014;
Ghoochani et al., 2023). Drinking water sources and tap water
containing metals and other contaminants are a major
environmental problem that threatens human health.

With increasing interest in the genotoxicity of contaminants
in water, sensitive biological assays such as the comet assay
have become an important tool for determining genotoxicity
(Scalon et al., 2010). Understandably, given the current water
shortage and the need for clean water for human consumption,
there is growing concern about the genotoxicity of
contaminants. For this reason, the genotoxicity of
contaminated rivers, surface water resources and tap water
can be more effectively revealed by combining the use of more
sensitive biological assays with other supporting techniques.

There are many studies on this subject (Boucard et al.,
2017; Turan et al., 2020; Altunkaynak et al., 2023). No detailed

study was found investigating the genotoxicity of both surface
and tap water in the city of Ordu. This study aims to provide
reliable data for the future safe use of the drinking water
resource (Kacali River) in Ordu province and to help implement
the necessary policies to improve the aquatic system. In this
study, the total metal content (eight heavy metals (aluminium
(Al), nickel (Ni), cadmium (Cd), lead (Pb), manganese (Mn),
iron (Fe), copper (Cu), zinc (Zn)) and a metalloid (arsenic (As))
in river and tap water were determined. In addition, we used
the comet assay to evaluate the genotoxicity of tap water
(Persembe district) and surface water of the Kacali River, an
important water source that supplies drinking water to the local
community of Ordu City.

MATERIALS AND METHODS

Water sampling areas

The Middle Black Sea region of Turkey includes the coastal
district of Persembe, which is located in the province of Ordu
(Figure 1).

& .
X : &
% Kacaly j “%;%0
Stream.| /
=i !

Figure 1. The sampling area (Kacall Stream-Persembe)

Persembe was designated as a "Cittaslow" town, which is
an international movement that is in favour of a high quality and
peaceful way of life on 21 October 2012 (Sengur and
Atabeyoglu, 2018; Matcar, 2025). This study was conducted in
the Kacali stream, which flows from the Persembe district of
Ordu (Turkey) into the Black Sea, and the Persembe tap water.
Water samples were collected seasonally (winter, spring,
summer and autumn seasons) from January 2020 to
December 2020 from the entrance to the water intake points
(in Kacali stream) and tap water (Persembe district). Samples
were collected in three replicates to represent the study area
(for surface and tap water). The water samples were collected
in 10 L sterile bottles and taken to the laboratory.

Experimental design

Cyprinus carpio individuals were obtained from the
Suluova Yedikir Aquaculture Production and Research Station
(Amasya, Turkey). The experimental procedures of this study
were approved by the Local Ethics Committee for Animal
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Experiments, Ordu University (approval number: 82678388/5).
The length and weight of C. carpio samples were selected
between 4.5-5.5cmand 1.00 - 1.70 g, respectively. Fish were
acclimated to laboratory conditions for one month. The
aquariums were aerated with air stone diffusers and sponge air
pumps. The temperature, pH, and oxygen concentration of the
aquarium water were maintained at 24-26°C, 7-8 and 80-90%
during the day and night, respectively. Fish samples were fed
commercial feed without additives twice a day during the
experimental period. In this study, the experimental setup was
designed as three main groups: (a) Kacali stream (surface
water), (b) Persembe district (tap water) and (c) control groups
(containing dechlorinated clean water). Fish samples (n=20)
were placed in each tank. Five fish samples were randomly
collected from each tank for comet assay on day 10, 20 and 30
of the experiments. All experiments were performed in three
replicates.

Heavy metal analysis

The water in the tanks did not change throughout the
experiment. Water samples (50 mL) were taken from each tank
at the end of the 10th, 20t, and 30th day. The water samples
(three replicates) were taken into 50 mL of Falcon tubes and
acidified with 2M HCI (pH 2). Before the analysis, the water
samples were filtered with Whatman GF/C type membrane
filter (0.45 um) (Alam et al., 2001). The heavy metals (Al, Cd,
Cu, Fe, Mn, Ni, Pb, and Zn) and metalloid (As) concentrations
(Mg/L) of the water samples were determined by inductively
coupled plasma mass spectrometry (ICP-MS) at the Scientific
and Technological Research Application and Research Centre
of Sinop University (SUBITAM). Since heavy metals were
found as a mixture in the water samples taken from the
stations, the toxicological effect of heavy metals was made on
the total metal concentration (As, Al, Cd, Cu, Fe, Mn, Ni, Pb,
and Zn).

Comet assay

Five fish samples from each tank were anesthetized with
clove oil and blood samples were immediately taken from the
hearts of these samples with heparinized syringes and the
comet assay procedure was immediately performed at the end
of the 10th, 20, and 30th day. The comet assay was
performed under alkaline conditions with some modifications
(Kontas, 2022; Chatha et al., 2024). For each fish, 300 pL of
1% low melting point agarose and 1 uL of blood were mixed
and the slides were coated with 150 pL of this mixture. The
slides were placed on a cooled layer for 30 minutes and then
carefully placed in cold lysis buffer (pH 10) for one hour at 4°C.
The stock solution for the lysis solution was prepared with 10
mM Tris, 2.5 M NaCl and 100 mM EDTA. Lysis buffer was
prepared with 10 mL DMSO, 1 mL Triton and 89 mL stock
solution. After one hour, the slides were placed in a cold
electrophoresis buffer (pH> 13, prepared with 200 mm EDTA
and 10 N NaOH). Electrophoresis was performed at 1 V/cm for
20 min at 4°C. After the electrophoresis phase, the slides were

placed in a neutralization buffer (pH 7) for 15 min. Each slide
was stained with ethidium bromide and examined under a
fluorescence microscope attached to a TXR filter. One hundred
erythrocytes were randomly counted for each fish sample. In
genotoxicity studies, the tail DNA value (tDNA%), tail moment
(TM), and olive tail moment (OTM) are the most reliable comet
assay parameters used to determine DNA strand breaks
(Kumaravel and Jha, 2006; Jiang et al., 2023). Therefore, in
this study, tail DNA% (tDNA%), tail moment (TM), and olive tail
moment (OTM) values were evaluated using CometScore
software (Tritec Corp, Sumerduck, VA, USA).

Statistical analysis

Descriptive statistics of tDNA%, TM, and OTM parameters
used to determine DNA damage in fish erythrocytes were
calculated for each group. Groups (surface water, tap water,
control), exposure periods (10th, 20th, 30th day), and seasons
(spring, summer, autumn, winter) were compared by one-way
ANOVA. A statistically significant P value is one less than 0.05.
All tests were performed using the statistical analysis program
MINITAB 17.0 (Minitab, Inc., State College, PA).

RESULTS

The total metal content is presented seasonally for the
surface and tap water samples in Figure 2. In this study, the
total metal content in the water of fish exposed to surface and
tap water decreased during the exposure periods (10th, 20t,
and 30th day).

The average total heavy metal content in Kacali stream
surface water and Persembe tap water on days 10, 20, and 30
in the spring season were 112.71+8.25, 40.7315.2,
19.9243.23 and 166.77+8.57, 48.094+5.12, 18.34+2.47,
respectively (Figure 2A). The average total heavy metal
content in Kacall stream surface water and Persembe tap
water on days 10, 20, and 30 in summer season were
136.65+7.35, 110.57+ 6.27, 29.61+4.12 and 202.27+9.24,
63.68+4.89, 45.85+4.32, respectively (Figure 2B). The
average total heavy metal content in Kacali stream surface
water and Persembe tap water on days 10, 20, and 30 in
autumn season were 35.31%£3.14, 21.62+2.75, 16.27+2.13
and 85.65+5.24, 45.70+4.47, 11.26+1.16, respectively (Figure
2C). The average total heavy metal content in Kacall stream
surface water and Pergembe tap water on days 10, 20, and 30
in winter season were 47.93+5.78, 22.21+2.86, 13.37+1.47
and 79.58%5.11, 30.54%2.95, 11.82+ 1.24, respectively
(Figure 2D). In general, the total metal content of the Persembe
tap water was higher than that of the Kacali Stream surface
water in all seasons. The Kacali stream had the highest total
heavy metal concentration in the summer season (P<0.05).
The water of the Kacall River showed a high concentration of
metal content especially in summer on the 30th day (Figure 2).

The present study investigated the genotoxicity of surface
and tap water samples from the drinking water source of the
Persembe district. The comet assay was used to measure DNA
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damage. The results of the comet assay are presented in Table = e Al wea B
1. In summer, samples from Kacali Stream caused a significant 160 ' = M
increase in DNA damage in erythrocytes on day 30, and water ;_7:: nant el s | -
samples showed marked toxicity on day 10 (P<0.05). S7 -
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(P<0.05) compared to controls. In addition, significantly higher % ] = ’ :
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activity in the spring season, but the toxicity was lower than that » LI al B J Al
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showed significantly higher levels of DNA damage on all
exposure days than surface water in the other seasons except
spring (P<0.05) (Table 1).

Figure 2. Seasonal total heavy metal content of Kacall Stream water
(Blue) and Persembe tap water (Red). A: Spring, B:
Summer, C: Autumn, D: Winter

Table 1. The comet assay on erythrocyte cells in C. carpio by surface and tap water effect in different seasons (tDNA%: tail DNA%, TM: tail
moment, and OTM: olive tail moment) (MeanxS.D.) (Sp: spring, S: summer, A: autumn, W: winter, KSSW: Kacali Stream Surface
Water, PTW: Persembe Tap Water)

Groups (n=15) Exposure Times (day) tDNA (%) ™ OoTM
10 13.72 £ 0.370x8a 0.202 £ 0.011xAp 0.505 + 0.027xd
KSSW 20 14.69 + 0.387xABa 0.217 £ 0.013xAab 0.498 + 0.026xAb
30 15.94 £ 0.398xAab 0.239 + 0.013xAab 0.469 + 0.027xb
10 12.51 £ 0.331ycb 0.177 £ 0.009x8a 0.529 £ 0.027xAc
Sp PTW 20 14.31 £ 0.342x8a 0.221 £ 0.011xra 0.511 £ 0.026xAb
30 15.71 £ 0.431xAb 0.257 + 0.015xAb 0.470 % 0.032xAb
10 3.60 £ 0.132282 0.042 £ 0.001yAa 0.236 + 0.013vAa
Control 20 3.44 £ 0.131yAa 0.040 % 0.002vAa 0.214 £ 0.012vAa
30 3.58 + 0.136vA2 0.041 £ 0.001yAa 0.235 + 0.013yAa
10 13.57 £0.417x8 0.264 + 0.015xAa 1.091 £ 0.035xa
KSSW 20 13.85 £ 0.435x8ab 0.242 £ 0.015%ra 0.924 +0.031y8a
30 16.33 £ 0.465vA2 0.269 + 0.016xAa 0.914 £ 0.028x8a
10 14.01 £ 0.380x82 0.218 £ 0.013yra 0.958 + 0.026vA=
S PTW 20 14.79 £ 0.422x82 0.247 £ 0.016xAa 1.025 £ 0.031xAa
30 17.95 £ 0.429xAa 0.279 £ 0.015%ra 0.940 + 0.023xAa
10 3.90 + 0.136vAa 0.045 £ 0.001ra 0.260 + 0.012z8a
Control 20 3.83+0.161vAa 0.046 £ 0.001yAa 0.267 £0.013za
30 3.77 £0.131zha 0.044 £ 0.001yAa 0.238 £ 0.012vAa
10 10.14 £ 0.388ycc 0.161 £ 0.012:80 0.795 + 0.030x8¢
KSSW 20 12.63 £ 0.374y8b 0.194 £ 0.011yABb 0.910 £ 0.027yAa
30 13.99 £ 0.393xAc 0.209 £ 0.014xAp 0.870 + 0.026xA82
10 12.49 + 0.354x8b 0.183 £ 0.012xBa 0.852 + 0.029x8b
A PTW 20 13.66 £ 0.321xABa 0.229 + 0.012xra 1.020 + 0.022xAa
30 14.58 + 0.399xAb 0.212 £ 0.011xABb 0.859 £ 0.023xBa
10 3.80 £ 0.1642A2 0.046 £ 0.001yAa 0.265 + 0.013vAa
Control 20 3.77 £0.132z8a 0.044 £ 0.001r2 0.240 £ 0.012z8a
30 3.88 £ 0.145vAa 0.046 + 0.001yAa 0.261 £ 0.013yAa
10 12.02 £ 0.331y8b 0.211 £ 0.012xAb 0.967 + 0.027xAb
KSSW 20 13.77 £ 0.379xAab 0.208 + 0.011yAab 0.888 + 0.025vAa
30 14.78 £ 0.371xAbc 0.240 + 0.014xAab 0.932 £ 0.024xAa
10 13.04 £ 0.335x8ab 0.200 £ 0.011xBa 0.907 + 0.024xABab
w PTW 20 14.11 £ 0.367x82 0.265 + 0.015xAa 0.963 £ 0.024xAa
30 15.74 £ 0.384xAb 0.243 + 0.014xABab 0.884 + 0.02382
10 3.78 £ 0.130zAa 0.044 £ 0.001vAa 0.240 £ 0.012vAa
Control 20 3.82 £ 0.160vAa 0.046 £ 0.0012Aa 0.266 £ 0.013za
30 3.89 £ 0.141yAa 0.045 + 0.001yAa 0.262 £ 0.012vAa

Different A, B, C superscripts indicate statistical differences between exposure times (P<0.05), different x, y, z superscripts in a column indicate statistical differences between groups

(P<0.05), and different a, b, ¢, d superscripts indicate statistical differences between seasons (P<0.05).
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DISCUSSION

In the current study, the heavy metal concentration of tap
water detected an unexpected positive genotoxic effect on C.
carpio erythrocytes. However, there was no previous study on
the genotoxicity of tap water in Ordu province. The genotoxic
potential of metalloids and heavy metals has been reported in
Oreochromis niloticus erythrocytes (Barbosa et al., 2010), and
Clarias gariepinus gill and liver cells (Turan et al., 2020). The
comet assay has also been proposed to monitor the
genotoxicity and toxicity of surface water samples in many
countries (Zegura et al., 2009; Chakrabarty and Sarma, 2011;
Kontas and Bostanci, 2020; Lovinskaya et al., 2022; Picinini et
al., 2022).

The potential genotoxic effects of these contaminants in
fish are also not fully understood. According to the results, both
surface water and tap water interacted with the erythrocyte
cells of C. carpio. For the first time, the genotoxicity of surface
water from the Kacali stream, one of the main drinking water
sources in Ordu province and tap water from Kacall districts
were evaluated in vivo using the comet assay. The present
study revealed that heavy metals were present in surface water
and tap water analysis results. Heavy metals in water systems
may act alone or in combination with other heavy metals.
Heavy metal may not be effective at low doses but may
become effective when combined with other low doses of
heavy metals (Dag and Arici, 2021; Mitra et al., 2022). Since
this possible effect was taken into account in our study, the
effects of heavy metals were evaluated in a combined manner
and it was found that although the metal concentrations were
not very high, the total metal content in waters had the potential
to cause genotoxic damage to C. carpio.

It is difficult to identify the compounds that may be
responsible for the possible adverse effects associated with
exposure to mixed forms of environmental contaminants in the
aquatic environment and to attribute the genotoxic effect
directly to another factor. In addition, the interactions of the
relevant heavy metals with each other are quite complex.
These substances can exhibit different effects when mixed
together in the same environment, as well as when they are
present alone (Kontas, 2022; Mitra et al., 2022).

Previous studies have shown the presence of numerous
heavy metals in drinking water (Yeo et al., 2021; Luo et al,
2022). These harmful compounds originate not only from
pollution but also from disinfection processes, especially when
surface water is chlorinated. The majority of chlorinated
compounds found in drinking water are non-volatile and difficult
to identify (Ceretti et al., 2016). In many studies, genotoxic
effects in tap water are mostly associated with the presence of
disinfection by-products (Richardson et al., 2003; Cortés and
Marcos, 2018). Drinking water contamination may originate
from point sources of drinking water and other non-point
sources of pollution or materials used in distribution systems
(Zegura et al., 2009; Bozzo et al., 2013). One of the main
causes of heavy metals contamination in tap water was the

pollutants released from pipe sediments, especially in Ordu.
The various factors can cause microbial and chemical changes
in water distribution systems. The increase in microorganisms
can also lead to corrosion of water pipes in these systems
(Song et al., 2023). In addition, the properties of the water
(temperature, oxygen content, particulate matter, and pH), as
well as the age, type, structure (deposits and corrosion) and
quality of the pipe materials can contribute to biological
degradation.

Untreated industrial and domestic wastewater had
genotoxic potential in aquatic ecosystems in Serbia, which
could be effectively monitored by comet assay (Sunjog et al.,
2012). Similarly, da Silva et al. (2020) found that Astyanax
lacustris may suffer genetic damage when urban water
contains high concentrations of certain metals. According to
the WHO (2022), disinfecting water from surface sources may
produce hazardous substances. Contamination of tap water
can result from both water distribution systems and these
disinfection treatments. In general, the most effective way to
manage a drinking water distribution system is to reduce the
possibility of contamination and quality degradation during
transport, particularly by safeguarding water quality. Previous
study has reported waterborne disease outbreaks in the UK
(Cairncross, 2003) as a result of water contamination in the
distribution system.

The current study results were consistent with previous
data showing an increase in DNA damage in fish exposed to
different types of contaminants and were also supported by
exposure time and season, which has been highlighted in
many genotoxicity studies (de Flora et al., 1993; Rocco et al.,
2012). As in the current study, the comet assay sensitively
detected DNA damage induced by different genotoxic agents
in a dose-dependent manner. The comet assay has been
successfully used in many studies, including our study, to
investigate the effects of genotoxic pollutants on DNA integrity
(Ternjej et al., 2010; Kontas and Bostanci, 2020; Jiang et al.,
2023). Due to its sensitivity to water contamination, the comet
assay has recently been recognized as an efficient test to be
used in genotoxicity studies. The comet assay has been
applied to several pollutants in different types of water, such as
drinking water, industrial effluents, lake and river water (Jiang
et al., 2023). The comet assay is based on the assessment of
DNA damage in different cell types (Zegura and Filipi¢, 2019).

There were significant seasonal variations in tail DNA
percentage, tail moment, and olive tail moment. The variations
of tDNA% were highly significant when comparing the values
obtained in summer with those obtained in other seasons.
Furthermore, the differences between surface and tap water
samples were specified in all seasons. tDNA% values at three
exposure times varied between 13.57-16.33 in Kacali surface
water and 14.01-17.95 in Persembe tap water in summer.
These values were between 12.02-14.78 in surface water and
13.04-15.74 in tap water in the same season. The differences
in tDNA% values in the water samples may be affected by the
significant temperature fluctuations in Ordu. DNA damage in
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Mugil sp. and Netuma sp. was significantly higher in spring and
summer compared to autumn and winter. Higher temperatures
in surface waters were associated with higher levels of DNA
damage than seasons with lower temperatures (Andrade et al.,
2004). Exposure time caused an increase in DNA damage in
erythrocyte cells of C. carpio. A positive relationship between
DNA damage and exposure time has also been described
previously (Kontas and Bostanci, 2020; Kontas, 2022).

The results of heavy metal analysis combined with the
results of genotoxicity tests would provide a more robust basis
for assessing the risks to human health associated with the use
of drinking water. Low levels of genotoxicity, which are typical
of drinking water samples, can be detected using genotoxicity
tests. The present study did not attempt to directly identify
which heavy metals in surface and tap water are responsible
for genetic damage. These waters are likely to contain other
pollutants as well as heavy metals. Aquatic organisms and
humans are exposed to all heavy metals simultaneously. For
this reason, it was considered more appropriate to calculate the
genotoxic potential of surface and tap water based on the total
load. Furthermore, heavy metals with complex chemical
combinations can cause genotoxic effects in aquatic systems,
even at very low concentrations (Hemachandra and Pathiratne,
2017).

In order to assess the mutagenic and/or genotoxic hazards
of drinking water, a series of short-term in vitro analyses were
performed on different drinking water samples before and after
distribution. It has been reported that these waters can cause
genetic damage in various organisms (Lan et al., 2018; Kontas
and Bostanci, 2020; Jiang et al., 2023). Although water is
treated in drinking water facilities, tap water may have different
metal concentrations due to contamination and corrosion
during transport from the water facility through the supply
system (Khan et al., 2015; Hossain et al., 2022). A similar case
was observed in Persembe tap water, where the total metal
content in water samples was higher than in surface water
samples. This situation shows the presence of genotoxic
pollutant(s) in tap water, which still need to be identified and
removed, even though they are purified in network treatment
stations.

CONCLUSIONS

In this study, the toxic effects presumably caused by heavy
metals in the surface water of Kacall River and the tap water of
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Abstract: Small-scale fisheries play a vital role in the economy of Bangladesh, especially in providing livelihood to fishers and foreign exchange. A study on
the socio-economic assessment of small-scale fishing and fish availability in the Kalni River in Habiganj district was conducted for four months from May to
August 2023. A total of 58 fishers were randomly selected and interviewed for information gathering and pre-checklisting in focus group discussions (FGDs).
Of these, 93% were male and the mean age was 36.89 + 6.43 years. The results showed that the monthly income of fishers ranged from 10,000-20,000
BDT, 20,000-30,000 BDT, and less than 10,000 BDT. The study collected information on various aspects including the type of fishing gear used and the
availability of small indigenous fish (SIS). The main fishing method, 'Ber jal' gear, accounted for 80% of the catch, while 'Dhormo jal' gear accounted for the
remaining 20%. During this period, 1-3 types of Puti (Puntius sp.) and (Nandus nandus) Gobiidae family is the most abundant species. Various SISs were
caught in the river; some rare species were also identified. Community-based management approach and management of fish sanctuaries, as well as public
awareness of fishery resources, could be effective in minimizing anthropogenic impacts on fishers’ livelihood.

Keywords: Bangladesh, Puntius spp., small indigenous species, socio-economic, small scale fisheries

Oz: Kiigiik dlgekli balikgilik, dzellikle balikgilara gegim kaynagi ve déviz saglamasi agisindan Banglades ekonomisinde hayati bir rol oynamaktadir. Habigan
bdlgesindeki Kalni Nehri'nde kiigik 6lcekli balikgiligin ve balik mevcudiyetinin sosyo-ekonomik degerlendirmesi tizerine olan bu calisma, Mayis-Agustos
2023 tarihleri arasinda dort ay boyunca yurttiiimustir. Toplam 58 balikgi rastgele segilmis ve bu balikgilarla odak grup tartismalarinda (FGD'ler) bilgi
toplama ve 6n kontrol listesi olusturmak igin gortistiimistir. Bunlarin %93'l erkek ve yas ortalamasi 36,89 + 6,43 yildir. Sonuglar, balikgilarin aylik gelirinin
10.000-20.000 BDT, 20.000-30.000 BDT ve 10.000 BDT'den az arasinda degistigini gostermistir. Calismada, kullanilan balikgilik araglarinin tiirii ve kiigtik
yerli baliklarin (SIS) mevcudiyeti de dahil olmak Uzere cesitli yonler hakkinda bilgi toplanmigtir. Ana balikgilik ydntemi olan 'Ber jal' avcilik yontemi, avin
%80'ini olustururken, 'Dhormo jal' yontemi kalan %20'yi olusturmustur. Bu dénemde, 1-3 tir Puti (Puntius spp.), meni (Nandus nandus) ve Gobiidae
familyas tirii en bol bulunan baliklardir. Nehirde gesitli SIS'ler yakalandi; ayrica bazi nadir tirler de belirlendi. Topluluk temelli yonetim yaklagimi ve balik
koruma alanlarinin yonetimi ile balikgilik kaynaklarina iliskin kamuoyunun farkindaligi, balikgilarin gecim kaynaklari tzerindeki antropojenik etkileri en aza
indirmede etkili olabilir.

Anahtar kelimeler: Banglades, Puntius spp., kiclk yeri tiirler, sosyo-ekonomik, kiigtik dlgekli balikgilik

INTRODUCTION

Fish and fisheries have long dominated the lives and
livelihoods of Bangladeshis people. According to "Maache-
Bhate Bangali," which translates to "Fish and rice make a
Bengali," the majority of Bangladeshis consume fish in their
diets (Alam and Thomson, 2001; Rashed-Un-Nabi et al.,
2011). Initially, viewed primarily as a means of subsistence,
the fisheries industry has developed into a significant
contributor to the national GDP, job creation, and foreign
exchange earnings (Njaya, 2007; Mozumder et al., 2023).
Bangladesh contains a wide variety of fishery assets,
enveloping many local and outlandish sea-going species. As

the fourth-largest producer of inland fisheries worldwide,
Bangladesh's freshwater bodies are home to 260 native fish
species, 12 exotic fish species, and 24 prawn species (DoF,
2018; Das et al., 2024). The fisheries sector is crucial to the
nation's economy because it provides food, employment, and
earnings in foreign exchange. It has a significant impact on
the supply of animal protein, the GDP of the nation (3.52%),
export revenue (1.39%), and so on (DoF, 2020). Aquaculture
will be worth approximately 264 billion US dollars in 2022,
accounting for 49.2% of global fish production (Sidiq et al.,
2024). In addition, this amount is 87.5 million tons of fish
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(Shamsuzzaman et al., 2020). Bangladesh is the third-largest
producer of inland open-water capture water, making it one of
the top aquaculture producers worldwide (Azad et al., 2023).
Small-scale fisheries are traditional fishing methods that use
limited resources such as capital and energy (Gunakar and
Bhatta, 2023). Moreover, small-scale fisheries frequently self-
regulate to safeguard nearby assets by enforcing closed
seasons, restricting fishing gear, and controlling fishing
access (Mozumder et al., 2023). These methods could be as
straightforward as those used in less developed nations or as
sophisticated as larger vessels such as trawlers and long
liners in more developed regions. Small-scale fisheries are an
essential component of global fishing activities and are a vital
source of income for millions of people worldwide in
developed as well as developing nations (Mohsin and
Emdadul Haque, 2009). As Bangladesh's fisheries area has a
high potential to contribute to the country's financial turn of
events, these issues can be addressed by mindful and cost-
effective fisheries executives (Murshed-e-Jahan et al., 2009).

Bangladesh, which is also a developing nation, has a
similar percentage of small-scale fishing. This industry
provides numerous advantages, including national
employment, food security, and economic expansion (Islam et
al., 2017a). This is especially true for the Sylhet region, which
is in the country's northeastern region and contains a large
area of natural water bodies and low-income fisher groups.
The potential of small-scale fisheries to alleviate poverty has
been largely overlooked despite their crucial role in supporting
a significant portion of the population (Islam et al., 2017b).
Small-scale fishermen lack protection from a wide range of
crises, which eventually leads to poor socioeconomic
conditions (Islam and Chuenpagdee, 2013). Floods and
market issues pose particular difficulties for those living in the
Sylhet region (Mawa et al., 2023), as does a lack of hospitals,
sanitary living conditions, and waterborne diseases such as
dysentery and diarrhea (Ashbolt, 2004; Hridoy et al., 2025).
Inadequate  collaboration  between  specialists  and
neighborhood partners is primarily to blame for the unfortunate
outcomes brought about by the devaluation of fisheries assets,
which necessitates adequate support from Bangladeshi
educators for those affected (Emdad and Salim, 2013).

Fishermen have a high rate of illiteracy due to a lack of
access to education, which is exacerbated by a lack of
schools and inadequate transportation and communication
infrastructure (Khanum, 2013). The Sunamganj region faces
challenges as a result of high population pressure and an
increase in the number of households with landless
fishermen. Because the government does not have a
sufficient understanding of the small-scale fisheries (SSF)
industry, it is ill-equipped to address the potential effects on
society and the environment. The lives of small-scale
fishermen in floodplain areas are ignored in the material that
is currently being published, highlighting the urgent need for
additional research. According to a study that examined the
factors that influence these fishermen's income, it is evident

how important it is to increase their income to develop policies
that will improve their well-being (Anna et al., 2019). To
achieve social-ecological sustainability and ensure future
livelihoods, novel methods are required to comprehend
fisheries in their environments and create efficient policies
(Andrew et al., 2007). The National Fisheries Policy (1998) is
a crucial framework that prioritizes sustainable fisheries
management, the advancement of aquaculture, and the
reduction of poverty. Furthermore, Co-Management Policies
are designed to enhance collaboration among government
bodies, non-governmental organizations (NGOs), and fishers.
These policies seek to promote shared responsibilities and
inclusive decision-making, ensuring a balanced strategy for
resource management and active community participation.
The present study seeks to offer insights into the diversity,
availability, current status, population trends, threats, and
household circumstances of SISs in the northern part of the
Kalni River region in Bangladesh. The study also considered
the socioeconomic conditions of stakeholders to assess the
future potential of SSFs.

MATERIALS AND METHODS

The research utilized a mixed-method approach,
integrating both qualitative and quantitative techniques. This
strategy facilitates a thorough analysis by merging numerical
data with detailed contextual insights, providing a well-
rounded understanding of the research subject.

Study area

This research was carried out in the designated area of
the Kalni River (24°25'36"N 91°12'08" E) in the Habiganj
district of Bangladesh to evaluate the livelihoods of local
fishermen (Figure 1). The banks of the Kushiyara-Kalni River
in the Ajmiriganj upazila of the Habiganj district have been
eroding over time. The Kalni River is a tributary of the Surma
River, which originates from the Manipur state in India.
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Figure 1. Geographical Representation of the Kalni River in
Habiganj, Bangladesh, and Its Global and National
Context: Developed Using ArcGIS 10.8
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Data collection process

Primary data were collected and used for this study. The
data collection period was conducted for four months from
May to August 2023. The data were collected through the
administration of questionnaires. This data collection process
by a research team focused on 58 small-scale fishers and
women who had life-led many problems in their household
assessments. A previous check was made via focus group
discussion (FGD). The illiterate respondents did not
understand English, so the questionnaire was explained in the
Bangla language; thus, they answered properly and were
notified. Face-to-face  questionnaire interviews were
conducted with the chosen fishers; the sample size was
established at 60 (Rahman et al., 2018). On the other hand, a
total of 50 fishers were randomly selected from three villages,
Mohonganj upazila, in the Netrokona district (Alam et al.,
2023). In their study, 70 households were identified as being
particularly susceptible to riverbank erosion (Ali and Khan,
2023).

Data analysis

The data were examined using the R programming
language (R Studio 4.3.2) for data cleaning and analysis
preparation, after which the frequency distribution,
percentage, mean, and standard deviation (SD) were
determined using descriptive statistics.

RESULTS
The data were collected for close examination of the
respondents’ livelihood;  personal,  communicational,

socioeconomic, and situational characteristics; and other
factors.

Gender distribution across different age groups

The review showed that 93% of the males and 7% of the
females were aged between 27 and 50 (36.89+6.43) years
(Figure 2), which demonstrated that the angler networks were
ruled by the middle-aged bunch. Their exercises are fish-
related, and some additional work includes family.

Gender

[] Female
B vae

30 50

40
Age (Years)
Figure 2. Age-related performance across different genders

Main occupation related to monthly income

The month-to-month pay of anglers was ordered into
three gatherings under 10000, 10,000-20,000 and 20,000-
30,000 BDT. A greater percentage of the respondents
(41.51% under 10,000) (13.21% are 20,000-30,000) had a
high BMI of 10,000-20,000 (45.28%) (Figure 3).

=]

@
El

Fishing Time (Months)

4
M s
s

Count of Fishermen
N
S

°

10,000-20,000 20,000-30,000
Monthlv Income (BDT)

[15000-20000) S

o

Under 10,000

[10000-15000)

Monthly_Income
Under 10,000

[ 10.000-20,000
20,000-30,000

Income Range (BDT)
2
C

[0-5000)

Fishing Housewife
Main Occupation

Figure 3. Presents bar charts illustrating: A. The relationship
between monthly income and fishing time, and B. The
association between monthly income and occupation

Relationship between daily engagement in fishing
and monthly income

According to the study intensity map, there is a
relationship between month-to-month pay and fishing length
within a 24-hour time frame. The information reveals that
anglers invest in shifting measures of energy fishing: 1-6
hours, 6-7 hours, 7-8 hours, 8-9 hours, and more than 10
hours. The most widely recognized fishing term is between 8
and 9 hours, representing 25% of the commitment, followed
by 7 and 8 hours, which represents 23.75% of the
commitment (Figure 4).

The peak season of fishing generates monthly
income

In this study, the pinnacle fishing season for little fish
occurred from December to February, during which anglers
acquired the most noteworthy extent of their month-to-month
pay, totaling 67.19%. In particular, December to January
contributes 23.44%, and November to February contributes
9.38% to the general pay. Anglers procuring between 10,000
and 20,000 normally experience this pinnacle from November
through February.
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Figure 4. Amount of time spent fishing and relate to their monthly
income
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Types of gear use and amount of fish caught

This study on the different fishing strategies utilized to
catch Puti fish. The essential strategy, the "Ber jal" gear,
represented 80% of the catch, while the "Dhormo jal" gear
contributed more than 20% of the total (Figure 5).

Gear

M cerjal

| phormo jal

Gear Type

5
Amount of Puti Fish Caught (kg)

Figure 5. The utilization of gear for catching Puti (Puntius spp.) was
measured per kilogram

Types of Puti fish

The pie chart provides the division of answers with regard
to the range of Puti species they were familiar with. The
majority (50%) were familiar with 2-3 species, reinforcing the
fact that this was the most prevalent range known to them. An
approximate 33.3% were familiar with 1-2 species, revealing
very low awareness when it comes to species diversity. A
very minimal percentage (1.9%) were familiar with 3-4
species, reinforcing the fact that exposure to more diversified
Punti species is negligible (Figure 6).

50 %

Figure 6. Distribution of respondents based on the number of puti
fish species identified

Availability of small indigenous species (SIS)

This study looks at the limited scale fisheries working
along the Kalni Waterway, zeroing in on the variety of fish
species present. Among the species reviewed, Meni (Nandus
nandus) was the most common, accounting for 17% of the
complete fish populace. Less habitually experienced species
include Baim (Mastacembelus armatus), Shol (Channa
striata), ~ Chapila  (Gudusia  chapra), and  Gutom
(Lepidocephalichthys  guntea). Despite these overflow
varieties, the review highlights the assorted scope of fish

species inhabiting the Kalni Waterway ecosystem. Three
percent of the Anguillidae family contains freshwater eels.
Meni, from the Gobiidae family, is the most common species,
accounting for 17%. Shoal from the Channidae family was
associated with the most unbountiful species (1%), and Rani,
which is from the Cyprinidae family, was associated with 14%
of the unbountiful species (Figure 7). Additionally, the
occasional overflows of Kholisha (Trichogaster fasciata) and
Kakila (Xenentodon cancila) are accessible in this riverside
neighborhood market (Figure 8).

17%
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Figure 7. Percentage distribution of respondents' knowledge on
different fish species

Puntius ticto

Trichogaster fasciata

Xenentodon cancila

Puntius sophore

Nandus nandus

Figure 8. Some fish species in the Kalni River, Bangladesh
DISCUSSION

The demographics and socio-economics of fishing
communities in South Asia are heterogeneous. In Barpeta,
Assam, most anglers (49.3%) were aged 31-40 years and
23.91% were from the 41-50 age group (Kalita et al., 2015).
In Tamil Nadu's Kanyakumari district, 46% of mussel fishers
were between the ages of 40-50 years, followed by 24% who
were aged between 50 and 60 years,18%between the ages of
30 and 40 years old, 8 under 30 years old, and 4 over 60
years old (Mary et al., 2015). About three-fifths of the total
fishing labor force in Karnataka comprised small-scale fishers,
36% with ages between 21-30 years, followed by 25% each
in the age brackets of 31-40 and 41 -50 years, while another
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9% of fishers were under the age of twenty and only again
just five percent above fifty (Islam et al., 2016). In a different
study, the 31-40 age group comprised about 52% (Sidiq et al.,
2024).

Earning power among fishers is another indicator of
inequality in the economy. In Bangladesh, a four-month study
found that most fishers earned below 10,000 BDT ($125) per
month. 72%, 16% and only 12% of them annually earned in
the group categories:15,000-25,000 BDT; the medium
income (25,001-35,000 BDT) and between 35,001-
50,000BDT respectively (Rashed-Un-Nabi et al., 2011). While
68.8% sold their catch in local markets, they were largely
caught using traditional fishing gears which contributed to the
total catch (80 and 20% of Ber jal and Dhormo jal catches,
respectively) (Afrad et al., 2019).

On the Shari-Goyain Waterway in Sylhet, fishers used
different gears such as gill nets, seine nets, lift nets, cast nets,
and hauled nets (Ahmed, 2008; Das et al., 2022). Mono-fiber
gill nets, traps (139.48 kg), line nets (66.37 kg), and seine
nets (31,130 kg) were the most -preferred with high catches
(Njaya, 2007). Puntius spp. is another important freshwater
cyprinid inhabiting the region with high nutritional values
(Gupta, 2015). Nevertheless, environmental hazards threaten
species such as Puntius sarana which is critically endangered
in the lower Ganges region (Sarkar et al., 2012).

Aquatic ecosystems are a prominent highlight of
biodiversity studies across Bangladesh. For example, 36% of
fish from the Cyclinidae family were recorded from the
Bhairab River along with other families namely Bagridae,
Channidae, and Mastacembelidae. In Sylhet, other surveys
recorded a total of 79 fish species, while the specific Kusiara
River has been reported to yield as many as 74 species in
one sampling survey and generic sub-basins such as Sylhet-
Mymensingh have yielded over 92 species in total across
sites within land-use types (Hossain et al, 2009).
Nevertheless, these values often are dependent on habitat
conditions and the scope of research.

This diversity, the fishing sector in Bangladesh is one of
the most affected by issues such as labor shortages,
pollution, and habitat destruction due to flooding (Mustafi et
al., 2022; Kawsar et al., 2023). These issues should be
addressed as awareness raising, skill development, and
creation of access to credit programs offered through
government offices, and microcredit organizations in
northeastern Bangladesh (Hridoy et al., 2021; Sunny et al.,
2021; Dey and Ghosh, 2022). Furthermore, there is a lack of
comprehensive research on the long-term impacts of habitat
destruction and pollution on fish diversity and fisher
livelihoods. Addressing this gap requires integrating
ecological studies with socio-economic assessments to
develop sustainable fisheries management strategies.

Challenges faced by the fishing industry

Insufficient protein intake among fishermen can result in

the sale of their catch in local markets to earn a living, with
additional income sometimes coming from the sale of two
pieces of Snell, Clams, or Oysters for 1.00 Tk. Poor sanitation
systems can also negatively impact people’s livelihoods.
These issues are significant concerns for river stakeholders
and can sometimes involve local businesses and vendors.
However, the fishermen's passion for fishing not only properly
utilizes their time but also engages them in fishing for 4-6
hours daily. Unfortunately, many of their family members lack
education due to the difficulties in maintaining their families'
needs. Other fishermen have noted that rivers are becoming
increasingly polluted, which is affecting their livelihoods and
leading to the spread of waterborne diseases (Hridoy et al.,
2025). Fisher women often process small, unsold fish to
create semifermented fish products, which can serve as an
additional source of income. However, they also face
challenges related to the local fisheries syndicate, which can
limit their ability to harvest open-water fish. In addition, their
gear is not always protected, which can result in damage and
hinder their ability to fish effectively. Furthermore, the use of
chemicals in agricultural lands can lead to the accumulation of
toxic sediments in waterways, which can negatively impact
fish populations and the livelihoods of fishermen.

CONCLUSION

This study presents important insights into the socio-
economic conditions and fish diversity in the Kalni River,
underscoring the reliance of small-scale fisheries on
traditional methods. The research found that middle-aged
male fishers constitute the main workforce, utilizing gear like
"Ber jal" to catch small indigenous species such as Puntius
spp. and Nandus nandus. Although these species are
commonly found, fish diversity is severely threatened by
overfishing, environmental degradation, and inadequate
management practices. The socio-economic assessment
indicated that fishers encounter several challenges, including
low income, seasonal fluctuations in fish availability, and
restricted access to modern fishing technologies. These
issues have a profound effect on their livelihoods and food
security. To tackle these challenges, it is essential to
implement collaborative management strategies, which may
include the creation of fish sanctuaries, as well as providing
financial and technical assistance to fishers. Policymakers
must focus on sustainable fishing practices and community-
led conservation efforts to safeguard the fish diversity of the
Kalni River and enhance the welfare of its fishing
communities.
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Abstract: In this study, freeze-drying of blue mussels with various pretreatments was investigated, the effective moisture diffusion value was determined, and
mathematical models were applied to the drying data. Pretreatments were applied as: 1- and 5-min ultrasonication (US), 30- and 60-sec blanching (BW), 30-
and 60-sec blanching in 10% salt water (BSW); 1- and 5-min osmotic dehydration (OD)in 10% salt water and 1- and 5-min OD in 20% salt water. Blue mussel
samples were freeze-dried until the final moisture content dropped below 7%. The OD pretreatment provided the lowest final moisture content, while the BW
had the highest final product moisture content. The highest coefficient of determination (R), the lowest root mean square error (RMSE), and reduced chi-
square (x?) values were used to select the most appropriate mathematical model. The best fitting mathematical models were Alibas, Midilli & Kucuk, and two-
term exponential.

Keywords: Blue mussel, Mytilus edulis, freeze-drying, lyophilization, mathematical modelling

Oz: Bu galismada, mavi midyelerin gegitli 6n iglemlerle dondurularak kurutulmasi incelenmis, etkin nem difiizyon degeri belirlenmis ve kurutma verilerine
matematiksel modeller uygulanmistir. On islemler su sekilde uygulanmistir: 1 ve 5 dakikalik ultrasonikasyon (US), 30 ve 60 saniyelik haslama (BW), %10
tuzlu suda 30 ve 60 saniyelik haslama; %10 tuzlu suda (BSW) 1 ve 5 dakikalik ozmotik dehidratasyon (OD) ve %20 tuzlu suda 1 ve 5 dakikalik OD. Mavi
midye érnekleri, son nem icerigi %7'nin altina diisene kadar dondurularak kurutulmustur. OD én islemi en diisik son nem igerigini saglarken, BW en yiiksek
son Urlin nem icerigine sahipti. En uygun matematiksel modeli segmek icin en ytiksek belirleme katsayisi (R?), en diistik ortalama karekok hatasi (RMSE) ve

indirgenmis ki-kare (x2) degerleri kullaniimistir. En iyi uyum saglayan matematiksel modeller Alibas, Midilli & Kugtik ve iki terimli tistel'dir.
Anahtar kelimeler: Mavi midye, Mytilus edulis, dondurarak kurutma, liyofilizasyon, matematiksel modelleme

INTRODUCTION

Drying is a crucial process in food preservation, involving
the removal of moisture from substances to prevent spoilage.
The primary cause of food deterioration over time is its
moisture content, which fosters microbial growth and
enzymatic activity. By reducing moisture to specific levels, the
shelf life of foods can be significantly extended through drying
processes (Dweh et al., 2024). Drying methods are broadly
classified into two categories: traditional and modern. Among
traditional methods, sun drying has been practiced for
centuries, especially during summer months, to preserve fruits
such as apples, plums, and pears for off-season consumption.
However, traditional methods like sun drying have notable
drawbacks, including losses in shape, color, and overall
product quality. Incomplete drying can also lead to microbial
growth, resulting in spoilage or mold formation (Calin-Sanchez
etal., 2020; Bachir Bey etal., 2017). Modern drying techniques
have evolved to address these limitations, incorporating
specialized equipment to enhance efficiency and product
quality (Kovaci and Dikmen, 2018). Freeze-drying, or
lyophilization, is one of the most advanced modern drying
techniques. This method involves freezing the moisture in the
material and subsequently removing it via sublimation at low

temperatures and pressures. Freeze-drying produces high-
quality products, preserving the color, texture, and nutritional
content of the food (Li et al., 2023).

Seafoods, such as mussels, squid, crabs, and various fish
species, are nutritionally valuable due to their high protein
content and essential nutrients. Blue mussels (Mytilus edulis),
also known as European mussels, are an excellent source of
omega-3 fatty acids, zinc, folate, and other essential vitamins
such as C and A. Mussels are highly sustainable to cultivate
and have minimal environmental impact, making them an
important and eco-friendly food source. They provide 26% of
daily protein and 22% of daily iron requirements while being
sugar-free (Murphy et al., 2019).

Like many marine organisms with high moisture content,
drying is essential to stabilize the biochemical properties of
mussels. Many sea creatures such as squid, crab, shrimp, sea
cucumber, and fish species have been widely studied in the
literature. Seafood can be dried naturally in coastal areas in a
cost-effective traditional way. However, this method is highly
dependent on weather conditions such as temperature and
humidity, which can significantly affect the drying rate and the
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final product quality (Azmi et al., 2024). Apart from natural
methods, many studies have aimed to improve drying
processes with different pretreatments and dryer types. For
example, microwave, infrared, oven, and vacuum oven drying
of squid with ultrasonication pretreatment (Ozyalcin and
Kipcak, 2021, 2022), oven and vacuum oven of brown crab
meat with blanching pretreatment (Ozyalgin and Kipgak,
2023a), and vacuum microwave drying of tilapia fish with
osmosis dehydration pretreatment (Wang et al., 2019) have
been studied. There are also some studies conducted on the
drying of blue mussels using microwaves (Kipcak, 2017), oven
and vacuum oven (Ozyalgin and Kipgak, 2023b), cabinet-type
dryer (Kipcak et al., 2021), and black mussels using an
ultrasound-assisted vacuum oven (Kocabay, 2021).

Dried seafood can be enjoyed as a standalone snack or
incorporated into various dishes. Among the drying processes,
freeze drying, which provides the highest preservation of the
nutritional value of the food, is among the preferred methods.
Mussels, a popular choice among these seafood products, are
generally consumed by seasoning with salt or umami flavors.
To address the lack of information in the literature, this study
was designed to investigate the effect of ultrasonication,
blanching, and osmotic dehydration effects on the freeze-
drying of blue mussels and the compatibility of the drying data
with well-known mathematical models. In the design of
pretreatments, the methods preferred in the literature for
similar products were enhanced with the salt addition meeting
the final consumption habits.

MATERIALS AND METHODS
Sample preparation

Blue mussels were bought frozen from a local market in
Istanbul, Tirkiye in May 2023. The supplied products were kept
in the FLV-1003 model (Flavel, Eskisehir, Tirkiye) deep
freezer at -20°C £ 2 °C until the experiments started and were
allowed to thaw in the +4°C refrigerator for 2 hours before the
experiments. Mussels were weighed approximately 10 £ 0.1 g
for every drying step using a Radwag AS 220.R2 digital
balance (Radwag, Radom, Poland). The moisture content was
determined using a KH-45 hot air-drying oven (Kenton,
Guangzhou, China) at 105°C for 4 hours (AOAC, 2005).
Ultrasonic pretreatment was carried out with the Isolab Water
Bath with 1°C sensitivity and 120 W ultrasonic power (Isolab,
Germany) and the freeze-drying was completed in a Labart
LFD-10N standard-type freeze dryer with a cold trap
temperature of -56/-80 °C (ART Laborteknik, Istanbul,
Tiirkiye). Refined iodized table salt (Billur Tuz, Izmir, Turkey)
was used as salt addition in pretreatments (salt content: E536,
potassium iodate 3.5/100g).

Drying experiment

Blue mussel samples weighed 10.0 + 0.1 g for 11
experiment sets including control, ultrasonication, blanching,
and osmotic dehydration pretreatments. Ultrasonication (US)
pretreatments were applied for 1 min (1 min US) and 5 min (5
min US) with 1:10 (w:v) deionized water. Blanching (BW)

pretreatments were applied for 30 seconds (30 sec BW) and
60 seconds (60 sec BW) with 1:10 (w:v) deionized water at 90
°C. Blanching in salt water (BSW) pretreatments were applied
for 30 seconds (30 sec BSW 10%) and 60 seconds (60 sec
BSW 10%) with 1:10 (w:v) deionized water with 10% salt at 90
°C. Osmotic dehydration (OD) pretreatments were applied for
1 min (1 min OD 10%) and 5 min (5 min OD 10%) with 1:10
(w:v) deionized water with 10% salt, and 1 min (1 min OD 20%)
and 5 min (5 min OD 20%) with 1:10 (w:v) deionized water with
20% salt. After pre-treatment, the samples were gently drained
of excess water and immediately transferred to the freeze-
dryer. During freeze-drying, the vacuum of the dryer was
switched off at 60-minute intervals and the samples were
weighed in less than 2 min, placed back into the dryer, and the
vacuum was switched on. The absence of thermal exposure
during the freeze-drying process ensures that the pores of the
samples are more open and absorb moisture faster than in
heat-treated samples. To allow for longer storage of the dried
samples, the target final moisture content was reduced from
10% to 7%, taking into account the moisture uptake after drying
until packaging under vacuum. When the final moisture content
of the samples reached 7%, the drying process was
terminated, and the samples were packed under vacuum.

Mathematical modeling and regression analysis

Predicting drying kinetics, mathematical models facilitate
the analysis of transport phenomena during drying processes.
These phenomena include internal and external heat transfer,
as well as mass transfer, which are critical for understanding
the dynamics of moisture removal (da Conceigéo Silva et al.,
2012).

The moisture content (M) and moisture ratio (MR)
contained in the blue mussel are calculated using Equations
(1) and (2). M, given in equation (1), refers to the amount of
moisture (kg water/kg dry matter), mw refers to the amount of
water in the sample (kg), and ma refers to the amount of dry
matter (kg) (Kipcak et al., 2019).

_Mw
M = m, €Y)
Moisture ratio (MR), a dimensionless number calculated by
equation (2) using Mi, Me, and Mo (Kipcak et al., 2019):
mp == Me )
=My —M, 2
Where Mt is the moisture content at any drying time, Me is
the equilibrium moisture content and Mo is the initial moisture
content (kg water/kg dry matter), respectively. The Me value is
usually very small, which is neglected in calculations. The non-
linear regression studies were done using the Levenberg-
Marquardt algorithm to analyze experimentally acquired drying
data using Statistica 8.0 (StatSoft Inc., Tulsa, USA) software
package. To test which mathematical model fits the data better,
Aghbashlo et al., Alibas, Jena & Das, Lewis, Logarithmic, Midilli
& Kucuk, Page, Parabolic, Wang & Singh, Two Term
Exponential models whose formulae are given in Table 1 were
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evaluated were evaluated (Ozyalcin et al., 2023). The best
fitting model for the data sets was evaluated using the
coefficient of determination (R?), root mean square error
(RMSE), and reduced chi-square (x?) values, selecting the
higher R2 values and lower values for x2 and RMSE. Equations
for these parameters can be seen in following Equation (3), (4)
and (5) (Kipcak et al., 2019).

iV:l(MRexp,i - MRpre,i)z
?,=1 (MRexp,i - (%) ?,:1 MRexp,i)

2
2 _ Z?’=1(MRexp,i - MRpre,i)
= N
—Z

RZ=1- 3

“4)
1

1V 2\2
RMSE = (NZ (MRoy = MRy, ) ) (5)
i=

where N represents the number of the total experiments,
MRexp and MRpre represent experimental and predicted values
for moisture ratios respectively and z is the number of
constants in the model used for evaluation.

Table 1. Mathematical Model Equations (Ozyalcin and Kipcak, 2022;
Kipcak and Ismail, 2021)

Name Model equation
Aghbaslo et al. MR = exp (—kit/(1 + kat)
Alibas MR = a.exp ((-kt) + bt) + g
Jena and Das MR = a.exp (-kt+ b\1) + ¢
Lewis MR = exp (-kt)

Logarithmic MR =a.exp (-ktf) + ¢

Midilli and Kucuk MR = a.exp (—kt") + bt
Page MR = exp (-kt")

Parabolic MR =a+bt+ct?

Wang and Singh MR=1+at+ht?
Two-Term Exponential MR = a. exp (-kt) + (1-a). exp (-kat)

*a, b, ¢, g, coefficients; and n, drying exponent specific to each equation; k, ko, ki, k2,
drying coefficient specific to each equation; t, time (min).

Effective moisture diffusivity (Det) is a critical parameter in
the drying process, influencing the rate at which moisture is
removed from materials. It characterizes the intrinsic mass
transport properties of moisture, including various mechanisms
such as molecular diffusion, liquid diffusion, vapor diffusion,
and hydrodynamic flow. Det value varies with several factors,
including temperature, moisture content, and the physical
properties of the material being dried. As moisture is removed,
the diffusion rate tends to decrease, particularly in the later
drying when the moisture content is lower. This phenomenon
has been observed in studies on various agricultural products,
where the drying rate is initially high but slows down
significantly as the moisture approaches equilibrium (Bakal et
al., 2012). Derr in foodstuffs can be calculated based on Fick's
second law of diffusion as given in equation (6) (Sacilik et al.,
2006). The slope of the time versus the In (MR) can also be
used to calculate Deft (Kipcak and Doymaz, 2020).

6 Dosr X t
ln(MR) =In (F) - (TEZT

) ©®

RESULTS

As a result of the moisture analysis, the moisture content
of the raw blue mussel was 71.89% wet basis and 2.5577 kg
water / kg dry matter (kg W/kg DM). Moisture analysis was also
carried out after each pretreatment to determine how much
moisture the samples gained or lost during the pretreatments.
Moisture analysis results are given in Table 2.

Table 2. Moisture analysis results of blue mussels

Moist Moisture Moist Moisture
Sample . o1s urc? intake oisture intake
(% wet basis) (% wet basis) (kg W/kg DM) (kg Wikg DM)
Control 71.89 - 2.5577 -
1 min US 7444 2.55 2.9122 0.3545
5 min US 74.27 2.38 2.8871 0.3294
30 sec BW 69.41 -2.48 2.2692 -0.2885
60 sec BW 69.89 -2.00 2.3209 -0.2368
30secBSW10%  66.26 -5.63 1.9643 -0.5934
60secBSW10%  66.34 -5.55 1.9710 -0.5867
1 min OD 10% 71.09 -0.80 2.4589 -0.0988
5 min OD 10% 7147 -0.72 2.4687 -0.0890
1 min OD 20% 68.30 -3.59 2.1543 -0.4034
5 min OD 20% 67.94 -3.95 2.1195 -0.4382

Figure 1 shows the samples before and after drying. The
freeze-drying process was completed in 420 minutes for
control, 1 min US, 5 min US, 30 sec BW, and 60 sec BW
samples, and the final moisture contents for these samples
were obtained as 0.1700, 0.1956, 0.2069, 0.1075, and 0.1620
kg water/kg dry matter, respectively. The drying time was
shortened by 120 minutes with BSW treatment and completed
in 300 minutes and the final moisture contents were 0.1956 and
0.2069 kg water/kg dry matter for 1 min BSW 10% and 5 min
BSW 10%, respectively. Drying time increased to 480 minutes
with the OD 10% pretreatment and the final moisture content
was 0.1224 and 0.1092 kg water/kg dry matter for 1 min OD
10% and 5 min OD 10%, respectively. Drying took 360 minutes
with the 1 min OD 20% process and 420 minutes with the 5 min
0D 20% and the final moisture content was 0.1056 and 0.0763
kg water/kg dry matter, respectively.

“:; w52 . :. .“” S
P €3
1 min US 5 min US

ft,.

Control Mussels

1 min OD 10% 5 min OD 10% 5 min OD 20%

1 min OD 20%

Figure 1. Raw and freeze-dried blue mussels
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The drying curves of mussel samples are given in Figures
2 and 3. Among the pretreatments used, the initial moisture
content of only US samples increased, as indicated in Table 2
and Figure 3. The US samples had the highest initial drying
rate because of this increase. Although the drying profile of the
5 min US sample was faster than the 1 min US, the drying time
remained the same. Aside from the US samples the initial
moisture content of all pretreated samples have decreased.
The samples that had the highest initial drying rate following
the control sample were 1 min OD 10%, 5 min OD 10%, 30 sec
BW, 60 sec BSW 10%, 1 min OD 20%, 60 sec BW, 5 min OD
20%, 30 sec BSW 10%, respectively.

The Def values calculated from equation (6), based on Fick's
second law of diffusion, are 9.48 x 10, 9.30 x 10-¢, 9.30 x 10-
9,1.03 x 108, 9.21 x 109, 1.31 x 108, 1.35 x 108, 8.85 x 109,
9.48 x 109, 1.20 x 10, and 1.14 x 10-8 for control, 1 min US,
5min US, 30 sec BW, 60 sec BW, 1 min BSW 10%, 5 min BSW

=—4— Control =—@—1 min US
—o— 60 sec BW —e—30sec BSW 10%
5 min OD 10% —— 1 min OD 20%

3.50

Moisture Content (kg water / kg dry matter)

10%, 1 min OD 10%, 5 min OD 10%, 1 min OD 20% and 5 min
OD 20%, respectively.

Mathematical modeling and regression analysis results

The weight change data of blue mussels against time were
used in the mathematical modeling of the drying process.
Among the models tested to find the best-fitted model, the
models with the highest R? and the lowest x2 and RMSE values
were determined as Alibas, Midilli & Kucuk, and Two-Term
Exponential, respectively.

The Alibas model was the best fitting model with an R2
value of > 0.9998 in all models except 1 min OD 10%.
However, the drying data of the 1 min OD 10% sample showed
the highest agreement with Midilli & Kucuk with an R2 value of
0.999965. The model coefficients for these three models are
given in Table 3 for control, US, and BW samples and Table 4
for BSW and OD samples.

=—@—5 min US o— 30sec BW
—a— 60 sec BSW 10% —&— 1 min OD 10%
—&— 5 min OD 20%

Time (min)

Figure 2. Moisture content versus time curves of freeze-drying blue mussels

—4— Control —&—1 min US
—&— 60 sec BW —&— 30sec BSW 10%
5 min OD 10% —&—1 min OD 20%
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0.016

0.014
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Drying Rate (kg water / kg dry matter x min)

0.002

0.000
0.00 0.50

1.00

1.50
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—0=— 50 sec BSW 10%
—i—>5 min OD 20%
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== 1 min OD 10%
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Moisture Content (kg water / kg dry matter)

Figure 3. Drying rate versus moisture content curves of freeze-drying blue mussels
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Table 3. Best-fitted model coefficients and statistical data for control, US, and BW

Model Parameter Control 1 min US 5 min US 30 sec BW 60 sec BW

a 3.248950 2.098930 3163730 1.645268 2.855050

k 0.006080 0.009090 0.005300 0.016681 0.007480

n 0.763900 0.729580 0.805320 0.681940 0.729720

Albas b 0.001320 0.000400 0.001530 0.000243 0.000900
g -2.249550 -1.099570 -2.164030 -0.645442 -1.855320

R? 0.999868 0.999802 0.999967 0.999975 0.999962

¥ 0.000031 0.000046 0.000008 0.000006 0.000009

RMSE 0.003421 0.004164 0.001704 0.001485 0.001815

a 0.999239 0.999331 0.999379 0.999743 0.999588

k 0.014529 0.016187 0.011430 0.023216 0.016761

n 0.808480 0.756242 0.859007 0.721842 0.768525
Midili & Kucuk b -0.000204 -0.000355 -0.000145 -0.000280 -0.000260
R? 0.999704 0.999712 0.999849 0.999936 0.999890

¥ 0.000052 0.000050 0.000027 0.000011 0.000019

RMSE 0.999852 0.005017 0.003656 0.002385 0.003085

a 0.063696 12478400 10428560 0.899064 0.071323

b 0.301166 0.006400 0.005970 0.005909 0.301865

ko 0.936304 -11.491900 -9.439310 0.100936 0.928677

ETX";gJeer:““; | ki 0.005730 0.006500 0.005970 0.309619 0.005489
R? 0.998730 0.995947 0.998587 0.998073 0.998438

¥ 0.000225 0.000708 0.000250 0.000344 0.000271

RMSE 0.010602 0.018820 0.011185 0.013121 0.011633

Table 4. Best-fitted model coefficients and statistical data for BSW and OD samples
Model Parameter 30 sec BSW 10% | 60 sec BSW 10% | 1 min OD 10% 5 min OD 10% 1 min OD 20% 5 min OD 20%

a 1.370804 2368910 0.362200 2388490 3.058140 3.007880

k 0.013105 0.012840 476.896100 0.008940 0.007840 0.006310

n 0.776947 0.690390 0.010000 0.741240 0.729290 0.778970

Albas b -0.000065 0.000680 -0.001300 0.000900 0.001060 0.001300
g -0.370936 -1.368960 0.637800 -1.388740 -2.058350 -2.008130

R 0.999961 0.999989 0.977765 0.999979 0.999959 0.999981

¥ 0.000023 0.000007 0.004206 0.000004 0.000014 0.000005

RMSE 0.001969 0.001055 0.043234 0.001355 0.001973 0.001346

a 0.999856 0.999916 0.999801 0.999375 0.999716 0.999489

K 0.016078 0.024789 0.021834 0.015491 0.018615 0.013348

n 0.797847 0.733766 0.724848 0.803518 0.770503 0.833712
Midilli & Kucuk b -0.000512 -0.000452 -0.000204 -0.000147 -0.000362 -0.000230
R? 0.999946 0.999969 0.999966 0.999851 0.999899 0.999876

X2 0.000016 0.000009 0.000005 0.000024 0.000023 0.000023

RMSE 0.002324 0.001770 0.001692 0.003617 0.003116 0.003423

a 20.008500 0.060858 0.118894 0.916592 0.956947 0.027875

b 1,000000 0.291881 0.388369 0.005627 0.006846 0.591097

ko 1,008500 0.939142 0.881106 0.083408 0.043053 0972125

ETX";gnT;’g | ki 0.007673 0.007805 0.005180 0.395296 0.282363 0.006409
R 0.996468 0.997743 0.998848 0.999043 0.997052 0.997408

X2 0.001053 0.000675 0.000174 0.000108 0.000659 0.000491

RMSE 0.018734 0.015000 0.009841 0.009172 0.016809 0.015668

DISCUSSION

The results obtained in this study are intended to provide a
detailed understanding of moisture dynamics, drying efficiency,
and mathematical modeling of the drying process in the freeze-
drying of blue mussels. Raw blue mussels with high moisture
content were subjected to US, BW, BWS, and OD
pretreatments, which resulted in changes in their initial and
final moisture content and drying behavior. US increased the
initial moisture content due to water absorption during

pretreatment and although it accelerated the initial moisture
removal, it did not significantly affect the overall drying time.
While drying times remained the same with BW, BSW
shortened the drying time. This is probably due to the osmotic
effects of brine, which increases water transit through the
tissue. BSW samples also exhibited lower final moisture
content compared to the control, reflecting the effectiveness of
BSW. OD caused different effects on drying times but resulted
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in the lowest final moisture content of the samples. The drying
studies of blue mussels in the literature were examined, and
the microwave, infrared, cabinet dryer, oven, and vacuum oven
results are summarized in Table 5 along with the results

Table 5. Comparison of literature on mussel drying

obtained with a freeze-dryer. The Des values obtained in
freeze-drying mussels are in accordance with the literature, and
the range of 10-2 to 10 was obtained in the literature for the
drying of foodstuffs (Doymaz, 2012).

Dryer Type Drying Condition Duration (min) Dest (M?/s) Mathematical Model Reference
0 W 16 274%x10°
180 W 5 100 x 107 .
360 W 2 232 %107 Re> O_QQV\é‘j'é’g‘)" Kipcak, 2017
Microuare 600 W 133 375x107
' 800 W 1 479 x 107
140W 13 122107 .
210W 75 2.33x 107 & >A0".3339732) Sevim et al, 2023
350 W 45 391107
88 W 10 424x10°
104 W 80 6.20x 10° Midill and Kucuk .
125W 55 950 x 10¢ (R? > 0.999150) Kipeak et al., 2019
Infrared 146 W 45 140 x 103
§0°C 405 223x10° Aibne
° .00 x 10 vim et al., 201
B W | M | e
§0°C 270 189 % 109
Cabinet Dryer 70°C 180 3.05x 109
80 °C 120 4.94x 104
§0°C 570 089x10° -
Oven 70°C 390 125 %109 R Kipcak et al, 2021
80 °C 300 163 x 109 ‘
§0°C 390 147 %109
Vacuum Oven 70°C 270 1.68 x 10
80 °C 210 228 x 104
Control 420 948 x10°
1 min US 420 930 x10¢
5 min US 420 930 x10¢ Albas
30 sec BW 420 103 103 (R? > 0.9998)
60 sec BW 420 921 x10¢
Freezs Diyer 1 min BSW 10% 300 131x 103 This study
5 min BSW 10% 300 1.35x 103
1 min OD 10% 480 8.85x 108 (ﬁ;dj'biggggg)
5 min OD 10% 480 948 x 109 .
1 min O 20% 360 120 x 10¢ Res 00050
5 min OD 20% 420 114 x 103 :

According to the literature, Derr values in freeze drying are
consistent with the other methods that reported for dried
seafood. In the compatibility of freeze-drying data with
mathematical models, it was determined that the Alibas model
was the best model which explains almost all the drying
processes according to the statistical parameters examined.
According to Table 5, which summarizes the drying of mussels
with various dryers, the mathematical models of Alibas and
Midilli & Kucuk are the models with the highest agreement for
microwave, infrared, cabinet dryer, oven, and vacuum oven
drying. This shows that the mathematical models developed by
Alibas and Midilli & Kucuk are the first models to be evaluated
for blue mussel drying.

CONCLUSION

The drying kinetics and mathematical modeling of freeze-

dried blue mussels that underwent osmotic dehydration,
blanching, and ultrasonication pretreatments were examined in
this study. The drying findings showed that blanching in 10%
salt water shortened the drying time by 120 minutes, but
osmotic dehydration in 10% salt water prolonged it by 60
minutes. According to this result, the use of salt in pre-
treatment can shorten the drying time when supported by heat,
while it can prolong the drying time when heat is not supplied.
At 20% salt concentration, the drying time decreased at 1-min
pretreatment and increased at 5-min. The underlying condition
may be that the salt molecules migrated into the pores of the
sample with the prolongation of the treatment time, causing
blockages and slowing down the drying. The final moisture
contents for the pretreatments and control samples were found
to be relatively close to one another. With R? values ranging
from 0.999868 to 0.999981, Alibas was found to be the ideal
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mathematical model in the test of fitting the drying data with
mathematical models. The calculated Der values ranged from
1.35 x 108 m% — 8.85 x 10 m%5. After drying, no visible
degradation was seen in any of the samples. The results
showed that blanching the sample with salt water was a more
efficient way to accelerate the drying process than alternative
pretreatments. How drying kinetics are affected by variations in
pretreatment temperatures and durations should be
investigated in the future.
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Abstract: Demersal trawling is among the most energy-intensive fishing practices worldwide, primarily due to the drag and frictional force caused by their
heavy components. This study aimed to estimate fuel use intensity (litres of fuel per kilogram of landed catch) and associated carbon dioxide emissions of
Turkish trawl vessels, most of which still operate using traditional trawl nets equipped with heavy otter boards and lead ground gear, increasing towing
resistance and consequently fuel consumption. Data from 129 commercial fishing trips conducted by 13 trawl vessels between 2021 and 2022 were analysed
using Generalized Linear Models (GLMs). Overall, to catch one kg of landed marine product, the trawl vessels consumed approximately a median value of
1.22 litres of fuel and emitted 3.21 kg of CO2 for the given period. Vessel length, engine power and the target species group were the main factors affecting
the fuel use intensity. The results obtained from the study provide critical insights for implementing effective management measures to decarbonize fisheries,
offering practical recommendations for decision makers. Expanding the dataset to encompass a broad range of vessels, regions, and fishing seasons would
further enhance the generalizability and applicability across different fisheries.

Keywords: Energy use, low-impact-fuel-efficient fishery, carbon footprint

Oz: Dip trolleri, agir bilesenlerinden kaynaklanan siiriikleme direnci ve sirtinme kuvveti nedeniyle diinyanin en yogun enerji tiiketen balikgilik yontemlerinden
biridir. Bu galisma, ¢ogu hala cekme direncini ve yakit tliketimini artiran agir kapilar ve kursun yakalarla donatilmis geleneksel trol aglariyla ¢alisan Tiirk trol
teknelerinin yakit kullanim yogunlugunu (karaya cikarilan bir kilogram av basina kullanilan yakit) ve ilgili karbondioksit emisyonlarini tahmin etmeyi
amaglamistir. 2021-2022 yillarinda 13 trol teknesiyle gerceklestirilen 129 ticari balikgilik seferinden elde edilen veriler Genellestiriimis Dogrusal Modeller
kullanilarak analiz edilmistir. Genel olarak, bir kilogram deniz trtinii avlamak i¢in medyan degeri yaklasik 1,22 litre yakit tiketilmis ve séz konusu dénemde
3,21 kg CO2 salinmigtir. Tekne boyu, motor giicti ve hedeflenen tiir grubu, yakit kullanim yogunlugunu etkileyen baglica faktorler olarak belirlenmistir. Mevecut
calisma, balikgilik sektoriiniin karbonsuzlastiriimasi igin etkili yonetim énlemlerinin uygulanmasina yonelik kritik bilgiler saglayarak karar alicilar igin pratik
oneriler sunmaktadir. Daha genis filo, farkli bolgeler ve balikgilik sezonlarini kapsayacak sekilde veri setinin genisletimesi, elde edilen sonuglarin
genellenebilirligini ve farkli balikgiliklarda uygulanabilirligini daha da gelistirecektir.

Anahtar kelimeler: Eneriji kullanimi, disik-etkili-yakit-tasarruflu balikgilik, karbon ayak izi

INTRODUCTION

The environmental impact of fuel consumption in the  carbon footprint of the fisheries sector and providing insights

fishing industry has become a critical concern due to increasing
consumer awareness and efforts to combat climate change.
Bottom trawling, a widely used fishing method, is particularly
scrutinized for its high fuel use, greenhouse gas (GHG)
emissions, and potential disturbance of seabed sediments,
which may release additional carbon into the ocean (Sala et
al., 2021; Hilborn et al., 2023). While bottom trawls contribute
to approximately 26% of global marine catches and support
millions of livelihoods (Steadman et al., 2021), they are also
recognized as one of the most fuel-intensive fishing methods
due to the drag and friction caused by heavy gear components
(Tyedmers, 2001; Suuronen et al., 2012; Sala et al., 2022).
Such fishing practices naturally result in remarkably higher
GHG emission (Winther et al., 2020; Ziegler et al., 2021).

Previous research on fuel consumption per kilogram of
landed marine product has been instrumental in assessing the

into energy efficiency and sustainability (Ziegler and Hansson,
2003; Thrane, 2004; Campos et al., 2011; Parker et al., 2017;
Bastardie et al., 2022). According to those studies, fuel
consumption in fisheries varies based on several factors,
including vessel length, engine power, fishing gear type, target
species, catch per unit effort, and operational characteristics
such as distance travelled and towing speed (Davie et al.,
2014; Parker et al., 2017; Kristofersson et al., 2021). Using
different methods, global studies have found that the amount
of fuel used in fisheries ranges from 0.44 to 1.7 tFuel-tCatch™
(Tyedmers et al., 2005; Parker et al., 2018; Greer et al., 2019).
Despite technological advancements aimed at improving
energy efficiency—such as modifications to gear design and
vessel operations—fuel consumption trends in some regions
have increased over time(Hornborg et al., 2018).

In TUrkiye, bottom otter trawling is a key component of the
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multispecies fishery, targeting high-value demersal species
such as red mullet (Mullus barbatus), whiting (Merlangius
merlangus), hake (Merluccius merluccius), and deep-water
shrimps (Parapenaeus longirostris, Aristacomorpha foliacea,
Aristeus antennatus). However, studies on fuel consumption in
the Turkish fishing fleet remain limited, despite the fleet's
diverse fishing grounds and gear configurations. Most Turkish
trawl vessels still operate using traditional Mediterranean trawl
nets with heavy otter boards and lead ground gear, increasing
towing resistance and fuel intensity. The impact of towing
resistance created by such equipment during a fishing
operation has significant implications for fuel use intensity,
highlighting a significant knowledge gap. While some research
has examined fuel use in purse seine and bottom trawl
fisheries in specific regions (Demirci and Karaguzel, 2018;
Sarica and Demir, 2021), a comprehensive assessment of fuel
consumption and its determinants in Turkish bottom trawl
fisheries is lacking. Nevertheless, recent studies have begun
to shed light on different fishing gears, emphasizing their
efficacy, such as utilizing artificial intelligence based models to
predict the power of the main engine and the pollutants emitted
by fishing vessels (Ozsari, 2023) or modifying beam trawls to
improve fuel efficiency in the southern Black Sea sea snail
(Rapana venosa) fishery (Kaykag et al., 2017).

This study investigates the key determinants of fuel use
intensity in Turkish trawl vessels, focusing on vessel length,
engine power, and target species. By providing estimates of
fuel consumption and associated CO, emissions, this research
aims to contribute to the optimization of fishing operations and
support a more sustainable and energy-efficient trawl fishery.
Specifically, the research questions addressed are as follows:

o What are the key factors influencing fuel use intensity in
Turkish bottom trawl fisheries?

o How do vessel characteristics, such as length and engine
power, impact fuel consumption?

o What is the relationship between target species
composition and fuel use efficiency in Turkish trawl
fisheries?

MATERIALS AND METHODS
Collection of landed catch and fuel consumption data

The landed catch and fuel use (litre per hour) data during
the fishing operations were obtained from otter trawl vessel
owners and/or captains who record their catch data
systematically and precisely. To ensure accuracy, the catch
and fuel consumption values were cross-checked against
available fuel logs and, when possible, compared with the
standardized questionnaires conducted by fisheries observers
under the discards monitoring program. This study was based
on 13 trawl vessels that were regularly monitored through
phone call interviews during 2021 and 2022. The sample size
was determined by data availability, operational constraints,
and the willingness of vessel owners to participate. While this
sample provides valuable insights into fuel use intensity in

Turkish trawl fisheries, a larger dataset would enhance the
generalizability of the findings. The commercial fishing trips
were conducted in three different sub-geographical areas
(GSAs); GSA 22 (Aegean Sea), GSA 24 (Levant Sea) and
GSA 29 (Black Sea).

Data analysis

Each fishing trip was classified as fish or shrimp targeted
depending on the main target species that were composed of
mainly shrimp or fish. The amount of fuel consumed per kg of
landed catch (FUI) was estimated in two steps. First the
average fuel consumption per hour data was multiplied by total
tow duration in each fishing trip by using Eq. (1):

fTRIP = hFUEL [I] x TD; [h] (1)

where hFUEL is the fuel use (litre) per hour, which was
obtained from fishers and TD represents the total tow duration
in a single fishing trip j.

Subsequently, the amount of fuel consumed for each
fishing trip (fTRIP) that was obtained from Eq. (1) was divided
by the total landed catch in each fishing trip by using Eq. (2):

FUI = fTRIP, [kg] / TW;[h]  (2)

where TWis the total weight of landed catch in a single fishing
trip Ji.

To calculate the carbon dioxide emission, the method
applied by Sala et al. (2022) was employed, assuming that the
total amount of CO2 released when burning one litre of diesel
was reported as 2640 g. However, in this study, only the fuel
consumption during active fishing (tow time) was considered,
excluding time spent before and after capture. Using the fuel
consumed per one kg of marine product, which was calculated
by Eq. (2), the catch related CO2 emission was estimated by
Eq. (3):

cGHG[kggny/kg.| = FUI x 2640 g/l x 107% (3)

Generalized linear model

A GLM was performed using the MASS package (Venables
and Ripley, 2002). The goal of this analysis was to build a
model that could explain the relationship between the fuel
consumption per one kg of landed catch (response variable)
and vessel length (explanatory variable), engine power
(explanatory variable) and targeted group of species
(explanatory variable), either fish or shrimp. Since there was
no shrimp fishery in the Black Sea, the data obtained from GSA
29 was not included in the model. To assess multicollinearity
among the explanatory variables, a Variance Inflation Factor
(VIF) test was performed. Any explanatory variable with a VIF
value exceeding a threshold would indicate problematic
collinearity. In such cases, the variable was excluded from the
model to ensure that the relationships between the remaining
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variables were not confounded. For the logistic regression
model, family = Gamma distribution was employed as this
distribution was suitable for variables having highly skewed
positive values. The model with the lowest Akaike’s information
criterion (AlCc) was chosen (Akaike, 1974). DHARMa package
containing quantile—quantile plot, residual investigation, and
dispersion test was performed to assess whether the chosen
model fits (Hartig, 2020; Araya-Schmidt et al., 2022). All
statistical analyses and visualizations were performed in R (R
Core Team, 2018).

RESULTS

Engine power and size of the trawl vessels investigated in
the study were 316.2 kw and 17.0 m in length on average
(Table 1). According to data provided by the trawlers, the
average fuel consumed during a fishing operation provided by
vessel owners was 30.3 | h' on average (Table 1). No
correlation was detected between vessel lengths and engine
powers (0.13, Figure 1).

Table 1. Technical specifications and fuel consumption per hour of
the investigated trawl vessels (Values in parentheses are
the 95% Cl)

No.Trawl LOA(m) Engine Power (kW) Fuel Consumption (I h-*)

Table 2. Characteristics of fishing trips, median value of FUI and
associated CO2 emissions across the GSAs

Parameters GSAs

22 24 29 Overall
No. of fishing trips 28 57 44 129
Avg. trip duration (h)* 9.36 8.04 7.65 8.19
FGSAFuel per trip () 37429  205.06  282.31 268.14
FUI (1) 2.28 1.15 0.82 1.22
COx2/kg of landed (kg) 6.01 3.03 2.16 3.21

Vessels  17.0[14.7-19.4]  316.2 [272.5-359.8] 30.3 [24.87-35.75]
1 16.8 320.8 450
2 14.9 4478 40.0
3 17.3 368.9 40.0
4 19.7 3731 38.0
5 20.8 335.8 35.0
6 19.9 313.3 350
7 149 298.5 25.0
8 14.0 212.7 25.0
9 12.2 186.5 22.0
10 143 3358 20.0
11 18.2 3358 20.0
12 126 223.9 19.0
13 26.2 358.1 30.0

Esugoni(127) = 1.53, P =013, Fogurson = 0.13, Clasy, [-0.04, 0.30], Ny = 120

Engine power (kW)

Vessel length (m)

Figure 1. The relationship between vessel length and engine power

The number of commercial fishing trips analyzed was
broken down as 28 for GSA 22 (22 %), 57 for GSA 24 (44 %)
and 44 for GSA 29 (34 %) across the sub-geographic areas,
totaling 129 (Table 2). The average catch per hour was 19.11,
2412 and 45.77 kg for GSA 22, 24 and 29, respectively.

*The average trip duration encompasses only the total time (hour) spent during the trawl
operations.

The amount of fuel consumed for each fishing trip was
estimated at 268.14 | (95% CI: 247.23, 289.04) (Table 2).
Based on that calculation, for the investigated demersal trawl
vessels, the FUI and the associated CO2 emissions were
estimated at a median amount of fuel of 1.22 | and 3.21 kg
CO2/kg landed, respectively (Table 2). Figure 2 illustrates the
variation in estimated FUI across the 13 trawl vessels included
in the study, which ranged between 0.42 and 2.49 I/kg landed
catch. The results show considerable differences in fuel
consumption between vessels, of which, some (Vessel 2 and
13) exhibits the highest variability and occasional extreme
values. This suggests that operational factors such as engine
power, vessel size, and fishing effort may significantly influence
fuel consumption. Conversely, some of them (Vessel 4, 10 and
12) show relatively low and stable fuel consumption patterns,
likely due to more consistent operational efficiency.

onsumption ()

Fuel c

n i
%$+**$$*

rawl vessels

Figure 2. Box plot showing the fuel use intensity of each trawl vessel
investigated

The Figure 3 presents the distribution of FUl across the three
geographical sub-areas (GSAs): GSA 22 (Aegean Sea), GSA 24
(Levant Sea), and GSA 29 (Black Sea). The highest median FUI
was observed in GSA 22, followed by GSA 24. In contrast, GSA
29 exhibited the lowest FUI, likely due to differences in target
species and fishing practices in the Black Sea, where the shrimp
fishery is absent, and fish-targeted trips typically use less fuel.
(Table 2, Figure 3).Trawl vessels consumed a median amount of
fuel of 1.69 | to catch one kg of landed catch during shrimp
targeted fishing trips whereas fuel consumption was calculated
1.38 | for the fish targeted fishing trips (Figure 4, Table 3).
According to the GLM results, the difference between these two
types of fishing trips was also significant (Figure 4, Table 4).
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24
GSAs

Figure 3. FUl across the GSAs

oo simp
Species targeted

Figure 4. Violin plot showing the FUI for fish (green) and shrimp
(orange) targeted fishing trips (GSA 29 region excluded)

Table 3. Comparison of published studies investigating FUI in different regions around the world

FUI (I/kg) Differencesin %  Fishery type Region References
3-5 77 %, 195 % Shrimp Skagerrak (Ziegler et al., 2016)
2.6 88 % Patagonian Toothfish (Dissostichus eleginoides) Australia (Hornborg et al., 2018)
0.2 -85 % Demersal fish Baltic and North Sea (Thrane, 2004)
14 1% Atlantic cod (Gadus morhua) Sweden (Ziegler & Hansson, 2003)
4.2 185 % Mixed demersal species Strait of Sicily (Sala et al., 2022)
114 568 % Shrimp Strait of Sicily (Sala et al., 2022)
3.8 211 % Mixed demersal species Levant Sea (Demirci & Karaguzel, 2018)
1.16 31 % Nephrops Northern Ireland (Cappell et al., 2022)
1.39 13 % Mixed demersal species Levant Sea (Sarica & Demir, 2021)
1.22 - Mixed demersal species Turkish waters The present study
1.69 - Shrimp targeted Turkish waters The present study
1.38 - Fish targeted Turkish waters The present study

GLM results indicated a significant relationship between
fuel consumption, engine power, vessel length and the
targeted group of species (Table 4). Table 4 shows the
numerical output of the model that corresponds to the log-odds.
The model with the lowest AIC included vessel length, engine
power and targeted species as explanatory variables (Table 4).
The GSA was removed from the predicters as there was no
shrimp targeted fishery. Besides, its inclusion emerged higher
AIC and caused multicollinearity during the analysis.

Table 4. Estimated regression parameters

Predictors Estimate SE t-value p(>t)
Intercept -0.987 0.617  -1.600 0.113
Vessel length (m) -0.028 0011 -2415  <0.05*
Engine power (kw) 0.005 0.001 4458  <0.001*

Shrimp targeted fishing trips 0.412 0117 3519  <0.001*

Standard errors (SE), t-values and p-values for the GLM with the lowest AIC (Akaike’s
Information Criterion) model. *Statistically significant

The GLM results suggest that engine power is the
strongest predictor of fuel consumption intensity, with each 1
kW increase in engine power resulting in a 0.5% increase in
fuel use intensity, holding other variables constant. The
coefficient of the engine power variable indicates that the log-
odds of fuel consumption to catch one kg of landed catch
increases by a constant 0.005. This means for every kW
increase in engine power the odds ratio of fuel consumption to
catch one kg of landed catch increases on average by a

constant factor of 1.005, assuming that fishing trip type and
vessel length are held constant.

Vessel length had a negative relationship with fuel
consumption, where each meter increase in vessel length was
associated with a 3% decrease in fuel use intensity. The
coefficient of the vessel length variable has a numerical value
of -0.028, which indicates that for every unit increase in vessel
length, the log-odds of fuel consumption to catch one kg of
landed catch decrease by -0.028. When exponentiated, for
every meter increase in vessel length, the odds ratio of fuel
consumption to catch one kg of landed catch decreases on
average by a constant factor of 0.971 (or -3 %).

Finally, shrimp-targeted fishing trips had significantly
higher fuel consumption compared to fish-targeted fishing trips,
with shrimp-targeted trips having approximately 1.5 times the
fuel consumption odds of fish-targeted trips. The difference in
the log-odds of fuel consumption between shrimp and fish
targeted fishing trips was 0.412, indicating that the fuel
consumption in shrimp targeted fishing trips is significantly
higher than that of the fish targeted fishing trips.

DISCUSSION

The results obtained from this study provides important
insights into the fuel use intensity of Turkish bottom trawl
vessels. However, it is acknowledged that the data collection
is based on data from 13 vessels. Although these vessels
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represent a range of operational characteristics, a larger
sample size would enhance the ability to generalize findings
across the entire Turkish trawl fleet. Similar studies in other
fisheries have also stressed the limited sample sizes (Parker
et al, 2017), highlighting the challenge of obtaining
comprehensive fuel consumption data.

When converting the FUI value of 1.22, to catch one ton
landed, demersal trawl vessels consume roughly between 1
000 and 1 037 t fuel, considering that the diesel weighs
between 0.82 and 0.85 kg per litre. The findings in this paper
were comparable with an earlier study in which the average
FUI for bottom trawlers were estimated at 1.39 (Sarica &
Demir, 2021). Fisheries that are mainly characterized by active
fishing gears such as demersal trawls have been known to
consume remarkable quantities of fuel (Park et al., 2015;
Bastardie et al., 2022). Tyedmers et al. (2005) quantified the
global average fuel use intensity for all types of fishing
practices by applying an average diesel fuel intensity of 0.85,
which was 1.7 times lower than the results for the demersal
trawls under investigation in this study.

A comparison of Fuel Use Intensity (FUI) across different
fisheries worldwide (Table 3) reveals substantial variation,
ranging from -85% to 568%, depending on the fishery type.
Variability in reported FUI values may arise from differences in
data collection methods (Coello et al., 2015) and whether
estimates include fuel use associated with illegal, unreported,
and unregulated (IUU) fishing (FAO, 2014; Dagtekin et al.,
2022). Additionally, factors such as catch per unit effort
(CPUE), vessel characteristics (engine power and vessel
length) (Parker et al., 2017) and post-fishing processing and
transport activities (Sala et al., 2022) can result in regional
variations in fuel use intensity (Parker et al., 2015). Compared
to other regions, the FUI in Turkish traw! fisheries falls within
the mid-range of reported values. The shrimp-targeted trawl
fishery in Turkiye (1.69 I/kg) shows more energy efficiency than
some other shrimp fisheries (e.g., Strait of Sicily, 11.4 I/kg),
likely due lower towing speed and hourly fuel consumption of
the main engine measured or reported by skippers.
Additionally, estimation of Sala et al. (2022) was higher than
what is found in this study due to the energy audit applied to
calculate FUI as well as inclusion of post-fishing processing.

The present study is based on self-reported fuel
consumption data from fishers, which may introduce reporting
biases. However, despite having shortcomings, questionnaires
and surveys are one of the most used methodologies in data
collection on fuel consumption (Ziegler et al., 2016; Parker et
al., 2017; Cappell et al., 2022). The reason for variations in
individual vessel fuel use could be explained by operational
and technological factors as some of them continue to operate
decades old engines, which may adversely affect the engine
efficiency over time (Greer et al., 2019). It must be noted that
future research should incorporate direct fuel monitoring for
validation.

Using real-world emission data from fishing vessels, COz

emission for the year 2000 was calculated as approximately
134 million t with an average rate of 1.7 t of CO2 per ton of live
weight landed marine product (Tyedmers et al., 2005). Based
on that and the other two global GHG estimations reported by
Parker et al. (2018) (179 million tons of CO2) and Greer et al.
(2019) (207 million tons), the average CO2 amount generated
by the Turkish demersal trawl fleet represented about 0.04 %
(see Conclusion). Sala et al. (2022) demonstrated how GHG
emissions might differ even between the typical Mediterranean
trawl fisheries. The authors remarked that the ltalian bottom
otter trawls were substantially more fuel-intensive than most
fisheries around the world, with an emission of 10.7 kg COz/kg,
which was more than twice what was found in this paper (3.21
kg CO2/kg).

The results also indicated that the fishery occurring in GSA
29 was the most efficient one in terms of FUI. The main target
species of the Black Sea bottom trawling is whiting, which is
the most abundantly landed demersal fish in Turkish waters
(TURKSTAT, 2022). Another reason for this variation could be
due to the lower discard ratio in the region (G. Gokge, personal
communication, March 15, 2024), leading to a cleaner catch
composition (Emecan et al., 2023) and yielding a higher profit
margin relative to fuel utilized. In other words, as catch
increases, emissions per unit decrease, which was also
demonstrated for the Icelandic demersal fishery by
Kristofersson et al. (2021). Besides, overall trawl designs
based on what Black Sea trawlers target could make
remarkable differences in terms of frictional force and
associated fuel consumption in comparison with the trawl
fisheries performed in other regions (McHugh et al., 2015;
Grimaldo et al., 2015). The highest median fuel consumption
was recorded in GSA 22, exhibiting a broader range of values
than the other regions. This variation is likely influenced by
differences in vessel size and fishing operations within the
Aegean Sea. In contrast, GSA 24 displayed a more consistent
fuel consumption pattern, suggesting greater standardization
in deep-water shrimp-targeted fishing activities, which
generally require higher fuel use due to extended towing
durations.

Higher fuel consumption in shrimp targeted fishing trips
compared to the fish targeted fishing trips is also worth
discussing from operational point of view. The deep-water rose
shrimp, giant red shrimp, and blue and red shrimp are the main
three component of the shrimp targeted fisheries in GSA 22
and GSA 24 where the depth ranged between 400 and 700 m
(Deval, 2020). One possible explanation could be that the fish
targeted fishery occurs in shallower waters while shrimp
targeted mostly takes place in deep waters, which requires
relatively better equipped larger vessels, much more effort and
considerable time during the steel warp releasing, hauling and
settlement of the trawl net. Another possible reason could be
that such species with relatively lower abundance encourages
trawlers to tow longer periods and use heavier gear
components to catch (Ziegler and Hansson, 2003). In the
northeast Atlantic demersal trawl fishery, fishing trips targeting
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shrimps were shown to be significantly more fuel intensive than
those targeting fish (Groen et al., 2013). Our results were also
consistent with the findings of Ziegler and Hornborg, (2014),
Parker et al. (2015) and Bastardie et al. (2022) but not with of
Thrane (2004). Fuel consumption was also quantified and
categorized as high for the northern shrimp (Pandalus borealis
L.) stock shared by Sweden, Norway, and Denmark in the
Skagerrak (Ziegler et al., 2016).

The GLM output indicated that the trawl vessels with lower
power engines were more fuel efficient which confirmed earlier
studies (Davie et al., 2014). However, fuel use intensity was
negatively correlated with the vessel size. Ziegler et al. (2016)
found the same tendency in Denmark fisheries, with larger
vessels being more fuel efficient than smaller ones, unlike
Sweden and Norway fisheries. This could be attributable to
what earlier studies (Ziegler and Hornborg, 2014; Parker et al.,
2017) have pointed out; rather than technical capacity of the
vessels, target species and gear type might have influenced
much more fuel consumption. Indeed, the larger vessels could
be more efficient due to the fact that they are capable of
utilizing on their greater dimensions, thereby obtaining higher
catch rates from a wider variety of locations over extended
durations.

With the present study, engine power was identified as the
strongest predictor of fuel consumption, with higher engine
power leading to increased fuel use intensity. Additionally,
vessel length and the type of targeted species (shrimp vs. fish)
were significant factors. These results have direct implications
for fisheries management and policy, suggesting the following
practical recommendations:

e Given the significant impact of engine power on fuel
consumption, modifying vessels with more efficient
engines or implementing engine efficiency upgrades
could substantially reduce fuel use and associated
greenhouse gas emissions.

e The inverse correlation between vessel length and fuel
consumption suggests that design alterations—such as
optimizing vessel dimensions and enhancing gear
configurations to minimize towing resistance—may
improve fuel efficiency.

e The adoption of gear with reduced drag characteristics
may decrease the overall energy required during fishing
operations, particularly in shrimp-targeted fisheries where
fuel consumption is higher.

e Targeted policies and incentives aimed at promoting
technological improvements and operational
modifications can encourage the adoption of fuel-efficient
practices and innovative gear designs, thereby supporting
sustainable fisheries management and reducing the
sector's environmental footprint.

CONCLUSION
For the years 2021 and 2022, Turkish demersal trawl

fisheries achieved a total landing of approximately 17 667 tons
(G. Gokge, personal communication, March 15, 2024). Based
on product-specific calculations, the entire trawl fleet's fuel use
was estimated at around 18 million tons, resulting in roughly 56
711 tons of CO, emissions. Notably, these capture-related
CO, emissions accounted for only 0.08 % of the total
emissions from Turkey's agriculture sector in 2021
(TURKSTAT, 2022). Although this study examines fuel use and
emissions from 129 fishing trips conducted by 13 trawl vessels,
these estimates provide valuable insights into the
environmental impact of the Mediterranean trawl fleet.

However, future research should expand the dataset to
include a broader range of vessels across different regions and
fishing seasons to improve the robustness and generalizability
of the findings. Additionally, incorporating emissions from the
entire fishing process—including post-landing activities,
cruising time, and transportation—would better guide fisheries
managers in transitioning toward more fuel-efficient and
environmentally sustainable fishing practices. Furthermore,
considering climate change is a fundamental concern in the
General Fisheries Commission for the Mediterranean (GFCM)
2030 Strategy, fisheries policymakers must take a proactive
approach by prioritizing fuel-saving technologies and lowering
emissions associated with fishing operations in alignment with
the goals outlined in the Paris Agreement.
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Abstract: The dynamics of Atlantic mackerel imports in Tlrkiye have undergone significant changes over the years. Initially, imports were predominantly
sourced from high-cost suppliers such as Norway. However, rising costs prompted a shift toward more affordable alternative sources, including Morocco and
Iceland. This diversification strategy reduced import costs, enabling lower consumer prices and decreased operational expenses for the aquaculture sector.
Between 2005 and 2009, Tiirkiye’s annual average fresh mackerel imports were approximately 0.3 tons, dropping dramatically to just 0.1 tons annually
between 2020 and 2024. In contrast, frozen mackerel imports increased significantly, with annual averages rising from 14,209 tons in 2005-2009 to 27,032
tons in 2020-2024. This shift reflects a transition in import preferences toward frozen products due to logistical and storage advantages, as well as the
availability of lower-cost alternatives. Although the reduction in import prices has provided notable economic benefits for both consumers and the aquaculture
industry, it has also raised concerns about quality and labeling. For instance, products imported from Morocco are often marketed as "Atlantic mackerel," and
different species, such as chub mackerel, are sometimes mislabeled as mackerel. These practices pose a risk of misleading consumers and highlight the
need for stricter quality control and accurate labeling. The diversification of import sources and the accompanying price reductions have created significant
economic advantages for Tirkiye. However, sustaining these benefits requires the implementation of robust quality standards, proper labeling practices, and
consumer protection measures. Such actions will enhance market confidence and ensure the long-term sustainability of these economic gains.

Keywords: Atlantic mackerel, import dynamics, price reduction, structural breakpoint

0Oz: Tiirkiye'de Atlantik uskumrusu ithalat dinamikleri yillar icinde 6nemli degisiklikler gegirmistir. Baslangicta ithalat, agirlikli olarak yiiksek fiyatl Norvegli
tedarikgilerden yapilirken, artan maliyetler daha uygun fiyath alternatif kaynaklara, 6zellikle Fas ve izlanda'ya yénelimi tesvik etmistir. Bu esitlendirme
stratejisi, ithalat maliyetlerini dusurerek tliketici fiyatlarinin azalmasina ve su urtinleri yetistiriciligi sektériinin operasyonel giderlerinin azalmasina imkan
tanimigtir. 2005-2009 yillari arasinda Ttrkiye'nin yillik ortalama taze uskumru ithalati yaklasik 0,3 ton iken, 2020-2024 déneminde bu miktar yillik ortalama
sadece 0,1 tona kadar dismustiir. Buna karsilik, dondurulmus uskumru ithalati dnemli 6lglide artis gdstermis; yillik ortalama ithalat miktari 2005-2009
doneminde 14.209 ton iken, 2020-2024 yillari arasinda 27.032 tona ulasmistir. Bu degisim, ithalat tercihlerinin, lojistik ve depolama avantajlari ile daha distik
maliyetli alternatiflerin bulunabilirligi nedeniyle dondurulmus Urtinlere kaydigini gostermektedir. Her ne kadar ithalat fiyatlarindaki disiis hem son tiiketiciler
hem de su driinleri yetistiriciligi sektord icin dnemli ekonomik faydalar saglamis olsa da kalite ve etiketleme konularinda bazi endigeleri de beraberinde
getirmistir. Ornegin, Izlanda ve Fas'tan ithal edilen Griinler siklikla “Norve¢ Uskumrusu” hatta bazen farkli tiirler yanlis etiketlenerek sunulmaktadir. Bu tiir
uygulamalar, son tiiketicilerin yaniltilma riskini artirmakta ve daha siki kalite kontrol ile dogru etiketleme ihtiyacini ortaya koymaktadir. Sonug olarak, ithalat
kaynaklarinin gesitlendirilmesi ve beraberinde gelen fiyat dislsleri Turkiye icin 6nemli ekonomik avantajlar yaratmistir. Ancak, bu kazanimlarin
surdurdlebilirligini saglamak icin saglam kalite standartlarinin uygulanmasi, dogru etiketieme uygulamalarinin benimsenmesi ve tiiketici koruma énlemlerinin
hayata gecirilmesi gerekmektedir. Bu tiir 6nlemler, piyasa giivenini artiracak ve s6z konusu ekonomik kazanimlarin uzun vadede siirdirilebilirligini
saglayacaktir.

Anahtar kelimeler: Atlantik uskumrusu, ithalat dinamikleri, fiyat disist, yapisal kirlma analizi

INTRODUCTION

Global mackerel production is highlighted by the Export markets for Norwegian mackerel focus primarily on

significance of the Northeast Atlantic Mackerel (NEA) stocks.
NEA mackerel is widely harvested within the economic zones of
countries such as Norway and Iceland, where it is recognized
as one of the most valuable pelagic species (Bertheussen etal.,
2020). Approximately 300,000 tons of mackerel are exported
annually from Norway, positioning it as a leading exporter. Over
the past decade, Iceland has exported an average of 100,000
tons of mackerel per year. On average, Norwegian exports
achieve prices that are 0.23 USD/kg higher than those from
Iceland, attributed to the superior fat content and muscle
firmness of Norwegian mackerel (Bertheussen et al., 2020).

high-value Asian countries such as Japan, China, and South
Korea, whereas Iceland’s exports are directed toward Eastern
European markets, particularly Lithuania and Poland. The
quality requirements in Asian markets provide Norway with a
significant competitive advantage (Bertheussen et al., 2020).
By contrast, Icelandic exports are channeled toward markets
preferring lower-quality products, which explains the price
differences (Kristofersson et al., 2016). However, the
sustainable management of NEA mackerel stocks has faced
challenges due to disputes among coastal states, hindering the
attainment of Marine Stewardship Council (MSC) certifications
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(Totland, 2020). Additionally, it has been suggested that
climate change could alter stock distributions, potentially
impacting existing biological and economic dynamics
(Astthorsson et al., 2012).

Mackerel production in  Morocco holds significant
importance, particularly with Atlantic mackerel (Scomber
colias). This species ranks as the second most harvested small
pelagic fish, following sardines. In 2019, approximately
281,000 tons of mackerel were caught along Morocco's coasts,
representing 20% of the total small pelagic fish landings, while
sardines accounted for 75% (Techetach et al., 2024).

Mackerel is harvested along both the Atlantic and
Mediterranean coasts, with the Larache region and M'diq Bay
being the most productive areas. In addition to local
consumption, mackerel is regarded as an essential export
commodity. Exports are directed to European and Asian
markets, where demand remains high. However, stock
assessments have indicated overfishing of mackerel along
Morocco’s  Atlantic coast, underscoring the need for
sustainable management strategies (Derhy et al., 2024). Indian
mackerel is widely harvested across South and Southeast
Asia, where it plays a critical role in both local food security and
export markets. In India, 249,000 tons of Indian mackerel were
caughtin 2016. Production is concentrated in the coastal states
of Karnataka, Kerala, Goa, Maharashtra, Andhra Pradesh, and
Tamil Nadu. The average price of Indian mackerel in local
markets was 1.50 USD/kg, while processed and frozen
products fetched higher prices in international markets
(Aswathy et al., 2020).

Approximately 26% of Indian mackerel production in India
is exported, with major markets including Southeast Asia, the
Middle East, and Europe. However, increasing export demand
has led to price increases in domestic markets, making the
species less accessible to local consumers (Aswathy et al.,
2020).

Beyond India, the harvesting of Indian mackerel is also
significant in other countries. Indonesia is among the largest
producers, where mackerel is an essential economic resource
for small-scale fisheries. In Sri Lanka, the species is heavily
consumed domestically, while Thailand and Malaysia play
prominent roles in mackerel harvesting and exportation.
Additionally, Oman and Yemen focus on catching Indian
mackerel along the Red Sea and the Indian Ocean coasts
(Jayabalan et al., 2014; Al-Mahdawi & Mehanna, 2010).

The growing economic importance of Indian mackerel has
been accompanied by concerns over overfishing, which poses
risks to stock sustainability. This situation necessitates the
development of effective management strategies in India and
other producing countries (Al-Mahdawi & Mehanna, 2010).

Studies on fish consumption habits in Turkey indicate that
large pelagic species such as mackerel are among the most
preferred types, especially in coastal regions. Mackerel,
anchovy, and sardine stand out as the most consumed fish
species in these areas (Sagun & Saygi, 2021). In offshore tuna

farms in Turkey, mackerel is prominently used as feed to
increase the fat content of tuna over a 6-8-month period. This
practice plays a crucial role in meeting the demands of high-
value markets such as Japan, where specific fat levels are
highly desired (Kogak, 2018). Turkey has long relied on the
importation of mackerel, both as a fresh fish feed and as a food
source for human consumption. The dynamics of trade in this
segment have been analyzed to better understand the
economic and sustainability aspects of the market.

MATERIALS AND METHODS

This study investigates the effects of changes in countries
of origin on the price per ton of mackerel imports using
mathematical and statistical methods. The analysis covers
data from 2005 to 2024. Data were obtained from the Turkish
Statistical Institute (TUIK Obtained from the Biruni foreign trade
statistics page by chapter and country) and international trade
databases. Missing or outlier values were addressed using
multiple imputation and statistical outlier detection methods
(Tukey, 1977; Wickham, 2016). Initially, descriptive statistics
were applied to understand the overall distribution of prices
over time, and average prices were compared across
countries. To better understand price changes during the
transition from high-cost sources like Norway to other countries
such as lIceland, Morocco, and Asian nations, structural
breakpoint analysis, local regression (LOESS), and multiple
regression analysis were conducted.

Structural breakpoint analysis

Structural breakpoint analysis was employed to examine
whether trends, levels, or variances in the time series changed
at specific points. The time series: y_t, where t = 1, 2, t, is
expressed as:

Ve = {B1 t&ift =T+ &ift>1}

Here:

B1: The average or trend coefficient before the breakpoint.
B2: The average or trend coefficient after the breakpoint.
et The error term (normally distributed and independent).
Breakpoints were identified using the Bai-Perron multiple

breakpoint algorithm, which tests for multiple structural
changes in time series data (Bai & Perron, 2003).

Local regression (LOESS)

Local regression (LOESS) was used to flexibly model the
price data. Instead of a global trend, LOESS analyzes local
trends around data points. Mathematically:

f) = Xwi(x) y;
Where:

f(x): The predicted value (local trend).

wj(xi): The weight function, typically using the tricube
function:
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wi(x) = [1 = (Ix — x|/ P if |x;
d: The bandwidth (window size).

This method was used to visualize and interpret price
changes over time.

RESULTS

Table 1 provides the five-year averages and standard errors
of mackerel import and export data in Tirkiye, categorized

by product type, over the last two decades. The data covers
the periods 2005-2009, 2010-2014, 2015-2019, and 2020-
2024. Quantities are reported in tons, and values are
expressed in millions of dollars. For canned mackerel, export
quantities decreased from 5.5 £ 5.5 tons in 2005-2009 to 3.9
1 1.3 tons in 2020-2024. Imports followed a similar declining
trend, reducing from 3.7 + 3.4 tons to 1.229 £ 1.2 tons. Export
values fluctuated slightly, stabilizing at 0.028 + 0.010 million
dollars in the most recent period.

Table 1. Five-year averages and standard errors of mackerel import and export data in Turkiye by product type over the last two decades

Period Product type Amount (tons) Value (million of dollars)
Export Import Export Import
Canned 55454 3734 0.062 £ 0,061 0,008 £0.007
20052009 Fresh 03+0.1 477 £256 0.001 0,000 0053 +0.019
Frozen 9863 14200.2 + 2402.4 0.034 £0.018 18.725 + 3147
Canned 41220 : 0.035£0.016 :
20102014 Fresh 86444 88 +3.262 0.022 £0.010 0033 0012
Frozen 269+ 124 249211 £ 17910 0.093 + 0,040 40.893 + 1,908
Canned 63221 19210 0.044 %0015 001320007
Fresh 4.9+ 261 12408 0.127 0,078 0.004 +0.003
2015-2019 Frozen 515453 31939.1 + 3816.6 0.138 £ 0.015 44272 + 6.464
Indian M. 8757 £703 581.4 + 2852 1875 +0.242 0.792 0419
Canned 39213 1220512 0.028 0,010 000520005
Fresh 13548 0101 0.053 £0.015 0.000 0,000
2020-2024 Frozen 854 +92 270321+ 34163 0.244 £0.022 35.725 + 4255
Indian M. 1082+ 1204 13645 + 286.4 1884 +0.200 2136+ 0.426

Fresh mackerel exports showed an upward trend initially,
increasing from 0.3 £ 0.1 tons in 2005-2009 to a peak of 41.9
+26.1 tons in 2015-2019, before decreasing to 13.5 + 4.8 tons
in  2020-2024. In contrast, import quantities dropped
significantly from 47.7 + 25.6 tons to 0.1 + 0.1 tons over the
same period. Export values exhibited gradual growth, while
import values nearly disappeared by the latest period.

Frozen mackerel exports experienced steady growth,
starting at 9.8 + 6.3 tons in 2005-2009 and reaching 85.4 +
9.2 tons in 2020-2024. Imports, already substantial, increased
from 14,209.2 + 2402.4 tons to 27,032.1 £ 3416.3 tons. Export
values rose from 0.034 + 0.018 million dollars to 0.244 + 0.022
million dollars, while import values saw a slight decline from
18.725 £ 3.147 million dollars to 35.725 + 4.255 million dollars.

For Indian mackerel, a product type recorded in the later
periods, export quantities increased from 875.7 £ 70.3 tons in
2015-2019 to 1,082 + 120.4 tons in 2020-2024. Similarly,
imports grew from 581.4 + 285.2 tons to 1,364.555 + 286.4
tons. Export values rose from 1.875 + 0.242 million dollars to
1.884 + 0.200 million dollars, while import values increased
from 0.792 £ 0.419 million dollars to 2.136 + 0.426 million
dollars.

Figure 1 identifies key structural breakpoints in the trends
of mackerel import quantities, values, and unit prices in
Trkiye, focusing on imports from Norway, Morocco, and
Iceland. The structural breakpoints highlight periods of
significant shifts in the data across the studied years (2005-

2024). For Tiurkiye's total imports, breakpoints are observed
around 2010 and 2015, with a marked shift in the rate of
change for both import quantities and values. Unit prices also
exhibit variations during these periods, with notable
fluctuations aligning with the identified breakpoints. In imports
from Norway, breakpoints are detected around 2013 and 2018.
These points correspond to significant changes in import
quantities and values, with a steady increase in unit prices over
the years. For Morocco, the analysis indicates breakpoints
around 2011 and 2016. These points reveal a steep rise in
import quantities and values, particularly around 2011, followed
by a stabilization in later years. Unit prices show variability,
particularly during the identified breakpoints. Iceland exhibits
structural breakpoints around 2012 and 2017. These points
correspond to sharp increases in import quantities and values,
followed by declines or stabilization. Unit prices display
substantial fluctuations, particularly around these breakpoints.

Figure 2 presents the LOESS evaluation results of
mackerel imports in Tlrkiye over the years, including a general
overview as well as data specific to Norway, Iceland, and
Morocco. The evaluations illustrate the trends in both quantity
(tons) and value (million USD) of mackerel imports from 2005
to 2024. In the total panel, a consistent upward trend is
observed in both the quantity and value of imports, with a
noticeable stabilization in recent years. The LOESS curves
smooth out annual fluctuations, revealing long-term patterns in
Turkiye's overall mackerel import dynamics. The Norway panel
indicates a rapid increase in both quantity and value of imports
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until around 2014, followed by a decline and stabilization in
subsequent years. The trends suggest a shift in import
dynamics after a period of substantial growth. The Iceland
panel shows a steady and continuous increase in both quantity
and value of imports over the observed years. The LOESS
curves suggest a consistent upward trajectory without significant
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Figure 1. Annual variation rates of quantity and value, and unit prices of mackerel imports in Tiirkiye (A: Total, B: Norway, C: Morocco, D:
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Figure 2. LOESs evaluation results of mackerel imports in Ttrkiye over the years (A: Total, B: Norway, C: Morocco, D: Iceland)

DISCUSSION

The structural breakpoint analysis and the LOESS curves
provide a detailed understanding of the significant shifts in
import dynamics across these countries, emphasizing changes

in both quantity and value trends. It can be observed that
Trkiye's mackerel imports have shown continuity over time
(Pekmezci et al., 2023). This decline was influenced by the
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search for alternative markets other than Norway, starting from
2013. The involvement of new markets, particularly Morocco
and Iceland, has contributed to a significant decrease in the
unit price of mackerel imported from Norway, which has been
favorable for Turkiye. However, this favorable situation should
not come at the expense of product quality. Therefore,
necessary precautions must be taken. For instance, mackerel
imported from Morocco is a different species, and there are
opinions suggesting that the mackerel produced in Iceland is
of lower quality compared to the Norwegian mackerel product
(Bertheussen et al., 2020; Gottschalk, 2022).

The import of mackerel to Tirkiye is likely to continue
supporting the aquaculture industry (Kogak, 2018; Hougaard,
et al., 2020), both in terms of fresh feed and fish meal
production. Mackerel, like other small pelagic species, is a
necessity for aquaculture in Tlrkiye, especially mackerel
imported from North African countries. However, mackerel is
also widely consumed as human food in the country, which
poses a potential risk of misleading the end consumer. It is a
common practice in Tirkiye to sell chub mackerel under the
name "mackerel." Additionally, products often imported from
Morocco under the name "Atlantic mackerel" may potentially
be offered to consumers. Similarly, Indian mackerel is also
considered to have such potential. Necessary measures
should be taken into account to protect end consumers.

Mackerel is a globally popular fish due to its high protein
content and healthy fats (Bae et al., 2011). However, improper
storage and handling can lead to serious public health issues,
such as histamine poisoning. This is especially problematic
when proper storage conditions and supply chain management
are not maintained (Visciano et al., 2014). Histamine poisoning
occurs when histidine in the fish is converted to histamine by
bacteria. Bacteria such as Pseudomonas spp., Proteus spp.,
Escherichia coli, and Morganella morganii are commonly
responsible for this process (Kovacova-Hanuskova et al.,
2015; Schirone et al., 2017). High temperatures above 15°C
accelerate bacterial growth and histamine production
(Abuhlega & Ali, 2022). Symptoms of poisoning include rashes,
itching, nausea, vomiting, low blood pressure, and headaches
(Anusha et al., 2021). Proper cold chain management is
essential throughout the supply chain to ensure the safety of
mackerel and similar fish. Adherence to hygiene standards
during processing, storage, and transportation is critical
(Bedane et al., 2022). Storing fish at low temperatures, either
frozen or chilled, minimizes bacterial activity and reduces toxin
production (Shamsan et al., 2019). Preventing histamine
poisoning requires strict monitoring and control at all stages of
the supply chain. Compliance with national and international
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0z: Karadeniz somonu, Karadeniz'e has endemik tiirlerden biridir. Dogal dagilim alani Karadeniz ve Karadeniz ile Azak Denizi'ni besleyen birgok akarsudur.
Gogmen olmayan formlari Karadeniz'e dokilen kiiglik dereler ve nehir kollarinda bulunurken anadrom formlari ise Karadeniz'e dokiilen biyik akarsular ve
nehirlerde bulunmaktadir. Son yillarda antropolojik etkiler neticesinde turiin dagilim gdsterdigi akarsularda 6zellikle anadrom formlarin nesli tikenme
tehlikesiyle karsi karsiyadir. Dogal popiilasyonun azalmasinda etkili olan avciligin av yasaklari listesinde yer almasinda 6nemli olan isimlendiriimesine
yonelik karmasa glnimiizde de devam etmektedir. Ancak Karadeniz somonu, Salmo labrax, Black Sea salmon isimleri giincelligini korumaktadir.
Tirkiye'de sinonim olarak Karadeniz somonu, deniz alabaligi, denizalasi ve kirmizi benekli alabalik isimleri yaygin olarak kullaniimaktadir. Turin, kilttr
sartlarinda dretimine yonelik bilinen ilk calisma, 1920'li yillarda Abazya bélgesinde kurulan bir kulugkahanede baliklandirma amaciyla baglatiimistir.
Tiirkiye'de 1988 yilinda FAO destegdinde baslatilan calisma ile deniz alabaliklarinin stok durumu arastiriimis olup kiiltir Gretimi icin tesis yerlerinin 6n etit
caligmalari yapiimistir. Bu ¢alismaya miiteakip 1998 yilindan itibaren dogal ortamdan toplanan bireylerle damizlik stok olusturulmus, birgok kiiltiir 6zelligi
belirlenmis, kiiltire alinmis, baliklandirma amaciyla kullanilmis ve 6zel sektdre kazandinlmistir. Giinimiizde, Karadeniz'e komsu tlkeler arasinda sadece
Tiirkiye'de ticari yetistiricilik Uretimi devam etmektedir. Bu ¢alisma dogal dagilim alanindaki topluluklar tarafindan sevilerek tiiketilen Karadeniz somonunu
daha iyi tanimak, tiir icin degisen ekosistemi anlamak ve ticari tretiminin yayginlasmasina katki saglamak amaciyla hazirlanmistir.

Anahtar Kelimeler: Salmo labrax, deniz alasl, yetistiricilik, baliklandirma, koruma, ticari Gretim

Abstract: The Black Sea salmon is one of the endemic species of the Black Sea. Its natural distribution area is the Black Sea and many rivers that feed the
Black Sea and the Sea of Azov. While its non-migratory forms are found in small streams and river branches that flow into the Black Sea, its anadromous
forms are found in large streams and rivers that flow into the Black Sea. In recent years, as a result of anthropological effects, the anadromous forms in
particular are facing the danger of extinction in the streams where the species is distributed. The confusion regarding its naming, which is important in the
hunting ban list, which is effective in the decrease of the natural population, continues today. However, the names Black Sea salmon, Salmo labrax, Black
Sea salmon are still current. In Turkey, the synonyms Black Sea salmon, sea trout, sea trout and red spotted trout are widely used. The first known study on
the production of the species under culture conditions was initiated in the 1920s in a hatchery established in the Abkhazia region for the purpose of fish
breeding. In Turkey, the stock status of sea trout was investigated with the study initiated with FAO support in 1988, and preliminary studies were conducted
for facility locations for culture production. Following this study, breeding stock was created with individuals collected from the natural environment starting in
1998, many culture characteristics were determined, they were cultured, used for fish breeding purposes and introduced to the private sector. Today,
commercial aquaculture production continues only in Turkey among the countries neighboring the Black Sea. This study was prepared to better understand
the Black Sea salmon, which is consumed with pleasure by the communities in its natural distribution area, to understand the changing ecosystem for the
species and to contribute to the spread of its commercial production.

Keywords: Salmo labrax, denizalasi, Black Sea trout, aquaculture, stocking, conservation, commercial production

GIRiS
insanlarin besin ihtiyaglarinin kargilanmasinda en saglikli
protein kaynaklarindan biri olan su Urinleri, strddralebilir

Birlesmis Milletler, diinya ndfusunun yilda ortalama 78
milyon artisla 2050 yilinda yaklasik 12 milyara ulasacag

yetistiriciligi ile gelecek nesillerin tercih edebilecedi iyi
oOzelliklere sahiptir. Yetistiricilik sektdrinde ylksek sosyo-
ekonomik ve ekolojik dedere sahip alabalikgiller kiresel
Olgekte surdurdlebilir yetistiricilik icin en cok tercih edilen tirler
arasindadir. Alabalikgillerden dogal dagdiim alani Karadeniz
olan ve diger somon tirleri gibi anadrom &zellik g6steren
Karadeniz somonu (Salmo labrax) yiiksek yetistiricilik
potansiyeli ile sektdre géz kirpmaktadir.

ongbrmektedir. Dinya nlfusunun artisi ile birlikte gida
artisinda yasanan darbogaz ve yukselen hammadde fiyatlari
gida glvencesi olmayan dzellikle geri kalmis ve gelismekte
olan toplumlar icin 6nemli sorunlar yaratmaktadir. Bu
sorunlari iyi analiz etmek, glnimiz kosullarina gére
yorumlamak ve sorunlarin yerinde ¢Ozimine yo6nelik
planlamalar yapmak oldukga énemlidir (FAO, 2020). Tamda
burada yerel hastalik suslarina bagisik, yerel cevresel
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kosullara uyumlu endemik tirlerin yetistiriciligi 6n plana
gikmaktadir. Dinya nifusunun saglikli beslenmesinde en
onemli Uretim sektorlerinden biri de su drtinleridir. Deniz ve
tatll su ekosistemlerinden elde edilen balik, kabuklu, eklem
bacakli, bitkiler ve algler olarak tanimlanan mavi gidalar,
dinya ¢apinda gegim kaynaklarini, ekonomileri ve kiltirleri
desteklerken milyarlarca insanin gida ve beslenme
guvenliginde de 6nemli bir rol oynamaktadir (Costello vd.,
2020; FAO, 2020; Golden vd., 2021; Short vd., 2021; Teh ve
Sumaila, 2013). Kiiresel dlgekte su urlnleri tiketimi strekli
artma egilimindedir (De Silva vd., 2009; Subasinghe vd.,
2009; Swartz vd., 2010). Tarihsel olarak, diinyada tiiketilen
baliklarin  %80'inden fazlasi deniz balikgiligindan elde
edilmistir (Tidwell ve Allan, 2001). Bununla birlikte, 1950 ile
1980 yillar arasinda toplam avcilik ile karaya cikarilan Uriin
bes kat artmis, fakat 1980 yilindan sonra digsmusttr (Watson
ve Pauly, 2001). Artik, diinyadaki balik stoklarinin %80'inin
tamamen veya asir somardldigu kabul edilmektedir (FAO
2009). Bu nedenle, gelecekte balikgilik cabalari artmaya
devam etse de, balikgiidin bugiin oldugundan daha fazla su
urtinleri tedarik edebilmesi pek olasi degildir (Myers ve Worm,
2003; Morato vd., 2006). Sirdtrdlebilir (retim saglamak ve
biyolojik gesitliligi korumak igin balik¢ilik kapasitesinin diinya
capinda dnemli dl¢lide azaltiimasi gerekmektedir (Pauly vd.,
2003; Worm vd., 2009). Bu durumda su Urinlerinin insan
protein tiketimine olan katkisini korumanin veya arttirmanin
yolu balik yetistiriciligi olarak gorilmektedir (De Silva vd.,
2009; Subasinghe vd., 2009). En hizli blylyen kiresel
endustrilerden biri olarak kabul edilen su Urtinleri yetistiriciligi,
ilk kez dinya gapinda insan toplumlar tarafindan tiketilen
baligin yarisini tretmektedir (FAO 2009). Kiiltir balikgiligi,
birgok  Avrupa Ulkesinde 19. ylzyiin ortalarinda
yayginlagsmistir ancak dlinya gapindaki en biylk yayilimi
1960'lardan bu yana gerceklesmistir. Giniimizde yaklasik
250 sucul tlirlin yetistiriciligi yapiimaktadir (De Silva vd., 2009;
Bostock vd., 2010). Bu nedenle su drlnleri yetistiriciligi ok
eski bir gelenek olmasina ragmen esas olarak 20. ylzyilin
son ceyredinde kiresellesmis ve giderek daha fazla tiriin
evcillestirimesini  hedefleyen bir endstri haline gelmistir
(Harache, 2002; Duarte vd., 2007; De Silva vd., 2009).
Kiresel Olcekte yasanan bu gelismelere Tirkiye ilgisiz
kalmamis, Prof. Dr. Curt Kosswig onciiliginde yapilan ilk
denemeler ile Abant goliinde 1954 yilinda Salmo ftrutta
abanticus (retimi basariimistir (Korkut vd., 2023). Sonraki
yillarda  birgok  farkl  balik tiirlerinin  yetistiricilige
kazandiriimasi igin calismalar yapilmis fakat az sayida tir igin
basari saglanmistr. 1998 yilinda, Trabzon Su Uriinleri
Merkez Arastirma Enstitiisinin (SUMAE) Karadeniz kalkan
baligi, mersin baligi tirleri ve Karadeniz somonunun kiltir
kosullarinda Uretimini bagarmistir. Bu tlrler arasinda ise
sadece Karadeniz somonu islah caligmalari basarili olmus ve
tlrn Uretimi yayginlastirimistir.

Bu calisma, Karadeniz somonu ticari ve sportif amagli
avcihiginin bélge halki tizerinde kiltirel, sosyal ve ekonomik
etkisini saha galigmalari, bilimsel veriler ve réportajlarla ortaya
koymaktadir. Ayrica, Karadeniz somonunun dogal dagiim

alani disindaki toplumlar tarafindan da taninmasi ve
bilinirliginin artirimasini hedeflemektedir.

TANINIRLIK HIKAYESI

Karadeniz  somonu, beslenmek icin  akarsudan
Karadeniz'e, Uremek icin denizden akarsulara geri donis
gécleriyle taninirlar (Tabak vd., 2001). Karadeniz somonu,
Prusyall bir zoolog, botanikgi, etnograf, késif, cografyac,
jeolog, doga tarihgisi ve taksonomistti olan Peter Simon
Pallas tarafindan bulunmus ve isimlendirilmistir. ilk bulunus
yeri Sivastopol-Ukrayna’dir (Anonim, 2024a). Turkiye'de;
Karadeniz somonu, alabalik, denizalasi, Karadeniz alabaligi,
kirmizi benekli alabalik gibi yerel isimleri vardir. Ayrica, tiirin
aveligini yapan ilyas Tabak, Salim Biber, Nizamettin
Cavusoglu ve Muharrem Hamza ile kisisel gorismelerde
(2024), Karadeniz Somonuna vyerel olarak alabalik, kirmizi
benekli alabalik, kiiclik olanlara “ala” biyik olanlara ise
‘pongo” denildigi, Firtina deresine kurulan gitlerle avlanan

vy

biyUk baliklara ise “Uneh” ve “ine@i” denildigi beyan edilmistir.

Karadeniz havzasindaki nehirlerde bulunan Karadeniz
somonunun sistematik durumu ihtiyologlar arasinda tartisma
konusudur. Bazi bilim adamlari endemik bir tir olarak, bazilari
da Atlantik somonunun (Salmo salar) alt tiirii olarak kabul
etmislerdir (Dorofeeva, 1965). Karyolojik verileri Karadeniz
somonunun, Atlantik somonunun bir alt tiirii olamayacagini
gostermis,  osteolojik calismalar  sonunda  Karadeniz
somonunun kahverengi alabaligin (Salmo trutta) bir alt tir(
oldugu tespit edilmistir (Dorofeeva, 1967).

Kahverengi alabaliklar, gevre kosullarina biylk oélclide
uyum saglama ve go¢ etme yetenegine sahip bir somon
tirldur (Okumus vd., 2007). 42° Kuzey Enleminin kuzeyinde
g6¢ eden kahverengi alabalik popllasyonlari bulunmaktadir
(Elliot, 1994). Bu tir popllasyonlara Karadeniz'in Kuzeydogu
kiyllarinda ve buradan akan derelerde de rastlanmaktadir.
Gogmen bireyler Deniz alabaligi olarak isimlendirilir. Ureme
icin geri geldiklerinde gb¢ etmeyen alabaliklarin iki, i¢ kati
veya daha fazla biyuklikte olurlar. Gégmen karakterli Dogu
Karadeniz poptlasyonlari ise diger bir alt tir olan Salmo trutta
labrax olarak tanimlanmaktadir (Slastenenko, 1956; Geldiay
ve Balik, 1996). Davranis farkliliklari, fenotipik, morfolojik ve
ekolojik dzellikler, kahverengi alabalik populasyonlarinin tir
veya alt tlrlerinin tanimlanmasinda temel faktdrlerdir. Bu
kriterlere gore Tlrkiye'de yapilan calismalarda Salmo trutta
labrax'in Ug farkli ekotipi bulunmustur (Slastenenko, 1956;
Tabak vd., 2001; Okumus vd., 2007). Celikkale vd. (1988),
kahverengi alabaliklarin Ttrkiye sularindaki ihtiyofauna Uyesi
olduguna inanmaktadir. Uyum sagladiklari ortama ve cografi
bdlgeye gore dere, deniz ve gol ekotipleri bulunmaktadir.
Karadeniz'de, boylari 100 cm’'ye ve agirliklari 26 kg'a ulasan
deniz ekotipi bireyler bulunmakta, hayatlarinin blyik kismini
denizde gegirmekte ve Greme dénemlerinde ise Karadeniz'e
akan nehirlere girerek kis aylarinda gakilli ve taglik alanlarda
yumurtlarlar (Sekil 1). Gl ekotipi bireyler, gélde kapali olarak
kalmis olup, hayatlarinin timinli orada gegirmekte, ayni
sucul alanda beslenme ve lireme gogii yapmaktadir (Sekil 2).
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Dere ekotipi bireyler ise bir akarsuya baglanmis durumda
olup, butin yasamlarini orada surdirmektedir, deniz ve
akarsular arasinda géc etmedikleri halde, akarsu ortaminda,
kaynak, yan kollar ve dere adzi arasinda kisa mesafeli
beslenme ve Ureme g6cl yaparlar (Sekil 3), (Slastenenko,
1956; Svetovidov, 1984; Geldiay ve Balik, 1996).

Sekil 1. Karadeniz somonu deniz (marina) ekotipi (Firtina Deresi-
Rize; Cakmak vd., 2011)

Sekil 2. Karadeniz somonu gdl (lacustris) ekotipi (Biyiik Deniz Golu-
Rize; Tabak vd., 2001)

Sekil 3. Karadeniz somonu dere (stream) ekotipi (Solakli Deresi-
Trabzon; Cakmak vd., 2011))

Dilnya’'da kahverengi alabalik adiyla anilan Salmo trutta
popllasyonlari arasinda bazi fenotipik farkliliklar vardir
(Froese ve Pauly, 2018). Bu sebeple farkli gérlinimdeki bu
tirler taksonomik pek ¢ok tir ya da alt tir adyla
tanimlanmistir. Ancak son galismalar bu tirlerin genetik
olarak benzerlik gdsterdigini ortaya koymaktadir (Altinok vd.,
2020). Giinlim(ize degin olan calismalarda Dogu Karadeniz'in
guiney kiyilarinda yayilim gésteren ve kahverengi alabaliklarin
bir Uyesi olan Karadeniz somonu da farkli isimlerle anilmistir.
Ciftci vd. (2007)’ye gére Karadeniz somonunu tiir, alt tiir veya
lokal populasyon olarak kabul etmek mimkinddr. Tur ile ilgili
yapilan daha eski calismalarda; tiir adi Salmo ftrutta labrax
olarak kabul edilse de, bu isimlendirme artik sinonim olarak
kabul ediimektedir. Latiu (2020), Romanya sularinda yapmis
oldugu calismada tlriin ismini Karadeniz somonu (Salmo
labrax) olarak kabul etmistir. Fishbase (Froese ve Pauly,
2018) ve World Register of Marine Species (WORMS, 2017)
veri tabanlari ise bu tirlin adini Karadeniz somonu (Salmo
labrax) olarak kabul etmistir. Karadeniz somonu igin kullanilan
Salmo rizehensis ve Salmo coruhensis adlandirmalarini ise
Rize alabali§i ve Coruh alabaligi olarak ayri kayitlar olarak

vermistir. Bu sebeple, glincel literatir ve dinyaca kabul
gérmls veri tabanlari g6z &ninde tutuldugunda, tir igin
Salmo labrax kullanimi dogru olacaktir.

ILK BILINEN AVCILIGI VE AV ARAGLARI

Diger bircok gégmen hayvanda oldugu gibi somon bali§i
da onemli fticari, rekreasyonel ve geleneksel balikgiligi
destekler ve besin maddelerini denizden tatli su ortamlarina
aktarir  (Kline vd., 1990). Gd¢ zamanlamasi, somon
balikgiliginin - yénetiminde 6nemlidir (Adkison vd., 2015;
Mundy ve Evenson, 2011). Somon balikgili ile benzer olan
Karadeniz somonu balikgiliginda da gog donemi onemli
olmustur. Ozellikle deniz ekotipinin zamansal ve mekansal
avelligini dreme ve beslenme gégU belirler. Diger ekotipler ise
bulunduklari akarsu veya gdl sinirlarl iginde (reme ve
beslenme gogu yaptigindan yilin her déneminde av verme
olasiliklar yUksektir. Yine de su sicakligina bagli olarak
Ozellikle yaz aylarinda akarsuyun memba tarafina gogleri séz
konusudur. Karadeniz somonu avcilik zamani, kullanilan av
araci ve avlak sahasi (av mekani) tzerinde ekotip belirleyici
etkenlerin 6n sirasindadir.

2001 yillina kadar tirin avciigini yapan ilyas Tabak,
Salim Biber, Nizamettin Cavusoglu ve Muharrem Hamza ile
2024 yilinda yapilan kisisel gorlismelerde  “Baliklarin
denizden dereye girmesinin genelde Mart, Nisan ve Mayis
aylarinda oldugu ve bu aylarda yukariya ¢ikmaya basladiklari,
yumurtladiktan sonra da Ekim Kasim aylarinda asagiya
inmeye baglidiklari, avcilikta akarsuyun denizle baglantil
kisimlarinda uzatma aglari, voli aglari ve serpme ile akarsuda
ise tuzak, olta, dinamit, elektrik, zehirli ot ve sonmemis kireg
yontemlerinin kullanildigi, az miktarda olsa da derin géllere
dalarak elleriyle taglarin altindan ve magaradan baliklarin
cikarildigi, bazen derenin ikiye ayrildigi yerde bir tarafi tas ve
cimlerle kurutup avciidin yapildigi ve en fazla kullanilan av
aracinin voli aglar oldugu beyan edilmigtir.” Karadeniz
somonu deniz (marina) ekotipi  bireylerin  avciligl,
poplilasyonun Uremek igin denizden akarsuya ve dremesini
tamamlayan bireylerin tekrar denize gdcl esnasinda
yapilmaktadir. Diger ekotiplere nazaran biylk olan deniz
ekotipi bireylerin avciliinda kullanilan av araclari serbest
ylizen uzatma aglari, gevirme aglari (voli), kiyi stiritme aglari
(1grip, manyat), serpme aglar ve alabalik tuzaklar (git)
seklinde siralanabilir. Kuglk olgekli balikgilar deniz ve
akarsuyun deniz ile birlestigi alanda yapmis olduklari av
operasyonlarinda serbest ylizen uzatma aglari, cevirme aglari
ve kiyi suritme aglar kullanirken akarsuda avlanan yére halki
ise serpme ag, olta takimi ve tuzaklari kullanmaktadir.
Serbest ylizen uzatma aglari (alabalik uzatmasi), akarsu
mansabina yakin denizel alanda kiigiik balikgl teknesi
yardimiyla kiyiya dik su yiizeyinde kalacak sekilde genellikle
gece yapllan av operasyonlarinda kullanilmistir. Baliklari
solungag kapaklarindan yakaladiklari i¢in bu aglara galsama
adlar da denilmektedir. Tek kat ve ince materyalden yapilan
gdz acikhigi baligin basinin gegip viicudunun gegemeyecegi
genislikte Karadeniz somonu igin ézel olarak donatilirlar (Sekil
4). Cevirme (voli) aglari, akarsu mansabina yakin denizel
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alanda balik sirtstnin tespit edildigi alanin kiglk balikgi
teknesi yardimi ile gece/giindliz ag daire seklinde dokilerek
av operasyonu yapilmaktadir. Baliklarin etrafini gevrilerek ag
icerisinde  hapsedilmesi  sadlanir.  Karadeniz somonu
avciliginda kullanilanlar ézel olarak fanyali donatilmistir (Sekil
5). Kiyr slritme aglart (igrip, manyat) ise genel olarak
akarsuyun denizle birlestigi, baliklarin tathsuya uyum
sadladigi  acisu  alanindaki av  operasyonlarinda
kullanilmaktadir. Bu ag, kiyida belirli bir bdlgenin 6nce
cevrilmesi daha sonra halatlar aracilijiyla cekilerek taranmasi
seklinde kullanilmaktadir. Agin derinligi yaklasik 1.5-2 m olup,
uzunlugu 50-150 m'ler arasinda degismektedir. Adlar fanyali

ve fanyasiz olarak donatilmaktadir (Sekil 6). Serpme aglar,
akarsuda ve gollerde yil boyu tirin avciliinda en gok
kullanilan av araglarindandir. Yerel halk ve amatér balikgilarin
kullandidi bu ag su yizeyinden dairesel sekilde atilir, balik ag
ile kapatilip ag icinde kalmasi saglanir (Sekil 7). Alabalik
tuzaklar (¢it), anadrom baliklarin Greme dénemi sonunda
denize gogleri zamaninda yoreye 06zgl kullanilan bir av
aracidir. Akarsuyun akis yonlnde hareket eden damizlik
bireylerin gd¢ yollarina agag malzemeden insa edilmektedir.
Alabalik tuzaklar akarsu mansabindan itibaren yaklagik 20
km mesafeye kadar yerel halk tarafindan kullaniimaktadir
(Sekil 8).

Serbest Yiizen Sade Ag

s

E=0.75
W0PLOS 150.00 PP 0 2,55
100 72 mm PA

210d73 100

000

13-15 250-300 gr Fe veya Pb Mapa

$Sekil 4. Fanyasiz serbest ylizen uzatma agi (alabalik uzatmasi) (Misir vd., 2020)

Fanyah Cevirme Ag1

220PLOG6 E=0.50
1000PPO83
9 220 mm PA 210d/6-9 9
70 56 mm PA 210d/3 70
9 220 mm PA 210d/6-9 9
- - B

100.00 PP O 5-3
300 Ph 50-70 gr

Sekil 5. Fanyali cevirme agi (voli) (Misir vd., 2020)

Kiy1 Siiriitme Ag1

15 _25mm 96 PAMonc @ 0.45 15

400 24mm  PA 210D/4-6no0 400]
200
— 2100

/ \\ 00 24mm PA  2100/4-8n0 600)
[
{

2100

2800

\ / 1®m PA 210081200 200
\ / 2800

4 2100

PA  210D/4-6no €00

500m PA 12 no

2100
200
400 24mm  PA 210D/4-6n0 4

200
15 Z6mm 96 PA Mono O 045 15

Sekil 6. Kiyi stiritme adi (Tokag vd., 2010)
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20 32 mm PA210DS3

210 32 mm PA210DA

40 32 mm PA210D/3

15 32 mm PA210D/3
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N

hd N W R,

100Pb50g

Sekil 7. Serpme ag

$Sekil 8. Tuzak (cit) ve serpme ag uygulamasi (Tabak vd., 2001)

GOl (lacustris) ekotipi bireylerin avciligi, Greme dénemi
haric yil boyu yerel halk ve amatdr avcilar tarafindan yil boyu
yaplimaktadir. Géllerdeki avcilikta genel olarak olta takimlari
kullaniimakta olup g6l zemininin uygun oldugu durumda da
serpme aglari da kullaniimaktadir.

Dere (stream) ekotipi bireylerin avciliinda, akarsu ve
akarsu kollarindaki Ureme ve beslenme gogl belirleyicidir.
Gevresel ozelliklerin  alabaliklar igin  uygun oldugu kis
aylarinda tiim akarsu boyunca av veren dere ekotipi, akarsu
mansabina yakin mesafelerde su sicakiiginin yiikselmesi ile
memba tarafinda av verir. Akarsu balikgiliginda genel olarak
olta takimlari ve serpme aglari kullaniimaktadir. Akarsularda
avcilik yerel halk, amatér balikgilar ve yerli turistler tarafindan
yapilmaktadir. Tim bu av araglari haricinde yerel halkin
mahareti olarak kabul edilen akarsu ve kollarinda yapilan
avcilikta gece vakti fener yardimiyla taglarin altindan elle
avcilik da s6z konusudur.

Karadeniz somonunu nesli tikenmekte olan ve korunan
(kaybolan) olarak Ukrayna Kirmizi Kitab'na 1994 yilinda
kaydedilmistir (Akimov ve Radchenko, 2009). Rusya
Federasyonu, 10 yilda bir yenilenen ve son baskisi 2020
yilinda yayinlanan  Kirmizi  Kitab’'nda tiri  nadirlik

kategorisinde tehlike altinda olarak kategorilendirmistir
(Anonim, 2024b) Gircistan, Kirmizi Listesinde 2006 yilinda
yer almistir (Goradze, 2009). Tirkiye'de, Karadeniz somonu
avellik yasaklari 1977-1978 av doneminde zamansal ve
mekansal olarak uygulanmaya baslanmig olup 2006-2008 av
donemine Denizalasi (Salmo trufta labrax) adi ile ilk kez
avlanmasi tamamen yasak olan cins ve tirler sinifina dahil
edilmistir.

ILK BILIMSEL GALISMALAR

Baliklar; gelisimsel biyoloji, genetik, biyoteknoloji, evrimsel
biyoloji, fizyoloji, nérobiyoloji, karsilagtirmali biyoloji, hastalik
arastirmalari, toksikoloji, ekoloji, su (rlinleri yetistiriciligi ve
egitimi gibi birgok farkli alan ve amag¢ icin bilimsel
calismalarda  kullaniimaktadir  (Korkmaz, 2023). Balik
arastirmalari hem laboratuvarlarda hem de saha ortamlarinda
gerceklestirilebilir ve kullanilan  y6ntemler, miidahalesiz
gbzlemlerden, isleme ve deneysel manipllasyona kadar bir
sirekliligi temsil eder (Sloman vd., 2019). Her bir balik
tirinin diger baliklara gore kendine 0zgli avantajlari
bulunmaktadir ve farkli amaglar icin uygun farkli balk
tirlerinin de yeni model organizmalar olarak kullanimasina
devam edilmektedir (Korkmaz, 2023). Karadeniz'in endemik
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tirlerinden olan Karadeniz somonu anadrom dzellik
gbstermesi, emsallerine gdre daha biylk olmasi, begenilen
viicut formuna ve renklere sahip olmasi, etinin lezzetli olmasi
ve ekonomik degderinin yiksek olmasi gibi 6zelliklerinden
dolay1 birgok bilimsel aragtirmada model organizma olmustur.
Dogdal dagiim alani, biyolojisi, ekolojisi, korunma durumu ve
kiltdr sartlarinda Uretimine yonelik birgok bilimsel calisma
yapiimistir. Karadeniz'e kiyisi olan Ulkelerden Turkiye, Rusya,
Gircistan, Ukrayna, Romanya ve Bulgaristan tiiriin dogal
dagilim alani, biyoekolojik dzellikleri, genetik 6zellikleri, dogal
stoklarin korunmasi ve baliklandirmaya yonelik gok sayida
calisma ylratmustir. Bu Ulkeler arasinda Tirkiye, tirtin
biyoekolojisi, kiltir ézelliklerinin belirlenmesi ve kiltir hattini
olusturmak amagl yirittigu selektif islah calismalari ile én
plana gikmistir.

Karadeniz somonunun dogal dagiim alani, Karadeniz ve
Azak Denizi kiyilari ile bu denizlere dékilen nehirlerdir. Bazi
bilim adamlari Karadeniz somonunu endemik bir tir olarak,
bazilari da Atlantik salmonunun (Salmo salar) alt tirl olarak
kabul etmektedir (Banarescu, 1964; Dorofeeva, 1965;
Jonsson, 1982; Barachi, 1962; Otel, 2007). Genel olarak
anadrom bir tir olarak anilir ancak izole edilmis potamodrom
poptlasyonlari da vardir. Turin Karadeniz ve Azak Denizi
havzasi i¢in endemik olmasi nedeniyle yalnizca Romanya,
Trkiye, Gurcistan, Rusya, Bulgaristan ve Ukrayna'da mevcut
oldugu varsayllmaktadir (Carausu, 1952; Svetovidov, 1984;
Vasilieva, 2003; Kottelat & Freyhof, 2007). Tirin morfolojik
yapisina yonelik ¢ok sayida galisma yapilmistir. Anadrom
formunun rengi daha glmisi olup, vicuttaki kirmizi
beneklerin sayisi azdir (bazen eksiktir) ve siyah benekler
diger ekotiplerdeki kirmizi yuvarlak beneklere kiyasla x
seklindedir. Kuyruk yiizgeci hafifce gikintilidir vda kenari daha
koyudur. Yag ylzgeci diger alabalik tlrlerine goére daha az
gelismistir (Banarescu, 1964; Popescu-Gorj ve Dimitriu, 1956;
Otel, 2007). Salmo labraxin dis yapisi Salmo frutta ile
benzerdir (her iki tlrlin de Ust genesinde, alt genesinde,
dilinde ve vomer kemiginde disleri vardir). Ancak Salmonidae
ailesinden Salvelinus alpinus ve Hucho hucho gibi diger
tirlerle karsilastirildiginda ana diglerin  farki vomer dis
yapisinin eksik olmasidir (Constantinescu vd., 2015; Ihut vd.,
2017). Pilor keselerinin sayisi 40 ile 62 arasinda, genellikle 46
ile 47 arasinda degismektedir (PopescuGorj ve Dimitriu,
1956). Karadeniz somunu, kahverengi alabaliklardan meristik
karakterlerle ayirt edilebilir. Salmo labrax'in sirt ylizgeci (D)
IsIin sayllari, bazen Salmo trutta'nin (S. trutta = Ill-V'ye karsl
S. labrax = llI-IV) 1sin sayllariyla drtismektedir. Dallanmig
isinlar igin de ayni durum sdzkonusudur (S. trutta = 9-10 (11)
ve S. labrax = 9-10). Sirt ylizgecindeki 11 dalli 1sin Salmo
frutta'yr - gosterebilir. Salmo labraxin anal ylzgeci (A)
dallanmamis isin sayisi, Salmo frutta ile ortlismektedir (S.
trutta = II-IV'e kargl S. labrax = llI-IV). Ventral ylzge¢ (V)
Dallanmamis 1sin sayisi her iki tir igin de esittir. Salmo
labrax'in karin ylzgecinin dallanmis isinlari her zaman 8'e
esitken, Salmo fruttada bu sayl 7 ila 9 arasinda degisir
(Banarescu, 1964; Kottelat ve Freyhof, 2007; Cardusu, 1952;
Svetovidov, 1984; Hol¢ik ve Stefanov, 2008; Busnita ve

Alexandrescu, 1963; Page ve Burr, 1991; Otel, 2007;
Popescu-Gorj ve Dimitriu, 1956). Tirkiye'nin Dogu Karadeniz
Bolgesinden elde edilen dogal bireylerle yapilan karyolojik ve
serolojik analizlerde tur veya alt tir diizeyinde bir farkliligin
olmadigi ortaya konmustur. Morfolojik farkliliklarin ekolojik
yasama ortamlarindan kaynaklandigi ve bu tiriin ekotiplerini
olusturdugu tespit edilmistir (Tabak vd., 2001).

Karadeniz somonlari, deniz ve akarsu arasinda beslenme
ve Ureme gogl yapmaktadir (Barachi,1962). Karadeniz
havzasinda oldugu gibi anadrom populasyonlarin bulundugu
tim nehirlerde ve i¢ bolgelerde yer alan birgok akarsuda
alabaligin  denize gb¢ etmeyen populasyonlari da
bulunmaktadir (Jonsson, 1985; Chelkowski vd., 1994;
Frosman vd., 1998; Bagliniere ve Maisse, 1999). Karadeniz
alabaliginin anadrom formu yaklasik 1-3 yil sireyle denizde
kalmakta ve vyeterli blyiklige eristikten sonra, Uremek
amaciyla derelere giris yapmaktadir. Tatlisuda yumurtadan
cikan baliklar bir veya Ug yil akarsu ortaminda kalmakta ve
daha sonra dere agizlarinda ve kiyisal bélgede belirli bir
stirede smoltifikasyon gegirerek denize gég etmektedir (Berg,
1962; Solomon, 2000).

Karadeniz somonunun bulundugu dogal ortama bagli
olarak beslenmesi de degismektedir. Tatlisuda kabuklu ve
bdceklerle beslenen bireyler, kiyi bolgelerinde smoltlasma
doneminde bu besinlerin yaninda ballk ve bentik
organizmalarla beslenmektedir (Johnstone vd., 1995). Gol
ortamindaki ana besin grubunu yumusakgalar, akarsu
ortaminda sucul bdcekler olusturuken, denizel ortamda ise
kabuklu ve baliklar baskin durumdadir (Tabak vd., 2001).

Diger alabalik tlirlerine benzer olarak Karadeniz
somonunun yumurtlama dénemi eylll-kasim aylarinda
baslamakta ve subat aynin sonlarina kadar devam
edebilmektedir (Berg, 1962; Celikkale, 1988; Svetovidov,
1984; Kuru, 1975). Denizden donen alabaliklar icgldusel
olarak, yumurta birakmak i¢in uygun olan alanlar
secmektedir. Anag baliklar, genellikle kumsal olmayan, iri
cakilli ve taglk alanlarda, temiz ve yeterli su akisina sahip,
kuraklik, bulaniklik, taskin ve buzlanma gibi faktorlerden
etkilenmeyen alanlarda yumurta birakmaktadir (Olmez vd.,
1998). Karadeniz somonu deniz ekotipine ait bireyler agirlikli
olarak kasim ayinda, nadiren de aralik ay! ortalarina kadar
tiremesini siirdiirmektedir. ik eseysel olgunluk boyunun dere
ekotipi disileri i¢in 15.54 cm, erkekler i¢in 13.70 cm, deniz
ekotipi bireylerin ise 44.76 cm olarak belirlenmistir. ilk tireme
yas! dere ekotipinde 2+, deniz ekotipinde ise 3+ yas oldugu
tespit edilmistir. Yumurta verimi dere ekotipinde 2428+162
adet/kg, deniz ekotipinde 2543+131 adet/kg hesaplanmistir.
Yumurta caplarinin dere ekotipinde 3,6-5,7 mm, deniz
ekotipinde 4,6-7,2 mm arasinda oldugu goériilmstir (Tabak
vd., 2001).

Karadeniz havzasindaki kahverengi alabalik
populasyonlarinin genetik 6zelliklerine yonelik ¢alismalar
oldukga azdir. Karadeniz, Hazar ve Aral Denizi havzalarinda
dagihm gdsteren c¢ok az sayida kahverengi alabalik
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popllasyonu aragtiriimistir (Bernatchez ve Osinov, 1995;
Osinov ve Bernatchez, 1996; Bernatchez, 2001). Bu bélgede
Tuna, Atlantik ve Adriyatik olmak (izere (g filocografik grup
tespit edilmistir. Calisilan Karadeniz populasyonlarinin biyik
bir kisminin Tuna Soy Grubuna ait oldugu goriimUstir
(Osinov ve Bernatchez, 1996; Bernatchez, 2001). Togan vd.,
(1995), Karadeniz ve Akdeniz havzalarindaki iki poplasyon
arasinda U¢ allozim lokusunda sabit farkliliklar oldugunu,
Tirkiye'nin Karadeniz kahverengi alabaligi populasyonunun,
Tuna ve Akdeniz gruplari arasinda yer alan, tanimlanamayan
bir filogenetik gruba ait oldugunu belirlemigtir. Tirk
kahverengi alabaligi populasyonuna 6zgli dort alel bulmus,
ancak Karadeniz alabali§i icin spesifik bir alel veya morf
bulamamiglardir.  Ciftci vd., (2007), Trkiye'nin degisik
bélgelerinde bulunan anadrom ve anadrom olmayan
kahverengi alabalik ve Anadolu alasi (Salmo platycephalus)
populasyonlarinin genetik ve morfolojik yapilari mtDNA-RFLP
analiz ydntemi ve Truss adi sistemi kullanilarak caligiimistir.
Morfometrik ve meristik karakterler igin populasyonlara ait
bireylerin kendi orjinal gruplarina dogru siniflandirma oraninin
% 84,36 oldugu, S. platycephalus ve S. t. abanticus’un diger
taksonlardan acik bir sekilde ayrildigi ve S. t. labrax ile S. t.
fario ve S. t. caspius ile S. t. macrostigma’nin ayni alt grup
icinde yer aldi1 tespit edilmistir. Bu tirler arasindaki herhangi
bir genetik farkliliin, mikrosatellit analizi gibi hassas bir
yontemle bile tespit edilemedigini gdstermektedir (Susnik vd.,
2006, 2007). Latiu vd. (2020) Tlrkiye'de Tuna soyuna ait olan
S. trutta'nin Salmo trutta olarak anilmasini ve suglarin Abant,

Hazar, Karadeniz ve Anadolu gibi lokasyonlara gére
isimlendirilmesini ayrica baliklar Uzerinde yapilan genetik
calismalara morfolojik ve meristik  verilerin,  cografi

koordinatlarin ve balik 6rnekleme periyodunun da eklenmesini
onermistir. ~ Yeni nesil dizilemenin (NGS) ve ilgili analitik
araglarin  geligtirimesi ile Segherloo vd. (2021), 15.169
filtrelenmis SNP ve mitokondriyal DNA (mtDNA) D-loop
dizilerini dizileyerek Genotipleme (GBS) yéntemiyle 21 tiir(i ve
84 bolgeden toplanan lg¢ tanimlanmamis grubu temsil eden
166 kahverengi alabalik arasindaki filogenetik iligkileri
calismiglar ve Tuna drenajindan S. rizeensis ve S.
coruhensis'in ' S. labrax ile ok yakin akraba oldugunu
belirlemisler ve tir ayriminin garanti edilemeyebilecegini 6ne
stirmuslerdir.

Somon baliklarinin  essiz temsilcisi olan Karadeniz
somonu, somon baliklarinin en blyik tirlerinden biridir
(Nikandrov ve Shindavina, 2007). Kodori Nehrinde 24 kg'a
kadar, Batum'da 16 kg kadar, Ttrkiye'nin Dogu Karadeniz
Bolgesindeki akarsularda 13 kg kadar bireyler yakalanmistir
(Berg, 1948; Solomon, 2000; Aksungur vd., 2011; Cakmak
vd., 2022a, b). Gegen yizyilin ilk yarisinda S. trutta labrax'in
sayisini koruma ve iyilestirme girisimleri yapilmigtir. 1935'ten
1958'e kadar Abhazya'da Kodori nehirlerinde baliklandirma
calismalari yapilmigtir (Barachi, 1962; Shevtsova, 1969).
1990' yillardan 2000'e kadar serbest birakilan yavrularin
sayisini artirmak, yumurtlama igin gelen disilerin nadir
gérilmesi nedeniyle mimkin olmamistir (Kulyan, 1999).
Kulugkahane kokenli Karadeniz somonu yavrulari (F3)

kullanilan ilk baliklandirma c¢alismasi Yanbolu Deresi'nde
yapilmistir. Bu ¢alismada markali kulugkahane kokenli
bireylerin akarsudaki dagilimi, adaptasyonu, biyime ve
beslenme Gzellikleri incelenmistir (Cakmak vd., 2010).
Karadeniz'in ve bélgesel biyolojik ¢esitliligin essiz ve degerli
bir olgusu olan somon baligi, son iki yizyildir sirekli olarak
antropojenik baski altindadir (Goradze, 2009). Karadeniz
somonu populasyonunun, agiri avlanma ve habitatlarinin
bozulmasi nedeniyle yok olma asamasina gelen stoklarin
toparlanmasi igin yeni bir yonetim stratejisi uygulanmalidir
(Aksungur vd., 2011).

Karadeniz somonunun kultlr sartlarinda tretimi ilk olarak
baliklandirma amaciyla Rusya’da yapiimistir. Bu ¢alismalarda
tdrin Gretim veriminin iyilestirilmesi ve yetigtiricilik sektérine
kazandiriimasi gibi hedefler gdzetilmemistir. Turkiye’de, FAO
destegi ile 1988 yilinda baslatilan ekonomik degeri yiiksek
tirlerin dagihm alani, stok durumlari ve dretim alanlarinin
belirlenmesi ¢alismalarina mersin baliklari (Acipenser sp.) ve
kalkan (Scophthalmus maximus) ile beraber Karadeniz
somonu da dahil edilmistir. 1998 yilindan sonra her dg¢ tlirlin
biyoekolojik ve Kkiiltir ozelliklerini belirlemek amaciyla Su
Uriinleri Merkez Arastirma Enstitiisti calismalar yiritmiistr.
1998-2001 vyillari arasinda yapilan calismalarla dogadan
toplanan Karadeniz somonu bireyleri kiiltir sartlarina adapte
edilerek ilk damizlik stok olusturulmus ve F1 bireyler elde
edilmistir. Bu calismada, tiiriin kiltiir potansiyeli fark edilmis
ve tliketici tercihi ylksek yeni bir tlrin vyetistiricilige
kazandiriimasi amaciyla secgim programi baglatiimigtir. 2002
yilinda hazirlanan segici 1slah programinda; smolt boya erken
ulasma, dogal morfolojik karakterleri muhafaza, kltir
sartlarina erken adaptasyon, ge¢ cinsi olgunluga ulasma ve
yiksek treme verimi gdsteren bireyler tercih edilmesi karari
alinmigtir (Cakmak vd., 2022a). Yiritilen segici islah
programinda basari sadlanmig olup kiltir sartlarina
adaptasyon kabiliyeti yiiksek ve kiltlir 6zellikleri iyilestirilen F3
nesil kltdr hatti damizliklari 2009 yilinda tiriin dogal dagilim
alaninda faaliyet gosteren 6zel sektdre verilmistir. Sonraki
yillarda devam ettirilen segici 1slah galigmalar beraberinde
tirlin besin ihtiyaclarl belilenmis ve 2020 yilinda F7 nesil
bireyler elde edilmistir. Glinimiizde tlirin genetik yaklagimli
islah galismalari devam etmektedir.

AVCILIGIN MEVZUATLARDAKI YERI

Tarkiye akarsularinda yasayan endemik (Salmo
platycephalus, Salmo frutta abanticus, Salmo labrax) ve
egzotik (Oncorhynchus mykiss, Salvelinus alpinus, Salvelinus
fontinalis vb.) alabalik tirlerinin Karadeniz somonu da dahil
olmak Uzere avciligi, ylzlerce yildir yapiimaktadir. Tiriin
popllasyonlari da dahil olmak Uzere ozellikle endemik
alabalik tirlerinin  korunmasi ve surddrdlebilir  kullanimi
Tirkiye icin uzun siiredir dnemli bir hedef olmus ve konuya
y6nelik birgok yasal mevzuat hazirlanmistir.

Tirkiye hem dogal stoklari korumak hem de strdurilebilir
kullanimini  saglamak amaciyla su drinleri  avciligini
duzenleyen tebligler ilk ¢iktiginda yillik, sonrasinda iki yilda

76



Cakmak et al., Ege Journal of Fisheries and Aquatic Sciences, 42(1), 70-84 (2025)

bir ve glinimuzde ise her dort yilda bir yayinlamaktadir (Sekil
9). Bunlardan biri, 5/1 Numaral Ticari Amagli Su Uriinleri
Avciligini Duzenleyen Teblig; su Grlnleri  avciliinda
uygulanmak (izere bilimsel, gevresel, ekonomik ve sosyal
hususlar g6z 6nine alinarak su drdnleri kaynaklarinin
korunmasi, strdrilebilir igletiimesinin saglanmasi igin su
urtinleri avciligina iliskin yakamlilik, sinirlama ve yasaklari
dlzenlemektedir. Digeri ise amator balikgihdin belirli kurallar
gercevesinde yapilmasini saglamak Uzere kullanimina izin
verilen avlanma araglari ile ticari amag digi su trlnleri aveiligi
yapacak olanlarin avlanmalarina iliskin usul ve esaslari
belirleyen 5/2 Numarali Amator Amagh Su Uriinleri Avciligini
Dizenleyen Tebligdir. 5/1 numarali tebli§ ile avlanmasina izin
verilen alabaliklarin boy, yer ve zaman araliklari belirlenmistir.
5/2 numaral tebligde ise igsularimizdaki ekolojik agidan
potansiyel sakincali baliklarin kontrolsiiz ve izinsiz olarak
canli nakledilmesi ve bagka kaynaklara birakiimasi,
avlanabilir asgari boy ve alikonulabilir miktar, zaman
yasaklari, av araci sayi sinirlamasi, avcilikta kullanilacak yem

Tarum ve Koybleri Bakanli
KORUMA ve KONTROIL
GENEL MUDURLOGE

2/2 NUMARALI
AMATOR (SPORTIF)
AMACLI

DUZENLEYEN TEBLIiG

SU URUNLERI AVCILIGINI

cinsi ve avciligin tamamen yasaklandi§i sular ve tirler
belirlenmistir (Anonim, 2024c). 1380 Sayili Su Uriinleri
Kanununun koruma ve kontrol konulu 33. Maddesi ile Tarim
ve Orman Bakanligi teskilatinda ve Bakanliga bagli su
drtinleri ile ilgili tesekkdillerde su Uriinlerinin, deniz ve igsularin
koruma ve kontrolii ile g6revlendirilen personel ile emniyet,
jandarma, sahil glvenlik, giimriik ve orman muhafaza
teskilatlari mensuplari, belediye zabitasi amir ve mensuplari,
kamu tlizel kisilerine bagl muhafiz, bekgi ve korucular ile
emniyet ve jandarma teskilatinin bulunmadi§i yerlerde kdy
muhtari ve ihtiyar heyeti Uyeleri bu Kanunla ve bu Kanuna
istinaden konulan yasaklardan dolayi, bu Kanun kapsamina
giren kabahatler ve suclar hakkinda zabit varakasi tutmak,
kabahatin ve sugun islenmesinde kullanilan istihsal vasitalarina
ve elde edilen su Urinlerine el koymak ve bu Kanunun ek 3
Uncil maddesinde yer alan hikimler gercevesinde idari para
cezalarini kesmekle vazifeli ve yetkilendirilmistir (Anonim,
2024d). 5/1 ve 5/2 numarall tebli§ ile Karadeniz somonunun

avlanmasi tamamen yasaklanmistir (Anonim, 2024e).

4/1 Numarall
- Ticari Amagh Su Uriinleri
Aveciligini Diizenleyen

5/2 NUMARALI AMATOR AMAGLI
SU URUNLER] AVCILIGININ
DUZENLENMES] HAKKINDA TEBLIG

), 2/2 Numarali Amatér (Sportif)y Amagli Su Uriinleri Avciligini

Diizenleyen Teblig-2008, 4/1 Numarali Ticari Amagli Su Uriinleri Avciligini Diizenleyen Teblig-2016 ve 5/2 Numarali Amatér Amagli

Su Urdinleri Aveiliginin Diizenlenmesi Teblig-2020

Tarim ve Orman Bakanli§i (TOB, 2024), Turkiye sularinda
dagilim gosteren alabalik tirlerini ve stoklarini belirlemek
amaciyla 1970’li yillarda ¢alisma baslatilmistir. 1380 sayili
Kanuna iliskin Su Uriinleri Tiizigti 27 Temmuz 1973 tarih ve
14670 sayill Resmi Gazete’de yayimlanarak yirirlige
girmigtir. ilk Su Urtinleri Avciliginin Diizenlenmesine Dair 1
Numaral Sirkller ise 28.08.1973 ve 14634 sayili Resmi
Gazete'de yayinlanarak yiriirliige girmistir. Bu sirkiilerle bazi
yerel alanlarda alabaliklarin avlanmasina zaman yasag!
getirimistir. Su Urdinleri Avciligini Diizenleyen 1977-1978 Av
Dénemine lliskin 5 Numarali Sirkiiler'de ise ilk defa Karadeniz
somonunun dagilim gésterdigi Firtina Deresi, Ikizdere ve
Meryemana Deresi'ndeki avcilija mesafe ve zaman yasag!
getirimistir. Su Uriinleri Avciligini Diizenleyen 1978-1979 Av
Dénemine lliskin 6 Numarali Sirkiilerde mesafe ve zaman
yasad yaninda ilk defa boy yasagi getirilmistir. Su Uriinleri
Aveiligini Diizenleyen 1985- 1986 Av Dénemine lliskin 18
Numarali ~ Sirkilerde  Karadeniz  somonunun  dagilim
gosterdigi Artvin, Rize ve Trabzon lllerindeki tiim akarsularin
bazi kesimlerinde avcilik yil boyu yasaklanmigtir. Karadeniz
somonu, Deniz alasi (Salmo trutta labrax) adi ile ilk kez 2006-
2008 Av Dénemine Ait 37/1 Numarali Sirkiiler ile avlanmasi

tamamen yasak olan cins ve tirler sinifina dahil edilmistir.

Karadeniz somonu, dogal stoklar Uzerinde uzun vyillar
devam eden antropolojik etkenler nedeniyle Avrupa Konseyinin
1952 yilinda hazirlamis oldugu Bern S6zlesmesi uyarinca soyu
tikenen ve koruma altina alinmasi gereken turler arasinda
sayllmistir (Arangli, 2001). Fakat yerel halk tarafindan sevilerek
tiiketilen, albenisi ve ekonomik dederi yiksek olan tirin dogal
stoklari Uzerindeki av baskisi glnimizde de devam
etmektedir. TUrkiye i¢ sularinda 2013 yilinda 437,5 ton/yil olan
avciliktan elde edilen alabalik miktarinin %67,08 azalma ile
2023 yilinda 144 tonlyila (TUIK, 2024) gerilemistir.

ILK YETISTIRICILIK GALISMALARI, YAYGINLASMASI
VE MEVCUT DURUM

Son yillarda su CGrinleri sektdrlinde yasanan hizli
biyimede (FAO 2022) su Urinleri yetistiriciliginin ekonomik
ve sosyal ilkeler ile uzlasi i¢inde olmasi, gida glvenligine ve
kiy topluluklarinin refahina katkida bulunmasi etkili olmustur
(Carrasco vd., 2024). Kiiresel diizeyde yasanan bu
gelismelere Tlrkiye kayitsiz kalmamis ve uluslararasi
pazarda onde gelen dretici Ulkelerden biri olmustur. FAO
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(2022) verilerine gbre Turkiye, Dinya su drlnleri Gretiminde
deniz avciliginda 43. sirada, igsu avciliinda 36. sirada,
yetistiricilikte ise 17. sirada yer almaktadir. AB lkeleri
arasinda su drdnleri yetistiricilik Gretiminde ise 1. sirada olup
bu dretimin %38,2 si alabaliktir. Tirkiye'de alabalik Uretimi
igin ticari yatiimlar 1970'li yillarda baglamistir (Korkut vd.,
2023). Son yillarda su Urunleri yetistiriciliginin Grettigi sosyo-
ekolojik ve bilimsel literatir degisiklikleri diger sektorlerle
beraber akademisyenlerin de dikkati gekmistir (Belton ve
Bush, 2014; Ruff vd., 2022). Yerel tiketim icin klclk olcekli
yetistiricilikten  kiresel pazar i¢in  endistriyel  dlgekli
yetistiricilige geciste Uretim sistemlerinde yeni teknoloji
kullanimi ile vyetistiriciligi yapilan tarlerin cesitlendiriimesi
stirdUrilebilirlik agisindan énemli olmustur (Naylor vd., 2021).
Bu baglamda Tirkiye, 1990’ vyillarin sonunda bilimsel
kuruluglarini yeni tirlerin kiltire alinmasi igin harekete
gecirmistir. Yeni turlerin kiltir Gretimine kazandiriimasi igin
yapilan ilk bilimsel calismalardan biri de Karadeniz somonuna
yoneliktir.

Karadeniz somonunun dogal dagilim alani olan Karadeniz
havzasindaki Ulkeler, genel olarak tiriin biyoekolojik ve
genetik ozellikleri ile baliklandirma amagli Uretimine ydnelik
bilimsel c¢alismalar yapmiglardir. Turin kultir 6zelliklerinin
belilenmesi ve kiltr hattinin  olugturulmasina  yénelik
galismalar ise ilk olarak Tirkiye'de baslatiimistir. TUrkiye'de,
Karadeniz somonunun biyo-ekolojik 6zelliklerinin belirlenmesi
amactyla SUMAE 1997 yilinda baslatilan ¢alisma ile ik dogal
damizlik stoku olusturulmustur. Kulugkahane kdékenli ilk
damizlik stok ise 2001 yilinda olusturulmus olup bu tarihten
itibaren tarin kaltlr 6zelliklerini iyilestirilmesi amaciyla 1slah
calismalar baglatiimistir (Cakmak vd., 2022a). Yirttilen
secici Islah calismalari ile kiltir sartlarina adaptasyonu
tamamlanmis, treme ve biyime dzellikleri iyilestirmis 3. nesil
damizlik bireyler 2009 vyilinda tirlin  yetistiriciliginin
yayginlasmasi i¢in 6zel sektdre kazandirimistir (Cakmak vd.,
2011). Ozel sektor tarafindan ilk kiiltir Gretimleri deneme
uretimi seklinde olmustur. Takip eden yillar iginde tiriin dogal
dagiim alani olan Dodu Karadeniz Bolgesinde faaliyet
gOsteren dzel isletmeler ticari Uretime baglamigtir.

Bilio (2007a), baliklarda hangi turlerinin evcillestirildigini
belilemek icin kapsamli bir analiz gerceklestirdi. Segici
yetistirme ile en az (¢ ardisik Ureme ddnglstinden (nesiller)
sonra turlerin evcillestirilmis oldugu kabul edildi; bunun yabani
tirden degisiklikler elde etmek icin veterli sire oldugu
varsayllmistir (Bilio, 2007b). Teletchea ve Fontaine (2014)
yuzgecli balik tirlerinin  evcillegtiriimesi  dlzeylerini 5
basamakla farkli sekilde agiklamistir. Buna gdre; 0. dogal
ortamdan temin, 1. klltir ortamina adaptasyon, 2. yasaminin
bir bolimind kultir sartlarinda tamamlama, 3. tim yasam
ddéngusind kltir sartlarinda tamamlama, 4. segici yetistirme
programi uygulanmadan tim yasam déngUstnG Kultir
sartlarinda tamamlama ve 5. belirli hedeflere odaklanarak
secici Islah programi uygulama ve yeni Kkiltir hatti
olusturmadir. Bu galismalara gore, SUMEA’nin yirGttGigu
secicilik ~ programi neticesinde  Karadeniz  somonu
evcillestirilmis tlrler arasinda kabul edilebilir.

Gintmizde agirlikli olarak Dogu Karadeniz Bélgesinde
faaliyet gosteren 26 adet dzel isletme Karadeniz somonunun
ticari Gretimini yapmaktadir (Tablo 1). Kulugkahaneler, akarsu
havuz igletmeleri, baraj géli a§ kafes isletmeleri ve deniz ag
kafes igletmeleri siralamasi  Uretim  zinciri  halinde
kullaniimaktadir. Damizlik yénetimi genel olarak akarsu havuz
isletmelerinde dogal gevresel sartlarda yapilmaktadir. Birkag
Gzel isletme ve arastirma kurumu dretimde biyoteknolojik
(fotoperiyot, kisir-disi stok) uygulamalar yapmis fakat halen bu
uygulamalar deneme (retimi seklindedir. Kaynak suyu
kullanilan kulugkahanelerde 3-5 gra kadar blydtilen yavru
baliklar porsiyonluk boya (200-250 ¢g) buyutllecekleri
havuzlara (akarsu ile beslenen) veya baraj goli a§ kafeslerine
naklediimektedir. Deniz ag kafes sistemleri ise smolt boydan
(11,5 cm) sonra az sayida porsiyonluk dretim igin kullaniimakta
olup daha ok filetoluk (= 3 kg) Uretim iin kullaniimaktadir.

Bu retim tesisleri ayni firmanin oldugu gibi sadece bir
Uretim tesisine sahip firmalar da mevcuttur. Damizlik yénetimi
uygulayan 12 adet kulugkahane isletmesinin Karadeniz
somonu (deniz alasi) toplam vyavru Uretim kapasiteleri
73.783.000 adet/yildir. 16 adet akarsu havuz isletmesinin
toplam porsiyonluk dretim kapasitesi 443 ton/yil'dir. 6 adet
baraj golli a§ kafes isletmesinin porsiyonluk ve filetoluk
toplam Uretim kapasiteleri 1.405 ton/yil, 4 adet deniz a§ kafes
isletmesinin filetoluk (21500 g) (retim kapasiteleri ise 990
ton/yil'dir (BSGM, 2023) (Tablo 1). Cevresel dzelliklerinden
dolayi dzellikle yaz aylarinda Karadeniz'den karsilanamayan
filetoluk balik talebi gevresel dzellikleri uygun olan ve yil boyu
Uretim yapilan baraj g6li a§ kafes isletmelerinden
karsilanmaktadir.

Tirkiye su Grlnleri yetigtiricilik istatistiklerine ticari
Karadeniz somonu dretimi ik defa 2014 yilinda Alabalik
[(Salmo sp.) Trout (Salmo sp.)] ismi ile dahil edilmistir. 2014
yilinda toplam 1248 ton/yil olan ticari yetistiricilik tretimi, 2017
yilinda 2924 ton/yil ile giderek ylkselen ivme kazanmistir.
2017 yilindan sonra azalma egilimine gorilen Uretim miktari
2023 yilinda 1440 ton/yil seviyelerine gerilemistir. Karadeniz
somonu Uretimindeki azalma egilimi, Tirkiye'de ihracata
yonelik Tark Somonu (Oncorhynchus mykiss) retiminin
basladigi tarih ile o&rtismektedir (Sekil 10). Ozellikle
Turkiye’nin Dogu Karadeniz Boélgesinde yogunlasan Tirk
Somonu Uretimi, Karadeniz somonunun baraj géli ve deniz
ag kafes sistemlerinde Uretimini geri plana itmis olup Uretimin
akarsu havuz isletmelerine sikismasina neden olmustur.

Yeni bir tirin kiiltire alinmasi ve yetistiricilik sektorline
kazandirimasi oldukga uzun soluklu ugraslar gerektirmektedir.
Cakmak vd. (2011) ilk caismadan (1998) sonra yaklasik 11.
yilda 3. nesil bireylerle 6zel sektdrlin desteklenmesini saglamig
olup islah galismalari ginimiizde de devam etmektedir. Bu
basarida dogal kosullarin elverisliligi ve arastirmacilarin ézverili
gayreti yaninda bilimsel galismalarin devamliligi, artan tiiketici
talebi, teknolojik gelismeler ve 6zel sektérin istikrarli yatirim
istedi onemli olmustur. Benzer sekilde, Naeve vd. (2022),
Norveg'te killtir Uretimine kazandirlan ve énemli bir endiistri
haline gelen Atlantik somonunun islah galismalarinin 11. nesil
ile devam ettigi bildirilmektedir.
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Tablo 1. Tiirkiye'de Karadeniz somonu Ureten isletmeler ve dretim miktarlari (BSGM, 2023)

Yavru Uretimi

Havuz Porsiyonluk

Baraj Golii Porsiyonluk Deniz Filetoluk

A (adetiyil) {retimi (kg) Uretimi (kg) iretimi (kg)
Biberoglu Alb. - - 250000 -
Kuzuoglu A.S. - 600000 -
Kuzuoglu A.S. - 500000 -

Y. Bilir - - 5000 -

S. Yilmaz 1.500.000 2000 - -
TunaAS. - - 50000 -
Abu Ltd. Sti. 55000000 75000 - -

S. Kuru 1350000 9000 - -
Nombane Ltd. Sti. 1450000 11000 - -
Arde-Som A.S. 400000 10000 - -
Arde-Som A.S. 775000 150000 - -
Ofis A.S. - 14000 - -

F. Demirkiran 56000 14000 - -

M. A. Akyaz - - - 350000
Turk Salmon Ltd. Sti. - - 350000
. Gliner - 5000 - -

. Kayac 20000 5000 - -

I. Sari - 10000 - -

M. Onder - 10000 - -
istanbul U. 3200000 20000 - -

D. Altintag - - - -

D. Karadeniz A. $. - - - 290000
F. Kibar 24000 6000 - -
Siimela Ltd. $ti. 10000000 100000 - -

C. Murutoglu - - - -

S. Bahram 8000 2000 - -
Toplam 73783000 443000 1405000 990000

Ton/y1l
160000

140000
120000
100000
80000
60000
40000
20000

2013 2014 2015 2016 2017
m Karadeniz Somonu

0 | |||- ||ll -||ll -||II _.|||| ..||l| ..‘\II ‘\Il ‘\ ‘\l\

2018 2019 2020 2021 2022 2023
m Gokkusag Alabali§i igsu

m Gokkusagi Alabaligi Deniz

Sekil 10. Tiirkiye'de yillar itibariyla alabalik Gretim miktarlari (TUIK, 2024)

TURUN BOLGE HALKININ SOSYO-EKONOMIK
HAYATINA ETKILERI

Ekolojik sUrdirilebilir kalkinma ve ekosistem temelli
balikgilik yonetimi ilkeleri, balik¢iligin sosyal, gevresel ve
ekonomik hedefler dogrultusunda yonetiimesini gerektirir.
Ancak balikgiligin bu (¢ hedefe ulasma basarisini kapsamli
degderlendiren galismalar nadirdir (Voyer vd., 2017). Bu u¢
hedef, ayni zamanda dinyanin birgok balik¢ilik politikasi ve
dlzenleyici gergevesinin merkezinde yer almakla beraber
ekolojik olarak strdirdlebilir  kalkinma ilkelerinin  de

merkezinde yer almaktadir (Brundtland, 1990). Karadeniz
somonunun dogal dagilim alaninin benzer tirlere gére daha
dar olmasi ve Karadeniz'e komsu Ulkeler arasindaki balikgilik
is birliginin oldukga iyi diizeyde olmasi tiire ydnelik sosyo-
ekonomik calismalara  butlinciil  yaklagim icin  firsat
sunmaktadir.

Dlnyanin birgok (lkesinde oldugu gibi Tlrkiye'de de
deniz ve igsularinda ticari ve rekreasyonel balikgilik, yerel
halk igin yasal haktir ve gegmisi uzun yillara dayanan bir
gelenektir. Genel olarak bakildiginda, belgeli veya belgesiz
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rekreasyonel balik¢iliga katilanlar avin tamamina yakinini
taze olarak tiketilmektedir. Avciligi yapilan bu tirler yerel halk
icin 6nemli sosyal, kiltirel ve ekonomik dedere sahiptir.
Avcllar ve av araglari dikkate alindiginda Turkiye’de Kiy
(kliUk Olcekli) ve rekreasyonel balikgilik diger Ulkelerdekine
benzer sekilde yapilmaktadir. Rekreasyonel balikgilik,
dogadan keyif alan ve balik tutmayr dnemli bir bos zaman
etkinligi olarak gorenler tarafindan tercih ediimektedir. Daha
fazla erkeklerin tercih ettii ve motivasyon kaynagi olarak
kabul edilen bu tir faaliyetlere gocuklarin eslik ettigi ve az da
olsa bir kisim kadinlarin ilgi gésterdigi gortiimektedir.

Karadeniz somonunun dagilim alani olan Giresun,
Trabzon, Rize ve Artvin illerinin toplam niifusu 1.782.304
kisidir (TUIK, 2023). Bu illerde, 16.234 kisinin su iriinleri ticari
avcilik ve amatér avcilik ruhsati vardir (BSGM, 2023). Bu
oran Turkiye ortalamasinin yaklagik 4 katidir. Tirkiye'de
edlence, gezme-gérme, ruhsal rahatik amaciyla yapilan
amat6r avcilia katilan topluluklar genis ve gesitli mesleklere
sahiptir. Tarim ve Orman Bakanliginin 2022 tarihli verilerine
gére Tirkiye'de farkli isimlere ve faaliyet alanina sahip 59
adet amator balik avciidr dernedi bulunmaktadir. Amator
avcilarin ¢ok azi bu derneklere lyedir. Amatér avcilar, genel
olarak bir olta ve yem kullanarak cogunlukla akarsularda
nadiren de denizlerde balik aviamaktadir.

Kiyt ve rekreasyonel balik¢iigin; ekonomik gelir ve
istihdam, geleneklerin ve Kkiiltirin korunmasi gibi sosyal
motivasyonlari yaninda turizmle ilgili ekonomik boyutu, insan
refahina katkisi, kultirel hizmeti (edlence ve ekoturizm,
estetik anlayisin gelisimi, ilham verici, egitici, aidiyet duygusu,
kltlrel mirasin korunmasi) énemlidir (Raymond vd., 2009;
Jax vd., 2013). Rekreasyonel balikgilikta, denizel tirler
(Trachurus sp., Pomatomus sp., Sarda sarda vb.) yaninda
tathsu tlrleri olan alabaliklar (Salmo sp.), sazanlar (Cyprinus
sp.), sudak (Sander lucioperca), turna (Esox lucius) ve
benzeri tirler tercih edilmekle beraber Karadeniz somonu gibi
anadrom tlrler 6zellikle dnemli olmustur. Yerel halk icin bu
trn dnemi; yararll bir besin, omega-3 agisindan zengin bir
kaynak olmasi yaninda halk arasinda parmak ve daha kuglk
yutulabilir boydaki yavru baliklarin mide rahatsizliklarina ve
yetiskin baliklarin ise bel agrilarina sifa kaynagi oldugu
inancidir.

Karadeniz somonu, dogal dagilim alani olan Turkiye’nin
Dodu Karadeniz Bolgesi denizel alaninda, gollerinde ve
akarsularinda dogal stoklarinin  azaldi§i  gerekgesiyle
avciliginin yasaklandigi 1982 yilina kadar avlanmigtir. Dogal
stoklarin azalmasinda en 6nemli etkenlerden biri olan agiri
avciligin nedeni Karadeniz somonunun emsallerine gore ticari
degerinin yliksek olmasi ve eglence amagli balikgilikta en
degerli olarak gérilmesidir. Bu konu ile alakali olarak yapilan
proje calismasinda, tirin dogal dagilim gdsterdigi
akarsularda ve bu akarsularin denizel alaninda avciligin genel
olarak smolt bireyler ve dere formlari lGzerinde yogunlastigi,
sadece serpme aglari ile bir yilda 1036 kg baligin avlandigi,
avin en fazla yogunlastigi mart ve nisan aylarinda birim
guicteki av miktarinin (CPUE) 0.76 kg/glin/ag oldugunu fakat

yil igindeki av miktarinin tam olarak tespit edilemedigi, yil
icindeki avin tahmin edilenin 4-5 kati olabilecedi bildirilmistir
(Tabak vd., 2001). Ayrica, av baskisinin deniz ekotipi
lUzerinde yoQunlastigini, dreme goc¢li yapan damizlik
bireylerin Ekim-Haziran aylari arasindaki dénemde kiy
boyunca kurulan uzatma aglari ile yumurtlama sonrasinda
Ekim, Kasim ve Aralik aylarinda tuzaklar ile yogun olarak
avlandigi, bu yontemle bir yil icindeki toplam avin 11099 kg
oldugunu bildirmiglerdir. Ayni ¢alismada Artvin, Rize,
Trabzon, Giresun ve Ordu illeri denizel alaninda avlanan
kiglk Olgekli balikgilar uzatma aglari ile bir Greme dénemi
icinde 2416 kg damizlik baligin avlandigini bildirmiglerdir
(Tabak vd., 2001). Yorede avciligi yasaklanmadan énce tlirlin
avcihdini yapan Salim Biber, Nizamettin Cavusoglu ve
Muharrem Hamza ile Eylil 2024'te yapilan yiz yize
gorismemizde; kugik dlgekli ticari balikgilarin denizel alanda
ve akarsu mansaplarinda avlamig olduklari 3 kg'dan buyuk
Karadeniz somonlarini yaklasik 200 ®/kg (130 USD) fiyatla
biylk sehirlerdeki liks otel ve lokantalara, 3 kg'dan kiglk
olanlarin ise bdlgede 130-150 $/kg (80-100 USD) karsiliinda
pazarlandigini beyan edilmistir. Ayrica akarsuda avcilik yapan
amator balikgilarin avladiklari 150 gr'dan blylik Karadeniz
somonlarini bdlgede faaliyet gésteren ve genelde turistlerin
ugrak yeri olan restoranlara 400-500 %/kg karsiliginda, yavru
baliklar ise tedavi amagli 100 £/adet (65 USD) karsiliginda
pazarladiklari beyan edilmistir. Av yasagindan d4nce
Karadeniz somonunun bdlge halki igin cay, findik ve ticari
balik¢ilik gelirinden sonra en dnemli yan gelir kaynagi oldugu
gorilmektedir.

Bolge halkinin sosyo-kiiltirel yasaminda ¢ok 6zel bir
dnemi olan Karadeniz somonunun avciliginin 1982 yilinda yil
boyu yasaklanmasina ragmen halen illegal avcilii devam
etmektedir. Cok eski yillardan beri Anadolu’da bazi halk
hekimligi uygulamalarinda yaygin olarak alabalik etinden
yararlanilmigtir (Akcicek ve Canyurt, 1993). Halen bu tir
uygulamalara halk arasinda inanilmakta ve yaygin olarak
kullaniimaktadir. istanbul, izmir ve Ankara benzeri biiyik
sehirlerdeki bazi sadlik merkezlerinde adale agrilar,
romatizma ve kemik hastaliklari gibi rahatsizliklarin
tedavisinde  biylk  dlgide  dogal  alabaliklardan
yararlaniimaktadir. Tedavide kullanilmak Uzere Dogu
Karadeniz Bolgesi'ndeki akarsulardan avlanan baliklar yiksek
fiyatlarla satin alinmaktadir (Hirriyet Gazetesi, 2000). Dogal
alabaligin  yararl  bir besin, bagisiklik  sisteminin
glglenmesinde onemli oldugu bilinmekle beraber cesitli
hastaliklara iyi geldigine yonelik bilimsel bir c¢alismaya
ulagilamamistir.

MEVCUT DURUM VE ONERILER

Karadeniz'in ve bdlgesel biyolojik gesitliligin essiz ve
degerli bir olgusu olan somon bali§i, son iki ylzyildir strekli
olarak antropojenik baski altindadir. Her ne kadar son yillarda
dogal yasam ortamlari degistirilmis olsa da, Oncelikle
Karadeniz'de meydana gelen 6trofikasyon ve ekosistemlerin
bozulmas! gibi sireglerle sonucunda tirin nesli tlikenme
tehlikesiyle karsl karsiyadir (Goradze, 2009). Karadeniz
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alabali§i, Avrupa deniz alabali§i ile benzer bir yasam
doéngusline ve biyolojiye sahiptir. Tatl su ve denizdeki
gevresel bozulmanin bir araya gelmesi, Ozellikle de
hidroelektrik barajlar ve enerji santrallerinin insasi nedeniyle
dogal stoklarda ciddi disusler meydana gelmistir (Okumus
vd. 2006). Son yillarda Karadeniz somonu popilasyonlari
asiri avlanma ve habitatlarinin bozulmasi nedeniyle tiikenme
asamasina gelmistir (Aksungur vd., 2011). Arastirma
sonuglari ile beraber gevresel sartlardaki bozulmayi ve tlriin
popllasyonu uzerindeki baskiyi géren Tirkiye 2006 yilinda
avciliini tamamen yasaklamis ve koruma altina almigtir.
Gircistan hiikiimeti de 2006 yilinda dogal stoklarinin endise
verici boyutta olmasi nedeniyle tiiri Kirmizi Listeye eklemistir.
Ayrica Freyhof (2024)'e gére Karadeniz somonu kirmizi liste
de dusik riskli olarak degerlendirmis ve neslinde azalmanin
oldugu belirtilmistir.

Karadeniz ulkelerinde yonetime entegre ve stratejik bir
yaklasima acil ihtiyag vardir (Okumus vd., 2007). Somon
baliginin korunmasi, muhafazasi, rehabilitasyonu ve y6netimi
biyik o6lclide Karadeniz ilkelerinin yakin gelecekte elde
edecegdi ekonomik, sosyal ve eko-egitimsel basarilara bagli
olacaktir (Goradze, 2009). Karadeniz somonu dogal stoklarin
toparlanmasi i¢in yeni bir yonetim stratejisi ve koruma
programlari hayati 6nem tagimaktadir (Aksungur vd., 2011).
Karadeniz somonu dogal popllasyonunun korunmasi ve
strdUrilebilir kullanimi igin daha birgok arastirici yukarida
yazili fikirlerle ortlsen fikirleri paylasmaktadir. Tim bu
gorisler 1si§inda, daha ¢ok Karadeniz lkeleri igin
biyogesitlilik, sosyoekonomik, kiltirel ve eglencelik dnemi
olan Karadeniz somonunun gelecek nesillere aktariimasi igin;

1) Karadeniz somonunun halen var olduu habitatlar
korunmali, ekolojik kosullari iyilestiriimeli, gé¢ yollarindaki
engeller kaldirimali ve yumurtlama alanlarina kolay erisim
saglanmal, legal veya illegal avcilik tamamen engellenmeli
ve kati olarak dogal Ureme dncelikler arasina alinmalidir.

2) Karadeniz somonunun dogal dagiim alaninda bulunan
ozel isletmelerde ticari yetistiriciliginin yayginlagsmasi icin
yasal prosedur kolaylastiriimalidir.

3) Kiltlr Ozelliklerinin - ve cevresel performansinin
iyilestirimesi igin genetik yaklagimli 1slah ¢alismalari
devam ettirilmeli, farkli ekotiplere igin elde edilen
morfometrik ve genetik &zellikleri uygun yeni Kkultdr
hatlari tescil edilmelidir.

4) Kultlr Uretimi morfometrik ve genetik incelemelerle takip
edilerek tiirin saf irk olarak kalmasi saglanmalidir.

5) Karadeniz ilkeleri (Turkiye, Bulgaristan, Romanya, Rusya,
Ukrayna ve Gircistan) konu uzmani arastiricilar ve
birokratlarin katilimi ile Karadeniz somonu uluslararasi
komisyonu olusturulmali, bu komisyon marifetiyele:

a) Karadeniz somonunun korunmasi ve sUrdirilebilir
kullanimini saglayacak is ve iglemler igin ydntembilim
birlikteligi saglanmali,

b) TUrGn varh@ini devam ettirdigi sucul alanlar ve stok
durumu belirlenmeli,

c) Literatlirde varligi bilinen sucul alanlardan elde
edilecek bireylerin morfometrik ve genetik analizleri
yapilmali, anadrom ve potamodrom (Limnodrom)
popllasyonlari belirlenmeli,

d) Tirln dogal dagiim alanindaki akarsularin ve akarsu
etkisi altinda kalan denizel alanin faunasi, cevresel
ozellikleri ve antropolojik etkiler belirlenmeli,

e) Tiriin dogal dagiim alaninda kiiltiri yapilan egzotik
tirlerle etkilesimi  (predator-prey iliskisi) ve genel
saglik durumu belirlenmeli,

f) Turin popllasyonunun tamamen tikendigi veya
tikenme asamasinda oldugu uygun sucul alanlara
yeniden kazandiriimasi i¢in  uygun bdlgelerde
baliklandirma amagli (retim tesisleri kurulmali, Tiriin
kiltlr sartlarinda  dretimine  yonelik el kitabi
hazirlanmal,

g) Kurulacak baliklandirma tesislerinde gdrevlendirilecek
personele kiltir sartlarina adaptasyon, damizlik
yonetimi, kuluckahane ydnetimi ve farkli yetistiricilik
sistemlerinde (havuz, kafes) biyitme konularinda
yerinde yapilacak egitim calismalari bilgi ve tecrlbe
kazanmalari saglanmall,

h) Dogal poptlasyonun durumu ve baliklandirmanin
etkisi belli donemlerde takip edilmeli ve veri paylagim
agi kurulmall,

i) Ticari Uretim yapmak isteyen Ozel sektdr Uyelerine,
yerinde egitim planlamalari yaparak tirtin yetistiriciligi
konusunda  bilgi ve tecribe  kazanmalari
saglanmalidir,

j) Dogal stoklarin strdiriilebilir kullanimina yonelik kisa-
orta-uzun vadeli eylem planlari olusturulmali, tiriin
dogal stoklarinin korunmasi i¢in kanun koyuculara
onerilerde bulunulmali,

k) Turin korunmasi ve strdirtlebilir kullanimina yonelik

yerel  halkin  da  katlacagi bilgilendirme
organizasyonlari yapiimahdir.
SONUG

Tdm koruma Onlemleri ve av yasaklarina ragmen,
Karadeniz somonunun dogal dagilim alanindaki antropolojik
etkiler ve gevresel bozulmaya bagli balik populasyonlarindaki
azalma, tiirin rekreasyonel aktivite araci olarak kullanilmasini
gin gegtikge artirmaktadir. Bu durum, nesli tikenme
asamasinda olan tirin yok olmasini hizlandirmaktadir.
Ginimuze kadar stok durumu, biyolojisisi, genetik 6zellikleri
ve Kkultir &zellikleri konularinda yapilan c¢alismalar tliriin
strdurdlebilirligi icin  yeterince bilgi  birikimi  saglamistir.
Karadeniz ve Karadenize dokilen akarsularin biyolojik
cesitliliginde oldukga kiymetli olan Karadeniz somonu neslinin
idamesi igin bir an 6nce bu bilgi birikimi ve tecriibe saha
calismalariyla uygulanmalidir.
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TESEKKUR VE MADDI DESTEK

Bu calismaya sagladiklar katkilardan dolayr ilyas
Tabak’a, Salim Biber'e, Nizamettin Cavusoglu'na, Muharrem
Hamza'ya ve Bayram Sancara tesekkiir ederiz. Calisma
kapsaminda herhangi bir mali destek alinmamusgtir.

ETIK ONAY
Bu ¢alisma icin etik onay gerekli degildir.
GIKAR/REKABET CATISMASI BEYANI

Yazarlar hernagi bir ¢ikar catismasi ve rekabet eden
gikarlar olmadigini beyan eder.
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VERi KULLANILABILIRLIGi

Calismaya konu olan veriler ile ilgili sorumlu yazar ile
iletisime gegilebilir.
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