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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.

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.

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,
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.

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

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

Full name: Data curation, Writing- Original draft preparation

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

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 2006).

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:

SRR (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:

- .(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.......

et e ( 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:

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

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. Journal
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. DOI: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. DOl
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.

E-books and chapter in e-books

Mitchell, J.A., Thomson, M., & Coyne, R.P. (2017). A guide to citation. Retrieved from
https://www.mendeley.com/reference-management/reference-manager

Troy, B.N. (2015). APA citation rules. In S.T, Williams (Ed.). A guide to citation rules (2nd ed.,
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Seasonal changes in antioxidant defense system indicators in the tissues
of Cyprinion macrostomus (Heckel, 1843) caught from Goyniik Stream
(Bingol, Turkey)

Goynuk Cayi'nda (Bingol) yakalanan Cyprinion macrostomus dokularinda
antioksidan savunma sistemi gostergelerindeki mevsimsel degisiklikler
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Abstract: In this study, antioxidant enzyme activities (superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase GPx), glutathione reductase (GR)
and glucose 6-phosphate dehydrogenase (G6PD)) and malondialdehyde (MDA) levels occurring throughout the year were examined in Cyprinion
macrostomus tissues (kidney, gill, liver and gonad) captured from Géyniik Stream (Bingdl, Turkey). For this purpose, two locations (llicalar and Garip) where
fish can be caught regularly in summer, autumn, winter and spring were determined. Fish were caught regularly from these two locations every month and
brought to the laboratory. Spectrophotometric methods were used to determine enzyme activities and MDA levels in the study. As a result of the study, it was
determined that the MDA level and enzyme activities between llicalar and Garip stations, in general, were statistically different from each other in all tissues.
However, it was observed that there were important differences in general between the seasons at both stations. In addition, while GR and G6PD activities
were lower than other enzyme activities throughout the study, CAT and SOD activities were higher.

Keywords: Doctor fish, freshwater systems, Murat River, Goyniik Stream, oxidative stress

0Oz: Bu calismada, Goyniik Gayr'ndan (Bingél, Tiirkiye) yakalanan Cyprinion macrostomus dokularinda (bébrek, solungag, karaciger ve gonad) yil boyunca
meydana gelen antioksidan enzim aktiviteleri (stiperoksit dismutaz (SOD), katalaz (CAT), glutatyon peroksidaz GPx), glutatyon rediiktaz (GR) ve glukoz 6-
fosfat dehidrojenaz (G6PD)) ve malondialdehit (MDA) seviyelerindeki degisimler mevsimsel olarak incelenmistir. Bu amagla yaz, sonbahar, kis ve ilkkbaharda
duzenli olarak balik yakalanabilecek iki lokasyon (llicalar ve Garip) belirlenmistir. Bu iki lokasyondan her ay diizenli olarak baliklar yakalanarak laboratuvara
getiriimistir. Calismada enzim aktivitelerini ve MDA diizeylerini belirlemek icin spektrofotometrik yontemler kullanilmistir. Calisma sonucunda genel olarak
Ihcalar ve Garip istasyonlari arasindaki MDA diizeyi ve enzim aktivitelerinin tim dokularda istatistiksel olarak birbirinden farkli oldugu belirlendi. Bununla
berarber, her iki istasyonda da mevsimler arasinda genel olarak anlamli farkliliklarin oldugu gozlemlenmistir. Ayrica galismada, GR ve G6PD aktiviteleri diger
enzim aktivitelerinden daha diislik iken, CAT ve SOD aktivitelerinin diger enzim aktivitelerinden daha yiiksek oldugu tespit edilmistir.

Anahtar kelimeler: Doktor balik, tatlisu sistemleri, Murat Nehri, Goynik Cayi, oksidatif stress

INTRODUCTION

Today, one of the most important dangers for all living
things in the ecosystem is environmental pollution.
Environmental pollution has increased especially in parallel
with the start of urban life and the realization of the industrial
revolution. As a result, the aquatic ecosystem is affected the
most from this pollution in our country as in the whole world
(S6kmen et al., 2018; Glnes et al., 2019; Tays! et al., 2021;
Kirici et al., 2022). Different pollutants that enter the aquatic
environment and pose a great threat to fish, catalyze oxidative

reactions; They lead to the formation of reactive oxygen
compounds such as hydrogen peroxide, superoxide, singlet
oxygen and hydroxyl radical. These radicals are highly reactive
compounds and cause oxidation and impairment of the
functions of important biological molecules such as
deoxyribonucleic acid (DNA), protein and lipid (Yu, 1994;
Castillo et al., 2002). The harmful effects of reactive oxygen
compounds are neutralized by antioxidant defense systems.
This system, known as antioxidant defense, includes the

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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enzymes superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione reductase (GR) and
glucose 6-phosphate dehydrogenase (G6PD) (Figure 1), which
are low molecular weight structures. It includes non-enzymatic
structures such as vitamins A, E, C, carotenes, ubiquinone10.
In a healthy cell, there is a physiological balance between
reactive radicals formed as a result of metabolic reactions and
the level of antioxidant molecules formed by various defense
mechanisms (Finkel and Holdbrook, 2000; Yonar et al., 2016).
Disruption of this balance towards oxidants is defined as
oxidative stress (Sies, 1997). This may result in impairment of
cell functions, apoptosis or necrosis. Therefore, the
functionality of antioxidant defense systems and ensuring the
balance of oxidants/antioxidants are vital for the cell (Nordberg
and Arner, 2001). Increased free radicals also cause lipid
peroxidation, causing impairment of cell membrane functions.
As a result, malondialdehyde (MDA), which is the breakdown
product of lipid peroxidation, is formed and is used as an
indicator in determining the oxidative damage of lipids (Kasali,
1997).
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Figure 1. Key antioxidant enzymes and the reactions they catalyze
are shown (Kehinde et al., 2016)

Oxidative stress in fish is affected by many factors.
Temperature, salt adaptation, hunger, xenobiotics and
diseases are the main ones. Increase in temperature increases
metabolic activities in all living things. With increasing
metabolism, the amount of oxygen needed increases and as a
result, the total oxidant level increases. It has been reported
that oxidative stress increases depending on the temperature
in different living groups (Almroth et al., 2015). Fish with
poikilotherm are strongly affected by water temperature;
therefore, they constantly adjust their bodies to environmental
conditions. They are widely used in biomonitor studies
(Aleshko and Lukyanova, 2008). Many physiological changes
are observed during salt adaptation in fish. These are
increased energy metabolism, adjustment of ion balance,
molecular and cellular changes, and hormonal regulations.
Reactive oxygen species are formed in the tissues of fish
during salt adaptation, both experimentally created and in the
natural environment, causing oxidative damage (Liu et al,
2007; Wilson et al., 2014). Prolonged starvation has caused
oxidative damage, particularly in the liver, where energy
metabolism occurs in fish as well as in mammals (Morales et

al., 2004; Bayir et al., 2011). It has been reported that foods
with different contents in fish have an effect on the oxidative
status in the liver. Especially foods with high lipid content
increased antioxidant enzyme levels (Rueda-Jasso et al,
2004).

Cyprinion macrostomus (Figure 2) is distributed in West
Asia, India, Afghanistan, Iran, Syria and Mesopotamia and is
located in the Euphrates-Tigris system in our country. These
two species are widely distributed, especially in thermal hot
springs in the Euphrates and Tigris River Basin (Celik and
Glizel, 2017). It is known that these fish can easily survive in
wide temperature ranges, they can survive in waters with a pH
level of about 7.3 and isothermal, even in waters with
temperatures around 35°C throughout the year (Degirmenci
and Unver, 2021). It is known that such fish species help to
heal some skin diseases (psoriasis, eczema and purulent
wounds), the origin of their use for therapeutic purposes in
spas goes back thousands of years and such practices
continue today (Demir, 2009; Celik and Giizel, 2017).

Various pollutants, Starvation, Change of
temperation, Other harmful factors

4

&

Disruption of the balance between oxidants / antioxidants

Lipid DNA Protein Lipid
Peroxidation Oxidation Oxidation Peroxidation

u

Deterioration of health or
death

Figure 2. Schematic representation of major events in accrued
damage of various harmful factors in Cyprinion
macrostomus

In this study, 2 stations were determined from the Goynuk
Stream, which is a branch of the Murat River, which passes
through the north of Bingdl Province Geng District and flows
into the Keban Dam. These two stations were chosen because
the fish could be caught regularly throughout the year. In
addition, Ilicalar station is a region where thermal springs are
located and therefore has temperature values above seasonal
norms. The other station is Garip station, where the water
temperature is relatively cold, passing mostly through the
residential area and close to Geng district. These stations were
selected based on the migration criteria of these species, which
tend to migrate to warm waters. The aim of this study was to
investigate the seasonally the changes occurring antioxidant
enzyme (SOD, CAT, GPx, GR and G6PD) activities and MDA
levels in kidney, gill, liver and gonad tissues of C. macrostomus
fish caught from llicalar and Garip stations in the Géynik
Stream. In addition, the suitability and sensitivity of fish
oxidative stress biomarkers for early detection of the health of
the freshwater ecosystem were evaluated.
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Seasonal changes in antioxidant defense system indicators in the tissues of Cyprinion macrostomus (Heckel, 1843) caught from Géyniik Stream (Bingél, Turkey)

MATERIAL AND METHODS
Study area and stations

In this study, 2 stations (Ilicalar and Garip) were
determined from the Géyn(ik Stream, which is a branch of the
Murat River, which passes through the north of Bingdl Province
Geng District and flows into the Keban Dam (Figure 3).
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Figure 3. Stations (1. Garip; 2. llicalar) (Modified from Koyun et al.,
2018)

Homogenate
determination

preparation for enzyme activity

The fish were anesthetized using anesthetics. The
abdomen was opened and the kidney, gonad, liver and gills
were removed and treated with 0.9% NaCl to remove the blood
from the tissues. After these procedures, the tissues were
stored at -80°C in the deep freezer until the time of use (Kirici
etal.,, 2017).

10 g of each kidney, gonad, liver and gill tissue were
weighed on a precision scale. The weighed tissue samples
were thoroughly cut into small pieces with scissors or a scalpel.
The fragmented tissue samples were taken into porcelain
mortar cooled at -80°C beforehand, and some liquid nitrogen
was added on it and crushed until it became a dough. 3 times
the amount of KH2PO4 buffer solution was added to the pulp
tissue sample. After the samples were taken into the centrifuge
tube, they were centrifuged at 13000 rpm for 2 hours at 4°C.
Enzyme activities were studied by taking the supernatant after
centrifugation (Beutler, 1975).

Determination of lipid peroxidation

Lipid peroxidation product MDA level, absorbances at
maximum 532 nm were measured in Shimadzu UV / VIS-1201
spectrophotometer as a result of color reaction with TBA
reagent. In a tube, 200 pl of extracted tissue samples were
taken and suspended on it with 800 pl phosphate buffer and 25
Il BHT. Then 500 pl of 30% TCA was added. The tubes were
kept in a refrigerator at -20°C for 2 hours by vortexing. It was

then centrifuged at 2000 rpm for 15 minutes. 1 ml of the
supernatant was taken and transferred to other tubes. 75 pl
EDTA NazH20 and 250 pl TBA were added on top of this. After
vortex mixing, the tubes were kept in a hot water bath (90°C)
for 15 minutes. Then it was brought to room temperature and
its optical densities were read at 532 nm (Slater, 1984).

Measuring the levels of antioxidant enzymes

The amount of NADP reduced during its formation from
glucose-6-phosphate and 6-phosphoglucanolac is directly
proportional to the activity of the G6PD enzyme that catalyzes
this reaction. The measurement of enzyme activity is based on
the determination of the absorbance difference of NADPH
formed during the reaction at 37°C and 340 nm wavelength per
unit time (Beutler, 1975).

GR activity was determined by the method of Carlberg and
Mannervik (1985). The reaction mixture consisted of 100 uL 50
mM Tris-HCI + 1 mM EDTA (pH 8.0), 100 uL 20 mM GSSG,
100 pL 2 mM NADPH substrate in 600 pL distilled water in a
total volume of 1 ml and supernatant containing 100 pL
enzyme. The reaction was carried out by observing the
absorbance change in every 1 minute for 3 minutes in quartz
cuvettes with a light path of 1 cm at 340 nm wavelength of
NADP, which is formed when the enzyme reduces GSSG in
the presence of NADPH at 25°C.

The SOD enzyme was determined by the method modified
by Sun et al. (1988). The principle of this method is based on
the reduction of nitroblue tetrazolium (NBT) by the xanthine-
xanthine oxidase system, which is the superoxide producer.
SOD activity was expressed as units gram” (U g) tissue
protein.

GPx activity was studied according to the method of
Beutler (1975). GPx catalyzes the oxidation of reduced
glutathione (GSH) to oxidized glutathione (GSSG) in the
presence of hydrogen peroxide. In the presence of hydrogen
peroxide, the GSSG formed by GPx is reduced to GSH with the
help of GR and NADPH. GPx activity was calculated by reading
the absorbance decrease at 340 nm during the oxidation of
NADPH to NADP + and was expressed as units gram-' (U g)
tissue protein.

CAT activity was determined according to Aebi (1983)
method. The method is based on reading the enzymatic
degradation of the H202 substrate with CAT at 240 nm (Aebi,
1983).

Protein Determination

Tissue protein determination is performed by Lowry et al.
(1951) was done spectrophotometrically by the method
described. This method is based on the complex formation of
peptide bonds of proteins with copper ions in an alkaline
environment. The copper-peptide complexes react with the
folin reagent to form a blue-purple color and are read in the
spectrophotometer against blank at 750 nm.
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Statistics

Data are expressed as mean + standard error. Data were
subjected to One-Way ANOVA and Duncan test was used to
determine the significant difference between control and
experimental groups using the SPSS 23.0 computer program.
P<0.05 value was considered statistically significant.

RESULTS

While the difference between MDA level, CAT, GR, G6PD
and GPx activities in kidney tissue between Ilicalar and Garip
stations was statistically significant in all seasons, the
difference between SOD activities was not significant (P<0.05).
The highest activity value in kidney tissue was detected in CAT
activity in llicalar station in summer, and the lowest in G6PD
activity in llicalar station in spring. However, the differences
between the seasons in the levels of MDA and enzyme
activities at the two stations were found to be statistically
significant. Only at Garip station, there was no statistical
difference between seasons in G6PD activities (P<0.05) (Table

1).

Table 1. Levels of oxidative stress parameters in C. macrostomus
kidney caught from Goynuk Stream
Parameters  Seasons llicalar Garip
Summer  51.76 + 8.042* 410 +1.09
MDA Autumn 56.53 + 11.29a* 10.20 £2.71>
Winter 40.14 £ 9.200* 1.71+0.82¢
Spring 73.03 £ 15,61¢* 290 £0.91¢c
Summer  7.75+0.872 8.06 + 0.642
SOD Autumn 5.24 +0.70° 4.98 + 0.240
Winter 4.75+0.87° 533 +041°
Spring 4.06 £ 0.57° 4410320
Summer  254.27 + 30.72 £3.212
CAT Autumn 121.15£24.115*  62.74 £5.77°
Winter 150.44 + 45.69 + 4.45¢
Spring 11782 + 48.63 +4.80°
Summer  0.21+ 0.022* 441+043
GR Autumn  0.33+0.03ac* 843+0.72°
Winter 0.59+ 0.040* 2.14 £ 0.44¢
Spring 0.394 0.03¢* 7.72 £ 0.5%
Summer  0.024+0.001a*  1.56 +£0.09
G6PD Autumn 0.023 + 0.004a* 1.59 £ 0.09
Winter 0.039 £0.001>*  2.01+£0.23
Spring 0.009+ 0.0003¢*  1.34 +0.56
Summer  68.31 + 9.262* 13.53 +1.292
GPx Autumn 7132+13.882*  40.76 £2.720
Winter 45.37 +11.03v* 11.90 £ 1.842
Spring 63.44 £12.49*  38.89+£2.03°

*P<0.05 when compared with values at Garip
a, b, c: Different letters in same column as superscripts show statistical
importance of values among terms in same site and parameters (P<0.05)

In the qill tissue, there was no statistically significant
difference in MDA level between stations in all seasons
(P<0.05). However, the difference between seasonal values of
SOD, CAT, G6PD and GPx activities between llicalar and
Garip stations was statistically significant (P<0.05). Although

there was no statistically significant difference between the
stations in the summer, autumn and winter seasons in GR
activity, it was found higher at Garip station than at llicalar
station in the spring season, and the difference between them
was found to be statistically significant. At the Garip station,
there is a statistically significant difference between the values
of MDA levels and enzyme activities between seasons. At
Ihcalar station, there were no statistically significant differences
between the values of GR and G6PD activities between
seasons, while the differences in other parameters were found
to be statistically significant (P<0.05) (Table 2).

Table 2. Levels of oxidative stress parameters in C. macrostomus
gill caught from Gdyn(ik Stream

Parameters  Seasons licalar Garip
Summer 7.86 £ 1.312 7.09 £ 1.642
MDA Autumn 4.15+0.84> 4.22 +0.85°
Winter 549 £ 119 4.09  0.35°
Spring 4.09 +0.98° 3.36 £0.29
Summer 34.46 +3.302* 243.24 £21.042
SOD Autumn 15.71 £1.190* 231.11 £ 29.84a
Winter 19.91 + 1.24b* 317.00 £ 39.04°
Spring 11.60 + 2.000* 226.71 £21.012
Summer 111.49 + 10.612* 64.73 £24.39
CAT Autumn 318.58 + 23.170* 2229 £7.91>
Winter 128.18 + 11.722* 43.89 +1047¢
Spring 141.82 + 15.292* 28.05+9.87°
Summer 1.23+0.19 1.56 + 0.44a
GR Autumn 0.97+0.20 1.53 £0.25
Winter 1.57£0.28 2.02 +£0.392
Spring 1.09+ 0.33* 4,96 +0.97°
Summer 0.21 £ 0.002* 2.67 £0.35
G6PD Autumn 0.19 £0.001* 1.10£0.112
Winter 0.21 £ 0.002* 4280420
Spring 0.26 +0.002* 6.85 £ 0.92¢
Summer 75.06 + 8.202* 37.68 £4.322
GPx Autumn 53.34 £ 4.11b* 1749 £ 1.110
Winter 72.33 £7.91a* 15.53 £ 1.75
Spring 7061 £7.732* 20.97 +3.03

*P<0.05 when compared with values at Garip
a, b, c: Different letters in same column as superscripts show statistical
importance of values among terms in same site and parameters (P<0.05)

Although no statistically significant difference was found
between the stations in the spring season in liver tissue, MDA
level and GR activity, it was found higher at Ilicalar station than
at Garip station in summer, autumn and winter seasons, and
the difference between them was found to be statistically
significant. Significant differences were found between stations
in SOD and GPx activities in all seasons. In G6PD activity, the
difference between the stations in the summer and autumn
seasons is statistically significant, while the difference between
the winter and spring seasons is not statistically significant. In
addition, no difference was detected between stations in CAT
activity. At Garip station, there was no significant seasonal
difference in GPx activity. However, statistically significant
differences were determined between the MDA level and the
activities of enzymes in all stations as seasons (P<0.05) (Table
3).
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Table 3. Levels of oxidative stress parameters in C. macrostomus
liver caught from GdynUk Stream

Parameters  Seasons llicalar Garip
Summer 2.59 £ 0.532* 0.65+0.112
MDA Autumn 1.08 £ 0.690* 0.40+0.122
Winter 412+ 053* 0.32 £0.092
Spring 241+ 0452 1.58 + 0.260
Summer 3.19 £ 0.74a* 18.53 + 1.992
SOD Autumn 3.15+0.592* 39.76 + 3.35°
Winter 2.97 £0.372* 10.54 £ 1.092
Spring 1.02 + 0.700* 14.76 £ 1.35
Summer 95.53 £21.19a 101.78 +
CAT Autumn 86.22 £ 16.372 84.97 +8.05b
Winter 58.79 + 13.04> 63.28 +2.66¢
Spring 85.90 + 22.482 72.8045.17b¢
Summer 0.25 + 0.0092* 515+0.822
GR Autumn 0.71 £ 0.0540* 6.71 +1.492
Winter 0.31+ 0.0052* 2.22+0.27°
Spring 145+ 0.177¢ 2.09 +0.55>
Summer 4.28 +£0.59* 1.04 £0.29
G6PD Autumn 6.72 £ 0.43v* 0.88 + 0.082
Winter 2.39£0.09¢ 2.80 £0.08>
Spring 251+0.27¢ 2.79£0.57>
Summer 51.19 £4.232* 11.7£0.71
GPx Autumn 4528 +7.110* 10.4£0.57
Winter 38.05 £ 8.10¢* 9.7+0.38
Spring 45.19 + 10.062* 10.7+1.08

*P<0.05 when compared with values at Garip
a, b, c: Different letters in same column as superscripts show statistical
importance of values among terms in same site and parameters (P < 0.05)

Table 4. Levels of oxidative stress parameters in C. macrostomus
gonad caught from Goyniik Stream

Parameters  Seasons licalar Garip
Summer 11.71 £0.922* 7.05 £ 1.022
MDA Autumn 26.54 + 1.964* 491+ 0490
Winter 15.77 £ 1.002* 1.22+£0.37¢
Spring 10.30 £ 0.752* 219 £0.25¢
Summer 27.92 +4.18* 14.28 £ 0.912
SOD Autumn 38.93 +6.300 36.01 + 3.740
Winter 19.48 £ 547¢ 17.79 £ 1.072
Spring 13.54 £4.13¢ 1429 £1.782
Summer 23.09 £2.092 2547 £8.54
CAT Autumn 29.21 £3.10 26.12+3.19
Winter 2145+2.172 2299 +1.37
Spring 23.40 +2.322 2174 £1.54
Summer 3.25 + 0.642* 0.64 +0.272
GR Autumn 5.76 £ 1.030* 0.53 £ 0.14a
Winter 6.82 £ 1.480* 0.20 £0.01>
Spring 3.72+0.762* 0.22+0.01>
Summer 1.64 £0.12 1.56 £ 0.03
G6PD Autumn 1.87+0.15 1.60 £ 0.03
Winter 1.94 £0.39 2.04 £0.02
Spring 1.78 £042 1.24 £0.01
Summer 5.80 + 1.372 6.12+0.93
GPx Autumn 6.30 £ 1.032 6.07 £0.33
Winter 9.72 +1.76>* 5.04 +0.54
Spring 5.85 + 0.642 575+ 047

*P<0.05 when compared with values at Garip
a, b, c: Different letters in same column as superscripts show statistical
importance of values among terms in same site and parameters (P<0.05)

The difference between stations in gonad tissue, MDA level
and GR activity was found to be statistically significant.
However, the difference between stations in CAT and G6PD
activities was not found to be statistically significant. In
addition, only the difference in SOD activity in summer was
found significant among the stations, while the difference in
GPx activity in winter was found to be statistically significant.
Although the seasonal differences were determined to be
significant in the stations in general, it was determined that the
seasonal differences between the G6PD activities at the Ilicalar
station and the CAT, G6PD and GPx activities at the Garip
station were not statistically significant (P<0.05) (Table 4).

DISCUSSION

Murat River is one of Turkey's most important water
resources. It is polluted by domestic wastewater along with
natural pollution and pesticides, which have cumulative
negative effects. Biomarkers are frequently employed in
ecotoxicology to assess the interaction of the biological system
with a chemical, physical, or biological environmental agent. In
vivo inhibition or induction of biomarkers can be used to
evaluate xenobiotic exposure and potential effects on living
organisms (Yonar et al., 2011; Yildirim et al., 2014; Kirici et al.,
2016a). The use of a biochemical technique to provide early
warning of potentially harmful alterations in stressed fish has
been promoted. In the field of ecotoxicology, the use of
oxidative stress biomarkers has exploded. Antioxidant
enzymes are recommended as biomarkers because the first
response to environmental effects is given by the antioxidant
defense system and they are suitable and reliable for
ecotoxicological risk assessment (Farombi et al., 2007; Alak et
al., 2011; Yonar et al., 2012; Topal et al., 2014).

Fish are extremely sensitive to anthropogenic
contamination, and certain of them can be used as biomonitors
to assess the aquatic environment's ecological status. Many
variables influence aquatic creatures' resistance to pollution,
including their phylogenic location, ecological and biological
traits, physiological circumstances, and the presence of
effective detoxifying mechanisms (Hotard and Zou, 2008; Kirici
et al., 2015; Kirici et al., 2016b). Detection of seasonal
biomarker changes of Cyprinion macrostomus fish, which are
a common species in the Goynlik Stream, may be an indicator
of their reproductive potential and river health. C. macrostomus
was selected as sentinel organisms in this study due to their
ease of sampling, good adaptability to environmental
conditions, and high ecological and economic convenience.

Changes in concentrations and enzyme activity frequently
represent cell damage in specific organs in toxicological
investigations of acute exposure. The liver is an important
organ for metabolic activities and xenobiotic detoxification.
Heavy metals can build up to dangerous amounts in the liver
and induce pathological alterations in some people. Fish liver
tissues have been proposed as a better indicator of water
pollution than other organs. Toxic compounds create a change
in the fish's physiological state, which has an impact on
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enzyme activity. Later, it causes disruption in cell organelles,
which may result in an increase in enzyme activity (Vinodhini
and Narayanan, 2009; Kaptaner and Dogan, 2019).

As a result of the study, statistically significant differences
were determined between MDA levels and enzyme activities in
all tissues between stations in general and between seasons
in both fish. In the study, in C. macrostomus fish, the lowest
activity was detected in G6PD enzyme in kidney tissue at
Icalar station in the spring season (0.009 + 0.0003), and the
highest activity value in CAT activity in gill tissue in llicalar
station in autumn (318.58 £ 23.17).

Gabryelak et al. (1983) and Palace and Klaverkamp (1993)
suggested that the antioxidant defense in fish is stronger in
spring and summer compared to colder winters. However,
Ronisz et al. (1999) did not report an interaction between GPx
and CAT activities and water temperature in eelpout Zoarces
viviparous (L). In this study, it was found that SOD activity
increased in the summer, especially in the liver, while the
highest GPx activity was obtained in the summer, and
Gabryelak et al. (1983) and Palace and Klaverkamp (1993). On
the other hand, it was determined that there is a significant
increase in CAT activity in muscle tissue in summer and
autumn, in gills in winter, in liver in summer and winter, which
differed from these studies. In another study, it was found that
the basic liver antioxidant enzyme activities were not related to
the rising temperature, but changed in autumn in all 3 fish
species studied. It has been suggested that fish experience
oxidative stress during this period and this has been associated
with the pre-breeding period. In addition, it has been mentioned
that a rapid decrease in temperature, an increase in daylight
and an increase in precipitation can cause stress in fish (Aras
et al.,, 2009). Again, the same researchers (Aras et al., 2009)
found that SOD, GPx, CAT, G6PD, GR and GST activities were
generally higher in the livers of the 3 different species studied
compared to the gills in their study. In our study, especially
SOD and GPx activities in the liver were found to be higher
than other organs studied in all seasons. Can et al. (2017)
examined the seasonal changes of CAT, GPx and SOD
activities in their study with Munzur Alasi in Munzur Stream. As
a result of the study, they found that CAT, GPx and SOD
activities increased in summer. However, they found that the
difference between seasonal values of SOD activities in liver
tissue was significant. They found the difference in GPx
activities in muscle, gill and liver tissues between summer and
other seasons statistically significant. In addition, they stated
that the difference between the seasonal CAT activities in
muscle, gill and liver tissues was significant (P<0.05).

CONCLUSION

The selected parameters are valuable biomarkers for
monitoring aquatic systems, as they provide an early warning
signal of xenobiotics that help counteract their adverse effects
on aquatic organisms at molecular levels. This approach used
in this study has significant potential for use in routine
monitoring or evaluation studies of all other aquatic
environments. The findings obtained in this study will shed light
on the studies to be carried out on the cultivation of C.
macrostomus in natural conditions, which are used as an
alternative treatment method in the treatment of some skin
diseases such as psoriasis, eczema and pus. Although oxidant
and antioxidant enzyme activities vary according to the
seasons, they have also been affected by location, gender,
age, date, sexual maturity, contaminants, climatic parameters
and reproductive period. Therefore, regular monitoring and
evaluation should be done, and surveys should be used to
discover the unknowns. It should focus on similar studies,
taking into account the factors.
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Abstract: Amphibians, which can live in aquatic and terrestrial environments, are a good indicator of pollution in these areas. Although frog leg is not consumed
frequently in some cuisines, including Turkey, it is important in terms of evaluating metal accumulation since it is preferred as human food in many European
countries. In this study, the quantities of trace elements (Cd, Pb, Cu, Zn, As, Co, Cr, Ni, Mn, V) were measured in the edible tissues (muscles) of an amphibian
species by sampling from two frog farms in Turkey. It was aimed to assess possible health hazards for humans by frog legs consumption comparing with the
toxicological limit values, including provisional tolerable weekly intake (PTWI), target hazard quotient (THQ), and Hazard Index (HI). In general, the average
values (g kg™') of trace elements were Zn (3.437.62)> Pb (69.22)> Cu (66.72)> Mn (35.07)> As (24.24)> Cr (11.47)> Ni (6.94)> Cd (6.51)> Co (2.97)> V
(<0.001). The results indicated that concentrations of the analyzed trace elements were determined below the European Commission’s permitted levels and
edible tissues of the marsh frog posed no carcinogenic health risk to humans.

Keywords: Amphibians, environment, human health, pollution, marsh frog

0z: Hem sucul hem de karasal ortamlarda yasayabilen amfibiler, bu alanlardaki kirliligi gésteren énemli biyoindikatdr canlilardandir. Kurbaga bacag,
Tiirkiye'nin de dahil oldugu bazi mutfaklarda siklikla tiiketimemesine ragmen pek gok Avrupa (lkesinde insan gidasi olarak tercih edilmesi nedeniyle metal
birikiminin degerlendiriimesi agisindan dnemlidir. Bu calismada, Turkiye'deki iki kurbaga ciftliginden 6rnek alinarak bir amfibi tiriiniin yenilebilir dokularinda
(kaslarinda) eser element (Cd, Pb, Cu, Zn, As, Co, Cr, Ni, Mn and V) miktarlar dlcliimUistiir. Gegici tolere edilebilir haftalik alim (PTWI), hedef risk katsayisi
(THQ) ve Tehlike indeksi (HI) dahil olmak iizere birgok deger toksikolojik sinir degerlerle karsilastirilarak kurbaga bacag tiiketiminin insanlar igin olasi saglik
tehlikelerinin degerlendirmesi amaglanmistir. Genel olarak eser elementlerin ortalama degerleri (ug kg') Zn (3.437.62)> Pb (69.22)> Cu (66.72)> Mn (35.07)>
As (24.24)> Cr (11.47)> Ni (6.94)> Cd (6.51)> Co (2.97)> V (<0.001) olarak siralanmistir. Sonuglar, analiz edilen eser elementlerin konsantrasyonlarinin
Avrupa Komisyonu'nun izin verdigi seviyelerin altinda belirlendigini ve ova kurbagasinin yenilebilir dokularinin insanlar igin kanserojen bir saglik riski

olusturmadigini gésterdi.
Anahtar kelimeler: Amfibiler, gevre, insan sagligi, kirlilik, ova kurbagasi

INTRODUCTION

Amphibians are poikilothermic, vertebrate animals that
develop through metamorphosis and are used in many sectors,
especially food (Alpbaz, 2009, Cicek et al., 2021). Although
frog meat is not consumed frequently in some cuisines
including Turkey, it is important to evaluate metal accumulation
because it is preferred as human food in many European
countries (Sereflisan and Alkaya, 2016). Similarly, there are
studies examining the effects of heavy metal accumulation on
human health in some marine species such as Solen
marginatus (Tas and Sunlu, 2019), Rapana venosa (Bat et al.,
2016), which are not widely consumed in Turkey. Today,
meeting the demand for frogs through farms has become even

more critical (Helfrich et al., 2009). Although frog muscles are
used in many cultures, they are not widely used in metal
accumulation assessments. Indeed, it is crucial to evaluate
metal accumulation due to its use in the human diet (Proki¢ et
al., 2016a).

Heavy metals or potential harmful elements are produced
by both natural, geogenic, lithogenic and anthropogenic factors
(Ali et al., 2019). Determining the accumulation of trace
elements in the body due to a metal combination in organisms
aids in assessing its effect (Rainbow, 2018). However, the
interaction between trace elements can affect accumulation
and toxicity (De Medeiros et al., 2020). Therefore, it is crucial
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to figure out how trace elements interact with one another in
tissues because trace elements have increased concentrations
in the environment (Briffa et al., 2020).

Contaminated water contains many metal mixtures rather
than a single metal, and aquatic organisms are influenced by
mixed metals (Zeng et al., 2019; Fettweis et al., 2021). Heavy
metal concentrations are toxic to mg L levels for most
organisms due to heavy metal ions irreversible suppression of
particular enzymes (Henczova et al., 2008). Amphibians
assimilate these metals from water and water-suspended food
through adsorption by tissue and membrane surfaces with ion
exchange on the skin (Birungi et al., 2007). Amphibians are
more sensitive bicindicators than the other water vertebrates in
showing pollution in water because they quickly absorb
substances from the environment thanks to their permeable
skin (Hecnar, 1995; Altunisik et al., 2021a, b).

How heavy metals in the environment affect amphibians as
a bioindicator has attracted the attention of many researchers.
The effects of various metals (Lee and Stuebing, 1990;
Loumbourdis and Wray, 1998; Loumbourdis et al., 2007;
Stolyar et al., 2008; Shaapera et al., 2013; Proki¢ et al., 2016a,
b, 2017; Aguillon-Gutiérrez and Ramirez-Bautista, 2020), such
as cadmium (Nebeker et al., 1995; Vogiatzis and Loumbourdis,
1998; Othman et al., 2009; Medina et al., 2016), lead (Kaczor
et al.,, 2013), and copper (Papadimitriou and Loumbourdis,
2002), on amphibian tissues and surrounding waters are
among the most frequently studied topics. However, heavy
metal studies on amphibians and human health risk
assessment studies are scarce (Thanomsangad et al., 2019).
This study used the marsh frog, Pelophylax ridibundus (Pallas,
1771), a frog species widely distributed in Europe and Asia and
frequently consumed, as a bioindicator organism since it is one
of the most pollution-resistant species (Zhelev et al., 2014;
Zhelev et al., 2020, Mani et al., 2021). Since it is unknown
whether the edible tissues of P. ridibundus that supplied from
frog farms pose a health risk due to potentially harmful
elements, this research was undertaken.

In this regard, it was aimed to determine the concentrations
of trace elements (Cd, Pb, Cu, Zn, As, Co, Cr, Ni, Mn and V) in
the edible tissues (muscles) of 20 samples taken from two frog
farms in Adana and Istanbul in Turkey, and to assess potential
health risks for humans from frog leg consumption compared
with the toxicological limit values, including provisional
tolerable weekly intake (PTWI), target hazard quotient (THQ),
and Hazard Index (HI).

MATERIAL AND METHODS
Sampling procedure

In this study, 20 samples of the Marsh frog, Pelophylax
ridibundus (Pallas, 1771) was purchased from two separate
frog farms (Kemal Balikgilik, istanbul and Sasu Su Uriinleri,
Adana) in Turkey between August and September 2020. Since
these examples were purchased from frog farms, there is no
need for ethics committee permission in Turkey. The samples

were packaged in iceboxes inside Ziploc containers,
transported to the laboratory and frozen at -20 °C for
subsequent laboratory experiments. After the frogs were
thawed at room temperature, they were washed with pure
water. Snout-vent length (SVL; range: 64-104 mm, mean: 87
mm) of the adult individuals was measured using a digital
vernier caliper (500-706-11, Mitutoyo, Tokyo, Japan) with an
accuracy of 0.01 mm. The body mass (range: 28-125 g, mean:
80 g) of the adult individuals was weighed with an accuracy of
0.01 g using microbalances. Then the muscle tissue, the edible
part of frog's hind legs, was removed using a stainless-steel
dissection set.

Sample digestion

Approximately 2 grams (fresh weight) of the muscle tissue
were weighed and placed in glass tubes using sensitive
laboratory scales (75 ml). 5 ml HNOs (Suprapure 65%) was
added into each test tube, which was then covered with a watch
glass and stored at room temperature overnight. Then, the
glass tubes were then placed in the block heater, which was
heated to 120 °C, and left for 8 hours. After filling the tubes with
2.5 mL H202 (Suprapure = 30%) and holding them at 120 °C
for another 8 hours, the watch glass was withdrawn from the
tubes and placed in the heater until the quantity of solution in it
was ~1.5 mL. The resulting solutions were diluted to 50 ml with
the help of ultra-pure water, then passed through a 0.45 ym
PTFE syringe filter and held at +4 °C until trace element
analysis (Gedik, 2018).

Determination of heavy metals and quality control

ICP-MS (Agilent Technologies 7700X) was used to
determine the concentrations of trace elements (As, Cd, Co,
Cr, Cu, Mn, Ni, Pb, V, and Zn) in diluted and filtered solutions.
It was calibrated primarily by diluting ICP-MS multi-element
stock solution (1000 ppm) (0-100 ppb) (US EPA, 1994).

For the verification of ICP-MS measurements, reference
solutions and metal extraction results were used as standard
reference material (BCR 185R, Bovine Liver) (US EPA, 1996).
Recovery values for As, Cd, Cu, Mn, Pb, and Zn from the BCR
185R ranged from 93-97% (Table 1).

Table 1. Results of the certified reference material (BCR-185R bovine
liver) analysis: reference material values versus measured
values (mean+SD)

e RS AR e
o
mg kg! mg kg
As 0.040 0.033 0.03 93.94
Cd 0.003 0.544 0.53 97.43
Cu 0.140 277.000 268.00 96.75
Mn 0.311 11.070 10.75 97.11
Pb 0.040 0.172 0.16 93.02
Zn 0.128 138.600 131.00 9452

*ppb, N=5
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Statistical analyses

We used Shapiro-Wilk and Levene test for the normality
and homogeneity of the variances, respectively. The t-test was
conducted to determine the differences between the areas
because the data exhibited a normal distribution (p > 0.05). The
association between trace elements was then established
using the Pearson correlation test. In addition, the relationship
between the concentration of trace elements and body
measurements (weight and SVL) was analyzed by applying
linear regression analysis. All statistical calculations were
performed in R programming with a 95% confidence interval
(Wickham, 2016; R Core Team, 2020).

Health risk assessment

To protect the health risk of consumers, some institutions
and countries have set guidelines for maximum TE levels
allowed in seafood. The European Commission (EC, 2006) and
Turkish food Codex (TFC, 2011) reported that the Pb and Cd
values in seafood products should not exceed 1.5 and 1.0,
respectively, in terms of food safety. Therefore, the values
obtained in the study were compared with these values and the
suitability of the examined frog in terms of consumer health
was evaluated. In addition, the effects of weekly and lifetime
exposure based on average consumption were also examined
in the study. For this purpose, comparisons with weekly metal
intake limit values specified by JECFA (1982, 2011a,b) were
made by calculating As, Cd, Cu, Pb, and Zn intakes depending
on the weekly and average portion size. For this purpose,
Estimated Weekly Intake (EWI, pg/kg/week) was determined
by using trace elements concentrations in frog muscles to
compare with Provisional tolerable weekly intake (PTWI)
values (JECFA, 1982, 2011a,b), which represent the pollutant
concentration present in the ingested food that would offer no
health hazards if consumed weekly over the course a person's
lifetime. The Target Risk Coefficient (THQs) was also utilized
to quantify the hazards associated with consuming frog legs.
Calculated by comparing exposed concentrations of trace
elements with reference dose values, THQs are used to
describe the probabilities of long-term exposure that is not
carcinogenic (US EPA,2015). It means that if the value of
THQs is >1, the metal can probably show negative impacts on
health. EWI and THQs are calculated in the following way:

EWI: (C x FCR )/BW
THQ= (C x EF x ED xFCR )/(RfD x BW x EF x ET) x 103

C indicates the of trace elements in frog muscle tissue (mg
kg' wet weight), FCR indicates the weekly consumption of frog
muscles (g). BW indicates average body weight (72.5 kg), EF
specifies exposure time in one year (365 days) and ED refers
to exposure time (mean life expectancy in Turkey 78 years)

(Basara et al., 2016). RfD refers to the amount of reference
dose (As: 0.3; Cd: 1; Co: 20; Cr:3; Cu: 37.1; Ni: 20; Pb: 3.5; Zn:
300 ug/kg/day) and finally ET is the average exposure time for
non-carcinogens (365 d year' x number of exposure years
(average life expectancy)). Since we do not have data on the
daily average consumption of the frog legs, THQ, EWI and HI
values were computed according to the weekly consumption of
225 g (US EPA 2000).

All trace elements in the leg muscle tissue were assessed
using the Hazard Index (HI) to determine their potential non-
carcinogenic health hazard (Newman and Unger, 2002). The
total of all THQs is HI, which is expressed as follows.

HI = zx: THQI

If the HI value is > 1, it indicates that trace elements in the
frog's leg may indicate a potential non-carcinogenic health risk.

RESULTS AND DISCUSSION

Spatial distribution of trace elements detected in the
muscle tissue of P. ridibundus

The distributions of Cd, Pb, Cu, Zn, As, Co, Cr, Ni and Mn
concentrations in P. ridibundus edible hind leg tissues sampled
from two different regions, the average and confidence range
are given in Figure 1. There were no significant differences
(p<0.05) between the two-frog farm regarding trace element
concentrations. Vanadium concentrations were found to be
below the detection limit on both sides. In the Adana location,
average trace element concentrations were 26, 7, 0.4, 11, 70,
36, 11, 75, 2900 g kg* for As, Cd, Co, Cr, Cu, Mn, Ni, Pb, and
Zn, respectively. In istanbul location, these concentrations
were detected as 23, 6, 6, 12, 63, 34, 3, 63, and 3977 ug kg,
respectively.

The average values (ug kg-') of trace elements detected
in general were found in the order of Zn (3437.62)> Pb (69.22)>
Cu (66.72)> Mn > (35.07)> As (24.24)> Cr (11.47)> Ni (6.94)>
Cd (6.51)> Co (2.97)> V (<0.001). According to our findings,
only Ni was shown to be positively correlated with the SVL of
the marsh frog, but the other elements (Zn, Pb, Cu, Mn, As, Cr,
Cd, and Co) were not (Figure 2). Furthermore, the weight of
marsh frogs was favorably associated with Ni and Zn, but not
with the remaining elements (Figure 2). The mean Pb, Cu, As,
Cr, Ni, Mn, and Cd concentrations did not differ between the
sites (p<0.05). In contrast, the Zn and Co concentrations were
significantly higher (p<0.01) in the istanbul site compared to
the Adana site. There was a positive relationship between Cu-
As, Cr-Cd, Cr-Pb, Cu-Pb and Cd-Pb as while other elements
were not found to have a significant relationship with each
other (Table 2).
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Figure 1. Distribution of trace elements in Pelophylax ridibundus muscle tissues. (A) refers to Adana, (i) refers to istanbul. Each blank circle

represents one sample (n=10 per station). The negative number of empty circles are not shown, as they are below the detection limit.
x shows the averages of the stations. Error bars indicate the confidence interval (95%). T-test was applied to determine the statistical
differences between stations and no significant difference was detected.

5 y =39.10 + -0.05 x R® =-0.05
y =250 + 023 x R* =-0.03 y = 1737 + 007 x R* =026 o
40- = 40- =~ B
30- 30- o
P « 30 <40
< < =
20 =
20- %
20
10- e
70 80 20 100 50 100 150 70 80 20 100
SVL Weight SvL
y =477 + 001 x R* =005 y =695+ -0007 x R* =-0.06 20-peliiaiati B e
15
o o 39 .
e o i /"
70 80 0 10 50 100 150 70 80 %0 10
SVL Weight SVL
y =393 +-001 x R* =004 y =262 + 0.00 x R =0.003
15 -
o 10 o
S S
iy - % o
70 80 20 100 50 100 150 70 80 90 10
SvVL Weight SvVL
y = 8.12 + 0.0 R =-0.05 30- y = 10,78+ 0. R = 5
¥=00786.000%:x R N0.006 5000-Y = 6621.38 + -37.22 x R* =-0.38
2 20- 5001
= b & S 4000- ¢
10
10-
3000~
_} 2 o 2001 ’
70 LU i 9 00 0 100 150 70 80 %0 100
Weight SVL
y = 60.70 + 0.04 x R* =0.07 b y = 64.30 + 0,004 x R® =002
70- = 70
- - 1
= S =
o 7 . = OJ
60- . 60-
70 80 20 100 50 100 150
SVL Weight

_ y=36.80+-0.03 X R* =-0.08
< . - [ .
< 4 -
= _‘_\—mﬁ_
20 = e
50 100 150
Weight
20- ¥ =-3.85 4+ 007 x R* =05
_ 10
z /
50 100 15
Weight

__y=6449 + -0.04 x R* =-0.02

100
Weight

_y=471840 + -16.76 x+R* =-0.48

6000

100
Weight
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Table 2. The relationship among heavy metal concentrations detected in frog muscle tissue. The numbers are given in bold show the correlation

coefficient.
Cr Mn Co Ni Cu Zn As Cd Pb

Cr 1 0.352 0.357 0.078 0.432 0.168 0.187 0.859 0.871
0.128 0.16 0.883 0.056 048 043 *0.000 *0.000

Mn 0.276 0.619 0.367 0.094 0.019 0.398 0.487

0.284 0.19 0.112 0.693 0.936 0.081 0.034

Co -0.525 -0.040 0.152 0.243 -0.002 0.018

0.285 0.876 0.56 0.348 0.994 0.944
Ni -0.492 -0.623 -0.508 0.090 -0.058

0.322 0.186 0.303 0.864 0.912

Cu 0.11 0.496 0.527 0.532
0.643 *0.026 0.017 *0.019

Zn -0.244 0.227 0.305

0.301 0.336 0.204

As 0.202 0.199

0.392 0.415

Cd 0.98
*0.0001

Light colored numbers show the p value; * p <0.05

Comparison with literature

Despite the effects of trace elements on amphibians’
tissues have been well documented (Lee and Stuebing, 1990;
Nebeker et al., 1995; Papadimitriou and Loumbourdis, 2002;
Loumbourdis et al., 2007; Othman et al., 2009; Kaczor et al.,
2013; Medina et al., 2016; Proki¢ et al., 2016a, b,2017; Zhelev
et al., 2020), there is limited work involving human health risk
assessment via consumption of frog (Thanomsangad et al.,
2019). Although Turkey is a major supplier of frogs (Cicek et
al., 2021) and Anatolian water frogs (Pelophylax spp.) have
been gathered for more than 40 years, shipping about 700 t of

frogs annually and for frog trade (Akin and Bilgin, 2010; Klrim,
2015), the low intake of these frogs in Turkey may have slowed
the estimation of the health risks associated with their
consumption.

Our results for trace elements in the muscle tissue of the
marsh frog are given in Table 3. Although trace elements are
found in water at lower concentrations, relatively higher
concentrations in frog tissues have been reported in several
studies (Stolyar et al., 2008; Borkovi¢-Miti¢ et al., 2016; Proki¢
etal., 2016b;).

Table 3. Estimated Weekly Intake (EWI; pg / kg / week), target risk coefficient (THQ), Hazard Index (HI), arising from consumption of frogs

sampled from Adana (A) and Istanbul (i) regions

As Cd Co Cr Cu Ni Pb Zn HI
Metal Concentration in A 25.66 6.62 0.36 10.95 70.35 10.91 75.05 2898.52
frog* | 22.81 6.40 5.57 11.99 63.08 297 63.38 3976.71
EC (2006)* 1000 1500
TFC (2011)* 1000 1500
EWI A 0.08 0.02 0.001 0.03 0.22 0.03 0.23 8.90
I 0.07 0.02 0.02 0.04 0.20 0.01 0.20 12.34
PTWI 15 7 3500 25 7000
RfD 0.3 1 20 3 371 20 35 300
THQs A 1.2x104 9.2x10 2.5x108 5.1x106 2.6x106 2.1x107 3.0x105 1.3x10% 1.8x10-4
i 1.1x104 8.9x10-6 3.9x107 5.6x10-6 2.4x106 7.6x107 2.5x105 1.8x10% 1.7x10-4

* ug kg. EC (2006): European commission regulation “determination of maximum levels for certain contaminants in foodstuffs”, TFC (2011):
Turkish food codex contaminants regulation, PTWI (ug/kg/weeks): provisional tolerable weekly intake, Cu and Zn (JECFA, 1982), As
(JECFA, 2011a), Cd and Pb (JECFA, 2011b). RfD (ug/kg/day): reference dose, from USEPA THQ: Target Risk Coefficient <1 is unlikely
to cause any adverse health effects, if THQ> 1 may cause adverse health effects. EWI, THQ and Hl values were calculated according

to the weekly consumption of 225 g.

The values of Cd, Pb, Cu, Zn, and As obtained in the
present study were lower than those of another study (Zhelev
et al., 2020) performed on P. ridibundus from two sites in

Bulgaria. Trace element bioaccumulations in the muscles were
determined in the order of Zn > Se > As > Cu > Pb > Cd in
those Bulgarian populations (Zhelev et al., 2020). Similar
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results (since Zn was in the first and Cd in the last order) were
also observed in this study in terms of the order of trace
elements. In Ibadan (Nigeria), researchers investigated the
major and minor element accumulation in Rana esculentus’s
some organs, including muscle tissue and found trace element
concentrations in the order of Ni> Zn > Pb> Co> Cu> Cd> As
(Tyokumbur and Okorie, 2011), which was different as
compared to this study.

Moreover, they found relatively higher mean trace element
(Cd, Pb, Cu, Zn, As, Co, Cr, Ni and Mn) concentrations than
our study. Besides, the concentrations of eight elements
identified in Quereshi et al. (2015)'s experiment for the species
R. tigrina and E. cyanophlyctis were much higher than ours
(Table 4).

Table 4. Comparison of trace element concentrations (mg kg'") in the marsh frog (Pelophylax ridibundus)’ leg muscle from different countries

Location Wes‘Ti':Ee?”th NE Turkey SB%‘:;T"’: ',:’gde"::; Sialkot, Pakistan
Species P. ridibundus P. ridibundus P. ridibundus R.):slc:a;:ir‘?;us E cfé;%’;%;c tis
As Leg 0.012-0.051 0.0002-0.077 0.05-0.80 0.18-0.78
Cd Leg 0.002-0.019 0.018-0.18 0.001-0.05 0.33-0.92 6.75-8.31
Co Leg 0.000018-0.018 0.0013-0.10 1.12-2.43 1.11-56.33
Cr Leg 0.0002-0.03 0.015-0.30 0.89-2.64
Cu Leg 0.052-0.111 0.183-0.90 0.23-1.29 0.97-5.12 2.84-6.72
Mn Leg 0.010-0.065 0.012-0.104 1.28-9.30 0.81-1.64
Ni Leg 0.000023-0.027 0.019-0.298 3.4811.68 5.02-7.76
Pb Leg 0.00003-0.235 0.025-0.975 0.007-0.61 0.15-5.12 11.44-37.00
vV Leg 0.0004-0.017 0.0001-0.0019 3.29-102.76
Zn Leg 1.901-6.326 1.889-11.450 3.62-7.57 6.93-7.82 10.30-21.09

References Present study

Mani et al., 2021

Zhelev etal., 2020  Tyokumbur and Okorie, 2011 Qureshi et al., 2015

In another study conducted around an electronic-waste
dump, the relative order of some trace elements was
Cr>Pb>As>Cd, which was overlapped the data noticed in our
study except Cr (Thanomsangad et al., 2019). However, all
concentrations (As, Cu, Pb, and Zn) investigated by
Thanomsangad et al., (2019) for H. rugulosus, F. limnocharis,
and O. lima was higher than the present study. A recent study
(Mani et al., 2021) conducted on wild populations of P.
ridibundus in Turkey, all concentrations (As, Cd, Co, Cr, Cu, Ni,
Pb, and Zn) in leg tissue were similar to our study (Table 4).

Risk estimations

As a bioindicator on monitoring water pollution (Rohman et
al., 2020), amphibians absorb heavy metals from the aquatic
environment and accumulate them in their bodies which can
pose a health risk to humans if ingested. The maximum
permissible limits for Cd and Pb had been set by some
international organizations such as the European Commission
(EC, 2006) and Turkish Food Codex (TFC, 2011). Since the
maximum permissible limits of Cd and Pb for human
consumption in frog have not been set by these organizations,
we used the muscle meat of fish instead of frog muscle. For
example, the European Commission (EC) and TFC (2011)
declared that the Pb and Cd levels in the muscle meat of fish
should not exceed 1500 and 1000 pg kg, respectively. When

we compared our data to these parameters, we noticed that
neither Adana nor Istanbul samples exceed the maximum risk
limit set by TFC (2011) and EC (2006)/European commission
regulation "determination of maximum levels for certain
pollutants in foodstuffs" and TFC (2011)/ Turkish food codex
contaminants regulation) in terms of Cd and Pb.

THQ, EWI and HI were computed using the estimated
weekly intake amount and trace element reference doses (RfD)
specified by US EPA (2015) and given in Table 3. EWI values
(Mg/kglweek) were calculated as 0.08, 0.02, 0.001, 0.03, 0.22,
0.03, 0.23, 8.90 and 0.07, 0.02, 0.02, 0.04, 0.20, 0.01, 0.20,
12.34 for As, Cd, Co, Cr, Cu, Ni, Pb, Zn for samples obtained
from Adana and Istanbul, respectively (Table 3). The computed
EWI values in our study were much lower than the PTWI values
indicated by JECFA (1982, 2011a, b) (Table 3). When the
contributions of calculated EWI values to the PTWI were
analyzed, these values for Cu, Pb, As, Zn, and Cd were
calculated to be 0.006%, 0.8%, 0.53%, 0.17%, and 0.28% for
frog samples.

Similarly, THQs were computed to evaluate the hazards
that may result from the non-carcinogenic exposure over a
lengthy period of time by consuming the P. ridibundus leg from
two farms in Turkey. Table 1 shows the THQ values derived
using trace element concentrations, reference dosage, and
daily average frog leg eating. THQ levels detected were below
the limit value of 1, indicating that trace elements from P.
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ridibundus' leg may not have harmful health impacts on
humans when consumed regularly. These risk calculations
were made entirely according to the raw material results. It is
thought that the TE concentration will decrease due to leaching
during cooking processes such as boiling and frying. Studies
have shown that trace elements in seafood lose their
concentration after cooking (Maulvault et al., 2013; Afonso et
al., 2015). In addition, it has been determined by modeling that
TE intakes were lost throughout the digestive system in
humans (Amiard et al., 2008; Afonso et al., 2015; Gedik,
2018;). When such factors are considered, it can be concluded
that the TEs obtained from frog consumption will remain at a
very limited level.

CONCLUSION

The concentrations of trace elements were determined on
edible muscle tissues of the marsh frog samples obtained from
two different farms or suppliers in Turkey, and a risk
assessment (according to the weekly consumption of 225 g)
was evaluated. It was determined that the concentrations of Zn,
Pb, Cu, As, Cr, Ni, Cd, and Co detected in the edible tissues of
P. ridibundus varied spatially, but they were all within the safe
consumption limit levels. Comparisons (EWI and PTWI values)
could only be made for As, Cd, Cu, Pb and Zn and EWI values
were found to be lower than the reported PTWI values.
Because the computed THQ and HI values for all of the
examined trace elements were less than 1, it is possible to
conclude that the trace element concentrations found in P.
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Abstract: The purpose of this study is to create awareness about the species of mosquito fishes (Gambusia holbrooki Girard, 1859) both vectors and ways
of introduction to new aquatic habitats. Because the species creates risks, especially for the circumstance of the native and endemic fish fauna, studies about
introduction stories of the species are quite important to prevent the risk. In the current report, mosquitofishes which are known as a highly invasive species
were found in the crop content of a hen mallard duck (Anas platyrhynchos L., 1758) in an estuarine area, the Gediz River Basin (izmir, Turkey). This report is
the first record of a duck consuming mosquitofish. Although nevertheless, it is known that mallard duck feeding behaviour does not predominantly contain fish
(they mainly feed on plant seeds), according to this observation, mosquitofish might be added to the prey list of mallards as a new type of food. Therewith,

this feeding behavior also indicates that ducks might be a potential vector for the transport of invasive mosquitofishes.
Keywords: Vector, pathway, long-distance dispersal, waterbirds, invaders, feeding behaviour

INTRODUCTION

The itinerary by which invaders are introduced,
transported, or imported into the new habitats are known as
pathways. In the literature, natural pathways mean that they
are not human-mediated. There are some examples of natural
pathways, such as river canals, and birds. Both pathways may
naturally bring some fish species or their eggs (invasive- or not)
to a new aquatic area. These introduction cases can
sometimes even be intercontinental.

The current evidence shows that waterbirds can transport
plants and invertebrates as internal and external of their body
(Reynolds et al., 2015). To the prevailing knowledge,
waterbirds are sometimes cited as playing a role as a vector of
alien invasive species (Green and Figuerola, 2005; Maclsaac,
2011; Sanchez et al., 2012). There are some studies that
consider the waterbirds being a vector in the introduction of
alien species (Green et al., 2008; Brochet et al., 2010; Twigg
et al., 2009). Even so, the evidence for waterbird-mediated
introduction is restricted. Even not many studies that
waterbirds play a role in dispersing the vertebrates, studies
focusing on the dispersal of native aquatic plants and
invertebrates have established that waterbirds are highly

suitable dispersal vectors (Figuerola and Green, 2002; Van
Leeuwen et al., 2012; Lovas-Kiss et al., 2020).

Gambusia affinis and G. holbrooki species originate from
North America, are biological agents in the fight against
malaria, and started to be introduced in many different habitats
of the world in the 1900s (Courtenay and Meffe, 1989; Walters
and Freeman, 2000). They have become a pest in many
different habitats following initial introductions in the early 20t
century as a biological control agent. They are known as one
of the 100 invasive species of the earth and pose a risk to the
existence of endemic species (ISSG, 2013). More than this,
they are listed as one of the harmful 29 aquarium species
(Arthington and Marshal, 1999).

The mosquitofish is highly predatory fish and can cause
adverse effects in the habitats they spread, which can lead to
the extinction of native fauna members (Pyke, 2008). They
prey on endangered rare indigenous fish and invertebrate
species and eat the eggs of native fish species. They pose a
risk, especially in terms of endemic species persistence
(Margaritora et al., 2001; Buttermore et al., 2011). This threat
is signally higher, especially for “microendemic” (which have a
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very limited distribution) fish species (Giannetto and Innal,
2021). In Turkey, many of the endemic fish species have
microendemic status, which makes their survival more at risk.
For example, Yogurtcuoglu and Ekmekgi (2014) stated that G.
holbrooki species threats the genus Aphanius in the aquatic
habitats.

It is widely known that mosquitofish are poorly adapted to
lotic waters. But in lots of countries stream populations are
known including in the introduced range (Wach and Chambers,
2007; Kurtul and Sari, 2019). The mosquitofish species seem
poor dispersers (Pyke, 2005; Zogaris, 2014), because of their
characteristics, their dispersal from a point source will depend
on other, external factors. Some researchers have reported
that mosquitofish can be introduced to new habitats by fishing
gear (Zieba et al., 2010). More than this, humans, waterways,
and possibly waterbirds are kind of vectors for transfer.
However, empirical support for this is lacking, it is considered
that fish introduction events are by waterbirds, transporting fish
eggs externally (Lovas-Kiss et al., 2020). According to Lovas-
Kiss et al. (2020) 10 Prussian carp eggs (ca. 0.25%) and eight
intact common carp eggs (ca. 0.2% of those ingested) were
recovered from the duck's feces. In the observation, four
Carassius gibelio eggs and all of the Cyprinus carpio eggs had
viable embryos.

Gambusia spp., which are known to be used as bait, for
mosquito control, as pet fish, etc., can easily create a strong
population once introduced to the new freshwater ecosystems.
Mosquitofish are live-bearing fish. Therefore, it seems
impossible to transport it with birds. Although this seems like a
very small possibility, it may be possible if the bird swallowed
these fish during feeding and vomited from the crop without
digesting them during short-haul flights. Although it's still a
theory and there is still no scientific evidence for such transport
is; the fact that the species is consumed by ducks indicates that
it is still possible to be transported between different waters.

The mallard ducks (Anas platyrhynchos) generally prefer
subtropical parts of Eurasia, Americas, and Africa continentals
(Braithwaite and Miller, 1975). They are known as a median
migratory and their speed is approximately 82.5 km h-'
(McDuie et al., 2019). It is known that there were some small
fish in the feeding behaviour of mallard ducks which is known
as omnivorous (Hocaoglu, 1992). They are known as
opportunistic animals and rarely prey on small fish (Swanson
et al., 1985; del Hoyo et al., 1992; Snow and Perrins, 1998).
The most common knowledge, feeding of mallard duck is
formed mainly from plant seeds. According to a study
conducted in brackish-water areas and salt marshes, it was
found that they mainly ate seeds such as Salicornin spp.,
Atriples spp., etc. Also, they consumed animal materials such
as molluscs and crustaceans (Olney, 1964). More than this, it
has also been reported that a mallard duck eats Anguilla
anguilla European eel juveniles (Salman, 2017).

Biological invasions come to be following habitat loss as a
risk to global biodiversity (Sala et al., 2000; Mooney and

Cleland, 2001; Strayer, 2010). Freshwater habitats are in
danger because of biological invasions (Ruiz et al., 1999;
Green et al., 2008). The biological invasions' negative results,
prompted study in terms of management and impacts of
invasion (Reynolds et al., 2015). It is known that new
management strategies are needed for all invasive species. In
order to create the new management strategy for them, both
the predators and the vectors of the invasive species should be
determined in detail.

- 2 AR AR
Figure 1. A hen (left) and a drake (right) mallard duck (A.

platyrhynchos from Sirince, Selguk/izmir in 2019 (Photo by
Irmak KURTUL).

In the current reports, G. holbrooki species were recorded
in different kinds of water resources in Gediz River Basin- or
namely Gediz Delta, where the dead mallard duck was found.
This river basin is in the Aegean Region (the west part of
Anatolia). The lentic water resources in the area are Marmara
Lake, Stllikliigdl Lake, Sazligdl Lake; the lotic water resource
is Gediz River (Kurtul and Sari, 2019). Gediz River Basin (or
known as Gediz Delta) contains izmir Bird Paradise and its
environs. Gediz Delta is one of the Cultural and Natural Asset;
Wildlife Protection Areas and a significant part of the delta is
protected by Ramsar Status. The delta has a huge coastal
side. It considers bays, salt and freshwater marshes, large
saltpans, lagoons located downstream of the Gediz River. It is
close to the centre of Izmir.

Al of the fauna move through the habitats to obtain resources
important for gaining energy (Pianka, 1981). The wetlands are
known as one of the most sensitive habitats to the pressures
(Kaplan et al., 2005). The communities both fauna and flora
permanently change in response to fluctuations in water degree
and salinity, in the meantime, periodic droughts induce grand
changes in wetland communities (Swanson and Meyer, 1977).
The activity of the water regimes, and the changes in the
community that it creates, is known as an important parameter
influencing the availability to breed waterfowl (Swanson et al.,
1985). Also, due to the loss of wetlands, the trophic relationships
between fauna and flora members here have become more
important for the sustainability of ecosystem health. According to
the reports, environmental conditions affect the level of food
availability on a marsh (Chura, 1962). Both G. holbrooki and
mallard ducks use similar water bodies and it seems that they have
a trophic relationship with each other. The scope of the study is to
give new data and evaluate on review existing literature on the
ability of mallard duck to spread G. holbrooki which is known as an
invasive species.
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Figure 2. The map of the dead mallard duck was found (www.earth.google.com)

MATERIALS AND METHODS

The dead Anas platyrhynchos, hen mallard duck (highly
probably is yet dead- cause of death unknown) was found by a
fisherman in the estuarine area of the Aegean Region, Gediz
River Basin (izmir, Turkey) on December 27th 2017. The delta
area is approximately 14900 ha. It was found in a location that
is quite close to the Gediz Rivers downstream. The
coordinates are 38°30'N, 26°55'E. The locality is given Figure
2 and the area enclosed in a red rectangle.

The species identification processes of individuals were
carried out at Ege University, Faculty of Fisheries, Department
of Marine-Inland Waters Sciences and Technology, Limnology
Laboratory. In the investigation, G. holbrooki specimens were
identified from the crop content of the mallard duck. Because
the species represents sexual dimorphism, the sexes were
determined by external examination of the presence of
gonopodium. The general body morphology of the individuals
were examined and the gonopodium structures of the male
specimens have been investigated in species identification
(Berg, 1965). In the present study, each G. holbrooki specimen
was weighed with a digital scale to the £0.01 g and the total
length was measured with a vernier calliper to the £0.05 mm.
The digestibility rates of G. holbrooki individuals were
determined by visual inspection and given as a percentage.

RESULTS

The mallard duck’s crop content was investigated by the
naked eye. Totally ten G. holbrooki specimens were found in
the crop content. In the content, three of the specimens were
male, four of the specimens were female, and the sex of three

of the specimens was not determined because of the digesting.
All of the specimens were adults.

The total lengths of the species were between 2.0 and 3.8
cm. The weight of the specimens varies from 0.12 to 0.49 g.
One of the specimens was found partly digested with no head
(50%). However, most of the specimens were found as almost
not digested (Table 1). They were most likely consumed a very
short time ago. G. holbrooki specimens which were detected in
the crop contents of the mallard duck are given in Figure 3.

Table 1. Fish samples from crop contents of the hen mallard
(F:Female, M: Male, U: Unidentified, TL: Total length,
TW:Total weight, PIF: Physical integrity of the fishes (%).

No Sex TL (cm) TW (9) PIF (%)
1 M 2.6 0.14 100%
2 u 2.8 0.25 70%
3 M 2.8 0.17 90%
4 M 2.0 0.25 80%
5 U 2.3 0.12 90%
6 F 31 0.36 90%
7 F 3.8 0.49 100%
8 F 24 0.18 80%
9 U 2.7 0.24 50%
10 F 2.8 0.26 80%
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Figure 3. The content of the mallard duck’s crop. The undigested G.
holbrooki individual (on the top), the half-digested G.
holbrooki individual (on the bottom) from the crop content.

DISCUSSION

Mosquitofishes are small bodied members of the world's
freshwater fish. Their total length within their population usually
varies between 1-5 cm. However, maximum male and female
lengths were found as 3.5 c¢cm and 8.0 cm, respectively
(Doadrio, 2002). It means that these fish are small enough to
be easily eaten by ducks. As a matter of fact, as they are quite
small individuals, they can easily be prey by the predator
fishes, aquatic vertebrate species, and birds. The mallard can
take this fish species and then release it into another habitat
when it is still surviving (vomiting without digesting). In other
words, ducks can be vectors for the transportation of this
species.

Although G. holbrooki seems poor dispersers (Pyke, 2005;
Zogaris, 2014), they have a global dispersion today because of
their use for biological control. As reported in studies, there
may be other vectors besides fishing nets in transporting fish
to different habitats (Zieba et al., 2010). Up to date, the aquatic
birds, i.e. mallard ducks, might also be a vector which is
overlooked affecting this spreading power. It is reported that
waterbirds can transport some fauna and flora members as
internal and external of their body (Reynolds et al., 2015;
Lovas-Kiss et al., 2020) and it is also possible for waterbirds to
carry offspring in their feathers. Because the mallard ducks
frequently visit different kinds of water sources over short
distances and it is very speedy (McDuie et al., 2019). This
rapidity means that the fish can stay alive during the mallard
duck's transition from one water source to one another.

While both fauna and flora give reactions to the fluctuations
in communities, (Swanson and Meyer, 1977) and the wetlands
are pretty sensitive habitats (Kaplan et al., 2005), the trophic
relationships between fauna members in these regions should
be followed carefully all the time. Although it has been reported
that mallard ducks rarely prey on small fish (Swanson et al.,
1985; Del Hoyo et al., 1992; Snow and Perrins, 1998), it is

unclear which of these fish species are. The mallard ducks
probably feed on many fish species. According to our
observation, it is clear that mallard ducks feed on G. holbrooki
specimens. While being a vector for a duck is harmless for
some fish species, they can create problems if they are vectors
of invasive species such as mosquitofishes. In the case of
mosquitofishes, it is not easy to eradicate once it creates a
population in a new aquatic habitat. In fact, the rotenone (a kind
of poison), might be used to eliminate G. holbrooki from aquatic
habitats. But the rotenone is indiscriminate, so the poison has
a negative impact on the native fauna (both vertebrate and
invertebrate) (Willis and Ling, 2000). It is almost impossible to
eradicate them from the environment they introduced.

As they are invasive species (Arthington and Marshal,
1999; Pyke, 2008; ISSG, 2013), there should be a provision in
many different ways to prevent the invasive mosquitofish from
dispersing more. Mostly, G. holbrooki introduced new habitats
through a variety of pathways, including the pet/aquarium trade
and deliberate introductions for biological control.
Nevertheless, this study predicts that mallard ducks can also
be potential carriers. More data is needed to manifest the
preferences of the mallard duck about G. holbrooki fishes.
Because it is known that environmental conditions affect the
level of food availability on a marsh, it should be revealed
whether the mallard duck consumed this species by preference
or whether it was consumed by food deprivation in the wetland
area.

CONCLUSION

It is known that ducks are carriers for many species. If
these species have invasive properties, then they may cause
environmental problems. More data are needed to establish
the livebearing carriage status of ducks such as G. holbrooki.
Therefore, monitoring programs (catch and release) for ducks
might be helpful for understanding their feeding behaviours.
Thus, this introduction pathway might be understood as the
mechanism for further introductions.
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Abstract: The lake management strategy of sediment dredging (removal) is periodically undertaken in shallow, eutrophic Mogan Lake, an important recreation
area. This study aims to use certain indices - enrichment index (EF), contamination/pollution index (CF), degree of contamination (Cg), pollution load index
(PLI), geoaccumulation index (lgeo), potential ecological risk index (Eri), integrated ecological risk index (PER), and mean probable effect concentration quotient
(mPEC-Q) - to evaluate the state of sediment pollution in the lake after dredging. With this in mind, after dredging was completed, two stations in the littoral
zone were selected. Station | was located especially where it would be reached by wastewater from mineral processing facilities and domestic areas; and
Station II, where it would be reached by residential and agricultural wastewater. Surface sediment samples were taken repeatedly in May and November 2020
using a sediment grabber. According to the study findings, a) Among the heavy metals studied (Hg, As, Cd, Cr, Pb, Ni, Cu, and Zn), Cu, As, and Cd were
found to have the highest enrichment and contamination indices; b) The pollution load index (PLI) values (1.30-2.26) suggest heavy metal pollution in the
sediment, and the geoaccumulation index (lgeo) values show intensive Pb contamination at both stations in both months; c) In terms of potential ecological risk
index (Er), Cd was found to have a significant level of ecological risk index; d) The integrated risk index (PER) indicates that all heavy metals in the lake were
present at moderate ecological risk levels. Ni and As were metals that had negative biological effects. The results indicate that a) Dredging is not a very
effective tool for reducing pollution in the sediment; and b) As long as anthropogenic pollutants continue to enter the lake basin, sediment heavy metal levels
should be routinely monitored, particularly those with ecological and biological effects on the sediment: Cu, Cd, Pb, Ni and As. It is predicted that the findings
of this study will contribute to the sediment-focused monitoring efforts of organizations and local governments.

Keywords: Ecological risk assessment, ecological indices, sediment dredging, heavy metals, Mogan Lake

0Oz: Rekreaktif neme sahip trofik-siy Mogan Géli'nde, gél ici yonetim uygulamalarindan biri olan sediment dredging (uzaklastirmi) zaman zaman
uygulanmaktadir. Bu galismanin amaci; sediment tarama sonrasi, golde sedimentin kirlenme durumunun bazi indekslerin -zenginlesme indeksi (EF),
kontaminasyon/kirlilik indeksi (CF), kontaminasyon derecesi (Ca), kirlilik yik indeksi (PLI), jeoakimUlasyon indeksi (lge), potansiyel ekolojik risk indeksi (Er),
biitlinlesik ekolojik risk indeksi (PER), ortalama olasi etki konsantrasyonu orani (nPEC-Q) - kullanimi ile degerlendirimesidir. Bu amagla golde sediment
tarama sonrasi, litoral bolgede iki istasyon segilmistir. Bunlardan |. istasyon; 6zellikle maden isleme tesisleri ve evsel kaynakli atik sularin, 1. istasyon; evsel
atik ve tarimsal faaliyet kaynakli atik sularin ulastigi bir konumda bulunmaktadir. Yiizey sediment 6rnekleri, 2020 yilinin Mayis ve Kasim aylarinda sediment
alma kepgesiyle tekerrtirlii olarak alinmistir. Arastirma bulgularina gore; a) Ele alinan agir metaller (Hg, As, Cd, Cr, Pb, Ni, Cu ve Zn) igerisinde Cu, As, Cd
en yliksek zenginlesme ve kontaminasyon faktorlerine sahip agir metaller olarak saptanmistir, b) Kirlilik yiik indeksi (PLI) degerleri (1,30-2,26) sedimentin agir
metallerle kirlenmesini desteklemekte, jeoakiimilasyon indeks (lgeo) degerleri ise, her iki istasyon ve ayda Pb bakimindan yogun kirlenme olduguna isaret
etmektedir, ) Potansiyel ekolojik risk faktorleri (Er) agisindan, Cd énemli diizeyde potansiyel ekolojik riske sahip bulunmustur, d) Biitiinlesik ekolojik risk
faktorleri (PER), golde tiim agir metaller bazinda orta diizeyli bir ekolojik riski gostermektedir. Ni ve As ise biyolojik agidan olumsuz etkileri olan metallerdir.
Sonuglar; a) Sediment tarama girisiminin, sedimentteki kilenmenin indirgenmesi agisindan gok etkin olmadigi, b) Gl havzasindaki antropojenik kirleticiler
stiregeldikge, sedimentte ekolojik ve biyolojik anlamda 6nem arzeden basta Cu, Cd, Pb, Ni ve As olmak lizere agir metal diizeylerinin rutin olarak izlenmesi
geregi yoniindedir. Bulgularin, ilgili kurumlarin ve yerel yonetimin sediment odakli izleme calismalarina katki saglayacag éngértiimektedir.

Anahtar kelimeler: Ekolojik risk tayini, ekolojik indeksler, sediment tarama, agir metaller, Mogan Gélii

INTRODUCTION

Sediments play an important role as an accumulative
environment for heavy metals in fresh- and saltwater
ecosystems. In the same way that they can directly affect the
benthic ecosystem, sediment heavy metals such as cadmium,
mercury, lead, copper, and zinc accumulate in the food chain

and can reach levels that threaten human health. Various
methods have been developed recently to determine the
degree of contamination in the sediment, protect the health of
aquatic ecosystems, and facilitate ecological risk assessment.
Accordingly, various indices are widely used in sediment
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contamination studies in freshwater, estuarine, and saltwater
ecosystems, such as the enrichment, contamination
(pollution), and geoaccumulation indexes, to shed light on
potential sources (anthropogenic and/or natural) of heavy
metals and their accumulation in the sediment (Wang and
Feng, 2007; Hu et al., 2013; Liu et al., 2014; Ghaleno et al.,
2015); potential-integrated ecological risk index, to determine
the risk that heavy metals pose to human health and the health
of aquatic ecosystems or their ecological sensitivity to heavy
metals (Guo et al., 2010; Liu et al., 2014); and the mean
probable effect concentration quotient, to obtain information on
the biological effects of these metals (Kikrer, 2016; Tunca,
2016).

Having recreational importance and located in the Gdlbasi
Special Environmental Conservation Area, Mogan Lake is a
shallow eutrophic lake. Itis under pressure from anthropogenic
pollutants due to agricultural activity, residential use, industrial
and mineral processing facilities, and various other sectors
operating in the lake basin. It has been reported that there are
29 andesite processing facilities in Gélbagi (24 factories and
four workshops) and that in a 2006 inspection of these facilities,
many were found to be discharging effluents, especially the
watery mud produced while cutting stone, directly into the
lake’s tributaries without purification, and these facilities were
fined. To eliminate anthropogenic pressure on the lake and its
negative effects, certain management strategies have
continued for nearly 15 years. One of these strategies,
sediment dredging, that is, removing sediment from the lake
bottom, is a management strategy undertaken on aquatic
ecosystems under the threat of eutrophication. The local
government reports that dredging mud from the lake bottom
started in 2017 and ended in November 2018, with a total of
3,100,000 m3 of sediment removed.

There has been a limited amount of research undertaken
in Mogan Lake before (Olgun and Kocaemre, 2011; Benzer et
al, 2013; Topgu and Kaya, 2017) and during
(Kigikosmanoglu and Filazi, 2020) dredging. These
investigations will sequence the average metal concentrations
in Mogan Lake sediment, examine seasonal and temporal
fluctuations, and compare them to sediment quality criteria and
TEL/PEL values. Only one of the preceding investigations
(Topgu and Kaya, 2017) and two index estimations are
available. This is the first study on heavy metal contamination
of sediment carried out after lake sediment dredging. In
addition, no study on dredging, which is an important in-lake
management practice in our country's lakes, was found in the
literature review. As a result, the findings highlight the
significance of the research topic, particularly at Mogan Lake.

This study aimed to determine the state of post-dredging
sediment heavy metal contamination in Mogan Lake using
indices such as the enrichment index, contamination/pollution
index, degree of contamination, pollution load index,
geoaccumulation index, potential ecological risk index,
integrated ecological risk index, and mean probable effect

concentration quotient. The data obtained from the study will
be used to create a roadmap for the development of rational
strategies for lake management and to prepare the scientific
groundwork for sediment management.

MATERIAL AND METHODS
Study area

Mogan Lake, long under intense anthropogenic pressure,
is one of Turkey’s important Ramsar candidate wetlands. The
alluvial terrace lake, located in the Lower Ankara Creek Basin,
20 km south of Ankara on the Ankara-Konya road, is fed mostly
by precipitation and by the waters of more than five small and
large rivers (Anonymous, 2016).

Fieldwork

Two stations suitable for obtaining sediment samples and
representing the sources of pollution were selected in the
littoral zone of Mogan Lake (Figure 1). Station | was
established in an area receiving wastewater from mineral
processing facilities and domestic wastewater, and Station Il in
an area reached by domestic waste and agricultural
wastewater.

Surface (0-20 cm) sediment samples were taken
repeatedly with a Ekman grab at both stations in May and
November 2020. Sediment samples were delivered to the
laboratory in dark nylon bags and a cold environment.
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Figure 1. Research area and location of stations (Binici et al., 2021)

Laboratory work

Chemical analyses were performed at the Central
Laboratory of Middle East Technical University. Experimental
procedures were carried out according to the in-house
laboratory methods based on the EPA 6020B method.
Sediment samples were dried at 105°C for 2 hours before
digestion. Digestion procedures were carried out with an Anton
Paar Multiwave 3000 microwave digestion system (Rotor type
8SXF100).

198



Ecological risk

ment of heavy metals after dredging in Mogan Lake, Turkey

1. Approximately 0.3 g sample was weighed in a

microwave digestion vessel.

2. 4 ml HNOs, 2 ml HCI and 3 ml HF were added to the
vessels, and sample and blanks were digested (Instrument
parameters: Power 200 W, ramp 5 min, hold 5 min [step 1];
Power 1000 W, ramp 5 min, hold 15 min [step 2]).

3. Complexation was performed using 18 ml boric acid
(Instrument parameters: Power 800 W, ramp 5 min, hold 15

min).

4. Sample/blanks were diluted to a final volume of 50 ml

with de-ionized water.

Table 1. Risk assessment of heavy metals

Hg, As, Cd, Cr, Pb, Ni, Cu, and Zn levels were determined
using Inductively Coupled Plasma Mass Spectrometry (ICP-
MS, Perkin Elmer NexION 350D). NIST SRM 8704 Buffalo
River Sediment is used for quality assurance and control. The
CAS numbers of the acids used during the chemical analyses
are 7697-37-2, 7647-01-0, and 7664-39-3, for HNOs, HCL, and
HF, respectively.

The formulas and references for risk assessment of heavy
metals and pollution levels per EF, CF, Er, PERI, PLI, and
mPEC-Q are presented in Tables 1 and 2, respectively.

The contamination level of heavy metals

Symbols

References

Enrichment index
EF= Ci/Cx+ Bn/Bx

Ci= Measured metal concentration

Cx= Geochemical background values of measured (Fe or Al)
Bn= Geochemical background values of measured metal*

Bret= Geochemical background

Sutherland (2000)
Rudnick and Gao (2014)

values of metals (Fe or Al) Goher etal. (2017)

Contamination index
CF=Ci/ Cy

Pollution load index
PLI=(CF1xCF2xCFy)'h

Ci= Measured metal concentration

Cn*= Geochemical background values of metals

n= Number of measured metal

Rudnick and Gao (2014)
Suresh et al. (2012)

Geo-accumulation index
Igeo = logz(Cn/1,5  Br)

Cn= Measured metal concentration

Bn= Geochemical background values of the metal (n)

Ghaleno et al. (2015)

Toxic effects of metals Symbols References
Potential risk index

Eri=Tix CiCy T#: Response) index S;(kjaitsilﬁ ((21%13%))
Potential ecological risk index (Hg=40, Cd=30, As=10, Cu=Pb=Ni=5, Cr=2, Zn=1) Liu etal. (2014)
PERI=Y Eri )

Combined biological effects of metals

Symbols

References

Mean probable effect concentration quotient
mPEC-Q=}, (C/PEC)/in*
TU= C/PECi

Ci= Measured metal concentration

PEC = Mean probable effect concentration

n=Total metal number
TU= Toxic unit

Long et al. (2006)
Yang et al. (2014)

* Background concentration of the metals (ug/g): Hg:0,05; Cr: 92; Ni:47; Cu:28; Zn:67; As:4,8; Cd:0,09; Pb: 17 (Rudnick and Gao, 2014)
** PECivalues: Hg:0,486; Cr:90; Ni:36; Cu:197; Zn:315; As:17; Cd:3,53; Pb:91,3 (MacDonald et al., 2000)

Table 2. Pollution levels as per EF, CF, Eri, PERI, PLI, and mPEC-Q value

EF value Ecological risk CF value Ecological risk lgeo Classes Ecological risk
EF<2 Depletion to mineral CF<1 Low 0 Unpolluted
2<EF<5 Moderate 1=CF<3 Moderated 1 Unpolluted moderated
5<EF<20 Significant 3<CF<6 Considerable 2 Moderated polluted
20<EF<40 Very high CF>6 Very high 3 Moderated to high polluted
EF=40 Extremely high 4 Highly polluted
5 Highly to extremely polluted
>5 Extremely polluted
Eri classes Erivalue Ecological risk PERI classes PERI value Ecological risk
1 Eri <40 Low 1 PERI <150 Low
2 40<Er' <80 Moderate 2 150< PERI <300 Moderate
3 80<Er <160 Appreciable 3 300< PERI <600  Considerable
4 160<Eri <320 High 4 600>PERI Very high
5 320>Eri Serious
PLI value Ecological risk mPEC-Q value Ecological risk
PLI>1 Polluted mPEC-Q <0.1 Low priority
PLI<1 Non-polluted 0.1<mPEC-Q<1 Low-medium priority
mPEC-Q >0.1 High priority
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RESULTS
Enrichment index (EF)

Enrichment index (EF) values for the metals measured in
the sediment of Mogan Lake were determined by month and
station: for Station I, Cu>Cd>As>Pb>Zn>Ni>Cr>Hg, in
descending order. While Cu levels at Station | were highest in
November, indicating a near moderate enrichment level,
minimal enrichment was seen for Hg at the same station, also
in November (Figure 2). Enrichment indexes for the metals at
Station Il were found to be Pb>Hg>As>Cd>Cu>Cr>Zn>Ni, in
descending order. While Pb and Hg showed moderate
enrichment levels in November, Hg showed minimal
enrichment in May (Figure 2). Taking general averages into

account, enrichment index values were:
Cu>Cd>As>Pb>Hg>Cr>Zn>Ni.
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Figure 2. Sediment enrichment indexes at the station | and Il in May
and November

Contamination (pollution) index (CF)

Sediment contamination index values in Mogan Lake,
without considering month and station, were arrayed as
Cu>As>Cd>Pb>Hg>Cr>Zn>Ni.  High levels of As
contamination was found at both stations; for Cd, high
contamination levels were detected at Station |. and moderate
levels at Station II.; for Pb and Zn, moderate levels were
detected at Station | and low levels at Station Il; for Cr,
moderate levels were detected only at Station II; for Ni,
moderate levels were detected at both stations; and for Hg, low
levels were detected at both stations (Figure 3).
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Figure 3. Sediment contamination indexes at the station | and Il in
May and November

Degree of contamination (pollution) (Ca) and pollution
load index (PLI)

An extremely high degree of contamination (Cq) was
determined in May at Station |, at 23.42 13.04 mg kg-'dry w
and a moderate degree at Station Il, at 13.04 mg kg~ dry w.
Similarly, in November, while Cq at Station | was found to be
extremely high at 22.2 mg kg-! dry w, this value was found to
be moderate at Station II, at 14.8 mg kg-' dry w. In light of this
data, the Cq levels determined in both months at Station |
proved to be extremely high.

PLI values for May were calculated as 2.26 at Station | and
1.30 at Station II, while the values for November were 1.77 at
Station I and 1.81 at Station II. Ghaleno et al. (2015) reported
that, PLI values of <1 indicate the absence of contamination,
and that values greater than 1 indicate advanced pollution. The
PLI values of >1 recorded in Mogan Lake point to heavy metal
contamination in the sediment.

Geoaccumulation index (lgeo)

Evaluating the geoaccumulation index by station, values for
Station | were recorded as Pb>Cu>As>Cd>Zn>Ni>Hg>Cr, and
for Station Il, as Pb>As>Cd>Hg>Cr>Ni>Cu>Zn, in decreasing
order. In both months at both stations, Pb was determined to
have high contamination levels, while Cu had moderate levels
in May and higher than moderate levels in November at Station
; and As values for May at both stations and Cd values for the
same month at Station | had moderate levels of contamination.
The other metals were not detected at levels showing
contamination (Figure 4).
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Figure 4. Sediment geoaccumulation indexes at stations | and Il in
May and November

Findings on the toxic effects of metals
Potential ecological risk index (Eri)

Arranged according to the calculated ecological risk
indices, the metals at Station | are as follows:
Cd>As>Cu>Hg>Pb>Ni>Zn>Cr. While Cd had a significant
potential ecological risk in both months, As had a moderate
ecological risk in May at the same station (Figure 5).

Integrated ecological risk index (PER)

The highest value for the integrated ecological risk index
(PER) for the metals was recorded in May at Station | (276.14
mg kg), in the moderate ecological risk category. Likewise, in
November, as PER values at both stations were at
150<PER<300, a moderate ecological risk was determined.

Findings on the combined biological effects of metals
Toxic unit (TU)

From a standpoint of toxic units, Ni and As values in May
at Station | were higher than those for November, with low
values for the other metals. At Station Il, Ni and Cr had high
values, with those in May higher than those seen in November.

Eri
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BENOVEMBER |I. station

Figure 5. Sediment potential ecological risk indexes at the station |
and Il in May and November

Mean probable effect concentration quotient (mPEC-Q)

The highest and lowest > TU values were reported at
Station Il, in May and November, respectively. The mean
probable effect concentration ratio values of lake sediment are
determined for May and November respectively; as 0,76-0,68
for me and as 0,79-0,65 for II. There is a high priority for this
index.

DISCUSSION

Within the scope of sediment pollution studies, as in many
places in the world, many studies have been undertaken in
different parts of Turkey using ecological indices in lakes with
extremely different hydrographic and nutrient levels.

In a study on Kalimanci Lake in Macedonia, Vrhovnik et al.
(2013) found surface sediment enrichment index values of
between 0.12-590.3 and reported significant Cd, Pb, Zn, and
As sediment contamination. In the study in Mogan Lake,
sediment enrichment index values varied between 0.21-6.98;
and especially Cu sediment values showed significant
enrichment in May and November at Station I. At the same
station in Mogan Lake, Zn and Pb were at moderate
enrichment levels; and in fact, it is known that wastewater from
mineral processing plants reaches this station.
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In Veeranam Lake (India), Suresh et al. (2012) reported
average PLI values of 2.03 (1.18-4.09) and stated that the lake
sediment was significantly contaminated. Likewise, in this
study, the lake sediment was found to be contaminated by
heavy metals and taking the average PER value of 238.79
(196.86-266.31) into account, it was shown that the lake is
facing a moderate ecological risk. The finding in Mogan Lake
that sediment Hg and Cd posed a significant potential
ecological risk in some months and at some stations is in
concordance with the finding at Veeranam Lake that sediment
Cd from metals processing plants, agriculture, and residential
areas poses a high ecological risk. Similarly, results from
studies in China at Dalinouer Lake (Hou et al., 2013), East Lake
(Liu etal., 2014), and 35 other surface sediment studies (Yang
et al., 2014) show that Cd was the heavy metal posing the
highest potential risk, are in parallel with the findings of the
study conducted in Mogan Lake.

According to Cheng et al. (2015), mercury is the heavy
metal with the greatest ecological hazard in the surface
sediments of 16 Chinese lakes, followed by Cd, As, Pb, Cu, Ni,
Cr, and Zn. Heavwy metals were sequenced as
Cd>As>Cu>Pb>Zn in a study conducted by Singh and
Upadhyay (2012) in Lake Ramgarh (Upper India), and the
average potential ecological risk factor was calculated to be
76.53 (moderate contamination). According to Yin etal. (2011),
the potential ecological risk index in the surface sediment of
Lake Taihu (China) is moderately polluted, with Cd being the
greatest and Hg being the second ecological risk factor. Yuan
et al. (2014) discovered that Cd is the heavy metal in the most
significant risk group in the sediment of Lake Dianchi (China),
a hypereutrophic plateau lake, and that Cr has a very low
potential ecological risk index, which is consistent with the data
from Lake Mogan. Given the endurance of pollutant inflows
from the Lake Mogan basin, long-term monitoring of cadmium
in lake sediment is unavoidable for the preservation and
maintenance of sediment quality, in this context.

Mamat et al. (2016) reported that Cd, Hg, and Pb were
determined to be at low/partially severe contamination levels,
while Zn, As, Cr, Ni, and Cu were determined to be at
uncontaminated/low contamination levels, based on the
enrichment factor and geoaccumulation index value in the
Bosten Lake surface sediment located in the arid region of
Northwest China. The results partly corroborate the previous
observation that Cu, As, and Cd are the most abundant
enrichment factors in Lake Mogan sediment. Waheshi et al.
(2017) reported that Pb and Cu are not contaminated in Lake
Edku sediment according to their lgeo values, and the lgeo value
for Pb was found to be maximum in Lake Mogan. Guo et al.
(2018) revealed that 18 lake surface sediments in the Tibetan
plateau exhibit moderate contamination in terms of Cd and As,
according to the Eriand lgeo indices of the sediment. While the
Lake Mogan data partially overlapped with the values of Guo
et al. (2018), they were determined to be consistent with As
showing moderate-high contamination in terms of both indices.
It has been observed that the use of pesticides and chemical

fertilizers in agricultural activities causes As contamination in
the surface sediment of Lake Dali (North China) (Xu et al.,
2019). Given the contamination factors (2.05-3.45) of Mogan
Lake Station Il it appears that agricultural wastes could reach
this station and contaminate it.

Fan et al. (2019), in a study conducted on Shitang Lake
(China), first defined sediment dredging areas using the
geoaccumulation index (lgeo) and the potential risk index (RI).
According to the geoaccumulation index values calculated in
the study, it was determined that the sediment was more than
moderately contaminated, at Station | in May and November
by Cu, and at Station Il in November by As. Accordingly,
although it may be possible to say that suitable months and
locations exist for the aforementioned heavy metals in terms of
sediment dredging activities in Mogan Lake since the resultant
area would be quite small, this approach, unfortunately, does
not appear to be suitable for use in the lake.

According to Imran et al. (2020), elevated lgeo and EF
values discovered for As, Fe, and Cd in the surface sediment
of Lake Keenjhar (Pakistan) are produced by human activity in
the lake's surroundings. According to Zhang et al. (2013), the
geoaccumulation index (lgeo) Of six heavy metals in Lake
Yangzonghai (China) sediment is Cu>As>Cr>Zn>Mn>Pb in
general, with copper reaching a value of 2.42. In the
foreground, Pb and Cu were determined in terms of lgeo values
on the overall average basis of the Lake Mogan sediment, with
the maximum lgeo value for copper reaching 2.18 at Station | in
November. According to Zhang et al. (2013) concluded that
potential sources of Pb, Zn, As, and Cr in the sediment are
created by human activities such as industry, mining, and
tourism, which are also effective contributors in sediment
contamination in Lake Mogan.

The finding that average bed sediment Cu, Zn, Ni, Mn, and
As values in Kovada Lake were reported to be greater than the
shale value, means that values for these elements in Kovada
Lake indicated low or moderate enrichment (Sener and Sener,
2015), in parallel to the enrichment index values for the heavy
metals other than Cr and Cd in the sediment of Mogan Lake.
While Kikrer et al. (2015), reported the potential risk index of
two metals, Cd and Hg, in the sediment of Cildir Lake
(Ardahan), in this study, Cd in the sediment of Mogan Lake was
also shown to pose a significant potential ecological risk.

While sediment samples from Seyfe Lake, whose sole
anthropogenic source is an agricultural activity, were classified
according to the geoaccumulation index as moderately polluted
in regards to As (Bolikbasi and Salman Akin, 2016), sediment
As in Mogan Lake reached its maximum value (2.64) in
November at Station I, indicating contamination above
moderate levels.

Similarly, while all sediment geoaccumulation index data in
Mogan Lake, except for Cu values for May and November at
Station | and As values for November at Station Il, indicate a
contaminated or moderately contaminated state, in Uluabat
Lake (Bursa), according to the gecaccumulation index (lgeo),
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the sediment is moderately contaminated (Hacisalihoglu and
Karaer, 2016).

In a study on Tortum Lake conducted by Kikrer (2016),
low-moderate level contamination of the surface sediments
was reported, and the highest EF values were found for Cd as
a result of the use of fossil fuels in the region. As for PLI and
PER values, the lake’s low ecological risk due to heavy metals
and the mPEC-Q values at 15-29% point to its being a primarily
low-moderate area. In Mogan Lake, as the highest sediment
EF value was for Cu, and PER values were between 196.86-
266.31, this indicates that the heavy metals tested for had a
moderate ecological risk; mPEC-Q values showed that the
sediment might have been partially impacted by the combined
biological effects of the metals.

In Beysehir Lake (Konya), it has been put forth that the
potential toxic effect of sediment As on lifeforms is at a serious
level (Tunca, 2016). In Mogan Lake, Ni and As was reported to
be the most significant heavy metals in terms of their negative
biological impact.

According to the above-mentioned research conducted in
various geographical regions of Turkey, heavy metal
concentrations in sediment are unavoidably altered by natural
or anthropogenic sources. Furthermore, it should be noted that
no dredging activity has been carried out for improvement in
any of these lakes.

Principal component analysis was used to characterize the
types and contributions of heavy metals in the lake's pollutant
sources within the scope of a study conducted by Binici et al.
(2021) in Mogan Lake after dredging. The researchers
observed that the variances in heavy metals originating from
diverse anthropogenic sources reaching the lake also indicate
the diversity and pressure of environmental pressure for heavy
metal accumulation in the lake as a result of principal
component analysis. Cu (0.826), As (0.962), and Cd (0.933) in
the first basic component, which explains 40.063% of the total
variance, in the first station where domestic wastewaters are
discharged from the mine processing facilities in the two
periods of sampling were quite high compared to the second
station in the aforementioned study.

The maximum enrichment index (EF) for all three metals
was established at the first station in this study, as were the
contamination index values (CF) at the first and second
stations. In this regard, both mineral processing-domestic
wastewater and agricultural activities might be considered
variables in the enrichment and contamination of the sediment
with these metals. In the same study, Hg (0.936), Zn (0.831),
and Pb (0.900) were shown to have higher positive charges
than other heavy metals in the second basic component, which
explains 31.625% of the total variation. The high potential
ecological risk index (Er) value for Hg in November was

determined in the present study, particularly at the second
station, indicating that the mercury originates from domestic
and agricultural wastewaters. Among the Cr (0.779) and Ni
(0.935) in the third basic component, which explains 24,452 %
variance, Cr was found to be higher in the second station,
where domestic wastewater and wastewater from agricultural
activities were reached, compared to the first station, in both
months of sampling. When the toxic unit (TU) values for both
metals are considered, domestic-agricultural wastes have a
significant effect on the toxicity of the sediment. Although the
interpretations of the indices differ, it is obvious that the heavy
metal concentrations in the sediment (Hg, As, Cd, Cr, Pb, Ni,
Cu, and Zn) are negatively affected by both point and non-point
pollutant sources reaching the lake.

Although the location of the stations was different, within
the scope of a study conducted on Mogan Lake before
dredging (Topcu and Kaya, 2017), geoaccumulation index lgeo
values lower than zero indicated extremely low pollution levels.
Similarly, enrichment index values generally of <1 indicate a
low pollution level. A stark increase can be seen between pre-
dredging index values and those recorded in this study. When
considering pre-dredging ecological index values, it does not
seem possible to evaluate sediment removal as an effective
strategy in Mogan Lake.

CONCLUSION

In light of the findings, suggestions regarding Mogan Lake
are presented below:

-Sediments such as those in the example of Mogan Lake
are important due to the accumulation of heavy metals in the
sediment biota and the role they play in the transformation of
metals. Heavy metal levels should routinely be monitored,
especially for the lake's sustainability and due to the
continuation of anthropogenic pollutants.

-Dredging depth appears to be the most important index in
laying a foundation for the more effective utility and applicability
of sediment dredging activity in the lake. If sediment removal is
to be practiced from time to time in the lake, its cost,
environmental effects, the process, and other indexes should
be examined; the dredging areas should first be prioritized, and
other topics such as the dredging technique should be
considered. Moreover, monthly or more frequent surface
sediment sampling is first of all important to determine dredging
areas to maintain the lake’s sustainability. Accordingly, it is
thought that the findings of existing studies, at least as
preliminary scientific data, will shed light on the way to
determine dredging areas.
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Abstract: This study aimed to determine the potential changes in the fatty acid composition of frozen cultured sea bass (Dicentrarchus labrax) thawed at
different environmental conditions. Sea bass fillets were thawed using four different methodologies: refrigerator (+4°C), water (+15°C), microwave (defrost
mode) and ambient conditions (22+2°C). Some part of the fish was thawed once (on the 7t and 30t days), and the other part was thawed twice (on the 30t
day). Thus, crude lipid analysis and fatty acid composition by gas chromatography were carried out in the thawed sea bass fillets. The results showed negative
effects on the fatty acid composition caused by the different thawing methods. The most suitable thawing method was determined as refrigerator thawing,
especially on the 30t day 1st thawing according to least loss of the lipid values (9.19+0.18%) and unsaturated fatty acids (C18:2 25.92+0.13%, C20:5
5.56+0.02%, C22:6n-3 8.90+0.09%, Y PUFA 44.70+0.04%). Samples thawed in water and ambient conditions follow the refrigerator thawing method in terms
of lipid and fatty acids. The highest lipid and fatty acid loss was observed in microwave thawing. Although the samples thawed in the refrigerator were better
than the other groups in terms of lipid content and fatty acid composition, it is recommended to the consumers that frozen foods should be thawed only once
and consumed immediately, and that fish should be frozen according to their needs and thaw as much as they can consume.

Keywords: Sea bass, Dicentrarchus labrax, freezing, thawing, fatty acid composition

0z: Bu calismada, dondurma ve farkli ortam sartlarinda ¢oziindiirme islemi uygulanan killtiir levrek baliginin (Dicentrarchus labrax Linnaeus, 1758) yag asidi
kompozisyonunda meydana gelen degisimlerin tespiti amaglanmistir. Levrek baligi filetolari, buzdolabi (+4°C), su (+15°C), mikrodalga (buz ¢dzme modu) ve
ortam sartlari (22+2°C)'nda olmak tzere dort farkli ortamda ¢oziindirilmustir. Baliklarin bir kismi bir (7. ve 30. giinde), diger kism ise iki kez (30. glinde)
¢ozlindirulmistir. Cozundirulen levrek baligi filetolarinda ham yag ve yag asitleri kompozisyonu analizleri gergeklestirilmistir. Tlm gruplarin yag asidi
kompozisyonu gaz kromatografi cihazi kullanilarak belirlenmistir. Elde edilen bulgular farkli ortamlarda birden fazla ¢éziindiirmenin yag asitleri kompozisyonu
lizerinde olumsuz etkilere sebep oldugunu ortaya koymustur. Uygulanan ¢dziindirme tekniklerinden en uygun ¢oziindirme ortaminin 6zellikle 30. gin ilk
¢oziindirme giinii ele alindiginda yag degerleri (%9,19£0,18) ve doymamis yag asitleri sonuglarinda (C18:2 %25,92+0,13, C20:5 %5,56+0,02, C22:6n-3
%8,90+0,09, >PUFA %44,70+0,04) en az kayip gorilmesinden dolay buzdolabinda ¢éziindiirme yontemi oldugu sonucuna varilmistir. Suda ve ortam
kosullarinda ¢dziindtrilen érnekler yag ve yag asitleri sonuglari bakimindan buzdolabinda ¢ézindirme yontemini takip etmektedir. Yag ve yag asidi
miktarinda en fazla kayip mikrodalga ¢dzlindiirme yonteminde gozlenmistir. Buzdolabinda ¢dziindiiriilen 6mekler her ne kadar yag miktari ve yag asitleri
kompozisyonu agisindan diger gruplara gore daha iyi olsalar bile tiiketicilere dondurulmus gidalarin sadece bir kere ¢dziindirilerek hemen tiiketilmeleri
gerektigi ve ihtiyaglari oraninda baliklari dondurup, yiyebilecekleri kadar miktarlari ¢ézindirmeleri 6nerilmektedir.

Anahtar kelimeler: Levrek, Dicentrarchus labrax, dondurma, ¢ozindirme, yag asidi kompozisyonu

INTRODUCTION

Seafood is an increasingly important food both in the world
and in Turkey. One of the mostimportant factors that determine
the quality of food is its digestibility and utilization of its proteins,
lipids, carbohydrates, vitamins and minerals by our body. Fish
are important food sources with these characteristics. Fish
meat is a recommended meal by all health and nutrition experts

(Metli, 2006; Murray and Burt, 2011; Chen et al., 2022). Fish
have functional effects due to their richness in polyunsaturated
fatty acids. As a result of several researches, it has been
concluded that dietary supplements containing fish are
beneficial in the treatment of many diseases such as
cardiovascular diseases, ulcerative colitis and hyperlipidemia

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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(Chen et al., 2022). The consumption amount of fresh and
processed seafood in Turkey is quite low, especially compared
to European countries. However, animal protein intake is
insufficient in our country. Fish meat and other seafood are
important for human nutrition due to their contents of both high-
quality protein and especially long-chain unsaturated fatty
acids (Gilyavuz and Unlisayin, 1999; Anonymous, 2019). In
recent years, the Republic of Turkey Ministry of Agriculture and
Forestry has been taking steps to increase aquaculture
production and export. The main products of our aquaculture
exports are sea bass, seabream, rainbow trout and tuna. A
large part of our export consists of fresh and chilled fish
(Anonymous, 2014).

Freezing is one of the most preferred methods to store fish
and other seafood. Although low temperatures protect the food
shelf life and quality, incorrect applications can cause negative
effects on the quality. If the necessary conditions are not
followed, quality losses may occur in fish tissue due to physical,
chemical and enzymatic changes, which adversely affect the
consumer's preferences (Abraha et al., 2018). The factors
mostly causing these quality losses can be storage
temperature, freezing and thawing times, temperature
changes, incorrect freezing and thawing processes. Various
studies demonstrated that multiple freezing and thawing
processes lead to physiological and biochemical damage in
muscle systems, such as nutrient loss, lipid oxidation, protein
denaturation, and hydrolysis (Wu et al., 2021). Food
preservation methods aiming to offer fish to consumers under
healthier and hygienic conditions can protect the products.
Although this, quality losses especially in terms of physical and
sensory characteristics may occur in these products due to
incorrect applications of the consumers. Bozkir et al. (2014)
stated that thawing foods using traditional methods may have
some negative effects such as microorganisms development
or oxidation (and accordingly color changes). Although the
negative effects of traditional methods, consumers use these
thawing methods at home in order to save time and consume
the products quickly (Konak et al., 2009).

The fact that unconscious storage processes in small
businesses and fish shops have a negative effect on the quality
of fish is one of the most important reasons why consumers
avoid to buy fish. This study aimed to determine the effects of
incorrect/unconscious  freezing and different thawing
processes on the fatty acid composition of sea bass, a species
highly consumed in our country and in the world and of very
high economic value. Thus, the study evaluated the changes
in the amount of lipid and fatty acid composition occurring
during the thawing of the fish in different conditions
(refrigerator, ambient conditions, water and microwave) after
the storage process in the -18°C freezer, which is frequently
used in homes and plants.

MATERIAL AND METHODS
Study area and stations

Twenty kg of sea bass (50 fish) with an average weight of
350+20 g and lenght of 30+3 cm, farmed in offshore cage
systems in Milas, Bodrum (Turkey), were used for the
experiments. Samples were taken from the fish farms in Milas,
Bodrum, and brought to Mugla Sitki Kogman University,
Faculty of Fisheries, Quality Control Laboratory within 1 hour
in cold chain conditions with styrofoam boxes in ice.

Methods

The sea bass samples were divided into groups of 5 and
stored in refrigerator bags at -18°C. Lipid of fish was extracted
before the fresh fish were taken into storage, and methylation
was performed to determine the initial fatty acid composition.
After 7 days of storage, fish were thawed (7t day 1st thaw) in
four different conditions (refrigerator (4+1°C), ambient
conditions (22+2°C), water (15+£2°C) and microwave (defrost
mode). Lipid and fatty acid analyses were applied to some of
the thawed fish, and the remaining sea bass were re-frozen.
After 30 days of storage, this re-frozen fish group (30t day 2nd
thaw) and the fish group that stored for a month (30t day 1t
thaw) were thawed with these four different thawing methods.
After the 30t day thawing processes, lipid was extracted and
the fatty acid composition was determined using gas
chromatography for the groups of 30t day thawing.

Crude lipid analysis

The samples were analyzed in triplicate for lipid content
following the Bligh and Dyer (1959)'s method. A mixture of
methanol and chloroform (1:2, v/v, 100 ml) was added to 5 g of
the fish sample (fish/solvent, 1:20, wiv) and homogenized.
Then, 20 ml of 0.4% CaCl2 solution was added onto the
samples. The samples were filtered on a filter paper into the
tared balloons kept in the oven at 105°C for 2 h. These balloons
were kept in a dark environment overnight and the upper layer
consisting of methanol+water was separated with the help of a
separation funnel. Chloroform from the chloroform+lipid part in
the solution remaining in the flask was evaporated using a
rotary evaporator (Heidolph) with the help of a water bath set
at 60°C. At the end of the method, balloons were kept in the
oven at 60°C in order to remove the remaining solvent, then
they were kept in a desiccator for 30 min and their final
weighings were taken after cooling as following:

Yield of crude lipid = [ (Final weight - Initial weight) / Sample
weight ] x 100

Fatty acids analysis

The methyl esters of lipid from the samples were prepared
by transmethylation using gas chromatography-flame ionizing
detector (GC-FID) according to the method described by
Ichihara et al. (1996). 25 mg of extracted oil was dissolved in 2
ml isooctane, followed by addition of 4 ml of 2 M KOH (in
methanol). Then, the tube was vortexed for 2 min at room
temperature. Separation into methyl esters was performed in
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triplicate for each sample. After centrifugation at 4000 rpm for
10 min, the isooctane layer was taken for gas chromatography
(GC) analysis.

Gas chromatography (GC) conditions

The fatty acid methyl esters were analyzed using gas
chromatography of Agilent Technologies model 7820 equipped
with a flame ionization detector (FID) and fitted with an HP-88
capillary column (60 m x 0.25 mm x 0.25 um thickness). Helium
was used as the carrier gas at a constant pressure of 16 psi.
Injection port was maintained at 220°C, and the sample was
injected in split mode with a split ratio of 50:1. During the
analysis, detector temperature was 280°C. Column
temperature was started at 175°C, and then programmed at
3°C/min to 220°C, ramped at 1°C/min to 220°C, and held for
10 min. The total running time was 26 min. Helium was used
as the make up gas at a constant flow of 40 ml/min, and
hydrogen and dry air were used as detector gases.
Identification of fatty acids was carried out by comparing
sample fatty acids methyl esters (FAME) peak relative
retention times with those obtained for Supelco standards
(Supelco 37 Compounds FAME mix 10 mg/l in CH2 Cl—47,885
U, Supelco 1819-1 Ampule FAME mix C4-C24). The results
were expressed as percentage of total fatty acid methyl esters
(1SO, 1990).

Statistical analysis

All experiments were carried out in triplicate and the results
were reported as mean and standard deviation of
measurements. Statistics on a completely randomized design
were performed with the analysis of variance (ANOVA) using
SPSS (Version 21, SPSS Inc., Chicago, IL, USA) software.
Tukey's multiple range test (p<0.05) was used to detect
differences among mean values of all test intervals.

RESULTS
Crude Lipid Analysis Results

The % lipid analysis results of the fresh material, multiple
freezed/thawed and only once freezed/thawed sea bass were
reported in Table 1. While the lipid content was 10.29% in fresh
sea bass (day 0), a decrease was observed in the lipid content
of fish thawed more than once in different mediums (p<0.05).
In the refrigerator, a decrease was observed on the 7t day 1st
thawing and on the 30t day 2"d thawing with 9.19% and 8.67 %,
respectively. Also in other thawing mediums, decreases were
observed on the 30t day 2 thawing compared to the 7t day
1st thawing. The highest lipid loss was observed in the
microwave thawing method on the 30t day 1st thawing.

Table 1. Lipid analysis results of sea bass thawed in different conditions (%)
Thawing Medium
Thawing Time Refrigerator Microwave Water Ambient Conditions
Day 0 10.29+0.8524 10.29+0.852 10.29+0.854 10.29+0.854
Day 7 (1st Thawing) 9.19+0.0828 8.18+0.0508¢ 9.53+0.4428 9.48+0.3628
Day 30 (2" Thawing) 8.67+0.072C 8.87+0.4828 8.38+0.01b¢ 8.23+0.050¢
Day 30 (1t Thawing) 9.19+0.1808 7.4620.57< 8.87+0.34v¢ 8.33+0.09v¢

Data are expressed as the meantSD. Lowercase letters indicate the statistical difference between the thawing methods, and uppercase letters indicate the

statistical difference between the thawing times of the groups (p<0.05).

According to the results of fatty acid composition, the total
saturated fatty acid (D SFA) of fresh samples was 22.38%,
hovewer it decreased to 12.96% in the water thawing method
on the 7t day 1st thawing (p<0.05). With regard to the total
monounsaturated fatty acid (> MUFA), the value was 30.07%
in fresh sea bass, however the highest increase (33.28%)
occurred in water thawing samples. Total polyunsaturated
(> PUFA) was 40.34% in fresh sea bass, but it increased to
44.67% in water thawing. Eicosapentaenoic acid (EPA)
(C20:5n-3) and docosahexaenoic acid (DHA) (C22:6n-3) were

detected in the range of 4.64+0.03-5.391£0.04% and
7.53+0.23-8.71+0.07%, respectively.

No statistically significant difference emerged between
ambient conditions and water thawed groups with fresh
material in terms of EPA and DHA (p>0.05). The n-3/n-6 ratio
was 0.65 in fresh sea bass, 0.60 in refrigerator, 0.59 in
microwave, 0.62 in ambient conditions and 0.61 in water
thawed samples (p>0.05) (Table 2.)
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Table 2. Fatty acid analysis results of sea bass thawed for the 15t time on the 7t day in different conditions (%)

Day 7 (1st Thawing)

Fresh Refrigerator Microwave Ambient Conditions Water
c12:0 0.03+0.002 0.02+0.002 0.02+0.002 0.03+0.00= 0.03+0.002
C13:0 0.010.002 0.01+0.002 0.010.002 0.02+0.00= 0.01+0.002
C14:0 2.28+0.03= 2.23+0.052 2.140.012 2.4110.04 2.37+0.022
C15:0 0.28+0.002 0.26+0.002 0.28+0.002 0.28+0.002 0.27+0.002
C16:0 15.14+0.09 12.60+0.16° 14.98+0.012 10.15£0.05¢ 7.88+0.88¢
C17:0 0.25+0.012 0.21+0.052 0.29+0.002 0.20+0.002 0.15+0.012
C18:0 4.10£0.032 3.01+0.60° 4.19£0.022 2.72+0.03° 1.89+0.26¢
C22:0 0.12+0.002 0.13+0.002 0.12+0.002 0.13+0.002 0.130.002
C24:0 0.18+0.022 0.26+0.032 0.22+0.002 0.22+0.012 0.23+0.002

>SFA 22,38+0.032 18.73£0.19° 22.25%0.012 16.17%0.02¢ 12.96%0.29¢
C14:1 0.09+0.002 0.03+0.002 0.030.002 0.03+0.002 0.04+0.002
C16:1 3.260.032 3.360.112 3.130.022 3.52+0.022 3.610.07=
C17:1 0.44+0.012 0.45+0.012 0.43+0.002 0.48+0.012 0.49+0.012
C18:1n-9¢ 22.5440.12¢ 24.11£0.08> 22.70+0.16¢ 23.9740.11° 25.2140.352
C18:1n-9t 0.17+0.002 0.18+0.002 0.17£0.012 0.18+0.002 0.19+0.002
C20:1n-9 2.76+0.002 2.94+0.102 2.76+0.002 3.08+0.002 3.1410.062
C22:1n-9 0.810.012 0.55+0.012 0.52+0.012 0.54+0.012 0.60+0.002
YMUFA  30.07%0.04¢ 31.62+0.05> 29.73+0.06¢ 31.81£0.04> 33.28+0.132
C18:2n-6t 0.82+0.002 0.0740.012 0.09+0.002 0.07+0.002 0.06+0.002
C18:2n-6¢ 22.43+0.12¢ 24.68+0.19¢ 23.68+0.14¢ 25.65+0.120 26.44+0.372
C18:3n-6 0.27+0.022 0.41+0.072 0.34£0.012 0.20+0.022 0.19+0.002
C18:3n-3 1.4240.012 1.61£0.062 1.5240.012 1.56+0.012 1.64+0.022
C20:2 0.95+0.022 1.05+0.042 0.99+0.002 1.00+0.012 1.034£0.012
C20:3n-6 0.12+0.012 0.10+0.03= 0.15+0.002 0.09+0.012 0.07+0.012
C20:3n-3 0.470.012 0.86+0.022 0.8410.012 0.89+0.022 0.90+0.002
C20:4n-6 0.19+0.002 0.210.012 0.37£0.222 0.22+0.012 0.24+0.002
C22:2 0.070.012 0.08+0.012 0.03+0.012 0.07+0.012 0.06+0.012
C20:5n-3 5.01+0.05% 4.91+0.17° 4.64+0.03 5.39+0.042 5.32+0.052
C22:6n-3 8.60£0.212 7.94+0.280 7.53£0.230 8.42+0.09 8.71£0.072
YPUFA  40.34%0.07¢ 41.94%0.09¢ 40.18+0.094 43.560.04> 44.67+0.112
Totaln-3  15.50%0.10° 15.32+0.12b 14.5240.11¢ 16.26+0.042 16.57+0.037
Totaln-6  23.830.05¢ 25.48£0.08bc 24.63+0.10<d 26.23%0.05% 27.00%0.172
n-3/n-6 0.65+0.012 0.60%0.052 0.59+0.06° 0.6210.012 0.61%0.012
EPA/DHA 0.58+0.012 0.6210.00= 0.62+0.02- 0.6410.012 0.61+0.002
Undefined 7.20 7.70 7.84 8.47 9.09

Lowercase letters indicate statistical differences between groups (p<0.05).

SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty acids, EPA - eicosapentaenoic acid, DHA - docosahexaenoic acid,

n - omega.

Table 3 reports the results of the fatty acid composition of
the 30t day 2nd thawing. Although the ) SFA value was 22.38%
in fresh sea bass, it decreased to 15.53% in thawing at ambient
conditions. With regard to the Y MUFA, the value was 30.07%
in fresh sea bass, however it increased to 33.54% in thawing
under ambient conditions and was determined as the group
with the highest increase. The 3 PUFA was 40.34% in fresh

sea bass and it increased to 42.22% in thawing under ambient
conditions.

In addition, DHA was determined as 8.60+0.21% in fresh
fish, but significant losses occurred in all thawing methods
(p<0.05). The n-3/n-6 ratio was 0.65 in fresh sea bass, 0.63 in
the refrigerator, 0.64 in the microwave, 0.60 in ambient
conditions, and 0.57 in water thawed samples.
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Table 3. Fatty acid analysis results of sea bass thawed for the 2" time on the 30t day in different conditions (%)

Day 30 (2 Thawing)
Fresh Refrigerator Microwave Ambient Conditions Water
C12:0 0.03+0.002 0.02+0.002 0.03+0.002 0.03+0.002 0.03+0.002
C13:0 0.010.002 0.01+0.002 0.02+0.002 0.01+0.002 0.07+0.092
C14:0 2.28+0.03= 244+0.252 24410.14» 2.36+0.022 2.380.072
C15:0 0.28+0.002 0.29+0.012 0.29+0.002 0.29+0.00= 0.29+0.002
C16:0 15.14+0.09 13.92+0.04> 13.09+1.100 9.81+0.96¢ 9.81+0.21¢
C17:0 0.25+0.012 0.27+0.032 0.26+0.072 0.20+0.012 0.21£0.012
C18:0 4.10+0.032 4.02+0.642 3.45%1.470 2.50+0.24¢ 3.13£0.760
C22:0 0.12+0.002 0.12+0.012 0.12+0.012 0.14+0.012 0.13+0.002
C24:0 0.18+0.022 0.20+0.002 0.22+0.022 0.19+0.00= 0.22+0.022
YSFA  22.38£0.032 21.30+0.22> 19.91%0.56¢ 15.53+0.32¢ 16.27%0.25¢
C14:1 0.09+0.002 0.03+0.012 0.03+0.002 0.04+0.002 0.04+0.002
C16:1 3.26+0.03= 3.17+0.142 3.38+0.262 3.45+0.042 3.42+0.112
C17:1 0.44+0.012 0.43+0.012 0.47+0.032 0.47+0.002 0.4740.012
C18:1n-9¢c 22.54+0.120 23.09+0.11° 22.71+0.27° 25.76+0.432 25.20+0.032
C18:1n-9t 0.17+0.002 0.17+0.012 0.18+0.022 0.19+0.012 0.18+0.012
C20:1n-9 2.76+0.002 2.80+0.152 2.96+0.192 3.16+0.042 3.04£0.062
C22:1n-9 0.810.012 0.47+0.032 0.54+0.032 0.48+0.022 0.52+0.012
YMUFA  30.07£0.04> 30.160.07> 30.28+0.12> 33.54+0.152 32.86+0.042
C18:2n-6t 0.82+0.002 0.09+0.002 0.08+0.012 0.07+0.002 0.08+0.012
C18:2n-6¢ 22.43%0.12¢ 23.45+0.38° 23.69+0.36° 24 88+0.342 25.24+0.242
C18:3n-6 0.27+0.022 0.37+0.162 0.46+0.05 0.42+0.012 0.37+0.112
C18:3n-3 1.4210.012 1.54+0.092 1.5240.102 1.64+0.03¢ 1.58+0.032
C20:2 0.95+0.022 0.96+0.022 1.03+0.072 1.08+0.032 1.01%0.022
C20:3n-6 0.12+0.012 0.13£0.012 0.13+0.03= 0.10+0.012 0.124+0.022
C20:3n-3 0.470.012 0.81%0.03= 0.84+0.072 0.84+0.03= 0.81+0.082
C20:4n-6 0.19+0.002 0.20+0.002 0.21+0.022 0.22+0.022 0.21£0.002
C22:2 0.070.012 0.08+0.002 0.09+0.022 0.07+0.002 0.07+0.002
C20:5n-3 5.01+0.05 4.82+0.15° 5.56+0.322 4.76+0.04° 4.75+0.28°
C22:6n-3 8.60+0.212 8.04+0.17b¢ 7.87+0.76¢ 8.14+0.000 7.71£0.03¢
YPUFA  40.34%0.07¢ 40.47+0.12¢ 41.48%0.23> 42.22+0.102 41.94%0.102>
Totaln-3  15.50%0.102 15.20%0.06° 15.78%0.322 15.37%0.022 14.85%0.12b
Totaln-6  23.83+0.05¢ 24.23+0.16bc 24.58+0.15> 25.70%0.152 26.01%0.102
n-3n-6  0.65%0.012 0.63%0.022 0.6420.042 0.600.01° 0.57%0.03¢
EPA/DHA  0.58+0.01¢ 0.60+0.030 0.71%0.112 0.58+0.00¢ 0.62+0.030
Undefined 7.20 8.08 8.32 8.70 8.93

Lowercase letters indicate statistical differences between groups (p<0.05).

SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty acids, EPA - eicosapentaenoic acid, DHA — docosahexaenoic acid,

n - omega.

Table 4 shows the results of the fatty acid composition of
the 30t day 1st thawing. The > SFA was 22.38% in fresh sea
bass, but it significantly decreased to 14.38% in thawing in the
refrigerator (p<0.05). The highest value (22.44%) was obtained
in the microwave thawing method, and its difference with the
control group was found to be statistically insignificant
(p<0.05). It was determined that while > MUFA was 30.07% in

fresh sea bass, it significantly decreased to 28.77% in
microwave thawing and increased to 33.18% in ambient
conditions (p<0.05). The > PUFA was 40.34% in fresh sea
bass and itincreased to 44.70% in refrigerator thawing with the
highest value among the groups (p<0.05). The n-3/n-6 ratio
was 0.65 in fresh sea bass, 0.63 in refrigerator and ambient
conditions, and 0.64 in microwave and water thawing (p>0.05).
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Table 4. Fatty acid analysis results of sea bass thawed for the 15t time on the 30t day in different conditions (%)

Day 30 (1t Thawing)
Fresh Refrigerator Microwave Ambient Conditions Water

Cc12:0 0.03+0.002 0.03+0.002 0.03+0.002 0.03+0.002 0.03+0.002
C13:0 0.010.002 0.010.002 0.010.002 0.01+0.002 0.01+0.002
C14:0 2.28+0.03= 2.51+0.012 2.27+0.022 2.380.012 2.370.002
C15:0 0.28+0.002 0.29+0.002 0.29+0.002 0.28+0.002 0.29+0.002
C16:0 15.14+0.09 8.74+0.44¢ 15.11£0.022 9.28+1.26b¢ 10.40+0.36°
C17:0 0.25+0.012 0.17£0.012 0.26+0.002 0.18+0.012 0.19+0.002
C18:0 4.10+0.032 2.28+0.09 4.16+0.022 2.24%0.380 2.50+0.130
C22:0 0.12+0.002 0.130.002 0.12+0.002 0.130.002 0.13+0.002
C24:0 0.18+0.022 0.21£0.012 0.19+0.002 0.21£0.032 0.18+0.002
YSFA 22.38+0.032 14.38+0.15¢ 22.44%0.012 14.74+0.42¢ 16.10£0.12>

C14:1 0.09+0.002 0.04+0.002 0.03+0.002 0.04+0.002 0.04+0.002
C16:1 3.260.032 3.60+0.022 3.200.022 3.52+0.032 3.4610.012
C17:1 0.44+0.012 0.51£0.002 0.43£0.012 0.49+0.002 0.49+0.002
C18:1n-9¢c 22.54+0.12¢ 23.88+0.18> 21.67+0.10¢ 25.35+0.682 24.28+0.15%
C18:1n-9t 0.17+0.002 0.19+0.002 0.170.002 0.19+0.002 0.18+0.002
C20:1n-9 2.76+0.002 3.18+0.022 2.80£0.012 3.11£0.042 3.06+0.012
C22:1n-9 0.810.012 0.55+0.022 0.47+0.002 0.48+0.022 0.460.002
YMUFA  30.07£0.04¢ 31.93+0.06> 28.77+0.04¢ 33.18+0.252 31.97+0.06>

C18:2n-6t 0.82+0.002 0.07+0.002 0.09+0.002 0.07+0.002 0.07+0.002
C18:2n-6¢ 22.43+0.12¢ 25.9240.132 23.3010.04¢ 25.22+0.4 120 24.880.11b
C18:3n-6 0.27+0.022 0.40+0.012 0.47+0.002 0.41%0.002 0.40+0.012
C18:3n-3 1.4240.012 1.56+0.01a 1.41£0.012 1.54+0.062 1.5540.01a
C20:2 0.95+0.022 1.04+0.012 0.960.002 0.97+0.032 1.05+0.012
C20:3n-6 0.12+0.012 0.100.012 0.130.002 0.08+0.002 0.09+0.002
C20:3n-3 0.470.012 0.880.012 0.85+0.012 0.88+0.022 0.870.012
C20:4n-6 0.19+0.002 0.22+0.012 0.20£0.002 0.21+0.012 0.21£0.002
C22:2 0.070.012 0.070.012 0.09+0.012 0.07+0.002 0.07+0.002
C20:5n-3 5.010.05 5.56+0.022 5.000.042 5.00+0.03= 5.15£0.01a
C22:6n-3 8.60+0.212 8.90+0.092 8.28+0.112 8.97+0.092 8.86+0.132
YPUFA  40.34%0.07¢ 44.70%0.042 40.79+0.03¢ 43.41+0.12> 43.21+0.05b

Totaln-3  15.50+0.10° 16.89+0.04¢ 15.55+0.05> 16.39+0.03¢ 16.43%0.06¢

Totaln-6  23.83%0.05¢ 26.700.062 24.19£0.02¢ 25.99+0.182b 25.66+0.05°

n-3/n-6 0.65%0.012 0.63£0.012 0.640.022 0.63+0.012 0.64+0.012

EPA/DHA 0.58+0.01¢ 0.630.00- 0.60%0.00° 0.560.00¢ 0.58%0.01¢

Undefined 7.20 8.98 8.00 8.67 8.7

Lowercase letters indicate statistical differences between groups (p<0.05).

SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty acids, EPA - eicosapentaenoic acid, DHA - docosahexaenoic acid,

n - omega.
DISCUSSION

The lipid content of fish varies widely and not only
according to the fish species. Changes in the lipid amount of
fish meat can also occur due to seasonal conditions, nutritional
characteristics, salt content of the water and various other
factors (Cilingir Yeltekin, 2012). For this reason, although it is
difficult to specify a general amount of lipid content of fish
(Baysal, 2002), itis reported that the total amount of lipid varies
between 0.5% and 20% (Koubaa et al., 2012). Fish are
generally classified as lean, medium oily and oily on the basis
of their lipid content. Less than 5% fat content is considered
lean, 5-10% medium oily, and more than 10% oily fish
(Ackman, 1989). The quality of fish stems from 15-20%
saturated and 80-85% unsaturated fatty acids in its
composition. Polyunsaturated fatty acids constitute the

majority of these unsaturated fatty acids (Yalgin and Yalgin,
2016). Periago et al. (2005) in their study examining the meat
quality of cultured and wild sea bass, reported an initial lipid
content for fresh cultured sea bass of 6.66%. Orban et al.
(2003) also determined a value of 9.36% in their similar
studies. In our study, the lipid content of fresh sea bass was
determined as 10.29%. According to the results of the present
study, sea bass are generally in the class of medium oily fish
when compared with other studies.

Lipid content decreased in the thawing processes
performed on the 7t and 30t days after the freezing process
compared to the fresh fish on day 0 in our study. In general,
there was a decrease in lipid content depending on time. On
the 7t day and 30t day 1st thawing, the lowest lipid value was
determined at microwave thawed samples. The highest lipid
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content was in the samples thawed in the refrigerator.
Samantaray et al. (2021), applied thawing several times in
samples of different carps species. As a result, while the lipid
content was 2.231£0.03% and 2.024£0.03%, respectively in the
fresh sample of Catla and Rohu species, the value decreased
to 1.04+0.06% and 1.49+0.03%, respectively in the 5%
thawing. Pourshamsian et al. (2012) applied the frying of
cultured sturgeon with different oils, followed by freezing and
thawing in the refrigerator and microwave three days later.
They reported that the lipid ratios in the samples decreased
after the thawing processes performed on the 31 day, but no
significant difference was observed between the two thawing
methods.

Thawing is the final stage of the freezing process. In the
stage of processing frozen fish or consuming it as fresh fish,
thawing under inappropriate conditions causes quality loss in
the product (Binici and Kurtkaya, 2014). Air thawing, water
thawing, vacuum thawing, electrical thawing and high pressure
thawing methods are all methods used for food (Binici and
Kurtkaya, 2014; Geng et al., 2015). Multiple freezing and
thawing processes are generally used in restaurants,
hypermarkets and homes. According to researches in the
literature, it is not possible to give valid information for the best
thawing method (Baygar et al., 2004). For instance, thawing at
room temperature is widely practiced in small businesses, but
it is not recommended due to the risk of microorganisms
development. Excessive water loss, bad odor and taste may
occur in the refrigerator thawing due to the slow thawing and
bacterial growth over time. In principle, seafood should be
thawed as quickly as possible. Faster and more advantageous
thawing methods are possible for large facilities, and
microwave thawing is one of them (Turan et al., 2006).

Mol et al. (2004) found that different thawing conditions
(water, ambient conditions and refrigerator) did not cause a
significant change on the quality of imported mackerel
according to the sensory, chemical and microbiological
analyzes and mackerels can be consumed by thawing at
refrigerator, ambient conditions and refrigerator in a healthy
way. Tokur and Kandemir (2008) examined the effects of
different thawing methods (microwave, flowing water and
ambient conditions) on protein quality of frozen fish, and
reported that different thawing processes caused a significant
decrease in protein solubility. Turan et al. (2006) evaluated the
effects of different thawing methods (microwave, water,
ambient temperature, refrigerator) on the quality of frozen trout
by sensory, chemical and microbiological methods, and their
results showed that the best quality was in microwave and
water thawing in terms of both chemical and sensory
characteristics. It was concluded that the water thawing
method would be more appropriate in large facilities, since
microwave thawing method is an expensive and requiring
control. For consumers who thaw small quantities of fish, the
microwave thawing method is recommended because of taking
less time. Ersoy et al. (2008) applied refrigerator, water,
ambient conditions and microwave thawing to frozen eel, and

they concluded that the water thawing was the most
appropriate method by a microbiological point of view. Karami
etal. (2022) in their study that invastigated the effect of different
(microwave, ambient and air refrigerator) thawing processes
on quality of mullet (Liza aurata) fillets during the 60 day
storage, while on the first day protein content were 18.25%,
19.13% and 19.18% in the groups of microwave, ambient air
and refrigerator thawing, after 60 days it decreased to 17.37%,
18.89% and 18.95%, respectively. They found the lipid content
on the first day as 3.76%, 4% and 4% in the groups of
microwave, ambient air and refrigerator thawing, after 60 days
it decreased to 3.57%, 3.77%, 3.78%, respectively. The
highest decrease was observed in the microwave thawing
group in terms of protein and lipid content. Also in the same
study maximum decrease in moisture content was in the
microwave thawing (77.27% on the first day, 66% on the 60t
day). Wang et al. (2022) studied the effects of different thawing
methods (water immersion thawing, air thawing and
refrigerator thawing) on the biochemical properties of tilapia
(Oreochromis niloticus) fillets during storage at -18°C for 6
months. According to the thawing and cooking losses
refrigerator thawing is suggested to be an effective thawing
method similar with our study to minimise quality change during
frozen storage. Han and Gokoglu (2022) studied the effects of
different freezing and thawing (on air, in refrigerator and in
microwave oven) methods on the quality of giant red shrimp
(Aristaecomorpha foliacea). Results showed that microwave
thawing conditions are not suitable similar with our study for
thawing of frozen shrimp as it negatively affects texture and
colour and increases cooking loss. Benjakul and Bauer (2001)
studied thawing of catfish using different techniques and they
determined that the fast thawing process caused a better
change in the sensory and textural quality of the meat
compared to the slow thawing process. They also reported that
deterioration in the structure of meat, lipid oxidation and protein
denaturation occured due to the osmotic pressure of water
during thawing in water. In thawing methods, temperature
fluctuations significantly affect the quality. Frozen foods are
mostly thawed before processing or consumption and it can
cause chemical, physical and microbiological damage to food
(Pourshamsian et al., 2012). Polyunsaturated fatty acids, which
are abundant in the structure of fish, are also oxidatively
damaged during storage (Nazemroaya et al., 2009).

In our study, according to the fatty acid composition of sea
bass thawed at different times with different methods, it was
determined that the dominant saturated fatty acids were
palmitic acid (C16:0), myristic acid (C14:0) and stearic acid
(C18:0) in all groups. The highest palmitic acid was determined
in fresh samples with a value of 15.14%. A decrease in palmitic
acid was observed with the storage period. In general, the
lowest total SFA occurred in the water and ambient conditions
thawing on all thawing days. Durmus and Ozogul (2018)
studied the effect of nanoemulsions on the fatty acids of sea
bass fillets in cold storage and they reported the total SFA of
the control group as 19.21% at the beginning of storage, and
an increase in the SFA during the storage period. In addition,
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the total SFA increased to 24.49% on the 8t day of storage for
the control group, and this value was 24.05% at the end of the
storage (12t day). In our study, the total SFA was 22.38% at
the beginning of the storage, and the total SFA of all thawing
methods during the storage were lower than the results of the
researcher.

In our study, linoleic acid, EPA and DHA were determined
as 22.43%, 5.01% and 8.60%, respectively, in the fresh
sample. The total PUFA was determined as 40.34% in the
fresh sample and between 40.47-44.70% in the samples
thawed in the refrigerator. Durmus and Ozogul (2018) stated
that the highest polyunsaturated fatty acids were linoleic acid,
EPA and DHA with 14.52%, 4.21% and 8.09%, respectively,
for the control group at the beginning of storage. Kocatepe and
Turan (2012) determined that the total polyunsaturated fatty
acids (PUFA) in the fatty acid composition of cultured sea bass
were 33.2%. Durmus and Ozogul (2018) reported that the total
polyunsaturated fatty acids (PUFA) was 29.25% at the
beginning of storage, while there was a decrease in PUFA
during the storage period and this value was 20.94% at the end
of the storage (12t day). The PUFA values in our study were
higher than those reported by the other researchers.
Comparing the thawing methods, the highest PUFA and n-3
values were found in the samples thawed in the water
(41.94+0.10%-44.67+0.11% and 14.85+0.12%-16.57+0.03%)
and ambient conditions (42.22+0.10%-43.56+£0.0% and
15.37+0.02%-16.39+0.03%). Lower values were obtained on
the 30t day 2nd thawing. Javadian et al. (2013) in a study
applying different thawing methods (refrigerator, water,
microwave, ambient conditions) to frozen rainbow trout
(Oncorhynchus mykiss), reported that after freezing/thawing,
the contents of polyunsaturated fatty acids (PUFA) and n-3
were significantly reduced compared to the fresh sample. They
concluded that thawing in water after freezing is the best
method for all rainbow trout. Wu et al. (2021) examined the
effects of freezing and thawing processes applied to raw pork
meat on protein and lipid oxidation, applying thawing 7 times.
As a result, while in the control group, saturated and
polyunsaturated fatty acids were 36.27+£0.96% and
15.85+0.90%, respectively, the values decreased significantly
to 31.77+£0.68% and 8.91£1.04% at the 7% thawing.
Pourshamsian et al. (2012) evaluated the fatty acid profile of
the cultured sturgeon that was fried, freezed and then thawed
in refrigerator and microwave after 3 days. They reported that
fatty acid profiles was similar to the control group in the
refrigerator thawing method than microwave thawing method.

Refrigerator and microwave thawing methods are the most
effective methods for thawing animal tissues in large portions.
The microwave thawing method is faster and less damaging
the tissues (Boonsumrej et al., 2007). The thawing method
should preserve the original quality of the food as much as
possible. When the studies of various researchers were
investigated, results of different thawing methods were
obtained. Researchers’ results may differ due to fish species,
region, season, gender or ovulation period besides thawing

method. Thus, it is not possible to give a clear conclusion on
the most efficient thawing method.

CONCLUSION

In our study, according to the the lipids analysis, the lowest
fat loss was observed in the refrigerator thawing method
(9.1940.18%) and the highest lipid loss (7.46+0.57%) was in
the microwave thawed samples at Day 30 (1st thawing).
According to the fatty acid profile, due to the lowest loss of
unsaturated fatty acids (C18:2 25.92+0.13%, C20:5
5.56+0.02%, C22:6n-3 8.90+0.09%, > PUFA 44.70+0.04%) at
Day 30 (1st thawing) the most convenient method was
determied as refrigerator thawing. As a result, all seafood,
including fish, are the products that are highly susceptible to
quality loss and deterioration in terms of meat structure and
content. Incorrect practices during the storage and thawing of
seafood accelerate the losses in all other quality parameters,
especially meat quality. Even if the freezing conditions are
appropriate, incorrect applications during the thawing of the
products can cause undesired quality changes. Thus, the cold
chain conditions should not be broken in such processes, the
ambient and water temperature should not be high during
thawing, the products should not be kept in ambient conditions
for along time. In the case of water thawed samples, the water
pressure should not be high to avoid to damage the meat. In
addition it should be prevented water penetration inside the
meat and excessive freezing and thawing, together with avoid
to damage the meat with the effect of heat in applications such
as microwaves. As a result of the study, it is recommended to
the consumers that frozen foods should be thawed only once,
to consume immediately and to freeze and thaw the fish
according to their needs.
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Mass mortality report of the critically endangered Pinna nobilis (Linnaeus,
1758) in Gokgeada (North Aegean Sea, Turkey)

Gokgeada’da (Kuzey Ege Denizi, Turkiye) nesli kritik sekilde tehlike altinda
olan Pinna nobilis (Linnaeus, 1758)’in toplu olum raporu
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Abstract: In August 2020, a total area of 38000 m? around Gokgeada has been scanned to determine the current population status of Pinna nobilis. 9 stations
(Yildizkoy, Manastir, Marmaros, Gizli Liman, Laz Koyu, Kapikaya, Karagavus, Karagavus shore and Kefalos) have been detected by means of SCUBA and
ABC diving techniques. All specimens were found dead (total mass mortality of 100%). The total length range of P. nobilis was between 30.8 — 38.3 cm.

Keywords: Pinna nobilis, length, habitat, density, mass mortality, Aegean Sea

Oz: Pinna nobilisin mevcut populasyon durumunu ortaya koymak igin, 2020 Agustos ayinda Gokgeada kiyilarinda, 38000 m2lik bir alan incelenmistir. 9
istasyon (Yildizkoy, Manastir, Marmaros, Gizli Liman, Laz Koyu, Kapikaya, Karagavus, Karagavus alti ve Kefalos), SCUBA ve ABC dalis teknikleri kullanilarak
taranmistir. Calisma siiresince bulunan bitiin bireyler olidur (%100 kiitlesel 6liim gorilmustiir). P. nobilis ‘in toplam boy araligi 30,8 — 38,3 cm arasinda

Olcilmustir.

Anahtar kelimeler: Pinna nobilis, boy, habitat, yogunluk, kitlesel 6lim, Ege Denizi

INTRODUCTION

The island, as called, “Imbros”, until 1970’s and after
“Gokgeada”, is a district of Canakkale and is the largest island
of Turkey. It is located in the north of Aegean Sea and the
entrance of Saros Bay. The total shoreline is 91 km. Tourism,
agriculture, stock breeding, and fisheries are the main
subsistence on the island. Specifically, harpoon fishery for
swordfish along the coasts is peculiar to Gékgeada (Altin et al.,
2016). The marine ecosystem along the coasts of Gokgeada is
also quite rich in biodiversity (Ozturk and Pazarkaya, 2014;
Acarli et al., 2020a). Pinna nobilis (Linnaeus, 1758), an
endemic bivalvia species of the Mediterranean, lives in
Posidonia oceanica or Cymodocea nodosa meadows,
embedded with a part of umbo and attached with byssus, on a
sandy, sandy-muddy, gravel substratum (Tebble, 1966;
Zavodnik et al., 1991; Hendriks et al., 2011). The hard shells
are home to many benthic organisms (Acarli et al., 2010). P.
nobilis filter-feed on organic and inorganic materials in the
water column, this helps to enhance water quality in the area
(Vicente et al., 2002; Natalotto et al., 2015; Acarli, 2021).
Individuals with a length of 30 cm were reported to filter more

than 2500 L of water per day, depending on their physiological
energy (Hernandis Caballero, 2021). However, their population
is affected by overfishing, environmental pollution, habitat
deterioration, and tourism. Thus, P. nobilis has been taken
under conservation by the European Council’s regulations in
1992. Since 2016, the population is under the thread of a
parasite Haplosporidium pinnae which caused many mass
mortalities recorded along the Mediterranean (Vazquez-Luis et
al., 2017). Greece, ltaly, Croatia, Turkey, Tunisia, France and
Morocco are the Mediterranean countries that have reported
mass mortality (Acarli et al., 2020a; Cizmek et al., 2020; Sari¢
et al., 2020; Ondes et al., 2020; Zotou et al., 2020; Betti et al.,
2021; Acarli et al., 2022a). International Union for Conservation
of Nature (IUCN) has changed the status of P. nobilis as
Critically Endangered Species (Kersting et al., 2019).

Although there have been many studies conducted along
Gokgeada coasts, such as the fish fauna from shallow waters,
species composition, fish egg and larvae (Altin and Ayyildiz,
2018; Kocabas and Acarli 2019; Acarli et al., 2020b; Daban et
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al., 2020); only one study on the status of P. nobilis population
in Gokgeada has been found (Canak et al., 2006). In this
context, the current study aimed to determine the present
status of the P. nobilis population in Gokgeada, which is
located in the northernmost part of the Aegean Sea.

MATERIAL AND METHODS

This study was carried out in August 2020 at 9 stations
around Gokgeada (Figure 1). Gokgeada is located at the
northernmost part of the Aegean Sea. The coordinates of 9
stations are; Yildizkoy (40°14.110" N - 25°54.230° E), Manastir
(40°11.591" N - 25°58.696" E), Marmaros (40°11.620' N -
25°45.289 E), Gizli Liman (40°7.432' N - 25°40.269" E), Laz
Koyu (40°5.975' N - 25°47.050" E), Kapikaya (40°6.288' N -
25°48.542' E), Karagavus (40°6.944 N - 25°53.322' E),
Karagavus shores (40°7.228' N - 25°55.285 E) and Kefalos
(40°9.497’ N - 25°59.952' E).

26°0'0"E
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Gokgeada Island
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26°00"E

Figure 1. Study area

Depth and temperature values at the stations were
measured by the dive computer, Oceanic Geo 2. Current status

Table 1. Information about stations’ characteristics

of P. nobilis population was observed by means of SCUBA and
ABC dives. Transect method of visual census technique was
used to detect the P. nobilis individuals. In each station, two
divers, with 10 m distance in between, scanned rectangular
areas perpendicular to the shore. The rectangles were,
minimum 100 m and maximum 300 m in length, and 2-10 m in
width. The properties of the scanned area, habitat structure
(sandy, seagrass meadow, gravel etc.) and the number and
status of P. nobilis specimens were recorded on underwater
slates. Photographs were taken by an underwater camera
(Nikon Coolpix).

During the observation, if the specimen was fully over the
sediment, total length of the shell was measured, or if it was
buried in the sediment, only the width of the shell was
measured and recorded on slates. The length of these buried
specimens was later calculated by the equation (1) revealed by
Acarli et al. (2018) which was determined with the previously
obtained raw data.

a=0.8061b+28.61; (2=0.717) (1)

In this equation a is the calculated total length and b is the
measured width of the shell.

RESULTS

Habitat structure, depth range, underwater visibility,
surveyed area, no of individuals per 100 m2, and mortality ratio
of 9 stations are given in (Table 1). A total of 8 P. nobilis
individuals were found in 5 stations (Figure 2) with a total length
range of 30.8-38.3 cm. Only two shells were found buried and
they were in Yildizkoy, all the other individuals (6) were
encountered lying over the sediment. The highest number of
individuals (3) was in Kefalos Station. There were no dead or
alive individuals encountered in stations Marmaros, Gizli
Liman, Laz Koyu and Kapikaya. Mortality rate was 100% for all
the stations (Figure 3).

Density of

. Length of . Depth Underwater Surveyed Mortality
Stations N P nobiis ~Habitat Structure Range (m) visibility (m) area (m?) Dead Shells rate (%)
(ind/100m?)
0, 0,
Yildizkoy* 2 360-3640 Cravel 10%, Sandy 10%, 612 9 3000 0.06 100
P. oceanica 80%
Sandy 10%,
Manastir 1 38.3 P_oceanica 90% 89 10 3750 0.02 100
Rocky 30%,
Marmaros P. oceanica 70% 7-11 12 4000
e Sandy 30%, Rocky 20%,
Gizli Liman P oceanica 50% 7 10 5250
Sandy 30%, Rocky 20%,
Laz Koyu P. oceanica 50% 8 ! 6500
Kapikaya Sandy 80%, Rocky 20% 6 5 5000
Sandy 10%,
Karagavus 1 30.8 P. oceanica 90% 4 1.5 1000 0.1 100
Karagavus Shore 1 35 P. oceanica 100% 3.54 15 4000 0.02 100
36.0-37.0  Gravel 10%, Sandy 10%,
Kefalos 3 379 P. oceanica 80% 11 12 5500 0.05 100

*Gokgeada Marine Park
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Figure 2. Stations where P.nobilis is observed

Habitat type along the study area was generally P.
oceanica meadow, sand, gravel, and rock. P. nobilis individuals
were mostly seen among P. oceanica meadows. Underwater
visibility (horizontally) was lowest in Karagavus station (1.5 m)
and highest in Karagavus shore station (15 m). The number of
P. nobilis individuals per 100 m? was calculated to vary
between 0.02-0.1. Water temperature varied between 24°C

Figure 3. P. nobilis images from the stations Kefalos (A), Karagavus
Shore (B) and Manastir (C)

DISCUSSION

Recently, researchers agreed on the main reason for the
mass mortality of P. nobilis, is the parasite H. pinnae (Caballero
2021; Kinili et al. 2021; IUCN 2021). Environmental factors,
especially, temperature (over 13.5°C) and salinity (36.5-39.7
PSU) have also been declared as triggers for the mass
mortality incidents (Cabanellas-Reboredo et al., 2019).
However, mass mortality has been observed even in the Sea
of Marmara, which is much colder and less saline than the

Mediterranean Sea (Cinar et al., 2021a; Acarli et al., 2022a).
Acarli et al., (2022a) indicated that low temperature and salinity
conditions may help to prevent the spread of the disease, but
they may not be adequate to inhibit the arising of it. In this
study, sea temperature values have been recorded between
24-27°C. The fouling and boring organisms found inside the
shells give rise to think that they died a while, nearly 3 years
ago, before the mass mortality incidents occurred. The fact that
not a single living individual was encountered in this region
shows how badly the disease effects the population around
Gokgeada.

In the course of current study, the sea floor was scanned
from 0.5 m depths to 30 m and individuals were encountered
between 4-12 m depths. Two local divers also declared that
there had been a dense population they used to encounter
along the shores of Kefalos at 5-15 m depths (S. Konya and V.
Ginel, personal communication August 15, 2020). According
to Albayrak (2000), 1 individual with a length of 40.62 cm and
a width of 16.11 cm had been found in Aydincik-Kefalos bay,
at 3 m depth, on a fine sandy substratum. On the other hand,
Efe (2019), (without giving a location) reported 1 individual of
27 c¢cm long and 12 cm wide, weighting 65.1 g. Canak et al.
(2006) indicated that the highest number of individuals were
found from 5 to 10 m depths. These researchers measured the
unburied length of P. nobilis from 8.5 cm to 44.3 and the width
from 6 cm to 29.3 cm between 4.6 m to 27 m depths. In the
current study, regarding the population distribution, the number
of individuals per 100 m2 was found to be between 0.02 and
0.1, and 100% mass mortality was recorded. Canak et al.
(2006) encountered 37 living and 5 dead individuals between
Kalekdy and Yelkenkaya, where the population density of P.
nobilis was reported as 0.022 ind./100 m2. According to the
other studies; Acarli et al. (2022b) reported 4.9-27.0 ind./100
m2, Ondes et al. (2020) reported 1.2-13.6 ind./ 100 m2, Acarli
et al. (2021a) reported 0.6-8.2 ind./100 m2and finally Acarli et
al. (2021b) recorded 10-112 ind./100 m2.

P. nobilis appears to prefer environments with ideal
hydrodynamic characteristics, such as low current velocities
and turbulences, low wave action, and a sandy-muddy or
muddy substratum, mostly among meadows of the sea grasses
(Rabaoui et al., 2008). Even the habitat type of the coast in
Gokgeada is mostly pebbles and rocks, dead P. nobilis was
found on sandy substratum and among sea grass meadows
during this study. On the other hand, high tourist activity has
been observed on sandy coast of Gokgeada. Consequently,
intense deaths seen all over the Mediterranean were
encountered on the shores of Gokgeada and the P. nobilis
population seems to disappear totally.

In case, P. nobilis populations with low densities, as in
Gokgeada, face any harm from various sources, their ability to
survive and sustain is more likely to be inadequate than many
other bivalve species, due to P. nobilis’ low reproduction rate.

According to the studies that have been conducted along
the Turkish coasts (Ondes et al. 2019; Ondes et al. 2020; Ozalp
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and Kersting 2020; Cinar et al. 2021a, 2021b; Acarli et al.,
2020a, 2021a, 2021b, 2022b), the density of P. nobilis was
found to be between 0.3-112.0 ind./100m2. Depending on the
current study and the study by Canak et al. (2006), the density
values were 0.020 ind./100 m2 and 0.022 ind./100 m?
respectively, which represented the lowest values among the
all the studies those have been conducted up to now.

P. nobilis contributes to the ecology in a variety of ways.
Large amount of organic matter is filtered from the water
column which helps to improve the area's water quality and
also many benthic organisms live on the hard shells. It is critical
to implement an immediate conservation and management
plan aimed at protecting and restoring P. nobilis stocks. To
detect and monitor the remaining living P. nobilis individuals
and areas with healthy populations that have not yet been
exposed to parasites and even to declare those areas as
Marine Protected Areas, is vital for the marine ecosystem. Also
collecting and culturing the spat of the population is crucial for
the revival and sustainability of damaged populations as
Gokgeada’s.
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Abstract: In the present study, mollusc species distributed in the Kemer Bay (Sea of Marmara) were determined seasonally (November, February, May, and
August) in the years 2010 and 2011. The benthic samples were collected from different biotopes in 16 stations at depth ranging between 0.2 and 5 m by using
a quadrate sampling gear. As a result of the evaluation of collected benthic materials, a total of 66 mollusc species belonging to 3 classes (Polyplacophora,
Gastropoda, and Bivalvia) were identified. When the number of species and individuals are compared based on the seasons, maximum number of species
(46 species) and individuals (168825 ind. m2) were counted in autumn and spring, respectively. Mytilus galloprovincialis (Lamarck, 1819) and Mytilaster
lineatus (Gmelin, 1791) were the most abundant species in all the seasons. Whereas, Bittium reticulatum (da Costa, 1778), Rissoa membranacea (Montagu,
1803), and Tricolia pullus pullus (Linnaeus, 1758) were characterized as species having the highest frequency index values in all seasons.

Keywords: Mollusca, Kemer Bay, Sea of Marmara, distribution

0z: Bu galismada Marmara Denizi, Kemer Koyu'nda dagilim gdsteren mollusk tiirleri 2010 ve 2011 yillarinda mevsimsel olarak (Kasim, Subat, Mayis ve
Agdustos) belirlenmistir. Bentik numuneler kuadrat drnekleme aleti kullanilarak 16 istasyondan 0,2 ve 5 m derinlikler arasinda farkl biyotoplardan dmeklenmistir.
Alinan bentik materyalin degerlendiriimesi sonucunda 3 sinifa ait (Polyplacophora, Gastropoda ve Bivalvia) toplam 66 mollusk tiirii tanimlanmistir. Mevsimlere
gore tiir ve birey sayilar karsilastirildiginda, maksimum tir sayisi (46 tiir) ve birey sayisi (168825 birey m2) sirasiyla sonbahar ve ilkbahar mevsimlerinde
sayllmistir. Mytilus galloprovincialis (Lamarck, 1819) ve Mytilaster lineatus (Gmelin, 1791) tim mevsimlerde en baskin tirlerdir. Buna karsin, Bittium
reticulatum (da Costa, 1778), Rissoa membranacea (Montagu, 1803) ve Tricolia pullus pullus (Linnaeus, 1758) tim mevsimlerde en yiiksek frekans indeks

degeri ile karakterize edilen tiirler olmustur.
Anahtar kelimeler: Molluska, Kemer Koyu, Marmara Denizi, dagilim

INTRODUCTION

The Kemer Bay is located in the Sea of Marmara near
Dardanelles entrance and the preliminary data on the benthic
fauna of the region can be encountered by Colombo (1885)
who investigated the benthic invertebrate species of
Canakkale. In the following years, some remarkable studies on
the subject have been carried out by Sturany (1895) and
Ostroumoff (1896). Afterwards, many studies have been
accomplished on the mollusc fauna of the region (Marion,
1898; Kaneva-Abadjieva, 1959; Albayrak and Balkis, 1996a, b;
Tirkmen and Demirsoy, 2009; Dogan et al., 2016; Culha and
Sahin, 2018; Bitlis, 2019).

Since a new thermal power plant with a large port was
constructed in Kemer Bay at the sampling time of the present
study, it is aimed to be one of the fundamental studies in order
to compare the results of the studies that will be carried out in
the area during the coming years. Because, it is known fact that
industrialization negatively affects the marine biodiversity by

increasing the pollution (Bat et al., 2011; Sahin, 2016). It is
inevitable that the settlement of many species of different
taxonomic groups in the area as ship traffic in the region would
be increased with the newly constructed port. The mean goal
of the present study is to determine mollusc species distributed
in the Kemer Bay and evaluate statistically the obtained values
for their ecological and distributional characteristics.

MATERIAL AND METHODS

Benthic materials were collected seasonally (November,
February, May, and August) in the years 2010 and 2011 of the
Kemer Bay within the framework of a project supported by
TUBITAK (Project Number: 2209). The materials were
obtained in 16 sampling sites at depths between 0.2 and 5 m
by scraping a quadrate sampling gear (20 x 20 cm) (Figure 1).
The collected material was sifted with 0.5 mm mesh size and
fixed in seawater-formalin solution (4%) at the field. In
laboratory, the material was sorted into taxonomic groups

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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under a stereomicroscope and preserved in 70% ethanol. Later
on, mollusc individuals were identified to species level and
counted. Some of the ecological features of the sampling sites
are presented in Table 1.
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Figure 1. Map of the studied area with the location of sampling sites

Table 1. The coordinates, depth range, and biotopes of the sampling
sites

Coordinates Depth

Biotope
Latitude Longitude (m)

-

40°24' 48.17"'N  27° 03' 43.49"E 0.2 M. galloprovincialis

2 40° 24'48.26'N  27° 03' 43.40"E 1 Z. marina+sand

3 40° 24'48.50'N  27° 03' 43.33'E 5 Z. marina+sand

4 40° 25' 03.59'N  27° 03' 56.04'E 0.2 M. galloprovincialis
5 40° 25'03.54"N  27° 03'55.01"E 1 M. galloprovincialis
6 40° 25' 03.95'N  27° 03' 55.04'E 1 Z. marina+sand

7 40 °25'05.73'"N 27° 03' 53.08"E 5 Z. marina+grave

8 40° 25' 16.86"N  27° 03' 59.35'E 0.2  Muddy sand

9 40° 25'17.09'N  27° 03' 58.54'E 1 Z. marina+sand

10 40°25'17.30"N  27° 03'58.15"E 5 Z. marina+sand

11 40°25'29.48'N  27° 03'54.46"E 0.2 M. galloprovincialis
12 40°25'29.33'N  27°03'54.27"E 1 Z. marinatshell

13 40°25'29.18'N  27° 03'53.93"E 5 Z. marina+sand

14 40°25'39.20"N  27° 03' 36.58"E 0.2 M. galloprovincialis
15 40°25'39.06"N 27° 03' 36.05"E 1 M. galloprovincialis
16 40°25'38.82"N  27° 03' 35.80"E 5 Z. marina

In the field, the salinity (%o), temperature, (°C), conductivity
(uS/cm), and dissolved oxygen (mg/l) concentrations were
measured using an oxygen meter (YSI 55) and multiple water
analysis probe a SCT meter (YSI 650). pH was analyzed by a
pH meter (Orion brand) in the laboratory (Parsons et al., 1984).

Bellan Santini’s dominance index (D) (Bellan-Santini, 1969),
Soyer’s frequency index (F) (Soyer, 1970), Pielou’s evenness
index (J') (Pielou, 1975), Shannon-Weaver's diversity index
(logz base) (H') (Shannon and Weaver, 1949) were calculated
for each sampling site for each season (winter, spring,
summer, and autumn). Pearson’s correlation analysis with a
significance level of p < 0.05 was applied between the
community parameters (number of species and individuals,
evenness, and diversity indices) and environmental
parameters. The Bray-Curtis similarity index based on cluster
analysis was used to group the sampling sites. SIMPER
analysis was implemented the species assemblages to identify
the species most contributed to the similarity and dissimilarity
of species assemblages. Statistical analyses were carried out
by using the softwares PRIMER 6 and STATISTICA 7. The
systematic classification is given according to WORMS (World
Register of Marine Species, June 2022). The identified species
were deposited at ESFM (Museum of Faculty of Fisheries, Ege
University, izmir, Turkey).

RESULTS

Of the studied benthic material collected of Kemer Bay, a
total of 66 mollusc species belonging to 28 families and the 3
classes (Polyplacophora, Gastropoda, and Bivalvia) were
determined (Table 2). The class Gastropoda includes the
maximum number of species (36 species) followed by Bivalvia
(28 species) and Polyplacophora (2 species). Among the
families, Rissoidae (9 species) was the most dominant taxon in
terms of the number of species, followed by the families
Pyramidellidae (8 species) and Veneridae (8 species).

When the community parameters are compared based on
the seasons, the maximum number of species (46 species)
was determined in autumn and the maximum number of
specimens (168825 ind. m2) was found in spring. The
minimum number of species and specimens (25 species and
46225 ind. m2) were counted in summer. The most abundant
species were Mytilus galloprovincialis (Lamarck, 1819) 75%
and 54% in summer and spring, respectively and Mytilaster
lineatus (Gmelin, 1791) in autumn (45%) and winter (44%)
(Table 3).

According to the frequency index values, Tricolia pullus
pullus (Linnaeus, 1758) had the highest frequency values in
autumn (75%), Bittium reticulatum (da Costa, 1778) in winter
(69%) and spring (60%), and Rissoa membranacea (Montagu,
1803) in summer (69%) (Table 3).
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Table 2. List of the species identified within the present study and their total number of specimens belonging to every taxa according to the

stations
Stations

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
POLYPLACOPHORA
Lepidochitona cinerea (Linnaéus, 1767) 4 - - - - - - - 1 - - - R R
Acanthochitona fascicularis (Linnaéus, 1767) 1 - - - - - - 2 1 - - 1 2 -
GASTROPODA
Patella caerulea Linnaéus, 1758 6 - - - - - - 1 - - 1 - R R
Diodora gibberula (Lamarck, 1822) - - - - - - - - - - - - . . 1
Gibbula ardens (Salis Marschlins, 1793) - - - - 1 1 - 2 - - - 1 - -
Phorcus mutabilis (Philippi, 1851) - - - - - - -2 - - - - - -
Phorcus richardi (Payraudeau, 1826) - - - - - - - 1 - - - - - -
Phorcus turbinatus (Born, 1778) - - - - - - - 1 - - - - R R
Steromphala adansonii (Payraudeau, 1826) 1 - - - 1 2 4 7 5 2 2 2 2 13 9
Tricolia pullus pullus (Linnaéus, 1758) 15 9 21 - 20 3 4 5 13 16 1 42 15 - 6 3
Bittium reticulatum (Da Costa, 1778) - 224 459 - 67 118 249 611 435 531 - 949 672 - -2
Cerithium vulgatum Bruguiere, 1792 - - 2 - - - 4 - - 1 - 2 - -
Epitonium turtonis (Turton, 1819) - - - - - - - - - 2 - - - - -1
Alvania mamillata Risso, 1826 - - - - - - - - - - - - 1 - -2
Alvania lactea (Michaud, 1830) - - - - - - - - - 1 - 6 - -
Alvania discors (Brown, 1818) - - - - - - - - - - - 4 1 -
Pusillina radiata (Philippi, 1836) - 1 9 - - - 8 - - 1 2 - - -
Pusillina philippi (Aradas & Maggiore, 1844) - - - 3 - - - - - - - - R R
Pusillina lineolata (Michaud, 1830) - 3 2 - 1 - - - - - 3 - - -
Pusillina inconspicua (Alder, 1844) - - - - 2 2 - - - - - 1 - -
Rissoa splendida Eichwald, 1830 - 37 64 - 1 9 15 43 27 13 5 178 130 - 4 M
Rissoa membranacea (Adams, 1800) - 3 4 - 2 2 3 7 6 17 5 57 28 - 1 3
Ecrobia ventrosa (Montagu 1803) - - - - - - 1 - - - - - - -
Ocenebra edwardsii (Payraudeau, 1826) 6 - - - - - - - - 1 - - - 1
Tritia reticulata (Linnaéus, 1758) - 2 16 - - 6 15 2 9 16 - 8 18 - - 1
Tritia neritea (Linnaéus, 1758) - 10 1 - - 23 14 1 2 - - - 1 - 1
Mangelia costulata Risso, 1826 - 2 1 - - - 9 - 1 1 - 7 5 - - 1
Mangelia brusinae van Aartsen & Fehr-de ) ) 1 i i i i
Wal, 1978
Mangelia vauquelini (Payraudeau, 1826) - - - - - - - - - - - 1 - -
Parthenina terebellum (Philippi, 1844) - - 8 - - 1 4 1 - 8 - 9 10 -
Parthenina interstincta (Adams J., 1797) - 2 4 - 2 - 9 - 3% 4 - 17 7 -
Brachystomia scalaris MacGillivray, 1843 9 - - - - - - - - - R . R R
Odostomia plicata (Montagu, 1803) - - - - - - - - 2 - - - - -
Megastomia conoidea (Brocchi, 1814) - - - 1 - - - - - 1 - - R R
Pyrgiscus rufus (Philippi, 1836) - - 3 - - - 4 - 3 - - - 1 - 10
Turbonilla pusilla (Philippi, 1844) - - - - - - 1 - - - - - - -
Turbonilla acuta (Donovan, 1804) - - - - - - - - - - - 3 1 -
Ebala pointeli (de Folin, 1868) - - 1 - - - - - - 1 - 1 1 -

222



Bitlis et al., Ege Journal of Fisheries and Aquatic Sciences, 39(3), 220-227 (2022)

Table 2. Continued

Stations

BIVALVIA

Modiolula phaseolina (Philippi, 1844)

Modiolus barbatus (Linnaéus, 1758)

Musculus subpictus (Cantraine, 1835)

Mytilus galloprovincialis Lamarck, 1819 336 -
Mytilaster lineatus (Gmelin, 1791)

Pinna nobilis Linnaéus, 1758

Flexopecten glaber (Linnaéus, 1758)

Anomia ephippium Linnaéus, 1758

Ostrea edulis Linnaéus, 1758

Ctena decussata (Costa 0.G., 1829)

Lucinella divaricata (Linnaéus, 1758)

Loripinus fragilis (Philippi, 1836)

2147 224
1

Cerastoderma glaucum (Bruguiére, 1789) - -

Parvicardium pinnulatum (Conrad, 1831) - -

Parvicardium exiguum (Gmelin, 1791)

Spisula subtruncata (da Costa, 1778)

Macomangulus tenuis (da Costa, 1778) - -

Moerella donacina (Linnaéus, 1758)

Donax trunculus Linnaéus, 1758
Abra alba (W. Wood, 1802)

Chamelea gallina (Linnaéus, 1758)

Gouldia minima (Montagu, 1803)

Pitar rudis (Poli, 1795)

Polititapes aureus (Gmelin, 1791)
Polititapes rhomboides (Pennant, 1777) - 3

Ruditapes decussatus (Linnaéus, 1758) - -

Timoclea ovata (Pennant, 1777)

Thracia phaseolina (Lamarck, 1818)

5

- 169
1092 350

1

25
155
1191

6 7 8

9

110

10

1

12

26

13

14 15

1
3534 432
63

Table 3. The number of species (S), the number of individuals (N), frequency and dominance values based on seasons

Seasons S N (ind/m=2) Frequency index (%) Dominance (%)
Autumn 46 96625 S. adansonii (50%), B. reticulatum (56%), R. splendida (56%), T. pullus pullus (75%) M. lineatus (45%)

Winter 37 110725 T. pullus pullus (50%), T. reticulata (50%), B. reticulatum (69%) M. lineatus (44%)

Spring 34 168825 B. reticulatum (60%) M. galloprovincialis (54%)
Summer 25 46225 R. splendida (62%), R. membranacea (69%) M. galloprovincialis (75%)

Seasonal variations in the number of species and
specimens, evenness, and diversity indices at all stations are
showen in Table 4. The highest number of species was found
at station 12 in spring (19 species) and in autumn (16 species).

Station 3 showed the highest species number in winter and
station 13 in summer. The largest number of individuals were
recorded at station 14 (73575 ind. m2) in spring and at station

1(30275 ind. m2) in autumn.
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The maximum diversity index values were calculated at ~ sampling sites 4 (1.0) in spring, at station 10 and 5 (0.9) in
station 7 (3.0) in autumn and at station 10 (2.7) in summer,and ~ summer, and at station 7 and 16 (0.8) in autumn (Table 4).
similarly, the highest evenness index values were counted at

Table 4. Temporal variation in community parameters at the sampling sites according to the seasons

Stations Number of species Number of specimens (ind. m2)

A w Sp Su A w Sp Su
1 6 5 1 30275 20025 9500 3350
2 9 3 7 6 8575 450 3175 1000
3 12 14 7 6 3225 10875 26675 1875
4 4 3 2 1 6850 1675 3250 1325
5 1 9 2 6 1300 29250 5775 400
6 4 8 4 5 875 2225 1000 375
7 13 11 5 5 2525 5125 1425 400
8 13 6 7 5 5300 8000 4100 450
9 14 9 3 1 3625 7925 2300 2750
10 8 10 7 9 3025 9450 2675 525
11 8 1 4 1 3200 2625 10850 11400
12 16 11 19 9 10675 7475 13500 2150
13 13 11 8 10 8425 4125 8025 2775
14 4 2 2 1 2750 825 73575 12875
15 5 1 2 5 5600 250 3000 2850
16 6 7 0 4 400 425 0 1725

Stations Diversity index Evenness index

A w Sp Su A w Sp Su
1 0.5 05 0.9 0.0 0.2 0.2 0.4 0.0
2 1.2 1.3 1.0 1.2 04 0.8 0.3 0.4
3 1.7 14 0.5 1.0 05 04 0.2 0.4
4 0.7 1.1 1.0 0.0 04 0.7 1.0 0.0
5 0.0 0.8 0.8 22 0.0 0.3 08 0.9
6 1.2 1.3 1.3 1.7 0.6 04 0.6 0.7
7 3.0 1.0 14 1.6 0.8 0.3 0.6 0.7
8 1.6 0.2 0.6 14 0.4 0.1 0.2 0.6
9 2.1 1.0 0.3 0.0 0.5 0.3 0.2 0.0
10 1.3 0.7 0.9 2.7 0.4 0.2 0.3 0.9
11 14 0.0 0.1 0.0 0.5 0.0 0.1 0.0
12 1.0 1.6 1.6 12 0.3 0.5 0.4 0.4
13 1.1 1.7 0.9 15 0.3 0.5 0.3 0.4
14 1.1 0.2 0.0 0.0 0.6 0.2 0.0 0.0
15 0.6 0.0 0.1 0.3 0.3 0.0 0.1 0.1
16 2.1 23 0.0 0.6 0.8 0.8 0.0 0.3

The relationships between the community and  negative correlation values were counted to be significant
environmental parameters of the mollusc fauna in each season ~ between the number of individuals and salinity (r=-0.72) and
were revealed with Pearson’s correlation analysis. Two  conductivity (r=-0.54) in autumn. The number of species was
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negatively correlated with pH values (r=-0.68) and negative
correlation was found between the evenness index values and
conductivity (r=-0.52) in winter. In spring, the evenness index

values were correlated with pH (r= 0.77) and salinity (r=-0.58).
The number of individuals was correlated with pH (r=0.62), and
conductivity (r=-0.69) in summer, similar to autumn (Table 5).

Table 5. Relationships between the environmental and community parameters in each season. S: Number of species. N: Number of individuals.
H": Shannon-Weaver's diversity index values. J': Pielou’s evenness index values. Bold values are statistically significant (p < 0.05)

Autumn Winter
S N J' H' S N J' H'
Salinity 0.20 -0.72 0.18 0.18 Salinity 0.40 0.12 -0.20 0.10
Temperature 0.07 0.28 -0.12 -0.01 Temperature -0.05 0.36 -0.13 -0.23
0. 0.21 0.28 -0.21 036 |02 0.14 0.29 -0.32 -0.45
pHins 0.43 0.04 -0.11 0.03 pHins -0.68 -0.33 -0.11 -0.30
Conductivity 0.32 -0.54 0.15 0.24 Conductivity 0.23 0.26 -0.52 -0.34
Spring Summer
S N J' H' S N J' H'
Salinity 0.26 0.11 -0.58 -0.10 Salinity -0.10 0.03 -0.01 0.1
Temperature -0.17 -0.21 0.29 -0.05 | Temperature -0.16 0.24 -0.39 -0.33
0. -0.42 0.43 0.33 0.1 0, 0.35 -0.10 0.17 -0.26
pHins -0.19 -0.33 0.77 0.45 pHins 0.02 0.62 -0.41 -0.38
Conductivity 0.12 0.25 -0.19 0.1 Conductivity 0.28 -0.69 0.27 0.24
According to the Bray-Curtis similarity index values, the r——

stations were clustered in four groups (A, B, C and D) with
values higher than 40% (Figure 2). The group A is generally
includes the sites with M. galloprovincialis biotopes. The most
contributing species to the similarity within the group A were
Mytilus galloprovincialis and Mytilaster lineatus (Table 6). The
group B comprises the summer stations with average similarity
of 53% and R. splendida, and R. membranacea were the most
contributing species to the similarity in the group B. The
stations consisting the group C included Z. marina biotopes.
The similarity of the stations forming the group D showed an
average similarity 47%. Within the group T. pullus pullus, and
B. reticulatum were the most contributing mollusc species to
the  similarity. SIMPER  analysis revealed the
similarities/dissimilarities in the groups and the most
contributing species.

Bray-Curtis Similarity Index (%)

100

ARERGIUNTXIER2RE22NROFSR
4 CRERTRRTANRAS

REgEs

Figure 2. Bray-Curtis similarity analysis of the temporal samples
(each association has a similarity higher than 40%). X: Autumn, Y:
Winter, Z: Spring, I: Summer

Table 6. The most contributing species to the formation of assemblages in the stations among the seasons

SIMILARITY DISSIMILARITY
Groups A B c D A-B B-C A-C A-D c-D B-D
Similarity/Dissimilarity (%) 60 53 56 47 96 91 98 91 63 77
M. galloprovincialis 87 30 30 18
M. lineatus 1 1" 1
B. reticulatum 67 53 24 23 21 24
T. pullus pullus 12
T. neritea 19 9
R. splendida 56 20 21 10
R. membranacea 29 10
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DISCUSSION

In the present work, a total of 66 mollusc species belonging
to three classes were identified in the benthic material sampled
in Kemer Bay. The present study is the first exhaustive work on
mollusc species in the region and may contribute to the
monitoring of the ecological changes that may occur in the
region in the following years.

The results of the study are comparable with the results of
some studies on mollusc species performed in the Sea of
Marmara. The findings in the study by Bitlis (2019) are
compatible with those found herein. Bitlis (2019), which in a
study on Cystoseira barbata facies in the Sea of Marmara,
indicated that the class Gastropoda was the richest taxon
regarding the species number, followed by the classes Bivalvia
and Polyplacophora and among the families Rissoidae, and
Pyramidellidae were the richest ones in terms of the number of
species. In the same study was also reported that some
species such as R. splendida, M. lineatus, S. adansonii, and B.
reticulatum were the most dominant and frequent species taxa
in the region.

In the study by Cinar et al. (2020), who investigated the
macroinvertebrates associated with M. galloprovincialis in the
Sea of Marmara, were obtained similar results presented
herein. They found B. reticulatum, M. lineatus, T. pullus pullus,
and S. adansonii were found to be the species with high
dominance values. Moreover, M. lineatus was indicated as a
species with constant distribution value of frequency index 77%
in the area.

In the present study, an important positive correlation is
found between the values of evenness index and pH in the
summer season, which result compatible to those reported by
Bitlis (2019) who found a negative correlation between the
evenness index values and pH in October.

Regarding the SIMPER analysis performed in the present
study, Mytilus galloprovincialis, M. lineatus, B. reticulatum and
R. splendida are of interest as the species the most
contributing to the groupings of the stations. A similar result
was also indicated by Cinar et al. (2020). M. lineatus was
mentioned among the species responsible for the groupings of
the stations in the PCoA graph by Cinar et al. (2020).
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Abstract: This study was conducted to evaluate the parameters on growth performance, molting frequency and carapace coloration of marbled crab
(Pachygrapsus marmoratus Fabricius, 1787). Crabs were collected from Urla, izmir. The experiment was performed in 10 L plastic containers filled with 6 L
of seawater at four different salinity levels (5%o, 15%o, 25%0 and 35%q). Ten crabs with an initial mean weight of 0.78+0.03 g were placed in each container
with three replicates. Crabs were fed once a day with a commercial diet (46% protein and 18% lipid) for 12 weeks. At the end of the study, the final mean
weight (FMW) of the 25%. group was significantly higher than the 5%. and 15%. groups (P<0.05). Specific growth rates (SGR) of the 15%. and the 35% groups
and feed conversion ratio (FCR) of the 25%. group were significantly higher than the 5%. group (P<0.05). The mean molting frequency (MMF) of the 25%o
group was significantly higher than the 5% group (P<0.05). Final lightness (L*) of the 5%. and 15%. were significantly lower than their initials (P<0.05). Final
redness (a*) of the 25%o group was the highest among the experimental groups (P<0.05). Final yellowness (b*) of the 25%. group was significantly higher than
the 5%o and 15%o groups (P<0.05). According to the results, it is recommended to keep the salinity at 25%. under marble crab rearing conditions. Further
studies are needed to reveal the potential properties of this species in marine aquariums.

Keywords: Crab feeding, survival, growth, pigmentation, container

0z: Bu calisma, mermer yengeglerin (Pachygrapsus marmoratus Fabricius, 1787) bilyiime performansi, kabuk degistirme frekansi ve karapas rengine iliskin
bilgileri degerlendirmek igin yiritiilmiistiir. Yengegler lzmir, Urla'dan toplanmistir. Deney, dort farkl tuzluluk seviyesinde (%05, %015, %025 ve %:35) 6 L deniz
suyu ile doldurulmus 10 L'lik plastik kaplarda gergeklestirimistir. On yengeg (baslangig ortalama agirliklari 0,78+0,03 g) her bir kaba Ug tekrarli olarak rastgele
yerlestirilmistir. Yengegler, 12 hafta boyunca ticari bir yemle (%46 protein ve %18 yagd) giinde bir kez doymaya yakin beslenmislerdir. Deneme sonunda %025
grubunun son ortalama agirlig1, %05 ve %015 gruplarindan anlamli derecede yiksektir (P<0,05). %015 ve %035 gruplarinin spesifik biiyime oranlari ve %025
grubunun yem donlistim orani %05 grubundan 6nemli élgiide yiiksektir (P<0,05). %025 grubunun ortalama kabuk degistirme frekansi, %05 grubundan énemli
olglide yiksek bulunmustur (P<0,05). %05 ve %015 gruplarinin son parlakligi (L*) ilk degerlerine gore énemli 6lglide diismusttir (P<0,05). %025 grubunun son
kirmiziligr (a*) deney gruplari arasinda en yiksektir ve bu grubun son sariliginin (b*), %05 ve %015 gruplarindan belirgin sekilde daha yiiksek oldugu ortaya
konmustur (P<0,05). Bulgulara gore, mermer yengecinin blyitme kosullarinda tuzlulugun %.25'¢ tutulmasi tavsiye edilmektedir. Bu tirin deniz
akvaryumlarindaki potansiyel 6zelliklerini ortaya koyabilmek iin daha fazla ¢alismaya ihtiyag vardir.

Anahtar kelimeler: Yengeg besleme, yasama orani, bliylime, pigmentasyon, konteyner

INTRODUCTION

Aquarium enthusiasts have more interested in marine
aquariums with the enhancements in aquarium technology.
Approximately 1500 fish species have been considered pets in
the marine aquarium sector and during the last decade, about
20-24 million fish have been sold annually (Ttrkmen et al.,
2011). Moreover, not only the popularity of fish but also
decapod species such as shrimps, lobsters and crabs have
become more attention in this sector (Karadal, 2018). Among
them, the crabs are preferred in marine aquariums due to their
strange appearances. Brachyuran and Anomuran crabs were
amongst the most commonly traded decapod species in the
saltwater aquarium sector (Penha-Lopes et al., 2005).

The feeding behavior of an organism is very important in
terms of determining its living conditions, nutritional status and
reproductive activities (Hughes, 1993). Crabs are generally
classified as omnivores or detritivores based on their diet. For
this reason, they have a key role in the food chain of many
ecosystems in nature (Penha-Lopes et al., 2009). Brachyuran
crabs’ diet mainly consists of limpets, barnacles, mussels and
algae (Cannicci et al., 2002). However, artificial feeds can also
be used to keep these animals in artificial environments such
as aquariums. Hence, it is very important to examine the
interactions with the basic water parameters (temperature,
salinity, pH, etc.) in the experimental environment where the
crabs will be fed with formulated feeds (Cadman and
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Weinstein, 1988). Pedapoli and Ramadu (2014) stated the
water quality parameters directly impact feed utilization, growth
performance, health and survival of crab species. Since the
variability of these abiotic parameters can adversely affect
aquaculture activities, the importance of studies conducted
under controlled conditions has increased. For instance,
salinity is one of the most important abiotic parameters
affecting larval development, growth, survival, distribution and
food stress of crab species (Nurdiani and Zeng, 2007;
Bianchini et al., 2008). The juvenile and adult crabs have a
wide tolerance of salinity requirements, while their larvae can
be vulnerable to varying salinity conditions (Diele and Simith,
2006). While the influences of salinity on various crab species
in rearing conditions have been documented by previous
studies (i.e., Anger et al., 1990; Anger, 1991; Bas and Spivak,
2000; Jantrarotai et al., 2002; Nurdiani and Zeng, 2007;
Ikhwanuddin et al., 2012; Long et al., 2019), only the survival
rate and restricted growth of the marbled crab (P. marmoratus)
at five different salinities have been investigated (Karadal,
2018). In the previous study (Karadal, 2018), the crabs were
starved for 140 days in the dry area and five salinities (0%o, 5%o,
15%o, 25%0 and 35%). No crabs survived for the first 2 weeks
in the dry area and with 0%, salinity. Hence, dry and 0% salinity
groups were eliminated in this study and according to these
results, it was considered to conduct the study at four different
salinity levels.

Since the culture of the species traded in the marine
aquarium sector is not common, approximately 95% of them
are collected from nature (Monticini, 2010; Dominguez and
Botella, 2014). Therefore, it is important to consider potential
alternatives to these in order to reduce the destruction of the
natural populations of popular species. Marbled crab
(Pachygrapsus marmoratus) is a brachyuran decapod found in
the intertidal rocky regions of the Black Sea and Mediterranean
(Flores and Paula, 2002; Aydin et al., 2014; Deli et al., 2015).
Karadal and Ondes (2018) suggested that there are 35 crab
species at the cost of Turkey that can be considered suitable
decapods in marine aquariums. Although there are some
studies on the natural diets and feeding habits of marbled crab
(Cannicci et al., 2002; Cannicci et al., 2007; Silva et al., 2009),
no comprehensive feeding study has been found in laboratory
conditions. In this study, growth performance, molting
frequency and carapace coloration of marbled crab at four
different salinity levels were investigated. With this study, the
responses of marble crab in terms of growth, molting and
coloration parameters at different salinities under laboratory
conditions will be recorded and it will be evaluated whether
they are suitable for keeping in marine aquariums.

MATERIAL AND METHODS
Collection of crabs

Marbled crabs (Pachygrapsus marmoratus) were caught
from the rocky shores by hand in Urla, izmir (38° 22' 17" N, 26°
45' 44" E) in June 2018. Crabs, which had same molt stage
(hard carapace) and did not have limb loss, were selected for

the experiment. A total of 120 crabs were transferred to plastic
containers in the Education & Research Unit of Faculty of
Fisheries, lzmir Kétip Celebi University, [zmir, Turkey.

Rearing systems

The experiment was performed in 10 L plastic containers
filled with 6 L of marine water with different salinity levels. Ten
crabs (initial mean weights of 0.78+0.03 g) were randomly
placed in each container with three replicates (Figure 1). Each
container contained PVC pipes with a diameter of 4 cm as
shelter and a stone placed in the container. The water
temperature was maintained at 18.4+0.3°C. Salinity,
temperature, dissolved oxygen and pH (Hach HQ40D Portable
Multi Meter) were checked in each container daily. Dissolved
oxygen was 9.27+0.04 ppm, pH was 7.65+0.06 and
photoperiod was held at 12:12 (light/dark). The water in all
containers was changed at a ratio of 20% once a week.
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Figure 1. Design of the experimental study

Experimental design and feeding

Four different salinity levels (5%, 15%o, 25%0 and 35%)
were used to determine the growth performance, molting
frequency and carapace coloration of marbled crab. Animals
were kept and fed (with the same feed used in the trial) in the
rearing system for two weeks for acclimation. In the trial, crabs
were fed once a day with 1 mm commercial gilthead seabream
diet (46% protein and 18% lipid) and uneaten food was
removed after 1.5 h from feeding by siphoning and weighed. At
the beginning of the experiment, the same weight of
commercial feeds was weighed for each plastic container and
was stocked in small boxes and the crabs were fed with these
feeds during the trial. The feed intake (FI) of the crabs was
recorded by weighing the feeds in these boxes during the
biweekly measurements. The experiment was carried out in 12
plastic containers in three replications for 12 weeks.
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Evaluation of growth performance

Weight (g) and length (cm) measurements were carried out
biweekly during the experiment. All animals were dried with a
paper towel to remove the water before the measurement
process. Crab weights were individually recorded with an
electronic compact scale (SF-400D, precision of £0.01 g).
Carapace length (CL; length of the carapace along the midline)
and carapace width (CW; width of the frontal region of the
carapace) were measured with the digital caliper. Dead
animals were recorded during the experiment, and their
survival rates were determined at the end of the trial. Growth
performance such as feed conversion ratio (FCR), specific
growth rate (SGR) and survival rate (SR) was calculated
according to the following formulas:

FI = Average of the total feed given to each experimental
group during the study

FCR = Feed intake / Weight gain (where Weight gain was
calculated as Final mean weight - Initial mean weight),

SGR (%/day) = 100 x ([Ln Final crab weight] - [Ln Initial
crab weight]) / Experimental days,

SR (%) = 100 x (Number of total crab - Number of dead
crab) / Number of total crab.

Monitoring of molting frequency

The crabs were checked daily and shells in the containers
were recorded for determining the numbers of molts in the
experimental groups. According to the recorded data, the mean
molting frequency, n: the number of molted individuals; (MMF)
=[(nx 1)+ (n2x2) + (N3 x 3) +......+ (nk x k)] / total number of
crab (Chen and Chen, 2003).

Carapace coloration measurement

Color measurements were taken from all crabs at the
beginning and end of the experiment in order to obtain
coloration data. Measurements were taken from the carapace
region of the crabs on a flat surface with a colorimeter (Color
Muse, Variable Inc., Tennessee, USA) (Dang et al., 2021). The

measurements were achieved on top surface (4 mm) of
carapace of each crab. The CIELAB color space parameters
(CIE, 1976) were recorded as lightness (where 100% stands
white and 0% stands black), redness (where +a* stands for red
and -a* stands for green) and yellowness (where +b* stands
for yellow and -b* stands for blue).

Statistical analysis

The Shapiro-Wilk W and Levene tests were subjected to
verify normality and homogeneity of variance before further
analysis was undertaken, respectively. One-way analysis of
variance (ANOVA) was performed for the analysis of the data
of growth performance, molting frequency and carapace
coloration. Differences between the experimental groups were
ranked Tukey’s multiple range test. All means were presented
with standard errors (+SE). For statistical assessment of the
study data, a statistical software (Statgraphics Centurion XV,
Statpoint Technologies Inc., The Plains, VA) was used (Zar,
1999). Differences were considered significant at the 95%
confidence interval.

RESULTS

The growth performance of marbled crab reared in different
salinity levels is given in Table 1. Final mean weight (FMW) of
the 25%o group was significantly higher than the 5%o and 15%o
groups (P<0.05). Final mean carapace length of the 5% groups
was lower than 25%. group (P<0.05). The highest feed intake
was obtained in the 25%. group (P<0.05). Specific growth rates
(SGR) of the 25%0 and the 35%. groups were significantly
higher than the 5%o group (P<0.05). Feed conversion ratio
(FCR) of the 25%0 group was statistically higher than the 5%o
group (P<0.05).

Mean weights (MW) and mean carapace lengths (MCL)
during 12 weeks and final survival rates (SR) of marbled crab
fed on different salinities are shown in Figures 2, 3 and 4. The
MW and MCL of the 5%o group were lower than the others. The
SR of the 15%0 (93.33%) and 25%c (90%) groups were
significantly higher than the 5% (63.33%) group (P<0.05).

Table 1. Growth performance of marbled crab reared in saltwater with different salinity levels for 12 weeks
5% 15%o 25%0 35%o

Initial mean weight (g) 0.79+0.01 0.850.03 0.77+0.02 0.72+0.02
Final mean weight (g) 1.79+0.062 2.250.09b¢ 2.5410.14¢ 2.4110.08<
Initial mean carapace length (cm) 1.08+0.03 1.1410.02 1.08+0.02 1.05+0.01
Final mean carapace length (cm) 1.4940.042 1.63+0.0720 1.7410.06° 1.68+0.052
Feed intake (g) 0.75+0.032 1.21+0.08° 1.64+0.114 1.47+0.09
Specific growth rate (%/day) 0.97+0.122 1.16+0.082 1.42+0.08P 1.44+0.10°
Feed conversion ratio 0.75£0.072 0.86+0.1120 0.93+0.050 0.87+0.0920

Different letters in the same line indicate statistically significant differences (P<0.05) among the groups.
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Figure 2. Mean weights of marbled crab during 12 weeks of feeding
on different salinities
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Figure 3. Mean carapace lengths of marbled crab during 12 weeks
of feeding on different salinities
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Figure 4. Survival rates of marbled crab fed on different salinities

Molting parameters of marbled crab reared in different
salinities are presented in Table 2. Mean molting frequency
(MMF) of the 25%o group and mean molting number (MMN) of
the 15%o and 25%o0 groups were significantly higher than the 5%o
group (P<0.05). According to the number of molts, the highest
number of individuals in terms of groups was recorded as 8 (2
times) in the 5%o, 12 (3 times) in the 15%o, 11 (4 times) in the
25%0 and 7 (2, 3 and 4 times) in the 35%o groups.

Carapace coloration parameters of marbled crab in
different salinity levels are listed in Table 3. There was no
significant difference in the final lightness (L*) of the
experimental salinity groups (P>0.05). Final lightness (L*) of
the 5% and 15%. were significantly lower than their initials
(P<0.05). Final redness (a*) of the 25%o group was the highest
among the experimental groups (P<0.05). No significant
difference was noted between the initial and final parameters
of the redness (P>0.05). Final yellowness (b*) of the 25%.
group was markedly higher than the 5% and 15%. groups
(P<0.05). Initial yellowness (b*) of the 25% and final
yellowness (b*) of the 5% and 15%. groups were significantly
lower than their final and initial parameters, respectively
(P<0.05).

Table 2. Molting parameters of marbled crab reared in saltwater with different salinity levels for 12 weeks

5%o 15%o 25%o 35%0

Crab number (n) 19 28 27 23

1 4 4 1 2

2 8 8 5 7
Number of molting

3 6 12 10 7

4 1 4 11 7
Mean molting frequency 2.19+0.212 2.5840.11ab 3.1610.130 2.8040.18%
Mean number of molting 14.00+2.082 24.00+0.58° 28.33+1.20° 21.6743.332

Different letters in the same line indicate statistically significant differences (P<0.05) among the groups.
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Table 3. Carapace coloration of marbled crab reared in saltwater with different salinity levels for 12 weeks

5%o 15%o 25%o 35%
Initial lightness (L*) 42.10+0.218 40.6610.338 41.1520.16 43.07+0.20
Final lightness (L* 36.25+0.54A 33.78+0.397 40.47+0.25 41.83£0.49
Initial redness (a*) 8.02+0.15 7.8840.12 8.18+0.09 7.93£0.11
Final redness (a*) 7.9640.132 8.1110.07a 8.35+0.17° 8.09+0.052
Initial yellowness (b*) 15.67+0.218 16.13+0.328 15.374£0.194 15.88+0.25
Final yellowness (b* 10.26+0.18= A 12.37+0.41a A 18.93+0.65b 8 15.98+0.3220

Different lowercase and uppercase letters in the same line and the same column indicate statistically significant differences (P<0.05) among the groups,

respectively.

DISCUSSION

The present study showed that marbled crabs
(Pachygrapsus marmoratus) fed in different salinities survived
at 15%o and 25%o with higher levels. However, the final mean
weight (FMW), feed conversion ratio (FCR) and mean molting
frequency (MMF) were enhanced at the 25%., while specific
growth rates (SGR) of the 15%0 and the 35%. groups were
higher. In addition, the final redness (a*) and final yellowness
(b* of the crab’s carapace were improved at the 25%o salinity
level.

Salinity has important in the growth and nutrition of crab
species (Fisher, 1999; Nurdiani and Zeng, 2007; Castejon et
al., 2015). Fisher (1999) declared a negative correlation
between growth performance and salinity of blue crab (C.
sapidus). In this study, growth depending on optimum salinity
level was determined as 25% in marbled crabs and they
showed a lower growth rate at the further salinity level (35%o).
But, as an important issue on this topic, salinity is considered
a vulnerable environmental factor for the larval development of
crab species and it is possible to say that previous studies
focused on this way (Bas and Spivak, 2000; Baylon and
Suzuki, 2007; Nurdiani and Zeng, 2007; Ikhwanuddin et al.,
2012). For instance, Jantrarotai et al. (2002) stated that the
survival rates of orange mud crab (Scylla olivacea) to the stage
of megalopa from zoea were recorded as 13.16, 22.19, 8.25
and 7.08 percent at 28%o, 30%o, 32%0 and 34%., respectively.
Larvae advanced to the next stage (megalopa) with higher
survival at 30% than other salinity levels. Therefore, in
crustaceans, the survival rate could have been affected by the
feeding due to their cannibalistic behaviors. However, salinity
tolerance is higher in larger sizes of crabs. Rahi et al. (2020)
recorded that even survival at 0% in the orange mud crab (S.
olivacea). Nevertheless, the authors reported that crabs fed at
salinity levels of 10%. and 20%. had higher FMWs. In the
present study, the FMW of the crabs reared at the 25%. was
markedly higher than that of the 5% and 15%. salinity levels.
This can be explained by enhanced growth performance at the
optimum salinity level for the species. The SGR and FCR

results have proved this situation. Both parameters were
enhanced by the optimum salinity level (25%).

In previous research conducted by Chazaro-Olvera and
Peterson (2004), the authors studied the different salinity levels
(5%, 15%0 and 25%q) on two Callinectes species (C. rathbunae
and C. sapidus) and they stated no significance in molting
period of C. rathbunae, while the duration was lessened with
the further salinity levels in C. sapidus. Though, it can be said
that the intermolt duration of blue crab (C. sapidus) was
affected by salinity. A similar result was reported in a study
(salinity levels of 5%, 10%o, 20%o, 30%o and 40%) carried out
with mud crab (Scylla paramamosain) (Gong et al., 2015) as in
the C. sapidus. Ruscoe et al. (2004) noted a wide range of
salinity tolerance in intermolt duration of the 18.43 mg crablets
of mud crab (S. serrata) and they advised that these resistant
features were considered the species a potential nominee for
cultivation. In contrast, an ornamental marine crab species,
Stenorhynchus seticornis, was reared at 30, 35 and 40%o
salinity levels, but the authors declared the salinity affected the
percentage survival of the zoeal stages (Hernéndez et al.,
2012). In the present study, marbled crabs (P. marmoratus)
have successfully molted even at low salinity levels. For this
reason, it is thought that this species can temporarily adapt to
extreme salinities in aquarium conditions.

The marbled crab is one of the common intertidal decapods
in the Mediterranean Basin (Flores and Paula, 2002), which
can be considered a potential aquarium animal due to its high
population and its attractive colors of the body (Karadal and
Ondes, 2018). The colors of the crab show considerable
variation from violet brown to black with a yellowish-brown with
marbled form and there is also great patterning in crab species
(Ingle, 1997; Caro, 2018). Salinity-related coloration changes
in crabs are a study limited. In previous research, McGaw and
Naylor (1992) stated a shore crab (Carcinus maenas) shows a
range of carapace coloration from green to orange through its
molting period and orange crabs are less tolerant to salinity
decreases over this duration. It is known that the color
difference due to this molting period is a natural physiological
change, and the difference in salinity tolerance between two
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colors can be explained in relation to the vulnerable period in
the duration of molting. In this study, unlike the previous
research, no major color change was observed in the marbled
crabs’ inter- or during the molting period. However, a
statistically significant color change was noted, which did not
affect the visual coloration regarding the different salinity
levels. It can be said that this statistical color difference is not
a natural change and is a physiological response of the animal
depending on external influences i.e., water parameters,
lightning. Furthermore, Caro (2018) underlined various factors
such as starvation or salinity are related to carapace coloration
in several crabs. This raises the issue that changes in other
water parameters, not only depending on salinity, may be
effective on carapace coloration of the marble crabs, and it is
recommended to increase studies on carapace coloration in
crabs due to external factors.

CONCLUSION

According to the growth, molting and coloration data
evaluated in the study, it was revealed that these parameters
increased up to 25%., which was recorded as the optimum
salinity level, and started to decrease at the level of 35%o
salinity. In conclusion, it is recommended to maintain the
salinity at 25%q in the rearing conditions of the marbled crab.
While growth and molting are significant parameters in
carcinoculture, coloration is an important criterion for
potentially identifiable species in aquarium fisheries.
Therefore, rearing studies that can improve coloration along
with growth are of great importance. Further studies are

REFERENCES

Anger, K. (1991). Effects of temperature and salinity on the larval development
of the Chinese mitten crab Eriocheir sinensis (Decapoda: Grapsidae).
Marine Ecology Progress Series, 72, 103-110.
DOI:10.3354/meps072103

Anger, K., Harms, J., Mont(, M., & De Bakker, C. (1990). Effects of salinity on
the larval development of a semiterrestrial tropical crab, Sesarma
angustipes (Decapoda: Grapsidae). Marine Ecology Progress Series, 62,
89-94. DOI:10.3354/meps062089

Aydin, M., Karadurmus, U., & Tunca, E. (2014). Biological characteristics of
Pachygrapsus marmoratus in the southern Black Sea (Turkey). Journal of
the Marine Biological Association of the United Kingdom, 94(7), 1441-
1449. DOI:10.1017/S0025315414000253

Bas, C.C., & Spivak, E.D. (2000). Effect of salinity on embryos of two
southwestern Atlantic estuarine grapsid crab species cultured in vitro.
Journal of Crustacean Biology, 20(4), 647-656.
DOI:10.1163/20021975-99990088

Baylon, J., & Suzuki, H. (2007). Effects of changes in salinity and temperature
on survival and development of larvae and juveniles of the crucifix crab
Charybdis feriatus (Crustacea: Decapoda: Portunidae). Aquaculture,
269(1-4), 390-401. DOI:10.1016/j.aquaculture.2007.03.024

Bianchini, A., Lauer, M.M., Nery, L.E.M., Colares, E.P., Monserrat, J.M., & dos
Santos Filho, E.A. (2008). Biochemical and physiological adaptations in
the estuarine crab Neohelice granulata during salinity acclimation
Comparative Biochemistry and Physiology Part A: Molecular & Integrative
Physiology, 151(3), 423-436.

DOI:10.1016/j.cbpa.2007.12.001

needed to reveal the potential properties of this species in
marine aquariums.

ACKNOWLEDGEMENTS AND FUNDING

With best regards to officers of the Republic of Turkey
Ministry of Forestry and Water Affairs who provided the
research permission for the fieldwork. Many thanks to Assoc.
Prof. Fikret Ondes for his help during the collection of living
materials. This research has received no specific grant or
financial support.

AUTHORSHIP CONTRIBUTION

Onur Karadal: Conceptualization, Investigation, Data
curation, Writing- original draft preparation, reviewing and
editing.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest
or competing interests.

ETHICS APPROVAL

The present study was carried out in accordance with
animal welfare and the ethics requirements and complied with
the guidelines of the EU Directive 2010/63/EU for animal
experiments.

DATA AVAILABILITY

All data generated and analyzed during this study are
presented in this article.

Cadman, L.R., & Weinstein, M.P. (1988). Effects of temperature and salinity
on the growth of laboratory-reared juvenile blue crabs Callinectes sapidus
Rathbun. Journal of Experimental Marine Biology and Ecology, 121(3),
193-207. DOI:10.1016/0022-0981(88)90088-3

Cannicci, S., Gomei, M., Boddi, B., & Vannini, M. (2002). Feeding habits and
natural diet of the intertidal crab Pachygrapsus marmoratus: opportunistic
browser or selective feeder? Estuarine, Coastal and Shelf Science, 54(6),
983-1001. DOI:10.1006/ecss.2001.0869

Cannicci, S., Gomei, M., Dahdouh-Guebas, F., Rorandelli, R., & Terlizzi, A.
(2007). Influence of seasonal food abundance and quality on the feeding
habits of an opportunistic feeder, the intertidal crab Pachygrapsus
marmoratus. Marine Biology, 151(4), 1331-1342.
DOI:10.1007/s00227-006-0570-3

Caro, T. (2018). The functional significance of coloration in crabs. Biological
Journal of the Linnean Society, 124(1), 1-10.
DOI:10.1093/biolinnean/bly021

Castejon, D., Ribes, E., Durfort, M., Rotllant, G., & Guerao, G. (2015). Foregut
morphology and ontogeny of the mud crab Dyspanopeus sayi (Smith,
1869) (Decapoda, Brachyura, Panopeidae). Arthropod Structure &
Development, 44(1), 33-41. DOI:10.1016/j.asd.2014.09.005

Chazaro-Olvera, S., & Peterson, M.S. (2004). Effects of salinity on growth and
molting of sympatric Callinectes spp. From Camaronera Lagoon,
Veracruz, Mexico. Bulletin of Marine Science, 74(1), 115-127.

Chen S.M., & Chen J.C. (2003). Effects of pH on survival, growth, molting and
feeding of giant freshwater prawn Macrobrachium rosenbergii.
Aquaculture, 218: 613-623. DOI:10.1016/S0044-8486(02)00265-X

233


http://doi.org/10.3354/meps072103
http://doi.org/10.3354/meps062089
http://doi.org/10.1017/S0025315414000253
http://doi.org/10.1163/20021975-99990088
http://doi.org/10.1016/j.aquaculture.2007.03.024
http://doi.org/10.1016/j.aquaculture.2007.03.024
http://doi.org/10.1016/0022-0981(88)90088-3
http://doi.org/10.1006/ecss.2001.0869
http://doi.org/10.1007/s00227-006-0570-3
http://doi.org/10.1093/biolinnean/bly021
http://doi.org/10.1016/j.asd.2014.09.005
http://doi.org/10.1016/S0044-8486(02)00265-X

Growth performance, molting frequency and carapace coloration of marbled crab (Pachygrapsus marmoratus) in different salinity levels

CIE. (1976). Official Recommendations on Uniform Colour Space, Colour
Difference Equations and Metric Colour Terms. Commission International
de I'Eclairage, Paris, Suppl. No.2. Publication No.15.

Dang, D.S., Buhler, J.F., Stafford, C.D., Taylor, M.J., Shippen, J.E., Dai, X.,
England, E.M., & Matarneh, S.K. (2021). Nix Pro 2 and Color Muse as
potential colorimeters for evaluating color in foods. LWT, 147, 111648.
DOI:10.1016/}.lwt.2021.111648

Deli, T., Bahles, H., Said, K., & Chatti, N. (2015). Patterns of genetic and
morphometric diversity in the marbled crab (Pachygrapsus marmoratus,
Brachyura, Grapsidae) populations across the Tunisian coast. Acta
Oceanologica Sinica, 34(6), 49-58. DOI:10.1007/s13131-015-0687-7

Diele, K., & Simith, D.J.B. (2006). Salinity tolerance of northern Brazilian
mangrove crab larvae, Ucides cordatus (Ocypodidae): Necessity for larval
export? Estuarine, Coastal and Shelf Science, 68(3-4), 600-608.
DOI:10.1016/j.ecss.2006.03.012

Dominguez, L.M., & Botella, A.S. (2014). An overview of marine ornamental
fish breeding as a potential support to the aquarium trade and to the
conservation of natural fish populations. International Journal of
Sustainable Development and Planning, 9(4), 608-632.
DOI:10.2495/SDP-V9-N4-608-632

Fisher, M.R. (1999). Effect of temperature and salinity on size at maturity of
female blue crabs. Transactions of the American Fisheries Society,
128(3), 499-506.

DOI 10.1577/1548-8659(1999)128<0499:E0TAS0>2.0.CO;2

Flores, A.AA.,, & Paula, J. (2002). Population dynamics of the shore crab
Pachygrapsus marmoratus (Brachyura: Grapsidae) in the central
Portuguese coast. Journal of the Marine Biological Association of the
United Kingdom, 82(2), 229-241. DOI:10.1017/S0025315402005404

Gong, J,, Yu, K., Shu, L., Ye, H., Li, S., & Zeng, C. (2015). Evaluating the
effects of temperature, salinity, starvation and autotomy on molting
success, molting interval and expression of ecdysone receptor in early
juvenile mud crabs, Scylla paramamosain. Journal of Experimental
Marine Biology and Ecology, 464, 11-17.
DOI:10.1016/j.jembe.2014.12.008

Hemandez, J.E., Palazon-Fernandez, J.L., Hernandez, G., & Bolafios, J.
(2012). The effect of temperature and salinity on the larval development
of Stenorhynchus seticornis (Brachyura: Inachidae) reared in the
laboratory. Journal of the Marine Biological Association of the United
Kingdom, 92(3), 505-513. DOI:10.1017/S00253154 10000809

Hughes, R.N. (1993). Introduction. In R.N. Hughes (Ed.), Diet Selection: An
Interdisciplinary Approach to Foraging Behaviour. Blackwell Scientific
Publications, London, pp. 1-9.

Ikhwanuddin, M., Azra, M.N., Talpur, M.A., Abol-Munafi, A.B., & Shabdin, M.L.
(2012). Optimal water temperature and salinity for production of blue
swimming crab, Portunus pelagicus 1¢t day juvenile crab. Aquaculture,
Aquarium, Conservation & Legislation, 5(1), 4-8.

Ingle, R. (1997). Crayfishes, Lobsters and Crabs of Europe - An lllustrated
Guide to Common and Traded Species. Springer Netherlands, 281 p.
DOI:10.1007/978-94-011-5872-5

Jantrarotai, P., Taweechuer, K., & Pripanapong, S. (2002). Salinity levels on
survival rate and development of mud crab (Scylla olivacea) from zoea to
megalopa and from megalopa to crab stage. Agriculture and Natural
Resources, 36(3), 278-284.

Karadal, O. (2018). Survival rate and restricted growth of marbled crab
(Pachygrapsus marmoratus) in different salinity levels. Ege Joumal of
Fisheries and Aquatic Sciences, 35(4), 407-416.
DOI:10.12714/egejfas.2018.35.4.06

Karadal, 0., & Ondes, F. (2018). Potential use of crab species in Turkey for
the marine aquariums. Ecology 2018 International Symposium, 19-23
June 2018, Kastamonu, Turkey.

Long, X., Wu, X., Zhu, S., Ye, H., Cheng, Y., & Zeng, C. (2019). Salinity can
change the lipid composition of adult Chinese mitten crab after long-term
salinity adaptation. PloS One, 14(7), €0219260.
DOI:10.1371/journal.pone.0219260

McGaw, I.J., & Naylor, E. (1992). Salinity preference of the shore crab
Carcinus maenas in relation to coloration during intermoult and to prior
acclimation. Journal of Experimental Marine Biology and Ecology, 155(2),
145-159. DOI:10.1016/0022-0981(92)90059-J

Monticini, P. (2010). The Ornamental Fish Trade, Production and Commerce
of Ornamental Fish: Technical-Managerial and Legislative Aspects.
GLOBEFISH Research Programme, Vol. 102, FAO: Rome, 132 p.

Nurdiani, R., & Zeng, C. (2007). Effects of temperature and salinity on the
survival and development of the mud crab Scylla serrata (Forsskal)
larvae. Aquaculture Research, 38(14), 1529-1538.
DOI:10.1111/j.1365-2109.2007.01810.x

Pedapoli, S., & Ramudu, K.R. (2014). Effect of water quality parameters on
growth and survivability of mud crab (Scylla tranquebarica) in grow out
culture at Kakinada coast, Andhra Pradesh. International Journal of
Fisheries and Aquatic Studies, 2(2), 163-166.

Penha-Lopes, G., Bartolini, F., Limbu, S., Cannicci, S., Kristensen, E., & Paula,
J. (2009). Are fiddler crabs potentially useful ecosystem engineers in
mangrove wastewater wetlands? Marine Pollution Bulletin, 58(11), 1694-
1703. DOI:10.1016/j.marpolbul.2009.06.015

Penha-Lopes, G., Rhyne, ALL., Lin, J., & Narciso, L. (2005). The larval rearing
of the marine ornamental crab, Mithraculus forceps (A. Milne Edwards,
1875) (Decapoda: Brachyura: Majidae). Aquaculture Research, 36(13),
1313-1321. DOI:10.1111/.1365-2109.2005.01349 x

Rahi, M. L., Ferdusy, T., Wali Ahmed, S., Khan, M.N., Aziz, D., & Salin, K.R.
(2020). Impact of salinity changes on growth, oxygen consumption and
expression pattern of selected candidate genes in the orange mud crab
(Scylla olivacea). Aquaculture Research, 51(10), 4290-4301.
DOI:10.1111/are. 14772

Ruscoe, .M., Shelley, C.C., & Williams, G.R. (2004). The combined effects of
temperature and salinity on growth and survival of juvenile mud crabs
(Scylla serrata Forskal). Aquaculture, 238, 239-247.
DOI:10.1016/j.aquaculture.2004.05.030

Silva, A.C.F., Brazdo, S., Hawkins, S.J., Thompson, R.C., & Boaventura, D.
(2009). Abundance, population structure and claw morphology of the
semi-terrestrial crab Pachygrapsus marmoratus (Fabricius, 1787) on
shores of differing wave exposure. Marine Biology, 156(12), 2591-2599.
DOI:10.1007/s00227-009-1283-1

Tirkmen, G., Bulguroglu, S.Y., & Aydogan, G. (2011). Bring in some native
osteichtyes marine fish species in Turkey to the marine aquarium (in
Turkish with English abstract). Ege Journal of Fisheries and Aquatic
Sciences, 28(3), 95-98.

Zar, J.H. (1999). Biostatistical Analysis, 4th ed. Upper Saddle River, Prentice-
Hall Inc., 929 p.

234


http://doi.org/10.1016/j.lwt.2021.111648
http://doi.org/10.1007/s13131-015-0687-7
http://doi.org/10.1016/j.ecss.2006.03.012
http://doi.org/10.2495/SDP-V9-N4-608-632
http://doi.org/10.1577/1548-8659(1999)128%3c0499:EOTASO%3e2.0.CO;2
http://doi.org/10.1017/S0025315402005404
http://doi.org/10.1016/j.jembe.2014.12.008
http://doi.org/10.1017/S0025315410000809
http://doi.org/10.1007/978-94-011-5872-5
http://doi.org/10.12714/egejfas.2018.35.4.06
http://doi.org/10.1371/journal.pone.0219260
http://doi.org/10.1016/0022-0981(92)90059-J
http://doi.org/10.1111/j.1365-2109.2007.01810.x
http://doi.org/10.1016/j.marpolbul.2009.06.015
http://doi.org/10.1111/j.1365-2109.2005.01349.x
http://doi.org/10.1111/are.14772
http://doi.org/10.1016/j.aquaculture.2004.05.030
http://doi.org/10.1007/s00227-009-1283-1

http://www.egejfas.org
Ege Journal of Fisheries and Aquatic Sciences, 39(3), 235-242 (2022)

Su Uriinleri Dergisi (2022)
DOI: 10.12714/egejfas.39.3.09

RESEARCH ARTICLE ARASTIRMA MAKALESI

Distribution of phytoplanktonic species in the sea snot in 2021 in the

Marmara Sea

Marmara Denizi’'nde 2021 yilinda gortlen deniz salyasi igerisindeki

fitoplanktonik turlerin dagilimlar

Levent Yurga

Ege University Faculty of Fisheries, Department of Marine and Inland Water Sciences and Technology,

35100, Bornova, |zmir, Ttrkiye

levent.yurga@ege.edu.tr

https://orcid.org/0000-0003-4033-7567

Received date: 23.07.2022 Accepted date: 09.08.2022

How to cite this paper:

Yurga, L. (2022). Distribution of phytoplanktonic species in the sea snot in 2021 in the Marmara Sea. Ege Journal of Fisheries and Aquatic Sciences, 39(3),
235-242. DOI: 10.12714/egejfas.39.3.09

Abstract: Sea snot, which was seen and reported in the Adriatic and Tyrrhenian Seas in the early 1990s, had been on Turkey's agenda as an environmental
massive disaster from the winter months of 2021 until the end of summer in the Sea of Marmara. Due to the magnitude and topicality of the subject, the
samples collected from the coastal areas where sea snot is observed in Marmara from January until July were examined. According to the results obtained,
5 classes were determined in sea snot. Species of algae that secrete mucilage, which provides stickiness to the formation, were also been identified in sea
snot. These are 1 dinoflagellate, 2 Prymnesiosides, 5 diatoms, and 2 cyanobacteria species. 8 toxic planktonic species were detected in sea snot: 1 causing
PSP poisoning and 3 of dinoflagellate causing DSP poisoning; 1 of prymnesiophisid that releases ichthyotoxin to the sea environment, and 3 of diatoms that
cause ASP poisoning.

Keywords: Mucilage, sea snot, dinoflagellates, diatoms, Cyanobacteria

0z: 199011 yillarin baslarinda Adriyatik ve Tiren Denizlerinde gériiliip raporlanan deniz salyasl, Marmara Denizi'nde 2020 kis aylarindan itibaren yaz sonuna
kadar bir gevre felaketi olarak Tirkiye’nin glindemini olusturmustu. Konunun éneminin buyikligi ve guncelligi sebebiyle 2021 Ocak ayindan itibaren
Marmara’da deniz salyasi goriilen kiyisal bélgelerden Temmuz ayina kadar toplanan érnekler incelenmistir. Elde edilen sonuglara gére deniz salyasi igerisinde
planktonik olarak 5 sinif, bu siniflara ait 8 tiir tespit edilmistir. Deniz salyasinda bulunan, olusumun yapiskanli§ saglayan miisilaji salgilayan tiirler de olusumun
icerisinde tespit edilmistir. Bunlar; 1 dinoflagellat, 2 prymnesiosid ve 5 diyatome tliriidiir. Bunlara ilave olarak 2 tiir misilaj salgisi yapan siyonabakteri
goriismiistiir. Deniz salyasinda 8 toksik planktonik tiir msilaj icerisinde tespit edilmistir: PSP zehirlenmesine yol agan 1 ve DSP zehirlenmesine yol agan 3
tiir dinoflagellat; denize ihtiyotoksin salan 1 tiir prymnesiofisid, ASP zehirlenmesine yol agan 3 tiir diyatomdur.

Anahtar kelimeler: Msilaj, deniz salyasi, dinoflagellat, diyatome, siyanobakteri

INTRODUCTION

Climate change affects all living things on earth. In addition
to global warming, the other thing that affects vibrancy is
pollution. As dramatic examples of these environmental
problems on a global scale, we observe algal blooms of several
colors seen in certain periods in our seas, Sargassum
macroalgae patterns detected from time to time in Dikili,
planktonic algae, and sea lettuce overgrowth in the Gulf of
Izmir, cyanobacteria-induced breakage, dead fish and jellyfish
on our shores. In addition, the sea snot or mucilage
phenomenon, which began in the winter of 2020, has increased
in the Marmara Sea during the summer since the spring of
2021 and has been added to these negative processes.

In Tirkiye, sea snot was first seen on the northeast coast
of the Marmara Sea in the autumn of October 2007, around the
shores of Izmit and Erdek (TUfekgi et al., 2010), and reported
in the following years. The unseen formation to create a major
environmental disaster was reported in January 2008, and the

snot structure was recorded to form filamentous structures in
the Gulf of Izmit and on the shores of Erdek (Tufekci et al.,
2010).

Since December 2020 and January 2021, it has been
distributed from the Gulf of Izmit to Canakkale. After 2007 and
in 2020, the study of the species Gonyaulax of the
dinoflagellate was intensely detected and reported in the sea
snot body in the winter months (Aktan et al., 2008a). Its cyst
formed after the summer months and is never seen until winter.
The type of dinoflagellate that is releasing a direct tap into the
sea environment G. fragilis was also reported as the most
dominant species in the environment in the haulage studies in
the Adriatic Sea (Pompei et al., 2003; Pistocchi et al., 2005).

Chrysophaeum taylorii |.F. Lewis and H.F. Bryan, 1941
species attracted attention by overgrowth in coastal areas of
Florida. This species has been detected in sea snot in the
Tyrrhenian Sea. This species was detected in the thick slimy
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tissue covering the seabed and marine plants, mainly
Posidonia oceanica (Linnaeus) Delile, 1813, on the eastern
coast of Sardinia Island and reported in 2007. It has been
reported that C. taylorii species forms clusters and covers the
seafloor by overgrowth on the seabed on the shores of Bodrum
in the Eastern Mediterranean. This species, which is capable
of producing slimy mucilage, accumulated at the bottom, and
formed clumps in the middle water, but was not seen on the
surface (Aktan and Topaloglu, 2011). In the research
conducted on the sea snot content, it was reported that some
types of predominant, mucilage-capable dinoflagellate and
diatom were not directly responsible for the creation of the sea
snot environmental disaster (Negro et al., 2005). Similarly,
certain planktonic species detected in the sea snot formations
seen in different parts of the world are not directly responsible
for the sea snot (Sherr and Sherr, 1987). G. fragilis (=G. hyalina
(Mackenzie et al., 2002), which is densely detected in the sea
snot in the Gulf of Tasmania; Phaeocystis sp. (Lancelot, 1995),
which is seen in the winter sea snot on the shores of the North
Sea; In the Adriatic, (Pompei et al., 2003) and the appearance
of the G. fragilis (Aktan et al., 2008b; Tiifekgi et al., 2010; Balkis
et al., 2011; Toklu-Alicli et al., 2020) species seen during the
spring period in Marmara Sea are other examples in terms of

species that are not responsible for the formation of direct sea
snot.

Starting in the 18 st century in the Adriatic, 19th century
irregularly the formation of the sea snot continues to be seen
in the 21st century. By the early 20th century, it was one of the
things that was not studied very much (Innamorati et al., 1995).
In 1977, in the North Sea (Lancelot, 1995), mainly on the
beaches of France, Belgium, the Netherlands, and Germany;
in 1981 in the Gulf of Tasmania in New Zealand (Bradstock and
Mackenzie, 1981), 1988 in the Adriatic (Rinaldi et al., 1995;
Vollenweider et al., 1995) was observed in Tiren Bay (Melley
et al., 1998) in 1991, in the Ligurian Sea (Schiaparelli et al.,
2007) in 2003, in Marmara Sea (Aktan et al., 2008a; Tufekgi et
al., 2010; Balkis et al., 2011, 2013; Toklu-Alicli et al., 2020;
Balkis-Ozdelice et al., 2021) and in the North Aegean
(Nikolaidis et al., 2008) in 2008. In the Adriatic, Tiren Sea,
Mediterranean, and Marmara Sea, the frequency of the sea
snot is shown in Figure 1.

The aim of this study is to determine the phytoplanktonic
species in the sea snot, which became an environmental
disaster in the Marmara Sea in 2021, to create a list, to
determine the species that directly secrete mucilage and
release marine toxins, and to determine their rates.

Adriatic Sea e o o em» @m0 06 © o ®

North Tyrrhenian Sea

Middle Tyrrhenian Sea

South Tyrrhenian Sea )

Aegean Sea QUomn  ©

Marmara Sea ® o
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Figure 1. Frequency of sea snot appearance (by changing from Danovaro et.al., 2009)

MATERIAL AND METHODS

At the beginning of 2021, samples were collected monthly
from 6 stations between January and July (Figure 2), when the
stratification of marine snot began to be observed in the
Marmara Sea, and the species list was formed by combining
the results of the 7-month examination (Table 2).

Sea snot formation from the sea surface and up to 10 cm
below the surface was collected with gloves for protection from
pathogens in its content and put in 5-liter containers with
seawater. Samples fixed in situ with 4% formaldehyde were
brought to the laboratory on ice in an ice storage container
within 6 hours at the latest. Samples stored at +4 degrees were

examined with Olympus BX-50 and Olympus CX-31
microscopes. For identification of diatoms and dinoflagellates,
Anderson et al. (1995), Balech (1988), Cupp (1943), Delgado
and Fortuno (1991), Dodge (1982), Hasle and Syaten (1997),
Hendey (1964), Koray et al. (2007), Lebour (1930), Marshall
(1969), Rampi and Bernhard (1978, 1980), Ricard (1987),
Steidinger and Williams (1970), Steidinger and Tangen (1997),
Sournia (1968, 1976, 1986), Taylor (1976), Tomas (1997),
Trégouboff and Rose (1957), and Wood (1954).

The studies of Anderson et al. (1995) and Landsberg
(2002) were also used for HAB types. The current naming of
the taxa was checked from the AlgaeBase web page (Guiry
and Guiry, 2022).
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Figure 2. Stations from which sea snot samples were taken between January and July (lllustrated by Yurga, 2022)

RESULTS

By examining the sea snot samples collected in the
Marmara Sea between January and July 2021, a total of 55
taxa and 44 genera belonging to 5 algae classes were
determined. These genera are: 14 Dinophyceae, 2
Prymnesiophyceae, 1 Dictyochophyceae, 26
Bacillariophyceae, and 1 Euglenophyceae. In addition to these
classes, 2 species from the cyanobacteria class, 1 from the
Florideophyceae class, 1 from the Ulvophyceae class, and 1
from the Pelagophyceae class are other species detected in
the sea snot structure. The species belonging to the largest
class, which was detected with a rate of 59.1% in sea snot,
belong to the class Bacillariophyceae, followed by
Dinophyceae with a rate of 31.8%. Prymnesiophyceae is 4.5%,
and Dictyophyceae is 2.3% (Table 1).

A species list of 55 taxa and 44 genera, belonging to 5
classes detected in sea snot, was created (Table 2).

In the sea snot, 3 non-phytoplanktonic classes were
determined as present in the salivary structure. These species,
which release the mucilage slime structure to the marine
environment, are the species that contribute to the thickening
of the sea snot (Table 3).

The distribution of the species detected in sea snot, 19 taxa
belonging to the Dinophyceae class. 2 taxa Coccolithophorid
Emiliania huxleyi (Lohmann) W. Hay & H. P. Mohler, 1967 and
Phaeocystis pouchetii (Hariot) Lagerheim, 1896 of the
Prymnesiophyceae class. Octactis speculum (Ehrenberg)
F.H.Chang, J.M.Grieve & J.E.Sutherland, 2017 is the only taxa
detected in sea snot belonging to the class Dictyochophyceae.
32 taxa of the class Bacillariophyceae were detected in sea
snot. Eutreptiella gymnastica Throndsen 1969 is the only taxa
identified belonging to the class Euglenophyceae.

Table 1. The frequency of the types of classes detected in the period, the frequency of detection, and the percentage of the types secreting

toxins in the environment

Class Frequency of detection Frequency %

G T PTM X T PTM >
DINOPHYCEAE 14 19 1 4 318 125 80.0
PRYMNESIOPHYCEAE 2 2 2 1 45 25.0 20.0
DICTYOCHOPHYCEAE 1 1 0 0 23 0.0 0.0
BACILLARIOPHYCEAE 26 32 5 0 59.1 62.5 0.0
EUGLENOPHYCEAE 1 1 0 0 23 0.0 0.0
Total 44 55 8 5 100 100 100.0

G: Genus, T: Species, PTM: Produces the mucilage, TX: Toxic
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Table 2. Classes and species detected in sea snot

DINOPHYCEAE

Phylum

Alexandrium minutum Halim, 1960

Cochlodinium polykrikoides Margalef, 1961

Dinophysis caudata W.S.Kent, 1881

Dinophysis tripos Gourret, 1883

Gonyaulax fragilis (Schutt) Kofoid, 1911

Gymnodinium simplex (Lohmann) Kofoid & Swezy, 1921

Gyrodinium fusiforme Kofoid & Swezy, 1921

Noctiluca scintillans (Macartney) Kofoid & Swezy, 1921

Oxytoxum scolopax Stein, 1883

Phalacroma rotundatum (Claparéde & Lachmann) Kofoid & J.R.Michener, 1911
Pronoctiluca pelagica Fabre-Domergue, 1889

Prorocentrum micans Ehrenberg, 1834

Prorocentrum scutellum Schréder, 1900

Protoperidinium bipes (Paulsen, 1904) Balech, 1974

Pyrophacus horologium F.Stein, 1883

Scrippsiella acuminata (Ehrenberg) Kretschmann, Elbrachter, Zinssmeister, S.Soehner, Kirsch, Kusber & Gottschling, 2015
Tripos furca (Ehrenberg) F.Gémez, 2013

Tripos fusus (Ehrenberg) F.Gémez, 2013

Tripos muelleri Bory de Saint-Vincent, 1826

Myzozoa

PRYMNESIOPHYCEAE

Phylum

Emiliania huxleyi (Lohmann) W.W.Hay & H.P.Mohler, 1967
Phaeocystis pouchetii (Hariot) Lagerheim, 1896

Haptophyta

DICTYOCHOPHYCEAE

Phylum

Octactis speculum (Ehrenberg) F.H.Chang,J.M.Grieve & J.E.Sutherland, 2017

Ochrophyta

BACILLARIOPHYCEAE

Phylum

Asteromphalus flabellatus (Brébisson) Greville, 1859
Cerataulina pelagica (Cleve) Hendey, 1937

Chaetoceros teres Cleve, 1896

Coscinodiscus lineatus Ehrenberg, 1841

Coscinodiscus radiatus Ehrenberg, 1840

Cylindrotheca closterium (Ehrenberg) Reimann & J.C.Lewin, 1964
Dactyliosolen fragilissimus (Bergon) Hasle, 1996

Ditylum brightwellii (T.West) Grunow, 1885

Grammatophora marina (Lyngbye) Kiitzing, 1844

Guinardia flaccida (Castracane) H.Peragallo, 1892
Leptocylindrus danicus Cleve, 1889

Licmophora abbreviata C.Agardh, 1831

Licmophora flabellata (Grev.) C.Agardh, 1831

Navicula tripunctata (O.F Miller) Bory de Saint-Vincent, 1822
Nitzschia longissima (Brébisson) Ralfs, 1861

Nitzschia sigma (Kitzing) W.Smith, 1853

Pleurosigma elongatum W.Smith, 1852

Proboscia alata (Brightwell) Sundstrom, 1986
Pseudo-nitzschia delicatissima (Cleve) Heiden, 1928
Pseudo-nitzschia pseudodelicatissima (Hasle) Hasle, 1993
Pseudo-nitzschia pungens (Grunow ex Cleve) Hasle, 1993 (Nitzschia pungens)
Pseudosolenia calcar-avis (Schultze) B.G.Sundstrém, 1986
Rhizosolenia setigera Brightwell, 1858

Skeletonema costatum (Greville) Cleve, 1873

Stephanopyxis palmeriana (Greville) Grunow, 1884

Striatella unipunctata (Lyngbye) C.Agardh, 1832

Surirella ovata Kiitzing, 1844

Synedra undulata (Bailey) W.Smith, 1956

Thalassionema nitzschioides (Grunow) Mereschkowsky, 1902
Thalassiosira pseudonana Hasle & Heimdal, 1970
Thalassiosira rotula Meunier, 1910

Ochrophyta

EUGLENOPHYCEAE

Phylum

Eutreptiella gymnastica Throndsen, 1969

Euglenozoa
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Table 3. Non-phytoplanktonic classes detected in sea snot and
species belonging to these classes

FLORIDEOPHYCEAE Phylum
Ceramium diaphanum (Lightfoot) Roth, 1806 Rhodophyta
ULVOPHYCEAE Phylum
Cladophora laetevirens (Dillwyn) Kiitzing, 1843 Chlorophyta
PELAGOPHYCEAE Phylum
Chrysoreinhardia giraudii (Derbés & Solier) C.Billard, 2000 Ochrophyta
Nematochrysopsis marina (J.Feldmann) C.Billard, 2000 Ochrophyta

Two taxa belonging to the class Cyanobacteria were
detected in sea snot. These are Leptolyngbya lagerheimii
(Gomont ex Gomont) Anagnostidis and Komarek, 1988, and
Pseudanabaena rutilus-viridis H.J.Kling, H.D.Laughinghouse
and J.Komarek, 2012. Both species are known to secrete the
slimy and sticky mucilage into the marine environment, causing
thickening of the salivary structure of sea snot.

Planktonic species responsible for secreting mucilage and
providing stickiness in sea snot were determined in the sea
snot content (Flander-Putrle & Malej (2008). These are G.
fragilis of the class Dinophyceae; E. huxleyi and P. pouchetii
from the class Prymnesiophyceae; C. closterium, L. flabellata,
S. palmeriana, S. ovata, and T. pseudonana species from
Bacillariophyceae class.

Some of the species detected in the examined sea snot
samples produce mucilage themselves and secrete mucilage
into the marine environment. The number of mucilage-
producing species detected in sea snot was 14, and the
number of classes belonging to these species was 7. Of these
14 classes, only 3 are planktonic and one is bacterial (Table 4).

Table 4. Mucilage-producing classes and strains identified in mucilage

Class Mucilage producing species
Dinophyceae 1
Prymnesiophyceae 2
Bacillariophyceae 5
Florideophyceae 1

Ulvophyceae 1
Pelagophyceae 2
Cyanobacteria 2

Total 14

8 toxic species, which cause the death of living things by
releasing toxic chemicals into the marine environment, have
been detected in the formation of sea snot. 4 toxic species
belonging to Dinophyceae class were determined. These are:

Alexandrium minutum Halim, 1960, which causes paralytic
shellfish poisoning (PSP), Dinophysis caudata Saville-Kent,
1881, which causes diarrheal shellfish poisoning (DSP)
Dinophysis tripos Gourret, 1883, and Phalacroma rotundatum
(Claparéde and Lachmann) Kofoid and J. Michener, 1911.

Phaeocystis pouchetii (Hariot) Lagerheim, 1896, of the
class Prymnesiophyceae, is a normally harmless species.
However, when fish larvae and zooplankton become abundant,
they release ichthyotoxin into the environment (Danovaro et al.,
2008).

It has been detected that 3 species that secrete domoic
acid biotoxin belonging to the Bacillariophyceae class cause
Amnesic shellfish poisoning (ASP). These are: Pseudo-
nitzschia delicatissima (Cleve) Heiden 1928, Pseudo-nitzschia
pseudodelicatissima (Hasle) Hasle 1993 and Pseudo-nitzschia
pungens (Grunow ex Cleve) Hasle 1993.

In addition to these; Cochlodinium polykrikoides Margalef,
1961 is another non-armored dinoflagellate species that is
detected as a cyst, although it is inside the sea snot. Even
though these are not alive in the environment, their cysts are
ichthyotoxic (Tang and Gobler, 2009, 2012).

Dinophyceae
Prymnesiophyceae
Dictyochophyceae
Bacillariophyceae
Euglenophyceae

Cyanophyceae

00 10,0 20,0 300 400 500 600 70,0 80,0 90,0
%

M Number of species detection frequency in sea snot (%)
M Mucilage-producing species' frequency detection number (%)
M Frequency of toxic species detected in sea snot (%)

Figure 3. Frequency of occurrence of 5 planktonic groups and species
of cyanobacteria detected in sea snot, distribution of species
capable of producing mucilage, and toxic species in the sea
snot

The frequency of occurrence of the species of 5 planktonic
groups detected in the sea snot the mucilage producers of
these species and the species detected in the sea snot that
have the feature of releasing toxic toxins to the sea (Figure 3).
The most dominant class and mucilage-producing species in
sea snot belong to the class Bacillariophyceae. The toxin-
releasing classes found in sea snot are the species belonging
to the Dinophyceae and Bacillariophyceae classes. The most
toxic species in sea snot was Dinophyceae (80%). The
incidence of cyanobacterial species, which are capable of
producing mucilage and detected in sea snot, was calculated
as 3.5%. In terms of mucilage-producing species in sea snot,
the incidence rate of cyanobacteria was determined as 20%.
(Figure 3).
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DISCUSSION

Mass accumulations of mucilage aggregates, which are
not commonly seen in the oceans, and large, several meters in
size, light and dark green cloud clusters in the water column
can only be seen periodically in heavily polluted seas such as
the Adriatic and Marmara Seas (Aktan et al., 2008a; Najdek et
al., 2005). An example of a major oil spill in the Gulf of Mexico
is the triggering of sea snot formation in an area where sea snot
has never been seen before as a result of excessive pollution
in the sea. The major oil spill on the BP-operated platform in
the Gulf of Mexico on April 20, 2010, is an example of a major
marine pollution disaster. The leak was fixed only after 18
months, on 19 September. It is estimated that approximately
780 thousand cubic meters of oil leaked into the sea during this
period. This pollution is the largest oil spill in history. After the
disaster, most of the native species in the region came to the
point of extinction. Due to the great stress on the marine
ecosystem, the formation of sea snot in square kilometers has
been observed temporarily in the region (Passow et al., 2012).

Some of the cyanobacteria species detected in sea snot
are capable of producing mucilage themselves (Durai et al.,
2015). Some of these cyanobacterial species can release toxic
biotoxins into the sea. Lyngbya majuscula Harvey ex Gomont,
1892, which covers the deep, stones, sea plants, and
macroalgae on the seabed in coastal areas, is one of the
dermatotoxic alkaloids that cause the formation of
inflammatory wounds on the skin (Yuksel, 2021). In addition, it
is stated that lipopolysaccharides, which are structural
elements of bacterial species such as Escherichia coli and
Vibrio harveyi (Danovaro et al., 2009) detected in sea snot,
may cause irritation and blisters in case of contact with the skin
(Durai et al., 2015).

In this study, 8 HAB-forming species, four of which belong
to the Dinophyceae class, were detected in sea snot and were
reported in a study conducted in the Sea of Marmara (Tas et
al., 2016).

In another study conducted in 2021 on sea snot, 83
phytoplankton species were identified and the dominant class
was Bacillariophyceae. The most concentrated species of this
class in terms of its concentration per liter was determined as
S. costatum (11200 I-") (Ergul et al., 2021).

The distribution of phytoplanktonic species in the sea snot
of the Sea of Marmara was made by Balkis-Ozdelice et al.,
2021 for the first time. 47 species were reported in the study.
Three new records were given for these species and P.
pouchetii was responsible for the mucilage on the surface, and
C. taylorii and N. marina were responsible for the benthic
mucilage. When this study was compared with the researchers,
41 common species were determined (74.5%). Researchers
also referred to the abundance situation in the environment and
stated that coccolithophorids also play an active role in this
formation. C. laetevirens, belonging to the class Ulvophyceae,
was noticed and reported on the Southwest coast of Istanbul in
the early summer of 2010 as it is over-proliferated and formed

a sea snot-like structure on its own (Tas et al., 2016; Balkis et
al., 2013; Balkis-Ozdelice et al. 2021). This species was
detected in sea snot during our examination of samples in the
Sea of Marmara. P. puchetti from Prymnesiophyceae, C.
giraudii and N. marina from Pelagophyceae have been actively
detected and reported in sea snot in the Sea of Marmara were
also found responsible for the benthic mucilage (Balkis-
Ozdelice et al., 2021).

The first official step in our country in the fight against sea
snot is the Marmara Sea Action Plan Coordination Meeting
held in Kocaeli on June 6, 2021. In the declaration prepared at
the end of the meeting, the Sea of Marmara was declared a
protection zone. Monitoring action plans have been initiated
regarding the inspection of industrial facilities that discharge
wastewater into flowing streams and the installation of
biofilters, the problems that may occur in the strait and the
difficulties experienced by the fishing industry, and the
collection of ghost nets, and sea snot. At the Marmara
Municipalities Union (MBB), Marmara Sea Action Plan Sea
Snot Science and Technical Board meeting held on April 19,
2022, the situation of sea snot after it is collected from the sea
surface and an action plan of 22 items planned to be made
urgently were created. Within the scope of the Action Plan for
the Protection of the Marmara Sea, carried out at TUBITAK
Marmara Research Center (MAM) on June 29, 2021, all
aspects of combating sea snot and the process were
discussed. Turkish Academy of Sciences (TUBA), Marmara
Marine Ecology; and prepared a 249-page study called
Marmara Marine Ecology; Sea Snot Formation, Interactions
and Suggestions for Solutions. In the study, solution
suggestions are given for the problem, formation, causes, and
prevention of sea snot in Marmara (Oztiirk and Seker, 2021).

CONCLUSION

Sea snot formation, which was intensely observed for the
first time in the Adriatic in 1988 (Vollenweider et al., 1995;
Rinaldi et al., 1995) and in the Tyrrhenian Sea in 1991 (Melley
etal., 1998), was observed in the Marmara Sea in 2007 (Aktan
et al., 2008a; Tufekgi et al., 2010; Balkis et al., 2011) and in
2008 in the North Aegean (Nikolaidis et al., 2008). The
formation, which was observed in Marmara and North Aegean
in the following years, continued its existence until the winter
months of 2021. In the elapsed time, the physico-chemical
parameters in the places where sea snot is seen, and the
species in the snot formation have been determined and
reported. Action plans were created for the phenomenon
thought to be caused by global warming and pollution, online
evaluation meetings were held at universities during the
pandemic process and final declarations were prepared. This
phenomenon, which closely affects tourism, fisheries, and
marine life, should be followed seriously.

The sea snot environmental disaster is nothing but a
remarkable warning for our understanding of Marmara. All
living things in our seas, whether they have commercial value
or not, are indispensable for a balanced and healthy
ecosystem. In addition to events that affect the whole world
such as global warming, pollution in the sea affects all living
things in the sea. Thanks to canals such as the Suez opened
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by the shortening of commercial sea routes (Ben-Tuvia, 1973),
already endangered species are forced to compete with
invasive species. The Marmara Sea is perhaps the most
valuable of our seas, where fish are fished, as an ecosystem.
Bluefish are also added to the anchovy and sardines, which
have decreased due to intense overfishing in the Marmara and
Black Seas. This fish, which can barely reach the size of a
chinekop, will soon be considered among the endangered
species in Marmara (Artiiz, 2021).

In conclusion, sea snot is an environmental disaster and
wreaking havoc caused by both global warming and human-
induced marine pollution. It occurs in heavily polluted seas
where there is no food and oxygen left in the environment and
is a process initiated by bacteria. The process initiated by the
enzymes of the bacteria is a rich stinking viscous slimy
coenose, rich in nutrients and oxygen in an oxygen-free and
nutrient-free environment, but containing toxic species, and
colonies of bacteria and viruses that are harmful to the
environment and human health. However, when we control and
reduce pollution, we will be able to leave clean seas for future
generations.
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Oz: Tiirkiye su riinleri sektdriinde girdi ve iiriin piyasalari, tiiketim karakteristikleri, iretim, pazarlama ve dagitim konulari ile birlikte arz ve deger zinciri
hakkinda énemli diizeyde veri ve bilgi eksikligi vardir. S6z konusu veri eksikligini azaltmak igin bu aragtirmada Tiirkiye su riinleri endstrisinin rekabet
gliciniin belirlenmesi ve degerlendirimesi amaglanmistir. Aragtirma verileri Trkiye istatistik Kurumu (TUIK), Diinya Ticaret Orgiitii (DTO) ve Birlesmis
Milletler Gida ve Tarim Orgitiinden (FAO) elde edilmistir. Su Uriinleri Uretimi ve ticaretiyle ilgili degiskenlere ait 1976-2020 yillarini kapsayan zaman serisi
verileri kullaniimigtir. Turkiye su drtnleri sektorinin rekabet glicti Balassa indeksi, toplam faktor verimliligi ve maliyetler dikkate alinarak ortaya konulmustur.
Arastirma sonuglari, Tirkiye'de su trtinleri isletmelerinin kiictik 6lcekli oldugunu, teknolojik imkanlarinin yetersiz kaldigini ve finansman sorunlari bulundugunu
gostermistir. Tiirkiye su Griinleri endstrisinin rekabet giictinii gosteren agiklanmis karsilastirmali tstiinlik (RCA) degeri diinyaya karsi 0.65, AB (ilkelerine
karsi ise 1.86'dir. Tirkiye'nin diinyada rekabet glicii distik diizeydedir ancak AB Ulkelerine kargi mukayeseli stunligu vardir. Turkiye su Uriinlerinde arz
zinciri vardr, fakat deger zinciri tam olarak olusturulamamustir. Tirkiye’nin su Urtinleri sektériinde arzu edilen yere gelinebilmesi igin su trtinleri Uretim ve
verimliliginin artirnimasi, Uretim asamasindan itibaren piyasa ile kuvvetli iletisim ve etkilesimde olunmasi, avci ve yetistiriciler ile birlikte arz zincirindeki
aktorlerin fiyat egilimleri, tliketici istek ve ihtiyaglar konusunda farkindalik sahibi olmasi, tretim ve dagitimda modern teknolojilerin kullaniimasi ve
yayim/egitim faaliyetlerinin etkin bir sekilde gerceklestiriimesi énemlidir. Tlrkiye su Grlnleri sektdriinde ihracat imkanlari ve rekabet giiciintin artiriimasi igin
kalite standartlarinin uluslararasi diizeyde olmasi saglanmalidir.

Anahtar kelimeler: Su Urinleri sektdr(, rekabet giicii, Balassa index, toplam faktor verimliligi, veri zarflama yontemi, Malmquist verimlilik indeksi, Turkiye

Abstract: There has been a significant lack of data on product and input markets, aquaculture consumption characteristics, production, distribution and
marketing issues, and supply and value chain in Turkish fishing and aquaculture sectors. Therefore, the study examined the competitiveness of the Turkish
aquaculture industry. Time series data belonging the time period of 1976-2020 gathered from Food and Agriculture Organization (FAQ), World Trade
Organization and Turkish Statistical Institute (TURKSTAT) were used in the study. In the research, the competitiveness of the Turkish fishing and aquaculture
sector has been explored by using the Balassa index, total factor productivity and production costs. The research results show that the fisheries in Turkey
are small-scale, technological level are insufficient and there are financial problems. Based on the revealed comparative advantage (RCA) values of the world
and EU, which are 0.65 and 1.86, respectively, Turkey 's has competitive power over EU countries, while the reverse is the case for the world. Although
fisheries supply chain has been established in Turkey, the value chain has not yet been fully established and activated. The study suggests increasing the
efficiency in aguaculture production, having a strong interaction with the market during the production phase, having a high awareness of the price trends
and consumer needs throughout the supply chain, using modem production and distribution technologies, and developing effective extension/education
activities to reach the desired point in the Turkish aquaculture sector. Quality standards should be at the international level to increase export opportunities
and competitiveness of Turkish aquaculture sector.

Keywords: Fishing and aquaculture, competitiveness, Balassa index, total factor productivity, data envelopment analysis, Malmquist index, Turkey

GIRIS

Diinya niifusunun ihtiyaci olan gidanin dengeli ve yeterli bir
sekilde  karsilanabilmesi  icin  kiresellesmis  gida
endustrilerinden  biri olan, ayrica sanayi sektorlerine
hammadde saglayan, istihdam olanaklarina ve yiksek ihracat
potansiyeline sahip olan su Urlnleri sektdrine verilen deger
her gegen glin artmaktadir. Gegmiste avlanan baliklarin nihai
tiketiciye ulastirnimasini basit arz zinciri ile saglayan su

Urlnleri sektorl, ginimizde avcilikla birlikte su Grlnleri
yetistiriciliginin de yapildigi ¢ok tarafli ve ¢ok karmasik bir
endistri haline donismustir. Kiresel ticarette yiiksek ve
istikrarli getirisi olan su Uriinleri endUstrisi su Uriinleri Uretme
potansiyeline sahip dlkeler igin strdlrdlebilir tarimsal
kalkinmanin ve ekonomik blyimenin énemli bir unsuru
olmustur. Giderek artan éneminden dolay! Birlesmis Milletler
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Gida ve Tarim Orgiitiiniin 2030 giindeminde ekonomik, sosyal
ve gevresel agidan sirdarilebilir tarimsal kalkinmayi saglamak
amaciyla su Urlnleri sektorlnin  gelistirimesine vurgu
yapilmistir. Glniimiize kadar yasanan gelismeler su Gr(inleri
endustrisinde deder zincirinin olusmasina ve deger zinciri
boyunca uluslararasi diizeyde rekabetin artmasina sebep
olmustur. Su (rlnleri endiistrisinde artan rekabet, uluslari
sahip olunan kaynaklari daha verimli ve etkin kullanmaya ve
deger zincirini saglikl bir sekilde gelistirmeye zorlamistir. Bu
sebeple iklim dedisikligi, su kaynaklarindaki kirliligin artmasi ve
bilingsiz kaynak kullanimi gibi etkenlerin var oldugu bir ortamda
su drlnleri sektdrinin  surddrdlebilirligini  saglamak ve
Ulkelerinin  rekabet glcind artirmak politika yapicilarin
glindeminde 6ncelikli konular arasinda yer almaya baglamistir.

Duinyada yasanan bu gelismeler, (i tarafi denizlerle gevrili
olan, ¢ok sayida i¢ su kaynagi bulunan, neredeyse toplam
tarim alanlari kadar su Griinleri (retim alanina (25 milyon ha)
sahip olan ve ekolojik Ozellikleri nedeni ile avlanma ve
yetistirme icin oldukg¢a uygun bir ortami olan Tlrkiye'de de
yasanmistir. Baslangicta neredeyse tamamen avciliga dayali
bir su Uriinleri sektori s6z konusu iken, gintimizde yetistiricilik
ile avciligin payi birbirine yaklagmis ve sektor cok tarafli ve
daha rekabetci bir yapiya dontsmustir. Ttrkiye su Urlnleri
sektorinin kendine uluslararasi rekabet ortaminda hak ettigi
seviyede yer bulabilmesi igin su Grlinleri deder zincirinin tam
olarak  olgunlasmasi ve rekabet glciinin  sirekli
degerlendirilerek uygun bir gelisim stratejisinin izlenmesi
gerekmektedir. Rekabet glictinln 6lgtilmesi konusu her gegen
gln énemini artirmakla beraber, giinimiize kadar rekabet
guictiniin ulusal diizeyde, sektorler arasinda, sektdr diizeyinde
ve sektor icinde degerlendirildigi calismalar yapilmigtir. Ulusal
duizeyde rekabet giiciini 6lgen daha 6nce yapiimis gok sayida
yerli ve yabanci ¢alisma bulunmaktadir (Adamkiewicz, 2019;
Altay ve Gacaner, 2003; Arezki vd., 2020; Aybudak, 2020;
Bandura, 2005; Beckley, 2018; Cho ve Moon, 2000; Esmaeili,
2014; Freudenberg, 2003; Kaitila ve Widgren, 1999; Kara ve
Erkan, 2011; Lovrinéevi¢ vd., 2008; Moon vd., 1998; Pilinkiené,
2014; Porter, 1990, 2000; Riaz ve Jansen, 2012; Stanovnik ve
Kovacic, 2000; Zinnes vd., 2001). Su trlnleri sektdri digindaki
sektorlerde, rekabet guclnin sektdr diizeyinde Olglildigu
calismalar oldukga fazla sayidadir. (Akmermer ve Ayyildiz,
2010; Arslan ve Tatldil, 2012; Canan ve Ceyhan, 2016;
Collignon ve Esposito, 2017; Dagdeviren ve Yiksel, 2010;
Erkan, 2013; Halkos, 2019; Havrila ve Gunawardana, 2003;
Kesking6z, 2018; Marczak ve Beissinger, 2018; Saragoglu ve
Nezir, 2000; Wijnands vd., 2015).

Su Urlnleri sektériinde rekabet glictiniin dl¢lldigi calisma
sayis| ise diger sektorlere nazaran daha sinirli diizeydedir.
Sinirli sayidaki galismalardan bazilari sadece belirli balik
tirine odaklanmis ve secilmis gostergeleri veya indeksleri
kullanarak rekabet giclni degerlendirmistir. Ndong vd.
(2007), Tilapia endustrisinin mevcut durumunu ortaya koymus
ve ihracat agisindan rekabet glciini ele almiglardir. Benzer

sekilde, Tveteras ve Bjorndal, (2001) somon yetistiriciligi
endustrisinin ve Hidaka ve Torii, (2005) tuna yetistiriciliginde
rekabet gliciinii ortaya koymuslardir. Su Uriinlerinde rekabet
glclnin analiz edildigi diger ¢alismalarda ise su Urlnleri
sektdrlinin batind igin degerlendiriime yapilmigtir (Akmermer
ve Ayyildiz, 2010; Aydin vd., 2014; Bashimov ve Aydin, 2016;
Bashimov, 2017; Bashimov ve Aydin, 2018; Candemir ve
Dagtekin, 2020; Demir ve Aksoy, 2021; Hossain, 2006; Kusat
ve Kusat, 2019). Ancak sektore iliskin mikro ve makro diizeyde
yeterli veri bulunmamasi sebebi ile su driinleri sektdriiniin
rekabet gliciinin ticaret, verimlililik ve maliyet fiyat géstergeleri
bir arada kullanilarak élglldigu ¢alismalar oldukga sinirhidir.

Tirkiye'de su driinleri sektord ile ilgili olarak daha énce
yapilan akademik calismalar sahip olunan kaynaklarin
yonetiimesi igin gerekli verileri ve rekabet diizeyini ileriye
tasimak icin gerekli stratejileri gelistirmeyi saglayacak dlizeyde
degildir. Su Uriinleri sektdriinde girdi ve (irlin piyasalari, tiketim
karakteristikleri, Uretim, pazarlama ve dagitim konulari ile
rekabet glicii hakkinda énemli dizeyde veri eksikligi vardir.
Soz konusu veri eksikligini azaltmak icin bu arastirmada
Tirkiye su Uriinleri endustrisinin rekabet guctntin belirlenmesi
ve degerlendiriimesi amaclanmistir.

MATERYAL VE YONTEM

Aragtirma verileri daha dnce yapilmis ¢alismalardan ve su
Grtinleri Gretimi ve ticaretiyle ilgili Tirkiye istatistik Kurumu
(TUIK), Diinya Ticaret Orgiit(i (DTO) ve Birlesmis Milletler Gida
ve Tarim Orgiitii (FAO) tarafindan yayinlanmis olan ve 1976-
2020 vyillarini kapsayan zaman serisi verilerinden elde
edilmistir.

Rekabet guch ticaret, verimlililik, vemaliyet-fiyat
gostergeleri ayri ayri veya bir arada kullanilarak dlgtimektedir.
Tirkiye su Urlinleri sektdriinlin rekabet giicini ortaya koymak
icin bu calismada ticaret gostergesi olarak Balassa indeksi,
verimlilik géstergesi olarak toplam faktdr verimliligi ve maliyet-
fiyat gostergesi olarak yurtigilyurtdisi fiyatlar ile maliyetler
dikkate alinmigtir.

Uluslararasi  ticarette  kargilastirmali  (stunligu
belirleyebilmek igin gelistirilen ticaret gostergeleri arasinda en
onemlilerinden biri Balassa’nin 1965 yilinda ortaya attigi
Agiklanmis Kargilagtirmali Ustiinlikler (revealed comparative
advantages - RCA) teoremidir. Balassa, Ulkelerin ticarete konu
olan hangi Urlnlerinde karsilastirmali olarak Ustunliik sahibi
olduklarini gerceklesen ihracat degerlerinden yola ¢ikarak
belirlemektedir. Buna gére, incelenen llkedeki hangi tiriin veya
urin grubunun toplam ihracat igindeki payi daha biiylik ise,
ulke o alanda karsilagtirmali Gstunlige sahiptir. Balassa'nin bu
yaklasimi, Ulkeler arasinda var olan karsilastirmali Gstiinlugtin
nedenlerini detayli incelemeden, aralarinda avantaj fark
bulunup bulunmadigini gdstermeyi amaglar. RCA indeksi
asagida yer aldigi gibi formile edilmektedir (Balassa, 1965)

RCA;; = (Xij/ X)) KXwj/Xw)
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Esitlikte RCA aciklanmis karsilagtirmali Ustiinlik degerini,
X ihracat degerini, i Ulkeyi, j sektori ve w dinyay: ifade
etmektedir. RCA indeksi sifirdan sonsuza kadar devam eden
bir deger almaktadir. RCA indeks dederinin 1°den bliylik olmasi
incelenen Ulkenin ilgili sektdr icerisinde karsilastirmali bir
Ustlinligu oldugunu gdstermektedir. Elde edilen indeks degeri
1’den kiglk ise o Ulkenin ilgili sektorde Gstlinliginden s6z
edilemez, aksine karsilastirmali olarak dezavantaja sahip
oldugu degerlendirilir (Balassa, 1965).

Arastirmada RCA degeri hesaplanmasi igin Tirkiye'nin,
Avrupa Birligi'nin ve diinya genelinin ihracat degerlerinin
gelecekteki degerleri tahmin edilmistir. ihracat degerine ait
zaman serisi verilerinde mevsimsel etki olmayip, zaman icinde
yapisal degisiklikler gdstermeyen trend (deterministik trend)
s6z konusu oldugundan zaman serisi analizi igin trend analizi
tercih edilmistir. Trend analizi gergeklestirilirken alternatif
matematik formlar (dogrusal, quadratik, lojistik vb.) denenmis
ve dogruluk dl¢timleri (MAP, MAPE, RMSE) kullanilarak en iyi
sonucu dogrusal trend analizinin verdigi tespit edilmistir.
Asagida verilen dogrusal trend modeliyle uzun dénem egilimi
ortaya konulmustur.

Y=a+bt+te

Esitlikte Y gercek zaman serisi degerini, t zamani, a sabit
terimi, b uzun dénemde ihracat degerinde meydana gelen
degisimi yansitan trend dogrusunun egimini ve e tesadifi hata
terimini ifade etmektedir.

Aragtirmada incelenen Tirkiye su driinleri sektoriiniin
toplam faktor verimliligindeki (TFV) degisim, 1996-2018
yillarini  kapsayan panel veriler kullanilarak ortaya
konulmustur. Rakip Ulkelere ait panel veriler bulunmadig igin
TFV diger Ulkeler icin hesaplanmamistir. Toplam faktor
verimliligi Turkiye'nin 7., 8., 9. ve 10. kalkinma plani ddnemleri
icin Malmquist Toplam Faktdr Verimliligi indeksi (TFV)
kullanilarak ortaya konulmustur. Malmquist, (1953) tarafindan
gelistirilen bu endeks, toplam faktor verimliligindeki degisimi
her bir veri noktasinin ortak teknolojiye nispi uzaklik oranlarini
hesaplamaktadir. Toplam faktér verimliligi, etkinlikte ve
teknolojide meydana gelen degisim olmak Uzere iki temel
bilesenden olugmaktadir. Etkinlikteki degisim, incelenen
birimin teknik etkinlik skorlarinda ilgili dénemde meydana gelen
degisimi gostermektedir. Teknolojideki degisim ise, incelenen
birimin teknoloji transferi ve inovasyon ile teknoloji seviyesinde
meydana gelen iyilesmeyi ifade etmektedir (Coelli, 1998).

Malmquist TFV endeksi tek girdi ve tek ¢ikti var sayimi
altinda asagida yer alan esitlik ile ifade edilmektedir (Fare vd.,
1997)

d* (¥, Xe)

m¥e X X0 X) = 5 x )J
Sr“rs

d5(Y, X)) d5(Y,, Xy)
A5 (Y, Xp)  dE(Yy, Xy)

Esitlikte d*s (Y_t, X_t) t ddneminde yapilan gbzlemin s
dénemindeki teknolojisinden olan uzakhigini, m(.) TFV
endeksini ifade etmektedir. Bu degerin 1 degerinden biyiik
olmasi TFV'de artis oldugunu, 1 degerinden kiiglk olmasi ise

azalis oldugunu gdstermektedir. Esitligin saginda bulunan ilk
terim teknik etkinlikte meydana gelen degisimi ifade ederken,
ikinci terim teknolojik degismeyi ifade etmektedir.

Aragtirmada 1 ¢ikti, 4 girdiden olusan model kullaniimigtir.
Modelde tek ¢ikti olarak su driinleri (retim dederine (TL) ve 4
girdi olarak ise sabit masraflara (TL), degisken masraflara
(TL), personel sayisina (kisi) ve gemi sayisina (adet) yer
verilmistir. TFV endekslerinin hesaplanmasinda Fare ve
arkadaglarinin (1997) gelistirdigi matematiksel programlama
modelleri kullaniimigtir.

[y tx tIN-1)= [max] _(@N) @ St [-ey] _it+Y_t
A20, x_it-X_tA20, A20

[drsyy_sx_s]M-1)= [(max)] _(@A) @ St [-@y) _is+Y_s
A=0, x_is-X_s A=0, A=0

[dMy_sx_s]\-1)= [max)] _(@.A) @ St [(-@y) _is+Y_t
A=0,x_is-X_t A=0,A=0

[drsyy tx_t]A-1)= [max)] (@A) @ St [-@y) _it+Y_s
A=0, x_it-X_s A=0,A=0

BULGULAR VE TARTISMA
Diinya ve Tiirkiye su iiriinleri endiistrisi

Su drlnleri sektorl dinyada 328 milyar dolar dis ticaret
hacmine sahiptir. Bu hacmin %57’ini ihracat, %49'unu ithalat
kaynaklidir. ithalatgi (ilkeler paylarina gore sirasiyla Amerika
Birlesik Devletleri, Japonya, Cin, ispanya ve Fransa; ihracatg!
ulkeler paylarina gore Cin, Norveg, Vietnam, Hindistan ve
Amerika Birlesik Devletleridir. Diinya genelinde son 10 yil
icerisinde %12,3 artis gbsteren su trlnlerinin retim degeri en
fazla artan dlkeler Banglades ve Nijerya'dir. Kanada'nin ise
Uretim degeri azalmistir (FAO, 2018).

Tirkiye'deki su Urlnleri dis ticaret hacmi diinya ticaret
hacminin binde 4’0 kadar olan 1,4 milyar dolar degerindedir.
Dis ticaret hacminin %68 ihracat, %32'si ise ithalat
degderinden olusmaktadir (FAO, 2019). Su Urinleri ihracatinin
en fazla yapildi§i iilkeler Hollanda, italya, ingiltere ve Aimanya
iken, en cok ithalat yapilan (lkeler siralamasi Norveg, Fas,
ispanya, Izlanda ve Gin'den olusmaktadir (TUIK, 2020). Son
10 yilda Tirkiye'de su drdnlerinin Gretim degeri %7,5
ylkselmigtir.

Diinyada 40 milyon civarinda balikgi su Urinleri Gretimini
yaklasik 4,6 milyon adet gemi ile gerceklestirmektedir.
Gemilerin %61'i motorlu ve %81'i 12 metreden daha kugukttir.
Motorlu gemilerin %2’si 24 metreden uzundur (FAO, 2018).
Dinyada avlanma ve vyetistirme y6ntemleri ile toplamda
yaklasik 214 milyon ton su drinleri elde edilmektedir.
Gergeklestirilen Gretimin %83'lnl su bitkileri haricindeki su
urdnleri olusturmaktadir. 1950 yilindan giinimUze kadar artis
egdilimdeki toplam su Urdnleri Gretimi, dretilen su GrdnG tard ve
Uretimde kullanilan yéntem gevresel, ekonomik ve politik
nedenlere bagli olarak degismistir. Ozellikle diinyada avianma
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ile elde edilen Grlin miktarinin artis hizina kiyasla yetistiricilik
yontemiyle elde edilen Griin miktari daha hizli artmistir. Son 30
yilda avlanan su trinleri miktari yillik 90 milyon ton civarinda
dengelenmigtir. Su Urlinleri yetistiriciliginin toplam  Uretim
icindeki payr bu siire iginde slrekli artmistir. Giinlimiizde
diinya toplam su Grinleri retimi iginde yetistiriciligin pay1 %56,
avciligin payi ise %44 'tiir. Yetistiricilik ile yapilan 120 milyon
tonluk Gretimin %44’0 i¢ sularda %56'si ise denizlerde
gerceklestiriimektedir. Avlanan 94 milyon ton riinin %87'si
denizden, %13l i¢ sulardan elde edilmektedir (FAO, 2019).

Tarkiye'de su Urlnleri Gretimi toplam 30.878 kisi ve 18.483
adet gemiile yapilmaktadir. Gemilerin gogu 12 metreden kiiglik
(%90), %1'i ise 30 metreden daha buyUktir (Tarim ve Orman
Bakanligi, 2021). Turkiye 2019 yilinda gergeklestirdigi 835 bin
tonluk Gretimiyle diinya su drlinleri yetistiriciligi icerisinde
yaklasik binde 4 oraninda bir paya sahiptir. 2000 yilindan
bugiine kadar vyetistirilen su Grlnleri miktarinda yaklasik 6
katlik artis ile Gretim miktari 372 bin ton olmustur. Boylece
toplam su (rlinleri Uretiminde vyetistiriciligin payr %45’e
ulasmistir. Avlanan su Urinleri ise toplam dretimin %55'ini
olusturmaktadir (FAO, 2019). Denizlerde yasanan kirlilik ve
diger nedenlerle 2020 yilinda toplam Gretim miktarinda azalma
meydana gelmistir. Yetistiricilik ile elde edilen su drinleri
miktari 2020 yilinda avlanan su Grlnleri miktarini agmis,
toplam (retimdeki payini %55'e gikarmistir (TUIK, 2020).
Yetistiricilik ile Uretilen su Urinlerinin %69'u denizlerde, %31'i
ise i¢ sularda gerceklestirilmektedir. Avlanan su drinlerinin
%7'si i¢ su, %93'U deniz kaynaklidir. Tirkiye'de denizlerde
avlanan baliklarin yarisindan fazlasi hamsidir. En ¢ok avlanan
diger deniz baliklari ise sirasiyla ¢aga (%12), sardalya (%9),
istavrit (%5), mezgit (%3)tir. Tirkiye'de yetistirilen baliklarin
%401 alabalik %36's1 levrek ve %22'si gipuradir (FAO, 2019).

Diinyada yaklagik sayisi 21 milyon olan su Urinleri
yetistiricilerinin  gok bUylk bdlumiu Asya kitasinda yer
almaktadir (FAO, 2018). Tlirkiye'de ise 2139 tesiste su lrlinleri
yetistiriciligi yapiimaktadir. Bu tesislerin %20'si denizlerde,
%80'i i¢ sulardadir. Toplam proje kapasitesi yillik yaklagik 306
bin ton olan deniz kaynakli tesislerin tretim 6lcedi i¢ sulardan
daha buyiktlr. Bu tesislerden (retim kapasitesi bin tonun
uzerinde olanlarin orani %22'dir. Tirkiye'de deniz kaynakli su
urtinleri yetistiriciliginde en cok paya sahip olan il %37 ile
izmirdir. Daha sonra Aydin, Mersin, Trabzon, Ordu ve Samsun
illeri gelmektedir. %66'sinin tretim kapasitesi 50 tonun altinda
olan i¢ su kaynakli tesislerin toplam proje kapasitesi yillik
yaklasik 211 bin tondur (Tarim ve Orman Bakanlgi, 2021).
Tirkiye'de kapasite kullanim orani %85 olan su (riinleri
yetistiriciligi yapan isletmeler i¢inde bu oran tam kapasite ile
calisan Mersin'de en yiksek, Trabzon'da en disiktir. i¢
sularda yapilan yetistiricilikte ise en bliyik paya sahip iller
El&dz1§ (%17) ve Mugla (%16)'dir. Diger énemli iller ise Burdur,
Tokat, Samsun, Kayseri, Denizli, Isparta, Kahramanmaras ve
Gaziantep'tir (Aydogan vd., 2019).

Su iiriinleri arz ve deger zinciri

Gelismis Ulkelerde su Urinleri igin etkin galigan bir arz ve
deger zinciri olmasina ragmen, gelismekte olan Ulkelerde tam

tersi durum sdz konusudur. Tirkiye'de ve gelismekte olan
bircok Ulkede maliyet odakli, balikgi ve nakliyecilerin kontrol
ettigi bir yapi vardir. Pazarlama kanali boyunca kalite kontroli
yetersiz, soguk zincir imkanlar kisith ve nakliyede uzun
bekleme sireleri s6z konusudur (De Silva, 2011; Schuurhuizen
vd., 2006).

Trkiye su Grlnlerinde arz zincirini olusturmus ve isleyen
bir pazarlama sistemine sahiptir. Ancak Ttrkiye igin etkin ve
oturmus bir deg@er zincirinden bahsetmek mimkin degildir.
Tirkiye su Urlnleri arz zincirinin temel aktorleri dreticiler,
kooperatifler, toptancilar, aracilar, tiiccarlar, isleyiciler ve
perakendecilerdir.

Tiirkiye’de su iriinleri retimi ve karakteristik

ozellikleri

Arz zincirinin Uretim boyutunda avcilik ve yetistiricilik yapan
isletmeler yer almaktadir. Turkiye’de su Grlnleri Gretiminde
kiigik Olgekli isletmeler hakimdir ve kullanilan hasat
teknolojileri gelenekseldir. Dolayisiyla, verimlilik diigtiktir ve su
urlinleri piyasalari iyi izlenememektedir. Finansman sorunu
yasayan balikgilar, teknolojik imkanlar agisindan yeterli
dizeyde degildir. Bu nedenle faaliyetlerini  etkin
yuritememektedirler. Klglk olgekli balikgilar ortalama 16
metre uzunlugunda olan gemileri ile bir glinde yaklasik 10 saat
operasyonda bulunmaktadirlar. Kiglk olgekli balikgilarin
denizdeki avlanma sireleri yilda 186 gindir. Turkiye
balikgilarinin %82’si kendi gemilerine sahiptir. Gemilerin dortte
Ucl ahsaptir. Balikgilarin %66's! tek, %34’ ise birden fazla
gemiye sahiptir. Balikgilik kooperatifine Uyelik ytizdesi %84 tir
(Hasdemir vd., 2018). Turkiye'de blyik Olcekli ticari
balikgilarin %51'i yalnizca trol ile, %34'G hem algarna trol hem
ile avlanirken, sadece algarna ile avlanan balikgilarin orani
%15'tir (Ceyhan ve Gene, 2014). Tlrkiye'de faaliyet gdsteren
tipik bir balikginin ortalama yasi 40'tir. Egitim dlzeyi ilkokul,
balikcilik deneyimi ise yaklasik 20’yildir. Trol isletmecileri
avciliklarini yaklagik 21 metre uzunlugunda, 484 beygir giig
uretebilen ve 19 yillik bir gemi ile yilda 129 giin strdirmektedir.
Glinde $2140 masraf ile her biri yaklasik 1,5 saat stiren 5
operasyon yapabilen ortalama 5 tayfali bir trol gemisi, 60 ton
agirhgindaki hedef avin yaninda 3,2 ton agirhi§inda iskarta
urdin elde etmektedir. Bu masrafin %43'0 sabit %57’si dedisken
masraftir. Degisken masraflarin %57’sini ve toplam masrafin
%37’sini olugturan yakit masrafi deniz balikgiiginin en yiksek
masraf kalemidir. Toplam masraflarin %21'i amortisman, %6's|
gemi tamir bakimi, %7’si ise kumanya masraflari ile birlikte
tayfa Ucretleridir. Tlrkiye'de tipik bir trol isletmecisi kullandiklari
sermaye karsiiginda yillk %43,2 oraninda getiri elde
etmektedir. Tipik bir algarna isletmecisi ise 11 metrelik, 170
beygir gii¢ dretebilen, yaklasik 13 yillik gemisi ile yilda 117 giin
denizlerde avlanma faaliyetini sirdiirmektedir. Sahip oldugu 2
tayfasi ile glnlik yaklasik olarak her biri 30 dakika stren 20
operasyon yapan bir algarna, 134 ton hedef av ile birlikte 3,4
tonluk 1skarta Uriin elde etmektedir. Ginde $1025,5 masraf
yapan algarna’nin toplam masraflarinin %87’si degisken
masraftir. Yakit en 6nemli masraf unsuru olup, degisken
masraf igindeki payr %68'dir. Toplam masraflarin %24’
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amortisman, %9'u gemi tamir bakimi, %16’s! ise kumanya
masraflari ile birlikte tayfa Ucretleridir. Algarna isletmecisinin
toplam sermaye getirisi yillik %39,5'dir (BENTHIS, 2016)
(Tablo 1).

Tirkiye'de alabalik yetistiriciligi yapan isletmeler toplam
yatirdiklari  sermayelerinin = %12'si  oraninda net gelir
kazanmaktadirlar. Tirkiye’de alabalik yem dénlsim orani
ortalama 1,12 kg'dir. Bu oranin en yiksek oldugu il 1,35 ile
Ordu iken, en diisik 0,90 de@eri Adana ve Burdur illerindedir.

Gipura ve levrek yetistiriciligi yapan isletmelerin net gelirleri
yatirdiklari sermayelerinin %26’s1 kadardir. Cipura ve levrek
uretiminde ekonomik rantabilite degeri %54 ile Mersin'de en
yiksektir. Tlrkiye'de levrek yetistiriciliginde ortalama yem
dontstm orani 1,93, cipura yetistiriciliginde ise 1,88'dir. Levrek
uretiminde Samsun (1,8), ¢ipura Uretiminde ise Mersin (1,5) en
iyi yem dénligiim oranina sahipken, izmir her iki Griinde de en
kétii de@ere sahiptir. Her Gg Uriinlin satis fiyatlari, birim Gretim
maliyetlerinin Gizerindedir (Aydogan vd., 2019; Ekmekgi ve Gil,
2017; Terzi, 2018).

Tablo 1. Ticari dlgekteki trol ve algarnaya ait bazi teknik ve ekonomik gdstergeler

Table 1. Some technical and economic characteristics of commercial trawling and seine fishing
isletmecinin karakteristik ozellikleri (yil) Trol* Algarna*
Yas 42,1 40,8
Egitim suresi 6,3 6,4
Deneyim 23,1 219
Gemilerin karakteristik 6zellikleri
Uzunluk (metre) 20,5 10,9
Yas (yil) 19,3 13,3
Tonaj (groston) 42,0 36,1
Motorunun beygir giicli (ortalama) 4835 169,5
Sezonda deniz gegirilen glin sayisi 129,0 117,0
Ginlik operasyon adeti 5,0 20,0
Bir operasyonun siresi (dakika) 90,0 30,0
Tayfa adeti (kisi) 50 2,0
Ekonomik gostergeler
Barbun ve mezgit (kg/sezon) 59358,2
Salyangoz (kg/sezon) 133614,0
Iskarta balik miktari (kg/sezon) 32895 3393,0
Degisken masraflar (¥/giin) 1863,7 579,7
Sabit masraflar (£/giin) 992,8 4458
Toplam masraflar (£/giin) 2139,9 1025,5
Sezonluk Uretim degeri (&) ** 820329,8 534456,0
Sezonluk toplam masraflar (£) 368481,6 119983,9
Sezonluk net gelir (£) 451848,2 4144721
Sermaye getirisi (%) 43,1 39,6

*(BENTHIS, 2016; Ceyhan ve Gene, 2014)

**Avlanan baliklarin fiyatlarinin agirlikli ortalamasi 13,8 TL/kg, salyangoz fiyati 4 TL/kg

Tiirkiye’de su iiriinleri dagitimi, pazarlamasi ve
tiiketimi

Arz zincirinde yer alan daditim asamasi, nakliye ile lojistik
faaliyetlerini kapsamaktadir. Tlrkiye'de tedarik igin var olan
sistem geleneksel yapida ve komisyonculuga dayal olarak
surdiriimektedir. Nakliye ve dagitim alt yapisinda yasanan
gelismelere  ragmen, istenilen alt yapiya heniz

kavusulamamustir. Buz (retimi ve soguk hava deposu ihtiyaci
tam olarak karsilanamamaktadir. Su (GrGnlerinin etkin bir
sekilde islenememesi ve siniflandirma eksikligi sektorde atik
miktarinin artmasina neden olmaktadir.

Uretilen veya avlanan su iriinlerinin tiketicilere
ulagtirimasinda yer alan pazarlama kanallari ve sirdirilen
pazarlama faaliyetleri hem i¢ pazarda hem dis pazarda
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Ulkelere gore farklilklar gostermektedir. EndUstriyel amagli
balikgilik yapan isletmelerin ilgi alanina ylksek ekonomik
degeri bulunan tiirler girmektedir. Uretim 8lgekleri oldukga
biylk ama sayilari az olan bu balikgilar bazi ilkelerde deger
zincirindeki diger aktorlerle dikey bir entegrasyon saglayarak
piyasayl tamamen yonlendirebilmektedir. Meksika'da bu
dlzeyde olan 5 adet isletme kendilerine ait olan isleme
tesisleri, ihracatgilari, olusturduklari markalari ve sahip
olduklari pazarlama aglari ile su riinleri piyasasina hakimdir
(De Silva, 2011). Kooperatifleserek oérgiitienen bazi lkelerdeki
balikgilar hem i¢ piyasada hem de dis piyasada organizasyonu
sa@lamaktadir. Yine Meksika'da yaklagik 5000 karides avciligi
yapan isletme 140 birim kooperatif olusturarak érgutienmistir
(Huntington ve Hasan, 2009). Genel olarak dinyada uretimi
yapilan su Urlnleri asagida belirtilen sekilde tilketicilere
ulagmaktadir (Sekil 1) (De Silva, 2011).

Tirkiye'de avlanan miktarin belirsiz olmasi pazarlama
faaliyetlerini olumsuz etkilemektedir. Ozellikle pazarlama
etkinligini dusuren en blylk neden taze baligi tliketicilere
sunan perakendecilerin iyi organize olamamalaridir.

thalatg1 ‘

Su tirtinleri
tireticileri

IR
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ve perakende ”
zineiri

v
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Sekil 1.  Diinyada su (riinleri pazarlama kanallari
Figure 1. Aquaculture and fisheries marketing channels worldwide

Tlrkiye'de su Uriinleri sektorinde yer alan temizleme,
dondurma, konserve yapimi, tuzlama iglemi ve paketleme igin
gerekli Uniteleri igeren entegre ve modern tesis sayisi
yetersizdir. Turkiye'de 234 adet isletme su drlinlerini iglemekte
ve pazarlamaktadir. AB'ye Urlin satabilecek yeterlilik belgesi
olan igletmelerin orani %92'dir. Ortalama olarak yillik 150 bin
ton su Urindindn islendigi tesislerin %82’si avianma alanlarina
ve tliketicilerin yogun oldugu merkezlere yakin olan Marmara,
Ege ve Bati Karadeniz bdlgelerinde kurulmustur (Yilmaz,
2015).

Pazarlama kanalinda yer alan diger dnemli aktér balik unu
ve yagl fabrikalaridir. Bu fabrikalarin hammadde olarak
kullandigi balik tiirleri Glkelere gore degismektedir. Giliney
Amerika’da hamsi, Avrupa’da mezgit, camuka ve gaca yaygin
olarak tercih edilmektedir (Tarim ve Orman Bakanligi, 2005).
Dlnya genelinde Gretimi yapilan balik ununun su Grdnleri
yetistiriciliginde (%63), domuz yetistiriciliginde (%25), kanatli
hayvanlar ile evcil hayvan beslenmesinde (%12)
kullaniimaktadir. Uretilen balik yaginin gogunlugu su trtinleri

yetistiriciliginde (%81) olmak (zere, bir kismi insanlarin
tiketiminde (%13) ve endistriyel amagl islemede (%6)
kullaniimaktadir. Balik unu somon ve alabalik yetistiriciliinde
(%27), deniz baliklar! yetistiriciliginde (%26), kabuklu hayvan
uretiminde (%26), tatli su gipurasi yetistiriciliginde (%6) ve
diger tiirlerin Uretiminde (%25) yogun olarak kullaniimaktadir.
Balik yagi ise somon ve alabalik yetistiriciliginde (%68), deniz
baliklari  vyetigtiriciliginde  (%19) ve diger turlerin
yetistiriimesinde (%13) kullaniimaktadir (Ceyhan ve Emir,
2015).

Tirkiye'de bulunan 12 adet balik unu ve yagi isleme tesisi
gunlik ortalama 829 ton isleme kapasitesine sahiptir. Birim
uretim (1 kg balik yagi+1,5 kg balik unu) maliyeti $10,6 olan bu
{rGinlerden, balik ununun kg fiyati ortalama $1,4, balik yaginin
ise $2,0 civarindadir. Balik unu ve yagini Ureten tesisler 1 ton
hamsiigin 2019 yili fiyatlariyla $1282 isleme masrafi yapmakta
ve £1463 gelir elde etmektedirler. Tlrkiye'de yillik 128 bin tonu
hamsi ve 87 bin tonu ¢aga olmak Uzere toplam 215 ton balik
bu tesislerde islenmektedir. Balik unu ve yagi Uretiminde
Turkiye net ithalatgi konumundadir. Turkiye’nin her yil yillk
yaklasik 128 milyon dolar dis ticaret agidi sdz konusudur.
Yetistiricilik sektorii gelistikge bu dis ticaret agiginda artis
olmasi 6ngdriiimektedir (Ceyhan ve Emir, 2015).

Pazarlama kanallarinda yer alan su Urlnleri kooperatifleri
Turkiye'de ilk olarak 1942 yilinda 6rgutlenmis, 1971 yilinda
cikarilan Su drlnleri Kanunu ile kooperatiflesme hizi artmigtir.
Glnimizde 30.845 balikginin ortak oldugu 552 adet su
Urtinleri kooperatifi vardir. 16 adet bélge birligi ve bagl olarak
faaliyet gosteren 233 birim kooperatif ile Ust orgltienme
konusunda da ilerleme kaydedilmistir. Ust drglitlenme
Marmara ve Karadeniz Bolgesinde en iyi durumdadir (Dogan,
2017).

Su drlnlerindeki pazarlama sistemi Tirkiye agisindan
degderlendirildiginde, en temel sorun dogdru tir, kaliteli ve
guvenli su drdnleri arzidir (Ceyhan, 2019). Yerli ve ithal edilen
su drdinleri birlikte pazarlanmaktadir. Bliylik marketlerin bu
pazardaki rolii giin gegtikge artmaktadir. Oteller ve restoranlar
gibi kurumsal kanallarla bazi gida tedarikgileri de sektérde rol
almaktadirlar. Ayrica ulusal ve uluslararasi standartlarla birlikte
yasal dlizenlemelerinde sistem igerisindeki dnemi ve Ustlendigi
gorev  artmaktadir.  Gelismis  (lkelerdeki pazarlama
sistemlerine kiyasla Turkiye'deki sistem igerisindeki firmalarin
Olcedi ve dolayisiyla da sistemin genel Olcegi kugtiktir.
islenmis Uriinden ziyade taze balik tiiketimi tercihi daha
yaygindir. Tarkiye su drlinleri sektdriinde blylk marketlerin
artan pay! kiiglk olcekli saticilarin ve toptancilarin ticaretinde
bir tehdit unsurudur. Gelismis ilkelere kiyasla Tiirkiye su
uriinleri sektdriinde diisiik diizeyde ve dar kapsamli standartlar
yer almaktadir.

Gegmiste daha ¢ok taze tiiketimi tercih edilen su Grlinleri,
guniimiizde isleme teknolojisinin ve muhafaza imkanlarinin
artmasiyla tliketicilere farkli gekillerde sunulmaktadir. Su
urdinlerinin insanlarin tiketimine dogrudan sunulan miktari
toplam Uretim miktarinin %88'idir. Dlinyada Uretilen ve %88'i
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dogrudan insan tlketimine sunulan su Grlnlerinin %45’ taze,
%34'U ise dondurulmus, %11'i konservelerle ve %10’luk kismi
ise kurutularak pazarlanmaktadir. Gelismekte olan Ulkelerde
taze su Urlinlerini tiketimi daha ¢ok tercih edilirken, gelismis
Ulkelerde islenmis ve dondurulmus su Uriinleri daha fazla
tiketilmektedir. Dinyada su Urlnleri tiketimi son 60 yilda
%1,6 olan nifus artis hizindan daha hizli bir oranda %3,2
civarinda artis gdstermistir. Su Urlnleri tiketiminin yillk artis
orani diger tim etlik hayvanlardan daha fazla artmistir.
Tiketilen su Urlnleri miktari 1961’de kisi basina 9 kg
civarindayken bugiin 2 katindan fazla artarak yaklasik 21 kg
degerini ulasmistir. Kisi bagina diisen yillik su Grlnleri tiketimi
sirasyla 142 kg ile Maldiv Adalari, 90 kg ile izlanda, 65 ile Gin,
57 kg ile Portekiz, 52 kg ile Japonya ve 43 kg ile ispanya’da en
fazladir (Lockyer ve Stanner, 2016). Kisi basina diisen
ortalama 6,3 kg su Urlnleri tliketim miktari ile cok az tliketen
llkeler grubunda yer alan Tlrkiye ve hem dlinya ortalamasinin
(21 kg) hem de Avrupa ortalamasinin (25 kg) oldukga
altindadir. Ttrkiye'deki su drlnlerinin %75'i taze olarak, %4'U
dondurulmus ve %2'si islenmis olarak toplamda %79'luk kismi
yurt ici tiiketicilere pazarlanmaktadir. %14,4’G balik unu ve yagi
Uretimine ayrilmaktadir. Balik tiiketimi lojistk masraflari,
tiiketici tercih ve aliskanliklari nedeniyle Glkenin her bélgesinde
farklilik gdstermektedir. En fazla su Grinleri tiiketimi kisi basina
yillik 25 kg ile Karadeniz Bélgesinde, en az tiketim ise kisi
basina yillk 0,5 kg ile Dogu ve Glineydogu Anadolu
Bélgesinde 0,5 kilogramdir. Uygun fiyatli hamsi, istavrit ve
sardalya sezonunda tliketimi daha ok tercih edilirken, yiksek
fiyath kalkan, gipura ve levrek ise daha yiksek gelirli kesim
tarafindan ve turizm merkezlerinde daha fazla tiketiimektedir.

Tirkiye'de su Urnleri talebinin fiyat elastikiyeti -0,515 ve
gelir elastikiyeti 1,5'dir (Yiimaz, 2015). Tiketicilerin su Grlnleri
fiyat degisimlerine hassasiyetleri distk iken, tlkettikleri su
urlinleri  miktari  gelir ~ degisimlerinden daha fazla
etkilenmektedir. Bu bulgu diinyanin farkli yerlerinde daha dnce
yaplimis aragtirmalarin  sonuglariyla uyumludur (Lee and
Chang, 2014; Sonoda vd., 2012).

Su iirtinleri sektoriiniin rekabet giicii

Aragtirma sonuglari ticaret gostergeleri agisindan Tirkiye
su Urinleri sektdriinin Avrupa Birli§i karsisinda rekabet
Ustiinligine sahip oldugunu gdstermistir. Tlrkiye’nin AB’ye
karisi rekabet glicli zaman zaman duraganlasmis olsa da
genellikle her dénemde bir artis egilimi séz konusudur. AB
karsisinda rekabet Gstlinligi olan Tirkiye, dlinyanin tamamini
kapsayan ticaret incelendiginde, stlinligiini kaybetmektedir.
Tirkiye su Grlnleri sektérinde olumlu gelismeler olmakla
birlikte, Turkiye'nin diinyadaki rekabet gliciinii ortaya koymak
icin hesaplanan Balassa indeksi birden kigikttr. 1976 yilindan
itibaren yaklasik 10 yil rekabet (stinligi bulunan Tirkiye,
uluslararasi su drtinleri ticaretinde daha hizli gelisen (lkeler
nedeniyle bu Ustinligl kaybetmis ve Balassa indeks
degerinde 2000'li yillara kadar azalma egilimi gorilmustur
Daha sonra &zellikle su Urinleri yetistiriciliginin hizli geligimi,
saklama kosullari ve islenerek katma deger kazandiriimasi gibi
nedenlerin etkisiyle indeks degerinde glinimize kadar artis

egilimi ortaya gikmustir (Sekil 2). Turkiye su Grlnleri sektorinin
rekabet gucini diinya karsisinda bir miktar yikseltmistir
(Tablo 2).
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Sekil 2. Tiirkiye su Urlnleri sektorii rekabet glicl (1976-2022 RCA
degerleri)

Figure 2. Competitive power of Turkish aquaculture (RCA values
from 1976 to 2022)

Tablo 2. Tirkiye su Urinleri sektdriiniin AB ve Diinya karsisinda
rekabet giicii

Table 2. Comparative competitive power of Turkey, EU and World
in terms of aquaculture and fisheries
Yil RCA (Tiirkiye-AB) RCA (Tiirkiye-Diinya)
1976-2018 dénemi ortalamasi 1,32 0,64
2015 1,66 0,57
2016 1,76 0,61
2017 1,74 0,59
2018 1,86 0,65
2019* 1,87 0,63
2020* 1,84 0,66
2021* 1,88 0,65
2022* 1,90 0,67

*Tahmin degerleridir

Tlrkiye su drinleri sektorinin rekabet glici verimlilik
gostergeleri  agisindan  sadece balk avciigi igin
degderlendirilebilmistir. Balik yetistiriciligine iliskin zaman serisi
verilerine  ulasmak  mimkin  olmadigindan  balik
yetistiriciliginde rekabet glict verimlilik gdstergeleri agisindan
ortaya konulamamistir. Tlrkiye'de balik avciiginda TFV 2001-
2013 yillan arasinda (8 ve 9. Kalkinma planlari) arttigi, sonra
yatay bir seyir izledigi gorilmistir. Tirkiye balik avciiinda
TFV, yedinci kalkinma plani déneminde %11 oraninda
azalmistir. Balik avciliinda yasanan toplam faktor verimliligi
azalisinin sebebi teknolojik yetersizliktir. Sekizinci kalkinma
plani ddneminde balik avciliginda yasanan teknolojik
ilerlemelerin etkisiyle TFV bu kalkinma déneminde %2
artmistir. Turkiye balik avciidi TFV agisindan en biyik artigi
yine teknolojik degisimin etkisiyle dokuzuncu kalkinma plani
donenimde vyaklasik %19la gOstermistir. Turkiye balik
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avciliinda TFV onuncu kalkinma plani ddneminde %4
civarinda azalmistir. Bu disisin nedeni balik avciliginda
kullanilan teknolojilerin ortaya gikardigi riskler ve érgutlenme
ile ilgili yetersizlikler olarak gdsterilebilir (Tablo 3).

Tablo 3. Tirkiye'de balik avciliginda toplam faktdr verimliligindeki
degisim
Table 3. Total factor productivity change in Turkish fisheries sector

Degerler 7.Plan 8. Plan 9. Plan 10. Plan
Donemi Donemi Donemi Donemi
(1996-2000) (2001-2005)  (2007-2013) (2014-2018)

Etkinlik 1,00 1,00 1,00 1,00

degisimi

Teknoloji 0,89 1,02 1,19 0,96

degisimi

TFV 0,89 1,02 1,19 0,96

Tirkiye su Grlnleri sektériniin rekabet glicii maliyet-fiyat
gostergeleri agisindan sadece balik yetistiriciligi i¢in
degerlendirilebilmistir. Balik avciligina iliskin karsilastirilabilir
verilere ulasmak mimkin olmadigindan balik avciligin igin
rekabet glicli maliyet-fiyat gdstergeleri agisindan ortaya
konulamamistir. TUrkiye'de yetistiriciligi yapilan ve diinyayla
rekabet durumunu ortaya koymak icin maliyet ve fiyat
acisindan kiyaslanabilecek levrek ve gipuraya iligkin veriler
Tablo 4'te verilmigtir. Yapilan degerlendirmeler, levrek ve
gipura igin Turkiye'nin dlnya ortalamasina gére daha ucuza
Uretip daha uygun fiyatla piyasaya bu baliklari arz edebilen bir
konumda oldugunu gdstermistir (Tablo 4).

Tablo 4. Tirkiye ve Diinyada ciftliklerde yetistirilen levrek ve cipura
maliyeti ile satis fiyatlari

Table 4. Comparative cost and sales prices of sea bass and sea
bream in Turkey and World
Tiirkiye* Diinya*
Maliyet  Satis fiyat Maliyet  Satis fiyati
Levrek ($/kg) 4,0 75 6,0 16,5
Cipura ($/kg) 43 7.2 58 16,0

*2020 yili fiyatlariyla ifade edilmistir. Kargilagtirmali analizde $1=%7,5 olarak
esas alinmistir.

Sonug ve Oneriler

Tirkiye su (rlnleri sektorinde son yillarda onemli
gelismeler yasanmistir. Geleneksel yapi degiserek su drtinleri
endistrisine dontsmastlr. Tlrkiye’de su Urlnleri arz zinciri
olusmus olmasina ragmen, etkin bir deder zinciri
olusturulamamistir. Diinyada rekabet giicii ¢ok iyi olmayan
Tirkiye su Urlnleri  sektord, AB (ilkeleri karsisinda
kargilagtirmali mukayeseli Ustiinlige sahiptir. Ozellikle son
yillarda su drlnleri sektdrinin rekabet gictndeki yikselis,
sektore moral vermekte ve gelecekteki beklentileri olumlu
kilmaktadir. Ancak toplam faktor verimliligindeki duss 6zellikle
teknolojiden kaynakli ortaya ¢ikan risklerin iyi yonetilemedigini,
piyasa izleme mekanizmalarinda aksakliklar oldugunu ve etkin
calisan bir pazarlama sisteminin eksikligini gdstermektedir.
Toplam faktér verimliligindeki azaligin bir diger nedeni de deger

zincirinde yer alan aktdrlerin hem Uretim hem hizmet
etkinliklerinin yeterli diizeyde olmamasidir.

Su Urlnleri yetistiriciliginde énemli bir girdi olan balik unu
ve balik yagi tretiminin yetersizligi, gelecekte olasi su trtinleri
uretim artisinin en énemli unsuru olacak bu sektériin disa
bagimlilik riskini yikseltmektedir. Bu temel girdinin imalatinin
hammaddesi olan av baliklarinin insan tiiketimine sunulmasi
veya balik unu ve yagina dénusturiiimesi secenekleri arasinda
dogru kararin verilmesi gerekir. Bu kararin firsat maliyeti
hesabina dayanarak verilmesi blytk 6nem tagimaktadir.

Su drlnleri sektoriinin daha da geliserek arzu edilen
seviyelere getirilebilmesi igin verimlilik artiriimali, piyasa
aktorleri arasinda kuvvetli bir iletisim kurulmali, tiiketici
ihtiyaglari ile fiyat egilimleri konusunda farkindalik diizeyi
yukseltilmeli, Uretim teknolojilerinde glncel gelismeler takip
edilmeli ve yayim faaliyetleri etkili bir bigimde yapilmaldir.
Avlanma konusunda yasanan bazi yapisal sorunlar vardir.
Geleneksel yapi ve avlanmasi hedeflenen canli populasyonun
dogal kosullarinin karmasik olmasi bu sorunlarin basinda
gelmektedir. Dolayisi ile 1skarta, kayip ve atik gibi nedenlerle
onemli miktarlarda Urdin ekonomik olarak
degderlendirilememektedir. Cozim olarak 6zellikle avlanan ve
yetistiricilik yapan su drinleri isletmelerinin dlgek problemini
ortadan kaldirmak amaclh bir takim yapisal dizenlemeler
yaplimalidir. Buna ilave olarak, uluslararasi avlanma
sahalarinda avlanma imkanlarinin degerlendirilmesi Ttrkiye su
Urdnleri Gretimini olumlu yénde etkileyebilecektir.

Tlrkiye su Urinleri  sektdrinde rekabet giiciinin
strdurilebilir bir sekilde arttinimasi igin arz ve deger
zincirindeki tlim aktorlerin 6lceginin artinlmasi igin gereken
yapisal énlemler alinmalidir. Tirkiye’de yeterli veri olmayan
taze balik saticilar diizeyinde, kaliteli Uretimi tegvik edecek
yaygin bir organizasyon yapisi ortaya cikariimalidir. Ayrica
yerel bazda tiketicilerin islenmis su trlnleri tercihlerinin tesvik
edilmesi yoniinde isleme tesislerinin etkinlestiriimesi ve uygun
pazarlama yontemlerinin belilenmesi gereklidir. Uretilen su
Urtinlerine katma deger kazandiracak tesislesme ve altyapi
imkanlari artinlmali, havaalani ve limanlarda sogutma
imkanlari  gelistirilmeli, uluslararasi  dizeydeki kalite
standartlarinin benimsenmesi ve uygulanmasi saglanmali ve
bdylece de ihracat imkanlari ile rekabet glct artiriimalidir.

Kalici ve sUrdirdlebilir bir gelisim saglanabilmesi igin
gelecek egilimlerini bilmek ve ulusal piyasalar yaninda
uluslararasi piyasalari da anlamak 6nemlidir. Tirkiye su
uriinleri sektérinde bu agidan piyasalarin izlenmesi ve erken
uyari kabiliyetine sahip istemlerin kurulmasi kaginiimaz bir
ihtiyactir. Etkin izlenen bir su drinleri piyasasi politika
yapicilarin politika olusturma sureglerine katki saglayabilecek,
kaynaklarin etkin dagitimina imk&n verecek, uygulanan
politikalarin ~ sonuglarini  analiz  edebilecek  firsatlari
saglayacaktir. Olusturulacak bu izleme sistemi btiin ilgili
piyasalarla uyumlu olmali, en kuglk yerel birimden ulusal
boyuta kadar etkin galismali ve hem sektdr hem de kategori
o6zelinde gerekli erken uyarilari olusturabilmeli, gelecekle ilgili
beklentileri tahmin edebilmeli, tliketici tercihlerini dikkate
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alabilmeli ve politika yapicilardan, dreticilere ve isleyicilere
kadar referanslar olusturabilme yetenegine sahip olmalidir.

Gelismelerin oldukga hizli oldugu buglnlerde zamanin
etkin kullanimi agisindan, su Grinleri ile ilgili biyolojik boyutta
yapilan ¢alismalar ile ekonomik boyutta yapilan calismalarin
bir araya getirilmesi ile ortaya ¢ikacak olan biyoekonomi
yonelimli galismalar sektérin strdrdlebilir gelisimine blyik
faydalar saglayacaktir.
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Oz: Su iriinleri atiklarinin degerlendirilmesi hem gevre kirliliginin Gnlenmesi hem de bu atiklara ekonomik olarak deger kazandiriimasi agisindan énemli bir
konudur. Balik atiklarinin degerli bir yem kaynagina ve bitki glibresine donistimint saglayabilecek en pratik yontem silaj yapimidir. Bu calismada, laktik asit
bakteri kiiltlr(i (Streptococcus thermophilus), asitlestirici kimyasallar (formik asit) ve fermente bir gida olan yogurdun direkt ilavesi ile hazirlanan balik
silajlarinin olgunlagma stireleri ve besin bilesenleri karsilastinimistir. Arastirmada balik silaji tretiminde sardalya baligi (Sardina pilchardus) atiklari (bas, deri,
kilgik, i¢ organlari vs) kullaniimigtir. Tiim balik silajlarinin maksimum 10 giin igerisinde olgunlagsma evresini tamamladiklari gozlenmistir. Asit, bakteri ve yogurt
ile hazirlanan gruplarin nem, kiil, protein ve yag icerikleri sirasiyla % 63-66; % 5,6-5,7; % 11,3-11,8 ve %12.18-13.65 araliinda oldugu belirlenmistir. Arastirma
sonucunda direkt saf bakteri kiltiirli ilavesi veya asit ilavesi ile yapilan silajlara alternatif olarak yogurt ilavesi ile yapilan balik silajlarinin hem olgunlasma
stiresi hem de besin madde bilesenleri agisindan beklentileri karsiladigi gorilmustur.

Anahtar kelimeler: Balik atiklari, balik silaji, fermentasyon, yogurt, Streptococcus thermophilus

Abstract: The evaluation of seafood processing wastes is an important issue in terms of both preventing environmental pollution and adding value to these
wastes economically. The most practical method that can convert seafood processing waste into a valuable feed source and plant fertilizer is to make silage.
In this study, the ripening times and nutritional components of fish silages prepared with direct addition of lactic acid bacteria culture (Streptococcus
thermophilus), acidifying chemicals (formic acid) and yogurt, which is a fermented food, were compared. In the research, sardine fish (Sardina pilchardus)
wastes (head, skin, bones, internal organs, etc.) were used in fish silage production. It was observed that all fish silages completed the ripening phase within
a maximum of 10 days. It was determined that the moisture, ash, protein and lipid contents of the groups prepared with acid, bacteria and yoghurt ranged
between 63-66%, 5.6-5.7%, 11.3-11.8% and 12.18-13.65%, respectively. As a result of the research, it was observed that fish silages made with the addition
of yoghurt as an alternative to silages made with direct addition of pure bacterial culture or acid addition met the expectations in terms of both ripening time

and nutrient components.

Keywords: Fish waste, fish silage, fermentation, yoghurt, Streptococcus thermophilus

GIRiS

Mesleki balik¢ilik faaliyetlerindeki iskarta tlrler ve su
urdnleri isleme atiklarinin ekonomik olarak
degerlendirilebilmesi,  balikgillk  sektérinde  ¢6zilmeye

caligilan énemli bir sorun olarak gorilmektedir. Bu durum,
ekonomik bir sorun olmanin 6tesinde 6nemli bir gevre problemi
olarak da degerlendiriimektedir. Bu atiklar un haline getirilerek
degderlendirilebilir ancak bu yéntem ekonomik olarak énemli bir
alt yapi gerektirmektedir. Bu durum, blylk miktarlarda olusan
balik atiklarinin kontrollli fermantasyon gibi ucuz alternatif
biyoteknolojik araclarla degerlendirilmesi lizerine
arastirmalarin artmasina yol agmistir. Bu biyoteknolojik
yontem ile blylk ekipmanlara ihtiya¢ duymadan asitlestirici
mikroorganizma ve karbon kaynagi kullanilarak, mikrobiyal
acidan gtivenli son (rlnler elde edilebilmektedir. Laktik asit
fermantasyonunu temel alan ydntemler, su Urinlerinden
biyomolekdllerin geri kazanimini da saglayan, cevre dostu
ybntemler olarak bilinmektedir (Rai vd., 2012).

Laktik asit bakterileri, cesitli tatll su ve deniz baliklarinda
veya baliklarin i¢ organlarinda bulunur. Laktik asit bakterileri
fermantasyon gibi gida koruma tekniklerinde en yaygin olarak
kullanilan  mikroorganizmalardir.  Laktik asit bakterileri
tarafindan dretilen laktik asit, fermente driinlerde asidik
kosullar sagladigi ve gidalarda bozulma ve zehirlenme etmeni
olan bakteriler izerine oldurticti etkiye yol actigi icin gida
korumada kullanigli bir bilesik olmaktadir (Ozyurt vd., 2016).
Ulkemizde su Uriinlerinden silaj yapimi yaygin olmamakla
beraber genellikle asit yontem ile yapilmakta, laktik asit
bakterilerince silaj kurulmasi ile ilgili genel bir bilgiye
rastlanmamaktadir (Ozyurt, 2016). Ancak balik silajlari, diigik
maliyetle elde edilebilir ve hayvan beslemede kullanimi yiiksek
bir potansiyele sahiptir (Vidotti vd., 2003; Goddard ve Perret,
2005). Bununla birlikte bitki tariminda yaygin bir sekilde
kullanilabildigi ve bunlarin ticari glibrelerle benzer verimlilikte
olduklari bilinmektedir (Wyatt ve McGourty, 1990).
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Balik silaji tim balik veya pargalarinin asit, enzim veya
laktik asit Ureten bakterilerin ilavesi ve baligin sindirim
sisteminde bulunan enzimlerin yardimlari sonucu olugan sivi
kivamli bir Griindiir (Ozyurt, 2016). Geleneksel yéntemlerle
balik silaji hazirlanmasinda organik veya inorganik asitler
kullanilir. Bununla birlikte son yillarda yapilan galismalarda
laktik asit bakterileri ile hazirlanan fermentatif Grlinlerin viicuda
yararli peptidlerin Uretimini sagladigi, lezzeti gelistirdidi, protein
ve vitamin varligini arttirdi§i ve gevre dostu oldugu yoniinde
yapilan bildirimler dikkat gekicidir (Kuley vd., 2020). Laktik asit
bakterilerinin  birgok  fermente  Urinde  dominant
mikroorganizma oldugu bildirilmistir (Ostergaard vd., 1998;
Shirai vd., 2001; Llanes vd., 2011; Vidotti vd., 2011). Bu
mikroorganizmalar organik asit, diasetil, hidrojen peroksit ve
bakteriyosin gibi cesitli bilesikler Gretmektedir (Ozyurt vd.,
2020). Bu bilesikler gidanin tadi ve tekstiriinde istenilen
etkisinin yani sira, gidada mevcut diger istenmeyen
mikroorganizmalarin inhibisyonunda 6nemli etkilere sahiptirler
(Jinivd., 2011). Kiyilmig balik veya balik atiklarina tahil Griinleri
ve laktik asit bakterilerinin ilavesi ile hazirlanan silajlarda,
fermantasyon olusumu sonucunda pH 4.5'in altina diismekte
ve sonug olarak duistik pH'dan dolay! balikta bozulma etmeni
ve patojen bakterilerin gelisimi elimine edilmektedir (Ozyurt vd.,
2017; Ozyurt vd., 2018a). Depolama siiresince azot
bilesiklerinin yikimi gergeklesmekte ve ugucu bazik azot
bilesikleri, aminoasit ve peptitlerde artislar gézlenmektedir
(Espe ve Lied, 1999). Proteolitik aktivite baglica doku
proteazindan  (katepsin) ve kismen  mide-bagirsak
proteazindan  kaynaklanmaktadir  (Shahidi  vd., 2019).
Fermente balik silaji yapiminda laktik asit kiltlrlerinin segimi
biyuk bir dnem arz etmektedir. Pratik sartlarda saf laktik asit
bakteri klltlirinu edinip bu islemi yapmak kolay ulasilabilir
degildir. Bu nedenle iyi bir laktik asit bakterisi kaynagi olan
yogurt bu amagla kullanilabilir.

Ulkemizde ve birok iilkede yaygin olarak kullanilan
yogurt,  Streptococcus  thermophilus  ve  Lactobacillus
bulgaricus gibi laktik asit bakterilerinin sttte bulunan laktozu
fermente etmesiyle olusan bir siit driinidir. igerdigi besin
maddeleri agisindan ideal bir gida maddesi olan yogurt
biyolojik degderi yiiksek ve hazmi kolay bir gida maddesidir.
Kolesterolli duguriict, immin sistemi uyarici ve kanser
olusumunu o&nleyici &zellikleri de &ne slrllen yogurt
ylzyillardan beri sevilerek tiiketiimekte ve sofralarimizda yer
almaktadir. Llanes ve Toledo (2011) Atlantik somonu (Salmo
salar, Linnaeus, 1758) beslemede su Uriinleri isleme atiklarinin
(kafa, yiizgeg, deri ve i¢ organlar) %2 siffirik asit, %1 formik
asit karigimiyla asit silaji eldesine karsin, %3 yogurt ile
hazirlanan fermente silajlarinin besin madde bilesenleri ve
sindirilebilirliklerini arastirmiglardir. Arastirmacilar hazirlanan
silajlarin - kimyasal kompozisyonlarinin ham materyalden
farklilklar ~ gosterdigini,  ancak  bunlarin  besinsel
degerlendirmelerinde dnemli bir farklik g6zlenmedigini, bu
nedenle her iki silaj tipinin Atlantik somonu igin hazirlanan
rasyonlarin formilasyonunda alternatif bir protein kaynagi
oldugunu belirtmislerdir. Bu konuda elde edilen bilgiler, klctik
isletme olgedinde ve ev sartlarinda bulunan biyolojik atiklarin

yararli hale getirilerek geri dénlsimlerinin saglanabilmesi ve
bdylece elde edilen trlnlerin hayvan ve bitkiler igin yararli bir
gida kaynagina donustirilebilmesi igin dnemlidir. Bu amagla
bu arastirmada, su Urlnleri atiklarindan silaj tretiminde direkt
laktik asit bakteri kiltir( ilavesi, asitlendirici kimyasal madde
ilavesi ve bunlarin yerine fermente bir gida olan ve kolay
ulagilabilen yogurt ilavesi ile balik silajlarinin hazirlanmasi
hedeflenmis ve hazirlanan silajlar olgunlagma sureleri ve besin
madde bilesenleri yoninden degerlendirilmistir.

MATERYAL VE METOT

Arastirmada deneme materyali olarak kullanilan sardalya
baligi (Sardina pilchardus, Walbaum, 1792) bdlgedeki
(iskenderun Kérfezi, Kuzeydogu Akdeniz) balikgilardan temin
edilmigtir. Streptococcus thermophilus Cukurova
Universite’sinin bakteri kiiltiir stokundan temin edilmistir. Silaj
hazirlanmasinda sardalya baliklarinin bas, deri, kilgik ve i¢
organlari kullanilmis ve bunlar bir kiyma makinesi (3 mm gapli
delik plakal) yardimiyla kiyilarak homojen hale getirilmigtir.
Daha sonra bu karigim her biri 3 kg olacak sekilde (g esit
pargaya bolinmustir.

Birinci bollime asit silaj yapmak igin asit (%3 formik asit),
ikinci bolime fermente silaj yapmak icin Streptococcus
thermophilus (%3) ve uglincli bdlime ev yapimi fermente
yogurt (%5) ilave edilmigtir. Bakteri silajlarin fermentasyonda
kullanabilmeleri icin %15 oraninda bir karbonhidrat kaynagi
(melas) ilave edilmistir (Ozyurt vd., 2016). Hazirlanan silajlar
500 ml'lik plastik kovalarda adizlari hava almayacak sekilde
muhafaza edilerek olgunlasincaya kadar her giin karigtiriimig
ve pH degerleri dlgiilmistlr. pH élglimleri dijital bir pH metre
(WTW 315i, Germany) ile belilenmistir. Tiim gruplar 28 °C'ye
ayarlanmis oda sicakliinda bekletilmistir. Deneme gruplar
her bir muamele igin en az (g paralel olacak sekilde
kurulmustur.

Hazirlanan balik silajlart olgunlastiktan sonra genel besin
madde bilesenlerini belirleyebilmek amaciyla protein, yag, nem
ve ham kil degerleri belilenmistir. Silaj 6rneklerinin kuru
madde ve ham kil tayini igin yaklasik 3,5 - 4 g tartim yapilmig
ve darasi alinmig porselen kaplara konmustur. Porselen
kaplardaki drnekler kurutma dolabinda 103°C'de 4 - 5 saat
stireyle (sabit bir agirliga kadar) kurutulmustur (AOAC, 1990).
Bu islem her bir muamele gurubuna ait drneklerden en az 6
paralel olacak sekilde yapilmistir. Ham kil tayini AOAC
(935.47, 1998) metoduna gore yapiimistir. Ornekler, yakma
finnina yerlestirilerek 550°C’'de, 5 saat slreyle (sabit bir
agirhga ve acik gri bir renk olusumuna kadar) yakilmistir.

Kjeldahl metoduna (AOAC 981.10, 1998) gbre yapilan
toplam ham protein orani yas yakma, distilasyon ve titrasyon
asamalar takip edilerek en az (¢ paralel olacak sekilde
gerceklestirilmistir. Kjeldahl tlipleri igerisindeki 1 g homojenize
edilmis drnek lizerine, 2 adet kjeldahl tablet (Merck, TP826558)
ve 20 ml H2SO4 eklenerek yakma unitesinde drnekler yesil-sari
renk alana kadar 2-3 saat yakimistir. %40’k NaOH ile
distilasyon islemi sonrasinda 0,1 M HCl ile renk degisimi olana
kadar titre edilmis ve sarf edilen HCI miktari belirlenerek protein
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miktari hesaplanmistir. Lipit analizi Bligh ve Dyer (1959)
metoduna gore yapilmistir. Silaj 6rneklerinden yaklasik 3 g
alinarak, 1:2 oraninda methanol kloroform karigimi eklenmistir.
Orneklerin alkol ile homojenizasyonunda Ultra-turaks (T25
basic IKA-WERKE), yag ekstraksiyonu ise bir rotary evaporator
(Herdolph WB 2000, Germany) kullanilarak saglanmigtir.

Elde edilen veriler tek yonli varyans analizine (one-way
ANOVA,) tabi tutulmustur. Coklu karsilastirma testi olarak da
Duncan multiple testi kullaniimigtir. Onem seviyesi p<0,05
olarak alinmistir.

BULGULAR VE TARTISMA
Asit, bakteri ve yogurt ile sardalya bali§i atiklarindan
hazirlanan balik silajlarinin - pH  degisimleri  asagida

goriilmektedir (Tablo 1). Baslangicta 6.87 olan pH degeri asit
ilave edilen grupta hizlica diiserek denemenin ilk haftasindan
sonra pH 4 seviyelerine gelmistir. Bakteri ilave edilen grupta
ise bu diislis biraz daha yavas seyretmis ve denemenin ilk
haftasindan sonra pH 4,5 seviyelerine gelmistir. pH diisiisi
yogurt ilave edilen grupta daha yavas ilerledigi gériilse de, saf
bakteri kiltlrintn ekildigi “bakteri” grubuna benzer bir seyir
izlemis ve denemenin 10. glinlinden sonra pH 4,5 seviyesinin
altina inmigtir. Dolayisi ile tlim silaj gruplari maksimum on giin
icerisinde olgunlagsma evresini tamamlamiglardir. Bu dénemde

yapilan gdzlemlere gdre baslangicta kati parcalar (pul, kilgik
vb.) igeren balik atiginin giin gectikge asit ve bakterilerin
etkisiyle daha akiskan, homojen kivamli bir Grline donlstigu
gozlemlenmistir (Sekil 1). Bununla birlikte 28°C sicaklikta
saklanan tim gruplarda Gulli vd. (2015) belirttigi gibi kokunun
rahatsiz etmeyen kabul edilebilir hos malt kokuda oldugu
belirlenmigtir. Silaj depolama slresince yumusamakta ve
silajda malt kokusu gelismektedir (FAO, 1995). Bu durum bize
balik atigi icerisinde bozucu bakterilerin gelisemedigi, ortam
sartlari kendi lehine olan laktik asit bakterilerinin gelistigini
gostermektedir. Laktik asit bakterileri gelisip gogaldikga
ortamda laktik asit birikimi olmus ve pH degerleri diismistir.
Balik veya atiklar yalnizca kiigiik miktarlarda seker (glikojen)
icermektedirler. Fermantasyonun gergeklesebilmesi yani laktik
asit bakterilerinin gelismeleri icin ortamda seker gibi bir enerji
kaynaginin olmasi gerekmektedir. Yapilan bu arastirmada, bu
nedenle bakteri silaj gruplarina melas ilavesi yapilmistir. Seker
kaynaginin varliginda bakteri gruplarinin pH degerini basarili
bir sekilde duslrdigu gortlmektedir. Bakteri silajlardaki pH
dustsu sekerin agik bir sekilde kullanildigini, pH'in diismesini
saflayan  organik asitlerin  Gretildigini  ve  bozucu
mikroorganizmalarin  gelisimlerinin - énlendigini gdstermistir
(Ozyurt vd., 2016).

Tablo 1.  Asit, bakteri ve yodurt ile hazirlanan balik silajlarinin pH degisimi
Table 1. pH change of fish silages prepared with acid, bacteria and yoghurt

Giinler Asit Bakteri Yogurt

0 6,87+0,00 6,87+0,00 6,87+0,00
1 4,02+0,012 6,58+0,00¢ 6,43+0,01°
2 4,190,022 5,25+0,01° 5,280,050
3 4,200,012 5,02+0,01° 5,12+0,03¢
4 4,400,022 4,970,010 5,12+0,01¢
5 4,130,022 4,71£0,02° 4,80+0,00¢
6 4,060,052 4,510,080 4,640,070
7 4,10£0,032 4,43+0,06° 4,61£0,01¢
8 4,05+0,022 4,38+0,07° 4,55+0,00¢
9 4,080,002 4,300,040 4,54+0,01¢
10 4,070,022 4,280,050 4,50+0,01¢
1 4,00+0,012 4,23+0,05 4,43£0,03¢
12 4,070,022 4,290,040 4,4620,04¢
13 4,080,022 4,260,040 4,45%0,07¢
14 3,900,002 4,20+0,07° 4,31£0,00¢
15 3,860,062 4,16+0,040 4,30£0,01¢
16 3,86+0,042 4,130,000 4,27+0,00¢
17 3,86+0,022 4,150,000 4,28+0,01¢
18 3,8740,01a 4,170,020 4,31+0,04¢
19 3,8540,042 4,160,010 4,240,050

Ayni satirda yer alan farkli harfler (a-c) istatistiksel olarak farkliliklari gostermektedir (P < 0,05)

Ortalama deger tstandart sapma, n=3
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Sekil 1.

Arastirmada olgunlagsmig balik silajlarinin nem, ham kiil,
protein ve yag oranlarinin belirlenmesiyle hem hayvan yemi
hem de bitki gubresi olarak kullanilabilirligi incelenmistir. Asit,
bakteri ve yogurt ile hazirlanan gruplarin nem igerigi sirasiyla
% 66,93; % 63,18 ve % 64,48 olarak bulunmustur (Tablo 2).
Elde edilen bu verilere gore incelenen (¢ grup igerisinde en
yliksek nem igeriginin formik asit ile hazirlanan grupta oldugu

Tablo 2. Arastirma gruplarinin besin madde bilesenleri (%)
Table 2. Proximate compositions of the research groups (%)

Olgunlagma dncesi ve olgunlasma sonrasinda balik silajindan 6rnek goriinti
Figure 1. Sample image of fish silage before and after ripening

gorlimustir (P<0.05). Benzer sekilde, Palkar vd. (2017) balik
marketlerinden topladiklari balik atiklarindan silaj Uretimi
Uzerine yaptiklar arastirmada %3,5 formik asit ilavesi ile
hazirladiklari silajlarda nem igerigini %75,32 olarak bulurken,
fermantasyon kaynagi olarak lor peyniri kullandiklari biyolojik
silajlarda nem igerigini %73,62 bulmuglardir.

Nem Ham Kiil Protein Yag
Asit 66,93+0,412 5,640,472 11,8340,442 12,18+0,272
Bakteri 63,98+0,38> 5,750,052 11,6340,482 13,65+0,250
Yogurt 63,810,610 5,68+0,172 11,30+0,412 13,21+0,430
Ayni siitunda yer alan farkli harfler (a-b) istatistiksel olarak farkliliklari gdstermektedir (P < 0,05)

Ortalama deger standart sapma, n=3

Arastirma gruplarinin ham kil igerikleri asit gurubunda %
5,64, bakteri gurubunda % 5,75 ve yogurt gurubunda % 5,68
olarak bulunmustur (Tablo 2). Elde edilen bu verilere gore
incelenen (¢ grubun ham kul degerlerinin benzer oranlarda
oldugu gdzlenmistir. Ham kiil bir gida maddesi igerisindeki
toplam inorganik maddeyi ifade etmektedir. Balik silajlarinda
belirlenen bu ham kil degerlerinin balik atiklari igerisinde
bulunan kafa, pul, kigik ve benzeri kisimlardan
kaynaklanmaktadir. Elde edilen bu verilerin tlim bir balik igin
yapilan ham kil analizlerinde elde edilen verilere benzer
oldugu goriiimektedir.

Beyaz baliktan yapilan silajlar yapildiklar baliga benzer
olarak ortalama %75-80 su, %10-18 protein, %4-5 kiil ve %0,5-
2 yag icermektedir. Yag igerigi yuksek tirlerden elde edilen
silajlarda ise genel olarak nem icerigi %62-75, % 4-7, %13-16

ve ya§ %5-20 oldugu belirtimektedir (Ozyurt, 2016). Benzer
sekilde bu arastirmada da elde edilen protein ve yag
degerlerinin bu sinirlar igerisinde oldugu gortlmektedir.
Sardalya atiklarindan hazirlanan silajlarin protein oranlari asit
grupta %11,83 bakteri grupta % 11,63 ve yodurt grubunda
%11.30 olarak belirlenmigtir. Gruplar arasinda istatistiksel
olarak 6nemli bir fark gozlenmemistir (P<0.05). Benzer sekilde
Ozyurt vd. (2016) %3 Streptococcus thermophilus ve %3
formik asit ile hazirladiklari balik silajlarinda (Equulites
klunzingeri, Steindachner, 1898) protein igeriklerini sirasiyla
%15,6 ve %16,4 oldugunu ve gruplar arasinda istatistiksel
olarak énemli bir fark olmadigini belirtmislerdir.

Yag igeriklerine bakildiginda, asit grubun yag iceriginin
%12,18, bakteri grubunun yag igeriginin %13,65 ve yogurt
grubunun yag iceriginin  %13,21 oldugu bulunmustur.
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Fermantasyon icin saf bakteri kiltiri ve yogurt kullanilan
gruplarin ya§ iceriginin asit ile hazirlanan balik silaji yag
icerigine gore istatistiksel olarak daha yliksek oldugu
gortimUstur (P<0.05). Fermente silajlarin lipit igeriginin, asidik
silajdan daha yiksek olmasinin nedeni, muhtemelen
fermantasyon sirasinda kompleks lipitlerin alkolde daha
¢O6zUndr olan bilesiklere pargalanmasindan kaynaklandig
dusundimektedir (Russell vd., 1993). Birgok arastirmaci balik
silajlarindan yagin geri kazaniminin hem silaj raf dmrini
uzatacagini hem de elde edilen yaglarin hem insan hem de
hayvan beslenmesinde degerlendirilebilecegini belirtmis ve

bunun Uzerine arastirmalar yapmislardir (Goosen vd., 2014;
Ozyurt vd., 2018b; Ozyurt vd., 2019). Ozyurt vd. (2018b)
ozellikle laktik asit bakteri suslari ile Uretilen silajdan balik
yaginin geri kazanilmasinin, su Urinleri isleme atiklarinin
degerlendirilmesi ve katma degerli Grlin elde edilmesi i¢in umut
verici bir yontem oldugunu belirtmislerdir. Bu ¢alismaya gore
hayvan yemi ve insan diyetleri igin bir gida katki maddesi ve
tamamlayici olarak kullanmak igin buyuk bir potansiyele sahip
olan balik silaji yaglarinin dretiminde, yag icerigi oranlarina da
bakildiginda fermente silajlarin tercih edilmesinin daha uygun
olacagi goérlimektedir.

Tablo 3. Besin madde bilesenleri bildirilen bazi asit ve fermente balik silajlari

Table 3. Proximate compositions of some acidic and fermented fish silages

Silaj ham maddesi Silaj tirii Nem Kiil (%)  Protein Yag (%) Kaynak
(%) (%)

Iskarta balik Asit silaj (formik asit) 72,36 3,50 7,66 5,32 Hasan, B,
(Kisa govdeli uskumru, Rostreliger (2003)
brachysoma)

Fermente silaj 69,12 3,92 14,39 3,97

(L. pentosus )

Fermente silaj (L. plantarum) 68,92 3,83 13,89 4,06
Iskarta balik Asit silaj (formik asit) 76,9 52 16,4 21 Ozyurt vd.
(Eksi baligi, Equulites klunzingeri) (2016)

Asit silaj (Formik asit ve siilfirik 74,2 6,3 15,8 2,0

asit)

Fermente silaj (L. plantarum) 76,2 55 14,1 1,9

Fermente silaj (Streptococcus 75,00 55 15,6 2,0

thermophiles)
Iskarta ballk, fileto atiklari ve i¢ organlari Formik asit 743 5,52 15,27 7,45 Gallardo vd.
(Lutjanus spp., Haemulon plumieri, (2012)
Epinephelus spp.)
Balik isleme atiklari (kafa, i¢ organlar, deri Fermente silaj 65,5 6,21 13,77 4,97 Ramirez vd.
vs, Bagre panamensis, Peprilus snyderi, (Lactobacillus sp. B2) (2013)
Sphyraena ensis, Trachynotus ovatus,
Argyrosomus regius, Diplodus vulgaris)
Tatlisu baligi temizleme atiklari (kafa, i¢ Asit silaj (Formik ve hidroklorik 745 1,13 9,74 9,99 Tanuja vd.
organlar, ylizgeg vs) asit) (2014)
Tilapia isleme atiklari (Oreochromis spp., Asit silaj (formik asit) 80 3,6 9,7 7,6 Madage vd.
kafa, i¢ organlar, pullar, kemik, deri vs) (2015)
Balik isleme atiklari (Otholitus sp., kafa, ig Fermente silaj (L. plantarum) 71,73 7,67 12,51 5,24 Pagarkar vd.
organlar, ylizgeg vs) (2006)

Asit silaj (stlfirik asit) 68,04 8,26 15,82 547

Asit silaj (organik asit karigim, 67,18 8,50 15,54 5,99

formik ve propiyonik asit)
Tiim sardalya Fermente silaj (L. plantarum) 58,4 21 13,2 12,0 Davies vd.
(Sardina pilchardus) (2020)

Asit silaj (formik asit) 63.5 2,8 13,3 143
Balik isleme atiklari (belirtilmemis) Asit silaj (formik ve propiyonik 80,83 33 15,30 578 Raj vd. (2018)

asit)
Tuna i¢ organlari (K. pelamis, bagirsaklar, Asit silaj 773 2,76 15,18 2,54 Banze vd.
mide, karaciger, pankreas, ylizme kesesi, (Asetik asit) (2017)
gonadlar vs)
Alabalik i¢ organlari Asit silaj 68,48 1,72 12,61 19,18 Raeesi vd.
(Oncorhynchus mykiss) (Laktik asit) (2021)

Asit silaj 69,37 1,90 12,79 19,53

(Formik asit ve propiyonik asit)

Fermente silaj (L. plantarum) 59,33 2,10 9,40 29,94

Tablo 3'de asit ve fermente yontemlerle hazirlanmis baz

balik silajlarinda belirlenen nem, kuru madde, protein ve yag
icerikleri gérilmektedir. Bu arastirmalarda %59-80 oranlarinda

nem, %1,9-8,5 oranlarinda kuru madde, %7,6-16,4 protein ve
%1,9-29,9 oranlarinda yag icerigi belirtilmistir. Elbette calisilan
bu balik silajlarinin besin madde bilesenlerindeki farkliliklar
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yapildiklari ham balik materyaline ve kullanildiklari vicut
bélgelerine gore farkliliklari yansitmig durumdadir. Yapilan bu
arastirmada da incelenen asit, bakteri ve yogurt ilavesi ile
hazirlanan balik silajlarinin diger arastirmacilarin belirttikleri
deger aralijinda oldugu gérilmekle birlikte, dzellikle yogurt
ilavesi ile yapilan balik silajlarinin hem olgunlasma siiresi hem
de besin madde bilesenleri agisindan beklentileri karsiladigi
gorlimstdr. Tim bu veriler degerlendirildiginde elde edilen (g
balik silaji grubunun da yiksek protein ve yag iceridi ile degerli
bir besin kaynagd! oldugu belirlenmistir.

SONUG

Balik, besleyici bir gida olarak her zaman énemli sayiimis,
genel diyet onerileri ve hayvan rasyonlari icerisinde yerini
daima korumugstur. Bu durum, esas olarak yiksek protein
iceriklerinin yaninda, omega-3 serisi yag asitleri olarak bilinen
goklu doymamis yag asitlerinin ana kaynagi olmalarindan ileri
gelmistir. ~ Su  Urlnleri  isleme  sanayi  atiklarinin
degerlendirilmesi hem gevre Kirliliginin dnlenmesi hem de bu
atiklara ekonomik olarak deder kazandiriimasi agisindan
onemli bir konudur. Gulli vd. (2015) balk atiklarindan
Urettikleri silajlarin maliyetinin 0,72 TL/kg oldugu ve bu silajlarin
yemde balik unu yerine kullaniminin %21 oraninda yem
maliyetini azaltabilecegini belirtmistir. Uretilecek silajlarin,
dustk maliyetle elde edilebilme ve hayvan beslemede
kullanilabilme potansiyeline sahiptir oldugu agiktir. Bununla
birlikte ticari giibrelere alternatif veya destek olacak sekilde
bitki tariminda kullanilabildikleri bilinmektedir (Karim vd., 2015;
FAO,1995). Balik silajlarinda diger su drtinlerinde oldugu gibi
kimyasal, duyusal, fiziksel ve Ozellikle mikrobiyolojik
degerlendirmelerin - yapilmasi  6nemlidir. Yapilan  birgok
galismada asit veya fermente hazirlanan silajlarda bakteri
yuklerinin silajlarin olgunlagsmasiyla birlikte énemli dl¢lde
azaldi§i kaydedilmistir (Zahar vd., 2002; Delgado vd., 2008;
Ramasubburayan vd., 2013; Tanuja vd., 2014). Benzer sekilde
Ozyurt vd. (2020) ve Kuley vd. (2020) 1skarta ve su Grlnleri
isleme sanayi atiklarindan hazirladiklar! silajlarda toplam
bakteri sayisi azalirken, toplam laktik asit bakteri sayisinda
onemli artislar oldugu, maya ve Kkiife rastlanmadigi ve
depolama slrecinde koliform bakterilere rastlanmadigini rapor
etmistir. Fermente (rlinlerde fermantasyon islemi sonunda
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The invasive silver-cheeked toadfish, Lagocephalus sceleratus (Gmelin,
1789) appeared in the Sea of Marmara after more than a decade: A call for
awareness
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Abstract: This study presents a new locality record of poisonous pufferfish, Lagocephalus sceleratus (Gmelin, 1789), one of the 18 worst invader fish species
identified globally by IUCN, from the Sea of Marmara caught by a commercial purse seine fishing vessel while fishing anchovy on 22 February 2021. Previously,
this invasive species was first recorded at the Gelibolu peninsula in the Sea of Marmara between September 2007 and October 2008. Lagocephalus sceleratus
recorded in this study is larger in size with 142 mm total length than previous records (126 mm in 2007; 95 mm in 2008) for the Sea of Marmara. The presently
reported record represents the first documented occurrence of this species in the Erdek Bay of the Sea of Marmara and the third documented record for the
entire Sea of Marmara.

Keywords: Invasive alien species (IAS), lessepsian migration, range expansion, pufferfish, Tetraodontidae, Tetrodotoxin

0z: Bu galisma, Marmara Denizi'nde 22 Subat 2021'de ticari girgir balikgi teknesi tarafindan hamsi avi sirasinda avianan ve IUCN tarafindan kiiresel olarak
en tehlikeli 18 istilaci balik tiriinden biri olarak tanimlanan balon baliginin Lagocephalus sceleratus (Gmelin, 1789)'un yeni bir lokalite kaydini sunmaktadir.
Bu istilaci tir Marmara Denizi'nde ilk olarak Eylul 2007 ile Ekim 2008 arasinda Gelibolu yarimadasinda kaydedilmistir. Bu ¢alismada kaydedilen birey, 142
mm toplam boya sahip olup, Marmara Denizi igin verilen dnceki kayitiardan (2007'de 126 mm; 2008'de 95 mm) daha buyiiktiir. Halihazirda rapor edilen kayit,
bu tiirlin Marmara Denizi'nin Erdek Kérfezi'ndeki varligini ilk kez ortaya koymakta olup, tim Marmara Denizi igin belgelenmis tiglincii kaydini temsil etmektedir.

Anahtar kelimeler: istilaci yabanci tiirler (IAS), lesepsiyan gécti, menzil genislemesi, balon baligi, Tetraodontidae, Tetrodotoksin

INTRODUCTION

The Suez Canal has cut the sailing distance between the
edges of Europe and Asia by 43% and thus considerably
reduced the cost of delivering goods between these continents
since 1869 (Fletcher, 1958; Savitzky, 2015). This man-made
sea-level waterway connects the Mediterranean Sea to the
Indian Ocean through the Red Sea and currently handles up to
12% of global trade (Feyrer, 2021). On the other hand, the
Suez Canal is considered a wormhole for bringing in marine
alien invaders from the Red Sea into the Mediterranean Sea
(MedECC, 2020). More than 600 invasive species, among
them above 120, have flowed into the Mediterranean Sea,
establishing populations in their new environment, potentially
threatening the region's fisheries, endemic biodiversity,
tourism, and human health (Fitt, 2020; Golani et al., 2020;
Kovacic et al., 2021). The other concern is the permanent

colonies of poisonous species that have neurotoxins such as
tetrodotoxin in their skin, ovaries, liver, and reproductive
organs that can kill an adult at a dosage of as little as 2 mg
(Noguchi and Ebesu, 2001). Consequently, such poisonous
invaded species have posed severe problems, especially for
fishermen unfamiliar with these newly established poisonous
species. A fishmonger living in the eastern province of Van
Tlrkiye died last year after eating Pufferfish Lagocephalus
sceleratus (Gmelin,1789), which he likened to the rockfish
(Hurriyet Daily News, 2021).

Up to 13 different Pufferfishes and Porcupinefishes (viz.,
L. sceleratus, L. lagocephalus, Ephippion guttiferum, L.
guentheri, L. suezensis, Sphoeroides  pachygaster,
Sphoeroides spengleri, Sphoeroides marmoratus, Tylerius
spinosissimus, Torquigener flavimaculosus belong to the
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family Tetraodontidae, and Chilomycterus reticulatus,
Cyclichthys spilostylus, Diodon hystrix belong to the family
Diodontidae) have introduced their populations in the
Mediterranean and adjacent seas (Ulman et al., 2021).
Tetraodontidae species are known to contain the neurotoxin
"tetrodotoxin" (Noguchi and Ebesu, 2001; Uiman et al., 2021).

The silver-cheeked toadfish, L. sceleratus, was reported
for the first time from the Aegean Sea, Gékova Bay, in February
2003 (Filiz and Er, 2004). Later, the species of Pufferfish was
also recorded in the Canakkale Strait (Sea of Marmara)
between 2007 and 2008 (Tuncer et al., 2008; Irmak and
Altinagac, 2015).

In this paper, we presented a new locality record of this
poisonous puffer fish species, which should be accounted as
the first documented record for the Erdek Bay in the Sea of
Marmara and the third documented record for the entire Sea of
Marmara. The morphometric and meristic properties of the
obtained L. sceleratus were provided in this paper.

MATERIALS AND METHODS

One male L. sceleratus specimen was caught in the Sea of
Marmara (Erdek Bay; 40°26'28"N; 27°40'47"E) by a
commercial purse seine fishing vessel (usually fishing between
110-130 m depth) while fishing anchovy on 22 February 2021
(Figure 1).
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Figure 1. Map showing the area in the Sea of Marmara from where the current specimen of the poisonous Pufferfish, Lagocephalus sceleratus,

was recorded on 22 February 2021.

The specimen was purchased from the fisherman and
brought to the laboratory for a detailed examination. The
identification keys provided by Akyol et al. (2005), Irmak and
Altinagac (2015), and TUDAV (2022) were used to identify the
obtained specimen. Body measurements such as weight (g)
and various metric measurements such as total, fork and
standard lengths, orbital diameter, head length, body depth,
predorsal length, caudal peduncle length, and caudal peduncle
depth were recorded. The meristic characteristics were also
counted for dorsal fin rays, pectoral fin rays, caudal fin rays,
and anal fin rays

RESULTS

The total length of obtained L. sceleratus was 142 mm with
a body weight of 32.88 g. The morphometric and meristic data
are provided in Table 1.

The dorsal of L. sceleratus was covered with dark spots
with a dominant green-bluish colour. The dorsal fin was
yellowish, while soft anal rays were whitish. The ventral part of
the body was silver from the nose to the caudal. The eyes were
big and wide in diameter (Figure 2).

Figure 2. The silver-cheeked toadfish pufferfish, Lagocephalus
sceleratus, individual was caught in Erdek Bay of the Sea
of Marmara by a commercial purse seine fishing vessel
while fishing anchovy on 22 February 2021 (photo: Habib
BAL).
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Table 1. Morphometric and meristic of the poisonous Pufferfish, Lagocephalus sceleratus specimens captured in February 2021
Erdek Bay, together with previous records, from the Sea of Marmara.

Measurements This study Irmak and Altinagac (2015) Tuncer et al. (2008)
Total length (L7), mm 142 95.03 126
Fork length (L), mm 134 91.02
Standard length (Ls), mm 123 82.24 1M1
Body depth, mm (%L7) 36.6 (25.7
Head length, mm (%L1) 174 (122
Orbital diameter, mm (%L#) 12.2 (68.9
Predorsal length, mm (%Lr) 52.7 (37.1 70.93 (86.24;%Ls)
Caudal peduncle length, mm (%L7) 31.8(22.3
Caudal peduncle depth 423
Dorsal fin rays 12 12 12
Pectoral fin rays 18 18 17
Caudal fin rays 20
Anal fin rays 10 10 12
DISCUSSION
Lagocephalus  sceleratus has been subsequently — Sea after its first occurrence in the Gokova Bay, the Aegean

documented in the Adriatic Sea, the central Mediterranean
Sea, the Italian coasts of the lonian Sea, and the Levantine

Sea in February 2003 (Figure 3, Irmak and Altinagac, 2015;
Akyol and Unal, 2017; Ulman et al., 2021).
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Figure 3. Range expansion of the poisonous Pufferfish, Lagocephalus sceleratus in the Mediterranean and the Black marine waters (consult

Akyol and Unal, (2017) for details)
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The maximum length record for Turkish territorial waters
was determined as 6 kg with 755 mm total length caught in
Fethiye (Ulman et al., 2021), which is well below the maximum
value of 8 kg with 12000 mm total length reported from the
Eastern Mediterranean (Zakynthos, Greece) by Ulman et al.
(2022). For the Sea of Marmara, this study documented the
maximum size L. sceleratus compared to previous records of
126 mm in 2007 (Tuncer et al., 2008) and 95 mm in 2008
(Irmak and Altinagac, 2015). Both of these records were
obtained on the off coast of Canakkale Strait in the Sea of
Marmara (Tuncer et al., 2008; Irmak and Altinagac, 2015). The
current documentation has provided the third record for the
entire Marmara Sea, constituting an important observation as

it was observations in the inner parts of the Sea of Marmara
(Figure 2).

Pufferfishes are spreading rapidly in the Mediterranean
Sea and the Aegean Sea, threatening native fish species in the
area. These destructive invasive species negatively affect
biodiversity and alter the food chain. The diet composition of
such fish species is quite diverse, which consisting of 54%
shrimp (Penaeidae), 17% crab (Portunidae), 14% fish, 4%
squid, and cuttlefish (Cephalopods), and 11% other prey
(Aydin, 2011). At a size of 420-430 mm, they reach maturity in
their third year of life (El-Ganainy et al., 2006). The results of
the previous research, which have been detected in Turkish
marine waters, are given in Table 2.

Table 2. Historical records of the poisonous Pufferfish, Lagocephalus sceleratus, in the Turkish marine waters

LOCATION th:ude Lo:‘iitUde Depth (m)  Record date N  Total length (mm) References
MEDITERRANEAN SEA

Gokova Bay 37.2 28.3 15 2003-02-17 1 459 Akyol et al. (2005)
Gokova Bay 37.0 28.3 2003-01-08 1 - Filiz and Er (2004)
Kemer, Antalya 374 31.1 2004-09-18 1 389 Bilecenoglu et al. (2006)
Bodrum,Gokova Bay 37.0 286 2005-03-10 2 - Bilecenoglu et al. (2006)
Adrasan, Antalya - - 3 2005-05-14 2 200 Bilecenoglu et al. (2006)
Kas, Antalya 2005-10-03 1 - Bilecenoglu et al. (2006)
Iskenderun Bay 36.3 36.9 2009-01-02 4 388-611 Torcu Kog et al. (2011)
Antalya Bay 36.8 30.7 2010-08-20 656 125-650 Aydin (2011)

Mersin Bay 36.4 35.8 2 2010-11-10 2 75-84 Yaglioglu et al. (2011)
Iskenderun Bay 36.6 34.8 3 2010-11-29 2 65-75 Yaglioglu et al. (2011)
Antalya Bay 36.6 31.0 2011-2013 100 126-535* Zengin (2014)
Iskenderun Bay - - 50 2012-11-20 77 89-784 Basusta et al. (2013)
AEGEAN SEA

Hekim Island, Izmir 38.4 26.8 0-12 2006-04-21 1 498 Bilecenoglu et al. (2006)
Asos, Canakkale 2008-01-07 1 - Tiirker-Cakir et al. (2009)
Saros Bay 40.4 26.3 2017-01-12 1 556 Tunger and Onal (2014)
SEA OF MARMARA

Gelibolu coast 40.2 26.4 2007-09-23 1 126 Tuncer et al. (2008)
Gelibolu coast 404 26.7 2008-01-10 1 95 Irmak and Altinagac (2015)
Erdek Bay 40.4 217 2021-02-22 1 142 This study

*SL: standard length
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CONCLUSION

The poisonous pufferfish, L. sceleratus, has been
blacklisted by the International Union for Conservation of
Nature (IUCN) as one of the 18 worst invasive fish species
(Otero et al., 2013). The occurrence of this poisonous species
in the Sea of Marmara strongly indicates that it can flow into

the Black Sea in the future. Though the first Black Sea record
of the species was given from the western coast of Sevastopol,
where two mature individuals with standard lengths of 59.0 and
50.3 cm were collected on 2 and 7 November 2014,
respectively (Boltachev et al., 2014). It has also been observed
on the Tiirkeli shore, Sinop Black Sea, based on a piece of
news that appeared in a local Turkish newspaper (Bilecenoglu
and Oztirk, 2018). In addition to our record, this fish was
reported again in the Sea of Marmara, and this time it was
caught in the district of Gemlik by amateur fishing gear (NTV
newspaper, 2021). This second record from the Sea of
Marmara, in less than two months, could reaffirm the above
statement of its subsequent flow into the Black Sea in the
future. However, the specimens reported by Bilecenoglu and
Oztlirk (2018) and NTV newspaper (2021) were not examined
by an expert and thus certainly require a future confirmation.
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