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Authors Guidelines

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

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

GENERAL INFORMATION
Aim & Scope

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

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

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

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

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

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

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

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

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

Editorial Policy and Referee Process

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

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

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

Article Types

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

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

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

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

Reports

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

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

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

MANUSCRIPT SUBMISSION

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

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

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

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

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

While starting

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

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

To follow the status of the article;

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

Similarity Report

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

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

Cover Letter

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

Ethics in Publishing

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

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

PREPARATION OF MANUSCRIPTS

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

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

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

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

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

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

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

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

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

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

First Page

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

Author Names and Affiliation

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

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



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

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

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

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

Abstract

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

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

Keywords

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

Following pages

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

Introduction

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

Material and Methods

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

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

Results

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

Discussion

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

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

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

Examples:

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

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

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

Financial support acknowledgwment should be written like the example given:

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

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

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

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

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

Authorship Contributions

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

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

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

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

Full name/s: Visualization, Investigation

Full name/s: Supervision

Full name/s: Software, Validation

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

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

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

Changes to Authorship

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

Conflict of Interest Statement

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

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

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

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

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

Ethics Approval

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

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

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

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

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

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

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

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

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

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

Data Availability

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

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

Examples:

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

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

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

Data availability: All relevant data is in the article.

Scientific Style

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



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

Equations and units

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

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

Footnotes

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

References

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

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

In-Text Citation

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

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

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

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

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

One author:

Consider the following examples:

SOOI (Kocatas, 1978)

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

Two authors:

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

Consider the following examples:

EIUPT (Geldiay and Ergen, 1972)

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

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

More than two authors:

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

See below examples:

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

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

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

Two or more works by different author:

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

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

Two or more works by the same author:

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

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

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

For Example:

-Geldiay and Ergen, 1972a

-Geldiay and Ergen, 1972a, b

No authors:

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

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

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

No publication date:

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

Example: (Geldiay, n.d.).

Citation to secondary sources:

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

For Example:

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

Personal communication and unpublished results:

Personal communications, such as phone calls, emails, and interviews, are not included in
the reference list because readers can’t access them. The in-text citation is also formatted
slightly differently as follow:

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

Example:
- Demands have been increasing lately. (A. Kale, personal communication, May 10, 2021).

General use of websites and software:

It should be showed as below.

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

In References

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

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

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

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

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

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

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

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

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

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

For example:

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

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

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

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

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

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

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

For example:

Kocatas, A. (1978)

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

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

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

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

conform to the following examples:

Journal Articles

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

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

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

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

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

Chapter in books

Gollasch, S. (2007). Is ballast water a major dispersal mechanism for marine organisms? In
W. Nentwig (Ed.), Biological Invasions (pp. 29-57). Berlin: Springer.
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Abstract: This study was based on the molecular identification of endoparasites sampled from three economically valuable fish species caught from the
waters of the Canakkale (TUrkiye). Subjected samples in the study were from chub mackerel (Scomber japonicus Houttuyn, 1782), anchovy (Engraulis
encrasicolus Linnaeus, 1758), and bogue (Boops boops Linnaeus, 1758) without gender discrimination. The nematode parasites obtained from the samples
were sent to molecular diagnostic laboratories in alcohol and the results were interpreted. As a result of the study, Anisakis typica (Diesing, 1860) Baylis, 1920
and Anisakis pegreffii Campana-Rouget and Biocca, 1955 were isolated from the chub mackerel fish and Anisakis pegreffii species were also isolated from
anchovy and bogue. This parasite was the most isolated nematode parasite among all nematodes.

Keywords: Anisakis pegreffii, Anisakis typica, phylogenetic tree, molecular, Canakkale, Aegean Sea

0z: Bu galisma, Ganakkale (Tiirkiye) sularindan yakalanan ekonomik agidan degerli tig balik tiirinden 6meklenen endoparazitlerin molekiiler tanimlanmasina
dayanmaktadir. Calismada cinsiyet ayrimi yapiimaksizin kolyoz (Scomber japonicus Houttuyn, 1782), hamsi (Engraulis encrasicolus Linnaeus, 1758) ve
kupes (Boops boops Linnaeus, 1758) baliklarindan ornekler alinmistir. Omeklerden elde edilen nematod parazitler alkol icerisinde molekiiler tani
laboratuvarlarina génderilmis ve sonuglar yorumlanmistir. Calisma sonucunda kolyoz baliklarindan Anisakis typica (Diesing, 1860) Baylis, 1920 ve Anisakis
pegreffii Campana-Rouget ve Biocca, 1955, hamsi ve kupes baliklarindan ise Anisakis pegreffii tiirleri izole edilmistir. Bu parazitin tiim nematodlar arasinda
en fazla izole edilen nematod parazit oldugu gérilmstir.

Anahtar kelimeler: Anisakis pegreffii, Anisakis typica, filogenetik ajac, molekiiler, Canakkale, Ege Denizi

INTRODUCTION

Seafood, which is one of the most valuable food sources,
especially fish, contains all the amino acids required for the
protection and development of tissues in the human body,
being rich in unsaturated fatty acids (omega 9, omega 6, and
omega 3) and being easily digestible, vitamins and minerals
necessary for humans. It is one of the most valuable food
sources that can meet this need with its rich content, high
cholesterol, and blood pressure, cardiovascular diseases,
diabetes for adults, and protection of the human body against
some types of cancer (Ozkan and Koca, 2006; Turan et al.,

cause these diseases are widely spread in nature. Some
commercially important fish species, which are not yet
produced, are under the threat of disease factors that can be
found free and need a living thing to cling to at another stage
of their lives. So much so that disease agents with this complex
life cycle can also use humans and other mammals as a
destination. In this context, anisakids, which are included in the
life cycle of fish, have been declared by the European Food
Safety Authority (2010) as the "biological hazard" of the highest
importance in seafood products (Biohaz, 2023). Various

2006).

Fish production has shown a rapid increase in both
aquaculture and hunting due to the increase in demand in
recent years. In addition to the increased production amount
with the increase in the need, it also brought the existence of
serious disease factors. While the diseases observed in the
aquaculture area can be easily eliminated, the diseases cannot
be prevented in the hunting area. Because the organisms that

negative factors reduce the quality and nutritional value of fish
meat. Among these factors, various diseases caused by
viruses and bacteria as well as parasites were reported
previously (Ozkan and Koca, 2006). Although fish parasites
rarely cause problems in the natural environment, it is known
that they reduce the nutritional value of fish in aquaculture,
negatively affect their growth, reproduction, and nutrition,
cause serious disease outbreaks, and thus adversely affect the
fishing industry (Quiazon, 2015).

© Published by Ege University Faculty of Fisheries, izmir, Tiirkiye
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The genera Anisakis (Dujardin, 1845), Pseudoterranova,
and Hysterothylacium are nematode parasites of the family
Anisakidea (Angeles-Hernandez et al., 2020). Anisakis simplex
(Rudolphi, 1809) Dujardin, 1845, Anisakis pegreffii, and
Pseudoterranova decipiens, (Krabbe, 1878) Gibson, 1983 are
of main public health interest. Anisakiasis is a zoonotic disease
caused by the consumption of raw or undercooked seafood
containing larval nematodes of the Anisakis, Pseudoterranova,
and Contracaecum genera in the Anisakidae family. People
catch this infection by consuming some seafood raw or
undercooked. Consumption of fish after being caught, frozen
without being cleaned, and stored for a certain period, caused
an increase in anisakiasis events. On the other hand, if the fish
are cleaned as soon as they are caught, the risk of infection
decreases when the parasites in the digestive system are
removed before they pass into the muscles (Sarimehmetoglu
and Doganay, 1999; Hochberg and Hamer, 2010; FAO/WHO,
2012; Ludovisi et al., 2017). Anisakiasis is clinically acute or
chronic in the human gastrointestinal tract. In addition, allergies
occur in individuals sensitive to this parasite. Seafood has a
very important place in microorganisms transmitted to humans
by food. It is necessary to know the disease factors transmitted
by seafood, which has become an important source of human
food, and to fight effectively. Although parasites are very
common, because seafood is consumed and cooked due to
Turkish cultural habits, infections due to such parasites are
very rare. Due to the increase in consumption of popular and
traditional foods specific to Europe and the Far East in Tiirkiye
in recent years, society needs to be informed about these
issues (Kursun and Erol, 2008; Oktener, 2004).

Species belonging to the genus Contracaecum, and
especially species belonging to the genera Anisakis and
Pseudoterranova, have been associated with
anisakiasis/anisakidosis, both in terms of stomach problems
and as fish-borne pathogens producing allergic reactions.
Although other nematodes such as Hysterothylacium species
of the Rhaphidascarididae family are not thought to be
pathogenic, data have been reported in studies to cause
allergic reactions in humans. Since the Hysterothylacium
parasite seriously inhibits the growth rate and health of the fish
it uses as a host, it can cause death by lowering the immune
systems of the fish. A group of these parasitic creatures called
zoonosis includes individuals belonging to the Anisakidae
family (Audicana et al., 2002; Mattiucci et al., 2017; Li et al.,
2016).

Anisakid nematode larvae are the most isolated parasites
from aquatic organisms. Nematode parasites are creatures
with a complex life cycle. They use different intermediate hosts
throughout their lives. Parasitic nematodes use different
intermediate hosts throughout their lives - fish and
invertebrates. Their final hosts are usually humans or other
mammals. These creatures, which pass to humans in larval
three and larval four stages, are called zoonotic parasites. It is
transmitted to humans by consuming raw or undercooked
seafood. Species identification is difficult when nematodes are

in larval form. The naming of species may not go beyond genus
size in microscopic examinations in terms of morphology.
Molecular diagnostic techniques are used for definitive
diagnosis. Sometimes, even molecular diagnostic methods
may not provide an easy and accurate diagnosis for the
identification of the living thing. While some subspecies will
cause the living thing to diverge with a single gene, it may
create the idea that it shows the gene sequence of the same
parasite (Balbuena et al., 2000; Chaia et. al., 2005).

Humans are infected with two species of Anisakis, A.
simplex stricto, and A. pegreffii. It has also been confirmed by
molecular techniques that these two species cause human
infections. Improving taxonomic definitions by using molecular
diagnostic methods as well as traditional methods for specific
identification will help to understand the biological, ecological,
and epidemiological aspects of nematodes by shedding light
on their life cycles and geographical distributions.

MATERIALS AND METHODS

Fish were sampled monthly from the Canakkale Fish
Market for 12 months between September 2019 and 2020. In
the research, a total of 1337 fish, and nematode parasites were
collected.

As a result of the observations made, generally, free-
moving nematode parasite individuals were found buried on
the internal organ surfaces of the fish. All parasites in each fish
were carefully collected and taken into 99.9% absolute ethanol
for microscopic examinations and molecular determinations.

Molecular diagnosis of nematodes isolated from fish
species carried out with manufacturer procedure (Pekmezci,
2021; Mattiuci et al., 2011). EurX GeneMATRIX Tissue &
Bacterial DNA isolation kit (Poland) used for DNA isolation from
fish species. Spectrophotometric measurement was performed
on Thermo Scientific Nanodrop 2000 (USA) device to control
the amount and purity of DNA obtained after DNA isolation.
Targeted genes for species identification in molecular
diagnosis of nematodes, primers of the COll region (211F: 5-
TTTTCT AGT TATATAGATTGR TTY AT-3')- (210R: 5- CAC
CAACTC TTAAAATTATC-3'") (PCR optimization was done a
company) was replicated in a kyratec thermocycler device. In
the study, the PCR mix was adjusted to be 35 ul (Table 1). The
following PCR cycle was then performed (Table 2).

Table 1. PCR mixes for the COIl gene region

Compound Stock Concentration Reaction Concentration
PCR Buffer 10X 1X

MgCI2 25mM 1,5mM

dNTP mix 20 mM 0,2 mM

F. Primer 10 uM 0,3 uM

R. Primer 10 uM 0,3uM

Taq DNA Polymerase 5U/l 2U

DNA template 3l

Makeup to 35 pl with PCR-grade water.
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Table 2. The following PCR cycle was then performed

Stage Definition Temperature Duration
1 initial denaturation 95°C 5 min. } 40 cycle
2 denaturation 95°C 45 sec.
3 annealing 54°C 45 sec.
4 extension 72°C 60 sec.
5 final extension 72°C 5min.
stop 4°C 0

The amplification products obtained by PCR were run on a
1.5% agarose gel prepared with 1x TAE buffer at a 100-volt
current for 90 minutes by electrophoresis. PCR products
showing single bands in the gel were purified according to the
procedures for sequencing using the MAGBIO "HighPrep™
PCR Clean-up System" (AC-60005) purification kit. Sequence
analysis was performed at the Macrogen Netherlands
laboratory with the ABI 3730XL Sanger sequencing device
(Applied Biosystems, Foster City, CA). The nematode species
were detected using the NCBI blast program.

The results of the sequence analysis of the COIll gene
region were used in MolBio Tools program, which can perform
online restriction analysis, and in silico restriction, cuts were
performed with Haelll, Hhal, and Hinfl enzymes. The
nematode A. pegreffii with the code NC_034329.1 retrieved
from the NCBI genome database was used as a reference.

RESULTS

This study was carried out to determine the nematode
species isolated from some fish with high economic value
taken from the Canakkale (Turkiye) fish market of the isolated
137 parasites. The figures showed that the most common
parasitism was in chub mackerel, and it was the slightest
common fish species with 2 parasites in the bogue included in
the study. The COIl gene region was used for the molecular
characterization of nematodes isolated from fish samples. After
PCR amplification of the COIl gene region, DNA sequence
analysis was performed with the ABI 3730XL Sanger-
sequencing device (Applied Biosystems, Foster City, CA). The
obtained COIl gene sequences were analyzed using BLAST
tool on NCBI database and the isolated nematode samples
were identified. As a result of the sequence analysis,
nematodes (99.5%-100%) isolated from anchovy determined
as A. pegreffii, those isolated from Bogue (99.50-99.83%)
determined as A. pegreffii and the nematodes isolated from
chub mackerel were defined as A. pegreffii and A. typica
(99.67%-100%). The COIl gene sequences of identified
nematodes were submitted on the GenBank platform and
accession numbers for sequences were attained and
accession numbers were shown in Figure 1.

The determining phylogenetic relationship of identified
nematodes, all the COIl sequences were aligned using MEGA
11 software and ClustalW v1.6 alignment tool with default
parameters. The Neighbour-joining tree was constructed by

using the Bootstrap method with 1000 replicates. A bootstrap
value of above %60 was given in branches (Figure 1).

NC 034329.1 A. pegreffii

OP5235267 A. pegreffii

OP525263 A. pegreffii

100

OP525264 A. pegreffii

OP525259 A. pegreffii

OP523258 A. pegreffii

OP523260 A. pegreffii

OP5235257 A. pegreffii

OP525265 A. pegreffii

OP525250 A. twpica

AB517571.1 A. fypica

NC 031645.1 P. decipiens sensiu
Figure 1. Phylogenetic tree for nematodes

Al A. pegreffii species showed two restriction profiles
because of in-silico restriction cuts. While 11 A. pegreffii in the
first profile did not have cleavage sites for Haelll and Hhal
enzymes, it was found to have two cleavage sites for Hhal
enzyme (302-205-88).

It was determined that the nematode parasite A. pegreffii
from Bogue 3 similarly did not have a cleavage site for the
enzyme Haelll and Hhal but had a single cleavage site for the
enzyme Hinfl (305-301) (Table 3). A. pegreffii nematode with
the code NC_034329.1 obtained from the NCBI genome
database was used as a reference and it was seen that it had
the same restriction profile as 11 species as a result of in-silico
analysis. As a result of in-silico restriction analysis of the COI
gene region of the nematode parasite from Spanish mackerel
1, it was seen that there was no cut-off region for the Hhal
enzyme, but it had two cut-off regions for Haelll and a single
cut-off region for Hinfl.

As a result of DNA sequence analysis, the difference of A.
pegreffiinematode from Bogue 3 from other nematode species
is due to the difference in a single nucleotide, 5-AANTC-3',
while it should be 5'-G*ANTC-3'in the sequence corresponding
to the restriction cut site for the Hinfl enzyme. is thought to be
possible.

The nematodes that are the subject of the study; It was
isolated from the gastrointestinal systems of fish, body cavities
with gonads and pyloric caeca, and the liver. No parasite
formation was observed on edible meat during the study.
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Table 3. Restriction profile of detected nematodes

Rest Profile Host Identified Species  Seq Length (bp) Haelll Hhal Hinfl
Anchovy 3 A. pegreffii 595 - - 302-205-88
Chub Mackerel 3 A. pegreffii 600 - - 306-206-88
™ Bogue 1 A. pegreffii 604 - - 304-212-88
NC_034329.1 A. pegreffii -Ref 697 - - 333-249-88-27
P-2 Bogue 3 A. pegreffii 606 - - 305-301
Chub Mackerel 1 A. typica 576 359-135-82 306-270
P KF356652.1 A.typica-Ref 600 356-162-82 303-209-88
DISCUSSION were collected from the specified regions, and sequencing with

Considering the zoonotic characteristics of Anisakid
species, food safety and public health need to determine the
presence and occurrence of Anisakid nematode larvae,
especially in different fish species used for human
consumption. In addition, the European Food Safety Authority
(EFSA, 2010) recommends that it is important for public health
to regularly collect data on the microhabitats, infection rates,
densities, seasonal and geographical distributions, and life
cycles of parasites in fish caught from the natural environment.
The data of the species is due diligence in the fish caught from
the Northern Aegean Sea coasts of our country and includes
basic data of the species.

The study was carried out in the Canakkale region of the
North Aegean Sea. In the study, 137 nematode larvae were
collected. From the isolated parasites, 30 were selected by
visual separation under the microscope and the molecular
diagnosis was made. The remaining parasites were identified
by the traditional method. A molecular examination of these
larvae revealed that most of them were A. pegreffii, and one
isolate was A. typica. The parasites found were living freely in
the internal organs and body cavities of the fish. While it was
observed that the most infected species was chub mackerel,
two nematode isolations were observed from the bogue
examined in the study. Obtained nematodes were identified by
molecular analysis. The molecular technique used is
sequencing by sequence analysis. In a study conducted in the
Aegean Sea, it was determined that the nematodes obtained
were also individuals belonging to the Anisakidae family. The
PCR-RLFP technique was used in the study, and it was defined
as A. pegreffii and A. pegreffii hybridized with A. simplex
(Chaligiannisa et al., 2012).

Klimpe et al. (2011) investigated the deep-water life cycle
of Anisakis paggiae, in the Irminder sea and their distribution
among Kogiid Whales. In the study, they stated that the whale
is a typical final host and stated that the A. paggiae species
was transported to other seas by migratory whales. In addition,
nematodes were isolated from the stomach, pyloric caeca,
intestine, gonads, and body cavity of the creature, and their
identification was made using PCR amplification and
sequencing of ITS-1, 5.8, and ITS-2. In our study, nematodes

the sequencing method was used to identify the samples.

DNA, ITS-1 analysis in anisakid nematodes isolated from
the muscles of Codfish in a study from the Norwegian Seas:
amplification, NC5 (forward) 5 GTA GGT GAA CCT GCG GAA
GGA TCATT 3 and NC13R (reverse) 5 GCT GCG TTC TTC
ATC was constructed using GAT 3 primers. As a result of the
study, Anisakis simplex, Pseudoterranova decipiens,
Pseudoterranova krabbei, and their hybrid formations were
identified. In the sampling areas named FAO ILA1 and ILA2,
the prevalence of infection with Anisakidae nematodes was
high, 88% in FAO lla1 and 75% in FAOQ lla2, but the parasite
fauna composition was different. While the prevalence of
infection with FAO lla1' Pseudoterranova sp. was 14% lower,
this rate was found to be 39% in FAQ lla2. A reverse trend was
observed for the higher prevalence of Anisakis infection in FAO
lla1 (88%) than in FAO lla2 (55%). The intensity of infection
with  Anisakidae parasites differed in both areas:
Pseudoterranova spp. Up to 8 parasites per infected fish
(abundance 0.44) in FAO lla1 and up to 53 parasites per fish
(abundance 4.34) in FAQ lla2; Anisakis spp. They stated that
there are up to 30 parasites per fish (abundance 4.46) and up
to 25 parasites per fish (abundance 2.32), respectively
(Nadolna-Altyn et al., 2022).

Bannai and Jori (2022) conducted a study on the infection
of anisakid nematodes, which they isolated from two marine
fish species they caught from the northwest of the Arabian Gulf.
The study contains various information about the structure of
the anisakid population. The nematode parasites isolated from
the peritoneum and viscera of Epinephelus diacanthus and E.
coioides fish were subjected to molecular analysis by
amplifying the internally transcribed ITS and ITS-1 spacers of
nuclear rDNA (rDNA) by PCR using NC13R DNA products,
NC5/NC2 and SS1/ primer sets. As a result of evolutionary
analyzes based on percent identity in the GenBank database
in MEGA X., nematodes isolated from anisakid nematodes,
especially Hysterothylacium spp. showed that it belonged to
nine different taxa. They noted that the presence of individuals
of the same species in a host might cause these genetic
variations at the species level. We also saw in our study that
most nematodes isolated from four different fish individuals
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belonged to the A. pegreffii species, and one of them belonged
to the Anisakis typica species. This showed us how wide a
distribution network the individuals belonging to the anisakidae
family are and that they can form an advanced population of
very different fish individuals.

Liu et al. (2022) aimed to summarize the prevalence of
anisakid infection in fish in their study in eastern China. They
conducted a systematic review and meta-analysis using five
bibliographic databases (PubMed, CNKI, ScienceDirect,
WanFang, and VIP Chinese Journal Databases). They
reported that anisakid nematodes are common in a wide
variety of fish species, and the prevalence of anisakid
nematodes in fish in China is 45.5%. They found that fresh fish
had the highest prevalence rate (58.1%). The highest
prevalence rate was observed in East China (55.3%), and fish
from the East China Sea showed the highest prevalence of
anisakid nematodes (76.8%). In these studies, they stated that
molecular techniques were used as well as traditional methods
for species determination. In our study, the presence of
nematode parasites embedded in the visceral surfaces of the
fish bought fresh from the fish market or freely circulating in the
body cavity were detected in some fish species, especially from
the Canakkale fish market and which can be bought and
consumed by people from all income levels. It was observed
that the annual nematode rate was 4.26%. It has been
determined that the most nematode fish in the Canakkale Strait
are chub mackerel. The highest prevalence was calculated in
March with 47 (10.68%).

To minimize the negative effects of parasite species, it is
necessary to consider issues such as which type of parasite is
sheltered in which fish, the seasonal prevalence of parasites,
and the effects of length and weight factors on housing. It is
more important to investigate parasites in fish with high
economic value and used for feeding purposes. Because when
enough information about parasites is obtained, it will be easier
to eliminate the environments that create them. Thus, because
of combating very dangerous ones, the desired efficiency will
be achieved. At the same time, increasing the studies on fish
parasites will enable the introduction of new species to the
parasite fauna of our country and the reaffirmation of existing
species.
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When parasites are transmitted to fish, they have a negative
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As a result, in the data obtained from the study, it was
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Abstract: In this study, the growth parameters of big-scale sand smelt (Atherina boyeri Risso, 1810) in Iznik Lake has been determined with traditional (length
weight relationships (LWRs), von Bertalanffy (VB), condition factor (CF)) and modern approaches (Artificial Neural Networks - ANNs). A total of 635 specimens
(44.84% female and 55.16% male) were collected from the local fisherman during the hunting season between April 2018 to April 2019. Mean fork length (FL)
(mm, min-max), mean W (g, min-max) and mean CF (value, min-max) were estimated as 67.31 mm (40.10 - 97.77 mm), 2.57g (0.53 - 7.50 g), and 0.790
(0.170-1.520) for all individuals. The length-weight relationships were determined W=0.00001437L2852 for female, W=0.00001570L28266 for male and
W=0.00001328L287"7 for all individuals. The von Bertalanffy equations were determined Li=136.218 [1-e(0-240t051)] for female, Li=155.042 [1-e(0-185(+0.73))] for
male, and L=146.916 [1-e-0205t084)] for all individuals. The values in training (MSE (Mean Squared Error) 4.52559¢5, R (correlation coefficients)
9.09347¢"), verification (MSE 4.86111e%, R 9.00931e") and test data (MSE 3.391999¢5, R 9.43465e-") were found in calculations made with ANNs. It was
determined that ANNs could be an alternative for evaluating growth estimation.

Keywords: Artificial Neural Networks, big-scale sand smelt, growth parameters, length weight relationships, von Bertalanffy

0z: Bu calismada iznik Golii'nde yakalanan giimiis baliginin (Atherina boyeri Risso, 1810) biiyiime parametreleri geleneksel (boy agirlik iliskileri (LWR), von
Bertalanffy (VB) ve kondisyon faktorii (CF)) modem yaklasimlarla (yapay sinir aglari) incelenmistir. Av sezonunda bdlge balikgilarindan Nisan 2018-Nisan
2019 tarihleri arasinda toplam 635 adet (%44,84 disi ve %55,16 erkek) birey toplanmistir. Tiim populasyon i¢in ortalama catal boy (FL) 67,31 mm (40,10 -
97,77 mm), ortalama agirlik (W) 2,57 g (0,53 g - 7,50 g ve ortalama CF 0,790 (0,170-1,520) olarak bulunmustur. LWR disi popllasyon icin
W=0,00001437L2802, erkek popilasyon igin W=0,00001570L28266 ve tim poptilasyon i¢in W=0,00001328L28717 olarak bulunmustur. Von Bertalanffy disi, erkek
ve tlim poptilasyonda sirasiyla Li=136,218 [1-e(-0.240t:051)], | :=155,042 [1-e(0.185t0.73)] ve Li=146,916 [1-e-0.205(+064)] olarak tespit edilmistir. Yapay sinir adlari
(YSA) ile yapilan hesaplamalarda egitim, dogrulama ve test verilerindeki MSE (Ortalama Kare Hata) ve R (korelasyon katsayisi) degerleri sirasiyla
4.52559¢5 9,09347¢ 1, 4,86111e%59,00931e-' ve 3,391999¢-5 9,43465¢e-" olarak bulunmustur. YSA'larin bliylime tahmininin degerlendiriimesinde bir alternatif
olabilecegi belirlenmistir.

Anahtar kelimeler: Yapay sinir aglari, gims baligi, bliylime parametreleri, boy agirlik iligkileri, von Bertalanffy

INTRODUCTION

The distribution area of Atherina boyeri includes the
Mediterranean, Black Sea, the Atlantic and Marmara Sea from
south of Spain to Morocco and Madeira (Leonardos and Sinis,
2000; Leonardos 2001). The species have been reported
exotic from Turkiye inland waters from iznik Lake (Cetinkaya et
al., 2011), iznik Lake (Ozeren, 2004), Sapanca Lake (Geldiay
and Balik, 1996), iznik Lake (Gaygusuz, 2006), iznik Lake
(Ozeren, 2009), Mogan Lake (Benzer, 2016), Hirfanli Dam
Lake (Gencoglu and Ekmekgci, 2016), Hirfanli Dam Lake
(Benzer and Benzer, 2017) and Yamula Dam Lake (Benzer,
2020). The Atherina boyeri is considered to be an invasive
exotic fish species in Turkish inland waters (Klicik et al., 2017).

Length-weight relationship (LWR) is significant in fish
biology (Sayfullin and Shakirova, 2014). LWR parameters (a

and b value) allow us to estimate the weight of the fish from the
length, calculate the condition index, and compare the
morphology and life processes of populations in different
habitats (Petrakis and Stergiou, 1995).

Artificial Neural Networks (ANNs) are computer systems
developed to derive new information through learning, which is
one of the features of the human brain. ANNs is a mathematical
modeling of the learning process inspired by the human brain
(Bon and Hui, 2017). Since ANNs have a nonlinear structure,
they perform better than traditional methods in terms of
performance criteria. They can detect nonlinear relationships
without any hypothesis (Hyun et al., 2005; Ttreli Bilen et al.;
2011; Benzer and Benzer, 2016; Benzer and Benzer, 2017;
Ozcan and Serdar, 2018; Ozcan and Serdar, 2019; Ozcan,
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2019; Benzer, 2020; Benzer and Benzer, 2020a; Benzer and
Benzer, 2020b).

In this article, besides the traditional approaches, it is
aimed to determine the ecology, age and growth patterns of
atherinid species with modern approaches. These features aim
to make a useful contribution to the definition of Atherinides as
well as the commonly used traditional taxonomy.

MATERIALS AND METHODS

iznik Lake, which is the largest lake in the Marmara Region
and the fifth largest in Turkiye, has an area of 313 km2. Located
in the southeast of the Marmara Region, within the borders of
Bursa province, between 40°23'-40°30" north latitudes and
29°20'- 29°42' east longitudes, Lake iznik is a tectonic
freshwater lake (Nimann, 1958; Figure 1).

o |1ZNO9/LC3
<
IZNO9/LC1 & LC2

Golayadi
_ Karsak

Figure 1.iznik Lake, Bursa, Tirkiye

Fish samples (635 individuals) were obtained from
fishermen during the hunting season, so ethical approval was
not required. The specimens were fixed within 4%
formaldehyde solution in polyethylene jars and transferred to
the Laboratory. Samples were weighed with a digital scale of £
0.1 g accuracy and lengths measured with an electronic caliper
with an interval of 0.01 mm. Sexes were determined by
examination of the gonads macroscopically., Age
determination was performed from scales (Lagler, 1966) which
taken from the section between dorsal fin and lateral line of
each fish, and examined with a binocular microscope and a
projection device for all Atherina boyeri individuals.

The general regression equation: W = a x Lb was used to
calculate the length-weight relationship, where W weight (g) of
fish, L length (mm) of fish, a and b are the parameters of the
equation (Bagenal and Tesch, 1978).

Growth was calculated using the von Bertalanffy Equations
(VB) growth equation (Sparre and Venema, 1992) and growth
performance index (¢) (Munro and Pauly, 1983).

Ly = Lo, [1 — e-K(t=t0)]
@' =Log K +2.Log Ly,

Lt is the FL (cm) at age t; L~ is asymptotic theoretical
maximum fork length, K is the Brody growth coefficient, t is the
age, fo is the age at zero length and same parameters are
available for W.

One-sample t test was used in the analysis of the data

revealing whether there is a difference between our ¢' value
and ¢' of the studies in the literature. SPSS 23 program was
used in the analysis of the data. Confidence interval was 95%
(significance level 0.05 p<0.05).

The Condition Factor (CF) was calculated for all individual
fish for A. boyeri, by using the conventional formula described
by (Worthington and Ricardo, 1936):

where CF is the condition factor, W (g) is the weight and
L~ (cm) is the length.

Each neuron in the hidden or output layer combines and
modifies the entries in the previous layer, creating a total
connection. The neuron output (y;) is calculated by equation
(Hekayati and Rahimpour, 2017).

M
vi=f (Z WijXij + bij)
i=1

The equation y; gives wj x;j weight evaluations and bias
relation value in the jt" neuron and b;. In the calculation of
ANNs, error functions used in both training and test data were
calculated with the Mean Squared Error (MSE) (Masoud,
2014).

n

1 ~
MSE = ;Z(Yi - %)

i=1

Metrics are used to monitor and measure the performance
of a model (during training and testing). The mean absolute
percentage error (MAPE) is error measure, low result is
measure that show high performance that is inversely
proportional to performance (Wang and Xu, 2004).
Performance metric is a part of ANNs which can be
mathematically written as follows:

100 |ej]
MAPEz—Z—
n £a|4)]

Linear activation function and Levenberg-Marquardt
backpropagation algorithm  (trainlm) are wused in the
configuration of ANNs. The learning rate is 0.01, the number of
iterations is 1000, 15% of the data is used as verification data,
15% is used as test data, and 70% is used as training data.
The transfer function mainly uses a sigmoid or a logistic
function, which gives values in the range of (0,1).

RESULTS

The sex of the species was 44.84 % females and 55.16 %
males (sex ratio 1:1.23). The age of A. boyeri caught from iznik
Lake ranged between | to IV years and among the different age
groups, Il and Ill year classes were dominant in the population.
The sample size of the 1, 2, 3 and 4 age groups (female +
male) was determined as 3 + 3, 143 + 281, 82 + 80, 30 + 13,
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respectively. Mean fork length (FL) (mm, min-max), mean W
(g, min-max) and mean CF (value, min-max) were founded
67.31 (40.10- 97.77), 2.57 (0.53 - 7.50), and 0.790 (0.170-
1.520) for all individuals.

Length-weight relationships were calculated using the data
of all fish samples (Table 1). The b value for females was
higher than for male’s individual. The relationship between the
age and length is given in Figure 2 as a von Bertalanffy growth.

Table 1. LWRs growth equations and parameters of A. boyeri population in iznik Lake
Sex (Individual number) LWRs growth equations R2 L~ to K o'
Female (258) W=0.00001437 L2802 0.947 136.258 -0.51 0.240 3.74
Male (377) W=0.00001570 L2826 0.942 155.042 -0.73 0.185 3.73
Female + Male (635) W=0.00001328 L28717 0.941 146.919 -0.64 0.205 3.82

Rz correlation coefficients, L-: asymptotic theoretical maximum fork length, t,: age at zero length, K: Brody growth coefficient, ¢":growth performance index
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Figure 2.von Bertalanffy growth equations of A. boyeri in Iznik Lake

The values in training (MSE (Mean Squared Error)
4.52559¢5, R (correlation coefficients) 9.09347e?), verification
(MSE 4.86111e®, R 9.00931e") and test data (MSE
3.391999%¢5, R 9.43465¢e") were found in calculations made
with ANNs. It is seen that it was gathered around the
normalization line when the distribution of the data was
examined (Figure 3).

After determining that the data distribution is appropriate,
ANNs model to be used with coding written with MATLAB
application was established (Figure 4). It is used as age, sex
and fork length as input data; weight data is also used as output
data. The hidden layer was set up as 10. ANNs result
relationships can be seen in Figure 5. The mean FL and W
values for 1, 2, 3 and 4 years and the mean values obtained
from the ANN model, LWR and VB equations are presented in
Table 2.

Error Histogram with 20 Bins

Instances

g 838538

‘omsaol
e
a2
02549
ezt
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-4
x
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Figure 3.Distribution of data from iznik Lake

Hidden Layer Output Layer

Input Output
~_ l o5
1

b3

Figure 4.Artificial Neural Networks Model

Table 2.iznik Lake data and calculated values for ANNs, LWR and VB
(Mean Fork Length (FL): mm; Mean Weight (W): g)

lznik ANNs MAPE |WR MAPE VB MAPE

A —F R R FL R FL FL
wWow W W W W W

1 41950 42120 0405 43395 3445 40947 2390
0669 0671 0299 0607 9267 0512 23467
2 61.652 61820 0273 62370 1.165 61403 0.403
1896 1905 0475 1883 0685 1530 19.303
3 76.981 77130 0194 78184 1.562 77.253 0.353
3628 3733 2894 3872 6.725 2.958 18467
4 90.241 90310 0.077 90585 0.381 90.165 0.084

5537 5486 0921 5477 1.083 4612 16.705

FL: Fork length, W: Weight
DISCUSSION

Cetinkaya et al. (2011) (2.5:1), Ozeren (2009) (1.7:1) and
Gengoglu and Ekmekgi (2016) (1.14:1) reported higher ratios
than female male sex ratio of A. boyeri in Iznik Lake (1:1.46).
Although the gender ratio in most species is close to 1, it can
vary from species to species, differ from one population to
another, and may vary from year to year in the same population
(Clarke, 1983).

The slope (b) values of the LWR in all gender is found as a
2.8717. Bigger b values for A. boyeri were reported by
Bartulovic et al. (2006), Pombo et al. (2005), Gaygusuz (2006),
Ozeren (2009), Patimar et al. (2009), Cetinkaya et al. (2011),
Lorenzoni et al. (2015), Gengoglu and Ekmekgi (2016),
Boudinar et al. (2016), llhan and llhan (2018), but it differed
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from those found by Benzer (2016, 2020), Benzer and Benzer
(2017, 2019) (Table 3). The fact that the b value of the
individual in our study was b<3 is considered to be a factor,

Training: R=0.90935

0.09 |

0.08 |

0.07 |

0.06

0.05

0.04

0.03

Output ~= 0.83'Target +0.0062

0.02

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Target

o Co

Output ~= 0.84'Target +0.0048

0.02 0.03 004 005 006 007 008 0.09
Target

In all L~ value in the von Bertalanffy equations examined,
L~ value of Pombo et al. (2005), Bartulovic et al. (2006),
Gaygusuz (2006), Ozeren (2009), Lorenzoni et al. (2015),
Boudinar et al. (2016) were smaller iznik Lake. Patimar et al.
(2009) and Cetinkaya et al. (2011) reported higher L~ value
than iznik Lake (Table 4). Although the (L-) values obtained
are similar to other studies, the difference in the studies can be
explained by changes in environmental conditions and
temperature. For example, L~ wil increase when the
temperature decreases (Kyritsi and Kokkinakis, 2020).

In all growth performance index examined, @' value of
Pombo et al. (2005), Lorenzoni et al. (2015), Gengoglu and
Ekmekgi (2016), Bartulovic et al. (2006), Boudinar et al. (2016),
were smaller iznik Lake. Gaygusuz (2006), Ozeren (2009),
Patimar et al. (2009) and Cetinkaya et al. (2011) reported
higher ¢' value than iznik Lake (Table 4). The ¢' value
determined in this study was tested with the phi-prime index
values in all studies and was found to represent the value in
the 95% confidence interval (3.1526 -3.9703).

Although there was no enough study about condition factor
value of A.boyeriin the literature; Cetinkaya et al. (2011) (0.780
for male and 0.822 for female) and Benzer and Benzer (2020c)
reported similar condition value (0.804 for all gender) with A.
boyeri in iznik Lake (0.790 for all gender).

The results obtained with ANNs gave better MAPE results
compared to LWR and VB results (Table 2). The MAPE value

either that the large samples are elongated by changing their
body shape or that the small individual are well fed (Kuriakose,
2017).

Validation: R=0.90093
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Figure 5. Regression curves by Artificial Neural Networks of A. boyeri in Iznik Lake

of the model considered in the estimate should be less than
20%. The performance that gives the smallest value is
determined as the highest model (Gilliland, 2010). According
to these results, ANNs method has been found to give better
predictive results in all cases. The obtained results are
examined, it is determined that the best results are given by
ANNs, VB and LWR respectively.

A.boyeriis generally distributed among the stagnant water
systems of the Mediterranean coast, the Black Sea, the Azov
Sea and the Caspian Sea (Kottelat and Freyhof, 2007).
Although their natural distribution areas are marine and
transition water systems, they have entered freshwater
resources and are described as alien species in these habitats.
It is an economically important species due to the export of
A.boyeri in Tlrkiye. A.boyeri is an invasive species. It is
important for economic, and their proliferation increases
rapidly. A.boyeri needs to be followed in many ecosystems for
all the reasons.

For years, many scientists have studied the superiority of
artificial intelligence (Al) in solving regression problems over
conventional classification and statistical models.Benzer and
Benzer, (2016) studied the performance of an artificial neural
network model, as one of the benchmark modeling techniques
in Machine Learning studies, and a statistical linear regression
model in fish growth in Mogan Lake. Elsewhere, Benzer et al.
(2022) classified the fish age by taking into account the
biological characteristics of the fish.
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Table 3. Comparison of A. boyeri length-weight parameters in different locations

Study Area n a b R2 GT Reference
Ria de Aveiro 2503 3.3x10° 3.35 - A+ Pombo et al. (2005)
Mala Neratva River 1200 34 %103 3.24 - A+  Bartulavic et al. (2006)
iznik Lake 1136 3.2x10% 3.336 0.991 A+  Gaygusuz (2006)
iznik Lake 922 4.0x10¥ 3.20 0978 A+  Ozeren (2009)
. 5.3 x10% 3.06m )
Gomishan Wetland 2256 5.0 % 10% 3.0630" - A+ Patimar et al. (2009)
i 8.0 x 10 2.98m 0993 A- )
Iznik Lake 237 745 x 103 3.05' 0996 A+ Getinkaya et al. (2011)
. -2.326 3.139m 0956 A+ .
Trasimeno Lake 3998 2366 3168 0968 A+ Lorenzoni et al. (2015)
Hirfanli Dam Lake 674 3x10¢ 3.16 - A+ Gengoglu and Ekmekgi (2016)
Mellah Lagoon 1402 4.6x103 3.179 0.944 A+ Boudinaretal. (2016)
Mogan Lake 488 1.374 x 10% 2.81 0.964 A-  Benzer (2016)
1.3x102 2.77m 0971 A-
Hirfanli Dam Lake 1449 1.7x102 2.62f 0.977 A-  Benzerand Benzer (2017)
1.39 x 10 2.74 0973 A-
Marmara Lake 185 5.9 x 10+ 3.118 0.920 A+ llhanand llhan (2018)
1.2x103 2.67m 0983 A-
Sureyyabey Dam Lake 394 6.7 x10° 2.95f 0.969 A-  Benzerand Benzer (2019)
6.4 x 10 3.00 0.970 |
594 9.7 x 10 2.8690 0950 A-
Yamula Dam Lake 516 10.7 x 102 28169 0934 A- Benzer (2020)
) 1.570 x 105 2.8266m  0.942 A-
Iznik Lake 635 1437 x 105 2.8602f 0.947  A-  This Study
1.328 x 105 2.8717 0941 A-

n:number, a: regression intercept, b: regression slope, Rz coefficient of determination, GT: shape of growth; I: Isometric,

A: Allometric, m: male, f: female, “mm

Table 4. Comparison of A. boyeri growth parameters in different locations

n tm L K to Q' Reference
Ria de Aveiro 2503 3 11.6 0.099 -3.797 2.59  Pombo et al. (2005)
Mala Neratva River 1200 - 13.503 Bartulavic et al. (2006)
iznik Lake 1136 4 128.83° 0.305  -0.089 393  Gaygusuz (2006)
iznik Lake 922 4 141.11° 0270  -0.490 398  Ozeren (2009)
) 15517 0280 -0.738 4.21 )
Gomishan Wetland 2256 4 162.77" 09270 0.727 496 Patimar et al. (2009)
iznik Lake 237 4 15.6 0.238  -0.199 406  Cetinkaya etal. (2011)
Trasimeno Lake 3998 4 10.031 0.180  -0.443 1.65  Lorenzonietal. (2015)
. 151.02m 0148  -0.148 3.52 ; .
Hirfanli Dam Lake 674 4 156.78" 0497  -0197 388 Gencoglu and Ekmekgi (2016)
9.49m 0316  -0.928 335 )
Mellah Lagoon 1402 3 1167 0179 1514 314 Boudinar et al. (2016)
) 136.258"  0.510  -0.240 374
Iznik Lake 635 4 155.042™  0.730  -0.185 3.73  This Study
146.919° 0640  -0.205 3.82

n:number, tn: maximum age of the sample, L-: asymptotic theoretical maximum fork length, K: brody growth coefficient,
fo: age at zero length, ¢" growth performance index, m: male, f: female, *mm.

Using artificial intelligence studies for long-term population
monitoring with fewer samples in a certain ecosystem is
considered advantageous for ecosystem protection and rapid
calculation. It will be useful to evaluate it together with
traditional methods.

CONCLUSION

As a result, it was found that the use of ANNs as a
prediction tool provides high performance in A.boyeri

individuals in Iznik Lake. The distribution areas of these
invasive species should be determined to prevent irreparable
losses in fish biological diversity in the world. Necessary
studies should be carried out to determine the invasive fish
action plans on native fish species in habitats such as fisheries,
disease, hybridization, food, and habitat competition. It is found
that the population of A.boyeri reflects the expected and
previously observed features of the species in natural waters,
but it is necessary to activate the national law of fishing,
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exploiting and protecting aquatic resources to continuation the
fish populations in the freshwater as an economic resource.
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Abstract: This study is on the relationships between the abundances, of cnidarians and echinoderms found in Cardak Lagoon and environmental variables.
The benthos samples were collected in three replicates in October 2018, February, April, and June 2019, using a metal framed quadrat system of 100 x 100
cm and 393 cm? sediment core by a SCUBA diver. Sediment material was collected at 7 sampling points of Cardak Lagoon in Canakkale Strait. A total of 259
individuals belonging to phylum, Cnidaria and Echinodermata were found in the study area. Cnidarian, Actinia sp. and echinoderm, Asterina gibbosa were the
most dominant species. The highest positive correlation value was between Cnidaria species number and organic matter (OM%) content in the sediment. The
highest negative correlation value was between Echinodermata species number and NO2+NOs in lagoon system.

Keywords: Macrozoobenthos, lagoon biodiversity, environmental variables, Gardak Lagoon, Ganakkale Strait

0z: Bu calisma, Cardak Lagiinii'nde bulunan Cnidaria ve Echinodermata gruplarinin bolluklari ile gevresel degiskenler arasindaki iliskiyi arastirmaktadr.
Benthos drnekleri, bir SCUBA dalgici tarafindan 100 x 100 cm'lik metal cergeveli bir kuadrat ve 393 cm®'liik kor kullanilarak Ekim 2018, Subat, Nisan ve
Haziran 2019'da (ig tekrarli olacak sekilde toplandi. Sediment materyali, Canakkale Bogazi'ndaki Cardak Lagtni’niin 7 6rnekleme noktasindan toplanmistir.
Galisma alaninda Cnidaria ve Echinodermata subelerine ait toplam 259 birey tespit edilmistir. Knidaria tiirli Actinia sp. ve ekinoderm, Asterina gibbosa en
baskin tiirlerdir. En yiksek pozitif korelasyon degeri (r=0.94; p<0.01), Cnidaria tiir sayis! ile sedimandaki organik madde (%OM) icerigi arasinda olmustur.

Lagiin sistemde en yiiksek negatif korelasyon degeri (r=-0.921; p<0.01) Echinodermata grubuna ait tiir sayisi ile NO2+NOs arasinda bulunmustur.
Anahtar kelimeler: Makrozoobentoz, lagiin biyogesitliligi, cevresel dediskenler, Cardak Lagiini, Canakkale Bogazi

INTRODUCTION

Coastal lagoons are complex systems that are highly
affected by biological and physical changes. Due to the low
influx of seawater (Ranasinghe and Pattiaratchi,1999), lagoons
are often characterized by strong fluctuations in environmental
variables that change the structure and distribution pattern of
organisms. The diversity of the macrozoobenthos is very
important in determining the quality of the biodiversity of a
lagoon. Macrozoobenthos is an important component of lagoon
systems, significantly altering the physical structure of the
abiotic or biotic formations that make up the habitat and directly
or indirectly affecting the availability of resources for other
species (Lu, 2005). Macrozoobenthic assemblages are an
important food source for organisms in the upper group of the
trophic chain (Dauer, 1993). In addition, benthic macrofauna
protects the water and contributes to improving water quality
by mineralizing and recycling organic material, as well as
decomposing organic material. (Sarker et al., 2016). Benthic
communities are used as indicators in environmental impact
studies (Warwick, 1993) to determine the types and levels of
pollutants and to assess the environmental quality of coastal

systems (Ponti and Abbiati, 2004; Boutoumit et al., 2021; Hisli
etal,, 2022).

Cnidarians and echinoderms are important components of
the macrozoobenthos and indicators for ecological quality
(Boutoumit et al., 2021). The phylum, Echinodermata is one of
the major components commonly found in marine benthos and
plays a variety of important ecological roles (Menge, 1992).
Echinoderms, being sensitive to environmental changes, are
important for ecological studies as indicator organisms for
detecting changes in the food chain (Ozbek, 2013).
Echinoderms are associated with commercially important
benthic resources and are the most commonly affected
epibiotic community, accounting for a large proportion of
bycatch in coastal or open-water fisheries (Escolar, 2010).
Cnidarians are common in marine environments and they are
represented by several species in estuaries, lagoons and/or
freshwater. Benthic Cnidaria in particular is an important group
of the benthos of various marine habitats, where they often
form characteristic assemblages (Boero, 1984). They are
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known as indicator species in the marine environment because
their colonies are sessile and respond rapidly and variably to
stress (Mergner, 1977; Gili and Hughes, 1995).

Although many studies on the biological status and
aquaculture of Cardak Lagoon were carried out (Alparslan et
al., 1999; Alparslan et al., 2004; Caliskan et al., 2011; Vural et
al., 2015; Vural and Acarli, 2021a, b; Vural, 2022), there is no
detailed study on the macrozoobenthic structure of the lagoon.
Knowledge of species composition of an ecosystem is one of
the most fundamental aspects of biodiversity studies
(Nascimento et al., 2019; Ahuatzin-Hernandez et al., 2020).
Providing this information enriches the value of an ecosystem
and enables better management of natural resources.
Therefore, the aim of this study is to determine the relationship
between cnidaria and echinoderm species distributed in
Cardak Lagoon, which has ecological and economical
importance, with environmental variables.

MATERIALS AND METHODS
Study area

The study site is Cardak Lagoon has a 180-ha saltwater
area with an average depth of 1,5 m (GTHB, 1997) in the
northeast of Ganakkale Strait is one of the most important
wetlands in the Strait. The lagoon formed between the coastal
arrow and the land area has a length of 7,5 km and an area of
1.3 km2 (Caliskan et al., 2011). The lagoon is under the
influence of the sea waters due to its deep and constantly open
passage. In the lagoon area, sampling was carried out at 7
stations whose coordinates are given below (Figure 1):

St1;40°22°906" N, 26°43'103"E,
St2; 40°23°053" N, 26°437264"E,
St3; 40 "23°203"N, 26°43'491"E,
St4; 40°237345" N, 26°437399" N,
St5; 40°23°278" N, 26°42°988" E,
St6; 40°23°236 "N, 26°42°800" E,
St7; 4072279317 N, 26°42°768" E)

26°43'0"E 26°44'0"E

40°24'0"N

40°23'0"N

s CANAKKALE STRAIT

aiy
B \ﬂ Mamar Seaf

C -

=4 Cefials Stait

TURKEY

26°430°E — 26°430°E
Figure 1. Sampling stations in Cardak Lagoon
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Sampling

The benthos samples were collected in three replicates in
October 2018, February, April, and June 2019, using a metal
framed quadrat system of 100 x 100 cm and 393 cm3 sediment
core by a SCUBA diver. The deepest part of the lagoon area is
roughly 2 m and there is a dense accumulation of photophilic
algae and organic matter on the bottoms of the land side of
lagoon. This has led to an increase in the turbidity of the
underwater. Therefore, the samplings carried outat 1.5and 1,8
m depths were performed by a scuba diver. Sediment material
was collected at 7 sampling points of Gardak Lagoon,
Ganakkale Strait. The samplings were performed from sandy
and mud (silt+clay) bottoms between 1 and 1,8 m depths in the
Cardak Lagoon (Figure 1). Sediment material collected in
quadrate samples was fixed in 4% neutralized formaldehyde in
1 and 5L plastic jars. Sediment samples collected with
quadrate and core were sieved and washed under laboratory
conditions using pressurized water through a triple sieve
system with a 0.5 mm mesh size. After the material of all faunal
species remaining on the sieves had been separated at the
macro and micro levels, it was fixed in groups in 70% ethyl
alcohol in 50 cm? glass tubes. The definitions are based on the
reference studies by Mortensen (1927), Belloc (1948) and
Tortonese and Demir (1960). The number of species (S), total
abundance (N), and dominance index (DI) (Bellan Santini,
1969) were calculated for each sampling station and season.
The dominance index was estimated by d =m /M x 100, where
m = individual number of a species in the stations and M = total
individual numbers of all species.

The physicochemical variables of the lagoon water
(salinity, temperature, dissolved oxygen, pH) were measured
in situ with the YSI 600 QS Multiprobe System (Yellow Springs
Instruments). Amounts of nutrients such as NO-2, NO-3, NH*s,
PO4-P and SiO-, were measured with a Jasco Brand UV
Spectrophotometer using chemical and biological analysis
techniques (Strickland and Parsons, 1972). Measurements
were made at different wavelengths of 543 nm, 410 nm, 640
nm, 850 nm and 810 nm for NO-2, NO-3, NH*4, PO4-P, SiO-,
respectively. Total suspended solids (TSS) determination was
performed gravimetrically after the water samples were filtered
through GF/C filters (Clesceri et al., 1998). Chemical oxygen
demand (COD) analysis was conducted using the open reflux
method and standard methods for the examination of water
and wastewater according to Eaton and Franson (2005). For
the spectrophotometric determination of anionic surfactants, a
standard procedure was conducted using methylene blue
(APHA, 1992). Acrylic material was used for the organic matter
and the particle size analyses in the soft bottoms of the lagoon.
A total of 28 core samples for both analyses were obtained
from soft sediments at each sampling point in each sampling
period. Particle size analyses of the sediment were performed
according to Allen (1997). Organic matter (OM%) content was
determined as the difference between the dry weight (80 <C,
24 h) of the sediment and the residue left after combustion at
450°C for 2 h (Parker, 1983).
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Data analysis

Relationships between abundance and environmental
factors were analyzed using MDS (Multidimensional Scaling
Analysis). Correlations between environmental variables and
the number of species and the number of individuals were
determined using Pearson correlation. Pearson correlation
was performed using PAST and MDS analysis in SPSS 25.

RESULTS

A total of 8 species and 259 specimens (4 cnidarians, 4
echinoderms) were collected in the Cardak Lagoon between
autumn 2018 and summer 2019. (Table 1). A total of 212
Echinodermata individuals and 47 Cnidaria individuals were
recorded. Actinia sp. from the group of cnidarians (Cnidaria)
was the predominant species (22 individuals). Echinoderm
Asterina gibbosa was the most dominant species in different
seasons. Cnidarians, Actinia sp. were most abundant in
summer (6.67 ind.m2), while Asterina gibbosa was
represented with a high number of individuals in winter (19.67
ind.m2) (Table 1).The distribution of species numbers by
stations is shown in Table 2. The total number of individuals

per mZin the study area is 86.33 (ind.m2). The species with the
highest number of individuals belonging to cnidarians is Actinia
sp. and has the highest number of individuals at station 3 (4.67
ind.m-2). Looking at the dominance values, the most abundant
species is Asterina gibbosa from echinoderms with 127
individuals.

Correlations between the environmental variables and the
abundances are shown in Table 3. The number of cnidarian
species is negatively correlated with temperature and sand
content in sediment, while the organic matter in sediment has
a strong positive relationship. The environmental variable that
affects the echinoderm abundance is NO2+NOj3 concentration
in lagoon water. The relationship was found to be statistically
significant in the negative direction.

Correlations between the environmental variables and the
abundance are shown in Figure 2 for the MDS
(multidimensional scaling analysis). The variables that have
the greatest effect on the number of cnidarian individuals are
temperature and pH, while the factors that affect the
distribution of echinoderm are organic matter and NO2+NOs.

Table 1. The number of individuals (average number of individuals per m2) of Cnidaria and Echinodermata species in Gardak Lagoon (sum of

all stations) by seasons (3 : Abundance D1%: Dominance)

Taxa Autumn-18 Winter-19 Spring-19 Summer-19 Y DI%
Cnidaria
Cerianthus membranacea (Spallanzani, 1784) - - 0.33 0.33 0.39
Edwardsia claparedii (Panceri, 1869) 1 3 2 0.33 6.33 7.34
Edwardsia sp. 0.33 0.67 0.67 1.67 1.92
Actinia sp. - - 0.67 6.67 7.33 8.46
Echinodermata
Asterina gibbosa (Pennant, 1777) 4 19.67 13 5.67 42.33 49.03
Amphiura chiajei Forbes, 1843 2.67 16.67 7.67 27 31.15
Ophiuroidea (sp.) - - 0.33 0.67 1 1.15
Holothuroidea (sp.) - 0.33 0.33 0.38
Total 8 40.33 24.67 13.33 86.33

Table 2. The number of individuals (average number of individuals per m2) of Cnidaria and Echinodermata species in Gardak Lagoon (sum of

all seasons) by stations (3 : Abundance, DI%: Dominance)

Taxa St1 St2 St3 St4 St5 St6 St7 > DI%
Cnidaria
Cerianthus membranacea (Spallanzani, 1784) - - - - 0,33 0.33 0.39
Edwardsia claparedii (Panceri, 1869) 2.33 - - - 4 6.33 7.34
Edwardsia sp. 0.67 - 0.67 - 0.33 1.67 1.93
Actinia sp. 1.33 0.33 4.67 0.33 0.33 0,33 7.33 8.49
Echinodermata
Asterina gibbosa (Pennant, 1777) 18.67 0.33 21 1 1 0,33 42.33 49.03
Amphiura chiajei Forbes, 1843 0.67 - 25 1.33 27 31.27
Ophiuroidea (sp.) 0.67 - 0.33 - - - - 1 1.16
Holothuroidea (sp.) - - - 0.33 0.33 0.39
Total 5 19.67 6 46.33 7.33 1 1 86.33
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Table 3. Correlations between the number of cnidarian and
echinoderm species and the environmental variables (TP: Total
phosphate, NO2+NOs: Nitrite + Nitrate, TN: Total nitrogen, TSS: Total
suspension solid, COD: Chemical oxygen demand, AnDet: Anionic
detergent, OM: Organic matter)

Echinodermata (NS) Cnidaria (NS)
Pearson Sig. (2- Pearson Sig. (2-
Correlation  tailed)  Correlation  tailed)
Temperature (°C) 0.116 0.804 -0.871 0.011
Salinity (%o) 0.093 0.843 -0.002 0.997
DO (mgL-") -0.135 0.773 -0.143 0.759
pH 0.354 0.436 -0.679 0.094
SiOz (ug L) 0.575 0.177 -0.187 0.688
TP (pg L) -0.448 0.313 -0.193 0.679
NOz+NOs (ug L) -0.9217 0.003 0.226 0.625
TN (ug L) 0.77% 0.042 0.650 0.114
TSS (ug L) -0.595 0.159 0.191 0.682
CoD -0.530 0.221 0.168 0.718
AnDet (ug L") 0.125 0.789 0.237 0.609
PO4 (ug L) -0.016 0.973 -0.058 0.902
OM (%) -0.365 0.421 0.924" 0.003
Sand (%) 0.511 0.242 -0.888” 0.008
Gravel (%) -0.520 0.231 0.669 0.100
**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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Figure 2. Results of MDS analysis between environmental variables
and abundance (stress=0.11)

DISCUSSION

The biodiversity of such ecosystems is thought to be
spatially distributed, e.g. in terms of salinity, temperature and
sediment properties (particle size, mud and/or organic matter
enrichment) (FiSer, 2004; Karachle and Stergiou, 2008; Politou
and Papaconstantinou, 1994). This structure results from
organisms having an environmental tolerance to the stresses
in lagoon systems (water body dynamics, physiological stress
and biotic interactions). Changes in the distribution and
abundance of marine invertebrates have been used as a

measure of environmental impact (Warwick and Clarke, 1991),
and changes in species composition may be of interest for
retrospective or prospective monitoring (Philippi et al., 1998).

Mainly, excessive salinity, temperature, nutrient changes,
and slowing of water regeneration in the environment affect the
structure of benthic macrofauna (Afli et al., 2008). According to
many previous studies performed on lagoon systems, the
distribution and abundance of macrobenthos are highly
influenced by the degree of salinity in water (Lardicci et al.,
1997; Gamito, 2008; Specchiulli et al., 2010). Approximately
60% of the species found in this study were collected from
seaside stations. Since these sampling points are under the
influence of the sea, salinity has a positive effect on
echinoderms, while it has a negative effect on the distribution
of cnidarians. While the number of species and individuals of
macrozoobenthic communities, which are very important in the
nutrient cycle of coastal lagoons in Mediterranean Ecosystem
(Cataudella et al., 2015), increases in winter-spring, it
decreases in the summer-autumn period (Lardicci et al., 1997).
Similarly, in this study, it was observed that the number of
individuals increased in the winter and spring periods.

Cnidarians play an important role in coastal ecosystems
due to their biological and ecological properties and are known
to be good bioindicators. Due to their constant presence in the
benthic fauna, they are used as bioindicators to evaluate
environmental conditions. Their distribution depends on the
nutrient abundance of benthic and planktonic communities,
biotic factors and various environmental factors such as human
activities (Arai, 1992; Bourget et al., 2003). The distribution of
some cnidarian species depends on their narrow tolerance to
salinity and temperature variation (Russel, 1953; Gusméo et
al., 2015; Govindan and Ramanibai, 2017; Yiksel, 2019;
Ahuatzin-Hernéandez et al., 2020). This study also found that
the distribution of cnidarians was most strongly related to
temperature. It is also known as a potentially invasive group
due to its wide distribution in polluted areas, harbors and
shipping, and its tolerance to temperature and salinity
variations (Megina et al., 2013).

Cnidarian, Actinia sp. which is the most dominant species
in this study, was previously reported from Turkish coasts.
Cinar et al. (2014) reported that Actinia sp. was common in
Turkish Seas, generally distributed at depths of 0-10 m and
preferring hard bottoms as habitat. Recently, Hisli et al. (2022),
recorded Actinia sp. at a station near the sea within Hersek
Lagoon in Sea of Marmara. Conversely, we recorded most
Actinia sp. samples (19 samples) from the stations (St1, St3
and St5), mainly on the land side. Another cnidarian,
Cerianthus membranaceus, was recorded from Sea of
Marmara and Aegean Sea by Cinar et al. (2014). Cerianthus
membranaceus is one of most abundant species in Canakkale
Strait (Ozalp and Ates, 2015) that there are Cnidaria species,
were abundant at the stations (especially at station 3, where
the highest organic matter in the sediment) near the land side
of the lagoon area under the influence of light pollution.

Echinoderms comprise a large number of species that
dominate the benthos qualitatively and quantitatively and play
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a structuring role in the habitat through their circulation.
Changes in their populations can affect the entire ecosystem
(Saier, 2001; Coteur et al., 2003). Itis a key species for marine
life as they all live in the benthos. The echinoderm species
provide the balance of organic matter in the benthos. It is
thought that changes in the food chain occur when they are
removed from the environment because the input of organic
matter is disturbed. In addition, members of Asteroidea group
are known to be predators of some bivalves such as clams and
oysters. In this study, Asterina gibbosa and Amphiura chiajei
were the most abundant echinoderm species. These two
species have a wide distribution in shallow waters of Turkish
Seas (Oztoprak et al, 2014). Amphiura chiajei is an infaunal
species typically burrowing in soft bottom sediments, especially
in muddy sands (Bengil et al., 2012). In the present study,
Asterina gibbosa and Amphiura chiajei are found to be quite
shallow (1 m) in Cardak Lagoon and the sediment was quite
clean. MDS analysis showed that environmental variables such
as pH and temperature have a quite strong effect on
echinoderm distribution. In addition, NO2+NOs concentrations
in water have statistically significant and negative correlations
with echinoderm distribution. Previous studies indicated that
sediment structure and especially temperature have an
influence on the distribution of echinoderm species. The results
found in the study, support those found in similar studies
(Aronson, 1992; Hinchey et al., 2006; Rosellon-Druker and
Stokesbury, 2019).

CONCLUSION

The relationships between the species diversity,
abundance and environmental variables in the Cardak Lagoon
are presented herein. We think that the results obtained in this
study allow us to have information about the ecological quality
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Abstract: This study investigated the feeding habits of Raja miraletus Linnaeus, 1758 and Dipturus oxyrinchus (Linnaeus, 1758). For the purpose of this
study, the specimens were obtained monthly from the commercial trawlers operating around the Gokgeada Island in the Northern Aegean Sea between
February 2019 and February 2020. A total of 29 (24 female and 5 male) brown rays (Raja miraletus) and 36 (20 female and 16 male) longnosed skates
(Dipturus oxyrinchus) were captured. The total lengths of the R. miraletus specimens ranged between 24.0 cm and 53.9 cm, while the D. oxyrinchus specimens
measured between 17.1 ¢cm and 85.0 cm. Total length-weight relationships of R. miraletus and D. oxyrinchus specimens, respectively; W=0.0002TL392
(R2=0.97) and W=0.0007TL343(R2=0.97) were calculated. The analysis of the stomach content of the specimens showed that crustacea were the primary and
the most important prey group for R. miraletus (IR1% = 67.09), followed by teleosts (IRI% = 1.00) and cephalopods (IR1% = 0.45). The D. oxyrinchus specimens
were determined to primarily feed on crustacea (IR1% = 74.3), followed by teleosts (IRI% = 6.50) and nematoda (IRI% = 0.40).

Keywords: Feeding habits, Raja miraletus, Dipturus oxyrinchus, Gokgeada Island, Northern Aegean Sea

0z: Bu calismada Raja miraletus Linnaeus, 1758 ve Dipturus oxyrinchus'un (Linnaeus, 1758) beslenme aliskanliklari incelenmistir. Bu galismanin amaci
dogrultusunda, Subat 2019-Subat 2020 tarihleri arasinda Kuzey Ege'de Gokgeada ve cevresinde faaliyet gdsteren ticari trol teknelerinden aylik olarak
numuneler alinmistir. Toplam 29 (24 disi ve 5 erkek) kahverengi vatoz (Raja miraletus) ve 36 (20 disi ve 16 erkek) sivriburun vatoz (Dipturus oxyrinchus)
avlandi. R. miraletus 6reklerinin total boylari 24,0 cm ile 53,9 cm arasinda, D. oxyrinchus drneklerinin ise 17,1 cm ile 85,0 cm araliginda élgtimistir. R.
miraletus ve D. oxyrinchus 6rmeklerinin toplam boy-agurlik iligkileri sirasiyla; W=0,0002TL392 (R2=0,97) ve W=0,0007TL343 (R?=0,97) olarak hesaplanmigtrr.
Orneklerin mide igerigi analizi, kabuklularin R. miraletus (%IRI = 67.09) igin birincil ve en 6nemli av grubu oldugunu, onlari kemikli baliklar (%IRI = 1.00)
ve kafadan bacaklilar (%IRI = 0,45) takip ettigini gostermistir. D. oxyrinchus érneklerinin ise baslica kabuklularla (%IRI = 74,3), ardindan kemikli baliklarla

(%IRI = 6,50) ve nematoda (%IRI = 0,40) beslendigi belirlenmistir.

Anahtar kelimeler: Beslenme aligkanliklari, Raja miraletus, Dipturus oxyrinchus, Gokgeada, Kuzey Ege Denizi

INTRODUCTION

The Gokgeada Island is in the Northern Aegean Sea.
Because found on a significant streamline, the region where
the island is located is rich in nutrients brought by the Meri¢
River, in addition to the nutritious waters flowing from the Black
Sea via the Dardanelles. The Gulf of Saros plays a vital role in
the fish population around the island. Besides, the fact that
pelagic fish are available on the migration routes increases this
importance even more (Karakulak, 2002). Fishing activities in
the vicinity of the island are mostly performed with bottom
trawls, longlines, and gillnets.

The brown ray, Raja miraletus Linnaeus, 1758 has a wide
distribution, including the northeast of the Atlantic Ocean and
the Mediterranean. It is a benthic species, mostly distributed

between 50-150 m depths (Bianchi et al., 1999). The maximum
length reported to date is 63.0 cm in males and 59.7 c¢m in
females (McEachran et al., 1989). They show oviparous
spawning characteristics and usually spawn in spring and
summer. An individual lays an average of 40-72 egg capsules
per year. Embryos in the egg capsule are fed only with yolk
(Dulvy and Reynolds, 1997). It feeds on all kinds of benthic
organisms. Although the status of R. miraletus is classified as
"Least Concern (LC)" by the International Union for
Conservation of Nature (IUCN), it is caught as bycatch (IUCN,
2021).

The longnosed skate, Dipturus oxyrinchus (Linnaeus,
1758) has a wide distribution including the Eastern Atlantic,
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Faroe Islands, Canary Islands and the Mediterranean. It has
been reported that D. oxyrinchus, a bathy-demersal species,
ranges between 70-1230 m depths (Last et al., 2016). This
species, which shows oviparous reproduction, reproduces in
spring and summer (Stehmann and Birkel, 1984). They lay
their egg capsules on sandy or muddy ground. Embryos in the
egg capsule are fed only with yolk (Dulvy and Reynolds, 1997).
While the main food of D. oxyrinchus is cephalopods and
crustaceans, they also feed on all kinds of benthic organisms
(Stehmann and Biirkel, 1984; Yigin and ismen, 2010a).
Although the status of D. oxrinchus is "Near Threatened (NT)"
by the International Union for Conservation of Nature (IUCN),
this species is still caught as bycatch by fishermen (IUCN,
2021).

The fact that the majority of skate species typically exhibit
low fecundity, slow growth, and late maturity suggests that
these species are exclusively susceptible to overfishing and
over-exploitation (Walker and Hislop, 1998; Saglam et al.,
2010). Most skate species are often captured as bycatch along
with the commercially targeted species in their environment.
Skates are benthic and demersal species, primarily feeding on
fish and invertebrates (McEachran and Musick, 1975; Ajayi,
1982; Ebert et al., 1991; Ellis et al., 1996; Orlov, 1998; Saglam
etal., 2010).

Investigation on the feeding habits of these fish and the
predator-prey relationships are worthwhile to assess the role of
the species in the ecosystem. Furthermore, data on diet
composition are worthwhile for developing trophic models as a
tool for understanding the complexity of marine ecosystems
(Lopez-Peralta and Arcila, 2002; Stergiou and Karpouzi, 2002).
Removal of these fish from ecosystems can result in cascading
effects through the trophic levels below, completely
restructuring the food web (Frank et al., 2005). Many skate
species are overly fished, which gravely affects them due to
their life cycle characteristics. For the sustainable management
of fish stocks, it is necessary to investigate the biological
characteristics of these species. The present study described
the food compositions of the poorly investigated Northern
Aegean Sea stock of R. miraletus and D. oxyrinchus to
contribute to the sustainability and management of the
respective ecosystems.

MATERIALS AND METHODS

Samples were obtained as bycatch from commercial
bottom trawler boats using with a mesh size of 44 mm between
February 2019 and February 2020. Commercial trawlers
operate 12-14 hours a day at depths of 100-400 m at intervals
of 3-6 hours (Figure 1).

A total of 29 brown rays (R. miraletus) and 36 longnosed
skates (D. oxyrinchus) were captured, and they were stored in
a fish box filled with ice and immediately transported to the
laboratory. Each specimen was sexed and their total lengths
(TL) were measured to nearest 0.1 cm and weights (TW) to £
0.1 g. The stomachs of the specimens were removed and
weighed and then placed in 4% formaldehyde solution to be

used in analysis. The allometric equations (Sparre and
Venema, 1992) - i.e., W = aTL> were operationalized to find
the TL-W relationships. W = aLb where, W is the total weight
(expressed in g), L is the total length (expressed in cm), “a” and
‘b” are the power regression coefficients (i.e., “a” is a
coefficient of body form and “b” is an exponent referring to
isometric growth when equal to 3 and to allometric growth
when significantly different from 3) (Froese, 2006; Loyola

Fernandez et al., 2017).

Figure 1. Study area and sampling stations around the Gokgeada
Island, Northern Aegean Sea

Pauly’s t-test was performed (Pauly, 1984). Pauly’s t-test
statistic was calculated; SdiogrL= is the standard deviation of the
log TL values, Sdiogw= is the standard deviation of the log W
values, n is the number of specimens used in the computation
(eq.1). The value of b is different from b = 3 if calculated t value
is greater than the tabled t values for n-2 degrees of freedom
(Pauly, 1984; Ahmed et al., 2015).

After each specimen’s stomach was excised and left to dry
on blotter paper, the stomachs’ weights were recorded. The
items were categorized, enumerated, and weighed on a
precision balance, each of which was identified to the lowest
possible taxonomic level. The individuals of each determined
group were enumerated. The references availed of to identify
the food items are as follows: (Murduchay-Boltouski, 1969;
Fischer, 1973; Whitehead et al., 1986a,b; Fischer et al.,
1987a,b). Formulas used in dietary component analysis; Ni%
is the percent of prey i, Niis the total number of prey i, Np is the
total number of prey, Oi% is the percent frequency of
occurrence of prey i, FOi is the frequency of occurrence of prey
i, Ns is the total number of stomachs examined, W% is the
percent by weight of prey i, Wiis the total weight of prey i, W,
is the total weight of prey (eq.2,3,4,), (Hyslop, 1980; Demirhan
etal., 2007) and the Index of Relative Importance (IRI) (Pinkas
et al., 1971) were the parameters factored in for the analyses
of their contexts. IRI was used to determine the important food
items in the diet of the fish (eq.5,6) (Pinkas et al., 1971; Windell
and Bowen, 1978).

t=(Sdiog 7./ Schogw )( | b-3| [(V1-2)) (V-2 eq.1
0% = (FOIMNS)* 100 ..o, eq.2
Ni% = (NINo)* 100 ..o eq.3
Wi% = (WH/WR) 100 ..o, eq.4
IRI'=0i% (Ni% + Wi%) .eeeeeiiieeiiiiiiece i eq.5
(IR S IRD*00 .., eq.6
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RESULTS

A total of 29 (24 females and 5 males) R. miraletus and 36
(20 females, 16 male) D. oxyrinchus specimens which were
sampled the commercial bottom trawling season. Since the b

Table 1.

value was significantly different from the three, it was
determined that both species showed positive allometric
growth (P>0.05) (SPSS/21.0) (Table 1).

Length—weight relationships for R. miraletus and D. oxyrinchus from Gokgeada Island

. Length (cm) Weight (g) Relationship parameters Growth
Specles Sex Min. Max. Min. Max. a b 95% Clof b R?

o M 5 2830 4660 6740 49340 00001 401 3.73-4.28 0.99 A
Reja miraletus Fo24 24.00 5390 3770 78810 00002 3.8 3.57-4.19 0.97 (+)A
c 2 24.00 5390 3770 78810 00002  3.92 3.654.18 0.97 (+)A

Mo 16 17.10 7980 943 237500 00005  3.48 3.263.71 0.99 (+)A

Dipturus oxyrinchus g 29 17.50 8500 1340 355000 00008 341 3.07-3.74 0.96 (+)A
cC 3 17.10 8500 943 355000 00007 343 3.22-3.64 0.97 (+)A

N, sample size; Min., minimum; Max., maximum; a and b, intercept and slope of length-weight relationships; 95% CI of b, confidence intervals of b; R2, coefficient
of determination; (+)A, positive allometric growth type; M, male; F, female; Combined, males and females.

The stomach contents of 21 of 29 R. miraletus individuals
were examined. In 20 of the examined stomachs, the food
content was identified, while one was empty. On the otherhand
8 out of 29 stomachs had suffered damage that cannot be
examined. The total number of the preys in the examined
stomachs was 58.

The analyses revealed no significant between-sex
differences in the indices of relative importance (IRI%; p >
0.05). The analysis of the stomach contents in the R. miraletus
individuals showed that Crustacea were their primary and most

Table 2. Food composition of R. miraletus

important prey group (IR1% = 67.09), followed by teleosts (IR1%
= 1.00) and cephalopods (IR1% = 0.45). The by-percentage
numbers (N%), weights (W%), occurrence (O%), and indices
of relative importance (IR1%) of the main prey items are
presented in Table 2.

Considering the frequency of the prey groups consumed
by R. miraletus individuals according to size groups, it was
determined that crustaceans were consumed in every size
group. However, it was observed that the prey groups
diversified with the increase in length (>40 cm) (Table 3).

Prey taxa Prey weight (g) n N% W% 0% IRI%
Crustaceans
Decapoda
Caridea 13.50 26 4410 31.80 32.50 56.50
Parapenaeus longirostris 9.50 5 8.47 2240 10.00 7.06
Brachyura
unidentified Brachyura 2.34 6 10.20 5.51 7.50 2.69
Isopoda 0.23 3 5.08 0.54 5.00 0.64
Stomatopoda 1.08 1 1.69 2.54 2.50 0.20
Teleost
Trachurus trachurus 6.67 1 1.69 15.70 2.50 1.00
Cephalopoda
Loligo sp. 2.63 1 1.69 6.19 2.50 0.45
Nematoda 0.02 2 3.39 0.05 2.50 0.20
Unidentified 6.49 14 23.70 15.30 35.00 31.30
Percentage by number (N%), weight (W%), occurrence (0%) and index of relative importance (IR1%).
Table 3. Frequency of prey groups for each size class of R. miraletus
N  Size Crustaceans Brachyura Teleost Isopoda  Cephalopoda Stomatopoda Nematoda Unidentified
6 20 20.70 28.60
6 30 31.00 33.30 100.00 28.60
4 40 48.30 66.70 100.00 100.00 100.00 100.00 35.70
1 50+ 7.4

N: Number of fish.

The stomach contents of 34 of 36 D. oxyrinchus individuals
were examined. Three of the examined stomachs were empty,
while stomach contents were determined in 31. On the
otherhand 2 out of 36 stomachs had suffered damage that
cannot be examined. The total number of the preys in the
examined stomachs amounted to 85. The calculated indices of
relative importance were not significantly different between the

sexes (IRI%; P > 0.05). The analysis of the stomach contents
in the D. oxyrinchus individuals showed that crustacea were
their primary and most important food group (IR1%= 74.3),
followed by teleosts (IRI% = 6.50) and Nematoda (IRI% =
0.40). The by-percentage numbers (N%), weights (W%),
occurrence (0%), and indices of relative importance (IRI1%) of
the main prey categories are presented in Table 4. Considering
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the distribution frequency of the food groups consumed by D.
oxyrinchus according to size groups, it was observed that it
mostly fed on crustacea and teleostei (Table 5). Seasonal and

Table 4. Food composition of D. oxyrinchus

sexual variations of the percentage of relative importance
(IRI%) of R. miraletus and D. oxyrinchus were presented in
Table 6.

Prey taxa Prey weight (g) n N% W% 0% IRI%
Crustaceans
Decapoda
Caridea 42.50 51 60.00 43.40 38.30 71.70
Parapenaeus longirostris 11.00 4 4.70 11.20 8.50 2.50
Plesionika sp. 0.96 1 1.18 0.98 2.10 0.10
Teleost 23.20 7 8.20 23.60 10.60 6.10
Trachurus trachurus 8.09 2 2.35 8.26 210 0.40
Nematoda 0.80 4 4.70 0.80 4.30 0.40
Unidentified 11.50 16 18.80 11.70 34.00 18.80
Percentage by number (N%), weight (W%), occurrence (0%) and index of relative importance (IRI1%).
Table 5. Frequency of prey groups for each size class of D. oxyrinchus
N Size class (cm) Crustaceans Teleost Nematoda Unidentified
8 20 2410 16.70 26.70
11 30 29.60 16.70 26.70
7 40 9.30 16.70 100.00 20.00
8 50+ 37.00 50.00 26.60
N: Number of fish.
Table 6. Seasonal and sexual variations of the percentage of relative importance (IR1%) of R. miraletus and D. oxyrinchus
. Season Sex
BEeces A Spring Summer Autumn Winter F M
Crustaceans 36.31 100.00 74.39 78.99 2761
R. miraletus Teleost 15.69 1.24
Nematoda 0.31 247
number of prey 10.00 5.00 43.00
Crustaceans 18.90 77.70 27.70 94.70 78.7 78.10
D. oxyrinchus Teleost 11.50 11.70 4.01 6.10 8.38
Nematoda 69.60 3.51 0.87 0.27 0.41
number of prey 22.00 9.00 9.00 21.00

DISCUSSION

In the length-weight relationship of R. miraletus and D.
oxyrinchus specimens, the “a” value was calculated as 0.0002,
while the “b” value was observed to vary between 3.43-3.92
(Table 7 and Table 8). In studies conducted in similar species
in the Aegean Sea, it was determined that the “b” values of the
species showed positive allometric growth (P>0.05) (Filiz and
Mater, 2002; Yankova et al., 2011). Moutopoulos and Stergiou
(2002) stated that the reasons for these differences in “b”
values are based on differences in sample number, region and
seasonal parameters. In addition, other important reasons for
these differences may be caused by various ecological factors
such as temperature, specific spawning and feeding
conditions, and biotopic characteristics (Ricker, 1975). The
depths and sampling methods of fish species are effective in
these differences. It is thought that the difference between the
length-weight relationships determined in this study and the
studies conducted in other regions is mostly due to the
sampling methodology of the species, sample size and
sampling season.

The obtained results showed that R. miraletus and D.
oxyrinchus feed on benthic prey items, with observed

differences in the indices of relative importance (IR1%) among
the prey groups, crustaceans being the most important diet of
these skates. This finding is substantiated by many research
studies where crustaceans are reported to be the main food
item for skates (Demirhan et al., 2005; Saglam and Bascinar,
2008; Follesa et al., 2010; Karachle and Stergiou, 2010;
Saglam et al., 2010; Yidin and Ismen, 2010a, b; Santi¢ et al.,
2012; Kadri et al., 2014a, b; Eronat and Ozaydin, 2015; Mulas
et al., 2015; Yemigken et al., 2017; Biton-Porsmoguer, 2020;
Cabbar and Yigin, 2021). According to the total IRI, the other
prey groups (Brachyura, Teleosts, Cephalopoda, Isopoda,
Stomatopoda, and Nematoda) were of less importance
(Rosecchi and Nouaze, 1987).

D. oxyrinchus exhibits large ontogenetic changes in
feeding behaviour, and their early life stages are characterized
by a benthopelagic diet that changes during growth (Mulas et
al., 2015). Parapenaeus longirostris was detected to be their
favourite prey group. In consideration of the IRI% values
between the sexes, there were no significant differences in the
dietary compositions of the male and female longnosed skates
(P =0.66). The frequency of occurrence (F%) with size showed
that crustacea were always present in their diet (Yigin and
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ismen, 2010a). In this study, it was determined that
crustaceans constituted the most important food group of D.

oxyrinchus. The most prominent species among the
crustaceans was Parapenaeus longirostris.

Table 7. Length-weight relationships parameters of Raja miraletus from different regions

. Length (cm)  Weight (g)  Relationship parameters ~ Reference
Region Sex N Min. Max. Min. Max. a b R?
Balearic Islands, Western Mediterranean C 28 16.60 41.00 - - 0.002 325 0.99 Merellaetal, 1997
North Aegean Sea C 13 3000 5650 100 1001 0.0001 4.02 0.93 Filizand Mater, 2002
Aegean Sea C 16 2560 49.30 - - 0.003 329 0.94 Moutopoulos and Stergiou, 2002
Eastern Adriatic Sea C 339 1340 50.00 1040 633 0.005 298 0.95 Pallaoroetal., 2005
Saros Bay, North Aegean Sea C 30 650 3050 600 35 0009 322 097 Ismenetal,2007
izmir Bay, Aegean Sea C 12 39.00 5350 - - 0006 295 096 Ozaydinetal., 2007
Aegean Sea C 10 2390 45.10 - - 0.035 283 0.98 Ilkyazetal., 2008
Saros Bay, North Aegean Sea C 52 1050 5350 582 1010 0.002 327 0.95 Yiginandismen, 2009
iskenderun Bay C 22 2400 5400 58.00 998 0.002 326 095 Basustaetal,2012
South Aegean Sea C 62 2670 49.30 - - 0.001 344 097 Bilgeetal, 2014
Lebanese marine waters, eastern Mediterranean  C 30 25.00 44.00 7200 490 0.002 3.34 091 Lteifetal., 2016
Marmara Sea C 9 2240 5460 4170 830 0.002 3.18 0.95 Karadurmus, 2022
Gokgeada Island North Aegean Sea C 29 2400 5390 3770 788 0.0002 392 0.97 InThis Study

C, both males and females; N, sample size; Min., Minimum; Max., Maximum; a and b, intercept and slope of total length-weight relationships; R, coefficient of

determination.

Table 8. Length-weight relationships parameters of Dipturus oxyrinchus from different regions

] Length (cm) Weight (g) Relationship parameters  Reference
i Sx N "M, M Mn. Max. a b R
North Aegean Sea C 8 1790 62 1040 851.00 0.001 340 0.99 FilizandBilge, 2004
Saros Bay, North Aegean Sea C 1 1000 63 9.00 405600 0.004 329 099 Ismenetal,2007
Saros Bay, North Aegean Sea C 1 1490 10 800 407400 0.001 335 0.99 Yiginandismen, 2009
izmir Bay and Sigacik Bay C 8 1810 46 1480 28500 0.031 313 099 Eronatand Ozaydin, 2014
Gulf of Gabes, Tunisia, Central C 5 1650 10 30.00 5300.00 - 3.01 - Kadri et al., 2014a
Northeastern Mediterranean c 2 800 93 850 382800 0.002 319 097 Basustaand Ozel, 2017
Syrian, Eastern Mediterranean C 2 3410 10 - - 0.001 335 0.96 Alkusairy and Saad, 2017
Aegean Sea cC 6 1710 34 1070 11280 0.001 3.37 099 Soykanand Kinacigil, 2021
Northeastern Mediterranean Sea C 2 1220 93 834 382800 0002 319 097 Basustaand Ozel 2022
Gokgeada Island, Northem Aegean Sea C 3 1710 85 943 3550.00 0.001 343 0.99 InThis Study

C, both males and females; N, sample size; Min., Minimum; Max., Maximum; a and b, intercept, and slope of total length-weight relationships; R, coefficient of

determination.

Considering the foods consumed by R. miraletus according

to size groups, Santi¢ et al. (2013) stated that specimens
smaller than 25.0 c¢cm mostly feed on amphipoda and
mysidacea, while specimens larger than 25.0 cm feed on
decapoda, teleost and cephalopoda in the Adriatic Sea. Kadri
et al. (2014c) determined that R. miraletus specimens smaller
than 38 cm fed on mysidacea and amphipoda, while
specimens larger than 38 c¢m fed on decapoda, cephalopoda
and isopoda, mostly teleost in the Gulf of Gabes. In this study,
when we look at the food groups consumed by R. miraletus
specimens according to size groups, it was observed that
crustaceans were consumed in every size group, and food
groups diversified (crustaceans, brachyura, teleost, isopoda,
cephalopoda, stomatopoda, nematoda) with an increase in
length (>40cm).

Although most of the diet of D. oxyrinchus in the Sardinian
Sea consists of crustaceans at all life stages, their importance
decreases during growth and consumption of cephalopods and
teleosts increases (Mulas et al., 2015). It is thought that these
differences in the studies may differ according to the number
of specimens sampled, the number of specimens in length
groups and habitats.

All'in all, because skates are opportunistic predators, the
results may vary across research studies performed in different
research areas. Particular species - e.g., crustaceans — were
found to be the major prey items in the dietary compositions of
the R. miraletus and D. oxyrinchus specimens in the Northern
Aegean Sea.

Despite the known high biodiversity of the respective
research field (Daban et al., 2022), the lower prey biodiversity
in R. miraletus and D. oxyrinchus requires attending to a critical
research question: How strongly can it compete for food? This
question calls for further research to develop a better
understanding of the food overlap across all living competitors.
Furthermore, very little is known about such subject matters as
early life biology, habitat use, post-fishing survival rates,
selectivity of trawls, and stock size. More comprehensive
research is mandatory to present more applicable data for
fisheries management authorities.
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Abstract: The growth and feeding features of Lepidorhombus boscii (Risso, 1810) (four-spotted megrim) obtained from the Aegean Sea between May 2009
and April 2010 were determined. During the study, 1864 specimens were examined, and the female/male ratio was 1:0.41. The total length range and age
distribution for all specimens were 6.3-34.8 cm and |-XIV, respectively. The Von-Bertalanffy growth equations were calculated by using the mean total
lengths of each age group. The results were as follows: (L= 43.24 cm, K=0.088, t0= -2.897) for females, (Leo= 28.53 cm; K= 0,.25; t0= - 0.829) for males,
and (L= 42.9 cm, K=0.097, t0= -2.070) for all specimens. The stomach contents of the L. boscii species were also examined; a total of 9 main groups
(Amphipoda, Mysidacea, Natantia, Anomura, Brachyura, Stomatopoda, Cephalopoda, Teleostei, Decapod Crustacea) were determined.

Keywords: Aegean Sea, feeding features, growth, Lepidorhombus boscii

0z: Mayis 2009-Nisan 2010 tarihleri arasinda Ege Denizi'nden temin edilen Lepidorhombus bosciinin (Risso, 1810) (Cangidez) bilyiime ve beslenme
ozellikleri belirlenmistir. Calisma suresince, 1864 birey incelenmis ve disi erkek orani 1:0.41 olarak bulunmustur. Tiim 6rnekler igin total boy araligi ve yas
dagilimi sirasyla, 6,3-34,8 cm ve I-XIV 'dir. Von-Bertalanffy blyime denklemleri, her yas grubunun ortalama Total Boy uzunluklari kullanilarak hesaplmistir.
Sonuglar sirasiyla, disiler igin (Leo= 43,24 cm, K=0,088, t0=-2,897), erkekler igin (Leo= 28,53 cm; K= 0,225; t0= - 0,829) ve tiim bireyler igin (L= 42,9 cm,
K=0,097, t0= -2,070) dir. L. boscii tiirine ait mide igerikleri incelendiginde toplam 9 ana besin grubu (Amphipoda, Mysidacea, Natantia, Anomura,
Brachyura, Stomatopoda, Cephalopoda, Teleostei, Decapod Crustacea) tespit edilmistir.

Anahtar kelimeler: Ege Denizi, beslenme 6zellikleri, biiylime, Lepidorhombus boscii

INTRODUCTION

Lepidorhombus boscii is a flatfish species that is
distributed across the Northeast of the Atlantic Ocean and the
Mediterranean basin except The Black Sea region and it
inhabits sandy-muddy bottoms that are about 50-800 m in
depths (Norman, 1934; Froese and Pauly, 2015). They are
most likely to be inhabited at depths between 100 and 450 m
(Sanchez et al, 1998). They are usually caught with
Lepidorhombus  whiffagonis  Walbaum 1792  (common
megrim) which is another specimen in the same genus and
both of them become economically important in European
fisheries (Crego-Prieto et al., 2012). Especially lengths of 20
cm and above individuals are of commercial interest on the
Mediterranean seas (Vassilopoulou, 2000; Ulutirk et al.,
2012; Cengiz et al., 2013).

There are many studies on four spotted megrim because
of a common component of benthic fauna (Castilho et al.,
1993) and also economic value (Crego-Prieto et al., 2012).
These studies mainly related to age and growth (Castilho et
al., 1993; Santos, 1994; Landa, 1999; Robson et al., 2000;
Landa et al., 2002; Teixeira et al., 2010; Landa and Fontela,
2016; Landa and Hernandez, 2020) in the Atlantic and (Bello

and Rizzi, 1987; Vassilopoulou and Ondarias, 1999; Bostanci
and Polat, 2008; Cengiz et al., 2013) in the Mediterranean
Sea. Despite the importance of benthic fauna, information on
the feeding habits of these specimens is limited. These were
in the Portuguese waters (Teixeira et al., 2010) and the
Mediterranean Sea (Morte et al., 1999; Vassilopoulou, 2006).

The main aim of our study is to determine the growth
parameters and feeding habits of the four-spotted megrim in
the central Aegean Sea; furthermore, it is thought to
contribute to limited studies for the four-spotted megrim in the
Aegean Seas.

MATERIALS AND METHODS

This study was carried out between May 2009 to April
2010 and fish specimens were obtained from bottom trawl
ships targeting Parapenaeus longirostris (Lucas, 1846) from
Karaburun and Kusadasi in the central Aegean Sea. Three
main areas (Karaburun; Sigacik Bay and Kusadas| Bay) have
been identified for our sampling (Figure 1).

Fish lengths were measured to the nearest 1 mm and

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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weights weighed to the nearest 0.01 g. Otolith for age
determination was suspended in a 10% solution of NaOH and
cleared with pure water then passed through five stages of
ethanol series (90%, 70%, 50%, 30%, 10%). Otoliths were
read using a black background filled with 50% water and 50%
glycerin under reflected light. The stomachs were fixed in 4%
formalin after the specimens were dissected.

EnNEERRA

Figure 1. Sampling locations of L. boscii in the Aegean Sea

The form of the exponential equation “W= a - LY"was used
to indicate the relationship between individuals' weight and
length parameters (Ricker, 1979). The calculation of using
The Von Bertalanffy growth “Lt = L [1-e-k(t - to)]” equation is
used to calculate the growth of L. boscii specimens. In the
equation; Lt is the fish’s total length (cm) at age t, L is the
asymptotic fish length (cm), t is the fish age(year), to(year) is
the hypothetical time at which the fish length is zero, k is the
growth coefficient (year ') (Sparre and Venema, 1998). The
Gulland and Holt plotting method was used to estimate the
parameters of the von Bertalanffy growth function (Avsar,
2005).

The stomach fullness index was estimated by using the
equation FI= Fs/(Fs+Es) (Sartor and Ranieri, 1996).
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In this formula; Fl: Stomach Fullness Index; Fs: Number of
the full stomach; Es: Number of Empty Stomachs.

Food items were identified to the lowest taxonomic level
possible. Their number was recorded and weights were
determined with the nearest 0.0001 g. The diet of L. boscii
specimens was determined by four indices as follows: (i)
frequency of occurrence (F%), based on the number of
stomachs in which a food item was found; (ii) weight
percentage (W%), based on weights of each prey item
expressed as the percentage of the total weight of stomach
contents; (iii) numerical abundance (N%), based on the
number of each prey item in all non-empty stomachs; (iv) the
index of relative importance IRI=[N%+W%]* F%*100 (Pinkas
et al., 1971) and The IRl value was expressed as a
percentage [IRI%= (IRI/YIRI) x 100] (Cortes,1997). Food
items were grouped into preference categories using the
method recommended by Morato-Gomes et al. (1998) and
Sever et al. (2008). The categories were defined as follows:

Main important prey (MIP): IRI= 30%(0.15*> %F),
Secondary prey (SP): 30*(0.15*3 %F)>IR1>10*(0.05*> %F),
Occasional prey (OP): IRI<10%*(0.05*Y %F)

RESULTS

A total of 1864 individuals were obtained during the
observation. The number of females was 1283(68.83%), the
male was 521 (27.95%) and undetermined was 60 (3.22%).
The sex ratio for L. boscii specimens was 1:0.41. Significant
differences were observed between the sexes (x*=160.83,
p<0.05).

Maximum and minimum total lengths of female and male
L. boscii specimens were 34.8 and 11.1 ¢cm, 26.7 and 6.3 cm
respectively. Specimens between 15.0-17.9 cm were
abundant in both sexes (Figure 2).

The mean total lengths value was significant differences
between female and male individuals (df: 1802, p<0.0001).
Length-weight relationships were calculated separately as
female, male, and all individuals. The t-test results of b values
results showed positive allometric growth for all individuals
and female specimens, and isometric growth for male
specimens (Table 1).

= Female

#® Male

1.0-239

24.0-26.9
I

27.0-29.9

30.0-329
33.0-359

Total Length (cm)

Figure 2. Length distribution of L. boscii specimens

119



Growth and feeding features of the four-spotted megrim Lepidorhombus boscii (Risso,1810) in the Aegean Sea, Tirkiye

The age distribution was observed between | to XIV.
Dominant age groups in female, male, and all specimens
were Il (26.57%), Il (26.83%), and Il (26.24%) years
respectively. (Table 2). Significant differences were observed
in age and sex composition between female and male
specimens  (x?=59.38, p<0.05). Total length values
corresponding to the age group of female and male megrim
individuals were evaluated separately and obtained from the
sampling results (Table 3). The Von Bertalanffy growth
equations were calculated as L==43.24 c¢m, k=0.08 year-,
t0=-2.897 year for females, L~=28.53 cm, k=0.11 year-!, to=-
0.829 for males and L= 42,9 cm, K=0.097, t0= -2.070 for all
individuals. A total of 1864 stomach samples were examined,

of which 1313 were found to be empty and 521 were full.
Stomach fullness index values were found for females, males,
and all individuals 0.31, 0.27, and 0.30 respectively. A total of
9 prey groups were identified from the stomach contents of L.
boscii specimens. According to the IRI% value to the overall
feeding composition, Natantia (IR1%: 70.15) was the first
place and Mysidacea (IR1%: 23.42), Anomura (IRI%: 3.09),
Teleostei (IRI%: 1.72) and Brachyura (IRI%: 1.30) followed
them respectively. According to preference categories,
Natantia and Mysidacea specimens were found main
important prey (MIP), and Decapod Crustacea, Anomura, and
Brachyura specimens were secondary prey (SP). Other
groups of diet were found as occasional prey (OP) (Table 4).

Table 1. Length-Weight relationship values of L. boscii individuals (9: Female Specimens; 3: Male Specimens; ?: Undetermined Specimens)

Sex N Lmax.-Lmin.(cm) Wmax.-Wmin.(g) a W=a*Lb+%95CI r Growth
Q+3+? 1864 34.8-6.3 393.57-1.24 0.0053 3.13£0.027 0.982 Allometric(+)
Q 1283 34.8-11.1 393.57-8.64 0.0053 3.14£0.32 0.982 Allometric(+)
3 521 26.7-6.3 152.35-2.00 0.0071 3.03+0.058 0975 lsometric
Table 2. Age and sex composition of L. boscii specimens
@+3 3 .
Age N N% N N% N N% #:d
I 8 1.72 4 1.14 4 348 1:1.00
I 122 26.24 93 26.57 29 2522 1:0.31
Il 81 1742 49 14.00 32 27.83 1:0.65
I\ 70 15.05 47 13.43 23 20.00 1:0.49
v 61 13.12 47 13.43 14 1217 1:0.30
Vi 40 8.60 35 10.00 5 4.35 1:0.14
Vi 28 6.02 25 7.14 3 261 1:0.12
Vil 22 4.73 21 6.00 1 0.87 1:0.05
I\ 14 3.01 12 343 2 1.74 1:0.17
X 7 1.51 5 1.43 2 1.74 1:0.40
Xl 2 043 2 0.57 - - -
Xl 4 0.86 4 1.14 - -
Xl 4 0.86 4 1.14 - -
XIV 2 0.43 2 0.57 - - -
Total 465 100 350 100 115 100 1:0.33
Table 3. Total length values corresponding to the age group of L. boscii specimens
Sex Age N Lmax (cm) Lmin (cm) Lmean (cm)
| 4 13.00 11.50 12.55
I 93 16.90 13.20 15.50
Il 49 18.40 17.00 17.61
I\ 47 2040 18.50 19.38
v 48 23.90 20.50 2141
Vi 34 24.40 22.50 23.51
Vil 25 25.90 24.50 24.99
? Vil 21 27.90 26.00 26.71
I\ 12 28.90 28.00 28.34
X 5 29.90 29.20 29.58
Xl 2 30.30 30.20 30.25
Xl 4 31.50 31.00 31.30
Xl 4 32.70 32.00 32.33
XIV 2 34.80 33.50 34.15
| 4 13.00 6.30 9.63
I 29 15.60 13.40 14.46
Il 32 17.80 14.20 16.20
vV 23 19.70 16.20 18.30
g v 14 22.00 18.10 20.58
Vi 5 22.60 22.00 22.30
Vil 3 23.50 23.20 23.30
Vil 1 24.20 2420 24.20
vV 2 25.50 2520 25.35
X 2 26.70 26.30 26.50
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Table 4. Dietary groups for Lepidorhombus boscii, concerning the
frequency of occurrence (F%), weight percentage (W%), (IRI:
Percent of the Index of Relative Importance, PC: Preference
categories)

Prey Groups N N% F% W% IRI% PC
Amphipoda 14 083 2.54 0.01 0.0004 OP
Mysidacea 843 4982 15299 1079 2342 MIP
Natantia 522 3085 9474 5220 7015 MIP
Anomura 129 762 2341 9.31 3.09 SP
Brachyura 95 561 1724 531 1.30 SP
Stomatopoda 10 059 1.81 0.71 0.02 OoP
Cephalopoda 12 07 2.18 3.95 0.12 OoP
Teleostei 47 278 853 1424 172 OoP

Decapod Crustacea 20 1.18 3.63 3.49 0.18 SP

DISCUSSION

Sexes of flatfish specimens show differences in growth and
also female individuals reach a larger size than males
(Rljnsdorp and Ibelings, 1989; Vassilopoulou and Ondarias,
1999). Differences in growth between male and female
individuals have been found in other studies for L.boscii
specimens (Bello and Rizzi, 1987; Castilho et al., 1993;
Vassilopoulou and Ondarias, 1999; Robson et al., 2000;
Teixeira et al., 2010; Cengiz et al., 2013; Landa and

Hernandez, 2020). Growth between sexes was determined as
statistically different in this study. Growth studies of L.boscii
specimens have focused on two different areas (Northeast
Atlantic and Mediterranean Sea) (Table 5). According to these
studies, the Maximum Total length of L.boscii specimen was
reported in the North Aegean Sea at 48 cm ( Sartor et al.,
2002).

In this study the growth of megrim, in females was
allometric (P<0.005, tcal:8.53, t0.05(1282):1.96), and in males
was isometric (p>0.005, tcal:1.00, t0.005(520); 1.96). These
growth results have found some studies on length-weight
relationships for L. boscii by other authors (Table 6). As a
result age determination from L.boscii specimens ranged
between | to XIV. Mean lengths of age groups were observed
in this study and other L. boscii studies were given in Table 7.
Differences in age group and mean lengths related to age
depend on various factors such as food ability; latitudinal
differences, fishing efforts, and temperature (Nash and
Geffen, 2005). It was observed that female individuals
reached older ages than males. This difference in the growth
of L. boscii specimens was found in other studies (Castilho et
al., 1993; Santos, 1994; Vassilopoulou and Ondrias, 1999;
Robson et al., 2000; Landa et al., 2002; Cengiz et al., 2013;
Landa and Fontela, 2016; Landa and Hernandez, 2020).

Table 5. A comparison of L. boscii specimen's maximum and minimum length values

Area Locality N Length Max. (cm) Min. (cm)  References
Portuguese Coasts 578 TL 39.1(9) 102 (3+Q)  Castilho et al. (1993)
Atlantic The West Coast of Ireland 150 TL 419(9) 24.2(3) Robson et al. (2000)
Portuguese Coasts 302 TL 34.6 14,9 Teixeira et al. (2010)
North Aegean Sea 15323 TL 295(9) 5(3) Vassilopoulou and Ondarias (1999)
Morroco-Spain-France Coasts 3427 TL 36 3 Sartor et al. (2002)
Sardinia- Tyrrhenian Sea 6163 TL 38 4 Sartor et al. (2002)
Mediterranean  Adriatic Sea 900 TL 35 7 Sartor et al. (2002)
Sea lonian Sea 1628 TL 41 2 Sartor et al. (2002)
North Aegean Sea 4080 TL 48 2 Sartor et al. (2002)
Saros Bay North Aegean Sea 788 TL 40.8 10.9 Cengiz et al. (2013)
Aegean Sea 1864 TL 34.8(9) 6.3 (2) This study
Table 6. Comparison of the Length-Weight Relationship values between L. boscii's studies
Area Locality Sex N a b r Growth Types References
Q 250 2.01x10% 325 0.98 Allometric '
Portuguese Coasts a 315 411x10% 311 098 Allometric Castilho et al. (1993)
i 306 0.0025 3.36 - -
Alantic Portuguese Coasts g 351 0.0045 316 - B Santos (1994)
Ireland Coasts Q+3+? 150 0.0062 3.37 096 Allometric (+) Robson et al. (2000)
Q+4+? 237 0.00333 325 0.9 -
South Adriatic Coasts Q 109 0.00323 326 0.9 - Bello and Rizzi (1987)
) 128 0.00344 324 0.9 -
Saros Bay Q+3+? 521 0.00316 329 0.9 - ismen et al. (2007)
Medicranean Q 3 0.0032 331 0.9 Allometric (+)
Sea 55. . . . ometric (+ .
Saros Bay g 2% 00069 304 098 Isometric Cengiz etal. (2013)
Aeqean Sea Q+3+? 1864 0.0053 313 0.98 Allometric (+)
(Karabu%un-Kusa dasi) Q 1283 0.0053 314 0.98 Allometric (+) This study
4 521 0.0071 3.03 097 Isometric
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When we compare growth parameters between other
L. boscii studies and our results, there are some
differences between Atlantic and Mediterranean studies.
L. bosci’'s L= values were determined higher in the
studies of the Atlantic than in the Mediterranean.
Differences in studies may be attributed to

many factors (sample sizes, geographical differences,
aging methodology, water temperature, etc.) (Cengiz et
al., 2013; Landa and Hernandez, 2020) and the different
methodologies to find age estimation and length
frequency analysis (Landa and Fontela, 2016). Obtained
results of growth parameters are given in Table 8.

Table 8. Some of the studies on growth parameters of L. boscii specimens [The methodology of age estimation: Direct age estimation (DAE),
Back-calculation (BC), and Direct age estimation & back-calculation (DB)]

Area Locality N  Sex Methodology Le(cm) k(year?!) to(year) References
250 9 DAE 440 0.14 -1.52 )
Portuguese Coasts 328 & DAE 375 044 193 Castilho et al. (1993)
27 9 DAE 39.77 0.157  -1.858
. Portuguese Coasts 17 4 DAE 3479 0198 1436 Santos (1994)
Atlantic
The West Coast of Ireland 150 Q@+ DAE 34.39 0.27 -1.997 Robson et al. (2000)
) DAE 56.46 0.11 -0.09
Porcupine Bank 1334 9+8 BC 4374 017 013 Landaand Hemandez (2020)
(ICES div. 7/blc/k) DB 50.09 013 2030
- 55 Q DAE 285 0.26 -0.85 .
South Adriatic Coasts 82 g DAE 276 0.21 4927 Bello and Rizzi (1987)
1241 Q@ DAE 30.5 0179  -1.103 . '
Vediterranean North Aegean Sea w3 & DAE 25 53 0219 -1087 Vassilopoulou and Ondarias (1999)
Sea
North Aegean Sea 553 @ DAE 49.8 0.09 215 .
(Saros Bay) 235 4 DAE 391 011 59 Cengzetal (2013)
Aegean Sea 1283 @ DAE 432 0.09 2.9 This stud
(Karaburun-Kusadast) 521 & DAE 285 0.23 -0.83 y

A total of 1864 four spotted megrim’s stomach contents
were examined during the study. The number of empty
stomachs was 1313 (70%) and the number of full stomachs
was 511 (30%). In the cost of Spain in the West
Mediterranean Sea, it was determined that 81% of the
examined specimens had full stomachs (Morte et al., 1999).
The difference between the two studies may be thought that
the stomachs of L boscii individuals in the study on the coast
of Spain were fixed immediately to stop digestive activity thus
this may be caused the number of full stomachs to be high. In
our sample stomachs could be fixed after coming to the
laboratory. For this reason, it is thought that some half-
digested or easily digestible foods continue to be digested
even after death, causing empty stomachs to count to be
high.

Other diet studies of L.boscii stated that the food of
specimens is composed of living creatures that mostly live
buried in the benthic zone (Morte et al., 1999). L.boscii like
other Scolphthalmid fish species, has a large and muscular
esophagus, stomach, and intestine. This advanced nutrition
system makes it easy to swallow and digest great food such
as shrimp, fish, and crustaceans (De Groot, 1971). The
stomach contents of the individuals in our study were
obtained when viewed based on IRl value %, shrimp
specimens of Natantia were obtained as the first group with a
rate of 70.15 %. The obtained results seem to support the
above studies.

The study of the feeding regime of four spotted megrim
specimens in Portugal waters has been found to mainly
Decapoda and Teleostei individuals (Teixeira et al., 2010). In
our study, the Mysidacea group of individuals was found an
important prey group in the diet of L. boscii specimens. This
difference is thought to be due to the sampling of more small-
sized than those studied in Portugal waters and these small
individuals generally preferred the Mysidacea group.

In a study on the Western Mediterranean coast of Spain,
are mainly Mysidacea and Natantia groups of individuals in L.
boscii specimens (Morte et al., 1999). In another study about
the feeding regime of four spotted megrim specimens on the
North Aegean sea coast of Greece, mainly feeding groups of
specimens are Mysidacea and Natantia group of individuals
(Vassilopoulou, 2006). The similarities between our results
and studies in Spain and Greece are observed.

CONCLUSION

International waters in the rest of Kusadasi — Karaburun
(located in the central zone of the Aegean Sea) defined as the
study area is an important fishing area for the Aegean region.
It is being carried out in this region of intensive trawl fisheries.
While Deep-water rose shrimp [Parapenaeus longirostris
(Lucas, 1847)] and European hake [Merluccius merluccius
(Linnaeus, 1758)] were identified as target species, Four-
spotted Megrim (L. boscii) individuals are also considered to
be economic in recent years. It is believed that the presented
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results improve our knowledge of the feeding features and
growth parameters of L. boscii specimens in the Aegean sea
stocks.
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Abstract: The European catfish (Silurus glanis L., 1758) is an important species for the aquaculture sector and the production of quality broodstock in artificial
fertilization methods as well. One of the crucial steps determining the success of the reproduction of catfish is to obtain sufficient and good-quality sperm. The
aim of this study is to compare two different methods used to obtain sperm from European catfish. The first method is surgery extraction of testicular sperm
from taking testicles (CS) and the second method collection of sperm by stripping (SS). The fertilization rate was calculated as a percent for CS and SS groups
and the highest fertilization rate was found in the SS group (81.87 % 17.38%). According to the findings in the present study, it was concluded that it is not
necessary to kill male European catfish to get sperm for fertilization.

Keywords: European catfish, fertilization, reproduction, sperm collection method

Oz: Avrupa yayin baligi (Silurus glanis L., 1758) su triinleri sektdrii ve yapay (retim yontemlerinde kaliteli anag iretimi igin dnemli bir tiirdir. Yayin baligi
treme basarisini belirleyen en énemli adimlardan biri yeterli ve kaliteli sperm elde etmektir. Bu ¢alismanin amaci, Avrupa yayin baligindan sperm elde etmek
igin kullanilan iki farkli yontemi kargilagtirmaktrr. il yontem, testislerden cerrahi olarak sperm elde edilmesi (CS) ve ikinci yéntem ise sagim yoluyla sperm
toplanmasidir (SS). Ddllenme orani CS ve SS gruplari arasinda yiizde olarak hesaplanmis olup ddllenme orani en yiiksek (%81.87+17.38) SS grubunda elde
edilmistir. Mevcut calismadaki bulgulara gére, déllenme igin sperm elde etme yonteminde erkek Avrupa yayin baligini ldiirmenin gerekli olmadigi sonucuna

varimigtir.

Anahtar kelimeler: Avrupa yayin baligi, déllenme, Gireme, sperm toplama metodu

INTRODUCTION

The European catfish (Silurus glanis L., 1758) lives as a
natural species in the basins of the Aral Sea, Caspian Sea,
Black Sea, and Baltic Sea (Copp et al., 2009) and is a valuable
fish caught in European waters (Froese and Pauly, 2019).
However, European catfish is a commercial target species in
the areas where it naturally occurs, thus sustaining and
protecting the natural stocks is crucial (Zibiene and Zibas,
2019). European catfish has been listed as a protected species
under the Berne Convention and entered into the International
Union for Conservation of Nature Red List for species as of
2008 (Linhart et al., 2020).

European catfish is an important species in the fishing and
aquaculture industry with its high growth abilities (Linhart et al.,
2002; Ulikowski et al., 2003; Alp et al., 2011). In recent years,
European catfish, that economic importance continues to
increase, has become very attractive to humans for its
delicious meat (Paschos et al., 2004) which rapidly makes, it a
preferred fish for culture in most European countries. The
maximum aquaculture production of European catfish was
reported by Uzbekistan with 700 tons in 2019 and by Poland,
with 127 tons in Europe (FAO, 2022).

Research on the production of S. glanis dates back to 1970
(Celikkale, 1988; Horvath et al., 1992; Alpbaz and Hossucu,
1996; Linhart et al., 2002; Brzuska, 2001). Some authors have
studied European catfish biology (Alp et al., 2004), bio-ecology
(Akyurt, 1988), age-length and age-weight relationships
(Saylar, 1993; Yilmaz et al., 2007), nutrition (Bora and Gill,
2004), growth characteristics (Uysal et al., 2009), and
controlled production (Saygi and Gileg, 2019). While this
species is naturally found in almost all inland waters in Turkey,
its culture study still remains uncommon (Celikkale, 1994;
Geldiay and Balik, 1988; Alpaz, 2005; Sayg! and Giileg, 2019).
However, the cultivation and production of this species in
Turkey are known to slow increase in a limited number of small-
scale enterprises. European catfish production was 8.0 tons in
2017, and it was 84.0 tons in 2021 in Turkey (TUIK, 2022).

Advancements in artificial culture techniques in Asia and
Europe have led to progress in European catfish production.
Despite the implementation of this reproductive method prior to
2000, significant production issues remain, with limited
countries utilizing the technique, mainly in France and Central
Europe (Kouril et al., 1996; Krasznai et al., 1980). In European
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catfish production, the most important problem is the difficulties
in obtaining sperm. Therefore, there is a need to develop
different methods of sperm collection to ensure the
development of catfish culture (Szabo et al., 2015; Idahor et
al., 2018).

In this study, considering the difficulties in obtaining sperm
from European catfish males, the effect of two different sperm
collection methods on fertilization and hatching rate was
investigated.

MATERIALS AND METHODS
Broodstock characteristics

This experiment carried out in this study was performed in
compliance with the national legislation for fish welfare and
approved by the institutional ethics committee. The suitable 7
male and 7 female European catfish broodstocks (6-9 years
old) were selected for experiments and stocked in soil ponds
within the Mediterranean Fisheries Research, Production, and
Training Institute, Antalya. The fish were anesthetized using 2-
phenoxyethanol at a concentration of 0.5 ml/l before each
manipulation (hormone injection, gamete collection, and
surgical intervention) (Neiffer and Stamper, 2009). The
collection of egg and sperm was applied according to Linhart

et al. (2004). Both female and male broodstock of European
catfish were stimulated by intramuscular injection of carp
pituitary hormone at a dose of 5 mg/kg™ before gamete
collection. The eggs were stripped into plastic bowls 24 hours
after hormonal injection.

Experimental design

Sperm collection in male European catfish was carried out
in two methods. In the first method, the laparotomy method
which is surgical was used to remove the surgical testicular
tissue (CS method). For the surgical intervention was used a
surgery kit of sterilized surgical instruments. The surgical
method of testicular sperm operation included separate
stitches of the peritoneum and skin to create a supplemental
anastomosis between inner organs and prevent infections. The
abdomens of the three male individuals were cut approximately
5 ¢m. The intervention followed the division of skin from the
peritoneum, peritoneum incision, taking of testicular tissue
(Figure 1), and suturing of the injury creating intermittent eight-
shaped stitches on the peritoneum. The operation time lasted
10-12 minutes. The testis was carefully removed so that other
organs were not damaged. After testis removal, the testicle
particles were tightened using a 200 um net.

7

Figure 1. Surgical removal of the testis in European catfish (Photos by Merve Tinkir)

In the second method used in the study, sperm were
collected from four male European catfish by hand stripping
method (SS method) using a catheter (Figure 2).

Figure 2. Getting the sperm of the European catfish through
stripping (vacuum method) (Photos by Merve Tinkir)

Fertilization procedure

European catfish is generally contaminated by urine during
sperm collection, and contaminated sperm is activated (Linhart
et al., 2004). Therefore, sperm samples taken by stripping
different methods were kept in an immobilization solution (30
mM TRIS-HCI and 200 mM NaCl adjusted to pH 7) in order to
sperm remain immotile. The sperm was added to an
immobilizing solution at a volume ratio of approximately 1:1
and kept on ice.

Immediately after the sperm samples were added to the
egg, the activation solution was added (Horvath and Tamas,
1976; Linhart et al., 2004). 300 g of eggs taken from each
female were fertilized at 22 °C with 1 ml of sperm samples
which were activated using 150 ml of hatchery water. After one
minute of fertilization, 0.5 g/! of tannic acid for 20 seconds was
used to remove the stickiness of the eggs. Fertilized eggs

127



Two different methods of sperm collection in European catfish (Silurus glanis Linnaeus, 1758)

treated with tannic acid are washed with hatchery water and
transferred to plastic boxes filled with chlorine-free tap water.
Plastic boxes measuring 18.0 cm x 18.0 cm x 6.0 c¢m filled with
chlorine-free water were used. Each group (total 8 boxes) was
replicated four times. In a laboratory, these plastic boxes (with
fertilized eggs) were kept at 22 °C.

The eggs in every plastic box were counted and recorded
on the first day. Dechlorinated water was gently changed in the
plastic boxes 48 hours after post-fertilization, non-developing
embryos were controlled counted, and removed. Also, the final
total number of eggs was recorded. The malformed larvae and
hatched larvae were manually counted immediately after
hatching. It has completed an incubation period of
approximately 4 days at 22 °C. The fertilization rate for each
Petri dish was determined by dividing the number of eye-stage
embryos at 48 hours post-fertilization by the initial number of
eggs. The hatching rate was calculated by dividing the total
number of hatched larvae by the initial number of eggs, while
the malformation rate was calculated by dividing the number of
malformed larvae by the initial number of eggs. The embryo
development process was observed under a stereomicroscope
(Leica Microsystems). The experimental data were analyzed
using (SPSS 20.0) and expressed as mean + SD, followed by
paired sample t-test.

RESULTS

The result of the first group, testicular sperm (CS) >14 m|
of fresh sperm was collected from each individual male during
sampling. In the second group, stripping sperm (SS) >11.5 m|
of sperm was collected from each individual during the
sampling. For fertilization, over 1 kg of eggs was taken from
each female during the stripping process (Table 1).

Table 1. Male and female catfish numbers, amount of sperm and

eggs

Number of Number of egg Number of Amount

broodstocks (gltotal) broodstocks of

female male sperm
(ml)

1 1390 1s 135

2 1275 2c 16.4

3 1380 3c 14.0

4 1450 4s 12.8

5 1225 5¢ 14.5

6 1600 6s 12.0

7 1720 7s 115

esurgical method testicular amount of sperm, s stripping method amount of sperm

Fertilization and hatching rates of 81.87 +17.38% and
71.26 +13.48%, were attained through insemination using the
stripping method (SS). The surgical obtained of testicular
sperm (CS) has found a fertilization rate of 66.18+11.39% and
a hatching rate of 50.23+11.80%. The malformation rate post-
hatching in the larvae was found to be similar between the two
methods. With the addition of malformations larvae, the total
larvae hatching rate was determined to be 76.10£12.39% in
the stripping group and 53.83+11.28% in the surgical group
respectively. Statistical analysis showed a significant

difference in fertilization, hatching, and total hatching between
the two different sperm collection methods (p<0.05) (Figure 3).
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Figure 3. Fertilization (%), hatching (%), malformation (%), total
hatching (%) rate of European catfish

The results were presented as the mean + SD. Different

superscripts indicate statistical significance differences
(p <0.05).
DISCUSSION

In some locations where animal conservation regulations
have not been improved, injuries from offensiveness have
been decreased by suturing the fish's mouth later a bore is
made in the jowl throughout sperm collection (Horvath et al.,
1992). This method is likely to prevent breathing and is against
EU legislation. As previously stated in many European and
Asian countries, the killing of males and the acquisition of
gametes in the production of European catfish is against Bern's
convention to preserve and maintain genetic diversity. With the
exception of the Czech Republic and France, stripping of male
European catfish is still not widely practiced (Linhart et al.,
2000).

One reason why male European catfish is killed during
production is due to insufficient sperm production during
spermiation. Two methods are used for obtaining sperm from
male European catfish. The surgical method involves the use
of non-lethal surgical techniques for complete (Sanap et al.,
2018) or partial (Diyaware et al., 2010) resection of testicular
tissue in male catfish through laparotomy. However,
laparotomy can cause post-operative diseases, necessitating
continuous monitoring (Romanova et al., 2017). While
gonadectomized fish can be sold, they cannot be used for
breeding, and they may die after a period of time. The non-
surgical method involves obtaining sperm through stripping.
This method involves obtaining sperm through vacuum
aspiration without killing the male individual. This practice is
more advantageous and allows the individual to continue
reproductive activity for years. However, contamination of
sperm with urine during stripping is inevitable in some fish
species due to the close proximity of the sperm canal and
ureter or the presence of a single urogenital pore through which
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both sperm and urine are released. Sperm collection through
stripping cannot prevent contamination with urine, which
causes the loss of sperm motility within two minutes (Linhart et
al., 1987). Spermatozoa suddenly activate during the sperm-
collecting procedure when urine is mixed with the sperm. This
early activation of spermatozoa is caused by urine
contamination and has a negative impact on artificial
reproduction (Linhart et al., 1987; Linhart et al., 2004). Similar
corruption of sperm quality, likely related to infection with urine,
has been reported in pikeperch (Kfistan et al., 2014) and
European catfish (Legendre et al., 1996). Sperm motility can
be preserved through the use of an immobilizing solution
(Linhart et al., 2004). Sperm can be directly aspirated into an
immobilizing solution through vacuum pumping into the
papillae of male broodstock, minimizing bacterial
contamination and other microflora (Linhart et al., 2020; Tinkir
etal., 2021).

It has been observed that when spermatozoa are activated
due to urine infection, a small amount of energy content is
depleted a few seconds before exposure to the immobilizing
solution (IS) (Alavi et al., 2019). The motility parameters of
sperm undergo rapid changes due to the high energy
consumption after activation, just before being affected by IS.
The relationship between ATP production and motility for
European catfish has been investigated by Billard et al. (1997).
Within the first 5 to 10 seconds of activation, catfish sperm
loses 50% of its ATP (Boryshpolets et al., 2009). However, by
allowing the sperm to develop in the IS or seminal plasma, this
lost energy can be restored within a matter of minutes, whether
through artificial or natural means. Also, this situation has also
been reported for carp (Cyprinus carpio L., 1758) and sturgeon
(Acipenser ruthenus L., 1758) (Linhart et al., 2008; Xin et al.,
2020).

The quality of gametes is a major factor in the success of
fertilization, embryo quality, and larval growth performance
(Linhart et al., 2020). Various abnormalities and embryonic
malformations have been linked to sperm from males that have
been exposed to pesticides or other toxic compounds (Labbé
et al., 2017). However, no correlation was found between
sperm aging and embryonic malformations (Linhart et al.,
2020). There is no significant correlation between the rate of
larval malformation and the method of sperm collection.
However, sperm collection methods affect the rate of
fertilization and hatching (Linhart et al., 2020). A study
comparing the use of sperm from male African catfish (Clarias
gariepinus) broodstock found that fertilization percentages
were 71.5% and 81% for sperm obtained by stripping and from
testicular tissue (fifty percent of testicular tissue), respectively
(Adebayo et al., 2012). In northern pike, the mean hatching
rates were found 79 £ 6% and 78 + 6% for eggs fertilized with
stripped sperm and testicular sperm, respectively (Kristan et
al., 2020). The mean concentration of stripped sperm was
found to be lower than that of testicular sperm in northern pike
(Hulak et al., 2008). In European catfish, the fertilization rate
was found to be higher when using sperm obtained through

stripping (85.1%) compared to sperm collected from the
testicular tissue of killed fish (65.6%) (Linhart et al., 1987). A
study comparing fertilization rates of sperm obtained through
stripping and from the testicular sperm of rainbow trout male
broodstock found an average of 81% and 39.2%, respectively
(Geffen and Evans, 2000). The results in the present study are
in accordance with the other studies above, while it was
discovered that the fertilization rate achieved through sperm
obtained via stripping was 81.87%, whereas the fertilization
rate obtained from sperm in testicular tissue was 66.18%. The
success of fertilization in European catfish, the quality of the
embryos, and the subsequent performance of the offspring are
largely dependent on the quality of the gametes and the
method of obtaining sperm.

CONCLUSION

According to the results of the current study, it can be
concluded that it’s not essential to kill male European catfish to
obtain sperm by vacuum method for fertilizing female eggs.
Consequently, successful fertilization was achieved at a rate of
81.87% through the use of stripping (vacuum method) in this
investigation. This practice is more advantageous and allows
the individual to survive and continue their reproductive activity
the next reproduction season.
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Abstract: In this study, the shell structure of the freshwater mussel Anodonta anatina (Linnaeus, 1758) which has a widespread population in Gélbasi Lake
(Hatay) and is not economically exploited, was microscopically examined at a morphological level. It was determined that the shells of Anodonta anatina,
which are not under significant fishing pressure, are mostly found discarded along the shores of the lake. This mussel species is important as a composite
biological material with multifunctional roles in freshwater ecology. Considering the potential use of freshwater mussel shells as a biological material, an
assessment of the shell structure, physical properties, mechanical strength, shell microstructure, and morphological characteristics of A. anatina was
conducted. When cross-sections of the shell taken from the umbo, middle periostracum, and the region close to the pallial edge were examined in the dorsal-
ventral direction, it was determined that the periostracum layer in the umbo region had a more prismatic and polygonal structure. The interior of the shell was
found to consist of a shiny nacreous layer. In nacreous shell sections, it was observed that the nacreous layer contained more distinct layers near the pallial
edge. Vickers microhardness tests were performed on individual shells, and it was found that the hardness value of the inner layer was the highest (625.5
+172.7 HV), while the outer layer had a lower hardness value (531.5 £110.7 HV). Based on XRF data, it was shown that the seashell powder is mainly
composed of calcium oxide (98.8% wt., CaO) as a biological material.

Keywords: Biocomposite, bivalve, microhardness, morphological properties, nacre

0z: Bu calismada, Golbagi Goliinde (Hatay) yaygin bir popiilasyonu bulunan ve ekonomik olarak degerlendiriimeyen tatli su midyesi Anodonta anatina’nin
(Linnaeus, 1758) kabuk yapisi, morfolojik olarak mikro diizeyde incelenmistir. Midye avciligi bakimindan tizerinde av baskisi olmayan A. anatina’nin kabuklari
cogunlukla goliin kiyisinda atil olarak bulundugu tespit edilmistir. Bu midye tird, tatl su ekolojisi agisindan, cok islevli rollerle iliskili kompozit bir biyolojik
malzeme olma yoniinde 6nem tagimaktadir. Biyolojik bir materyal olarak tatli su midye kabugunun olasi kullanimi g6z éntine alindi§inda, model tiir olarak A.
anatina’'nin kabuk yapisl, fiziksel dzellikleri, mekanik dayanimlari, kabuk mikro yapilari ve morfolojik dzelliklerinin degerlendirmesi yapilmistir. Kabugun dorsal-
ventral yénde umbo, orta periostrakum ve pallial kenara yakin bélgeden alinan enine kesitleri incelendiginde, umbo bélgesindeki periostrakum tabakanin daha
prizmatik ve poligonal oldugu tespit edilmistir. Kabugun i¢ kisimlarinin parlak sedef tabakasindan olustugu ve sedefli kabuk kesitlerinde, sedefli tabakanin
pallial kenara yakin bélgede daha belirgin sedef katmanlari icerdigi belirlenmistir. Midye kabuklari izerinde, Vickers mikrosertlik testleri yapilmis, ic tabakanin
sertlik degerinin en yliksek (625,5 £172,7 HV) ve dis tabakanin sertlik degerinin i¢ tabakaya gore daha distik (531,5 £110,7 HV) oldugu belirlenmistir. A.
anatina kabuk tozlarinin kimyasal bilesimi, X-isini floresans spektroskopisi ile kalsinasyon isleminden sonra analiz edilmistir. XRF verilerine dayanarak,
biyolojik bir malzeme olan kabuk tozlarinin ana bilesiminin kalsiyum oksitten (CaO, agirlikca %98,8) olustugu belirlenmistir.

Anahtar kelimeler: Biyokompozit, Gift kabuklu yumusakga, mikrosertlik, morfolojik 6zellikler, sedef

INTRODUCTION

Anodonta anatina (Linnaeus, 1758) is an enigmatic
nominal taxon with a limited distribution in the Orontes River
drainage in Turkey and Syria (Graf and Cummings, 2007;
Lopes-Lima et al., 2021). It was first identified from the former
Amik Lake (historically Lake of Antioch), (Linnaeus, 1758) a
large but shallow freshwater lake in the Lower Orontes River
basin, Hatay Province, Turkey (Graf and Cummings, 2007;
Tomilova et al., 2020). The reproductive cycle and glochidia of
A. anatina have been carefully examined in the literature
(Sereflisan et al., 2009a, b). The shell of a freshwater mussel
at the larval stage contains an organic matrix and chitin,
primarily composed of calcium carbonate (Schénitzer and
Weiss, 2007; Weiss and Schonitzer, 2006; Lopes-Lima et al.,

2008). In mollusk shells, hard, protective, and solid inorganic
mineral formation mechanisms are often referred to as
biomineralization. The most common biominerals in mollusk
shells are calcium carbonate and calcium phosphate (Istin and
Kirschner, 1968; Lowenstam and Weiner, 1989; Pratoomchat
et al., 2002; Wegner, 2005; Ziegler et al., 2006). Mollusks
produce a highly ordered organomineral composite skeleton to
protect and support their soft tissues (Carter, 1991).

Biomaterials in engineering have become increasingly
popular due to their unique properties and potential for
sustainable development. One such biomaterial is the mineral
composition of mollusk shells, which typically consist of
calcium carbonate (CaCOs) in the form of calcite andfor
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aragonite. These two forms of CaCOs have distinct
morphological and microstructural characteristics, which have
been attributed to several different factors. Three estimates
have been proposed regarding the orientation of these
structures and crystals, including the specific proteins present
in the organic matrix of the shell, cellular remodeling, and
physicochemical conditions in the microenvironment of
biomineralization (Zhang et al., 2019). Understanding the
mechanisms behind the formation of these mineral structures
is critical for their use in various engineering applications. For
example, mimicking the structure and properties of mollusk
shells could lead to the development of stronger and more
durable materials for use in the biomedical industry, material
science, marine science, and other industries. Additionally, the
renewable and biodegradable nature of these biomaterials
makes them an attractive alternative to traditional, non-
renewable materials that are harmful to the environment
(Barthelat et al., 2009; Dhanaraj and Suresh, 2018; Lemos et
al., 2006).

In this experimental study, the researchers aimed to
investigate various properties of the shell of A. anatina, a type
of mollusk, that could potentially make it a valuable resource
for different fields of biomaterial. Specifically, they examined
the microstructure, chemical composition, and microhardness
of the shell in order to gain a better understanding of its
potential uses. Although the properties of mollusk shells have
been discussed in previous marine sciences literature, this
study marks the first time, to the authors' knowledge, that the
structural shell properties of A. anatina have been evaluated in
such detail. By conducting this study, the researchers hope to
provide valuable insights into the potential applications of this
particular type of mollusk shell and to inspire further research
into the unique properties of natural materials like this.

MATERIALS AND METHODS
Preparation of freshwater mussel shell samples

A. anatina shells were collected from Goélbasi Lake
between April and May of 2022. Lake Gélbas! is located in
Turkey's Eastern Mediterranean region, 50 kilometers north of
Antakya. The mesotrophic nature of Goélbasl Lake was
determined through a study conducted using the
Brachionus/Trichocerca index (Turkmen et al., 2006). The lake
has a surface area of approximately 12,000 decares, with
4,000 decares consisting of wet-reed fields. During summer,
the maximum depth of the lake reaches 4 meters, while in
winter, it can reach up to 6 meters (Sereflisan, 2003). Four
stations were designated in the lake for mussel collection.
Among the mussels collected, mature individuals whose shells
were not damaged were preferred. The location and coordinate
information of the collection stations was provided in Figure 1.
A. anatina was found to inhabit the muddy substratum of the
lake. The collection was performed manually by SCUBA diving
at depths ranging from 0 to 3 meters. After collection and
identification (Graf and Cummings, 2007; Kinzelbach, 1989),
the soft tissues were carefully removed using a scalpel. The
remaining shells were cleaned under running water, disinfected

with ethanol, and then sun-dried for three days. In addition, any
fresh remains adhering to the shells were carefully removed
before using them in the experiments. The shells were
measured for total length to the nearest 0.01mm using a digital
vernier caliper and weighed to the nearest 0.01g. The shell
length of the mussels is the distance from the anterior edge of
the valve to the posterior edge, the shell width is the distance
from the dorsal edge of the valve to the ventral edge, and the
shell height was measured as the umbo height between the
two valves of the mussel held horizontally (Figure 2).
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Figure 1. Collection area of A. anatina and coordinates of four
stations determined in the study area. A: 36°30"5" N -
36°29'14" E, B: 36°30'10" N - 36°29'43" E, C: 36°30'43" N
- 36°29'20" E, D: 36°30'55" N - 36°28'53" N
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Figure 2. Schematic image of body length, height (A) and width (B)
measurement of A. anatina

In order to achieve the characterization of the shells, 4
shells of A. anatina were randomly selected from the
collections. The mean length, height, width, live weight, and
total shell weight of the mussels were determined as
10.08+0.22 cm, 5.98+0.19 cm, 3.02+0.15 cm, 58.29+0.23 g,
and 34.15£0.50 g respectively. Selected areas were marked
and prepared for the experiments related to shell
microstructure and mechanical characterization (Lee et al.,
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2008; Liang et al., 2016). All experiments were performed in
triplicate.

Vickers microhardness (HV) experiments

In order to investigate the Vickers microhardness of shells,
the shells with dimensions of 65mm x 15mm x 1mm were cut
from the umbo to toward the posterior end of the body using a
precision cut-off machine (Brilliant 220-ATM GmbH) with
diamond disc and cooling water under a fixed cutting condition
of n=4000 rpm and f; =5 mm/z. The cut shells were sliced
transversely again. To achieve homogeneity in the loading
direction and to facilitate the microhardness test, the
specimens were fixed with epoxy resin (Epoxy Cure, Buehler).
After grinding off the epoxy resin on the surface of the sample,
it was carefully polished using abrasive papers to measure the
microhardness of the outer layer. The same modified
procedure was applied to the inner layer of the shells (Liang et
al., 2016). The Vickers microhardness test was performed on
a Shimadzu HMV-2000 model 3212 at 0.1 kg-f load and 15 s
dwell time according to ASTM C1327-08. Thirty-two indents
were made per region (outer/inner surface) for each mussel
shell, and the data are presented as mean tstandard deviation
(SD). The distribution of the Vickers microhardness values for
the outer layer and inner layer was characterized and
discussed (Ozer and Oksliz, 2019; Yang et al., 2011).

Shell microstructure analysis

Light microscopy (LM) investigations were conducted
using a Nikon ECLIPSE L150 instrument to observe the
microstructures of the freshwater mussel shells. Freshwater
mussel shells selected for morphological analysis were gently
broken into pieces, and smooth surfaces were chosen to
capture images of the inner, outer, and cross-section surfaces.
Each shell fragment was embedded separately in epoxy resin
and marked on the surface of the surrounding epoxy resin
block. Subsequently, resin blocks were carefully grinded with
emery paper from 400# to 1500# and then ultra-polished using
aluminum oxide (5um) and polycrystalline diamond paste
(0.25um). To access the successive inner layers of shells, a
dilute chemical etching agent, ethylene diaminetetraacetic acid
(EDTA) was used at room temperature for 5 minutes. The
samples were cleaned in an ultrasonic bath with anhydrous
ethanol for 30 minutes at 35°C and then sun-dried for
microstructural observations (Meng et al., 2018; Yang et al.,
2011).

Dorsal

Anterior

Ventral

X-ray fluorescence analysis (XRF)

Energy dispersive X-ray fluorescence spectroscopy (XRF,
Thermo Scientific™ Niton™ XL3t, USA) was used to evaluate
the chemical composition of the shell powders. Freshly
prepared dry shells from four different, undamaged, mature,
and healthy specimens were ground into powder using a
mortar and pestle for XRF analysis. The crushed mussel shells
were then calcined at 900°C for 3 hours, with a heating rate of
5°C/min, to determine the amount of calcium oxide (CaO)
present (Gao et al., 2019; Moustafa et al., 2015).

Statistical analyzes

The collected data were presented as means * standard
deviations of the mean SD based on at least thirty-two
independent measurements. Data were statistically analyzed
using a Bivariate Correlate test was used to determine the
degree of correlation between the variable of external shell
hardness and internal shell variables of hardness. The strength
of the correlation was measured by using a correlation
coefficient (Pearson’s Correlation r) at a statistical significance
level of 0.05 using SPSS 20.0 (Newyork, USA) software.

RESULTS
Microstructure observation and characterization

The optical microscope photographs of A. anatina mussel
shells showed three distinct layers in the transverse section:
the outer periostracum layer, the prismatic layer, and the inner
nacreous layer. The optical microscope photographs
presented in Figure 3 of the A. anatina mussel shells show that
the outermost layer, known as the periostracum, consist of a
proteic sclerous double layer that cover the external surface of
the shells (Checa, 2000). Below the periostracum, there is a
layer without a definite shape, which is comprised of calcite
(CaCOs). Next, comes the aragonite sheet nacreous layer,
which makes up nearly the entire thickness of the shell, and
finally, the aragonite prismatic layer (Chakraborty et al., 2020).
Polishing and chemical acid etching revealed the inner
vacuolar periostracum, which was frequently continuous with
the following inner mineralized layers. Optical microscope
photos of the inner vesicular layers of the shells periostracum
revealed prominent vacuoles (Carter, 1991; Nakamura-Filho et
al., 2014; Vaughn, 2017). The microstructure described can be
readily observed in Figure 4 and Figure 5 through the optical
microscope photographs, displaying distinct features and
characteristics.

Figure 3. General and microstructural photographs of the periostracum of A. anatina at various magnifications in the dorsal-ventral direction.

(A) Middle periostracum, (a) 20x, (b) 50x, (c) 100x
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Figure 4. General and microstructural photographs of the periostracum of A. anatina at various magnifications in the dorsal-ventral direction.

(B) Umbo, (a) 20, (b) 50x, (c) 100x

Pallial edge

Figure 5. General and microstructural photographs of the periostracum of A. anatina at various magnifications in the dorsal-ventral direction.

(C) Pallial edge, (a) 20, (b) 50x, (c) 100x

The optical microscope examination of A. anatina mussel
shells reveals that all the samples studied exhibit well-
preserved nacreous layers. Figure 6 provides microstructural
representations of the successive shell layers, with a focus on
the mineralized internal layers. It shows that the inner part of
the A. anatina shell structure is primarily composed of the

Ligament

Inner layer

(nacre) Pallial edge

polymorph  aragonite, arranged  microstructurally in

superimposed sheets. This aragonite sheet nacreous layer
covers almost the entire thickness of the shell and is made up
of brittle CaCOs platelets stacked in layers and held together
by organic biopolymers (Chakraborty et al., 2020; De Paula
and Silveira, 2009).

Figure 6. General and microstructural photographs of the inner layer (nacre) of A. anatina at various magnifications in the dorsal-ventral
direction. (A) Ligament edge, (B) Pallial edge. (a-d) 20x, (b-e) 50x, (c-f) 100x

The shell of the A. anatina freshwater mussel contains two
prismatic layers, as observed from the cross-section views in
Figure 7. The prismatic layer is composed of various columnar
crystals and an organic matrix, and a fiber prismatic structure

with a common structural nodule is located beneath the
periostracum layer. The cloud layer, located below the
periostracum layer, is composed mainly of the calcite phase
above the aragonite nacreous sheet layer (Carter et al., 2012).
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Figure 7. Cross-sectional photographs of the A. anatina at various magnifications (a) 20x, (b) 50x, (c) 100x

Microhardness of A. anatina shells

Figure 8 presents the relationship between the average
microhardness and their corresponding standard deviation of
different shell structures at different applied distances (um). It
shows that the Vickers microhardness for the inner and outer
surfaces exhibited opposite trends. The experimental studies
revealed that the external shell of A. anatina has a
comparatively lower microhardness than the internal shell from
the umbo to the posterior end regions. The mean
microhardness values of the external and internal shell
samples of A. anatina were 531.5£110.7 HV and 625.5 +172.7
HV, respectively.

X =625.5
$172.7HV

X =5315
+110.7 HV

HV (0.1 kg-f)

0 1000 2000 3000 4000 5000 6000 7000 8000
Distance (um)

Figure 8. The Vickers microhardness results of the A. anatina shell
samples

In this study, we conducted an investigation into the
relationship between the microhardness values of the external
shell and internal shell. To analyze this relationship, we utilized
the Bivariate Correlate test, a statistical tool commonly
employed to examine the association between two variables
(Table 1). The strength of the relationship was quantified using
the Pearson correlation coefficient, which yielded a value of r =
-0.121. Additionally, we determined the two-tailed significance
value, denoted as P, which was calculated to be P = 0.511. To
assess the statistical significance of the obtained results, we
compared the significance level of 0.025, which represents the
predetermined threshold for accepting or rejecting the
hypotheses. Upon careful evaluation, we observed that the
calculated significance value (P=0.511>0.025) exceeded the
significance level (0.025). Moreover, the negative value of the
Pearson correlation coefficient (r=-0.121<0) indicated a
negative association between the microhardness values of the
external and internal shells. Considering these findings, we
conclude that there is no significant linear relationship between

the microhardness values of the external shell and internal
shell in the context of our study.

Table 1. Correlation factors of microhardness values
Correlations External Shell HV Internal Shell HV

External ~ Pearson Correlation 1 -121
ShellHY  Sig. (2-tailed) 511

N 32 32
Internal Pearson Correlation -121 1
ShellHV  Sig. (2-tailed) 511

N 32 32

X-Ray Fluorescence Analysis (XRF)

The elemental/mineral composition of shell powders from
the freshwater mussel A. anatina was qualitatively determined
using XRF analysis (Tomilova et al., 2020). The XRF
examination of shell powders revealed that the concentration
of calcium oxide (CaO) was 98.8 wt.% after calcination at
900°C for 3 hours as shown in Table 2. In Table 2, as for the
other oxides, it predominantly comprised 0.628 wt.% SiOz,
0.174 wt.% K20, 0.132 wt.% MgO, and 0.069 wt.% SrO2 and
the remainder were present in negligible levels (SOs, Al20s,
P20s, Fe203, and CuO were <0.05 wt.%).

Table 2. XRF analysis of the A. anatina shells (wt.%: weight)

Shell composition Results

of A. anatina

Ca0  [wt.%] 98.8+0.435
Si02  [wt.%] 0.628+0.035
K0 [wt.%] 0.17410.031
MgO  [wt.%] 0.13240.028
SrO  [wt.%] 0.069+0.009
SO;  [wt.%] 0.047+0.002
ALO;  [wt.%] 0.028+0.003
P20s  [wt.%)] 0.08+0.011
Fex0s  [wt.%] 0.032+0.010
Cu0  [wt.%] 0.01+0.003

DISCUSSION

The shell microstructure of A. anatina has been studied to
understand their unique shell structure in this experimental
study. The periostracum layer of A. anatina serves as a
protective layer, shielding the inner layers of the shell from
external factors such as erosion, corrosion, and predation. It is
the first layer secreted by the folds of the mantle and is made
of proteins (Piwoni-Piorewicz et al., 2017). The presence of
prominent vacuoles in the inner vesicular layers of the
periostracum suggests that this layer is also involved in ion
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regulation and deposition (Salas et al., 2011). The layer below
the periostracum, comprised of calcite, is not well-defined, but
it likely plays a role in providing a transition zone between the
organic periostracum and the mineralized nacreous layer
(Chakraborty et al., 2020). The aragonite sheet nacreous layer,
which covers almost the entire thickness of the shell, is
responsible for providing the strength and toughness required
for the shell to resist mechanical damage (Marin, 2012). The
preservation of the nacreous layers observed in all the samples
studied highlights the robustness of the shell structure of A.
anatina. The microstructure of the mineralized internal layers,
particularly the aragonite sheet nacreous layer, demonstrates
the intricate organization of the shells components. The
presence of organic biopolymers plays a significant role in the
stability of the aragonite platelets and the overall structural
integrity of the shell (Xu and Li, 2011). The specific zones in
the layers of the A. anatina freshwater mussel shell observed
from the cross-section views in Figure 7 provide valuable
information regarding the composition and structure of the
shell. The prismatic layer, which is mainly composed of
columnar crystals and an organic matrix, and the fiber prismatic
structure with a common structural nodule located beneath the
periostracum layer are noteworthy features. The amorphous
and supersaturated cloudy structure in the cloud layer below
the periostracum layer promotes shell biomineralization (Carter
etal., 2012). Additionally, the overlap between the CaCOs layer
and the contiguous nacre layer, as well as the stacking of the
aragonite tablets in parallel, elongated rows in the nacre layer,
were observed from the cross-section photos (Frenzel and
Harper, 2011). These observations provide valuable insight
into the biomineralization process and the structure of the A.
anatina freshwater mussel shell.

Hardness is a crucial mechanical property of all
crustaceans as it helps to protect the live organism within (Lee
et al., 2008). Our experimental studies revealed that the
external shell of A. anatina has a comparatively lower
microhardness than the internal shell from the umbo to the
posterior end regions. Based on the microhardness values
obtained in our study, it can be concluded that there is no
statistically significant linear relationship between the
microhardness values of the external shell and internal shell
(Table 1). When the load was applied perpendicularly to the
internal section, the nacreous structure (internal zone, 625.5
+£172.7 HV) exhibited higher hardness values than the
prismatic structure (external zone, 531.5 £110.7 HV) as
observed by Leung and Sinha (2009) and Lv et al., (2015). The
difference in microhardness values is believed to be due to the
internal structure of the shell, where CaCQOs crystals form a
harder texture through biomineralization (Marie et al., 2012).

The high concentration of CaO in mussel shells, as
revealed by the XRF analysis, makes them an attractive natural
source of this important mineral for biomedical applications.
The purity of the CaO found in mussel shells is also notable,
as the concentrations of other oxides are minimal, which
suggests that the shells can be used as a highly pure and
natural source of CaO for various applications. These findings

could potentially lead to new developments in the use of
mussel shells as a sustainable and cost-effective source of
highly pure Ca0, with implications for a wide range of fields.

CONCLUSION

The microstructures, resistance and material components
of shells are crucial for the survival of freshwater mussels. This
experimental study investigated the microstructure, phase
components and mechanical properties, including
microhardness, of A. anatina’s shell. The shells microstructure
had a uniform surface morphology, and the periostracum and
ostracum layers were mainly composed of CaCOs with a calcite
density on the crystal basis. Consequently, this surface was
more prone to wear than the nacre layer, which contained
quadrangular and pentagonal nacre plates. No prismatic nacre
crystals were found when examining the periostracum layer.
The inner surface of A. anatina had a glossy, pearlescent
appearance clear nacre plates. A sharp distinction was
observed between the periostracum layer and the nacre layer
upon examining the cross-sectional surface in the vertical
direction. Microhardness measurements were taken from the
inner layer to the outer layer in both the periostracum and nacre
layers of the shell. The highest microhardness value (625.5 +
172.7 HV) was found in the inner layer, decreasing to
approximately 531.5 £ 110.7 HV as the test moved towards the
outer layer. The XRF analysis revealed that mussel shells have
a high concentration of CaO, with minimal concentrations of
other oxides, making them an attractive and natural source of
this mineral. These findings could potentially lead to new
developments in using mussel shells as a sustainable and
cost-effective source of highly pure CaO, with implications for
a wide range of fields. The microstructural information and
subsequent analysis of shell microhardness provided an
important experimental basis for developing models on A.
anatina.
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0z: Bu calisma, Giillik Korfezindeki (Ege Denizi) balik ciftiikleri gevresinde kiigiik 6lgekli balikgi tekneleri tarafindan uzatma aglaryla hedeflenen Boops
boops avciligi sirasindaki hedef digi avi ortaya koymak ve birim ¢aba basina hedef digi av (BPUE) oranlarini belirlemeyi amagclamaktadir. Calisma, Kasim-
Nisan arasindaki iki sezon boyunca (2017-2018 / 2018-2019), Goltiirkbiikii, Giindogan, Yalikavak ve Torba limanlarinda rihtim drneklemeleri yoluyla
gerceklestirilmistir. Toplam 13 kupes avcisi tekneden 147 balikcilik operasyonu rastgele izlenmistir. Kupes uzatma ag ile avcilikta omurgasizlar dahil 30
familyaya ait 48 tirden toplam 18163 kg av yakalanmistir. Hedef balik olan Boops boops en bol (%91,9) bulunan tiir olup, bunun %8,1’si hedef digi av olarak
kaydedilmistir. Hedef disi avda en ¢ok yakalanan tiirler sirasiyla Diplodus annularis (Linnaeus, 1758), Scomber colias (Gmelin, 1789), Trachurus trachurus
(Linnaeus, 1758), Pagellus acarmne (Risso, 1827), Scomber scombrus (Linnaeus, 1758)'tur. 2018 yili ortalama BPUE 4,77 + 0,85 kg.1000 m-1, 2019 yil BPUE
ise 3,20 + 0,58 kg.1000 m-* olarak hesaplanmistir. Kasim ay1 BPUE degerleri agisindan en yiiksek ortalamayi vermektedir. Ortalama BPUE Q ile 19,1 kg.1000
m- arasinda (ortalama: 7,97 + 2,83 kg.1000 m-') degismistir. Istatistiki olarak aylar arasinda BPUE degerleri bakimindan énemli bir fark vardir (Kruskal-Wallis
test, p < 0,05).

Anahtar kelimeler: Kupes, kuiguk olgekli balikgilik, hedef-disi av, Gllliik Korfezi

Abstract: This study aims to reveal the by-catch rates for gillnet fishery, targeted Boops boops by small-scale fisheries around fish farms in Gilliik Bay
(Aegean Sea), and to determine the by-catch per unit effort (BPUE) rates. The study was carried out through deck sampling at Goltiirkbuku, Giindogan,
Yalikavak, and Torba fishing ports during two seasons between November and April (2017-2018 / 2018-2019). A total of 147 fishing operations from 13 boats
were randomly monitored. In gillnet fishing for bogue, a total of 18163 kg of the catch was caught from 48 species belonging to 30 families, including
invertebrates. The target Boops boops was the most common species with a rate of 91.9%, of which 8.1% was determined as a by-catch. The most caught
by-catch species are Diplodus annularis (Linnaeus, 1758), Scomber colias (Gmelin, 1789), Trachurus trachurus (Linnaeus, 1758), Pagellus acarne (Risso,
1827), Scomber scombrus (Linnaeus, 1758). While the average BPUE was 4.77 + 0.85 kg.1000 m" in 2018, it was 3.20 £ 0.58 kg.1000 m-" in 2019. November
gives the highest average in terms of BPUE values. The average BPUE ranged from 0 to 19.1 kg.1000 m-* (mean: 7.97 * 2.83 kg.1000 m-1). Statistically,

there is a significant difference in BPUE values between the months (Kruskal-Wallis test, p < 0.05).

Keywords: Bogue, small-scale fisheries, non-target catch, Giilliik Bay

GIRIS

Yiizen yapilar veya diger objeler genellikle balik cezbetme
duizenekleri [Fish Aggregating Devices (FAD)] olarak bilinirler.
Denizlerde ylzen balik kafesleri ise ayni zamanda mega
FAD'ler olarak hizmet etmektedir (Dempster ve Taquet, 2004;
Sanchez-Jerez vd., 2007). Pelajik baliklar, kiyidaki balik
ciftliklerine gliclii bir sekilde gekilir ve oldukga yogun balik
kiimelenmeleri ortaya ¢ikabilir. Balik ¢iftliklerinin yakininda en
bol bulunan balik familyalari genellikle Sparidler, Carangidler,
Clupeidler ve Mugilidlerdir. Bu kimelenmeler yerel
ihtiyofaunayr ve balik¢iigr  6nemli  6iglide etkileyebilir
(Sanchez-Jerez vd., 2007). Bu nedenle, cogunlukla pelajik olan
ve fticari agidan Onemli balik tirleri kafesler civarinda
yogunlastigindan, yerel balikgilarin ilgisini balik ciftliklerine
cekmektedir (Fernandez-Jover vd., 2008).

Bu dogdal baliklar hem profesyonel hem de amator yerel
balikcilar icin kolay bir hedef stok haline gelirler. Denizdeki
balik kafesleri gevresinde amatér olta balik¢ii§i son on yilda
popler bir balikgilik etkinligi haline gelmistir (kisisel gézlem).
Diger taraftan izmirde ilk balik giftiiginin 1985 yilinda
kurulmasindan sonra, Ege Denizi'nde giftliklerin bulundugu koy
ve korfezlerde balik miktarinin hizla arttigini gézlemleyen kiyi
balikgilari bu giftliklerin 200 m’lik koruma sahasi (Anonim,
2016) disinda  geleneksel  balikgiliklarini  yapmaya
baglamiglardir. Aslinda, Ege Denizinde bu sahalarda
gunimizde kiglk Olgekli balikgilar, balik vetistiricileri ve
amator balikgilar olmak Uzere Ug ilgi grubu vardir. Bununla
beraber, bu gruplar arasinda bazi gatismalarin da oldugu
saptanmigtir (Akyol vd., 2019). Ayrica Akyol ve Ertosluk
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(2010), ¢iftlik personelinin yabani baliklari yakalamak igin kendi
deniz kafeslerinin etrafinda 6zel bir tuzak, olta ve uzatma agi
kullandi§ini belirlemiglerdir.

Genel olarak, Akdeniz'deki balik giftlikleri gevresinde en bol
bulunan balik kupestir (Boops boops Linnaeus, 1758) ve yerel
kiiglk dlekli balikgiigin (KOB) hedefidirler (Dempster vd.,
2002; Valle vd., 2007; Fernandez-Jover vd., 2008; Akyol ve
Ertosluk, 2010; Akyol vd., 2020). Ege Denizi'nde a§ kafesler
civarinda toplanan dogal baliklar arasinda kupesin bollugu
%80,5 olarak bildirilmistir (Akyol vd., 2020). Bu kafes civarinda
toplanan baliklar, kayip pelet yemler nedeniyle kondisyonlarini
arttirmakta, yaglanmakta ve irilesmektedirler (Izquierdo-
Gomez vd., 2015). Bu tip iri baliklar KOB'In dikkatini ag
kafeslere dogru cevirmekte olup, bu bélgelerde balikgilik
artmaktadir (Arechavala-Lopez vd., 2011). Tirkiye'de sade
uzatma aglariyla yapilan bu avcilikta av miktarlari, tirler, hedef
disl av miktarlari bilinmemektedir.

Sirdirdlebilir balik¢ilik ydnetimi agisindan irdelendiginde
hedef disi av ve iskarta dnemli yer teskil eden sorunlardir ve
bu konularda genel anlamda veri eksikligi bulunmaktadir
(Saila, 1983; Alverson vd., 1994). Bu yénden incelendiginde,
KOB agisindan av yeri dolayisiyla gérece yeni bir faaliyet
olarak adlandirilabilecek olan balik giftlikleri etrafinda uzatma
aglariyla kupes avciligi tizerine kurgulanan bu ilk ¢alismada av
aracinin teknik plani, yakalanan hedef disi avin kompozisyonu
ve birim caba basina hedef disi av (BPUE) oranlarini
belirlemek amaglanmisgtir.

MATERYAL VE YONTEM

Bu arastirma, Ege Denizi'nin glineyinde Gilllik Kérfezi'nde
balik ciftlikleri gevresinde balikgilik yapan kiyi balikgilari ile
rihtim érneklemeleri yoluyla gergeklestirilmistir. Kupes avcilik
sezonu Kasim'da baslayip, Nisan'da baliklarin ireme gogl
yapmas| nedeniyle sadece alti ay stirmektedir. 2017-2018 ve
2018-2019 sezonu boyunca Kasim-Nisan aylarl arasinda
Golturkbikl, Gundogan, Yalikavak ve Torba limanlarindan
toplam 13 kupes avcisi tekneden 147 balikgilik operasyonuna
ait veriler toplanmistir (Sekil 1). Rihtim drneklemeleri yapilarak,
balikgilarin aglarindan baliklar sayilmig ve tartiimistir. Her
sabah balik avi déntstinde, rihtim drneklemeleri ve bazi seyir
defteri verilerinden (1) tarih, konum ve derinlik, (2) balikgi
teknesinin uzunlugu, makine glct (HP) ve agin teknik
ozellikleri, agin toplam uzunlugu gibi uzatma agi verileri, (3)
hedef balik kupes ve diger hedef-disi balik yas agirliklarinin
(kg) alinmasi seklinde kayitlar tutulmustur. Agin teknik plan
FAO standartlarina gore dlgekli olarak gizilmistir.

Balikginin hedefledigi kupes digindaki tim av ‘hedef-disi
av’ olarak kaydedilmistir. Balikgilik ¢abasi (f) ve birim caba
basina hedef disi av (BPUE), de Metrio ve Megalafonou
(1988)'ya gore hesaplanmisgtir: f = (a'/1000) x g, burada a',
balikginin kullandi§i adin uzunlugu, (a/1000) gunlik olarak
denize atilan adin 1 km'ye standardize edilmis ag Unitesi; g, av
gunlerinin sayisidir. BPUE, agin km bagina hedef disi av
agirigi olarak, BPUE = kg/f formil ile hesaplanmistir. Burada

kg, hedef disi avin toplam agirhgini ifade etmektedir. Her iki
yildaki aylar birlestirilmigtir.

Tim veri analizi, gorsellestirme ve istatistiksel anlamlilik
testleri, temel R paketleri yaninda tidyverse (Wickham vd.,
2019) kitliphanesi de kullanilarak R programlama dilinde (R
Core Team, 2022) vyapilmigtir. Yillar arasindaki BPUE
ortalamalari arasinda istatistiksel dnemin belirlenmesinde
verilerin  normal dadiim gdstermemesi nedeniyle, non
parametrik testler olan Man Withney-U testi, aylar arasinda ise
Kruskal Wallis H testi kullaniimistir. Tim ortalamalar standart
hatalariyla verilmistir (+ S.E.).
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Sekil 1. Calisma sahasi ve drneklemenin yapildigi balikgi limanlari
Figure 1. Study site and fishing ports sampled

BULGULAR

Orneklenen teknelerin toplam uzunlugu (LOA) ve makine
glcl (HP) sirasiyla 8 ila 10 m ve 28 ila 135 HP, uzatma
adlarinin uzunlugu ise 500 ila 5000 m arasinda degdismektedir
(ortalama: 2716 + 69,6 m). Sade kupes aglari 32 mm goz
acikhginda olup donam faktéri E=0,40 'dir. Yani potiugu
%60'tir. Donatildiktan sonraki uzunlugu 80 m olan bir posta
agin mantar yakasinda 208 adet 3 no mantar, kursun
yakasinda 312 adet 40 g'lik kursun bulunmaktadir. 2,5 mm
polipropilen (PP) malzemeden kosma halatina sahip olan bu
ag; mantar ve kursun yakalarda 4 mm PP halatlara sahiptir
(Sekil 2). Balik giftlikleri gevresinde yogun kupes avi sezonu
Ocak ve Mayis aylari arasindadir. Ancak balikgilar Kasim sonu
itibariyle kismen bu ava baglamaktadir. Uzatma aglari dének
(aksamdan atilip sabah toplama) yontemiyle genellikle
kafeslerin 200 m sinirina, yaklasik 40-60 m derinlige giin
batiminda atilip, giin dogumunda kaldiriimaktadir.

Kupes uzatma ag! balikgiiginda 147 operasyonda toplam
18163 kg balik yakalanmistir. Biyo-gesitlilik omurgasizlar dahil
30 familyaya ait 48 turden olusmustur.
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Sekil 2.  Glilliik Korfezi'nde kullanilan sade kupes aginin teknik plani
Figure 2 Technical plan of the bogue gill-net, used in Glliik Bay

Hedef balik olan B. boops dogal olarak en bol (%91,9)
bulunan tirdir. Avin agirlikga %8,1 ise hedef disi av olarak
kayitlara girmistir. Burada (Sekil 3) %8,1'lik hedef disi av orani
lzerinden oransal deg@erlendirmeler yapilmistir. Hedef disi
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avda en ¢ok avlanan ilk bes tiir sirasiyla Diplodus annularis (L.,
1758), Scomber colias Gmelin, 1789, Trachurus trachurus (L.,
1758), Pagellus acarne (Risso, 1827) ve Scomber scombrus
(L., 1758)'tur (Sekil 3).

%

Sekil 3. Gullik Korfezi balik giftlikleri civarinda gerceklesen kupes avciliinda hedef digi tiirler ve yakalanma oranlari

Figure 3.

Bolgede yapilan 147 operasyonun 92’si 2018 yilinda, 55’i
ise 2019 yilinda gergeklesmistir. Ortalama BPUE 2018 yilinda
4,77 + 0,85 kg.1000 m-* ve 2019 yilinda 3,20 £ 0,58 kg.1000
m-' olarak hesaplanmistir (Sekil 4). istatistiki olarak yillar
arasinda ortalama BPUE degerleri arasinda 6nemli bir fark
bulunmamistir (p > 0,05). En yliksek hedef disi av 42,5 kg ile
Aralik ayinda gerceklesmistir.
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Sekil 4. Gillik Korfezi balik ciftlikleri civarinda gergeklesen kupes
aVCIII%Inda yillara gore birim gaba basina hedef digi av
(BPUE) degerleri

Figure 4. By-catch per unit effort SBPUE) by years from bogue fishing
around fish farms in Giilllik Bay

Capture rates of non-target species from bogue fishing around fish farms in Giilllik Bay

Kasim ayl BPUE degerleri agisindan en yiiksek ortalamayi
(19,07 £ 4,57 kg.1000 m-!) vermektedir. Ortalama birim gaba
basina diisen hedef-digi av (BPUE) 0 ile 19,1 kg.1000 m-!
arasinda (ortalama: 7,97 £ 2,83 kg.1000 m-') degismistir
(Sekil 5). Istatistiki olarak aylar arasinda ortalama BPUE
degerleri bakimindan 6nemli bir fark vardir (H = 29,811, df = 5,
p < 0,05).
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Sekil 5. Gillik Korfezi balik ciftlikleri civarinda gergeklesen kupes
avcih§inda aylara gore birim gaba basina hedef disi av
(BPUE) degerleri

Figure 5. By-catch per unit effort (BPUE) by months from bogue
fishing around fish farms in Giillik Bay
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TARTISMA VE SONUG

Ege Denizi'nde balik giftlikleri etrafindaki kupes uzatma agi
avciligi son yillarda 6nemli bir avcilik ydntemi haline gelmistir.
Cikan baliklar, yagh ve kondisyonu yiiksek baliklar
oldugundan, pazarda ragbet gérmektedir. Bununla beraber bu
arastirma, bir balik ciftliginde B. boops'u hedef alan ticari ag
balikgiligindan hedef digi avin tir cesitliligi ve miktarini ortaya
koyan ilk calismadir.

Kupes balikgiligindan toplam 48 tiir elde edilmis olup, B.
boops en baskin (%91,9) tlirdir. Bilindigi gibi, Akdeniz'de balik
ciftlikleri evresinde en bol bulunan yabani baliklardan biri olan
kupes, tim Akdeniz'deki balik topluluklarinin énemli bir
bélimini olusturmaktadir (Dempster vd., 2002; Valle vd.,
2007; Fernandez-Jover vd., 2008; Akyol ve Ertosluk, 2010).
Balik ciftlikleri etrafinda dog@al balik topluluklarinin gesitliligi,
bélgeden bolgeye, hatta derinlige gore degismektedir. Akyol ve
Ertosluk (2010), Ege Denizi'nde izmir bélgesinde giftlikler agiga
tasinmadan onceki ddnemde yaptiklari calismada, balik
ciftlikleri cevresinde fanyali uzatma agi, tuzak, olta, zipkin
kullanarak 34 tir (B. boops en boldu) kaydetmistir. Buna
ilaveten, Akyol vd. (2020), Ege Denizi'ndeki balik giftliklerinde,
hizli gérsel sayim yéntemiyle 21 familyaya ait toplam 39 balik
tirlini gézlemlemistir. Bu son galismada, B. boops en bol balik
tirlydi ve ciftlikle iligkili baliklarin yaklasik %80,5'ini
olusturmaktaydi. Bunu A. boyeri (Risso, 1810), S. colias,
Sardinella aurita (Valenciennes, 1847) ve Oblada melanura (L.,
1758) izlemistir (Akyol vd., 2020). Ancak D. annularis, S. colias,
T. trachurus, P. acarne ve S. scombrus bu ¢alismada ilk bes
hedef disi balik tiirli olmustur. Kupes sade aglarinin gercekten
hedef baliklari ve bazi Scorpaenidler, Uranoscopidler,
Triglidler, Soleidler gibi bazi bentik baliklari yakaladid agiktir.
Bu nedenle uzatma agindan gikan balik gesitliliginin sadece
pelajik baliklari dikkate alan hizli gorsel sayima gére ¢ok daha
fazla balik gesitliligine sahip olmasi dogaldir.

Balik giftlikleri etrafinda dagilim gésteren ve bu galismayla
elde edilen tirlerin ¢ok yadli ve blyik olduklari
gdzlemlenmistir. Zaten bu yizden kiyi balikgilari 6zellikle bu
tlrleri avlarina dahil etmek istemektedirler (Arechavala-Lopez
vd., 2011). Ornegin, balik itlikleri alanindan yakalanan toplam
uzunlugu 402 mm toplam boy (TL) olan B. boops ve 357 mm
TL olan O. melanura maksimum boyut olarak bildirilmistir
(Akyol vd., 2014; Ceyhan vd., 2018). Izquierdo-Gomez vd.
(2015), dogal baliklarin kiyr bélgesi boyunca balik ciftliklerinin
etrafindaki asiri yemle beslendigini, bunun olmasi halinde,
avlanmaya kapali bir alanda (kiralik alan) yabani baliklarin
kondisyonunun  artabilecegini  ve lipit  profillerinin
degisebilecegini belirtmigtir. Yakin zamanda yapilan bir mide
icerigi arastirmasi, Karadeniz'deki deniz kafesi balik iftlikleri
gevresinde mezgit (Merlangius merlangus L., 1758) tarafindan
tiim mevsimlerde en ¢ok tliketilen gidanin pelet yem oldugunu
gostermistir (Sensurat-Geng vd., 2019).

Bacher ve Gordoa (2016) ispanya'da bir balikg! barinag
aciklarindaki cipura ¢iftligi cevresinde avcilik yapmakta olan

KOB ve amatdr balikgilar dan her biri en az 40 av giinii olan
bes tekneyi analiz ettikleri arastirmalarinda, yakalama oraninin
36,1 ila 1194 kg. gun' arasinda degistigini ve av
kompozisyonunun  Merluccius merluccius (L., 1758), Solea
solea (L., 1758), Dentex dentex (L., 1758), Diplodus sargus (L.,
1758), Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817), Mullus
barbatus (L., 1758), M. surmuletus (L., 1758), Pagellus
erythrinus (L., 1758), Pagrus pagrus (L., 1758), Serranus
cabrilla (L., 1758), Sparus aurata (L., 1758), Sphyraena
sphyraena (L., 1758), Trachurus spp., bazi Mugilidler ve
Scorpaenidler olmak lizere 15 tur civarinda oldugunu tespit
etmislerdir. Bu arastirmada hedef tiir kupes olmasina karsin
Bacher ve Gordoa (2016)’nin ¢alismasindaki av kompozisyonu
icerisinde B. boops yer almamaktadir. Bu husus, balikgi
teknelerinin ¢iftlik sinirlarinin 800 m uzaginda érneklenmis
olmasi ile agiklanabilir. Clnk{ bu arastirmada 6rneklenen
baliklar 200 m’lik koruma zonunun bittigi bolgede avianmistir.
Bu durumda, B. boops'un muhtemelen 200 m’lik sinir dahilinde
deniz kafeslerine ¢ok yakin vyasayan, kafese bagimli
baliklardan birisi oldugu distinlebilir.

Ortalama 19,1% 4,6 kg.1000 m-' ile Kasim ayi en yiksek
BPUE'ye sahipken onu 16,2+ 8,9 kg.1000 m-' ile Aralik ay!
takip etmistir. Bunun sebebi, asil kupes avinin Ocak ayi
itibariyle basliyor olmasidir. Yani Kasim-Aralik gibi aylarda
kupes fazla av vermeyip, diger baliklar agdan oldukga yiiksek
oranda ¢ikmakta, Ocak ayindan sonra ise kupes on plana
¢lkmaktadir. Ozellikle Nisan ayinda ise en yiksek verime
ulasmaktadir. Zira kupesin ilkbahardaki Ureme gdci ile av
verimi arasinda bir iliski oldugu balikgilar tarafindan da
onaylanmaktadir (T. Bigak, kisisel gorlisme). Daha sonra,
yazin balikgilar bu balik¢iligi terk etmekte ve genellikle turizm
velveya diger balikgilik tekniklerine ydnelmektedirler.

Sonug olarak, balik ciftlikleri etrafinda yapilan kupes
avelliginin hedef disi av oranlari gérece diisiiktiir. Iri boyutlu
kupesi hedefleyen gérece iri gozlere sahip (32 mm) aglar ve
kullanim teknigi %92 oraninda hedef tirii yakaliyor olmasi,
hedeflenen tiire yonelik av aracinin oldukga verimli calistiginin
da bir gostergesidir. Balik giftlikleri gevresinde 200 m koruma
zonunda avlanmak yasa disidir. Bu durum Ege Denizi'nde
amator/ticari balikgilar ile balik ciftlikleri arasinda catismalara
neden olmaktadir (Akyol vd., 2019). Bilindigi gibi, balik
ciftliklerinin etrafindaki yabani baliklar, organik pelet yemlerle
beslenen ve ayni zamanda suyu iyi filtre eden baliklardir ve
suyun aritiimasina katkida bulunurlar. Béylece, bentik
ortamlardaki ¢okelmeyi en aza indirgemek icin yabani
baliklarin biyo-filtre islevinin sirdiriimesi garanti edilmelidir.
Ek olarak, ticari ve amator balikgilikla balik ciftlikleri gevresinde
ne kadar balik yakalandigi ve bu balikgihgin yabani balik
popllasyonu uzerindeki ekolojik etkisinin boyutu ile ilgili
calismalarin sayisi oldukga sinirlidir. Bu nedenle, balik
ciftlikleri etrafinda yer alan baliklarin biyo-filtre ézellikleri ve bir
cesit Ureme biyokitlesi olarak korunmalari ve/veya ¢ok dikkatli
bir sekilde, sinirli bir miktarda avlanmasina yénelik izin
verilebilir toplam ava yonelik galismalarin yapiimasi gereklidir.
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0Oz: Besleyici degeri ve lezzetiyle tiiketiciler tarafindan yogunlukla talep edilen Sardalya (Sardina pilchardus) baliginin daha uzun raf dmrii ile pazarlanma
segeneklerinden biri salamuraya islenmesidir. Salamura prosesinde tuz difiizyon hizinin diisik olmasi baliklarin depolama kalitesini etkileyen 6nemli bir
faktordr. Son yillarda vurgulu elektrik alan yontemi (PEF) kitle transferini hizlandiran yenilikgi bir yontem olarak degerlendirimektedir. Bu galismada,
sardalyalarin salamura iglemi dncesi ve salamura iglemi siresince PEF (6,36 kV/cm) uygulanmig ve son Uriindeki tuz konsantrasyonu incelenmistir. PEF
uygulanmis drneklere gére, kontrol grubunun sahip oldugu tuz konsantrasyonunun (%16,32) daha dustik oldugu bulunmustur (p<0,05). Ancak PEF uygulanmig
ornekler arasinda tuz konsantrasyonu (%18,17 ve %18,22) agisindan 6nemli bir fark tespit edilmemistir. Tim 6meklerde tuz absorbsiyonuna bagli olarak kil
orani artmi ve su aktivitesi degeri azalmistir. pH degerleri kiyaslandiginda, 6rnekler ve depolama zamanlari arasinda istatistiksel olarak dnemli bir fark
gozlenmemistir. Taramali elektron mikroskobu (SEM) gérinttileri incelendiginde ise PEF uygulama stiresi arttikca gézeneklerin sayisinin ve gapinin arttigi
belirlenmistir. Bu nedenle, PEF uygulamasinin sardalya baliklarinda tuz difiizyonunu artirmak igin bir 6n islem olarak degerlendirilebilecegi sonucuna
varilmigtir.

Anahtar kelimeler: Sardalya, vurgulu elekirik alan, salamura, tuz difiizyonu

Abstract: One of the marketing options for European sardine (Sardina pilchardus), which consumers demand nutritional value and taste, is processing in
brine that provides a longer shelf life. However, the slow rate of salt diffusion is the biggest obstacle to be overcome. In this context, the pulsed electric field
method (PEF) is considered an innovative method that accelerates mass transfer. This study applied PEF to sardine before and while they were kept in brine.
The salt concentration of the final product was found to be higher than the control group, which was not applied PEF (p<0.05). However, the difference between
the PEF applied samples was insignificant while ash content increased, and water activity value decreased in all samples due to salt absorption. When pH
values were compared, no significant difference was observed between samples and storage periods. According to the scanning electron microscope (SEM)
images, the number and diameter of the pores increased due to the rise in application time. Therefore, it was concluded that PEF application could be

considered a pretreatment to increase salt diffusion in European sardine.
Keywords: European sardine, pulsed electric field, brine, salt diffusion

GIRiS

Ulkemizde en ok avianan deniz baliklari arasinda yer alan
sardalya, degerli besin kompozisyonu ve lezzet kazandiran
duyusal bilesenlerinin yani sira disik fiyati ile de tlketiciler
tarafindan tercih edilen su driinleri arasinda yer almaktadir
(Wawire vd., 2019; Anonim, 2020; Coteli, 2021). Ancak, taze
sardalyalar bakteriyel gelisim, enzim aktivitesi ve yag
oksidasyonu  gibi  degisimler  sonucunda  kolayca
bozulabilmektedir. Hem sardalyalarin raf dmriini uzatmak hem
de tlketime hazir islenmis su Urinlerine kargi artan talebi
karsilayabilmek icin tuzlama, kurutma, marinasyon, konserve
gibi uygulamalar duyusal, fiziksel ve kimyasal dénusimlere
ugratiimaktadir. Uygulamasi kolay ve ucuz bir yontem olan
tuzlama islemi, baligi otolitik dekompozisyondan korumakta ve
ya§ oksidasyonunu en aza indirgemektedir (Ormanci vd.,
2018; Wawire vd., 2019). Salamurada muhafaza ile tuzun
dokulara niifuz etmesi saglanarak gergeklestirilen dehidrasyon

sonucu hem raf 6mrii gelistiriimekte hem de ham maddeye
yeni yapisal Ozellikler kazandiriimaktadir. Tuzun diflizyonu
urline gore farkl siirelerde gérevini tamamlamakta, bu stirenin
hizlandirimasi sadece salamura ile hazirlanan driinlerde degil,
farkli  formilasyona sahip marinatlarda veya kirlenmis
Urinlerde de 6nem kazanmaktadir. Bu amagla son yillarda
ultrases, ylksek basing ve vurgulu elektrik alan (pulsed electric
field; PEF) gibi yontemlerin uygunlugu arastirimaktadir
(McDonnel vd., 2014; Inguglia vd., 2020).

PEF, hem gidalarin muhafazasi hem de yapisal
degisikliklerin gergeklestirimesi igin yaygin olarak aragtirilan
Isil olmayan, yenilikgi bir ydntemdir. PEF yntemi ile iki elektrot
arasinda bulunan ortama cok kiglik zaman (us veya ms)
dilimlerinde ylksek voltajli elektrik akimi uygulanmakta,
bdylece hiicre yapisinda gegici veya kalici diizenlemeler
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gerceklestiriimektedir. Bu  dlizenlemeler hiicre zarinda
gozenek olugsumu ile sonuglandiginda elektroporasyon olarak
adlandiriimaktadir. Yiiksek yogunluklu elektrik darbeleri (>~18
kV/cm) uygulandiginda hiicre zarinda kalici elektroporasyon
olusurken, goreceli olarak disuk elektrik alan gliciine sahip
darbeler (~5-15 kV/cm) ile hiicre zarinda geri dénisimli
olarak gegirgenlik artmaktadir (Asik Canbaz vd., 2020). Ayni
zamanda enerji tasarrufu saflama ve cevreci olma gibi
avantajlari bulunan PEF yontemi, tek basina veya diger
yontemlerle birlikte et ve et Urinlerinin kalitesini ve proses
etkinligini  gelistirmek (izere kullaniimaktadir (Gémez vd.,
2019). Toepfl vd. (2006), domuz etine uyguladiklari 2 kV/cm
yogunluktaki vurgulu elektrik alanin, salamuranin dokuda
homojen yayilmasini sagladigi, su tutma kapasitesini artirdigi,
pisme esnasinda agirlik kaybini azalttigi ve son Uriine daha
yumusak bir yapi kazandirdigi sonucuna varmiglardir. PEF ile
et ve et drlnlerinin tekstlrel ozelliklerinin iyilestiriimesi
membran gegirgenliginin artmasi ile gerekli iyon ve enzimlerin
salinmasi mimkiin olmaktadir (Bekhit vd., 2014). PEF ayni
zamanda, balik atiklarinda ekstraksiyon verimini artirmak igin
bir 6n-islem olarak uygulanabilmektedir. Zhou vd. (2012) ve He
vd. (2014), PEF kullanarak balik kilgigindan sirasiyla kalsiyum
ve kondroitin stilfat ekstrakte ettikleri galismalarinda, daha kisa
surede daha verimli sonuglar aldiklarini vurgulamiglardir. PEF
ile hiicre gegirgenliginin artmas| sonucu, marinasyon, kurutma
veya kirleme islemlerinde kullanilan baharat, tuz,
antimikrobiyal ajanlar gibi maddelerin, taze etlere niifuz etmesi
sadlanmaktadir. Toepfl vd. (2006), PEF uyguladiktan sonra
salamura ¢dzeltisine daldirdiklari domuz etinde, tuz ve nitrat
gegisinin arttigini bildirmistir. McDonnell vd. (2014) ise, PEF
uygulamasini domuz etinin tuzlanmasini hizlandiran bir én
islem olarak degerlendirmigtir. Astréin-Redin vd. (2019),
sosislerde bir 6n islem olarak PEF uygulamanin su transferini
hizlandirdigini ve kurutma siresini yaklasik bir hafta kisalttigini
vurgulamislardir.

PEF ydnteminin su Uriinlerinde kitle transferi lzerine
etkisini iceren aragtirmalar oldukga kisithdir. Séz konusu bu
calismada da PEF ydnteminin bir dn islem olarak veya tuzlama
islemine eslik ederek uygulanmasinin, salamura sardalyalarda
tuz diflizyonu Uzerine etkisi, farkli kalite parametreleri ile
desteklenerek aragtiriimistir.

MATERYAL ve METOT

Materyal

Arastirmada kullanilan sardalya baliklari avlanmanin
hemen ardindan satis yerine ulastiyi gin soguk zincir
korunarak laboratuvara getirilmistir. Calismada kullanilan
baliklarin ortalama boylari 11,16+£0,42 cm ve ortalama
agirhiklari 11,76+0,90 g olarak tespit edilmigtir. Her bir
uygulama igin toplam 200 g agirhiginda 17 adet sardalya
kullanilmigtir. Ayiklama iglemi satig yerinde gerceklestirilen
sardalyalar, aseptik kosullar altinda hazirlanmistir. Akan su
altinda yikanan sardalyalarin fazla suyu stizme islemi ile
uzaklastinlmigtir. 11 cm ¢apr ve 12 cm ylksekliginde
polipropilen (PP) kaplara yerlestirilen sardalyalar bes gruba
ayriimigtir. Birinci grup (KS), %18'lik salamura (1:2) (w/v) iginde
24 saat boyunca +4°C'ta muhafaza edilmistir. Ikinci grup (KP),
+4°C'ta 60 dakika PEF uygulandiktan sonra %18'lik salamura

(1:2) (wiv) iginde 24 saat boyunca yine +4°C’ta muhafaza
edilmistir. Uglinct grup (KPS) ise %18'lik salamura (1:2) (wiv)
icinde 24 saat boyunca buzdolabi kosullarinda muhafaza
edilirken PEF uygulanmistir. KP ve KPS gruplarinda farkli
uygulama sdrelerinin  kullaniimasi, KP grubunda PEF
etkinliginin bir 6n islem olarak degerlendirilmek istenmesinden
kaynaklanmaktadir. Ayrica, SEM analizinde ele alinan
sardalyalarda taze balik érnekleri kontrol (K), sadece PEF
uygulanan érnekler ise (P) grubu olarak degerlendirilmistir.

Vurgulu elektrik alan diizenegi ve uygulamasi

Buzdolabina entegre edilmis bir gii¢ kaynagi (Tirkoglu
Neon Trafolari, Istanbul, Tirkiye) ve uygulama bdlmesinden
meydan gelen PEF sistemi Siileyman Demirel Universitesi
Elektrik-Elektronik Muhendisligi BolimU laboratuvarlarinda
prototip olarak dretilmistir (Sekil 1). Darbe jeneratérii cihazin
metal gévdesiile canli ug ¢ikis arasinda 70 kV potansiyel farki
vermis ve bu yiksek gerilim kablolar ile emniyetli bicimde
buzdolabi igindeki paralel plakalara aktariimistir. Darbe
jeneratérinden 0,2 ms genislige ve 11,6 ms sikliga sahip
darbeler elde edilmistir. Gi¢ kaynagina eklenmis olan
dogrultma devresi ile plakalara iletilen darbelerin tek kutuplu
(DC) ve Ustel azalan sekilde olmasi saglanmistir. Uygulama
bdlmesinde bulunan 21,5%29x0,2 c¢cm boyutlarindaki paralel
plakalar (Cr-Ni) kullanilarak elektrik alan olusturulmustur.

Orneklerin maruz kaldigi elektrik alan degeri (kV/m)
asagidaki esitlik ile hesaplanmistir.

E=V/d

E: elektrik alan degeri (kV/cm)
V: voltaj (kV)

d: mesafe (cm)

PEF sistemi ile paralel plakalar arasindaki mesafe
degistirilerek 2,5-7 kV/cm araliginda elektrik alan degerleri elde
edilebilmektedir. Bu galismada plakalar arasindaki mesafe 11
cm'ye ayarlanarak 6,36 kV/icm elektrik alan degeri
uygulanmistir. CST Microwave Studio (Computer Simulation
Technology GmbH, Almanya) programi  kullanilarak
gergeklestirilmis olan denemelerle PP kabin elektrik alan
vektorlerini  engellemedigi  gorlimistir. Dolayisiyla, diger
calismalardan farkli olarak bu calismada elektrotlarin gida
veya ambalaj ile temas etmedidi indirekt bir uygulama
gerceklestirilmistir.

Tuz tayini

Sardalya baliklarinin  tuz icerikleri Mohr yontemi
uygulanarak galismanin basinda ve depolamanin 12. ve 24.
saatlerinde tespit edilmigtir. 5 gram homojen 6rnek K-kromat
(%5) ve O,1 N NaOH esliginde normalitesi belli AQNOs ¢dzeltisi
ile titre edilmistir (Dericioglu vd., 2019). Orneklerin tuz miktari
asagida gosterilmis olan formdl ile hesaplanmistir:

100
Tuz miktart (%) =V.f. 0,00585.Sf.7

V: titrasyonda harcanan 0,1 N AgNO3 (ml)
f: 0,1 N AgNOs ¢ozelti faktori
St. Seyreltme faktori
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$Sekil 1. Buzdolabina entegre edilmis PEF sisteminin sematik gésterimi
Figure 1. Schematic representation of PEF system entegrated into refrigerator

Kiil tayini

Sardalya érneklerinin kil miktarinin belirlenmesi iin sabit
agirhiga getirilen porselen kul kapstillerine yaklasik 3-4 g érnek
tartilmistir. Ornekler kil firinina yerlestirildikten sonra sicaklik
kademeli olarak artirlarak 600 °C’a getirimis ve kul
kapsulundeki 6rnek rengi gri-beyaz olana kadar yakma
islemine devam edilmistir. Kul kapsdillerinin tartim farkindan
ornekteki % kul miktari belirlenmigtir (Anonim, 1990).

Su aktivitesi tayini

Sardalya baliklarinin su aktivitesi degeri su aktivitesi cihazi
(LabSwift, Novasina, Isvigre) kullanilarak tespit edilmistir.
Homojenize edilmis (Waring Commercial, A.B.D.) 6rnekler
cihazin 6lglim haznesine yerlestirildikten sonra, cihazin uyari
sesi ile gdzlenen deger kaydedilmistir.

pH tayini

10 g sardalya 6rnedi 90 ml destile su ile homojenize
edildikten (Waring Commercial, A.B.D.) sonra pH-metre
(Schott Lab 860, Almanya) kullanilarak belirlenmistir (Anonim,
1990).

Taramali elektron mikroskobu (SEM) ile gériintiileme

Sardalya baliklarinin salamurada beklemesi sonucu ve
PEF uygulamasi ile yapisinda meydana gelen degisim taramali
elektron mikroskobu (SEM) (FEI QUANTA FEG 250, A.B.D.)
kullanilarak izlenmistir. Ornek hazirlama agamasinda Castejon
(2012) tarafindan  énerilen  kriyojenik  kirma  metodu
uygulanmistir.

Depolamanin basinda taze baliktan (K), sadece PEF
uygulanan sardalya baliklarindan (P), depolamanin sonunda
KS, KP ve KPS gruplarindan alinan drnekler sivi nitrojene
daldinldiktan sonra dikey kesit alacak gsekilde kirilmistir.
Ardindan, ift tarafli yapiskan bant kullanilarak SEM numune
haznesine yerlestirilerek incelenmistir.

istatistik analiz

ki tekerriirlii ve 2 paralelli olarak gergeklestirilen
deneylerin sonucunda uygulamalar arasindaki fark varyans
analizi (ANOVA) ve Duncan coklu karsilagtirma testi
kullanilarak %95 glven araliginda belirlenmistir. Istatistiksel
analiz, Statistical Package for Social Science software (SPSS
Inc. version 24.0, A.B.D.) kullanilarak gerceklestirilmistir.

BULGULAR

Salamurada bekletilmis sardalya baliklarinin tuz ve kil
icerigi (%) ile aw ve pH degerleri Tablo 1'de gésterilmistir.
Orneklerin baslangi¢ tuz konsantrasyonu %2,75 olarak tespit
edilmis olup depolamanin sonunda bu deger KS, KP ve KPS
ornekleri igin sirastyla %16,32, %18,17 ve %18,22 seviyesine
ulagmistir. Depolama boyunca her (i¢ érnek grubunda da tuz
konsantrasyonu artmis olmakla birlikte 12. saatte tuz igerigi
agisindan drnekler arasinda istatistiksel bir fark gézlenmezken,
24. saatin sonunda PEF uygulanmis drnekler, uygulanmamis
orneklere gore dnemli seviyede (p<0,05) yiksek tuz icerigine
ulagmistir. PEF tekniginin salamuraya daldirmadan 6nce veya
salamurada bekletilirken uygulanmasi tuz diflizyonu agisindan
ayni etkiyi gostermistir.

Sardalya baliklarinin tuz oranindaki artisa paralel olarak
kil oraninin arttii ve su aktivitesi degerinin ise azaldig
gozlenmigtir. Baslangicta tespit edilen %2,14 oranindaki kil
miktari ayni 6rnek grubunun 12. ve 24. saatlerinde énemli
seviyede artis gosterirken (p<0,05), 6rnekler arasindaki fark
anlamsiz bulunmustur. Baslangicta kaydedilen su aktivitesi
degerinin (0,92) ise depolamanin sonunda KS grubunda 0,87,
PEF uygulanmis olan 6rnek gruplarinda ise 0,88'e dstugu
gozlenmistir. Ancak drnek gruplari arasindaki fark 12. ve 24.
saatlerde 6nemsiz bulunmustur. Taze sardalya baliklarinin pH
dederi 6,68 olarak tespit edilmis olup depolama sonunda KS
ve KP ornekleri icin 6,54, KPS ornekleri icin ise 6,58 olarak
belirlenmistir. Gézlenen bu dusts degerlendirildiginde ise hem
grup ici hem de gruplar arasindaki degisimin énemsiz oldugu
kaydedilmistir.
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Tablo 1. +4°C'ta 24 saat boyunca depolanan sardalya drneklerinin
tuz (%), kil (%), aw ve pH degerleri
Table 1. Salt (%), ash (%), aw, and pH values of sardine samples
storaged at +4°C for 24 hours

0 (h) 12 (h) 24 (h)

Tuz (%)

KS 2,7540,61% 14,520 444 16,320,768
KP 27540614 15,220,684 18,17+0,24%a
KPS 27540614 14,280,984 18,2240,174a
Kiil (%)

KS 2,1420,19% 6,60+0,76% 7,070,968
KP 2,1440,19% 6,060,924 7,720,974
KPS 2,140,194 6,470,714 8,481,014
aw

KS 0,92+0,003% 0,88+0,0014 0,87:0,006%
KP 0,92+0,0034 0,890,0074 0,880,0044
KPS 0,920,003 0,880,064 0,880,003
pH

KS 6,68:£0,07 A2 6,600,094 6,54+0,07 42
KP 6,68:£0,07 A2 6,600,184 6,540,084
KPS 6,680,074 6,510,124a 6,58+0,064a

“KS” PEF uygulanmadan, “KP” 60 dakika PEF uygulandiktan sonra ve ‘KPS” PEF uygulanarak
depolanan ornekleri gdstermektedir.

A8: Ayni siitunda farkli harfleri tagiyan dmek ortalamalari arasindaki fark istatistiksel olarak énemlidir
(p<0,05).

2¢; Ayni satirda farkli harfleri tagiyan drmek ortalamalari arasindaki fark istatistiksel olarak énemlidir
(p<0,05).

“KS”; samples stored without PEF application, “KP”; samples stored after 60 minutes PEF application;
“KPS”; samples stored under PEF.

A8: Upper case letters over the indicate a statistically significant difference between sample groups
(p<0.05).

ac; Lower case letters over the bars indicate a statistically significant difference between storage days
(p<0.05).

PEF uygulamasinin canli hlicre yapilarinda sebep oldugu
dedisiklikler proses etkinligi agisindan avantajli olarak kabul
ediimekte ve dokularda meydana gelen donisUmlerin
izlenebilmesi icin gbrintlleme tekniklerine bagvurulmaktadir.
Bu calismada SEM kullanilarak elde edilen gorintiler Sekil

2'de gbsterilmektedir.

Elektroporasyon ile olusan gézeneklere K ve KS grubunda
rastlanmazken, KPS grubunda KP grubuna gére gézeneklerin
cap! blylimekte ve sayisi artmaktadir. Depolama boyunca
PEF uygulanmis KPS grubu Orneklerinde gdzlenen fiziki
deformasyon diger érneklere gdre daha belirgin gérlise de bu
degisiklik tuz  difizyonunda  dnemli  bir fark ile
sonuglanmamustir.

Sekil 2. Sardalya baliklarina ait SEM goruntileri. K: taze sardalya;
KS: salamurada muhafaza edilmis sardalya; P: PEF
uygulanmis taze sardalya; KP: PEF uygulandiktan sonra
salamurada muhafaza edilmis sardalya; KPS: salamurada
muhafaza edilirken PEF uygulanmis sardalya

Figure 2. SEM images of sardine samples. K: fresh sardine; KS:
brined sardine; P: PEF applied fresh sardine; KP: sardine
brined after PEF application of 60 minutes; KPS: sardine
brined under PEF
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TARTISMA

Su Urinlerinin salamurada iglenmesi asamasinda tuzun
koruyucu ve donlstiriici  etkisinden faydalaniimaktadir.
Dokulara niifuz eden tuz konsantrasyonu nihai Girlin kalitesini,
diflizyon hizi da proses verimini etkilemektedir. Bu ¢alismada
PEF uygulamasinin  salamurada bekletilen sardalya
baliklarinin sahip oldudu tuz igerigi Gzerinde etkili oldugu tespit
edilmistir. Bu durum PEF uygulamasinin, balik kasinin
mikroyapisinda meydana getirdigi mekanik zararlar dolayisiyla
kas  hicre  zannin  bUtlnldgindn  bozulmasi  ile
aciklanabilmektedir. Ayrica hiicreler arasi bosluklarin artmasi
ve vyeni kanallarin olusmasi da kitle transferini
kolaylastirmaktadir (Cropotova vd., 2021). Benzer sekilde,
Toepfl vd. (2007) ve McDonnell vd. (2014) PEF yontemini
domuz etinin tuzlanmasini hizlandiran bir én islem olarak
degderlendirmistir. McDonnell vd. (2014), farkli enerji (22,6-281,
1 kJ/kg), elektrik alan (120 veya 230 kV/cm), frekans (100 veya
200 Hz) ve darbe sayisi (150 veya 300) degerlerini
kiyasladiklari calismalarinda, elektrik alan uygulanmasi ile
beraber tuz diflizyonunda %13'ten fazla artig saglandigini
bildirmiglerdir. Atlantik somon baligi igin PEF (2 kV/cm)
yonteminin degerlendirildigi baska bir galismada ise, proses
stiresinin - %80’e  kadar kisaldi§i ve son Urinde tuz
konsantrasyonunda artisin  oldugu aktarilirken, PEF
uygulamasinin kalite parametrelerini etkilemedigi belirtilmistir
(Simpson vd., 2018). Nufiez vd. (2020) de salamuraya
isledikleri (6% ve 24%) somon filetolarina 6 °C'ta 20 saat
boyunca  elektrik alan  (0-2 V/cm)  uygulamislar,
elektroporasyona bagli olarak artan hiicre gegirgenligi ile tuzun
somon dokularina kitle transferinin hizlandigini, dolayisiyla
somon filetolarinin tuz oraninin arttigini tespit etmislerdir.
Ayrica bu artisin elektrik alan degeri, sire ve tuz
konsantrasyonu arttikga daha belirgin oldugunu aktarmiglardir.
Benzer sekilde, Cropotova vd. (2021), levrek baliklarina
salamuraya islemeden dnce PEF (0,3 kV/cm ve 0,6 kV/cm)
uygulanmasinin  tuz  absorbsiyonunu  %77'ye  kadar
hizlandirdigini ve kasta tuzun homojen dagiimasini sagladigini
belirtmislerdir. %5 ve %10 konsantrasyona sahip salamura ile
0,3 kViem ve 0,6 kVicm elektrik alan parametrelerinin
kombinasyonlarinin kullanildigi bu galismada birinci giinde,
%10’luk salamurada bekletilen baliklarin tuz
konsantrasyonunun %5'lik salamurada bekletilenlere nazaran
daha yuksek oldugu belirlenirken ayni tuz konsantrasyonuna
sahip salamuralar i¢inde PEF uygulanmis olanlarin orani da
daha yiiksek bulunmustur.

Bazi calismalarda daha duslik elektrik alan yogunlugu
kullanlmasina  ragmen  son  Urlinde artan tuz
konsantrasyonunun aktariimasi kullanilan hammadde ile
iliskilendirilmektedir. PEF  etkinligi  tzerine elektriksel
parametrelerin yani sira kullanilan ham maddenin 6zelliklerinin
de etkili oldugu bilinmektedir (Dunn, 2001). Baliklar arasinda
gdzlenen yapisal farkliliklar calismalarin sonuglari arasindaki
farkliiklari dogurmakta, bu da PEF uygulamasi agisindan her
baligin ayri degerlendirimesi geregini ortaya gikarmaktadir.

Su aktivitesi degerlerine bakildiginda, PEF uygulanmis

ornekler ile kontrol drnekleri arasinda depolama boyunca
onemli bir fark gézlenmemistir. Benzer sekilde Semenoglou vd.
(2020), ozmotik dehidrasyon (%40-60'lik gliserol ve %5'lik
NaCl ¢ozeltisi) ile deniz levreklerinden gergeklesen kiitle
transferi Gzerine PEF (1,6 kV/cm, 1500’e varan darbe sayisl,
19,7 kJ/kg) ydnteminin etkisini inceledikleri calismalarinda, su
difizyonunun %50’ye ve gbdzlnen madde difizyonunun da
%66'ya kadar artmasina ragmen, su aktivitesinde dikkate
deger bir azalma olmadigini aktarmiglardir. Bu durum,
gidalarin sorbsiyon izotermi ile agiklanabilmektedir. Gidalarin
yiksek su aktivitesi degerlerinde nem oraninda dnemli bir
azalma gozlense de su aktivitesi degerindeki diisiis dnemsiz
kalabilmektedir (Rahman, 1995). Ayrica, Cropotova vd. (2021)
de PEF yogunlugunun veya salamurada bekletme siresinin
taze levrek filetolarinin su aktivitesi degerini etkilemedigi
sonucuna varmiglardir.

PEF uygulamasinin sardalya baliklarinin pH degeri
uzerindeki etkisi incelendiginde depolama sonunda KS ve KP
gruplarinin pH degerlerinin 6,54'e, KPS grubuna ait pH
degerinin ise 6,58'e distigu tespit edilmis olmakla beraber pH
degerinde gdzlenen dusls Uzerinde PEF uygulamasinin etkili
olmadigi sonucuna varilmigtir. Benzer sekilde Anggo ve
Suharto (2020) da PEF uyguladiklari sazan baliklarinin pH
degerlerini 6,46-6,62 aralijinda oldugunu ve uygulamalar
arasinda énemli bir farka rastianmadigini belirtmislerdir. Diger
taraftan, Wawire vd. (2019), sardalya baliklarinin pH
dederindeki  degisimin  tuzlama iglemi  sonucunda
aminoasitlerin ve peptitlerin daha kiigiik bilesenlere ayrimasi
ile iliskilendirmektedir.

PEF  yonteminin  elektroporasyona dayanan etki
mekanizmasi kas hiicrelerinde gdzenekler olusmasi ile
sonuglanmaktadir. Bu ¢alismada da Orneklerin  kas
hiicrelerindeki degisimler mikroskobik bir goriintileme metodu
olan SEM ile incelenmistir. KP 6rneginin SEM gériintiileri
incelendiginde kontrole gére belirgin gdzeneklerin oldugu, KPS
grubu drneklerinde ise bu gbzeneklerin hem sayisinin hem
genigliginin arttid! tespit edilmistir. Ancak, bu degisiklik tuz
diflizyonu agisindan PEF uygulanmis 6rnekler arasinda énemli
bir fark ile sonuglanmamistir. Bu durumda, gdzeneklerdeki
degisimin depolamanin sonuna dogru gerceklestigi tahmin
edilmektedir. Gudmundsson ve Hafsteinsson (2001), morina
baliklarina 18,6 kV/cm yogunluga kadar PEF uyguladiklarinda
proteinlerin birincil yapisinin etkilenmedigini, ancak somon
baliklarinda hiicreler arasi boslugun artarak balik dokusunun
yapisal butinligund kaybettigini vurgulamislardir. Klonowski
vd. (2006) de morina baliklarinda su tutma kapasitesini
artirmak tzere PEF (20-120 darbe sayisi, 1,2 kV/cm veya 2
kVicm elektrik alan yogunlugu, 400 ps darbe genisligi)
uygulamiglar, morina baliklarinda 2 kV/cm'den yiiksek elektrik
alan yogunluklarinda hticrelerde ve hicreler arasi bosluklarda
gozeneklerin olustugunu, bu nedenle ézellikle su Urinlerinin
kurutulmasinda ~ PEF  yonteminin  kullanilabilecegini
bildirmislerdir. Anggo ve Suharto (2020) ise sazan baligina
PEF (30 kV, 60 kV, 90 kV; frekans 50 Hz; darbe genisligi 0,4 s;
darbe sayisi 600) uyguladiklari ¢alismalarinda voltaj 60 kV
oldugunda sazan bali§i etinin hiicre duvarindaki bosluk ve
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gbzenek sayislyla beraber, dokudaki hasarin da az oldugu
sonucuna variimig, voltaj 90 kV degerine ylkseltildiginde ise
balik etinin hemen her yerine yayilmis gesitli boyutlarda bircok
saylida gozenek oldugu tespit etmislerdir.

SONUG

Sardalya baliklarinda tuz difizyonu Uzerine PEF
yoénteminin etkisi incelenmis ve salamuraya isleme esnasinda
kiitle transferini hizlandirmak (izere kullanilabilecegi sonucuna
variimigtir. Ayni zamanda, depolamanin sonunda &rnekler
arasinda tuz konsantrasyonu agisindan 6nemli bir farkin
olmamasi, PEF ydnteminin dokulardaki deformasyonu en aza
indirecek bir 6n islem olarak uygulanabilecegini g6stermistir.

Ayrica, marinasyon, tltsleme, kurutma gibi islemlerde de
PEF uygulamasinin kullanilma potansiyeli arastirmaya deger
bir konu olarak dne gikmaktadir. Ancak, yapisal farkliliklar g6z
oninde bulunduruldugunda proses veriminin artiriimasi
amaciyla her su drindnin ayri ayri degerlendirilmesi geregi
dogmaktadir. Buradan yola ¢ikilarak, sonraki ¢alismalarda
farkll su Urlinlerinde, tekstlrel 6zellikler basta olmak (zere
farkll kalite kriterlerinin ve elektriksel parametrelerin (izerinde
durulmasi énerilmektedir.
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Abstract: In this study, the new record of the non-indigenous Rhodophyta Antithamnionella spirographidis (Schiffner) Wollaston (1968) has been reported from
the Marmara Sea that the connection area between the Mediterranean Sea and the Black Sea. The species, originally described from Trieste (Northern Adriatic
Sea), is currently known throughout the Central and Western Mediterranean Sea. Our finding is the easternmost record of this tiny filamentous alga in the

Mediterranean Sea.
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INTRODUCTION

Antithamnionella spirographidis (Schiffner) E.M. Wollaston
has reported firstly by Schiffer as Antithamnion spriographidis
in 1916 based on a specimen that he collected in 1914 the
harbour at Trieste (ltaly). Wollaston has located the species
under the genus Antithamnionella (Wollaston, 1968). The
species is known for with rapid reproduction and high
colonization capacity. Species spreads by fragmentation and
the rapid production of new thalli, whereas it is ephemeral.
Anthithamnionella spirographidis is a fouling organism;
however, considering its small size and life circle, the effect is
dispensable.

The Sea of Marmara is a semi-enclosed sea connected
through the Strait of Istanbul (also known as Bosporus Strait)
to the Black Sea and through the Strait of Canakkale (also
known as Dardanelles Strait) to the Aegean Sea. It has a
limited size of approximately 250 x 70 km, and the deepest
point reaches 1,370m. The Sea of Marmara is characterized
by high current movements that originate from hydrostatic
pressure differences created by the different water masses of
the adjacent seas and explained the existence of a counter-
current of Mediterranean water below the surface flow of Black
Sea water (Besiktepe et al., 1994; Guiry, 1996; Sannino et al.,
2017). The persistence of these two-layer structures occurs
due to salinity differences. Low salinity Black Sea waters
(~18%o) flow into the Marmara Sea through the Bosporus Strait
and denser, salty Aegean waters (~38.5%q) water flows into
the Sea of Marmara through the Dardanelle Strait. A sharp
pycnocline separates the two different water bodies at a depth
of approximately 25 m (Besiktepe et al., 1994). Thus, even
though the maritime traffic is high, reported alien species are
lower respect to Aegean and Levantine, and they are mainly
composed of Algal species (Cinar et al., 2005). The aim of this
study is to examine algal samples collected during “Diversity

and Community Structure of Benthic Invertebrate in the Sea of
Marmara and Bosporus Survey” and contribute algal
biodiversity information of Turkish waters.

MATERIALS AND METHODS

The identified specimens have found in the Sea of
Marmara during “The Diversity and Community Structure of
Benthic Invertebrate in the Sea of Marmara and Bosporus
Survey” in 2013. The sampling point where the species is found
is shown in Figure 1.

"

Figure 1. Working area; sampling point referred to as red dot
represents between 10-20 meter depth range

Materials were collected once between June 6th, 2013 and
June 26th, 2014, with three replicates per station at depths of
10, 25, and 50 meters, as part of the Benthic Invertebrate
Diversity and Community Structure in the Sea of Marmara and
Straits Project 2013-2015. The sampling has done with a box
corer. Taken specimens were fixed in 4% formaldehyde water-
solution and afterward they examined under Olympus BX53
optical microscope of the Department of Biology, Dokuz Eylil
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University. For identification of the species, the studies of
Athanasiadis (1996) and Schiffner (1916) works were used.

RESULTS

Growth of indeterminate axis sinusoidal, by slightly oblique
division of apical cells successively to one side and then the
other, shifting orientation at sites of future indeterminate
branches; branching of determinate branches variable; gland
cells cut off laterally, covering length of the bearing cell, or
proximal to a lateral filament; nuclei and plastids as in
Antithamnion (Nageli, 1847).

Antithamnionella spirograpgidis is a small, delicate, dark
red species of alga that can form carpets or fringes of up to 4
cm in height. The thallus is composed of a single row of cells
without cortex and has creeping, prostrate axes bearing
flexuous, unattached branches which can reach up to 1 cm in
length. On the upper part of the algal body, there are side
branches opposite to the branchlets, and 3-5 branches on the
side branches produce branchlets that are biased to one side.

The opposite branchlets of the lower part of the main axis
and side branches are often bent towards the axial plane. On
erect branches these may be either opposite or unilateral on
the axis. Rhizoids near the base of the algae often grow on the
lowest cells of the branchlets. 2-3 whorl branches are found per
whorl, and whorl-branchlets are initiated laterally from axial
cells several below the apex of branches. In the upper parts of
the thallus, 2nd and/or 3rd cells of whorl-branchlets have pitted
gland cells, 10-1211 pm in diameter, which partially curve
around the parent cell, cut off from their upper side. Details is
shown in Figure 2, 3, 4. Basionym type locality, homotypic and
heterotypic localities of species have been given as Guiry
(2018).

The species has observed in northeast part of the Sea of
Marmara with the coordinates 40°57'13"N 28°5125"E, in 10-
meter depth. 22 °C degree water temperature was recorded
for the sampling point. 16%. salinity, total organic carbon
0.06%, 0.10-12.53 M ammonium nitrogen values were
registered up to 10-meter depth.

Figure 2. General view of Antithamnionella spirographidis

Figure 4. Gland cells of Antithamnionella spirographidis
DISCUSSION

The distribution of the A. spirographidis is worldwide and it
has predicted that naval ropes and worldwide oyster tread
caused to the spread of the species (Haydar and Wolff, 2011;
Maggs and Stegenga, 1998). This species even though widely
seen in Mediterranean waters, reports indicate that it mostly
seen in the western and central Mediterranean region (Furnari,
1999; Gallardo et al., 2016; Gémez Garreta et al., 2001), the
easternmost place has been reported in Greece (Wollaston,
1968). Bathymetrically it is found in the low intertidal region. A.
spirographidis is naturally attached on rocks or are epiphytic on
various organic bases such as algae, molluscs and
polychaetes tubes and also found on artificial substrata such
as ropes and marina pontoon bridges. In our research the
benthic habitat characterized by sandy and Rhodolith based
bottom. Other filamentous algae such as Polysiphonia spp,
Ceramium spp. were observed attached on Rhodoliths. The
species was observed on the Ceramium spp. and Laurencia
spp. without showing mass coverage.

As the closest point to the Sea of Marmara, the reference
station was found in the Greece, where dominant species are
Cystoseira corniculata (Turner) Zanardini, 1841, Cystoseira
schiffneri f. latiramosa (Ercegovic) Giaccone, 1992 and
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Hydrolithon farinosum (Lamouroux) Penrose and Chamberlain
(1993) sampling depth reported as 0.2- 0.5 m from Malian Gulf
where the gulf contact with Aegean Sea (salinity between 34.7
and 38.7%o, during year 50.000 t/year for nitrate and 30.000
t/year for phosphate) (Bacoyannis Chryssovergis, 1995).
Temperature tolerance of this species are unknown but the
records from the North Sea show it could resist also low
temperature as well as Mediterranean temperate waters
(Guiry, 1996; Stegenga et al., 1997).

Our samples were taken in June and there were no
tetrasporongial individual. Spermatangia, procarps and
cytocarps reported in July and December, tetrasporangia in
June-July, September December and March in the works of
Maggs and Hommersand (1993) while the culture plant gave
rise to 1:1 ratio of female and male gametophytes, the
carpospores grew into tetrasporephytes; females later also
spermatagania or tetrasporocytes (Drew, 1955; L'Hardy-Halos,
1986). In another work of Maggs and Stegenga (1998) plants
occur year-round but are most abundant during the second half
of the year. Tetrasporangia is formed throughout the year, and
gametangia in May to November.
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