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Authors Guidelines

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

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

GENERAL INFORMATION
Aim & Scope

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

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

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

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

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

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

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

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

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

Editorial Policy and Referee Process

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

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

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

Article Types

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

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

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

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

Reports

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

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

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

MANUSCRIPT SUBMISSION

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

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

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

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

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

While starting

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

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

To follow the status of the article;

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

Similarity Report

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

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

Cover Letter

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

Ethics in Publishing

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

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

PREPARATION OF MANUSCRIPTS

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

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

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

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

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

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

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

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

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

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

First Page

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

Author Names and Affiliation

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

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



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

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

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

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

Abstract

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

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

Keywords

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

Following pages

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

Introduction

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

Material and Methods

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

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

Results

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

Discussion

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

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

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

Examples:

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

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

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

Financial support acknowledgwment should be written like the example given:

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

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

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

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

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

Authorship Contributions

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

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

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

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

Full name/s: Visualization, Investigation

Full name/s: Supervision

Full name/s: Software, Validation

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

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

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

Changes to Authorship

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

Conflict of Interest Statement

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

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

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

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

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

Ethics Approval

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

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

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

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

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

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

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

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

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

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

Data Availability

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

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

Examples:

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

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

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

Data availability: All relevant data is in the article.

Scientific Style

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



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

Equations and units

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

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

Footnotes

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

References

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

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

In-Text Citation

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

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

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

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

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

One author:

Consider the following examples:

SOOI (Kocatas, 1978)

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

Two authors:

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

Consider the following examples:

EIUPT (Geldiay and Ergen, 1972)

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

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

More than two authors:

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

See below examples:

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

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

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

Two or more works by different author:

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

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

Two or more works by the same author:

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

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

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

For Example:

-Geldiay and Ergen, 1972a

-Geldiay and Ergen, 1972a, b

No authors:

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

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

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

No publication date:

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

Example: (Geldiay, n.d.).

Citation to secondary sources:

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

For Example:

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

Personal communication and unpublished results:

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

General use of websites and software:

It should be showed as below.

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

In References

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

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

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

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

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

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

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

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

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

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

For example:

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

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

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

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

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

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

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

For example:

Kocatas, A. (1978)

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

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

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

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

conform to the following examples:

Journal Articles

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

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

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

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

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

Chapter in books

Gollasch, S. (2007). Is ballast water a major dispersal mechanism for marine organisms? In
W. Nentwig (Ed.), Biological Invasions (pp. 29-57). Berlin: Springer.
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Abstract: In this study, risk perception and the impact of various environmental factors on accidents involving fishing vessels in small-scale fishing vessels
during navigation were examined. Thirty fishing vessel captains from Cesmealti and iskele fishing ports evaluated the risks of environmental conditions under
different scenarios in the bridge navigation simulator based on the Fine-Kinney risk assessment method. Nonparametric (Mann-Whitney U-test) and parametric
tests (Pearson correlation and independent-samples t-test) were performed to analyse other related parameters. The study also conducted a small
questionnaire study that included questions such as the number of past accidents by fishermen and the number of engine rudder failures. According to the
sum of the fishermen's assessments, reduced visibility was the highest factor increasing the probability and consequences of accidents in sea navigation,
while they identified night and heavy weather conditions as the highest factor in port navigation. Fishermen also found navigating their ports safer than sea
navigation. There is a significant, positive, and strong correlation between the number of fishermen’s accidents and the number of engine rudder failures
(p=0.047, r=0.714), the perception of accident probabilities in port navigating with restricted visibility (p=0.027, r=0.726) and in port navigation at night and in
heavy weather (p=0.003, r=0.866). According to the results of the study, using the outcomes of the pre-fishing environmental risk assessment, the competent
maritime authorities may be able to take effective measures to prevent the occurrence of serious marine casualties.

Keywords: Small-scale fishery, accident probability, accident consequence, risk perception, navigation

0z: Bu calismada, kiigiik dlcekli balikg! teknelerinde seyir sirasinda karistig kazalardaki risk algisi ve gesitli gevresel faktorlerin etkisi incelenmistir. Cesmealti
ve lskele balikgi barinaklarindan Otuz balikgi gemisi kaptani, Fine-Kinney risk degerlendirme metoduna dayanarak koprii iistii seyir simiilatdriinde farkli
senaryolar altinda gevresel kosullarin risklerini degerlendirmislerdir. Diger verilerin analizi igin de parametrik (Pearson korelasyon analizi ve t testi) ve
parametrik olmayan (Mann-Whitney U testi) testler kullaniimistir. Calismada ayrica balikgilarin daha 6nceki deneyimlerinden kaza sayilari, makine diimen
arizasi gibi sorulardan olusan bir anket calismasi da yapilmistir. Balik¢ilarin degerlendirmeleri sonucu ortaya ¢ikan puanlarin toplamina gore deniz seyrinde
kaza ihtimal ve neticesini arttiran en yliksek etken olarak kisitli gériisti belirlemisken liman seyrinde gece ve siddetli hava kosulunu en yiiksek etken olarak
belirlemislerdir. Ayrica balikgilar kendi limanlarinda yaptiklari seyri deniz seyrine gore daha emniyetli bulmuslardir. Balikgilarin yasadiklari kaza sayisi ile
makine-diimen ariza sayisi (p=0,047, r=0,714), liman seyrinde kisitl gériste (p=0,027, r=0,726) ve siddetli havada gece seyrinde kaza ihtimali algisi (p=0,003,
r=0,866) arasinda anlamli ve pozitif ve guglii iliski vardir. Calismanin sonuglarina gére, kiictik 6lcekli balikgilarin denize gikmadan 6nce cevresel sartlara gore
risk degerlendirmesi sonuglarindan yararlanilarak ilgili denizcilik makamlarinin ciddi deniz kazalarinin meydana gelmesini 6nlemek igin etkili dnlemler almasi
miimkiin olabilir.

Anahtar kelimeler: Kigiik 6iekli balikgilik, kaza ihtimali, kaza neticesi, risk algisl, seyir

INTRODUCTION

It is estimated that half a billion people worldwide make a
living from artisanal (small-scale) fishing. The Food and
Agriculture Organization of the United Nations reports that
small-scale fishermen are responsible for 40% of the total
catch and 68% of marine capture (FAO, 2021). Although small-
scale fisheries depend on specific conditions such as
developed or underdeveloped countries, it can be briefly
defined as a type of traditional fishery for local consumption
using small boats, low-tech gear, and deck equipment, mainly
near shore (Halim et al., 2019; Smith and Basurto, 2019). Due
to its ecological, economic, cultural, socio-political, and
nutritional importance, the sustainability of small-scale
fisheries is increasing worldwide (Halim et al., 2019; Smith and
Basurto, 2019; FAQ, 2021; Villasante et al., 2022). However,

maritime and commercial fishing, in particular, is one of the
most dangerous occupations in the world in terms of safety and
has a high mortality rate (Jaremin and Kotulak, 2004; Jin and
Thunberg, 2005; FAO, 2014).

The accident statistics of the European Maritime Safety
Report show the danger in the fishing industry and endanger
its sustainability (EMSA, 2022). For example, 50% of all
accidents involving fishing vessels in EU countries are
classified as serious or very serious. Although fishing accidents
rank third among vessel types, when the severity of the
accident is taken into account, they move up to second place.
Especially in the case of serious accidents such as shipwreck
and ship loss, fishing boats are far ahead of other types of ships
(EMSA, 2022; Wang et al., 2021).

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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Maritime accidents have been an important subject of
study in the literature for many years. In particular, some
previous work has examined a significant association between
fishing vessel accidents and boat length, boat age, weather,
sea conditions, visibility, and time of day (Jin et al., 2001; Jin et
al., 2002; Wu, 2008; Wu et al., 2009; Roberts et al., 2010; Kim
and Kang, 2011; Jin, 2014; Pleskacz, 2015; Yildinm and
Basar, 2019). Most of the work in this research has focused on
accident categories such as collision, stranding, sinking, fire-
explosion, industrial accident, and man overboard (Wang et al.,
2005; Bayar, 2010; Sur and Kim, 2020; Ugurlu et al., 2020).
Much research has been done in the literature on human error
concepts emphasized in accidents involving fishing vessels like
other marine casualty studies (Kim and Kang, 2011; Jung,
2014; Won and Kim, 2019). One of the reasons for marine
casualties is defined as the fact that fishermen at busy traffic
separation lines follow different routes than other vessels,
which increases the number of accidents (Oh et al., 2015). The
other reasons like falling asleep on the bridge, lack of
experience, and leaving the helm unattended can lead to
consequences like sinking of the ship and death of the fishing
vessel were mentioned by Soykan (2018). While not enough to
reduce incidents at sea caused by human error, engineers over
the past five decades have focused on technological
improvements in hull design, ship propulsion, auxiliary deck
equipment, navigation, and safety equipment (Formela et al.,
2019; Hasanspahic¢ et al., 2021).

Numerous studies have identified human error as the most
important factor influencing accident occurrence (Roberts et
al., 2010; Awal and Hasegawa, 2017; Kim and Na, 2017; Fan
et al., 2020; Hasanspahi¢ et al., 2021; Demirci et al., 2022).
However, looking at these studies in general, environmental
factors influence accident occurrence in almost all of them (Kim
and Kang, 2011; Pleskacz, 2015). There is no specific study on
how different environmental factors increase the probability of
accidents or how they affect the risk of accidents. Previous
studies on marine casualties have generally taken a reactive
approach (Awal and Hasegawa, 2017) and sought a risk
assessment based on previous casualties. A proactive
approach in this area and a close examination of the risk
development process can become more important to eliminate
the risks (Psaraftis, 2002; Montewka et al., 2014; Haapasaari
etal., 2015; Luo and Shin, 2019).

Many methods in the literature address the problem by
identifying or preventing factors that influence marine
casualties. Our potential solution is a proactive approach to risk
assessment. The aim of this study was to fill the gap by
proactively addressing this issue and identifying the risks of
operating on small fishing vessels. Therefore, a risk
assessment method for fishermen navigating in the different
scenarios prepared in the bridge navigation simulator was used
to determine the environmental conditions affecting the level of
risk during navigation.

MATERIAL AND METHODS

The study consists of (1) a questionnaire with demographic

and occupational questions and their statistical analysis for a
better understanding of the topic and (2) simulator experiments
in different scenarios in which a risk assessment is made. The
second goal was the principal objective of this research. 20 out
of 27 fishermen from iskele Port and 10 out of 30 fishermen
from Cesmealt (in total, 30 fishermen from two ports)
participated in the study. The fishermen completed a
questionnaire containing some information from their
experience along with demographic questions and finally
assessed the accident probability and consequences
according to a risk assessment method based on the scenarios
in the simulator.

The bridge operation simulator ARI (Applied Research
International, Version 1.0), classified by DNV and GL (Det
Norske Veritas and Germanischer Lloyd), was used for
simulator experiments. The simulator is supported by a total of
21 computers. Navigation aids such as radar, ECDIS, and echo
sounder are available in the simulator (Figure 1). The
methodology imposed on the simulation allows, through the
simultaneous  application, to effectively estimate the
probabilities and consequences of different random scenarios
(Li et al., 2012). Three different scenarios (sea navigation,
iskele port navigation, and Gesmealti port navigation) have
been created in the bridge simulator to allow the fishermen to
navigate in 30 minutes under different environmental
conditions (current, night navigation, etc.) (Figure 1). Scenarios
were prepared in the bridge simulator and the fishermen were
asked to use the fishing boat (LOA 18 m, width: 4.5 m, draft:
1.5 m). Only active captains of fishing vessels working in iskele
and Cesmealti fishing ports have been included in the
scenarios. No restrictions such as age, gender, experience,
and competence variables were set for the participants. The
same scenario has been applied to everyone in sea navigation.
However, for port navigation, fishermen from iskele and
Cesmealtl Port sailed into their own port. It was considered
more appropriate to conduct the navigation in their own ports
and evaluate their results, since fishing boats do not call at
different ports like commercial boats.

The simulation experiments were performed in the
following flow order: (1) The same parameters were applied to
the environmental conditions (current, heavy weather,
restricted visibility, etc.) for both port and sea navigation.
Scenarios in the simulator were started in calm weather and
sea conditions. (2) In the scenarios, the shipping traffic was
prepared according to the customs of the region. Since sea
navigation is located in the traffic separation scheme, shipping
traffic from east to west and vice versa was prepared. All
participants were instructed to cross the separation line in a
northerly direction. (3) In the port navigation, a sailing boat has
been placed on the breakwater and three fishing boats have
been placed in the port area outside of the port. In this
condition, all participants were instructed to proceed to port
about 5 cables from the breakwater. (4) In the scenario, the
current speed was set to 4 knots, the range for the restricted
visibility was reduced to 100 meters and the wind force was
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determined to be 5 Beaufort. (5) The fishermen were given
sufficient time (At least 30 min.) during the simulation to adapt
to the situation and provide healthy feedback. (6) Before the
simulation experiments, they were informed about the test
methodology and the Fine Kinney risk assessment with regard
to accident probability, consequences, and frequency. (7) A
maximum of four fishermen were employed in the simulator at
the same time. (8) Fishermen initially navigated in the traffic
separation scheme, where commercial ships, sailing boats,
and fishing boats navigated in calm seas and calm weather.
Then environmental conditions were changed in the simulation.
After applying each environmental factor, it ceded its place to
the new condition. (9) The scenario assumed a current of 4
knots that act laterally on the fishing boat and waited a while
for the fishermen to notice the current. When fishermen feel the
current effect, their feedback is collected and the risk
perception and score are calculated. (10) Then the range for
the restricted visibility was reduced to 100 meters in the
experiment. Similarly, they were allowed to cruise for a while
and their opinions were taken. (11) After that, night navigation
was applied using the same procedure. (12) After the night's
navigation, the fishing boat faced heavy weather from north
winds (5 Beaufort). Again, feedback was received from the
fishermen at the end of the scenario. (13) In the end, the
combination of heavy weather and night navigation was
applied simultaneously in the scenario. Then, the views of the
fishermen were sought to carry out a risk assessment.

Occupational hazards (current, night navigation, reduced
visibility, etc.) are identified before applying this risk
assessment method. Work-related hazards identified by
fishermen are collision, allision, grounding, flooding, and
capsizing. Then the probability of occurrence of these hazards,
the consequence values (C-value) (Table 1), and the frequency
factor (F2) (Table 2) are determined by the experts according
to the environmental conditions. The risk score is obtained by

multiplying the criteria defined by the experts for these three
parameters.

B)

Figure 1. ARI (Applied Research International, Version 1.0) bridge
operation simulator and port navigation for Iskele and
Gesmealti fishing ports in the simulator

The probability and consequences of accidents were
determined based on the personal assessments of the
fishermen participating in the study. In determining the
frequency factor, both the weather information in the region
and the exposure to environmental and marine conditions were
taken into account.

Table 1. Probability and consequence scales are rated by fishermen according to the Fine-Kinney risk assessment
Probability (P) Consequence (C)
P-value Statement C-value Statement
10 Might well be expected 100 Catastrophic (many fatalities, or > $107 damage)
6 Quite possible 40 Disaster (few fatality, or > $106 damage)
3 Unusual but possible 15 Very serious (fatality, or > $105 damage
1 Only remotely possible 7 Serious (serious injury, or > $104 damage)
0.5 Conceivable but very unlikely 3 Important (disability, or > $102 damage)
0.2 Practically impossible 1 Noticeable (minor first aid accident, or > $102 damage)
01 Virtually impossible

In the Fine-Kinney method, the frequency factor (F) shows
the frequency of exposure of the worker to the working
conditions. Frequency is a key factor in risk assessment.
Therefore, this step is essential for making the method feasible
for a valid risk assessment. According to the fishermen
involved in the investigation, they cruise to fish several times a
week. The frequency of occurrence of environmental
conditions such as calm air-sea conditions, currents, restricted

visibility, and heavy weather was determined using fisherman
experience, related literature, and annual meteorological
reports. It is considered that fishermen in izmir Bay meet boats
once a week; because the ships entering or leaving the ports
operate in a traffic separation scheme and there are many
fishing ports and marinas. Therefore, the calm air-sea condition
state frequency expression was chosen from time to time (once
a week) and the F2value was chosen as 3 from Table 2.
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The currentin the bay is caused by temperature-dependent
density fluctuations and wind (Eronat, 2017). The literature
states that the wind plays a crucial role in the current long-term
winds for Izmir Bay. Accurate information about the current
strength in izmir Bay could not be obtained from the sources,
but the fact that the winds act on the current means that the
seasonal continuous surface currents and tidal currents are
weak. Therefore, the frequency factor for the magnitude of the
current was determined according to the wind. The frequency
factor F2 value for the wind variable was determined as 2 from
the meteorological data and the assessments of the fishermen.

A rare expression was chosen for the restricted visibility,
corresponding to an F value of 1, as fog/haze factor occurs
several times a year in the region. The night-time condition
occurs once a day, but since fishermen do not work at sea
every day, the frequency of night navigation was chosen to be
occasional (once a week), which corresponds to the F2 value
of 3. Since the occurrence of night and heavy weather
conditions was correspondingly rare, the same value was
selected for the night-heavy weather conditions with the
frequency of heavy weather. The frequency values to be used
to determine the risk score are listed in the F values section of
Table 2.

Table 2. Frequency table used in the risk assessment calculation (F1: Fine-Kinney risk assessment frequency table. F2: Values derived from
fishermen's experience, previous studies, and local meteorological data)

. . Frequency (F)

Environmental condition F1 value Statement F2 value Statement
Calm weather and sea 10 Continuous 3 Occasional (weekly)
Current* 6 Frequently (daily) 2 Unusual (monthly)
Restricted visibility** 3 Occasional (weekly) 1 Rare (a few per year)
Night navigation 2 Unusual (monthly) 3 Occasional (weekly)
Navigation in heavy weather*** 1 Rare (a few per year) 2 Unusual (monthly)
Night-heavy weather navigation*** 0.5 Very rare (yearly) 2 Unusual (monthly)

*Current speed = 4 knot
*Visibility = 100 m
**Heavy weather = 5 Beaufort (NNE)

There are some well-established methods for determining
risk assessment. Much research has been done on risk
assessment at sea (Jin et al., 2002, Haapasaari et al., 2015,
Awal and Hasegawa, 2017, Hasanspahi¢ et al., 2021). Several
methods for risk assessment have been reported in the
literature. Considering the studies, risk matrix methods have
been used quite frequently (Akyildiz, 2015, Gucma and
Slaczka, 2018, Hsu et al., 2022). In this study, the Fine Kinney
method, a qualitative and applied risk analysis method in
occupational safety, was used to estimate the risk of sea and
port navigation under different environmental conditions
(restricted visibility, current, calm weather, sea, etc.). (Kinney
and Wiruth, 1976). The Fine-Kinney method was first
introduced in 1971 by William T. Fine (Fine, 1971). An
improvement over this method was developed by Kinney and
Wiruth (Kinney and Wiruth, 1976).

Although the Fine-Kinney method, which is similar to the
risk matrix method, is not widely used in research in the
maritime field, it has been used in research in various fields
and has been found to provide more reliable and realistic
results than the risk matrix method (Okumus and Barlas, 2016;
Bekdemir, 2019; Zaloglu, 2019; Olgiicii and Erséz Kaya, 2019;
Usanmaz and Kose, 2020). The Fine-Kinney method differs
from the risk matrix method in that it includes a wider range of
parameters and the frequency factor. Offering the decision
maker, a wider choice of options ensures that the risk
assessment provides more reliable results. The fishermen
chose the appropriate statement according to their knowledge
during the simulator experiments as shown in Table 1.

After  determining the probability (P-value) and
consequence (C-value) values, the risk was calculated using
Eq. (1). Correlation tests were performed to determine the
significant  differences between the fishermen's age,
experience, length of the fishing boat, number of accidents,
number of engine rudder failures, and accident probability and
consequence values. The Mann-Whitney U test was used to
determine the significant differences between two groups of
fishermen from iskele and Gesmealti fishing ports, as well as
accident probability and consequence values. The Mann-
Whitney U test requires the presence of two independent
variables (iskele and Cegmealti fishermen) and also
dependent variables (probability and consequence ratings)
that are not normally distributed. A secondary objective of this
study was to obtain some of the occupational information
presented in the Results section from the fishermen via
questionnaire. An independent sample t-test was used for
these data (boat size, experience, etc.) from the questionnaire.
It was used to determine the significant differences between
two groups of fishermen from iskele and Cegmealti fishing
ports in terms of their experience, boat length, number of
accidents, and engine-rudder failures. We use the above
methods because they are simple and relatively efficient. All
nonparametric and parametric tests were performed using the
SPSS 22.0 software package. Figures 2, 3, 4, and 5 were
drawn according to the fishermen's responses, and Figures 5,
6, 7, and 8 were drawn from the results of Eq. 1.

Risk=Px Cx F2 Equation (1)
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RESULTS

This study examined the probability and consequences of
maritime accidents related to environmental factors. First,
survey questions were prepared to uncover the profile
information and experiences of the participants on a topic-
specific basis. The parameters in the Fine-Kinney risk
assessment method were added at the end of the prepared
questionnaire and communicated to the decision-makers
during the scenarios. Fishing captains took turns entering the
simulator room and giving their evaluations. The results were
analysed and the following findings were obtained. As the
results are based on the opinions of active fishermen, it is
believed that the risk perceived by fishermen during the fishing
trip should be appropriately assessed.

A total of 20 fishermen from the iskele fishing port and
10 fishermen from the Cesmealti fishing port took part in our
study. All fishermen who participated in the survey were
male (30). Of these, 70% of the fishermen were married.

The percentage of fishermen aged 46 years or older in the
study was 63.3%. The educational structure of the participants
was; Elementary education (46.7%), high school (33.3%),
associate degree (10.0%), bachelor's degree (6.7%), and
master's degree (3.3%). When assessing the competence of
the participants, it was found that 3.3% (1) bosun, 30.0% (9)
able seaman, 46.7% (14) seaman, 6.7% (2) fishing boat
captain, 3.3% (1) were fishermen’ crew, 3.3% (1) were
watchkeeping officer, and 6.7% (2) were amateur seaman’s
certificate.

Regarding work experience in small-scale fisheries, it was
found that 13.3% (4) had 1-10 years of experience, 30.0% (9)
had 11-20 years of experience, 26.7% (8) had 21-30 years of
experience, 23.3% (7) had 31-40 years of experience, and
6.7% (2) had more than 41 years of experience. The average
experience of the fishermen was 27.8 years (s.e.=0.285) and
21.8 years (s.e.=0.268) for iskele and Gesmealti fishing ports,
respectively (p=0.133). There was no significant difference
between the fishermen's experience and their fishing ports
(p=0.324) (Table 3).

Table 3. Independent samples t-Test results (grouping variable is fishing port)
Teat varihies Equalty of Varances
F Sig. t df Sig. (2-tailed)
Experience Equal variances assumed 2.400 0.133 1.005 28.000 0.324
Equal variances not assumed 1.148 25427 0.262
Boat size Equal variances assumed 2.687 0.112 0.409 28.000 0.685
Equal variances not assumed 0.508 27.999 0.615
Accident Equal variances assumed 3.892 0.080 1.833 9.000 0.100
Equal variances not assumed 2.360 7.643 0.047
Engine or rudder failures Equal variances assumed 0.342 0.564 0.768 26.000 0.449
Equal variances not assumed 0.800 14.109 0.437

Most commercial fishing boats are typically shorter than 12
meters (60% 4-7 m and 30% 8-11 m) but only three boats
(10%) were longer than 15 m. The average length of fishing
boats was 9.31 m (s..=0.243) and 8.77 m (s.e.=0.166) in
iskele and Cesmealti fishing ports, respectively (p=0.112). No
significant differences were found between the size of fishing
boats and their fishing ports (p=0.685) (Table 3). While the
fishermen indicated that almost all fishermen (86.7% - 26
participants) used gillnets, the remaining fishermen used other
fishing gear such as handline, longline, etc. In the study,
fishermen's navigational experience was assessed using eight
survey questions. 70% of the participants stated that they had
never had a marine casualty. 30% of the fishermen who had
accidents told us how often they had an accident (three people
for 1-3 times, two people for 4-7 times, two people for 8-11
times, and two people for 14+). The average number of
accidents that fishermen had was 5.5 (s.e.=0.633) and 0.5
(s.e.=0.250) for Iskele and Cesmealti fishermen, respectively
(p=0.080). It was found that there was no significant difference
between the number of accidents and the associated fishing
ports (p=0.100) (Table 3). All fishermen accepted that the

perception of risk when fishing is higher than when navigating
at sea or in port.

They specified the type of accidents they had as collision
and allision (3 people), grounding (5 people), flooding (4
people), and capsizing (1 person). All fishermen except two
fishermen reported suffering engine or rudder failure while
working at sea. When the fishermen were asked how often they
had engine or rudder failures, it was found that 35.7% (10) had
1-4 failures, 32.1% (9) had 5-8 failures, 7.1% (2) had 9-12
failures, 14.3% (4) had 13-16 failures, and 10.7% (3) had 17+
failures. The mean engine or rudder failures were 10.2
(5.2.=0.320) and 5.1 (s.e.=0.462) for iskele and Cesmealti
fishermen, respectively (p=0.564). There was no significant
difference between the number of any type of failures and their
fishing ports (p=0.100) (Table 3).

According to the results of the correlation test, there is a
significant (p=0.038), negative (-), and moderate (r=0.381;
Pearson correlation) relationship between the experience of
fishermen and the probability of an accident in port navigation
with the current situation (Table 4). More experienced




Atacan and Diizbastilar, Ege Journal of Fisheries and Aquatic Sciences, 40(1), 1-14 (2023)

fishermen said that under current conditions, port navigation is
less likely to result in accidents than less experienced
fishermen. No significant difference was found between
fishermen’s experience and length of boat used (p=0.361),
number of accidents (p=0.850), number of engine and rudder
failures (p=0.066), and probability and consequence values of
accidents under other environmental conditions while
navigating at sea and in port (all values greater than 0.05). No
significant difference was found between the boat lengths
reported by the fishermen and the number of accidents
suffered (p=0.089), the number of engine and rudder failures
(p=0.118), and the probability and consequence values of
accidents under environmental conditions during navigation at

sea and in port (all “p” values greater than 0.05).

Table 4. The results of the correlation test between experience and
probability of an accident in port navigation in the current
state

Probability of accident in port navigation
having the current condition

Pearson correlation -0.381
Experience Sig. (2-tailed) 0.038
Number 30

There is a significant, positive, and strong association
between the number of accidents experienced by fishermen and
the number of engine and rudder failures (p=0.047, r=0.714), the
probability of an accident in port navigation with restricted
visibility (p=0.027, r=0.726) and with the night-heavy weather
conditions in port navigation (p=0.003, r=0.866) (Table 5).

Table 5. The results of the correlation test between the number of accidents and other parameters show a significant connection

Number of machine-
rudder failures

Probability of accident in port
navigation with restricted visibility

Probability of accident with the night-heavy
weather condition in port navigation

Pearson correlation 0.714 0.726 0.866
N“'T'dbe’t°f Sig. (2-tailed) 0.047 0.027 0.003
accidents Number 8 9 9

Fishermen from both fishing ports reported being at sea
several times a week to fish throughout the year. Before the
simulator experience, all participants foresaw stranding,
collision, and allision as a risk of navigation at sea. In order to
design a scenario on the ship bridge simulator, we were told
that the prevailing wind direction is north.

According to the simulator experiments, the most important
condition emerged as restricted visibility (26%), followed by

night and weather navigation (22%), and heavy weather
navigation for accident probability of fishermen from the Iskele
fishing port in sea navigation (Figure 2).

The most hazardous conditions were identified as night and
weather navigation (29%), restricted visibility (22%), and heavy
weather navigation (22%) for the consequences of marine
casualties assessed by fishermen from iskele fishing port
(Figure 2).
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Figure 2. A) Percentages of probability and rating of fishermen from iskele fishing port in sea navigation. B) Percentages of consequences and
ratings of fishermen from Iskele fishing ports in sea navigation (P-value: value of the probability of accidents; C-value: value of the
consequences of accidents)
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The most dangerous factor, according to Cesmealti
fishermen, was restricted visibility (28%), followed by night and
weather navigation (20%), and current (18%) for accident
probability in sea navigation (Figure 3). When assessing the

accident consequence of fishermen from Cesmealti fishing port
in the sea navigation, the factors with the highest percentages
were restricted visibility (36%), night and weather navigation
(20%), and current (14%) (Figure 3).
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Figure 3. A) Percentages of probability and rating of fishermen from Cesmealti fishing port in sea navigation. B) Percentages of consequences
and ratings of fishermen from Cesmealti fishing ports in sea navigation (P-value: value of the probability of accidents; C-value: value

of the consequences of accidents)

In port navigation, night and weather navigation (30%),
restricted visibility (27%), and heavy weather navigation (23%)
were the most important factors for the accident probability of
iskele fishermen (Figure 4). The most dangerous accident

consequence condition, rated by fishermen from the same port,
was night and weather navigation (33%), followed by restricted
visibility (30%), and heavy weather condition (20%) in port
navigation (Figure 4).
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Figure 4. A) Percentages of probability and rating of fishermen from iskele fishing port in port navigation. B) Percentages of consequences and
ratings of fishermen from Iskele fishing ports in port navigation (P-value: value of the probability of accidents; C-value: value of the

consequences of accidents)
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In the Gesmealti fishing port, fishermen cited restricted
visibility (31%) as the number one determinant of accident
probability (Figure 5). In the same fishing port, they chose
restricted visibility (38%) as the most dangerous factor
influencing the consequences of the accident, followed by night
and weather navigation (33%), and current (11%) in port
navigation (Figure 5). Restricted visibility (mean=7.90) for the

2% ]

probability of accidents and heavy weather navigation at night
(mean=37.03) for the consequence of the accident was
identified as the most dangerous factor for all fishermen in sea
navigation (Table 6). For port navigation, night-heavy weather
navigation was the most important factor for both the accident
probability (mean=5.56) and consequence (mean=19.70) for
all fishermen (Table 6).
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Figure 5. A) Percentages of probability and rating of fishermen from Cesmealti fishing port in port navigation. B) Percentages of consequences
and ratings of fishermen from Gesmealti fishing ports in port navigation (P-value: value of the probability of accidents; C-value: value

of the consequences of accidents)

Table 6. Results of the descriptive analysis of values related to the probability and consequences of the accident

Probability (Mean) Consequence (Mean)

Iskele Cesmealtt  Tofal Iskele Cesmealti Total

Calm weather and sea 2.2 5.90 3.43 740 10.80 8.53

Current 3.56 5.77 4.29 9.15 21.90 13.40

Sea Restricted visibility 7.45 8.80 7.90 27.40 4440 33.06
Night navigation 4.28 3.70 4.08 16.70 5.00 12.80

Heavy weather 497 3.52 448 30.70 131 2483

Night-heavy weather navigation 6.25 6.40 6.30 39.85 31.40 37.03

Calm weather and sea 0.78 0.31 0.62 2.95 1.00 2.30

Current 1.56 1.67 1.59 6.40 3.20 5.33

Port Restricted visibility 520 5.60 5.33 22.00 10.90 18.30
Night navigation 1.91 1.77 1.86 4.40 1.20 3.33

Heavy weather 4.45 4.00 4.30 14.90 3.60 11.13

Night-heavy weather navigation 5.80 5.10 5.56 24.80 9.50 19.70

Regarding sea navigation in calm weather and sea, the
fishermen’s mean accident probability values were 2.20
(s..=0.28) and 5.90 (s.e.=1.25) for iskele and Cesmealt,
respectively. There was a significant difference in this condition
between fishermen from two different ports (p=0.008) (Table
7). The results of the fishermen from Cesmealti fishing port
(Figure 3) on the probability of sea navigation accidents in calm
weather were higher than those of the fishermen from iskele
port (Figure 2). In night navigation, the mean values for the
consequences of accidents for fishermen were 16.70
(s.e.=4.77) and 5.00 (s.e.=1.26) for iskele and Gesmealti in the

sea, respectively. There was a significant difference between
the two fishing ports (Table 7) (p=0.007) in terms of the
consequences of the accident for night navigation. The values
of the Iskele fishermen (Figure 2) for the accident consequence
of sea navigation at night were found higher than the results of
the Cesmealti fishermen (Figure 3). The average heavy
weather sea navigating scores for accident consequences
were 30.70 (s.e.=5.05) and 13.10 (s.e.=9.75) for iskele and
Gesmealtl, respectively. There was a significant difference in
the consequences of the accident between the two fishing
ports (p=0.003) (Table 7).




Determination of risk perception in small-scale fishing and navigation

Table 7. The results of the Mann-Whitney U test

Sea navigation

Port navigation

Probability Consequence Consequence
Calm weather and Night Heavy Night-heavy weather Heavy Night
sea navigation weather navigation weather navigation

Mann Whitney U 45.000 41.000 35.000 53.5000 42.000 27.500
Wilcoxon W 255.000 96.000 90.000 108.500 97.000 82.500
z -2.638 -2.699 -2.955 -2.094 -2.738 -3.451
Asymp. Sig. (2-tailed) 0.008 0.007 0.003 0.036 0.006 0.001
Exact Sig. [2*(1-tailed Sig.)] 0.015° 0.008° 0.0030 0.039%0 0.0100 0.001®

The results of the Iskele fishermen (Figure 2) for the
consequences of sea navigating accidents in heavy weather
were higher than those of the Cesmealti fishermen (Figure 3).
The mean values for night and heavy weather port navigation
with regard to the consequences of the accident were 24.80
(s.e.=6.43) and 9.50 (s.e.=3.76) for Iskele and Cesmealtl,
respectively. There was a significant difference between two
fishing ports in the accident consequences of night and heavy
weather port navigation (p=0.036) (Table 7). The results of the
Iskele fishermen were higher than those of the Cesmealti
fishermen for the accident consequences of night and heavy
weather port navigation (Figure 4 and 5). The mean heavy
weather accident consequences for port navigation were 14.9
(s.e.=5.07) and 3.6 (s.e.=0.79) for Iskele and Cesmealtl,
respectively. We found a significant difference in the
consequences of port navigation accidents in heavy weather
between two fishing ports (p=0.006) (Table 7). The Iskele
fishermen’s score for the consequences of port navigating
accidents in heavy weather was higher than the Cesmealti
fishermen’s scores (Figure 5 and 6).

When assessing port navigation under all conditions, there
was no significant difference in the probability of accidents
between the two different fishing ports (Figure 5 and 6). The
mean accident consequences in port navigating at night were
4.40 (s.e.=0.90) and 1.20 (s.e.=0.20) for iskele and Cesmealti
fishing ports, respectively. There was a significant difference
between the consequences of accidents in port navigation at
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night and their fishing ports (p=0.001) (Table 7). It has been
established that iskele fishermen are more likely than
Cesmealti fishermen to have accidents in port navigation at
night (Figure 5 and 6).

If the risk assessment analysis includes the frequency
factor (F2), a statement can be made about the effects of the
environmental conditions at sea and in port navigation on site.
The results of the risk assessments of the fishermen’s
estimates from the iskele port showed that the most dangerous
situation was night and heavy weather navigation (35%),
followed by heavy weather navigation (23%), and night
navigation (20%) for sea navigation in the Gulf of izmir (Figure
6). These assessments by fishermen from Cesmealti fishing
port showed that the most dangerous situation was night and
heavy weather navigation (25%), followed by restricted visibility
(24%), and current (17%) for sea navigation in the Gulf of izmir
(Figure 7). The results of the risk assessment of fishermen’s
decisions from lIskele fishing port showed that the most
dangerous situation was night and heavy weather navigation
(45%), followed by navigation in heavy weather (24%), and
restricted visibility (17%) for iskele port (Figure 8). The results
from the fishermen from Cesmealti fishing port showed that the
most hazardous situation was night and heavy weather
navigation (46%), followed by restricted visibility (32%), and
heavy weather navigation (12%) for Cesmealti fishing port
(Figure 9).
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Figure 6. Risk percentage and rating of fishermen from iskele fishing port in sea navigation
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Figure 7. Risk percentage and rating of fishermen from Cesmealti fishing port in sea navigation
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DISCUSSION

There is much research aimed at preventing accidents at
sea, especially on commercial ships (Haapasaari et al., 2015;
Awal and Hasegawa, 2017; Formela et al., 2019; Hasanspahi¢
et al., 2021). Although it has a high economic value and the
accidents have many and serious consequences, such studies
on the fishing side have been found to be lacking. This study
attempted to address the deficiency in this area. Measuring the
perception of risk during navigation from the perspective of
fishermen has introduced a new approach to the studies in this
field. This study also aims to identify the key factors that
increase risk perception and raise awareness of this issue. This
is intended to help reduce accidents. Our results have been
remarkably close to those expected. In this regard, the desired
results have been achieved and the nature of environmental
conditions arranged in the simulator scenarios. Much more can
be revealed by changing the nature and severity of
environmental conditions.

Simulators have been used for training and certification in
Maritime Education and Training since their first appearance in
the 1950s (Sellberg, 2017). For example, today simulators are
used in several areas of the maritime industry; offshore
operational training on ships and oil platforms, bridge
operations, cargo handling, engine controls, crane operations,
towing, and anchor handling. One of them, bridge simulators
are real-time simulators that bring users a very realistic feeling.
Developing new ship bridge software components based on
many sophisticated and long phases to make them reliable and
realistic is a very complex subject (Stratmann et al., 2018).
Simulated reality provides a realistic practical training
environment for participants to make situational decisions in a
protected environment (Tichon & Burgess-Limerick, 2011).
With simulators, the closer the simulation is to the real task, the
more likely it is that skills will transfer from one context to
another (Sellberg, 2017). Regardless of the quality of the
simulators (high-fidelity or low-fidelity simulators) (Dahlstrom et
al., 2009), realistic simulations depend on designing scenarios
that match the capabilities of the simulator users (Saus et al.,
2010) as fishermen correspond in our study. From another
perspective, to improve safety and reduce the risk of fatal
accidents, the computerized simulator experience with a
realistic environment has become the method of choice in
maritime education. High simulator realism means that the
participants experience the training realistically from their areas
of interest (Saus et al., 2010). In fact, during this study, it was
observed that some fishermen lost their balance in the severe
weather scenario. It is possible to create a realistic scenario by
adding ships and buoys in the desired place in relation to the
number and type of other ships included in the simulator.
Almost the same equipment that is used on a real ship is used
in simulators. While it feels realistic, it wouldn't be right to
expect users to react the same way they would in a real
emergency. The fact is that it is almost impossible to conduct
the study without the simulator under the same environmental
conditions and with the same procedures.

The study showed that changing weather and sea
conditions had an impact on the probability and consequences
of accidents at sea. Similarly, one study examined fishing boat
accidents from a human factor perspective and found that
environmental factors were the underlying causes of the
accident (Yildinm and Basar, 2019). The heavy weather
conditions examined in the study were shown to be one of the
most important restricted visibility factors increasing the
probability and consequences of accidents (Table 6). The
mean values reported by the fishermen showed that navigating
in heavy weather was a factor that increased the probability
and consequences of accidents more than navigating in calm
weather, current and night hours (Table 6). Pleskacz (2015)
found that limited space during severe weather, shallow
waters, and limitations in the manoeuvrability of fishing gear
are factors that increase the probability of accidents for
fishermen. In this study, the limitation of visibility was identified
as a very important element of meteorology that directly affects
the safety of navigation. Jin (2014) also showed that heavy
daytime weather conditions increase the severity of accidents.
Wu (2008) and Wu et al. (2009) define that wave height and
ice concentration are determinants of the severity and relative
casualty rate of fishing boat casualties. Wang et al. (2021)
reported that the severity of maritime accidents is positively
correlated with distance from the port, strong wind, rough seas,
strong currents, and/or good visibility. Similar to Wang et al.
(2021), this study found that the above environmental factors
increase the probability and consequences of accidents
compared to calm weather and sea conditions (Table 6). In
addition, this study gives an idea of the relative ranking of
weather conditions that increase the probability and
consequences of accidents (Figure 2, 3, 4, and 5).

The mean value of the accident probability and impact
assessments by the fishermen according to various
environmental and sea conditions showed that navigating in
their own ports was safer than when the sea cruise was under
the same environmental and sea conditions. In parallel with the
results of this study in the in the European Maritime Safety
Report, it was found that accidents and injuries mainly occur
during the route legs of the journey, excluding arrival,
departure, and other legs (EMSA, 2022). Similarly, Jin (2014)
found that the probability of accidents and consequences is
higher when the vessel is not close to shore.

There were slight differences in rating between fishermen
working in different ports. Although the fishing ports of
Cesmealti and Iskele are structurally similar, the probability of
exposure to the north wind applied in the scenario may not be
the same for both ports due to their different orientations of
construction. For this reason, it can be assumed that the
directions in which the ports were built increase or decrease
the probability of accidents, depending on the prevailing wind
direction. Galor (2005) mentioned that to maintain ship
movement safety, one of the critical design aspects was the
depth of the port waters. In our study, fishermen did not
mention draft problems when entering their fishing ports. Cinar
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(2020) found that the Fine-Kinney risk assessment method can
be crucial in port construction. In this study, it was found that
increasing wind intensity significantly increased risk scores. In
our study, high wind intensity increases accident probability,
impact scores, and risk assessment compared to calm weather
and rough seas.

In the studies by Wang et al. (2005) and Pleskacz (2015),
found that accident probability and consequence values are
higher during fishing than during navigation at sea. The
fishermen explained that they were neglecting their lookout
duties as they would be busy with their work while setting or
hauling in their nets, increasing their risk value. Our findings
parallel these studies in that fishing activity is more dangerous
than navigating the fishing boat at sea or in port. Jin et al.
(2001), Roberts et al. (2010), and Yildirim and Basar (2019)
analyzed previous accidents and found that collision accidents
are more common in dark hours. In parallel with these studies,
the fishermen participating in our investigation found that the
risk level for navigating during the night hours is higher than
navigating during the day and navigating in heavy weather at
night compared to navigating in heavy weather during the day
(Table 6). Jin (2014) emphasized that while the severity of
damage to fishing vessels is inversely related to vessel length,
it is positively related to capsizing, sinking, daily wind speed,
boat age, and distance from shore. In this study, it was shown
that boat lengths reported in the low range were unrelated to
other parameters, including the number of accidents (p=0.089)
and the probability of accidents and the assessment of
consequences.

Avoiding loss of life and property due to marine casualties
as a result of various factors is a very important issue in
maritime shipping both locally and globally. Therefore, dynamic
studies like the ones we are conducting could provide
important clues to reduce marine casualties involving
fishermen. However, the authors are aware that there are
several limitations of the study, e.g. work with commercial
fishermen and are forced to stay in the simulator for at least 30
minutes. The other limitation is the number of participants
contributing to the experiment, which can lead to low study
reliability. Nevertheless, this is the first proactive study to
determine risk perceptions in small-scale fisheries off Turkish
coasts.

In this study, the problem of marine casualties was
examined from the perspective of fishermen. The results
obtained are parallel to previous similar studies. External
environmental conditions such as restricted visibility and heavy
weather increase the risk of accidents. For fishermen, night
navigation and currents are not as dangerous conditions as
heavy weather and restricted visibility. It was also found that
fishermen are more likely to avoid sea navigation than port
navigation.

Only a limited environmental variable such as current,
weather, etc. could be tested with the bridge simulator.
Sufficient observation time is required to obtain data in the
studies conducted in the simulator room. The number of
participants may seem small but including more than enough
participants in the simulator can be one of the challenging

aspects of the study as it increases observation time. Despite
these limitations, the findings of this study are important
because we could have obtained sufficient results close to real
sea conditions. Nonetheless, further studies involving more
participants and incorporating a greater variety of
environmental factors can support this work. For example;
some fishing techniques require night navigation and even
turning off navigation lights and all other lights to prevent fish
from escaping. Likewise, in the case of illegal fishing,
fishermen turn off all their lanterns and lights so as not to be
noticed. These two conditions can include additional scenarios
in the bridge simulator for further study.

CONCLUSION

These results demonstrate that simulator experiments can
be a useful tool to prevent accidents at sea in terms of a
proactive approach. Although an important part of the maritime
causes of damage are accidents involving fishing vessels,
investigating marine casualties on the fishing side is not
enough. Available data are limited and no previous study has
focused on measuring risk perception during navigation from
the fishermen’s perspective using the Fine-Kinney risk
assessment method. Our results are relevant for both local and
general maritime navigation. In this study, it can be assumed
that environmental factors could increase the probability and
consequence of accidents without considering regional
differences. On the other hand, if the risk assessment is
evaluated taking into account the frequency factor of the
environmental conditions, the results we had are local.

If the risk rating is high as a result of the experimental
study, fishermen should not go to sea without taking
precautions. Fishermen should navigate at a safe cruising
speed when visibility is limited. Before leaving the port, one
should find out about the weather conditions at sea and if
possible precautions do not reduce the probability of accidents,
the cruise should be cancelled. Similar results mentioned
above can be used to assist the relevant maritime authorities
to take effective measures to prevent serious maritime
accidents. For this reason, this study has significant potential
for many future applications in risk assessment for maritime
accidents.
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Abstract: The wild European eels (776 fish, mean total length of 547+91 mm, mean weight 340+£198 g) were obtained monthly between October 2015-
September 2016 in Gediz Delta (Izmir Bay, Aegean Sea). A total of 263 nematode parasites (Anguillicoloides crassus) were isolated from the swim bladders
of 52 parasitized fish. Parasitological indices were found relatively low. The prevalence was 6.7% and the mean intensity was 5.05. The abundance of A.

crassus was also calculated as 0.33 in all sampled eels.

Keywords: Anguilla anguilla, swimbladder parasites, Anguillicoloides crassus, Aegean Sea

0z: Gediz Deltas'ndan (izmir Korfezi, Ege Denizi) Ekim 2015-Eyliil 2016 tarihleri arasinda Avrupa yilan baliklari (776 balik, ortalama boy 547+91 mm,
ortalama agirlik 340198 g) aylik olarak temin edilmistir. Parazitli 52 baligin yizme keselerinden toplam 263 nematod (Anguillicoloides crassus) izole
edilmistir. Parazitolojik indeksler nispeten diisik bulunmustur. Goriilme sikligi; %6,7 ve ortalama yogunluk 5,05 olarak belirlenmistir. A. crassus bollugu da

orneklenen tiim yilan baliklarinda 0,33 olarak hesaplanmistir.

Anahtar kelimeler: Anguilla anguilla, yizme kesesi paraziti, Anguillicoloides crassus, Ege Denizi

INTRODUCTION

The European eel, Anguilla anguilla Linnaeus, 1758, is a
catadromous species found in all European waters distributes
from the Atlantic coast of Europe to northern Africa, the Black
Sea and the Mediterranean (Bilecenoglu et al., 2014). Over
the past decades, the abundance of the eel population has
decreased dramatically. Since 2008 it has been included in
IUCN Red List of threatened species as critically endangered
(Durif et al., 2011). The population of European eels is in
decline due to several factors including parasitism (Moriarty
and Dekker, 1997). For example, Anguillicoloides crassus
Kuwahara, Niimi & Itagak, 1974 defined as a swim bladder
parasite, was introduced accidentally into European waters
with live Anguilla japonica from Asia in the early 1980s
imported for consumption and aquaculture (Hafir-Mansouri et
al., 2018). Palstra et al., (2007) suggested that this swim
bladder parasite poses a serious threat to reproductive
success as it causes damage to the swim bladder hence
infected European eels cannot reach their spawning grounds
during their breeding migration and they consider it therefore
likely that A. crassus played a role in the current collapse of
the European eel population.

Many studies have been carried out to determine the
density of the swim bladder parasite A. crassus, which has
entered the European eel population in the last two decades,

according to abiotic factors in different regions of the
Mediterranean (Aly et al., 2007; Quadroni et al., 2013;
Koyuncu et al., 2017; Kantzoura et al., 2021) or in different
ecosystems (Sauvaget et al., 2003; Loukili and Belghyfti,
2007; Mayo-Hernandez et al., 2015; Bakaria et al., 2018;
Giari et al., 2021), or to determine its life cycle (De Charleroy
et al., 1990; Kirk, 2003; Rolbiecki, 2008) in the Mediterranean
region. This study aims to determine the infection rates in the
study area based on the prevalence data of A. crassus and to
compare these values with different regions and habitats of
the Mediterranean.

MATERIALS AND METHODS

The Gediz Delta (30°38’ N; 55°26' E) is located northeast
of the izmir Bay (Aegean Sea) and protected by Ramsar
convention covers an area of 20.400 km?2. It is composed of
four lagoons and the Gediz River. Eel specimens were
obtained from the commercial fishers who are using fyke nets
(12 mm mesh size) in the Gediz Delta: between October 2015
and September 2016 (Figure 1). Besides that, some of the
physicochemical parameters such as oxygen, pH, salinity and
temperature of the delta water were measured every month
with portable WTW multi 3420 set G (Figure 2).

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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Figure 2. Monthly changes in some physicochemical parameters in
the study area

A total of 776 wild European eels with a mean length of
547 + 91 mm and mean weight of 340+198 g. which were
obtained monthly between October 2015 to September 2016
from a local fisherman who has fished with fyke net in the
Gediz delta of Izmir Bay. Collected samples were kept frozen
until analysis. The swim bladder of each fish was removed
and examined macroscopically. The presence of pre-adult
and adult A. crassus was collected from the lumen of the eels
by forceps. To identify the parasite, determined as A. crassus,
we used the descriptions given by Moravec and Taraschewski
(1988). Classical epidemiological parameters—i.e.

Abundance: abundance is the number of individuals of a
particular parasite infon a single host regardless of whether or
not the host is infected [A: parasite abundance (A=Pn/N)].

Mean intensity: Mean intensity is the average intensity of
a particular species of parasite among the infected members
of a particular host species. In other words, it is the total
number of parasites of a particular species found in a sample
divided by the number of hosts infected with that parasite [Mi:
mean intensity Mi=Pn/Ni)].

Prevalence: Prevalence is the number of hosts infected
with 1 or more individuals of a particular parasite species
divided by the number of hosts examined for that parasite

species. It is commonly expressed as a percentage [P:
Prevalence P=(Ni/N) x100)] (N: Number of samples; Ni:
Number of infected eels; Pn: Total number of parasites) were
used as defined by Bush et al., (1997).

RESULTS

Anguillicoloides crassus nematode parasites were found
in the swim bladder of 52 out of 776 individuals examined in
the region. The total body length (LT) ranged from 303 to 852
mm, and their average length was calculated as 547+91 mm.

The total number of A. crassus in the examined
parasitized individuals was 263, and a maximum of 25 (adults
and pre-adults) recorded in a single eel were found in the
swim bladder of a sampled fish. One of the parasitological
indices the prevalence of A. crassus among all samples was,
7%, and the abundance was 0.33 nematodes per all sampled
eel (Table 1). The minimum and maximum lengths of the
parasitized individuals were 336 mm and 678 mm,
respectively (Figure 3).

25
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Figure 3. Length distribution of Anguillicoloides crassus Infected
individuals within the sampled individuals

When the distribution of the parasites encountered
according to the seasons is examined, it has been determined
that the abundance is observed at the highest level in the
summer season, and it decreases gradually in the autumn
and winter seasons (Table 1).

Table 1. Seasonal variation of Anguillicoloides crassus in Gediz
delta (N: Number of specimens; Ni: Number of infected
eels; Pn: Total number of parasites; P: prevalence
[P=(Ni/N) x100)]; A: Parasite abundance (A=Pn/N)], Mi:
mean intensity (Mi=Pn/Ni))

SEASONS N Ni  Pn P Mi A
Spring 191 14 65 73 464 034
Summer 176 19 133 107 7 0.97
Autumn 209 10 32 478 32 015
Winter 200 9 33 45 386 0.7
Total 776 52 263 67 505 033
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DISCUSSION

According to Moravec and Taraschewski (1988),
Anguillicoloides crassus, which started to be found in Europe
in the early 1980s, was first reported in Turkey by Geng et al.,
(2005) in the Ceyhan river. In the following years, different
studies have been found in the river systems of the
northeastern coasts of the Mediterranean (Geng et al., 2008;
Koyuncu et al., 2017; Innal et al., 2019). However, a limited
number of studies have been reported on the Turkish coasts
of the Aegean Sea, including Kdycegiz-Dalyan (Colak et al.,
2012), izmir Bay Gamalti (Girkan et al., 2022) and Vistonis
Lake (Macnamara et al., 2014; Kantzoura et al., 2021) on the
Greek coasts. Among these studies, only the study in izmir
Bay Camalti region was carried out in a salty environment,
and it was determined as the study with the lowest prevalence

(2.24%), (Table 2). The prevalence value in this study
conducted in the Gediz Delta was calculated as 6.7%. It has
been observed that this value is quite low when compared to
other parts of the Mediterranean such as 78% in the Seyhan
river (Geng et al., 2005), 75.2% in Egypt (Aly et al., 2007),
61.7% in the eutrophic lakes of Greece (Macnamara et al.,
2014) and 39.7% in Macedonia (Cakic et al., 2002).

Prevalence values vary considerably according to the
salinity values of the environments where the samples are
taken. Many researchers have reported that A. crassus is less
common in saltwater environments than in fresh waters
(Louklidi and Belghyti, 2007; Aly et al., 2007; Mayo-
Hernandez et al., 2015; Bakaria et al., 2018; Hafir-Mansouri
et al., 2018; Wariaghli and Yahyaoui, 2018; Oudjane, 2021),
(Table 2).

Table 2. Occurrence of Anguillicoloides crassus according to different regions in the Mediterranean (N: Number; iN: Infected eel number; P:
Prevalence; %.S: Salinity; pN: Parasite number in a host; Mi: Mean intensity; Npt: Number of total parasites)

Regions ™ @ P %s PV M o Reference
é:ﬁfi‘%ssfu?ry oo : s T ElHilalictal. 1996 (Morocco)
Ohrid Lake 68 27 39.71 - 1-90 10.33 - Cakig etal., 2002 (Macedonia)
Ceyhan River 64 50 782 - 1-7 3.3 - Geng et al., 2005 (Tiirkiye)
Al-Salam Chnl 186 154 828 0.2 - 748 1152

Al-Gohhr, Manzala Lake 204 152 745 54 - 534 812

Al-Gameel, Port-Said 106 64 604 398 - 420 269 Alyetal., 2007 (Egypt)

Bahr el Bakar ShaderAzzam 72 57 792 1.2 - 6.88 392

Total 568 427 752 - - 6.15 2625

Asi River 18 11 611 - 1-18 455 50  Geng etal., 2008 (Tiirkiye)

Salam Channel 65 7 10.7 - - 1.85 - Abdelmonem et al., 2009 (Egypt)
g‘éfﬁfg“;’)on ?32 ] ‘fg:g 281_938 : B :g " Hizem-Hebbechi ct al., 2012 (Tunisia)
El Kebir River- Skikda 495 - 9.72 - - 3.37 Rouag-Laouira et al., 2012 (Algeria)
Koycegiz-Dalyan 73 29 397 15 1-14 33 97  Colak et al., 2012 (Tiirkiye)
Camargue Lagoon, 271 - 52.7 - 1-37 4.1 - Lefebvre et al., 2013 (France)

North Acgean Sca 188 - 617 - 121 341 - Macnamara et al,, 2014 (Greece)
Vistonis estuarine system

Mar Menor Lagoon, 189 - 3.0 43-46 0-10 1 - Mayo-Hernandez et al., 2015 (Spain)
Goksu River 45 13 2838 - - 469 61

Seyhan River 42 8 19.04 - - 8.12 56 .

Ceyhan River 42 8 1904 - . 312 25 Koyuncuetal, 2017 (Tiirkiye)

Asi River 41 18 439 - - 344 62

Sebou Estuary 1138 66.7 13-33 - 293 - . . .

Loukkos Estuary 100 418 2234 15 ) _ Wariaghli and Yahyaoui, 2018 (Morocco)
Golf of Bejaia 87 42.5 - - 6.65 226 Hafir-Mansouri et al., 2018 (Algeria)
Tonga Lake - 144 40.0 - - 4.4 628 . .

El Mellah Lagoon - 18 50 2635 . 14 ¢ Dakariactal, 2018 (Algeria)
Manavgat River 22 14 63.6 - 5.7 -

Goksu River 28 17 60.7 - 1-48 5.9 - Innaletal., 2019 (Tiirkiye)

Seyhan River 20 15 75 - 6.7 -

Vistonis estr syst. - 26 - - - 231 268

Amvrakikos Gulf - 10 - - - 2.20 -

Mesolongi Lagoons ) 34 ) ) ) 388 _ Kantzoura et al., 2021 (Greece)
Peloponnese Lagoons - 15 - - - 3.60 -

Comacchio Lagoon 339 5.6 35 34 1.68 32 Giarietal., 2021 (Italy)

Gediz Estuary 89 2 224 35 1-23 7.5 24 Giirkan et al., 2022 (Tiirkiye)

Gediz Estuary 776 52 6.7 32 1-25 5.05 263  Present study (Tiirkiye)
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According to these results, we can say that when
comparing values such as mean intensity or prevalence,
comparing them not according to regions but according to the
freshwater or saltwater environments in which the creature is
distributed can yield more successful results.

When the A.crassus parasite in the European eel and the
density of this parasite in the population are examined, many
reasons are showing that it is less in salt water than in
freshwater.

Some of those; are related to which planktonic crustacea
species or small fish they prefer in their first feeding in the
regions they come from (Tesch, 1977). Kirk et al., (2000a)
reported that the extracellular (pseudocoelomic) fluid of A.
crassus had a higher mortality rate due to the osmotic
pressure difference in saline waters compared to the
environment. In addition, this osmotic pressure difference also
causes rapid degeneration in parasite larvae and eggs (Kirk
et al., 2000b). Palstra et al., (2007) and Sjoberg et al., (2009)
reported that A. crassus caused damage to the swim bladder
of eels, affecting their reproductive migration and not reaching
their breeding areas.

In this case, considering that the reproductive ability
decreases in areas with high parasites, it can be said that the
breeding probability of eels living in the Gediz Delta is quite
high compared to other regions and they constitute relatively
healthy individuals of the Mediterranean population.
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Abstract: Next generation sequencing (NGS) technologies constitute the most powerful scientific advance of 21st century with a promise of fast and cost
effective data generation in biology. Yet, up to date NGS studies remain often limited to laboratories with established resources. In the present study, we
employed construction of ddRADseq library by using routine lab consumables (agarose gel electrophoresis: AGE thereafter) compared to high-tech NGS
consumables (paramagnetic beads) during size selection. The ddRADseq library was constructed for sequencing size selected based on universally used
paramagnetic beads, while remaining aliquot was used as a template to assess the feasibility of ddRADseq library construction using AGE for labs with limited
resources. Both libraries were optimised for 15 PCR cycles indicating similarity in template intensity. Post-PCR quantification of the libraries was comparable
(~10 ng.pL-"). Size distribution assessment revealed a cleaner pick at the ddRADseq library size selected manually based on AGE. Similarly, intercalating
agent of Qubit confirmed the quantity of libraries was similar (>3 ng.pL-). Although being more time consuming due to pre-electrophoresis preparations, serial
wash and staining steps, ddRADseq library construction is achievable using routine lab consumables provided to supply the adaptors and PCR primers for
the initial wet-lab work. These results manifest the feasibility of ddRADseq library generation for labs with limited resources.

Keywords: Library preparation, ddRADseq lab workflow, next generation sequencing

Oz: Yeni nesil dizileme (YND) teknolojileri, biyolojide hizli ve uygun maliyetli veri iiretimi vaadi ile 21. yiizyilin en giclii bilimsel ilerlemesini olusturmaktadir.
Yine de, giincel YND calismalari genellikle yerlesik kaynaklara sahip laboratuvarlarla sinirli kalmaktadir. Bu calismada, kiitliphane fragman secimi sirasinda
yiiksek teknoloji riini YND sarf malzemelerine (paramanyetik boncuklar) kiyasla rutin laboratuvar sarf malzemelerinden (agaroz jel elektroforezi: buradan
itibaren AGE) kullanarak ddRADseq kiitliphaneleri olusturuldu. Standart ddRADseq kiitliphanesi, evrensel olarak kullanilan paramanyetik boncuklara dayali
olarak segilen fragmanlarla olusturulurken, kalan kisim, sinirli kaynaklara sahip laboratuvarlar igin AGE kullanilarak ayni fragman biytikliginde ddRADseq
kitphanesi yapilabilirligini degerlendirmek icin bir sablon olarak kullanildi. Her iki kiitiphane de kalip DNA yogunlugunda benzerlik gosteren 15 PCR dongusii
icin optimize edilmistir. Kiitliphanelerin PCR sonrasi yogunluklari benzerlik gosterdi (~10 ng.uL-"). Boyut dagilimi degerlendirmesi, AGE ile manuel olarak
segilen ddRADseq kiitliphane boyutunda daha temiz bir segim oldugunu ortaya gikardi. Benzer sekilde, Qubit dlglimleri de kiitliphane DNA miktarinin yakin
oldugunu ortaya koydu (>3 ng.uL"). Elektroforez dncesi hazirliklar, seri yikama ve boyama adimlari nedeniyle daha fazla zaman almasina ragmen, ddRADseq
kitlphane kurulum islemi baslangi¢ icin gerekli adaptor ve PCR primerlerinin saglanmasi kaydiyla rutin laboratuvar sarf malzemeleri kullanilarak
gerceklestirilebilir. Bu sonuglar, sinirli kaynaklara sahip laboratuvarlar igin ddRADseq kiitiiphanesi olugturmanin uygulanabilirligini ortaya koymaktadir.

Anahtar kelimeler: Kiitliphane hazirlama, ddRADseq laboratuvar i akisi, yeni nesil dizileme

INTRODUCTION

The most recent breakthrough achieved in biological
science is the development of next generation sequencing
(NGS) technologies (Koboldt et al., 2013; McCombie et al.,
2019; Hu et al., 2021). The ability of generating large number
of genetic markers in relatively short period of time makes
these technologies as a state of art methodology for genomic
studies. NGS enables more individuals to be analysed at the
same time by utilising high throughput sequencing, while
massively parallel sequencing capacity multiplies the altitude
of data generated with increasing accuracies as the depth of
coverage rise. The validity of these technologies has widely
been reviewed (MacLean et al., 2009; McCormack et al., 2013;
Davey et al., 2011; Andrews et al., 2016; Fonseca et al., 2016;

Tan et al., 2019). However, regardless of their potential, NGS
technologies are still limited to established laboratories in
developed, high-income countries with large research budgets,
thus also having related resources in terms of infrastructure
and human power. This is essential as all stages of NGS
including pre-library trials, library construction, sequencing and
bioinformatics analysis require a demanding workload that
necessitates cross-disciplinary collaboration (Knapp et al.,
2015). Some pre-library steps (e.g. in silico analysis, adapter
design) do not require extensive resources while sequencing
is often shipped to public or private providers for the service.
The bioinformatics analysis (e.g. quality check and filtering of
data generated, variant calling, assembly, and downstream
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genomic analysis) have often been put forward as the most
critical part of the NGS workload (e.g. Guo et al., 2014; Shafer
et al., 2016; Paris et al., 2017), however, few attention has
been paid to wet-lab procedures in order to reduce the
production cost and then to produce reliable and comparable
libraries. Library preparation involves a series of molecular
techniques which can be summarized in four main steps: (I)
fragmentation of the genome of interest using restriction
enzyme(s), (Il) ligation of adaptors carrying sequencing
primers for bridge amplification during sequencing by
synthesis, (Ill) size selection ensuring desired fragments are
captured, and (IV) enrichment of the library through PCR.

In the present study, we carried out a wet-lab work by using
routine molecular genetic lab consumables (AGE) versus
expensive NGS lab consumables (paramagnetic beads) during
the size selection step of ddRADseq (double digest restriction-
site associated DNA sequencing) library construction. We
assessed two metrics as proxies while defining successful
ddRADseq library construction procedures: (I) the number of
PCR cycles required for enrichment of the library and (I1) the
quantification of the libraries as well as the distribution of the
fragment range.

MATERIAL AND METHODS
Sampling

All individuals (Salmo spp.) considered in this study were
sampled in the wild using pulsed DC electroshocking
equipment under the supervision of Prof. Dr. Davut Turan
following the Local Ethics Committee of RTE University for the
use of animals in scientific experiments with a permit reference
number of 2019/13. Specimens were released to nature once
fin clips were taken. Trout species included Salmo chilo, S.
labecula, S. opimus, S. kottelati, S. platycephalus and S.
tigridis (Turan et al., 2011, 2012). Tissue samples of 55
individuals were used as a template to construct ddRADseq
libraries.

Genomic DNA Extraction, Quantification and Quality
Control (QC)

Genomic DNA was freshly extracted from individual fin
clips using DNeasy® Blood & Tissue DNA extraction
commercial kit (Qiagen, Valencia, CA), and performed on
Qiacube DNA extraction robot (Qiagen, Valencia, CA).
Following the manufacturer's guidelines, a RNase inhibition
step was performed. These solutions constituted the stock
DNA. The purity and the concentration of the extracted
genomic DNA were initially assessed using NanoDrop
spectrophotometry (2000C, Thermo Fisher Scientific, USA),
while the integrity of the high molecular weight DNA was
visualized on 0.8% agarose gel. Dilutions were made from
stock DNA solutions down to 100 ng.juL-'using double distilled
water (ddH20). These served as working solutions throughout
entire lab protocols. A final and more precise assessment of
double stranded (ds)DNA concentration was carried out using
Qubit fluorometer (Invitrogen, France) BR assay. Thus, based

on Qubit concentrations, samples were diluted down to 50
ng.uL-'ready to use in ddRADseq library construction.

ddRADseq Library Construction

The ddRADseq library was generated originally by
following Peterson et al. (2012) protocol with minor
modifications detailed elsewhere (Palaiokostas et al., 2015;
Leitwein et al., 2016; Oral et al., 2017). Each sample (200 ng
DNA) was digested with two restriction enzymes, EcoRI-HF
(GMAATTC) and Mspl (CACGG) for 120 minutes at 37 °C in 25
ML reaction volume. The reactions were then treated with heat
inactivation at 80 °C for 20 minutes. Some individuals were
duplicated randomly in the library to reach 96 samples format
so as to ensure higher coverage. P1 adaptor compatible with
EcoRI and universally forked P2 adaptor compatible with Mspl
were ligated to the digested DNA at 23°C room temperature
for 120 minutes by adding 2 L of each P1 and P2 adaptors
(40 mM), 5 pL of ligase buffer, 1 uL of T4 DNA ligase (2K
Units/pL) reaction volumes were made up to 25 pL using
nuclease free water per sample (total reaction volume of 50 pL
per sample). The ligation reaction was carried out in a thermal
cycler, kept away from disruptions. Following heat inactivation
at 65°C for 10 minutes, the plate carrying 96 samples was
slowly cooled down to room temperature and pooled into a
single ddRADseq library, labelled as Pool. The first purification
was performed on ddRADseq library using 1X paramagnetic
beads (Agencourt® AMPure® XP, Beckman Coulter, USA).
Once purified, half of the reaction mix (25 pL) called DigLig
(thereafter digested and ligated genomic DNA samples), was
stored in -20 °C for Pool as a backup. Size selection (200-700
bp; see below for details) was carried out using paramagnetic
beads (0.5-0.65X) by following manufacturer’s guideline (the
SPRI select User Guide, Beckman Coulter). The library was
returned into individually labelled tube in 20 uL volume. Size
selected library was then enriched by 15 cycles of PCR using
2x Phusion PCR master mix, 5 yL of library template, 2 uM of
each PCR primer in 25 uL volume, reactions following cycling
conditions of 98/65/72 °C for 10/30/45 seconds with a final
extension at 72 °C for 5 minutes. PCR products were cleaned
up using 0.75X paramagnetic beads to remove PCR primers.
Purified and amplified PCR products were then quantified
using both NanoDrop and Qubit. Library was assessed with
Fragment Analyzer (Advanced Analytical Technologies,
France) to determine DNA fragment size distribution. Based on
this, one more round of 1X paramagnetic beads purification
was carried out to remove primer dimers and small DNA
fragments from the final library. After purification, the library
was taken to the NGS sequence provider at minimum of 10 nM
concentration in 20 L volume. Library was sequenced (150
bp paired-end reads) on the lllumina HiSeq 2500 system.

Size Selection Paramagnetic Beads versus Agarose
Gel

The final library (Pool) sent for sequencing was size
selected based on paramagnetic beads. For that, an initial
volume of 50 uL was used. First, larger fragments longer than
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700 bp were removed from the library by using volume of low
beads to ligation volume ratio (0.50X), then supernatant
carrying smaller fragments was eliminated by using higher
beads to sample volume (0.65X) (SPRiselect User Guide,
2012).

Alternatively, remaining DigLig was size selected using
AGE on the same gel. For that, 1.1% agarose gel was poured
using freshly made/diluted 0.5X TAE buffer with no ethidium
bromide (EtBr). Once set, the gel was left on the fridge
submerged in 0.5X TAE buffer for 2 hours. Several combs (7)
were taped using autoclave tape to form a high volume comb
that can accommodate 65 L volume (55 uL Library and 10 uL
6X DNA loading dye ensuring 1X concentration on the gel) for
the library (see Figure 1). Markers were loaded to both sides of
the library so as to indicate marker cut regions. The
electrophoresis tank was filled up with freshly made 0.5X TAE
buffer that was used for the gel preparation previously and the
tank was located on ice ensuring chilled run. The
electrophoresis system was pre-run at a lower voltage
(10V/cm) to ensure electronic contacts were sound. First, 10uL
marker (customised) to both side of library was loaded. Then,
65 uL library DNA loading dye homogenous mix was loaded to
gel slowly ensuring enough time interval for library to
equilibrate in the well. Electrophoresis was initiated in low
voltages (10 V/20 V/30 V) and gradually increased up to 90 V

to ensure no heating up in the tank buffer. The run was stopped
when the loading dye migrated 3.5 cm from the origin (approx.
1 hr) (Figure 1A). The gel was placed on a glass and the library
carrying fragment (ensuring loading dye band midway along
the section) was safely separated from the gel using a sterile
scalpel and stored in the fridge until required (Figure 1B-1C).
Both sides of the gels were left behind (1-2 mm inside cut) so
as to avoid the edge effect during electrophoresis. The
remaining gel, carrying markers at both sides were stained in
EtBr solution (2 pL of 5 mg/mL stock dissolved in 100 mL
ddH20) for 5 minutes to visualise markers. Then, stained gel
was washed with ddH20 before come in contact with library
carrying gel fragment (Figure 1C). Desired fragment size was
identified under UV trans-illuminator located in a dark room and
a small cut was marked just beside the markers that were
previously left for avoiding electrophoresis edge effect (Figure
1D; orange box). Once both gels put together a horizontal cut
was made and library carrying desired fragment size was taken
from the agarose gel (Figure 1D; green box). Size selected
library was first weighted and evenly split between three
Eppendorf tubes to be purified using a column based gel
extraction kit (Qiagen, France). The temperature of elution
buffer was increased to 50 °C on heated block so as to
increase the binding capacity. The remaining gel was visualised
to obtain the restriction pattern of the library (Figure 1D).
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Figure 1. Schematic display of agarose gel based size selection of ddRADseq library. A. Electrophoresis was terminated once DNA loading dye
migrated 3.5 cm from the origin; B. Library carrying gel was cut and stored at +4 °C; C. the remaining gel carrying markers was stained
in EtBr solution, washed and a small cut was made under UV light indicating desired fragment size; D. ddRAD library gel processed
throughout, yellow box: smear indicating restriction profile of the library as a positive control; orange box: indicative cut side of desired
fragment size; green box: the fragment of interest ddRAD library

RESULTS
Quantification of ddRADseq libraries

One ddRADseq library, Pool, was constructed using the
protocol size selected based on paramagnetic beads. The
sequencing results and the downstream bioinformatics
analysis of this library are discussed elsewhere (Oral et al., in
preparation). Then, one more ddRADseq library was
constructed, size selected based on agarose gel by using the
remaining aliquot of DigLig genomic DNA of the same samples.
This library was named as AG_Pool and was successfully
extracted from the agarose gel. Size selection gel utilised was

thicker (>6 mm) than usual to ensure that the gel could
compensate serial washing and staining during process. This
is particularly the case for the size selection of multiple
libraries. As a rule of thumb, a single gel in larger volume with
gaps between the pools needs to be used so as to minimise
any variation during electrophoresis. As temperature plays
significant role during electrophoresis, the lower voltage was
used so as to avoid warming up the buffer which leads to
smiling effect on the gel as the heat increases. Therefore, the
rationale behind the cold run was to minimise the diffusion of
small fragments in the gel and obtain more precise sample
fraction. The gel slice for AG_Pool weighted as 0,75 g and the
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library was eluted in 50 pL volume (2x25 pL) using heated
elution buffer.

Table 1 shows the quantification results of ddRADseq
libraries generated. Size selected and PCR enriched
ddRADseq libraries were initially quantified using NanoDrop.
As the concentrations of the libraries were higher than 5 ng/uL
(Table 1), 1:1 dilution was made using ddH20 before checking
the distribution of the DNA fragments with Fragment Analyzer.
Therefore, Qubit accurately binds to dsDNA fragments resulted
in lower concentrations for ddRADseq libraries produced
following dilution. Similar library concentrations detected both
in NanoDrop and Qubit were indicative of minimal variation
achieved among the libraries generated regardless of the size
selection method. Based on the intensity of libraries and
concentrations, the number of PCR cycles could be decreased
down to 12 or 13 cycles, which would also aid limiting the PCR
duplicates.

Table 1. Quantification of the ddRADseq libraries
PCR NanoDrop QubitBR Average Lib concentratio
cycles (ng/pL) assay library (nM)
(ng/pL)  size (bp)
Pool* 15 9.92 31 39 11.86
AG_Poot* 15 9.79 31 329 14.27
*: Paramagnetic beads based size selected and PCR enriched ddRADseq
library

#: Agarose gel based size selected and PCR enriched ddRADseq library

Fragment distribution of ddRADseq libraries

In agreement with the quantifications of libraries by
NanoDrop and Qubit, the Fragment Analyzer showed a similar
distribution in the structure of the diagrams. The average sizes
of the libraries were detected as 396 bp and 329 bp,
respectively, in Pool and AG_Pool (Figure 2A and B),
confirming that the desired fragment size of interest have been
captured in both libraries. In this study, it should be further
noticed that agarose gel-based size selection resulted in
smaller size fragment distribution which was desired as dealing
with larger fragments is more challenging in size selection with
paramagnetic beads. A small pick observed consistently in
Pool and AG_Pool is expected in species with duplicated
genomes. These are likely results of repetitive regions
represent redundant copies post-whole genome duplication of
Salmonidae (e.g. Glasauer & Neuhauss, 2014). An additional
round of 1X paramagnetic beads clean-up was carried out
based on fragment analyser results so as to remove small
fragments detected at 44 bp and 45 bp length in the diagrams,
respectively (Figure 2A and B). Although detected in lower
concentrations, if prominent, these can decrease the
sequencing yield by competing to bind flow cell thus hamper
proper cluster generation derived from adaptor ligated
samples. The removal of this fragments following final 1X
paramagnetic beads clean-up was confirmed by the results
provided by the sequence provider prior sequencing.

A. Pool

200
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size cone To ave
@) (o) 22} 22 ®p)
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Figure 2. Distribution of the library fragments in ddRADseq libraries size selected based on (A) paramagnetic beads, Pool and (B) agarose gel

electrophoresis AG_Pool
DISCUSSION

In the present study, we provided experimental data on the
feasibility of ddRADseq library construction using cost effective
routine molecular lab consumables. The rationale behind
developing a cost-effective methodological improvement was
motivated by the fact that feasibility of scaling up conventional
molecular genetic laboratories to adapt working with cutting
edge technologies such as ddRADseq.

PCR enrichment of the final library is essential step so as
to ensure amplification of desired size range in the final library
(Peterson et al., 2012). In standard ddRADseq libraries 12 to
18 PCR cycles are routinely used (Peterson et al., 2012;
Capblancq et al., 2015; Palaiokostas et al. 2015; Yang et al.,
2016; Burns et al., 2017; Oral et al., 2017; Cumer et al., 2021).
The higher the PCR cycles increases the risk of PCR
duplicates, while the lower PCR cycles camouflage the existing
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diversity. Cumer et al. (2021) investigated the effect of some
wet-lab procedures including DNA quantity and PCR cycles
thus detected lower individual heterozygosity in 10 PCR cycles
compared to optimal range of 15 PCR cycles both at the inter-
species level for the animal model (in the butterfly species
complex of Coenonympha) and at the intraspecific level for the
plant model (in European/common beech, Fagus sylvatica)
(Figure 2). Such debate indicates the significance of the trade-
off exist between a satisfactory coverage and limitation of
errors originates from the excess amount of PCR cycles
(Hohenlohe et al., 2012). Alternatively, a series of test PCR can
be set up for future ddRADseq library construction in half
reaction volume (12.5 uL) by visualising the desired PCR cycle
of the library on the agarose gel. These steps should be
investigated in a case by case study.

Fragment Analyser results indicated similar size fragment
ddRADseq libraries were successfully produced (Figure 2).
While evaluated with another and less precise technology, a
similar fragment size distribution (range: 300-350 bp) was also
observed in ddRADseq libraries of Leitwein et al. (2016) on
another trout species (S. trutta) (M. Leitwein & B. Guinand,
personal communication).

Taken all together, agarose gel-based size selection
provides a cost-effective alternative to expensive
paramagnetic beads-based size selection. Agarose (0.70 € for
1 gr) is almost one quarter of the price compared to the
paramagnetic beads (2.61 Euro for 100 uL) for the required
amount. Additionally, given the availability of agarose as a
routine molecular lab consumable and the experience that
comes with it favours agarose as an economic alternative for
any sized laboratory with limited research fund. Yang et al.
(2016) suggested using conventional low melting agarose for
size selection as opposed to the expensive automatized
alternative of pippin prep in an experimental study to provide
an alternative method for ddRADseq library construction for a
wider community working on angiosperm plants. Similarly, final
quality control of the ddRADseq library can efficiently be
carried out on agarose gel to detect the average size of the
library using an appropriate marker (e.g. 1kb GeneRuler).
Based on the gel image, visualized on short (loading dye 1.5
cm away from the origin) and long run (loading dye 3.0 cm
away from the origin) the minimum, maximum, mean and
median size of the library fragment can be detected and this
would be used for calculating the average size of the library.
Final ddRADseq library concertation in nM can be then
calculated using the following formula (provided from
[llumina.com support web page) while gel image is sent to
sequencing provider:

ol
(concentratwn in !ﬂ)

concentration innM = x 108

(660 % X average library size in bp

The performance of our protocols was only evaluated
based upon wet lab trials and experimental results. The biggest

limitation of our study is to confirm the protocols by sequencing
and provide the results from the data analysis (e.g. alignment
rate to target reference genome, available SNP markers, basic
statistics on sequence depth and coverage etc). However, the
fact that all libraries provided sufficient requirements in terms
of desired size range, concentration and available volume, we
may anticipate the sequencing results would be of high quality
and comparable between the two protocols (standard
paramagnetic beads versus low-cost agarose gel
electrophoresis).

In the present study, we provided experimental data on the
feasibility of ddRADseq library construction using cost effective
routine molecular lab consumables. As in all NGS experiments,
the key to success is the availability of high molecular weight,
intact genomic DNA and accurate quantification of dsDNA.
Once this is achieved by using NanoDrop, Qubit and gel image,
assuring a major band on the gel, sequencing produces
sufficient amount of data as clearly demonstrated by Yang et
al. (2016). In a recent study by Cumer et al. (2021) library
construction pre-sequencing parameters including DNA
quantity, number of PCR cycles during ddRADseq library
preparation have shown to possess significant impact on the
number of recovered reads and SNPs as well as on the number
of unique alleles and individual heterozygosity. Additionally,
same authors indicated the high reproducibility of the method
provided to optimise the wet-lab procedures carefully.
Furthermore, given the applicability of the protocol for any
molecular laboratory, this study should motivate researchers in
labs with limited resources to employ ddRADseq library
construction provided to find partners that can supply adaptors
and PCR primers for a start-up. Then, the cost only involves
the investment of consumables for library preparation and
sequencing. In the present study, expensive consumables
were replaced by conventional alternatives where possible
hence this protocol requires minimum technical investment for
costly laboratory equipment and infrastructure. Therefore,
taken all together, we anticipate our approach is applicable for
any molecular laboratory with limited access to research
funding thus the related human power.

CONCLUSION

In an effort to optimise the ddRADseq library construction
for wider community, here we assessed the feasibility of size
selection from agarose gel as opposed to paramagnetic beads.
PCR conditions during enrichment of the libraries were
identical for both groups, amplifying desired fragment size
intensity. Besides, quantifications of the libraries based on
NanoDrop and Qubit showed similar concentrations between
two groups. Although agarose gel size selection was more
laborious, this method produced a better fragment size
distribution. Thus, given the availability of agarose and the
experiences in electrophoresis this can be of a low-cost
alternative to the high-tech paramagnetic beads during size
selection of ddRADseq library construction for molecular
laboratories with limited resources.
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Abstract: We determined the number of coliform bacteria, Escherichia coli, yeast, and molds that may occur in the system, and the quality of lettuce grown
in aquaponics for consumers from sensory, colour, and texture points of view. The amount of yeast and mold in the plant growing medium (hydroton) and
water was 4.67 log CFU/cm2 and 2.25 log CFU/mL at the end of the six-week experiment, respectively. The number of coliform bacteria and E. coli in the
growing medium and in the system water was found to be 2.57 log CFU/cm?2 and 3.46 log CFU/mL for coliform, 0.75 log CFU/cm2 0.31 log CFU/mL for E. col,
respectively. Organisms that pose a risk to food safety, accumulate in the culture media. After the harvest, lettuce cultured in the aquaponic system (AP) was
compared with the lettuce cultured in soil (SC). According to the results, AP lettuce was found to have darker colors (Lightness: 56.4 AP, 49.09 SC, p<0.05),
harder (Hardness: 209.3 AP, 153.7 SC, p<0.05), and slightly appetizing (Sensory analysis overall liking: 8.4 AP, 7.7 SC) than SC. In conclution, aquaponic
systems are much more preferable in terms of sensory quality and consumer preferences than soil-based production systems.

Keywords: Aquaponics, lettuce quality, coliform bacteria, Escherichia coli, yeast and molds

0z: Bu calismada, akuaponik sistemde iretilen marul bitkisinin duyusal tiiketicii tercihi, renk ve doku kalitesi agisindan degerlendirilmis ve sistemde
olusabilecek koliform bakteri, Escherichia coli, maya ve kif miktarlari belirlenmistir. Bitki yetistirme ortamindaki (hidroton) ve sudaki maya-kiif miktarlari, alti
haftalik deneyin sonunda sirasiyla 4,67 log KOB/cm2 ve 2,25 log KOB/mL olarak tespit edilmistir. Hidrotonda ve sistem suyundaki koliform bakteri miktari
siraslyla 2,57 log KOB/cm? ve 3,46 log KOB/mL, E. coli miktari ise sirasiyla 0,75 log KOB/cm? ve 0,31 log KOB/mL olarak bulunmustur. Gida gtivenligi
agisindan risk olusturan mikroorganizmalar yetistiricilik ortaminda birikebilmektedir. Akuaponik sistemde (AP) yetistirilen marul hasat edildikten sonra toprakli
tarimda (TT) tretilen marul ile karsilastiriimistir. Sonuglara gére AP marulun renkleri TT'den daha koyu (Parlaklik: 56,4 AP, 49,09 TT, p<0,05), daha sert
(Sertlik: 209,3 AP, 153,7 TT, p<0,05) ve duyusal analize gdre daha istah agici (Genel duyusal begenisi: 8,4 AP, 7,7 TT) bulunmustur. Sonug olarak akuaponik

sistemler duyusal kalite ve tiketici tercihleri agisindan toprakli Uretim sistemlerine gdre daha ok tercih edilmistir.
Anahtar kelimeler: Akuaponik, marul kalitesi, koliform bakteri, Escherichia coli, maya ve kiif

INTRODUCTION

Aquaponics is a combination of recirculating aquaculture
and soilless agriculture. These systems are more
advantageous than traditional agricultural techniques in water
consumption, land use, soil salinization, yield, plant growth
rate, chemical fertilizer requirement, and pesticide and
herbicide usage factors. Although aquaponics has gained a lot
of popularity in recent years, there is a lack of information in
the field of food safety as it is a newly developing system
(Hollyer et al., 2009).

The aquaponic system is an ecosystem of fish, plants, and
bacteria which include both autotrophic and heterotrophic
bacteria. Bacteria are essential to maintaining an aquaponic
ecosystem (Blancheton et al., 2013; Eck et al., 2019; Schmautz
et al., 2017). The successful administration of aquaponics
depends on the complex microbial ecosystem it contains.

Thanks to this microbial ecosystem, mineralization of nutrients
required for plant production and biological cleaning of water
are provided. However, while some species of these
microorganisms in the system are beneficial, others may be
harmful to human health.

There is a health risk of soil-borne agricultural pests,
bacteria, and fungi in traditional soil farming. Although the risk
of pathogen in aquaponic systems is less than in conventional
agriculture (Somerville et al., 2014), it still exists (Yavuzcan
Yildiz et al., 2017; Willmon, 2018). In aquaponic systems,
pathogenic bacteria (e.g. E. coli) can enter the system in
various ways due to the soil used in the germination stage of
the plants used, the water added to the system daily, fish feed
(Petreska et al., 2013), the digestive system of the fish or the
non-sterile environment of the system.

© Published by Ege University Faculty of Fisheries, izmir, Tiirkiye
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Leafy vegetables have been increasing in popularity in
aquaponics in recent years due to their great nutritional value
and ease of use due to being a ready-to-eat product. However,
due to pathogen contamination, leafy vegetables have caused
numerous foodborne disease outbreaks (Hilborn et al., 1999;
Taylor et al., 2013). In recent years, the number of outbreaks
linked to E. coli O157:H7, Listeria monocytogenes, and
Salmonella spp. has increased (Deering et al., 2012; Strawn et
al., 2013), of course, detection methods and back-tracking
procedures (Brashears et al., 1999; Abadias et al., 2012),
which have largely developed after an outbreak, also
contributed to the detection of this increase. Fresh fruit and
vegetables are responsible for approximately 48% of
foodborne outbreaks (Hoagland et al., 2018). Additionally,
aggressive processing methods like heat processing, acid
treatment, etc. can not be used on fresh vegetables like lettuce
without quality loss. Therefore, reducing the risk of foodborne
pathogen contamination before harvest or until it reaches the
consumer is a critical step.

No food outbreak has been encountered yet from a product
grown in aquaponic systems (Kasozi et al., 2021). However,
since this risk is always present, it is essential to examine the
microbiological risks in aquaponic systems and to set
appropriate standards. The risk to human health should be
negligible.

There are several pieces of research on food safety in
commercial aquaponic systems that aim to determine the
levels of microorganisms in water and products (Chalmers,
2004; Gonzalez-Alanis et al., 2011; Fox et al., 2022). E. coli, a
coliform bacteria, is one of the most prominent. E. coli is a
bacterium that is frequently employed as an indicator of fecal
contamination and microbiological water quality in the
formulation of regulatory standards based on human health.

In addition to bacterial load in terms of food safety, post-
harvest quality is also an important parameter for the
marketability of aquaponic products. Features such as color,
size, appearance, and texture, which affect consumers'
preferences, are strongly related to the sensory properties of
lettuce (Schréder, 2003). According to Holmes et al. (2019),
overall flavor and overall texture were stronger predictors of
marketability than bitterness and crispness. This situation
suggests that broader sensory categories, rather than narrower
categories, may better capture human sensory perceptions of
lettuce.

The purpose of this study was to determine the presence
and amount of coliform bacteria, E. coli, yeast, and molds that
may occur in the system when the wastewater of fish farming
is given directly to the plant roots without passing through any
disinfection system (UV, ozone, etc.) in a decoupled
aquaponics system. Hence, we determine the texture, color,
and sensory effects of the quality of lettuce grown in
aquaponics for consumers and compared aquaponics lettuce
with soil-grown lettuce.

MATERIAL AND METHODS
Growing conditions of the aquaponics system

This study was performed in decoupled aquaponics
systems in Sapanca, Turkey. The aquaponic system is
composed of a recirculating aquaculture system (RAS) and a
hydroponic (HP) unit. There was four aquaponics and each AP
include three fish tanks (400 L * 3), a sump (400 L), mechanical
(Eheim Classic 1500 XL, Germany) and biological filtration
units (500 L), a chiller (Teco TK-2000, Italy), and a blower
(Aquaticlife PG-370, USA) in the RAS, while two plant beds
(1.3 m2* 2) and a sump (400 L) were in the HP (Figure 1).

. FISH TANKS
@ SUMPS

1 | FILTER

| cHuer
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Figure 1. System design of the aquaponics

Lettuce (Lactuca sativa L. var. elmaria) seed germination
was carried out in the soil. When they grew as 10-days-
seedling, their roots were gently washed off with sytem water
and transferred to the HP unit. The seedlings planted on pots
with filled brand new hydrotons (Canna Aqua Clay Pebbles
Hydroton 8-16 mm, Australia). The whole system had 240
cultivars (25 heads/m2) and 432 rainbow trout (2.5 kg/m3)
(Oncorhynchus mykiss Walbaum 1792) juveniles. During the
study, dissolved oxygen (9.94 mg/L), pH (8.3), temperature
(15.7 °C), and electrical conductivity (257 uS/cm) parameters
were followed daily and all values were kept at optimum
conditions according to Somerville et al. (2014). The soil-
cultured lettuce used in this study was obtained from a
greenhouse in Istanbul. The harvest period of lettuce is 65
days.

Microbiological analysis

Water samples from the aquaponic system were collected
in sterile glass bottles (1 L-Duran Shott bottles). Hydroton
samples were collected under aseptic conditions using sterile
gloves and immediately placed in sterile stomacher bags.
Samples were kept in styrofoam box with ice gel packs during
transport to the microbiology laboratory until bacterial
enumeration on the same day. All microbiological analyzes
were performed aseptically in a sterile laminar airflow cabin
(CRYSTE, Korea).

The surface area of hydroton is determined by
Nuevaespana and Matias (2022) and it was 450 m2Z/m3,
Hydroton samples (n~10) were placed in a sterile bag and
diluted with maximum recovery diluent (MRD) at a 1:10 ratio
before being blended with a stomacher. The water and
hydroton samples were diluted serially. Spread plating was
done in triplicate for each dilution sample.
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Total coliform and Escherichia coli

Total coliform and generic Escherichia coli counts were
according to Feng et al. (2022). One milliliter of the sample was
spread plated on VRB agar with MUG plates (VRB (Violet Red
Bile Lactose)-MUG agar Merck 1.04030). All spread plates
were incubated at 37 °C for 18-24 hours before counting typical
pink colonies to determine the total coliform count. To define
generic Escherichia coli, colonies that fluoresced under UV
light were counted. The colonies were then recorded for
analysis.

Yeast-Mold

The yeast and mold were counted using Dichloran Rose
Bengal Chloramphenicol Agar (DRBC) (Merck, 1.00466). All
spread plates were incubated for 5 days at 25°C (Tournas et
al., 2022).

Sensory analysis

Sensory quality was determined as described by Martinez-
Sénchez et al. (2011), by a ten-member trained panelist.
Samples were evaluated by changes in visual quality, flavour,
odour, texture, and browning of the leaf edge/surface. Samples
of lettuce were properly washed with sterile Milli-Q water before
sensory evaluation, dried with paper towels, and kept in the
refrigerator (at 4 °C) in zipper-sealed plastic bags until
analysis. Prior to the sensory panel, a 3-digit numerical code
was randomly issued to each sample. Individual leaves that did
not contain the innermost or outermost leaves made up the
sample parts. Consumers were asked to score sensory quality
using a 9-point hedonic scale, where 9 = excellent, 5 = limit of
marketability and 1 = inedible.

Color analysis

The color measurements of aquaponics grown and soil
culture lettuce samples were determined with the Konica
Minolta Chromometer (model CR 400; Minolta, Osaka, Japan).
After the calibration using a white reference tile (CR-A44; L* =
94.93, a* = -0.13, b* = 2.55, and C* = 2.55), the lightness (L*
value), the color (a*: + a, red; — a, green, b*: + b, yellow; - b,
blue) and Munsell Hue (H) (GY; Green Yellow), Munsell Value
(V) and Munsell Chroma (C) were measured three times on the
samples at 3 different locations (E: Edge, M: Middle, S: Stem)
on each leaf (n=10). The results are presented as the mean £
SD for the triplicate samples (Gerdes and Santos Valdez,
1991).

Texture analysis

Texture profile analysis (TPA) on aquaponics grown and
soil culture lettuce samples were determined by using a texture
analyser (Brookfield CT3 Texture Analyzer, USA), equipped
with a blade set probe, described by Back et al. (2014). Three
stacked samples (3 by 3 ¢m) were placed onto the press
holder, and a blade was moved down at 2 mm/s. TexturePro
CT software (version 1.2, Brookfield Engineering Laboratories,
Inc.) was used for the tabulation of TPA values (hardness,
springiness, cohesiveness, chewiness, average peak load).

The test had the following parameters: a pretest speed of 2
mm/s, a test speed of 1 mm/s, and a post-test speed of 1 mm/s.
A measure of hardness was defined as the maximum force
necessary to shear the samples. All experiments were
performed three times, with independently-prepared samples
(n=3) from three different parts of leaves (E: Edge, M: Middle,
S: Stem) as in Figure 2.

Figure 2. Different sampling locations on aquaponics grown (left)
and soil culture lettuce (right) leaves (AP: Aquaponics
grown lettuce, SC: Soil culture lettuce, E: Edge, M: Middle,
S: Stem)

Statistical analysis

The data were analyzed using IBM Statistical Package for
the Social Sciences 28 software (USA). All data are given as
mean values + standard deviation (SD). The hydroton and
water samples were examined at two-week intervals for a total
of 6 weeks. Significant differences between groups on yeast
and mold data were determined by ANOVA (post-hoc Tukey
and Duncan) test, on coliform bacteria was determined by a
tailed-independent Student's T-test. To identify significant
differences between aquaponics and soil-cultured lettuce
samples in terms of sensory, color, and texture analyses, a
tailed-independent Student's T-test analysis was used. A 95
percent level of confidence was used for all statistical analyses
(p <0.05).

RESULTS

Yeast and mold results in the first week, third week, and
sixth week were determined as 3.31+0.8, 2.29+0.55, and
2.25£0.51 log CFU/ml in water samples and 2.41+0.25,
3.5740.58, 4.68+0.63 CFU log/cm? in hydroton samples,
respectively. While there was no difference between hydroton
and water in the first week, there was a significant difference in
the third and sixth weeks. Throughout the study, there is a
decreasing trend (R? = 0.78) in water samples while an
increasing trend (R? = 0.99) in hydroton samples (Figure 3).

Although the mean number of coliform bacteria was higher
in water samples (3.46+0.65 log CFU/ml) compared to
hydroton samples (2.57+1.53 log CFU/cm?), a statistical
difference was not detected between the groups (Figure 4).

The total E. coli count is given in Figure 5. Results show
that growing media had more colonies than water. However,
there were no significant differences between groups.
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Figure 3. Mean Log count of yeast and mould colonies on water (log
CFU/ml) and hydroton samples (log CFU/cm?2) (mean
values £ SD, n = 4, Different letters on the top of SD bars
indicate significant differences between mean values,
Tukey's HSD multiple comparison method, P < 0.05)
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Figure 4. Coliform bacteria count of hydroton (log CFU/cm?) and
water samples (log CFU/ml) (mean values + SD, n = 4,
Different letters of the top on SD bars indicate significant
differences between mean values, Student's T-Test, P <
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Figure 5. E. coli count on water (log CFU/ml) and hydroton (log
CFU/cm?) media at the end of the study

According to the overall liking of consumers, aquaponic
lettuce has a mean value of 8.4 out of 10, while lettuce grown
in soil has a mean value of 7. Lettuces that are cultivated in the
aquaponics system had slightly higher quality than those
cultivated in soil but the differences were not significant. The
results from the sensory panel such as visual, flavour, texture,
odour parameters are found as similar to overall liking results
as given in Figure 6.

Overall liking
Odour ;{ Visual
Texture"" havour
AP Lettuce

= == == Soil Lettuce

Figure 6. Sensory panel evaluations of aquaponics-grown lettuce
and soil-grown lettuce (Mean + standard deviation, AP:
Aquaponics grown lettuce, SC: Soil culture lettuce, E:
Edge, M: Middle, S: Stem)

The leaves of lettuce grown in aquaponics and lettuce
grown in soil were examined in three regions (Edge, Middle,
Stem) (Figure 2) and compared in terms of hardness,
springiness, and cohesiveness (Figure 7).

The hardness value at the edge of AP (347.67 g) lettuce
leaves was found to be statistically significantly higher than SC
(261 g). The amount of hardness in the middle of the leaf was
measured as 190.8 g for AP and 152.33 g for SC, while the
amounts in the stem were measured as 89.5 g and 47.8 g.
According to these results, it was determined that AP leaves
had higher hardness values than SC. In addition, it was
observed that the hardness values decreased from the edge of
the leaves to the stem (Figure 7).
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Figure 7. Hardness (left side), Springiness and Cohesiveness (right
side) parameters of aquaponics grown lettuce and soil-grown
lettuce (Mean + standard deviation, AP: Aquaponics grown
lettuce, SC: Soil culture lettuce, E: Edge, M: Middle S: Stem)
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Color parameters such as L, a*, b*, Munsell hue, value
and chroma are given in Figure 8. AP lettuce varied from green-
yellow and had a Munsell hue between 5.2-5.9. Conversely,
SC lettuce was between 5.1 and 5.8.
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Figure 8. Color and texture parameters of aquaponics-grown lettuce
and soil-grown lettuce (Mean + standard deviation, AP:
Aquaponics grown lettuce, SC: Soail culture lettuce, E:
Edge, M: Middle S: Stem)

DISCUSSION

The microbial profiles and counts (yeast and mold,
coliforms, E. coli) for soil cultured and aquaponics-grown
lettuce were determined by the current study. Yeast, mold, and
coliform bacteria were detected in all 480 samples taken from
the water and hydroton of the aquaponics system. Our findings
are consistent with Sirsat and Neal (2013), Moriarty et al.,
(2018), and Weller et al. (2020) who observed coliforms or
yeast and mold in all samples collected regularly from
aquaponic and hydroponic systems. In our study, there was
more yeast and mold in the hydrotons where the plants are
attached by their roots compared to the water in the system.
This may be due to microorganisms in the root environment
being dependent on root exudates (Khalil, 2018). There was no
difference in coliform bacteria amount between hydroton and
water samples. E. coliwas found in 50% of the four aquaponic
systems constructed. According to Sirsat and Neal (2013), soil
culture lettuce contained 2 to 3.5 log CFU/g E. coli. The amount
of yeast and mold in the water, which was 3.31 + 0.8 log CFU/g
in the first week, was similar to the hydroton results of 2.41 +
0.25 log CFU/g. The yeast and mold results in the third and
sixth weeks were 2.29 + 0.55 log CFU/g and 3.57 + 0.58 log
cfulg, respectively, while the yeast and mold values in the
hydroton were 2.25 + 0.8 log CFU/g and + 0.8 log CFU/g,
respectively. Similar results in fungal flora of aquaponic system
water between 2.8-3.4 log CFU/mL were observed by Khalil
(2018). Therefore, the amount of yeast and mold on the
hydroton to which the roots of the plants are attached showed
an increasing trend between the third and sixth weeks
compared to the first week (R?=0.99), and a decrease
(R2=0.78) was observed in the water as time passed. This is

thought to be because hydrotons create a suitable environment
for yeast and mold organisms, like as nitrifying bacteria need
surface area to form colonies (Pedersen et al., 2017).

Sirsat and Neal (2013) made a comparative microbial
analysis of lettuce cultured with different techniques such as
conventional, organic, bagged, farmers’ market, and
aquaponics and found lettuce from farmers' markets contained
2 to 3.5 log CFU/g E. coli. Organic and conventional lettuce
contained about 2 log CFU of E. coli per gram of lettuce.
According to Tyson et al., 2012, the population level of the
coliform is 2.2 + 0.2 log CFU/mL in aquaponics. Our findings
show that aquaponic production has lower levels of coliform,
mold, and yeast contamination compared to other production
systems (Sirsat and Neal, 2013), and these findings are in
agreement with the results of previous studies (Tyson et al.,
2012; Elumalai et al., 2017).

Market pricing and consumer choice for lettuce are
determined by internal attributes such as functional nutritional
value and texture, as well as external qualities like color and
size (Mampholo et al., 2016). In this study aquaponics grown
lettuce scored higher in terms of sensory properties than those
grown in soil. Similar results for soilless red-leafed lettuce
cultures were reported by Selma et al. (2012), however, there
are contrasting data for green leaf lettuce in the same study.
For the textural properties, Fontana et al. (2018) reported that
the hydroponic lettuces were significantly better accepted in
relation to organic samples. The sensory approval of lettuce
grown in conventional, hydroponic, and organic growing
systems were tested using the hedonic scale by Favaro-
Trindade et al. (2007), and similarly, the authors did not
observe any significant differences. Aquaponics products
could have an odour because of the off-flavors (Atique et al.,
2022). However, consumers stated that the lettuce grown in
aquaponics did not have a fishy odor, which may have been
the reason why they were not preferred aquaponics products
by consumers.

Physiological properties such as color, size and texture are
known to be affected by the conditions and environment in
which lettuce is grown (Lei and Engeseth, 2021). There is
variation in our TPA results as some lettuce pieces contain
lettuce hearts and others are much leafier as in Predmore et
al. (2015). Ibrahim and Zuki (2012) found that lettuce grown
hydroponically had a much higher tensile strength than lettuce
grown aquaponic and then planted in the ground. This showed
that lettuce crispness values were also higher when grown
hydroponically. None of the measured force values were
significantly different from the soil-grown lettuce samples.
However, this may be due to the small sample size of n=3 as
in Schnabel et al. (2021). Also, Lei and Engeseth (2021) stated
that when compared to lettuce grown in soil, lettuce grown
hydroponically has softer leaves and tighter midrib, which may
be due to lignin in the cell wall. In accordance with this our
values show that leaf tissue became softer from S and E to M.

In our study, edge, middle, stem of lettuce samples from
SC had a higher L* level than AP. In general AP groups had a
greener color in leaves than SC lettuces, which could be
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related to concentrations of chlorophyll in the leaves. Soil and
aquaponics nutrients could be the reason for color
differentiation. According to Ibrahim and Zuki (2012),
regardless of plant growing technique, there was no significant
difference in plant color. Matthew T et al. (2011) compared the
visual quality of different lettuce varieties grown under
hydroponic, conventional and organic conditions, and no
difference was detected between groups. Similar results were
observed by Lei and Engeseth (2021) who compared
hydroponics vs soil-grown lettuce. On the contrary, Fontana et
al. (2018) stated that hydroponically grown lettuce was lighter
in color compared to organic and conventional ones. Outer
leaves of green cultivars have lower (more negative) a* values
due to higher chlorophyll content and darker green hue,
according to Ozgen and Sekerci (2011). Our study showed that
AP had slightly higher a* value than SC. Color results show
that it can be affected by environmental conditions and
phytochemical processes such as secondary metabolites
(Ozgen and Sekerci, 2011).

CONCLUSION

In conclusion, it has been determined that there is a risk of
pathogens in the edible parts of the plants produced in
aquaponic systems, the media used in the media bed
technique poses a greater risk than the water, and the lettuce
grown in aquaponics is preferred by the consumers because
has stiffer leaves, darker green color and better quality for the
consumer than the lettuce produced in traditional soil
agriculture. Since organisms at risk accumulate in the culture
media, it is necessary to compare the ‘media bed technique’
with the ‘nutrient film technique’ or ‘deep water culture
technique’ in future studies. Increasing awareness of the state
of scientific issues regarding indicator organisms in an
aquaponic setting enables the consumer to make informed
decisions. Thus, an increase in food safety in products
produced through aquaponics is ensured. Determining the
color, texture, and sensory profile of aquaponics products can
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Abstract: In this study, protein extraction was performed from the aquatic insect Helophorus aquaticus (Linnaeus, 1758) and Helophorus syriacus (Kuwert,
1885) species belonging to the genus Helophorus (Coleoptera: Helophoridae). Then, these protein extracts were studied in vitro. These species were
collected from the shallow parts of various streams, springs, creeks, ponds and hot springs from Bingdl city centre and its districts between May to June
2017. The protein amount was determined 34.78 mg/mL in the H. aquaticus and 35.14 mg/mL in the H. syriacus, after that he antioxidant capacity of protein
extracts was examined. Metal chelating activity was determined as 90-88.5% and DPPH removal activity 53.19-61.7% for H. aquaticus and H. syriacus
respectively. Protein samples belonging to both species were tested for cell vitality with WST-1 in PC-3 (prostate cancer) cells with in vitro cell culture. Upon
examination of the test results, it has been found out that protein extracts from both of the studied species caused a decrease in cell inhibition. The highest
cell inhibition was observed in samples with 1000 ug/mL insect protein extract added. In this study, protein expression providing apoptosis was examined
with the Western blot technique after the effective dose was established. By looking at the proteins of Cyt-C and Caspase 3 with the Western blot technique,
the efficacy of the protein extracts from both species was demonstrated effectively for the in vitro PC-3 line in non-apoptosis cell death. As a result of the
study, insect proteins were shown to support the production of proteins that ensure cell death with the westemn blot technique.

Keywords: Helophorus, protein, Cyt-C, Caspase-3, antioxidant

Oz: Bu calismada, Helophorus (Coleoptera: Helophoridae) cinsine ait sucul bocek Helophorus aquaticus ve Helophorus syriacus tirlerinden protein
ekstraksiyonu yapiimistir. Bocek tlirleri 2017 Mayis-Haziran aylari arasinda ve Bingdl il merkezi ve ilgelerinden gesitli akarsu, kaynak, dere, birikinti ve sicak
su gozelerinin si§ kesimlerinden toplandi. Protein miktari H. aquaticus'da 34,78 mg/mL, H. syriacus'da 35,14 mg/mL olarak belirlenmistir. Daha sonra elde
edilen protein ekstraktlarinin antioksidan kapasitesi incelendi. Metal selatlama aktivitesi H. aquaticus ve H. syriacus igin sirasiyla %90-88,5, DPPH
uzaklastirma aktivitesi %53,19-61,7 olarak belirlendi. Her iki tire ait protein numuneleri, in vitro hiicre kiltiri ile PC-3 (prostat kanseri) hiicrelerinde WST-1
ile hiicre canlihgi agisindan test edildi. Test sonuglarinin incelenmesi lizerine, galigilan tirlerin her ikisinden alinan protein ekstraktlari, hiicre inhibisyonunda
bir azalmaya neden oldu. En yiiksek hiicre inhibisyonu, 1000 pg/mL bdcek proteini ekstresi eklenen numunelerde gézlendi. Bu galismada, etkin doz
belirlendikten sonra Western blot teknidi ile apoptozu saglayan protein ekspresyonu incelenmistir. Western blot teknigi ile Cyt-C ve Caspase-3 proteinlerine
bakilarak, apoptoz disi hiicre dliimiinde in vitro PC-3 hatti igin her iki tiirden protein ekstraktlarinin etkinligi etkili bir sekilde gosterildi. Calisma sonucunda
bocek proteinlerinin western blot teknigi ile hticre 6limtni saglayan proteinlerin Gretimini destekledigi gosterildi.

Anahtar kelimeler: Helophorus, protein, Cyt-C, Kaspaz-3, antioksidan

INTRODUCTION

Insects represent 55% of the biological diversity on the
earth (Chernysh et al, 2002). Members of this highly
diversified group have spread to almost all ecosystems
around the world. Insects' ability to thrive in various
ecosystems is due to their extremely strong adaptability.
Insects have a very important place in terms of ecological and
economic life of people and other living groups (Kog et al.,
2011).

Coleoptera, containing 170 families, is the largest group
of insects and is represented by more than 350,000 species
worldwide. Globally, Hydrophilinae, which is sub-coleoptera is
represented by approximately 57 genera and 1784 species,
mostly consisting of species living in wetlands (Mart, 2009;

Fikacek et al., 2010). Hydrophilidae is distributed in Europe,
Asia and North Africa with a total of 34 genera. In Turkiye, 19
genera, 95 species and 4 subspecies belonging to two
subfamilies have been identified living in certain regions
(Polat et al., 2021). Helophoridae is a family of aquatic beetle
(Coleoptera) with a single genus (Helophorus) and an
average of 200 species (Darilmaz, 2010). Helophorus
species, in general aquatic or semi-aquatic, spread over a
wide area from the peaks of high mountains all the way to sea
level. Many species prefer stagnant and shallow waters rich in
organic matter as their habitat, for example, the edges of
small puddles. Furthermore, sandy or muddy areas between
water and soil, as well as very vital areas with moss or other
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vegetation elements, can also be selected as habitats by the
aforementioned species (Yilmaz, 2011).

Insects are healthy and sustainable sources of high-
quality protein. Entomophagia is encountered in more than 90
developing countries (Defoliart, 1995). Many insect species
are used in traditional and folk medicine in various parts of the
world. (Kog et al., 2019).

Some edible insects contain pharmacologically active
substances, while others contain toxic metabolites produced
for self-defence or other purposes, and still others contain
chemical compounds such as alkaloids. Other insects can
separate secondary metabolites from host plants for their own
defence mechanisms and store them by converting to
substances such as aristocolitic acid and glucosinolates
(Duffey, 1980; Berenbaum, 1993; Blum, 1994).

Use of insects and insect-derived from products for
therapeutic purposes is called "entomotherapy" (Costa-Neto,
2002). Entomotherapy is practiced in traditional folk medicine
by various societies in numerous parts of the world. It prefers
bees and wasps, ants, grasshoppers, termites, crickets,
cockroaches, dung beetles and caterpillars. These are used
to treat a variety of diseases, including upset stomach, skin
diseases, epilepsy, asthma, bronchitis, rheumatism, and
infertility (Costa-Neto, 2002). Most multi-protein complexes
are key regulators in the cellular process. The sizes of these
complexes can vary from only two or three components to
multimeric complexes (Charbonnier et al., 2008; Doucet and
Hetzer 2010; Riccio, 2010). Recombinant protein
technologies form the fundamentals of not only a lot of
research but also biological drugs (McKenzie and Abbott,
2018). Recombinant proteins represent the largest class of
new therapeutic products developed by the biopharmaceutical
industry (Stuible et al., 2018). Various studies showed that
antioxidant and anti-inflammatory peptides have protective
effects against reactive oxygen species and may contribute to
a significant reduction in the level of oxidative stress, which is
the main risk factor for diseases in civilization (Torres-Fuentes
etal., 2011; Kara$ et al., 2015).

The most widely consumed insect groups globally are in
the order of Coleoptrea with a rate of 31%. The species
belonging to the Helophoridae family which are used in
traditional medicine and widely consumed in Central Asian
and African countries have spread over a wide geography.
These beetle species are potential sources of antioxidants
like plants, seafood, and mushrooms, but are relatively
unexplored (Van Huis, 2013). More taxonomic studies on
these insect groups are being conducted in Tirkiye. At the
same point, important unsaturated fatty acid groups
(palmitoleic acid and vaccenic acid) such as omega-7 were
determined in these aquatic insects (Caf et al., 2020). In
insect organisms, these bioactive compounds play a vital role
against oxidative damage (Suh et al., 2010). Insects can also
quickly resolve microbial infections by producing most

immune-induced molecules, including antibacterial or
antifungal peptides and polypeptides (Chernysh et al., 2002).
Zielinska et al. (2018) concluded that edible insects were a
valuable source of bioactive peptides with antioxidant and
anti-inflammatory properties, and demonstrated that peptide
fractions isolated from edible insect hydrolysates had high
antioxidant and lipoxygenase and cyclooxygenase-2 inhibitory
activities. Moreover, they reported that the heat treatment
process had a significant effect on improving these properties,
and twelve antioxidant and anti-inflammatory peptides were
also identified in their study.

This study was conducted due to the lack of previous
research on the antioxidant and anti-cancer properties of
protein extracts from helophorid species. This was supported
by the perception that these protein extracts might exhibit
antioxidant and anticancer properties owing to the belief that
these insects had high antimicrobial efficiencies due to their
living habitat of aquatic ecosystems.

MATERIALS AND METHODS
Chemicals

Trypsin-EDTA, trypan-blue, WST-1 viability and spreading
agent, penicillin streptomycin solution, foetal bovine serum
(FBS), SDS, 10% trichloroacetic acid (TCA), Dulbecco's
Modified Eagle Media (DMEM), 70% and 95% ethyl alcohol,
methanol, dimethyl sulfoxide (DMSO), phosphate buffer
saline (PBS), antibody (GABDH, Caspase-3 and CYT-C),
sample buffer, running buffer, transfer buffer, marker, 12%
gel, RIPA lysis buffer, nitrocellulose membrane, blotting
paper, skimmed milk powder, secondary antibody, ECL,
peroxide solution, TBS, Tween20, Ac.Bis, 10% APS,
TEMED, Tris-Cl, NaCl, KCI. Thoma slide, 25 cm and 75 c¢cm
flasks, serological pipettes of various sizes, 96-well plates, 15
mL centrifuge tubes, 50 mL centrifuge tubes, Eppendorf tubes
of various sizes, automatic pipettes of various sizes, and
homogenizer (Cell disruption tube).

The materials used comprised the following items and
trans blot was completed; microbiological safety cabin, heated
water bath, automatic pipettes, freezer, mortar, vortex,
sonicator, precision scales, refrigerator (+ 4 °C), autoclave,
pure water device, oven 5% CO2 incubator, vertical and
horizontal electrophoresis and gel imaging.

Preparation of Protein Extract

Insect species were collected from Bingdl province and
identified by Prof. Dr. Abdullah Mart. Helophorus syriacus and
Helophorus aquaticus species stored at -80 °C were weighed
to 2 g, and were thoroughly disintegrated in a homogenizer by
adding 4 mL 10% TCA after being placed in flacons.
Subsequently, another 1 mL of 10% TCA was added, and
cooled in a cooled centrifuge for 50 minutes at 4,000 RPM.
The supernatant portion was removed and the pellet portion
was rotated at 3,500 RPM for 10 minutes with 3 repetitions,
washed with 5 mL of 95% ethyl alcohol and kept in an oven at
37 °C for drying. The dried sample was properly crushed in a

36



Determination of anti-cancer and antioxidant properties of protein extracts obtained from aquatic Helophorus (Coleoptera: Helophoridae) insects

mortar and 2 mL of purified water was poured on it. The
sample was then incubated in an oven at 37 °C for 15
minutes and centrifuged at 4,500 RPM for 15 minutes. Then
100 uL of the sample was used for Bradford. At this point, 2
mL of 95% ethyl alcohol was added to the remaining sample,
and this was left at 37 °C for 1 night. The following day, it was
centrifuged at 4,500 RPM for 1 hour and left at 37 °C to
completely removed alcohol and dried the protein extracts.
The precipitate, which alcohol was removed, was poured into
a tube with a thin spatula and pulverized into powder (Coskun
etal., 2009).

Total Protein Determination with Bradford Method

This method (5-100 pL) is based on the interaction of
basic and acidic groups from proteins to form organic dyes.
The protein’s amino acid composition is important in the
formation of blue colour. The dye has a strong affinity for
basic amino acids like arginine and certain aromatic amino
acids. The main phenomenon in this method is that while the
dye has the highest absorbance at 465 nm under normal
conditions, it has the highest absorbance at 595 nm
wavelength when bound to protein. A standard calibration
graph was prepared with bovine serum albumin (BSA)
solution (Figure 1).
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Figure 2. Bradford standard calibration chart for protein
determination

The previously prepared insect samples, stored at +4 °C,
were measured with the UV-VIS spectrophotometer
(Shimadzu/Jasco V650). Protein amounts of the samples
were calculated by placing the read absorbances in the
regression equation. The absorbance value read for
Helophorus syriacus at 595 nm was 0.3478. The total protein
amount was 34.78 mg/mL after incorporating the absorbance
into the regression equation. At 595 nm, the absorbance
value for Helophorus aquaticus was 0.3514. Using the
regression equation and the absorbance, the total protein
amount was calculated to be 35.14 mg/mL.

Determination of DPPH Activity

First, 2.7 mL of methanolic solution containing DPPH
radical prepared to 6x10 -5 mol per litre was mixed into the
insect protein extract (0.3 mL) prepared at a concentration of

1 mg/mL. This mixture was strongly mixed and kept in a dark
place for 60 minutes. Removal of DPPH radical activity was
determined by measuring the absorption with the
spectrophotometer at 517 nm. Efforts to remove this radical
were performed by following the method proposed by various
researchers (Hatano et al., 1988). BHT was used as a
positive control for the DPPH test.

Determination of Metal Chelating Activity

The metal chelating activity was examined through the
iron chelating feature. Determination of the properties
according to this method in brief, began by adding 1.6 mL of
deionized water and 0.05 mL of 2 mM FeCl2 to each 0.5 mL
extract. After 30 seconds, 0.1 mL of 5 mM ferrozine was
added. Ferrozine became very soluble in water after reactions
with bivalent iron. Subsequently, the absorbance of the Fe?*
ferrozine complex was measured at 562 nm for 10 minutes at
room temperature. Here, EDTA was used as a standard
chelator, and the chelating activity was expressed according
to the EDTA standard. Thus, the chelating activity of iron from
the extract was calculated using the formula below (Wenli et
al., 2004).

% Chelation Rate = (Ao- A1)/ Ao x 100;

A1 is the absorbance value measured in the presence of
the extract, and Aois the control or blind absorbance.

Cell Vitality Analysis with WST-1

In this study, the PC-3 cell line was utilized. The PC-3 cell
line was procured from the Molecular Biology and Genetics
department of Bingol University. Firstly, 500 mL of DMEM, 50
mL of foetal bovine serum, and 5 mL of penicillin-streptomycin
medium were mixed in the medium container to grow these
cells. PC-3 cells stored at -80 °C were propagated in DMEM
growth medium, passaged at 37 °C in a 5% CO2 oven every 2
or 3 days. The proliferated cells were examined with a
reverse microscope in a 96-well plate. After establishing that
the cells were proliferating sufficiently, insect protein extract
concentration in the range of 5-1000 ug/mL was prepared and
added to each well with 3 repetitions and incubated for 48
hours. PC-3 cells were seeded in 96 wells and incubated.
Insect protein extracts (3.125, 6.25, 12.5, 25, 50 and 100
mg/mL) were diluted with cell culture medium, treated with
cells and incubated for 48 hours. Only medium + cells were
used as the control group. After 48 hours, 15 I of WST-1
was added to each well. Cells were incubated at 37 °C for 4
hours in an incubator with 5% CO2. After 4 hours of
incubation, the 96-well plate was placed on an ELISA reader
and absorbance values for each well were recorded at 450-
630 nm.

Colour formation of cells and dead cells in the WST-1
toxicity test were spectrophotometrically measured at 450 nm,
and the presence of inactive WST-1 was measured at 630
nm. Absorbance values were plotted on a graph.
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Analysis of Target Proteins with the Western Blot
Technique

PC-3 cells were grown in 75 cm? flasks to reach 3-4x108,
and treated with protein extracts obtained from the insects at
a concentration of 1 mg/mL, after which they were prepared
for protein isolation by washing with PBS and centrifuging.
Around 3-4x106 cells were homogenized in a cold
environment with the aid of a protein isolation kit at a ratio of
1:5 (w/v). In order to prevent the proteins from degrading due
to protease activity, both protease inhibitor cocktail (PIC) and
PMSF were used during homogenization processes and all
processes were performed on ice. The supernatants were
placed in microcentrifuge tubes after centrifuging the
homogenates in a cooled centrifuge at 14.000 RPM for 20
minutes at +4 °C were placed in microcentrifuge tubes. The
Bradford method was used to determine the amount of
protein in each sample. Samples were then stored at -80 °C,
until Western blotting experiments were carried out. Protein
lysates from the cell culture were processed with the 12%
SDS-PAGE (Sodium dodecyl sulphate polyacrylamide gel
electrophoresis) technique in concentration gel; then, caspase
3, cytochrome C and GABDH were used as housekeeping
and transferred to the PVDF membrane. The blotting
sequence with 5% BSA for 1 hour began. Subsequently, the
bands of the proteins fixed on the membrane were incubated
for 3 hours with suitable primary antibodies and washed with
TBST (Tris Buffer Saline, 0.1% Tween 20 ) for 5x5 minutes,
and incubated for 1.5 hours with the secondary suitable for
the primary. Then, washing was done with 5x5 min TBS-T.
The membrane was then incubated with ECL buffer for about
3-4 minutes and thanks to the radiation on the membrane,
protein bands were fixed on X-Ray films in the medical X-Ray
image stabilization device. Then, the synthesis quantity of
these tapes was calculated using computerized software
(Image Lab, Bio Rad). The calculation method normalized the
target genes with the housekeeping used in the gene GABDH
and changed the percentage based on the control.

RESULTS AND DISCUSSION

Natural antioxidant endogenous compounds play an
important role in most living organisms’ innate host defence
mechanisms of, including plants, insects, amphibians and
mammals (Koczulla et al., 2003). Insects are a significant
source of potential be considered as a serious antioxidant and
antimicrobial agents because they contain more antimicrobial
and antioxidant compounds depending on the environment in
which they live.

Due to the rapid resistance of microorganisms to existing
antibiotics, insects are being considered as a potential source
of new antibiotic agents. (Mittapalli et al., 2007). Compounds
with antioxidant effects can be found in edible insect species,
or antioxidant effects can be achieved with bioactive
compounds obtained from these sources, for oxidant
compounds, which human beings face more due to factors

such as industrial development of and rapid eating habits,
There are studies to determine the antioxidant activities of
insect proteins (Liu et al., 2012; Suh et al., 2010; Zielinska et
al.,, 2017; Zielinska et al., 2018). Peptide fractions formed as
a result of enzymatic hydrolysis of edible insect species
reduced the concentration of free radicals that cause
oxidative stress. DPPH and metal chelation are assays
commonly used to determine antioxidant activity. Figures 2
and 3 show the DPPH and metal chelation results for insect
protein.
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Figure 2. DPPH removal activity of insect protein

When DPPH removal activity is examined and species
are compared according to the absorbance value of DPPH, it
was close to 62% for H. syriacus and 48% for H. aquatic. This
result shows that the protein extracts from the species have
the capacity to remove DPPH oxidant. In a study investigating
the in vitro antioxidant effect of water and oil-soluble extracts
from edible insects, grasshopper, silkworm and cricket had
antioxidant capacity 5 times higher than fresh orange juice (Di
Mattia et al., 2019). The DPPH activity of Allomyrina
dichotoma insect larvae was examined in different solvent
media and the best activity was obtained in ethanol medium
(Suhetal., 2010).
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Figure 3. Metal chelating activity

Insects are constanty exposed to microbial infections,
pathogens and oxidative stress on a daily basis. Antioxidant
and antimicrobial products, in particular, play important roles
in defence mechanisms in order to protect themselves against
environmental attacks (Bulet et al., 2004). One of the ways to
determine the antioxidant property of insects is with the metal
chelating property. In this study, Metal chelating activity was
examined through the iron-chelating feature. When metal
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chelating activity is evaluated, it has been seen that around
90% of metal ions in the environment were removed with the
metal chelation activity of H. aquaticus while H. syriacus
removed about 89%. Studies on iron-metal chelation of the
beetles extracts and insect protein lysates are limited. In a
study determining the metal chelating activity of proteins from
three edible insect species, insect proteins had iron chelating
properties (Zielinska et al., 2018). In another study, silkworm
protein hydrolysates were reported to have high iron chelation
capacity (ICso 2.03 mg/mL) (Wu et al., 2011). These beetles
groups lived in swamps have developed their defence
systems. The redox properties of phenolics and polyphenolic
compounds are primarily responsible for their antioxidant
activities (Gil et al., 2000). It is thought that proteins in insects
may be responsible for the antioxidant activity of phenolic and
polyphenolic compounds. Because of phenols are one of the
important compounds as antioxidant (Suh et al., 2010).

Studies show that insect protein extracts can inhibit or
promote cell proliferation. Protein hydrolysates can be
administered as bioactive components that suppress
inflammation, regulate the synthesis of extracellular matrix
proteins, or stimulate the proliferation of skin cells (Zielinska
et al., 2015). Peptides with antimicrobial effect are also
isolated by hydrolysis of proteins contained in edible insects
(Jantzen da Silva Lucas et al., 2020). As shown in Figure 4,
the addition of insect hydrolysates is observed to significantly
inhibit PC-3 cell proliferation. This effect occurs depending on
the type of insect protein hydrolysate samples and their
handling. Both insect protein hydrolysates showed the highest
cytotoxic effect at 1000 ug/mL. In the study of cytotoxicity for
human skin fibroblast, both stimulant and inhibitory effects
were observed in a study with different insect groups. The
presence of insect hydrolysates from T. molitor and G.
sigillatus stimulated the growth of human skin fibroblasts,
while S. gregaria protein hydrolysate showed cytotoxic effects
(Zielinska et al., 2015). The highest inhibition by H. aquaticus
and H. syriacus was seen at 1000 pg/mL. Subsequently,
inhibition was observed at concentrations of 500 ug/mL, 250
pg/mL, and 62.5 pg/mL, in order. As a result of this study,
1000 pg/mL was determined to be the most effective
concentration when all studies were compared.

Analysis of Target Proteins with the Western Blot
Technique

The antioxidant mechanisms influenced by peptide
fractions formed as a result of insect protein hydrolysis are
still unknown. The Western Blot technique was used to
examine protein products that cause cell death. In this study,
the amount of protein was compared in H. aquaticus and H.
syriacus in accordance with the control group. GAPDH was
utilized as housekeeping protein. Compared to this protein,
Cyt-C and Cas-3 ratios were evaluated, which provide
information about cell inhibition and cell death. As stated in
Figure 5, Cyt-C levels were determined in both types
compared to the control group. Cas-3 activity was also
determined in both types.
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Figure 4. WST-1 viability test analysis showing the effect of different
concentrations of H. aquaticus and H. syriacus protein
extracts on cell inhibition. No agent was applied to control
cells and only growth medium was added. Statistical
analysis was performed with one-way ANOVA using the
Dunnett's multiple comparison test as a post-test in the
confidence interval of p<0.01. Values are expressed as
mean + SEM (n = 3)

The tendency for apoptosis in cells is followed by the
infiltration of cytochrome-c into the cytoplasm by disruption of
mitochondrial outer membrane permeability (MOMP),
followed by activation of caspases. Caspases mediate the
formation of apoptosis, but inhibiting caspases does not solve
the problem of cell survival after the formation of MOMPs. In
this case, "caspase-independent cell death" (CICD) occurs in
cells.

Therefore, the disruption of mitochondrial outer
membrane permeability, namely MOMP, and the release of
Cyt-C may represent the main entry point to cell death.
Increases in the amount of Cyt-C and leakage from
mitochondria cause the cell to enter the apoptosis pathway
(Colell et al., 2007).

Caspases are the most critical mediates in the formation
of apoptosis. Within the caspase family, caspase-3 is the
protease within the caspase family that catalyses apoptosis
by stimulating the specific cleavage of multiple important
cellular proteins and activates the most fundamental step of
apoptosis, which is frequently activated. However, when the
mechanism of apoptosis is studied, the specific requirements
of a member of the caspase family are not known as a
definitive diagnosis until now. Looking at the pathways
leading to caspase-3 activity, they were identified as
dependent on or independent of mitochondrial cytochrome-c
release and caspase-9 function. Caspase-3 is important in
other apoptotic scenarios, as it is required for normal brain
development and exhibits remarkable activity specific to cell
type, tissue, or death stimulus. However, caspase-3 is
required in the presence of typical markers of apoptosis. It is
essential for the condensation of apoptotic chromatin and

39



Elhazar et al., Ege Journal of Fisheries and Aquatic Sciences, 40(1), 35-42 (2023)

> @
& @0\‘\ &
oy A > ~ 2507
=
Q 3 = 200
$
& i
zZ
< = % 1001
4»& & &}
C G =
£S5
=
=

(@)
=,
(P‘J
=)
(a”’

ns

—
—
> > > > @
& & (_\‘° _}o? &
K & & &

Figure 5. Effects of protein extracts on apoptosis-related protein expression in PC-3 cells. (A) Cytochrome-c (15 kDa) and caspase-3 protein
levels were measured after western blotting. GAPDH was used as the loading control. (B) Data are shown as mean + SEM (n=3). p

<0.01(**) Control vs protein extracts.

subsequent DNA fragmentation in most cell types. In the light
of these evaluations, caspase-3 is a necessity for its presence
in the cell and subsequent formation of apoptotic bodies and
the formation of pathways (Porter and Janicke, 1999).

As seen from the graph, the ratio of Cyt-C to GAPDH is
higher compared to the control group for H. aquaticus. This
difference indicates that Cyt-C is released in high amounts
when compared to the control group (i.e. cells replicated
under the same conditions but without insect protein added).
When we look at Cyt-C/GAPDH rate, it has been seen that
there is a high Cyt-C release. Hence, it has induced the death
of cell because of increasing the permeability of mitochondrial
outer membranes and explained the setting of apoptosis.
When the GAPDH ratio of the caspases is examined, it was
also higher than the control group. This difference indicates
that the amount of caspase-3 is higher than the control group.
This excess shows the high amount and presence of
precursor caspase-3 activity that leads to cell death; thus,
showing that H. aquaticus proteins direct the cell toward cell
death (Colell et al., 2007).

In H. syriacus, the ratio of Cyt-C to GAPDH is
approximately 2.25 times higher than that of the control Cyt-C
to GAPDH. This difference indicates that Cyt-C is released
more and is more effective for H. aquaticus compared to the
control group (i.., cells replicated at the same time under the
same conditions without insect protein added). However,
when evaluated in terms of caspase-3compared to H.
aquaticus, the amount of Caspase-3 was lower compared to
the cell vitality test, and a different pathway supports cell
death. As there is no study planned around the project, DNA
fragmentation should be supported by methods such as real
time PCR for definitive proof. However, the budget and scope
of this study did not cover this.

These results show that when the data for both types
studied are evaluated, the WST-1 cell vitality test showed that

PC-3 cancer cell line had a higher level of cellular death than
the control group. Attempts were made to explain how cell
death occurs via the western blot test. The cause of cell death
was also observed at the protein level by examining Cyt-C
and Caspase-3 activities. In this study, when H. aquaticus
and H. syriacus, which live in the aquatic environment, are
regarded as the content of antioxidants, they have high
antioxidant capacity. Similarly, they displayed activity on PC-3
(human prostate cancer) in vitro cell vitality, and the vitality of
cancer cells diminished with the increased concentrations and
increasing activity (62.5-1000 ug/mL). H. aquaticus and H.
syriacus extracts may play an important role in ROS
scavenging against oxidative stress. Given the high consumer
demand for beneficial health effects, these groups of insects
can be used to develop functional food, health promoting and
pharmaceutical agents.

CONCLUSION

It is important for sustainability of the ecological system
that insects consume much less water and produce fewer
greenhouse gases compared to other animals. Insects are
economical sources that can be used as an alternative to
animal protein, especially when produced on an industrial
scale. At the same time, as a good source of protein and
antioxidants, they may be an alternative food that can
eliminate anxiety about food shortages in the future.

This study is a first step towards determining the protein
content of Helophorus (Coleoptera: Helophoridae), which is
abundant in Tirkiye, as an alternative to prevent anxiety
about finding nutrients that may occur in the future. These
proteins are also antioxidant and have a positive effect on
cancer cells. Investigation of PC-3 cell line activity, antioxidant
activity and apoptosis function of protein extracts from H.
syriacus, and H. aquaticus may be an important step in this
area. Further molecular and in vivo studies are needed on this
beetle extracts.
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Abstract: Bakircay River, one of the important rivers of the Aegean region, has a length of 129 km and an approximate catchment area of 3160 km2. Bakircay
River, which carries agricultural drainage and polluted wastewater with high nitrogen and phosphorus content, is polluted due to domestic and agricultural
resources. The water of the Bakirgay River is used for irrigation in agriculture and fishing from the dam lakes on the river for feeding purposes also negatively
affects the health of the people in the vicinity. In the Bakirgay River, there is widespread pollution caused by mining areas as well as domestic, industrial and
agricultural pollution. For this purpose, the “Algal Growth Inhibition Test, OECD 201" was applied to the water samples obtained from 10 stations on the
Bakirgay River. Scenedesmus dimorphus (Turpin) Kiitzing, 1834 green algae culture, accepted as the primary trophic level representative for the " Algal
Growth Inhibition Test, OECD 201" test, one of the short-term phytotoxicity test methods, was used in this test. Water samples were tested at five different
dilutions (40, 60, 80, 100 %). To determine the effects on the growth of Scenedesmus dimorphus, the cells were counted by fluorimeter (Turner design) daily
at the same time and the test duration was 72 hours. In conclusion, the highest level of toxicity was found at Stations 1, 9, 10,13,14, and 15. The reason for
this was that there was a coal facility near Station 9 and that all branches of the Bakirgay River joined near Station15 and then drained into Candarli Bay.

Keywords: Bakircay River, algal growth inhibition test, pollution, freshwater, Scenedesmus dimorphus

0z: Ege bolgesinin onemli akarsularindan biri olan Bakircay'in uzunlugu 129 km ve yaklasik havza alani 3160 km2dir. Tarimsal drenaj ve yiiksek azot ve
fosfor icerikli kirli atik sulari tagiyan Bakirgay, evsel ve tarimsal atiklara bagl olarak strekli kirlilik yiiki altinda kalmaktadir. Bakirgay Deresi’'nin suyu tarimsal
olarak sulama amaciyla kullaniimakta ve Bakircay'in izerindeki baraj géllerinden beslenme amaciyla balik avlanmasi Bakirgay gevresinde yasayan halkin
saghgini olumsuz etkileyerek halk sagligi agisindan risk olusturmaktadir. Bakirgay'da evsel, endlstriyel ve tarimsal kirliligin yani sira maden alanlarinin neden
oldugu yaygin kirlilik de séz konusudur. Bu amagla, Bakirgay Nehri (izerinde bulunan 10 istasyondan temin edilen su émeklerine “Algal Biiyiime Inhibisyon
Testi, OECD 201” uygulanmistir. Kisa zamanli fitotoksisite test yontemlerinden olan “Algal Biyiime Inhibisyon Testi, OECD 201" testi igin birincil trofik seviye
temsilcisi olarak kabul edilen Scenedesmus dimorphus (Turpin) Kiitzing, 1834 yesil alg kiiltirti bu testte kullanilmistir. Su érekleri bes farkli dilusyonda (%
40, 60, 80 ve 100) test edilmislerdir. Scenedesmus dimorphus’un tremesi tizerindeki etkileri belilemek icin hiicreler 72 saat boyunca her glin ayni saatte
florometre (Turner tasarimi) kullanilarak sayilmistir. Sonug olarak en yiiksek toksisite diizeyleri istasyon 1, 9, 10, 13,14 ve15’ te saptanmis olup bunun sebebi
9 nolu istasyonun yakinlarda bir kémir tesisinin bulunmasi ve Bakirgay Nehrinin bitiin kollarinin 15 nolu istasyonda birlestikten sonra Candarli Kérfezi'ne
doktlmesidir.

Anahtar kelimeler: Bakirgay, alg biiylime inhibisyon testi, kirlilik, tatlisu, Scenedesmus dimorphus

INTRODUCTION

Bakircay River is among most the important sub-basins in
the North Aegean Basin. Its length is about 129 kilometres.
Joining with its most crucial branch Yagcilar Brook near Kinik
County, Bakirgay River goes through Bergama and then drains
to Aegean Sea near Candarli County. Contained in the basin
are Manisa and Izmir Cities. Being one of the most important
rivers in North Aegean Basin (see Figure 1), the river is under

the pressure of domestic and agricultural pollution. Coal mining
in Soma County of Manisa may be considered the most
important industrial activity for environmental pollution. Soma
County Harbors Management of Aegean Lignite Business and
many private mining plants. Olive and several fruits and
vegetables are widely cultivated in the basin. Quarries and
tomato paste factories exist in Bergama County. Soma County

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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hosts a thermal power plant. Based on the results of water
quality for the summer season of 2015, the river appears to
have Class IV water quality in the context of the Regulation on
Management of Superficial Water Quality. The most polluted
locations were found in Soma County (CSB, 2016).

Our country is not rich enough in soil and water sources.
Soil and water pollution represents a significant environmental
problem with a steadily increasing extent. Soil and water are
the most important strategic sources in the 21st century during
which famine and hunger threaten the world. Agricultural
pollutants, industrial and domestic wastes, excessive use, and
lack of planning water sources complicate solutions to maintain
and sustain the ecosystem (Tomar, 2009).

The pollutants are considered to be PAH, pesticides and
domestic wastes. Carcinogenic and mutagenic substances
from industrial and agricultural activities reach the lakes and
the seas via terrestrial drainage and rivers. It has been reported
that a remarkable increase in the number of fish with several
tumours might have been caused by pollution, caused by the
mutagenic and carcinogenic xenobiotics in the environment
(De Flora et al., 1991).

Recently, water sources have been of steadily increasing
importance all around the world. In near-east region including
Turkey, this is of much more interest; additionally, the region’s
potential for water sources is low. Rapidly increasing
population, technological advances, and increasing quality of
life on the region’s countries of the region, on the other hand,
significantly increase need for water. In the context of technical
and economic conditions, annually consumable -under and
above-ground water potential of our country is average 112
billions m3 (Tomar, 2009). It appears possible that Turkey will
be one of the countries experiencing water scarcity. Thus, it is
hard to claim that Turkey is rich in water. The usage of water
potential in our country has reached 40% of economically
consumable water potential (Tomar, 2009).

Investigating the effects of environmental pollutants is
crucial for ecosystem health. It can be done in many ways such
as determining the number of pollutants or detecting their
effects on organisms by bioassays. Algae play critical roles in
ecosystems; thus, they have been used widely to improve
health status of many ecosystems worldwide. The effects of the
chemicals can also be detected by bioassays using the algae.
For a number of researchers all around the world, algal growth
inhibition test is the most commonly used and standardized
method for this type of bioassay (OECD, 2011). Algae have
been reported to be equally or more sensitive organisms than
animals and have been used very commonly in toxicity assays
(Ferreira and Graca, 2002).

Currently, aquatic toxicity test data are routinely used to
evaluate the risks associated with discharge of effluents into
water bodies and sediments (Ustiin, 2011). Algal bioassay is a
test method increasingly used to detect the toxic potential of
chemicals, xenobiotics, and most environmental samples from
several sources of discharge. Toxicity Test Methods for

freshwater algae are intended to be used on environmental
chemicals, industrial and municipal effluents, drugs for human
and animal use, freshwater dredge material, contaminated
sediment/elutriates, hazardous chemical wastes, and
groundwater contamination. Examples of the contaminants
with recently determined toxicity on the algae include several
dyes, chemicals for fire control, fuel oil, oil refinery chemicals,
manure runoff, metals, herbicides/pesticides, PCBs, waste
dump leachates, sediment, wastewaters, and landfill leachate
(Hoffman et al., 2003).

Cheung et al. (1993) investigated toxic effect of the landfill
leachate on microalgae and found important results. According
to the results there were differential sensitivities to leachate
exhibited by the tested algal species. Susceptibility to
leachates in terms of cell number was in the ascending order
of Chlorella pyrenoidosa, Scenedesmus sp., Chlorella vulgaris
and Dunaliella tertiolecta.

Several toxicity tests were conducted with freshwater
microalgae species including Selanastrum capricornatum
(Blaise et al.,1986); Scenedesmus subspicatus Chodat
(OECD., 1984); Scenedesmus quadricauda (Turp.) Breb (EPA,
1985); Chlorella vulgaris Beij., Scenedesmus sp. (Cheung et
al., 1993). This test is also an easy method with its advantages
including saving time, being economic, and its easy
implementation. These tests usually use Scenedesmus
subspicatus, Scenedesmus (=Desmodesmus) dimorphus,
Chiorella spp. and other species (Selenastrum capricornatum,
S. quadricauda (Turp.) Breb. Scenedesmus sp. Navicula
pelliculosa,  Anabaena  flos-aquae,  Synechococcus
leopoliensis (Hoffman et al., 2003).

The present study aimed to assess the effects of surface
waters of the Bakircay River on the growth of green algae
Scenedesmus dimorphus as the representative of the first
trophic level by Algal growth inhibition test (OECD, 2011).

MATERIALS AND METHODS

Water samples were collected from 15 stations located on
the Bakirgay River between 17 and 19 April 2018 within the
context “Limnofauna of Bakirgay River Basin (16/SUF/038)”,
(Figure 1, Table 1). In our study, Algal Inhibition Assay was
performed on the water samples collected from Stations 1, 2,
5,6, 8,9,10,13, 14, to 15. Briefly, all samples were transferred
to the laboratory under ice-cold conditions as soon as possible.
Prior to the experiment, all water samples were filtered using
filters of 0.45 ym and 0.22 pm and then added to the media
directly. The samples from ten stations on the Bakirgay River
were tested in set of four dilutions (40, 60, 80, and 100 % (v:v)).
Control series including only the test medium were also
prepared. All of the test series were replicated three times in
accordance with by the guideline “Freshwater Algal and
Cyanobacteria Growth Inhibition Test” (OECD, 2011).

Freshwater algae species Scenedesmus dimorphus
(UTEX1237) was cultured in the stock solution of OECD TG
201 medium (enhancement medium) in sterilized glass balloon
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after it was obtained in pure form. Four days before the test, a
pre-culture was set up and incubated at 21+2°C and pH 8,1.
Cell count was set by means of culture medium so that the cell
count of Scenedesmus dimorphus would be 2-5 x103 cell/ml
from the stock culture solution of 4-7 days. Test tubes were
held on a shaker at 100 rpm under constant illumination at
approximately 2000 lux. The final volume was 6 milliliters in the

test tubes. The cells were counted by fluorimeter (Turner
design) daily at the same hour of the day and the test duration
was 72 hours. The relative inhibition of growth rate was
determined as the reduced cell number of the treated samples
relative to the controls. K2HPO4 solution was used as positive
control. Controls were studied in 6 replicates and then their
average was calculated.

Dikili Bay

A
E
G
E
A
N

Candarli Bay

> m W

*Savagiepe

sSamas

Figure 1. Sampling Sites

Table 1. Data on the stations from which the water samples were
taken and their coordinates

St. Location Coordinates

1 Koca Creek(Kirkagag-Manisa) 39°13'39"N - 27°51'30"E
2 Kuzulu Dede Creek (Savastepe-Balikesir) 39°26'21"N - 27°23'34"E
3 Saribeyler Dam Lake (Savastepe-Balikesir) 39°24'42"N - 27°36'38"E
4  Biiylk Creek (Savastepe-Balikesir) 39°21'22"N - 27°35'39"E
5  Sevigler Dam Lake (Soma-Manisa) 39°15'59"N - 27°33'23"E
6  Yagcili Creek (Soma-Manisa) 39°11"7"N - 27°29'16"E
7 Bakirgay River (Soma-Manisa) 39°10'41"N - 27°28'55"E
8  Karadere Creek (Kinik-izmir) 39°05'23"N - 27°25'19"E
9 Bakirgay River (Kinik-izmir) 39°06'44"N - 27°16'26"E
10 Cinarlidere Creek (Bergama-izmir) 39°15'30"N - 27°18'53"E
11 Caltikoru Dam Lake (Bergama-izmir) 39°14'15"N - 27°18"15"E
12 llyasdere Creek (Bergama-izmir) 39°12'59"N - 27°20'02"E
13 Kestel Dam Lake (Bergama-izmir) 39°08'33"N - 27°11'49"E
14 Bakircay River (Bergama-izmir) 39°03"11"N - 27°06'40"E
15 Bakirgay River (Dikili-izmir) 38°57'09"N - 27°00'35"E

Algal growth inhibition test

The green algae Scenedesmus dimorphus (Turpin)
Kitzing 1834: 608, was used as the test organism. The stock
algal culture was maintained in an algal medium according to
OECD 201. The pH of the medium after equilibration with air
was approximately 8. An Algal Bioassay was carried out
according to the OECD 201 Standard for algal growth inhibition
assay (OECD 2011; Katalay et al., 2012). The endpoints were

evaluated based on cell count data and calculated growth rate
(0to 72h) as described in the standard protocols (OECD, 2011)
from the mean cell counts of each test series.

The average specific growth rate (u) for exponentially
growing cultures was calculated as follows:

MO- j= Inxj- Inx0/tj-t0 (day-1)

O0- j: growth rate,

XO0: nominal number of cells / m at time to,

Xj: measured number of cells/ml at t;,

Tj: time of first measurement of after beginning of test.

The percentage of inhibition of the cell growth (Ir %) of each
test substance concentration is calculated as the difference
between the control growth curve (uc) and the growth curve at
each test substance concentration (ut) as:

Ir % = pc -pr /uc x 100.

Inhibition percentage were estimated by comparing the
growth with the controls

Ir %: Percent inhibition in average specific growth rate;

MC: Mean value for average specific growth rate (u) in the
control group;
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MT: Average specific growth rate for the treatment
replicate.

The percentage of growth inhibition was calculated by
probit analyses. The Statistica-6.0 software was used for probit
analysis and the statistical significance of the data on growth
rates was compared with controls using t-test.

RESULTS

Results of the Algal Growth Inhibition Test we performed
on superficial water samples from the Bakirgay River using S.
dimorphus are given as exponential and bar graphics in the
Figure 2, 3 and 4. Table 2 shows a comparison of each station
with control using Student’s T-test. All stations were statistically
significantly different from the control group (p < 0.05).

The highest level of toxicity was found at Stations 1, 9, 10,
13, 14 and 15 (Figure 2, 3 and 4). For this reason, there was a
coal facility near to a Station 9 and that all branches of the
Bakircay River joins near Station15 and then drains into the
Gandarli Bay as one river. Along the river, there are many
active agricultural zones, domestic wastes and many
wastewater discharges drain into the river. Wastewaters
originating from these areas reach to the Bakirgay River and
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finally discharge to the Gandarli Bay (Aliaga-izmir) (Ortabiik,
2007).

No inhibition was observed on Stations 2, 5, 6, and 8
(Figure 2, 3); in contrast, hormesis was observed on dilutions
of the samples from these stations due to increased
concentration (the biological response to low exposures to
toxins and other stressors is generally favorable. In toxicology,
hormesis is a dose-response phenomenon to xenobiotics or
other stressors characterized by a low-dose stimulation, with
zero dose and high-dose inhibition).

Table 2. Comparison of each station with control (p < 0.05)

Stations P values
St.1 0.00145
St2 0.03630
St5 0.02540
St6 0.00108
St8 0.03464
St.9 0.00526
St.10 0.00688
St13 0.00365
St.14 0.01426
St.15 0.00945
Station 1
) 15 10.28 11.00
2 10
o
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e
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Figure 2. Growth rate of S. dimorphus at 72h exposure period
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Figure 3. Growth rate of S. dimorphus at 72h exposure period
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Figure 4. Growth rate of S. dimorphus at 72h exposure period
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DISCUSSION

Mixing of the drainage waters polluted by the fertilizers and
drugs used for agricultural activities with erosion material
carried by rainfall increases the pollution burden in the
Bakirgay River. Furthermore, water from olive cultivation
activities in the region creates a significant problem in the river
because Candarli Bay is surrounded by crowded settlements,
agricultural fields, and industrial areas, Bakirgay River carries
wastewater from these regions to Candarli Bay (Kaymakgl
Basaran, 2004).

Guindogdu and Turhan (2004) reported that pollution in the
Bakircay Basin was mainly originated from water from
processing and cooling activities in Soma Thermal Power
Plant, domestic wastes, industrial activities, mining and
agricultural activities, and that Bakirgay River had water quality
of Class IV according to the Water Quality Control Regulations.
According to Kaymakci Basaran (2004) one of the most
important threats to the water quality of Bakirgay River is the
presence of the Soma Thermal Power Plant. Additionally,
drainage of the wastewater from olive oil plants and other
industrial facilities in the region and increased drainage of the
fertilizers and drugs used in agricultural activities causes an
increased pollution burden in the river. According to Tomar
(2009), on the other hand, widespread pollution caused by
mine areas exists on the Bakirgay Basin in addition to
domestic, industrial, and agricultural pollution.

Department of Laboratory Measurement and Monitoring on
the General Directorate of EIA Permission and Surveillance of
Ministry of Environment and Urbinazation has been performing
surveys on the physicochemical parameters and heavy metals
since 2015. In the comparison of summertime results from
2011 to 2015, a decrease was observed in many parameters
while an increase was observed in Pb, Cu, total Cr, and Zn
parameters. The river was usually detected annually to have
Class IV water quality. Being one of the most important rivers
of the North Ege Basin, Bakirgay River is under the pressure
of domestic pollution (CSB, 2016). Wastes from Soma
Thermal Power Plant located on the Bakircay Basin and
domestic wastes have been increasing due to population
growth in the region are discharged into the Bakirgay River and
its branches with inadequate or no treatment (Kaymakgi
Basaran, 2004).

Many studies have been performed on Bakirgay Basin
especially focusing on water quality and criteria but no studies
exist involving biological tests for the toxic pollutants.
Considering the fact that the toxic and mutagenic pollutants are
discharged combinedly to the environment without being
treated or they pollute the environment indirectly, it will be of
great importance to know existence of these pollutants or to
gain insight on their concentration in the environment. Thus,
biological tests such as the “Algal Growth Inhibition” test are
becoming important.

De Liguoro et al. (2010) used S. dimorphus as test
organism in their study on aquatic toxicity level of
Sulfaquinoxalines (SQOs) and Sulfaguanidines (SGDs) and
obtained important results.

Arensberg et al. (1995) conducted a study which was
similar to ours. A simple mini scale (approx. 1- 2.5 ml) toxicity
test procedure with the freshwater green algae Selenastrum
capricornatum described. The procedure fulfils the validity
criteria of the IS0 (International Association for
Standardization) standard test protocol. Practically identical
concentration-response curves were obtained with the IS0
standard test and the minitest for potassium dichromate and
3,5dichlorophenol (Arensberg et al., 1995).

Katalay et al. (2012) used standard test protocol (Algal
Growth Inhibition test, OECD 201) with freshwater algae
Desmodesmus (= Scenedesmus) subspicatus to determine
short-term toxicity and tested water and sediment samples
using several dilutions.

Another study was performed on sediment and water
samples from Golcik Lake; in that study, S. dimorphus was
used in “Algal Growth Inhibition Assay” (OECD, 2011) to
determine phytotoxic effect (Boyacioglu et al., 2017).

Based on the “Algal Growth Inhibition” test we performed
on S. dimorphus in the water samples from ten locations on the
Bakircay River, the most toxic and growth-inhibiting samples
were those from Soma and those located on the main line
draining into Gandarli Bay.

CONCLUSION

In conclusion, toxicity was detected at Stations 1,9, 10, 13,
14 and 15 according to the phytotoxicity assay we conducted
on ten stations on the Bakircay River. Most importantly, a
phytotoxicity test was done on the Bakirgay River for the first
time.

We believe that the present study will be a basement for
future studies and guide the multidisciplinary studies. We also
hope that many establishments and units will be informed on
results of the present study and maybe action will be taken to
make necessary measures as a consequence of publication of
this study.
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Abstract: In this study, a detailed chromosome analysis of the endemic Cappadocian Chub, Squalius cappadocicus in Melendiz Stream (Aksaray) was
performed. The standard Giemsa staining, C-banding (CBG and CB-DAPI), and Ag-NOR technique were applied. The diploid chromosome number was 50;
its karyotype formula was 14M + 16Sm + 10St + 10A. Heteromorphic sex chromosomes weren’t detected in the karyotype of the studied specimens. The
number of all chromosomal arms (NF) was 90. In the standard C-banded and CB-DAPI karyotype of the species, dark C-bands were observed in the
centromeric region of some bi-armed and acrocentric chromosomes, while slightly centromeric or pericentromeric C-bands were detected in some
chromosomes. Three different active Ag-NORs, which were hemizygous, were detected in all samples examined. Two of these active NORs were detected
in the bi-armed and the other in the acrocentric chromosome short arm. The Ag-NOR number of this species was evaluated as a feature that distinguishes it
from other Squalius species in Tirkiye.

Keywords: Cappadocian Chub, Chromosome, C-banding, CB-DAPI, Ag-NOR

0z: Bu calismada, Melendiz Gayi'nda (Aksaray) endemik Kapadokya Kefali, Squalius cappadocicus'un detayli kromozom analizi yapildi. Standart Giemsa
boyama, C-bantlama (CBG ve CB-DAPI) ve Ag-NOR teknigi uygulandi. Diploid kromozom sayisi 50°dir; karyotip formili 14M + 16Sm + 10St + 10A'dir.
incelenen dmeklerin karyotipinde heteromorfik cinsiyet kromozomlari saptanmadi. Tiim kromozom kollarinin (NF) sayisi 90'd1. Tiir(in standart C-bantli ve CB-
DAPI karyotipinde, bazi gift kollu ve akrosentrik kromozomlarin sentromer bélgesinde koyu renkli C-bantlari gdzlenirken, bazi kromozomlarda sentromerik
veya perisentromerik hafif C-bantlar tespit edildi. incelenen tim érneklerde hemizigot olan (i farkli aktif Ag-NOR tespit edildi. Bu aktif NOR'lardan ikisi iki
kollu, digeri akrosentrik kromozom kisa kolunda tespit edildi. Bu tiirin Ag-NOR sayisi, onu Tiirkiye'deki diger Squalius tirlerinden ayiran bir 6zellik olarak
degerlendirilmistir.

Anahtar kelimeler: Kapadokya Kefali, Kromozom, C-bandlama, CB-DAPI, Ag-NOR

INTRODUCTION

The Forty-five Squalius species in the world are distributed ~ Unal and Gaffaroglu, 2016; Karasu Ayata, 2020; Unal Karakus

in the Western Palearctic. There are 21 species in total, 15 of
which are endemic in Trkiye. These species are distributed in
rivers, lakes and dam lakes in different regions of Tiirkiye
(Cicek etal., 2018). Squalius cappadocicus was first described
by Ozulug and Freyhof (2011) in the Melendiz River in the Tuz
Lake basin. The karyological studies on Squalius species in the
world are very few. The cytogenetic features of S. cephalus
have been investigated by different researchers both in Europe
and Turkiye (Wolf et al., 1969; Cataudella et al., 1977;
Sofradzija, 1977; Bianco et al., 2004; Boron et al., 2009; Pekol
and Arslan, 2014; Kilig and Sisman, 2016). The karyological
characteristics of four Squalius species (S. lucumonis, S.
squalus, S. aradensis and S. torgalensis) in Europe were
determined by Rossi et al. (2012) and Nabais et al. (2013).
Chromosome structures of only S. orientalis, S. seyhanensis,
S. carinus, S. fellowesii, S. anatolicus and S. recurvirostris
among 15 endemic species distributed in Tlrkiye were
investigated by different researchers (Kilic Demirok, 2000;

and Gaffaroglu, 2021; Doori and Arslan, 2022). However, until
now, no karyological studies have been conducted on S.
cappadocicus, which spreads in Aksaray and its surroundings.
The aim of this article is to perform a chromosomal banding
analysis of the karyotype of S. cappadocicus using C-banding
and Ag-NOR staining, and to compare the findings with those
obtained in other previous studies.

MATERIALS AND METHODS

The specimens of S. cappadocicus were caught from the
Melendiz Stream in Ihlara (Aksaray) (Figure 1) by the
appropriate method. The captured samples were brought to the
laboratory and rested. The karyology of the samples was done
according to the method of Bertollo et al. (2015). Some of the
chromosome slides were traditionally stained with Giemsa.
Constitutive heterochromatin and nucleolus organizer regions
(NORs) were detected by applying C-banding (CBG and CB-
DAPI banding) (Sumner, 1972) and Ag-NOR staining (Howell

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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and Black, 1980). Well-spread metaphases of each staining
were photographed under the microscope and karyotyped.
Chromosomes were defined according to Levan et al. (1964).

Figure 1. Collecting site in Stream Melendiz at Ihlara from Aksaray
RESULTS

In this study, the diploid chromosome number of S.
cappadocicus was determined as 2n = 50. The karyotype
consists of seven pairs of metacentric (nos. 1-7), six pairs of
submetacentric (nos. 8-13), seven pairs of subtelocentric (nos.
14-20) and five pairs of acrocentric (nos. 21-25) autosomal
chromosomes (NF = 90) (Figure 2). The heteromorphic sex
chromosome of the species was not detected in the karyotype.
The standard C-banded and CB-DAPI Kkaryotype of
Cappadocian chub was shown in Figure 3, and Figure 4. Dark
C-bands in the centromeric region of some bi-armed and
acrocentric chromosomes were observed. In addition, slightly
centromeric or pericentromeric C-bands were determined in
some chromosomes. Three active Ag-NORs were detected in
all specimens examined. All three of these NORs are
hemizygous. Two of these active NORs were identified in the
short arm of one of the homologues of the bi-armed
chromosome pair 10 and 11. The other active NOR was found
in the short arm of one of the homologues of the acrocentric
chromosome pair no. 23 (Figure 5).
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Figure 2. Standard Giemsa staining karyotype of Squalius
cappadocicus
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Figure 4. C-banded (CB-DAPI) karyotype of Squalius cappadocicus
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Figure 5. Silver-stained karyotype of Squalius cappadocicus
DISCUSSION

After S. cappadocicus was described by Ozulug and
Freyhof (2011) from the Melendiz River in the Tuz Lake basin,
the cytogenetic features of this species were investigated for
the first time in this study. In all examined individuals, the
diploid chromosome number (2n) was 50 and the fundamental
number of autosomal arms (NF) was 90. Sex chromosomes
could not be detected in male and female individuals. The
karyological characteristics of eight endemic Squalius species
in Tlrkiye have been studied by different researchers and this
information is summarized in Table 1.

Among these endemic species, sex chromosomes were
detected in S. recurvirostris, which is distributed in the Konya
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llgin basin (Doori and Arslan, 2022). ZZ-ZW sexual
chromosome system was detected in Polish samples of S.
cephalus distributed in Europe Vujosevic et al. (1983).
Although very rarely, sex chromosomes have been detected in
some cytogenetic studies on fish. It has been determined that
some of them have ZZ-ZW and some have XX-XY sex
chromosomes system (Doori and Arslan, 2022).

In general, the diploid chromosome number (2n) in
leuciscin species (Leuciscidae) is 50. However, some species
have different diploid chromosome numbers. In the studies
carried out so far, 50 chromosomes have been identified in the
chromosome set of all Squalius species. However, the number
of bi-armed and acrocentric chromosomes in the set of these
studied species differs (Table 1).

Table 1. Chromosomal records of Squalius species. NF-fundamental number of chromosomal arms, Z and W sex chromosomes

Species Locality 2n Karyotype Z W NF Reference

S. cephalus Germany 50 38M/Sm + 12St/A - - - Wolf et al. (1969)

S. cephalus Italy 50 16M + 12Sm + 12St + 10A 90 Cataudella (1977)

S. cephalus Italy 50 16M +26Sm + 8St/A - Bianco et al. (2004)

S. cephalus Czechia 50 34M/Sm + 16A 84 Sofradzija (1977)

S. cephalus Poland 50 10M +22Sm + 10St + 10A 90 Boron et al. (2009)

S. cephalus Turkiye 50 18M + 12Sm + 20St/A - Pekol and Arslan (2014)

S. cephalus Tirkiye 50 10M +22Sm + 10St + 8A 92 Kilig and Sisman (2016)

S. lucumonis Italy 50 16M +26Sm + 8St/A - Rossi et al. (2012)

S. squalus Italy 50 16M +26Sm + 8St/A Rossi et al. (2012)

S. aradensis Portugal 50 10M + 36Sm + 4St/A Nabais et al. (2013)

S. torgalensis Portugal 50 10M + 36Sm + 4St/A Nabais et al. (2013)

S. orientalis Ttirkiye 50 14M +20Sm + 16St/A Kilig Demirok (2000)

S. seyhanensis Ttirkiye 50 16M + 28Sm + 6St/A Unal and Gaffaroglu (2016)
S. carinus Turkiye 50 24M + 20Sm + 6St/A Karasu Ayata (2020)

S. fellowesii Turkiye 50 20M + 20Sm + 10St/A Karasu Ayata (2020)

S. anatolicus Ttirkiye 50 14M + 26Sm + 10St/A - - - Unal Karakus and Gaffaroglu (2021)
S. recurvirostris Ttirkiye 50 12M + 18Sm + 10St + 8A A St 90 Doori and Arslan (2022)

S. cappadocicus Tirkiye 50 14M + 16Sm + 10St + 10A 90 This study

Since most of the researchers evaluated submetacentric
and acrocentric chromosomes together, the NF value of the
studied species was not clear. This is due to the shortness of
the chromosomes and the inability to differentiate between
submetacentric and acrocentric chromosomes. Leuciscin
species have two characteristic features within the
chromosome set.

First, there are more metacentric/submetacentric
chromosomes, and second, the largest chromosome pair is
subtelocentric/acrocentric (Rab et al., 2008). It was observed
that these two features were preserved in both Squalius
species studied so far and S. cappadocicus. The chromosome
morphologies of S. cappadocicus within the set are quite
similar to S. recurvirostris distributed in the ligin basin. It differs
from S. anatolicus in the Beysehir basin in terms of
submetacentric, subtelocentric and acrocentric chromosome
numbers. The morphology of the chromosomes of S.
cappadocicus is different from that of S. orientalis, S.
seyhanensis, S. carinus and S. fellowesii distributed in different
regions of Turkiye. This difference can be explained by the
different arrangements that occur in the chromosomes.

Heterochromatin blocks (C bands) are used for the
comparison of species in karyological studies due to their
structural properties. For this reason, the chromosomes of
species can be studied in detail with the C-banding method.
This method is an important technique in terms of
chromosomal identification of species and determination of sex
chromosomes of a species (Arslan and Arslan, 2007).

Recently, DAPI fluorescent stain is also used instead of
Giemsa in the C-banding method. In this study, C-bands of this
species were detected using both Giemsa and DAPI. Similar
bands were observed in both stainings. The distribution of
constitutive heterochromatin (C-band) in the chromosomes of
some Leuciscine species has been investigated by different
researchers. There are differences in the heterochromatin
distribution in the chromosomes of these studied species.
According to Boron et al. (2009), all the chromosomes of
Leuciscus leuciscus, L. idus, and S. cephalus have centromeric
C-band in different rivers in Poland. The constitutive
heterochromatin analysis of some Squalius species was
performed in Tlrkiye (Karasu Ayata, 2020; Unal Karakus and
Gaffaroglu, 2021; Doori and Arslan, 2022). In these species,
C-bands have been found in different regions of some bi-armed
and acrocentric chromosomes. Centromeric, pericentromeric
and paracentromeric C-bands have been detected in S.
seyhanensis (Unal and Gaffaroglu, 2016). In the centromeric
regions of some bi-armed and acrocentric chromosomes of
Aksehir Chub S. recurvirostris had dark C bands. Also, the
some chromosomes of this species had centromeric or
pericentromeric slightly C bands, while the sex chromosomes
were C-negative (Doori and Arslan, 2022). Similar
heterochromatin bands were observed in the chromosomes of
S. carinus, S. fellowesii and S. anatolicus, which were
distributed in Afyon, Denizli, Beysehir (Karasu Ayata, 2020;
Unal Karakus and Gaffaroglu, 2021). It has been determined
that there are terminal bands in some of the chromosomes of
S. anatolicus (Unal Karakus and Gaffaroglu, 2021). Although
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there are some differences, C-heterochromatin amount and
distribution of chromosomes of S. cappadocicus are similar to
that of other Squalius species studied in TUrkiye.

Ag-NOR technique has been used in some cytotaxonomic
studies. Recently, it has been used frequently in the
cytogenetic studies of fish. The number of Ag-NORs detected
in populations of L. leuciscus in Poland varies. Active NORs
were localized in the long arm of the largest metacentric pair
and the short arm of a submetacentric chromosome pair in
some populations. It has been reported to be localized in only
one pair of metacentric or one pair of subtelocentrics in
different populations (Boron et al., 2009). Hemizygous three
different active Ag-NORs of S. cappadocicus were detected in
all samples examined. One of these active NORs (no. 10) was
considered a characteristic pleisomorphic NOR. The active
NOR on acrocentric chromosome 23 was detected for the first
time in Squalius species in Ttrkiye. The localization of active
NORs detected in two different bi-armed chromosomes in S.
recurvirostris in Turkiye was determined by Doori and Arslan
(2022). The short arms of a pair of submetacentric
chromosomes of European specimens of S. cephalus have
active NOR positively associated with CMAs (Bianco et al.,
2004). Boron et al. (2009) reported a 28S rDNA probe localized
on a pair of subtelocentric chromosomes and NOR positively
associated with CMAs in Poland specimens of the same
species. One NOR-bearing chromosome pair (with NORs
located on the short arms) observed in the karyotype of S.
cephalus is the most common NOR phenotype among
Leuciscinae (Collares-Pereira et al., 1998). This NOR in S.
cephalus is a highly plesiomorphic character. The active NOR
of S. cephalus in Kastamonu is also on the short arm of a pair
of subtelocentric chromosomes (Pekol and Arslan, 2014), and
this NOR phenotype is pleisomorphic for Squalius species.
NORs in S. recurvirostris distributed in the ligin basin are on
two pairs of submetacentric chromosomes. One of them is
localized on the short arm and the other on the long arm. They
stated that the NOR on the short arm in this species is
pleisomorphic (Doori and Arslan, 2022). Active NOR on the
long arm of any chromosome in the chromosome set was
detected only in L. leuciscus and S. recurvirostris. S.
seyhanensis, S. carinus, S. fellowesiiand S. anatolicus, whose
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Abstract: This study was carried out between September 2020 and March 2021 to determine the selectivity of monofilament gillnets used in pearl mullet,
Alburnus tarichi (Glldenstadt, 1814), fishing in Lake Van. The SELECT method was applied to determine the selectivity. The best model for the selectivity of
monofilament gillnets used in pearl mullet fishing was determined as the log-normal model. The optimum catch lengths of monofilament gillnets with 20, 22
and 24 mm mesh sizes were calculated as 21.69 cm, 23.84 cm and 26.01 cm, respectively. Catch per unit effort was determined as 10.03 kg/90 m/day at 20
mm, 15.91 kg/90 m/day at 22 mm and 12.99 kg/90 m/day at 24 mm. The average catch per unit effort was determined as 151 unit/90 m/day at 20 mm, 151
unit/90 m/day at 22 mm, and 110 unit/90 m/day at 24 mm. According to the results of optimum catch length and daily average catch per unit effort, using
monofilament gillnets with 22 mm mesh size was more convenient for sustainable pearl mullet fishing in Lake Van.

Keywords: Pearl mullet, gillnet, selectivity, Lake Van

0z: Bu calisma, Van Golii inci kefali, Albumus tarichi (Giildenstadt, 1814), avciliginda kullanilan monofilament sade uzatma aglarinin segiciliginin belilenmesi
amaciyla 2020 Eyliil ve 2021 Mart tarihleri arasinda gerceklestirilmistir. Seiciligin belilenmesinde SELECT metod kullaniimistir. inci kefali aveiliginda
kullanilan monofilament galsama aglarinin segiciligi igin en iyi modelin log-normal modeli oldugu belirlenmistir. 20, 22 ve 24 mm ag goz genisligine sahip
monofilament sade uzatma aglarinin optimum yakalama boylar sirasiyla 21,69 cm, 23,84 cm ve 26,01 cm olarak hesaplanmistir. Birim av verimi 20 mm de
10,03 kg/90 m/giin, 22 mm de 15,91 kg/90 m/glin ve 24 mm de 12,99 kg/90 m/giin olarak tespit edilmistir. Adet olarak ortalama birim av verimi 20 mm de 151
adet/90 m/glin, 22 mm de 151 adet/90 m/giin ve 24 mm de 110 adet/90 m/giin olarak belirlenmistir. Optimum yakalama boyu ve giinlik ortalama birim av
verimi sonuglarina gére, Van Goli'nde sirdirilebilir inci kefali avciligi igin 22 mm a§ goz genisligindeki monofilament galsama uzatma aglarinin

kullaniimasinin daha uygun oldugu belirlenmistir.
Anahtar kelimeler: Inci kefali, monofilament uzatma ag, seicilik, Van Golii

INTRODUCTION

Lake Van, the largest lake in Trkiye with a surface area of
3547 km2, has a maximum depth of 450 meters and an average
of 171 meters. It has extreme water quality characteristics with
a pH of 9.5 and a salinity of 21.28%o (Sari, 1997). The pearl
mullet, Alburnus tarichi (Guldenstadt, 1814), which is well
adapted to the salty and sodic waters of the lake, is the only
species caught in the lake. A total of 33140 tons of fish were
caught in the inland waters of Tiirkiye in 2021 and pearl mullet
caught from Lake Van constitutes approximately 1/3 of this
figure with 9925 tons (TUIK, 2022). Fishing is one of the major
sources of income today (Aura et al., 2018).

Advances in technology and increased catch pressure on
fish stocks have led to the overexploitation of many fish stocks
in Tirkiye and around the globe (Williams, 1998; Mullon et al.,
2005; Kilig, 2014). Regarding sustainable use of fish stocks, it
is essential to consider the biological data of fish stocks as well

as the features of fishing gear used in fishing. The selectivity of
the gillnet is crucial in the sustainable use of fish stocks.
Selectivity in gillnets is associated with the shape, size, and
behavioral characteristics of the fish, and the colour, hanging
ratio and rigging factor of the net. (Rosman and Maugeri, 1980;
ilkyaz, 2005).

In the Lake Van Basin, studies to improve the gillnet
selectivity were aimed at increasing the mesh size, using
different twine thicknesses, or testing different rigging
properties (Cetinkaya et al., 1995; Sari and Tokag, 2000).
Since A. tarichi is the only commercial species fished in Lake
Van, the contribution of aforementioned studies, which have
generally given positive outcomes, has been through the
elimination of small individuals rather than species selectivity.
It was stated that the minimum mesh size should not be less
than 20 mm and the catchable fish length should not be less
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than 18 cm for a sustainable pearl mullet fishery in Lake Van
(Sarr, 1997). Increases in the average fish size of the pearl
mullet population have been determined in recent years
(Bozaoglu et al., 2019). This change in fish size over time is
expected to affect selectivity. There is a need to examine the
current situation in terms of selectivity. To our knowledge, there
is no current study on the selectivity of monofilament gillnets
used in pearl mullet fishing. Therefore, the selectivity of
monofilament gillnets with different mesh sizes was evaluated
in the present study.

MATERIAL AND METHODS

The present study was conducted with 12 fishing
operations in Lake Van between September 2020 and March
2021 (Figure 1). In the study, gill nets with 20-22-24 mm
nominal mesh sizes were investigated. The technical plan of
used nets was given in Figures 2, 3, and 4. Fishing was carried
out the coast of Edremit in Lake Van. The nets were deployed
at 9:00 a.m. and collected at the same time the following day.
The ground of the study area is sandy.

Figure 1. Lake Van and the sampling area
Selectivity Estimation

The SELECT (Share Each Length’s Catch Total) method
was applied to estimate the selectivity (Millar, 1992; Millar and
Holst, 1997; Millar and Fryer, 1999). In this method, as shown
in the equation below, the number of fish with / length caught
in the gillnet with j mesh size has an nij Poisson distribution.

nlj = nlj = Pois (pj Al rj(l))

In the equation, nij is the number of fish of length / caught
in a mesh, pj () is the relative fishing density, and Al is the
abundance of fish of length / that contacts the gillnet and the
number of fish of length / caught in the gillnet with J mesh of
the Poisson distribution is pj (I) Al

The distribution rj(/) generates the selectivity curve for the

mesh. The log-likelihood function of nlj in the equation is
calculated as shown below:

E D toglpan 0] - pym ®}
J
L

PASGEAR I software programme (version 2.5; Kolding
and Skalevik, 2011) was used in the analysis of the data
obtained in the present study. The software makes calculations
using 5 different models (normal location, normal scale, log-
normal, gamma and bi-modal) (Millar and Fryer, 1999). Among
these models, the model with the least deviation was
determined as the most suitable model.
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Calculating Catch Per Unit Effort (CPUE) and YPUE
(number of weight)

CPUE and YPUE of gillnets with different mesh sizes was
calculated. The CPUE and YPUE for each gillnet group was
calculated using the following formula (Goday et al., 2003).

ci
ni si

CPUE ;=

YPUE ;= =
nt st
ci =i. represents the total number of individuals (CPUE) and
total weight (YPUE) caught with the tested gillnet group
ni =i. represents the number of gillnet in the gillnet group
si = i. represents the number of days in the gillnet group
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Figure 2. Technical plan of monofilament gillnet with 20 mm mesh size
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RESULTS

A total of 4943 pearl mullets (470.3 kg in total) were
sampled during the study. Catch data of tested gill nets were
given in Table 1.

Table 1. Maximum and minimum length-weight values of fish caught
using the gillnets with 20 mm, 22 mm and 24 mm mesh

sizes
Mesh Number of Total Minimum Maximum Average
size fish weight length length length
(mm) (kg) (cm) (cm) (cm)
20 1810 123.5 17 25 19.78 £1.32
22 1811 190.9 19 27 22.50+1.36
24 1322 155.9 19 28 23.23+1.39

According to the SELECT method, the most suitable
method was determined as the Log-normal model with the
lowest deviation (Table 2). In the study, spread values and
optimum catch lengths for gillnets with several mesh sizes
were given in Table 3 and selectivity curves were shown in
Figure 5. According to mesh sizes, the optimum catch length
was found as 21.69 cm for 20 mm mesh size, 23.84 cm for 22
mm mesh size, and 26.01 cm for 24 mm mesh size (Table 3).

Table 2.The selectivity parameter values of the pearl mullet

. Degree of
Model Parameters Deviance p-value ek
N°”‘73' (k, 0) = (1.078, 2.903) 311.059 0,00000 28
location
Normal (k1,k2) = (1.090,0.129)  325.096 0,00000 28
scale
Log-normal  (u1,0)=(3.090,0.126)  304.825 0,00000 28
Gamma (k, @) = (0.016, 66.975) 309.868 0,00000 28
(k1, k2, k3, k4, w) =
Bi-modal (0.469,-0.005, -1.090, 325.096 0,00000 25
0.129, 846.348

Table 3. Optimum catch length and spread values for the most
suitable model (Log-normal)

Mesh size (nm)  Optimum catch length (cm)  Spread value (cm)

20 2169 2,69

22 23.84 2.96

2% 26.01 3.22
YPUE and CPUE

YPUE and CPUE values for the number and weight of
captured fish with tested gill nets were calculated. According to
the results, the YPUE in weight was determined as 10.03 kg/90
m/day at 20 mm mesh size, 15.91 kg/90 m/day at 22 mm mesh
size and 12.99 kg/90 m/day at 24 mm mesh size. The CPUE in

number/fish was designated as 151 units/90 m/day at 20 mm
mesh size, 151 units/90 m/day at 22 mm mesh size and 110
units/90 m/day at 24 mm mesh size.
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Figure 5. Selectivity curves for mesh sizes
DISCUSSION

Although the natural habitat of pearl mullet is Lake Van, it
is indeed a migratory species that migrate from the lake to the
streams in flocks during its reproduction period (April-July).
Therefore, Pearl mullet fishing is prohibited between April 15
and July 15 in the Lake Van Basin (BSGM, 2020). The
distribution of pearl mullet differs according to season. When
the lake temperature is high, the fish prefer to live close to the
shores between of 3-20 meters, whereas they can be found up
to 140 meters in depth during winter months. Since the pearl
mullet lives in the deep parts of the lake during the winter
months, November, December, January and February, fishing
is performed using the multifilament trammel nets. On the other
hand, in the summer season fishing is carried out using
monofilament gillnets in the areas close to the surface and the
coast.

One of the main causes of loss in fish stocks is non-
selective fishing gears (Alverson et al., 1994). For the
sustainable use of fish stocks, the nets used in fishing should
have an accurate mesh size and selectivity that does not harm
the stock (Regier and Robson, 1966). Since the selectivity
properties of monofilament gillnets used in Lake Van are
undetermined, this may put the sustainable use of pearl mullet
stock at risk. There is no current study on the selectivity of
monofilament gillnets in Lake Van. For this reason, this study
was carried out to investigate the effect of different mesh sizes
on the selectivity of monofilament gillnets to ensure the
sustainability of pearl mullet fishing in Lake Van.

This study determined the optimum catch length as 21.69
cm for 20 mm mesh size, 23.84 cm for 22 mm mesh size, and
26.01 cm for 24 mm mesh size (Table 3). The result of the
study on the selectivity of monofilament gillnets in Lake Van
conducted by Ozdemir (2000) showed that the optimum catch
length varied between 14.8-17.1 cm using 18 mm mesh size,
and 16.4-19.1 cm using 20 mm mesh size. In another study,
Cetinkaya et al. (1995) used 17 mm, 20 mm and 24 mm mesh
sizes to determine the catch efficiency and selectivity of
multifilament trammel nets used in pearl mullet fishing. The
average lengths of the fish caught in the related study were
determined as 15.6 cm, 20.2 cm and 20.8 cm, respectively
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(Cetinkaya et al., 1995). The values obtained in the current
study are higher than the values acquired from the previous
studies conducted in Lake Van. Avsar (2005) stated, a
decrease in the size of the fish that constitute the stock is the
most obvious indicator of overfishing. In recent years, it was
reported that the average length of the pearl mullet has
increased with the effective conservation measures over the
years in Lake Van (Bozaoglu et al., 2019). This situation was
interpreted that the difference being due to the increase in the
size of the pearl mullet because of the conservation efforts.

The optimum catch length calculated from all gillnet groups
was determined higher than the first reproduction length of
pearl mullet. Therefore, it is not anticipated that the
monofilament gillnets used in Lake Van will cause any damage
to the pearl mullet stock of Lake Van. However, the results of
the present study showed that the average catch per unit effort
for 22 mm mesh size was higher than gill net groups. Sari
(1997) reported that the average catch per unit effort was 3.538
kg/90 m/day for the 1994-1995 fishing season and 2.677 kg/90
m/day for the 1995-1996 fishing season in Lake Van.
According to another report conducted by Cetinkaya et al.
(1995), the results were reported as 881.4-4747.6 g/90 m/24
hours at 17 mm mesh size, 680-7608.3 g/90 m/24 hours at 22
mm mesh size, and 1684.3-2367.7 g/90 m/24 hours at 24 mm
mesh size. There were notable differences between the
average catch per unit effort obtained in the current study and
previous reports. The most important reason for this
remarkable difference is the structure of the mesh material
used in these studies. While other studies used multifilament
trammel nets, monofilament gillnets were utilized in the present
study. As it is well known, it has been reported that the
selectivity of gillnets is better than that of trammel nets (Strer
and Kusat, 2013).

CONCLUSION

Lake Van is the biggest fishing area in the inland water of
Turkey. There are more than 100 fishing boats in the lake. The
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Abstract: In this study, the karyotypic characteristics of Chondrostoma regium (Heckel, 1843) have been investigated. Fish samples were caught from the
Karasu River (Euphrates River Basin) with fishing net. The live fish were transported to the laboratory and kept in aerated aquaria before the analyses. The
karyotype analysis was performed in fish kidney and gill epithelium cells. It was determined that C. regium had 2n=50 chromosomes. In detail, the karyotype
formula of C. regium was determined as 9 metacentric, 7 submetacentric, 1 subtelocentric and 8 telocentric chromosome pairs (18M+14SM+2ST+16T), and
fundamental arm number was calculated as 82. Constitutive heterochromatin regions were determined on telomeres of the chromosomes. Nuclear orgnizer
regions were detected on 21st chromosome. Karyotype symmetry/asymmetry index was calculated as 2.32. The karyotypes of gill and kidney cells were the
same. No sex chromosomes were cytologically detected.

Keywords: Chondrostoma regium, fish cytotaxonomy, chromosome banding

0z: Bu calismada Chondrostoma regium'un (Heckel, 1843) karyotipik ozellikleri arastirimistir. Balik numuneleri Karasu Irmagindan (Firat Nehri havzast)
serpme aglarla yakalanmistir. Analizlerden 6nce canli baliklar laboratuvara taginmis ve havalandirmali akvaryumlarda tutulmustur. Karyotip analizi baliklarin
bobrek ve solungag epitel hiicrelerinde yapilmistir. C. regium'un 2n=50 kromozoma sahip oldugu belirlenmistir. Ayrintili olarak C. regium'un karyotip formilii
9 metasentrik, 7 submetasentrik, 1 subtelosentrik ve 8 telosentrik kromozom cifti (18M+14SM+2ST+16T) olarak belirlenmis olup, temel kol sayisi 82 olarak
hesaplanmistir Kromozomlarin telomerlerinde konstititif heterokromatin bolgeleri belirlenmistir. 21. kromozom (zerinde niklear organizer bolge tespit
edilmistir. Karyotip simetri/asimetri indeksi 2,32 olarak bulunmustur. Solungag ve bébrek hticrelerinin karyotipi ayni olup sitolojik olarak higbir esey kromozomu

tespit edilmemistir.

Anahtar kelimeler: Chondrostoma regium, balik sitotaksonomisi, kromozom bantlama

INTRODUCTION

It is known that 391 fish species are living in freshwaters
(Saygun, 2021) and 512 fish species in the seas (Bilecenoglu
etal., 2014) in Turkey. According to the cytotaxonomic studies,
it is seen that the karyotype of approximately 89% of these
species has not been determined. From a methodological point
of view, although molecular cytogenetic methods have become
widespread in the world, traditional cytotaxonomic methods
(Giemsa, GTG-, AgNOR-, C-, Q- and RE-banding made by air
drying and culture methods) are used even in the latest studies
(Araya-Jaime et al., 2020; Goes et al., 2020; Moreva, 2020).
Finally, there are studies in Turkey in the field of cytogenetics
that examine only some studies on carp (Saygun, 2021).
However, no study has yet been conducted on the karyotype
of Chondrostoma regium.

Chondrostoma is a genus of the family Leuciscidae and
this genus consists of about 26 species (Freyhof, 2014). A total
of thirteen Chondrostoma species (C. beysehirense, C.
ceyhanensis, C. colchicum, C. cyri C. holmwoodii, C.
meandrense, C. nasus, C. kinzelbachi, C. regium, C. smyrnae

C. toros, C. turnai and C. vardarense) are reported to be found
in various regions of Turkey (Kuguk et al., 2007; Ozcan, 2008;
iIhan, 2009; Freyhof and Ozulug, 2009; Kuru et al., 2014; Cicek
et al., 2015; Kiclik et al., 2017; Giglu et al., 2018; Ciftci et al.,
2020; Kiigtik et al., 2021; Kiigiik et al., 2023).

The genus Chondrostoma also disributed in the Caspian
Sea, Isfahan, Tigris-Euphrates and Kor River basins. Four
Chondrostoma species (C. cyri, C. esmaeilii, C. regium and C.
orientale) are in Iranian inland waters (Eagderi et al., 2017).
There are also records of C. regium being found in Greater Zab
River, west of the Erbil city, Iraq (Al-Marjan, 2016). Various
studies have been conducted on the general biology,
taxonomy, karyology and morphology of the species in Iran
(Esmaeili et al., 2010; Jouladeh-Roudbar, 2014). Karyotype
analyzes of Chondrostoma species were also described from
various geographical regions of Europe. For example,
karyotype analysis of Iberochondrostoma lusitanicum (formerly
Chondrostoma lusitanicum) in Portugal has been reported by
Collares-Pereira and Réb (1999). Chromosome studies of C.

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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nasus were performed by Rab et al. (2008) and Boron et al.
(2020). Karyotype analyzes of Chondrostoma species were
also defined from different regions of Turkey (Arslan and
Giindogdu, 2016). There are only two karyotype studies on C.
regium. One of these studies was reported from Iran (Esmaeili
etal., 2010) and the other from Turkey (Kaya, 2009). Moreover,
nucleolar organizer region and constituve heterochromatin
characteristics in the C. regium were not reported. In this study,
karyotypic properties of C. regium were determined by using
C-banding, Ag-NOR and giemsa staining techniques.
Chromosomal banding findings were compared with those
obtained from previous studies on Chondrostoma species.

MATERIAL AND METHODS

Chondrostoma regium specimens (129 @, 103 3) (Figure
1) were caught from Karasu River, Erzurum province in eastern
Turkey. The fish were brought alive to the laboratory and
placed in well-aerated aquaria.

Figure 1. Chondrostoma regium Karasu River (Erzurum), 236 mm SL

For karyotypic analysis, Collares-Pereira's (1992) air
drying technique was modified and applied. On the other hand,
C-banding technique of Sumner (1972) was performed to
detect constitutive heterochromatin regions in chromosomes.
Ag-NOR staining was performed to detect nucleolar organizer
regions (NOR) in chromosomes. For this, the method of Howell
and Black (1980) was used. The preparations prepared in two
ways were examined under a Leica DM750 light microscope
and a computer-aided microscope unit with a Leica ICC50 HD
camera at x100 magnification, and the best metaphase plaque
spreads were photographed. At least 10 preparations from
each tissue of each of the fish caught in the study (Denton,
1973) were evaluated. Karyotypes were prepared by
classifying them according to their chromosome lengths. For
this, chromosome arms were measured. Arm measurements
were made using the Leica LAS EZ 3.0 image analysis
program. The arm ratio (AR), centromeric index (Cl) and
relative arm length (RAL) of each chromosome were
calculated. This process was performed in accordance the
method of Levan et al. (1964). Karyotype symmetry and
asymmetry were also calculated according to Eroglu (2015).

RESULTS

Total 580 and 644 metaphase plaques were counted in the
gill and kidney tissues taken from female and male C. regium
species. The most repeated value was found to be 2n=50 in
both tissues. In the karyogram prepared from the metaphase

plaques, it was determined that 9 pairs of chromosomes were
metacentric (M), 7 pairs were submetacentric (SM), 1 pair were
subtelocentric (ST) and 8 pairs were telocentric (T)
(18M+14SM+2ST+16T) (Figure 2).
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Figure 2. A) Metaphase spreads and standard giemsa staining of
Chondrostoma regium. B) Chromosomes determined by
image processing, C) Karyotype: 18M+14SM+2ST+16T
(M: metacentric, SM: submetacentric, ST: subtelocentric, T:
telocentric)

Chromosome arm lengths were found to vary between 0.9
and 3.9 pym, the longest chromosome was metacentric, the
shortest was telocentric, and the Fundamental Arm Number
(FN) was 82 (Table 1).

The ideogram prepared according to the measurements
was shown in Figure 3. No sex chromosomes were detected in
this species. The chromosomal symmetry/asymmetry index
value was calculated as 2.32 (S/A= (1x18) + (2x14) + (3x2) +
(4x16) / 50), and it was understood that the karyotype type of
C. regium was between symmetric and asymmetric.

Figure 3. Haploid ideogram of Chondrostoma regium
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Table 1. Measurements (in um) and classification of the chromosomes of Chondrostoma regium (M: metacentric, SM: submetacentric, ST:

subtelocentric, T: telocentric)

Chromosome Chromosome Arm

Centromeric

Relative arm length Chromosome

number FLE length ratio index (%) type Lo G
1 1.95 1.95 39 1.0 50 721 M 4
2 1.4 1.6 3.0 1.14 467 559 M 4
3 15 15 3.0 1.0 50 559 M 4
4 1.2 15 2.7 1.25 44.44 5.03 M 4
5 1.35 1.35 2.7 1.0 50 5.03 M 4
6 1.35 1.35 2.7 1.0 50 5.03 M 4
7 1.2 12 24 1.0 50 447 M 4
8 1.1 1.1 22 1.0 50 3.94 M 4
9 1.0 1.0 2.0 1.0 50 373 M 4
10 09 1.8 2.7 20 33.33 5.03 SM 4
11 09 15 24 1.66 375 447 SM 4
12 09 15 24 1.66 375 447 SM 4
13 08 15 23 1.88 34.78 4.12 SM 4
14 06 15 2.1 25 28,57 391 SM 4
15 06 1.2 1.8 20 33.33 335 SM 4
16 06 1.2 1.8 20 33.33 335 SM 4
17 06 30 36 5.0 16.66 6.71 ST 4
18 0 2.1 2.1 0 0 391 T 2
19 0 2.1 2.1 0 0 391 T 2
20 0 15 15 0 0 2.79 T 2
21 0 15 15 0 0 2.79 T 2
22 0 15 15 0 0 2.79 T 2
23 0 1.2 1.2 0 0 2.23 T 2
24 0 1.05 1.05 0 0 1.95 T 2
25 0 09 09 0 0 1.67 T 2
Total 16.85 37.25 55.8 - - - - 82
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Figure 5. A) Ag-NOR stained metaphase plate showing NOR regions
SM of Chondrostoma regium. B) Chromosomes determined by
10 1 12 13 14 15 | 16 | image processing. C) Karyotype. NOR region was shown
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Figure 4. A) C-banded metaphase plate of Chondrostoma regium. B)
Chromosomes determined by image processing. C)
Karyotype. Heterochromatin regions were shown in the square

toxicology by performing karyological analyzes of fish species
belonging to Teleostei (Cucchi and Baruffaldi, 1990).
Karyotype provides basic information about chromosome
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morphology, size and number, and is used to distinguish
controversial species and to construct evolutionary family trees
(Tan et al., 2004). In addition, fish karyotype studies provide
important datas for polyploidy, gynogenesis, androgenesis,
and the generation of new aqua-hybrid species (Dai and Han,
2018). In recent years, an increase in the number of
cytogenetic studies applied to fish has been observed. The
karyotypes of 3.425 fish species or subspecies are known
(Arai, 2011). Leuciscidae is one of the richest and most
important fish family. The species of the family have a wide
living space in Turkey. In the study, karyotypic analysis of C.
regium, which is found in the native fauna of the Karasu River
(Erzurum, Turkey) and belongs to the Leuciscidae family, was
carried out.

There is no cytogenetic study of C. regium in the inland
waters of Eastern Anatolia to date. In the current study, the
chromosome number of C. regium inhabiting in Karasu River
was determined as 2n=50. As a result of the karyotype
analysis, it was determined that there were 9 metacentrics, 7
submetacentrics, 1 subtelocentric and 8 telocentrics
chromosome pairs (18M+14SM+2ST+16T) in the species. The
arm number was found to be FN=82. Except for this study,
there is no previous karyotype study of this species in our
country. In the world, only the karyotype of C. regium from
Iran's Fahlian River has been reported (Esmaeili et al., 2010).
In the study, the diploid chromosome number of this species
was determined as 2n=52. The karyotype consists of 21
submetacentric and 5 subtelocentric chromosome pairs
(42SM+10ST). The FN was determined as 58. Cytologically,
no heteromorphic sex chromosomes were found. When the
study was compared with the current study results, it was
understood that the Karasu river fish specimens was not
karyotypically similar to the Persian fish specimens. In addition,
it was concluded that the number of arms in Persian fish was

calculated incorrectly. Because if even the number of arms of
subtelocentric chromosomes is not taken into account, there
must be at least 84 arms in 42 submetacentric chromosome
sets. Therefore, there is a significant difference between the
two species. The difference in normal comparison is due to the
separate habitats.

Results of the current study are partially in agreement with
the results obtained from other studies with Chondrostoma
genus (Table 2). There are differences in the number of
chromosome arms in the comparative karyotype, which is
parallel to the current study in terms of chromosome number.
The reason for the difference in karyotype may also be
population-related conditions other than the reason mentioned
above. Interspecific polymorphism or species at the sampling
site, or even inter-population differences can lead to this
condition. In addition, other factors such as chromosome
losses during preparation, abnormal positions of fixed cells,
chromosomes from nearby cells, unidentified microarms in
chromosomes, insufficient sample number, errors in
chromosome arm measurement, and incorrect determination
of chromosome type may cause differences between studies
(Arai, 2011; Khosravanizadeh et al., 2011). Therefore, giemsa
stained karyotype studies should be supported by other
cytogenetic techniques. For this reason, C-banding method
was used in the research. C-bands are constitutive regions of
heterochromatin containing repetitive DNA sequences that are
transcriptionally inactive (Gold et al., 1986). C-banding studies
are few in Cyprinidae. The characteristic C-band patterns are
mostly specific to Teleostei. Heterochromatin difference can be
used in the chromosome evolution of Cyprinidae and the
differentiation of species (Gaffaroglu and Yuksel, 2009). In our
study, constitutive heterochromatin was detected in four pairs
of chromosomes. To date, no C-banding studies on C. regium
have been found in the literature.

Table 2. Karyotypic features of Chondrostoma species living in Turkey and the World-wide

Chromosome numbers (2n)—

Species Locality FN-symmetrylasymmetry index Chromosome formula C-band NOR Reference

C. regium Karasu River (Erzurum) 50-82-24S/A 18M+12SM+2ST+18T 1,6, 13, 16. 21. This study

C. regium Goksu River (Mersin) 50-86-2.24 SIA 22M+8SM+6ST+14T - Kaya, 2009

C. regium Fahlian River (Iran) 52-58-219 S/A 42SM+10ST - Esmaeili et al., 2010

C. beysehirense  Lake Beysehir (Konya) 50-92-2.14 SIA 20M+22SM/ST+8T 1,3,4,7,8,15. 6.  Arslan and Gindogdu, 2016

C. meandrense  Menderes River (Aydin) 52-82-261S/A
C. nasus Drian River (Bosnia) 50-88-228 S/A
C. knerii Neretva River (Yugoslavia) 50 - 86 —2.56 S/A
C. prespense Lake Prespa (ltaly) 50-92-20S

C. soetta Po River (ltaly) 50-94-22S/A
C. phoxinus Neretva River (Yugoslavia) 50 - 86 —2.56 S/A

18M+6SM+6ST+22T Uysal, 2011
38M/SM+12T Barshiene, 1977
36M/SM+14T Berberovi¢ et al., 1970
16M+26SM+8T Bianco et al., 2004
16M+14SM+14ST+6T Cataudella et al., 1977
36M/SM+14ST/T Berberovi¢ et al., 1970

NORs are regions where nucleoli are in contact on
chromosomes and contain genes that transcribe rRNA.
Systematic and phylogenetic comparisons between species
can be made with chromosomal NOR information (Amemiya
and Gold, 1988). The number and location of NORs are also
used as chromosomal markers in fish systematics (Pereira et
al., 2012; Rossi et al., 2012; Nabais et al., 2013). NORs are
usually located at the end of the short arm of submetacentric

chromosomes (Gromicho and Collares-Pereira, 2007). Rarely,
it can be observed at the end of the long arm of telocentric
chromosomes (Rab, et al., 1990). Changes in the NOR region
and activity can be observed between and within the species
(Ulupinar and Alas, 2002). These differences are due to the
differentiated activation of rDNA cistrons, unequal amplification
including rDNA segments, and paracentric inversion of
chromosomal segments carrying rDNA cistrons (Porto-Foresti
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et al., 2007). In our study, NOR was observed on the one
telocentric chromosome (21t chromosome). The NOR
placement is consistent with the literature. There are no NOR
banding studies with C. regium. In a study with another
Chondrostoma species, active NOR regions were observed in
the short arm of the sixth submetacentric chromosome pair of
Chondrostoma beysehirense in Beysehir Lake (Giindogdu,
2016). In the Chondrostoma prespense species, two pairs of
NOR regions were determined on the chromosomes (Bianco
etal., 2004). When all these results are compared, the studies
partially agree with our research findings (Table 2).

Kaya (2009) reported that the karyotype of C. regium
caught from Goksu River (Mersin, Turkey) was 2n=50 with 11
pairs of metacentric, 4 pairs of submetacentric, 3 pairs of
subtelocentric and 7 pairs of telocentric chromosomes
(22M+8SM+6ST+14T) and FN=86. Although the Goksu River
fish specimens was later identified to be C. toros, we can say
that the species are similar to each other in terms of
chromosome type and chromosome arm numbers.

When Table 2 was examined, the most important common
point of Chondrostoma from Iran to Central Europe was that
the number of chromosomes was 2n=50 and the chromosomal
symmetry/asymmetry values were between 2.00 — 2.61 and all
have a symmetrical/asymmetrical chromosome structure,
except one (C. prespense). However, there are some
differences in the chromosome structure. These differences
are usually due to submetacentric and subtelocentric
chromosomes. Scientists accept that fish species with more
telocentric chromosomes are primitive, while species with
metacentric and submetacentric chromosomes are more
complex (Geng et al., 2013; Sahin, 2015). Accordingly, as can
be seen from Table 2, M and SM chromosomes are frequently
seen in Chondrostoma species. The data emerging in many
studies support the hypothesis that this genus was complex,
as M and SM type chromosomes are more than single-armed
chromosomes (T) in Chondrostoma genomes. Since there are
30 double-armed and 18 single-armed chromosomes in the
karyotype (18M+14SM+2ST+16T) of C. regium determined in
the present study, it can be said that this species is also
complex. Likewise, when we consider double-armed
chromosomes as M/SM, the sum of M/SM (average 34.5) is
more than T (mean 12.2) in all Chondrostoma species, as
indicated in Table 2. In this study, the sum of M and SM
chromosome numbers of C. regium was determined as 30.
This shows that Karasu River (Erzurum) C. regium specimens
relatively have the general karyotype features of the genus
Chondrostoma.

Fundamental arm numbers (FN) vary depending on the
karyotype. In some cases, it is also used as an indicator of
differentiation between species. Although FN values of
chromosomes vary between 58 and 94 in Chondrostoma, it
was seen that this value mostly varies between 80-86. In the
present study, FN = 82 and remained within the most repetitive
value range (Table 2). On the other hand, the number and
structure of chromosomes in Chondrostoma species vary

slightly. Even the same researchers working in the same region
at different times for a single species report variations in their
results. This is an unstable situation that can be seen in the
cytogenetic results of fish (Sahin, 2015). It is estimated that
studies using molecular cytogenetic methods such as FISH
(fluorescence in situ hybridization) will become widespread
rapidly and reduce the confusion on this subject.

CONCLUSION

There is no karyotype studies on Chondrostome regium,
which is distributed in the Euphrates River and its tributaries.
In this respect, the work is a first for the Euphrates and Karasu
Rivers. Karyotypic analysis of two other fish species (Squalius
cephalus and Alburnus mossulensis) in the parts of the same
river within the borders of Erzurum province was previously
performed by Kiligc and Sisman (2016) and Sisman et al.
(2016), and this is the third study. Thus, the faunistic structure
of the Karasu River was clarified a little more. Moreover, the
analyses of C-positive regions and NORs were added to the
karyotype in this study for the first time. We think that revealing
the genome characteristics of fish species living in the Karasu
River by using molecular staining (FISH, CMAs etc.)
techniques will give clearer results.
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0z: Bu calismada farkli su sicakliklarinda yemlerine polen ilave edilmis pullu sazanda bazi immunolojik ve antioksidan parametrelerdeki degisimlerin
arastirimasi amaglandi. Baliklar su sicakligi 18 °C, 23 °C ve 28 °C’ ye ayarlanmis akvaryumlara stoklandi. Baliklara % 2,5 oraninda polen iceren yemler 14
giin stireyle verildi. Baliklardan alinan kan ve doku érneklerinde immunolojik ve oksidan/antioksidan parametreler analiz edildi.

Kontrol grubu (23 °C) ile kiyaslandiginda, 18 °C' deki grubun NBT aktivitesinde istatistiksel olarak énemli bir artis belirlendi. 28 °C' deki grubun NBT
aktivitesinde belirlenen azalma istatistiksel olarak 6nemsiz bulundu. 18 °C' deki grubun total protein ve total immunoglobulin diizeyleri azalirken, 28 °C' deki
grupta her iki parametre igin belirlenen artis 6nemsiz bulundu. Kontrol grubu (23 °C)' na kiyasla 18 °C ve 28 °C sicaklikta tutulan ve polen uygulanan gruplarin
NBT aktivitesi ile total protein ve total inmunoglobulin dizeylerinin kontrol grubundan istatistiksel olarak nemli herhangi bir farklilik gostermedigi belirlendi.
Kontrol grubu (23 °C)' na kiyasla, 18 °C ve 28 °C' deki gruplarin doku MDA dizeyleri artti. Sicakliktaki dedisimle eszamanli olarak polen uygulanan gruplarin
MDA diizeyleri 18 °C ve 28 °C' deki gruplardan daha diistiktti. Kontrol grubu (23 °C) ile kiyaslandiginda, 18 °C ve 28 °C' deki gruplarin doku GSH diizeyleri
ve GST aktiviteleri azaldi. Sicakliktaki degisimle eszamanli olarak polen uygulanan gruplarda GSH diizeyleri ve GST aktiviteleri 18 °C ve 28 °C' deki gruplardan
daha yiksekti. Sonug olarak baliklarda sicaklik farkliliklarindan kaynaklanan stres polenle énlenebilir.

Anahtar Kelimeler: Antioksidanlar, bagisiklik, balik, oksidatif stres, sicaklik

Abstract: In this study, it was aimed to investigate changes in some immunological and antioxidant parameters in scaly carp (Cyprinus carpio) added pollen
to their feed in different water temperatures. Fish were stocked to glass aquariums adjusted to 18 °C, 23 °C and 28 °C water temperature. Fish were given
diets containing % 2,5 pollen for 14 days. Blood and tissue samples were analysed to determine the immunological parameters and oxidant/antioxidant status.

When compared to the control group (23 °C), a statistically significant increase in the NBT activity of the groups at 18 °C was observed. Decrease in the NBT
activity of the group at 28 ° C was statistically insignificant. The total protein and total inmunoglobulin levels of the group at 18 © C were decreased, while
increase in both parameters at 28 ° C was not significant. When compared to the control group (23 °C), the NBT activity, the total protein and total
immunoglobulin levels in the groups that maintained at the same temperature with the control group (23 ° C) and applied pollen did not show any statistically
significant difference. The tissue MDA levels were increased in the groups at 18 °C and 28 °C when compared to the control group (23 © C). The tissue MDA
levels of the groups treated pollen simultaneously with the change in temperature were lower than the groups at 18 °C and 28 °C. The tissue GSH levels and
GST activities were decreased in the groups at 18 °C and 28 °C when compared to the control group (23 ° C). The tissue GSH levels and GST activities of
the groups treated pollen simultaneously with the change in temperature were higher than the groups at 18 °C and 28 °C. In conclusion, stress caused by
temperature differences in fish may be prevented by pollen.

Keywords: Antioxidants, immunity, fish, oxidative stress, temperature

GIRiS

Balik yetistiriciligi, dinyada hizla gelisen ve 6nem kazanan ~ baliklari da icine alan farkli hayvan popiilasyonlarini

bir enddstri kolu haline gelmistir. Ancak disaridan alinan
pestisitler, agir metaller, sicaklik degisimleri, diyet tipleri,
oksijen miktari, parazitler ve farkli gevresel kosullar gibi
faktorler, baliklari fizyolojik agidan olumsuz olarak etkilemekte
dolayisiyla da ekonomik kayiplara yol agmaktadir. Bu faktorler
icerisinde en dnemlilerden biri olan su sicakligi; baliklarin
yasamini, blyimesini, beslenmesini ve diger bircok fizyolojik
fonksiyonlarini etkileyen en dnemli faktdrlerden biridir (Lou vd.,
2011). Kuresel 1sinmanin bir sonucu olarak, kronik sicaklik
artiglari ve asiri sicak hava dalgasi gibi olaylar diinyada

etkilemektedir. Sogukkanl canlilar olarak baliklarin kiresel
Isinmaya karsi 6zellikle savunmasiz olmalari kaginilmaz bir
sonugtur. Kronik sicaklik artigi, baliklarin yasamlarini tehlikeye
atabilecek ek stres faktdrleriyle basa cikma yeteneklerini
degistirebilen fizyolojik bir yiik olusturmaktadir. Ayrica hizli
sicaklik artislarinin baliklarda akut stres cevabini indikledigi
bilinmektedir. Sogukkanli canlilar olarak baliklarda viicut
sicakhii, fizyolojileri, metabolizmalari ve davraniglari (izerinde
derin etkileri olan yasadiklari su sicakliklarina esittir (Alfonso
vd., 2020).
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Baliklarda immun sistem cevresel faktorlerden oldukga
fazla etkilenmektedir. Bu gevresel faktdrlerin basinda da su
sicakligi gelmektedir (Buchtikova vd., 2011). Diger taraftan
ylksek sicaklik (Parihar ve Dubey, 1995; Heise vd., 2006;
Luschchak ve Bagnyukova, 2007) ve distk sicaklik (Malek
vd., 2004; Martinez-Alvarez vd., 2005) baliklarda oksidatif
strese yol agmaktadir. Ylksek sicaklik oksijen ihtiyacini
artirmakta bu artis da baliklarda oksidatif strese neden
olmaktadir. Diger taraftan diisik sicaklik antioksidan sistemi
zayiflatarak veya radikal olusumuna yol agarak oksidatif stresi
indiklemektedir (Lushchak, 2011).

Kiigik hiicrelerden olugsmus, bitkinin kalitsal 6zelliklerini
taslyan, bitkilerin ciceklenme donemleri boyunca gdrilen,
giceklerde erkek Ureme organlarinin basgik bolimiinde
bulunan tozlara polen denilmektedir (Cankaya ve Korkmaz,
2008). Antibakteriyel, antifungal, antikarsinojenik, antioksidan
ve immunomodulatdr dzellikleri yapilan ¢alismalarla kanitlanan
polene verilen 6nem, icerdigi besin maddelerinin zenginligi
nedeniyle son zamanlarda daha fazla artmistir (Yang vd.,
2007; Eraslan vd., 2009; Xu vd., 2009; Abbass vd., 2012).
Protein ve karbonhidrat polenin yapisinda yiksek oranda
bulunmakla birlikte yag asitleri, vitaminler, mineral maddeler,
enzimler ve aminoasitler yapilan analizler sonucunda
belirlenen diger maddelerdir. Bununla birlikte karotenoid,
steroid ve flavonoidlerin polendeki varli§i da ispatlamistir
(Abbass vd., 2012).

Bu calismada farkli sicakliklarda tutularak 1si stresi
olusturuimus pullu sazanda immunolojik ve antioksidan
parametreler kullanilarak ari poleninin koruyucu etkisini
arastirmak, ayrica immunostimulan ve antioksidan ézellikteki

arl  poleninin  baliklarda  kullanilabilirligini  belirlemek
amaglanmistir.
MATERYAL VE METOT

Calismada, DSI 9. Bélge Midiirligii (Keban, Elazig)’ den
canli olarak temin edilen ve yaklasik agirligi 40 £ 5 g olan 0+
yas grubundaki pullu sazan (Cyprinus carpio) ornekleri
kullanildi. Calisma 3 tekrarli olarak ydrGtdldd. Her bir tekrar igin
6 akvaryum ve 60 balik olmak tizere toplamda 18 akvaryum ve
180 balik kullanildi (Her bir tekrar igin 6 akvaryum olmak (izere
toplamda 18 akvaryum ve her bir tekrar i¢in 60 balik olmak
Uzere toplamda 180 balik). Baliklar 33 x 100 x 60 cm
ebatlarinda ve su sicakii§i ayarlanabilir isiticilarla 23 °C’ ye
ayarlanmis 6 farkli cam akvaryuma her birine 10 adet olacak
sekilde yerlestirildi. Es zamanli olarak her bir tekrar igin 6
akvaryumda bu iglem yapildi. Baliklarin 15 giin sireyle bu
ortama adaptasyonu sagland..

15 gunlik adaptasyon siresinden sonra, yine eszamanli
olarak her bir tekrar igin baliklarin yerlestirildigi akvaryumlardan
2'sinin sicakligi 18 °C’ ye dustrllurken, diger ikisinin ise 28 °C’
ye yukseltildi. Bu islem her iki saatte bir sicakigin 1 °C
azaltilmasi/arttiriimasi seklinde yapildi. 2 akvaryumun sicakligi
ise 23 °C’' de sabit tutuldu. Bdylece 18, 23 ve 28 °C su
sicakligina sahip asagidaki gruplar olusturularak polen igeren
yemlerle baliklar beslendi.

Grup 1 (18 °C): 18 °C sicaklikta tutulan ve polen
uygulanmayan grup,

Grup 2 (23 °C-Kontrol Grubu): 23 °C sicaklikta tutulan ve
polen uygulanmayan grup,

Grup 3 (28 °C): 28 °C sicaklikta tutulan ve polen
uygulanmayan grup,

Grup 4 (18 °C + Po): 18 °C sicaklikta tutulan ve % 2,5
oraninda polen uygulanan grup,

Grup 5 (23 °C + Po): 23 °C sicaklikta tutulan ve % 2,5
oraninda polen uygulanan grup,

Grup 6 (28 °C + Po): 28 °C sicaklikta tutulan ve % 2,5
oraninda polen uygulanan grup.

Sazanlar igin optimum su sicakhigi 22-24 °C oldugu igin
(Celikkale, 1994), 23 °C sicaklikta tutulan ve polen igermeyen
yemlerle beslenen baliklar kontrol grubu olarak segildi.
Calisma sirasinda su sicakliginin ayarlanan seviyelerde sabit
kalarak stireklilik gdstermesi igin giinde 4 defa élglim yapildi.
Galismanin 3., 7. ve 10. glnlerinde akvaryum sularinin 2/3' i
sifonlama yapilarak degistirildi. Eksilen sular daha énceden
sicakliklari 18, 23 ve 28 °C' ye ayarlanmis sularla tamamlandi.

Polen 6rnekleri Yalova ilindeki aricilardan temin edildi ve
palinolojik olarak identifiye edildi. Yapilan analiz sonucunda
calismada kullanilan polenin miks polen (Castanea sativa,
Fabaceae, Asteraceca, Trifolium spp) oldugu belirlendi.
Polenin metanolik ekstrasyonunun analizi neticesinde total
fenolik madde miktar 1719,20 £ 45,74 mg GAE/100 g (GAE:
Gallic acid equivalents) ve antioksidan aktivite 33,65 £ 2,57 mg
AAE/g (AAE: Ascorbic acid equivalents) olarak belirlendi.

Polenin uygulanan dozu (% 2,5 w/w) El-Asely vd. (2014)' e
gore belirlendi. Polen iceren yemlerin hazirlanmasi igin dnce
polen &rnekleri % 2,5 oraninda tartiip 1 L su igerisinde
¢Oziildi. Daha sonra 6zel bir firmadan alinarak toz haline
getirilmis pelet yemler (Ecobio; % 45 ham protein, % 20 ham
yad, % 11 kil, % 3 lif, % 8,5 nem, % 12,5 azotsuz 6z madde,
5124 kcal) polen iceren 1 L' lik su ile hamur haline getirildi. Bu
karisim kiyma makinesinden gegirildi ve tekrar pelet haline
donistlrildi. Hazirlanan peletler tepsilere yerlestirilip yem
finninda kurutuldu. Yemler, kullanilana kadar olusabilecek
herhangi bir oksidasyonu énlemek icin renkli cam siselerde 4
°C’ de muhafaza edildi (Harlioglu vd., 2012; El-Asely vd., 2014;
Mise Yonar vd., 2020).

14 glnlik uygulamadan sonra 15. giinde kan érnekleri,
benzocain (25 mg/L) ile anestezi edilen baliklardan kavdal
peduinkil bolgesinin kesilmesiyle EDTA'I tuplere alindi. Kan
orneklerinin alinmasindan sonra klinik muayenesi yapilan
baliklar otopsi edildi (Arda vd., 2017) ve karaciger, bobrek ve
solungag érnekleri ¢ikarildi. Doku 6rnekleri folyolara sarilarak -
20 °C' deki derin dondurucuya birakildi (Mise Yonar vd., 2011;
Sakin vd., 2012).

EDTA' |1 tlplere alinan kan d&rneklerinde plazmalar
cikariimadan once oksidatif radikal Uretimi
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(nitrobluetetrazolium-NBT aktivitesi) belirlendi (Siwicki vd.,
1994). Daha sonra plazma elde etmek igin kan érnekleri 3500
rom' de 10 dakika santrifiij edildi. Plazmada total protein (TP)
ve total immunoglobulin (TI) dizeyleri Siwicki vd. (1994)
tarafindan agiklanan yontemle 6lgildu.

Antioksidan parametrelerin belirlenmesi igin homojenatlar
hazirlandi. Karaciger, bobrek ve solungag 6rneklerinden
homojenatlarin hazirlanmasi igin Sakin vd. (2011) ve Mise
Yonar vd. (2017a)" in bildirdigi yontemler kullanild.
Homojenizasyon  igleminin ~ sonunda  elde  edilen
sipernatantlarda lipit peroksidasyonun bir gostergesi olarak
malondialdehit (MDA) diizeyi (Placer vd. 1966), antioksidan
durumun belirlenmesi igin ise rediikte glutatyon (GSH) diizeyi
(Ellman, 1959) ve glutatyon S-transferaz (GST) aktivitesi
(Habig vd., 1974) élgilda.

GST spesifik enzim aktivitesi ile MDA ve GSH diizeylerini
hesaplamak igin dlgilen doku protein dizeyleri Lowry vd.
(1951)" nin tarif ettigi ydnteme gére belirlendi.

Sonuglarin istatistiksel analizleri SPSS 22.0 istatistik
programi kullanilarak gerceklestirildi. Kontrol ve deneysel
gruplarin immunolojik ve antioksidan parametrelerinde olusan
degisimlerin  belirlenmesi igin tek yonlu varyans analizi
(ONEWAY — ANOVA) kullanildi. Gruplar arasindaki farkliliklar
ise Least Significant Difference (LSD) test edildi. Sonuglar
ortalama + standart hata olarak gésterildi.

BULGULAR

Calismaya baglamadan onceki 15 glnlik adaptasyon
stirecinde baliklarda herhangi bir 6lim olayina rastlanmadi.
Adaptasyon ve deneme siresi boyunca baliklarin yem
alimlarinda herhangi bir olumsuzluk yasanmadi. Deneme
sliresi boyunca kontrol ve deneme grubu baliklarinda 6lim
gbzlenmedi.

Kontrol ve deneme gruplarinin NBT aktivitesi ile TP ve Tl
duizeylerindeki degisimler Tablo 1’ de gdsterilmistir.

Tablo 1. Deneme gruplarinin NBT aktivitesi (mg/mL) ile TP ve TI
dlzeyleri (mg/mL)

Table 1. NBT activity (mg/mL) and TP and Tl (mg/mL) levels of the
experimental groups

Gruplar NBT TP Tl

18°C 1,72+£0,17¢ 2559 £4,132 1041+ 2,412
23°C (Kontrol) 1,34 £0,112 31,24 £3,150 13,11 £ 3,620
28°C 1,30 £ 0,092 32,08 £5,37° 14,09 + 4,060
18°C +Po 1,320,102 30,86 £5,19° 12,84 £2,33
23°C +Po 1,61 £0,140 37,15+£6,11¢ 19,71 £3,20
28°C +Po 1,33+£0,122 32,27 £4,320 13,40 + 3,340

abede Ayni stitundaki farkli harfler istatistiksel farki géstermektedir (p<0.05).

Kontrol grubu (23 °C) ile ayni sicaklikta tutulan ve polen
uygulanan grubun (23 °C + Po) NBT aktivitesinde belirlenen
artis istatistiksel olarak dnemli bulundu (p < 0,05). Kontrol
grubuna (23 °C) gore, 18 °C sicaklikta tutulan fakat polen

uygulanmayan grubun (18 °C) NBT aktivitesinde belirlenen
artis istatistiksel olarak énemli bulunurken (p < 0,05), 28 °C
sicaklikta tutulan fakat polen uygulanmayan grubun (28 °C)
NBT aktivitesinde belirlenen azalma 6nemsiz bulundu (p >
0,05). Ancak 18 °C sicaklikta tutulan ve polen uygulanan (18
°C + Po) grup ile 28 °C sicaklikta tutulan ve polen uygulanan
(28 °C + Po) grubun NBT degerlerinin kontrol grubundan (23
°C) istatistiksel olarak 6nemli herhangi bir farklilik gdstermedigi
saptandi (p > 0,05).

Kontrol grubu (23 °C) ile ayni sicaklikta tutulan ve polen
uygulanan grubun (23 °C + Po) TP ve Tl diizeylerinin arttigi ve
bu artigin istatistiksel olarak 6nemli oldugu belirlendi (p < 0,05).
Kontrol grubuna (23 °C) gore 18 °C sicaklikta tutulan fakat
polen uygulanmayan grubun (18 °C) TP ve TI diizeylerinde
belirlenen azalma istatistiksel olarak énemli bulunurken (p <
0,05), 28 °C sicaklikta tutulan fakat polen uygulanmayan
grubun (28 °C) TP ve Tl diizeylerinde belirlenen artis 6nemsiz
bulundu (p > 0,05). Ancak 18 °C sicaklikta tutulan ve polen
uygulanan grup (18 °C + Po) ile 28 °C sicaklikta tutulan ve
polen uygulanan grubun (28 °C + Po) TP ve Tl dizeylerinin
kontrol grubuna (23 °C) kiyasla istatistiksel olarak onemli
herhangi bir farklilik gostermedigi saptand (p > 0,05).

Kontrol ve deneme gruplarinin karaciger, bdbrek ve
solunga¢ MDA dlzeylerindeki degisimler Tablo 2’ de
gosterilmistir.

Tablo 2. Deneme gruplarinin doku MDA diizeyleri (nmol/g protein)

Table 2. Tissue MDA levels (nmol/g protein) of the experimental

groups

Gruplar Karaciger Bobrek Solungag
18°C 2,91+1,09 1,56 £ 0,76¢ 2,52 +1,14e
23°C (Kontrol) 1,49 £0,71b 1,50 £ 0,57b¢ 1,97 £ 0,89
28°C 3,45+ 1,25 2,67 £1,10¢ 3,92 +0,99
18°C +Po 1,69 £ 0,86¢ 1,43 £0,57° 2,192 0,86
23°C +Po 1,24 £ 0,54 1,35 £ 0,69 1,72 £ 0,652
28°C +Po 2,33 +1,22¢ 1,93 £0,67¢ 2,37 £0,84¢

abede Ayni stitundaki farkll harfler istatistiksel farki gdstermektedir (p<0.05)

Kontrol grubu (23 °C) ile kiyaslandiginda, kontrol grubuyla
ayni sicaklikta tutulan ve polen uygulanan grubun (23 °C + Po)
karaciger, bobrek ve solungag MDA dlizeylerinde belirlenen
dusUs istatistiksel olarak anlamli (p < 0,05) bulundu.

Kontrol grubuna (23 °C) kiyasla, 18 °C sicaklikta tutulan
fakat polen uygulanmayan grupta (18 °C) karaciger ve
solungag MDA dlizeylerinin istatistiksel olarak dnemli diizeyde
yikseldigi (p < 0,05) saptandi. Bu grubun bdbrek MDA
dizeyinde belirlenen artis ise istatistiksel olarak Gnemsiz
bulundu (p > 0,05). Yine kontrol grubuyla kiyaslandiginda 28
°C sicaklikta tutulan fakat polen uygulanmayan grubun (28 °C)
karaciger, bobrek ve solungag MDA dizeylerinin istatistiksel
olarak énemli diizeyde arttigi (p < 0,05) belirlendi.

18 °C ve 28 °C sicaklikta tutulan fakat polen uygulanmayan
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gruplarla kiyaslandiginda 18 °C sicaklikta tutulan ve polen
uygulanan grup (18 °C + Po) ile 28 °C sicaklikta tutulan ve
polen uygulanan (28 °C + Po) grubun karaciger, bobrek ve
solunga¢ MDA diizeylerinin istatistiksel olarak distigi (p <
0,05) tespit edildi. Fakat her iki grubun (18 °C + Po ve 28 °C +
Po) karaciger ve solungag MDA duzeyleri digsmesine ragmen
yine de kontrol grubundan yiiksek bulunurken, 18 °C + Po
grubunun bdbrek MDA dlizeyi kontrol grubundan disuk
bulundu.

Kontrol ve deneme gruplarinin karaciger, bobrek ve
solungag GSH diizeylerindeki degisimler Tablo 3" de
gOsterilmistir.

Kontrol grubu (23 °C) ile kiyaslandiginda, kontrol grubuyla
ayni sicaklikta tutulan ve polen uygulanan grubun (23 °C + Po)
karaciger, bobrek ve solungag GSH dizeylerinde belirlenen
arti istatistiksel olarak 6nemli (p < 0,05) bulundu.

Kontrol grubuna (23 °C) kiyasla, 18 °C ve 28 °C sicaklikta
tutulan fakat polen uygulanmayan gruplarda karaciger, bobrek
ve solungag GSH diizeylerinin istatistiksel olarak 6nemli
diizeyde azaldigi (p < 0,05) belirlendi.

18 °C ve 28 °C sicaklikta tutulan fakat polen uygulanmayan
gruplarla kiyaslandiginda 18 °C sicaklikta tutulan ve polen
uygulanan grup (18 °C + Po) ile 28 °C sicaklikta tutulan ve
polen uygulanan (28 °C + Po) grubun karaciger, b6brek ve
solunga¢ GSH dlizeylerinin istatistiksel olarak arttigi (p < 0,05)
tespit edildi. Fakat her iki grubun (18 °C + Po ve 28 °C + Po)
karaciger ve bdbrek GSH dlizeyleri artmasina ragmen yine de
kontrol grubundan disik bulunurken, solunga¢ dokusunun
GSH duizeyi kontrol grubundan ylksek bulundu.

Tablo 3. Deneme gruplarinin doku GSH diizeyleri (umol/g protein)

Table 3. Tissue GSH levels (nmol/g protein) of the experimental

ve solungag GST aktivitelerinin istatistiksel olarak Gnemli
diizeyde azaldigi (p < 0,05) belirlendi.

18 °C ve 28 °C sicaklikta tutulan fakat polen uygulanmayan
gruplarla kiyaslandiginda, 18 °C sicaklikta tutulan ve polen
uygulanan (18 °C + Po) grup ile 28 °C sicaklikta tutulan ve
polen uygulanan (28 °C + Po) grubun karaciger, bobrek ve
solungag GST aktivitelerinin istatistiksel olarak dnemli dizeyde
arttigi (p < 0,05), fakat yine de kontrol grubundan distik oldugu
tespit edildi.

Tablo 4. Deneme gruplarinin doku GST aktiviteleri (umol/dakika/mg
protein)

Table 4. Tissue GST activities (umol/dakika/mg protein) of the
experimental groups

groups

Gruplar Karaciger Bobrek Solungag

18°C 29,95 +7,140 33,757,010 11,98 + 3,870
23°C (Kontrol) 40,21 +8,91¢ 45,85 +7,94¢ 14,69 £2,21¢
28°C 23,75 +7,31a 26,94 £ 6,19 10,53 £ 3,412
18°C +Po 38,81 +£7,28¢ 40,97 £ 7,554 19,04 + 3,57¢
23°C +Po 52,31 £9,71¢ 54,96 + 6,75 23,67 £ 3,611
28°C +Po 35,59 +6,78¢ 37,58 7,89 17,53 £ 3,93¢

abede Ayni stitundaki farkli harfler istatistiksel farki géstermektedir (p<0.05).

Kontrol ve deneme gruplarinin karaciger, bobrek ve
solungag GST aktivitelerindeki degisimler Tablo 4’ de
verilmigtir.

Kontrol grubu (23 °C) ile kiyaslandiginda, kontrol grubuyla
ayni sicaklikta tutulan ve polen uygulanan grupta (23 °C + Po)
karaciger, bobrek ve solunga¢ GST aktivitelerinin istatistiksel
olarak 6nemli diizeyde arttigi (p < 0,05) tespit edildi.

Kontrol grubuna (23 °C) kiyasla, 18 °C ve 28 °C sicaklikta
tutulan fakat polen uygulanmayan gruplarda karaciger, bébrek

Gruplar Karaciger Bobrek Solungag
18°C 6,43 + 19,622 8,71 + 16,30 05,06 + 15,92
23°C (Kontrol) 25,61+17,21¢ 30,96 £18,91¢ 19,81 +17,53¢
28°C 3,78+ 1844a 2,59 +15,022 9,53 + 18,742
18°C +Po 18,48 +18,11c 18,58 £15,57¢ 16,48 + 11,43¢
23°C +Po 37,29+2387¢  4649+20,10¢ 32,69 + 17,359
28°C +Po 0573 +17,64> 0247 £17,85° 1573 + 16,74¢
abede Ayni stitundaki farkli harfler istatistiksel farki géstermektedir (p<0.05).
TARTISMA VE SONUG

Baliklarda nonspesifik immun direncin en OGnemli
basamagini olusturan fagositoz kemotaksis, opsonizasyon,
absorpsiyon, intraseltler yikim ve sindirim gibi bircok safhada
gerceklesmektedir. Fagositozda birinci derecede gérev alan
makrofajlar ve polimorfniikleer I6kositler (6zellikle nétrofiller)
respiratory burst (solunum patlamasi) sirasinda reaktif oksijen
tirleri Gretirler. Notrofillerin oksidatif radikal Gretimi yani bir
baska ifadeyle urettikleri reaktif oksijen tirlerinin miktari,
nétrofillerin ~ fagositik  aktivitesinin ~ belilenmesi igin
kullaniimaktadir. Bunun igin de en gok kullanilan ydntemlerin
basinda NBT testi gelmektedir (Siwicki ve Studnicka, 1987).
Tilapia (Oreochromis niloticus)' larda yapilmis bir ¢alismada
baliklarin fagositik hiicre (nétrofil ve monositler) sayisinin polen
uygulamasiyla arttigi belirlenmistir. Benzer sekilde Mise Yonar
vd. (2014) tarafindan yapilan galismada, gliclii bir antioksidan
ve immunostimulan olan ayrica yapisindaki bilesiklerle polene
benzerlik gdsteren propolisin uygulandidi sazanlarda NBT
aktivitesinin yukseldigi tespit edilmistir. Bu galismada da
kontrol grubu (23 °C) baliklariyla kiyaslandiginda kontrol
grubuyla ayni sicaklikta tutulan ve polen uygulanan, diger bir
ifadeyle sicaklik degisimlerinden bagimsiz olarak yalniz polen
uygulanan gruptaki (23 °C + Po) baliklarda, NBT aktivitesinin
yukseldigi tespit edilmis, elde edilen bu sonug yukaridaki
calismalardan elde edilen sonuglarla paralellik géstermistir.

Diger taraftan Ndong vd. (2007) 27 °C' ye adapte edilmis
tilapia (Oreochromis mossambicus)' larda sicakligin 19 ve 23
°C' ye dusirilmesi ve yine sicakhdin 31 ve 35 °C' ye
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yukseltiimesi sonucunda spesifik ve nonspesifik bagisikiik
parametrelerinde meydana gelen degisimleri arastirmiglardir.
12, 24, 48 ve 96 saat sonunda baliklardan alinan érneklerde,
NBT testi kullanilarak belirlenen respiratory burst aktivitesinin
24, 48 ve 96 saatlerde, fagositik aktivitenin ise 12. saatten
itbaren hem dusik hem de yiiksek sicakliklarda tutulan
baliklarda azaldi§i belirflenmistir. Yine bu calismada 48.
saatten sonra disiik sicakliklarda tutulan baliklarin fagositik
aktivitesinin normal seviyeye geldigi fakat yliksek sicakliklarda
tutulan baliklarda béyle bir sonucun gézlemlenmedigi ifade
edilmistir. Bu arastirmacinin (Ndong vd., 2007) elde ettigi
bulgularin aksine Nikoskelainen vd. (2004), gékkusad
alabaliginda respiratory burst aktivitesinin sicaklikla arttigini,
Dittmar vd. (2014) ise 13, 18 ve 24 °C' de stoklanmis
Gasterosteus aculeatus tiri baliklarda respiratory burst
aktivitesinin ve lenfosit proliferasyonunun diisiik sicaklikta
arttigini, yuksek sicaklikta azaldigini bildirmiglerdir. Bu
calismada 18 °C sicaklikta tutulan fakat polen uygulanmayan
baliklarin NBT aktivitesi istatistiksel olarak énemli diizeyde
artmig, 28 °C sicaklikta tutulan fakat polen uygulanmayan
baliklarda ise &nemsiz bir sekilde azalmistir. Diger
galismalardan elde edilen bulgularla bu ¢alismadan elde edilen
bulgular arasindaki farkliligin nedeni baligin tird, sicakhk
degerlerindeki farklilik ve sicakligin uygulanma siresi olabilir.

Toplam plazma proteini nonspesifik immun sistemin
(Jeney vd., 1997), immunoglobulinler ise spesifik bagisikligin
en énemli humoral unsuru olarak kabul edilmektedir (Siwicki
vd., 1994). Memelilerde bes farkli immunoglobulin sinffi
bulunurken (Diker, 1998), baliklarda bunlardan sadece IgM'’ nin
varligi kesin olarak belirlenmistir (Darson, 1981). Bu ¢alismada
kontrol grubuyla ayni sicaklikta tutulan ve polen uygulanan
baliklarda, TP ve Tl dizeylerinin yikseldigi gozlemlenmistir.
Benzer sonuglar baska bir arastirmaci tarafindan da ifade
edilmig, farkli oranlarda polen igeren yemlerin uygulandigi
tilapia (Oreochromis niloticus)' larin total plazma protein
dizeyinde belirlenen artis istatistiksel olarak  énemli
bulunmustur (EI-Asely vd., 2014).

Ayrica bu galismada 18 °C sicaklikta tutulan fakat polen
uygulanmayan baliklarin TP ve Tl dlizeyleri istatistiksel olarak
onemli diizeyde azalmig, 28 °C sicaklikta tutulan fakat polen
uygulanmayan baliklarda ise 6nemsiz bir sekilde artmistir.
Baliklarda bagisikligin humoral faktdrlerinin yiiksek sicaklikla
artti§i belirtilmistir (Ndong vd., 2007). Langston vd. (2002),
Nikoskelainen vd. (2004) ve Holland vd. (2002) lizozim, C-raktif
protein ve komplement aktivitesi gibi humoral faktorlerin
baliklarda artan sicaklikla yikseldigini ifade ederken, buna
karsilik olarak lizozim aktivitesinin diisiik sicakliga transfer
edilen gipuralarda azaldigi belirtilmistir (Tort vd., 1998; Tort vd.,
2004). Genel bir fenomen olarak poikloterm bir canli olan
baliklarda su sicakligi ve antikor diizeyi arasinda dogrusal bir
iliski bulunmaktadir. Bu fenomen Dicentrarchus labrax,
Oreochromis aureus, Paralichthys olivaceus, Hippoglossus
hippoglossus, Pecoglossus altivelis, Oreochromis niloticus,
Gadus morhua ve Scophthalmus maximus tirlerini de igeren
birgok balik tirinde kanitlanmistir (Makrinos ve Bowden,

2016). Bununla birlikte baliklarda nonspesifik bagisiklik diistik
sicaklikta daha fazla aktivite gosterirken, spesifik bagisiklik ise
yiksek sicaklikta daha fazla aktive olmaktadir (Makrinos ve
Bowden, 2016). Yukarida ifade edilen galismalarla uyumlu bir
sekilde bu galismada da distk sicaklikla TP ve Tl diizeyi
azalmigtir. Fakat vyliksek sicakligin bu parametrelere
istatistiksel olarak herhangi bir etkisi belirlenememistir.

Bu calismadan elde edilen sonuclara bakilarak, sazanlarda
etkili bir immun fonksiyon igin sicakligin optimal sinirlar iginde
olmasi gerektigi ve bu sicakligin 23 °C oldugu, dusik ve
yiksek sicakligin Makrinos ve Bowden (2016) tarafindan
bildirilen ¢alismayla uyumlu olarak immun parametrelerde
dalgalanmalara yol actig1 gortlmektedir. Bununla birlikte dlistk
ve yliksek sicakliklarla birlikte polen uygulanan 18 °C + Po ve
23 °C + Po grubu baliklarda, polen uygulamasinin bir sonucu
olarak  sicaklik  farkiliklarinin ~ yol  agtigi  immun
parametrelerdeki dalgalanmalar engellenebilir. Diger taraftan
kontrol grubu (23 °C) baliklariyla kiyaslandiginda kontrol
grubuyla ayni sicaklikta tutulan ve polen uygulanan, diger bir
ifadeyle sicaklik degisimlerinden bagimsiz olarak yalniz polen
uygulanan gruptaki (23 °C + Po) baliklarda incelenen tiim
immun parametreler yikseldigi icin polenin sazanlarda bir
immunostimulan olarak kullanilabilecegi sdylenebilir.

Oksijenden tek elektron indirgenmesi sonucu olusan
serbest radikaller proteinlerin, lipitlerin, karbohidratlarin ve
nikleik asitlerin yikimina sebep olabilirler. Bununla birlikte
DNA’ ya zarar verme, enzimlerin aktivasyonunu ve membran
gegirgenligini bozarma diger olumsuz etkileridir. Doymamis
ya§ asitlerinin oksidatif yikimiyla meydana gelen lipid
peroksidasyon sonucu agida ¢ikan aldehitlerden biri olan MDA,
hiicrelerde olusan oksidatif zararin en dnemli gostergelerinden
birisidir (Bragadottir, 2001; Morales vd., 2004; Mise Yonar
2017b). Bu calismada da karaciger, bobrek ve solungag
dokusunda, farkli su sicakliklari uygulamasiyla meydana gelen
oksidatif stresin belirlenmesi igin MDA dlizeyindeki degisimler
arastiriimstir.

Dastan vd. (2017) 96 saat sireyle 0,5, 2,5, 5, 10, 20 ve 30
ppm konsantrasyonlarindaki polenin, alabaliklarda karaciger
MDA duzeyini tim deneysel gruplarda, dalak ve kalp MDA
dlzeyini ise 0,5 ppm grubu disindaki tim deneysel gruplarda
duslrdigind tespit etmiglerdir. Bu aragtirmacilarin (Dastan
vd., 2017) elde ettigi sonucun aksine Ferreira vd. (2012) bir
fungusit olan tebukonazoliin etkisindeki Rhamdia quelen tlr(
baliklarda, yalniz polenin uygulandigi grubun karaciger, bdbrek
ve beyin MDA diizeylerinde istatistiksel herhangi bir farklilik
belirlememiglerdir. Bu calismada da Dastan vd. (2017)
tarafindan elde edilen sonuglara paralel olarak, kontrol
grubuyla ayni sicaklikta tutulan ve polen uygulanan gruptaki
(23 °C + Po) baliklarin karaciger, bobrek ve solungag MDA
dlzeylerinin kontrol grubuna gére azaldigi belirlenmistir.

Su sicakliginin baliklarda olusturdugu stres konusunda
bazi caligmalar yapilmistir. Ornegin; Kontrol (24 °C) grubuna
gbre 20 °C ve 28 °C' lik sicakliklarin uygulandi§i pullu sazanin
karaciger ve bobrek dokusundaki MDA diizeyinin 6nemli
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duzeyde arttigi ifade edilmistir (Mise Yonar vd., 2013). Benzer
sekilde Vinagre vd. (2012), 16 °C' ye adapte ettikleri deniz
levrekleri (Dicentrarchus labrax)' nde su sicakliginin 18, 24 ve
28 °C' ye yiikseltiimesiyle kas MDA dizeyinin yikseldigini
bildirmiglerdir. Roche ve Bogé (1996) ayni balik tirlinde
oksidatif stres Uzerine sicakigin etkisini arastirdiklari
calismalarinda, lipit peroksidasyon ve katalaz aktivitesinin
termal stresle arttigini bulmuslardir. Hwang ve Lin (2002)
tarafindan yapilan bir calismada da 25 °C ve 35 °C' de 10 hafta
icin ayri ayri kultlr edilen sazanlarda hepatopankreas ve kas
dokusundaki TBARS (thiobarbituric acid reactive substances)
diizeyinin 35 °C' de tutulan baliklarda 25 °C' de tutulanlara
kiyasla arttigi, bu baliklara vitamin C uygulamasiyla bu
olumsuzlugun giderildigi belirlenmistir. Diger taraftan disik
sicakligin  baliklarda olusturdugu oksidatif stres de
arastirilmistir. Oregin 11 °C' den 8 °C' ye sicakligin
dustrilmesiyle strese sokulmus salmonlarin karaciger, bobrek
ve beyin dokularindaki lipid peroksidasyon dizeyleri
arastirilmig, 48. saatten itibaren MDA dizeyindeki artis en
yiksek bdbrekte en az karacigerde belirlenmistir. Bunun
nedeni de karacigerde vitamin E diizeyinin yiiksek, borekte ise
duslk olmasina baglanmistir (Welker ve Congleton, 2004). Bu
calismada da kontrol grubu (23 °C)' na kiyasla disik (18 °C)
ve yuksek (28 °C) sicaklikta tutulan fakat polen uygulanmayan
gruplarda MDA diizeyi istatistiksel olarak artmis ve yukaridaki
arastirmacilarin bulgulariyla paralel bulunmustur. Fakat diisiik
(18 °C) ve yiiksek (23 °C) sicakliklarda tutulan baliklara
kiyasla, disik ve yiiksek sicakliklarda tutulan ve polen
uygulanan (18 °C + Po ve 28 °C + Po) baliklarda MDA
diizeyinin azaldigi belirlenmistir. Polenin bu etkisi onun glglu
radikal temizleyici fonksiyonuyla (Eraslan vd., 2009) ve
yapisinda bulunan fenolik maddelerle (Leja vd., 2007)
agiklanabilir.

Baliklarda antioksidanlar diger yliksek omurgalilarda
oldugu gibi enzimatik ve non-enzimatik olarak siniflandiriliriar.
Baliklarda bulunan antioksidan enzimler, slperoksit radikali
(O2) ni temizleyen siperoksid dismutaz (SOD), hidrojen
peroksit (H202)' i temizleyen katalaz (CAT), H202 ve lipid
hidroperoksitleri yok eden glutatyon peroksidaz (GSH-Px) ile
glutatyona bagli diger enzimlerdir (Bello vd., 2000; Mourente
vd., 2002; Puangkaew vd., 2005).

Serbest radikaller ve peroksitlerle reaksiyona girerek
hiicreleri oksidatif stresten koruyan tripeptit karakterdeki GSH,
gok onemli bir antioksidan olup non-enzimatik ve endojen
oOzelliktedir. Protein yapisindaki stlfhidril gruplarini indirgenmis
halde tutan GSH bdylece gogu protein ve enzimin inaktive
olmasini énler (Hayes ve McLellan 1999). Diger taraftan GSH
ile elektrofilik gruplar arasindaki konjugasyonu katalizleyen
GST, ksenobiyotik ve endojen bilesiklerin detoksifikasyonu ve
biyotransformasyonunda gorevli faz Il enzim ailesinin bir
Uyesidir (Hamed vd., 2003).

Bu galismada kontrol grubuyla ayni sicaklikta tutulan ve
polen uygulanan baliklarda (23 °C + Po), GSH diizeyinin ve
GST aktivitesinin  kontrol grubuna (23 °C) gére arttigi
belirlenmistir. Ayni gruptaki baliklarin MDA dlzeyindeki

dususle de iliskili olarak antioksidan parametrelerde belirlenen
bu artig polenin glicli bir antioksidan oldugunu ve antioksidan
kapasiteyi arttirdigini  gostermektedir (Eraslan vd., 2009).
Dastan vd. (2017) tarafindan vyapilan bir ¢alismada,
alabaliklarin karaciger, dalak ve kalp dokusundaki total serbest
slfirid grup duizeylerinin polenin uygulamasiyla arttigi, polenin
toplam antioksidan kapasiteyi (TAS) artirarak total oksidan
kapasiteyi (TOS) dustrdigi belirlenmistir. Ferreira vd. (2012)
ise Rhamdia quelen turi baliklarda, polen uygulamasiyla
karacier GST aktivitesinin arttigi, bobrek GST aktivitesinin
dustligli, beyin dokusundaki GST aktivitesinin ise
etkilenmedigini ifade etmiglerdir. Yukarida adi gegen
arastirmacilarin elde ettigi sonuglar bu galismadan elde edilen
sonuglarla uyumlu bulunmustur.

Diger taraftan bu calismada distik (18 °C) ve yuksek (28
°C) sicakliklarda tutulan fakat polen uygulanmayan baliklarin
karaciger, bdbrek ve solungacindaki GSH diizeyi, kontrol
grubu (23 °C)' na gore disiik bulunmustur. Hwang ve Lin
(2002) 25 °C su sicakhiginda tutulan sazanlara kiyasla 35 °C'
de tutulanlarin hepatopankreas ve kas dokusundaki GSH
dizeylerinin azaldigini ifade etmiglerdir. Kisa streli yiuksek
sicaklik uygulanan Heteropneustes fossilis tiiri baliklarda
solungag GSH-Px aktivitesi ve GSH diizeyi azalmistir (Parihar
vd., 1997). Benzer sekilde yine dlstik (18 °C) ve yiiksek (28
°C) sicakliklarda tutulan ancak polen uygulanmayan gruplarin
karaciger, bdbrek ve solungacindaki GST aktivitesinin bu
calismada azaldigi belirlenmistir. Paralichthys olivaceus tliri
baliklarin karacigerindeki stiperoksit dismutaz (SOD) ve
katalaz (CAT) enzim aktivitesinin kontrol grubuna (25 °C) gdre
28, 30 ve 32°C' deki deneme gruplarinda uygulamanin 13. ve
19. guinlerinde distigu belirlenmistir (Lou vd., 2011). Kaur vd.
(2005) 3 saat igin sicakhgin 12 °C arttiriimasiyla 32 °C' de
strese sokulmus Channa punctata tiri baliklarda karaciger,
bdbrek ve solungag GST enzim aktivitesinin kontrol grubu (20
°C)' na gore azaldigini géstermislerdir. Fakat bu galismada
dustk ve yiksek sicakliklarda tutulan ancak polen uygulanan
baliklarin (18 °C + Po ve 28 °C + Po) karaciger, bobrek ve
solungacindaki GSH diizeyi ve GST aktivitesinin polen
uygulanmayanlara (18 °C ve 28 °C) kiyasla artti§1 bulunmustur.
Bunun nedeni kontrol grubuyla ayni sicaklikta tutulan ve polen
uygulanan grupta da (23 °C + Po) gosterildigi gibi polenin
serbest radikalleri temizlemesi ve antioksidan kapasiteyi
arttirmasinin bir sonucu olabilir.

Bu calismadan elde edilen sonuglara gére, baliklarin
ozellikle optimum araliklar digindaki gevresel sicakliga oldukga
duyarll  oldugu, immun sistem fonksiyonlarinin  ve
antioksidanlarin etkilerinin su sicakligiyla degistigi soylenebilir.
Polenin su sicakliinin neden oldugu immun ve antioksidan
parametreler Uzerindeki olumsuz etkileri dnleyebilecedi,
polenin baliklarda bir immunostimulan ve antioksidan olarak
kullanilabilece@i sonucuna varilabilir. Fakat farkli balik
tirlerinde, farkli sicakliklarda, farkli doz ve slrelerde polen
uygulamalarinin sonuglarina ihtiyag oldugu gortimektedir.
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Circulus (Mollusca-Gastropoda) species of the Turkish coasts with a note
on the presence of Circulus octoliratus (Carpenter, 1856)

Turkiye kiyilarinin Circulus (Mollusca-Gastropoda) turleri ve Circulus
octoliratus (Carpenter, 1856)’'un bulunusu hakkinda bir bilgi notu
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Abstract: The present study is dealing with three Circulus species recorded along the Turkish coasts (iskenderun Bay, Levantine coast of Tiirkiye). Of the
identified species, Circulus novemcarinatus and Circulus octoliratus are non-indigenous species originated outside the Mediterranean Sea, whereas Circulus
striatus is a native one distributed in the eastern Atlantic Ocean and Mediterranean Sea. While Circulus novemcarinatus was recorded at depths between 9
and 60 m, Circulus octoliratus and Circulus striatus were encountered at shallow depths (5-11.7 m, respectively). Within the present study some morphological
and distributional characteristics of the investigated species are described.

Keywords: Circulus, Gastropoda, morphology, distribution, iskenderun Bay, Tiirkiye

0Oz: Bu galismada Tiirkiye kiyilarindan (iskenderun Kérfezi) émeklenen Circulus tiirleri konu edilmektedir. Tayin edilen tiiferden Circulus novemcarinatus ve
Circulus octoliratus yabanci kokenli tirler olup, Circulus striatus ise yerli tirdiir ve Dogu Atlantik Okyanusu-Akdeniz dagiimlidir. Circulus novemcarinatus 9-
60 m arasindaki derinliklerde bulunmus olmasina karsin, Circulus octoliratus ve Circulus striatus s1§ derinliklerden drneklenmiglerdir (sirasiyla 5 ve 11,7 m).
Bu calismada, incelenen tirlerin bazi morfolojik ve dagilim ézellikleri ele alinmigtir.

Anahtar kelimeler: Circulus, Gastropoda, morfoloji, dagilim, iskenderun Kérfezi, Tiirkiye

INTRODUCTION

The genus Circulus was established as a subgenus of
Trochus with type species Delphinula duminyi Requien, 1848
(=Valvata striata Philippi, 1836) (Jeffreys, 1865). The
representatives of the genus are rather small molluscs having
a shell with smooth multispiral protoconch and a circular, flat
teleoconch with a wide and deep umbilicus. On the whorls
there are spiral cords only, of which some are prominent and
forming keels. The genus was described in detail by Oliver and
Rolan (2011).

In the studies carried out in the past (Fretter and Graham,
1962; Oliver and Rolan, 2011), the genus Circulus was
investigated within the family Tornidae (subfamily Circulinae)
than it was moved in the family Vitrinellidae (WoRMS, 2022),
which taxon was upgraded to family rank in the work by
Bouchet et al. (2017).

The present study is focusing on the morphologic and
distributional features of three Circulus species recorded along
the Turkish coasts.

MATERIAL AND METHODS

In the past two decades, various cruises and research

projects were performed in different areas along the Turkish
coasts and a large amount of benthic materials were collected.
Among the sampled materials from iskenderun Bay (Levantine
coast of Tirkiye) some Circulus specimens were found, which
are dealing with herein (Figure 1).

35°30°E 36°E
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36°50°N
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Figure 1. Map of the area where the investigated specimens were
sampled
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The material was sampled with a Van Veen Grab at depths
between 5 and 60 m on soft bottoms. The specimens belonging
to different species were deposited in the museum of the
Faculty of Fisheries at Ege University (ESFM), (izmir-Ttirkiye).

RESULTS AND DISCUSSION

SYSTEMATICS

Order: Littorinimorpha Golikov and Starobogatov, 1975
Family: Vitrinellidae Bush, 1897

Genus: Circulus Jeffreys, 1865

Circulus novemcarinatus (Melvill, 1906) (Figure 2)

Cyclostrema novemcarinatum; Melvill, 1906: 22, pl. 3, fig.
3, 3a (original description).

Circulus novemcarinatus; Janssen et al., 2011: 421, pl. 18,
fig.1.

Lodderia novemcarinata; Bosch et al., 1995: 38, fig. 64.
Lodderia novemcarinata; Oztiirk et al., 2015: 207, fig. 2.

Materials: Sta. 1, 11.07.2010, 9 m, sandy mud, 2 spm
(ESFM-GAS/2010-48); Sta. 1, 02.07.2014, 9 m, sandy mud, 3
spm (ESFM-GAS/2014-7); Sta. 2, 07.09.2019, 60 m, mud with
shell fragments, 2 spm (ESFM-GAS/2019-14).

Figure 2. Circulus novemcarinatus: dorsal and ventral views of a
specimen (da=ds=5.1 mm, sandy mud, 9 m)

The type locality of the species is Gulf of Oman (Melvill,
1906) and since 2010 Circulus novemcarinatus is known to be
distributed also in the Mediterranean Sea (Oztiirk et al., 2015).
Among the Circulus species encountered along the Turkish
coasts, C. novemcarinatus is characteristic with its shell much
stronger and more acute spiral carinae (keel), and more
evident growth striae between the spiral ribs. The first record
of the species from the Mediterranean Sea is based on the
work by Oztirk et al. (2015) where the species was
investigated in detail.

Circulus novemcarinatus is a non-indigenous species
distributed in Gulf of Oman, Persian Gulf, Arabian Sea and Red
Sea (Bosch et al, 1995; Janssen et al, 2011) and
Mediterranean Sea (Oztirk et al, 2015). The species is

considered among the established alien taxa being sampled
multiple times.

Circulus octoliratus (Carpenter, 1856) (Figure 3)

Cyclostrema octolirata Carpenter, 1856: 169, with type
locality Red Sea.

Circulus octoliratus (Carpenter, 1856); Janssen et al.,
2011: 422, pl. 18, fig. 2.

Circulus octoliratus (Carpenter, 1856); Ovalis and Mifsud,
2019: 267-270, figs. 1 A-C.

Material: Sta. 3, 11.07.2018, 7.3 m, sand, 1 spm
(36°51'22"N-35°54'57"E) (ESFM-GAS/2018-13).

Figure 3. Circulus octoliratus: different views of the sampled
specimen (A=B=C; h=0.5 mm; d=1.5 mm)

The type locality of the species is the Red Sea and it was
described as Cyclostrema octolirata by Carpenter (1856).
Then, Janssen et al. (2011) also recorded it from the same
locality and indicated that the species was common in several
localities in the Red Sea. Janssen et al. (2011), also mention
of some specimens from Philippinnes identical to C. octoliratus.
The species most probably entered into the Mediterranean via
the Suez Canal, and was first recorded from Tasucu in August
2018 (Turkish Levantine coast) and published by Ovalis and
Mifsud (2019). During marine sediment surveys carried out
near Haydar Aliev pipeline terminal jetty at Ceyhan (iskenderun
Bay, Levantine Sea) in July 2018, a single specimen of the
species was found in a sandy biotope at a depth of 7.3 m.

Circulus octoliratus is characteristic with a shell consisting
nearly of body whorl. Protoconch multispiral and smooth. The
transition scar to the teleoconch is evident. Teleoconch circular
and flat, with a wide and deep umbilicus. On the last whorl there
are eight spiral cords of which the subsutural one overlaps the
suture. Inside of umbilicus longitudinally striated. White in
colour.

Circulus octoliratus is distributed in the Red Sea and
Philippines (Janssen et al., 2011). In the Mediterranean, the
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first recorded locality of Circulus octoliratus should be
Iskenderun Bay (July 2018) instead of Tasucu (August 2018).

Circulus striatus (Philippi, 1836) (Figure 4)

Delphinula duminyi; Requien, 1848: 64.
Circulus costulatus; Locard, 1889: 283-307.
Skeneia striatula; Weinkauff,1862: 301-371, pl.13, figs 7-9.

Materials: Sta. 4, 14.09.2005, 5 m, sand, 1 spm (ESFM-
GAS/2005-150); Sta. 3, 04.08.2013, 7.3 m, sand, 1 spm
(ESFM-GAS/2013-211); Sta. 3, 02.07.2014, 11.7 m, sandy
mud, 1 spm (ESFM-GAS/2014-134).

Figure 4. Circulus striatus: ventral and dorsal views of the recorded
specimen (A=B; h=0.7 mm; d=1.3 mm)

Shell flat with about 3.5-4.0 convex teleoconch whorls.
Body whorl is about 90 % of the shell. Spire small and looks
like a bulge on the last whorl. Protoconch multispiral, smooth,
with no ornamentation and its end is less obvious. On the
whorls there are spiral cords not forming keels and they are as
width as the half of the interspaces. Umbilical side is almost
smooth or with less evident spiral cords. Aperture circular.
Umbilicus wide and deep with four or five umbilical cords.
Operculum corneous and rounded. The species was
investigated in detail by Oliver and Rolan (2011).

Circulus striatus is distinguished from the other congeneric
species distributed in the Mediterranean by having spiral cords,
not keels. The species is distributed in the eastern Atlantic
Ocean and Mediterranean Sea (Oliver and Rolan, 2011). Along
the Turkish coasts it was previously recorded from the
Levantine Sea (Bitlis et al., 2012), Aegean Sea (Demir, 2003)
and Sea of Marmara (Oberling, 1969-1971).
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0Oz: Yesil sentez olarak adlandirilan, nanopartikiillerin biyolojik kaynaklar araciligi ile sentezlenmesine olan ilgi son yillarda artis gdstermistir. Bunun temel
nedeni geleneksel yontemler olan fiziksel ve kimyasal yontemlerde indirgeyici ve stabilize edici ajanlar olarak yiksek miktarlarda toksik kimyasala ihtiyag
duyuluyor olmasidir. Daha cevre dostu ve insan sagligi icin tehdit olusturmayan bitki, fungus, bakteri, alg gibi organizmalar yesil nanopartikiil sentezi igin
alternatif kaynaklardir. Sucul mikroorganizmalar olan mikroalgler tretmis olduklari proteinler, vitaminler, pigmentler, yag asitleri, hicre igi- hticre disi
polisakkaritier gibi fonksiyonel ézellige sahip metabolitler sayesinde uzun yillardir gida, kozmetik ve ilag endiistrilerinde formiilasyonlara eklenmektedir.
Bunlarin yani sira, son yillarda yapilan galismalarla nanopartikiil sentezinde de yiiksek potansiyele sahip olduklari gorilmustir. Ozellikle metal iyonlarinin
depolanmasini ve detoksifikasyonunu yapabildiklerinden ve metal iyonlarini elementel hale indirgeyen hiicre igi ve hiicre digi metabolitlerce zengin
olduklarindan, metal nanopartikiillerin sentezi icin yiksek potansiyele sahiptirler. Son yillarda mikroalglerden nanopartikiil sentezine odaklanmis olan yayin
sayisi artmis ve pek ¢ok mikroalg tiriiniin glimds, altin, titanyum, ginko, demir vb. metal nanopartikiilleri hiicre igi ve hiicre disI yollarla sentezleme potansiyeli
arastiriimistir.

Bu derleme makale kapsaminda, nanopartikiil sentezi igin calisiimis olan mikroalg ve siyanobakteri tiirleri, kullanilan farkli sentez ydntemleri, nanopartikillerin
sentez mekanizmasi, temel karakterizasyon yontemleri ve yesil sentezle Uretilen nanopartikiillerin antimikrobiyal aktivitelerine odaklanilmistir.

Anahtar kelimeler: Nanoteknoloji, metal nanopartikiil, yesil sentez, mikroalg, antimikrobiyal aktivite

Abstract: Green synthesis of metal nanoparticles through biological resources has attracted attention in recent years. The main reason for that, a lot of toxic
chemicals as reducing and stabilizing agents are used in physical and chemical methods which are known as conventional methods. Organisms such as
plants, fungi, bacteria, and algae are alternative sources for green nanoparticle synthesis because of their more eco-friendly nature and not be a threat to
human health. Microalgae as aquatic microorganisms have been added into the formulations of food, cosmetics, and pharmaceutical for many years, due to
their high value-added metabolites such as proteins, vitamins, pigments, fatty acids, intracellular and extracellular polysaccharides. In addition, microalgae
have a high potential in biogenic nanoparticle synthesis because of their metal ions accumulation capability, phytoremediation potential, and rich in intracellular
and extracellular metabolites that will reduce metal ions to elemental state. In recent years, the number of studies, focused on silver, gold, titanium, zinc, iron,
etc. nanoparticle synthesis from many microalgae species by intracellular and extracellular pathways has increased.

This review article aims to provide a brief outline of microalgae and cyanobacteria species studied in the context of nanoparticle synthesis, different approaches
for nanoparticle synthesis from microalgae, the mechanism of nanoparticle synthesis, and basic characterization principles and antimicrobial activities of
nanoparticles produced by green synthesis.

Keywords: Nanotechnology, metal nanoparticle, green synthesis, microalgae, antimicrobial activity

GIRiS

Nano kelimesi kdken olarak Yunanca clice anlaminda
kullanilan “nanos” kelimesinden tiremistir ve glinimizde
metrenin milyarda birini ifade etmektedir. Bilimsel bir yaklagim
olarak ise nanoteknoloji, 1 nm ile 100 nm araliginda boyutlara
sahip ve her biri kendine has karakteristik 6zellikler gdsteren
parcaciklarin sentezini ve bu nano pargaciklarin farkli
disiplinlerde kullanim potansiyelini arastiran bir mihendislik
yaklagimidir (Hulla vd., 2015; Narayanan ve Sakthivel, 2010).
Malzemelerde boyut kiglildiikge ylzey alani ve ylzey enerjisi
arttigindan, nanometre boyutlarinda donma noktasi, kaynama
noktasl, renk, iletkenlik, kimyasal reaksiyon verme egilimi gibi
fizikokimyasal 6zellikler degismektedir. Nanomalzemelerin her
biri sahip oldugu 6zgin boyut, sekil ve yiizey plazmon

rezonansina gore farkli Ozellikler gOstermekte, bdylece
biyoteknoloji, uzay teknolojileri, malzeme teknolojisi,
biyomedikal, gida, kozmetik, tekstil, gevre, tarim, tip gibi
disiplinlerde genis bir kullanim alanina sahip olmaktadirlar
(Saifuddin vd., 2009; Rai ve Posten, 2013; Pantidos ve
Horsfall, 2014; Shah vd., 2015; Singh vd., 2016).
Nanomalzemeler ~ kapsaminda  siniflandirilan  metal
nanopartikiiller de endustriyel alanlardan saglik bilimlerine
genis bir yelpazede yenilikci gozimler getirmeleri ile glinden
gline daha fazla ilgi gérmekte ve bilimsel galismalar isiginda
geligtirilen ticari Grlnler son yillarda artis gostermektedir. Gida
endustrisinde; raf émrini uzatmak ve tlketime kadar olan
stiregte gidanin kalite ve guvenilirligini korumak amaciyla
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ambalajlama teknolojisinde nanomalzemeler kullaniimaktadir.
Ambalaj icerisinde hedeflenen gaz ve nem konsantrasyonunun
kontrolii igin nanosensorlerin gelistirilmesi, Grlinln tiketime
kadar olan slrecinde mikrobiyal glvenilirligini korumak
amaclyla ambalaj malzemesinin antimikrobiyal gimis
nanopartikilller ile kaplanmasi ve tat-koku bilesenlerinin
korunarak duyusal Ozelliklerin muhafazasi icin gida
bilesenlerinin enkapsiile ediimesi gida endistrisine yonelik
ticari potansiyeli arastirilan yaklagimlardir (Khezri vd., 2016).
Kozmetik formilasyonlarda kullanilan neozomlar, lipozomlar,
miseller, polimerik ve lipid bazli nanopartikiller, karbon
nanotlipler ve metal nanopartikiiller etken maddelerin
enkapsllasyonu veya sahip oldugu fonksiyonel Ozellikten
dolayi (antimikrobiyal, antioksidan vb.) son zamanlarda siklikla
kullaniimaktadir  (Mu ve Sprando, 2010). Kozmetik
formilasyonlarda etken madde olarak kullanilan ve stabilitesi
dusik olan vitaminler, yad asitleri, antioksidanlar
nanomalzemeler icerisine enkapsdle edildiginde stabiliteleri ve
cilde emilimleri arttigindan Grlnd ticari agidan iyilestirmektedir.
Bunun yani sira titanyum dioksit (TiO2) ve ¢inko oksit (ZnO)
nanopartikiller UV koruma 6zelliklerinden dolayi uzun yillardir
nano boyutlarda kozmetik rlinlere  eklenmektedir.
Nanomalzemelerin kozmetik pazarina girigi ilk olarak 1986
yilinda L'oreal tarafindan losyon ve jel krem formiilasyonlarina
niozomlarin  eklenmesi, Christian Dior tarafindan ise
lipozomlarin ilave edilmesiyle baglamistir (Mu ve Sprando,
2010). Biyomedikal calismalarda ise nanopartikiller ilag
tasima sistemlerinde nano-tagiyicilar olarak gérev yapmakta,
etken maddenin nano-taslyiciya baglanarak veya hapsedilerek
hedeflenen bdlgeye ulasmasi amaglanmaktadir. Erken tani
ajani veya tlimor hedefleme ajani olarak basta kanser olmak
Uzere cesitli rahatsizliklarin tani ve tedavisinde basarili
sonuglar vermektedirler (Singh, 2017; Taylek, 2017). 2012
yilinda yayinlanan bir calismada kloroplast metabolitleri
araciligiyla sentezlenen nano 6lgekli altin-glimis kompozitinin
elektrokimyasal ~ sensdrlerde  kullanildiginda  dlsuk
konsantrasyonlardaki 2-bitanon molekiilini tespit edebildigi
ve kanserin erken teshisini mimkun kildigi belirtimistir (Zhang
vd., 2012). Tekstil endistrisinde ise fonksiyonel tekstillerin
gelistirimesi igin nanoteknolojiden yararlaniimaktadir. Ozellikle
UV  koruma sagdlayan, antimikrobiyal &zellikli, kolay
temizlenebilir,  hidrofobik ~ kumaglarin  Uretimi igin
nanomalzemeler oldukga yiiksek potansiyele sahiptir. TiO2 ve
ZnO nanopartikiiller nano boyutlarda sentezlendiginde UV
absorplama  ozelligi  gosterdiginden yeni nesil  tekstil
urinlerinde kullaniimaktadir (Singh, 2017; Wong vd., 2006).

Nanopartikiillerin geleneksel yaklagimla sentezlenmesi

Sentezlenen nanopartikillerin sekil, boyut, kristalizasyon
gibi morfolojik Ozellikleri fizikokimyasal ~Ozelliklerini  de
etkilemektedir.  Ozellikle ticari  kullanimlarinda istenen
Ozellikleri sergileyebilmesi i¢in nanomalzemeler uygulama
alanina gdre farkli yaklagimlarla sentezlenmektedir (Pal vd.,
2011; Raab vd., 2011).

Nanopartikllerin ~ fiziksel ve kimyasal ydntemlerle
sentezlenmesi uzun yillardir bilinen ve uygulanan metotlar

oldugundan geleneksel ydntemler olarak adlandiriimaktadir.
Geleneksel sentez yontemleri yukaridan asadiya (top-down)
ve asadidan yukariya (bottom-up) olmak (zere iki temel
yaklasimda incelenmektedir. Yukaridan asagiya sentez
yonteminde, mekanik o6g§utme ile makro boyutlardaki
malzemeler 6gutllmekte ve nano boyutlarda malzemeler elde
edilebilmektedir. Asagidan yukariya yaklasiminda ise gaz
yogunlastirma, sol-jel teknigi, vakum uygulama, hidroliz gibi
kimyasal yontemler kullaniimaktadir (Raab vd., 2011). Fiziksel
ve kimyasal yontemler kullanilarak nanopartikillerin buyuk
Olceklerde distik maliyetli Uretimi mimkiin olmaktadir, bu
nedenle bilimsel arastirmalar ve endustriyel uygulamalarda
siklikla tercih edilmektedirler.

Bu avantajlarinin yani sira, geleneksel yontemlerde metal
iyonlarinin indirgenmesi, nanopartikil olusum sonrasi yiizey
modifikasyonu ve stabilitenin korunmasi igin indirgeyici ve
stabilize edici kimyasallar kullaniimaktadir. Kullanilan toksik
kimyasallar karsinojenik ve alerjenik oldugundan (retim
sonrasinda nanopartikillerin 8zellikle biyoteknolojik kullanim
alanlarini kisitlamaktadir. Bunun yani sira ticari tretimlerin
atigl olarak agida cikan ylksek hacimlerdeki kimyasallar
ekosisteme zarar vermektedir. Bu durum canli populasyonu ve
biyogesitlilik icin blytk bir tehlikeyi beraberinde getirecektir
(Narayanan ve Sakthivel, 2010; Pantidos ve Horsfall, 2014;
Shah vd., 2015; Thakkar vd., 2010).

Nanopartikiillerin yesil sentez yaklagimiyla sentezlenmesi

Geleneksel yontemlerde karsilagilan kisitlamalar ve son
yillarda insan sagli§ ve cevre konularinda artan biling,
nanopartikillerin Gretimi igin daha strdUrilebilir metotlarin
gelistiriimesini beraberinde getirmis ve stirdirilebilirlik hedefini
karsilayan “yesil nanoteknoloji” glinlimiizde oldukga ilgi ceken
bir konuma gelmistir. Yesil nanoteknoloji, metal iyonlarinin
biyolojik organizmalarin hiicre igi-hiicre disi metabolitleri
araciligiyla indirgenmesi  ve  biyolojik  polisakkaritlerle
kaplanarak stabilizasyonlarinin saglanmasini hedefleyen bir
yaklasimdir (Singh vd., 2016). Nanopartikiillerin yesil sentezi
icin  bitkiler, funguslar, bakteriler, virGsler, mikroalgler,
aktinomisetler gibi  biyolojik organizmalarin  hicre igi
metabolitlerini igeren ham ekstreleri, veya saflastiriimis enzim,
pigment, polisakkarit gibi biyomolekilleri, indirgeyici ve
stabilize edici ajan olarak kullanilabilmektedir (Shah vd., 2015;
Sharma vd., 2016; Singh vd., 2016).

Biyolojik organizmalarin  ¢ogunlugu sahip  olduklari
redliktaz enzimleri sayesinde metal tuzlarinin hiicre igerisinde
depolanmasini ve detoksifikasyonunu gergeklestirebilmektedir
(Singh vd., 2016). Bu &zellikleri ile hiicre igine aldiklari
metal iyonlarini indirgeyerek metal nanopartikillere
donustirebilmektedirler. Ayrica rediiktaz enzimlerini igeren
ham ekstre ile veya saflastinimis rediiktaz enzimleri ile hiicre
digi ortamda da metal iyonlarinin metal nanopartikillere
indirgenebilmesi mimkiin olmaktadir.

Geleneksel ydntemlere alternatif olarak, biyolojik sentez
yaklagiminda indirgeyici, stabilize edici kimyasallara gerek
duyulmadan nanopartikiill sentezi mimkiin olmaktadir.
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Metal nanopartikiillerin mikroalgler araciligi ile yesil sentezi

Bdylece daha yliksek saflikta, kimyasal kalinti icermeyen,
insan sagligi ve cevre ile biyouyumlu, daha strdirtlebilir
nanomalzemeler Uretilebilmektedir.

Mikroalgler araciligi ile yesil nanopartikiil sentezi

Genel terminolojide algler olarak tanimlanan makroalgler,
mikroalgler ve siyanobakteriler tatl, tuzlu ve sodali su
kaynaklarinda ve toprakta tek hiicre formunda veya koloniler
halinde yasayan fotosentetik canlilardir. Makroalgler ¢ok
hicreli, mikroalgler tek hucreli dkaryotik organizmalarken,
siyanobakteriler prokaryotik mikroorganizmalardir. Habitatlari
geregi donemsel olarak yiksek sicaklik, ylksek UV
radyasyonu, ylksek tuzluluk gibi ekstrem cevre sartlarina
maruz kaldiklarindan kendilerini koruyabilmek icin gesitli hiicre
ici ve hicre digi metabolit sentezlemektedirler (Borowitzka,
2013). Sentezledikleri polisakkaritler, yag asitleri, vitaminler,
pigmentler  (karotenoidler, fikobiliproteinler,  klorofil
pigmentleri), fenolik bilegenler vb. sayesinde zengin bir
hiicresel icerige sahip olduklarindan son yillarda alglere olan
ilgi yodunlasmis, pek cok ticari alanda farkl amaglarla
kullaniimaya baslanmistir. Ozellikle gida, tarim ve kozmetik
sektorlerinde mikroalgler ve metabolitierine olan ilgi glinden
guine artis gostermekte, dogala olan yonelim ve artan tiiketici
bilinci ile mikroalg tlirevli ticari trlin pazari da buylUmektedir.

Ticari potansiyellerinin yani sira yesil nanoteknoloji
kapsaminda da alglere olan ilgi son 10 yilda artmistir. Mikroalg
ve siyanobakterilerin  metal nanopartikillerin  biyojenik
sentezini arastiran bilimsel rapor sayisinda &zellikle 2010
yilindan  sonra artis  gorlilmektedir.  Mikroalgler ve
siyanobakteriler, fitoselatinler ve metallotioneinler gibi hicre igi
metal baglayici peptidlerinde ve polifosfat yapilarinda metal
iyonlarini depolama ve detoksifiye etme &zelligine sahiptirler.
Enzimatik detoksifikasyon, metal baglayici proteinlerin sentezi,
metallerin  ¢dzinmeyen kompleksler haline getirilerek
cOktlrilmesi gibi ydntemler ile mikroalglerin blylk ¢ogunlugu
agir metallere karsi tolerans gosterebilmektedirler (Onem,
2016).

Sahip olduklari detoksifikasyon mekanizmalari sayesinde
de mikroalgler metal iyonlarinin metal nanopartikiillere
indirgenmesinde bagsarili sonuglar vermektedir (Bkz. Tablo 1).
Yayinlanan raporlarda ¢ogunlukla calisiimis olan tirler,
Amphora sp., Euglena gracilis Klebs, 1883, Euglena deses
Ehrenberg, 1834, Chlorealla sp., Botryococcus braunii,
Chlamydomonas sp., Synechocystis sp., Synechococcus sp.,
Anabaena sp., Spirulina platensis'tir (Dahoumane vd., 2016).

Tablo 1 incelendiginde, literatirde calisilan metal
iyonlarinin ¢ogunlukla glimis iyonlari oldugu gérilmektedir.
Bunun yani sira bakir, altin ve titanyum metal nanopartikillerin
sentezlenmesine yonelik ¢alismalar da bulunmaktadir. Giimis

nanopartikillere ~ olan  ilginin  antimikrobiyal  aktivite
potansiyelinin ylksek olmasindan kaynaklandig
dusundimektedir.  Gumis iyonlarinin  mikroorganizmalar
Uzerine olan antimikrobiyal aktivitesi uzun yillardir

bilinmektedir. Yapilan galismalarda giimls nanopartikUllerin de
yiksek antimikrobiyal etkiye sahip oldugu gorilmektedir.
Bunun yani sira Caliskan vd. (2022) yayinladiklari ¢alismada
titanyum nanopartikillerin de antimikrobiyal, antistatik ve
antikarsinojen aktivitesi oldugu belirtilmistir. Zayadi ve Bakar
(2020) ise Chlorella sp. ve Spirulina sp. tirlerinin kuru
biyokitleleri ile altin  nanopartikillerin  sentezlenme
potansiyelini arastirmis ve 14 nm boyutunda kiresel
nanopartikller sentezlemiglerdir.

Sentezlenen nanopartikiillerin - fonksiyonel 6zelliklerini
aragtirarak antioksidan ve katalitik aktivite gosterdigini
belirtmiglerdir. ~ Farkli  tlrler kullanilarak farkli  metal
nanopartikillerin - sentezlendigi galismalar incelendiginde,
biytk ¢ogunlugunun Gretim optimizasyonu yapmamis oldugu,
belirlenen tek bir kosulda nanopartikiilleri sentezlemis oldugu
ve sentezlenen nanopartikiillerin kiiresel morfolojiye sahip
oldugu gérilmektedir.

Morfolojinin fonksiyonel aktivite Uzerinde etkili oldugu
bilindiginden, yapilan galismalarda sicaklik, stire, pH gibi farkli
Uretim parametrelerinin optimize edilmesiyle farkli morfoloji ve
boyutlarda nanopartikiillerin sentezlenerek ¢ok farkli uygulama
alanlarina hizmet edebilecegi disuniimektedir.

Sekil 1'de gosterildigi zere mikroalgal metabolitlerin
indirgeyici ve stabilize edici potansiyellerini arastiran
yayinlarda nanopartikiillerin olusumu igin farkli yaklagimlar
denenmektedir. Temel olarak hiicre i¢i ve hlcre digi
nanopartikil sentezi olmak Uzere iki yaklagim bulunmaktadir:

Hiicre i¢i diretim:

a. Hasat edilmis, yas veya kuru biyokitlenin kullanildigi, metal
iyonlarinin  bltilinsel hicre igerisine alinarak, hiicre igi
metabolitter ~ araciligiyla  indirgenmesi  ve  metal
nanopartikllerin olugumu

b. Blylmenin devam ettigi kiltire metal iyonlarinin ilave
edilerek, iyonlarin hiicre iginde depolanmasinin saglanmasi ve
kltirle es zamanli nanopartikll olusumu

Hiicre digi iiretim:

a.Supernatantin icerdigi hiicre disi metabolitler araciligi metal
iyonlarinin metal nanopartikiillere indirgenmesi

b.Hasat sonrasi ekstraksiyon yapilarak ham ekstrenin igerdigi
metabolitter araciigi ile  metal iyonlarinin  metal
nanopartikillere indirgenmesi

c.Ham ekstre icerisinden saflastinimis  biyomolekiliin
indirgeyici 6zelligi ile metal nanopartikiillerin sentezi

Pek cok mikroalg ve siyanobakteri tlir( kiiltirleri sirasinda dis
ortama hiicre disi metabolitler salgilayabildigi i¢in hiicre igi
nanopartikll sentezinin yani sira hiicre dis| ortamda da metal
iyonlarinin indirgenmesi ve nanopartikillerin sentezi mimkun
olmaktadir (Dahoumane vd., 2016; Sharma vd., 2016).
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Tablo 1. Mikroalgler araciligi ile sentezlenen metal nanopartikiller
Table 1. Metal nanoparticles synthesized by microalgae

Mikroalg Nanopartikiil Sentez yontemi Boyut Morfoloji Fonksiyonel 6zellikler Referans
Chlorella vulgaris AgCl Siipematant 9.8 nm Kresel Antimikrobiyal Aktivite ~ O1V@ erorﬁra vd.,
o Kuresel, tggen,
; i Kuru biyokutle-ham T ) Abdel-Raouf vd.,
Laurencia catarinensis AgNP ekstre 39 -77nm dlkacitcl)ggr?n, 2018
Yas biyokutle, yas )
Desmodesmus abundans, AaNP biyokiitle 18-127 ; 3 Mora-Godinez vd.,
Spirulina platensis g +siipernatant, -l nm 2022
slipernatant
Antibakteriyel aktivite, -
Trichodesmium erythraeum AgNP Ham ekstre 26.5nm Kiibik antioksidan aktivite, Sathishkumar vd.,
antikarsinojen etki 2019
Anabaena cylindrica CuO Ham ekstre 3.6 nm - Antimikrobiyal Aktivite Bhattaczrz)e;rgaa vd.,
Chlorella sp. AgNP Ham ekstre 85nm Kiiresel Urgtlijr%riﬁIie;;?tﬁrtr)]g/%rg?argjs?neli Yildirim vd., 2021
Shorela sp. AUNP Kuru biyokitle 14nm Kiresel ~ Antioksidanakiivie, katalitk 7, ;g 2020
B(ih/orella vulgaris,
otryococcus braunii, - .
Spirulina platensis, AgNP Ham ekstre 55 nm Kiiresel Fotokatag%vrﬁgé(i giderme Rajkumar vd., 2021
Amphora sp.
Nitzschia sp.
Antimikrobiyal aktivite,
Phaeodactylum tricornutum TiNP Siipernatant 50 nm Kiresel  antistatik aktivite, antikarsinojen Caliskan vd., 2022

etki

Kiiltiir hasads D -

Hiicre pargalama

- e \/
Vv

Sekil 1. Mikroalglerden farkli yaklagimlarla nanopartikiil sentezi
Figure 1. Various nanoparticle synthesis mechanisms via microalgae

Mikroalgal nanopartikiillerin sentez yontemleri nanopartikil ~ sentez ~ mekanizmasinin  tamamen
L o ] aydinlatilabilmesi igin her bir metale yonelik sentez
Hiicre i¢i nanopartikiil sentezi parametrelerinin g6z 6niine alinmasi, optimizasyon galismalari

Hicre ici nanopartikill sentezi icin iki yaklagim yapilarak - calisma t?zgljpde hangi kosullarda en  bagaril
bulunmaktadrr. ik yaklasim logaritmik biyime fazinda ~ Sentezin gerceklesebildigi tespit edimelidir.
bulunan kiiltir igerisine metal tuz ¢ozeltisinin eklenmesi ve Bir diger hiicre ici sentez yaklagiminda ise, istenen

kiltirle e~ zamanli  olarak  nanopartikil _sentezinin  piyokiitie miktari elde edildiginde Kiiltir hasat edimekte ve
gerceklesmesidir (Dahoumane vd., 2016). Bu sentez  pasat sonrasi biyokiitle yas olarak veya kurutularak metal tuz
yénteminde metal ¢ézeltisinin konsantrasyonu 6nemli bir cozeltisiyle siispanse edilmektedir. Olusan siispansiyonun
parametredir, ¢linki kullanilan metallerin byuk goguniuguagir  ontrollii kosullarda inkiibasyonu ile metal iyonlarinin hiicre
metaller oldugundan hiicreler lzerinde toksik etki yaratacak  membranindan iceriye girerek elementel hale indirgenmesi ve
kadar  yiksek ~konsantrasyonlar basarl ~ SOMUG  nanopartigillerin  sentez  basamaginin  hiicre  iginde
verememektedir. Bu nedenle metal tuz ¢dzeltisinin gerceklesmesi  saglanmaktadir (Dahoumane vd., 2016:

k?ns?‘nt.rgsyol?ununt optimizasyonu gerekmektedlir. ,,M?t,a! Wishkerman ve Arad, 2017). Her iki yaklagim da arastiriimis ve
ﬁozet.ls‘mw;( ”onlsan raiyonlu mlmk"l}t/?n"l shlra f“etal gozeltis mikroalg tdrlerinin hlicre i¢i metabolitlerinin farkli metal
acminin kulanfian mikroaigal KUlturun hacmine oian orani, iyonlarini indirgeme potansiyelleri incelenmistir.

pH, inkiibasyon s(resi, inkilbasyon boyunca karistirma hizi da
sentezlenen  nanopartiklllerin  aglomerasyon  egilimini, Wishkerman ve Arad (2017), Phaeodactylum tricornutum
nanopartikiillerin boyutunu ve fonksiyonel 6zelliklerini etkileyen ~ Bohlin, 1897 mikrolagini kullanarak giimis nanopartikillerin
diger parametrelerdir (Caliskan vd., 2022). Literatirde hiicre ii sentezlenme potansiyelini arastirmiglardir. Mikroalgal
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kiltlr ortamina degisen konsantrasyonlarda (0, 0.25, 0.5, 1,
1.5 mg/l) Ag* iyonu ilave ederek Uretim gergeklestirmis ve
taramali elektron mikroskobu (SEM) ile hiicre yiizeyinde
olusan nanopartiklleri gzlemlemislerdir. 0.5 ve 1 mg/l ve 1.5
mg/l giimis konsantrasyonunun hiicre blylimesini dikkate
deder oranda azalttigi gérlimustir. SEM ile hiicre yizeyinde
200 nm ve daha kiglk boyutlarda nanopartikiller
sentezlendigini gézlemlemislerdir. Yapilan denemeler sonrasi
glmids iyonlarinin hicre membrani ve sitoplazmada bulunan
enzimler, polisakkaritler, polifosfatlar ve karboksil gruplari ile
indirgenmis olabilecegini yorum olarak belirtmislerdir.

Baska bir calismada Chaetoceros calcitrans (Paulsen)
Takano, 1968, Isochrysis galbana Parke, 1949, Chlorella
salina Butcher, 1952 ve Tetraselmis gracilis (Kylin) Butcher,
1959 mikroalgleri kullanilarak farkli yontemler ile glimis
nanopartikillerin ~ (AgNP)  sentezlenme  potansiyeli
arastirimistir. ilk denemede iretim dncesi besi yerine 1 mM
AgNOs ilave edilmis ve hiicrelerin glimiis varliginda
inklibasyonu yapilarak hem hiicre biylimesi hem de
nanopartikiil olusumu takip edilmistir. ikinci denemede
logaritmik fazda bulunan kiiltlir hasat edilerek stipernatantin ve
yas biyokitlenin glimus iyonlari ile muamelesi saglanarak
AgNPler sentezlenmistir. Farkli bir deneme olarak ise
logaritmik fazdayken hasat edilen hiicreler ultrasonikasyon ile
parcalanmis ve 1 mM AgNO; metal ¢dzeltisi ile sispanse
edilerek nanopartiklil sentezi gerceklestirilmistir. Sentezlenen
AgNPlerin yiizey plazmon rezonansina bakilarak 420 nm
civarinda pik verdigi gorilmlstir. Ayrica sentezlenen
nanopartikilllerin -~ Proteus  vulgaricus, Escherichia  coli,
Klebsiella sp., Pseudomonas aeroginosa patojen bakterilerine
kars! antimikrobiyal etkisi de test edilmistir (Merin vd., 2010).

Kirmizi makroalg tiirii Lemanea fluviatilis (Linnaeus) C.
Agardh, 1811 ile yapilan ¢alismadan kuru biyokiitle kullanilarak
530 nm'de maksimum absorbans veren altin nanopartikiller
sentezlenmistir. Indirgenme reaksiyonu sonrasi kirmiziya
degisen rengin 3 ay boyunca korundugu belirtilmistir. Gegirimli
elektron mikroskobu (TEM) ile yapilan gdzlem sonucu
nanopartikiiller,n 5-15 nm c¢apa sahip oldugu gorilmus,
antioksidan aktivite testi de vyapilarak sentezlenen altin
Nanopartikillerin serbest radikalleri suplrme etkisi oldugu
ispatlanmistir (Sharma vd., 2014).

Hiicre digi nanopartikiil sentezi

Hiicre disi nanopartikllerin sentezi, ekstraksiyon sonrasi
elde edilen ham ekstre, saflastirimis biyomlekiller veya
klltrlin hasat ediimesi ile elde edilen sipernatantin indirgeyici
ortam olarak kullaniimasi ile gerceklesmektedir. Hicre igi
sentez ile karsilastirldiinda, nanopartikiil sentezi sonrasi
hiicre pargalama ve nanopartikulleri hticre kalintilarindan
ayirma gibi basamaklar olmadigindan islem kolayligi ve
zamandan kazan¢ sa@lamaktadir. Calismalarin  blyik
codunlugu hiicre ici senteze odaklanmis olsa da metal
nanopartikiillerin hiicre disi metabolitler araciligi ile sentezini
arastiran calismalar da son yillarda artis gOstermistir
(Dahoumane vd., 2016; Gallon vd., 2019; Caliskan vd., 2022).

Patel ve ark. 2015 yilinda yayinladiklar calismada 8
mikroalg ve 8 siyanobakteri tiirlinden hiicre ici ve hicre disi
AgNP sentezini arastirmiglardir. Uretim sonrasi hasat edilen
klltirden yas biyokutle ve stpernatanti indirgeyici ortam olarak
kullanmig, nanopartikil sentezi igin hem aydinlik hem karanlik
kosullarda inkibasyon gergeklestirmislerdir. Ek ¢alisma olarak
Limnothrix sp. 37-2-1 susundan saflastirdiklari C-fikosiyanin ve
Scenesmus sp. 145-3 susunun kiltlir sUpernatantindan
saflagtirdiklari  polisakkaritin - gtimiis iyonlarini indirgeme
potansiyelini arastirmiglardir. Karanlik kogullarin - aydinlik
kosula gére daha basarili bir indirgenme sagladigi yapilan UV-
Vis spektroskopik analiziyle tespit edilmigtir. Bunun yani sira C-
fikosiyaninin glimiis metalini indirgedigi fakat zamanla
pigmentin metal iyonlarindan dolay! denatiire oldugu da
belirtilmistir (Patel vd., 2015). En basarili sonucu Spirulina’dan
elde edilen C-fikosiyanin ile etmis, 13-31 nm aralijinda AgNP
sentezleyebilmiglerdir.

Gallén vd. (2019) Botryococcus braunii ve Auxenochlorella
pyrenoidosa (H. Chick) Molinari & Calvo-Perez, 2015
(=Chlorella pyrenoidosa H. Chick, 1903) tiirlerine ait kiiltiir
stipernatantindan hiicre digi polisakkaritleri saflastirmis ve
gumUs nanopartikillerin sentezi icin indirgeyici ve stabilize
edici kaynak olarak kullanmiglardir. 5-15 nm boyutlarda AgNP
sentezlemis ve (retilen nanopartikillerin  antimikrobiyal
aktivitelerini  arastirmiglardir.  GUmis  Nanopartikillerin
konsantrasyonuna bagli olarak patojen bakterilere karsi
antimikrobiyal etki gdsterdigini belirtmislerdir. Ayni zamanda
sentezlenen nanopartiklllerin insan dermal fibroblastlarina
kars! toksik bir etki gdstermedigini de sitotoksisite testleri ile
dogrulamiglardir.

Mikroalgal nanopartikiillerin sentez mekanizmasi

Metal iyonlari hiicre igi veya hiicre digi metabolitler araciligi
ile metal nanopartikiilleri olusturmak tizere indirgenmektedirler.
Biyolojik yollarla indirgenme ve nanopartikiilin olusum
mekanizmas! heniiz tam olarak aydinlatlamamis olsa da
yayinlanan raporlarda hlicre duvari, hilcre membrani
bilesenlerinin, hiicre i¢i ve hiicre digi enzimlerin, hicre igi
polisakkarit, protein ve enzimlerin indirgenme reaksiyonlarinda
aktif rol oynadidi belirtilmektedir (Bkz. Sekil 2) (Salunke vd.,
2016). Pozitif yikli metal tuzlari ve negatif yikli hlicre geperi
bilesenleri arasinda olusan elektrostatik kuvvet redoks
reaksiyonlari igin sUrlkleyici glcu olusturmakta, hiicre ici
bilesenler ise elektron tasiyici sistem olarak gérev almaktadir
(Skladanowski vd., 2017).

Sentez mekanizmasinin aydinlatiimasina yonelik yapilan
calismalar giimlis metali (izerine yogunlasmis, pozitif yiklu
glmis iyonlarinin indirgenmesi igin elektron tasima
sisteminden elektron aliminin  NADH bagimli rediktaz
enzimiyle katalizlenerek gerceklestigi belirtilmistir. NADH
molekilli NAD* olarak yikseltgenmekte, glimis iyonu da
elektronu alarak elementel gimise indirgenmektedir.
Elementel hale indirgenmis giimiis Nanopartikllerin hiicre igi
protein ve polisakkaritlerle kaplanmasi veya bag yapmasi ile
de stabilizasyonun saglandigi distintlmektedir (Nayak vd.,
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2016). Bunun yani sira gergeklesen redoks reaksiyonunun
basarisi da mikroorganizmanin bulundudu yasam evresine
goére de degisiklik gbstermektedir. Metal iyonlarinin metal
nanopartikilllere indirgenme basarisi ve dretim verimi erken
logaritmik fazda bulunan hiicrelerde logaritmik fazin sonlarinda
olan hiicrelere gbre daha yiiksek olmaktadir (Salunke vd.,
2016).

Hlcre digI sentez reaksiyonlarinda ise indirgenme

basamaklarinda ekzopolisakkaritlerin  etkin rol oynadig
dusuntimektedir.  Mikroalgler  tarafindan  sentezlenen
ekzopolisakkaritler gogunlukla negatif yikll sulfat ve

glukuronik asit gruplarindan olustugundan pozitif yikli metal
iyonlari icin indirgeyici ajan olarak gorev yagmaktadirlar.
Bunun yani sira polisakkaritler sentezlenen nanopartikilin
etrafini saran bir kaplayici ajan olarak da stabiliteyi artirici etki
gostermektedir (Lutzu vd., 2017).

/
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Sekil 2. Biyojenik nanopartikiillerin sentez mekanizmasi (Salunke vd.,
2016'den degistirilerek hazirlanmistir.)

Figure 2. Synthesis mechanism of biogenic nanoparticles (Modified
from Salunke et al., 2016)

Mikroalgler araciligi ile sentezlenen nanopartikiillerin
karakterizasyon teknikleri

Sentezlenmis olan Nanopartikiillerin  kullanim alanina
uygunlugunun tespiti igin farkli teknikler ile karakterize edilmesi
ve boyut dagilimi, sekil, yizey yiku gibi morfolojik dzellikleri ile
kimyasal 6zelliklerinin tespit edilmesi gerekmektedir. Her bir
nanopartikil sahip oldugu morfolojik &zelliklere gdre farkli
fizikokimyasal 6zellikler ve fonksiyona sahip olmaktadir, bu
durum da nanopartikiilin  potansiyel kullanim alanini
etkilemektedir. Ornegin ilag tagima sistemlerinde veya
kozmetik formulasyonlarda kullanilimak Uzere sentezlenmis
nanopartikillerin boyut arali§i ve nanopartikiillerle biyoaktif
bilesenler arasindaki elektrostatik kuvvetleri etkileyen ylzey
yuki islevsellik agisindan onemli parametrelerdir (Pal vd.,
2011).

Nanopartikillerin morfolojik dzelliklerinin karakterizasyonu

icin gogunlukla gegirimli elektron mikroskobu (TEM), taramali
elektron mikroskobu (SEM), atomik kuvvet mikroskobu (AFM)
gibi mikroskobik goriintileme metotlari  kullanilmaktadir.
Partikiillerin ylizey yUkiinin belirlenmesi ve slispansiyon
icindeki ortalama boyut dagiliminin élglimd igin zeta potansiyeli
ve dinamik isik sagilimi (DLS) y6ntemleri kullanilmaktadir.
Bunun yani sira metal iyonlarinin elementel hale indirgenmesi
ile sentezlenen nanopartikiiliin ylzey plazmon rezonansi her
metal igin karakteristik oldugundan, sentezlenme sonrasi
slispansiyonun maksimum absorbans verdigi dalga boyu
indirgenme reaksiyonunun gerceklestigi hakkinda 6n bilgi
vermektedir. Bu nedenle nanopartikiil sentezinin basarisina
dair hizli bir sonug verdiginden UV-Vis spektroskopik analizi de
metal nanopartikiillerin karakterizasyonu icin kullanilan bir
tekniktir (Djurisic vd., 2014; Pal vd., 2011). Kendine 6zgii yiizey
plazmon rezonansindan dolayi her bir metal nanopartikilin
kolloidal stispansiyonu da karakteristik bir renge sahiptir.
Omegin  giimils  iyonlan  gimis  nanopartikilllere
indirgendiginde siispansiyonun seffaf rengi saridan kizl
kahverengiye dogru degismektedir (Ahn vd., 2019). Benzer
sekilde titanyum nanopartikil olusumunda ise seffaf metal
gozeltisinin rengi nanopartikil konsantrasyonuna bagl olarak
kirik beyaz ile gri arasinda bir renk almaktadir (Caliskan vd.,
2022). Cinko ve demir nanopartikiil sentezinde ise metal
cozeltisinin seffaf rengi nanopartikil olusumunun basladigi
andan itibaren kahverengiye dénmektedir (Agarwal vd., 2019;
Dhandapani vd., 2020). Renk degisimi her bir metal iyonu igin
karakteristik oldugundan, metal iyonlarinin indirgenerek metal
nanopartikiillerin olusumu ve deneyin basarisi hakkinda kisa
stirede fikir vermesi agisindan bir indikatér gérevi gérmektedir.

Sentezlenen nanopartikillerin karakterizasyonu igin yaygin
olarak kullanilan bir diger teknik ise Fourier dontsimlU
kizilétesi spektroskopisi (FTIR)dir. Sentezlenen
nanopartikiilleri ve nanopartikller ile biyomolekdller arasindaki
kimyasal baglari tanimlayabilmek icin FTIR analizi
gerekmektedir (Agarwal vd., 2019; Dhandapani vd., 2020).
Ornegin TiOz, ZnO gibi metal oksit nanopartlkullerde O-Ti-O
baglarini veya Zn-O bagini temsil eden bag titresimlerinin
varligi ile sentezlenen nanopartikillerin molekiler yapisi
hakkinda bilgi sahibi olunmaktadir. Bunun yani sira
sentezlenen nanopartikller ile biyomolekiiller arasindaki
baglar da tanimlanarak hangi molekillerin nanopartikdil
sentezinde ve stabilizasyonun saglanmasinda gérev aldigi
belirlenebilmektedir (Agarwal vd., 2019; Dhandapani vd.,
2020).

Yayinlanan raporlar incelendijinde SEM ve TEM
mikroskopi teknikleri de nanopartikillerin boyut ve gseklini
belilemek igin en ¢ok tercih edilen karakterizasyon
teknikleridir. Fakat mikroskobik yontemlerde alinan sonuglar
taranan bdlgeye bagli oldugundan genel bir sonugtan ziyade
belirli bir bdlgeye 6zgi sonuglar alinabilmektedir. Bu nedenle
mikroskopi goruntilerinin yani sira ortalama partikil boyut
dagiimi hakkinda bilgi almak adina DLS ile de karakterizasyon
yapllarak elde edilen sonuglar dogrulanmalidir (Hassellov vd.,
2008; Pal vd., 2011).
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Mikroalgler araciligi ile sentezlenen nanopartikiillerin
antimikrobiyal aktiviteleri

Antibiyotikler yillardir bakteriyel enfeksiyonlari tedavi
etmek amaciyla kullanilmasina ragmen son zamanlarda
antibiyotiklere direncli bakteri sayisinda artis olmasi, yeni nesil
antibakteriyel ajanlarin giindeme gelmesini ve arastiriimasini
saglamistir. Glmds, bakir, altin, titanyum ve ginko gibi
metallerin uzun zamandir bilinen antimikrobiyal 6zelliklerinden
dolayr metal nanopartikillerin de antimikrobiyal aktivitesi
olabilecegi  duslnildiginden  nanopartikil ~ sentezine
odaklanan galismalarin blylk ¢ogunlugu antibakteriyel etkiyi
de arastirmigtir. GUimdas, titanyum dioksit, silikon, bakir oksit,
ginko oksit, magnezyum oksit ve kalsijum  oksit
nanopartikillerin antimikrobiyal etkisi in vitro galigmalarla
ispatlanmistir (Bhattacharyaa vd., 2019; Caliskan vd., 2022;
Silva Ferreira vd., 2017; Sathishkumar vd., 2019).

Nanopartikiillerin antibakteriyel etkisi henliz tam olarak
aydinlatilamamig olsa da iki temel yaklasim gegerliligini
korumaktadir:

1. Metallerin bakteri ile temasi sonrasi nanopartikil yizeyinden
cozlinerek metal iyonlarina donlismesi ve bakteri icin agir
metal toksisitesi yaratmasi.

2. Nanopartikill ylzeyinde reaktif oksijen tirlerinin (ROS)
olusmasina bagl oksidatif stresin meydana gelmesi (Besinis
vd., 2014).

Antibakteriyel aktivitesi test edilen metal nanopartikller
cogunlukla AgNP tzerine yogdunlagsmis olsa da altin, ginko,
titanyum metal nanopartikiillerinin de farkli bakteri tlirlerine
olan antibakteriyel etkileri bulunmaktadir. Antimikrobiyal etki
icin gram pozitif ve gram negatif bakteriler, patojen bakteriler
(gida patojeni vb.), antibiyotik direngli bakteriler ve funguslar
Uzerine calismalar yogunlagmistir. Antimikrobiyal aktivite
galismalarinda en sik rastlanan mikroorganizma tlrleri,
Streptococcus  mutans,  Escherichia  coli,  Salmonella
typhimurium,  Vibrio  parahaemolyticus,  Staphylococcus
epidermidis, Bacillus megaterium, Pseudomonas aeruginosa,
Staphylococcus aureus, Candida albicans, Aspergillus
fumigates, Aspergillus niger vb. tlrleridir (Dizaj vd., 2014).

Fiziksel karakterizasyon tekniklerine ilave olarak yesil
sentez yaklasimiyla sentezlenen nanopartikiillerde arastirilan
en vyaygin  biyo-fonksiyonel  Ozellk sahip olduklari
antimikrobiyal aktivitedir. Ozellikle gida ve biyomedikal
uygulamalar igin  sentezlenen nanopartikiillerin  hedef
mikroorganizmalar (izerinde antimikrobiyal aktivite gdstermesi
beklenmektedir. Bu nedenle giincel raporlarda hedeflenen
alana yodnelik mikroorganizmalar belirlenerek sentezlenen
nanopartikiillerin antimikrobiyal aktiviteleri test edilmektedir.
Algotiml ve digerleri, 2022 yilinda yayinladiklari galismada
Ulva rigida, Cystoseira myrica, ve Gracilaria foliifera algal

ekstrelerinin  glimls iyonlarini indirgeme  potansiyelini
incelemis ve 12-24 nm arasinda degisen gimis
nanopartikiiller  (AgNP)  sentezlemiglerdir.  Farkli  algal

kaynaklarla sentezledikleri AgNP’lerin farkli antimikrobiyal

aktiviteler gosterdigini, Ulva rigida ile sentezlenen AgNP’lerin
hem funguslar hem de bakteriler (zerinde en yiksek
antimikrobiyal ~aktiviteye sahip oldugunu belirtmislerdir
(Algotiml vd., 2022). Bagka bir ¢alismada ise Patel ve ekibi
glmis nanopartiklllerin antibakteriyel aktivitesinin partikdl
boyutuna bagli oldugunu belirtmistir. Yaptiklari calismada
nanopartikil  boyutu arttikca antimikrobiyal  aktivitenin
azaldigini gérmids, 10 nm'den daha biyik partikillerin
mikroorganizmalar ile ylizey temasinda azalmalar meydana
geldigi ve antimikrobiyal etki mekanizmasini
gerceklestiremedigi seklinde bir yorum yapmislardir (Patel vd.,
2015). Farkli kaynaklar aracihd ile dretilen glimis
nanopartikllerde farkli antimikrobiyal aktivitelerin gortilmesinin
temel sebebi, nanopartikiillere baglanan metabolitlerin farkli
olmasidir. indirgenme reaksiyonu boyunca nanopartikiiller
Uzerine stabilize edici ve kaplayicl ajan olarak baglanan
biyomolekdller her bir mikroalg icin farklilik gdsterdiginden,
elde edilen antimikrobiyal aktivitelerde de farkliliklar meydana
gelmektedir. Metal nanopartikiillerin antimikrobiyal aktivitesini
arastiran calismalarin blyik ¢ogunlugu gimis metaline
odaklanmis olsa da ¢inko, bakir, titanyum nanopartikiillerin
antimikrobiyal aktivitesi oldugunu dogrulayan calismalar da
bulunmaktadir  (Ali vd., 2020; Caliskan vd., 2022;
Bhattacharyaa vd., 2019; Zayadi ve Bakar, 2020). Caliskan ve
ark.  Phaeodactylum tricornutum  mikroalginin  kultlr
stipernatanti araciligi ile titanyum nanopartikilleri sentezlemis,
ardindan sentezledikleri nanopartikiilleri kitosanla kaplayarak
kitosanin  antimikrobiyal  aktivite  Gzerindeki  etkisini
incelemiglerdir.  Kitosan  kaplanmig  nanopartikiillerin
antibakteriyel aktivitesinde de artig oldugunu belirtmiglerdir
(Caliskan vd., 2022).

Sonug

Ozetlenecek olursa; bilisim sistemleri, uzay ve malzeme
teknolojisi, kozmetik, gida, tekstil enddstrileri, biyomedikal
uygulamalar gibi hayatin her alaninda karsimiza g¢ikan
nanopartikillerin yesil sentezi, daha temiz bir dlinya igin gevre
dostu ve strdurdlebilir Uretim yaklagiminda énemli bir paya
sahiptir. Bu ama¢ dogrultusunda, fotosentetik canlilar olan
mikroalgler de sentezledikleri hlcre i¢i ve hicre disi
metabolitler sayesinde yesil nanopartikll sentezi igin yiiksek
potansiyel gdstermektedirler. Agik havuz sistemleri veya kapali
fotobiyoreaktor sistemleriyle laboratuvar 6lgeginden ticari
Olceklere kadar kontrolli kosullarda ve ylksek verimlilikte
uretim potansiyeline sahip olmalari, agir metalleri hicre igine
alarak elementel hale indirgeyebilmeleri ve yiksek metal
konsantrasyonlarini tolere edebilmeleri sayesinde nanopartikill
sentezinde basarili sonugclar vermektedirler. Mikroalglerin bu
alandaki potansiyeli son yillarda fark edilmis ve yayinlanan
arastirma sayisi artis gostermis olsa da literatiirde hala tam
olarak aydinlatilamamis noktalar bulunmaktadir. Ozellikle
iyonlarin indirgenme mekanizmasi igin farkli yorumlar ve
varsayimlar olmasina ragmen, her metal igin hangi elektron
tasiyici sistemin gorev aldigi, hangi metabolitlerin hangi metal
iyonlarini indirgeyebildigi ve indirgenme yolaklari tam olarak
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aydinlatilabilmis degildir. Bu nedenle hiicre ici ve hiicre disi
sentezin yani sira her bir molekiiliin saflagtirilarak metal
iyonlarina olan etkilerinin incelenmesi ve her bir metal iyonuna
6zgl indirgenme yolaklarinin arastiriimasi gelecek galismalar
igin dnerilmektedir. Aydinlatiimasi gereken bir diger konu ise
pH, sicaklik, karistirma hizi, metal konsantrasyonu,
inklibasyon siiresi gibi farkli {retim parametrelerinin
nanopartikiillerin morfolojik yapisi ve fonksiyonel ézelliklerine
olan etkisinin arastirimasidir. ~ Yayinlanmig  galismalar
genellikle tek bir parametre (izerine odaklanmis olsa da birden
fazla parametrenin bir arada incelenmesi ve nanopartikil
sentezine olan etkileri arastirilarak optimizasyon ¢alismalarinin
yapilmasi gerekmektedir. Boylelikle sentezlenen
nanopartikiillerin sekil, boyut gibi morfolojik yapilari, dolayisiyla
fizikokimyasal Ozellikleri ve fonksiyonlari daha iyi kontrol
edilebilecek, istenen dzellikleri saglayan, hedeflenen uygulama
alanina spesifik nanopartikiiller daha kontrollii olarak
Uretilebilecektir.
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