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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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Investigations on the zooplankton distribution and composition of Isik
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Isikli Golu (Civril-Denizli/Turkiye) zooplankton dagilimi ve
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Abstract: In this study, the zooplankton distribution and composition of Isikli Lake, located in the Inner West Anatolia region of Tlrkiye, were examined
monthly between 2003-2005. Zooplankton samples were collected with Hydro-Bios plankton net (55 um) at the surface and fixed in formaldehyde (4 %).
Physiological parameters such as surface water temperature, pH, dissolved oxygen, and conductivity were also measured. Also, the frequency index (F %)
and the Brachionus / Trichocerca (Qsm were determined to assess the trophic composition of Lake Isikli. A total of 49 species have been identified. Rotifera
(55 %), Cladocera (27 %) and Copepoda (18%) were represented by the species. The maximum species was found in May 2004 (21 species), while the
minimum was found in October 2003 (5 species). Asplanchna priodonta, Keratella cochlearis, Keratella tecta, Polyarthra dolichoptera, Synchaeta pectinata,
Bosmina longirostris and Chydorus sphaericus are common species in the lake. The water temperature varied between 3.9-24.6 °C; pH ranged from 8.1 to
8.8; the electrical conductivity ranged from 341 pS/cm to 434 uS/cm; the dissolved oxygen values changed from 5.8 mg/L to 11.1 mg/L. According to the
frequency index (F %), the most dominant species are B. longirostris (74 %), K. cochlearis (62 %), A. priodonta (54 %), and C. sphaericus (51 %). A total of
20 species are reported for the first time from the region. Newly reported species from the lake were: the rotifers, A. priodonta, Brachionus angularis,
Brachionus calyciflorus, Colurella colurus, Keratella quadrata, Lecane clostrocerca, Lecane ludwigi, Lecane luna, Lecane lunaris, Lecane ohioensis, Lecane
quadridentata, Lecane sp., Mytilina mucronata, Notholca acuminata, Notholca squamula, Trichotria tetractis, the cladocerans Acroperus harpae, Daphnia
cucullata, and the copepods Eucyclops macrurus and Megacyclops gigas. Considering the Brachionus | Trichocerca (Qgr) ratio according to the Sladecek
(1983) index, the lake showed mesotrophic features.

Keywords: Mesotrophic level, Isikli Lake, Rotifera, Cladocera, Copepoda

0z: Bu galismada Tiirkiye'nin i¢ Bati Anadolu bolgesinde yer alan Isikii Goli'niin zooplankton dagilimi ve kompozisyonu 2003-2005 yillari arasinda aylik
olarak incelenmistir. Zooplankton érnekleri ylizeyden Hydro-Bios plankton agi (55 um) ile toplanmistir ve formaldehit (% 4) igerisine sabitlenmistir. Yiizey suyu
sicakhigl, pH, ¢oziinmiis oksijen ve elektriksel iletkenlik gibi bazi fizikokimyasal parametreler de dlgilmUstiir. Ayrica Isikli Goli'niin trofik kompozisyonunu
degerlendirmek amaciyla frekans indeksi (% F) ve Brachionus / Trichocerca (Qsr) belirlenmistir. Toplam 49 tiir tespit edilmistir. Rotifera (%55), Cladocera
(%27) ve Copepoda (%18) tiirleri tarafindan temsil edilmistir. Maksimum tiir Mayis 2004'te (21 tiir), minimum tir ise Ekim 2003'te (5 tlir) bulunmustur.
Asplanchna priodonta, Keratella cochlearis, Keratella tecta, Polyarthra dolichoptera, Synchaeta pectinata, Bosmina longirostris ve Chydorus sphaericus golde
yaygin olarak goriilen tiirlerdir. Su sicakligi 3,9-24,6 °C arasinda; pH 8,1 ila 8,8 arasinda; elektriksel iletkenlik 341 uS/cm ile 434 uS/cm arasinda; ¢ozinmus
oksijen degerleri 5,8 mg/L'den 11,1 mg/L'ye kadar degismistir. Siklik indeksine (% F) gore en baskin tirler B.longirostris (%74), K. cochlearis (%62), A.
priodonta (%54) ve C. sphaericus (%51)'dur. Bélgeden ilk kez toplam 20 tiir rapor edilmistir. Golde yeni bildirilen tiirler: rotifera, A. priodonta, Brachionus
anqularis, Brachionus calyciflorus, Colurella colurus, Keratella quadrata, Lecane clostrocerca, Lecane ludwigi, Lecane luna, Lecane lunaris, Lecane ohioensis,
Lecane quadridentata, Lecane sp., Mytilina mucronata, Notholca acuminata, Notholca squamula, Trichotria tetractis, cladocera Acroperus harpae, Daphnia
cucullata ve copepoda Eucyclops macrurus ve Megacyclops gigas. Sladecek (1983) indeksine gore Brachionus / Trichocerca (Qgrr) orani dikkate alindiginda;
g6l mezotrofik 6zellik gostermistir.

Anahtar kelimeler: Mesotrofik seviye, Isikli Golii, Rotifera, Cladocera, Copepoda

INTRODUCTION

In freshwater and aquatic ecosystems, zooplankton is an
essential component in the food web, carbon transfer,
suppressing phytoplankton abundance (Bozkurt and Geng,
2018; Colak and Alper, 2020; Karpowicz and Ejsmont-Karabin,
2021; Ozdemir et al., 2021). Cladocera, Copepoda and
Rotifera are the main representatives of zooplankton. While
zooplankton is an essential indicator of the health of the
ecosystem (Ates and Kirkagag, 2020), the Rotifera group is

also an important indicator of the water quality, pollution and
eutrophication process (Altindag, 2000). They are also highly
suitable for biological monitoring of water quality, as
environmental changes strongly influence them and because
of their rapid response to changes in water quality (Chalkia and
Kehayias, 2013; Saler and Selamoglu, 2020). Indeed, although
zooplankton is still not included, according to the
implementation of the EU Water Framework Working Directive

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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as a biological quality indicator for aquatic ecosystems, several
studies have shown its usefulness as an indicator of changes
in the trophic dynamics and ecological status of lakes related
to nutrient loading and climate changes (Jeppesen et al.,
2011). Zooplanktonic organisms constitute the primary food
source of fish in freshwater sources and they constitute the
leading food of many pelagic-feeding fish species and young
periods of demersal-feeding fish (Girleyen and Ustaoglu,
2017). Zooplanktonic organisms, which form the second food
pyramid ring in fresh waters, are essential in ensuring the
continuity of the material and energy cycle (Bulut et al., 2021).
Rotifera group is an indicator for determining water quality and
trophic status (Mufioz-Colmenares et al., 2021). Long-term
limnological studies, especially research on water chemistry
and zooplankton, are effective in the management of water
bodies (Nandini et al., 2008). It has been stated that the rotifer
community structure, which changes from lake to lake, can
indicate the lake's real-time environmental health (Umi et al.,
2017).

Isikl (Civril) Lake is within the scope of Class A wetland
according to the International Ramsar Convention. It is at an
altitude of about 800 m and its area is around 3500 ha. Itis fed
by Isikli Springs, Blylik Menderes River, Karanlik Creek and
Kufi Stream (Anonymous, 2022). When the studies carried out
in Isikli Lake are examined chronologically, the Civril Lake
limnological research project was carried out by Anonymous
(1992). In addition, there are limited number of zooplankton
studies that have been done before in Civril Lake (Glndliz,
1997; Aygen and Balik, 2005; Barinova et al., 2014). This
research aims to study the zooplankton species
comprehensively, to present them in detail with their monthly
distributions, and to compare the results with the previous state
of the lake. It is thought that the studies in which Rotifera,
Cladocera and Copepoda groups are presented as a whole will
form an important infrastructure for future studies in ecological
terms.

MATERIALS AND METHODS

Zooplankton sampling was carried out monthly from 2
stations in Isikli Lake between 2003 (only January, September,
October, November, December),2004 (all months from
January to December) and 2005 (January, February, March)
(Figure 1). Located in the Civril district of Denizli province, the
lake's average water level area is 64.53 km?, and its depth is 7
m. (Uysal et al., 2006). 1st station is close to the residential area
and there is no water inlet or outlet at this station. The ground
is loamy and the vegetation is sparse and shallow. 2" station
is the area where irrigation gates are located. There is a partial
water exchange. Gokgdl incoming water exits from the area
close to the steam station. There are aquatic plants and reeds,
and itis deeper than the 1t station. Zooplankton samples were
taken horizontally with a plankton net (mesh size of 55 um,
diameter = 57 cm), and samples were fixed with formaldehyde
(4%) immediately after collection in 250 ml bottles. Species
were examined under a binocular microscope (Olympus
model) and the species were determined to the species level

using the keys of Kiefer (1952, 1955), Dussart (1967, 1969),
Koste (1978), Negrea (1983), Smirnov (1996), Nogrady and
Segers (2002). Also, a zooplankton species checklist was
prepared according to Ustaoglu (2004) and Ustaoglu et al.
(2012). Soyer's (1970) frequency index (F %) was used to
define the frequency of species in the study area. Results were
determined as constant (F = 50%), common (50% > F = 25%),
or rare (F < 25%). Regardless of the Soyers index; few,
abundant and most abundant indicators expressed in Table 1.
The values are observed qualitatively at the stations every
month.  Brachionus/Trichocerca  coefficient (Qsm) was
calculated to evaluate the trophic structure of Isikii Lake. In this
formula, Sladecek (1983) stated that a quotient of 1 indicates
oligotrophic conditions, while a quotient between 1 and 2
corresponds to mesotrophic conditions, and a ratio of >2 is
encountered in eutrophic lakes. In the simultaneous study
where fishing research was carried out in Lake Iskli; Some
measurements of water quality were taken in July-December
2004 and January-March 2005. Water quality values are
presented additionally for data recording in the study.
Temperature and pH were recorded with a WTW electrode
sentix 41 pH meter, dissolved oxygen was measured with a
WTW CellOx-325 type oxygen meter, and electrical
conductivity was measured using a WTW tetracon 325 type
conductivity meter.

e5tnl

Isikh Lake

e5tn2

1km ﬁ

N

Sundurlu

Figure 1. The study area and stations (Stn 1: 38°14'44.6"N,
29°55'65.1"E; Stn 2: 38°12'40.9"N, 29°52'15.6"E)

RESULTS

A total of 49 species, 27 from Rotifera, 13 from Cladocera
and 9 from Copepoda, were identified in Lake Isikli (Table 1).
The most common group is Rotifera. The distribution of
zooplankton groups by stations is shown in Figure 2.

When evaluated according to the frequency index, 4 species
(F = 50%) were classified as constant, 8 species (50% > F =
25%) were classified as common, and 37 species (F < 25%)
were classified as rare. Among these dense species, B.
longirostris was determined with the highest frequency (74%)
in almost all months.
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Table 1. Zooplankton species list of Lake Isikli (2003-2005) (+: Few; a: Abundant; *: Most Abundant)

2003 2004 2005

Jan| Sep | Oct | Nov| Dec | Jan | Feb | Mar May| Jun | Jul | Aug| Sep | Oct | Nov| Dec | Jan | Feb | Mar

112|121 21212121 2{12{12|121 2121212121 2{12|12|1 2(F%
ROTIFERA
Asplanhna priodonta + + + ++ A + + % %k AAAA + + +++ 4+ 54
Brachionus calyciflorus + + + + 10
Brachionus angularis + + 5
Brachionus quadridentatus + 3
Colurella colurus + + 4+ 10
Euchlanis dilatata + + + + + + +  + 4|23
Keratella cochlearis + +++ + + + A+ ++ox+ + + ok ok ook x| 62
Keratella tecta + + + + + + 4+ o+ ++ o+ + |3
Keratella quadrata + + + + + ++ o+ 4+ + 4+ 4+ ++ A+ +[49
Polyarthra dolichoptera +++ o+ + + o+ + +4+ + +4+++++ +|46
Synchaeta pectinata + + + + + + +++A+++ |33
Testudinella patina + A + * + A+ ++ + 26
Lecane bulla + + + + + + 15
Lecane clostrocerca ++ + 4+ + + + 18
Lecane ludwigi + + + 8
Lecane luna + + o+ + + 10
Lecane lunaris + + +++ o+ + + 21
Lecane ohiensis + + + + (10
Lecane quadridentata + + + + 10
Lecane sp. + 3
Lepadella sp. + 3
Mytilina mucronata + + + + 8
Notholca acuminata + + + 8
Notholca squamula + + ++ +[13
Trichocerca similis + A+ + + + + 18
Trichotria pocillum + + + + + 13
Trichotria tetractis + + o+ 8
CLADOCERA
Acroperus harpae + + 5
Alona guttata + + + 8
Alona rectangula A * A+ + + + + + A+ ++ + + |38
Bosmina longirostris * b ok k% % k% o+ % + A+ A% A * x4+ AA*A+++++ x4 |74
Ceriodaphnia pulchella A+ + + + o+ A + + 23
Chydorus sphaericus * + + +  + A %+ + + T4+ 4+ 4% % % A5
Daphnia cucullata + + o+ + ++ o+ + + + 26
Daphnia longispina + 3
Diaphanasoma brachyurum + A + + + + A A + 23
Disparalona rostrata + * 5
Graptoleberis testudinaria + + 5
Pleuroxus aduncus A + + o+ 4+ 4+ +++ +4++++|36
Simocephalus vetulus + 3
COPEPODA
Eucyclops macruroides + + +| 8
Cyclops abyssorum A + o+ 8
Cyclops strenuus + A A+ 10
Cyclops vicinus + A+ o+ * + 15
Eucyclops serrulatus + 3
Eucyclops speratus + + 5
Eucyclops macrurus + 3
Megacyclos gigas + 3
Canthocamptus staphylinus — + + + o+ + + + + 21
Total species in months 15 7 5 13 9 17 6 13 M1 21 18 7 17 17 10 17 19 12 20 14
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Figure 2. Distribution of zooplanktonic groups in Lake Isikli

K. cochlearis (62%), A. priodonta (54 %), C. sphaericus (51%),
K. quadrata (49%), P. dolichoptera (46%), P. aduncus (36%)
and S. pectinata (33%) are other zooplanktonic organisms that
are frequently seen (Table 1). The most representative Rotifera
were Brachionidae (8 species) and Lecanidae (8 species).
Brachionus quadridentatus from Rotifera was only seen at
Station 1in September 2004, Lecane sp. at station 2 in October
2004, and Lepadella sp. at station 1 in March 2004.

The rotiferans recorded only during the autumn and winter
were B. quadridentatus, Lecane sp., Notholca acuminata, N.
squamula and Lecane ohiensis. The Cyclopoidae (8 species)
and Harpacticoidae (1 species) were observed between the
Copepoda. Copepoda species were most abundant, mainly in
the autumn and winter seasons. Eucyclos macrurus from
Copepoda was only seen at station 2 in September 2003, and
Megacyclops gigas was only at station 1 in January 2004.
Among the Cladocera, Chydoridae (7 species) and Daphniidae
(4 species) were the richest families. In addition, Daphnia
longispina from Cladocera was found only at station 1 in July
2004, and Simocephalus vetulus was found only at station 1 in
January 2004 (Table 1). When some physicochemical
measurements between July 2004 and March 2005 were
evaluated, it was determined that the conductivity was
maximum in December 2004, the water temperature was
maximum (24.6 °C) in August 2004, and the dissolved oxygen
was low (5.8 mg/L). Monthly average values of the stations in
water quality measurements are given in Table 2.

Table 2. Some physicochemical parameters of Isikli Lake (average
values of the first and second stations)

Monts [ e ) | e [
July-2004 225 76 341 8.7
August-2004 246 5.8 356 8.5
September-2004 19.3 9.3 356 8.7
October-2004 15.8 9.0 348 8.8
November-2004 5.0 111 357 8.6
December-2004 39 9.0 434 8.3
January-2005 5.7 122 414 8.3
February-2005 8.4 9.6 413 8.1
March-2005 10.5 104 389 8.2

DISCUSSION

In the previous study in Isikli Lake, some Cladocera
species (4 species) (Glndiiz, 1997) were reported. In addition,
there are studies published on Cladocera and Copepoda fauna
(28 species) in 2005 (Aygen and Balik, 2005), and on some
zooplankton groups (25 species) in 2014 (Barinova et al.,
2014). 49 species were identified in this study, the Rotifera
group being the dominant group of 55%. Compared to the
study of Barinova et al. (2014), 10 Rotifera species were similar
to the research results, while 5 Rotifera species were not found
in this study. However, 17 Rotifera species were identified for
the first time in this study. While 7 species from Cladocera were
similar to those of Barinova et al. (2014), and 6 Cladocera
species were identified for the first time in this study. C.
quadrangula and D. lacustris species were reported only in
Giindiiz (1997). While M. gigas from Copepoda was detected
only in this study, M. albidus, M. viridis, and A. robustus species
were found only in Glinduz (1997) (Table 3).

Sladecek, (1983) Rotifera index (QB/T) was studied in
different lakes. For example, Caygdren Reservoir (Balikesir/
Tarkiye) QB/T=1.5 (Celik et al., 2019); Kemer Dam Lake
(Aydin- Tlrkiye QB/T=1 (Tuna and Ustaoglu, 2016); River
Haraz (Northeast Iran) QB/T=1.5 (Jafari et al., 2011); Parana
River (Brazil) QB/T=1.3 (Golec-Fialek et al., 2021); Egirdir
Lake (Isparta, Tirkiye) QB/T=1.3 (Apaydin Yagci et al., 2014)
studies showed mesotrophic status in terms of zooplankton.
This research showed a uniform situation with the examples
given above QB/T=2.

Some zooplankton species identified in this study (A.
priodonta, K. quadrata, K. cochlearis, D. cucullata, C.
abyssorum) were determined in the study conducted in Kemer
Dam Lake (Tuna and Ustaoglu, 2016) with pH values of 7.97-
8.83, dissolved oxygen values varied between 7.5-10.5 mg/L,
water temperature values varied between 9.8-27.7 °C, and
conductivity values varied between 206-601 MSzsec. In
addition, in the study conducted in Gaygéren reservoir (Celik et
al., 2019), A. priodonta, K. cochlearis, B. longirostris, E.
speratus, C. vicinus, C. pulchella, D. longispina species; It has
been determined that they live in the pH range of 8.2-11.1 and
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temperature range of 4-26.6°C. In this study, the mentioned
species had pH 8.1-8.8, dissolved oxygen values 5.8-12.2
mg/L, temperature 3.9-24.6 °C, and electrical conductivity
values between 341-434 uS/cm. As seen in the Isikli Dam lake,
most lakes and dam lake ecosystems are dominated by
Rotifera, followed by the Cladocera and Copepoda groups
(Tuna and Ustaoglu, 2016; Tugyan and Bozkurt, 2019; Golec-
Fialek et al., 2021; Bulut et al., 2021). Calanoid and cyclopoid
copepod species are important criteria in defining water

resources' quality and trophic status (Mufioz-Colmenares et
al., 2021). It has been reported that Cyclopoid copepod
predation may be effective in hypertrophic waterbodies (Sarma
et al.,, 2019). Among determined species P. dolichoptera, K.
cochlearis, B. quadridentatus, B. angularis, B. calyciflorus, B.
longirostris, C. sphaericus, G. testudinaria are the most well-
known indicators of mesotrophic-eutrophic waters (Frutos et
al., 2009; Apaydin Yagci et al., 2014; Tuna and Ustaoglu,
2016; Macédo et al., 2019).

Table 3. Chronological change of zooplankton in Isikli Lake (e: present in the related study)

Species

| Giindiiz (1997) | Aygen and Balik (2005) | Barinova etal. (2014) | This study

ROTIFERA

Asplanchna priodonta Gosse, 1850
Brachionus anqularis Gosse, 1851
Brachionus calyciflorus Pallas, 1776
Brachionus quadridentatus Hermann, 1783
Colurella adriatica Ehrenberg, 1831
Colurella colurus(Ehrenberg, 1830)
Euchlanis dilatata Ehrenberg 1832
Hexarthra mira Hudson, 1871
Keratella cochlearis Gosse, 1851
Keratella tecta Gosse, 1851

Keratella quadrata (Muller, 1786)
Lecane bulla Gosse, 1886

Lecane closterocerca (Schmarda, 1859)
Lecane ludwigi (Eckstein, 1883)
Lecane luna (Muller, 1776)

Lecane lunaris (Ehrenberq, 1832)
Lecane ohioensis (Herrick, 1885)
Lecane quadridentata (Ehrenberg, 1830)
Lecane sp.

Lepadella sp. )

Mytilina mucronata (Miller, 1773)
Notholca acuminata (Ehrenberg, 1832)
Notholca squamula (Miller, 1786)
Polyarthra dolichoptera |delson, 1925
Polyarthra vulgaris Carlin, 1943
Synchaeta oblonga Ehrenberg, 1831
Synchaeta pectinata Ehrenberg, 1832
Testudinella patina Herman, 1783
Trichocerca longiseta Schrank, 1802
Trichocerca similis Wierzejski, 1893
Trichocerca pusilla Harring, 1913
Trichotria pocillum Muller, 1773
Trichotria tetractis (Ehrenberq, 1830)

CLADOCERA

Acroperus harpae (Baird, 1834)

Alona guttata Sars, 1862

Coronatella rectanqula Sars, 1862

Alona (Biapertura) affinis (Leydia, 1860)

Bosmina longirostris (O.F. Muller, 1785) .
Ceriodaphnia pulchella Sars, 1862

Ceriodaphnia quadrangula (O.F. Miller, 1785) .
Chydorus sphaericus (O.F. Miller, 1785)

Daphnia cucullata (GO Sars, 1862)

Daphnia longispina O.F. Miiller, 1785 .
Diaphanosoma brachyurum (Lievin, 1848)

Diaphanasoma lacustris (Korinek, 1981) .
Diaphanosoma mongolianum Ueno, 1938

Disparalona rostrata (Koch, 1841)

Groptoleberis testudinaria(Fischer, 1851)

Leydigia leydigi (Schoedler, 1863)

Macrothrix laticornis (Jurine, 1820)

Moina micrura Kurz, 1874

Pleuroxus aduncus Baird, 1850

Simocephalus vetulus (O.F. Mller, 1776)

COPEPODA

Macrocyclops albidus (Jurine, 1820)

Eucyclops serrulatus (Fischer, 1851)

Eucyclops speratus (Lillieborg, 1901)

Eucyclops macrurus (GO Sars, 1863)

Eucyclops macruroides Lillieborg, 1901

Metacyclops gracilis (Lillieborg, 1853)

Mesocyclops leuckarti (Claus, 1857)

Cyclops vicinus Uljanin, 1875

Cyclops abyssorum Sars, 1863

Cyclops strenuus Fischer, 1851

Megacyclops gigas (Claus, 1857)

Megacyclops viridis Jurine, 1820

Acanthocyclops robustus (Sars, 1863)

Canthocamptus staphylinus (Jurine, 1820)
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CONCLUSION

According to the results of this study, Isikli Lake showed
mesotrophic characteristics in terms of zooplankton.
Compared to the previous studies in the lake, the zooplankton
fauna was comprehensively studied in this study and
contributed to the biodiversity fauna of Tirkiye. The fact that
the number of species of the Rotifera group was dominant
compared to Cladocera and Copepoda and, when evaluated in
terms of species, showed that the trophic structure of the lake
was mesotrophic. The dominance of the Cyclops group, which
is one of the eutrophic species, shows that the lake may
progress from the mesotrophic feature to the eutrophic state.
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Abstract: In this study, the morphology of the sagittal otolith of Salmo coruhensis Turan, Kottelat & Engin, 2010 and Salmo fahrettini Turan, Kalayci, Bektas,
Kaya & Baycelebi, 2020 from Cam Stream (Artvin) and Terme Stream (Samsun) was described by images of scanning electron microscopy. Its shape and
contour were also analyzed with shape indices, elliptic Fourier coefficients and wavelet transforms. As the study material, a total of 30 S. coruhensis sample
and 20 S. fahrettini sample were obtained. Interspecies differences in otolith shape and morphometry were evaluated by principal components analysis,
canonical discrimination analysis, and permutational multivariate analysis of variance. The two salmonid species studied were distinguished by both
morphometric and shape analysis methods. However, wavelet transform was found to be more effective than shape indices and elliptic Fourier coefficients
in species discrimination, with an overall classification success rate of 80%. Our results showed that saccular otolith morphology could be an additional
diagnostic character for trout species differentiation.

Keywords: Otolith, shape indices, elliptic Fourier coefficients, wavelet transform, Salmonid

Oz: Bu calismada, Terme Cayi (Samsun) ve Cam Deresi (Artvin)'nde yasayan Salmo coruhensis Turan, Kottelat & Engin, 2010 ve Salmo fahrettini Turan,
Kalayci, Bektas, Kaya & Baycelebi, 2020 tirlerinin sagittal otolit morfolojileri taramali elektron mikroskobu gorintiileri ile tanimlanmigtir. Otolit sekli ve dis
hatlari ayrica, sekil indeksleri, eliptik Fourier katsayilari ve dalgacik déntisiimii ile analiz edilmistir. Calisma materyali olarak toplamda 30 S. coruhensis
sample ve 20 S. fahrettini 6regi elde edilmistir. Otolit sekli ve morfometrisindeki tiirler arasi farkliliklar, temel bilesenler analizi, kanonik ayrim analizi ve gok
degiskenli varyans analizi ile degerlendirilmistir. Caligilan iki salmonid tiiri hem morfometrik hem de sekil analizi yontemleriyle ayirt edilmistir. Bununla
birlikte, dalgacik donistimintin tir ayriminda sekil indeksleri ve Fourier katsayilarindan daha etkili oldugu ve genel siniflandirma basari oraninin %80

oldugu bulunmustur. Sonuglarimiz sakkular otolit morfolojisinin alabalik tiirlerinin farklilasmasinda ek bir tanisal karakter olabilecegini gostermistir.
Anahtar Kelime: Otolit, sekil indeksleri, eliptik Fourier katsayis, dalgacik dontistmu, alabalik

INTRODUCTION

Taxonomy and systematics are the cornerstone of all
biological sciences. Many morphological traits, for example
hard elements like otoliths, scales, and bones, are used by
taxonomic investigations in ichthyology to identify species
(Kontas et al., 2020; Kikuchi et al., 2021; Akbay et al., 2022;
Mejri et al., 2022; Jawad et al., 2022). These hard structures
are one of the most useful anatomical features for various
research of fish, leading to many practical applications
(Schulz-Mirbach et al., 2019; D’lglio et al., 2022). These
studies range from ichthyology to paleontology, geology,
archeology, zoogeography, and ecological analyses of
predator fish.

Globally, the family Salmonidae is divided into three
subfamilies; Coregoninae, Thymallinae, and Salmoninae. It is
well known that species of salmonids (family Salmonidae),
including  those from genus Salmo, Parasalmo,
Oncorhynchus, and Salvelinus, exhibit a variety of
anadromous behaviors and habitat preferences (Savvaitova,
1989; Thorpe, 1994; Pavlov et al., 1999; Pavlov and
Savvaitova, 2008). Genus Salmo is found throughout Europe,
extending southeast into Africa to Morocco and eastwards
into upper Amu Darya drainage of Afghanistan (Kottelat,
1997) and widespread in the almost all cold streams and
rivers of (Turan et al, 2021). Trouts are economically

important, therefore overfishing has a severe impact on
Salmo populations. There are 16 species of trout described
as living in TUrkiye in the literature (Turan et al., 2009; Turan
et al., 2014 a, b; Turan and Aksu, 2021; Turan et al., 2021).
Salmo coruhensis Turan, Kottelat & Engin, 2010 is described
from the lower and the middle part of the streams and rivers
of south and southeastern Black Sea. Additionally, it is well-
known in the region that is between the Coruh drainage in the
east and the Yesilirmak drainage in the west. According to
Turan et al. (2009), S. coruhensis is known from streams
flowing to the southeastern Black Sea coast in Tirkiye. For
this reason, the trout species in the relevant area should be S.
coruhensis. However, Yilmaz et al. (2021) reported Salmo
fahrettini Turan, Kalayci, Bektas, Kaya & Baygelebi, 2020, an
endemic fish, is distributed in the northern tributaries of the
Euphrates River and from Samsun, too. Numerous taxonomic
research on Salmo species have been realized because of
Anatolia's geographic, geological, and geomorphological
significance as a center of speciation.

Otoliths can be utilized to identify the species of trout,
according to previous investigations (L'Abée-Lund and
Jensen, 1993). However, there are limited studies in Tiirkiye
that reveal the otolith morphology of trout species (Yildiz and
Yilmaz, 2021) and examine the effectiveness of this
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morphology in species differentiation. Studies on the otolith
morphology of trout will contribute to the issue of whether they
are an additional taxonomic character in solving the problems
related to the taxonomy of existing species. In this study, it
was aimed to (i) describe otolith morphology of S. coruhensis
and S. fahrettini (i) contribute to the realization of species
distinctions by determining the difference between the otolith
morphologies of two salmonid species using otolith
morphometric descriptions, Fourier and wavelet analyzes.

MATERIAL AND METHODS
Sampling

S. coruhensis (n= 30, mean TL+SD, 15.47 + 3.93 cm TL)
and S. fahrettini (n = 20, mean TL£SD, 13.67 + 4.09 cm TL)
individuals were collected from Cam Stream (Artvin) and
Terme Stream (Samsun) using SAMUS 725 MP
electroshocker, respectively. The care and use of
experimental animals, sampling and analysis techniques used
in this work are approved by Ondokuz Mayis University
Animal Experiments Local Ethics Committee with decree no
“2017/38". For each sample, a total length (TL, nearest to 0.1
cm) was recorded. A pair of sagittal otoliths (sagitta) were
extracted and cleaned with 70% ethanol to remove any
additional membranes or surface residues and stored in
labelled eppendorf tubes.

Otolith preparation and imaging

Because of there were no statistical differences between left
and right otolith pairs (P>0.05), left sagittal otolith was chosen
for analysis. Each left sagitta was positioned with the sulcus
acusticus facing upward and the rostrum facing right. Two-
dimensional digital images of the otoliths were captured with
Leica DFC295 camera. High-contrast digital photos were
produced using reflected light. Otoliths were captured on
camera as a white silhouette against a dark background (Col
and Yilmaz, 2022). Also, sagittal otoliths were photographed
from their proximal surfaces under a scanning electron
microscope for morphological identification (SEM-JEOL JSM
7001 F) (Figure 1). The morphological terminology used for
the sagittal otoliths is based on Tuset et al. (2008), and Lin
and Chang (2012). SEM photographs were conducted at
KITAM, Ondokuz Mayis University.

Morphometric analysis

Leica Application Suit ver. 3.8 Imaging Software was used
to calculate the sagittal otolith length (OL), otolith height (OH),
otolith perimeter (OP), and otolith area (OA) (£0.001 mm).
Due to allometric correlations, the otolith shape indices, which
are utilized as dimensionless markers of otolith form, can still
be influenced by fish size. To remove the effects of fish size
on otolith parameters, the following formula was used to
standardize all otolith measurements:

Y= Yix (Xo/ X,

where, Y/ is the standardized parameter; Y; is the original
parameter; Xp is the mean total length for all specimen (14.75

cm); Xiis the total length of each specimen; b is the slope of
the regression between log Yi and log Xi , respectively (Elliott
etal., 1995; Lleonart et al., 2000).
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Figure 1. The proximal surface of left sagittal otolith of S. coruhensis

(24.0 cm TL of fish), illustrates various features described in the text.
D: Dorsal, V: Ventral, A: Anterior and P: Posterior

These standardized measurements were then used to
calculate the following shape index parameters (Sls): aspect
ratio (AR), form factor (FF), circularity (C), rectangularity
(REC), roundness (RO) and ellipticity (E) according to Tuset
et al. (2003) and Ponton (2006).

First of all, normality and homogeneity of variance were
determined for each data set using Shapiro-Wilk and
Levene's tests. An independent two-sample t-test was used to
compare the otolith shape indices of S. coruhensis and S.
fahrettini. Since the multicollinearity problem was detected
between Sls, a principal component analysis (PCA) based on
the variance-covariance matrix was performed to reduce the
dimensionality of data (Sadighzadeh et al., 2014; Col and
Yilmaz, 2022). Principal component scores (PCs) were used
in a canonical discriminant analysis (CDA, Box's M test, P =
0.183) to distinguish species (Song et al., 2018). One-way
PERMANOVA (Anderson, 2001) based on Euclidean distance
was used for Sls comparisons between S. coruhensis and S.
fahrettini.

Shape analyses

Both the wavelet transform (WT) and the elliptic Fourier
analysis were used to assess the otolith's shape. The
software Shape 1.3 (lwata and Ukai, 2002) was operated to
calculate the elliptic Fourier coefficients (EFCs) from two-
dimensional otolith images. The EFCs were made to be
invariant to variations in otolith size, orientation, and starting
point by normalizing them in accordance with the first
harmonic. The Fourier power spectrum was also employed to
assess the number of harmonics necessary to effectively
represent the otolith shape (Crampton, 1995). 32 Fourier
coefficients were used to represent otolith shape of S.
coruhensis and S. fahrettini, with the first eight harmonics
accounting for 99.99% of the cumulative power. However, the
first three coefficients were degenerated during the
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normalization procedure. Thus, the total number of EFCs was
determined as 29 (4 x 8 - 3). An analysis of covariance
(ANCOVA) was used to determine the effect of fish length on
the EFCs. Because two EFCs (b2 and d2) were significantly
different between species (ANCOVA, P < 0.05), these
coefficients were not used in the further analysis. As two (d1
and c2) of the remaining EFCs exhibited significant linear
correlation with fish size, they were standardized according to
the following formula (Song et al., 2018):

Yi* = Yi+ b (Xo—X).

Also, a PCA analysis was carried out to minimize the
dimensionality of the data and identify the effective EFCs
because multicollinearity problems were not found among the
EFCs (Sadighzadeh et al., 2014; Col and Yilmaz, 2022). The
CDA (Box’s M test, P = 0.063) was performed using raw data
to compare otolith shape variations between two salmonid
species. Also, the one-way PERMANOVA was used to
assess inter-species differences.

Otolith shape analysis depending the WT is based on
enlarging the contour into a family of functions derived as the
translations and elongations of a specific function called as a
mother wavelet (Mallat, 1991). A total of 512 equidistant
Cartesian coordinates of the otolith was extracted, being the
rostrum the origin of the contour (Parisi-Baradad et al., 2005,
2010). Each contour generated nine wavelets depending on
the degree of otolith detail. We selected the wavelet 5 as an
intermediate function (Sadighzadeh et al., 2014). Wavelets
were produced online using AFORO (Shape Analysis of Fish
Otoliths) website (Lombarte et al., 2006). A PCA based was
performed to reduce the dimensionality of the 512 data of the
wavelet 5 function for each otolith without loss of information.
Since it was determined that the linear correlations between
the effective PCs and the total length of the fish were not
significant, no standardization was applied. The CDA (Box’s
M test, P = 0.021) was performed with the building

new PCA matrix and the accuracy of species identification
was determined. Otolith shape variations were compared
between species by non-parametric PERMANOVA. The
Microsoft Excel package, Minitab 17.0, PAST 3.0 (Hammer et
al., 2001), and SPSS 21.0 were used for all statistical
analyses.

RESULTS
Otolith morphology

Morphological characters of sagittal otoliths of S.
coruhensis and S. fahrettini are presented in Table 1. The
medial surface of otoliths is fusiform to elongate convex.
Antirostrum is not prominent in both species. The sulcus
acusticus is described as median type and it opens both
anteriorly and posteriorly representing a biostial sulcus type.
The shape of ostium type is funnel-like and cauda type is
tubular. Rostrum is extended, sharply peaked. Dorsal margin
is entire for both species and ventral margin is crenate and
sinuate for S. coruhensis (Figure 2) and S. fahrettini (Figure
3), respectively (Table 1).

Morphometric analysis

Standardized values of the saccular otolith shape indices
for two trout species were given in Table 2. All shape indices,
except rectangularity (F = 10.79, P = 0.002), were not
significantly different between two species (t-test, P > 0.05).
In the PCA, only one PC was obtained. This PC discriminate
the species based on circularity (R = 0.99). Only one
canonical discriminant function was used in the CDA (A =
0.982, P = 0.346). The function 1 explained 100% of the total
variance (Eigenvalue=0.019). A 58% overall categorization
success rate was produced by the CDA. The percentages of
classified individuals obtained with the CDA were 65% for S.
fahrettini and 53.3% for S. coruhensis (Table 3). The
PERMANOVA did not show significant difference between the
species studied (F = 0.887; P = 0.346).

Table 1. Morphological otolith characteristics of S.coruhensis and S. fahrettini

Otolith characteristics

S. coruhensis

S. fahrettini

Otolith shape
Distal region
Proximal region
Anterior region
Posterior region
Dorsal margin
Ventral margin
Sulcus acusticus
Ostium

Cauda
Antirostum
Rostrum

Crista superior
Crista inferior
Excisura

Fusiform/Elongate convex
Concave

Convex

Peaked

Round/oblique

Entire

Crenate

Median

Funnel-like

Tubular

Absent/Not well expressed or small/narrow
Extended, broad, peaked
Well developed

Well developed

Moderately wide

Fusiform/Elongate convex
Concave

Convex

Peaked

Round/oblique

Entire

Sinuate

Median

Funnel-like

Tubular

Absent/ Not well expressed
Extended, broad, sharply peaked
Well developed

Well developed

Moderately wide
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Figure 2. Original photo and otolith SEM images of S. coruhensis
(24.0 cm TL of fish). (a) General view (SEM-30X, (b) Colliculum
(SEM-100X), (c) Ventral edge (SEM-150X)

Figure 3. Original photo and otolith SEM images S. fahrettini (19.2
cm TL of fish). (a) General view (SEM-30X, (b) Colliculum (SEM-
100X), (c) Ventral edge (SEM-150X)

Table 2. Summary of descriptive statistics of otolith shape indices and TL of S. coruhensis and S. fahrettini from Tlrkiye

S. coruhensis (n=30) S. fahrettini (n=20)

Character (Gam Stream) (Terme Stream)

Min-Max Mean+SD Min-Max Mean+SD
TL (cm) 9.90-24 15.47+3.93 9.60-24.10 13.67+4.09
Aspect Ratio 1.60-1.98 1.7520.09 1.61-1.88 1.76+0.07
Form Factor 0.68-081 0.77+0.03 0.71-0.79 0.75+0.02
Circularity 15.46-18.43 16.63+0.68 15.92-17.41 16.79+0.51
Roundness 0.41-0.56 0.49+0.03 0.44-0.53 0.47+0.02
Rectangularity 0.63-0.71 0.67+0.02 0.64-0.67 0.65+0.01
Ellipticity 0.23-0.33 0.27+0.02 0.23-0.30 0.27+0.02

Otolith shape analyses

In the PCA using EFCs, only one PC was obtained, and it
differentiated two species based on the coefficients d1 (R = -
0.19), a2 (R =0.49), c2 (R = 0.36), a3 (R = 0.49), b3 (R = 0.47),
d3 (R=0.19) and b5 (R = 0.19). Only one canonical discriminant
function was used in the CDA (A = 0.777, P = 0.129). This
function explained 100% of the total variance (Eigenvalue =
0.287). Overall classification success for the CDA was 58%. The
percentages of classified individuals based on the CDA results
were 60% for S. coruhensis and 55% for S. fahrettini, respectively
(Table 3). The PERMANOVA test did not indicate significant
difference between two salmonid fish (F = 0.589; P=0.613).

The PCA using wavelet 5 coefficients was created only
one PC, which was employed in the CDA. Only one canonical
discriminant function was used in the CDA (A = 0.602, P =
0.000). The function 1 described 100% of the total variance
(Eigenvalue=0.662). The CDA produced an overall
classification success rate of 80%. The percentages of
classified individuals obtained with the CDA were 90% for S.
fahrettini and 73.3% for S. coruhensis (Table 3).

The PERMANOVA analysis yielded significant difference
between two trout species (F = 31.76; P = 0.0001). Average
decomposition of otolith contour of two salmonid species
using wavelet 5 is shown in Figure 4.

Table 3. Classification matrix results of the CDA based on otolith morphometrics and different shape analyzing methods of S. coruhensis and
S. fahrettini (The correct classification percentages are in bold; the number of individuals is given in parentheses)

Predicted group memberships

Species Shape Indices Fourier Transform Wavelet Analyses
S. coruhensis 53.3 (16) 60.0 (18) 73.3(22)
S. fahrettini 65.0 (13) 55.0 (11) 90.0 (18)
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Figure 4. Decomposition of otolith contour of two salmonid species using WT 5

DISCUSSION

According to recent research, teleost fish's saccular
otoliths exhibit significant inter- and intraspecies shape
diversity and can be used to distinguish different fish species
as well as between different stocks and populations, sexes,
age groups, and reproductive variants (Mille et al., 2015; Mejri
et al., 2018; Wiff et al., 2020; Sadeghi et al., 2020; Yedier,
2021; Col and Yilmaz, 2022; Mejri et al., 2022). In this study,
we used otolith shape analysis and morphometry for the
differentiation of S. coruhensis and S. fahrettini. This study
offers details on the analysis of the variation in sagittal otolith
shape between S. fahrettini and S. coruhensis using a variety
of techniques (Sls, EFCs and WT). The attempts for the
identification of salmonids have been conducted before based
on several meristic, morphometric, and genetic characters
(Karakousis et al., 1991; Bardakci et al., 1994; Bernatchez,
2001; Bardakg! et al., 2006; Turan et al., 2009; Berrebi et al.,
2019; Delling et al., 2020; Turan et al., 2020; Guinand et al.,
2021; Yiimaz et al., 2021). Phenotypic plasticity is a trait
shared by individuals of several salmonid species that
facilitates  evolutionary  adaptation. Such  phenotypic
adaptations, however, are not brought about by variations in
the population's gene frequencies (Hutchings, 2004), though
some genotypes may better endure environmental changes
and leave more progeny. The adaptation based on
phenotypic plasticity and genetic modifications under the
influence of selection occurs at varying rates. Generic and
phenotypic adaptations appear over the course of several
generations. When it comes to the first scenario, adaptations
should be seen as an individual's tactical response to the
effects of the environment, and when it comes to the second
scenario, as a population-level (gene pool) strategic response
(Pavlov and Savvaitova, 2008). When evaluated in this
context, otolith features are an additional very important and
cheap taxonomic markers used in intra- and inter-species
distinctions.

L'abée-lund and Jensen (1993) reported otoliths as a
natural tag for Salmo species. In addition, they evaluated the
precision of intraspecific, interspecific, and intergeneric

identification using the morphology of the otoliths in two
species of Salmo and two species of Salvelinus. Shape
indices, one of the morphometrically and morphologically
important otolith characters, were reported in previous studies
on Salmo species. Yildiz and Yilmaz (2021) were calculated
shape indices (FF = 0.69 + 0.05; AR=1.71 £ 0.10; C = 18.08
+ 1.58; RO = 0.49 £ 0.03; REC = 0.65 + 0.02; E = 0.26
0.02) of S. coruhensis from Cam Stream. Also, Basginar
(2020) was reported AR (1.67 + 0.15), FF (0.62 £ 0.07), and
RO (1.53 £ 0.22) for S. trutta. Morat et al. (2008) investigated
shape indices of Salmo trutta, too. These findings concur with
those of the current investigation. In terms of shape indices,
the current study shows that rectangularity is more useful for
differentiating between S. coruhensis and S. fahrettini. In
addition, CDA results produced 58% total successful
classification rate. A series of studies confirmed that otolith
shape indices could be used for inter and intraspecific
discrimination of species (Tuset et al., 2003; Morat et al.,
2008; Ozpigak et al., 2018; Yedier, 2021; Akbay et al., 2022;
Pavlov, 2022).

More comprehensive information on the variability of
otolith shape is provided by contour analysis techniques
(Tuset et al., 2021). Fourier analysis, which characterizes the
general shape of the otolith, and wavelet analysis, which is
useful for estimating the otolith edge, were both used in this
study (Parisi-Baradad et al., 2005). The results of the elliptic
Fourier analysis demonstrates that sagittal otoliths of S.
coruhensis and S. fahrettini can be described with limited
numbers of harmonics (total of 8 harmonics explain 99.99% of
the cumulative Fourier power). Especially in the recent
studies, Fourier and wavelet analyzes are mostly preferred to
examine the otolith shape in different fish species (Bourehail
et al., 2015; Libungan et al., 2015; Pavlov, 2022; Pavlov and
Osinov, 2023). Morat et al. (2008) compared the
morphological and chemical characteristics of otoliths of S.
trutta and Salvelinus fontinalis with elliptic Fourier analysis
and shape indices. The discrimination between the two
species has a Wilks' A of 0.18 (P < 0.05) and Cohen-kappa
test revealed that 89% of fish were correctly classified.
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Friedland and Reddin (1994) used Fourier analysis of otolith
morphology in stock discriminations of Salmo salar population
and used to calculate a complex Fourier transform and two
shape indices, rectangularity and circularity. Many
physiological (Mille et al., 2015; Assis et al., 2020), and
environmental factors (Mahé et al., 2021; Col and Yilmaz,
2022) affect otolith morphology. Therefore, it is an expected
result that high or low discrimination rates will occur
depending on these factors in intraspecific and interspecies
discrimination studies using otolith shape. Although elliptic
Fourier analysis is the most popular technique (Campana and
Casselman, 1993), it only approximates outline variability
globally because each harmonic coefficients have no
morphological significance on its own and cannot distinguish
between local singularities (Tuset et al., 2021). At this stage, it
has been established that wavelet analysis is a highly
effective technique for highlighting morphological singularities
(Lombarte and Tuset, 2015).

The discrimination between the species is higher based
on wavelet transform then Fourier analysis and shape indices.
Similarly, wavelet analysis (80%), one of the methods used in
this study, gave a higher discrimination rate between species
compared to the other two methods. Tuset et al. (2021)
pointed that wavelets were a more adequate option and
excellent method for the classification of species. The values
of Wilks' A range from zero to one, the closer the Wilks’ A is to
zero, the better is the discriminating power of the CDA. In this
study, scores of Wilks’ A calculated as 0.982 > 0.777 > 0.602
for Sls, EFCs and WT, respectively. The discrimination
between the groups is higher based on wavelet transform
than based on Fourier analysis and shape indices for sagittal
otoliths. In the literature, there is no study using wavelet
analyzes for the differentiation of S. coruhensis and S.
fahrettini species. Wavelet analyses in otolith shape were
employed by Koeberle et al. (2020) to distinguish
Oncorhynchus tshawytscha population. Analysis of otolith
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Abstract: Fish farms play a crucial role in meeting the escalating demand for fish in human diets, yet their nutrient releases pose potential environmental
risks. This study explores the influence of a fish farm in the eastern Aegean Sea on local phytoplankton dynamics, serving as an indicator of nutrient
abundance. Designing a phytoplankton bioassay near the fish farm, natural phytoplankton communities were incubated within dialysis membrane bags,
creating a confined environment for accessing farm-released nutrients before dispersing into surrounding seawater. Consequently, higher growth rates
within the bags were anticipated compared to the ambient seawater. However, natural interactions within phytoplankton communities involve predator-prey
dynamics, influencing the net growth rates of phytoplankton. To investigate different grazing pressures on the incubated phytoplankton, five experimental
groups were established. Four of these groups involved filtering seawater through various mesh sizes (40 pm, 56 um, 100 um, and 150 um) and then filling
the dialysis membrane bags with the filtered water. The fifth group contained seawater without any filtration. Despite the oligotrophic nature of the ambient
seawater, a remarkable increase in phytoplankton growth was observed inside the bags. Variable growth rates were observed among the groups, with
unfiltered and 150 um mesh-filtered bags exhibiting the highest growth rates, suggesting copepod absence may contribute. Although the species
composition within the bags differed from that of the ambient seawater, the overall species diversity remained limited. A total of 33 phytoplankton taxa were
identified in the seawater samples taken from the study site, comprising 17 diatom and 16 dinoflagellate species. Pronoctiluca spinifera (Lohmann) Schiller
1932 was documented for the first time along the Aegean Sea coast of Tiirkiye. This study enhances our understanding of how fish farming can impact
phytoplankton communities and underscores the necessity for further investigations into the complex interactions between aquaculture and marine
ecosystems in oligotrophic environments.

Keywords: Aquaculture interactions, bioassay, growth rate variations, species composition shifts, nutrient discharges

Oz: Balik ciftlikleri, beslenmede artan balik talebini karsilamada kritik bir rol oynamakta, ancak ciftliklerden salinan niitrientler gevre igin potansiyel riskler
olusturmaktadir. Bu calisma, dogu Ege Denizi'ndeki bir balik iftliginin yerel fitoplankton dinamikleri (izerindeki etkisini, fitoplanktonu, niitrient varliinin bir
gostergesi olarak kullanarak incelemektedir. Dogal fitoplankton topluluklari, balik ¢iftligine yakin bir konumda yerlestirilen bir fitoplankton biyoanalizi
tasarlanarak diyaliz membran torbalarinda inkiibe edilmistir. Bu sayede fitoplanktonun salinan besinlere denizel ortamda dagilmadan 6nce erisebilecedi
icerisinde bulunduklari sinirli bir ortam olusturulmustur. Bu nedenle, torbalarin icindeki bliylime oranlarinin disaridaki deniz suyuna kiyasla daha yliksek
olmasi beklenmektedir. Ancak, fitoplankton kommdiniteleri av-avci dinamiklerini igerir ve bu da fitoplanktonun net bilyiime oranlarini etkilemektedir. Inkiibe
edilen fitoplankton Uzerinde farkli otlama (grazing) baskilarini incelemek igin bes deneme grubu olusturulmustur. Bu gruplarin dordu, deniz suyunu gesitli
g6z agikligina sahip aglardan (40 um, 56 um, 100 um ve 150 um) gegirerek, diyaliz membran torbalarinin bu siiziilmis deniz suyu ile doldurulmasi ile
olusturulmustur. Besinci grup ise deniz suyu filtrasyon asamasindan gegiriimeden kullanilarak hazirlanmistir. Ortam deniz suyunun oligotrofik dogasina
ragmen, ciftlige yakin konumlandirilan diyaliz membran torbalarinin igindeki fitoplankton biiylime oranlarinda belirgin bir artis gézlemlenmistir. Ozellikle
gruplar arasinda farkli biiylime oranlari gozlemlenmis, filtresiz deniz suyu ve 150 um g6z acikligina sahip ag ile filtrelenmis deniz suyu ile hazirlanan
torbalarda en yliksek bilylime oranlari tespit edilmistir. Bunun nedeninin, torbalarin i¢inde kopepodlarin bulunmamasi olabilecegi disiintiimektedir. Torba
icerisindeki tir kompozisyonu ortam deniz suyundan farkliliklar gésterirken, genel tir gesitliligi sinirli olarak kalmistir. Calisma bdlgesinden alinan deniz
suyu orneklerinde, 17'si diatom ve 16'si dinoflagellat tirli olmak (izere toplam 33 fitoplankton taksonu belirlenmistir. Pronoctiluca spinifera (Lohmann)
Schiller 1932 tlirli, Tlrkiye'nin Ege Denizi kiyisinda ilk kez bu arastirmada kaydedilmistir. Bu ¢alisma, balik giftliklerinin fitoplankton komdinitelerine nasil etki
edebilecegini anlama konusuna katki saglamakta ve oligotrofik ortamlardaki akuakiiltiir ve deniz ekosistemleri arasindaki karmasik etkilesimlerin daha fazla
incelenmesi gerekliligini vurgulamaktadir.

Anahtar Kelime: Akuakiiltir etkilesimleri, biyodeney, blyime hizi degisimleri, tiir kompozisyonu degisiklikleri, nutrient salinimlari

INTRODUCTION

Aquaculture plays a critical role in filling the demand gap
for seafood and will continue to do so in the future (Gephart et
al., 2021). However, the activities of fish farms inevitably
result in various inputs into the marine environment (Navarro
et al., 2008). It is well-documented that fish farms enrich the
water column with organic and inorganic substances by
releasing fish feces, excretion, unconsumed feed, scale and
skin shedding, mucus, vitamins, and therapeutic agents (Arzul

et al., 1996). Two main methods have traditionally been used
to assess the effects of nutrient input from fish farms into the
marine environment. The first method involves regular
sampling of the water column, with subsequent measurement
of nutrient values. This method has two disadvantages.
Firstly, the release of nutrients varies daily depending on the
feeding regime at the farms, necessitating hourly sampling to
measure the nutrient discharge accurately. The second issue
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with this approach lies in the limited sensitivity of nutrient
analyses to detect significant differences. Farms are often
situated in regions with high water exchange to maximize the
influx of fresh seawater into the cages and minimize their
environmental impact. Significant increases in nutrient
concentrations due to nutrient release are only achievable in
cases where the current velocity is low (Dalsgaard and
Krause-Jensen, 2006). Another proposed method for
measuring nutrient input into the water column is the use of
phytoplankton as an indicator. The literature suggests that the
initial impact on aquatic communities due to increased
eutrophication begins with changes in the abundance and
species composition of phytoplankton (Sidik et al., 2008).

The impact on primary production in fish farms as a result
of nutrient enrichment varies widely, ranging from significant
alterations to negligible changes. Price et al. (2015)
conducted a comprehensive review, revealing that numerous
studies suggest a significant increase in primary production in
fish farms. However, within the same work, it is also noted
that certain studies found no substantial effects on primary
production in fish farms. The inability to detect the impact of
increased nutrient levels in the water column on
phytoplankton has been attributed to factors such as rapid
dilution in the water column due to strong currents and water
exchange (Dalsgaard and Krause-Jensen, 2006; Pitta et al.,
2009), as well as predation pressure (grazing) by organisms
that feed on phytoplankton (Pitta et al., 2009).

One of the most reliable methods used to estimate the in
situ growth rates of marine phytoplankton is incubation inside
dialysis bags. The effectiveness of dialysis bag experiments is
based on their ability to maintain physicochemical contact
between the enclosed phytoplankton population and the
surrounding environment (Furnas, 1990).

The Mediterranean Sea is typically characterized as
oligotrophic, as its waters naturally contain very low nutrient
concentrations (Krom et al., 1991; Mura et al., 1996). Notably,
the oligotrophic nature of the marine environment where this
study took place, which hosts a fish farm, theoretically
provides an advantageous position for observing the effects
of nutrient input. The activities of fish farms result in nutrient
input into the water column, making these areas unique
research sites for investigators.

In addressing the challenge of detecting the impact of
increased nutrient levels from fish farming in oligotrophic
environments, a bioassay was conducted at a fish farm
located in Gandarli, Denizkdy (izmir, Tirkiye), where natural
phytoplankton assemblages responded to nutrient releases
resulting from fish farming. Utilizing dialysis bags in the
bioassay provided a confined environment for phytoplankton,
minimizing potential losses due to factors such as daily
migrations, grazing, or drifting caused by open sea currents.
As a result, higher growth rates within the bags compared to
ambient seawater were anticipated, excluding factors causing

losses in open water and aiming to reveal the effect of the fish
farm on the water column. Inevitably, since natural
phytoplankton assemblages were used as inoculum,
interspecies competition and predator-prey interactions
persisted within the dialysis bags. By applying various
filtration treatments to the inoculum, the goal was to measure
the highest growth rates inside the bags. The technique of
using dialysis membrane bags for the in situ incubation of
natural phytoplankton is applied for the first time in Tirkiye in
this study.

MATERIAL AND METHODS
Study area

The study site was a fish farm located in Candarli,
Denizkdy, situated in the northeastern Aegean Sea of Turkiye
(38°58'33"N, 26°47'22°E; Figure 1). The farm is situated at a
distance of approximately 1 km from the shore, and the water
depth in the farm area ranges from 50 to 70 meters. The fish
farm was established and began production 4 years before
the experiment commenced. The annual production capacity
of the farm is approximately 1000 tonnes of sea bream and
sea bass. Fish were automatically fed once daily. The highest
recorded current speed in the area was 20 cm/s. The
experiment was conducted from the 20th to the 23rd of July
2020 and was based on a protocol established in a previous
study by Mura et al. (1996).
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Figure 1. Location of the study area in Gandarl (the eastern Aegean
Sea)

Experimental design

The experiment was designed for the in situ incubation of
natural phytoplankton communities within dialysis membrane
bags for a duration of three days. Dialysis membrane bags
facilitate the exchange of molecules smaller than proteins with
the surrounding environment. The bags utilized in the
experiment were constructed from Spectra/Por® 1 dialysis
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membrane tubing. Each bag was sealed at both ends using
110 mm Spectra/Por® closures (nylon). Each bag had a total
volume of 600 mL. Seawater containing natural phytoplankton
communities was collected from the 50 cm surface layer
within the fish farm using a Nansen bottle. Five experimental
groups were established to examine varying grazing
pressures on the incubated phytoplankton. Four experimental
groups were generated by filtering the seawater through
meshes with different mesh sizes (40 pum, 56 um, 100 um,
150 um) and subsequently filling the filtered water into the
bags. The fifth group was formed using seawater that
underwent no filtration. The experimental group prepared with
unfiltered seawater comprised 3 bags with identical
characteristics, while the remaining groups were tested using
2 bags each, resulting in a total of 11 dialysis membrane
bags.

A circular PVC tubing frame with a 2-meter diameter was
securely affixed to the ropes that anchored the automatic fish
feeding system to the seabed of the fish farm. Using cable
ties, the 11 dialysis bags were attached to a horizontal rope
running along the PVC frame. Lead weights (2 kg) were
strategically positioned at both ends of the rope to submerge
it at a depth approximately 50 cm below the surface (Figure

2).

At the commencement and conclusion of the experiment,
1 L samples were collected from unfiltered seawater and
seawater filtered through different mesh sizes (as mentioned
above) to study the nutrient contents of the ambient seawater,
environmental variables, and phytoplankton community in the
study area.

Figure 2. Photograph of the deployed experimental arrangement, 50
cm below the sea surface

Taxonomic identification and enumeration of

phytoplankton species

At the end of the incubation period, water samples of
approximately 200-300 mL were obtained from the bag
contents. These samples, along with the seawater samples
collected at the study site both at the onset and conclusion of
the experiment, were used for the examination of
phytoplankton. All samples underwent fixation with a 0.4%

acidic Lugol's solution for this purpose. Subsequently,
following sedimentation, taxonomic identification and
enumeration of phytoplankton were carried out in the
laboratory using an Olympus BX50 fluorescence microscope
at a magnification of 100x. In order to determine the
taxonomic composition of phytoplankton species, the
following resources were consulted: Tomas (1997) and
Gomez et al. (2010).

Nutrients and environmental variables

Samples designated for dissolved inorganic nutrients and
chl a were prescreened through 210 um nylon mesh to
remove larger particles. After prescreening, these samples
were further filtered through Whatman GF/F glass microfiber
filters. The resulting filtrates were then stored at -20°C and
analyzed subsequently for nitrite (NO2), nitrate (NOs),
orthophosphate (POs), and reactive silica (SiO2) using a
SKALAR autoanalyzer (Skalar, De Breda, Netherlands)
employing colorimetric methods adapted from the standard
seawater analyses as outlined by Grasshoff et al. (1999). For
analysis of chl a, the filters were folded and placed inside
glass tubes, immediately frozen for subsequent laboratory
analysis. Extraction of chl a was carried out using 90%
acetone for a duration of 24 hours, followed by quantification
using the fluorometric method described by Strickland and
Parsons (1972). Seawater temperature and salinity
measurements were conducted using the portable Sea-Bird
37 SM instrument (Sea-Bird Electronics Inc., Bellevue, WA,
USA). Dissolved oxygen was measured using the Winkler
method (Grasshoff et al., 1999). Secchi disk depth and pH
were measured in situ.

Statistical analyses

The average concentrations of each nutrient, measured in
both the ambient water and the water enclosed within the
dialysis bags, were compared using independent t-tests
(Snedecor and Cochran, 1989). The population growth rates
of phytoplankton within the dialysis bags and those present in
the ambient water were estimated using chl a concentrations
and cell numbers. Calculations were based on the
exponential growth model (Snedecor and Cochran, 1989;
Reynolds, 2006):

Yt = Yoert

Here, Yt is the dependent variable that describes the cell
numbers or chl a concentrations at time t (day). Yo is the initial
number of cells or amount of chl a concentration at time =0
(i.e., at the start of the experiment), and r is the specific
growth rate of the phytoplankton community, either in terms of
cell counts or chl a concentration. The growth model was
linearized with logarithmic transformation, and the specific
growth rate r was then estimated as the slope of the linear
regression of the natural logarithm of Y versus ¢ (Snedecor
and Cochran, 1989; Reynolds, 2006). Moreover, an analysis
of covariance (ANCOVA) was carried out to examine potential
variations in the estimated r values among the five
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experimental groups, namely, the dialysis bags containing
seawater subjected to four different filtration treatments and
one unfiltered seawater. Changes in concentrations (chl a or
cell numbers) within the dialysis bags after incubation were
utilized to represent the gross rates (fgross). Net growth rates
(fet) were calculated based on changes in concentrations in
the ambient seawater between the start and end of the
experiment and served as the control (Mura et al., 1996). The
disparity between the gross and net rates was designated as
the loss rates (foss).

Various indices were employed to evaluate species
diversity and evenness within the phytoplankton communities.
Diversity was quantified using both the Shannon-Weiner
index (H") and Simpson’s index (D) (Magurran, 1988; Krebs,
1999). The ratio of observed diversity (H) to maximum
diversity (Hmax), which represents the diversity achievable
under conditions where all species are equally abundant,
served as a measure of evenness (E) (Magurran, 1988).

S
H = — Z(pi) X log,(p;)

Hmax B 1092(5)

In the above formulations, the quantity pi represents the
proportion of the ith species in terms of cell numbers, and S
represents the total number of phytoplankton species or
species richness within each community. For a more explicit
interpretation of diversity, the Shannon-Wiener index can be
expressed in an alternative form using exponentiation with 2
as the base and H" as the exponent, commonly referred to as
Hil's number N1 (Krebs, 1999). Additionally, an alternative
form of Simpson’s index, known as Simpson's reciprocal
index (D), is used to express diversity estimates in terms of
the number of species. Simpson's reciprocal index
corresponds to Hill's number Nz (Krebs, 1999). All the indices
were calculated for each dialysis bag and the ambient
seawater for both the start and end of the experiment. Prior to
the tests, the necessary assumptions of normality and
homoscedasticity were assessed using an F-test, the
Shapiro-Wilk normality test, and normal quantile-quantile
plots (Snedecor and Cochran, 1989). All statistical tests were

Table 1. Physical properties of the ambient seawater

conducted using R software version 4.1.3 (R Core Team,
2022), with a significance level set at 5%.

RESULTS

The physical properties remained unaltered throughout
the duration of the experiment (Table 1). According to
observations and records from the fish farm personnel, the
average wave heights during the experiment were
consistently low (<1 m). The nutrient concentrations,
measured both in the ambient seawater and within the
dialysis membrane bags, are shown in Table 2. The
concentrations of nitrite + nitrate, orthophosphate, and
reactive silica determined in the ambient seawater ranged
from 0.08 to 0.23, 0.03 to 0.07, and 0.21 to 0.45, respectively.
The nutrient concentrations measured in the bags were
slightly higher than those from the ambient seawater (Table
2).

The concentrations of chl a and phytoplankton cell
numbers, determined from both unfiltered and filtered ambient
seawater, as well as from unfiltered and filtered dialysis bags,
at the beginning and end of the experiment, are all presented
in Table 3. Gross (rgross), Net (fet), and l0ss (ross) growth rates,
derived from the chl a values and phytoplankton cell numbers
in both the ambient seawater and dialysis bags (Table 3), are
displayed in Table 4. As evident from Table 3, the chl a
concentrations and phytoplankton cell numbers in the
samples collected from the ambient seawater, regardless of
the filtering treatment, were very similar at the start and end of
the experiment. Consequently, no significant phytoplankton
growth was observed (t-test), and the net growth rate was
zero (Table 4).

However, after three days of incubation, a substantial
increase in cell numbers and chl a concentrations within the
dialysis bags became evident (Table 3). At the conclusion of
the experiment, there was an over 18-fold increase in chl a
values observed in the bags incubated with unfiltered
seawater in comparison to the ambient seawater. Likewise,
for the dialysis bags incubated with filtered seawater, the
observed increases were approximately 11-fold at 40 ym, 12-
fold at 56 pm, 11-fold at 100 um, and 17-fold at 150 um
filtration (Table 3). Similarly, the increases in phytoplankton
cell numbers in the bags subjected to filtration were more
than 9-fold at 40 um, nearly 12-fold at 56 um, 10-fold at 100
Mm, and 16-fold at 150 um filtration, with close to 17-fold
increase in the bags incubated with unfiltered seawater (Table
3).

Physical Properties

Days Temperature (°C) Salinity (ppt) Dissolved Oxygen (mg L) pH Secchi Depth (m)
0 234 394 79 8.1 243
3 233 395 78 8.1 246
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Table 2. The nutrient values measured in both the ambient seawater and dialysis membrane bags at the beginning and end of the experiment.
Note that nutrient values inside the dialysis membrane bags represent averages. UF: unfiltered treatment

Days

Medium Nutrients 0 3
40pm  56pm 100um 150um UF | 40pm  56pm 100pm 150pum UF
Nitrite+ Nitrate (UM) 0.18 0.14 0.09 0.06 0.1 0.18 0.23 0.19 0.22 0.18
Ambient Seawater Orthophosphate (uM) 0.09 0.03 0.08 0.08 0.08 0.07 0.08 0.08 0.08 0.08
Silicate (M) 0.26 0.21 0.32 0.26 039 | 035 0.45 0.37 0.33 0.34
Nitrite+ Nitrate (M) - 0.22 0.4 0.43 0.21 0.28
gi:g‘fis Membrane | 5 i phosphate (uM) . 003 005 007 007 005
Silicate (uM) - 0.52 0.58 0.35 0.42 0.46

Table 3. Estimates of chl a concentrations and phytoplankton cell numbers from the unfiltered and filtered ambient seawater samples, as well

as from the incubated bags. Reported results for the bags represent the average values of the sampled bags for each treatment, UF

representing the unfiltered treatment

Growth e
Medium Variable 0 3
40pm 56pum 100pm 150pum UF 40pm 56um 100um  150pm UF

chla pg L 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Ambient Seawater

Cell L 72860 72356 71346 79823 76439 76435 78923 73265 74391 75693
Dialysis Membrane chla pg L - - - - - 0.65 0.7 0.68 1.01 1.09
Bags Cell L - - - - - 689797 883409 703460 1221128 1292972

The ANCOVA results revealed that the bags could be
categorized into two distinct groups in terms of growth rates
estimated from chl a concentrations. The first group consisted
of unfiltered bags and those filtered through a 150 um mesh
size, and they exhibited significantly higher growth rates than
the second group, which comprised bags prepared by filtering
through 40 pm, 56 pum, and 100 pm mesh sizes (Table 4).
When growth rates were estimated from cell counts, The
ANCOVA results indicated three separate groups of bags.
The bags in the first group, with higher growth rates, were the
same as those identified in the analysis using chl a contents,

namely the bags filtered with a 150 pym mesh size and
unfiltered bags. The second group included only the bags
filtered through a 56 pum mesh size. The gross growth rate of
this group was lower than that of the first group but higher
than that of the third one, which consisted of the bags filtered
with 40 um and 100 um mesh sizes (Table 4). In each of the
five experimental groups, the two growth rates estimated from
two different dependent variables, i.e., chl a concentrations
and cell numbers, were comparable. The Pearson's product-
moment  correlation coefficient between these two
measurements was 0.99.

Table 4. Gross growth rates, net growth rates, and loss growth rates estimated from chl a values and phytoplankton cell numbers observed
both in the ambient seawater and inside the dialysis membrane bags (UF representing the unfiltered treatment)

Source Treatment Fgross (d"1) Inet (d) Tioss (d1)
40um 0.80 0.00 0.80
56pm 0.82 0.00 0.82

Estimated from chl a values 100um 0.81 0.00 0.81
150pm 0.95 0.00 0.95
UF 0.97 0.00 0.97
40um 0.75 0.02 0.73
56pm 0.83 0.03 0.81

Estimated from phytoplakton cell numbers 100um 0.76 0.01 0.75
150pm 0.91 -0.02 0.93
UF 0.94 0.00 0.95

A total of 33 phytoplankton taxa were identified in the
seawater samples taken from the study site during the
experiment. Of these, 17 were diatom species, while the
remaining 16 belonged to dinoflagellate species (Table 5). In
the unfiltered seawater sample collected on the initial day of

the experiment, Pronoctiluca spinifera (Lohmann) Schiller,
1932 (Family: Protodiniferaceae, Class: Dinophyceae) was
found (Figure 3), (Table 5). This species had previously been
reported only in the Black Sea waters of Tiirkiye by Oztlirk
(1998), and this study provides the first record of its presence
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on the Aegean Sea coast of Tlrkiye. Upon examination of the
phytoplankton community composition, it became evident that
diatoms dominated, especially within two prominent families:
Leptocylindraceae and Bacillariaceae. In contrast, when
assessing dinoflagellate abundance, the Ceratiaceae family
stood out as having the highest number of individuals.

The filtration stage prevented the entry of certain taxa,
notably chain-forming diatoms such as Chaetoceros spp.,
which have relatively larger cell sizes, into the dialysis bags
(Table 5, Table 6). Unfiltered samples exhibited the highest
species count. This pattern was similarly reflected in the
species diversity indices and evenness values. Table 7 shows
the number of species, diversity indices, and evenness values
for both filtered and unfiltered ambient seawater samples
collected on the first and last days of the experiment, as well
as similar estimates for all dialysis bags collected on the final
day of the experiment. In general, it was observed that with
an increase in the mesh size of filtration, there was a
corresponding rise in the number of species, aligning with
expectations.

Table 5. List of phytoplankton species observed in the ambient seawater samples

25 um

Figure 3. Pronoctiluca spinifera

Days
Classis Family Taxa 40 56 100150 |, 40 56 100150 -
MM pm pm pm MM pm pm pm
Bacillariaceae Cylindrotheca closterium (Ehrenberg) Reimann & Lewin, 1964 + o+ o+ o+t + o+ o+ 4+
Nitzschia longissima (Brébisson) Ralfs, 1861 + o+ 4+ o+ o+ + o+ o+ o+
Pseudo-nitzschia sp. + o+ 4+ o+ o+ o+ o+
Chaetocerotaceae ~ Chaetoceros affinis Lauder, 1864 o+ o+ + o+ o+ o+ 4+
Chaetoceros decipiens Cleve, 1873 + 0+ o+ o+
Grammatophoraceae  Grammatophora marina (Lyngbye) Kiitzing, 1844 + 4
Hemiaulaceae Hemiaulus hauckii Grunow ex Van Heurck, 1882 + o+ o+ o+t + o+ o+ 4+
Leptocylindraceae Leptocylindrus danicus Cleve, 1889 + o+ 4+ o+ o+ o+ o+ o+
Bacillariophyceae Licmophoraceae Licmophora sp. o+ 4+ r o+ o+
Naviculaceae Navicula sp. + 0+ 4+ o+ o+ 4 o+ o+
Rhizosoleniaceae Dactyliosolen fragilissimus (Bergon) Hasle, 1996 + o+ o+ o+t + o+ o+ 4+
Guinardia flaccida (Castracane) H.Peragallo, 1892 + + o+ o+t
Guinardia striata (Stolterfoth) Hasle, 1996 + o+ o+ o+ 4 + o+ o+ o+
Pseudosolenia calcar-avis (Schulize) B.G.Sundstrom, 1986 + o+
Rhizosolenia sp. + o+
Pleurosigmataceae  Pleurosigma sp. + o+ o+ o+ + 4+ o+ o+
Thalassionemataceae Thalassionema nitzschioides (Grunow) Mereschkowsky, 1902 +
Ceratiaceae Tripos fusus (Ehrenberg) F.Gémez, 2013 + o+ o+ o+ + + o+
Tripos furca (Ehrenberg) F.Gémez, 2013 + + 4
Tripos lineatus (Ehrenberg) F.Gomez, 2021 +
Tripos macroceros (Ehrenberg) Hallegraeff & Huisman, 2020 + o+ o+ 4
Tripos trichoceros (Ehrenberg) Gémez, 2013 + 4
Dinophysaceae Dinophysis acuminata Claparede & Lachmann, 1859 + + o+ 4 + o+
Oxyphysaceae Oxyphysis oxytoxoides (Kofoid) F.Gomez, P.Lopez-Garcia & D.Moreira, 2011 + + 4 + 4
) Oxytoxaceae Corythodinium tesselatum (F.Stein) Loeblich Jr. & Loeblich Ill, 1966 +
Dinophyceae Oxytoxum scolopax F. Stein, 1883 o+ o+ + + 4+ o+ o+ o+
Podolampadaceae ~ Podolampas elegans F.Schiitt, 1895 + 4
Podolampas palmipes F. Stein, 1883 + 0+ 4+ o+t
Prorocentraceae Prorocentrum gracile F.Schiitt, 1895 + +
Prorocentrum micans Ehrenberg, 1834 + o+ + o+ o+ o+ o+ o+
Protodiniferaceae Pronoctiluca spinifera (Lohmann) Schiller, 1932 +
Protoperidiniaceae  Protoperidinium depressum (Bailey) Balech, 1974 + 4

Protoperidinium steinii (Jergensen) Balech, 1974
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Table 6. List of phytoplankton species observed inside the dialysis membrane bags

Day 3
Classis Family Taxa 40 56 100 150 UF
HM _ pm_ pm_ um
Bacillariaceae Cylindrotheca closterium (Ehrenberg) Reimann & Lewin, 1964 + + +
Nitzschia longissima (Brébisson) Ralfs, 1861 + + + +
Pseudo-nitzschia sp. + + +
Chaetocerotaceae  Chaetoceros affinis Lauder, 1864 + + + +
Chaetoceros decipiens Cleve, 1873
Grammatophoraceae  Grammatophora marina (Lyngbye) Kiitzing, 1844 + +
Hemiaulaceae Hemiaulus hauckii Grunow ex Van Heurck, 1882 + + + + +
Leptocylindraceae Leptocylindrus danicus Cleve, 1889 + + + +
Bacillariophyceae Licmophoraceae Licmophora sp. +
Naviculaceae Navicula sp.
Rhizosoleniaceae Dactyliosolen fragilissimus (Bergon) Hasle, 1996 +
Guinardia flaccida (Castracane) H.Peragallo, 1892
Guinardia striata (Stolterfoth) Hasle, 1996
Pseudosolenia calcar-avis (Schulize) B.G.Sundstrém, 1986
Rhizosolenia sp. + +
Pleurosigmataceae  Pleurosigma sp.
Thalassionemataceae Thalassionema nitzschioides (Grunow) Mereschkowsky, 1902 + + +
Ceratiaceae Tripos fusus (Ehrenberg) F.Gémez, 2013 +
Tripos furca (Ehrenberg) F.Gémez, 2013 + + +
Tripos lineatus (Ehrenberg) F.Gémez, 2021 + + + +
Tripos macroceros (Ehrenberg) Hallegraeff & Huisman, 2020 +
Tripos trichoceros (Ehrenberg) Gémez, 2013
Dinophysaceae Dinophysis acuminata Claparéde & Lachmann, 1859
Oxyphysaceae Oxyphysis oxytoxoides (Kofoid) F.Gomez, P.Lopez-Garcia & D.Moreira, 2011 + +
) Oxytoxaceae Corythodinium tesselatum (F.Stein) Loeblich Jr. & Loeblich Ill, 1966
Dinophyceae Oxytoxum scolopax F. Stein, 1883 + +
Podolampadaceae ~ Podolampas elegans F.Schiitt, 1895
Podolampas palmipes F. Stein, 1883
Prorocentraceae Prorocentrum gracile F.Schiitt, 1895 +
Prorocentrum micans Ehrenberg, 1834 + + +

Protodiniferaceae Pronoctiluca spinifera (Lohmann) Schiller, 1932
Protoperidiniaceae  Protoperidinium depressum (Bailey) Balech, 1974
Protoperidinium steinii (Jergensen) Balech, 1974

Table 7. Phytoplankton species richness and species diversity observed in the unfiltered (UF) and filtered (40 pum, 56 pum, 100 pm, and 150
Mm) ambient seawater as well as in the unfiltered and filtered dialysis membrane bags

Days
Medium Indices 0 3
40um | 56pm | 100pm | 150pm | UF | 40pum [ 56pm | 100pm [ 150um | UF
Species richness (S) 9 16 18 24 29 13 15 21 21 25
Shannon Index (H)) 2.64 3.07 3.30 3.65 3.90 2.92 3.10 3.48 3.51 3.63
Ambient Simpson’s Index (D) 0.78 0.79 0.82 0.85 0.86 0.78 0.82 0.83 0.84 0.83
Seawater N1 (25" 6.24 8.39 9.88 12.59 14.92 7.58 8.57 11.16 11.36 12.39
Nz (DY) 461 4.82 5.59 6.73 6.91 463 5.53 5.73 6.14 6.18
Evenness (E) 0.83 0.77 0.79 0.80 0.80 0.79 0.79 0.79 0.80 0.78
Species richness (S) - - - - - 5 7 12 16 19
Dialysis Shannon Index (H) - - - - - 0.30 0.34 0.67 0.61 0.66
Membrane Simpson’s Index (D) - - - - - 0.08 0.08 0.16 0.13 0.14
Bags N1 (2H") - - - - - 1.23 127 1.59 1.52 1.58
Nz (D) - - - - - 1.08 1.09 1.19 1.15 1.16
Evenness (E) - - - - - 0.13 0.12 0.19 0.15 0.16

The trend of rising species richness with increasing mesh ~ certain species were observed in much higher numbers than
size of filtration was also observed in the dialysis bags at the  those recorded in the ambient seawater. In particular, the
end of the experiment. While many species found in the  diatom species Leptocylindrus danicus Cleve, 1889 was
ambient seawater were not encountered inside the bags,  present in exceptionally high quantities in all bags (Figure 4),
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contributing to the lower evenness values in Table 7
compared to the ambient seawater. Additionally, this species
was seen to form chains consisting of 8-10 cells inside the
bags. Overall, species diversity was notably low in all
incubated bags, as evidenced by the Ni and N: values
presented in Table 7. The contents of all bags at the end of
the incubation period comprised a total of 11 diatom species
and 8 dinoflagellate species (Table 6).

Samples collected from the ambient seawater also
contained microzooplankton, including ciliate protozoans and
copepod nauplii, although their concentrations were very low.
No adult copepod was found inside any bag, but ciliates were
present in all bags (Some of the identified genera include
Favella sp., Eutintinnus sp., Strobilidium sp., and Mesodinium

sp.).
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Figure 4. Leptocylindrus danicus bloom
DISCUSSION

An increase in primary production due to additional
nutrient input is readily detectable in waters with oligotrophic
characteristics (Pitta et al., 1999). Fish farms established in
oligotrophic marine environments, such as the Aegean Sea,
should serve as examples of places where such a nutrient
increase can be observed. Nevertheless, in the present study,
both in the ambient seawater and inside the bags,
nitrite+nitrate and orthophosphate concentrations measured
at the beginning and end of the experiment (Table 2) fall
within the range of values defined by Ignatiades et al. (1992)
as characteristic of the oligotrophic Aegean Sea.
Furthermore, chl a concentrations of the study area were
notably low, measuring approximately 0.06 pg L-* (Table 3)
and was consistent with the range reported for other
oligotrophic regions in the eastern Mediterranean (e.g., Pitta
et al.,, 1999). The current findings concerning the physical,
chemical, and biological attributes of the water column align
with a previous study investigating three fish farms in the
western Aegean Sea (Pitta et al., 1999). La Rosa et al.
(2002), in their study on the impact of fish farm activities on
the water column in the Tyrrhenian Sea in the northwestern
Mediterranean, similarly reported no significant increase in

nutrient or chl a contents in the water column adjacent to the
cages throughout the year. According to Gowen and
Bradburry (1987), the dispersion of wastes released from fish
farms is influenced by factors such as the farm's surface area,
the settling velocity of uneaten feed, and the depth of the
water beneath the cages. Moreover, strong currents can
disperse phytoplankton far from the farm area (Navarro et al.,
2008). Another critical factor contributing to the difficulty in
detecting phytoplankton response to nutrient enrichment may
be the grazing effect, as highlighted by Pitta et al. (2009).

The present study, conducted during the summer season
between 20 to 23 July 2020, holds particular significance due
to its timing. This period aligns with the natural seasonal
patterns of the Mediterranean Sea, characterized by low
production rates during the summer months (Lopez-Sandoval
et al., 2011). What makes the findings particularly noteworthy
is the significant contrast observed within this oligotrophic
environment. Despite the prevailing oligotrophic conditions in
the study area and the absence of a discernible net
phytoplankton growth rate in the ambient seawater (Table 3),
the gross growth rates based on both chl a values and cell
counts exhibited a significant increase inside the dialysis
membrane bags at the end of the 3-day incubation period.
This unexpected and substantial growth was a consistent
observation across all treatments. Similar observations of
phytoplankton blooms under low nutrient conditions were
made in an in situ diffusion culture system by Furnas (1982).

The findings confirmed that the filtration successfully
eliminated all predator species larger than 150 um. However,
the filtration treatment could not completely prevent the entry
of all ciliates into the bags. The inability to completely
eliminate grazers from the bags may account for the
unexpected result of significantly lower growth rates observed
in the bags subjected to filtration using mesh sizes between
40 and 100 pm, as compared to those estimated for the
remaining bags containing seawater filtered with a 150 um
mesh size and unfiltered seawater. Some portion of
phytoplankton production in the bags filtered with 100 um
mesh size and below was likely consumed by the ciliates in
the medium. Pitta et al. (1999) conducted a similar
experiment at a fish farm in Sitia, Crete, employing a method
where half of the dialysis membrane bags were filled with
seawater filtered through a 25 ym mesh size while the other
half contained unfiltered seawater. After a ten-day incubation
period, during which the chl a content of the bags was
measured, they observed the highest concentrations in the
filtered bags. The explanation provided for this phenomenon
was the complete exclusion of ciliates from the bags. Ciliates,
with sizes exceeding 20 um, are the primary grazers of nano-
sized fractions of phytoplankton (Zéllner et al., 2009).

Another possible explanation for significantly higher
growth rates observed inside the unfiltered bags and those
filtered with a 150 um mesh size may be as follows:
Considering that a significant portion of the phytoplankton
observed in the study were of a size smaller than 150 pm, it
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is likely that using a 150 um mesh size for filtration, aside
from some chain-forming diatoms, did not result in a
substantial difference in phytoplankton composition compared
to the unfiltered bags. When designing the experiment, it was
hypothesized that the presence of adult copepods in the
unfiltered bags could potentially differentiate them from those
subjected to the 150 pm filtration. However, no adult
copepods were found inside either type of bag. This absence
may account for the high phytoplankton growth rate inside the
bags compared to that in the ambient seawater. Pitta et al.
(1999) also suggested, that due to the limited volume of the
bags, copepods were unlikely to graze on the
microphytoplankton inside them. An experiment with bigger
bags comprising larger volumes of seawater may be more
suitable for detecting copepod grazing. Additionally, a Nansen
bottle may not be the optimal tool for sampling adult
copepods, and a more appropriate sampling device should be
considered.

The number of phytoplankton species at the study site
increased with the enlarging filtration mesh size, while
unfiltered samples contained the highest species counts as
expected (Table 7). A similar trend was reflected in the
species diversity indices and evenness values. Likewise,
species richness inside the incubated dialysis bags increased
with larger filtering mesh sizes. However, species diversity
inside all bags remained notably lower than those estimated
for differently treated ambient water samples (Table 7). Many
phytoplankton species present in the ambient water were
conspicuously absent inside the bags (Table 5, Table 6). In
contrast, certain species were observed in significantly higher
densities than those in the ambient seawater. This resulted in
generally very low N1, N2, and evenness values (Table 7). A
similar substantial increase in cell densities for some
phytoplankton species inside dialysis bags during an
experiment was also documented by Mura et al. (1996). This
observed phenomenon suggests that only a few taxa can
tolerate experimental manipulations, and an incubation period
of just three days, as in the present study, is sufficient to
observe these changes.

CONCLUSIONS

Overall, the findings of this study have demonstrated that
the nutrient discharge from a fish farm established in an
oligotrophic marine area did not alter the prevailing
oligotrophic conditions in the environment. The unexpectedly
high growth rates observed inside the bags can be attributed
to the confinement of phytoplankton within the bags,
preventing them from drifting away with currents or being
subject to daily migration or grazing, factors that would
typically limit their growth in the open sea. Additionally, the
phytoplankton enclosed within the dialysis membrane bags
positioned close proximity to the fish farms benefit from the
unique advantage of accessing and utilizing the nutrients

released from the farm before these nutrients disperse and
dilute within the surrounding seawater. These combined
factors likely contributed to the substantial increase in
phytoplankton growth observed in the study. The present
work represents the first bioassay and in situ phytoplankton
incubation experiment using dialysis membrane bags in the
Eastern Aegean Sea and all other Turkish seas. The results
from this research may serve as a foundation for estimating
the growth rates of natural phytoplankton communities in
future investigations in Turkish waters.
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Abstract: The karyological characteristics of nearly half of the Pseudophoxinus species in Tirkiye were determined. In this study, it is planned to determine
the karyological characteristics of P. anatolicus, which is common in Beysehir Lake, specimens were caught from the coast at Ciftlik village. The captured
specimen were karyological analysed and Giemsa staining, C-banding and Ag-NOR staining were applied to the slides that obtained. The chromosome set
of this species consists of 12 pairs of metacentric, eight pairs of submetacentric, two pairs of subtelocentric and three pairs of acrocentric chromosomes. Dark
and slightly C-bands were observed in the centromeric regions of some chromosomes. Active Ag-NORs were detected in the telomeric region of the short
arm of two pairs of chromosomes. Our results are similar to those of other Pseudophoxinus species except for some differences and it was determined that
Anatolian minnow has a conserved karyotype like other Pseudophoxinus species.

Keywords: Anatolian minnow, chromosome, karyotype, C-banding, Ag-NOR

Oz: Tiirkiye'deki Pseudophoxinus tiirlerin yanisinin karyolojik dzellikleri belirtilmistir. Beysehir goliinde yaygin olan P. anatolicus'un karyolojik dzelliklerini
belirlemek icin planlanan bu galismada dmekler Ciftlik kdyl kiyisindan yakalandi. Yakalanan bireylerin karyolojik analizleri yapildi ve elde edilen slaytlara
sirayla giemsa boyama, C-bantlama ve Ag-NOR boyama uygulandi. Bu tiirlin kromozom seti 2 ¢ift metasentrik, sekiz ift submetasentrik, iki gift subtelosentrik
ve Ug ¢ift akrosentrik kromozomdan olusmaktadir. Koyu ve agik C-bantlar bazi kromozomlarin sentromerik bolgelerinde gézlemlendi. Aktif Ag-NOR'lar iki gift
kromozomun kisa kolunun telomerik bélgesinde tespit edildi. Sonuglarimizin diger Pseudophoxinus tirlerinkine bazi farkliliklar hari¢ benzer taraflari vardir ve

Anadolu yag baliginin da diger Pseudophoxinus tiirlerindeki gibi korunmus karyotipe sahip oldugu belirlendi.
Anahtar kelimeler: Anadolu yag baligi, kromozom, karyotip, C-bandlama, Ag-NOR

INTRODUCTION

There are 30 known species of Pseudophoxinus, a genus of
the Leuciscidae family, and they are generally distributed in
isolated spring pools and rivers in Central Anatolia and the Levant
(Klcuk et al., 2012). Tiirkiye, which is rich in freshwater fishes, has
24 fatfish species (Cigek et al., 2020). They are mainly distributed
in lake basins and rivers in Central and Southwestern Anatolia
(Kugtik et al., 2016). Although sufficient studies have been carried
out on the systematics of fishes, karyological studies are still not
advanced. The studies on Pseudophoxinus species in TUrkiye are
not sufficient. So far, the karyological characteristics of 13 species
of this genus in Tirkiye have been investigated by different
researchers (Ergene et al., 2010; Karasu et al., 2011; Unal et al.,
2014; Karasu Ayata et al., 2016; Unal and Gaffaroglu, 2016;
Gaffaroglu et al., 2022). In addition to the standard karyological
characteristics of Pseudophoxinus species found in different rivers
and lakes of Anatolia, C-banding and NOR characteristics were
also investigated by these researchers. So far, there is no
karyological study on P. anatolicus. Therefore, the aim of this study
was to determine the banded karyological characteristics of P.
anatolicus and to establish the similarities and differences with
other species.

MATERIALS AND METHODS

Four P. anatolicus specimens were collected from the
shore of Ciftlik village in the east of Beysehir Lake with the help
of an electro-shocker. The captured fish specimens were
transported to the laboratory alive under suitable conditions
and kept in a well-aerated aquarium until analysis. After this
adaptation period, each specimen was performed karyological
analysis according to the method of Bertollo et al. (2015). 0.1%
colchicine was injected (1ml/100g) into each specimen for
which chromosome preparations were to be prepared and kept
in the aquarium for 50 minutes. After anaesthetization, the cell
suspension from head kidney with 0.075 M KCI was kept in
hypotonic solution. Then, fixation steps (methanol: acetic acid,
3:1) were repeated at least three times and at least 10
metaphase slides were prepared from each individual. Some
slides were stained with 10% Giemsa for standard karyotype
and preserved. The other slides were subjected to C-banding
(CBG-banding) (Sumner, 1972) and Ag-NOR staining (Howell
and Black, 1980). Well-spread metaphases of each staining
were photographed under a microscope. Metaphase
chromosomes were identified and karyotyped according to
Levan et al. (1964). The fundamental number of autosomal

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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arms (NF) was calculated considering the number of bidentate
and acrocentric chromosomes.

RESULTS

The diploid chromosome number (2n) of four specimens (2
males, 2 females) was 50. According to karyotype analysis, the
chromosome set consisted of 12 pairs of metacentric (no. 1-
12), eight pairs of submetacentric (no. 13-20), two pairs of
subtelocentric (no. 21-22) and three pairs of acrocentric (no.
23-25) chromosomes. The fundamental number of autosomal
arms (NF) was 94 (Figure 1). Heteromorphic sex
chromosomes were not detected in males and females. The
karyotype of the specimens obtained by CBG banding is shown
in Figure 2. Constitutive heterochromatin regions (C-bands)
observed in centromeric regions of chromosomes were dark in
some chromosomes and slightly in others. Active Ag-NORs
were detected on two pairs of chromosomes. These were
found in the telomeric region of the short arm of the largest
metacentric chromosome (no. 1) and the medium-sized
submetacentric (no. 16) chromosome in all specimens
analyzed. One of these NORs on the largest metacentric
chromosome is heterozygous and the other homozygous and
neither is associated with the heterochromatin region (Figure. 3).
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Figure 1. Standard Giemsa staining karyotype of Pseudophoxinus
anatolicus (Scale bar = 10 pym)
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Figure 2. C-banded (CBG) karyotype of Pseudophoxinus anatolicus
(Scale bar = 10 pm)
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Figure 3. Silver-stained karyotype of Pseudophoxinus anatolicus
(Scale bar =10 ym)

DISCUSSION

The karyotype features of P. anatolicus were revealed for
the first time in this study. The karyotype formula of this species
shows a numerical dominance of meta/submetacentric
chromosomes as in the basic karyotype model of leuciscines.
When the total number of meta/submetacentric chromosomes
of P. anatolicus is taken into account, it was seen that this
species is similar to the majority of some other
Pseudophoxinus species studied in Turkiye, but different from
some others (Table 1). This difference may be as a result of
the way the researchers determined the chromosome
morphology (numerical variation of meta/submetacentric
chromosomes). The fundamental number of autosomal arms
(NF) value is not finalised because St and A chromosomes
were not evaluated separately. Therefore, the NF value of
species may be varied. When these are taken into
consideration, the preserved karyotypic evolution in
Pseudophoxinus species supports the hypothesis. In fact, in a
study investigating the phylogenetic and zoogeographic
characteristics of Pseudophoxinus, which supports this
hypothesis, it was found that Pseudophoxinus was divided into
two clades consisting of species of Anatolian (central and
western) and Eastern Mediterranean (Levant) origin (Perea et
al., 2010), and Kiclk et al. (2012) showed that
Pseudophoxinus has two main speciation zones, Anatolian and
Eastern Mediterranean. Thus, both P. anatolicus and other
Pseudophoxinus species in Anatolia have similar standard
karyological characteristics and phylogenetic studies support
the hypothesis of conserved karyotypic conservation in the
Anatolian line.

In this study, dark and slightly constitutive heterochromatin
C-bands were detected in centromeric regions some of
chromosomes in P. anatolicus. Our C-band results are similar
to those of P. antalyae, P. battalgilae, P. burduricus and P.
evliyae (Ergene et al., 2010; Karasu Ayata et al., 2016).
However, our results are partially similar to those of P. egridiri,
P. fahrettini, P. maeandri (Karasu Ayata et al, 2016) and P.
zekayi (Unal and Gaffaroglu, 2016), while it s different from the
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results of P. firati, P. crassus, P. hittitorum, P. zekayi, P. aliiand
P. elizavetae which have only pericentromeric C-bands
(Karasu et al., 2011; Unal and Gaffaroglu, 2016; Gaffaroglu et

Table 1. Chromosomal records of Anatolian Pseudophoxinus species

al., 2022). The interstitial C-band detected in some cyprinids
(Arslan and Giindogdu, 2016) was not detected in both species
and in other Pseudophoxinus species.

Species Locality 2n Karyotype Reference

P. antalyae Mersin 50 16M + 14Sm + 125t + 8A Ergene et al. (2010)

P. firati Malatya 50 38M/Sm + 12St Karasu et al. (2011)

P. crassus Konya 50 12M + 30Sm + 8St/A Unal etal. (2014)

P. hittitorum Konya 50 14M + 26Sm + 10St/A Unal etal. (2014)

P. battalgilae Konya 50 6M +28Sm + 6St/A Karasu Ayata et al. (2016)
P. burduricus Burdur 50 18M + 26Sm + 6St/A Karasu Ayata et al. (2016)
P. egridiri Isparta 50 14M + 28Sm + 8St/A Karasu Ayata et al. (2016)
P. evliyae Antalya 50 14M + 30 Sm + 6St/A Karasu Ayata et al. (2016)
P. fahrettini Isparta 50 6M +26Sm + 8St/A Karasu Ayata et al. (2016)
P. maeandri Denizli 50 10M + 32Sm + 8St/A Karasu Ayata et al. (2016)
P. zekayi Adana 50 16M + 26Sm + 8St/A Unal and Gaffaroglu (2016)
P. alii Antalya 50 18M +24Sm + 8St/A Gaffaroglu et al. (2022)

P. elizavetae Kayseri 50 8M + 34Sm + 8St/A Gaffaroglu et al. (2022)

P. anatolicus Konya 50 24M + 16Sm + 45t + 6A This study

All individuals of P. anatolicus analysed here carried Ag-
NOR on metacentric chromosome 1. In addition, except for
some metaphases, the submetacentric chromosome 16 was
also found to have Ag-NOR. There are similarities and
differences between our Ag-NOR results and previously
studied Pseudophoxinus species, both numerically and in
terms of the morphology of the chromosome in which the NOR
is localised. Numerically, P. firati, P. zekayi, P. evliyae, P.
fahrettini, P. maeandri and P. alii and P. elizavetae have active
NOR on two pairs of chromosomes (M+Sm, Sm+Sm or
Sm+8St), while the other species have active NOR on one pair
of chromosomes (Sm) (Ergene et al., 2010; Karasu et al., 2011;
Unal et al., 2014; Karasu Ayata et al., 2016; Unal and
Gaffaroglu, 2016). Gaffaroglu et al. (2022) also argued that
they detected a higher number of Ag-NORs in some
metaphases of P. alii and P. elizavetae. When evaluated in
terms of active NOR-bearing chromosome morphology, P.
anatolicus is close to P. zekayi. The variation in active NORs
detected by silver staining in Pseudophoxinus species in
Tirkiye needs to be confirmed using molecular cytogenetic
techniques. Active NORs detected by silver staining contain
18s rDNA (Diniz et al., 2009). Recently, the presence of active
NORs detected by silver staining has been confirmed using
18s rDNA probes. Even inactive NORs are detected with 5s
rDNA probes and the results are used to assess the
relatedness between species (Bueno et al., 2014).

CONCLUSION

As a result, it was observed that the standard karyological
features of this species were similar to those of some of the
other Pseudophoxinus species studied in Tirkiye, but the
variations in both standard and C-banding results revealing

these differences varied according to the researcher.
Therefore, we believe that molecular cytogenetic methods,
which are the major deficiency in the researches in Tirkiye, can
be used to reach more permanent results in the differentiation of
species or determination of kinship relationships.
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Abstract: In the study, the age, growth, mortality parameters and length-weight relationship parameters of Diplodus sargus (white seabream) collected by a
small-scale fisherman between August 2020 and July 2021 along the northeastern coast of Aegean Sea (Tlrkiye coast), were investigated. D. sargus had a
range of total length and weight from 14.3 cm to 36.7 cm and from 50.5 g to 836.5 g, respectively. The length-weight relationships (LWRs) were calculated as
W=0.02368*L28" for females, W = 0.01847*L.2959 for males and W = 0.01989*TL2%% for both sexes. Using data from fish scales, the maximum age was
determined to be 11 years. von Bertalanffy growth parameters have been calculated as follows L==39.01 cm TL, K=0.13 year, and to=-2.58 year for both
sexes combined. Total (T), natural (N) and fishing (F) mortalities were defined as Z: 0.83 year?, M: 0.33 year' and F: 0.50 year' for both sexes combined.
The exploitation rate (E) was calculated as 0.70, 0.44 and 0.60 for females, males and combined, respectively.

Keywords: Age, growth, mortality, length-weight relationship, white seabream, Aegean Sea

0z: Bu galismada, Agustos 2020 ve Temmuz 2021 tarihleri arasinda Ege Deniziin kuzeydogu kiyilarinda (Tiirkiye kiyilan) kiigiik dlgekli bir balikg! tarafindan
toplanan Diplodus sargus'un (Sargos) yas, bilylime, 6liim parametreleri ve boy-agirlik iliskisi parametreleri incelenmistir. D.sargus'un toplam uzunlugu 14,3
cm ila 36,7 cm ve agirfigi 50,5 g ila 836,5 g arasinda degismektedir. Boy agirlik iliskisi disiler igin W = 0.02368*L281, erkekler igin W = 0.01847*L29°ve her
iki cinsiyet icin W = 0.01989*TL296 olarak tahmin edilmistir. Balik pullarindan hesaplanan yas verileri maksimum yasin 11 oldugunu géstermistir. Belirlenen
biiylime parametresi degerleri tiim bireyler igin L-=39.01 cm, K=0.13 yil*, to= -2.58 yil olarak belirlenmistir. Toplam 6lim (Z), dogal 6lim (M) ve balikgilik
6limi (F) tlm bireyler igin Z: 0.83 yil*, M: 0.33 yil! ve F: 0.50 yiI* olarak belirlenmistir. Sémiriilme orani (E) disiler, erkekler ve tiim bireyler igin sirasiyla 0.70,

0.44 ve 0.60 olarak hesaplanmistir.

Anahtar kelimeler: Yas, biiylime, mortalite, boy agirlik iliskisi, Sargos, Ege Denizi

INTRODUCTION

The white seabream, Diplodus sargus (Linnaeus, 1758), is
an important representative of the family Sparidae with a
geographical distribution ranging from the Bay of Biscay to
Angola in the eastern Atlantic and from Gibraltar to the Black
Sea (Bauchot, 1987; Bilecenoglu et al., 2014). It has a
shallower distribution (<70 m) and is mostly found in the same
habitats. These habitats consist of rocky areas and Posidonia
oceonica beds (Bauchot and Hureau, 1990; Lenfant and
Planes, 1996). The white seabream feeds on algae, worms,
gastropods, amphipods, bivalves, echinoderms, fishes and fish
eggs (Maigret and Ly, 1986; Bianchi et al., 1999; Figueiredo et
al., 2005).

Itis known to be a common species in the northern Aegean
Sea and is mainly caught in the shelf and coastal areas. The
northeastern Aegean Sea is known as one of the areas where
the most intensive small-scale fishing is carried out. The most
preferred fishing gears are gillnets, trammel nets, longlines and
hand lines. Hand lines and longlines are mainly used to catch
white seabream. White seabream is more economically
important than most other species in the region's fisheries.

White seabream caught are exported and the approximate
yield is 10 dollars per kilogram in 2021. Due to the problem of
unrecorded fishing in the small-scale fisheries inTurkiye, the
recorded catch rates are lower than the realised catch rates.
The landed catch of white seabream is estimated at 26 tonnes
according to the Turkish Statistical Institute Fisheries Report in
2022 (TUIK, 2023). The scientific knowledge on the biology of
white seabream in Turkish seas is limited, although it is known
as a common species of Sparidae.

Ayyildiz and Altin (2020) studied the daily growth of
juvenile white seabream, Balik and Emre (2016) determined
the age and growth of specimens with a total length of 13-16
cm from Beymelek Lagoon, southwest of Turkey. Some
valuable literature on age, growth and feeding of white
seabream has been published from Algeria, Portugal, Western
and Eastern Mediterranean (Lloret and Planes, 2003;
Benchalel and Kara, 2013; Al-Beak et al., 2015; Paiva et al.,
2018; Boufekane et al., 2021). While the population
characteristics of fish are significant factors in managing and
controlling fisheries resources (Froese et al., 2008) and the

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


http://www.egejfas.org/
https://doi.org/10.12714/egejfas.41.1.05
https://orcid.org/0000-0002-2973-5698
https://orcid.org/0000-0003-2456-0232
https://orcid.org/0000-0003-0072-5848
mailto:mukadderarslan@gmail.com
https://doi.org/10.12714/egejfas.41.1.05

Daban et al., Ege Journal of Fisheries and Aquatic Sciences, 41(1), 30-36 (2024)

mortality rates, the age distribution offers crucial insights into
the size and structure of the stock. The literature currently lacks
information on the age, growth, and mortality parameters of D.
sargus, posing potential hurdles for the management of the
stock due to the paucity of data on the population biology in the
Eastern Mediterranean, Aegean, Marmara, and Black Seas.
The objective of this study is to offer initial insight into the
growth parameters of white seabream in the northeast Aegean
Sea. This research holds significance as it reveals the first
findings of the population parameters of D. sargus in the
Northeast Aegean Sea.

MATERIALS AND METHODS

Specimens were collected from fish captured by a
fisherman with a handline and longline in the northeastern
coast of Turkiye between August 2020 and July 2021. During
the research, 30 samples were taken every month. A total of
322 fish were examined. TL (total length) and FL (fork length)
were measured to the nearest millimetre. Total weight (TW)
and gonad weight (GW) were also weighed to the nearest 0.01
grams. Subsequently, the exponential regression W = a*TL?
was used to estimate the length-weight relationship (Le Cren,
1951), where W represents the total weight (grams) and TL
denotes the total length (centimetres). Linear least squares
regression after logarithmic transformation was used to
estimate the constants a and b. Growth type was determined
via t-test on the value of 'b', which reflects the allometry of
growth (Sokal and Rohlf, 1987). At first, age determination was
assessed for both otoliths and scales, and it was concluded
that the fish scales was the most appropriate method for white
seabream. The age of 322 white seabream specimens was
ascertained from intact scales underneath the pectoral fin's left
section. The translucent zones were identified as annuli and
counted. Both sets of scale ring measurements were conducted
by three independent observers using a binocular microscope.
For the entire dataset, we estimated growth parameters using

Table 1. The range of total length (TL), and weight (g) of D. sargus

the von Bertalanffy growth equation: L(t)= L~ [1-exp(-k(t-to))]
where L(t) represents total length at time t, L~ denotes
asymptotic length (cm), K indicates the growth coefficient (y-)
and to is the age of the fish when its size is zero (von
Bertalanffy, 1938). The von Bertalanffy growth parameters
were estimated using FISAT Il programme. Instantaneous total
mortality (Z) was determined using the age-converted catch
curve method of Pauly (1984). Natural mortality (M) was
calculated using Pauly's (1980) empirical formula, which
includes von Bertalanffy growth parameters and mean annual
seawater temperature (15.7°C; Tirkoglu, 2010). The fishing
mortality rate was computed via the formula F = Z - M (Bingel,
2002). To compute the exploitation rate (E), Gulland's formula
(1979) was utilised: E = F/Z. Calculating the growth
performance index, ¢, involved using this formula: ¢ = log K +
2Xlog L.

RESULTS

The lengths of 322 white seabreams ranged from 14.3 cm
to 36.7 cm TL. The mean TL was calculated to be 23.8 + 0.18
cm (Table 1). Individual weights ranged from 50.5 g to 836.5 g
with a mean of 232.4 + 5.7 g. It was observed that the most
common length group was 24 cm TL with 17.4% of the total
individuals, and almost half of the total individuals were
between 22 cm and 24 cm TL (Figure 1). Looking at the
monthly variation in mean TL, the highest mean length was
observed in May and the lowest in August. The length-weight
relationship was calculated as W = 0.02368*TL2881 (r2 = 0.93)
for females, W = 0.01847*1.295% (r2 = 0.93) for males and W =
0.01989*TL29%%6 (r2 = 0.93) for both sexes (Table 2). The
regressions showed negative allometric growth for males,
females and both sexes. According to the fish scale readings,
white seabream was distributed between 1 and 11 years of age
(Table 3, Figure 2). The most common age groups were 5, 4
and 6 years with 27.6%, 21.1% and 16.1% of the total
individuals.

Table 2. Length-weight relationships (LWRs) parameters of D. sargus

Total Length(cm) Weight (g)

Sex | N a %95 Cla b  %95Clb | r2 |Growthtype

N | Mean*Sx Min Max Mean Min  Max

Male |176|23.47+0.22 143 31.6|220.74+6.53 5046 542.12

Female | 143 |24.19+0.28 159 36.7 | 243.67 £9.66 71.32 836.51

Total [322|2383+0.18 143 36.7|232.36 £567 5046 836.51

20
15

==

S 10

S 5

i

£ o0

Female [143|0.0236 0.0155-0.0360 |2.88 2.749-3.013(0.93 A(-)

Male |176|0.0184 0.0125-0.0272|2.96 2.835-3.082{0.93 A(-)

Total  [322(0.0199 0.0149-0.0263 [2.94 2.847-3.025|0.93 A(-)

A(-) : negative allometry

1415161718192021222324252627282930313233343536
Total length (cm)

Figure 1. Frequency distribution of the length of D. sargus
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Figure 2. Annual growth rings (pink lines) on the scales in different ages of D. sargus

Table 3. Key to the age-total length of D. sargus

Age

Total length (cm)

14 1
15

16

17

18

19 1 1

20 4 19 3 1

21 7 14 1

22 2 34 14
23 1 13 33
24 3 29
25 7
26 3
27 1

28

29

30

31

32

33

34

35

36

N WO N W

22

N =~ o N
- N ©O© ~N O N
o N W o Ww

1

N 1 14 42 68 89
Mean length (cm) 14.3 17.9 204 224 238

52 26 22 5 2 1
255 26.7 286 314 34.5 36.7

We employed the FISAT Il programme to study the length
and age data as well as the growth parameters of 322
individuals. The values of the growth parameters for the entire
population were calculated as L-=39.01 cm TL, K=0.13 year-
1, and to=-2.58 years. Growth parameters for female individuals
were determined as L»=37.96 cm TL, K=0.14 year, t=-2.0
years. For male individuals, the growth parameters were
L»=32.86 cm TL, K=0.19 year, tv=-2.0 years.

Graphs depicting von Berlanffy growth curves for females,
males, and all individuals of D.sargus are illustrated in Figure
3. Total mortality (Z), natural mortality (M) and fishing mortality
(F) were determined as Z: 0.83 t1, M: 0.33 t" and F: 0.50 t* for
the combined sexes. Z, M and F were determined to be 0.64 t-
1,0.35t"and 0.29 t for females and 0.81 t, 0.45 t* and 0.36
t1 for males. The exploitation rate (E) was calculated as 0.70,
0.44 and 0.60 for females, males and both sexes, respectively.

32



Daban et al., Ege Journal of Fisheries and Aquatic Sciences, 41(1), 30-36 (2024)

29.2

19.5

Length (cm)

9.7

B) 39

254

16.9

Length (cm)

o0
w
T

0.0 I ! !
0.0 2.4 4.8 ]

30.0

Length (cm)
=
o

10.0 -

00 | | 1
0.0 3.1 6.3 94

Figure 3. The growth curve of female (A), male (B) and (C) total
individuals of D. sargus, as modelled by the von Bertalanffy
equation

Mortality parameters were calculated for all individuals,
yielding the following values: Z = 0.83 year!, M = 0.33 year"’
and F = 050 year' (Figure 4). Exploitation rate was
ascertained at (E): 0.60. For male subjects, mortality
parameters were Z: 0.81 year-', M: 0.45 year, F: 0.36 year",
and E: 0.45. For females, the mortality parameters were
calculated as Z: 0.64 year', M: 0.35 year-, F: 0.29 year, and
E: 0.45.

4 - N
y =-0.8266x + 9.127

Ages
Figure 4. Total mortality-age curve of sexes combined of D. sargus

DISCUSSION

The b-value of the length-weight relationship for this
species has been reported by various authors in different
regions. Man Wai and Quignard (1982) reported a b-value of
3.123 in the Gulf of Lion, Mouine et al. (2007) found a value of
3.05 in the Central Mediterranean (Tunis), Lahlah (2004)
reported a value of 2.859 in Egyptian Mediterranean waters,
Mahmoud et al. (2010) found a value of 2.942 in the Abu Qir
Bay of Egypt, EI-Maghraby and Botros (1981) reported a value
of 3.144 in the Mediterranean waters of Egypt, and Morato et
al. (2003) found b value of 3.18 in the North Eastern Atlantic,
Balik and Emre (2016) found that the b value is 3.1028 in the
Mediterranean Sea. This study recorded b value of 2.88 in
females, 2.96 in males in the Northeastern Aegean Sea (Table
4). This could be due to differences in environmental
conditions, sampling methods and size range coverage. The
samples primarily comprised of small individuals which could
have influenced the b value of the length-weight relationship.
However, our results contrast with those previously reported,
which may be due to differences in the size distributions of
samples taken from different habitats.

Benchalel and Kara (2013) found that the age distribution of D.
sargus species on the east coast of Algeria ranged from 0-10
years in the length group between 12.2 cm and 34.6 cm TL, El-
Maghraby and Botros (1981) found that individuals on the
Egyptian coast ranged from 1-8 years of age in the length
range of 6-39 ¢cm. In this study, the TL range was 14.3-36.7 cm
and the age distribution was between 1-11 years. Age
distributions were similar between the studies, but it was
understood that there was a smaller age distribution in the
Egyptian coast in contrast to the larger length distribution. It is
thought that this may be due to the difference in the method
used during age reading or the faster growth on the Egyptian
coast. In the study carried out in our country, Balik and Emre
(2016) reported that the age distribution in the length range of
13-16 cm TL in Beymelek Lagoon was 0-3 years old. In this
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study, it was determined that the length of the youngest
individual aged 3 years was 18.5 cm TL (Table 5). In both
studies, it was observed that the majority of individuals in this
length range were 2 years old. The variations of the results
can be attributed to the differences in study regions,
environmental variables, and the number of individuals
involved. The researchers also determined the growth

parameter values of the species. The discrepancy in age
distribution and growth parameter values found in this study
compared to other studies is attributed to the different methods
employed. While many researchers used otoliths, the age
determinations in this study were made from fish scales similar
to Abecasis et al. (2008). The age determination from the fish
scales specific to the species was easier to determine.

Table 4. The b values of length-weight relation of D. sargus reported for some populations living in different locations

Author Sex N b Area Growth type
El-Maghraby and Botros (1981) 3.144 Egypt Mediterranean waters
Man Wai and Quignard (1982) 3.123 Gulf of Lion
Male 231 3.032 |
Morato et al. (2003) Female 446 3.054 North Eastern Atlantic |
Total 1178 3.181 |
Lahlah (2004) 2.859 Egyptian Mediterranean waters
Male 37 3.129 |
Mouine et al. (2007) Female 108 2.994 Central Mediterranean (Gulf of Tunis) |
Total 247 3.051 A(+)
Mahmoud et al. (2010) Total 2.942 Abu Qir Bay of Egypt A(-)
Balik and Emre (2016) Total 355 3.1028 Beymelek Lagoon S.W. coast of Tlrkiye at the Med. Sea
Female 143 2.88 A(-)
This study Male 176 2.96 NE Aegean Sea of Trkiye A(-)
Total 322 2.94 A()
I izometry, A(+): positive allometry, A(-): negative allometry
Table 5. The von Bertalanffy growth parameters of D. sargus reported for some populations living in different locations
Author Area Age range Method Loo K to
El-Maghraby et al. (1981) Egypt 1-8 Otolith
Man Wai and Quignard (1982) N/W Mediterranean - Otolith 46.70 0.12 -0.63
Man Wai and Quignard (1982) Gulf of Lion - Otolith 45.86 0.17 -1.18
Martinez-Pastor and Villegas-Cuadros (1996)  Cantabrian Sea 1-11 Otolith 48.48 0.18 -0.06
Gordoa and Moli (1997) N/W Mediterranean - Otolith 41.70 0.25 -0.08
Mann and Buxton (1997) South Africa - Otolith 30.94 0.25 -1.05
) South Portugal 0-18 Otolith 40.93 0.18 -0.86
Abecasis et al. (2008) 0-16 Scale 3955 015 -1.89
Lahlah (2004) Egypt - Otolith 32.72 0.13 -1.84
Mahmoud et al. (2010) Abu Qir Bay 0-6 Otolith 31.38 0.26 -0.73
Benchalel and Kara (2013) Algeria 1-10 Otolith 36.39 0.15 -0.49
Balik and Emre (2016) Mediterranean 1-3 Otolith
This study NE Aegean Sea 1-11 Scale 39.01
The mortality parameters, exploitation ratio and  species is set at 21 cm TL, that result is smaller than the first

reproductive characteristics of fishes are key elements in the
consideration and control of fisheries resources. There is no
data of mortality parameters and exploitation ratio of D.sargus
in our seas. One study is represented the first sexual maturity
length of the species that is 22.69 c¢m in females and 25.2 cm
in males, respectively (Daban et al., 2023). In the communiqué
issued by the Ministry of Agriculture and Forestry, which
regulates commercial fishing, the minimum length of D. sargus

maturity length. And, in this study the mortality parameters
were calculated and the exploitation rate was found as E:0.60.
According to all these results it is possible to say that the
species is under fishing pressure.

CONCLUSION

Understanding the biological characteristics of populations
is crucial for maintaining species continuity. This research
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focuses on D. sargus, an economically important species, and
investigates its age distribution, growth parameters, and
mortality parameters. According to the results obtained, it is
seems that the first capture length should be increased in order
to ensure the continuity of the stocks. In order to reduce the
fishing pressure on the species, increasing the mesh size of
the gilinets, which is one of the fishing gears where selectivity
can be adjusted most easily, can be effective in reducing the
fishing power.
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Abstract: Decapod crustaceans were sampled monthly from May 2008 to April 2009 using a commercial trawl vessel at depths between 292 and 550 m from
Sigacik Bay. 16 species were identified, of which 3 are Brachyura, 5 Caridea, 3 Dendrobranchiata, 1 Polychelida, 1 Astacidea, 3 Anomura. Of these, 4 species
(Bathynectes maravigna, Munida intermedia, Pontophilus spinosus, and Processa canaliculata) are new records for Sigacik Bay. Furthermore, all of the
previous studies were reviewed on the deep-sea decapod crustaceans of Sigacik Bay, depth range of each species is given.

Keywords: Decapoda, deep-sea, Bathynectes maravigna, Munida intermedia, Pontophilus spinosus, Processa canaliculata

0z: Sigacik Korfezinden dekapod krustase dmekleri Mayis 2008'den Nisan 2009'a kadar ticari trol teknesi kullanilarak 292 ve 550 m derinlikler arasindan
aylik olarak toplanmistir. 3 Brachyura, 5 Caridea, 3 Dendrobranchiata, 1 Polychelida, 1 Astacidea, 3 Anomura olmak (izere 16 tiir tespit edilmistir. Tespit edilen
turlerden 4'U (Bathynectes maravigna, Munida intermedia, Pontophilus spinosus ve Processa canaliculata) Sigacik Kérfezi'nden ilk kez rapor edilmektedir.
Ayrica, Sigacik Korfezi'nin derin deniz dekapod krustasea faunasi izerine daha dnce yapilmis galismalarin timi gézden gegirilmis, her bir tiiriin derinlik

araligi verilmistir.

Anahtar kelimeler: Dekapoda, derin deniz, Bathynectes maravigna, Munida intermedia, Pontophilus spinosus, Processa canaliculata

INTRODUCTION

Decapod crustaceans form an important part of the marine
ecosystem because of their importance on the benthic biomass
and activities in the food chain. They are one of the most
dominant megafauna communities in the deep sea basin
(Sarda et al.,1994).

In the most recent checklist compiled for the Turkish Seas
(Bakir et al., 2014), the number of decapod crustacean species
is given as 216 for the Aegean Sea coast of Tlirkiye and 259
in total for the Turkish Seas (given in the study Monodaeus
guinotae Forest, 1976 is accepted as M. couchii (Couch, 1851)
(WoRMS, 2023). The authors stated in their study that, 9 of
these species (Dorhynchus thomsoni Thomson, 1873, Geryon
longipes A. Milne-Edwards, 1882, Monodaeus couchii (Couch,
1851) (given as Monodaeus guinotae Forest, 1976 in the
study), Plesionika acanthonotus (Smith, 1882), P. martia (A.
Milne-Edwards, 1883), Amalopenaeus elegans Smith, 1882
(given under the name Gennadas elegans (Smith, 1882) in the
study), Munida tenuimana Sars, 1872, Richardina fredericii Lo
Bianco, 1903), also given from the Turkish Aegean Sea, were
found at depths of more than 600 m.

In the Aegean coasts of Trkiye, the first study on the deep-
sea decapod crustacean species (Katagan et al., 1988)
recorded 13 species. In a later study by Kocatas and Katagan

(2003), 7 decapod crustacean species were reported from the
deep waters of Turkish Aegean Sea. Then Kogak and Katagan
(2008) recorded 5 deep-sea decapod crustacean species.
Besides these studies, Ozcan et al. (2009a) and Gondilal et al.
(2014) reported 1 and 3 species, respectively, from the region.
Subsequently, an anomuran species, Galathea bolivari
Zariquiey Alvarez, 1950, was reported from the deep waters of
the Turkish Aegean by Gonulal and Dalyan (2017), although
this species has been described in various studies as a species
distributed in shallow waters (i.e. Geldiay and Kocatas, 1970;
Noél, 1992; Falciai and Minervini, 1996; Kogak and Katagan,
2008).

Sigacik Bay located in the Central Aegean Sea is one of
the most efficient trawling grounds in the Aegean Sea. The bay
is an important commercial fishing area for deep-sea decapod
crustaceans. The national waters of Sigacik Bay, lying
between 100 and 550 m deep, are extensively fished by
trawling. Shrimps are the most important bathyal resource
here.

Several studies were present on the deep-sea decapod
crustaceans of Sigacik Bay (Kogak et al., 2008, Ozcan and
Katagan 2009, Kogak, 2010, Ozcan and Katagan 2011, Aydin
and Aydin, 2011, Kogak et al., 2012, Oraner et al., 2018, Dereli
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etal., 2021). In the research area, Kogak et al. (2008) reported
1 anomuran species. In a later study by Ozcan and Katagan
(2009), which is the only comprehensive study to date on deep-
sea decapod crustaceans of Sigacik Bay, recorded 21 species,
of which 10 are Brachyura, 5 Caridea, 2 Dendrobranchiata, 1
Astacidea, 1 Polychelida, 2 Anomura. Since then, 1 Brachyura
by Kogak (2010), 1 Caridea by Kogak et al. (2012), and 1
Dendrobranchiata by Dereli et al. (2021) were recorded from
the same area. The goal of the present study was a faunistic
study of the deep-sea decapod crustaceans of Sijacik Bay.

MATERIALS AND METHODS

Sampling surveys are performed monthly from May 2008
to April 2009 using a commercial bottom trawl (44-mm nominal
mesh size, PE netting at the codend) in Sigacik Bay, Aegean
Sea (from 38°05'13"N, 26°35'08"E to 37°59'27"N,
26°54'47"E) (Figure 1, Table 1). A total of 24 hauls are taken
at depths between 292 and 550 m. The trawling speed
fluctuated from 2.3 to 2.6 knots, depending on the nature of the
substrate. Each haul usually lasted 1 hour, but several hauls
lasted between half an hour to 1.5 hours (Table 1). All hauls
are performed in daylight. The specimens were fixed in 5%
formaldehyde. Carapace length (CL) and total length (TL)
were measured with digital calipers to the nearest 0.01 mm.

Table 1. Information on bottom trawl surveys carried out in Sigacik Bay

All decapod crustaceans are determined to species level
using the studies by Zariquiey Alvarez (1968), Noél 1992, Ingle
(1993), and Falciai and Minervini (1996). In addition, WoRMS
(2024) is considered for synonyms of the species and also
variations in the nomenclature.

= 380N
=3E20°N
sSifacik
SIGACIK
BAY
=3E00'N
AEGEAN SEA
= 3T40N
25050E A0E 2030E 26'50E IMIE E
L ! 1 1

Figure 1. Map of the study area

Date Depth (m) Time Coordinates
Start | Finish | Start | Finish Start | Finish
26.05.2008 320 344 1125 1225 37°59'93'N 26°44'82'E 38°00'98'N 26°41'72"E
526 550 1345 1445 37°55'51'N 26°40'85'E 37°5508"N 26°43'69"E
19.06.2008 319 343 1140 12:40 37°59'93'N 26°44'82'E 38°09'98'N 26°41'72"E
526 500 1355 1455 37°55'51'N 26°40'85'E 37°5508"N 26°43'69"E
12,07 2008 494 539 0840  09:40 37°55'81"N 26°39'36"E 37°54'34'N26°41'11"E
350 292 1100 12:00 37°59'03'N 26°44'09'E 38°01'39'N 26°43'32'E
16.08.2008 316 366 09:10  10:10 37°59'83'N 26°45'54'E 38°00'57"N 26°4219'E
512 512 1140 12110 37°56'70"'N 26°39"19'E 37°5470'N 26°42'92"E
13.00.2008 310 347 0950  10:50 37°59'84'N 26°44'96"E 38°00'63'N 26°41'48"E
512 550 1210 1345 37°56'14'N 26°39'81"E 37°54'92'N 26°44'20"E
5.10.2008 530 545 0715 08:15 37°55'28'N 26°41'38'E 37°54'86"N 26°4375'E
342 320 0930 10:30 37°59'82'N 26°43'95'E 38°01'09'N 26°41'75'E
08112008 520 550 0640  08:10 37°55'11'N 26°42'35'E 37°56'31"N 26°38'25'E
360 320 0925  10:25 38°00'43'N 26°42'34'E 37°59'80'N 26°45'35'E
2042.2008 495 510 0950  10:20 37°55'10'N 26°4274'E 37°56'00"N 26°38'65'E
360 330 1230 1330 38°00'13'N 26°41'76'E 38°00'33'N 26°44'99"E
17012000 520 550 0718 08:40 37°56'09'N 26°39'73'E 37°54'96"N 26°43'65'E
350 350 0955  10:55 37°59'41'N 26°43'94'E 38°0075'N 26°41'96"E
17022000 520 550 0710 08:40 37°55'07'N 26°43'06'E 37°55'99'N 26°39'12"E
360 310 0950  10:50 38°00'25'N 26°41'55'E 38°00'18"N 26°44'56"E
26.03.2000 500 530 1205 1335 37°54'96"N 26°43'23'E 37°56'10"N 26°39'70"E
350 335 1450 1550 37°59'47'N 26°43'83'E 38°01"12'N 26°41'84"E
24.04.2000 350 335 0825  09:25 37°59'99"N 26°45'84'E 38°00'00"N 26°41'71"E
550 550 10:30  12:00 37°56'19"N 26°40'67"E 37°5502'N 26°43'49"E
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RESULTS

The bathyal trawling surveys in Sigacik Bay revealed 16
deep-sea decapod crustacean species, of which 3 are
Anomura (Pagurus prideaux Leach, 1815, Iridonida speciosa
(von Martens, 1878), Munida intermedia A. Milne-Edwards and
Bouvier, 1899), 3 Brachyura (Bathynectes maravigha
(Prestandrea, 1839), Inachus parvirostris (Risso, 1816),
Macropipus tuberculatus (Roux, 1830), 1 Astacidea (Nephrops
norvegicus (Linnaeus, 1758), 1 Polychelida (Polycheles
typhlops Heller, 1862), 3 Dendrobranchiata (Aristeomorpha
foliacea (Risso, 1827), Parapenaeus longirostris (Lucas,
1846), Solenocera membranacea (Risso, 1816), 5 Caridea
(Plesionika heterocarpus (A. Costa, 1871), P. martia (A. Milne-
Edwards, 1883), Aegaeon lacazei (Gourret, 1887), Pontophilus
spinosus (Leach, 1816), Processa canaliculata Leach, 1815).
Of these, 4 species (M. intermedia, B. maravigna, P. spinosus,
P. canaliculata) newly recorded for the region. As a result of
studies carried out in order to review the deep-sea decapod
crustacean fauna of the Sigacik Bay, indicating the presence
of 24 species inhabiting the Bay, of which 2 are Anomura, 6
Caridea, 3 Dendrobranchiata, 11 Brachyura, 1 Astacidea, 1
Polychelida.

The present study raises this species number, to 28, with
the addition of the 4 new records.

Systematics
ANOMURA
SUPERFAMILY: GALATHEOIDEA SAMOUELLE, 1819

FAMILY: MUNIDIDAE AHYONG, BABA, MACPHERSON and
POORE, 2010

GENUS: MUNIDA LEACH, 1820
Munida intermedia A. Milne-Edwards and Bouvier, 1899

Synonyms: Munida bamffia (Pennant, 1777) sensu Bonnier,
1888 (part); Munida bamffica (Pennant, 1777) sensu Bouvier,
1940; Munida bamffica tenuimana Sars, 1872 sensu Bouvier,
1940; Munida bamffica var. gracilis A. Milne-Edwards and
Bouvier, 1899; Munida bamffica var. intermedia A. Milne-
Edwards and Bouvier, 1899; Munida sarsi meridionalis
Zariquiey Alvarez, 1952

This is the first record of M. intermedia from Sigacik Bay. This
species was recorded for the first time in Turkish seas by
Katagan et al. (1988) in the Saros Bay (Aegean Sea) at a depth
of 520 m in a muddy biotope. Sex was determined under a
stereo microscope by observing the condition of the
gonophores; in the coxa of the third pereiopod in females or
the coxa of the fifth pereiopod in males.

Habitat: Muddy bottom.
Depth range: 300-400 m

Worldwide Distribution: Eastern Atlantic, Mediterranean
(d'Udekem d’Acoz, 1999)

Figure 2. Munida intermedia A. Milne-Edwards and Bouvier, 1899 @,
Sigacik Bay (dorsal view). CL (without rostrum): 15.3 mm

GENUS: IRIDONIDA° MACPHERSON & BABA IN
MACHORDOM, AHYONG, ANDREAKIS, BABA, BUCKLEY,
GARCIA-JIMENEZ, MCCALLUM, RODRIGUEZ-FLORES &
MACPHERSON, 2022

Iridonida speciosa (von Martens, 1878)

Synonyms: Munida iris A. Milne Edwards, 1880 sensu A.
Milne Edwards and Bouvier, 1900; Munida iris rutllanti
Zariquiey Alvarez, 1952; Munida rutllanti Zariquiey Alvarez,
1952; Munida speciosa von Martens, 1878

This species (as Munida rutllanti) was reported by Kocak et al.
(2008), Ozcan and Katagan (2009; 2011) from Sigacik Bay.

Depth range: 200-400 m

Worldwide Distribution: Eastern Atlantic, Mediterranean
(d’'Udekem d’Acoz, 1999).

SUPERFAMILY: PAGUROIDEA LATREILLE, 1802
FAMILY: PAGURIDAE LATREILLE, 1802

GENUS: PAGURUS FABRICIUS, 1775

Pagurus prideaux Leach, 1815

Synonyms: Pagurus pridauxii Leach, 1815; Pagurus prideauxi
Leach, 1815; Pagurus solitarius Risso, 182

P. prideaux was reported by Ozcan and Katagan (2009) from
Sidacik Bay.

Depth range: 200-300 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

BRACHYURA

SUPERFAMILY: PORTUNOIDEA RAFINESQUE, 1815
FAMILY: POLYBIIDAE ORTMANN, 1893

GENUS: BATHYNECTES STIMPSON, 1871

Bathynectes maravigna (Prestandrea, 1839)
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Synonyms: Bathynectes superba (Costa, 1853); Portunus
maravigna Prestandrea, 1839; Portunus superbus Costa,
1853; Thranites velox Bovallius, 1876

B. maravigna is new record for Sidacik Bay. B. maravigna was
recorded for the first time in Turkish seas by Kocatas and
Katagan (2003) in Aegean Sea at a depth of 720 m in a silty
substratum. Sex was identified by observing the characteristic
shape of the abdomen (triangular in males, circular in females)
and the appearance of the first two pairs of pleopods
(developed into gonopods in males).

Habitat: Sandy-muddy bottom.
Depth range: 500-600 m

Worldwide Distribution: Eastern Atlantic, Mediterranean
(d’'Udekem d’Acoz, 1999).
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Figure 3. Bathynectes maravigna (Prestandrea, 1839) &, Sigacik
Bay (dorsal view). CL: 41.6 mm

GENUS MACROPIPUS PRESTANDREA, 1833
Macropipus tuberculatus (Roux, 1830)

Synonyms: Macropipus citrinus Cocco, 1832; Macropipus
citrinus Prestandrea, 1833; Portunus macropipus Cocco, 1832;
Portunus  macropipus  Prestandrea, 1833;  Portunus
tuberculatus Roux, 1830

The species was reported by Ozcan and Katagan (2009; 2011)
from Sigacik Bay.

Depth range: 200-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

SUPERFAMILY: CALAPPOIDEA DE HAAN, 1833
FAMILY: CALAPPIDAE DE HAAN, 1833

GENUS CALAPPA WEBER, 1795

Calappa granulata (Linnaeus, 1758)

Synonyms: Calappa tuerkayana Pastore, 1996; Calappa
turkayana Pastore, 1995; Calappe granulata (Linnaeus, 1758);

Cancer granulata Linnaeus, 1758

C. granulata was recorded by Ozcan and Katagan (2009) from
Sigacik Bay.

Depth range: 200-400 m

Worldwide Distribution: Atlantic, Mediterranean (d’Udekem
d'’Acoz, 1999).

SUPERFAMILY: GONEPLACOIDEA MACLEAY, 1838
FAMILY: GONEPLACIDAE MACLEAY, 1838

GENUS GONEPLAX LEACH, 1814

Goneplax rhomboides (Linnaeus, 1758)

Synonyms: Cancer angulata Pennant, 1777; Cancer
rhomboides Linnaeus, 1758; Gelasimus Bellii J Couch, 1838;
Goneplax angulata (Pennant, 1777); Goneplax rhomboidalis
Risso, 1827; Gonoplax angulata (Pennant, 1777); Gonoplax
rhomboides (Linnaeus, 1758); Ocypoda bispinosa Lamarck,
1801; Ocypoda unispinosa Rafinesque, 1814; Ocypode
longimana Latreille, 1803

It was reported by Ozcan and Katagan (2009) from Sigacik
Bay.

Depth range: 200-400 m

Worldwide Distribution: Atlantic, Mediterranean (d’Udekem
d'’Acoz, 1999).

SUPERFAMILY: MAJOIDEA SAMOUELLE, 1819
FAMILY: INACHIDAE MACLEAY, 1838

GENUS MACROPODIA LEACH, 1814
Macropodia tenuirostris (Leach, 1814)

Synonyms: Leptopodia tenuirostris Leach, 1814; Macropodia
longipes  (A.  Milne-Edwards and  Bouvier, 1899);
Stenorhynchus longipes A. Milne-Edwards and Bouvier, 1899;
Stenorhynchus longipes A. Milne-Edwards and Bouvier, 1894

This species was recorded by Ozcan and Katagan (2009) from
Sigacik Bay under the name Macropodia longipes.

Depth range: 200-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

Macropodia rostrata

Synonyms: Cancer rostrata Linnaeus, 1761; Cancer rostratus
Linnaeus, 1761; Macropodia parva Van Noort and Adema,
1985; Macropodia spinulosa (Miers, 1881); Stenorhynchus
inermis Heller, 1856; Stenorhynchus rostratus (Linnaeus,
1761); Stenorhynchus rostratus var. spinulosus Miers, 1831

M. rostrata was reported by Ozcan and Katagan (2009) from
Sigacik Bay.

Depth range: 200-300 m
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Worldwide Distribution: Atlantic, Mediterranean (d’Udekem
d'Acoz, 1999).

GENUS: INACHUS WEBER, 1795
Inachus parvirostris (Risso, 1816)

Synonyms: Doclea fabriciana Risso,
parvirostris Risso, 1816

1827, Macropus

The species was reported Kocak (2010) from Sigacik Bay.
Depth range: 300-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

SUPERFAMILY: DORIPPOIDEA MACLEAY, 1838
FAMILY: DORIPPIDAE MACLEAY, 1838

GENUS: MEDORIPPE MANNING & HOLTHUIS, 1981
Medorippe lanata (Linnaeus, 1767)

Synonyms: Cancer lanatus Linnaeus, 1767; Dorippe affinis
Desmarest, 1823; Dorippe lanata (Linnaeus, 1767)

It was recorded by Ozcan and Katagan (2009) from Sigacik
Bay.
Depth range: 200-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

SUPERFAMILY: PARTHENOPOIDEA MACLEAY, 1838
FAMILY: PARTHENOPIDAE MACLEAY, 1838

GENUS: SPINOLAMBRUS TAN & NG, 2007
Spinolambrus macrochelos (Herbst, 1790)

Synonyms: Cancer macrochelos Herbst, 1790; Eurynome
aldrovandi Risso, 1827; Lambrus macrochelos (Herbst, 1790);
Lambrus mediterraneus Roux, 1828; Lambrus Miersii A. Milne-
Edwards and Bouvier, 1898; Lambrus spinosissimus Osorio,
1923; Parthenope humbertii Costa, 1838; Parthenope
macrochelos (Herbst, 1790); Parthenope miersii (A. Milne-
Edwards and Bouvier, 1898)

This species (as Parthenope macrochelos) was reported by
Ozcan and Katagan (2009) from Sigacik Bay.

Depth range: 200-300 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

GENUS: PARTHENOPOIDES MIERS, 1879
Parthenopoides massena (Roux, 1830)

Synonyms: Lambrus (Parthenopoides) bicarinatus Miers,
1881; Lambrus (Parthenopoides) massena (Roux, 1830);
Lambrus (Parthenopoides) massena var. atlanticus Miers,
1881; Lambrus (Parthenopoides) massena var. goreensis

Miers, 1881; Lambrus (Parthenopoides) massena var. spinifer
Miers, 1881; Lambrus hexacanthus A. Costa in Hope, 1851;
Lambrus massena Roux, 1830; Lambrus rugosus Stimpson,
1857; Lambrus setubalensis de Brito Capello, 1866;
Parthenope contracta OG Costa and A Costa, 1840;
Parthenope massena (Roux, 1830)

P. massena was reported by Ozcan and Katagan (2009) from
Sigacik Bay under the name Parthenope massena.

Depth range: 300-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

SUPERFAMILY: PILUMNOIDEA SAMOUELLE, 1819
FAMILY: PILUMNIDAE SAMOUELLE, 1819

GENUS: PILUMNUS LEACH, 1816

Pilumnus hirtellus (Linnaeus, 1761)

Synonyms: Cancer hirtellus Linnaeus, 1761

The species was reported by Ozcan and Katagan (2009) from
Sidacik Bay.

Depth range: 200-300 m

Worldwide Distribution: Atlantic, Mediterranean (d’Udekem
d’Acoz, 1999).

SUPERFAMILY: XANTHOIDEA MACLEAY, 1838
FAMILY: XANTHIDAE MACLEAY, 1838

GENUS: XANTHO LEACH, 1814

Xantho pilipes A. Milne-Edwards, 1867
Synonyms: -

It was reported by Ozcan and Katagan (2009) from Sigacik
Bay.

Depth range: 300-400 m.

Worldwide Distribution: Atlantic, Mediterranean (d’Udekem
d’Acoz, 1999).

CARIDEA

SUPERFAMILY: PROCESSOIDEA ORTMANN, 1896
FAMILY: PROCESSIDAE ORTMANN, 1896

GENUS: PROCESSA LEACH, 1815

Processa canaliculata Leach, 1815

Synonyms: Nika cannelata Griffith and Pidgeon, 1833; Nika
couchii Bell, 1847; Nika edulis var. britannica Czerniavsky,
1884; Nika edulis var. mediterranea (Parisi, 1915); Nika
mediterranea Parisi, 1915; Processa mediterranea (Parisi,
1915); Processa prostatica Zariquiey Cenarro, 1941

P. canaliculata is recorded for the first time from Sigacik Bay.
This species was recorded for the first time in Turkish seas by
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Santucci (1928) from Aegean Sea. Sex was determined by the
presence (males) and absence (females) of an appendix
masculina on the second pleopod.

Habitat: Sandy-muddy bottom.
Depth range: 500-600 m

Worldwide Distribution: Eastern Atlantic, Mediterranean
(d’'Udekem d’Acoz, 1999).

Fh:uwn:W‘aarnspgsu‘rrmqpn’m? i

Figure 4. Processa canaliculata Leach, 1815 @, Sidacik Bay (lateral
view). TL: 64.2 mm

SUPERFAMILY: CRANGONOIDEA HAWORTH, 1825
FAMILY: CRANGONIDAE HAWORTH, 1825

GENUS: PONTOPHILUS LEACH, 1817

Pontophilus spinosus (Leach, 1816)

Synonyms: Crangon spinosus Leach, 1816

The present report represents a new record for P. spinosus
from Sigacik Bay. The species was recorded for the first time
in Turkish seas by Adensamer (1898) from Aegean Sea. Sex
determination was made by the same method as for P.
canaliculata.

Habitat: Muddy bottom.
Depth range: 300-400 m

Worldwide Distribution: Eastern Atlantic, Mediterranean
(d'Udekem d’Acoz, 1999).

Figure 5. Pontophilus spinosus (Leach, 1816) o, Sigacik Bay (lateral
view). CL: 11.7 mm TL: 48.3 mm

GENUS AEGAEON AGASSIZ, 1846
Aegaeon lacazei (Gourret, 1887)

Synonyms: Aegeon brendani Kemp, 1906; Aegeon lacazei
(Gourret, 1887); Crangon lacazei Gourret,1887; Pontocaris
habereri Doflein, 1902; Pontocaris lacazei (Gourret, 1887)

This species was reported by Ozcan and Katagan (2009, 2011)
from Sigacik Bay.

Depth range: 300-600 m

Worldwide Distribution: Atlantic, Mediterranean, Indo-Pacific
(d’'Udekem d’Acoz, 1999).

SUPERFAMILY: PANDALOIDEA HAWORTH, 1825
FAMILY: PANDALIDAE HAWORTH, 1825

GENUS: CHLOROTOCUS A. MILNE-EDWARDS, 1882
Chlorotocus crassicornis (Costa, 1871)

Synonyms: Chlorotocus gracilipes A. Milne-Edwards, 1882;
Chlorotocus  gracilipes var. andamanensis Alcock and
Anderson, 1899; Chlorotocus incertus Spence Bate, 1888;
Palemon chlorotocus Filhol, 1885; Pandalus crassicornis A.
Costa, 1871

C. crassicornis was reported by Ozcan and Katagan (2009,
2011) from Sigacik Bay

Depth range: 300-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

GENUS: PLESIONIKA SPENCE BATE, 1888
Plesionika narval (Fabricius, 1787)

Synonyms: Astacus narval Fabricius, 1787; Nisea formosa
Risso, 1844; Palaemon tarentinum O.G. Costa, 1844; Palemon
pristis Risso, 1816; Pandalus escatilis Stimpson, 1860;
Pandalus narwal (Fabricius, 1787); Pandalus stylopus A.
Milne-Edwards, 1883; Parapandalus narval (Fabricius, 1787)

This species was reported by Ozcan and Katagan (2009) from
Sigacik Bay as Parapandalus narval.

Depth range: 300-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

Plesionika heterocarpus (A. Costa, 1871)

Synonyms: Pandalus heterocarpus A. Costa, 1871; Pandalus
longicarpus A. Milne-Edwards, 1883; Pandalus sagittarius A.
Milne-Edwards, 1883

The species was reported by Ozcan and Katagan (2009,
2011), Oraner et al. (2018), and Dereli et al. (2021) from
Sidacik Bay.

Depth range: 200-600 m
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Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

Plesionika martia (A. Milne-Edwards, 1883)

Synonyms: Pandalus martius A. Milne-Edwards, 1883;
Plesionika (Pandalus) sicherii Riggio, 1900; Plesionika martia
martia (A. Milne-Edwards, 1883)

It was reported by Kogak et al. (2012) and Dereli et al. (2021)
from Sigacik Bay.

Depth range: 400-600 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

DENDROBRANCHIATA

SUPERFAMILY: PENAEOIDEA RAFINESQUE, 1815
FAMILY: PENAEIDAE RAFINESQUE, 1815

GENUS: PARAPENAEUS SMITH, 1885
Parapenaeus longirostris (Lucas, 1846)

Synonyms: Penaeus bocagei Johnson, 1863; Penaeus lividus
Filhol, 1885; Penaeus longirostris Lucas, 1846; Peneus cocco
Prestandrea, 1833

P. longirostris was reported by Ozcan and Katagan (2009,
2011), and Dereli et al. (2021) from Sidacik Bay.

Depth range: 200-600 m

Worldwide Distribution: Atlantic, Mediterranean (d’'Udekem
d’Acoz, 1999).

FAMILY: ARISTEIDAE WOOD-MASON /N WOOD-MASON &
ALCOCK, 1891

GENUS: ARISTAEOMORPHA WOOD-MASON IN WOOD-
MASON & ALCOCK, 1891

Aristaeomorpha foliacea (Risso, 1827)

Synonyms: Aristaeomorpha giglioliana Wood-Mason, 1892;
Aristaeomorpha mediterranea Adensamer, 1898,;
Aristaeomorpha  rostridentata  (Spence Bate, 1888);
Aristeomorpha foliacea (Risso, 1827); Aristeus japonicus
Yokoya, 1933; Aristeus rostridentatus Spence Bate, 1881
Penaeus meridionalis Hope, 1851; Peneus foliacea Risso,
1827

This species was reported by Dereli et al. (2021) from Sigacik
Bay.

Depth range: 200-400 m

Worldwide Distribution: Atlantic, Mediterranean, Indo-Pacific
(d’'Udekem d’Acoz, 1999).

FAMILY: SOLENOCERIDAE WOOD-MASON IN WOOD-
MASON & ALCOCK, 1891

GENUS: SOLENOCERA LUCAS, 1849

Solenocera membranacea (Risso, 1816)

Synonyms: Penaeus carinatus Otto, 1821; Penaeus distinctus
De Haan, 1849; Penaeus membranaceus Risso, 1816;
Penaeus siphonoceros Philippi, 1840, Peneus siphonoceros
Philippi, 1840; Solenocera philippii Lucas, 1849

S. membranacea was recorded by Ozcan and Katagan (2009,
2011) from Sigacik Bay.

Depth range: 200-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

SUPERFAMILY: PASIPHAEOIDEA DANA, 1852
FAMILY: PASIPHAEIDAE DANA, 1852

GENUS: PASIPHAEA SAVIGNY, 1816
Pasiphaea sivado (Risso, 1816)

Synonyms: Alpheus sivado Risso, 1816; Pasiphaea
brevirostris H. Milne Edwards, 1837; Pasiphaea distincta
Guérin-Méneville, 1844; Pasiphaea neapolitana Hope, 1851;
Pasiphaea savignyi H. Milne Edwards, 1837

The species was reported by Ozcan and Katagan (2009) from
Sidacik Bay.

Depth range: 400-600 m

Worldwide Distribution: Atlantic, Mediterranean (d’Udekem
d’Acoz, 1999).

ASTACIDEA

SUPERFAMILY: NEPHROPOIDEA DANA, 1852
FAMILY: NEPHROPIDAE DANA, 1852

GENUS: NEPHROPS LEACH, 1814

Nephrops norvegicus (Linnaeus, 1758)

Synonyms: Astacus rugosus Rafinesque, 1814; Cancer
norvegicus Linnaeus, 1758; Nephrops norvegicus var.
meridionalis Zariquey Cenarro, 1935; Nephrops norwegicus
(Linnaeus, 1758); Nephropsis cornubiensis Spence Bate and
Brooking Rowe, 1880

N. norvegicus was reported by Ozcan and Katagan (2009,
2011), Aydin and Aydin (2011), and Dereli et al. (2021) from
Sigacik Bay.

Depth Range: 200-600 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

POLYCHELIDA

SUPERFAMILY: ERYONOIDEA DE HAAN, 1841
FAMILY: POLYCHELIDAE WOOD-MASON, 1874
GENUS: POLYCHELES HELLER, 1862
Polycheles typhlops Heller, 1862
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Synonyms: Eryoneicus Kempi Selbie, 1914, Pentacheles
Agassizii A. Milne-Edwards, 1880; Pentacheles Hextii Alcock,
1894; Polycheles doderleini Riggio, 1895; Polycheles hextii
(Alcock, 1894); Polycheles typhlops typhlops Heller, 1862;
Stereomastis artuzi Artliz, Kubang and Kubang, 2014

The species was recorded by Ozcan and Katagan (2009) from
Sigacik Bay under the name Polycheles typhlops typhlops.

Depth Range: 300-400 m

Worldwide Distribution: Atlantic, Mediterranean (Falciai and
Minervini, 1996).

DISCUSSION

In the present study, 16 deep-sea decapod crustaceans
were determined from the Sigacik Bay, 5 of which belong to
the Caridea, 3 to the Brachyura, 3 to the Dendrobranchiata, 1
to the Polychelida, 1 to the Astacidea, and 3 to the Anomura.
Among these, 4 species (Bathynectes maravigna, Munida
intermedia, Processa canaliculata, and Pontophilus spinosus)
were new records for Sigacik Bay. B. maravigna was reported
by Kocatas and Katagan (2003) from Aegean Sea coasts of
Tirkiye; and by Ozcan et al. (2009b), Deval and Froglia (2016)
and Deval et al. (2017) from the Mediterranean coasts of
Tirkiye. Previous records of M. intermedia from Turkish seas
were only from Aegean Sea coasts of Tirkiye (Katagan et al.,
1988; Kogak et al., 2001; Kocatas and Katagan, 2003; Gondilal
et al., 2014). P. canaliculata was previously reported by Mller
(1986) from Sea of Marmara; by Santucci (1928) from the
Aegean Sea coasts of Turkiye; by Kocatas and Katagan
(2003), and Gondlal and Dalyan (2017) from the Mediterranean
coasts of Turkiye. P. spinosus was reported by Adensamer
(1898) and Kocatas and Katagan (2003) only from the Turkish
Aegean Sea coasts.

In Ozcan and Katagan (2009) 21 species are reported from
Sigacik Bay, of which 5 are Caridea (Aegaeon lacazei,
Chlorotocus crassicornis, Plesionika narval (as Parapandalus
narval), P. heterocarpus, Pasiphaea  sivado), 2
Dendrobranchiata (Parapenaeus longirostris, Solenocera
membranacea), 10 Brachyura (Calappa granulata, Goneplax
rhomboides, Macropipus tuberculatus, Macropodia tenuirostris
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more deep-sea decapod crustacean species have been
reported from Si§acik Bay (Inachus parvirostris (Kocak, 2010),
Plesionika martia (Kogak et al., 2012) and Aristaeomorpha
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CONCLUSION

In the present study, Bathynectes maravigna, Munida
intermedia, Pontophilus spinosus and Processa canaliculata
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total number of deep-sea decapod crustacean species in
Sigacik Bay is raised from 24 to 28.
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Abstract: This study was conducted with the primary objective of determining the presence of both healthy and impacted Pinna nobilis populations along
the European coasts of the Sea of Marmara, followed by the identification of P. nobilis abundance and survival rates in the region encompassing the
Canakkale Strait and the southern coasts of the Sea of Marmara. Underwater surveys were randomly conducted at 19 distinct stations, including 8 stations
along the European coasts of the Sea of Marmara, 7 stations along the southern coasts of the Sea of Marmara, and 6 stations within the Canakkale Strait.
SCUBA diving equipment was utilized to record information on habitat structure, water temperature, depth, and visibility at each station. The transect length
during underwater surveys and the number of transects at each station were determined based on the condition of the seabed and the size of the area,
respectively. Throughout the study period (September 2021 and October 2023), water temperature fluctuated between 17.5°C and 26.6°C. At the end of the
study, a total of 395 individuals (147 live, 248 dead) were observed, with live individuals exhibiting total lengths ranging from 16.4 cm to 50.9 cm. This study
represents the first investigation into the spatial distribution of P. nobilis along the European coast of the Marmara Sea. The study contributes significantly to
enhancing our understanding of the ecology of P. nobilis populations in both the Sea of Marmara and the Canakkale Strait. Additionally, recommendations
for the rehabilitation of impacted populations and the conservation of healthy populations have been provided for decision-makers and fisheries managers.

Keywords: Pinna nobilis, survival, density, conservation, mortality, attachment

INTRODUCTION

Pinna nobilis Linnaeus 1758 is endemic to the
Mediterranean and exhibits a fan-shaped morphology,
reaching lengths of up to 120 cm (Zavodnik et al., 1991).
Found in seagrass meadows (Posidonia oceanica and
Cymodocea nodosa) within sandy, sandy-muddy, and
gravelly areas, these organisms partially embed themselves
into the substrate from the umbo region, securing their
attachment to the substrate through byssus threads (Tebble,
1966; Zavodnik et al., 1991; Acarli et al., 2011; Hendriks et
al,, 2011; Prado et al., 2014; Kurtay et al., 2018). Owing to its
carbonate-hardened surface, P. nobilis provides a habitat for
numerous substrate-dependent species (Acarli et al., 2010).

P. nobilis possesses the ability to filter water, contributing
to the quality of the surrounding water by reducing organic
and inorganic material through its filtration process (Vicente et
al, 2002; Basso et al., 2015; Natalotto et al., 2015).
Furthermore, it is hypothesized to have the capacity to
regulate regional water characteristics (Trigos et al., 2014). In
laboratory conditions, individuals with a length of 30 cm have
been reported to filter more than 2500 liters of water per day,
a process dependent on their physiological energy
requirements (Caballero, 2021).

In 2016, cases of P. nobilis mortality reaching 100% were
first reported in Spain, followed by subsequent occurrences
along other Mediterranean coasts, including France, Tunisia,
Morocco, Cyprus, the Adriatic Sea, and the Aegean Sea
(Vazquez-Luis et al., 2017; Catanese et al., 2018; Carella et
al., 2019; Katsanevakis et al., 2019; Acarli et al., 2020).
Subsequently, the IUCN elevated the conservation status of

P. nobilis to “Critically Endangered” due to these mass
mortalities. Haplosporidium pinnae parasite was initially
identified as the causative agent for these mass mortalities
(Catanese et al, 2018). Later studies reported the
involvement of different pathogens in conjunction with H.
pinnae in these mass mortalities (Carella et al., 2019, 2020;
Lattos et al., 2021a, b; Pensa et al., 2022).

Nevertheless, live populations of P. nobilis still exist in
shallow bays, coastal lagoons (Katsanevakis et al., 2007;
Ruitton and Lefebvre, 2021; Garcia-March et al., 2020; Cinar
et al., 2021a; Katsanevakis et al., 2022; Nebot-Colomer et al.,
2022; Peyran et al., 2022; Papadakis et al., 2022), the
Ganakkale Strait (Acarli et al., 2021), and the Sea of Marmara
(Cinar et al., 2021a; Acarli et al., 2021; Acarl et al., 2022a;
Karadurmus and Sari, 2022) in the Mediterranean region.

The Sea of Marmara, situated between the Black Sea and
the Aegean Sea, functions as an inland sea influenced by the
Black Sea, Aegean, and Mediterranean. The saline waters of
the Mediterranean (up to 40%o.) mix with the less saline waters
of the Black Sea (approximately 20%o) through subsurface
currents and form the surface currents in the waters of the
Sea of Marmara. The Marmara ecosystem, encompassing
biological components from both seas, is recognized as an
ecological corridor and is considered unique (Isinibilir-Okyar
et al., 2015; Demirel et al., 2023). Despite encountering
environmental disasters such as mucilage in the Sea of
Marmara (Balkis-Ozdelice et al., 2021), it has been reported
to continue harboring healthy populations of the endangered
P. nobilis species (Acarli et al., 2021).
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Identifying healthy populations, revitalizing damaged
populations, and rehabilitating them are crucial aspects.
Although studies have been conducted on the presence of the
species in some parts of the southern coast of the Canakkale
Strait and the Sea of Marmara, there is no information
available regarding the situation on the European coast of the
Sea of Marmara. Therefore, this study was conducted initially
to determine the presence of healthy and damaged P. nobilis
populations on the European coast of the Sea of Marmara.
Subsequently, it aimed to assess the abundance and survival
rate of P. nobilis on the southern coast of the Sea of Marmara
Ganakkale Strait.

MATERIAL AND METHODS

This study was conducted at 19 different stations located
in the Canakkale Strait, the European coast of the Sea of
Marmara, and the Anatolian coast (Figure 1). Additionally,
observational dives were carried out at three different stations
in the Canakkale Strait, where healthy P. nobilis populations
were reported by Acarli et al. (2021, 2022a) and Acarli et al.
(2021) (checkpoint stations: 10, 21, 22). A two-year
monitoring program was conducted between September 2021
and October 2023. Water temperature, salinity, and depth
were recorded using YSI probe and Oceanic GEO2. SCUBA
equipment was employed for underwater observations in the
study area. The substrate structure at the stations was
determined as gravel, gravel with macroalgae, sandy,
Cymodocea nodosa, Posidonia oceanica, and rocky.
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Figure 1. Map of the study area

The study area was systematically surveyed by a trained
scientific diver, initiating the survey at a depth of 0.5 m
perpendicular to the shoreline for each designated station.
The transect underwater visual census method was employed
for data collection, with transect lines initially planned at a
standard distance of 50 m and a width of two meters on each
side. However, variations in transect line distances occurred
due to specific conditions at each station, including habitat
structure, depth zone, and underwater visibility. At each
station, a minimum of one transect was executed to assess
the presence or absence of the P. nobilis population. Within
each transect, a meticulously examined area of 200 m? was
considered, and the number of transects ranged from 1 to 6.

In instances where no P. nobilis individuals were initially
observed, additional transects were undertaken. The decision
to conduct supplementary transects was contingent upon
factors such as habitat structure, depth zone, and underwater
visibility, as delineated in Table 1. However, in cases where
no individuals were detected in these supplemental transects,
no further transect activities were pursued.

All shells of both living and deceased P. nobilis individuals
were measured for their widths, and subsequently, their total
volumes were calculated using the formula established by
Acarli et al. (2018) as follows:

TL = 2.74W + 2.018 (1)

In this equation, TL denotes the total length, and W
represents the width of the specimen. A one-way analysis of
variance (ANOVA) was executed to compare the variations in
lengths of P. nobilis among different stations. The population
density for each station was determined by computing the
number of individuals per 100 m2 To assess potential
differences in the population density (ind./100 m?) of P. nobilis
among stations, permutational analysis of variance
(PERMANOVA) was employed. The PERMANOVA analysis
was carried out using Past (v4.08) (Hammer et al., 2001). The
Euclidean distance matrix was applied, and groups were
delineated based on the presence or absence of specimens
at the stations. The stations, where P. nobilis was identified (8
levels), were designated as a fixed factor in conducting the
PERMANOVA.

RESULTS

Table 1 provides information about the surveyed area,
maximum depth, underwater visibility, temperature, salinity,
and habitat structure of the investigated stations in the study.
Among these, stations numbered 1, 2, 3, 5, 6, 13, 16, 17, 19,
and 20 did not exhibit any presence of P. nobilis individuals.
These stations were characterized by a predominant sandy
substrate in terms of habitat structure. In contrast, stations
numbered 4, 7, 8, 9, 11, 12, 13, 15, and 18 revealed the
presence of P. nobilis individuals in habitats characterized by
sandy substrate, C. nodosa, and to a lesser extent, P.
oceanica.

Observations (monitoring dives) conducted at stations 10,
21, and 22 did not reveal any signs of intense mass mortality,
indicating a healthy population. Furthermore, the presence of
young individuals (>15 c¢m) recruiting to the population was
noted at these stations. During underwater surveys, a total of
147 living individuals and 282 deceased individuals were
identified (Table 2). Observations throughout the study
revealed that the highest number of living individuals was
recorded at station 9, while the highest number of deceased
individuals was documented at station 12. The lengths of
living individuals ranged from 16.4 to 50.9 cm at stations 8
and 4, respectively, whereas the lengths of deceased
individuals varied between 30.1 and 68.2 cm at stations 15
and 9, respectively. Furthermore, stations 4 (100%) and 9
(94.9%) were identified as having the highest survival rates.
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Table 1. Stations, surveyed area (m?), maximum depth (m), horizontal underwater visibility (m), temperature (°C), salinity (%), and observed
habitat structure during underwater surveys conducted between September 2021 and October 2023 in the study area

S;‘lt‘a). Date ilrj;:e({:g Del}\)ntall'lxim) ugﬁim a(t:') Tem:)oeé;ature Sa}!‘;:)ity Habitat Structure

1 August 2022 1000 8 20 258 202 Gravel (10%), Sandy (80%), Rocky (10%)

2 August 2022 2000 9 4.0 26.6 20.6 Gravel (5%), Sandy (95%)

3 August 2022 1000 1 6.5 256 20.6 Gravel with macroalgae (10%), Sandy (90%)

4 August 2022 750 9 75 25.8 20.2 Gravel with macroalgae (90%), Sandy (10%)

5 August 2022 1000 7 4.0 255 19.9  Gravel (70%), Sandy (10%), C. nodosa (20%)

6 September2021 1500 7 5.0 244 20.02  Gravel (10%), Sandy (20%), C. nodosa (70%)

7 September 2021 500 8 7.0 24.8 20.09  Gravel (20%), Sandy (10%), C. nodosa (70%)

8 September 2021 750 5 35 24.7 20.09  Gravel (20%), Sandy (10%), C. nodosa (70%)

9 October2023 1250 11 6.0 22.6 247  Sandy (10%), C. nodosa (90%)

10+ July 2023 750 9 3.0 279 18.3 Posidonia sp. (30%), Zostera sp. (70%)

1 October2023 500 7 4.0 18.0 224 Sandy (10%), C. nodosa (80%), P. ocenica (10%)
12 October2023 1000 4 2.0 222 24.6 Sandy (10%), C. nodosa (90%)

13 October2023 250 7 7.0 20.0 30.0 Shell fragments (85%), Sandy (5%), C. nodosa (10%)
14 October2023 750 4 25 20.0 26.9 Gravel (80%), Sandy (10%), C. nodosa (8%), P. ocenica (2%)
15 September 2021 1000 12 10.0 175 20.0 Gravel (20%), Sandy (10%), C. nodosa (70%)

16 September 2021 1500 7 3.0 23.3 20.0 Gravel (30%), Sandy (30%), C. nodosa (40%)

17 September 2021 1000 6 40 24.7 205  Gravel (20%), Sandy (40%), C. nodosa (20%)

18 September 2021 1000 8 3.0 24.6 20.7 Gravel (10%), Sandy (10%), C. nodosa (80%)

19 September 2021 1200 35 20 252 19.9  Sandy (100%)

20 September 2021 1000 10 2-7 216 20.0 Sandy (70%), C. nodosa (30%)

21* July 2023 1250 13 6.0 27.0 19.4 Gravel (10%), C. nodosa (90%)

22* July 2023 500 10 2.0 26.6 18.6 Gravel (10%), Sandy (20%), C. nodosa (70%)

*Checkpoint stations previously studied by Acarli et al. (2021, 2022a) and Acarli et al. (2021)

Table 2. Number of alive and dead individuals, minimum shell length (Lwin), and maximum shell length (Lvax) of Pinna nobilis individuals

Stations N Alive N Lwmin(cm) Lwax(cm) MeantSD Dead N Lwin Lmax MeanxSD
4 21 21 278 50.9 42.7£7.0 0 - - -
7 41 21 229 35.0 27.346.7 20 33.0 45.1 38.243.8
8 32 26 16.4 451 34.6£6.7 6 32.7 56.4 39.9+8.5
9 59 56 18.5 47.3 379454 3 39.6 68.2 50.7+15.3
1 21 4 29.2 40.7 34.615.8 17 426 53.3 475454
12 92 0 - - - 92 33.0 53.6 42.3+4.7
14 26 1 31.9 39.6 34.942.3 15 31.8 40.5 354445
15 72 8 215 448 30.2+8.4 64 30.1 54.5 35.5+4.7
18 31 0 - - - 31 31.0 42.0 37.35¢4.7

The population density across stations, encompassing
both living and deceased individuals, was determined to
range between 2.8 ind./100 m? (gravelly habitat) and 8.2
ind./100 m? (seagrass habitat). The lowest population density
was observed at station 4, while the highest population
density was identified at station 7. It has been observed that
P. nobilis is densely distributed in seagrass habitats while
scarce or no populations are found in gravelly or sandy
habitats. However, stations 12 and 18 exhibited a mortality
rate of 100% (Figure 2).

Furthermore, the population demonstrated a concentrated
distribution at depths between 2 and 4 m, with a decrease in
the number of individuals as depth increased (Figure 3).

The results of the PERMANOVA, aimed at assessing
variations in population density across stations, indicated a
statistically significant difference in the population density of
P. nobilis among the surveyed stations (p<0.01). The total
sum of squares was 1196, with a within-group sum of squares
of 229.1. The resulting pseudo-F value was 4.641, and the
associated p-value was determined to be 0.0001.
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DISCUSSION

P. nobilis is distributed in various seas surrounding
Tirkiye, excluding the Black Sea coast, including the
Mediterranean, Aegean, and Marmara Seas, as well as the
shallow waters of the Canakkale Strait, encompassing sandy
areas, seagrass beds, and calcium carbonate formations
(locally called as ‘tragana’). The northernmost reported point
of its distribution in Turkish waters is the vicinity of the
Marmara Sea near the Istanbul Strait (between Kizkulesi and
Tophane) (Cinar et al., 2021a). Despite reports of intensive
mortality cases in P. nobilis stocks at different points along
the Aegean Sea coast of Tlrkiye, healthy P. nobilis beds
have been identified in various locations in the Marmara Sea
((")ndes et al., 2020a; Acarli et al., 2021, 2022a; Cinar et al.,
2021a). Acarli et al. (2021) reported 100% mortality at the
entrance of the Canakkale Strait, connecting the Aegean and

Marmara Seas, while a 90.38% survival rate was observed at
station 10 in the Canakkale Strait (checkpoint station).
Similarly, Ondes et al. (2020a) identified a 90.48% survival
rate at station 21 (checkpoint station). The lowest survival rate
in the Canakkale Strait was reported as 0.32% by Ozalp and
Kersting (2020). Additionally, mass mortalities have been
reported in some stations in the Marmara Sea (Cinar et al,,
2021b) and the Canakkale Strait (Ozalp and Kersting, 2020;
Kiinili et al., 2021).

This study fills a gap in the literature by providing survival
rates at stations along the European coast of the Marmara
Sea, where no information was previously available. Survival
rates were determined as 100%, 81.25%, and 51.22% at
stations 4, 7, and 8, respectively. No dead or living individuals
were encountered at five stations along the European coast of
the Marmara Sea (stations 1, 2, 3, 5, and 6). In contrast,
variable survival rates were observed at stations along the
Ganakkale Strait and the Asian coasts of the Marmara Sea.
Despite similar findings reported by different researchers in
relatively close areas (Cinar et al., 2021a, b; Acarli et al,
2021, 2022a, b), examinations of these studies reveal
differences in the numbers of living and dead individuals,
population density (ind./100 m2), and survival rates.

Furthermore, three different locations previously studied
by Acarli et al. (2021, 2022a) and Acarli et al. (2021)
(Canakkale Strait: station 10; Marmara Sea: stations 21 and
22) were designated as checkpoint stations in the current
study, and no mass mortality was encountered during
observation dives conducted in 2023. This highlights the
crucial role of factors such as the spread or transport of the
disease (Vazquez-Luis et al., 2017), environmental factors
like wind direction, and current regimes that enhance the
spread (Acarli et al., 2022a) in the occurrence of mass
mortalities in P. nobilis populations distributed in different
areas. On the other hand, Cinar et al. (2021b) reported an
88% mortality rate during the period of mucilage occurrence,
whereas Acarli et al. (2021) determined a mortality rate of
35.9% before the mucilage period (for the year 2020) and
16.1% during the mucilage period (for the year 2021). Acarli
et al. (2022b) proposed that this phenomenon is attributed to
the influx of Aegean Sea water, carried by bottom currents
through the Canakkale Strait, reaching the island region in the
southern part of the Marmara Sea. Moreover, despite high
mortality rates observed in the same region, the presence of
healthy populations in certain areas is believed to be due to
different current regimes and prevailing northward winds
(Acarli et al., 2022b). The current study’s observations near
stations with intensive mortalities (stations 10, 21, and 22) still
show a significantly high number of healthy individuals,
supporting this assumption.

The youngest individuals identified in the study were
determined to have lengths of 16 cm and 18.5 cm at stations
7 and 24, respectively. These individuals exhibited thin and
transparent shells. It has been observed that in the cultivation
of this species, they reach a length of 150 mm at the end of
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the first year (Kozul et al., 2011; Acarli et al., 2011; Demirci
and Acarli, 2019). Hence, on the basis of the morphological
characteristics of these individuals, it can be concluded that
they are part of the previous year's cohort and are one year
old. Acarli et al. (2021) and Acarli et al. (2021) reported the
detection of newly recruited individuals into the stock,
emphasizing the dynamic nature of the population.
Additionally, newly settled individuals were commonly
observed at stations designated as checkpoint stations. The
observation of this phenomenon in the Marmara Sea is of
great significance. This is because, during the mucilage
period observed from the fall of 2020 through 2021,
researchers noted that P. nobilis spat could not attach to
collectors left to gather juveniles (Personal observation). In
other words, the identification of newly recruited healthy
individuals after the mucilage formation period is promising,
indicating that there is still hope for the sustainability and
continuity of P. nobilis populations in the Marmara Sea. This
finding suggests that efforts can be made to ensure the
healthy maintenance and continuity of stocks in the face of
environmental challenges, such as mucilage events.

The population density varied between 2.8 ind./100 m?
and 8.2 ind./100 m? (by excluding practically zero densities).
Rabaoui et al. (2010) indicated that the population density
was zero in very shallow waters (<0.3 m depth) and increased
in the 0-6 m depth. Rabaoui et al. (2010) noted the average
and maximum measured densities were 1.5 and 56 ind./100
m?, respectively. In addition, several studies reported different
densities in the Mediterranean Sea. Mean densities were
reported as 11.5 ind./Z100 m2 in Mijet National Park, Croatia
(Sileti¢ and Peharda, 2003), 0.57 ind./100 m2 in Souda Bay,
Greece (Katsanevakis and Thessalou-Legaki, 2009), 11.6
ind./100 m? in Gulf of Oristano, Sardinia, ltaly (Addis et al.,
2009), 2.5 ind./100 m2 in Tunisia coast (Rabaoui et al., 2008),
0.02 ind./100 m? in Lake Faro (Sicily, Italy) (Donato et al.,
2021), 2.21ind./100 m2 in the shallow sites of Isla del Baron
and 4.95 ind./100 m2 Pueblo Calido in the Mar Menor lagoon,
located in the southeast of the Iberian Peninsula, (Nebot-
Colomer et al., 2022). On the other hand, in the Marmara
Sea, Acarll et al. (2022a) noted that the highest mean
population density was 27 ind./100 m2 which is very close to
Ondes et al. (2020a) with 25.2 ind./100 m2. However, Ondes
et al. (2020b) stated that there was an exceptional population
density of 100 ind./100 m2 in the Aegean Sea. Acarli et al.
(2021) recorded that the maximum population density
reached 112 ind./100 m2 in the Ocaklar Bay, southern part of
the Marmara Sea. Cinar et al. (2021b) mentioned that
population density varied from 0.3 ind./100 m2 to 12 ind./100
m? along the coastlines of islands in the southern part of the
Marmara Sea. Cinar et al. (2021a) affirmed that the average
density ranged from 6 ind./100 m2 to 240 ind./100 m? in the
Marmara Sea (along the coastlines of islands in the southern
part of the Marmara Sea). Densities depend largely on
sampling design and field size; both vary significantly across
studies.

In this study, it has been determined that P. nobilis
individuals exhibit a dense distribution up to a depth of 6
meters. Generally, the depths at which this species is
distributed show regional variations. Vazquez-Luis et al.
(2014) reported that the highest densities are mostly limited to
shallow coastal regions, with the expected maximum density
being below 20 meters, and densities decreasing with
increasing depth. Similarly, Basso et al. (2015) documented
that there was a decreasing trend in the number of individuals
with increasing depth, with higher densities in the first 10-12
m. It has also been observed that P. nobilis densely
distributed in seagrass habitats while scarce or no population
has been observed in gravelly or sandy habitats. Many
researchers have reported the dense distribution of P. nobilis
populations within seagrass meadows (Coppa et al., 2010;
Basso et al., 2015; Tatton et al., 2019; Acarli, 2021; Acarli et
al., 2021). Basso et al. (2015) compared 24 scientific papers
based on 77 observations and noted that P. nobilis were most
frequently observed in P. oceanica beds with an average of
8.06+2.35 ind./100 m2, while in Cymodocea meadows with
averages of 11.06+1.82 ind./100 m2. The widespread
occurrence  of P. nobilis individuals, especially in
environments with seagrasses such as P. oceanica and C.
nodosa, suggests that this species has a high oxygen
demand. In other words, it is evident that P. nobilis thrives in
areas where water quality is relatively good. Likewise,
Rabaoui et al. (2010) indicated that the density increased with
the distance from the city and it was attributed to pollution.
Similarly, in the present study, the highest number of live
individuals was observed among C. nodosa and P. oceanica
seagrasses. The lowest number was found in sandy habitats,
possibly due to the vulnerability of young individuals with thin
and fragile shells to water movements and potential predators
in sandy habitats.

However, individuals among seagrasses may exhibit a
higher survival rate due to both increased protection against
predators and less impact from water movements. Similarly,
researchers have reported higher densities of P. nobilis
populations in sheltered biotopes with weak hydrodynamics
(low wave motion and low current velocity) and substrates
composed of rocky, gravel, and biodegraded material along
with P. oceanica and C. nodosa (Rabaoui et al., 2008, 2009;
Hendriks et al., 2011; Acarli et al., 2022a). On the other hand,
Cinar and Bilecenoglu (2023) observed two cases related to
predation pressure by the spiny sea star Marthasterias
glacialis on P. nobilis juvenile individuals. Acarl et al. (2022b)
reported that no P. nobilis individuals were observed in all
stations dominated by the north wind on the coast of the
Kapida§ Peninsula (southern Marmara Sea). Therefore, this
ecosystem type is considered highly favorable for the
settlement and survival of Pinnidae spat.

In the current study, the majority of P. nobilis individuals
at all stations were observed to be oriented perpendicular to
the shore. This positioning can be explained as a reduction in
the potential effects by minimizing the exposed surface area
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subjected to hydrodynamic forces, aiming to alleviate the
stress created by wave motion.

Following mass mortalities observed at different locations
in the Mediterranean, the focus has shifted towards identifying
healthy P. nobilis populations. Despite reports of mass
mortalities at various points in the Marmara Sea and the
Ganakkale Strait, the documentation of the presence of
healthy and dynamic populations is crucial for the continuity of
the species. This study identified healthy populations at 9
researched stations (4, 7, 8, 9, 11, 13, and 15) and 3
checkpoint stations (10, 21, and 22). To ensure species
sustainability, it is essential to continuously monitor
populations identified as healthy in the Marmara Sea.
Additionally, it is recommended to establish special
environmental protection areas, such as marine parks, to
conserve these habitats. Furthermore, the collection of young
individuals using collectors in these areas and their
transplantation to suitable locations with protected systems on
the seafloor should be undertaken to ensure the conservation
of the species.

CONCLUSION

This research represents the first exploration of the spatial
distribution of P. nobilis along the European coast of the
Marmara Sea. Healthy populations at 12 researched stations
during the two-year monitoring study and no mass mortality
was encountered during observation dives conducted in 2023
at checkpoint stations. It has also been observed that
individuals of P. nobilis are densely distributed extending to a
depth of 6 meters. In spite of reports indicating widespread
mortalities at different locations in the Marmara Sea and the
Canakkale Strait, documenting the existence of thriving and
dynamic populations is essential for the species’ continuity.
While the lowest numbers were found in sandy habitats,
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Abstract: The spawning areas and spawning stock biomass of sardine were studied with ichthyoplankton sampling in the winter period from the 32 stations,
in the Marmara Sea. The mean fish egg and larvae biomass in a unit area were calculated as 18.4 £ 5.3 eggs/10 m2 and 2.5 larvae/10 m2, respectively. Three
main spawning areas were detected as Karacabey Floodplain area, Gonen, and Biiylkgekmece estuarine area. The larvae are mostly located in the western
part. The batch fecundity of sardine was detected between 2415.9 and 16738.3, with a mean of 6899.8 + 255.7 eggs. The sex ratio (R), spawning fraction
(S), mortality rate, and daily egg production (Po) were calculated as 0.53, 0.098, 0.62, and 9.25 eggs/m? in the Marmara Sea. The spawning stock biomass
(B)is estimated at 2998 tonnes in the Marmara Sea. Both ichthyoplankton biomass and spawning stock biomass were found relatively lower. Itis recommended

to apply stricter management sanctions for the sustainability of sardine stocks.

Keywords: Fish eggs, fish larvae, small pelagic fish, stock estimation, daily egg production

INTRODUCTION

Sardine, Sardina pilchardus (Walbaum, 1792) has a wide
geographical distribution from Northeastern Atlantic to
Senegal, and the Mediterranean including Adriatic, Marmara
Sea, and the Black Sea (Whitehead, 1988). It is mostly found
in marine waters, but it can be distributed in brackish and
freshwaters (Riede, 2004). The preferred depth range of the
sardine occurs between 25 m and 100 m depths (FAO-FIGIS,
2005). It forms a school and shows more coastal distribution
between 10 m and 35 m at night. The diet of juvenile and adult
sardines differ (Nikolioudakis et al., 2011) and juvenile sardines
fed heavily on copepods, whereas diatoms and autotrophic
dinoflagellates (Nikolioudakis et al., 2012). The maximum
reported length was 27.5 cm SL (Macer, 1974), and the
maximum age was 15 (Muus and Nielsen, 1999).

Sardine is a member of Clupeidae, and is one of the most
important fish species in both the global fishing industry and
Tirkiye, due to high supply demand for fresh fish and canned
products. The Clupeidae family is represented by 12 species,
and between them, S.pilchardus and Sprattus sprattus are two
abundant Clupeidae species in Turkiye waters. S.sprattus has
a minor commercial interest, it is usually utilized as a fishmeal
component. Whereas S. pilchardus is evaluated as human
consumption in Tiirkiye, mostly caught in the Marmara Sea and

Aegean Sea. In terms of landing data presented by TUIK
(2023) sardine ranked third after Anchovy and Bonito, with
825.5 tonnes of catch. When considered small pelagic fish
species, its landing was higher than Pomatomus saltatrix
(618.7 tonnes), Trachurus trachurus (751.4 tonnes), Trachurus
mediterraneus (508.6 tonnes), Scomber japonicus (480.9
tonnes), Sardinella aurita (26.7 tonnes), and Scomber
scombrus (3.9 tonnes), but relatively lower than Engraulis
encrasicolus (13,444.6 tonnes) and Sarda sarda (3,113.4
tonnes) catch landings.

Although of great importance for small-scale gillnet
fisheries, 85-90% of the total global catch stemmed from seine
net fisheries in recent years. According to FAO 2019 fishing
reports, a global catch of sardine was reported as 1,499,361
tonnes, whereas 1.4% of the total catch (19,119 tonnes) was
caught in Turkiye waters (FAO, 2021). With the increasing
industrialization of fishing vessels, the seine net fishery
asserted its dominance over commercial catch, and small-
scale gillnet fisheries have become able to catch fish only in
the summer months when the seine net fishery is under
seasonal restriction. This pattern caused a great decline in
catchable stocks of sardine in Turkish waters, which was
34,709 tonnes in 2011 and decreased to 16,729 tonnes in the
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2022 (TUIK, 2023). The sardine landing constitutes only 5.5%
of the total catch (301,747 tonnes) in 2022 fishing season.

Previous studies were realized according to the
reproductive biology of adult sardines. The first maturity length
(TL, total length) was found as 12 cm in the Aegean Sea
(Cihangir, 1995), 12.5 cm in Spain and 13.5 cm in Adriatic
(Beverton, 1963), 13.5 cm in the Gulf of Lion (Campillo, 1992),
15 cm in the Gulf of Biscay (Dorel, 1986), and 16 cm in the
Madeira (Silva et al., 2006). Also, spawning season occurred
between October and April in Portugal (Figueiredo and Santos,
1989), between October and January in Northwest Africa
(Delgado and Fernandez, 1985), between January and
September in Southwest England (Wirtz et al., 2008), between
December and February in the Sigacik Bay (Uygun and
Hossucu, 2020), and between October and May in the
Canakkale Strait (Daban, 2013). According to Turkish
notification on the regulation of commercial fishing, the
minimum landing size of sardine is 11 cm in TL. The seasonal
restriction application on a species-basis is not available, but
the closed season of purse-seining is being implemented
between April and September, which is not related to the
spawning season of this species.

This declining pattern of sardine stocks may pose a clear
threat in the near future in terms of sustainability. A sustainable
use of natural resources is known as one of the most important
heritage that a nation can leave to future generations. Due to
the fisheries stocks being under excessive fishing pressure,
lots of stocks become near threatened. Thus, some protective
measures should be conducted to prevent sudden collapses of
fish stocks. Whereas fisheries managers need accurate
information to deal with stock size capacity for stock
assessment. Fish stock assessment methods should reveal
more robust results by using sufficient observational data
obtained from field surveys (Chrysafi and Kuparinen, 2016).
Ichthtyoplankton-based data allows estimation independently
of occupational fishing (Govoni, 2005) with lower survey costs
and in less time (YUksek, 1993). Besides, ichthyoplanktonic
data presents concrete results for estimating stock size and
determining stock size-recruitment relationships (Lockwood,
1988). In addition, the most accurate method of the
determination of spawning areas and spawning season of fish
species was stated as ichthyoplankton studies (Fuiman and
Werner, 2002). Although varied stock assessment models
have been applied to lots of species such as analysis of length
frequency data of catches (Length Cohort Analysis — LCA) and
analysis of catch-at-age data (Virtual Population Analysis —
VPA), the most appropriate model for small pelagic fish species
stated as direct assessment methods based on
ichthyoplanktonic data (Oliver, 2002). Among all direct stock
assessment methods, the daily egg production method is
defined as one of the most important tools, especially for the
determination of the stock size of small pelagic fish species.
The biomass of fish eggs and prelarvae, sampled with an
ichthyoplankton survey constitutes an important part of this
method along with fecundity information obtained from adult

fish (Alheit, 1993). Among all other species, sprats, anchovies,
sardines, and mackerels were the species whose stock size
was most frequently calculated with the daily egg production
method. Whereas, the previous findings for stock size
estimation with daily egg production method were limited only
to Taylan and Hoscucu (2016)’s study in Turkish waters.

After noticing the decrease in catch records, we aimed to
reveal the stock size of sardine by applying the daily egg
production method. In addition, we tried to ascertain the
spawning areas of sardine in the Marmara Sea with a broad-
scale geographical sampling strategy.

MATERIALS AND METHODS

To determine stock size with daily egg production method
and spawning areas, three ichthyoplankton surveys were
conducted in December 2021, February 2022, and March 2022
from 32 stations located at equal distance from each other (10
miles) in the Marmara Sea, Tlrkiye (Figure 1). The sardine
eggs and prelarvae obtained from the vertical hauls of each
station were sorted from plankton samples, recorded, and
standardized with a unit of individual number/10 m2.

For the purpose of the stock estimation of sardine based
on the daily egg production method, both ichthyoplankton
(sardine eggs and prelarvae) and adult sardine individuals
were examined. The sexes of the adult individuals were
determined and recorded, and all sexed individuals were
weighted. Then, the sex ratio for spawning stock biomass (R)
was determined from the division of mean female weight to
mean total weight of all individuals. For determining batch
fecundity (F), the hydrated oocytes of adult females were
examined (Hunter et al., 1985). Oocytes were counted and
their diameters were measured under a binocular microscope.
Oocytes greater than 395 um diameter were accepted as
‘large-hydrated” oocytes. The spawning fraction (S) is the
fraction of mature females spawning per day (spawning
frequency) which is determined by the development stages of
oocytes. The total survey area (A) was calculated from the
results of ichthyoplankton sampling. In accordance with the
method requirement, the stations containing fish eggs and
prelarvae were marked as positive, and the positive-coded
areas were calculated differently from the total area. The total
area of the Marmara Sea was accepted as 11500 km2. The
total survey area (A) in the spawning stock biomass equation
is estimated from the fraction of positive stations to all stations,
due to all stations being located at equal distances. To
calculate the daily egg production (Po), initially, the ages of
eggs need to be determined. The aging of fish eggs was
determined according to the temperature-dependent model of
sardine developmental rate (Miranda et al., 1990),

Y =17.52 * e—0.136T—0.173i % i2'222 (1)

where T is the sea surface temperature of the station (5 m), Y
is the sampling hour of the fish egg, i is the development stage
of the fish egg (stage 1-10), and peak spawning time is 20.00
(Ganias et al., 2003).
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Figure 1. Study area and equally-spaced ichthyoplankton sampling stations in the Marmara Sea, Tiirkiye

The age of the egg was accepted as “zero” when the
development stage was between 1st and 6th, whereas
accepted as “one” when the development phase was ranged
from the 7th to 12th stage. Due to zero-age development being
completed in less than 24 hours, the zero-age stage revealed
an estimated spawning time. When the estimated spawning
time was subtracted from the sampling time, if the duration was
higher than 48 hours, the age of the egg was determined as 2.
Somarakis (2005) stated that the mortality rate calculation did
not show differences from 0 when the mortality curve was
constituted only from fish eggs and advised that the mortality
curve should be plotted using both fish eggs and prelarvae
count. The aging of prelarvae is determined according to eye
pigmentation, where age accepted 1 when pigmentation has
not started yet, and 2 when brown pigmentation occurred
(Somarakis, 2005). After all age classes were determined, a
single mortality curve was constructed for both eggs and
prelarvae. The slope of the curve reveals the daily
instantaneous mortality rate (Z). Thus, daily egg production
(Po) is estimated according to the given equation:

Po= Pee % (2)

where e is the number of eggs or yolk-sac larvae produced per
day per unit area at age t days; Po is daily egg production at
age zero; and Z is the daily instantaneous mortality rate (Lo,
1986).

The spawning stock biomass (B) was estimated according
to the given equation of Stauffer and Picquelle (1980);

B= (k«PxA*W)/(RxF=x*S) (3)

where k defines the conversion factor from grams to metric
tons, Po is the daily egg production (the number of eggs and
prelarvae per sampling unit (m?)), A the total survey area, W is
the mean weight of mature females (g), R the sex ratio, F the
batch fecundity and S the fraction of mature females spawning
per day.

Non-parametric Kruskal-Wallis test was used to compare
the spatial variation of physico-chemical parameters rather
than parametric tests because the data was limited due to 3-
month sampling and did not show a normal distribution.

Besides, Kruskal-Wallis test is preferred due to this
distribution-free test proved to be more robust than its
parametric counterpart in the case of non-normal distribution of
sample data, and it is a viable alternative to parametric
statistics (Potvin and Roff 1993). The variations in abundance
and physico-chemical parameters based on sampling months
and stations were tested with the non-parametric Kruskal-
Wallis test. Then, the Mann-Whitney U post-hoc test was
applied to understand where differences occurred within these
variables. Significant differences were established at 0.05
significance level.

RESULTS
Spawning area estimation

Mean sea surface temperature, salinity, and dissolved
oxygen values of 32 ichthyoplankton stations were measured.
The temperature values ranged from 11.2°C (P7) to 12.1°C
(P15) (mean: 11.5 £ 0.03°C) in December 2022, ranged
between 6.8°C (P8) and 7.8°C (P5) (mean: 7.2 + 0.05°C) in
February 2023 and distributed from 6.4°C (P19) to 9.1°C (P6)
(mean: 7.4 £ 0.1°C) in March 2023. The temporal variation of
sea surface temperature (SST) showed statistically important
variations. The SST in December was statistically different
from the SST of February and March (K-W test; H=63.39;
P<0.05). The salinity values ranged from 25.6 ppt (P13) to 26.9
ppt (P6) (mean: 26.7 + 0.6 ppt) in December, ranged between
24.4 ppt (P27) and 30.7 ppt (P3) (mean: 28.8 £ 0.3 ppt) in
February and distributed from 22.3 ppt (P28) to 28.3 ppt (P1)
(mean: 25.9 £ 0.3 ppt) in March. The dissolved oxygen values
were ranged from 7.6 mg/l (P3) to 9.3 mg/l (P25) (mean: 8.4 +
0.07 mg/l) in December, ranged between 8.4 mg/l and 9.4 mg/|
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(mean: 8.9 £ 0.04 mg/l) in February, and distributed from 6.9
mg/l to 9.5 mg/l (mean: 7.8 £ 0.14 mg/l) in March. The salinity
values were statistically differ between December and
February (K-W test; H=35.56; P<0.05) and between February
and March (K-W test; H=35.56; P<0.05). The dissolved oxygen
values were statistically different between December and
February (K-W test; H=35.56; P<0.05), between December
and March (K-W test; H=35.56; P<0.05), and between
February and March (K-W test; H=35.56; P<0.05). Whereas
SST did not differ statistically between the stations (K-W test;
H=9.71; P=0.05). Similarly, the sea surface salinity (K-W test;
H=35.98; P=0.05) and dissolved oxygen (K-W test; H=36.26;
P=0.05) values did not differ statistically between stations.

The mean sardine egg biomass in a unit area was
calculated as 18.4 £ 5.3 eggs/10 m? in the Marmara Sea. 15 of
32 stations contained sardine eggs. The dead fish egg ratio
was detected as 5.5%. Using spatial variation of sardine eggs,
the highest biomass was observed in station 18 where under

the influence of Karacabey Floodplain area with a 130.7
eggs/10 m2 mean biomass (22.2% of the total biomass). The
area between Karabiga and Gonen Stream was found the
second most abundant area with a mean of 58.8 eggs/10 m2,
The other abundant area was detected as between
Biiyiikcekmece and Istanbul Strait, with a 43.6 eggs/10 m?
mean biomass. A common feature of all 3 areas is their
proximity to freshwater input.

Between all sites, the prelarvae of sardine were only
detected in station 18 (Karacabey Floodplain area). Postlarvae
of sardine were observed in 6 of 32 stations, with a relatively
low mean biomass (2.5 postlarvae/10 m?2). Postlarave
distribution was also supported by the fish egg distribution
data, which was closer to the shores of the freshwater input.
When all 3 life phases were considered together, the main
spawning area was seen as Karacabey Floodplain area, and
Gonen Estuarine and Bliyiikgekmece estuarine areas were the
other spawning sites of sardine in the Marmara Sea (Figure 2)
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Figure 2. The spatial variation of sardine, Sardina pilchardus eggs, and larvae in the Marmara Sea, Tiirkiye
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Stock size estimation

The parameters used for estimating spawning stock
biomass such as mean female weight (W), batch fecundity (F),
and sex ratio (R) were determined from the examination of
adult sardine individuals. For this purpose, a total of 257
individuals were examined, and 114 of 257 individuals was
detected as female. The remaining 128 individuals were male
and 15 were not sexed due to damaged reproduction organs.
The mean gonad-free body weight of mature females was
calculated as 21.49 g. The sex ratio (R) in this study was
calculated as 0.53. Yolk compact mass diameters in hydrated
oocytes ranged between 395 pm and 935 um with a mean of
695 £ 11 um. The batch fecundity ranged between 2415.9 and
16738.3, with a mean of 6899.8 + 255.7 eggs. The fish length-
batch fecundity relationship was shown in Figure 3, and a linear
relationship was detected.

18500 F=2703.3xTL- 31272

16500 R?=0.7096 ®
n=113

10 1 12 13 14 15 16 17 18
Total Length (cm)

Figure 3. The fish length (TL) — batch fecundity (F) relationship of
sardine, Sardina pilchardus in the Marmara Sea, Tirkiye

15 of the 32 stations contained fish eggs and/or prelarvae,
and were codded as positive areas. Thus, the total survey area
(A) which is also referred to as the spawning area was detected
as 5405 km2. The spawning fraction (S) was calculated as
0.098.

The mortality rate is estimated from the slope of the
mortality curve as 0.62 (Figure 4). Thus, the daily egg
production (Po) was estimated as 9.25 eggs/m? in the Marmara
Sea. When the calculated R, A, W, F, S, and Po variables were
substituted into the equation, the spawning stock biomass (B)
was estimated as 2998 tonnes in the Marmara Sea.

4

y=-0.6161x+3.2267
R?=0.9816

In of individual number
~ w

0 1 2 3
Theoric Age of Egg and Prerlarvae

Figure 4. The mortality curve of sardine, Sardina pilchardus

DISCUSSION

The mean fish egg (18.4 + 5.3 eggs/10 m2) and larvae (2.5
larvae/10 m2) biomass of sardine were detected relatively
lower than the results of the previous studies. Kara (2015)
found that the mean egg biomass in Erdek Bay was 166
eggs/10 m2, and the highest mean egg biomass was calculated
in October as 600 eggs/10 m2. Daban (2013) stated that the
mean sardine egg biomass was 118 eggs/10 m2, with the
highest mean egg biomass at 326 eggs/10 m2in February in
the Canakakle Strait, Marmara Sea. Yiksek (1993) found only
a single fish egg individual in the northeastern Marmara Sea
(Buyiikcekmece) and stated that this egg drifted with currents
from the southwestern part to this area and was sampled
accidentally. In the present study, it can be seen in Figure 2,
except from Buylikgekmece and nearby areas, fish eggs and
larvae of sardine were not found in the Northern part of the
Marmara Sea. We detected both early life phases (egg,
prelarvae, and postlarvae) of sardine in Bliyiikgekmece region.
In addition, Daban et al. (2023) detected juvenile individuals of
sardine around Blyikgekmece coasts with beach seine
samplings. Thus, we thought that, Bilytikgekmece region is one
of the local spawning areas for sardine in the Sea of Marmara.
According to our results, this situation was not related to sea
water physico-chemical properties. As explained in the results
section, the temperature, salinity, and dissolved oxygen values
did not show statistical variations between the North and South
parts of the Marmara Sea. Thus, the absence of Sardine in the
northern part (except Bliylikgekmece) could not be explained
by physico-chemical properties. It may be associated with the
spawning area selection of adults such as vicinity of estuarine
areas.

In the same area, Alimoglu (2002) detected the highest
mean egg biomass of sardines in October as 180 eggs/10 m2.
In our study, although Biyikcekmece was the 3rd abundant
area for sardine egg biomass, the mean value was determined
as 43.6 eggs/10 m2. As well, Karacabey Floodplain area, the
most abundant area for sardine eggs in this study, had a lower
mean value (130.7 eggs/10 m2) than in previous studies. Also,
relatively higher mean fish egg and larvae biomass values
were reported from the Aegean Sea and Mediterranean Sea.
The mean fish egg biomass in a unit area was found as 607
eggs/10 m2 in Edremit Bay (Turker Cakir, 2004; Ttrker Cakir
et al., 2008), as a 49 eggs/10 m2 in the Sigacik Bay (Uygun
and Hossucu, 2020), and as 40 eggs/10 m2in the Mersin Bay
(Ak, 2004). It can be seen that the mean biomass was found
lowest in the present study. Several parameters may have
caused to occur these differences. In addition, a dense fishing
effort by purse seiners on small pelagic fish species in the
semi-enclosed basin, Marmara Sea can play a major role. As
a result of the high fishing pressure, species become mature
earlier than they should be. Thus, younger females generate
smaller eggs and embryos, and the survival rate of these larvae
faces trouble due to inadequate development in unfavorable
conditions. Besides, the increasing pollution and resulting
decreases in dissolved oxygen, and the changes in water
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temperatures due to global warming may cause changes in
spawning areas.

The results of this study and previous ichthyoplankton
studies from the Marmara Sea showed that the S.pilchardus
spawning peaked in specific temperature intervals between
11°C and 16°C, and mostly centered upon 12-13°C. According
to monthly sampling intervals, Daban (2013) detected that the
spawning peaked at 11.8°C in February in the Dardanelles,
whereas Kara (2015) found that it peaked at 12.3°C in October
in the Erdek Bay. In the present study, the fish egg and larvae
biomass decreased with the decrease of the sea surface
temperature (SST) from 11.5°C in December to 7-8°C in
February and March. Also, similar temperature intervals and
spawning seasons were stated in the Aegean Sea. Sardine
spawning peaked between 13-15°C in izmir Bay (Hossucu,
1992), and 12.5-15.3°C in February in the Sigacik Bay (Uygun
and Hossucu, 2020). Similar SST ranges were revealed also
for the Bay of Biscay as between 12.5 and 15°C according to
Sola et al. (1990) and 10-16°C according to Arbault and
Lacroix (1977). The main factor that controls the spawning
density was explained as SST for small pelagic fish species
(Maynou et al., 2020; Peck et al., 2012). The results of sardine
spawning pattern confirm this hypothesis. Whereas, more
frequent sampling intervals should be applied for
understanding temporal changes (Daban and ismen, 2020).

The present study revealed the first results related to
spatial variation of sardine eggs and larvae on a scale covering
the entire Marmara Sea. Three main spawning areas were
detected explicitly such as Karacabey Floodplain area,
Biyukcekmece area, and the Génen estuarine area, where all
these are close to brackish waters. Whereas larvae of Sardine
increased in Gonen estuarine area, Karabiga and Mrefte,
where located western part of the Marmara Sea. In addition,
both Daban et al. (2023) identified early juveniles of sardine as
a school with beach seine in the Biyiikcekmece and high fish
egg and larvae biomass in the present study in this area
supported the hypothesis that this area is a spawning location.
Palomera et al. (2007) stated that estuarine areas are
favorable for the growth of planktivorous small pelagic fish
species due to carrying high nutrients through streams. Some
authors stated that sardine avoid cloudy waters and lower
saline waters and distributed off-shore areas rather than
coastal areas (Olivar et al., 2003; Coombs et al., 2004; Santos
et al., 2004). Conversely, Ramos et al. (2009) found relatively
high sardine eggs and larvae around the Lima estuary during
2-year ichthyoplankton sampling and stated that the total
ichthyoplankton biomass was dominated by sardine. When the
results were compared, the outputs coincided with the findings
of Palomera et al. (2007) and Ramos et al. (2009). As can be
seen in Figure 2, the fish egg and larvae biomass is mostly
concentrated around shallower areas rather than deeper
waters. This may be a result of the instinct to be close to river
input, accordingly nutrient and food. Somarakis et al. (2006)
stated that sardines mostly prefer depths between 40 m and 90
m for spawn, and biomass is concentrated especially in

zooplankton-rich areas in open water conditions in the Aegean
Sea. Also, Zwolinski et al. (2006) determined the dense fish
egg biomass around 40-60 meter depths between the Gulf of
Cadiz and Algarve, Portugal, and stated the eggs distributed
between 25 and 75 meters in the Sigacik Bay (Uygun and
Hogsucu, 2020). In the present study, the stations in which
sardine fish egg and larvae biomass was higher (3, 5, 15, 18,
and 30) were mostly located between 35 and 53 m depths. The
depths deeper than 60 meters had relatively lower biomass
values and the deepest center channel had not any sardine
eggs and larvae. The results show similarities with the findings
of Somarakis et al. (2006), Zwolinski et al. (2006), and Uygun
and Hossucu (2020).

Roy et al. (1989) stated that sardine adapted their
reproductive strategy to the coastal upwelling ecosystem of the
Portuguese West coast to minimize Ekman offshore transport
effects. Due to the two-layered stratification of the Marmara
Sea, the Black Sea water flow discharges via the upper
thermocline. It was thought that immobile and semi-mobile fish
eggs and larvae could be transported from one place to
another by this strong current. However the results of the
spatial variation of sardine egg and larvae biomass did not
reflect this situation and it was seen to be concentrated in 3
main regions, especially close to freshwater inlets. The
absence of biomass in the middle deep water channel
strengthened this finding. The coastal distribution of the
sardine has aroused curiosity as to whether it is a strategy
developed to be less affected by the Marmara Sea surface
current. This issue generates another study issue, which
should be considered together with physical oceanographers.

By means of the reproductive biology of sardine, several
valuable works were realized in the Marmara Sea and the
Aegean Sea. Taylan et al. (2019) were detected that the
fecundity of sardine ranged between 4.600 and 9.800 eggs,
with a mean of 6.110 £ 1.755, which closely similar to the
findings of the presented study which fecundity estimated
between 2.416 and 16.738, with a mean of 6.899 £ 255.7 eggs.
A slightly higher fecundity in the present study may be a result
of the higher length distribution of the adult females in the
present study. Similarly, linear length-fecundity relationships
were found in both two studies. Also, Cihangir (1995) stated
that the lengths at first maturity of sardine were to be 12.0 cm
for females and 12.7 cm for males in the Aegean Sea. As can
be seen in Figure 3, all mature females examined for fecundity
ranged between 12.4 and 16.8 cm in TL in the present study.
This coincides with the findings of the authors. Also, the
gonadosomatic index, which shows the spawning period of
fish, peaked between December and February in izmir Bay,
when the STT values were lowest (Cihangir, 1996). Thus, it
was understood that the adult reproductive characteristics
coincide with the results of ichthyoplankton studies.

The estimation of spawning stock biomass by daily egg
production method has been applied to lots of small pelagic fish
stocks up to date, but it has not been applied sufficiently in
Turkish waters. In a single study, the spawning stock biomass
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of anchovy, Engraulis encrasicolus estimated as 403.9 metric
tonnes (mt) in the Edremit Bay, Aegean Sea by Taylan and
Hossucu (2016).

The estimated value is relatively higher than our findings
which calculated for sardine as 2998 tonnes (~3 mt). In terms
of previous findings related sardine spawning stock biomass
from adjacent seas or other seas, it was estimated as 134195
tonnes in Galicia, 33503 tonnes in western Cantabrian, and
12467 tonnes in the eastern Cantabrian (Garcia et al., 1992),
14196 tonnes in the Adriatic (Casavola et al., 1996), 5149
tonnes in the lonian Sea (Somarakis et al., 2006), 16174
tonnes in the Aegean Sea (Somarakis et al., 2006). In both
studies, the highest egg production took place between 20:00
and 24:00, during the day. When all previous findings were
compared, the estimation of spawning stock size was close to
the estimation of the lonian Sea, and lower stock size was
detected against all other areas. These differences may have
arisen due to the long passage of time since previous studies
were conducted. Besides, the increased fishing pressure in all
these areas from the past to date may reveal variations in the
spawning stock size of sardine in these areas.

The comparison with current studies may provide an
opportunity to make more accurate comparisons.
Nevertheless, it was stated that the spawning stock biomass
showed variations among each survey area and over the years
in the same areas. The fishing pressure on demersal fish
stocks of the Marmara Sea has increased within the last 20
years (Daban et al., 2021). For these reasons, fisheries efforts
verge upon the fisheries of small pelagic fish species in the
Marmara Sea. In terms of fisheries of sardine in the Tlrkiye
Seas, the highest pressure stemmed from purse seine net
boats, which are fishing intensively in the winter period, when
the sardine spawning occurs.

Sardine spawning occurs from October to May, and peaks
in December and January. In Greece, sardine fishing in the
North Aegean Sea with purse seining is banned between mid-
December and the end of February (Stergiou et al., 1997). A
similar short intermediate fishing ban should also be conducted
by the Fisheries Management Authority of Turkiye.
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Abstract: On 21 December 2023 one specimen of Sebastes schlegelii Hilgendorf, 1880 have been captured by means of a commercial bottom trawler towed
at a depth of 30 m off Sile coast. Following its first occurrence in Turkish Black Sea waters off Giresun coast on 6 March 2023, it has recently reported from
the Sea of Marmara (Gulf of izmit) on 7 January 2024, exhibiting a noteworthy dispersal speed which required less than one year to migrate across nearly a
1,000 km. Therefore, the dispersal and potential interactions with indigenous species of this invasive teleostean along the Turkish coast should be monitored
carefully. In the present article, authors provide full morphometric and meristic characters of S. schlegelii, as well.

Keywords: Sebastidae, invasive alien species, prebosphoric, dispersal

0z: 21 Aralik 2023 tarihinde Sile agiklarinda 30 m derinlikte gekilen ticari dip trolii ile avcilik sirasinda Sebastes schlegelii Hilgendorf, 1880 tiir{intin bir bireyi
elde edilmistir. S. schlegelii Tiirkiye sularinda ilk kez gériildiigii (Giresun, giineydogu Karadeniz) 6 Mart 2023 tarihi ile Marmara Denizinde (izmit Korfezi) ilk
kez kaydedildigi 7 Ocak 2024 arasinda dikkate deger bir yayilim basarisi sergilemistir ki bir yildan az bir stirede 1,000 km'ye yakin bir mesafeyi astigi
goriilmektedir. Bu nedenle, bu istilaci tiiriin gerekTurkiye kiyisi boyunca gliney yéniinde yayilimi gerekse yerel tirlerle olasi etkilesimleri dikkatle izlenmelidir.

Bu makalede incelenen S. schlegelii bireyinin eksiksiz morfometrisi de verilmektedir.

Anahtar kelimeler: Sebastidae, istilaci yabanci tir, bogaz 6nu, yayilma

INTRODUCTION

The Korean rockfish, Sebastes schlegelii Hilgendorf, 1880
(Perciformes: Scorpaenoidei), is a member of the teleostean
family Sebastidae, which is represented by 7 genera and 133
species worldwide (Froese and Pauly, 2023). S. schlegeliiis a
livebearing (ovoviviparous), demersal fish occurring near shore
and over rocky bottoms at the depths between 3 and 100 m in
temperate waters of northwest Pacific off the coasts off Japan,
Korean peninsula and China (Froese and Pauly, 2023).

In a recently published checklist of Mediterranean marine
fishes, which is based on evidence approach criteria for the
definition of “confirmed occurrence”, Kovacic et al. (2021)
emphasized that no representatives of genera Sebastes have
been reported to occur in any parts of the region. So, the
dispersal of Sebastes into the Black Sea can be assumed as a
very remote possibility in the light of its absence in the
Mediterranean Sea. However, after it was realized that a record
of a teleostean captured off the Crimean coast misidentified as
dogtooth grouper (Epinephelus caninus) (Boltachev and
Karpova, 2013), was actually a Korean rockfish, of which

further specimens from the region were caught thereafter,
confirmed the first record and the presence of an established
population in the Black Sea (Karpova et al., 2021). S. schlegelii
is a boreal species, of which the natural distribution range
extends in very limited area in northwest Pacific (Froese and
Pauly, 2023); therefore, its introduction in the region assumed
may because of random introduction with ship ballast waters
or during acclimatization of the giant oyster (Crassostrea gigas)
(Karpova et al., 2021).

S. schlegelii reported from Turkish Black Sea coast for first
time by Bilecenoglu et al. (2023) based on specimens
previously sighted (and photographed) or captured from
several localities in the region, which followed by another
recent capture of the species off the coast of Akgakoca
(southwestern Black Sea; Yaglioglu et al., 2023) and the first
record of the Korean rockfish in the Sea of Marmara
(Karadurmus et al., 2024). In the present article authors report
on a prebosphoric capture of S. schlegelii, provide detailed
morphometric and meristic characteristics of the examined

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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specimen, as well as make a projection of its dispersal potential
along Turkish coasts.

MATERIAL AND METHODS
Study area

The area of investigation of the present study is located in
the southwestern Black Sea and in accordance with GFCM'’s
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definition of geographical subareas (GSAs) of the
Mediterranean Sea, Black Sea is defined as GSA29
(Carpentieri et al., 2021).

Examined specimens have been captured, almost 8,3
kilometers away to the west from northern entrance of the
Bosphorus Strait, which measured as a point-to-point distance
by means of Google Maps measure distance function (Figure 1).
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Figure 1. Map shows the approximate locality (red dot) of capture of the examined specimen of Sebastes schlegelii in prebosphoric Black Sea

Examined specimen

On 21 December 2023, one specimen of S. schlegelii
(Figure 2) has been captured by means of a commercial
bottom trawler towed at a depth of 50 m off Sile coast
(41°16.69'N - 29°13.53'E). Following the capture, the present
specimen was stored in a deep freezer at minus 18°C on board
of the fishing trawler, then transferred to Istanbul University,
Faculty of Aquatic Sciences, Department of Fisheries
Technologies, and Management laboratories. Since the
Sebastes species occurring in the Atlantic Ocean have 14-16
spiny rays in the dorsal fin, and one or two lachrymal (also
called as preorbital) spines (Hureau and Litvinenko, 1986),
identification of S. schlegeli was based on the following
descriptive characters (Karpova et al., 2021): 13 spiny rays in
the dorsal fin and three lachrymal spines on the head.
Taxonomic nomenclature follows Froese and Pauly (2023).
Morphometric measurements and meristic counts were
performed in accordance with the procedure adopted from Kai
and Nakabo (2002) and Bilecenoglu et al. (2023).
Morphometric distances were measured either with a
measurement tape to the nearest 0.5 mm (for distances >10
cm) or with a digital vernier caliper to the nearest 0.05 mm (for
distances <10 cm) on fresh specimen to avoid affecting shape
variations or changing of the distances because of fixation
(Martinez et al., 2013). Definitions of body depths 1 and 2 are
the distances between the anterior origin of the 13t dorsal

spine and that of the 1st anal spine, and body depth 2 is the
distance between the anterior origin of the 1st dorsal spine and
that of the pelvic spine, respectively (Kai and Nakabo, 2002).
Body proportions were expressed as percentages of standard
length (SL) and head length (HL). Terminology of head spines
follows Orr et al. (2000). Total weight (TW) of the examined
specimen was weighed on a precision balance to the nearest
0.05 g. The best practice approach for the first record notes
that proposed by (Bello et al., 2014), which requires depositing
of evidence specimens preserved in curated collection,
photographs of the examined specimen, and morphometric
measurements and meristic counts, was strictly followed. The
examined specimen was fixed in 10% formalin and 90%
distilled water buffered with borax and deposited in the Istanbul
University Faculty of Aquatic Sciences laboratory with the
barcode number PSC20230114-120.

RESULTS

The examined specimen has a slightly laterally
compressed and robust body, and a large head with prominent
spines (Figures. 2 and 3). Three lachrymal spines are present,
one of which is quite separated from the other two (Figure 3).
Strong nasal, preopercular and postocular spines are present
(Figure 3), with weakly developed superior cranial spines and
suborbital ridge. On the preopercle five spines, of which the
second one is the longest, are developed (Figure 3). On the
upper corner of the opercle, two flattened and posteriorly
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directed spines, of which the upper one is the larger, are visible.
A single dorsal fin with 13 spines and 13 soft rays (XIII-13), of
which the 13t spine, providing anterior support to soft part of
the dorsal fin, is longer than the 12t one. Formulae of pelvic
and anal fins I-5 and 11I-8, respectively. Caudal fin rounded.
Ctenoid scales covering the body and 46 pored scales were
counted along the lateral line. 25 gill rakers were counted on
the first gill arch on the left side of the head. A large and oblique

mouth with a maxilla extending the posterior rim of eye. The
main color of the body is brown with darker fades on dorsal
surfaces and become paler ventrally, blotched with dark spots
scattered with an irregular pattern; ventral surface is light
grayish with brownish spots; a dark brown stripe on the maxilla;
two dark bands, of which the front one is more prominent, are
extending radially from the eye. Morphometric measurements
of the present specimen is presented in Table 1.

Figure 3. (A) Side view of the head of S. schlegelii. Scale bar = 40 mm. (B) Close-up view of three lachrymal spines denoted by the white

rectangle. Scale bar = 20 mm
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Table 1.  Morphometric measurements of the examined and published specimens of S. schlegelii recorded from the Marmara () and Black Seas

Measurements (mm) Present Specimen Kan(a;)(\,/za\;)et al. Bllece};ggzl;; etal. Yagl;gglzu3 )et al. Karad(;g;:ﬁ etal.
TL 311 325-391 245 350 275
SL 263.5 277-331 206 299.3 240
(mm) (% of SL) (% of SL) (% of SL) (% of SL)
Body depth 1 89.98 3415 - 36.5 34.0 38.3
Body depth 2 7395  28.06 - 30.1 - -
Caudal peduncle depth 2587 9.82 10.2-10.5 9.7 10.2 9.2
Predorsal length 7747 2940 33.0-35.8 271 311 33.3
Postdorsal length 10.01 3.80 12.5-13.1 133 -
Prepelvic length 10345  39.26 37.4-38.9 39 34.0 413
Preanal length 178.57  67.77 67.8-69.2 66.7 - 68.8
Prepectoral length 8822 3348 33.6-35.5 29.8 - 3741
Distance between pelvic and pectoral fins  15.15 5.75 4752 47 -
Distance between pelvic and anal fins 60.62 23.01 18.8-30.2 224 - -
Dorsal fin base length 15492 58.79 62.5-62.7 60.8 15.8 63.8
Anal fin base length 43.72 16.59 15.5-16.4 15.9 17.8
Pectoral fin length 5925 2249 21.2-22.9 252 2041 242
Pelvic fin length 49.21 18.68 20.3-20.6 22.7 34.0 -
Pelvic spine length 26.98 10.24 - - - -
Caudal fin length 52.9 20.08 211-21.2 134 17.0 -
1st dorsal fin spine 12.99 493 - -
2nd dorsal fin spine 22.06 8.37 - -
3rd dorsal fin spine 29.26 11.10 - -
4t dorsal fin spine 34.62 13.14 - -
5th dorsal fin spine 36.36 13.80 - -
12t dorsal fin spine 18.72 7.10 - -
13t dorsal fin spine 24.36 9.24 - -
1st anal fin spine 13.04 4.95 - -
2nd anal fin spine 27.08 10.28 - -
3rd anal fin spine 26.53 10.07 - -
Pelvic fin spine 26.97 10.24 - - - -
Head length 9036  34.29 35.5-40.1 34 30.5 36.7
% of HL % of HL % of HL % of HL % of HL
Snout length 209 2313 29.7-32.0 19.8 30.6 -
Orbit length 1549 1714 18.3-21.1 18.7 18.9 204
Postorbital length 56.55  62.58 52.5-52.5 615 - -
Interorbital width 38.04 4210 - - 30.9 -
Upper jaw length 3229 3573 47.2-49.4 455 - -
DISCUSSION

The above description of the examined specimen is
coincided with those given in Karpova et al. (2021), Froese and
Pauly (2023), Bilecenoglu et al. (2023), Yaghoglu et al. (2023
and Karadurmus et al. (2024). The morphometric distances of
the examined specimen of S. schlegelii are also coincided with
those reported in the literature (Karpova et al., 2021;
Bilecenoglu et al., 2023; Yaglioglu et al., 2023; Karadurmus et
al., 2024), and the slight differences between the examined
and published ratios (as % SL), all of which are in the safe limits
for the Korean rockfish, may be arised because of intraspecific
allopatry (Moyle and Cech Jr., 1988). The number of observed
lachrymal spines (3) in the examined specimen, one of the
main descriptive characteristic of S. schlegelii, as well as the
number preopercular (5) and opercular (2) spines are also

coincided with the numbers reported by Karpova et al. (2021),
Bilecenoglu et al. (2023) and Yaghoglu et al. (2023), also
confirm the identification of the examined specimen.

According to Froese and Pauly (2023), maximum total
length (TL) of S. schlegelii is 650 mm and the published
maximum total weight (TW) is 3100 g. With a reported
maximum age of 20 years, Korean rockfish attain sexual
maturity between a TL range of 260 to 280 mm (Froese and
Pauly, 2023). Although the present specimen is larger (TL 311
mm) than the reported size range of maturity, its dissection
revealed that it is female and bearing ovaries (total weight of
both ovaries were 1.25 g) at 2c stage that described in the
MEDITS maturity scale for bony fish (Follesa and Carbonara,
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2019). To date, reproductive biology of S. schlegelii from the
Black Sea has not been investigated and available information
was not allowed to evaluate the reason of the occurrence of
such nonmatured ovaries due to recent spawning or the
Korean rockfish attains maturity at a larger size in the Black
Sea. Further research is required to clarify this uncertainty.

In the past 10 years between the first record date of S.
schlegelii in the Black Sea (26 May 2013; Boltachev and
Karpova, 2013) and date of capture of present specimen (21
December 2023), Korean rockfish distributed from the Crimean
coast (northern Black Sea) to prebosphoric waters. During this
time, chronological order of records of S. schlegelii has begun
off southwestern coast of Crimean peninsula (Boltachev and
Karpova, 2013), then further specimens reported from the
Russian waters along the eastern coast of the Black Sea
(Karpova et al., 2021), of which followed by the sighting records
of Korean rockfish off Giresun (6 March 2023), Ordu (27 April
2023) and Kastamonu (13 June 2023) coasts along the Turkish
coast of eastern and central Black Sea (Bilecenoglu et al.,
2023). With the capture of a specimen off Fatsa coast on 16
June 2023, first physical evidence of S. schlegelii from Turkish
Black Sea waters has been obtained (Bilecenoglu et al., 2023),
which was followed by the capture of a single specimen off
Akgakoca coast (southwestern Black Sea; Yaglioglu et al.,
2023). According to (Bilecenoglu et al., 2023) Korean rockfish
is captured regularly but with few numbers off the coast of Ordu
(southeastern Black Sea).

Based on Google Maps measure distance function result,
the distance between Giresun (southeastern Black Sea),
where S. schlegelii sighted in Turkish waters for first time on 6
March 2023, and Sile (prebosphoric Black Sea), where the
present specimen captured on 21 December 2023, is about
833 km and just a few weeks later, on 7 March 2024 the Korean
rockfish finally occurred in the Gulf of izmit, where it has been
reported for the first time in the Sea of Marmara (Karadurmus
et al., 2024). Regarding the above mentioned dates, dispersal
of S. schlegelii along this distance just took 10 months,
suggesting a remarkable dispersal speed (83.3 km per month)
from east to west, from southeastern Black Sea to the Sea of
Marmara. Marine environment is a dynamic realm, and the
distribution of species in the marine environment can be deeply
affected and changed under the influence of changing
conditions (Chen et al., 2021). The Black Sea is one of the
marine areas where the species composition of marine life has
changed, either due to natural processes (e.g.
Mediterrannization; Azzurro et al., 2011), or due to
anthropogenic factors (e.g. transportation with ballast waters;
Oztlirk, 2021). As emphasized in a recent FAO publication, the
number of non-native species in the fauna of the Black Sea is
gradually increasing (Oztiirk, 2021), and among these species
there are fish that are not native to the region (Yankova et al.,
2013). Although the number of alien fish species in the Black
Sea was reported to be 2 a decade ago (Yankova et al., 2013),
new species are being added to this number with changing

conditions, and one of them is S. schlegelii (Karpova et al.,
2021; Bilecenoglu et al., 2023; Yaglioglu et al., 2023).

The chronology of the distribution direction of S. schlegelii,
which has been occurring in the Black Sea since the early
2010s (Karpova et al., 2021; Bilecenoglu et al., 2023; Yaglioglu
et al., 2023), reminds the dispersal history of the invasive
gastropod Rapana venosa (Oztiirk, 2021). The rapa whelk has
been first recorded in the Black Sea in 1947 near Novorossiysk
(northeastern Black Sea) and followed by the records of R.
venosa off the coast of Sinop (central south Black Sea) in 1955,
in the Sea of Marmara in 1966 and in the Aegean Sea in 1969
(Oztiirk, 2021). R. venosa, which was initially tried to be
eradicated due to the damage it caused to mussel (Mytilus sp.)
and oyster (Ostrea sp.) beds, is now considered an important
economic resource in the Black Sea (Oztiirk, 2021). Based on
our previous ecological experience with R. venosa in the Black
Sea, Sea of Marmara and Aegean Sea, the occurrence and
dispersal of S. schlegelii far from its natural distribution range
(nortwestern Pacific), arise several questions, such as whether
the Korean rockfish brings with ecological problems or
economic opportunities as it moves towards the Sea of
Marmara, where it has been recently reported (Karadurmus et
al., 2024). Although Sebastes species were previously
classified in the same family with closely related species of
scorpion fish (Scorpaenidae) in the past (Hureau and
Litvinenko, 1986), are today divided into the Sebastidae family
(Froese and Pauly, 2023). Therefore, S. schlegelii can be
assumed to compete with Scorpaena notata, S. porcus and S.
scrofa, which are indigenous species of the fish fauna of Sea
of Marmara (Bilecenoglu et al., 2014), can not be ruled out.
Since Korean rockfish is an economically valuable aquaculture
species in its natural distribution area, just like in the case of
the rapa whelk, S. schlegelii can induce its own economy in the
future.

CONCLUSION

According to Chen et al. (2021), who emphasize that
changing climatic conditions will negatively affect the
distribution patterns of S. schlegelii in the northwest Pacific, if
the conditions do not change, it is predicted that the species
will experience a 45% habitat loss in its natural distribution area
by the end of this century. The most important environmental
parameter affecting the distribution of S. schlegelii is bottom
water temperature, and the species can be expected to be
occur in regions with bottom water temperatures between 3°C
and 13°C (Chen et al., 2021). Considering the fact that the
annual average sea water temperature in the Sea of Marmara
is increasing year-by-year (Turkish State Meteorological
Service, 2022), the southward dispersal of this relatively cold-
water inhabitant species may not extend further than Sea of
Marmara. Documenting the species’ southerly dispersal and
possible colonizations is necessary to achieve an in-depth
understanding of the persistence and potential impacts of S.
schlegelii in its new habitat.
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Oz: Tirkiye'de 2022 yili itibariyla farkli Uretim kapasitelerine sahip 1703 adet isletme alabalik tretimi yapmaktadir. Bu isletmelerin porsiyonluk (200-250 g) ,
filetoluk aday1 (400-600 g) ve filetoluk (Tiirk Somonu) (>3000 g) alabalik tiretimi toplam 167.286 ton/yil'dir. Tiirk Somonu iretiminde kulugkahane, baraj golii
ag kafes sistemleri ve acik deniz ag kafes sistemleri tretim zinciri seklinde kullaniimaktadir. Alabalik yumurta ve yavru iretimi igin 680 adet kulugkahane
kullanilmakta olup toplam yumurta Gretimi 1.360.029.485 adet/yil'dir. Genel olarak Tiirk Somonu adayi alabaliklarin (400-600 g) Uretimi igin 622 adet
gblet/baraj goll ag kafes sistemleri kullaniimakta olup bu isletmelerin (retim kapasitesi 163.525 ton/yil'dir. Karadeniz'de toplam 6 ilin denizel alaninda agik
deniz ag kafes sistemlerinde Tirk Somonu Uretimi yapilmakta, 2 il igin de lretim planlamasi devam etmektedir. Bu illerin toplam planlanan iiretim sahasi
15.650.000 m2, proje kapasiteleri ise 221.188 ton/yil olarak hesaplanmistir. Diinya su (rinleri sektériinde yasanan gelismelere kayitsiz kalmayan Tiirkiye,
farkli tlirlerin yetistiriciligine uygun gevresel kosullari ve yeni teknoloji kullanimi ile glinimiizde sektérde s6z sahibi llkeler tarafindan dikkatle takip
edilmektedir. Diinya alabalik iretiminde s6z sahibi lkelerin iretim kapasiteleri dlistnldiiginde, Tirkiye'nin yumurtalyavru iretim kapasitesi oldukga iyi
durumdadir. Fakat Tiirkiye dogal sucul alanlari igin biyolojik ve genetik risk teskil eden biyoteknoloji uygulanmis gézlenmis yumurta ithalatina halen devam
etmektedir. Tlrkiye’nin alabalik Gretimi son 20 yilda 3,75 kat bliyliyerek 167.286 ton/yil'a ulasmis ve énemli bir gida iretim endUstrisi haline gelmistir. Bu
basarida; elverisli cevresel sartlar, stirekli yiikselme egilimi gosteren tilketici talebi ve tretimde yeni teknolojilerin kullaniimasi ile birlikte istikrarli yatirimin
etkili oldugu gériilmektedir. Ancak, alabalik yetistiriciligi sektriinde yaklasik 5 yildir yagsanan hizli bliylime beraberinde kontrol edilemeyen diisiik yasama
oranini da getirmistir. Azalan yasama orani; hastaliklarin yayginlasmasi, yanls tedavi yontemleri, yanlis damizlik yonetimi uygulamalari, yanlis isletme
yonetimi, kontrolsiiz balik nakilleri, sihhi ve gevresel kosullara baglanabilir.

Anahtar kelimer: Fileto, bliyik boy alabalik, yetistiricilik, kuluckahane, ag kafes

Abstract: With favorable environmental conditions and the adoption of new technologies, Tlrkiye has 1703 enterprises producing trout as of 2022. These
enterprises collectively produce 167,286 tons of trout per year, including portioned fish (200-250 g), fillet candidates (400-600 g), and fillets (known as
Turkish Salmon) (>3000 g). The production chain for Turkish Salmon involves hatcheries, dam lake net cage systems, and offshore net cage systems.
There are 680 hatcheries producing trout eggs and fry, with a total annual production of 1,360,029,485 eggs. Additionally, 622 pond/dam lake net cage
systems are used for producing Turkish Salmon candidates weighing 400-600 g, with a total production capacity of 163,525,079 kg per year. Offshore net
cage systems in the Black Sea region, spread across six provinces, are utilized for Turkish Salmon production. Production planning is underway for two
provinces, with a total planned production area of 15,650,000 m2 and a projected capacity of 221,188,000 kg per year. Tirkiye is actively involved in the
global aquaculture sector, paying close attention to its advancements. Tirkiye has a strong egg/juvenile production capacity compared to other countries
involved in trout production globally. However, the importation of biotechnology-applied and observed eggs continues, posing biological and genetic risks to
Tiirkiye's natural aquatic areas. Over the past 20 years, Tirkiye's trout production has grown significantly, reaching 167,286 tons per year, marking it as a
significant food production industry. This success can be attributed to favorable environmental conditions, increasing consumer demand, the adoption of
new technologies, and consistent investments. However, the rapid growth in the trout farming sector over the past five years has led to an uncontrollable
decline in survival rates. This decline can be attributed to the spread of diseases, incorrect treatment methods, improper breeding management practices,
flawed business management, unregulated fish transport, and compromised sanitary and environmental conditions.

Keywords: Fillet, large size trout, aquaculture, hatchery, net cage

GIRiS

Birlesmis Milletler Gida ve Tarim Orgitiinin (FAO)
tahminlerine gore, sirekli artis egilimi gdsteren dinya
nifusunun 2050 yilina kadar 9,3 milyara ulagsmasi
beklenmektedir. Bu nlfusun gida talebini karsilamak igin
toplam gida  Uretiminin =~ %60 oraninda  blyimesi
gerekmektedir. Bu arada, dogal kaynaklarin da tikenmeye
devam etti§i unutulmamalidir. FAO, gida arz ve talebi
arasindaki boslugu doldurmada su Grlnleri yetistiriciliginin kilit
bir role sahip oldugunu, bunun gerceklesmesi igin
strdurdlebilir bir Uretime ihtiyag oldugunu belirlemistir (FAO,

2022). Dinya toplam su driinleri Gretiminde yillar itibariyla
avciliktan gelen Uretim miktar kiglk dalgalanmalarla sabit
kalirken yetigtiricilik dretiminin payi sirekli olarak artis
gostermektedir. Yetistiricilik Uretiminin yillar icinde artmasi,
gida gereksinimi igin su Urinleri temininde avciligin yerini
yetistiricilige birakmasi olarak degerlendirilebilir. Diinya su
Urtnleri tretimi 2021 yilinda 218.378.013,33 milyon ton olarak
gerceklesmis, bu Gretimin  126.035.296,8 tonu (%57,71)
yetistiricilik, 92.342.716,53 milyon tonu (%42,29) avcilik yolu
ile elde edilmistir (FAO, 2023). Diinya yetistiricilik sektdriinde
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2021 yilinda en ylksek Gretim 72.805.297 ton ile Cin ilk
sirada yer alirken, bu Ulkeyi 1.665.112 ton ile Norveg ve
1.460.868 ton ile Sili takip etmektedir. Tirkiye ise 471.686 ton
ile sektorde soz sahibi Ulkerler arasinda yer almaktadir (FAO,
2023).

Diinyada, yetistiriciligi yapilan turler arasinda Gokkusag!
alabaligi (Oncorhyncus mykiss) 15. sirada olup yetistiriciligi
yapilan alabalik tirleri arasinda ise en én siradadir (FAO,
2022). Diinya gokkusadi alabali§i yetistiricilik siralamasinda
ise 326.054 ton ile Sili ilk sirada yer alirken, iran 193.852 ton
ile ikinci ve Tirkiye 165.683 ton ile Uglnclu sirada yer
almaktadir (FAO, 2023) (Tablo 1).

Tirkiye su Urlnleri sektdriindeki gelismeler, diinya su
Urdinleri sektorlinde yasananlar ile benzerlik gostermektedir.
Trkiye'nin 2022 yili toplam su Urinleri Gretimi 849.808 ton

olarak gergeklesmis ve bu Uretimin %60,58'1 yetistiricilik
yoluyla, %39,42'1 ise avcilik yolu ile elde edilmistir (TUIK,
2023). Ulkemizde, son 10 yilda yetistiricilikten saglanan
Uretim miktari yillik 212.410 tondan 471.686 tona ulasmistir.
Yetistiriciligi yapilan turler arasinda ilk sirayi alabalik (%35,5)
almakta, bunu sirasi ile levrek (%32,9), cipura (%28,3),
granydz, orkinos, midye ve digerleri izlemektedir (TUIK,
2022). Son yillarda oldukca hizli gelisme gdsteren
Karadeniz’de a§ kafes sistemlerindeki balik yetistiriciligi ilk
sirayl gokkusagi alabali§i (Oncorhynchus mykiss) (retimi
almaktadir. Bunun yani sira Karadeniz alabali§i (Salmo
labrax), levrek (Dicentrarchus labrax) ve diger bazi tirlerin
Uretimi de yapilmaktadir. Av stoklarindaki azalmanin 6nline
gecilebilmesi ve artan niifusun ihtiyag duyacadi su drinleri
kaynakli proteinin elde edilmesi igin yetistiricilik faaliyetlerinin
Ulkesel gapta artirilmasi biyik dnem tagimaktadir.

Tablo 1. Diinyada s6z sahibi Ulkelerin yetistiricilik Gretimi, ton (FAO, 2023)
Table 1. Aquaculture production of the countries that have a say in the world, tons (FAO, 2023)

Ulkeler Toplam Yetistiricilik Uretimi (ton)  G. alabahig Uretimi (ton) ~ Toplam Uretimdeki Pay (yiizde)  ithalat (ton) ihracat (ton)
Gin 72.805.297 37.258,81 0,05 37.258,81 11.878,98
Norveg 1.665.112 94.659,75 5,68 224,24 63.359,06
Sil 1.460.868 326.053,52 22,32 394,61 326.053,52
iran 478.737 193.852 40,49 22,89 2.673,00
Turkiye 471.686 165.683 35,13 291,47 50.563,53
ABD 451.878 18.035,57 3,99 221.216,56 18.035,57
Kanada 194.517 5512,33 2,83 58.217,37 5512,33
Kolombiya 192.521 30.185 15,68 4,87 1.529,72
Finlandiya 14.399 13.550 94,10 4.856,81 2.811,22

Tarkiye su Urlnleri sektdriindeki gelismeler, diinya su
Urdnleri sektoriinde yasananlar ile benzerlik gdstermektedir.
Tlrkiye'nin 2022 yili toplam su Urinleri Gretimi 849.808 ton
olarak gerceklesmis ve bu Uretimin %60,581 yetistiricilik
yoluyla, %39,42'1 ise avcilik yolu ile elde edilmistir (TUIK,
2023). Ulkemizde, son 10 yilda vyetistiricilikten saglanan
uretim miktari yillik 212.410 tondan 471.686 tona ulagmustir.
Yetistiriciligi yapilan tirler arasinda ilk sirayi alabalik (%35,5)
almakta, bunu sirasi ile levrek (%32,9), cipura (%28,3),
grany6z, orkinos, midye ve digerleri izlemektedir (TUIK,
2022). Son yillarda oldukga hizi gelisme gOsteren
Karadenizde a§ kafes sistemlerindeki balik yetistiriciligi ilk
sirayl gokkusadi alabaligi (Oncorhynchus mykiss) Uretimi
almaktadir. Bunun yani sira Karadeniz alabali§i (Salmo
labrax), levrek (Dicentrarchus labrax) ve diger bazi tirlerin
Uretimi de yapilmaktadir. Av stoklarindaki azalmanin éniine
gecilebilmesi ve artan nlfusun ihtiyag duyacagi su drdnleri
kaynakl proteinin elde edilmesi icin yetistiricilik faaliyetlerinin
ulkesel gapta artiriimasi blytik dnem tagimaktadir.

_ Tirkiye Tarm ve Orman Bakanligi Balikgilik ve Su
Urinleri  Genel Muadurligu, 2018 vyilinda Karadeniz
tuzlulugunda yetistiriciligi  yapilan blylk boy gdkkusagi

alabaliginin “Tirk Somonu” markasi altinda dinya balik
pazarina giris yapmasina vesile olmustur (Turan ve Cenesiz,
2023). Bununla birlikte Chris Loew (2023) alabaliklarin,
Japonya'da bir tir somon olarak kabul edildigini ve Tiirk
ihracatgilarin,  kultir  kogullarinda  yetistirilen  g6kkusag!
alabaligini Japonya'da "Tirk Somonu" olarak pazarladigini
bildirmistir. Tlrkiye'de dzellikle blyik boy alabaliga (Ttrk
Somonu-Oncorhynchus mykiss) yurtdisindan gelen yuksek
talep, kultir balikgiligi dretimindeki artisa hiz kazandirmistir.
Tatlisu kaynaklari, baraj gélleri ve denizi ile blylik boy
alabalik Gretimi igin oldukga uygun gevresel kosullara sahip
olan Karadeniz Bélgesi Uretimde cazibe merkezi olmustur.
Kulugkahane, havuz, baraj golii a§ kafes ve deniz ag kafes
sistemlerinin yumurtadan hasat boyuna kadar dretim zinciri
halinde kullanilabilmesi Karadeniz Bdlgesinin dnemini gin
gectikge artirmaktadir.

Tarkiye'de 2022 yili itibariyla farkli dretim kapasitelerine
sahip 1.703 adet isletme alabalik yetistiriciligi yapmaktadir. Bu
isletmelerin porsiyonluk (200-250 g), filetoluk adayi (400-600
g) ve filetoluk (Tirk Somonu) (>3000 g) alabalik dretimi
toplam 167.286 ton/yil'dir (BSGM, 2022). Turkiye’nin sahip
oldugu cografyada alabalik CGretimi icin uygun cevresel
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kosullara sahip tatlisu kaynaklari bulunmaktadir. Bu nedenle
kulugkahane ve tatlisu havuz yetistiriciligi oldukga yaygindir.
Cogunlugunda geleneksel iretim yénteminin kullanildigi 670
adet kulugkahanede 1.350.629.485 adet/yil yumurta (retimi
yapilmaktadir (TUIK, 2022).

Bu calisma, Tirkiye'de son yillarda yliksek oranda talep
goren Tlrk somonu yetistiriciliginin - meveut durumunu
belirleyerek strdlrGlebilir Gretimin  saglanmasina yonelik
tartismalara katki saglamak amaciyla hazirlanmistir.

MATERYAL VE METOT

Calismada, mevcut durumun belirlenmesinde Balikgilik ve
Su Urinleri Genel Mudirligi (BSGM) ve Tirkiye Istatistik
Kurumu (TUIK) verileri ile Su Uriinleri Merkez Arastirma
Enstitlisi (SUMAE) tarafindan y(ritiilen projelerin verileri
kullanilmigtir. Calismada, blylk boy alabalik dretiminde
sacayagi olan tatlisu kara, baraj ag kafes ve deniz ag kafes
isletmeleri bdlgesel olarak degerlendirmeye tabi tutulmus ve
gelecede donik Uretim potansiyelleri Glkemiz sucul alanlari
dikkate alinarak irdelenmistir.

Su (rlnleri vetistiricilik isletmeleri  degerlendirilirken
Uretilen tir Alabalik-Gokkusagi olanlar dikkate alinmigtir. Su
urtinleri  yetistiricilik isletmeleri ile ilgili bilgiler BSGM
tarafindan yayinlanan verilerden derlenmistir (BSGM, 2022).
Kulugkahanesi olan isletmelerde tiirlin adet olarak verilen
Uretim kapasite miktarlari yumurta dretim miktari olarak
alinmigtir. Kulugckahaneler yumurta tretim kapasitesine gére 4
sinifa (£199 bin, 200-599 bin, 600-999 bin ve =1 milyon)
ayriimigtir. BSGM verilerinde yer alan ve tesis tipi buyttme
olan Alabalik-Gokkusagi isletmeleri Gretim metoduna gore
havuz, baraj ag kafes ve deniz ag kafes olarak ayrilmistir.
Uretim metodu beton/toprak havuz olanlar Kaynak/akarsu
havuz isletmeleri olarak belirlenmistir. Havuz igletmeleri
uretim kapasitesine gore 4 sinifa (< 29 ton, 30-99 ton, 100-
499 ton ve =500 ton) ayrniimistir. Baraj goli ag kafes
isletmeleri belirlenirken “Uretim Metodu” ag kafes olanlar
secilmis, ilin denize sinin yoksa baraj a§ kafes isletmesi
olarak alinmistir. EGer hem baraj hem deniz aj kafes
isletmesi varsa “Proje Kapasitesi” <1000 ton/yil olanlar baraj
ag kafes olarak alinarak hesaplanmistir. Baraj golii ag kafes
isletmeleri Gretim kapasitesine gore 4 sinifa (< 29 ton, 30-99
ton, 100-499 ton ve =500 ton) ayrilmistir. Deniz ag kafes
isletmeleri de baraj isletmelerindeki kriterler dikkate alinarak
belirlenmistir. Denize kiyisi olan illerde “Uretim Metodu” ag
kafes olan isletmeler ve baraj goli olup denize siniri olan
illerde “Proje Kapasitesi” >950 ton/yil olanlar deniz ag kafes
isletmesi olarak belirlenmistir. Deniz aj kafes igletmeleri
Uretim kapasitesine gére 3 sinifa (£ 499 ton, 500-999 ton,
=1000 ton) ayrilmistir.

ihracat miktarlarinin  degerlendiriimesinde Tarim ve
Orman Bakanli§i, Hayvan ve Hayvansal Uriinler Sinir Kontrol
Daire Bagkanhgi Gida ve Kontrol Genel Midirligu verileri
kullanilmigtir (TUIK, 2022). Canli olarak ihrag edilen baliklarin

kulugkahane ve tatlisu havuz isletmelerinden hasat edildigi
kabul edilmigtir. ihracatta kullanilan driinler; taze veya
sogutulmus alabalik, dondurulmus alabalik, taze veya
sogutulmus alabalik fileto, dondurulmus alabalik fileto ve
titstlenmis alabalik olarak isimlendirilmistir. Uretim sistemleri
ve Urln isimleri isleme tesisleri ile géristlerek belirlenmistir.

Calismada elde edilen sonuglar Microsoft Excel 2016
programi kullanilarak analiz edilmistir.

BULGULAR
Kulugkahaneler ve yumurtalyavru iiretimi

Tirkiye'nin sahip oldugu yedi cografik bdlgede alabalik
uretimi icin uygun cevresel kosullara sahip tatli su kaynaklari
bulunmaktadir. Bundan dolay kulugkahane ve tatlisu havuz
yetistiriciligi tlke geneline yayilmis durumdadir. Gogunlugu
aile isletmesi (0-29 ton/yll) niteligi tasiyan ve geleneksel
Uretim yonteminin kullanildi§i 670 adet kulugkahanede
1.350.629.485 adet/yl yumurta Gretimi yapiimaktadir.
Karadeniz Bolgesi 192 adet kulugkahane ile ilk sirayi
almasina ragmen Uretim kapasitesi siralamasinda dérdinci
sirada yer almaktadir. 374.107.490 adet/yil iretim kapasitesi
ile ilk sirada yer alan Ege Bolgesi, kuluckahane sayisi
siralamasinda 144 adet kuluckahane ile ikinci sirada yer
almaktadir (Tablo 2).

Kulugkahanelerin tamamina yakini yumurta inkiibasyonu
ve yavru alabalik Uretiminde kaynak suyu kullanmaktadir.
Kaynak sularinin miktar bakimindan fazla oldugu bélgelerde
(Ege, Dogu Anadolu, Akdeniz) (retim kapasitesi ylksek
isletmeler yogunlasirken, kaynak sularinin sayisal olarak
fazla, fakat debi olarak az oldugu Karadeniz Bdlgesinde ise
kuluckahane sayisi fazla Uretim kapasitesi disik olan
isletmeler bulunmaktadir. Marmara Bélgesinde kaynak sulari
diger bdlgelere nazaran sayisal ve miktar olarak oldukca
azdir. Bu nedenle bdlgede 42 kulugkahanede 27.062.271
adet/yil yumurta Uretilmektedir. Glineydogu Anadolu Bolgesi
kaynak sulari bakimindan oldukga zengin olmasina ragmen
bélgede yalnizca 6 kulugkahane bulunmaktadir ve (retim
kapasitesi 27.905.000 adet yumurta/yildir (Tablo 2). Bunun
baslica nedenlerinin; iklim kosullarinin ve cografik kosullarin
zorlugu oldugu disintlmektedir.

Kulugkahaneler yumurta Uretim kapasiteleri, Uretim
amaglari, iretim metodu ve hedef pazar gézetilerek 4 grupta
irdelenmigtir (Tablo 3). Toplam kulugkahane sayisinin
¢ogunlugunu olusturan (%70) 1. ve 2. grup kulugkahaneler
kendi tesisinin ihtiyacini karsilayacak miktarda dretim
yaptigindan Tlrk Somonu Uretimine katki saglamamaktadir.
%3 orani ile temsil edilen 3. grup kulugkahaneler Turk
Somonu Uretimine az miktarda katki saglarken, asil Gretimin
%28 pay ile temsil edilen 4. grup kulugkahanelerden
saglandi§i  gorlimektedir.  Kulugkahanelerin ~ (retim
kapasiteleri dagiliminda %95 kapasiteye sahip olan 4.grup
kuluckahaneler Tirk Somonu (retiminde ilk sirada yer
almaktadr.
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Tablo 2. Bdlgeler bazinda kulugkahane ve yumurta kapasitesi
Table 2. Hatchery and egg capacity by regions

. Kapasite Sinifi Kulugkahane Uretim Miktari . Kapasite Sinifi Kulugkahane Uretim Miktari
Elgant (pBin adet) Saylgl (Adet) (Bin Adet) Reloskid) (pBin adet) Saylgl (Adet) (Bin Adet)
<199 58 3.534 <199 37 2.341
Akdeniz 200-599 20 6.788 I¢ Anadolu 200-599 13 4.730
600-999 3 2.750 600-999 1 750
1.000 2 50 278.960 1.000 2 19 145.300
<199 116 6.020 <199 44 3.501
Karadeniz 200-599 37 13.160 Dogu Anadolu 200-599 10 3.500
600-999 3 1.900 600-999 1 600
1.000 2 36 158.299 1.000 2 30 289.418
<199 25 1.162 <199 1 105
Marmara 200-599 9 2750 Glineydogu Anadolu 200-599 0 0
600-999 2 1.700 600-999 1 800
1.000 2 6 21450 1.000 2 4 27.000
<199 82 4.844 <199 363 21510
Ege 200-599 15 5.470 Toplam 200-599 104 36.398
600-999 2 1.448 600-999 13 9.948
1.000 2 45 362.344 1.000 2 190 1.282.772

Tablo 3. Yumurta retim kapasiteleri, Uretim amaglari, tretim metodu ve hedef pazarina gére kulugkahane gruplari
Table 3. Hatchery groups according to egg production capacities, production purposes, production method and target market

Grup  Uretim Kapasitesi Uretim Kapasitesi isletme Uretim Kapasiteleri Co
Sira No (adet/yil) (ton/yil) Sayisi (adet) (adetlyil) Ll el D oA
1 <199.000 0-29 363 21510191 _Po_rsiyonluk balik UreEen, geleneksel Uretim yapan, kendi
ihtiyaci kadar yumurta dreten ve restorani olan aile isletmeler
Porsiyonluk balik Ureten, teknik personel galistiran, yeni
2 200.000-599.000 30-99 104 36.398.000 teknoloji kullanan, diger kulugkahanesi olmayan isletmelere
de yumurta Ureten ve gogunlukla restorani olan isletmeler
Kendi isletmesine ve diger kulugkahanesi olmayan
3 600.000-999.000 100-999 13 9.948.500 isletmelerle beraber az miktarda baraj goli ag kafes
isletmelerine yavru balik temini igin Uretim yapan isletmeler
Kendi isletmesine ve daha ¢ok baraj goli ad kafes
4 >1.000.000 2150 190 1.282.772.794 isletmelerine Tirk Somonu aday yavru balik temini igin Gretim

yapan isletmeler

Kulugkahanelerde, 2021 yilinda toplam 1.350.629.485
adet gbkkusagi alabaligl yumurtasi dretilmistir. Ayni yil
(16.655.000 g/ 0,090 g/adet) 185.055.556 adet yumurta
ithalatimiz olmustur (BSGM, 2022). Tirkiye'nin 2021 yili
toplam 167.286.000 kg alabalik Gretimi i¢in 1.535.685.041
adet yumurta kullanilmigtir.  167.286.000 kg alabalik
hasadinda kullanilan yumurta sayisi hesabi asagida
verilmigtir.

2021 yili deniz aj kafes sistemlerinden hasat edilen
alabaliklarin tamami (31.554.000 kg) Tirk Somonu olarak
ihracatta kullanilmis olarak kabul edilmistir. Zayiatsiz hasat
miktari kriter alinarak yumurta ihtiyaci (31.554.000 kg +
ortalama hasat agirhgr 3 kg) 10.518.000 adet olmustur. Ayni
yil akarsu havuz igletmelerinin toplam balik Uretimi
40.690.708 kg olmustur. Bu Uretimin %10 (4.069.070 kg)'u
somon aday (ortalama agirlik 500 g) olarak deniz ag kafes
isletmelerine satilirken geriye kalan %90 (39.621.637 kg)'I
restorani olan isletmelerde veya isletmeden taze porsiyonluk

(ortalama agirlik 250 g) olarak satildigi varsayilmistir. Buna
gore akarsu havuz isletmelerinin zayiatsiz hasat kriter olarak
kabul edildiginde ihtiyag duyulacak yumurta miktari
(36.621.637.000 g =+ ortalama hasat agirhgi 250 g)
146.486.548 adet olmustur. Turkiye’'nin 2021 yili i¢su alabalik
(iretimi 135.732.000 kg olmustur (TUIK, 2022). Bu iretimin
40.690.708 kg akarsu havuz igletmelerinde, geriye kalan
95.041.292 kg baraj goli ad kafes isletmelerinde
gergeklesmistir.

2021 yili toplam alabalik ihracatimiz 50.569.436 kg
olmustur. Bu miktarin (50.569.436 kg — deniz ag kafes hasati
31.554.000 kg) 19.015.436 kg1 baraj goli af kafes
isletmelerinden &zellikle yaz aylarinda taze balik (ortalama
agirlik >2 kg) ihracatinda kullanildi§i anlasiimaktadir. ihracat
dretimi igin zayiatsiz hasat kriter olarak kabul edildiginde
ihtiyag duyulacak yumurta miktar (19.015.436 kg + 2 kg)
9.507.718 adettir. Baraj golu Gretiminden TUrk somonu Gretimi
icin deniz a§ kafes igletmelerine somon adayi (ortalama
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agirhgr 500 g) satiimaktadir. Bu dretimin toplam miktari
(10.518.000 adet yumurta x 500 g) 5.290.000 kg'dir. Bu
durumda baraj goli a§ kafes isletmelerinden i¢ piyasaya
satilan balik miktari ise (95.041.292 kg — (19.015.436 kg +
5.290.000 kg) 70.735.856 kg olarak hesaplanmistir. Baraj
golii Gretiminden i¢c piyasaya genelde porsiyonluk balik
(ortalama agirhdi 250 g) satiimaktadir. Buna gore baraj gélu
agd kafes isletmelerinin zayiatsiz hasat kriter olarak kabul
edildiginde ihtiya¢ duyulacak yumurta miktari (70.735.856.000
g + 250 g) 282.943.424 adettir. Deniz ag kafes isletmeleri igin
10.518.000 adet, akarsu havuz isletmeleri igin 146.486.548
adet, baraj goli ag kafes isletmelerinden ihracatta kullanilan
Uretim igin 9.507.718 adet ve baraj goli aJ kafes
isletmelerinden i¢ piyasaya satisi yapilan Uretim igin
282.943.424 adet olmak (izere toplam 449.455.690
adet/yumurtadir.

Buna gore alabalik dretiminde zayiatsiz hasat kriter olarak
kabul edildiginde yumurtadan hasata Uretim basarasi %30,10

olarak hesaplanmistir. Kulugkahanelerde hasat, biyitme
isletmelerinin tercihine uygun yapilmaktadir. Bazi tatlisu
havuz isletmeleri/baraj goli ag kafes isletmeleri (retimde 3-5
g agirh§indaki yavru baliklari tercih ederken bazilari da 20-30
g agirhga sahip hastalik direnci gelismis yavrulari tercih
etmektedir.

igsu/Akarsu havuz igletmelerinde iiretim

Daha cok taze balik tiketiminin tercih edildigi Tirkiye'de
kaynak/akarsu havuz alabalik isletmeleri tim bdlgelere
dagilmis durumdadir. Bu isletmelerin toplam sayisi 948 adet,
uretim kapasitesi ise 40.691 ton/yildir. Karadeniz Bolgesi
isletme sayisi (266 adet) bakimindan en zengin bélge
olmasina ragmen en biyik kapasiteye (19.065 ton/yil) sahip
bélge Ege Bodlgesidir.

icsu/akarsu havuz isletmeleri Giretim kapasiteleri, Giretim
amaglari, Uretim metodu ve hedef pazari gozetilerek 4 sinifta
irdelenmistir (Tablo 4).

Tablo 4. Uretim kapasiteleri, {iretim amaglari, {iretim metodu ve hedef pazara gére igsu/havuz isletmeleri gruplari

Table 4. Groups of inland water/pool businesses according to production capacities, production purposes, production method and target market

Uretim Uretim

Grup . o isletme ; L
Sira No Kapasitesi Kapasitesi Sayisi (adet) Havuz Igletmelerinin Ozellikleri
(tonlyil) (ton/yil)
Gogunlugu kulugkahaneli, porsiyonluk balik treten, restorani olan ve geleneksel
1 <29 9.605 767 Uretim yapan aile isletmeleridir. Bu isletmelerin Turk Somonu iretimine katkisi yok
denecek kadar azdir
Kendi ihtiyacini karsilayacak kapasitede porsiyonluk balik treten, cogunlukla restorani
2 30-99 4.729 98 olan, diger restoranli isletmelere satis yapan, teknik personel isthdam eden, ekstansif
Uretim yapan ve Tiirk Somonu Uretimine katkisi az olan isletmelerdir.
Diger restoranli isletmelere satis yapan, teknik personel isthdam eden, ekstansif
Uretim yapan, baraj goli isletmelerine yavru temini, deniz ag kafes isletmelerine az
3 100-499 14.102 68 b s " S
sayida Turk somonu aday! temini yapan ve Tirk Somonu (retimine katkisi az olan
isletmelerdir.
Teknik personel istihdam eden, konvansiyonel iretim teknigi kullanan, baraj golu ad
4 2500 12.254 15 kafes isletmelerine ve deniz ag kafes isletmelerine Tiirk Somonu aday! satisi yapan ve
Tiirk Somonu uretimine katkisi diger gruplara nazaran oldukca ylksek isletmelerdir.
Ulkemizdeki  kaynak/akarsu  havuz igletmelerinin yetistiricilik sektdriiniin gelistirimesi ve istihdam olusturulmasi
tamamina  yakini  Gretimde akarsu  kullanmaktadir.  icin bu akarsular kiiglk kollariyla beraber degerlendirilmelidir.
Kaynak/akarsularin ~ miktar  bakimindan fazla oldugu

bdlgelerde (Ege, Dogu Anadolu, Akdeniz) lretim kapasitesi
ylksek isletmeler yogunlasirken, kaynak/akarsularin sayisal
olarak fazla fakat miktar (debi) olarak az olduju Karadeniz
Bélgesinde ise havuz isletmeleri sayisi fazla tretim kapasitesi
dlstk olan isletmeler bulunmaktadir. Marmara Bolgesinde
alabalik Uretimine uygun kalitede kaynak/akarsular diger
bdlgelere nazaran sayisal ve miktar olarak olduk¢a azdir. Bu
nedenle bolgede 65 adet kaynak/akarsu havuz isletmesinde
3.165 tonfyil Uretim mevcuttur. Glineydodu Anadolu Bélgesi
kaynak/akarsu bakimindan zengin olmasina ragmen bolgede
yalnizca 13 adet kaynak/akarsu havuz igletmesi bulunmakta
ve (retim kapasitesi de (473 ton/yil) diger bélgelere nazaran
oldukga azdir (Tablo 5). Bolgede, glgli ve verimli Firat ve
Dicle'nin kollari olan Nizip, Goksu, Garzan, Batman ve Botan
akarsulari bulunmaktadir. Glineydogu Anadolu Bélgesinde,

Kaynak/akarsu havuz isletmelerinde hasat, tamamen
musteri tercihine uygun yapiimakta ve isletme ydnetim plani
da balik hasat boyu kriter alinarak olusturulmaktadir. 1. ve 2.
sinif isletmeler genel olarak restorani olan kigik isletmelerdir.
Bu isletmeler porsiyonluk boya (200 g) kadar semirtme
yapmakta ve hasat ettigi baliklari restoraninda veya taze
olarak yerinde pazarlamaktadir. 3. ve 4. sinif igletmeler 20-30
g yavru balik, 200 g porsiyonluk balik ve 500 g Tiirk Somonu
aday Uretimi yapmaktadir. Genel olarak 20-30 g yavru
baliklar baraj golii ag kafes isletmelerine, 200 g porsiyonluk
baliklar Uretim tesisi olmayan restoranlara veya taze satisa ve
500 g baliklar Tirk somonu adayi olarak deniz ag kafes
isletmelerine pazarlanmaktadir. Tirk Somonu (retiminde
kullanilan aday baliklarin yaklasik %10'u kaynak/akarsu
isletmelerinden temin edilmektedir.
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Tablo 5. Bolgeler bazinda igsu/akarsu havuz isletmeleri sayisi ve kapasiteleri
Table 5. Number and capacities of inland water/river pond enterprises by region

. Kapasite Sinifi Isletme Sayisi Uretim Miktari . Kapasite Sinifi  Igletme Sayisi Uretim Miktari
Bolge Ad (Ton) (Adet) (Ton) ~ BOlgeAd: (Ton) (Adet) (Ton)
<29 155 2.062.500 <29 76 1.051.000
Akdeniz 30-99 27 1.190.500 i Anadolu 30-99 12 643.000
100-499 10 1.365.000 100-499 5 1.580.000
500 = 0 0 500 = 1 750.000
<29 241 2.33.059 <29 85 1.571.567
Karadeniz 30-99 17 727.000 Dogu Anadolu 30-99 13 765.822
100-499 8 1.558.000 100-499 13 1.920.200
500 = 0 0 500 = 1 500.000
<29 51 542.860 <29 8 160.000
Marmara 30-99 10 52.000 Giineydogu 30-99 4 193.000
100-499 1 120.000 Anadolu 100-499 1 120.000
500 = 3 2.000.000 500 = 0 0
<29 151 1.914.200 <29 767 9.605.186
Ege 30-99 15 708.000 Toplam 30-99 98 4.729.322
100-499 30 7.439.000 100-499 68 14.102.200
500 = 10 9.004.000 500 = 15 12.254.000

Baraj ag kafes isletmelerinde iiretim

Tlrkiye'de barajlar; igme suyu temininde, sulama/sanayi
suyu temininde, hidroelektrik enerji Gretiminde, taskinlarin
onlenmesinde, eglen-dinlen alanlarinin olusturulmasinda ve
balik (iretiminde kullaniimaktadir. Son yillarda ézellikle blytik
boy alabalik yetistiriciliginde baraj gélleri, cografi ve gevresel
ozelliklerinden  dolayl yetistiricilik ~ sektériniin ~ gézdesi
durumuna gelmistir. Kulugkahanelerde 2-5 veya 30 g agirhga
kadar buydtilen vyavru baliklar baraj géli ad kafes
isletmelerine nakledilerek porsiyonluk (250 g), Tirk Somonu
adayr (500 g) veya filetoluk (2000 g) boya kadar
biyutiimektedir. Baraj goli ag kafes isletmeleri (retim
kapasiteleri, Uretim amaglari, Uretim metodu ve hedef pazari
gozetilerek 4 sinifta irdelenmistir (Tablo 6). Tlrkiye’nin sahip
oldugu yedi cografik bolgede a§ kafeslerde alabalik (retimi
icin uygun cevresel kosullara sahip baraj golleri
bulunmaktadir. Farkli Uretim kapasitelerine sahip toplam 622
adet baraj gélu ad kafes isletmesi faaliyet gostermekte olup
uretim kapasiteleri 164.810 ton/yildir. Keban Baraj gélinu
alabalik Uretiminde avantaj olarak kullanan Dogu Anadolu

Bolgesi 240 adet isletme ve 55.538 ton/yil Uretim kapasitesi
ile Ulkemizde ilk sirda yer almaktadir. Az sayida ve alabalik
yetistiriciligi icin uygun olmayan su kaliteli baraj géllerinin
bulundugu Marmara Bdlgesi ise 11 adet isletme ve 2.854
ton/yil kapasite ile son sirada yer almaktadir. Baraj géli agd
kafes isletmelerinde hasat, tamamen mdsteri tercihine uygun
yapilmakta, isletme ydnetim planinin olusturuimasinda baraj
géliiniin su kalite kriterleri ve hasat boyu etkili olmaktadir. 1.
ve 2. sinif isletmeler genel olarak yurtici piyasaya porsiyonluk
(200 g) balik dreten isletmelerdir.

Bu isletmelerin bir kismi deniz a§ kafes isletmeleri ve
biiyik kapasiteli baraj gélii a§ kafes isletmelerinin de iginde
oldugu cati isletmelere aittir, Uretim kapasiteleri kiguk
olmasina ragmen Tirk somonu adayi (500 g) alabalik Gretimi
de yapmaktadirlar. 3. ve 4. sinif igletmeler genel olarak Turk
Somonu adayi (Uretim yapmakla beraber &zellikle yaz
aylarinda yurtdisi filetoluk alabalik ihtiyacinin  timuni
karsilamaktadir. Tirk Somonu (retiminde kullanilan aday
baliklarin yaklasik %90’ baraj goli ag kafes igletmelerinden
temin edilmektedir (Tablo 7).

Tablo 6. Uretim kapasiteleri, Giretim amaclari, Gretim metodu ve hedef pazara gére baraj gélii a§ kafes isletmeleri gruplari
Table 6. Dam lake net cage enterprise groups according to production capacities, production purposes, production method and target market

Kafes isletmelerinin Ozellikleri

Uretim Uretim
Grup Sira No Kapasitesi Kapasitesi Top(l:ézt?ayl
(adetiyil) (tonlyil)
1 <29 4.485 178
2 30-99 2.316 39
3 100-499 69.230 289
4 >500 89.929 19

Gogunlugu yurtici tiketime porsiyonluk alabalik dretimi, ¢ati sirketlerin kiiglik
isletmesi seklinde geleneksel Uretim yapan ve Tirk Somonu Uretimine katkisi
yok denecek kadar az olan igletmelerdir.

Genel olarak yurtici tiketime porsiyonluk alabalik, az miktarda Tiirk Somonu
adayi alabalik (retimi yapan ve Tirk Somonu dretimine katkisi az olan
isletmelerdir.

Gogunlugu Tiirk Somonu aday! ve filetoluk alabalik, az miktarda porsiyonluk
alabalik Uretimi yapan ve Tirk Somonu aday alabalik Uretimine katkisi
oldukga fazla olan igletmelerdir.

Genel olarak Tlrk Somonu aday alabalik Uretimi ve filetoluk alabalik Uretimi
yapan isletmelerdir. Tirk Somonu aday alabalik tretimine katkisi fazladir.
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Tablo 7. Bolgeler bazinda baraj gélii ag kafes isletmeleri sayisi ve kapasiteleri

Table 7. Number and capacities of dam lake net cage enterprises on a regional basis

. Kapasite Sinifi  Igletme Sayisi Uretim Miktari . Kapasite Sinifi  Igletme Sayisi Uretim Miktari
Elgant P (Ton) ; (Adet)y (Ton) Reloskid) P (Ton) ? (Adet) Y (Ton)
<29 32 753.200 <29 8 204.000
Akdeniz 30-99 17 1.008.000 i Anadolu 30-99 2 125.000
100-499 39 7.595.000 100-499 22 5.895.000
500 = 17 10.927.000 500 = 30 25.490000
<29 20 540.000 <29 89 2.246.500
Karadeniz 30-99 6 449.000 Dogu Anadolu 30-99 12 674.000
100-499 50 12.984.000 100-499 112 26.925.296
500 = 12 6.000.000 500 2 30 25.692.000
<29 1 29.000 <29 22 638.000
Marmara 30-99 1 40.000 Giineydogu 30-99 0 0
100-499 7 1.215.000 Anadolu 100-499 20 4.938.000
500 = 2 1.570.000 500 = 22 15.200.000
<29 6 74.250 <29 178 4.484.950
Ege 30-99 1 20.000 Toplam 30-99 39 2.316.000
100-499 38 9.858.000 100-499 288 69.080.316
500 = 4 4.050.000 500 = 117 88.929.000

Deniz ag kafes igletmeleri iretimi

Ozellikle biiyiik boy alabaliga yurtdisindan gelen talep,
kiltir balikgiigi  Uretimindeki artisa hiz  kazandirmigtir.
Karadeniz Bolgesi cografi ve cevresel dzelliklerinden dolayi
biylk boy alabalik retimi icin ideal bir bélgedir. Alabalik
yetistiriciligi ~ icin ~ uygun  cevresel  kosullara  sahip
akarsu/kaynak sulari, baraj gélleri ve deniz sistemlerinin Turk
Somonu lretiminde sacayagi halinde kullanilabilmesi
lokalitenin dnemini glin gegtikce artirmaktadir. Karadeniz'de
alabalik yetistiriciligini ve igletme ydnetimini etkileyen en
dnemli kriter su sicakh@idir.

Karadeniz'de, farkl Uretim kapasitelerine sahip toplam 59
adet deniz a§ kafes isletmesi faaliyet gdstermekte olup dretim
kapasiteleri 57.369 ton/yildir (BSGM, 2022). Deniz ag kafes
isletmelerinde hasat, tamamen miusteri tercihine uygun
yapilmakta, isletme yonetim planinin olusturulmasinda da

20°C'nin altina dustigu 8 Ekim-7 Kasim déneminde baraj
goli ad kafes isletmelerinden veya ftatlisu havuz
isletmelerinden ortalama agirliklari 500 g olan Tirk Somonu
aday! alabaliklar deniz ag kafes isletmelerine nakledilmekte,
deniz suyu sicakiginin 18°C'ye vyiikseldigi 21 Mayis-20
Haziran déneminde hasat yapilmaktadir.

Ginlmizde,  biyoteknolojik ~ uygulamalar,  yem
teknolojisindeki gelismeler ve balik refahina riayet sayesinde
Uretim dénemi iginde deniz ag kafes sistemlerine nakledilen
alabaliklarda 6-8 kat agirlik artisi saglanabilmektedir. Hasat
agirhginda pazar talebi dikkate alinarak Gretim ddnemi
basinda Tirk Somonu adayi alabaliklarin nakil agirhg
belirlenmektedir. Ortalama 3000 g hasat agirh§i icin 500
gramhk Tirk Somonu adaylar tercih edilirken daha biyik
hasat agirligi icin 1000 g ve Uzerindeki alabaliklar tercih
edilmektedir (Tablo 8). Deniz ag kafes isletmeleri (retim

pazar talebi dikkate alinmaktadir. Deniz suyu sicakiginin  kapasitesine gbre 3 sinifa aynlmigtir  (Tablo  9).
Tablo 8. Bolgeler bazinda baraj gélii ag kafes isletmeleri sayisi ve kapasiteleri
Table 8. Number and capacities of dam lake net cage enterprises on a regional basis
) Kapasite Sinifi  isletme Sayisi Uretim Miktari . Kapasite Sinifi  Igletme Sayisi  Uretim Miktari

BT (Ton) (Adet) (Ton) Eeaeld (Ton) (Adet) (Ton)

<499 0 0 <499 0 0
Akdeniz 500-999 1 150.000 ic Anadolu 500-999 0

1000 = 0 0 1000 > 0 0

<499 1 80.000 <499 0 0
Karadeniz 500-999 56 54.022.000 Dogu Anadolu 500-999 0 0

1000 = 0 0 1000 > 0 0

<499 0 0 Giinevdod <499 0 0
Marmara 500-999 0 0 podithney 500-999 0 0

1000 = 0 0 1000 > 0 0

<499 0 0 <499 1 80.000
Ege 500-999 2 1.000.000 Toplam 500-999 59 55.172.000

1000 = 0 0 1000 > 0 0
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Tablo 9. Uretim kapasiteleri, iiretim amaglari, {iretim metodu ve hedef pazara gore deniz a§ kafes isletmeleri gruplari
Table 9. Groups of marine net cage enterprises according to production capacities, production purposes, production method and target market

Uretim Uretim

Kafes iletmelerinin Ozellikleri

Grup Sira No Kapasitesi Kapasitesi TOp(I::;t?aw
(adetiyil) (tonlyil)
1 <500 3.347 13
2 500-999 33.482 43
3 21000 20.540 13

Deniz a§ kafes sistemleri icin yetistiricilik alanlarinin sinirli ve miiracaatc!
sayisinin fazla oldugu lokalitelerde distk Uretim kapasiteli isletmelerdir. Tr
somonu Uretimine katkisi en az olan igletmelerdir.

Tiirk Somonu Uretimine en ¢ok katkisi olan iletmelerdir.

Isletme  kurulumunda  ve isletimesinde yeni teknolojilerin  (ilkemizde
kullaniimaya baglamas! ile biylk kapasiteli isletmelere ilgi artmistir. Gelecekte
Ttirk Somonu Uretimi igin bu tur isletmelerin yaygin kullanilma olasiligi oldukga
yliksektir. Tlrk Somonu dretimine katkisi gtin gegtikce artmaktadir.

Tiirk Somonu ihracati

Su Urlnleri, dinyada en g¢ok ticareti yapilan gida
urtinlerinden  biridir.  Uluslararasi su drdnleri ticaretinin
blylmesinde kiresellesmeye bagli olarak ekonomik blylime
ile kilttirel ve teknolojik ilerleme etkili olmustur. Su Grlinleri
ticaret degeri, ticaret miktarina oranla daha fazla artis
gostermektedir. Bunun nedeni ekonomik degeri ylksek
tirlerin islenmesi ile katma deger kazandirilarak ticaretinin
yapilmasidir (FAO, 2022).

Tirkiye'nin - 2021 yili igsu ve deniz yetistiricilik
isletmelerinin toplam alabalik Uretimi 167.286 ton olarak
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gerceklesmis ve bu Uretimin  50.568 tonu ihracatta
kullanilmistir (TUIK, 2022). Kulugkahane ve tatlisu havuz
isletmelerinde dretilen 31ton alabalik canli, baraj géli agd
kafes isletmelerinde dretilen 18.939 ton ve deniz ag kafes
isletmelerinde Uretilen 31.598 ton alabalik islenerek ihracatta
kullanilmigtir.

Aylik ihracat verileri dikkate alindi§inda en fazla ihracatin
deniz ag kafes isletmelerinin hasat dénemi olan Haziran ve
Mayis aylarinda oldugu, en dislk ihracatin ise baraj géli ag
kafes isletmelerine yavru nakil ddnemi olan Ekim, Kasim ve
Aralik aylarinda gergeklestirildigi goriilmektedir (Sekil 1).

@
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Sekil 1. Farkl dretim sistemlerinden hasat edilen alabaliklarin aylik ihracat dagilimi (ton)
Figure 1. Monthly export distribution of trout harvested from different production systems (tons)

ihracatta genel olarak isleme tesislerinde islem goren ve
Uriin vasfi kazanan buytik boy alabaliklar kullaniimaktadir. Bu
baliklar taze veya sogutulmus, dondurulmus, taze veya
sogutulmus fileto, dondurulmus fileto ve tlitsilenmis Grlinler
olarak ihra¢ edilmektedir. 2021 yili aylk islenmis Grln
ihracatinda 33.468.438 kg ile dondurulmus alabalik ilk siray
alirken 90.335 kg ile taze veya sogutulmus fileto en az
ihracatta ~ kullanilan ~ GUrin  olmustur. ~ Farkli  Uretim
sistemlerinden hasat edilen alabaliklarin aylik ihracat
dagilimina benzer sekilde islenmis Uriin gruplarinda da en
fazla ihracat deniz ag kafes hasat periyodu olan Haziran ve
Mayis aylarinda gergeklestirimistir. En diistik miktarda ihracat

ise Kasim ve Aralik aylarinda yapilmistir (Sekil 2). Deniz ag
kafes ve baraj goli ag kafes isletmelerinden 2021 yili iginde
hasat edilen blyik boy alabaliklar 45 Glkeye ihrag edilmistir.

Toplam ihracat iginde 29.913.869 kg ile Rusya
Federasyonu %59,54 oranla ilk sirada yer almakta, bunu AB
Ulkeleri ve Asya ilkeleri izlemektedir (Tablo 10). Rusya
Federasyonu ve AB ilkeleri daha ¢ok taze veya sogutulmus
ve dondurulmus Urlnleri tercih ederken diger [Ulkeler
dondurulmus, fileto ve titstilenmis Urinleri tercih etmektedir.
Bu durumda nakil islemlerinin etkili oldugu goriimektedir
(BSGM, 2022; TUIK, 2022).
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Sekil 2. Farkli trlin gruplarinin aylik inracat dagilimi (ton)
Figure 2. Monthly export distribution of different product groups (tons)
Tablo 10. 2021 yilina ait islenmis Grtinlerin ihrag edildigi Ulkeler ve ihracat miktari (Kg)
Table 10. Countries to which processed products are exported in 2021 and export amount (Kg)
. Uriin (Alabalik) (kg)
Ulke Taze/ Fileto Fileto et hereret Toplam
Sogutulmug Dondurulmug (Taze/Sogutulmus) (Sogutulmus) VAL
Cekya 0 236.338 0 29.280 500 266.118
ABD 1.167 19.476 850 436.934 0 458.427
Almanya 270.820 3.586.244 12.440 378.029 3.614.537 7.862.070
Avusturya 2.469 81.816 132 36.560 0 120.977
Azerbaycan 14.000 100.295 600 0 0 114.895
BAE 11 2.000 0 0 7.505 9.516
Belarus 151.235 426.665 0 19.000 0 596.900
Belcika 0 66.785 0 3.120 13.115 83.020
Birlesik Krallik 216 5.670 652 59.458 9.110 75.106
Bosna Hersek 0 18.500 0 0 0 18.500
Bulgaristan 0 112.310 0 0 0 112.310
Cezayir 0 0 0 2.000 0 2.000
Cin 0 345.301 0 0 0 345.301
Danimarka 0 28.772 0 5.640 35.072 69.484
Fransa 53 768 0 128 0 949
Giircistan 286.541 397.183 2.721 600 125 687.170
Hirvatistan 0 35.000 0 0 0 35.000
Hollanda 0 259.024 25.800 451.709 209.548 946.081
Irak 0 56.114 40.978 0 97.092
Ispanya 0 0 19.800 21.667 0 41.467
Israil 0 74716 0 0 0 74716
Isveg 0 1.248 0 0 0 1.248
Isvicre 88 4.500 0 18.962 0 23.550
Italya 0 6.360 0 301.118 0 307.478
Japonya 0 599.901 0 266.719 3 866.623
Kanada 0 0 18.747 73.283 0 92.030
Kazakistan 0 97.200 0 0 0 97.200
Kuzey Kibris 61.156 3.203 293 576 265 65.493
Litvanya 0 0 1 99.370 0 99.371
Macaristan 0 124120 600 3.800 1.200 129.720
Moldova 0 3.360 0 0 0 3.360
Polonya 0 579.665 0 69.120 60.694 709.479
Romanya 661.997 1.006.660 3.770 277.790 25.740 1.975.957
Rusya 7.857.871 21.801.520 0 254476 0 29.913.867
Sirbistan 0 690.795 0 48.100 1.680 740575
Singapur 0 11.600 0 0 0 11.600
Slovakya 0 19.200 0 0 0 19.200
Slovenya 0 95.435 0 40.530 0 135.965
Suriye 64.851 435 0 0 0 65.286
Tayland 0 27 0 9.695 0 9.722
Ukrayna 355.128 36.893 0 0 0 392.021
Umman 61 0 0 0 0 61
Urdiin 280 2,014 0 2.024 0 4318
Vietnam 0 2.543.744 0 0 0 2.543.744
Yunanistan 5.328 0 6.800 2400 0 14.528
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TARTISMA

Su sicakligi baliklarin davranig, beslenme, bliylime ve
Ureme gibi biyolojik ve fizyolojik ozelliklerini etkiler. Farkli
tirlerin ~ farkl  su  sicaklilarina  gereksinimleri  vardir.
Strdurdlebilir alabalik tretimi etkileyen en 6nemli kriterlerden
biri de su sicakligidir. Karadeniz, ylizey suyu sicakligi dikkate
alindiginda ancak Ekim-Haziran aylari arasinda alabalik
Uretimi uygundur. Su Urlinleri Merkez Arastirma Enstitiisi
MUdarligi ve diger AR-GE kurumlari tarafindan denizel
alanda yapilan galismalar sonucunda elde edilen bulgular bu
durumu dogrulamaktadir (Sekil 3, 4). Derinlige bagl sicaklik
degisiminde, Ozellikle alabalik yetistiriciligi icin olumsuz

30

sartlarin olustugu yaz aylarinda 10 m derinlikten sonra
sicakligin azaldigi, 15 m'de ise uygun sartlarin olustugu
gorilmektedir (Sekil 4). Bu derinliklerin suyu, uygun kafes
modelleri kullanilarak Tiirk Somonu Uretiminin yapilabilecegi
ayrica degerlendiriimelidir. Tiirkiye denizlerinden sadece
Karadeniz, sahip oldugu cevresel kosullardan dolayi ag
kafeslerde alabalik Gretimi igin uygundur. Deniz yiizey suyu
sicakliginin alabalik Gretimi igin uygun oldugu aylarda,
alabaliklar baraj golu ag kafes isletmelerinden deniz ag kafes
isletmelerine nakledilerek blylk boya (Tirk Somonu, =3000
g) ulagmalari saglanmaktadir.
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Sekil 3. Karadeniz yiizey suyu sicaklik verileri (Parlak ve dig., 2022)
Figure 3. Black Sea surface water temperature data (Parlak et al., 2022)
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$Sekil 4. Karadeniz'de derinlige gore sicaklik degisimi [TAGEM/HAYSUD/B/19/A6/P3/01 (2019-2021)] (Fidan ve dig., 2022)
Figure 4. Temperature according to depth in the Black Sea [TAGEM/HAYSUD/B/19/A6/P3/01 (2019-2021)] (Fidan et al., 2022)

Klimatolojik, osinografik ve su kalitesi gibi gevresel
faktorler Glkelerin alabalik dretim zincirinde kullanilan halkalari
belirler. Nitekim, Paisley ve ark., (2010) iskandinav
Ulkelerinde, Gretim zinciri halkalarini sirasiyla kulugkahaneler,
kara tabanli deniz suyu kullanilan blyitme tesisleri ve deniz
ad kafes sistemlerinden olustugunu bildirmektedir. Son
yillarda dinya alabalik (retiminde s6z sahibi ilkelerden biri

olan Sil’'de ise Olsen ve Criddle, (2008) kulugckahanede
biyutilen filetoluk adayr alabaliklari deniz a§ kafes
sistemlerine nakletmektedir. Ulkemizde ise yumurtadan
hasada kadar Uretim zinciri sirasiyla kulugkahaneler, kara
tabanli tatlisu havuz isletmeleri, baraj goli ve son halka olan
deniz ag kafes isletmeleri olarak siralanmaktadir. Ulkemiz
cevresel kosullarindan farkli gevresel kosullara sahip olan
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Ulkelerde alabalik dretim zinciri halkalari kismen benzerlik
gostermekte olup Uretim maliyetini etkileyen farkliliklarda
mevcuttur. Dlnya alabalik Uretiminde séz sahibi olan
Ulkelerden farkli olarak (ilkemizde baraj goli a§ kafes
sistemlerinin  kullaniliyor olmasi dretim maliyeti, biyime
bakimindan ulkemize avantaj saglamaktadir.

Sil'de deniz suyu sicakliklarindan dolayi kis aylarinda
biylime yavas olmakla birlikte, deniz ag kafes sistemlerinde
alabaliklarin filetoluk boya (2-5 kg) buydtiimesi 8-14 ay
siirmektedir (Olsen ve Criddle, 2008). Iskandinav iilkelerinde
kulugkahane veya deniz suyu kullanilan kara tabanli
isletmelerde 1 kg'a kadar bydtilen alabaliklar ilkbaharda
deniz ag kafes sistemlerinde 2-5 kg agifhiga kadar
biyutilerek hasat edilmektedir (Paisley ve ark., 2010).
Ulkemizde baraj gélii a§ kafes sistemleri kullanilarak filetoluk
adayr (400-600 g) boya ulagtirilan alabaliklar transfer
edildikleri deniz ag kafes sistemlerinde 6-7 aylik slrede
ortalama 3 kg agriga biyitilmektedir.  Ulkemizde
kulugkahaneden sonra tiire 0zgil gevresel sartlara uygun
mera Ozellikli baraj goli aj kafes ve deniz aj kafes
sistemlerinin kullaniimasi filetoluk alabalik (Tirk somonu)
uretiminde bliylime slresini kisaltmakta ve Uretim maliyetini
azaltmaktadir.

Sili alabalik Uretiminde 2000 yilina kadar Norveg'te
Uretilen yumurtalara bagimli kalmig ve 2000 yilindan sonra
yumurta Uretimini 6nemli élglide artirmigtir. 2005 yilinda Sili
kulugkahanelerinde kullanilan yumurtalarin - %90,1'i yerel
anaglardan Uretilmistir (Verdugo, 2006). Ulkemiz 2021 yilinda
toplam yumurta Uretimi  1.360.029.485 adet/yil olarak
gerceklestirmis olup, ayni yil icerisinde 185.055.556 adet/yl
yumurta ithal edilmistir. Bu rakam toplam yumurta Gretimin
%13,60'ma denk gelmektedir. ~ Ginimuizde Sili alabalik
yumurtasi ihrag eden sayili (lkeler arasinda yer almakla
birlikte, yumurta ithalati yaptigimiz dlkeler arasinda yer
almaktadir. Ulkemiz cevresel kosullari 6zellikle alabalik
Uretimi igin oldukga uygun olmasina ragmen giinimizde
halen yumurta ithal eden (ilkeler arasinda yer almamiz
damizlik ve kulugkahane yonetimindeki aksakliklari ortaya
koymaktadir.

Diinya gdokkusagi alabaligi yetistiriciliginde hayatta kalma
orani [Magerhans, (2009)a gére %81,3-96,5 ve Butzge,
(2021)'e gore %54,5-71,4] distinuldiginde Turkiye basarisi
%30,10 ile oldukca dustktir. Dodal cevresel kosullarin
avantajlarina ragmen hayatta kalma oranindaki disukIUk;
hastaliklarin ~ gorilmesi, vyanlis tedavi ydntemlerinin
uygulanmasina, damizlik yénetimi uygulamalari ve igletme
yonetiminde yapilan yanlisliklar, kontrolstiz balik nakilleri,
sihhi ve gevresel kosullar gibi pek gok faktdre baglanabilir.
Tirk Somonu Uretiminde hayatta kalma oraninin iyilestiriimesi
iGin;

(1 Balik sagligi, surdrdilebilir Gretimin temel anahtaridir.
Ulke hastalik haritasi ¢ikariimali ve hastalik durumu
dikkate alinarak havzalar numaralandirimalidir.

(n Tatlisu, baraj géli ve deniz isletmelerinde kroniklesen
hastaliklar belirlenmeli, hastaliklara yonelik koruyucu
onlemler alinmali ve gerekli g6rilmesi halinde
bdlgesel 6zel akredite balik hastaliklari laboratuvarlari
kurulumu desteklenmeli, ilag ve dezenfektan kullanimi
kontrolleri artirilmaldr.

() Yumurta ve vyavru dretimi igin uygun cevresel
kosullara sahip tatlisu kaynaklari belirlenmeli, bu
kaynaklarda hastaliktan ari kulugckahane isletmelerinin
kurulmas! tesvik ediimeli ve ilke gevresel sartlarina
uygun ve endemik hastaliklara direngli damizlik
stoklar tretilmelidir.

(IV)  Tirk Somonu Uretim zincirinde kullanilan altyapi
(tank, beton/toprak havuz, kafes, su temin sistemleri
vb.) ve su alabalik Uretimi icin dogal yasam alani
cevresel ozelliklerine uygun &zelliklere sahip olmall,
balik refahi ve biyogiivenlik uygulamalari 6n planda
tutulmali ve stirekli izleme yapilmahdir.

(V)  Belirlenecek dretim havzalar arasinda balik nakli,
biyolojik ve genetik kirlilik gdzetilerek yapilmali
hastaliklarin taginimi engellenmelidir.

(V) lyi balik saghgi, yeterli biyogiivenlik uygulamalari,
sanitasyon, balik refahi, uygun yetistirme kosullari ve
ekipman kullanimi, iyi beslenme, bagisikligi yiksek
tutma ve genel hastalik dnleme uygulamalari, kontrol
ve izleme ile saglanmalidir.

Dogal ortamdan yakalanan baliklar, tavuk eti ve sigir et
gibi kara kaynakli protein kaynaklarina gére daha dlsik
karbon ayak izine sahiptir. Su Uriinleri yetistiriciliinden elde
edilen Urinler, en verimli kara kdkenli kaynaklardan biri olan
tavuda benzer bir karbon ayak izine sahiptir. Su driinleri
yetistiriciligiyle ilgili mevcut emisyonlarin, yem kullanimini
azaltarak ve ormansizlasma igermeyen girdilere gegis
yaparak yari yariya azaltilabilir (Desrochers, 2022). Ayrica
alabalikgiller, tilapya, yayin baligi ve sazan gibi canlilari
yetistirmek tipki tavuk yetistiricilii gibi karada dogaya en az
zarar veren hayvansal Uretimlerden biridir.  Mavi gida
yetistiriciligi karada yapilan besicilije kiyasla daha az sera
gazi yayar, daha az su kirliligi yaratir ve daha az toprak ve su
kaynagi kullanir. Bunlara ek olarak alabalik, tavuga kiyasla 19
kat omega-3 yag asidi igerir (Hashempour, 2021). Son
yillarda  yapilan  bilimsel  aragtirmalar  su  Grlnleri
yetistiriciliginin  yetersiz beslenme, karbon ayak izi ve
ekonomik sorunlari gidermek igin onemli bir firsat olacagini
gostermektedir. Ozellikle blylk boy alabalik uretimi igin
uygun cevresel kosullara sahip olan Karadeniz cografyasi
mavi gida sektorinl gevresel, ekonomik ve saglik faydalarini
daha yukariya tasimak amaciyla degerlendiriimelidir.

Halen ¢alismalari devam eden “Denizlerde Potansiyel Su

Urtinleri Yetistiricilik Alanlarinin Belirlenmesi
(TAGEM/HAYSUD/UG/17/SU/P-01/05)" isimli proje
kapsaminda bircok ilin denizel alani caligilimistir. Bu

calismalarda halen Uretim yapilan isletmelerle beraber toplam
proje Uretim kapasitesi 221.188 ton/yil olan 160 adet isletme
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alani belirlenmistir (Parlak ve dig., 2022). Belirlenen Uretim
alanlarinin  gogu Uretim kapasitesi artirimi i¢in - uygun
Ozelliklere sahiptir. Son vyillarda artan pazar talebi Tirk

Somonu Uretimine hiz kazandirmistir, talep artisinin devam
etmesi durumunda gelecekte sadece Karadeniz'den 361.341
ton/yil Gretimin karsilanabilecegi dngorUlebilir (Tablo 11).

Tablo 11. Karadeniz'de planlanan iretim alanlari, kapasiteleri ve potansiyel Uretim kapasitesi
Table 11. Planned production areas, capacities and potential production capacity in the Black Sea

i Uretimde Proje . ot . .

; Isletme Toplam Alan g Proje Kapasitesi Potansiyel Kapasite

L gaym1 p(m2)1 K""a?r:f)’; A Iﬁgﬁmfﬁ' Artlrn{a Olafslllgl (%)* (TXnIY |I)E
Artvin 10 600.000 300.000 9.500 80 17.100
Rize 24 1.440.000 720.000 22.800 80 41.040
Trabzon 22 1.830.000 915.000 28.975 70 52.155
Giresun 18 1.580.000 790.000 25.013 100 50.026
Ordu 24 1.440.000 720.000 22.800 70 38.760
Samsun 57 3.540.000 1.770.000 56.050 50 84.075
Sinop 28 1.680.000 840.000 26.600 50 39.900
Zonguldak 19 1.860.000 930.000 29.450 30 38.285
TOPLAM 160 15.650.000 6.985.000 221.188 361.341

'Denizlerde potansiyel ag kafes alanlarinin belirlenmesi projesi kapsaminda belirlenen tesis sayisl. N
2Denizlerde potansiyel a§ kafes alanlarinin belirlenmesi galismalarinda tesis kurulacagr alana rotasyon alani da dahil edilir. Uretimde kullanilacak alan tim alanin yarisi

olarak hesaplanmigtir.

3Denizlerde potansiyel proje kapasitenin hesaplanmasinda ortalama 30.000 m2 alan igin 950 ton alinmistir.
“Tesislerin aglk deniz yonii durumu, denizin hali, hakim riizgar ve derinlik kriterlerine gore hesaplanmigtir.

Tlrkiye'nin canli hayvanlar ve hayvansal Uriinlerde
rekabet guclnin distk oldugu belirlenmistir. Ayrica, HS 03
(Su Grlnleri) ve HS 05 (Diger hayvansal menseli (rlinler)
Urinlerde endustri-ici ticaret seviyesinin ylksek oldugu
belirlenmistir. Buna gdre Turkiye'nin canli hayvanlar ve
hayvansal drlinlerde endstri-igi ticaret seviyesinin yiksek
oldugu drtinler arasinda HS 03 (Su Urinleri) ve HS 05 (Diger
hayvansal menseli Uriinler) bulunmaktadir (Bashimov, 2018).
Son yillarda su Urlnleri yetigtiriciligi  ve isleme
teknolojilerindeki  gelismeler Tlrkiye'nin  su Grlnleri dig
ticaretinde ihracatgl konumunu strdirmesinde etkili olmustur.
TUIK verilerine gére, Tiirkiye su drtinleri ticareti 2021 yilinda
bir 6nceki yila gore blylime gdstermis olup, ihracatta %24
oraninda artis kaydedilmistir (FAO, 2022). Tirk Somonu
aday! Uretim igletmeleri ile deniz ag kafes isletmelerinin tam
kapasite kullaniminda ve potansiyel alanlarin da Gretime dahil
edilmesi durumunda ihracat kapasitesi yaklasik bes kat
artirilabilecektir.

SONUG

Dinyada tuzlu suda vyetigtirilen alabaliklar “somon
alabali§i” olarak isimlendirimekle beraber ilkemizde
Karadeniz'de yetistiriciligi yayginlasan bytk boy alabalik da
uluslararasi  pazarda “Tirk somonu” olarak kabul
goérmektedir.Bu baglamda, blylk boy alabalik yetistiriciligi
Turkiye su Urtnleri ekonomisinde blylk bir itici gii¢c olma
yolundadir.

Cevreye duyarli sekilde yetistirilmesi gereken mavi
gidanin Uretim alanlari, Gretim basamaklari, Uretilen canlilarin
ne ile beslendigi ve Urlnlerin besin degeri tliketiciler
tarafindan sirekli merak konusu olmaktadir. Tiketici
duyarligi dikkate alinarak pazar igin dretilen su Grliniiniin
sudan ¢ikarilip satis noktasina ulagincaya kadar tim
asamalarin seffaf sekilde takibine tam erisim saglanmalidir.
Dinya yetistiricilik sektdr ile rekabet edebilir asamaya ulagan

glvenli, sorumlu ve etik kurallara uygun biylk boy alabalik
yetigtiriciliginin daha yukarilara tasinmasi adina dretim
zincirinin  ugtan ucga sertifikalandiriimasi  saglanmalidir.
Sektorlin daha da biyiyebilmesi igin daha da yulksek
strdurilebilirlik - standartlarinin - saglanmasi  gerekmektedir.
Bunun igin yem girdisi, balik sagligi, Uretim alanlarindaki
sektdrel catismalar, dogal ekosisteme ydnelik tehditler gibi
zorluklari ele alarak ¢dzime kavusturmak énemlidir. Tlrkiye
daha iyi yontemleri, daha iyi teknolojiyi, daha iyi yonetimi,
daha iyi Urinleri ve daha iyi pazarlamay| basaracak bilgi ve
donanima sahiptir.

TESEKKUR VE MADDI DESTEK

isleme ve muhafaza tesislerinde yilin hangi dénemlerinde
hangi Urtinlin islendigi dair vermis olduklari bilgilerden dolay!
Sayin Osman Parlak’a, Sayin ilker Yildinm’a, Sayin Hasan
Kuzuoglu'na, ve Sayin Tayfun Denizer'e tesekkir ederiz.

GIKAR GATISMASI BEYANI

Yazarlar bu calismayi etkileyebilecek finansal cikarlar
veya kisisel iliskiler olmadigini beyan etmektedir.

YAZAR KATKILARI

Calisma kurgusu: Eylip Gakmak, Literatir taramasi: Esin
Batir, Metodoloji: Eyiip Cakmak, Veri toplama: Derya Evin,
Veri analizi: Eyip Cakmak, Osman Tolga Ozel, Esin Batr,
Makale yazimi: Eyip Gakmak, Denetleme: Tlim yazarlar nihai
taslagi onaylamistir.

ETiK ONAY BEYANI

Bu calismada deney hayvanlari kullanilmamasi nedeniyle
Yerel Etik Kurul Onayi alinmamistir.

VERi KULLANILABILIRLIK BEYANI

Bu calismada kullanilan veriler makul talep Gzerine ilgili
yazardan temin edilebilir.
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