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AIM & SCOPE

Marine and Life Sciences (Mar. Life Sci.), published twice a year (June and December), is a refereed English and Turkish journal. Mar. Life
Sci. is a double peer-reviewed (blind) Open Access Journal. The Journal publishes original research, review articles, short communications,
technical notes, reports, and letters to the Editor in the fields of marine and life sciences. The main purpose of the journal is to share the
results of scientific research in the fields of science, engineering, and social sciences such as marine sciences, maritime, aquatic life,
aquaculture, fisheries management, and environmental sciences. Mar. Life Sci. does not charge for any article.

Research areas include (but not limited):

Aquaculture Fisheries management Marine Technologies
Biotechnology Food Processing Maritime

Ecology GIS, Telemetry and remote sensing Oceanography

Fish Diagnose and Disease Global warming Pollution

Fish Nutrition Hydrology Statistic and modelling
Fisheries Limnology Sustainable ecosystem
Fisheries Policy Marine Biology Water basin management

AUTHOR GUIDELINES

Manuscripts must be submitted to the journal in electronic version
only via online submission system following the Instructions for
Authors at https://dergipark.org.tr/en/pub/marlife/writing-rules

Types of Paper
Original research papers; review articles; short communications.
e Original research papers; original full-length research papers
which have not been published previously and should not
exceed 8000 words or 30 manuscript pages (including tables
and illustrations)
Review articles; on topical subjects and up to 10,000 words or 25
manuscript pages (including tables and figures)
Short communications; describing work that may be of a
preliminary nature (preferably no more than 3000 words or 10
manuscript pages including tables and figures).
Letters to editor; should be included on matters of topical
interest and not exceeding 2000 words or 10 manuscript pages
including tables and figures)

Article Processing Charges (APC)
Marine and Life Sciences does not charge any article submission,
processing, or publication fees.

Publication Frequency
The journal accepts manuscripts in English and Turkish and is
published two times a year in June and December.

Preparation of Manuscripts

Papers must be written in English or Turkish. Prepare your text
using word-processing software and save it in “.doc” or “.docx”
formats. You can download the full paper template from here.
Use a 12-point font (Times New Roman preferred), including the
references, table headings and figure captions, double-spaced and
with 25 mm margins on all sides of A4 size paper throughout the
manuscript. The text should be in single-column format. In
particular, do not use hyphenated words. The names of genera and

species should be given in italics and, when first mentioned in the
text, should be followed by the authority. Authors should consult
a recent issue of the journal for style if possible.
Manuscripts must be structured in the following order;
o Title page (Separate file)
o Title
o Author names, affiliations
o Corresponding author’s e-mail, Telephone
o ORCID iD and e-mail addresses for all authors
e Main text
o Title without authors’ information (English title is
required for Turkish articles)
o Abstract (English abstract is required for Turkish
articles)

o Keywords (English keywords are required for Turkish
articles)
o Introduction
o Material and Methods
o Results and Discussion (This section may be divided by
subheadings or may be combined depending upon the
nature of the manuscript and the type of study)
o Conclusion
o Acknowledgement (if required)
o Compliance with Ethical Standards
= Authors” Contributions
= Conflict of Interest
= Statement on the Welfare of Animals
= Statement of Human Rights
= Data Availability
* Funding
o References
o Table(s) with caption(s) (on appropriate location in the text)
¢ Figure(s) with caption(s) (on appropriate location in the text)
¢ And appendices (if any)

Title Page

The title page should include;
e The first names and surnames of the authors (The
corresponding author should be identified with an asterisk. All
other authors' affiliation addresses should be identified with
superscript Arabic numbers)

e ORCID ID

o Authors affiliation addresses of each author

o The e-mail address of the corresponding author

Main Text

e Abstract (max. 500 words. References and abbreviations
should be avoided)

o Keywords (between 3 and 6 keywords)

o Articles must be structured in the conventional format such as
Introduction, Material and Methods, Results, Discussion (or
Results and Discussion), Conclusion, Acknowledgements and
References.

o The first line of each paragraph must be indented. Do not put
a blank line between paragraphs.

o Use italics for emphasis.

e Use only SI (international system) units.

Acknowledgements
Keep these to the absolute minimum and placed before the
reference section.

Compliance with Ethical Standards

The corresponding author will include a summary statement in the
text of the manuscript in a separate section before the reference list.
See below examples of disclosures:

Year: 2025

Volume: 7

Issue: 1


https://dergipark.org.tr/en/login
https://dergipark.org.tr/en/pub/marlife/writing-rules
https://dergipark.org.tr/tr/download/journal-file/29304
https://dergipark.org.tr/tr/download/journal-file/29304

MARINE AND LIFE SCIENCES

a) Authors’ Contributions
Please provide the contributions of the authors for the paper. Use
the first letters of the names and surnames of the authors. See
below for an example.
ES: Designed the study. Carried out the field study.
AD: Wrote the first draft of the manuscript.
SK: Performed laboratory experiments and managed
statistical analysis.
All authors read and approved the final manuscript.
or
ES: Manuscript design, Field sampling, Draft checking.
AD: Writing, Draft checking, Reading, Editing.
SK: Laboratory experiments, Statistical analyses.
All authors read and approved the final manuscript.

b) Conflict of Interest
Any existing conflict of interest should be given here.
If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that there is no conflict of
interest.

¢) Statement on the Welfare of Animals
If animals used in the study;
The welfare of animals used for research must be respected. When
reporting experiments on animals, authors should indicate the
following statement:
Ethical approval: All applicable international, national, and/or
institutional guidelines for the care and use of animals were
followed.
Or, for retrospective studies; a summary statement in the text of
the manuscript should be included as follow:

Ethical approval: The authors declare that formal consent is not
required for this type of study.

d) Statement of Human Rights
When reporting studies that involve human participants, authors
should include the following statement:

Ethical approval: The studies have been approved by the
appropriate institutional and/or national research ethics committee
and have been performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.
Or, for retrospective studies; a summary statement in the text of
the manuscript should be included as follow:
Ethical approval: The authors declare that formal consent is not
required for this type of study.
e) Data Availability Statements
Data Availability Statements should be placed in the back matter
of the manuscript, just before References.
Examples of Data Availability Statements
® The data that support the findings of this study are available
from the corresponding author, [author initials], upon
reasonable request.
® Data availability is not applicable to this article as no new
data were created or analyzed in this study.
® The authors confirm that the data supporting the findings of
this study are available within the article [and/or its
supplementary materials].
® The data that support the findings of this study are openly
[repository name] at http://doi.org/[doi],
reference number [reference number].

available in

® The data that support the findings of this study are available
from [third party]. Restrictions apply to the availability of
these data, which were used under license for this study.

® Raw data were generated at [facility name]. Derived data
supporting the findings of this study are available from the
corresponding author [initials] on request.

® The data that support the findings of this study are available
on request from the corresponding author, [initials]. The
data are not publicly available due to [restrictions e.g., their
containing information that could compromise the privacy
of research participants].

® The data that support the findings of this study will be
available in [repository name] at [URL/DOI link] following a
[3 month] embargo from the date of publication, to allow for
the commercialization of research findings.

References
Citation in text;
Please ensure that each reference cited in the text is also present in

the reference list. Cite literature in the text in chronological,
followed by alphabetical order like these examples (Simsek, 2018;
Simgek & Demirci, 2018; Simsek et al., 2018. For Turkish articles;
Simsgek, 2018; Simsek & Demirci, 2018; Simsek ve ark., 2018). If the
cited reference is the subject of a sentence, only the date should be
given in parentheses. Formatted like these examples: Kale (2012);
Can & Yilmaz (2014); Kilig et al. (2019); Kale (2017a, 2017b).
¢ Single author: the author’s name and the year of publication;
e Two authors: both authors’ names and the year of publication;
o Three or more authors: first author’s name followed by “et al.”
and the year of publication.
Citation in the reference list;
References should be listed first alphabetically and then further
sorted chronologically at the end of the article. More than one
reference from the same author(s) in the same year must be
identified by the letters a, b, ¢, etc. placed after the year of
publication.
The citation of articles, books, multi-author books and articles
published online should conform to the following examples:

Article:

Simsek, E. (2022). First record of economically important big-
scale sand smelt (Atherina boyeri Risso, 1810, Pisces:
Atherinidae) with some biological parameters from Reyhanl
Dam Lake, Tiirkiye. Oceanological and Hydrobiological Studies,
51(4), 337-343. https://doi.org/10.26881/0ahs-2022.4.03

Simsek, E., & Kale, S. (2022). Length-weight relationship and
condition factor of prussian carp (Carassius gibelio, Bloch,
1782) from Asi River. Journal of Agricultural Production, 3(2),
69-77. https://doi.org/10.56430/japro.1179095

Demirdi, S., Ozyilmaz, A., Oksiiz, A., Nadir, R. S., & Simsek, E.
(2018). Otolith chemistry of Champsodon nudivittis (Ogilby,
1895) and Nemipterus randalli (Russell, 1986) in Iskenderun
Bay, Turkey. Journal of Applied Ichthyology, 34(5), 1131-1135.
https://doi.org/10.1111/jai.13761

Preprint Article References:

® Jdeally, use and cite the final, published version of a work.
However, if you used the preprint version of a work, cite that
version, as shown in the following examples.

® Preprint versions of articles may or may not be peer-
reviewed or may be the author’s final, peer-reviewed
manuscript as accepted for publication.

® Two common repositories for preprint articles are PsyArXiv
and PubMed Central. Follow the same format for other
preprint archives.

Zhu, L., Liu, Q., Liu, X., & Zhang, Y. (2021). RSST-ARGM: A
Data-Driven Approach to Long-term Sea Surface Temperature

: ) Prediction. Researchsquare, Preprint.
Data are available [from the authors / at URL] with the https://assets.researchsquare.com/files/rs-
permission of [third party]. 468686/v1 stamped.pdf
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Hampton, S., Rabagliati, H., Sorace, A., & Fletcher-Watson, S.
(2017). Autism and bilingualism: A qualitative interview study of
parents’ perspectives and experiences. PsyArXiv, Preprint.
https://doi.org/10.31234/0sf.io/76xfs

Hetland, B., McAndrew, N., Perazzo, J., & Hickman, R. (2018).
A qualitative study of factors that influence active family
involvement with patient care in the ICU: Survey of critical care
nurses. PubMed Central, Preprint.
https://www .ncbinlm.nih.gov/pmc/articles/PMC5736422/?r

eport=classic

Articles in non-English languages:
Acarli, D., Kale, S., & Kocabas, S. (2020). Biodiversity of TCSG-
132 Shipwreck Artificial Reef (Gokgeada, North Aegean Sea)
(if available). Acta Aquatica Turcica, 16(3), 313-329.
https://doi.org/10.22392/actaquatr.677175 (in Turkish)

Book:
Brown, C., Laland, K., & Krause, J. (Eds.) (2011). Fish Cognition
and Behavior. 2 ed. Wiley-Blackwell.

Chapter:
Langston, W.]. (1990). Toxic effects of metals and the incidence

of marine ecosystems. In Furness, R. W. (Ed.), Rainbow Heavy
Metals in the Marine Environment (pp. 102-122). CRC Press.

Vassallo, A. I, & Mora, M. S. (2007). Interspecific scaling and
ontogenetic growth patterns of the skull in living and fossil
ctenomyid and octodontid rodents (Caviomorpha:
Octodontoidea). In Kelt, D. A., Lessa, E., Salazar-Bravo, J. A.,
& Patton, J. L. (Eds.), The Quintessential Naturalist: Honoring
the Life and Legacy of Oliver P. Pearson (pp. 945-968). 1st ed.
University of California Press.

Thesis and Dissertation:

Simgek, E. (2018). Trol balikgiiginda iskartanin yasama
ihtimalini etkileyen faktorlerin analizi [Doktora
iskenderun Teknik Universitesi].

Simsek, E. (2018). Analysis of the factors affecting the discard
fate for trawl fishery [Ph. D. Thesis, Iskenderun Technical
University] (in Turkish).

tezi,

Conference Proceedings:

Demirci, A., Simsek, E., Demirci, S., Akar, 0, & Bayraktar, O.
(2018). Recreational fishing competitions in Turkey.
Proceedings Book of the International Ecology 2018 Symposium,
Kastamonu, Tiirkiye, pp. 505-506.

Institution Publication:
FAO. (2016). The State of World Fisheries and Aquaculture:
Contributing to food security and nutrition for all. Rome. 200 pp.

Report:
FAO. (2018). Report of the ninth session of the Sub-Committee on

Aquaculture. FAO Fisheries and Aquaculture Report No.
1188. Rome, Italy.

Internet Source:
Froese, R., & Pauly, D. (Eds.) (2018). FishBase. World Wide
Web electronic publication. Retrieved on January 11, 2018 from
http://www.fishbase.org.
TurkStat. (2019). Fishery Statistics. Retrieved on December 28,
2019 from http://www.turkstat.gov.tr/

Table(s)

Tables, numbered in Arabic, should be in separate pages with a
short descriptive title at the top. Place footnotes to tables below the
table body and indicate them with superscript lowercase letters (or
asterisks for significance values and other statistical data). Avoid
vertical rules. The data presented in tables do not duplicate results
described elsewhere in the article.

Figure(s)

All illustrations should be labelled ‘Figure’ and numbered in
consecutive Arabic numbers, Figure 1, Figure 2 etc. in the text. If
panels of a figure are labelled (a, b, etc.) use the same case when
referring to these panels in the text. Figures are recommended for
electronic formats such as PNG, JPEG. TIFF (min. 300 dpi) should
be also arranged in available dimensions. All figures or tables
should be presented in the body of the text. Font sizes size should
be from 9 to 11 points.

Download Copyright Form

ETHICAL PRINCIPLES AND PUBLICATION
POLICY

Marine and Life Sciences follows certain ethical standards for

publication, existing to ensure high-quality scientific publications,
public trust in scientific findings, and due credit for original ideas.
Marine and Life Sciences is connected to the Committee on
Publication Ethics (COPE), abides by its Code of Conduct, and
aims to adhere to its Best Practice Guidelines.

Committee on Publication Ethics (COPE). (2011, March 7). Code of
Conduct and Best-Practice Guidelines for Journal Editors.
Retrieved from
https://publicationethics.org/files/Code of conduct for journal e
ditors Marl1.pdf

Authors who submit papers to Marine and Life Sciences certify
that his/her work is original and is not published or under
publication consideration elsewhere. Also, the authors confirm
that submitted papers have not been copied or plagiarized, in
whole or in part, from other papers or studies. The authors certify
that he/she does not have potential conflicts of interest or partial
benefits associated with their papers.

The editorial team and/or reviewers of the Marine and Life
Sciences will check for plagiarism in all submitted articles prior to
publication. If plagiarism is detected at any stage of the publication
process, the author will be instructed to rewrite the manuscript.
Every submission will be scanned by iThenticate® to prevent
plagiarism. If any manuscript is 30% plagiarized (with references),
the article will be rejected and the author will be notified. We
strongly recommend that authors check the paper's content before
submitting it for publication. Plagiarism can also be checked by
using free online software.

Marine and Life Sciences is committed to objective and fair blind
peer reviews of submitted papers and the prevention of any actual
or potential conflicts of interest between writers and reviewers.

RESPONSIBILITIES
BOARD

OF EDITORS AND THE EDITORIAL

Editorial Responsibilities and Independence

All editors of Marine and Life Sciences are independent in their
evaluations and decisions in the journal. No external and/or
internal factor can affect their decisions. If the editors are exposed
to any kind of positive and/or negative constraints, they keep the
right to take legal action against those involved in the constraint.
On the other hand, editors are responsible for their decisions in the
journal. The editor-in-chief is the only person responsible for
journal content and on-time publishing.

Privacy and Conflict of Interest

Editors and members of the Editorial Board of the journal are
forbidden to share submitted materials with third parties other
than section editors, statistical editors, Language editors, copy
editors, design editors and ombudsman when needed, and to use
the submitted materials themselves. If there is a conflict of interest
among an editor and an author or institution of the author in terms
of cooperation or competition, then another member of the
Editorial Board is assigned to manage the evaluation process.
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Publishing Decisions

Editors provide peer review of submitted manuscripts by
assigning at least two reviewers expert in the field. The editor-in-
chief is responsible for the decision of publishing a manuscript
considering the importance of the manuscript for researchers and
readers, reviewer reports, plagiarism and copyright infringement
as legal issues. Editor-in-chief can discuss with other editors and
reviewers for his/her decision.

RESPONSIBILITIES OF REVIEWERS

Contribution to the Editor's Decision

Peer-reviewing of a submitted manuscript is the control of its
scientific content, scientific layout and suitability according to the
principles of the journal, and delivery of the reviewer's opinion for
unsuitable manuscript content to ensure suitability. The reviewing
process, not only enables reviewers to forward their evaluations
about the manuscripts to the editors but also gives them the
opportunity to improve the contents of the manuscripts.

Quickness

If a reviewer assigned for evaluation of a manuscript is of an expert
in a field of science other than the manuscript content, is far to the
subject of the manuscript, is short of time for evaluation or possess
a conflict of interest, then he/she should inform the assigning editor
and ask his/her withdrawal. If the content of the manuscript fits
the expertise field of the reviewer, then he/she should complete the
evaluation and send the report to the editor as soon as possible.

Privacy

Reviewers assigned for evaluation of manuscripts approve in
advance that the manuscripts are secret documents and do not
share any information about these documents with third parties
except the editors involved in the evaluation. Reviewers continue
to not to share information even after the manuscripts are accepted
or rejected for publication.

If it is suspected of using an idea in the manuscript that is sent for
evaluation to the reviewer without permission, the flowchart of
COPE “What to do if you suspect a reviewer has appropriated an
author’s ideas or data?” is followed.

Standards of Objectivity
Reviewers should
background and include scientific evidence in their statements. All
comments raised by the reviewers to improve the manuscripts
should be clear and direct and written in a manner far away from
disturbing the author’s feelings. Insulting and derogatory
statements should be avoided.

construct their criticisms on scientific

Suitability of the Cited References

Reviewers should determine quotations in the manuscripts used
without citing a reference. Statements, observations, conclusions or
evidence in published articles should be quoted with the citation
of the related reference. Reviewers should also be sure about the
reality of the presence of quotations in the cited reference(s).

Conflict of Interests

If a reviewer is in a situation of being involved in one or more
interests with the author(s), he/she should inform the editor of the
assigning editor and ask his/her withdrawal.

RESPONSIBILITIES OF THE AUTHORS

Reporting Standards

Authors of original research articles should present the results and
discuss them with them in a proper way. Since the methodological
contents of the articles should be reproducible, the authors should
be clear in their statements and should not purposely report wrong
or missing data. Authors of review type articles are not
recommended to write such articles if they are not an expert in the

field of their review topics or when they do not have enough
background information or related former studies.

Data Accessing and Retainment

Authors may be asked to present their raw data when needed
(ethical cases etc.). Therefore, raw data of the manuscripts should
be kept safety to present if needed. The storage period of raw data
following publications should be at least 10 years.

Originality and Plagiarism
The authors of submitted manuscripts should be sure that their
manuscripts are original or include cited references for quotations.

Multiple, Repeated, Unnecessary or Simultaneous Submissions
It is not an approved way to produce more than one publication
reporting on the same research. The authors should pay attention
to such cases and they should not submit the same manuscript to
different journals simultaneously.

Authorship of Manuscripts

Only the following persons should be included in the manuscripts
as responsible authors:

® Researchers providing a major contribution to the concept,
design, performing, data collection and/or analysis of a study,

® Researchers involved in the preparation or critical revision of
manuscripts,

® Researchers approved the latest version of the manuscripts and
accepted their submission.

Contributors other than the above list (technical assistance, helpers
in writing and editing, general contributions, etc.) should not be
involved in the authors’ list but can be listed in the
acknowledgements section. The corresponding authors of
manuscripts should provide a separate listing of contributors as
authors and those to be involved in the acknowledgements section.

Changes in Authorship

Any changes to the list of authors after submissions, such as
addition, deletion, or changes in the order of authors, must be
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of the manuscript.

Note: It is unethical to submit a manuscript to more than one
journal concurrently.

Reviewers must confirm the following:

1. Manuscripts are reviewed fairly based on the intellectual content
of the paper regardless of gender, race, ethnicity, religion,
citizenship or political view of the author(s).

2. Any observed conflict of interest during the review process must
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Ethical Guidelines for the Use of Animals in Research

Marine and Life Sciences endorses the ARRIVE guidelines for
reporting experiments using live animals. Authors and reviewers
can use the ARRIVE guidelines as a checklist, which can be found
at https://arriveguidelines.org/arrive-guidelines/experimental-
animals

Manuscripts containing original research on animal subjects must
have been approved by an ethical review committee. The project
identification code, date of approval and name of the ethics
committee or institutional review board must be cited in the
Methods Section.

For research involving animals, any potentially derived benefits
must be significant in relation to the harm suffered by participating
animals. Authors should particularly ensure that their research
complies with the commonly accepted “3Rs”:

* Replacement of animals with alternatives wherever possible,

* Reduction in the number of animals used, and

* Refinement of experimental conditions and procedures to
minimize the harm to animals.

Kindly see the ethical principles flow chart of ULAKBIM-TRDIZIN
at https://dergipark.org.tr/en/pub/marlife/policy

Statement on the Welfare of Animals

If the animals used in the study;

The welfare of animals used for research must be respected. When
reporting experiments on animals, authors should indicate the
following statement:

Ethical approval: All applicable international, national, and/or
institutional guidelines for the care and use of animals were
followed.

Or, for retrospective studies; a summary statement in the text of
the manuscript should be included as follow:

Ethical approval: The authors declare that formal consent is not
required for this type of study.

Statement of Human Rights

When reporting studies that involve human participants, authors
should include the following statement:

Ethical approval: The studies have been approved by the
appropriate institutional and/or national research ethics committee
and have been performed in accordance with the ethical standards.
Or, for retrospective studies; a summary statement in the text of
the manuscript should be included as follow:

Ethical approval: The authors declare that formal consent is not
required for this type of study.

Corrections & Retractions

Marine and Life Sciences issues post-publication editorial
decisions (e.g., corrections & retractions) only after we carefully
consider the issues raised, all materials and information received
in follow-up discussions, and how the case details align with COPE
guidance and the journal's policies and publication criteria. In
accordance with COPE guidance, the journal attempts to discuss
concerns with the article’s corresponding author before coming to
an editorial decision.

After a post-publication editorial decision has been communicated
to the authors, the decision is held during a brief commenting
period in which authors can respond to the decision or notice the
text. After the commenting period’s end date, which is specified in
the decision notification letter, the decision will proceed.

Corrections
Marine and Life Sciences should consider issuing a correction if:
® A small part of an otherwise reliable publication reports
flawed data or proves to be misleading, especially if this is
the result of honest error.
® The author or contributor list is incorrect (e.g. a deserving
Author has been omitted or someone who does not meet
authorship criteria has been included).
Corrections to peer-reviewed content fall into one of three
categories:
® Erratum (Publisher correction): to notify readers of a
significant error made by publishing/journal staff (usually a
production error) that has a negative impact on the
publication record or the scientific integrity of the article or
the reputation of the authors or the Journal.
® Corrigendum (Author correction): to notify readers of a
significant error made by the Authors that harms the
publication record, the scientific integrity of the article, or the
reputation of the Authors or the Journal.
® Addendum: an addition to the article by its Authors to
explain inconsistencies, expand the existing work, or
otherwise explain or update the information in the main
work.
Whether a correction should be issued is made by the Editor (s) of
a journal, sometimes with advice from Reviewers or Editorial
Board members. Handling Editors will contact the authors of the
paper concerned with a request for clarification, but the final
decision about whether a correction is required and, if so, which
type rests with the Editors.

Retraction

A retraction is carried out if an article is indicated to have an
Infringement of scientific or ethical codes, such as double
submissions, false claims of authorship, plagiarism, fraudulent use
of data, fake authors, etc. A retraction notice will be issued where
a major error (e.g., in the analysis or methods) invalidates the
conclusions in the article, or where research misconduct or
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publication misconduct has taken place (e.g. research without
required ethical approvals, fabricated data, manipulated images,
plagiarism, duplicate publication, etc.). The decision to issue a
retraction for an article will be made in accordance with COPE
guidelines and will involve an investigation by the editorial staff
in collaboration with the editor. Authors and institutions may
request a retraction of their articles if their reasons meet the criteria
for retraction.

The COPE retraction guidelines can be found on the COPE website
at https://publicationethics.org/node/19896

Retraction will be considered:

® If there is clear evidence that the findings are unreliable,
either as a result of misconduct (e.g., data fabrication or
image manipulation) or honest error (e.g., miscalculation or
experimental error).

o If the findings have previously been published elsewhere
without  proper
justification (e.g., cases of redundant publication or
duplicate publication).

cross-referencing,  permission,  or

® If the research constitutes plagiarism.
® Where there is evidence of fraudulent authorship.
® Where there is evidence of compromised peer review.
® [f there is evidence of unethical research.
Where the decision has been taken to retract an article before the
article is published, the Editor will return the manuscript to the
author accompanied by a retraction letter from the Editor-in-Chief.
Where the decision has been taken to retract an article after the
article is published, the journal will:
® Add a “retracted” watermark to the published version of the
article.
® [ssue a separate retraction statement, titled "Retraction:
[article title]", that will be linked to the retracted article.
® Paginate and make available the retraction statement in the
online issue of the journal.
Please note that retraction means that the article is maintained on
the platform watermarked “retracted” and the explanation is
provided in a note linked to the watermarked article.

OPEN ACCESS POLICY

Marine and Life Sciences is an open-access journal publishing
high-quality papers that original research articles, short
communications, technical notes, reports and review papers. All
authors and readers have free access to all papers. All published
papers are freely available, and openly accessible. The journal does
not charge any article submission, processing or publication
charges.

Marine and Life Sciences follows the guidelines presented by the
Budapest Open Access Initiative (BOAI) regarding Open Access.
It means that articles published in Marine and Life Sciences have
free availability on the public internet, permitting any users to
read, download, copy, distribute, print, search, or link to the full
texts of these articles, crawl them for indexing, pass them as data
to software, or use them for any other lawful purpose, without
financial, legal, or technical barriers other than those inseparable
from gaining access to the internet itself.

Please visit the given links below for more information about the
Budapest Open Access Initiative.
https://www.budapestopenaccessinitiative.org/read
https://www.budapestopenaccessinitiative.org/boai-10-
recommendations
https://www.budapestopenaccessinitiative.org/boail5-1
The base URL for our repository can be
https://dergipark.org.tr/en/pub/marlife/archive
LOCKSS system has permission to collect, preserve, and serve this
open access Archival Unit.

found at

Original Budapest Open Access Initiative Declaration

An old tradition and a new technology have converged to make
possible an unprecedented public good. The old tradition is the
willingness of scientists and scholars to publish the fruits of their
research in scholarly journals without payment, for the sake of
inquiry and knowledge. The new technology is the internet. The
public good they make possible is the worldwide electronic
distribution of peer-reviewed journal literature and completely
free and unrestricted access to it by all scientists, scholars, teachers,
students, and other curious minds. Removing access barriers to
this literature will accelerate research, enrich education, share the
learning of the rich with the poor and the poor with the rich, make
this literature as useful as it can be, and lay the foundation for
uniting humanity in a common intellectual conversation and the
quest for knowledge.

The literature that should be freely accessible online is that which
scholars give to the world without expectation of payment.
Primarily, this category encompasses their peer-reviewed journal
articles, but it also includes any unreviewed preprints that they
might wish to put online for comment or to alert colleagues to
important research findings. There are many degrees and kinds of
wider and easier access to this literature. By "open access" to this
literature, we mean its free availability on the public internet,
permitting any users to read, download, copy, distribute, print,
search, or link to the full texts of these articles, crawl them for
indexing, pass them as data to software, or use them for any other
lawful purpose, without financial, legal, or technical barriers other
than those inseparable from gaining access to the internet itself.
The only constraint on reproduction and distribution, and the only
role for copyright in this domain, should be to give authors control
over the integrity of their work and the right to be properly
acknowledged and cited.

While the peer-reviewed journal literature should be accessible
online without cost to readers, it is not costless to produce.
However, experiments show that the overall costs of providing
open access to this literature are far lower than the costs of
traditional forms of dissemination. With such an opportunity to
save money and expand the scope of dissemination at the same
time, there is today a strong incentive for professional associations,
universities, libraries, foundations, and others to embrace open
access as a means of advancing their missions. Achieving open
access will require new cost recovery models and financing
mechanisms, but the significantly overall cost of
dissemination is a reason to be confident that the goal is attainable
and not merely preferable or utopian.

To achieve open access to scholarly journal literature, we
recommend two complementary strategies.

I. Self-Archiving: First, scholars need the tools and assistance to
deposit their refereed journal articles in open electronic archives, a

lower

practice commonly called, self-archiving. When these archives
conform to standards created by the Open Archives Initiative, then
search engines and other tools can treat the separate archives as
one. Users then need not know which archives exist or where they
are located in order to find and make use of their contents.

II. Open-access Journals: Second, scholars need the means to
launch a new generation of journals committed to open access, and
to help existing journals that elect to make the transition to open
access. Because journal articles should be disseminated as widely
as possible, these new journals will no longer invoke copyright to
restrict access to and use of the material they publish. Instead, they
will use copyright and other tools to ensure permanent open access
to all the articles they publish. Because the price is a barrier to
access, these new journals will not charge subscription or access
fees and will turn to other methods for covering their expenses.
There are many alternative sources of funds for this purpose,
including the foundations and governments that fund research, the
laboratories that employ researchers,

universities and
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endowments set up by discipline or institution, friends of the cause
of open access, profits from the sale of add-ons to the basic texts,
funds freed up by the demise or cancellation of journals charging
traditional subscription or access fees, or even contributions from
the researchers themselves. There is no need to favor one of these
solutions over the others for all disciplines or nations, and no need
to stop looking for other, creative alternatives.

Open access to peer-reviewed journal literature is the goal. Self-
archiving (I.) and a new generation of open-access journals (II.) are
the ways to attain this goal. They are not only direct and effective
means to this end, but they are also within the reach of scholars
themselves, immediately, and need not wait on changes brought
about by markets or legislation. While we endorse the two
strategies just outlined, we also encourage experimentation with
further ways to make the transition from the present methods of
dissemination to open access. Flexibility, experimentation, and
adaptation to local circumstances are the best ways to assure that
progress in diverse settings will be rapid, secure, and long-lived.
The Open Society Institute, the foundation network founded by
philanthropist George Soros, is committed to providing initial help
and funding to realize this goal. It will use its resources and
influence to extend and promote institutional self-archiving, to
launch new open-access journals, and to help an open-access
journal system become economically self-sustaining. While the
Open Society Institute's commitment and resources are substantial,
this initiative is very much in need of other organizations to lend
their effort and resources.

We invite governments, universities, libraries, journal editors,
publishers,  foundations, learned societies, professional
associations, and individual scholars who share our vision to join
us in the task of removing the barriers to open access and building
a future in which research and education in every part of the world
are that much more free to flourish.

For various reasons, this kind of free and unrestricted online
availability, which we will call open access, has so far been limited
to small portions of the journal literature. But even in these limited
collections, many different initiatives have shown that open access
is economically feasible, that it gives readers extraordinary power
to find and make use of relevant literature, and that it gives authors
and their works vast and measurable new visibility, readership,
and impact. To secure these benefits for all, we call on all interested
institutions and individuals to help open up access to the rest of
this literature and remove the barriers, especially the price barriers,
that stand in the way. The more who join the effort to advance this
cause, the sooner we will all enjoy the benefits of open access.

More detail can be found at

https://dergipark.org.tr/en/pub/marlife/page/8587

ARCHIVING POLICY

Marine and Life Sciences uses the LOCKSS system offered by
DergiPark. You will be able to access the Journal archive at
https://dergipark.org.tr/en/pub/marlife/archive. For more
information, please visit the LOCKSS website.

LICENSE
Authors retain copyright and grant the journal right of first

publication with the work simultaneously licensed under a
Creative Commons Attribution-NonCommercial-ShareAlike 4.0

International License that allows others to share the work with an

acknowledgement of the work's authorship and initial publication
in this journal.

Authors are able to enter into separate, additional contractual
arrangements for the non-exclusive distribution of the journal's
published version of the work (e.g., post it to an institutional
repository or publish it in a book), with an acknowledgement of its
initial publication in this journal.

Authors are permitted and encouraged to post their work online
(e.g., in institutional repositories or on their website) prior to and
during the submission process, as it can lead to productive
exchanges, as well as earlier and greater citation of published work
(See The Effect of Open Access).

©OMO)

All published work is licensed under a Creative Commons
Attribution 4.0 International (CC BY 4.0)

REVIEW PROCESS

Double-Blind Review and Evaluation Process
Double-Blind Review is a method applied for publishing scientific
publications with the highest quality. This method forms the basis
of an objective evaluation of scientific studies and is preferred by
many scientific journals.

The views of referees have a decisive place in the publication
quality of Marine and Life Sciences uses the double-blind review
method, which means that both the reviewer and author identities
are concealed from the reviewers, and vice versa, throughout the
review process, in the evaluation process of all studies. For this
reason, the authors are asked to erase their names while uploading
the articles to the system.

All the studies submitted to Marine and Life Sciences are evaluated
by double-blind review method according to the following steps.

1. Initial Evaluation Process

The studies submitted to Marine and Life Sciences are first
evaluated by the editor. At this stage, studies that are not in line
with the aim and scope of the journal, are weak in terms of
language and narrative rules in English contain scientifically
critical mistakes, are not original worthy and cannot meet
publication policies are rejected. Authors of rejected studies will be
notified within one month at the latest from the date of submission.
Eligible studies are sent to the field editor to which the study is
relevant for pre-evaluation.

2. Pre-Evaluation Process

In the pre-evaluation process, the field editors examine the studies,
introduction and literature, methods, findings, results, evaluation
and discussion sections in detail in terms of journal publication
policies, scope and authenticity of study. Study which is not
suitable as a result of this examination is returned to the author
with the field editor’s evaluation report within four weeks at the
latest. The studies which are suitable for the journal are passed to
the referee process.

3. Referee Process

The studies are sent to the referees according to their content and
the expertise of the referees. The field editor examining the study
may propose at least two referees from the pool of Marine and Life
Sciences Advisory Board or referee pool according to their field of
expertise or may propose a new referee appropriate to the field of
study.

The editors evaluate the referee’s suggestions coming from the
field editor and the studies are submitted to the referees. Referees
are obliged to guarantee that they will not share any process or
document about the study they are evaluating.

4. Referee Evaluation Process

The period given to the referee for the evaluation process is 15
days. Proposals for corrections from referees or editors must be
completed by the authors within 1 month according to the
“correction instruction”.

Referees can decide on the suitability of the study by reviewing the
corrections and may also request multiple corrections if necessary.

Referee Reports
Referee evaluations are based in general on the originality of the
studies, the method used, and the conformity with the ethical rules,
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the consistent presentation of the findings and results, and the
examination of the literature.

This review is based on the following elements:

1. Introduction and Literature: The evaluation report contains the
presentation and purpose of the problem addressed in the study,
the importance of the topic, the scope of the relevant literature, the
timeliness and the originality of the study.

2. Methodology: The evaluation report includes information on the
suitability of the method used, the choice and characteristics of the
research group, validity and reliability, as well as on the data
collection and analysis process.

3. Findings: The evaluation report includes opinions on the
presentation of the findings obtained in the frame of the method,
the correctness of the analysis methods, the aims of the research
and the consistency of the findings, the presentation of the
required tables, figures and images and the conceptual evaluation
of the tests used.

4. Evaluation and discussion: The evaluation report includes the
opinion on the subject based on findings, relevance to research
questions and hypotheses, generalizability and applicability.

5. Conclusion and suggestions: The evaluation report contains the
opinion on the contributions to the literature, future studies and
recommendations for the applications in the area.

6. Style and narration: The evaluation report includes compatibility
of the headline with the content, appropriate use of English in the
study, and references in accordance with the language of the study
and APA (7th) rules.

7. Overall evaluation: The evaluation report contains opinion on the
authenticity of the study as a whole, its contribution to the
educational literature and the applications in the area.

The journal considers that scientists should avoid research which
kills or damages any species of fish which, using IUCN criteria, is
regarded as threatened or is listed as such in a Red Data Book
appropriate for the geographic area concerned. In accordance with
this view, papers based on such research will not be accepted by
the Journal, unless the work had clear conservation objectives.

Plagiarism Detection

The editorial team and/or reviewers of the Marine and Life
Sciences will check for plagiarism in all submitted articles prior to
publication. If plagiarism is detected at any stage of the publication
process, the author will be instructed to rewrite the manuscript.
Every submission will be scanned by iThenticate® to prevent
plagiarism. If any manuscript is 30% plagiarized (including
references), the article will be rejected and the author will be
notified. We strongly recommend that authors check the paper's
content before submitting it for publication. Plagiarism can also be
checked by using free online software.

Proofs

is the responsibility of the authors to check carefully the proofs. No
changes will be allowed at this stage.

DISCLAIMER

The publisher and editor or members of the editorial board are not
responsible for the author's opinions and manuscript contents.
Authors are responsible for the ethical originality of and possible
errors in their manuscripts. They are also responsible for all errors
based on page editing before their proofreading.

Note: The corresponding author should make corrections in 2
months, otherwise the paper will be rejected.

Note: The Editorial Board takes responsibility for making
publication decisions on submitted manuscripts based on the
reviewer’s evaluation of the manuscript, policies of the journal
editorial board, and legal efforts to prevent plagiarism, libel, and
copyright infringement.

INDEXING

Marine and Life Sciences has been indexed by many world-wide
databases as follows;

Food Science and Technology Abstracts (FSTA) ( Web of Science)
CAB ABSTRACTS (CABI)

Global Health (CABI)

Soils & Fertilizers (CABI)

World Agricultural Economics and Rural Sociology Abstracts
(W.A.E.RS.A.) (CABI)

Index Veterinarius (CABI)

Nutrition Abs & Revs (CABI)

Tropical Diseases Bulletin (CABI)

Veterinary Bulletin (CABI)

Agricultural Engineering Abstracts (CABI)

Animal Breeding Abstracts (CABI)

Rural Development Abstracts (CABI)

Biocontrol News & Information (CABI)

Forestry Abstracts (CABI)

Helminthological Abstracts (CABI)

Horticultural Abstracts (CABI)

Review of Aromatic & Medicinal Plants (CABI)

Review of Medical & Veterinary Entomology (CABI)

Review of Medical & Veterinary Mycology (CABI)

Aquaculture and Fisheries Collection (CABI)

Animal Science Collection (CABI)

Environmental Impact Collection (CABI)

Nutrition and Food Science Collection (CABI)

VetMed Resource (CABI), COVID-19 Collection (CABI)

Leisure Tourism Collection (CABI)

Forest Science Collection (CABI)

Environment Index (EBSCO)

Environment Complete (EBSCO)

Central & Eastern European Academic Source - CEEAS (EBSCO)
Harvard University Library (Hollis)

Proof documents will be sent to the corresponding authors via the gpenl;IleE ,E),(ploéi tion Index (QOUCT

online submission system. Proofs should be checked immediately Cpen ; rainian Citation Index ( )

and responses should be returned back within 15 working days. It rossre

Year: 2025 Volume: 7 Issue: 1



Marine and Life Sciences
Journal Homepage: https://dergipark.org.tr/en/pub/marlife

Year 2025 Volume: 7 Issue: 1

TABLE OF CONTENTS

E-ISSN: 2687-5802

Title and Authors

Type

DOI

Pages

Innovative application of marine biomaterials in microwave and antenna
technologies: The study of Monodonta turbinata

Erkan Ugurlu*, Muharrem Karaaslan, Fatih 6zkan Alkurt*, & Onder Duysak

Research Article

10.51756/marlife.1628163

Morphometric and meristic differentiations of Garra turcica (Karaman,
1971) from the various branch of the Ceyhan River System, Tiirkiye

Cemil Kara*, & Mehmet Fatih Can

Research Article

10.51756/marlife.1665629

8-20

Comparison of length-weight relationships of three economically
important shrimp species in Iskenderun Bay, Northeastern Mediterranean

Berna Funda Ozbek, & Aydin Demirci*

Research Article

10.51756/marlife.1702659

21-28

Biogenic structure of seashells: Mineralogical and surface properties of
Flexopecten glaber (Linnaeus, 1758) collected from Bandirma Bay, the Sea of
Marmara

Harun Yildiz, & Bayram Kizilkaya*

Research Article

10.51756/marlife.1714618

29-36

Yerel dlcekte balik¢ilik yonetimi ve kooperatif¢ilik: Canakkale su iiriinleri
kooperatiflerinin sorunlar ve ¢oziim 6nerileri

Local-scale fisheries management and cooperativism: Challenges and
strategic solutions for fisheries cooperatives in Canakkale

Mustafa Zabun*, & Semih Kale

Research Article

10.51756/marlife.1700156

37-45



https://doi.org/10.51756/marlife.1628163
https://doi.org/10.51756/marlife.1665629
https://doi.org/10.51756/marlife.1702659
https://doi.org/10.51756/marlife.1714618
https://doi.org/10.51756/marlife.1700156
https://dergipark.org.tr/en/pub/marlife

Mar. Life Sci. (2025) 7(1): 1-7

E-ISSN: 2687-5802

Marine and Life Sciences

Journal Homepage: https://dergipark.org.tr/en/pub/marlife

Innovative application of marine biomaterials in microwave and antenna technologies: The

study of Monodonta turbinata

Erkan Ugurlu! **/ ¢ Muharrem Karaaslan? " e Fatih Ozkan Alkurt?** **/ ¢ Onder Duysak?

1Faculty of Science and Letters, Chemistry Department, Cukurova University, 01000, Adana, TURKIYE
2Faculty of Engineering and Natural Sciences, Iskenderun Technical University, 31200, Iskenderun, Hatay, TURKIYE
3Faculty of Marine Science and Technology, Iskenderun Technical University, 31200, Iskenderun, Hatay, TURKIYE

* Corresponding Author: fozkan.alkurt@iste.edu.tr

Please cite this paper as follows:

Ugurlu, E., Karaaslan, M., Alkurt, F. 0, & Duysak, 0. (2025). Innovative Application of Marine Biomaterials in Microwave and Antenna
Technologies: The Study of Monodonta turbinata. Marine and Life Sciences, 7(1), 1-7. https://doi.org/10.51756/marlife.1628163

Research Article

ABSTRACT

Article History

Received: 27.01.2025
Accepted: 24.03.2025
Published Online: 30.06.2025

=,
E

Keywords:
Gastropods
Calcined shell
Aquatic organisms

This study investigates to use electromagnetic properties of Monodonta turbinata shells as a sustainable
biomaterial for microwave and antenna applications. Shells were collected from Iskenderun Bay, Tiirkiye,
and processed by washing, drying, and grinding to obtain fine powders. These powders were calcined at
800°C, 1000°C and 1200°C to produce samples. The calcined powders were then analyzed for their
complex dielectric properties within the 1 GHz to 20 GHz frequency range. The dielectric measurements
revealed significant changes in the electromagnetic properties with varying calcination temperatures,
highlighting the potential of M. turbinata shells as tunable dielectric materials. The materials were further
used as substrates in traditional patch antenna simulations. The results showed excellent behavior in
terms of the S11 parameter, with a notably wider bandwidth compared to conventional dielectric
substrates (i.e. FR-4 and RT-5880). These findings demonstrate the feasibility of using M. turbinata shells
as eco-friendly and cost-effective materials for advanced microwave and antenna technologies. The study

Microwave not only suggests a novel application of marine biomaterials but also provides insights into the potential
Tiirkiye of sustainable alternatives in the development of broadband communication systems.

strength and durability, making it an attractive candidate for
INTRODUCTION g &, making

Monodonta turbinata, a marine gastropod, is widely
distributed across the rocky intertidal zones of the
Mediterranean Basin, including the Aegean, Tyrrhenian,
Ionian, Adriatic, and Cretan Seas (Alyakrinskaya, 2010;
Conti et al.,, 2006). This species thrives in challenging
environments, exhibiting remarkable resilience to extreme
conditions such as prolonged drought, high temperatures,
wave impacts, and water pollution (Conti et al., 2006). M.
turbinata primarily feeds on algae and plant residues
scraped from rocks, playing a critical ecological role in
maintaining the balance of marine ecosystems
(Alyakrinskaya, 2010). Its shell, composed predominantly of
calcium carbonate (CaCQO;) in aragonite form, exhibits a

natural hierarchical structure that enhances its mechanical

engineering and material science applications.

Till date, studies on M. turbinata have primarily focused
on biological and ecological aspects, including its role as a
bioindicator of heavy metal pollution, nutritional
properties, chitin and chitosan production from shells and
population dynamics (Ugurlu, 2024; Duysak and Ersoy,
2014; Alyakrinskaya, 2010; Boucetta et al., 2008; Conti et al.,
2017, 2006; Belhaouari and Boutiba, 2009). Despite its
abundance along Mediterranean coasts, particularly in
Iskenderun Bay, and its lack of economic significance,
limited attention has been given to its potential as a
biomaterial for advanced technological applications. The
exploration of marine shells as functional materials has
gained traction in recent years, with particular emphasis on

their  electromagnetic =~ properties. ~ For  example,



mailto:fozkan.alkurt@iste.edu.tr
https://doi.org/10.51756/marlife.1628163
https://orcid.org/0000-0001-8940-8421
https://orcid.org/0000-0003-0923-1959
https://orcid.org/0000-0002-9940-0658
https://orcid.org/0000-0002-7484-3102
https://doi.org/10.51756/marlife.1628163
https://dergipark.org.tr/en/pub/marlife

Ugurlu et al. (2025), Marine and Life Sciences, 7(1), 1-7

Alyakrinskaya (2010) noted that the compositional
uniformity and resilience of gastropod shells make them
promising candidates for industrial applications such as

bone implants, cement additivies, catalysts and adsorbents.

Recent studies have demonstrated the potential of
marine biomaterials for electromagnetic and microwave
technologies. Ugurlu et al. (2023) investigated the dielectric
properties of Diadema setosum shells, demonstrating their
suitability as substrate layer for microwave and radome
applications. Their work highlighted how thermal treatment
processes could optimize the dielectric behavior of such
shells, paving the way for their use in high-frequency
systems. Similarly, Raman et al. (2023) used biomaterials for
microwave applications by using Arecanut palm leaf. These
studies underscore the growing interest in natural
biomaterials for electromagnetic applications, driven by
their eco-friendliness, cost-effectiveness and tunable
properties.

The dielectric properties of marine biomaterials have
been a focal point in advancing wireless communication
technologies (Kaidarova et al., 2023). For example, Wang et
al. (2022) studied the marine polysaccharide-based
electromagnetic absorbing and shielding materials and its
design principles. Bedi et al. (2022) explored biosensor
fabrication which is marine biological macromolecules as
matrix material. Moreover, Sun et al. (2022) explored the
enhancement of triboelectric performance in chitosan-based
materials. showing their potential in environmentally
friendly and wearable triboelectric nanogenerators for
multi-modal sensing applications (i.e including motion,
pressure, and humidity detection). Sahin et al. (2023)
demonstrated that polyaniline based composites with
different Cu contents exhibit high microwave shielding
effectiveness in the 0-8 GHz range, and this effectiveness can
be adjusted by varying the amount of polyaniline. Wang et
al. (2025) have analyzed a novel carbothermal shock method
for synthesizing carbon-supported nanoscale high-entropy
alloys, achieving efficient electromagnetic wave absorption
through tailored electron migration modes, anisotropic
dipole polarization, and ultra-thin composite designs.
Rupcic et al. (2024) evaluated the electromagnetic radiation
absorption efficiency of biomaterial-based harvest residues,
revealing that factors like thickness, moisture, and
frequency significantly influence transmission reduction,
with soybean straw achieving a maximum attenuation of
43.80 dB at 4.93 GHz.

The aim of the study wasto bridge the literatiire gap by
investigating the electromagnetic properties of Monodonta
turbinata shells and their applications in microwave and
antenna technologies. M. turbinata shells were chosen due to

their natural abundance, biocompatibility, and unique

microstructure, which creates for tunable dielectric behavior
when subjected to different calcination temperatures. Unlike
conventional materials such as FR-4 and RT-5880, M.
turbinata shells offer a sustainable and cost-effective
alternative with promising electromagnetic performance
across a wide frequency range. By analyzing their dielectric
properties and integrating them as substrates in microwave
equipment, this study explores their feasibility for high
frequency systems. The findings not only contribute to the
development of eco-friendly materials for advanced
communication systems but also provide a new perspective
on the utilization of marine biomaterials in engineering
applications. This work represents a significant step toward
the broader adoption of renewable biomaterials in modern

electromagnetic technologies.
MATERIAL AND METHODS

Monodonta turbinata, a marine biomaterial, was collected
from the rocky coastal areas of Iskenderun Bay, Tiirkiye,
using a sharp knife to carefully extract the shells from the
marine environment. This area was chosen due to its rich
biodiversity and the availability of shells suitable for this
study. Once the shells were collected, the soft tissues inside
were removed manually to ensure that only the shell
material was used in subsequent processes. The cleaned
shells were then subjected to a two-step washing procedure.
Initially, they were washed with tap water to remove any
surface debris and salts. Following this, the shells were
further washed with bidistilled water to eliminate any
remaining contaminants, ensuring the purity of the material

for further analysis.

After the washing procedure, the shells were dried in an
oven set to 70°C for 24 h. This drying step is crucial to reduce
the moisture content of the shells and prepare them for
grinding, as excess moisture could affect the subsequent
processing and analysis. Once completely dried, the shells
were ground into a fine powder using a grinder, making
them suitable for various material characterizations,
including electromagnetic testing. The powdered shells
were then stored at +4°C in sealed containers until further
analysis, ensuring that they remained stable and

uncontaminated during storage (Figure 1).

Following the methodology adapted from Park et al.
(2007), the dried M. turbinata shell powders were calcined at
three different temperatures to evaluate the effect of thermal
treatment on their properties. The calcination process was
performed in a muffle furnace (Protherm-Furnaces) with a
precise heating rate of 5°C/min. The powders were calcined
at temperatures of 800°C, 1000°C and 1200°C for 1 h. These

temperatures were selected to explore the impact of
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different calcination conditions on the electromagnetic
properties of the shell material. The choice of calcination
temperatures was based on previous studies and theoretical
models suggesting that higher temperatures would lead to
enhanced crystallization and potentially improve the

material’s dielectric properties (Figure 1).

tissue removed
washed
: f dried
! k);,

5 =

Calcined shell powder

ProT™H rm

Monodonta turbinata

TN

Monodonta turbinata
(800°C.1000°C and 1200°C)

Figure 1. Calcination process in M. turbinata shells

Once calcined, the shell powders were carefully stored
in a desiccator to maintain their dryness and prevent any
absorption of moisture from the air, which could alter their
dielectric characteristics. Each batch of calcined material was
labeled according to its treatment temperature: M1 for the
800°C sample, M2 for the 1000°C sample, and M3 for the
1200°C sample. The labeled powders were then transferred
to sealed falcon tubes, ensuring they remained isolated from
environmental factors and ready for the next phase of the
study. These samples were prepared specifically for use in
experiments designed to measure their complex dielectric
properties in microwave analysis. After completing the
preparation steps, the samples underwent detailed
microwave testing to investigate their electromagnetic

behavior, forming the core of the study.
Microwave Analysis

In the microwave analyses, precise calibration was
performed to ensure accurate measurements of the complex
dielectric parameters of the materials under test (MUT). This
calibration process is essential for minimizing measurement
errors and ensuring reliable data. The setup used for these
measurements is shown in Figure 2.a, where a dielectric
probe is used to measure both the real and imaginary parts
of the material’s dielectric characteristics over the frequency
range of 1 GHz to 20 GHz. This dielectric probe is
specifically designed for use with a variety of materials,

including liquids, semi-liquids, and powders, which enables

a comprehensive characterization of their electromagnetic
properties. Figure 2.b illustrates the first step of the
calibration process, where measurements are in an open-air
condition. This step provides a reference data by using for
environmental factors that could influence the accuracy of
the measurement. Moreover, Figure 2.c shows the use of a
shorting probe as part of the calibration. The shorting probe
is crucial for setting the reference impedance and provides
that any discrepancies caused by the probe’s interaction
with the sample are corrected. This step guarantees that the
system can accurately measure the material's properties
without interference from the measurement setup itself.
Figure 2.d illustrates the final calibration step, where a
distilled water is used as a reference material. Distilled
water, with well-known and stable dielectric properties,
serves as an ideal calibration standard. By measuring its
known dielectric response, the system can further adjust for
any remaining errors in the probe or measurement system.
Once these calibration steps are complete, the dielectric
probe kit is ready to accurately measure a wide range of
materials, from liquids to powders, it shows the

characterization of their complex dielectric parameters.

Figure 2. Complex dielectric measurement setup by a
coaxial dielectric probe kit a) during measurement, b) open-
air measurement, c) shorting probe for calibration and c)

calibration by distilled water
RESULTS AND DISCUSSION

Figure 3 presents a comprehensive analysis of complex
dielectric constants and their impact on antenna
performance of Monodonta turbinata samples. Subfigures (a)
and (b) illustrate the real and imaginary parts of the
permittivity across a wide frequency range, including the
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target frequency of 10 GHz. The data shows that M.
turbinata, a novel dielectric material, exhibits tunable
permittivity — properties depending on its heating
temperatures 800°C, 1000°C, and 1200°C. The real
permittivity (a) indicates enhanced values compared to air,
with a clear increase as heat temperature rises, suggesting
stronger polarization capabilities. In contrast, the imaginary
permittivity (b), which correlates with energy loss or
dissipation, also varies with heat temperature, that indicates
the material’s potential for controlled dielectric loss
applications. At 10 GHz, the properties appear well-suited
for effective antenna performance, balancing polarization

strength with minimal energy loss.

bY

e
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03

02

Permitivity (Real)

‘
Permitivity (Imaginary)

; 0 15 20 5 10 15 20
Frequency (GHz) b) Frequency (GHz)

a)
Figure 3. Experimentally measured a) real part and b)
imaginary part of the prepared M. turbinata samples by

using coaxial probe kit

Figure 4 shows a patch antenna designed using M.
turbinata at a heating temperature of 1000°C, explains how
this material integrates as a substrate in an antenna system.
The use of a dielectric substrate is critical in determining
antenna characteristics such as impedance matching and
radiation efficiency. The unique properties of M. turbinata,
as highlighted in the permittivity data, likely optimize the
antenna’s bandwidth and operating frequency. By focusing
on 10 GHz, a key frequency for modern wireless
communication systems, the design indicates the material’s
dielectric behaviour to achieve enhanced performance in a

compact and efficient form factor.

In the S-parameter diagram in Figure 4 deeply illustrates
the performance metrics of the antenna. Moreover, this S11
characteristic provides the reflection coefficient comparison
between antennas with “M. turbinata 1000°C”, FR-4, and RT-
5880 substrates. The “M. turbinata 1000°C” substrate
achieves better impedance matching near 10 GHz than FR-
4, with performance approaching the premium RT-5880
substrate. As illustrated in Figure 4, M. turbinata has wider
band characteristics and has relatively acceptable good
radiation gain as 8.09 dBi. As given, FR-4 and RT-5880 has
narrow bands and 7.06 and 8.62 dBi gain characteristics,
respectively. This result underscores the material’s
suitability as a cost-effective alternative for high frequency
applications. Another figure demonstrates the radiation
pattern at 10 GHz, which presents a well distributed gain

profile. The maximum gain, indicated by the colour scale,

confirms that M. turbinata facilitates effective
electromagnetic wave propagation, essential for reliable
wireless communication. This combination of dielectric
analysis and practical antenna application highlights the
promising role of M. turbinata in advanced antenna

technologies.

patch antenna

Material Gain, dBi
FR-4 7,06
RT-5880 862
M. turbinata 1000°C 8,09

Figure 4. Designed patch antenna for ultra-high frequency

application based on M. turbinata substrate

Furthermore, the constitutive parameters of “M.
turbinata 1000°C”, FR-4 and RT-5880 are given in Table 1.
With its high loss level, “M. turbinata 1000°C” creates ultra-
wide bandwidth characteristics in communication

frequencies especially for 5G.

Table 1. Constitutive parameter comparisons at 10 GHz

Material Loss tangent6  Reel part of €
FR-4 0,025 4,3
RT-5880 0,002 2,28
M. turbinata 1000°C 0,21 2,35

Based on the findings of this study, future research
should explore several key aspects to further establish the
viability of M. turbinata shells as a sustainable biomaterial
for microwave and antenna applications. Firstly, a more
extensive frequency range, extending beyond 20 GHz,
should be investigated to assess the suitability of these
calcined shells for applications in millimeter-wave and
terahertz technologies, which are critical for next-generation

wireless communication and imaging systems.

Additionally, alternative calcination methods, such as
rapid thermal processing or controlled atmosphere
calcination, could be explored to fine tune the dielectric
properties with greater precision. The incorporation of
different shell integrated composites, such as polymer
matrix or ceramic matrix composites, could also be
examined to enhance mechanical durability while

preserving favourable electromagnetic characteristics.
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Finally, a comparative literature review is given in Table
2 with details. Different materials have varying dielectric
properties, which makes these materials useful for
microwave applications. Coal (2.216 GHz) and materials like
Teflon, wood, and corn (2.4-25 GHz) have narrow
application bands. In contrast, apple pulp waste (3-18 GHz),
rice-based materials (1-20 GHz), and polybutylene succinate
(2.3-11.7) show wider frequency ranges, which are in use
across different applications in microwaves. Furthermore,
this study shows that M. turbinata shells (1-20 GHz) have
advanced properties, as explained it is suitable for
microwave substrate applications. These findings suggest
M. turbinata could be a sustainable option for microwave

applications.

Table 2. Literature comparison

Material Fr::g;;ezr;cy Application Reference
. Marland et
Coal 2.216 Not specified al,, 2001
Apple pulp 318 Microwave Baltacioglu
waste absorbers et al., 2021
Tefl
€ 0:’ w}?i?d' Hernandez-
papet, whtte 24-2.5 Not specified ~ Gomez et al.,
corn, yellow
2014
corn, sorghum
Rice husk, rice
traw, sugar Asa
s /U8 substrate Zulkifli et
cane bagasse 1-20 .
material in al., 2017
and banana .
microwaves
leaves
Polybutylene 23117 Antenna Habib Ullah
succinate (PBS) T substrate et al., 2015
M. turbinata Microwave
1-20 This stud
shells substrate 15 Study

Moreover, the scalability of this biomaterial for
industrial applications should be evaluated by developing
standardized processing techniques and testing the long
term stability of the calcined shells under various
environmental conditions, including humidity, temperature
fluctuations, and mechanical stress. Further studies could
also investigate the potential of integrating M. turbinata
substrates into flexible and conformal antenna designs,
particularly for wearable and biomedical communication

applications.

From a sustainability perspective, future research should
address the environmental impact and life cycle assessment
of processing M. turbinata shells. In addition,
interdisciplinary collaborations incorporating materials
science, computational electromagnetics, and
environmental engineering could lead to novel applications
and optimizations, which paves the way for the widespread
adoption of marine biomaterials in modern communication

systems. Future studies could also explore the scalability of

M. turbinata shell processing to meet industrial demands.
Investigating the long-term stability and performance of
these biomaterials under varying environmental conditions
would be valuable for practical applications. Furthermore,
developing cost-effective and eco-friendly processing
techniques could enhance the feasibility of large scale

implementation.

CONCLUSION

This study highlights the potential of M. turbinata shells
as an innovative and sustainable biomaterial for microwave
and antenna applications. By systematically processing the
shells through washing, drying, grinding, and calcination at
varying temperatures (800°C, 1000°C, and 1200°C), the
electromagnetic properties of the resulting samples were
thoroughly characterized. The dielectric measurements
revealed that the calcination temperature significantly
influences the real and imaginary components of the
permittivity, which creates a property for the material to
exhibit tuneable dielectric behaviour. This tunability,
particularly at 10 GHz, positions M. turbinata shells as a
viable candidate for applications requiring precise control
over electromagnetic properties. The incorporation of M.
turbinata derived substrates in patch antenna designs
demonstrated promising results. The antenna using the M2
substrate (calcined at 1000°C) achieved superior impedance
matching and bandwidth performance at 10 GHz,
outperforming traditional FR-4 and closely approaching the
performance of RT-5880, a high-grade substrate material.
The S11 parameter and radiation pattern analyses further
underscored the material’s potential to enhance antenna
efficiency, gain, and overall electromagnetic performance,
making it a cost-effective alternative for high frequency
communication systems. From a practical perspective, the
use of M. turbinata shells as a dielectric substrate provides a
sustainable and economical solution for the development of
advanced antenna technologies. This approach not only
reduces dependence on synthetic and petroleum-based
materials but also promotes the utilization of renewable
marine resources. The demonstrated dielectric tunability
enables the design of reconfigurable antennas, which are
crucial for emerging applications such as 5G, 6G, and radar
systems requiring adaptable electromagnetic responses.
Overall, this study not only establishes the feasibility of
using M. turbinata shells as eco-friendly and cost-effective
materials for microwave and antenna technologies but also
contributes to the advancement of sustainable alternatives
in modern communication systems. By providing the
unique electromagnetic properties of marine biomaterials,

this research paves the way for future studies focused on the




Ugurlu et al. (2025), Marine and Life Sciences, 7(1), 1-7

integration of renewable resources in advanced electronic

and communication applications.
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This study was conducted to determine metric and meristic differentiations of Garra turcica (Karaman,
1971) inhabiting different branches of the Ceyhan River System. Individuals sampled from 13 branches
of the Ceyhan River System were examined for 11 metric and 8 meristic traits. Principal Component
Analysis (PCA) and Linear Discriminant Function Analysis (LDFA) identified both for metric and
meristic traits among the different branches of Ceyhan River system. SIMPER (Similarity Percentage) test
showed that the most important contributions to this differentiation from metric measurements were
caudal peduncle length (71.50%), dorsal fin height (8.04%) and body depth (5.23%), and from meristic
traits were scales on lateral line (41.65%), scales above lateral line (20.09%) and pectoral fin rays (8.55%).
It is known that, in inland waters, compared to marine areas, the rate of genetic and morphological
differentiation is higher for closer geographical areas, especially due to the inability to migrate and
environmental factors. However, it remains a question that needs to be answered as to why the metric
and meristic features determined for this species are the ones that are the most influential in the
differentiation. In addition, it should be investigated whether the morphological differentiation detected
in the current study also occurs at the genetic level. In this case, it may be possible to define a subspecies

for this species.

INTRODUCTION

species such as Garra kemali and Garra menderesensis has been
reported in Tiirkiye (Cigek et al., 2018). G. rufa is distributed

According to Menon (1964) and Goren and Ortal (1999),
the Garra genus is reported to have spread from the
Himalayas to the west and east. Garra rufa, on the other
hand, is of Asian origin and is distributed throughout all of
south western Asia, Africa, and Southeast Asia (Goren and
Ortal, 1999). Geldiay and Balik (2009) report that there are
two species of Garra genus in Tiirkiye: G. rufa and Garra
variabilis. Recent studies in Tiirkiye have indicated that G.
caudomaculata is an endemic species of the Asi River, Garra
culiciphaga is found in the Seyhan, Ceyhan, and Asi River
systems, and G. turcica is a synonym for G. rufa (Baygelebi,

2020; Kara, 2023). In addition, the presence of endemic

in the Aras River, Tigris-Euphrates system, Ceyhan and
Seyhan river basins and Iran (Geldiay and Balik, 2009;
Koyun, 2011; Kara and Can, 2023). It is reported that G. rufa
individuals are found in the Ceyhan River system and they
have a wide range of habitats from 126 m to 1233 m altitude
(Kara and Alp, 2005; Kara et al., 2010). These fish are used
for the treatment of some skin diseases (Psoriasis) in the
“Balikl1 Kaplica” in Kangal district of Sivas (Demirci at al.,
2016). Moreover, they are also demanded in the aquarium
fish sector because they eat the algae that form in the
aquarium environment (Aydin and Akman, 2020). G. turcica
was reported by Karaman (1971) as a subspecies of G. rufa

from the Ceyhan River due to its morphological differences.



mailto:cemilkara67@gmail.com
https://doi.org/10.51756/marlife.1665629
https://orcid.org/0000-0002-2593-9140
https://orcid.org/0000-0002-3866-2419
https://doi.org/10.51756/marlife.1665629
https://dergipark.org.tr/en/pub/marlife

Kara and Can (2025), Marine and Life Sciences, 7(1), 8-20

Later, it was evaluated as a synonim of G. rufa by various
researchers (Krupp, 1985; Bostanci, 2006; Ergiiden and
Goksu, 2012). Baygelebi et al. (2018) redefined G. turcica,
stating that it differs not only morphologically but also at the
molecular level. According to this definition, it is
distinguished from G. rufa by having a thinner body, a blunt
snout and a generally short rostral head (Baycelebi et al.,
2018). G. turcica is found in benthopleagic, non-migratory,
slow-flowing rivers, small pools and lakes, and in
ecosystems with stony, gravelly, sandy and muddy bottoms
(Krupp and Schneider, 1989). This species has a high
tolerance to environmental conditions, capable of thriving in
a wide temperature range and easily adapting to
anthropogenically modified habitats (Cigek et al., 2021). This
environmental resilience of G. turcica is an important
characteristic, both ecologically and for biodiversity studies.
However, the variations of this species in different river
systems and the underlying causes of these variations have

not yet been sufficiently researched.

Morphometric and meristic variations, when the same
species displays different characteristics in different river
branches, are crucial for understanding these variations and
evaluating the taxonomic and ecological relationships of the
species. These variations can arise due to various factors
such as genetic drift, natural selection, environmental
factors, migration, and hybridization (Sing et al., 2021).
Identifying these variations is an important step in
understanding the status of the species' populations in local
ecosystems, and such knowledge plays a critical role in the
conservation of local biodiversity. In this context, studying
the differences in the morphometric and meristic
characteristics of G. turcica populations across different
branches of the Ceyhan River system will provide important
data for the development of conservation strategies for this

species.

The aim of this study is to identify the morphometric and
meristic differences among G. turcica populations in the
different river branches of the Ceyhan River System. The
methodological approaches used in this study will facilitate
a better understanding of the taxonomic relationships and
ecological differences between species. This research
includes statistical analyses, particularly Principal
Component Analysis (PCA) and Linear Discriminant
Function Analysis (LDFA), to better understand the
differences between river populations. These methods aim
to deeply analyze the data and reveal the morphological and
genetic differences of the species. Furthermore, this
methodological approach is of great importance for regional

biodiversity studies, as it will help in understanding the

effects of environmental and genetic factors on variations

between species.

MATERIAL AND METHODS

Sample Collections

This study was conducted on G. turcica (Figure 1) found
in 13 streams (Figure 2, Table 1) located in the middle and
upper Ceyhan River basin between April 2014 and May
2016. The body of G. turcica individuals is roundish and
covered with large scales. The snout is blunt and the mouth
is ventrally positioned and crescent-shaped. There are two
pairs of very short barbels around the mouth. The dorsal fin
starts in front of the ventral fin and has a straight free
margin. There is a well-developed sucker attached to the
lower lip. The color is usually brown with irregular light
black markings (Figure 1). A total of 90 specimen were
caught by electroshocking were brought to the laboratory in
plastic containers containing 4% formaldehyde. The
sampled fish number and total fish length ranges were given
by river branches in Table 1. As explained in statistical
analysis section, to enhance sample size and to explain
variability more reasonable, a principal component analysis-
PCA was applied to data, resulting to grouping of river

branches.

Figure 1. An original photograph of G. furcica from studied
area, Hemite Stream (Total length: 10.60 cm).

Table 1. River branches where samples were taken and their
grouping according to PCA.

River branch Code No. Total length Sample
range (mm) Groups
Ko6rsulu Stream KO 13 (70.80-130.40) Group-1
Pornek Stream PO 10 (70.80-120.80) N=23
Firniz Stream FI 6 (99.41-126.24)

- Group-2
Zeytin Stream ZE 6 (66.43-122.26) N=18
Hemite Stream HE 6 (45.65-120.80)

Aksu Stream AK 8 (98.57-125.85)

Karasu Stream KA 5 (63.85-113.75) Group-3
Yarpuz Stream YA 4 (99.11-123.93) N=22
Imal1 Stream M 5 (84.79-109.36)

Sabun Stream SA 5 (92.55-108.32)

Savrun Stream SAV 8 (95.31-126.25)
Afgin-Yazidere AFYD 7 (64.46-95.90) Group-4
Stream N=27
Homzan HO 7 (66.25-92.83)

Stream
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Figure 2. Sample sites with coodinates [Korsulu Stream (KO: 36° 38' 35.34"
17'37.92" N), Firniz Stream (FI: 36°41' 18.48"E, 37° 45' 19.55"N), Zeytin Stream (ZE: 36° 46' 44.75"E, 37° 48' 22.20"N), Hemite Stream
(HE: 36° 04' 22.50"E, 37° 11' 52.81"N), Aksu Stream (AK: 36° 54' 24"E, 37° 30 15"N), Karasu Stream (KA: 36° 16' 37"E, 37° 02'

E, 37° 37' 47.72" N), Pornek (PO: 37° 01' 55.62" E, 38°

50.82"N), Yarpuz Stream (YA: 36° 17' 45"E, 37° 07' 11"N), Imal1 Stream (IM: 36° 17' 45"E, 37° 07' 11"N), Sabun Stream (SA: 36° 27'

29"E, 37°15' 40"N), Afsin-Yazidere Stream (AFYD: 37° 00' 34.04"E, 38° 10' 9.40"N), Homzan Stream (HO: 37° 26' 21.21"E, 37° 10'

26.17"N)].

Morphometric and Meristic Traits

In the laboratory, a total of 11 morphometric
measurements and 8 meristic counts were recorded for each
fish (Table 2). Morphometric measurements were taken
from the left lateral aspect, and measured to the nearest 0.1
mm using a digital caliper. All meristic characters were

counted twice on the same day by the same observer.
Statistical Analysis

Because fish have allometric growth, a common problem
with morphometric data is that all measurements are highly
correlated with length. In order to analyze the shape of the
fish regardless of size, the size factor must be removed from
the data. One of the most accurate ways to do this is to use
Burnaby's (1966) method (Klingenberg, 1996). In this study
total length (TL) was considered as size factor to be
transformation base to other morphometric characters. Prior
to transformation, almost all of the morphometric characters
showed high correlations with total length (TL), whereas
after transformation all the characters showed non-

significant relationship with TL (Table 3).

Table 2. Morphometric and meristic traits of G. turcica used

in this study.
Traits I Description I Acronym
Morphometric measurements:

Tip of the upper jaw to the caudal

Total length enlji of the ca};lzlal ]ﬁn L

Snout length From symphysis of premaxilla to SL
osseous orbit margin

Caudal peduncle From end of anal fin to middle CPL

length base of caudal fin

Dorsal fin height From base to tip of longest ray DFH

Orbital horizontal . . OHD

. Between osseous orbital margin

diameter

Dorsal fin length From base to tip of longest ray DFL

Head length From upper jaw symphysis to HL
posterior tip of operculum

Head depth Just posterior to orbit HD

Caudal peduncle | The minimum depth of the caudal CPD

depth peduncle

Predorsal length Front of the u.pper lip to the origin Pre-DL
of the dorsal fin

Body depth The maximal depth of the body BD

Meristic counts:
Pectoral fin rays Number of thorns in the pectoral fin PcFR
. Number of cartilages found in the

Radius  pectoral .

fin space between thorns in the RPcF
pectoral fin

Radius anal fin Number of cartilages.found in tk'le RAF
space between thorns in the anal fin

Radius dorsal fin Number of cartilages found in the RDF
space between thorns in the dorsal
fin

Radius ventral fin | Number of cartilages found in the RVF
space between thorns in the ventral
fin

Scales on lateral | Number of scales on the lateral line SLL

line

Scales above | Number of scales above the lateral SALL

lateral line line

Scales below | Number of scales below the lateral SBLL

lateral line line

10
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Table 3. Correlation coefficients between total length (TL)
and each of the other morphometric characters, r(TL~), prior

and after transformation.

Morphometric traits are continuous and more

susceptible to the environmentally induced variability,

while meristic traits are discrete and fixed early in

Moroh ) Prior to After development. Therefore, separate statistical analyses were
orphometric : : . . C .
character transformation transformation conducted on morphometric (continuous) and meristic
r(TL~ r(TL~ . .,
(It) (t-) (discrete) data. All statistical analyses were performed for
BD 0.909 0.000 combined sexes since all morphometric measurements were
HL 0.970 0.000 transformed and the effect of size removed (Simon et al.,
OHD 0.869 0.000 2010). Cross-correlations between transformed meristic and
SL 0.752 0.000 non-transformed metric traits, and also, each of distribution
DFL 0.923 0.000 of individual trait were given in Figure 3.
DFH 0.882 0.000
Pre-DL 0.978 0.000 Although 13 streams tributaries were sampled in the
CPL 0.745 0.000 research, as can be seen in Table 1, the sample size does not
HD 0.955 0.000 seem to be sufficient for statistical evaluation at each river
branches. Therefore, with the PCA analysis based on metric
CPD 0.959 0.000 ' y
and meristic properties, the sample points were brought
together into 4 groups (Figure 4) based on a combination of
explained variance, Scree plot, and Eigenvalue approaches
(Larose, 2015) (Table 4)
15 18 21 4 6 8 10 14 18 22 15 25 38 9.0 105 30 40 0 70 80 9.0 1.0 20 3.0 70 74 78
043 | 005 | 016 | 000 | 009 | 052 | 049 | 025 | 061 | 043 | 047 | 046 | 008 | 016 | -033 | 002 | 003 [ _
i A 013 | 007 | 001 | 008 | 041 | 011 | 021 | 022 | 007 | 008 | 011 | 005 | 006 | 000 | 015 | -013
" % o 038 | 0.00 | 018 | 016 | 010 | 020 | 019 | 012 | 014 | 009 | 011 | -048 | 000 | 008 | 001
fg m 0.09 -0.21 0.16 -0.37 -0.13 -0.18 0.04 -0.23 -0.37 0.08 0.03 -0.02 0.04 -0.11
: 005 | 016 | 023 | 014 | 005 | 012 | 011 | 012 | -013 | 006 | -017 | -018 E
2] 005 | 024 | 022 | 040 | 002 | 016 | 023 | 0.04 | 0.08 | 0.06 | 0.0 | 0.09
) FReDL 611 | 014 | 035 | 015 | 013 | 007 | 000 | 005 | 020 | 004 | 008 F .
i ' FL | 047 | 053 | 050 | 084 | 090 | 031 | 010 | 025 | 005 | 016
- p 054 -0.08 0.32 0.40 -0.28 -0.25 0.28 -0.09 0.01 E f
°3 LA 031 | 046 | 046 | 022 | 006 | 002 | 004 | 002 |
N = =5 - .
:. mpmirasmpees, ammae SLLL 1070 | 048 | 000 | 002 | 064 | 004 | 001 F 8
i b ob S 087 | 020 | 018 | -030 | -0.05 | 001
Z BLL -0.35 -0.16 -0.19 0.08 0.1 ; E
i ot o] sty = RUF [ 045 [ 013 [ 006 [ 002 | 7
N S e @ R [ 008 | 004 [ 000 [
’ AL S G R PPN AT I
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Figure 3. Distribution of each trait and cross-correlations between transformed meristic and non-transformed metric traits
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Figure 4. Allocation of river branches based on the PCA

Table 4. Eigenvalues, explained variances, and cumulative

variance by each component resulted from PCA.

PC Eigenvalue Variance, % Cumulative variance, %
1 33.70 71.11 71.11
2 4.33 9.13 80.23
3 3.63 7.65 87.89
4 2.05 4.33 92.21
5 1.38 291 95.13
6 0.95 2.01 97.14
7 0.63 1.32 98.46
8 0.49 1.03 99.49
9 0.15 0.33 99.82
10 0.08 0.18 100.00

11
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Eigenvalue %

Component

Figure 5. Scree plot from Principal Component Analysis

After the transformation (only for morphometric
characters) and PCA, Discriminant Function Analysis (DFA)
and SIMPER (Similarity Percentage) and were carried out on
the data, respectively. Discriminant analysis is a statistical
tool that is specifically designed to detect differences
between two or more groups (Xanthopoulos et al., 2013).
Therefore, it was applied to compute the classification
success the grouping of river branches by PCA, based on
confusion matrix. SIMPER (Similarity Percentage) was used
for assessing which characters are primarily responsible for
an observed difference between groups of samples
quantitatively (Clarke, 1993).

All calculations and statistical analysis were conducted
using MS Excel, PAST software (Hammer et al. 2001) and R
(R Core Team, 2021).

RESULTS

Morphometric Traits

Percentage separations of four groups achieved by the
first discriminant function (Id1) was 79.30%, second (1d2)
was 18.74%, and third (1d3) was 1.96%. Stacked histograms
of morphometric traits for 1d1 discriminant function by
groups were given in Figure 6. It's clearly evident that no
overlaps between second and third, and between second
and fourth, and between first and third groups. But some
overlap observed between the first and fourth groups. In
general, supporting to the PCA results, four groups can be
identified from DFA. But histogram based on 1da2 showed
almost overlapping of each of groups with other (Figure 7).

] p— R Sy S -

| T

] B = E
Figure 6. Stacked histograI::sn Vbased on ldldiscriminant
function

] O ===

] S I

] M _—

Figure 7. Stacked histograms based on 1d2 discriminant

function

In Figure 8, the placement of the groups according to the
first and second discriminate functions based on linear DFA
and the most morphometric features that affect the
differentiation of the groups from each other were given as
biplot vector vectors. The most important three traits
leading to differentiation were caudal peduncle length-CPL
(71.50%), dorsal fin height-DFH (8.04%) and body depth-BD
(5.23%) (Figure 8 and Table 5).

Ais 2 (1874%)

g

Figure 8. Four groups with 95 % confidence limits in ellipse
form. Axis-1(1d1) and Axis-2 (1d2) explained 98.04 % of total
variation based on the DFA for metric traits.
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Table 5. Detailed SIMPER analysis results (Average
dissimilarity, individual contribution, and cumulative

contribution), based on Euclidean distance measure, of each

morphometric traits to differentiation among groups.

Morphometric trait

Av. dissim Contrib. %

Cumulative %

CPL 81.17 71.50 71.50
DFH 9.12 8.04 79.54
BD 5.94 523 84.77
Pre-DL 5.14 4.52 89.30
SL 4.79 421 93.51
DFL 3.10 273 96.24
HL 1.76 1.55 97.79
HD 1.40 1.23 99.02
CPD 0.84 0.74 99.76
OHD 0.27 0.24 100.00

For meristic traits, the DFA managed to assign correctly
87.78% of the fish to the groups after cross-validation. The

high classification success provides support for the metric

traits differences between the groups (Table 6).

Table 6. Classification results (confusion matrix) of

discriminant function with 87.78 % success for metric traits

Group-2  Group-1 Group-3 Group-4 Total
Group-2 17 1 0 0 18
Group-1 6 16 1 0 23
Group-3 0 0 20 2 22
Group-4 0 0 1 26 27
Total 23 17 22 28 90

Meristic traits

The first (1d1), second (1d2), and third (1d3) discriminant
functions explained the separations between groups as
91.18%, 6.75%, and 2.07%, respectively. Stacked histograms
based on 1d1 and 1d2 for groups were given in Figure 9 and
Figure 10. Considering the 1d1 discriminant function, there
were exact differentiation between first and third, and
between first and fourth groups, and in some degree but not
clear between second and fourth groups. However, the
histograms of each group based on 1da2 overlapped on each

other.

] . : : | —

Figure 10. Stacked histograms for meristic traits based on

1d1 discriminant function with 6.75% explanation power

The explanation percentages of the first and second
discriminant functions on the differentiation of the groups
and the biplot vector representation of the meristic features
affecting the differentiation are given in Figure 11. After
cross-validation, samples were correctly assigned to their
group with an 80% classification success (Table 7). The most
important four meristic traits leading to differentiation were
scales on lateral line-SLL (41.65%), Scales above lateral line-
SALL (20.09%), Number of scales below the lateral line-
SBLL (9.39%), and Number of thorns in the pectoral fin-PcFR
(8.55%) (Table 8).

Figure 11. Graphical representation of DFA results for
meristic traits. Axis-1(Id1) and Axis-2 (I1d2) explained
97.93% of total variation.

Table 7. Classification results (confusion matrix) of

discriminant function with 80% success for morphometric

traits
Group-2  Group-1 Group-3 Group-4 Total
Group-2 7 8 2 1 18
Group-1 0 23 0 0 23
Group-3 0 0 19 3 22
Group-4 0 0 4 23 27
Total 7 31 25 27 90

Figure 9. Stacked histograms for meristic traits based on 1d1

discriminant function with 91.18 % explanation power
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Table 8. Average dissimilarity, individual contribution, and

cumulative contribution of each meristic traits to
differentiation among groups by SIMPER analysis, based on

Euclidean distance measure

Morphometric Traits Av. dissim Contrib. % Cumulative %

SLL 2.84 41.65 41.65
SALL 1.37 20.09 61.74
SBLL 0.64 9.39 71.13
PcFR 058 8.55 79.68
RDF 0.47 6.94 86.62
RPcF 0.46 6.68 93.30
RAF 0.35 5.18 98.48
RVF 0.10 1.52 100.00
DISCUSSION

Morphometric and meristic variations within the same
fish species across different branches of a river may arise
due to various factors such as genetic drift, natural selection,
environmental influences, migration, and hybridization.
These factors are often interrelated and tend to operate in
conjunction, generating complex dynamics within fish
populations, particularly in fragmented or geographically

isolated ecosystems (Liam et al., 2022).

Genetic drift refers to the random fluctuation of allele
frequencies over time within a population, and it becomes
particularly pronounced in small and isolated populations.
Over successive generations, genetic drift can lead to
significant divergence in traits, even when those traits do
not confer any adaptive advantage (Frankham, 2005). This
phenomenon is of particular importance in populations
inhabiting isolated habitats,

separated by natural or anthropogenic barriers. In such

such as river branches

environments, reduced or absent gene flow e.g., due to dams
can accelerate genetic drift and contribute to the emergence
of morphometric and meristic differences (Liam et al., 2022).
Over time, these changes in allele frequencies may lead to
distinct sets of physical traits within each population, even

in the absence of direct selective pressures (Sing et al., 2021).

Natural selection, on the other hand, acts on heritable
traits that confer a survival or reproductive advantage. In
fish populations, characteristics such as body shape, fin
morphology, and behavioral traits may be shaped by
natural selection, as individuals better adapted to their
environment tend to survive and reproduce more
successfully (Monk et al., 2021). In the case of G. turcica, it is
likely that morphometric differences such as caudal
peduncle length (CPL), dorsal fin height (DFH), and body
depth (BD) are influenced by environmental conditions
specific to each river branch. These traits can play critical
roles in vital functions such as swimming efficiency,

predator avoidance, and foraging success.

Environmental factors, including temperature, water
quality, and food availability, also significantly influence
morphological and meristic traits in fish populations. For
example, variations in water flow and habitat structure
across different branches of a river can impose differential
selective pressures, resulting in pronounced adaptations in
body shape and fin morphology. Populations in slow-
flowing waters may evolve different body forms compared
to those in fast-flowing streams, as body depth and fin
configuration influence a fish's ability to maneuver against
currents. Furthermore, changes in water temperature can
affect metabolic rates and growth patterns, thereby
contributing to interpopulation differentiation (Franssen et
al.,, 2013). In this study, the observed differences in body
shape and fin structure across branches of the Ceyhan River

system are likely driven by such environmental factors.

Migration or its absence also plays a critical role in the
development of morphometric and meristic variation.
Migration introduces new genetic material into a
population, enhancing genetic diversity and altering trait
distributions. However, when migration is limited, as is
often the case in river systems fragmented by dams,
populations become more isolated, leading to faster local
adaptation. This isolation reduces gene flow and fosters
both genetic and morphological differentiation. The
observed differences among G. turcica populations may
therefore result from both isolation and adaptive responses
to local environmental conditions, as migration between

these fragmented habitats is likely infrequent.

Hybridization, the interbreeding between distinct
species or populations, may give rise to novel combinations
of morphometric and meristic traits. This phenomenon is
more likely in systems where multiple fish species or
populations share the same habitat. In the context of the
Ceyhan River, hybridization may have contributed to the
observed differentiation in G. turcica; however, verifying

this hypothesis would require genetic analyses.

In this study, the morphometric traits contributing most
to differentiation among river branches were identified as
caudal peduncle length (CPL) (71.50%), dorsal fin height
(DFH) (8.04%), and body depth (BD) (5.23%). These traits are
crucial in assessing the fish’s adaptation to its environment
and its overall functional capacity. For instance, CPL plays a
central role in swimming efficiency, as a longer caudal
peduncle is associated with stronger propulsive force, which
is essential in river systems with variable current regimes.
DFH and BD may influence maneuverability and stability
against currents. The pronounced differences in these
morphometric traits across groups suggest that local
selective pressures such as water flow, habitat structure, and

predator-prey dynamics are shaping G. turcica populations

14
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in distinct ways. Seger et al. (2025) stated that phenotypic
flexibility increases in body shape variations in species
belonging to the Garra genus in geographically distant

populations, which is similar to our research findings.

Regarding meristic traits, the most significant
contributors were the number of scales along the lateral line
(SLL) (41.65), scales above the lateral line (SALL) (20.09%),
and scales below the lateral line (SBLL) (9.39%). Meristic
traits are generally more stable over time and less influenced
by environmental factors, which makes them valuable
indicators of genetic differentiation. For example, the
number of scales along the lateral line is associated with the
overall health and development of fish populations, as it
relates to sensory function and habitat suitability.
Differences in these meristic features may reflect unique
adaptations of fish populations to local environmental
conditions such as water temperature, current velocity, or

food availability within different branches of the river.

Statistical analyses based on mean, standard deviation,
and coefficient of variation support the existence of

significant differences among river branches. In particular,

the coefficient of variation within groups was low for key
morphometric traits such as CPL, DFH, and BD, indicating
limited variation within each group. However, statistically
significant differences were observed between groups for
these traits (p <0.05). The difference in CPL was particularly
pronounced, contributing the most to observed
differentiation. This finding highlights the crucial role of
swimming efficiency and body shape in the divergence of G.
turcica populations within the Ceyhan River system. To fully
understand the causes of these morphological differences
and to determine whether they result from local adaptation,
genetic drift, or other evolutionary processes further
research, particularly incorporating genetic analyses, is

necessary.

The mean, standard deviation, and coefficient of
variation values for the most significant metric and meristic
features responsible for the differentiation between river
branches are presented in Table 9, and Figures 12-14. These
values are categorized by river branch groups, and box plots
and graphs displaying pairwise comparisons are also

provided.

Table 9. Mean, standard deviation (SD) and coefficient of variation (cv, %) values of CPL, DFH and BD metric traits according to

groups
CPL DFH BD
Mean SD cv Mean SD cv, % Mean SD cv
GROUP-1 28.302 2.68 9.47 18.612b 1.60 8.60 19.552 1.02 5.22
GROUP-2 27.702 341 12.32 19.472 1.81 9.30 18.11° 0.92 5.07
GROUP-3 17.460 1.92 11.01 17.490 2.10 12.01 18.33b 1.74 9.47
GROUP-4 18.15> 1.94 10.67 18.15° 0.91 5.04 17.05¢ 1.21 7.07
95% family-wise confidence level
CPL
1 ° GROUP-2 - GROUP-1 )
9 4 | GROUP-3- GROUP-1 o ————)
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Figure 12. Box plots and pairwise comparison of means for caudal peduncle length-CPL (mm) of the groups. Based on the one-

way ANOVA, pairwise comparisons in accordance to top to bottom of the right side of graphs were: GROUP-2 and GROUP-1
(p>0.05), GROUP-3 and GROUP-1 (p<0.05), GROUP-4 and GROUP-1 (p<0.05), GROUP-3 and GROUP-2 (p<0.05), GROUP-4 and

GROUP-2 (p<0.05), and GROUP-4 and GROUP-3 (p<0.05).
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Figure 13. Box plots and pairwise comparison of means for dorsal fin height-DFH (mm)of the groups. Based on the one-way
ANOVA, pairwise comparisons in accordance to top to bottom of the right side of graphs were: GROUP-2 and GROUP-1 (p>0.05),
GROUP-3 and GROUP-1 (p>0.05), GROUP-4 and GROUP-1 (p>0.05), GROUP-3 and GROUP-2 (p<0.05), GROUP-4 and GROUP-

2 (p<0.05), and GROUP-4 and GROUP-3 (p>0.05).
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Figure 14. Box plots and pairwise comparison of means for body depth-BD (mm) of the groups. Based on the one-way ANOVA,

pairwise comparisons in accordance to top to bottom of the right side of graphs were: GROUP-2 and GROUP-1 (p<0.05), GROUP-
3 and GROUP-1 (p<0.05), GROUP-4 and GROUP-1 (p<0.05), GROUP-3 and GROUP-2 (p>0.05), GROUP-4 and GROUP-2 (p<0.05),

and GROUP-4 and GROUP-3 (p<0.05).

Considering the SLL, SALL and SBLL traits that have the
most impact on differentiation in terms of meristic traits, it
is seen that there was a lot of variability among the intra-

group variation coefficients, especially in the SALL and

SBLL traits (Table 10). When the average values were
compared, it was seen that there are differences between the
groups (Table 10, Figure 15-17).

Table 10. Mean, standard deviation (SD) and coefficient of variation (cv, %) values of CPL, DFH and BD metric traits according

to groups
SLL SALL SBLL
Mean SD v Mean SD v Mean SD cv
GROUP-1 36.00 0.30 0.84 5.00 0.00 0.00 4.00 0.00 0.00
GROUP-2 35.72 0.46 1.29 4.78 0.43 8.95 3.83 0.38 10.00
GROUP-3 35.50 1.06 2.98 3.73 0.46 12.23 3.00 0.00 0.00
GROUP-4 34.15 1.10 3.22 3.59 0.50 13.94 3.00 0.00 0.00
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Figure 15. Box plots and pairwise comparison of means for scales on lateral line-SLL (mm)of the groups. Based on the one-way
ANOVA, pairwise comparisons in accordance to top to bottom of the right side of graphs were: GROUP-2 and GROUP-1 (p>0.05),
GROUP-3 and GROUP-1 (p>0.05), GROUP-4 and GROUP-1 (p<0.05), GROUP-3 and GROUP-2 (p>0.05), GROUP-4 and GROUP-
2 (p<0.05), and GROUP-4 and GROUP-3 (p<0.05).
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Figure 16. Box plots and pairwise comparison of means for scales above lateral line-SALL (mm) of the groups. Based on the one-
way ANOVA, pairwise comparisons in accordance to top to bottom of the right side of graphs were: GROUP-2 and GROUP-1
(p>0.05), GROUP-3 and GROUP-1 (p<0.05), GROUP-4 and GROUP-1 (p<0.05), GROUP-3 and GROUP-2 (p<0.05), GROUP-4 and
GROUP-2 (p<0.05), and GROUP-4 and GROUP-3 (p>0.05).
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Figure 17. Box plots and pairwise comparison of means for scales below the lateral line -SBLL (mm) of the groups. Based on the

one-way ANOVA, pairwise comparisons in accordance to top to bottom of the right side of graphs were: GROUP-2 and GROUP-
1 (p<0.05), GROUP-3 and GROUP-1 (p<0.05), GROUP-4 and GROUP-1 (p<0.05), GROUP-3 and GROUP-2 (p<0.05), GROUP-4 and

GROUP-2 (p<0.05), and GROUP-4 and GROUP-3 (p>0.05)

CONCLUSION

As shown in Figure 2, the study area spans a relatively
large region within the geographical context of Tiirkiye. It is
generally observed that, particularly in inland waters, the
rate of genetic and morphological differentiation tends to be
higher in geographically closer areas compared to marine
environments, primarily due to the limitations on migration
and the influence of environmental factors. A similar pattern
is evident in the present study. However, the underlying
reasons for the prominence of certain traits such as caudal
peduncle length (CPL) (71.50%) among metric traits and
scales on the lateral line (SLL) (41.65%) among meristic traits
as the primary contributors to differentiation, remain
unclear. Furthermore, it is important to explore whether this
morphological differentiation is also reflected at the genetic
level. Genetic evidence could potentially support the

classification of this species as a subspecies.

In conclusion, the differentiation observed in G. turcica
populations across the Ceyhan River system is likely a result
of a combination of genetic drift, natural selection,
environmental factors, and limited migration. These
findings highlight the importance of considering both
genetic and environmental factors when studying the
evolution and conservation of fish populations in
fragmented river systems. Future studies incorporating
genetic data will provide valuable insights into the
underlying causes of these morphological differences and
contribute to a better understanding of the evolutionary

processes shaping G. turcica in the Ceyhan River system.
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This study investigates the length-weight relationships (LWR) of three economically important shrimp
species (Farfantepenaeus aztecus, Penaeus semisulcatus, and Metapenaeus monoceros) in Iskenderun Bay,
Northeastern Mediterranean, using data collected between October 2023 and November 2024 with
trammel net. A total of 579 specimens were analyzed, with F. aztecus contributing the highest sample size
(238 individuals), followed by P. semisulcatus (214) and M. monoceros (127). Carapace length (CL) and
weight (W) measurements revealed interspecies differences. The average carapace length was 5.66+0.05
mm for F. aztecus, 6.63+0.06 mm for P. semisulcatus, and 5.08+0.06 mm for M. monoceros. Average weights
were 32.81+1.12 g, 39.68+1.23 g, and 31.48+1.05 g, respectively. Growth patterns, determined by the
parameter b, showed distinct gender differences. Females generally exhibited negative allometric growth,
while males displayed either isometric or positive allometric growth, depending on the species.
Statistically significant differences in growth types were observed, particularly in M. monoceros males
(p<0.05). These results provide crucial insights into the population dynamics and ecological adaptations
of shrimp in Iskenderun Bay. The findings contribute to understanding the species’ growth

characteristics, supporting the development of sustainable fisheries management strategies in the region.

INTRODUCTION

Metapenaeus stebbingi, Parapenaeus longirostris (Deepwater
Pink Shrimp), Melicertus kerathurus, and Metapenaeopsis
japonicus (Japanese Shrimp) (Can et al., 2004). The shrimp

Shrimp play a significant role in traditional small-scale
fisheries worldwide, including in the Mediterranean and
Iskenderun Bay (Demirci et al., 2018). Their nutritional value
and high economic importance make them a cornerstone of
marine resources in these regions (Dogan et al, 2022;
2025). Additionally,
composition and catch per unit of effort (CPUE) of penaeid

Ugurlu, research on the catch
shrimps in from Iskenderun Bay provides insights into the
species abundance and distribution, further underscoring
their significance in local fisheries (Can et al., 2004). Shrimp
species found in Iskenderun Bay include Penaeus
semisulcatus (Green Tiger Shrimp), Farfantepenaeus aztecus
(Brown Shrimp), Metapenaeus monoceros (Speckled Shrimp),

stocks in the region are influenced by the interaction
between various migratory and native species, creating a
dynamic structure that affects the biodiversity of the
ecosystem and the sustainability of the stocks (Manasirh et
al., 2018).

Length-weight relationship (LWR) studies are a
necessary analytical tool for the conservation of marine
ecosystems and fisheries resources, for understanding the
biological characteristics of species and for developing
sustainable fisheries policies. Such studies are expected to
contribute to the implementation of more -effective

conservation and management strategies by providing
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valuable information to local fisheries management

authorities and related institutions (Rodriguez-Garcia,
2023).

information on the population dynamics of a species

The length-weight relationship also provides

(Kalayci et al., 2007). In shrimp, length measurements are
typically conducted using the carapace length. This
measurement is often used in fisheries research, as it
provides a reliable parameter. For most shrimp species, the
carapace length corresponds to approximately half of the
total body length (Silva et al, 2021). The exponential
mathematical function established between carapace length
and shrimp weight is widely applied in shrimp biology
studies due to its accuracy and simplicity.

Gender-specific differences in growth patterns have
become an increasing focus in decapod research. Variability
in LWRs between male and female shrimp is often attributed
to reproductive investment, energy allocation, and
morphological differences. Females typically allocate more
energy to gonad development, egg production, and
brooding, which can suppress somatic growth and result in
negative allometric growth (Li et al., 2016). In contrast, males
may exhibit isometric or even positive allometric growth,
depending on ecological pressures and mating strategies,
including investment in structures such as the appendix
masculina or petasma (Herrera et al., 2018; Schram and von

Vaupel Klein, 2023).

Iskenderun Bay presents a unique ecological setting
where both native and invasive shrimp species co-exist, and
where environmental parameters such as temperature,
salinity, and fishing intensity can fluctuate widely (Demirci
et al., 2020; Akar et al., 2022; Demirhan et al., 2022). These
factors, in combination with species interactions, may drive
differences in growth dynamics not only between species
but also between sexes within the same species (Managirh et
al., 2018; Can et al., 2021). For this reason, updated region-
specific LWR data are essential to support accurate stock
assessments, estimate biomass, and guide sustainable
exploitation practices for key commercial species. In recent
years, the most commonly caught species in traditional
fisheries in Iskenderun Bay include P. semisulcatus, M.
monoceros and F. aztecus (Demirci et al., 2023). The Atlantic-
origin F. aztecus was first recorded in Antalya Bay in 2010
and has since rapidly spread across the Mediterranean
(Gokoglu et al., 2010; Saoud and Davis, 2003; Anderson,
2014). M. monoceros and P. semisulcatus are commercially
valuable species in the eastern Mediterranean, but its
population has declined due to overfishing (Bayhan, 2023;
Can et al., 2021). iskenderun Bay is a critical area for
studying the population structures of these species and

developing sustainable fisheries management strategies.

This study aims to investigate the length-weight

relationships of economically significant penaeid shrimp
species (P. semisulcatus, M. monoceros, and F. aztecus) in
Iskenderun Bay, providing updated insights into their
growth patterns and biological characteristics. What
distinguishes this study from previous research is its
emphasis on evaluating potential differences in growth
parameters across different years, as well as assessing
variations in nutritional status among species. Incorporating
these aspects will enhance our understanding of temporal
and ecological influences on shrimp populations, thereby
supporting science-based fisheries management strategies
and the sustainable utilization of regional marine resources.
By highlighting interannual variability and nutritional
conditions, this study aims to offer a more comprehensive
perspective on shrimp ecology, aiding fisheries
management authorities in making informed decisions to

ensure the long-term sustainability of local shrimp stocks.

MATERIAL AND METHODS

The study was conducted in Iskenderun Bay, a region
renowned for its small-scale fisheries along Tiirkiye's
eastern Mediterranean coast. Samples were collected using
trammel nets between October 2023 and November 2024
from multiple locations in iskenderun Bay, including Arsuz,
Dértyol, Golovasi, Iskenderun, Karatag, Konacik, and
Yumurtalik. A total of 579 shrimp samples were obtained
through routine fishing operations using standardized
trammel nets deployed consistently across all sampling
sites. The use of trammel nets ensured the unbiased capture
of shrimp species, facilitating accurate comparisons of
numerical abundance among the studied species. Based on
the samples collected, F. aztecus emerged as the numerically
most abundant species, followed by P. semisulcatus and M.

monoceros.

Golovas:

Dértyald

S Yamurtahk

Mediterranean Sea

Figure 1. Distribution of fishing shelters in Iskenderun Bay

The distinction between male and female in shrimps is made
as follows. The female reproductive organ is called
thelycum (egg-laying structure located in the lower

abdomen), and the male reproductive organ is called

22



Ozbek and Demirci (2025), Marine and Life Sciences, 7(1), 21-28

petesma (mating organ found near the pleopods) (Schram,
and von Vaupel Klein, 2023). Thelycum is an opening in the
lower abdomen where eggs are laid. This structure plays an
important role in the mating and spawning processes of
female shrimps. The male reproductive organ, known as the
petasma, is located on the lower abdomen and near the fins.
It serves as a mating organ. It is also characterized by a two-
legged structure that protrudes prominently in male
shrimps and separates them from female shrimps. In
shrimp, weight is typically determined based on carapace
length, which refers to the length of the shell covering the
head part of the shrimp. This relationship is represented by
the following equation: Total carapace lengths (CL) and
weights (W) were measured to the nearest mm and g,
respectively. The LWR of shrimp species (F. aztecus, P.
semisulcatus and M. monoceros) was calculated with the
parameters proposed by Ricker (1975), W =a * CLP, using the
log-transformation equation: log(W) = log(a) + b log(CL)

where W is weight, L is length and a and b are constants.
where:

W represents the weight of the shrimp (in grams), measured
with a precision of two decimal places, CL denotes the
carapace length of the shrimp (in cm), measured using a
digital caliper, a and b are constants specific to the shrimp

species.

Estimation of b: The slope b is estimated from the linear

regression analysis.

Standard Error of b: The standard error SEs of the slope b is
obtained from the regression analysis. This value quantifies

the variability in the estimate of b.

Determination of Critical Value: The critical t-value is
selected based on the desired confidence level (e.g., 95%)

and the degrees of freedom.

Calculation of the Confidence Interval: The confidence
interval for b is calculated using the formula: b + t SEb,

where:

b is the estimated slope, t is the critical t-value, SEv is the

standard error of the slope.

Interpretation: The confidence interval provides the range

within which the true value of b lies at the specified

confidence level. This range is used to classify the growth
type as isometric, negative allometric, or positive allometric
based on whether the interval includes, lies below, or lies

above the theoretical value of b=3.

RESULTS

The present study reports the length-weight
relationships (LWR) of three shrimp species F. aztecus, P.
semisulcatus, and M. monoceros based on 579 specimens
collected between October 2023 and November 2024 from
various locations in Iskenderun Bay, including Arsuz,
Dértyol, Golovasi, Iskenderun, Pirinclik, Karatas, Konacik,

and Yumurtalik.

According to the updated statistical analysis, significant
differences in both length and weight were found between
male and female individuals for all three shrimp species
(p=0.05). In F. aztecus, based on 149 males and 89 females,
highly significant differences were observed in carapace
length and weight. Similarly, in M. monoceros, with 62 males
and 65 females analyzed, both length and weight differed
significantly between sexes. For P. semisulcatus, the analysis
of 107 males and 107 females also revealed statistically
significant differences in length and weight. These findings
clearly indicate that male and female individuals exhibit
distinct biometric characteristics across all species,
supporting the necessity of analyzing data separately by sex

to ensure accurate biological interpretation.

The data reveals the carapace length and weight
statistics for three shrimp species. F. aztecus has the highest
total number of individuals (238), with an average carapace
length of 5.66 mm (ranging from 4.87 mm to 7.71 mm) and
an average weight of 32.81 g (minimum 20 g, maximum 80.1
g). M. monoceros is represented by 127 individuals, showing
the smallest average carapace length of 5.08 mm (range: 3.40
mm to 5.90 mm) and an average weight of 31.48 g (minimum
10 g, maximum 509 g). P. semisulcatus includes 214
individuals and exhibits the largest average carapace length
of 6.63 mm (range: 4.74 mm to 7.56 mm) and the highest
average weight of 39.68 g (minimum 15 g, maximum 77.3 g).
These figures highlight interspecies differences in size and
weight distribution (Table 1).

Table 1. Range and mean values for carapace length and weight of F. aztecus, P. semisulcatus, and M. monoceros in the Iskenderun

Bay of North East Mediterranean, 2023-2024.

Species Number Carapace Length (mm) Weight (g)

Total Male Female Average Min Max Average Min. Max.
F. aztecus 238 149 89 5.66+0.05 4.87 7.71 32.81+1.12 20 80.1
M. monoceros 127 62 65 5.08+0.06 3.40 5.90 31.48+10.5 10 50.9
P. semisulcatus 214 107 97 6.63+0.06 4.74 7.56 39.68+1.23 15 77.3
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Table 2 presents data on the relationship between weight
and carapace length for three different species (F. aztecus, M.
and P.

individuals. The parameters "a" and "b" were provided,

monoceros, semisulcatus) in male and female
along with the growth type. In F. aztecus, negative allometric
growth was observed for females (b=2.68+0.07), while
isometric growth was identified for males (b=2.94+0.12),
with the T-test result found to be not significant (p=0.606).
For M. monoceros, negative allometric growth was recorded
in females (b=2.68+0.74), whereas isometric growth was
determined in males (b=3.09+0.26), with the T-test result
deemed significant (p=0.004). In P. semisulcatus, isometric
growth was observed in females (b=2.87+0.12), while
positive allometric growth was detected in males (b=

3.31+0.1), and the T-test result was found to be significant

(p=0) (Figure 2). These findings indicate that statistically
significant differences were detected in certain species and

between genders.

Table 2. Length-weight relationships of shrimp caught by
gillnet fishing in Iskenderun Bay

Species Gender a b T-Test p- Growth

value Type
F 0.31  2.68+0.07 0 A()

F. aztecus M 019 294+0.12 0.606 I
F+M 0.19  2.94+0.039 0 A()
F 0.65 2.68+0.74 0.829 A(-)

M. monoceros M 035 3.09+0.26 0.004 I
F+M 0.73  2.57+0.15 0 A()

F 022 287+0.12 0.145 I
P. semisulcatus M 0.09 3.31+0.1 0 A®+)
F+M 0.11 3.25+0.06 0 A(+)
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Figure 2. Length-weight relationship graphs of shrimp species caught by trammel net fishing in iskenderun Bay (’*‘91: aztecus

w’# M. monoceros ™\ : P. semisulcatus)
DISCUSSION

The dynamic and variable structure of shrimp stocks in
the Iskenderun Gulf is reflected in the sample sizes of this
study. While P. semisulcatus is the most commonly caught
species in the region, it has been replaced by F. aztecus in
traditional shrimp fishing using trammel nets. The first
length-weight data for F. aztecus in this fishing area have
been presented through this research. The length-weight
relationships of the P. semisulcatus and M. monoceros have

also been revealed.

The notable finding in the study results is the difference
in growth patterns between female and male individuals for
each species. Females generally exhibit negative allometric
growth, while males tend to show either isometric or
positive allometric growth. The differences in length-weight
relationships in female shrimp are influenced by factors
such as reproductive biology, physiological requirements,
and ecological adaptations. During the reproductive period,
energy resources are allocated to egg production and
maturation, which limits weight gain and results in negative
allometric growth (Li, et al 2016). Additionally, the growth
dynamics, and consequently the relationship between

length and weight, are affected by the strategies females use
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to avoid predators and their habitat preferences. Metabolic
rates and molting processes are also identified as significant
factors determining the growth rates of females. Therefore,
the negative allometric growth observed in female shrimp is
attributed to the distribution of energy between
reproduction and growth, as well as ecological adaptations.
Furthermore, the larger size of females and the tendency of
smaller individuals to exhibit isometric growth are
considered expected characteristics of population dynamics
(Karachle and Stergiou, 2012). The growth differences
between male and female shrimp are explained by
variations in reproductive strategies. Female shrimp grow
larger, allowing them to carry and protect more eggs, which
increases reproductive success. Their abdominal structures
grow proportionally (isometric growth) to support egg
carrying. In contrast, male shrimp remain smaller,
conserving energy and avoiding predators more effectively.

Additionally, male reproductive structures, such as the

appendix masculina, exhibit positive allometric growth,
enhancing their mating success. The mating strategy of
males prioritizes agility and the ability to locate females

rather than physical size (Herrera, et al., 2018).

Table 3 presents the length-weight relationships of some
shrimp species in Iskenderun Bay, compared across
different habitats. Studies were conducted with various
genders, locations, and specific length-weight parameters.
The findings of this study reveal both intraspecific and inter-
habitat differences when compared to other studies. For
example, the species P. semisulcatus displays positive
allometric growth in the Red Sea (Yemen) but shows
isometric growth in Iskenderun Bay. This result reflects the
influence of habitat conditions on the growth parameters of
shrimp (Mehanna, 2000; Mohamed and El-Aiatt, 2012;
Abdul-Wahab, 2014; Hussein et al., 2021).

Table 3. Comparison of length-weight relationships of some shrimp species in Iskenderun Bay with different habitats

Species Gender a b Location References
F+M 0.344 343  Yemen, Red Sea Abdul-Wahab (2014)
F+M 0.0065 3.07  Suez Bay Mehanna (2000)
M 0.175 2.97 o .
P semisulcatus F 0.117 3.058 North Sinai, Egypt Hussien et al. (2016)
. semi
F 0.0003 2.87 '
M 00002 299  8YPt Mohamed and El-Aiatt (2012)
F 0.239 287 . .
M 0.087 331 Iskenderun Bay This study
F 0.0164 2.73 o
M 0009 297  |urkiye
Anonymous (2024)
I azte M 0.781 2.84 United Stat
e F 0.71 2.94 ted otates
M 0.312 268 . .
F 0.191 2 o4 Iskenderun Bay This study
F 0.00927 2.92 ) .
M 0.00357 3.29 Saurashtra, India Dineshbabu (2006)
F 0.00008 2.81 . .
M 0.00003 315 Kakinada, India Rao (1988)
F 0.0001 2.78
M. o '
monoceros M 0.0002 3.0 Malindi-Ungwana Bay, Kenya Kaka et al. (2019)
F 0.0135 2.78 . o
M 0.006 285 Iskenderun Bay, Tiirkiye Managirh (2014)
M 0.35 3.09 . o .
F 0.65 2 60 Iskenderun Bay, Tiirkiye This study

The species F. aztecus demonstrates various growth
tendencies across the United States and Tiirkiye, while in
Iskenderun Bay, females exhibit negative allometric (NA)
growth, and males display isometric (I) growth. Particularly
in the United States, studies have shown positive allometric
growth in females. These differences may be explained by
and habitat

environmental factors, fishing pressure,

conditions (Anonymous, 2024).

For M. monoceros, studies in India found "b" values
around 2.95 for females and 3.15 for males, indicating a
trend of positive allometric growth. In contrast, in
Iskenderun Bay, females showed negative allometric
growth (NA), while males exhibited positive allometric
growth. These observed growth patterns among species are
thought to be associated with differences in sea temperature,
food availability, and habitat structure (Can et al., 2021)
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In the Malindi-Ungwana Bay, studies have shown that
Penaeus monodon, M. monoceros, and Fenneropenaeus indicus
exhibit positive allometric growth patterns. Specifically, P.
monodon demonstrated higher b values during the Northeast
Monsoon (NEM) season (b=3.53) and the Southeast
Monsoon (SEM) season (b=3.71), indicating larger sizes
during these periods. Conversely, M. monoceros displayed
negative allometric growth during the SEM season with a b
value of 2.59, while F. indicus showed positive allometric
growth at station S5 during the SEM season with a b value
of 3.46 (Kaka et al., 2019).

In the waters of Maharashtra, research on species such
as Penaeus merguiensis, M. monoceros, M. affinis, M.
brevicornis, Parapeneopsis stylifera, P. sculptilis, and Solenocerra
crassicornis revealed significant differences in length-weight
relationships between males and females. For instance, in M.
monoceros, males had a b value of 2.9064, while females had
a b value of 3.0730, indicating that females tend to reach
larger sizes. These findings are important for fish stock

assessments and biomass estimations (Mane et al., 2019).

In the Iko River Estuary of Nigeria, studies on species
including Penaeus atlantica, Penaeus kerathurus, Penaeus
setiferus, P. sculptilis, P. monodon, Nematopalaemon hastatus,
and Macrobrachium rosenbergii showed significant positive
correlations in length-weight relationships (r?>0.5). The
growth coefficient (b) values ranged from 2.102 to 3.574,
indicating allometric growth patterns. Condition factor
analyses revealed that females generally had higher K
values than males, suggesting that heavier individuals of the
same length were in better condition (Udoinyang et al.,
2016).

CONCLUSION

This study provides insights into the length-weight
relationships (b-values) of F. aztecus, P. semisulcatus, and M.
monoceros in the Iskenderun Bay ecosystem. Observed
gender-based differences in growth patterns suggest
varying energy allocation strategies, with females generally
exhibiting negative allometric growth and males showing
isometric or positive allometric growth. These findings may
reflect the influence of reproductive biology and ecological
roles on growth dynamics. Differences in b-values and size
characteristics among species appear to be influenced by
habitat conditions and growth strategies. M. monoceros,
being naturally smaller, demonstrates lower carapace
lengths and weights, which might align with its ecological
adaptations. In contrast, F. aztecus is noted for its faster
growth rates, potentially indicative of efficient energy use
and adaptability to local conditions. Meanwhile, the
relatively larger size of P. semisulcatus could reflect favorable

habitat conditions or different ecological strategies. These

results highlight the importance of continuous monitoring
of growth parameters to better understand the ecological

dynamics of shrimp populations in Iskenderun Bay.
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The aim of this study was to determine the mineralogical structure and surface properties of sea shells
belonging to the species Flexopecten glaber (Linnaeus, 1758) and to obtain information about their
adaptation to environmental conditions. For this purpose, PZC (point of zero charge) analysis was used
to evaluate the surface charge behavior, XRD (X-ray diffraction) to identify the crystalline phases, SEM-
EDS (Scanning Electron Microscopy-Energy Dispersive Spectroscopy) to investigate the surface

morphology and elemental composition, and FTI-IR (Fourier Transform Infrared Spectroscopy) to

characterize the functional groups and organic-inorganic components of the shell. As a result of the PZC

analysis, the zero point charge of the shell surface was determined to be at pH 8.33, indicating that the

Keywords:
Biomineralization
Flexopecten glaber
Point of Zero (PZC)
SEM-EDS

XRD

surface carries a positive charge below pH 8.33 and a negative charge above this value. XRD analyses
revealed that the crystal structure of the shells was predominantly showed as calcium carbonate (CaCO3)
form. EDS results showed that the shell composition contains 54.9% oxygen, 31.1% carbon, 7.5% calcium,
and 6.1% nitrogen. Additionally, trace amounts of sodium (0.2%), magnesium (0.1%), and sulfur (0.1%)
were detected. These data indicate that the shell structure is a complex biomaterial composed of both
inorganic and organic components. The results provide important data for understanding the sensitivity
of F. glaber shells to environmental factors and the responses of marine organisms to environmental
changes. This study offers significant scientific contributions for understanding environmental

adaptation mechanisms and the sustainable management of marine resources.

INTRODUCTION characteristics of the shells and play a significant role in the

physiological processes and life cycle of bivalves.

Bivalves are a widely distributed group of shelled Consequently, the study of shell composition offers valuable

invertebrates found in both marine and freshwater insights into both the biology of marine organisms and the
environments. Species such as oysters, mussels, scallops, dynamics of their ecosystems (Chakraborty et al, 2020;

and clams are ecologically important, contributing to Mititelu et al., 2022). The shells of bivalve organisms account

ecosystem functions like water filtration and nutrient for a substantial proportion of their total body weight,

cycling. As filter feeders, bivalves enhance water quality by typically ranging from 56% to 61%. Composed of

removing suspended particles from the environment and approximately 94% calcium carbonate (CaCOs), these shells

also serve as a vital food source for various aquatic
organisms. Although calcium carbonate is the primary
structural component of bivalve shells, trace amounts of
various inorganic elements are also present, varying across
These elements can affect the

species. physical

represent highly mineralized and mechanically robust
structures, reflecting their essential protective and structural
functions. Marine organisms utilize their shells for both
protection and structural support. These shells are formed

through the aggregation of calcium carbonate (CaCOs)
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crystals, which are embedded within a thin organic matrix.
This composite structure enhances resistance to external
stressors and contributes to the overall survival and
adaptability of the organisms in their natural habitats
(Hamester et al., 2012; Ituen, 2015; Chakraborty et al., 2020;
Mititelu et al., 2022; Kizilkaya et al., 2024a,b). Marine
organisms employ a range of strategies for mineral
formation, from passive processes influenced by
environmental factors during organomineralization to
active biomineralization mechanisms that are biochemically
regulated. These processes critically influence the crystal
structure, morphology, and functional properties of the
minerals, enabling organisms to adapt to their environment
and achieve enhanced structural durability (Louis et al.,
2022; Chen et al, 2019; Qin et al, 2024). This study
investigates the shell structure of the marine scallop species
Flexopecten glaber from mineralogical and chemical
perspectives, revealing how biomaterials are formed
through natural processes. The results highlight the
adaptation mechanisms of marine organisms to
environmental conditions and emphasize the potential of
these biomaterials to serve as a natural model for

biomaterial research.

MATERIAL AND METHODS

Sample Collection and Preparation

In this study, F. glaber shells were collected from
Bandirma, Tiirkiye. The samples were obtained from their
natural marine environment and prepared for laboratory
analyses. The shells were carefully washed with clean water
to remove dirt, algae, and other organic residues, taking care
not to damage the mineral structure during this process.
After cleaning, the shells were ground into powder of

appropriate sizes under laboratory conditions.
Determination of the Point of Zero Charge (PZC) in Shells

The point of zero charge (PZC) was determined by
examining the behavior of homogenized and ground F.
glaber shells under different pH conditions (Mahmood et al.,
2011; Kizilkaya et al., 2024a; Kizilkaya et al., 2024b). For this
purpose, solutions each with a volume of 100 mL and one
gram sample containing 0.01 M KNO; were prepared. The
initial pH values (pHi) of the solutions were adjusted to
range between 4 and 10 using 0.1 M HCl and 0.1 M NaOH.
A specific amount of the modified shell sample was added
to each solution with a different pH. After sample addition,
the solutions were stirred for 48 hours at a constant
temperature using a magnetic stirrer at 30°C and 100 rpm.
At the end of the stirring period, the final pH values (pHr)
of each solution were measured and recorded. For each

solution, the difference between the initial and final pH

(ApH=pHi-pHr) was calculated and plotted against the
initial pH values (pH;). The point where the resulting curve
intersects the x-axis was accepted as the point of zero charge
(PZC) of the sample. This method revealed the pH-
dependent change of surface charge and allowed the
determination of the PZC value, an important parameter for

the shell structure.
Chemical Structure Analysis in Shells

Scanning Electron Microscopy (SEM) and Energy
Dispersive X-Ray Spectroscopy (EDS) analyses were
performed to determine the surface morphology and
chemical composition of the samples. These analyses were
conducted using a JEOL JSM-7100F SEM device located at
the Central Research Laboratory of Canakkale Onsekiz Mart
University. The instrument offers a magnification range
from x40 to x300,000 and an adjustable accelerating voltage
between 0.2 and 30 kV. To increase the surface conductivity
of the samples and improve image quality, a conductive
coating of gold-palladium alloy (80% Au-20% Pd) was
applied prior to analysis using a Quorum coating device.
During the coating process, a metal film approximately 2-3
nm thick was deposited under a vacuum of 8x10-! mbar/Pa
with a current of 10 mA. Fourier Transform Infrared
Spectroscopy (FT-IR) analysis using ATR technique was
performed to determine the chemical bond structures and
functional groups of the shell samples. The analyses were
carried out using a Perkin-Elmer Spectrum One FT-IR
spectrometer. Spectral measurements were taken within the
wavelength range of 650-4000 cm™. The F. glaber shells used
in the analysis were previously ground and homogenized,
and no additional pre-treatment was applied before
measurement. X-Ray Diffraction (XRD) analyses (20-90
theta) were conducted to determine the crystal structures
and mineralogical compositions of the shell samples. These
analyses were performed using a PANalytical Empyrean
XRD device located at the Central Research Laboratory of
Canakkale Onsekiz Mart University.

RESULTS AND DISCUSSION

The point of zero charge (PZC) is a fundamental
parameter widely used in the fields of physical chemistry
and surface chemistry, and it is particularly important for
understanding adsorption processes. PZC refers to the pH
value at which the total electrical charge on a solid surface is
zero. In other words, at this point, the positive and negative
charges on the surface completely balance each other,
rendering the surface electrically neutral (Kosmulski, 2002;
Zuyi and Taiwei, 2003; Al-Maliky et al., 2021; Kosmulski,
2023). The electrical charges of solid surfaces vary
depending on the pH of the solution. If the solution’s pH is
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lower than the PZC value, the concentration of hydrogen
ions (H*) on the surface will be high, causing the surface to
acquire a positive charge (Kosmulski, 2002; Kosmulski,
2018; Bayram et al., 2023; Ghaedi et al., 2024; Monroyet al.,
2025). This charging behavior directly affects the mechanism
by which ions bind to the surface, and therefore, the PZC
plays a decisive role in adsorption capacities and
selectivities (Faizal et al., 2022; Bayram et al., 2023; de Moura
et al., 2023). Therefore, the point of zero charge (PZC) of the
surface plays a critical role in thoroughly evaluating surface-
adsorbate interactions in adsorption studies (Fiol and
Villaescusa, 2008; Mahmood et al., 2011). The PZC value can
vary depending on the chemical nature of the material used
as the adsorbent, the surface functional groups, and the ionic
composition of the solution. For example, the PZC values of
natural calcium carbonate-based materials are generally
around neutral pH, whereas for some oxide- or carbon-
based materials, this value may shift to more acidic or basic
pH ranges. Therefore, a specific PZC value should be
determined for each material (Khan et al., 2021; Kosmulski,
2021; Fallah et al., 2023; Alkhaldi et al., 2024). The
determination of the PZC is generally carried out using
potentiometric titration, the salt solution method
(commonly using 0.01 M KNOj), or zeta potential
measurements (Tan et al., 2008; Cristiano et al., 2011;
Bakatula et al., 2018). One of the most common methods
involves adjusting the pH of an electrolyte solution with a
constant ionic strength to various values and adding
adsorbent samples to these solutions (Mahmood et al., 2011;
Kizilkaya et al., 2024a,b). The point where ApH equals zero,
meaning the initial and final pH values are the same, is
considered the point of zero charge (PZC) of the system
(Kizilkaya et al., 2024a,b).

In this study, the point of zero charge (PZC) of F. glaber
shell particles was determined based on their surface
characteristics. This analysis was conducted to understand
the surface properties of F. glaber shell particles. The data
presented in the graph illustrate how the electrical charge on
the shell surface responds to changes in pH. The PZC value
of F. glaber shells was found to be 8.33 (Figure 1). PZC refers
to the pH value at which the total electrical charge on a
surface is neutral, and this value can vary depending on the
protonation and deprotonation of chemical groups present
on the surface. When the solution pH is below the PZC, the
environment contains more protons, causing the surface to
attract protons and gain a positive charge. This facilitates the
binding of negatively charged ions (anions) to the surface.
Conversely, when the solution pH is above the PZC, the
surface loses protons and becomes negatively charged,
increasing the adsorption of positively charged species

(cations). In this context, the shells have been shown to be

effective adsorbents with the potential to retain negatively
charged anions under pH conditions above 8.0. In Figure 1,
the ApH results corresponding to different initial pH (pHi)
values are presented graphically, and the PZC value
determined by linear regression analysis is also indicated on

the graph.

—+— Flexopecten glaber
Linear (Flexopecten glaber)

ApH

a4 y=-09620x + 80752 PHI
R'=09936

Figure 1. Graphical representation of the zero-charge point

of F. glaber shell particles

The shells of the species F. glaber were analyzed using X-
ray Diffraction (XRD), and the obtained data were compared
with the crystal forms of calcium carbonate, specifically
aragonite (CaCOs). In Figure 2, the XRD spectrum of a
mixture consisting of calcite (C) and aragonite (A), provided
by the RRUFF project, is presented as a reference for
comparison (Lafuente et al, 2015). Reference spectra
facilitate the evaluation of the shells’ XRD analysis results
and help identify the existing structural phases. This
method, used to analyze the atomic and molecular
structures of shells, is based on the principle that crystals
diffract X-rays in a specific order due to their unique atomic
arrangements. The resulting diffraction patterns are
characteristic to each crystal, acting like a fingerprint that
helps distinguish one from another. Calcium carbonate, the
main component of bivalve shells, is shaped through a
process called biomineralization. The formation of the
crystal structure is influenced by various factors such as the
species’ biological traits, developmental processes, and
environmental conditions. In Figure 2, the most intense peak
in the XRD spectra corresponds to the calcite peak. Each
peak in the XRD spectrum corresponds to the diffraction of
X-rays by a specific atomic plane within the mineral’s crystal
structure. The intensity of these peaks reflects the amount of
X-rays diffracted, while the peak angles represent the planes
where the diffraction occurs. Since calcite and aragonite
have different crystal structures, they exhibit distinct
diffraction patterns. Thus, the chemical composition and
crystal structure of a mineral can be distinguished through
X-ray diffraction. Examination of the XRD spectra shown in
Figure 2 reveals that the shell structure of the F. glaber
species largely consists of the aragonite form of calcium
carbonate. Similarly, in Figure 2, blue color represents the
analyzed samples, red represents calcium carbonate, and

green indicates the aragonite phase.
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Figure 2. XRD spectra of F. glaber shell particles and
reference calcium carbonate-aragonite (Lafuente et al., 2015)

Scanning Electron Microscopy coupled with Energy
Dispersive X-Ray Spectroscopy (SEM-EDS) is an integrated
analytical technique that allows detailed examination of a

sample surface structure as well as determination of its
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Figure 3. SEM and EDS images of F. glaber shell particles

The resulting spectrum from this analysis reveals the
presence of elements such as carbon (C), oxygen (O),
calcium (Ca), magnesium (Mg), sodium (Na), and nitrogen
(N). The high intensities of calcium (Ca), carbon (C), and
oxygen (O) elements, which are the main components of the
CaCO; that the shells

predominantly consist of calcium carbonate. The carbon

structure, indicate mussel
element is present both in the crystal structure of calcium
carbonate and in the organic components of the shell (such
as proteins). Oxygen, as an indispensable part of these

inorganic structures, occupies a significant place in the

elemental composition. This method utilizes a focused
electron beam directed onto the sample surface to obtain
high-resolution surface images, while simultaneously
enabling the identification of existing elements. Due to its
capability to provide precise surface analyses, SEM-EDS is
widely employed across diverse research and industrial
fields, including materials engineering, geology, biology,
chemistry, and environmental sciences. Its widespread
preference stems from offering both morphological and
chemical information, allowing a comprehensive evaluation
of the sample. Figure 3 presents the SEM and EDS images of
the shells. Energy Dispersive Spectroscopy (EDS) is an
analytical technique used to determine the elemental

composition of a material.
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spectrum, while calcium is the fundamental inorganic
building block of the mussel shell’s calcium carbonate.
These results reveal that the mussel shells possess a complex
structure rich in both mineral and organic components. In
this study, the elemental composition of F. glaber shell
particles was analyzed by Energy Dispersive Spectroscopy
(EDS). The analysis results provide important information
about the chemical structure of the shell and reveal the
effects of environmental factors on the biomineralization
process. The elements with the highest proportions in the
shell chemical composition were determined as carbon
(31.1%) and calcium (7.5%), confirming that the shell
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primarily consists of calcium carbonate (CaCQOs). Calcium
carbonate is the most commonly used biomineral in the shell
formation of marine organisms and is generally found in
aragonite or calcite crystal forms. Nitrogen, detected at 6.1%,
indicates a significant presence of organic components in the
shell structure. This organic matrix is considered to be
conchiolin (a protein organic matrix), a structure mainly
composed of proteins. The organic matrix facilitates the
orderly precipitation of calcium carbonate crystals, thereby
increasing the mechanical strength of the shell. Sodium
(0.2%) and magnesium (0.1%) are basic components of
seawater and are incorporated minimally into the shell
structure. Sulfur (0.1%) may originate from sulfur-
containing amino acids in the organic matrix or sulfate ions
in seawater. It should be noted that EDS analysis provides
surface characterization. Due to the heterogeneous nature of
the sample, different compositions may be obtained in
different regions. Additionally, difficulties in detecting light
limit the

characterization of organic components. These findings

elements (especially hydrogen) complete
contribute to understanding biomineralization processes
and offer valuable data for pollution monitoring studies in

marine environments.

Fourier Transform Infrared Spectroscopy (FT-IR) is a
spectroscopy technique used to examine the chemical bonds
and structural characteristics of molecules. In this method,
infrared radiation is directed at the sample, and the amount
of light absorbed by the molecules is measured as a function
of wavelength. These measurements provide detailed
information about the chemical composition and functional
groups of the sample. FT-IR is widely used in various fields
such as biological research, drug development, food
analysis, and materials science due to the molecular-level
insights it offers. In this study, FT-IR analysis was conducted
to identify the main components of the shells. Figure 4
shows the FT-IR spectra of F. glaber shell particles. The
primary component of the shells, calcium carbonate, was
detected through its characteristic absorption bands. The
strong band at 1411 cm™ (asymmetric stretching vibration of
the carbonate ion), along with bands at 875 cm™ and 712
cm™! (carbonate bending vibrations), indicate the presence of
calcium carbonate. These findings demonstrate that the
mineral portion of the shell is predominantly composed of
calcium carbonate. The bands at 1652 cm™, 1540 cm™ and
1238 cm™ confirm the presence of a protein-rich organic
matrix within the shell structure. These proteins represent
the organic fraction of the shell. The broad band at 3440 cm™!
(O-H stretching) reflects the hydrated nature of the shell.
Similar results were found in the studies of Bayrakl: et al.
(2024). Furthermore, traces of environmentally derived

sulfate and lead accumulation were detected. These findings

provide insight not only into the structural features of the
shells but also into the chemical conditions of their living

environment.
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Figure 4. FT-IR spectrum of F. glaber shell particles

Calcium carbonate is a widely occurring mineral in
nature and plays an important role for living organisms. Its
crystal phases, especially aragonite and calcite, possess
notable properties essential for protection and structural
support of organisms. The crystalline structures of calcium
carbonate, such as aragonite and calcite, contribute
significantly to the formation of external skeletons and
internal frameworks of organisms due to their hardness and
durability. Marine shells, corals, and certain algae utilize
calcium carbonate to shield themselves from external factors
and provide structural integrity. These structures enhance
the survival chances of organisms and help maintain
balance within ecosystems. Although aragonite and calcite
share the same chemical composition, they differ in their
crystal structures. Aragonite has an orthorhombic crystal
This difference

influences the physical and chemical properties of both

system, whereas calcite is trigonal.

minerals. For example, aragonite is generally less stable and
can gradually transform into calcite over time. However,
some organisms prefer aragonite because it is thought to
precipitate faster and form more complex structures. The
use of aragonite and calcite forms of calcium carbonate
provides energy efficiency for the organism. Biological
systems expend less energy to form these structures, which
is a significant advantage, especially for organisms with
limited resources. Energy savings allow organisms to
allocate more energy to growth, reproduction, and other
vital activities, thereby increasing their chances of survival
and reproductive success in competitive environments. The
processes by which biological systems produce calcium
carbonate are also noteworthy. Organisms control the
precipitation of calcium carbonate by utilizing calcium and
carbonate ions from seawater or other sources. This process
is often guided by proteins and other organic molecules,
enabling organisms to create calcium carbonate structures of

desired shapes and sizes. In conclusion, the crystal phases of
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calcium carbonate such as aragonite and calcite are crucial
for protection, structural support, and energy efficiency in
living organisms. These minerals enhance the survival and
reproductive success of many organisms, ranging from
marine shells to corals. A better understanding of the role of
calcium carbonate in biological systems is important for
both  basic

comprehending biomineralization processes can inspire the

and applied sciences. In particular,
design and development of new materials. Furthermore, the
significance of calcium carbonate should not be overlooked
in efforts to conserve marine ecosystems and achieve
sustainable development goals (Reddy, 2013; Muhammad

Mailafiya et al., 2019; Hossain and Ahmed; 2023).

CONCLUSION

This study examines the mineralogical and surface
properties of F. glaber shells, shedding light on the natural
optimization of biogenic materials. The shells are mainly
composed of calcium carbonate (CaCOjs), primarily in the
forms of aragonite and calcite, along with trace minerals that
influence their mechanical strength and resistance to
environmental factors. Factors such as temperature, salinity,
and pH affect the shell’s mineral composition, and F. glaber
can modify its shell structure to adapt to changing
conditions. Surface characterization identified a point of
zero charge (PZC) at pH 8.33, indicating that the shell’s
electrostatic properties vary with environmental pH. X-ray
diffraction (XRD) confirmed the dominance of aragonite
crystals, while scanning electron microscopy (SEM) and
(EDS)

multilayered surface structure and the presence of a protein-

energy-dispersive  spectroscopy revealed a

rich organic matrix. Fourier Transform Infrared
Spectroscopy (FT-IR) further confirmed the composite
nature of the shells, consisting of both inorganic minerals
and organic compounds. Overall, the study provides
valuable data on the adaptation mechanisms of marine
organisms and offers a scientific basis for biomaterial

research and marine conservation.
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Bu arastirma, Canakkale ilinde faaliyet gosteren su tiriinleri kooperatiflerinin mevcut durumunu
incelemek, karsilastiklar: sorunlari tespit etmek ve ¢6ziim Onerileri sunmak amaciyla gerceklestirilmistir.
Galisma, Canakkale Bolgesi Su Uriinleri Kooperatifler Birligi'ne bagh 26 kooperatifi kapsamaktadr. Nitel
arastirma yontemi kullanilarak 2024 yilinda gergeklestirilen saha ¢alismalarinda, kooperatif bagkanlar1
ve lyeleriyle yapilan yiiz yiize goriismelerden elde edilen veriler betimsel analiz yontemiyle
degerlendirilmistir. Arastirma sonucunda, kooperatiflerin 6nemli bir kisminin idari, altyapr ve
pazarlama olanaklar1 agisindan yetersiz oldugu tespit edilmistir. Liman, cekek yeri, ag tamir alani, satis
yeri ve soguk hava deposu gibi temel tistyap: eksiklikleri; denetim mekanizmalarinin zayiflig1; amator
balik¢ihgin kontrolsiiz yayilmasiy, devlet desteklerinin yetersizligi ve yasal diizenlemelerdeki
belirsizlikler, one ¢ikan temel sorunlar arasinda yer almaktadir. Ayrica, pazarlama siirecinde
kabzimallara olan bagimlilik, kooperatiflerin ekonomik stirdiiriilebilirligini olumsuz etkilemektedir. Bu
calisma hem Canakkale 6zelinde hem de Tiirkiye genelinde su tirtinleri kooperatif¢iliginin karsilastigi
¢ok boyutlu yapisal sorunlara 1sik tutmakta ve kooperatiflerin kurumsal kapasitelerinin
gliclendirilmesine yonelik Oneriler sunmaktadir. Elde edilen bulgularin, balik¢ilik politikalarmmin
gelistirilmesine ve kooperatiflerin daha etkin hale getirilmesine katki saglamas: beklenmektedir.

Local-scale fisheries management and cooperativism: Challenges and strategic solutions
for fisheries cooperatives in Canakkale

ABSTRACT

This study aims to examine the current status of fisheries cooperatives operating in the province of
Canakkale, identify the main challenges they face, and offer viable solutions. The research covers 26
cooperatives affiliated with the Canakkale Regional Union of Fisheries Cooperatives. Employing a
qualitative research design, data were collected through face-to-face interviews with cooperative
chairmen and members, and analyzed using descriptive methods in 2024. Findings reveal that a
significant number of cooperatives lack adequate administrative infrastructure and physical facilities.
Key deficiencies include the absence of harbors, slipways, net repair areas, sales units, and cold storage
facilities. In addition, ineffective inspection mechanisms, the uncontrolled expansion of amateur fishing,
insufficient state support, and legal ambiguities are among the most critical problems. The cooperatives’
dependency on middlemen in the marketing process further undermines their economic sustainability.
This study sheds light on the multifaceted structural problems faced by fisheries cooperatives not only in
Canakkale but also throughout Tiirkiye. It presents policy recommendations aimed at strengthening the
institutional capacities of cooperatives and enhancing their operational effectiveness. The findings are
expected to contribute to the formulation of more responsive fisheries management strategies.
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GIRiS

Su iriinleri kooperatifleri, kiigiik olgekli balik¢iligin
siirdiiriilebilirligini saglamada kilit rol oynayan kurumsal
yapilardir. Bu kooperatifler, o6zellikle kiigiik 6lgekli
balik¢iligin desteklenmesinde, kaynaklarin ortak kullanimi
ve pazarlama faaliyetlerinin organize edilmesinde 6nemli
rol oynamaktadir (Unal ve Yercan, 2006; Dogan, 2015).
Ancak bu kooperatifler, Tiirkiye genelinde gesitli yapisal ve
yonetsel  sorunlarla karst  karsiyadir.  Tiirkiye’'de
kooperatif¢ilik, 6zellikle su iiriinleri sektoriinde belirli bir
orgiitlenme diizeyine ulasmis goriinse de yapisal ve
yonetsel sorunlar nedeniyle etkili ve siirdiiriilebilir bir
kalkinma aract haline gelememistir. Tiirkiye genelinde
toplam 31.241 ortakla faaliyet gosteren 572 su {iriinleri
kooperatifi ve bunlarin bagh oldugu 16 bolge birligi
bulunmaktadir. Ancak, bu kooperatiflerin sadece 2351 Su
Uriinleri Kooperatifleri Merkez Birligi (SURKOOP) catist
altinda toplanmistir (SURKOOP, 2025). Bu durum, orgtitsel
anlamda bir biitiinliigiin saglanmadigini gostermektedir.
Sektorel is giicii verileri de bu yapisal eksiklikleri destekler
nitelikte olup 2006 yilinda balikgilik sektoriinde istihdam
edilen kisi sayis1 45.969 iken, 2024 yih itibariyla bu say1
34.400"e gerilemistir (TUIK, 2025). Istihdamdaki bu azalma,
sektoriin daralmasina degil, zamanda

yalnizca ayni

kooperatiflerin  {iyelerine yeterli ekonomik Kkatkiy1
sunamadigint ve sektordeki cazibesini kaybettigini de
gostermektedir. Nitekim literatiirde de bu durumun alt1
cizilmekte ve su firiinleri kooperatiflerinin biyiik bir
boliimiiniin kisa omiirlii oldugu ya da kurulus amaglarim
tam anlamiyla gerceklestiremedigi ifade edilmektedir
(Karademir ve Arat, 2014; Dogan, 2017). Literatiirde,

balik¢ilik  kooperatiflerinin sorunlar1 ¢esitli temalarda

(6rnegin; altyapr eksiklikleri (Altusik, 2006), yasal
diizenleme sorunlari (Ceyhan, 2006), Orgiitlenme ve
pazarlama yetersizlikleri (Akyol ve Ceyhan, 2010),

kurumsal etkinlik diisiikliigii (Unal ve ark., 2009) gibi) ele
alinmaktadir. Bu c¢aligmalarin ¢ogunda, kooperatiflerin
kurulus amagclarmi yeterince gergeklestiremedigi, kisa

Omiirlii oldugu ya da etkin ¢alismadig vurgulanmaktadir.

Yapilan c¢alismalar Tiirkiye'nin farkli bélgelerinde
faaliyet gosteren su {irtinleri kooperatiflerinin benzer
sorunlarla karsilastigini ortaya koymaktadir. Ural ve
Canpolatli (2009), Dogu ve Giineydogu Anadolu’daki
kooperatiflerin sayica varlik gosterse de teknik donanim ve
insan kaynagi agisindan siirli oldugunu rapor etmislerdir.
Istanbul, Giresun, Mugla, Elazig ve Trabzon gibi illerde
yapilan arastirmalarda da kooperatiflerin altyapi-iistyap:
eksiklikleri, yasal diizenlemelerdeki yetersizlikler, diisiik
orgiitlenme kapasitesi ve sosyoekonomik kirilganliklar gibi

ortak sorunlarla miicadele ettigi ortaya konmustur (Dogan,

2010; Canpolat ve ark., 2015; Boran ve Avc Softa, 2016;
Tokmak Kirkses ve Samsun, 2020).

Ozellikle kiy1 balikgihgmin yogun oldugu bolgelerde,
balik¢ilarin sosyal giivenceden yoksun oldugu, pazarlama
kanallarina erisimde zorlandiklari ve barmak gibi temel
fiziksel
vurgulanmaktadir (Dogan ve Goniilal, 2011; Dogan ve
Alicli, 2018; Yiicel ve Acar, 2018). Buna ilave olarak, ag

tamiri alani, soguk hava deposu, buz {iretim tesisi gibi kritik

yapilara  ulasmakta  sikinti  yasadiklarn

yapilarin eksikligi, avcilik sonrasi tedarik zincirinin
stirdiiriilebilirligini de tehdit etmektedir (Akyol ve Percin,

2006; Yildiz ve Karakulak, 2013).

Kooperatif yoneticilerinin ve tiyelerinin egitim eksikligi,
kooperatiflerin profesyonelce yonetilememesine neden
olurken; yasal mevzuatin uygulanmasindaki giicliikler ve
yetki karmasas1 da orgiitsel isleyisi sekteye ugratmaktadir
(Zengin ve Gilingor, 2017; Akar, 2017). Ozellikle amator
balikgilik faaliyetlerinin denetimsizligi ve kayit dis1 avciligin
artmasi, profesyonel balik¢ilarin gelirlerini diisiirmekte ve
strdiiriilebilir tehdit etmektedir

(Ceyhan ve ark., 2006).

kaynak kullanimini

Su tiriinleri kooperatifleri konusunda Tiirkiye’nin bir¢ok
bolgesine iliskin gesitli c¢alismalar yapilmis olmasina
ragmen, Canakkale ilindeki su tiriinleri kooperatiflerinin
timiini kapsayan sistematik ve biitiinciil bir analiz heniiz
gerceklestirilmemistir. Mevcut literatiirde yalnizca smurl
sayida kooperatife iliskin bolgesel degerlendirmelere yer
verilmis olup, kapsamli ve il diizeyinde yapilmis bir
¢alismaya rastlanmamaktadir (Altinisik, 2006; Ceyhan, 2006;
Akyol ve Ceyhan, 2010). Oysa Canakkale, Marmara Denizi,
Ege Denizi, Canakkale Bogazi, Saros ve Edremit Korfezleri
gibi farkli denizel sistemlere ev sahipligi yapan stratejik bir
konuma sahiptir. Bu ¢esitlilik, bolgedeki su {iriinleri
kooperatiflerinin faaliyetlerinin hem biyofiziksel kosullara
(6rnegin deniz suyu sicakligi, akint1 rejimi, tuzluluk orani,
plankton dagilimi gibi dogal ¢evresel faktorler) hem de
yonetsel uygulamalara gore farkliik gostermesine neden
olmaktadir. Av sahalarmin ekolojik yapisi (6rnegin deniz
dibi yapisi, habitat zenginligi, tiir cesitliligi ve avlanabilir
stok durumu gibi ekolojik parametreler), deniz trafigi,
koruma alanlar1 ve su iiriinleri yetistiricilik alanlar1 gibi
faktorler, kooperatiflerin sorunlarini1 daha da karmasik hale
getirmekte olup Ozellikle de sit alanlari, askeri yasak
bolgeler ve balikgilik disi faaliyetlerle (deniz ulasimi,
atiklar vb.)

kooperatiflerin avlanma izinleri, giizergahlar1 ve faaliyet

endiistriyel cakisan sahalar nedeniyle

siirekliligi kesintiye ugramaktadir.

Bu c¢alisma, Canakkale ilinde faaliyet gosteren tiim su
iirtinleri kooperatiflerinin mevcut durumlarmni kapsaml

bicimde analiz etmeyi, yasanan temel sorunlar1 ortaya
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koymayi ve literatiirdeki bilgi boslugunu dolduracak ¢éziim
Elde
bulgularin hem yerel hem de ulusal diizeyde balik¢ilik

Onerileri  gelistirmeyi amaglamaktadir. edilen

yonetimine katki sunmas1 hedeflenmektedir.

MATERYAL VE YONTEM

Bu ¢alismanin evrenini Canakkale Bolgesi Su Uriinleri
Kooperatifler Birligi'ne bagl olarak faaliyet gosteren su
airtinleri kooperatifleri olusturmaktadir (Sekil 1). Arastirma

kapsaminda asagidaki temel sorulara yanit aranmuisgtir:

(i) Canakkale’deki

mevcut yapisal ve yonetsel 6zellikleri nelerdir?

su drlinleri kooperatiflerinin

(ii) Bu kooperatiflerin karsilastigi baslica problemler

nelerdir?

(iii) Belirlenen sorunlara yonelik ¢6ziim Onerileri

nelerdir?
Veri toplama siirecinde oncelikle ilgili literatiir
incelenmis olup Tiirkiye genelinde su {iriinleri

kooperatiflerine dair mevcut akademik ¢alismalar taranarak
genel egilimler ve karsilasilan problemler hakkinda on
bilgiler elde edilmistir. Bunu takiben, Canakkale il simirlar
igerisindeki ~ kooperatiflere saha

yonelik caligmasi

ylratilmistiir.
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Sekil 1. Canakkale’deki su iirtinleri kooperatiflerinin konumu

Figure 1. Fisheries cooperatives in Canakkale

Calismada nitel aragtirma yontemlerinden yararlanilmis
olup veriler dogrudan gozlem ve yar1 yapilandirilmis
goriisme teknikleri ile toplanmistir. Kooperatif baskanlari
ve kooperatif bagkanlari ile goriisme imkan1 ¢ok kisa siireli
gerceklesen bazi durumlarda kidemli kooperatif ortaklar: ile
yliz ylize goriismeler gerceklestirilmistir. Goriismelerde,
kooperatiflerin mevcut durumu, altyapt ve {istyap:
kosullari, idari ve hukuki isleyisleri, pazarlama faaliyetleri,
devlet destegine erisim ve Orgiitlenme kapasitesi gibi
konular tizerinde durulmustur. Goriismelerin siiresi, saha
kosullarinin ve kooperatif yoneticilerinin zaman kisitlarmin
dikkate alinmasiyla miimkiin oldugunca kisa tutulmus, bu
Unal vd. (2009)

yontemlerden de yararlanilmistir. Gozlemler sirasinda elde

baglamda tarafindan  uygulanan

edilen bulgular, mevcut yapilarin durumu ve teknik

donanimlar gibi somut gostergelerle desteklenmistir.

Elde
degerlendirilmis;

edilen veriler betimsel analiz yOntemiyle

sorun alanlar1 simiflandirilmis  ve

sikliklarina gore tablolar halinde sunulmustur. Nicel
bulgular, oranlar ve dagilimlar araciligiyla ifade edilmis;
nitel veriler ise katilimcilarin goriislerinden elde edilen
temalar dogrultusunda anlamlandirilmistir. S6yle ki, nitel
veriler, katihmcilarin goriislerinde siklikla tekrar eden
anahtar ifadeler ve anlam birimlerine dayali olarak
gruplandirilmis; ornegin ‘altyapi eksikligi’, ‘pazarlama
sorunlar’’, ‘yasal belirsizlik’ gibi temalar tanimlanarak

analiz edilmistir.

BULGULAR

Canakkale’deki Su Uriinleri Kooperatiflerinin Mevcut

Durumu

Canakkale Bolgesi Su Uriinleri Kooperatifler Birligine
bagli olarak faaliyet gosteren toplam 26 kooperatif
bulundugu tespit edilmistir. Bu kooperatiflerin {iye sayilar
7 ile 190 arasinda degismekte olup toplamda 1072 aktif {iye

”
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bulunmaktadir. Kooperatiflerin faaliyet alanlari, agirlikh
olarak Canakkale Bogazi, Ege Denizi ve Marmara Denizi
kiyilarinda yogunlagsmaktadir (Sekil 2). Bu da bolgedeki
kooperatiflerin farkli denizel ekosistemlere dayali olarak
gesitlenen avcilik faaliyetleri yiiriittiigiinti gostermektedir.

Toplam iiye
say1s1

1072

Canakkale
Bogazi'nda
bulunan
kooperatif
say1s1
9

En cok iiye
say1s1

190

Canakkale'deki

Su Uriinleri

Kooperatifleri Ege
Denizi'nde
bulunan
kooperatif

say1s1
14

Marmar
Denizi'nde
bulunan
kooperatif
say1s1

3

Sekil 2. Canakkale’deki su f{iriinleri kooperatiflerinin
mevcut durumu

Figure 2. The current state of fisheries cooperatives in
Canakkale

Kooperatiflerin kurulus yillar1 incelendiginde en eskisi
1974 yilinda kurulan Kemer Kdyii Su Uriinleri Kooperatifi
oldugu; en yeni kurulanin ise 2021 yilinda faaliyete gegen
Aksaz ve Gelibolu Yenikdy Koéyii Kooperatifleri oldugu
goriilmektedir (Tablo 1). Bu cesitlilik, kooperatiflerin zaman
iginde artan balikgilik faaliyetlerine yanit vermek amaciyla

kuruldugunu gostermektedir.

Incelenen 26 kooperatifin tamaminin nakil belgesi
diizenleme yetkisine sahip oldugu, ancak yalnizca iki
kooperatifin dogrudan pazarlama faaliyeti yiiriittiigii

(Tablo 1).
dogrudan

belirlenmistir Bu durum, kooperatiflerin

drinlerini son tiiketiciye  ulastirmakta
zorlandigini ve pazarlama =zincirine yeterince entegre
olamadigmi gostermektedir. Ote yandan, yalmizca bes
kooperatifin calisan personeli bulundugu, digerlerinin ise

goniilliiliik esasina dayali oldugu tespit edilmistir.

Idari altyap: 17
kooperatifin (%65,4) idari binas1 bulundugu; geri kalan 9

agisindan  degerlendirildiginde
kooperatifin (%34,6) ise bu olanaktan yoksun oldugu
saptanmustir (Tablo 1). Mevcut idari binalarin biiyiik kismi
fiziki agidan yetersiz, bakimsiz ya da islevselligi smnirh
yapilardir. Idari binalar ¢ogunlukla konteyner tipinde, tek
odali, 1sitma/sogutma sistemi olmayan, arsiv ve toplanti
yapma kapasitesinden yoksun yapilardir. Idari birimi
olmayan kooperatiflerde ise iiyelerin balik¢ilik faaliyetlerine
dair islemlerini liman kenarlarinda ya da tekneler iizerinde
gerceklestirdigi gozlemlenmistir. Bu durum hem verimlilik

hem de kurumsal kapasite agisindan ciddi bir eksikliktir.

Canakkale’deki su iiriinleri kooperatiflerinin fiziksel
kapasitesi incelendiginde altyap: imkanlarinin biiyiik
Olctide yetersiz oldugu goriilmektedir (Sekil 3). Altyap:
agisindan yapilan degerlendirmelere gore kooperatiflerin
yalnizca 15’inde (%57,7) elektrik baglantisinin bulundugu,
geri kalan 11 kooperatifin (%42,3) ise bu temel hizmetten

yoksun oldugu belirlenmistir.

Tablo 1. Canakkale’deki su iiriinleri kooperatiflerinin temel 6zellikleri

Table 1. Basic characteristics of fisheries cooperatives in Canakkale

Sumels Sorumlu Su Uriinleri Kuralug TP opygy  Filli Avalik  Fiili Avalk - Kayith Kooperatifte (- i‘;:i’:l Nakil
e Uye Yapan Ortak Yapan Balik¢t  Tekne Calisan .. ... Belgesi
Kooperatifi Yili Sayis1 Faaliyeti Idari .
Sayis1 Sayis1 Sayis1 Sayis1  Sayis1 Bina Diizenleme

Kemer Koyii 1974 29 29 29 29 30 0 YOK VAR VAR
Giineyli Koyt 1975 7 7 7 7 9 0 YOK VAR VAR
Cardak ve Cevresi 1979 48 48 20 20 15 0 VAR VAR VAR
Karabiga Beldesi 1983 42 42 35 35 45 0 YOK YOK VAR
Bozcaada 1986 41 41 15 15 15 0 YOK VAR VAR
Anafartalar ve Cevre Koyleri 1986 46 46 20 20 15 0 YOK YOK VAR
Eceabat Merkez 1991 47 47 40 40 40 1 YOK VAR VAR
Bektag Balabanli Korubag1 Kéyleri 1994 25 25 8 10 10 0 YOK VAR VAR
Babakale 1994 59 59 28 28 79 2 VAR VAR VAR
Yenikdy Koyt 1998 37 37 28 28 27 0 YOK VAR VAR
Gokgeada 2000 44 44 32 32 41 1 YOK VAR VAR
Lapseki Merkez 2002 30 30 18 18 27 0 YOK VAR VAR
Besyol Koyt 2004 14 14 14 14 15 0 YOK YOK VAR
Kavak Koyt Beldesi 2004 21 21 9 9 9 0 YOK VAR VAR
Karainebeyli 2004 10 10 5 5 5 0 YOK YOK VAR
Kiigiikkuyu Beldesi 2004 57 57 25 25 95 2 YOK VAR VAR
Canakkale Merkez 2005 17 17 15 15 15 0 YOK VAR VAR
Canakkale Merkez Bir 2009 190 190 190 190 190 0 YOK YOK VAR
Kumkale Beldesi 2010 17 17 17 17 17 0 YOK VAR VAR
Giilpinar Beldesi 2010 20 20 7 7 20 1 YOK VAR VAR
Geyikli Beldesi Dalyan Kdyii 2012 55 55 15 15 55 0 YOK YOK VAR
Gelibolu Ilge Merkezi 2014 44 44 43 43 45 0 YOK VAR VAR
Kepez 2016 115 60 60 60 115 0 YOK VAR VAR
Kilitbahir Koyii 2018 13 13 8 8 13 0 YOK YOK VAR
Gelibolu flgesi Yenikdy Koyt 2021 25 25 25 25 24 0 YOK YOK VAR
Aksaz Koyii 2021 19 19 19 19 16 0 YOK YOK VAR
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Su temini agisindan da benzer bir durum goézlemlenmis;
18 kooperatifte (%69,2) su altyapisinin bulundugu, 8
kooperatifte (%30,8) ise su erisiminin olmadig1 tespit
edilmistir (Tablo 1). Ozellikle sekiz kooperatifte hem
elektrik hem de su altyapisinin bulunmamasi, balikgilik
faaliyetlerinin siirdiiriilebilirligi ve is saglig1 acisindan ciddi

bir sorun tegkil etmektedir.

20
18 mVar mYok
16
14

12

Kooperatif Sayisi
S

=T A

Elektrik Su

Sekil 4. Canakkale’deki su firiinleri kooperatiflerinin
iistyap1 imkanlar1

Figure 4. Superstructure facilities of fisheries cooperatives in
Canakkale

Canakkale’deki Su  Uriinleri  Kooperatiflerinin
Karsilastig1 Sorunlar
Saha calismalar1 ve  kooperatif temsilcileriyle

gerceklestirilen goriismeler sonucunda Canakkale’deki su
irtinleri kooperatiflerinin biiyiik ¢ogunlugunun yapisal,
yonetsel ve ekonomik boyutta gesitli sorunlarla karsi karsiya
oldugu belirlenmistir. Elde edilen veriler, sorunlarin hem
fiziki yetersizlikler hem de kurumsal isleyis ve yerel
yonetimler, kamu kurumlari, pazar aktorleri ve tiiketici
gruplar1 gibi kooperatif disindaki etkilesim alanlarim
kapsayan dis cevreyle iliskiler acisndan ¢ok boyutlu

oldugunu ortaya koymaktadir.

En sik dile getirilen sorun, kooperatiflerin liman, barinak
ve cekek yeri gibi temel kiy1 yapilarindaki eksikliklerdir.
%88,46's1,
nedeniyle teknelerin baglanmasi, karaya cekilmesi ve
ciddi

belirtmistir. Ozellikle bazi bolgelerde limanlarm dogal

Kooperatiflerin bu altyapilarin yetersizligi

korunmasi stireglerinde sikintilar  yasadiklarmi
afetler (firtina, sel, taskin) karsisinda dayanikli olmamasi
veya hi¢ liman yapisinin bulunmamasi, maddi hasarlara yol

a¢makta ve balikgi giivenligini tehdit etmektedir.

Tablo 2. Canakkale’deki su iiriinleri kooperatiflerinin temel sorunlari

Table 2. Main problems of fisheries cooperatives in Canakkale

. Sorunlar

Kooperatifler
1 2 3 4 5 6 7 8 9 10 11 12

Bektas Balabanli Korubagsi Koyleri x x x x x x x x x
Bozcaada x x x x x x
Cardak ve Cevresi x x x x x
Kepez x x x x x x x x
Lapseki Merkez x x x
Kumbkale Beldesi x x x x x
Gokgeada x x x x x x x x x
Canakkale Merkez Bir x x x x x x x x
Eceabat Merkez x x x x x x
Kilitbahir Koyii x x x x x x x x x x x
Canakkale Merkez x x x x x x x x x x
Kemer Koyt x x x x x
Gelibolu Tlgesi Yenikoy Koyt x x x x x x x x x x x
Aksaz Koyii x x x x x x x x x x x
Anafartalar ve Cevre Koyleri x x x x x x x x x x x
Besyol Koyii x x x x x x
Karabiga Beldesi x x x x x
Gelibolu ilge Merkezi x x x x x x x x x
Giineyli Koyt x x x x
Kavak Koyii Beldesi x x x x
Geyikli Beldesi Dalyan Koyii x x x x x x x
Karainebeyli x x x x x
Yeniké’)y Koyu x X X X X X X
Kiigiikkuyu Beldesi x x x x
Giilpinar Beldesi x x x x x
Babakale x x
Oran (%) 6538 8846 61,54 57,69 3846 57,69 4231 5769 6538 6538 7692 57,69

1: Kooperatifin Isletmesi/Kiralanmasi, 2: Liman-Barmak-Cekek Yeri, 3: Altyap1-Ustyapi, 4: Barinma-Depo-Sosyal Alan, 5: Yasa Dis1 Avcilik, 6: Av Sahalari, 7:

Pazarlama, 8: Koruma-Kontrol-Denetim Hizmetleri, 9: Yasal Diizenleme Eksikligi, 10: Devlet Destegi, 11: Balik¢ilarin Sosyoekonomik Imkanlari, 12: Yerel Yonetimlerle

fligkiler

1: Operation/Renting of Cooperative, 2: Port-Shelter-Dock Place, 3: Infrastructure-Superstructure, 4: Shelter-Storage-Social Area, 5: Illegal Fishing, 6: Fishing Grounds,

7: Marketing, 8: Protection-Control-Supervision Services, 9: Lack of Legal Regulation, 10: State Support, 11: Socioeconomic Opportunities of Fishermen, 12: Relations

with Local Governments
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Ayrica, %65,38 oraninda ifade edilen bir diger sorun ise
devlet desteklerinin yetersizligiyle ilgilidir. Akaryakit, av
araclar1 ve bakim-onarim gibi temel ihtiyaglar igin saglanan
desteklerin giincel ekonomik kosullar1 karsilayamadigi, bu
ciddi

nedenle kooperatiflerin iiretim faaliyetlerinde

finansman sikintilar1 yasadigi bildirilmistir.

Kooperatiflerin %76,92’si, {iyelerinin sosyoekonomik
durumlarimin zayif olmasit nedeniyle iiretim faaliyetlerinin
siirdiiriilebilirliginde zorluk yasandigini ifade etmistir.
Artan maliyetler, devlet desteginin yetersiz olmasi ve
pazarlama kanallarindaki simirliliklar, bir¢ok balik¢inin
meslegi birakma egiliminde oldugunu gostermektedir.
Balik

yapilmasi, iriin fiyatlarinin kontrol edilememesine ve

satislarinin ~ genellikle kabzimallar aracilifiyla
balik¢inin diisiik gelir elde etmesine neden olmaktadir.
Diisiik gelir, sosyal giivenlik kapsami1 diginda kalma, yash
niifusun agirhigy, alternatif istihdam kaynaklarmin olmayisi
gibi etkenler kooperatif

iiyelerinin  sosyoekonomik

kirilganligini artirmaktadir.

Yasal mevzuat ve kamu yoOnetimi ile ilgili sorunlar da
6ne ¢ikan hususlar arasindadir. Kooperatiflerin %65,38'i
isletme ve kiralama haklart ile ilgili belirsizliklerin kurumsal
faaliyetleri kisitladigini belirtmistir. Ozellikle av sahalariin
sit alanlart igerisinde kalmasi, farkli kamu kurumlar
arasinda yetki cakismalarina ve uzun siiren biirokratik
siireclere neden olmaktadir. Bu durum, ozellikle yerel
yonetimlerle yasanan anlasmazliklarda daha belirgin hale
gelmektedir. Kooperatiflerin faaliyet alanlarma iligkin izin
stire¢lerinin farkli kurumlar arasinda net tanimlanmamig
olmasy; sit alan1 kapsamindaki bolgelerde faaliyet yiiriitme

belirsizlikleri de 6rnek olarak gosterilmistir.

Altyapr ve iistyapr eksiklikleri (%61,54), barinma, depo
ve sosyal alan yetersizlikleri (%57,69), koruma-denetim
hizmetlerinin yetersizligi (%57,69), yerel yonetimlerle olan
iletisim ve is birligi sorunlar1 (%57,69), balik¢ilarin mesleki
tamimlarmin olmamast gibi eksiklikler, kooperatiflerin
kurumsal
Pazarlama (%42,31) ve yasa disi avalik (%38,46) ise
kooperatiflerin daha az siklikla bildirdigi ancak 6nemli

etkinligini olumsuz yonde etkilemektedir.

goriilen  diger sorunlardir. Pazarlama  sorunlari,
kooperatiflerin finansal siirdiiriilebilirligini zayiflatmakta;
yasa dist avcilik ise yasal calisanlarin pazar payiu
daraltarak gelir esitsizligini artirmaktadir. Ozellikle ticari
olmayan, sportif ya da amator balik¢ilik ad1 altinda yapilan
ve yasal sinirlarin disinda gerceklesen faaliyetler, kayit dist
artirmakta  ve ekonomik
tehdit

Canakkale’deki su tiriinleri kooperatiflerinin ¢ok boyutlu

balik¢ilig kooperatiflerin

suirdiiriilebilirligini etmektedir. Sonug olarak,
sorunlarla miicadele ettigi ve bu sorunlarin ¢éziimii igin
kapsamli bir kurumsal reform, altyap1 yatirimi ve mevzuat

giincellemesi gerekliligi ortaya ¢cikmaktadir.

TARTISMA

Bu calismada elde edilen bulgular, Canakkale’deki su
driinleri kooperatiflerinin hem nicelik hem de nitelik
bakimindan ¢ok ¢esitli sorunlarla kars: karsiya oldugunu
agikca ortaya koymaktadir. Toplam 1072 iiyesi bulunan 26
kooperatifin yapisal, yonetsel ve ekonomik kapasitelerinin
oldukca smurli oldugu tespit edilmistir. Altimisik (2006)
tarafindan bildirilen 497 iiyeye kiyasla &nemli bir artis
kaydedilmis olmasi, kooperatiflesme egiliminde nicel bir
biiylimeye isaret etse de bu artisin nitel bir iyilesmeye
dontisemedigi goriilmektedir. Ote yandan Kale ve Zabun
(2023) 1207

karsilastirildiginda, veriler arasinda goriilen farkliliklar,

tarafindan  belirtilen iiye saywis1 ile
iiyeliklerin dinamik yapisin ve her yil yapilan genel kurul

siireglerinin bu rakamlarda etkili oldugunu gostermektedir.

Kooperatiflerin mevcut fiziksel kosullari, Tiirkiyenin
diger bolgelerinde yapilan galismalarla karsilastirildiginda
eksiklikler Istanbul’daki
kooperatifleri inceleyen Yildiz ve Karakulak (2013), 6zellikle

da Dbenzer gostermektedir.
altyap1 ve tiistyap1 olanaklarmin kisith oldugunu; 6rnegin
yalnizca %58inde idari bina, %35,4'iinde ag tamir yeri,
%3,2'sinde buz iiretim alani bulundugunu bildirmistir.
Canakkale’deki kooperatiflerle kiyaslandiginda, su temini
agisindan daha iyi durumda olunmasma karsin, elektrik
erisimi, ag tamir alani ve ilk yardim birimi gibi temel
hizmetlerde benzer yetersizlikler oldugu anlasilmaktadir.
Ote yandan, Trabzon’daki balikgi barinaklarinda da ag
kurutma sahasi ve soguk hava deposu eksiklikleri Boran ve
Avci Softa (2016) tarafindan benzer sekilde rapor edilmistir.
Bu bulgular, s6z konusu altyap1 sorunlarinin bolgesel degil
ulusal  Olgekte mesele

yapisal  bir oldugunu

distindiirmektedir.

Canakkale 6zelinde dikkat ¢eken bir diger 6nemli sorun,
kooperatiflerin pazarlama siireglerine aktif olarak dahil
Birgok

bulunmamakta ve bu durum, balik¢ilarin {iriinlerini yerel

olamamasidir. kooperatifin ~ mezat  alani
kabzimallar araciigiyla diisiik fiyatlarla satmak zorunda
kalmalarina yol agmaktadir. Bu sorun hem ekonomik
stirdiiriilebilirligi tehdit etmekte hem de kooperatiflerin
gelir kaynaklarini smirlamaktadir. Istanbul ve Marmara
Bolgesi'nde yapilan benzer ¢alismalarda da pazarlama-satis
altyapismin zayif olmasi, kooperatiflerin {iriin fiyatlar
iizerinde kontrol sahibi olamamas: gibi benzer sonugclara
ulasilmistir (Karademir ve Arat, 2014; Zengin ve Giingor,

2017).

Kooperatiflerin devlet destegi konusundaki beklentileri
de bu calismada net bir sekilde ortaya konmustur. Artan
iiretim maliyetleri karsisinda mevcut tesviklerin yetersiz
kalmasi, balikcilarin biiyiik bir kisminin meslegi birakmay1

diigstinmesine neden olmaktadir. Ozellikle akaryakit, av
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araglar1 ve teknelerin bakimi gibi temel giderlerde devlet
desteginin artirilmasi gerekmektedir. Cimat ve Duran (2018)
Mugla’da sekilde

kooperatiflerin siirdiiriilebilirliginin kamu tesviklerine bagh

yapilan calismada da benzer

oldugu vurgulamaistir.

Yasal diizenlemelerle ilgili sorunlar ise sadece mevzuat

eksikligiyle smirl kalmamakta,
belirsizliklerle daha da karmasik hale gelmektedir. Ozellikle

kiy1 alanlarmin sit alan1 veya farkli kamu kurumlarmin

uygulamadaki

yetki alami icerisinde bulunmasi, kooperatiflerin idari
siireclerinde ¢ok sayida kurumla muhatap olmasmna ve bu
durumun ciddi zaman kayiplarina yol a¢gmasina neden
olmaktadir. Altinisik (2006) da bu durumu yillar 6nce dile
getirmis ve barmaklarin miilkiyetinin kooperatiflerde
olmasina ragmen isletme haklarinin verilmemesinin hizmet
Ancak, Balikgi
1996),
barmaklarin miilkiyeti kamuya aittir. Oysa, bu barmnaklarin
hakki

devredilebilmektedir. Uygulamada, bu devirlerin zaman

sunumunu engelledigini belirtmistir.

Barmnaklar1  Yonetmeligine gore (Anonim,

isletme ilgili su fdriinleri kooperatiflerine
zaman yapilmamas:t ya da prosediirle ilgili nedenlerle
gecikmesi, kooperatiflerin hizmet sunma kapasitesini
sinirlamaktadir. Mevcut bulgular, bu yapisal sorunun hala

¢oziilememis oldugunu ortaya koymaktadir.

Kooperatiflerin av sahalarinin daralmasi ve avcilik
faaliyetlerinin kisitlanmasi da 6nemli bir sorun alanidir.
Canakkale Bogazi'nda artan deniz trafigi, giimriik sahalari
ve 1915 Canakkale Kopriisii gibi yeni yapilar, balikgilar igin
ayrilan alanlarin azalmasmna neden olmaktadir. Aym
balik¢ilik

profesyonel

zamanda amator faaliyetlerinin  yeterince

denetlenmemesi, balikgilarin  kazanglarin
olumsuz yonde etkilemektedir. Bu durum, Akyol ve Per¢in
(2006) ile Ceyhan ve ark., (2006) tarafindan da dile getirilmis
ve amator balikcilarin yasal siurlari asan faaliyetlerinin
kayit disihigr artirdigi ve ticari balikgiligi zora soktugu

vurgulanmustir.

Denetim ve kontrol mekanizmalarinin yetersizligi, yasa
dis1 avcilikla miicadelede 6nemli bir engel olusturmaktadir.
Sahil Giivenlik Komutanligi ve Il Tarim ve Orman
Midiirliikleri tarafindan ytiriitiilen denetimlerin personel
eksikligi, yasal yaptirimlarin caydirici olmamas: ve kayit
dist avalign  yaygmnligt nedeniyle istenilen etkiyi
yaratamadigr gozlemlenmistir. Bu baglamda, cezalarin
amator-ticari

artirilmast  ve ayriminin  netlestirilmesi

Onerilmektedir.

teknik

uzmanlasmanin 6niinde ciddi bir engel olarak durmaktadir.

Kooperatiflerde personel eksikligi,
Tarim ve Orman Bakanlig: tarafindan 2021 yilinda alinan
kararla, tist birliklerde su {iriinleri mithendisi istihdami

zorunlu hale getirilmis olsa da bu uygulamanin tiim

teknik eksiklikleri
stirdiirmektedir. Bu dogrultuda, su {irtinleri miihendisi
sekilde

genisletilmesi, kurumsal kapasitenin artirilmasi agisindan

kooperatiflere yayginlastirilmamasi,

istihdaminin  tiim  kooperatifleri kapsayacak

biiyiik 6nem tasimaktadir.

Goriismeler sirasinda az sayida da olsa kooperatif
yoneticilerinin liyakat eksikligi, yerel gli¢ iliskilerine
bagimlilik ve yetersiz kurumsal vizyon gibi nedenlerle
sorunlarin ¢6ziimiine yeterince katki sunamadigi dile
getirilmis olmakla beraber genel olarak kooperatif
yoneticilerinin katki saglamaya ¢alistiklar1 kooperatif
ortaklar1 tarafindan belirtilmektedir. Ancak yine de bu
durum, yalnizca digsal degil, ayn1 zamanda igsel yonetsel
sorunlarin  da olumsuz

kooperatiflerin  islevselligini

etkiledigini gostermektedir. Tiirkiye’de su {iriinleri
kooperatiflerinin kurumsal kapasiteleri ile sahadaki etkileri
arasinda ciddi bir uyumsuzluk s6z konusudur. Bu durum,
yapisal eksiklikler (yetersiz finansman, diisiik egitim
diizeyi, mevzuat uyumsuzluklari) ve yoOnetsel zaaflarin
(seffaflik eksikligi, denetim sorunlari, profesyonel yonetim
eksikligi)

sinirladigini ve istenilen diizeye ulasmasini engelledigini

Tiirkiye’de kooperatif¢iligin gelisimini

ortaya koymaktadir.

Son olarak, su tiriinleri verilerinin dogru ve sistematik
bicimde kaydedilmemesi, balik¢ilik yonetiminin bilimsel
temellere dayanmasini engellemektedir. Ozellikle karaya
¢ikis noktalarinda yeterli veri toplanamamasi ve amator
avciligin kayit dist kalmasi, kaynaklarin izlenebilirligini ve
siirdiiriilebilir yonetimini sekteye ugratmaktadir. Zengin ve
Glingor (2017) ile Dogan (2018) benzer sorunlara isaret etmis
ve balikgilik verilerinin giivenilirliginin artirilmasinin,
politika yapim siirecleri agisindan kritik bir ihtiyag

oldugunu vurgulamustir.

Nihai olarak degerlendirildiginde, Canakkale’deki su
iirtinleri kooperatiflerinin karsilastifi sorunlarin biiyiik
bolimii  Tiirkiye  genelindeki yapisal  sorunlarla
Ortiismektedir. Ancak, bolgenin denizel gesitliligi, kiy1
yapilarmin karmagikligt ve tarihi-kiiltiirel koruma alanlari
nedeniyle biirokratik zorluklarin daha da yogun yasandig:
goriilmektedir. Bu durum, bolgesel balikcilik politikalarmin
merkezi diizenlemelerden ziyade yerel dinamiklere gore

sekillendirilmesi gerektigini ortaya koymaktadir.

SONUC

Bu arastirma, Canakkale ilinde faaliyet gosteren su
irtinleri kooperatiflerinin mevcut durumunu kapsamli bir
bicimde ortaya koymak, karsilastiklari temel sorunlar
belirlemek ve bu sorunlara ydnelik ¢o6ziim Onerileri
Elde edilen
bulgular, bolgede faaliyet gosteren 26 kooperatifin biiyiik

gelistirmek amaciyla gerceklestirilmistir.
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bir kisminin altyapi, orgiitsel kapasite, pazarlama ve yasal
diizenlemeler agisindan ciddi kisitlarla karsi karsiya
oldugunu gostermektedir. Kooperatiflerin ¢ogunda idari
yapilarin yetersiz olmasi, ag tamir alani, soguk hava deposu
ve mezat yeri gibi tistyap1 eksikliklerinin stirmesi, balik¢ilik
faaliyetlerinin  stirdiiriilebilirligini ve kooperatiflerin
etkinligini 6nemli 6l¢iide siirlamaktadir. Bunun yan sira,
denizel alanlarmn smurl hale gelmesi, avlanma sahalarmin
giderek daralmasi ve amator balikgiigin kontrolsiiz
yayilmasi gibi digsal faktorler de kooperatiflerin {iretim ve
gelir olanaklarini tehdit etmektedir. Arastirma kapsaminda
yapilan goriismeler, kooperatiflerin yeterli kurumsal
destekten yoksun oldugunu, pazarlama faaliyetlerinde
kabzimallara bagimli kalindigini ve balik¢ilik gelirlerinin
istikrarsizlastigini ortaya koymustur. Uyelerin
sosyoekonomik durumunun zayifligi ve artan maliyetler
karsisinda devlet desteklerinin yetersizligi, iretimin
siirekliligini zorlastirmakta ve meslekten c¢ikis egilimini
artirmaktadir. Bu baglamda, su iiriinleri kooperatiflerinin
kurumsal kapasitelerinin giiclendirilmesi, teknik personel
istthdaminin  yayginlastirilmasi, altyapr  ve {istyap:
eksikliklerinin giderilmesi biiylik 6nem tasimaktadir.
Ozellikle kiy1 yapilarinin iyilestirilmesi, liman ve gekek yeri
gibi temel unsurlarin kooperatiflerin kullanimina tahsis
edilmesi, operasyonel verimliligi artiracaktir. Ayrica, mezat
alanlarmin kurulmasi ve dogrudan pazarlama kanallarinin
gelistirilmesi, kooperatiflerin {iriin deger zincirine daha
etkin katilimini saglayacaktir. Yasal diizenlemelerdeki
belirsizliklerin giderilmesi, kooperatiflerin kiralama ve
isletme haklarmin netlestirilmesi ve kamu kurumlar:
arasindaki yetki c¢atismalarmin ortadan kaldirilmasi
gerekmektedir. Ayni zamanda, denetim mekanizmalarmin
avalikla miicadelenin

giiclendirilmesi ve kayit disi

artirllmasi, balikgilik kaynaklarimin = siirdiiriilebilirligini

destekleyecektir. Sonug¢ olarak, bu c¢alisma yalnizca
Canakkale’'ye  6zgii  bir degerlendirme  sunmakla
kalmamakta; Tiirkiye genelinde su urunleri

kooperatifciliginin kars: karsiya oldugu yapisal sorunlara
da 1sik tutmaktadir. Bu baglamda gelistirilen 6nerilerin,
ilgili kamu kurumlar1 ve yerel yonetimler basta olmak
sektordeki

alinmast 6nem arz etmektedir. Kooperatiflerin etkinligini

lizere, tim paydaslar tarafindan dikkate

artirmak, yalmizca balikgilik sektoriintin - degil, kiy1

topluluklarinin  sosyal ve ekonomik refahmnin da

siirdiiriilebilirligini saglayacaktir.

Tesekkiir

Bu c¢alisma ilk yazarin yiiksek lisans tezinden

uretilmistir.

Etik Standartlara Uygunluk
Yazarlarin Katkis1

MZ: Arastirma, Yazma-orijinal taslak hazirlama, Yazma-
inceleme ve diizenleme
SK: Kavramsallastirma, Gozetim ve denetim, Yazma-
inceleme ve diizenleme

Tiim yazarlar makalenin son halini okuyup onayladilar.
Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan
ederler.

insan Haklar1 Beyan1

Calisma yiiz ylize goriismeler yoluyla gerceklestirilmis
olup veri toplama araglar1 hususunda herhangi bir etik
kurul onayma ihtiya¢ duyulmamaktadir. Calismada ilgili

kurumsal ve/veya ulusal arastirma etigi komitesi tarafindan

onaylanmis olup etik standartlara uygun olarak
gerceklestirilmistir.
Finansman

Bu arastirma, hicbir hibe, fon veya baska bir finansman

destegi almamustir.

Veri Kullanilabilirligi

Yazarlar, bu c¢alismanin bulgularim1  destekleyen

verilerin makalede mevcut oldugunu teyit etmektedirler.
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