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AIM & SCOPE

Marine Science and Technology Bulletin is a double-blind peer-reviewed and open-access journal publishing high-quality papers that
original research articles, short communications, and reviews for scientists engaged in all aspects of marine sciences and technology,

fisheries and aquatic sciences, and food processing technologies.

Research areas include (but not limited):

Marine Sciences

Marine Technology,

Fisheries and Aquatic Sciences,
Environmental Science and Technology,

Ocean Engineering,
Aquaculture,
Fish Nutrition,

Disease and Treatment,

Climate Change & Sea Level Changes,

Protection of Organisms Living in Marine Habitats,
Marine Pollution,

Maritime,

Oceanography, Fisheries Technology, Maritime Organizations,

Marine Biology, Aquatic Food Processing, Marine/Maritime Affairs,

Marine Ecology, Microbiology, Management and Economics,

Marine Geology, Algal Biotechnology, Naval Architecture,

Marine Geochemistry, Petrology and Sedimentation, Offshore and Underwater Technology,
Marine Chemistry, Remote Sensing & GIS Unmanned Surface/Underwater Vehicles.
Marine Engineering,

AUTHOR GUIDELINES = Statement on the Welfare of Animals

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/masteb/writing-rules

Types of Paper

e Original research papers; review articles; short communications.

o Original research papers; original full-length research papers
which have not been published previously and should not
exceed 7500 words or 25 manuscript pages (including tables and
illustrations)

o Review articles; on topical subjects and up to 10,000 words or 25
manuscript pages (including tables and figures)

e 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).

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

Publication Frequency

The journal includes original scientific articles on a variety of
different subjects in English and is published four times a year in
March, June, September and December.

Preparation of Manuscripts

Papers must be written in English. Prepare your text using word-
processing software and save it in “.doc” or “.docx” formats. You
can download the full paper template from here. Manuscripts
must be structured in the following order;

o Title page (Separate file)

Title

Author names, affiliations

Corresponding author’s e-mail, Telephone
ORCID iD and e-mail addresses for all authors
e Main text

Abstract

Keywords

Introduction

Material and Methods

Results

O O O O

Discussion
Conclusion
Acknowledgement (if required)
Compliance with Ethical Standards
= Authors’ Contributions
= Conflict of Interest

O O 0O 0O O O O O o

= Statement of Human Rights
= Data availability
o  References

e Table(s) with caption(s) (on appropriate location in the text)
o Figure(s) with caption(s) (on appropriate location in the text)
¢ And appendices (if any)
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.

Title Page

The title page should be included;

o Concise and informative title. Avoid abbreviations and formulae

e The first name(s) and surname(s) of the author(s) (The
corresponding author should be identified with an asterisk and
footnote. All other footnotes (Author(s) affiliation address(es))
should be identified with superscript numbers)

o Author(s) affiliation address(es) (followed by institution,
faculty/school, department, city with postcode, and country) of
each author(s))

e The e-mail address, phone number, fax number of the
corresponding author

e ORCID iD and e-mail addresses for all authors

Main Text
o Abstract (should be between 150 and 500 words. References and
abbreviations should be avoided)

Keywords (provide a maximum of 6 keywords)

Articles must be structured in the conventional format such as
Introduction, Material and Methods,

Results, Discussion,

Conclusion, Acknowledgments, Compliance with Ethical
Standards (Authors’ Contributions, Conflict of Interest,
Statement of Welfare of Animals/Human Rights, Data

Availability Statement) and References.

Each page must be numbered, and lines must be consecutively
numbered from the start to the end of the manuscript.

Do not justify on the right-hand margin.

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

The first mention in the text of any taxon must be followed by its
authority including the year.

o Use italics for emphasis.

e Use only SI (international system) units.
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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:

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.

SA: Designed the study. Carried out the field study.

SB: Wrote the first draft of the manuscript.

SK: Performed laboratory experiments and managed statistical

analysis.

All authors read and approved the final manuscript.
or

SA: Manuscript design, Field sampling, Draft checking.

SB: 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: For this type of study, formal consent is not
required.

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: For this type of study, formal consent is not
required.
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
available in [repository name] at http://doi.org/[doi], reference
number [reference number].

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. Data
are available [from the authors / at URL] with the permission
of [third party].

® 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 presented
in the reference list. Cite literature in the text in chronological,
followed by alphabetical order like these examples “(Mutlu et al.,
2012; Biswas et al., 2016; Kale, 2017a, 2017b; Yanik & Aslan, 2018)”.
If the cited reference is the subject of a sentence, only the date
should be given in parentheses. Formatted like this example:
“Sénmez (2017)” or “Kale (2017a, 2017b)".

e 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, c, 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:

Yamasaki, ]J.,, Miyata, H., & Kanai, A. (2005). Finite-difference
simulation of green water impact on fixed and moving bodies.
Journal of Marine Science and Technology, 10(1), 1-10.
https://doi.org/10.1007/s00773-005-0194-1

Yanik, T., & Aslan, 1. (2018). Impact of global warming on aquatic
animals. Pakistan  Journal of Zoology, 50(1), 353-363.
https://doi.org/10.17582/journal.pjz/2018.50.1.353.363

Sénmez, A. Y., Kale, S.,, Ozdemir, R. C., & Kadak, A. E. (2018). An
adaptive neuro-fuzzy inference system (ANFIS) to predict of

cadmium (Cd) concentration in the Filyos River, Turkey.
Turkish Journal of Fisheries and Aquatic Sciences, 18(12), 1333-
1343. https://doi.org/10.4194/1303-2712-v18 12 01

Preprint Article References:

® [deally, 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.
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® 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.
https://assets.researchsquare.com/files/rs-
468686/v1 stamped.pdf

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.ncbi.nlm.nih.gov/pmc/articles/PMC5736422/?rep
ort=classic

Articles in non-English languages:

Acarly, D., Kale, S., & Kocabas, S. (2020). TCSG-132 Gemi Bati§
Yapay Resifinin (Gokgeada, Kuzey Ege Denizi) Biyogesitliligi
[Biodiversity of TCSG-132 Shipwreck Artificial Reef (Gokgeada,
North Aegean Sea)]. Acta Aquatica Turcica, 16(3), 313-329.
https://doi.org/10.22392/actaquatr.677175

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

Chapter:
Langston, W. J. (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:
Sonmez, A. Y. (2011). Karasu wmaginda agir metal kirliliginin
belirlenmesi ve bulanik mantikla degerlendirilmesi [Determination

of heavy metal pollution in Karasu river and its evaluation by
fuzzy logic]. [Ph.D. Thesis. Atatiirk University].

Conference Proceedings:

Notev, E., & Uzunova, S. (2008). A new biological method for water
quality improvement. Proceedings of the 2nd Conference of Small
and Decentralized Water and Wastewater Treatment Plants,
Greece, pp. 487-492.

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 Science and Technology Bulletin 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 Science and Technology Bulletin 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 Science and Technology
Bulletin 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 Science and
Technology Bulletin 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, 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 Science and Technology Bulletin 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 OF EDITORS AND THE EDITORIAL
BOARD

Editorial Responsibilities and Independence

All editors of Marine Science and Technology Bulletin 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
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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.

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 manuscripts 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
should
background and include scientific evidence in their statements. All

Reviewers construct their criticisms on scientific
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.

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 by 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 in 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
list but can be listed in the
section. The corresponding authors of

involved in the authors’
acknowledgements
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
approved by each author. The editors of Acta Natura et Scientia
are not in a position to investigate or judge authorship disputes
before or after publishing. Such disputes between authors that
cannot be resolved should be directed to the relevant institutional
authority.

If you request to add, delete or rearrange the authors of the
accepted article:

Before online publication: The corresponding author must contact
the Journal Editor-in-Chief/Co-Editor and provide (a) the reason
for the change and (b) the written consent of all co-authors,
including removed or added authors. Please note that your article
will not be published until changes are agreed upon.

After online publication: Requests to add, delete, or reorder author
names in an article published in an online issue will follow the
same policies outlined above and result in a Corrigendum.
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Conflict of Interests

Authors should clearly declare any kind of conflict of interest in
their manuscripts. The absence of conflict of interest about the
topic of the manuscripts should also be declared. The most
common types of conflict of interest are financial support,
education or other types of funds, personal or institutional
relations and affiliations. All sources of financial support (with
their grant or other reference numbers) for the studies should be
declared.

Acknowledgement of References

Authors should not use personally obtained information
(conversations, correspondences or discussions with bystanders)
unless they have the permission of their sources. Information about
private documents or refereeing of grant applications should not
be used without the permission of the authorities providing the
related service.

Peer-Review

Authors are obliged to be involved in the peer-review process and
should cooperate by responding to raw data, evidence for ethical
approvals, patient approvals and copyright release form requests
of editors and their explanations. Authors should respond in either
a positive or a negative way to revision suggestions generated by
the peer-review process. They should be sure to include their
counter views in their negative responses.

Submitting authors must confirm the following:

1. Manuscripts must be the original work of the submitting author.
2. Submitted manuscripts must be unpublished.

3. There should be no conflict of interest. If it exists, it must be
clearly stated.

4. The authors should cite all data sources used in the preparation
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
be sent to the editor.

3. Information pertaining to the manuscript is kept confidential.

4. Information that may be a cause for rejection of publication must
be sent to the editor.

Editors 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. Information pertaining to manuscripts is kept confidential.

3. Any observed conflict of interest pertaining to manuscripts must
be disclosed.

Ethical Guidelines for the Use of Animals in Research

Marine Science and Technology Bulletin 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,

e 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-TR
DIZIN at https://dergipark.org.tr/en/pub/masteb/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: For this type of study, formal consent is not
required.

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: For this type of study, formal consent is not
required.

Corrections & Retractions

Marine Science and Technology Bulletin 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 attempt 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 Science and Technology Bulletin 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
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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
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:

o [f 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 [f the findings have previously been published elsewhere
without proper cross-referencing, permission, or justification
(e.g. cases of redundant publication or duplicate publication).

o [f the research constitutes plagiarism.

® Where there is evidence of fraudulent authorship.

® Where there is evidence of compromised peer review.

o If 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.

ETHICAL GUIDELINES FOR THE USE OF
ANIMALS IN RESEARCH

More detail can be found at
https://dergipark.org.tr/en/pub/masteb/page/5979
OPEN ACCESS POLICY

Marine Science and Technology Bulletin 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 Science and Technology Bulletin follows the guidelines
presented by the Budapest Open Access Initiative (BOAI)
regarding Open Access. It means that articles published in Marine
Science and Technology Bulletin 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/masteb/lockss-manifest
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
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access will require new cost recovery models and financing
mechanisms, but the significantly lower 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.

L. Self-Archiving: First, scholars need the tools and assistance to
deposit their refereed journal articles in open electronic archives, a
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 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 universities
and laboratories that employ researchers, 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, they are 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/masteb/page/9532
ARCHIVING POLICY

Marine Science and Technology Bulletin uses the LOCKSS system
offered by DergiPark. You will be able to access the Journal archive
at https://dergipark.org.tr/en/pub/masteb/lockss-manifest. ~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 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).

All published work is licensed under a Creative Commons

Attribution 4.0 International License.

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 Science and Technology Bulletin.

Marine Science and Technology Bulletin 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 Science and Technology Bulletin
are evaluated by double-blind review method according to the
following steps.

1. Initial Evaluation Process

The studies submitted to Marine Science and Technology Bulletin 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
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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 Science
and Technology Bulletin 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,
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 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 Science and
Technology Bulletin 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, 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

Proof documents will be sent to the corresponding authors via
online submission system. Proofs should be checked immediately
and responses should be returned back within 15 working days. It
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. On the other
hand, errors taking place after proofreading are in the
responsibility of the journal directors.

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.
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Engine room ventilation

Increasing ship energy efficiency is essential to reducing fuel consumption and ship-
based harmful emissions. In a ship’s engine room, there are a lot of electric motors, and
their energy consumption is remarkable. The effective operation of these electric motors
becomes significant when taking into account ship energy efficiency with regard to the
effects on the environment and climate change. The electrical, mechanical, and operational
efficiencies of electric motors can be improved with a variable frequency drive. In order to
improve the ship’s overall energy efficiency, the electric motors used for engine room
ventilation are examined in this paper using variable frequency drives for two different
ambient temperatures. Energy consumption of the engine room ventilation fans is
calculated and the change in the efficiency depending on the air temperature is analyzed.
By using data from actual crude oil tanker ships, the outcomes are compared with those of
the traditional system. The results indicate an energy consumption reduction of more than
80% is achievable by using VFD electric motors for engine room fans. The result
corresponds to 153.279 kWh of energy instead of 613.116 kWh annually.

Please cite this paper as follows:

Inal, O. B., & Kogak, G. (2023). A case study on the variable frequency drive for ship engine room ventilation. Marine Science and
Technology Bulletin, 12(3), 252-258. https://doi.org/10.33714/masteb.1299692

Introduction

Maritime transportation is a vital component of global

pressure of reducing ship-sourced harmful emissions, and
enhance sustainability (IMO, 2020). From this perspective,

energy efficiency plays a critical role for ships, and cannot be

trade, accounting for approximately 90% of its share (Deniz &
Zincir 2016; Inal & Deniz, 2020). The most important
component of maritime trade is ships, which are powered by
marine  diesel engines. Therefore, considering its
environmental effects, the amount of fossil fuel consumed

becomes substantial. The maritime industry is facing increasing
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overstated with many benefits ranging from cost savings to
sustainability. The International Maritime Organization
(IMO), a United Nations agency responsible for the maritime
industry, has implemented a series of rules and regulations

aimed at addressing shipping emissions and promoting
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increased energy efficiency in ships (IMO, 2021). For instance,
the Energy Efficiency Design Index (EEDI) sets energy
efficiency requirements for new ships, while the Ship Energy
Efficiency Management Plan (SEEMP) encourages ship
operators to implement energy-saving measures. Adhering to
these regulations is essential for ships to maintain compliance
and ensure access to ports worldwide. Ships are responsible for
significant global greenhouse gas emissions and air pollutants
(Dere & Deniz, 2019). By embracing energy-efficient practices,
ships can minimize their carbon footprint, reduce harmful
emissions, and contribute to the global fight against global
warming and climate change. Energy-efficient practices can
reduce emissions such as CO,, SOy, NO;, or PM, helping meet
international emission reduction targets and regulatory
requirements (Inal, 2018; Inal & Deniz, 2021).

The energy efficiency of the ships can lead to many
advantages, such as cost savings, environmental sustainability,
fuel consumption reduction, and improved operational
performance. Therefore, energy-efficient practices and
technologies are essential for the maritime industry to move
forward through the challenges of the future and achieve a more
sustainable and efficient shipping sector. Electric motors are
one the most important electricity consumers of ships, and they
can play a critical role in improving the overall energy efficiency
of ships (Schroer et al., 2022). Electric motors are used for
propulsion purposes in almost all machinery systems on ships.
On a ship, electric motors are utilized in the circulation of
various fluids, including those that need to be generated, used,
required, treated, or considered waste (such as centrifugal
pumps, bilge separators, ballast systems, and sewage systems).
They are also employed in the transfer of cargo (using
centrifugal, gear, screw, or piston pumps), as well as in
ventilation, heating, and cooling systems (such as air
conditioning, refrigerators, and fans), and pumping systems.
For instance, based on the examinations conducted on the
Engine Room Simulator of Kongsberg MC-90v, the total load
on the generators during the slow ahead condition of the main
engine is 789.7 kW, of which 694.16 kW is attributed to electric
motors. This means that electric motors account for 87.9% of
the total load on the generator. Similarly, during the full ahead
condition of the main engine, the total load on the generators is
802.24 kW, with electric motors constituting 674.68 kW of that
load. This indicates that electric motors account for 84.1% of
the generator’s load. As a result, it can be understood that by
achieving efficiency in electric motors, the fuel consumption of
the generators can also be reduced.

VED drives are substantial topics for more efficient air
conditioning systems in the previous literature. Some of them

are summarized as follows: Pérez-Lombard et al. (2011)

analyzed the development of building energy codes concerning
Heating, Ventilation and Air-Conditioning (HVAC) systems
and concentrated on energy efficiency of HVAC systems of
non- residential buildings. Awbi (2017) studied the air quality
and energy efficiency of building mechanical ventilation and
distribution systems and compares the traditional and some
new type systems. SeppEnen (2008) studied ventilation
strategies for good air quality and energy efficiency and
described several strategies such as control of air rates by air
quality, efficient air distribution and local control of indoor
climate. Sharapov et al. (2019) studied energy efficiency of
mechanical ventilation systems based on microclimate
parameter analysis. They propose to improve efficiency
through heat recovery of ventilation emissions. Giama (2022)
carried out a review study aiming to analyze ventilation
technologies  considering energy  consumption and
environmental issues using the life cycle approach focusing on
the parameters related to the efficient technical design and
sufficient maintenance of mechanical ventilation systems.
Lonnberg (2007) studied energy savings in hospitals HVAC
systems using variable speed drives and showed that the
ventilation fan motor power factor at 40% flow of air dampers
can be increased from 0.4 to 0.8. Tolvanen (2008) claim that the
energy efficiency of pump and fan systems can be improved by
50% using variable speed drives and show the results of a case
study for a food manufacturer which reached the annual saving
of £30000 in electricity cost. Saidur et al. (2012) studied variable
speed drives for increasing energy efficiency of electrical
motors. They show the relation of speed reduction with
potential energy saving and claim that the energy saving can be
increased to 89% at 60% of speed reduction. One of the
important conclusions of their study is that application of
variable speed drives to HVAC systems provide excellent
opportunities to reduce energy consumption.

In this paper, a case study has been conducted to examine
the energy efficiency capacity that would result from operating
the electric motor of fans used in ship engine room ventilation
more efficiently with VFD (Variable Frequency Drive). By
using data from actual two crude oil tanker ships, the outcomes
are compared with those of the traditional system.

Lastly, the paper is organized as follows: the second section
provides a review of VFD drivers, the third section presents the
case study and discusses the results, and lastly, the final section
concludes the paper by summarizing the findings and

providing suggestions for future research.

VED Drivers

Varijable Frequency Drives (VEDs) play a crucial role in

enhancing the performance and efficiency of electric motors
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(Gritter et al., 2005; Kocak & Durmusoglu, 2017; Su et al., 2014).
There are several important reasons of VFDs for electric

motors:

e  Energy Efficiency

e  Soft Start and Smooth Operation

e  Speed Control and Flexibility

e Improved Motor Protection

e Reduced Mechanical Stress and Wear
e Process Optimization and Control

e  Energy Cost Savings

Energy Efficiency: By altering the frequency and voltage of
the electricity supplied to the motor, VFDs provide precise
control of motor speed and torque. VFDs reduce energy waste
and maximize motor efficiency by adjusting motor speed to the
actual load requirements. As a result, there is a significant
reduction in energy consumption, operational expenses, and
environmental impact.

Soft Start and Smooth Operation: VFDs give electric motors
a soft start and smooth acceleration. VFDs progressively
increase the voltage and frequency rather than starting at
maximum speed and voltage, preventing unnecessary
mechanical stress and wear on the motor and related
equipment. This functionality is crucial for motors moving
high loads or for situations where damage could be done by a
sudden start.

Speed Control and Flexibility: With VFDs, the speed of
electric motors can be easily adjusted within a wide range. This
flexibility allows precise control of the motor operation to meet
specific process requirements. Whether it’s maintaining a
constant speed, varying speeds for different tasks, or ramping
up and down as needed, VFDs provide the ability to adapt
motor performance to changing conditions.

Improved Motor Protection: VFDs offer advanced motor
protection features. They monitor motor parameters such as
current, voltage, and temperature, providing real-time feedback
and allowing for quick response to any abnormalities. VFDs
can detect issues like overload, phase loss, overvoltage, under
voltage, and excessive heat, triggering protective actions to
prevent motor damage and costly downtime.

Reduced Mechanical Stress and Wear: By controlling motor
speed and torque, VFDs minimize mechanical stress on the
motor and connected equipment. Belts, gears, couplings, and
other mechanical components have a longer lifespan and
the
acceleration and deceleration offered by VFDs.

Process Optimization and Control: With the help of VFDs,

motor speed may be precisely controlled, allowing for process

require less maintenance because to progressive

optimization and enhanced system performance. VFDs can

adapt motor speed to the needed flow rate or load in
applications like pumps, fans, and conveyors, maximizing
system efficiency and maintaining stable performance even
under changing circumstances.

Energy Cost Savings: In energy-intensive applications, VFDs
can result in significant cost savings by improving motor
efficiency and lowering energy usage. Energy is used effectively
when motor speed can be adjusted based on demand,
preventing wasteful energy use during periods of low load or

idle operation.

Case Study and Analysis

As is known, ships are constantly in motion and
continuously change their position. While changing their
position, they also encounter different weather conditions,
including different seawater temperatures and different air
temperatures. However, regardless of the air temperature, the
parameters of the machines on the ship always operate at the
same values. Unfortunately, operators have not been able to
fully utilize this situation to their advantage. If this situation is
explained through a fan application, an ordinary electric motor
will operate at the same speed, so the fan will operate at the
same speed regardless of the temperature in the area where the
ship is located. However, a fan with a VED controlled electric
motor, with a temperature sensor placed in the engine room, it
will detect the ambient temperature and bring it to the
temperature range determined by the manufacturer’s software.
If the temperature in the engine room increases due to various
reasons (machines operating under heavy load, ambient
temperature variation due to the sailing area, or work
performed on the engines, etc.), the electric motor will start
drawing more current and accelerate. When the temperature in
the machinery space reaches the designated range in the
software, the electric motor will start drawing less current, slow
down, and attempt to maintain the environment at the same
temperature. However, if the machinery space cools down due
to various reasons (machines being shut down, transitioning to
a port position, or sailing in a cold geography, etc.), there will
be no need for the electric motor to operate at high power.
Therefore, it will operate with much less current, at lower
frequencies, and naturally consume much less power. In this
analysis, crude oil tanker ship data is used to show the energy
efficiency of the VFD drivers for engine room ventilation. Two
different ambient temperatures are benchmarked for two
different systems. The electric motor data is given in Table 1.

The pictures have been taken from onboard the ship which
show the motor current and frequency at 35.9°C and at 30.2°C
ambient temperatures are shown in Figure 1 and Figure 2,

respectively. The left pictures at the figures shows the frequency
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of the electric motors of the ventilation that are 50 and 27 Hertz,
respectively, while the right ones show the motor currents as
21.1 and 10.4 Amperes, respectively.

The case ship loads its cargo at the Hatay port within 2 days
(48 hours), then takes a 2-day (48-hour) voyage in the
Mediterranean Sea (Antalya Gulf) before reaching the
Canakkale Strait. After passing through the Canakkale Strait, it

Table 1. Electric motor data for different conditions

continues its voyage for 12 hours and finally reaches the
discharge port of Kocaeli, where it takes approximately 30
hours to discharge the cargo. Throughout this journey, the
tanker is constantly in different positions for certain periods of
time, either sailing or in loading/discharging status, and it is
also affected by different sea water and air temperatures. The

operation details according to duration are given in Table 2.

Parameter Value

Motor Power and Frequency 22 kW and 60 Hz
Daily Operation Time 24 hours

Motor Load without VFD at all temperature 100% Load and 22 kW

Motor Load with VFD at 35.9°C and 50 Hz
Motor Load with VFD at 30.2°C and 27 Hz

84% Load, 10.5 kW and 21.1 Amper
45% Load, 1.1 kW and 10.4 Amper

TOP ALARM FAULT

Figure 1. Electric motor frequency and current at 35.9°C ambient temperature

O
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Table 2. Summary of operation profile of the case ship

Operation Duration (hours)
Loading 48
Sailing 60
Before Canakkale Strait Sailing 48
After Canakkale Strait Sailing 12
Discharge 30
Total Operation 138

Table 3 resumes the results of the electric motor energy
consumption with VFD and without VFD. Two columns are
separated into 3 sub-columns by showing the voyage hours,
motor loads, and energy consumptions. The electric motors are
the same with a power of 22 kW. Energy consumption are
calculated by the multiplication of operation time and power
requirement.

If the values are compared, an electric motor without VFD

continuously running at the same speed consumes 3036 kWh

of energy throughout the journey, while an electric motor with
VED consumes only 603 kWh which means that more than 80%
decrease in energy consumption, as shown in Figure 3. This
indicates that if an operator decides to use VFD, they can save
2433 kWh of energy from just one electric motor in a single
journey. Assuming this ship makes the same journey 63 times a
year, it will save a total of 153.279 kWh of energy annually. In
the mentioned case ship, there are a total of 4 fans, and all the
motors read the temperature from the same sensor, so they
operate at the same load. Therefore, a total savings of 613.116
kWh (153.279%x4) can be achieved. Thus, it can be said that in
today’s technological conditions, the use of VFD in machinery
space fans on ships has become not a luxury but a necessity. The
fuel consumption of marine diesel generators onboard the ship
is 205 g/kWh. According to the previously calculated energy
deficit, approximately 125 tons less marine diesel oil will be
consumed, yearly. Since the carbon factor of diesel fuel is 3.206,

there is a 402 tons reduction in carbon dioxide emissions.

1200
1056 1056 m Without VFD m With VFD
1000
800
660
600
400
264
200
52.8
132 33
0
Loading Port Before Canakkale After Canakkale Discharge Port
Figure 3. Ventilation fan energy consumption (kWh)
Table 3. 22 kW electric motor data with and without VFD
Ship’s Position Electric Motor without VFD Electric Motor with VFD
Voyage  Load Energy Consumption Voyage Load  Energy Consumption
(hours) (%) (kWh) (hours) (%) (kWh)
At Loading Port 48 100 1056 48 84 504
Voyage through Canakkale Strait 48 100 1056 48 45 52.8
Voyage after Canakkale Strait 12 100 264 12 45 13.2
At Discharge Port 30 100 660 30 45 33
Total 138 3036 138 603
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Conclusion

The use of Variable Frequency Drives in ships has emerged
as a crucial solution to optimize energy efficiency and
performance in marine operations. The continuous movement
and changing environmental conditions experienced by ships
necessitate the adaptation of machinery systems to varying
loads and temperatures. Electric motors may vary their speed
and power usage in response to the environment thanks to the
sophisticated control mechanisms provided by VFDs, which
result in significant energy savings.

Through the case study of a crude oil tanker, it becomes
evident that the implementation of VFDs in machinery space
fans yields significant energy conservation. The comparison
between an electric motor without VFD and one equipped with
VFD demonstrates a remarkable reduction in energy
consumption during the ship’s voyage. When extrapolated to a
large-scale fleet, the annual energy savings achieved through
VED utilization exemplify the substantial positive impact on
energy efficiency and environmental sustainability.

Moreover, the advantages of VFDs extend beyond energy
efficiency. These systems provide enhanced control over engine
operations, contributing to improved performance, reduced
wear and tear, and increased lifespan of equipment. The ability
to adjust motor speed and torque based on real-time conditions
enables optimized operation, leading to enhanced reliability
and operational safety. In light of these findings, it is evident
that the integration of VFDs in ships’ electrical systems has
transitioned from being a luxury to a necessity. Ship operators
and industry stakeholders should recognize the significant
benefits of VFD technology and actively promote its adoption
across the maritime sector. Government regulations and
incentives can play a crucial role in encouraging the widespread
implementation of VEFDs, leading to a greener and more
sustainable maritime industry.

Future studies should examine more VFD technology uses
in different maritime systems and assess how they affect the
overall performance of the vessel. The effectiveness and
dependability of VFD-driven systems on ships can also be
improved through the development of sophisticated control
algorithms and preventative maintenance techniques. And last,
the incorporation of VFDs into ships is a game-changing
development in marine engineering, resulting in significant
energy savings, enhanced functionality, and environmental
sustainability. In the face of environmental difficulties and strict
regulatory frameworks, embracing this technology is essential
to address the growing need for efficient and environmentally

friendly maritime transportation.
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Introduction

The the
Aulopiformes), collectively called lizardfishes, form important

species  of family ~Synodontidae (order:
demersal fishery resources in tropical and subtropical regions
of the world (Najmudeen & Zacharia, 2015). Lizardfishes are
marine and bottom-living species, predominantly inhabiting
shallow waters. These small to medium-sized fishes are
voracious carnivores, with most of them having mottled
patterns to mimic their surroundings for protection from
predators (Norman, 1935). This group of fishes was considered
as bycatch in shrimp trawlers, but now, they are one of the
major contributors in the demersal finfish category in India
(Zacharia et al,, 2019) due to their nutritive value, surimi grade
flesh and growing consumer acceptance (Sivakami et al., 2003).

The family is represented by 71 species (Russell, 2022) in
four genera across the globe, namely Harpadon Lesueur, 1825;
Saurida Valenciennes, 1850; Synodus Scopoli, 1777 and
Trachinocephalus Gill, 1861. Trachinocephalus is distinguished
from other genera by a blunt head with a relatively short snout,
8 pelvic rays and a longer anal fin base (with 14 or more rays)
than the dorsal fin base (Anderson et al., 1966). It was
considered to be a monotypic genus with a single species,
Trachinocephalus myops, with circumtropical distribution
(Briggs, 1960). As a result, all the species identified under the
genus were assigned the name T. myops without any detailed
taxonomic analysis.

Genus Trachinocephalus is not commonly targeted in
substantial commercial fisheries as it is generally not
considered a highly prized food fish, except in Southeast Asia
(Kizhakudan & Gomathy, 2007). It primarily inhabits sandy
bottoms, with its distribution ranging from the littoral zone to
depths of at least 100 meters (Fischer & Bianchi, 1984).
Additionally, it can be found in muddy bottoms of bays and
coastal waters (Fischer & Whitehead, 1974). According to
Harper et al. (2022), Trachinocephalus exhibits a distinctive
behaviour of burying itself in the sand, leaving only its eyes
exposed. This burrowing behaviour is likely an adaptive
strategy to conceal itself from potential predators.

However, a recent molecular and morphological study on
the specimens of T. myops from different parts of the world
confirmed the presence of at least three species in this group
(Polanco et al., 2016) viz; T. myops (Forster, 1801) (type species)
with restricted distribution to the Atlantic Ocean, resurrected
T. trachinus (Temminck & Schlegel, 1846) as the valid name for
the Indo-West Pacific Ocean species and T. gauguini Polanco,
Acero & Betancur, 2016, a new species endemic to the
Marquesas Archipelago. Further, a new species T. atrisignis
Prokofiev, 2019 was described by Prokofiev (2019) from the

Western Indian Ocean near Socotra Island, which differed from
other representatives of the genus by a saturated black spot on
the dorsal fin tip, making the number of known species to 4
under genus Trachinocephalus.

The present study aims to address the lack of a detailed
taxonomic evaluation of the genus Trachinocephalus in Indian
waters. The primary goal is to identify and confirm the species
of Trachinocephalus that are found along the Indian coast
(Arabian Sea and Bay of Bengal). To achieve this, the study has
employed an involves a

integrated approach, which

combination of morphological and molecular methods.

Material and Methods

A total of 74 individuals of Trachinocephalus sp. were
collected from eight locations along the Indian coast during
January-April 2022. On the west coast (Arabian Sea), the
samples were collected from Neendakara (n=10) [8°56’11.76” N
& 76°32°13.92” E], and Kalamukku harbours (n=7) [9°59°0.96”
N & 76°14°32.28” E] in Kerala, Dhakke fishing harbour in
Karnataka (n=20) [12°51’15.84” N & 74°49’59.88” E], and
Panjim fishing harbour in Goa (n=5) [15°24'48.96” N &
73°47°44.16” E]. On the east coast (Bay of Bengal), the samples
were collected from Tuticorin (n=11) [8°4522.68” N &
78°10°44.76” E] and Kasimedu (n=7) [13°7°35.04” N &
80°17°42.72” E] fishing harbours in Nadu,
Visakhapatnam fishing harbour (n=6) [17°41’8.16> N &
83°13’6.6” E] in Andhra Pradesh and Arjipalli fishing harbour
(n=8) [19°10°52.68” N & 84°34°30.72” E] in Odisha (Figure 1).

Tamil

Figure 1. Sampling locations

The specimens were captured by commercial bottom trawls,
operated at 150-200m depth range. The specimens were kept in
ice and transported to the laboratory in an insulated box. The
morphometric characters were measured using a digital

Vernier Calliper to the nearest 0.1 mm following Polanco et al.
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(2016), followed by counting the meristic traits. Abbreviations
used throughout the text include HL (head length) and SL
(standard length). Morphometric traits were expressed in
percentage of standard length (for body measurements) or
percentage of head length (for head measurements).

The total genomic DNA was isolated from muscle tissue
following the protocol provided by Sambrook & Russell (2006)
with The
cytochrome ¢ oxidase subunit I (COI) region was amplified
using the reported primers (FishF1 and FishR1) (Ward et al.,
2005). The PCR was carried out in a 50 pL reaction 2 pL of 100
ng/ pL of template DNA, 5 pL 10X Taq buffer containing 1.5
mM MgCl, 1 pL dNTPs (10 Mm), 2 pL forward (10 pmol) and
reverse (10 pmol) primers each, 0.5 uL Taq DNA polymerase (5

some modifications. partial mitochondrial

U/uL) and 37.5 pL of nuclease free water. The thermocycling
profile for the reaction was set as initial denaturation at 95°C
for 5 minutes, followed by 40 cycles of denaturation at 95°C for
30 seconds, annealing at 54°C for 30 seconds and extension at
72°C for 60 s, with a final extension at 72°C for 10 minutes.

The amplicons were purified and sequenced in both
directions using the primers (Agri genome, Kochi). The Phred
quality score of each nucleotide was assessed using FinchTV
software to ensure the quality of sequences. The sequences’
open reading frame (ORF) was predicted using the NCBI ORF
finder tool, and the sequences were submitted to the NCBI with
accession numbers 0Q629671-76.

An additional dataset was prepared for species delimitation
by downloading the reported COI sequences of all species of
Trachinocephalus from the NCBI GenBank. The present study
and reported sequences were aligned using the Clustal W
programme implemented in the MEGA11 software (Tamura et
al., 2021). The pairwise genetic distance values were estimated
using the Kimura-2-parameter model using MEGA11. Species
delimitation analyses was carried out using Assemble Species
by Automatic Partitioning (ASAP) (Puillandre et al., 2021),
Poisson Tree Processes (PTP) model and General Mixed Yule
(GYMCQC)
(https://species.h-its.org/ptp/). A neighbour-joining tree was

Coalescent models  using online  tools
constructed with 100 pseudo replications using MEGAI1

software.

Results

During the present study, 74 specimens ranging in size from
99.3-224.8 mm SL (mean:
morphological characters. The examined specimens are

156.5) were examined for

deposited at the Aquatic Biodiversity Museum and Repository,
ICAR-CIFE, Mumbai, India under registration number

CF1KAO0152. The observed diagnostic characters are described
below.

Diagnostic Characters

Body moderately elongated and cylindrical. Head not
depressed, with head length 3-1-4-0 times in SL; snout short and
blunt, shorter than eye diameter. Eyes placed forward nearer to
the anterior end of the upper jaw. Mouth strongly oblique with
toothed tongue and closely set teeth, organized in rows. A single
row of teeth on upper jaw, visible even when mouth closed. The
origin of dorsal fin base slightly nearer to the snout than the
origin of the adipose fin. Origin of pelvic fin placed before the
tip of pectoral and extend beyond the dorsal fin base. Pelvic fin
rays sub-equal, with internal rays longer than external ones.
Anal fin base much longer than the dorsal fin base.
Proportional measurements of the species are provided in Table
1.

Meristic counts varied, dorsal fin with 11-14 (12) rays,
pectoral fin 11-13 (12) rays, anal fin 13-17(16) rays, lateral line
54-58 (56) scales and pre-dorsal 15-18 (16) scales. These counts
were found to be overlapping with T. myops (Table 2).

Colour

A large dark oval blotch on upper corner of operculum in
fresh specimens. Trunk with yellow and blue intercalated
longitudinal stripes, belly whitish to pale yellow. Pectoral,
caudal and distal part of anal fin dark yellow; proximal part of
anal fin pale, dorsal fin with alternating yellow stripes, pelvic fin

with an oblique yellow stripe when stretched (Figure 2a). The

formalin-preserved specimens look pale in colour (Figure 2b).
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Figure 2. Images of Trachinocephalus trachinus (a) fresh
specimen collected from Visakhapatnam fishing in Andhra
Pradesh; SL 213 mm and (b) Formalin preserved collected from
Kasimedu fishing harbours in Tamil Nadu, SL 152 mm
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Table 1. Morphometric characters of T. trachinus compared with previous studies

Authors Present study Palanco et al. (2016) Palanco et al. (2016)

Species T. trachinus T. trachinus T. myops

Sample Size n=74 n=66 n=>53

Morphometric data  Range Mean+SD  Range Mean+SD  Range Mean = SD

Standard length(mm)  99.3-224.8 156.5 65-3-228 137-1 34.8-242 141.3

Depth 15.70-21.88 18.37 +£1.35  10-4-20-7 17-5 £1-8 12.8-217 17-4+2.0

Head length 24.65-32.36 28.21 +1.42  25-2-31-8 29-1+14 24.7-31-3 28-8+ 1.2

Snout length 6.30-13.97 8.79 £1.69 8:9-14.7 12313 8-7-14-8 12-1+1-4

Eye diameter 9.06- 21.10 14.06 £2.18  11.0-22-6 16:6 £2.1 10-8-21-7 15.7+2.5

Pre-Pelvic length 29.43-36.77 32.60 £1.66  28-4-359 33.0 £1.7 30-5-40-0 34.5+1-8

Pre-dorsal length 39.05-43.47 40.85+1.17  37-4-43.5 40-2+1-5 37.7-45-1 40-8+1-3

Pre-adipose length 80.78-86.75 83.65+1.21 - - - -

Pre-anal length 62.53-69.96 67.26 £1.55 61-4-70-2 65-0 £2-0 62:6-70-5 66-2+1-9

Dorsal-adipose 41.07-46.51 43.44 £1.06  40-3-46-4 42.6x1-4 40-2-46-7 42.5+1-4

length

Dorsal height 15.78-20.97 18.18 £1.34  15-8-26-2 197 £1.7 14-1-23.9 18.7+2-4

Pectoral length 9.85-15.40 13.14 £1.07  10-2-14-0 12.0+0-9 10-5-14-0 11-8+0-8

Pelvic length 21.13-31.21 26.83 £1.90  22-2-29-3 25-8+1-5 22:3-30-4 25.7+1-4

Dorsal base 15.27-19.29 17.63 £0.96  15.0-18.7 16-9+0-8 13-8-19-3 16-2+1-3

Anal base 19.22-26.78 23.85£1.58  20:6-26-8 24-3+1-4 21.1-27-6 23.8+1:5
Table 2. Meristic data of specimens examined in this study. Data from Polanco et al. (2016) is included for comparison

Authors Present study Palanco et al. (2016) Palanco et al. (2016)

Species T. trachinus T. trachinus T. myops

Sample Size n=74 n=75 n=>55

Meristic data Mode Range Mode Range Mode Range

Dorsal fin rays 12 11-14 12,13 11-14 12 11-14

Pectoral fin rays 12 11-13 12 11-13 12 11-13

Anal fin rays 16 13-17 16 13-18 15 13-16

Lateral line scales 56 54-58 56,57 53-58 57 54-60

Pre-dorsal scales 16 15-18 16 14-20 17 15-20
Table 3. Genetic distance values of Trachinocephalus species

Clade 1 Clade 2 Clade3 Clade 4 Clade 5 Clade 6

Clade 1 0.8

Clade 2 3.5 0.4

Clade 3 16.6 17.5 0.4

Clade 4 16.4 16.7 19.8 0.1

Clade 5 19.5 19.2 18.6 18.0 10.9*

Clade 6 16.9 17.0 18.3 18.1 10.8 1.4

Amplification of the mitochondrial COI gene resulted in

650 bp amplicon, and sequencing revealed 600 bases. The poor-

quality bases (Q<30) were trimmed using FinchTV software to

get the final sequence length of 550 bases. The predicted

continuous ORF showed a lack of stop codons, insertions and

deletions. Species delimitation analysis using the combined

dataset (present & reported study) revea

led a neighbour-

joining tree with six distinct clades (Figure 3). The present study

species clustered in clade-1 along with T. trachinus, reported
from the Gulf of Oman (0Q199052); sequences named T.

myops, deposited from the west Indo-Pacific

region (Figure 3).
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The pair-wise genetic distance values among the clades are taxonomic units) with the lowest asap score of 2.50 (the lower
more than 3%, suggesting the occurrence of six species (Table the score, the better the partition). The histogram of the genetic
3). The Assemble species by automatic Partitioning (ASAP) distance value shows the discontinuous distribution ranging
analysis also showed the presence of six species (operational from 0 to 0.18 (18%) (Figure 4).

T. myops (JF494713: South Africa)
T. myops (KF489785: South Africa)
T. myops (MF040909: South Afitca)
T. myops (MF120943: Madagascar)
T. myops (MF120944: Reunion)
T. myops (EF609633: India)
T. myops (JF494714: South Africa)
T. myops (JO681513: South China Sea)
T. myops (MT742100: Indian Qcean)
T. myops (MW649921: India)
T. myops (MN3512121: Pakistan)
T. myops (MN512122: Pakistan)
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T. myops (MF040911: Indonesia)
T. trachimis (Present study)
T. trachimus (Present smi‘vi
T. trachinus (Present study
T. trachinus (Present study) Clade I
T. myops (EF609632: India)
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T. myops (MF040903: Australia)
T. myops (EUS95323: South China)
T. myops (HQO5645500: China)
T. myops (MF628296: China)
T. myops (KP266842: South China)
T. myops (KP266842: South China)
T. imyops (HQS564551: China)
T. myops (MK777119: Tatwan)
T. myops (MK777120:Vietmam)
T. myops (ME777121:Vietnam)
T. myops (MW379706:South China)
T. myops (MN2223576:China)
T. myops (MZ422147 :Vietham)
T. myops (MF040902: Indonesia)
T. myops (MF040907: Philippines)
T. myops (KT284892: South Sea))
T. myops (OL409502: Madagascar)
T. myops (MW649926: Induﬁ
100 T ti'acﬁ:mm (OQ199052: Guif of Oman)
T. myops (MF040520: Austraiia)
T. myops (MF040921: Indonesia)
T. myops (MG751097: Papua New Guinea)
T. trachinus (Present study)
T. trachinus (Present study)
T. myops (MK340736: Bangladesh)
T. myops (MK340735: Bangladesh)
Trachinocephalus sp.(OL409335: Madagascar)
Trachinocephalus sp.(KF489786: South Africa)
Trachinocephalus sp.(OL409913: Madagascar)
T T. myops (MF040901: South Afiica)
T. myops (MF040812: Mozambique)
Trachinocephalus sp. (OL409569: Madagascar)
100 T. myops (MW379673: South China)
T. myops (DQ521015: Hmu?n)
T. myops (AP004203:Japan
T mi'ags ?KU943079: ﬁznmn} Clﬂde 2
T. myeps (KU943085: Taiwan)
100‘ T. gauruani (MG751098: New Guinea)
Trachinocephalsu sp. (MF120942: Madagascar)
T. myops (KP099622: Marquesas islands) Clade 3
T. gauguini (MG751099: Papua New Guinea)
T. trachinust (MT076390: UAE)
Trachinocephalus (KU499591: Saudi Arabia)
100 | 7. trachin (MT076551: UAE)
| T. trachinus (MT0765892: UAE)

T. trachinus (LC543927 Egypt) Clade 4

T. trachinus (MT076891: UAE)

T. trachinus (LC571897: Egypt)

E T. myops (KT075301: USA)
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T. myops (JX519395: USA)
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100 T. myops (KJ679905: India)

Trachinocephalus sp. (MF040908: Pjilippines)
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002

Figure 3. Neighbour-joining tree of the genus Trachinocephalus constructed using the COI gene. The values above the nodes represent
the bootstrap values
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Discussion

Taxonomic evaluation during the present study, confirms
that the Trachinocephalus species inhabiting the Indian waters
is T. trachinus, which was earlier misidentified as T. myops due
to morphological similarities. T. trachinus was reported from
Myanmar waters (Psomadakis et al., 2019) and Iranian waters
of the Gulf of Oman (Alavi-Yeganeh & Bozorgchenani, 2023)
which was also earlier misidentified as T. myops.

At present, there are four reported species under the genus
in the world. T. trachinus lack a saturated black spot on the
dorsal when compared to T. atrisignis, while T. gauguini has
reduced snout and broader dark blotch beneath the eye to
distinguish from T. trachinus (Wang et al., 2018). Most of the
morphometric and meristic data show substantial overlap
between T. myops and T. trachinus (Tables 1 & 2). Few meristic
characters which showed differences between the species are
the modal value of anal fin rays 16 (vs 15), lateral line scales 56
(vs 57) and pre-dorsal scales 16 (vs 17). The colour patterns of
the body can also be used to differentiate T. myops and T.
trachinus in fresh condition. Both the species have alternating
yellow and bluish stripes on the body, but there are brown rings
running on transverse section only on the trunk of T. myops.

The results from the species delimitation analysis indicate
the occurrence of more than four species with a considerable
amount of genetic divergence. This observation is in
congruence with the previous study by Polanco et al. (2016).
Hebert et al. (2003) reported that a genetic distance value of
more than 3% between the sequences could indicate distinct
species. In the present study, the genetic distance values among
the clades are more than 3%, confirming the occurrence of

different species. The sequences named T. trachinus in Clade 4

could be a different species, and this observation warrants
further study on this group. Accordingly, the genetic distance
value between Clade 1 and 4 is more than 3%, i.e., 16.5%. Thus,
the sequences/species clustered in the ‘Clade-1’ can be
considered T. trachinus, as it includes the sequences from
present study and the reported sequence of T. trachinus from
the Gulf of Oman. Recently, Alavi-Yaganeh & Bozorgchenani
(2023) reported the species of Trachinocephalus available in the
Gulf of Oman as T. trachinus using the barcoding approach.

Briggs (1960) included T. myops in his checklist of
circumglobally/ nearly circumglobally distributed species, as
one of the several shore species that is well established in the
warm waters of all oceans (except the eastern Pacific Ocean due
to the eastern Pacific barrier that obstruct the cosmopolitan
distribution of species). But many of such species were later
found to split into multiple species like striped mullet Mugil
cephalus (Rocha-Olivares et al.,, 2000), crevalle jack Caranx
hippos (Smith-Vaniz & Carpenter, 2007), crestfish Lophotus
capellei (Craig et al., 2004). These reports show that
identification of widespread (circumtropical) species has been
misled by morphological conservatism, cryptic species and
taxonomic complexes.

Many recent studies revealed higher species diversity when
molecular tools are employed compared to relying only on
morphological characters for species identification (Coates et
al., 2018). Struck & Cerca De Oliveira (2019) reported that
utilization of genetic tools amplifies the description of cryptic
species, a terminology used to refer a taxon that cannot be
identified morphologically, yet evidence indicates that they are
on different evolutionary tracts. In short, cryptic species are
species with shallow morphological differences and
considerable genetic distance (Struck et al., 2018). Utilization of
tools in taxonomic studies in
has

morphologic traits with deep genetic divergence between

molecular genus

Trachinocephalus shown extremely conservative
species.

Morphological conservatism in related species results in
incongruent taxonomic identification. Phenotypic stasis and
massive genetic divergence like that found in the present study
was also observed in a tropical fish Pantodon buchholzi (African
freshwater butterflyfish) by Lavoué et al. (2011). Neves et al.
(2020) reported extreme morphologic conservatism with wide
distributions and high genetic divergence in cryptic Mugil
species. The negligible morphological differentiation and an
accelerated rate of evolution in the mitochondrial genome of
detailed

understanding of extrinsic and intrinsic constraints on

Trachinocephalus ~ demands study for better

phenotypic evolution. At the same time, presence of more than
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four species in the species delineation analysis demands for a

comprehensive  taxonomic  study of the  genus

Trachinocephalus.
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Introduction

Car carriers are ships designed to transport automobiles,
lorries, buses, and other wheeled vehicles in combinations
(Kang et al., 2012). Roll-on, roll-off (Ro-Ro) ships are a type of
these vessels because the loading and unloading processes are
similar as well. Pure Car Carriers (PCC) are vessels that
transport only cars, whereas Pure Car Truck Carriers (PCTC)
transport other forms of wheeled cargo (Yasukawa, 2019). In
addition to cargo ships, there are several other varieties of Ro-
Ro ships, including ferries and even military tanks (Kennedy,
2023).

Car carriers load and unload without cranes or pumps,
unlike other ships. The ramps, usually at the ship’s stern or stem
(rarely on the side), allow wheeled vehicles to be moved to their
specified spots on the ship, and the cargo is unloaded at the
planned port by reversing the procedure (Tuswan et al., 2021).
It has a different load capacity measurement standard, such as
DWT on cargo ships and TEU (Twenty Foot Equivalent Units)
on container ships, the total loading length in lanes on Ro-Ro
ships, or the total number of vehicles it transports (Sun et al.,
2022). The greatest Pure Car Carrier (H6egh Target) is capable
of transporting up to 8500 cars on fourteen distinct decks and
is designed for trade between East Asia and Europe
(Nieuwenhuis, 2017). Despite its highest payload, this ship is
not the longest vehicle carrier because it is approximately 200
meters long and 36 meters wide.

Car carriers are readily identifiable from the exterior due to
their conspicuously elevated sideboards (Simopoulos et al.,
2008). Due to the large surface area of their sides, ships are
susceptible to drifting off course in strong winds (Thies &
Ringsberg, 2023). Stacking decks on top of each other increases
the transport capacity of the vehicle. To prevent cargo space
loss, tween decks are arranged to attain maximum loading
capacity (Skoupas et al., 2009). In addition, two ramps, one at
the bow and one at the stern, are utilized to complete loading
and unloading in the shortest amount of time feasible (Sun et
al., 2022).

In the atmosphere, gases that absorb and emanate infrared
radiation from the sun are referred to as Greenhouse Gases due
to their effect (Kavli et al., 2017). Although these gases occur
naturally in the atmosphere, variations in their concentrations
caused by human activities contribute to global warming
(Salinger, 2005). Carbon dioxide has the largest proportion of
the greenhouse gases that contribute to global warming (Zhong
& Haigh, 2013). Carbon dioxide accounts for the largest portion

of greenhouse gas emissions at 74.4%, followed by methane at

17.3% (Shepherd et al., 2015). Others include nitrous oxide,
sulfur hexafluoride, hydrofluorocarbons, perfluorocarbons,
and NF; (nitrogen trifluoride) (Zhou & Feng, 2014). The
primary causes of the global increase in greenhouse gas
emissions are listed as fossil fuel use (87%), Land-use-related
(9%), (4%), breathing,

decomposition and dissolution mechanisms, natural causes,

forest loss industrial processes
ocean discharge, and anthropogenic causes (Mikhaylov et al.,
2020).

In addition to these, greenhouse gases are responsible for
the fact that the Earth is not a frozen sphere (Kweku et al,
2017). Without the greenhouse effect, the average temperature
on Earth would have decreased from 14 degrees Celsius to -18
degrees Celsius (McClintock et al., 2008). Human actions like
the natural greenhouse effect have increased greenhouse gas
accumulations in the atmosphere, raising global surface
temperatures and causing climate change.

The most well-known carbon emission regulation is the
Paris Agreement. The aim of the legislation signed by 196
countries on December 12, 2015, is to limit global warming to
less than 2 degrees Celsius, preferably 1.5 degrees Celsius
(Sachs, 2020). This corresponds to levels before the industrial
revolution. The European Green Agreement signed in 2019 sets
the goal of reducing EU country emissions by 55 percent by
2030 compared to 1990 and achieving carbon neutrality by
2050 (Perissi & Jones, 2022).

The International Maritime Organization (IMO) has
enacted various regulations to decrease carbon emissions from
ships. The rules were first put in place in 2008. It also tries to
cut carbon emissions gradually (Wang et al., 2021). The main
aim is to cut GHG emissions by approximately 50% by 2050
compared to 2008 (Issa et al., 2022). The IMO attempts to meet
these goals through a variety of regulations. The regulations
became implemented as part of MARPOL Annex VI, primarily
aimed to reduce air pollution from ships (IMO, 2022). These
standards are the Energy Efficiency Design Index (EEDI),
Energy Efficiency Existing Ship Index (EEXI), Energy
Efficiency Operational Index (EEOI), Ship Energy Efficiency
Management Plan (SEEMP), and Carbon Intensity Index (CII).
EEDI attempts to reduce CO, emissions per unit of transport
by improving ship-carrying capacity during the building phase
or by implementing measures to improve energy efficiency
(Polakis et al.,, 2019). EEXI “describes standardized CO,
emissions based on installed engine power, cargo capacity, and
ship speed” and “identifies CO, emissions per cargo ton and
transport.” In other terms, the EEXI establishes a CO, emission

limit per unit of transportation supply (Rutherford et al., 2020).
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New and existing ships must keep a ship-specific Ship Energy
Efficiency Management Plan (SEEMP) that can be linked to the
Safety Management System. SEEMP will be IMO-compliant.
The January 1, 2013 requirements apply to all vessels with a
gross tonnage of 400 or greater (Hasan, 2011).

Emissions from ships depend on numerous other variables,
such as the fuel type, the ship’s machinery, cruising duration,
cruising speed, and occupancy rate (Tadros et al., 2022). Low-
and medium-speed diesel engines, as well as steam and gas
turbine engines to a lesser extent, are what power the majority
of commercial vessels (Mihail-Vlad, 2018). In marine shipping,
fossil fuels are used in ship machinery. The ecology and human
health suffer from these emissions. If we call the pollution seen
in people’s immediate environment, such as inland water,
narrow channels, gulfs, ports, beaches, and seashore
settlements, pollution of the immediate environment, we can
also refer to the pollution we don’t notice but that has global
effects on our environment. Its also termed global
environmental contamination. Principal forms of emissions
from commercial ships are carbon dioxide (CO,), carbon
monoxide (CO), sulfur oxides (SOx), nitrogen oxides (NOx),
hydrogen chloride (HC), dust or particulate matter (PM), and
organic volatile vapors and gases (VOC) (Xing et al., 2020).

In regions with dense ship traffic, emissions from ships are
concentrated, and measures are taken to reduce and keep them
under control (Ampah et al., 2021). With the implementation
of MARPOL Annex VI, the

Organization (IMO) has enacted several regulations regarding

International Maritime
ship emissions of exhaust gases. Many standards regarding
nitrogen oxides (NOx), sulfur oxides (SOx), and particulate
matter are still in effect, assisting to improve air quality.

Ship CO; emissions are reduced in several ways. These apps
fall under three categories. First, it reduces engine power
through energy efficiency. These applications generally involve
waste heat recovery, propeller and rudder design optimization,
hull shape, and hull pollution (Beckmann & Steen, 2016).
Second, use alternate ship fuels. After 2030, hydrogen and
ammonia will replace LNG as ship fuels (Fayaz et al., 2012; Law
et al., 2023; Shin & Park, 2023). Finally, if renewable energy
sources or alternative fuels are to be used, it is thought that
carbon capture systems will have a significant impact on
reaching the 2050 IMO targets (Lee et al., 2021).

Since electric vehicles are today’s new technology products,
they must be transported from the production place to the
consumption location. This necessitates an evaluation of both
the stability of current ships and compliance with the

regulations limiting greenhouse gas emissions, which are

primarily caused by the transportation of ships and vehicles and
represent the novelty of the study. In this study, the
transportation of electric vehicles on Ro-Ro ships was evaluated
instead of vehicles using traditional fossil fuels, which play an
important role in reducing greenhouse gases. The effects of
carrying electric vehicles instead of conventional vehicles on
ship stability were explored in the studies. Furthermore, the
effect of carbon capture systems on Ro-Ro ship applications on
ship stability and EEDI has been assessed for various scenarios.
Carbon capture systems are one of the most effective techniques
for lowering CO, emissions in line with IMO 2050 targets. In
this context, the following sections of this study perform EEDI
and stability calculations both in the presence and absence of
electric vehicles and with and without CCS. Thus, the combined
application of electric vehicle transport and carbon capture
systems in Ro-Ro ships will be evaluated, which has not been

performed before in the literature.

Material and Method

General Specifications of the Concept Ship

A concept design of a PCC-type Ro-Ro ship has been
modeled, and features such as the main engine power and type,
which are determined based on the approximate calculation of
the general weight groups, hydrostatic and stability values, and
resistance-power calculations, are completed within the scope
of the ship’s preliminary design calculations. When calculating
stability and resistance power, it is presumed that the ship floats
in two drafts, 10.50 m, and 11.11 m. The 10.50 m water draft is
required to transport vehicles that have conventional engines.
The 11.11 m water draft is required if the entire cargo consists
of new-generation electric vehicles. In addition, stability
calculations were performed for both the presence and absence
of carbon capture equipment, considering that waterlines
remained unchanged. Consequently, the resistance-power
calculation comprises two combinations, while the stability
calculation comprises four. The fundamental characteristics of
the ship are detailed in Table 1.

The concept design PCC Ro-Ro ship has 14 vehicle decks
and allows for the loading of a total of 7700 cars. The overall
design of the ship designed within the scope of this study is
depicted in Figure 1, and it is designed to have a conventional
propulsion system consisting of a single internal combustion
main engine and a propeller.

The weight groups of the ship were calculated using
empirical formulas from the literature, and the method of

estimating values based on empirical formulas is frequently
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used within the preliminary design phase of ship construction.
In Table 2, weight categories, empirical weight estimation
methodologies, and values are listed.

Thus, the weight groups and distributions of the ship, as
well as its general characteristics, determine its total
displacement. This factor is of the utmost significance when
calculating resistance-power, and stability, and it is an

indispensable aspect of ship design.

Table 1. The concept ship general specifications

Specifications Values

Length overall (LOA) [m] 230.0 230.0
Draft Amidships (T) [m] 10.50 11.11
Displacement [t] 53050 56900
Waterline (WL) Length [m] 219.99 220.25
Beam max extents on WL [m] 32.00 32.00
Wetted Area [m?] 8991.1 9300.9
Waterplane Area [m?] 6189.9 6268.9
Prismatic coefficient (Cp) 0.748 0.755
Block coefficient (Cb) 0.700 0.707
Max Section area coefficient (Cm) 0.945 0.948
Waterpl. area coeff. (Cwp) 0.879 0.890

\

S

Carbon Capture System (CCS) Specifications

CO; emissions are the main contributor to global warming
and the greenhouse effect. Carbon capture systems are the most
effective approach for reducing CO, emissions from ships (M.
Wang et al., 2011). Figure 2 shows a carbon capture system and
the tanks used to store the stored carbon.

The system consists of a carbon capture column that
Absorbs the CO, components in the diesel engine exhaust gas,
a Stripper that separates the CO, from the rich MEA solution,
and tanks that store the liquefied CO, emissions under high-
pressure and low-temperature conditions. Considering the
literature data, the optimum operating condition of the CCS
system is 45-55 degrees. In this study, it is thought that the
exhaust temperature enters the CCS system at 50°C. The
reduction of the exhaust gas to these temperatures is generally
provided by waste heat recovery systems or scrubber systems
(Mores, Rodriguez, et al., 2012; Mores, Scenna, et al., 2012).

Considering the power requirement of the Ro-Ro ship,
Considering the power requirements of the Ro-Ro ship, the
MAN brand 8S60ME-C10.6 main engine, which produces
19600 kW at full load, was chosen (MAN, 2017). The marine
diesel engine used in this study specification is presented in
Table 3.

Figure 1. The general view of the concept ship

Table 2. The weight groups, methodologies, and weight values

Weight group Calculation method Weight [t]

T=10.50 m T=11.11m
Construction Kafali (1988) 20000
Main machinery Barrass (2004) 1800
Auxiliary machinery Kupras (1981) 1000
Outfitting Kafal1 (1988) 4500
Engine car cargo load Jia (2007) 11550 -
Electrical car cargo load Kane (2023) - 15400
Service requirements Sun et al. (2022) 14200
Displacement 25750 29600
Total displacement 53050 56900

Ot
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Figure 2. Carbon capture systems on board

Table 3. Specification of diesel engine (unit: kg/s)

Load Exhaust Mass Flow Rate
100 38.7

85 35.6

75 32.8

50 22.8

25 14

Table 4 summarizes the fractional ratios of the gases in the
exhaust gas. Components represent approximate values (Stec et
al., 2021).

Table 4. Flue gas composition of diesel engine (unit: Vol%)

Exhaust Gas Composition Value

H,O 13

CO, 12

0O, 3

N2 72
Stability Parameters

The equilibrium of forces acting on floating bodies like
ships has revealed the existence of numerous stability control
parameters (Im & Choe, 2021). The expression “metacenter
height”, which is used to determine initial stability, is the most
fundamental of these concepts (Ibrahim & Grace, 2010). This

variable term is calculated based on conditions such as

displacement, hell, and trim angle. To achieve equilibrium, the
sum of an object’s forces and moments must be zero. The center
of buoyancy and center of gravity of a ship without a heel is in
the same direction. If a change occurs that causes the distance
between these centers to be greater than zero, the heel motion
is observed until the directions of the ship’s center of buoyancy
and center of gravity are the same again (Shakeel et al., 2022).
In this new equilibrium state, the point depicted in Figure 3 that
passes from the new buoyancy center of the ship perpendicular
to the “B” waterline and intersects the ship’s center line is
known as the “metacenter point” “M”. The distance between
the ship’s center of gravity “G” and this point “M” on the center
line is the ship’s “GM” value. This value is a parameter
evaluated within the scope of IMO intact stability rules, and
stability is mentioned when it is greater than zero (Marlantes et

al., 2022). If not, the ship cannot satisfy the floating condition.

Figure 3. Ship initial stability condition
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The term “righting arm - (GZ)” is also utilized when
evaluating the stability of ships (Perrault, 2016). The vertical
distance from the ship’s center of gravity to the line that passes
through B and M and intersects this line at the “Z” point, which
serves as the moment arm, depends on the heel angle of the
ship. The ships return to their prior positions and assume the
initial position because of the moment arm formed here.

Figure 4 shows three patterns of the area under the GZ curve
in the IMO stability regulation. The areag.sa refers to the area
of “a” under the GZ curve between 0 and 30 of the heeling angle,
the Areaso.soaeg is the area of “b” between 30 and 40 (or flooding
angle, whichever is less) and the Areay.sa; means the area of
“a+b” between 0 and 40 (or flooding angle, whichever is less)
(Im & Choe, 2021). A typical GZ — ¢ curve has a positive value
within a certain range of heeling angles, and the heeling angle
at which the value of the curve changes from positive to
negative is known as the “stall angle” (Goksu & Bayramoglu,
2021). When the heel angle exceeds this value, a swaying
moment arm forms instead of a righting moment arm, resulting
in a ship capsizing. Cargo and passenger ships are required by
IMO regulations to meet some criteria. However, ships that
meet these stability values are allowed to operate at sea and are
physically tested to meet this criterion by means such as strict

controls and inclination tests (Irkal et al., 2016).

GZ (m)

02 4

Angle (Max GZ)

30°  40° Angle of Heel (deg)

Figure 4. A typical GZ-¢ graph (Im & Choe, 2021)
Resistance-Power Calculations

Estimating the resistance of the hull form is one of the most
crucial design parameters in ship design (Labanti et al., 2016).
The resistance-power calculation is based on the ship’s
principal parameters, which vary based on the type of ship
being calculated and its geometrical characteristics. In the first
stage, empirical formulations are utilized, which are typically
derived from the results of numerous systematic model
experiments and statistical research (Niklas & Pruszko, 2019).
The precision of the calculation to be performed using the

theoretical method depends on the similarity between the

chosen method’s underlying form and the form available. The
arrangement of the method, which J. Holtrop created in 1977
with assistance from G. G. Mennen in 1978, has allowed the
Holtrop-Mennen method (Song et al., 2013), which developed
on the foundation of conventional cargo ships (Korlak, 2021).

Total ship resistance is expressed as the sum of several
resistance components, and Equation (1) incorporates the
resistance components used when transforming from model
tests to full-scale ship scale (Holtrop & Mennen, 1982; Molland
etal., 2017).

RT:RF(1+k1)+RAPP+RW+RB+RTT+RA (l)

where Ry is the total resistance of the ship; Ry is friction
resistance according to ITTC, 1 + k, form factor, Rypp is the
resistance of attachments, Ry, is wave making and wave
breaking resistance, Ry is bulb pressure resistance, Ry, is stern
pressure resistance, R, is ship-model adaptation resistance.
This equation is the basis of the Holtrop-Mennen method and
is one of the most frequently used methods in the shipbuilding
preliminary design phase (Grabowska & Szczuko, 2015).

The first step in determining the required installed engine
power for ships is to determine the total resistance. Then, the
power required to tow a ship at V speed is referred to as P; and

can be calculated using Equation (2) (Molland et al., 2017).

Estimating or calculating the amount of power losses that
occur on all components from the main engine to the propeller
and during propeller rotation is another vital requirement for
determining the installed engine power to achieve the necessary
thrust from the propeller that propels the ship forward. In this
regard, the concept of propulsion efficiency 7 comes into
perform, and it is accepted by researchers that 60 percent of the
total main machine power is lost on a conventional propulsion
system before the power from the main machine is converted
into useful power (Charchalis, 2014). In other terms, this issue,
also known as the ratio of the hull effective power to the main
engine brake power, Pj is illustrated in Equation (3) (Demirel
etal., 2017).

Pg
Pp

Nr = (3)
Thus, the selection of the main engine that will enable
providing a ship where the total force of resistance can be

estimated could be made at the specified speed.
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Carbon Capture and EEDI Calculations

The carbon capture device considerably lowers CO,
emissions in a marine diesel engine that uses fossil fuels. To
reduce CO; emissions from ship exhaust gas, an amine solution
is utilized (Luo & Wang, 2017). The CO, capture process was
simulated using Aspen Plus software. For the equation of state
(EOS), the electrolyte non-random two-liquid model (eNRTL)
was applied. The law of the Henry constant and the dielectric
constant of each component, which are eNRTL parameters,
were taken from the literature to determine the equilibrium
constants. The CO, capture mechanism of activated MEA is
expressed by eight equations (Lee et al.,, 2021). It uses the
common 25 wt% percent ethanolamine (MEA) solvent. MEA
solvent was used as 25 wt% in this study.

The EEDI expresses the CO, emission per unit of
transported cargo by the CO, released from the ship’s main and
auxiliary machinery, and it was implemented to reduce CO,
emissions from ships. Alternative power requirements and heat
recovery systems on the ship provide a reduction of CO,
emissions (Stec et al.,, 2021). Carbon capture systems play the
main role in reducing CO, emissions from ships. The EEDI is

computed using Equation (4).

PME'CF,ME'SFOCME+PAE'CAE'SFOCAE
EEDI = : ()
Vyef-Capacity

Where P is engine power expressed in kW, Cr is the ratio of

fuel consumption to CO, emissions, sroc is standard fuel oil

Table 5. Hydrostatic values of the concept ship

consumption expressed in g/kWh, V,.. is ship speed defined in
kn, and capacity is indicated in tons deadweight reported in
dwt. The main and auxiliary engines are denoted by the
subscripts ME and AE, respectively. For all of the situations that
were examined, SFOC was set at 200 g/kWh according to the
literature. Equation (5) can be used to compute the power of
auxiliary engines (MAN, 2014).

Pyr = 0.05 - MCRyz (5)
Results and Discussion

Definition of the Stability Parameters

Throughout their voyages, ships are exposed to highly
variable conditions. Although the effects of these conditions on
the ship were not completely known before that, their safety is
maintained if they comply with the stability requirements
established by international conventions and approved by
classification societies according to their designs. Ships end up
sinking or being damaged because of improper cargo or a
fajlure to observe changes in ship equilibrium during a voyage.
There are casualties among seafarers, material losses, and
extensive marine and environmental damage. Regardless of the
type and size of the ship being designed, it is essential to obtain
the hydrostatic values table initially. The relevant values for the
hydrostatic calculations of the concept PCC Ro-Ro vessel
designed for this study are listed in Table 5.

Draft Amidships [m] 9.50 10.00 10.50 11.00 11.50 12.00
Displacement [t] 46763 49877 53050 56221 59442 62691
Heel [deg] 0.00 0.00 0.00 0.00 0.00 0.00
Draft at FP [m] 9.50 10.00 10.50 11.00 11.50 12.00
Draft at AP [m] 9.50 10.00 10.50 11.00 11.50 12.00
Draft at LCF [m] 9.50 10.00 10.50 11.00 11.50 12.00
Trim (+ by stern) [m] 0.00 0.00 0.00 0.00 0.00 0.00
WL Length [m] 219.39 218.96 219.99 220.23 220.25 220.31
Beam max extents on WL [m] 32.00 32.00 32.00 32.00 32.00 32.00
Wetted Area [m?] 8486.68 8731.17 8991.05 9247.34 9497.87 9745.31
Waterplane Area [m?] 6046.66 6116.79 6189.96 6256.76 6312.67 6361.34
Prismatic coefficient (Cp) 0.737 0.745 0.748 0.754 0.760 0.766
Block coefficient (Cb) 0.684 0.695 0.700 0.708 0.716 0.723
Max Section area coeff. (Cm) 0.939 0.942 0.945 0.948 0.950 0.952
Waterplane area coeff. (Cwp) 0.861 0.873 0.879 0.888 0.896 0.902
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Table 6. Loading conditions for all combinations

Item Name Long. Arm [m]  Vertical Arm Total Mass Total Mass (Conv. Total Mass Total Mass (EVs
[m] (Conv.) [t] +CCS) [t] (EVs) [t] +CCS) [t]
Construction 110.00 10.00 20000.00 20000.00 20000.00 20000.00
Machinery 28.00 3.00 2800.00 2800.00 2800.00 2800.00
Outfitting 110.00 8.00 4500.00 4500.00 4500.00 4500.00
Car deck 1 110.00 2.70 450.00 365.00 600.00 515.00
Car deck 2 110.00 5.00 450.00 365.00 600.00 515.00
Car deck 3 110.00 7.30 525.00 440.00 700.00 615.00
Car deck 4 110.00 9.60 825.00 740.00 1100.00 1015.00
Car deck 5 110.00 11.90 825.00 740.00 1100.00 1015.00
Car deck 6 110.00 14.20 825.00 740.00 1100.00 1015.00
Car deck 7 110.00 16.50 825.00 740.00 1100.00 1015.00
Car deck 8 110.00 18.80 975.00 880.00 1300.00 1210.00
Car deck 9 110.00 21.10 975.00 890.00 1300.00 1210.00
Car deck 10 110.00 23.40 975.00 890.00 1300.00 1215.00
Car deck 11 110.00 25.70 975.00 890.00 1300.00 1215.00
Car deck 12 110.00 28.00 975.00 890.00 1300.00 1215.00
Car deck 13 110.00 30.30 975.00 890.00 1300.00 1215.00
Car deck 14 110.00 32.60 975.00 890.00 1300.00 1215.00
Service req. 115.00 8.00 14200.00 14200.00 14200.00 14200.00
CO:; storage tank port side 50.00 32.00 0.00 400.00 0.00 400.00
CO: storage tank stb. side 50.00 32.00 0.00 400.00 0.00 400.00
Carbon capture system 50.00 32.00 0.00 400.00 0.00 400.00
Total tonnage 53050.00 53050.00 56900.00 56900.00

Note: * “Conv.” is for carrying conventionally engined cars; “Conv.+CCS” is for carrying conventionally engined cars with a carbon-

captured system ship; “EVs” is for carrying electric vehicles; “EVs+CCS” is for carrying electric vehicles with a carbon-captured system

ship.
4
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Figure 5. Stability curves for all conditions
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A series of calculations must be performed to determine the
equilibrium and stability characteristics of a designed ship
model. For these calculations, it is necessary to first determine
the weight of the ship’s hull, machinery, and equipment, the
load transported on the decks and holds, the load required for
service, and the position of equivalent specialized equipment on
the ship’s hull. With the data derived from stability calculations
and related equilibrium conditions, it is possible to predict the
ship’s movements in the floating state. Table 6 displays the
cargo information for each loading combination of the concept
ship. These calculations are also beneficial for developing hull
designs.

As depicted in Figure 5, the GZ — ¢ graph must be available
to determine if the ship could meet the floating condition at the
end of any change caused by internal and external forces acting
on the ship; if these forces disappear, the ship can return to its
initial equilibrium position. Considering the values obtained
for the four distinct loading conditions to be evaluated within
the scope of the study, the case where conventional vehicles are
carried without CCS has the largest positive stability range and

maximum GZ righting arm.

Definition of Resistance-Power Values

The Holtrop-Mennen method was utilized for the resistance
calculations of the conceptual ship shape developed. Ship

resistance calculations, which are crucial in deciding the main

engine type and power during the design phase, are also
commonly used to approximately predict the cruising speeds
under the decided conditions with the existing main engine. To
determine the amount of main engine power that will be needed
for propulsion if the propulsion efficiency (1) is limited to
40%, and to obtain what speeds the determined form will
encounter with what magnitude of resistance, the data in Table
7 can be accessed under two different draft conditions evaluated
in the study.

Naturally, increasing the draft, i.e. carrying more cargo, will
lead to either a higher main engine power requirement or a
slower cruising speed with the same power. So, Figure 6
illustrates the increase in required power as the draft increases

for two distinct drafts.

5

4

Ratio [%]

0 4 8 12 16 20
Speed [knot]

Figure 6. Increase in power by changing speed with the draft
from 10.50 to 11.11 m

Table 7. Resistance-Power values for the concept ship at different drafts

Speed (knot) Draft at 10.50 m Draftat11.11 m

Resistance (kN) Power (kW) Resistance (kN) Power (kW)
0 -- -- -- --
3.0 28.8 111 29.4 114
6.0 108.7 839 109.6 846
9.0 236.2 2734 237.0 2743
12.0 411.0 6343 4129 6372
12.6 452.8 7337 455.2 7377
13.2 497 .4 8444 500.6 8498
13.8 545.2 9676 549.3 9750
14.4 596.6 11049 602.1 11150
15.0 652.1 12581 659.3 12718
15.6 712.3 14291 721.5 14476
16.2 777.7 16203 789.5 16450
16.8 848.9 18342 863.9 18666
174 926.6 20735 945.4 21157
18.0 1011.4 23415 1034.9 23958
18.6 1103.9 26407 1132.9 27102
19.2 1204.3 29737 1239.7 30613
19.8 1313.8 33455 1356.4 34542
20.4 1434.7 37643 1485.8 38983
21.0 1568.4 42360 1629.8 44019
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Determination of Carbon Capture and EEDI

The most important factor in carbon capture processes is
the choice of solvent to absorb CO; emissions. In this study, the
MEA solution, which is mostly used in the literature, was used
in the system model with 25% MEA and 75% water by weight.
In this study, the effect of MEA solution amount on CO;
reduction performance was investigated under five different
engine load exhaust conditions. The effect of MEA at different
rates for each load case on the CO, reduction performance is

given in Figure 7. CCS calculations were made for variable

engine loads and corresponding exhaust mass flow rates. The
findings show that as the MEA ratio increases, the CO,
reduction performance increases. However, it was determined
that the increased MEA ratio after a certain threshold value did
not affect the CO, reduction performance. It has been shown
that increasing MEA ratio and CO, capture performance have
the same characteristics for each load condition. In addition, it
has been determined that the optimal MEA amount for each
load condition is approximately three times the exhaust gas

flow rate.

100

80 +

70 +

CO, reduction performance [%]

60 1 1 1 1 I 1 1 1

—0—100% load

—0—85% load
75% load

—0—50% load

—0—25% load

80

160

MEA [kg/s]

Figure 7. Effect of MEA solution amount on CO, reduction performance

35
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Figure 8. EEDI for variable ship configurations
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Table 8. The molar fraction of components in the CCS

Components Absorber MEA inlet Absorber Exhaust inlet Absorber MEA outlet ~ Absorber Exhaust outlet
H,O 0.95 0.13 0.9259 0.03

CO, 0 0.12 0.0288 0.067

N 0 0.72 1E-5 0.9245

(0 )3 0 0.03 7.6E-7 0.0385

MEA 0.048 0 0.0453 0

A CCS absorber is a column with two inputs and two
outputs. Marine diesel engines exhaust gas absorber on one side
and MEA solution enters the system on the other side. A 20-
stage structure has been used throughout the system, and the
absorber is based on the process of dissolving CO, in the MEA
solution by mass transfer. The CO, components, which were
initially 12% by volume, decreased to approximately 0.67% with
a 95% decrease in the absorber output. After mass transfer, the
CO; in the MEA solution was determined to be approximately
0.0288% by volume. Figure 8 expresses the volumetric ratios of
H,0, CO;, N;, O,, and MEA components in the CCS absorber
at the absorber inlet and outlet states.

CO; emissions, which cause greenhouse gases on ships, are
tried to be reduced with EEDI. There are different options for
meeting the IMO’s 2050 carbon reduction strategies, these are
renewable energy sources, carbon-free fuels, and carbon
capture systems. In this study, EEDI calculations were made for
four different scenarios. These are configurations that include
conventional vehicle-carrying Ro-Ro, electric-vehicle-carrying
Ro-Ro, and CCS integration into them. The estimated EEDI for
each case is presented in Figure 8. The results show that the use
of carbon capture systems on ships can catch up with IMO 2050
strategies. CCS systems reduce the load-carrying capacity of
ships and their effects on ship stability are also the main issues
to be considered.

The EEDI level of a ship carrying conventional vehicles with
CCS was reduced from 29.87 to 1.75, or approximately one-
sixteenth. This ratio decreased from 26.17 to 1.53 for electric

vehicles and remained approximately the same proportionally.

Conclusion

This study investigated the EEDI effect of stability,
hydrostatic, and carbon capture systems installed by IMO by
carbon reduction targets for the transport situation of a Ro-Ro
ship. According to the ship’s design, main engine selection and

power requirements were established using appropriate load

and resistance calculations. For the chosen equipment and load
scenarios, the following results were ultimately obtained.

e According to stability and hydrostatic calculations, the
base scenario, which transported conventional vehicles,
had the best stability and the scenario involving both
EVs and CCS had the lowest stability.

e For both different scenarios, the main engine that can
provide the calculations’ required power was chosen,
and the corresponding speeds for the use of the same
engine were established.

e The CO, reduction performances of the carbon capture
system for Conventional Vehicle transport and EVs
transport at different engine loads were evaluated. It was
determined that the carbon capture performance
increased with increasing MEA solution. It was found
that the typical amount of MEA solution to be applied
should flow rate around three times that of the exhaust.

e The EEDI value implemented following the IMO carbon
reduction targets is highest for conventional vehicles
and lowest for EVs with CCS systems. Conclusions
reached according to the IMO 2050 objectives; the
adoption of CCS reduces CO, emissions by almost 95%.
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Maritime freight transportation is one of the least emissions-producing transportation
alternatives in terms of transported tonnage per distance. However, it produces a high amount of
emissions as around 80% of international freight transportation is conducted through seas and 20%
of maritime transportation is conducted through container shipping. This makes it crucial to reduce
emissions in container shipping. In this regard, this study reviewed previous studies on the
environmental optimization of container shipping and identified various future research directions.
The results showed that in the sea segment of environmental optimization of container shipping,
decisions which require further attention include resource allocation, emission reduction technology
choice, disruption recovery, freight rate optimization, and shipment scheduling. The decisions that
require future research in the port segment are related to internal transportation and handing
operations in container terminals (i.e., yard crane deployment, yard truck deployment, yard truck
scheduling, yard container stack allocation, yard container retrieval), renewable energy source
installation, and emission reduction technology choice. Vessel scheduling and speed optimization
decisions are the most frequently studied decisions in the sea segment, but they are rarely considered
for inland shipping of containers. In the sea-port combined segment of container shipping, future
studies are required in quay crane scheduling, vessel scheduling, container route allocation, ship
route allocation vessel deployment, and emission reduction technology choice. The least studied
decision in the door-to-door segment of container shipping includes hub location-allocation, empty
container relocation, ship route allocation, vessel deployment, environmental taxation and subsidy
scheme, emissions reduction technology choice, and speed optimization. It was also demonstrated
that modeling of future studies should more frequently consider uncertainties and social

sustainability parameters.
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Introduction

Maritime transportation of freight plays a crucial role in
international trade as over 80% of it is carried through seas
(UNCTAD, 2021). Means for freight transportation in seas
highly depend on the characteristics of the goods to be carried.
Therefore, maritime transportation consists of various sub-
markets, and container shipping is one of them. Container
shipping is conducted by standardized maritime container
equipment in which freight is stuffed. That container
equipment requires specialized container ships to carry them
and specialized container terminals at seaports to transfer them
between ships and shore. The adoption of containers in
maritime transportation grew fast because of their convenience
and efficiency in handling and transferring them between
different modes of transport. This growth in container
transportation has led container shipping companies to
increase their transportation capacity by ordering more and
bigger ships. The increased adoption of containerization has
brought the environmental impacts of container ships under
scrutiny.

Like any other industry, reducing emissions in the maritime
transportation sector has become important as the effects of
climate change show themselves more and more. Maritime
freight transportation is one of the least emissions-producing
transportation alternatives in terms of transported tonnage per
distance because of its high-capacity transportation capability.
Although it produces a low amount of emission per unit
transported, it produces a high amount of emission as most of
the

transportation. For this reason, in 2018, IMO member states

international trade is conducted by maritime
agreed to reduce the total annual GHG emissions resulting
from ships by at least 50% by 2050 compared to 2008. Because
around 20% of maritime freight transportation consists of
container shipping (UNCTAD, 2021), container shipping must
also comply with the emissions target of IMO.

Achieving the emissions target set by IMO requires a
holistic approach that includes planning container shipping
activities at strategic, tactical, or operational levels in addition
to the adaptation of new technologies such as scrubbers, and
new propulsion systems working with LNG or ammonia or fuel
cells (Lagemann et al., 2022). Planning those activities requires
an analytical approach to derive a benefit from it because the
application of ad hoc planning might result in financial loss
without environmental benefits (Dulebenets et al., 2021). In
that manner, optimization modeling is widely used for the

environmental planning of container shipping. However, there

are still areas that need to be explored to reach the emissions
target of the container shipping industry. To determine
research gaps and the status of scientific knowledge in the area
of environmental optimization in container shipping, there is a
need for an in-depth literature review and analysis of future
research opportunities. Several previous studies performed
reviews in the area of container shipping optimization, but they
mostly neglect the environmental aspect. They can be grouped
under four headings: the studies that reviewed container
shipping optimization studies in the seaborne transportation
segment (J. Chen, Ye, Zhuang, et al., 2022; Christiansen et al.,
2020; Dulebenets et al., 2021; Mansouri et al., 2015; Meng et al.,
2014; Psaraftis & Kontovas, 2013; S. Wang & Meng, 2017; H.
Yu et al., 2021); the studies that reviewed container shipping

optimization studies in the container terminal segment

reviewed container shipping optimization studies in the inland
transportation segment (R. Chen et al., 2022; Lam & Gu, 2013);
the studies that reviewed door-to-door container shipping
optimization studies (Caris et al., 2008; Rajkovic et al., 2016).

Few of the review studies in the area investigated the

optimization for energy efficiency in the sea leg of container
shipping. In a very similar vein, Yu et al. (2021) investigated the
studies that provided voyage optimization modeling to reduce
environmental emissions of container shipping. In another
study on the sea leg of container shipping optimization,
container liner shipping vessel schedules and distinguished the
ones that provide an environmental perspective. The current
study differentiates from those studies by providing a
comprehensive literature review that considers environmental
optimization in every segment of container shipping (i.e., sea,
port, and inland). A handful of the previous studies provided
optimization modeling that combines two or more segments,
for example, some studies combined vessel speed optimization
with berth allocation. In this regard, the current study aims to

the

optimization in each segment of container shipping by

review studies which focused on environmental
analyzing the status of the scientific contributions and
providing insights regarding future research opportunities. The
results of the analysis will provide scholars with prominent

research directions to investigate the most under-researched
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research subjects related to the environmental optimization of

container shipping.

Material and Method

This study reviewed the scientific studies on the
environmental optimization of container shipping. To ensure
the research conducted in the studies has a certain level of
quality and is peer-reviewed, the review only considered the
ones published in Web of Science indexed journals particularly
indexed in the core collection: SCI-Expanded, SSCI, and ESCIL.
A systematic review method was adapted in this study. The
systematic review is a literature review approach which has a
clear research question and uses a systematic approach for
identifying, selecting and analyzing studies (Moher et al., 2009;
Snyder, 2019). To be systematic in the search process, we used
a combination of three groups of keywords in three orders. The
keywords in the first order included three keywords that
specified the optimization aspect ("optimize", "optimizing", and
"optimization"), and the keywords in the second order also
included three keywords that specified the environmental
aspect (“green”, “environmental”, and “emissions”), and the
keywords in the last order included six keywords that specified
the container shipping aspect ("container shipping", "liner
shipping”, "container terminal’, "container port", "container
transport”, and "container transportation"). For example, one of
the searches included a combination of those keywords in the
keyword groups as "optimize green container shipping". A total
of 54 searches were performed in the keywords, abstract, and
title sections of the articles because the total combination of the
keywords in the three groups is 54 (3x3x6).

Identification

1,897 articles were identified in Weh of Science indexed journals
(SCI-Expanded, SSCI, and ESCI)

Screening l

447 articles were identified after duplicates removed

*_I

173 full text articles were assessed —

as eligible by the criteria:

els it related to container

transportation?

*Does it contain optimization

modelling (min/max function)?

¢Does it contain an environmental

aspect (bunker consumption, fuel

consumption, energy consumption,

or emissions)?

Eligibility

274 articles were excluded

Included

173 articles included in the analysis

Figure 1. Article inclusion/exclusion process

Article inclusion/exclusion workflow was visualized in
Figure 1. The workflow process visualization was done
according to Moher et al. (2009). The search results included
1,897 items including duplicates. After the duplicates in the
results were removed, 447 scientific articles remained.
However, there were still unrelated articles present in the
results. Therefore, each paper was further evaluated
considering if it is in the area of container shipping and if it
performed an optimization modelling (has a max/min
function), and if it includes environmental optimization
(bunker consumption, fuel consumption, energy consumption,
or emissions) in its objective function or its constraints. The
oldest research article dated back to 2009. Because the oldest
article which satisfies the incision criteria is only 14 years old, a
year limit was not included. After the elimination of the articles
that do not satisfy those criteria, 173 articles were finally
included in for the analysis.

The articles were grouped under the segments of container
shipping they considered. The research in some of the articles
considered more than one segment. Five groups of articles were
constructed according to the container shipping segment
considered in their research: environmental optimization in the
sea segment of container shipping; environmental optimization
in the port segment of container shipping; environmental
optimization in the inland segment of container shipping;
the

combination both sea and port) segment of container shipping;

environmental optimization in sea-port (includes
and environmental optimization in door-to-door (includes sea,
port, and inland) container shipping. Decisions considered by
each included research article was identified along with other
aspects. Some terms used in those decisions were kept general.
For example, quay crane includes mobile harbor crane and
gantry crane and yard truck includes terminal truck, automated
guided vehicles and straddle carriers (straddle carriers can
transport containers in a container terminal and stuck them at
a container yard). Under these five groups, the following
sections will evaluate the current status of the scientific

contribution and future research directions.

Results and Discussion

Environmental Optimization in the Sea Segment of

Container Shipping

Table 1 summarizes the environmental optimization studies
related to the sea segment of container shipping. The studies

evaluated five aspects: the decisions considered in their
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research, the type of uncertainty if their research includes
stochasticity, the modeling approach, decision level, and
parameters considered in their objective functions. Before
further elaboration, it needs to be clarified that in the context of
this the

determination of arrival times and departure times of vessels

study vessel scheduling decisions include
and service frequency on liner services, on the other hand,
vessel deployment decisions include the determination of the
number of vessels should be allocated to liner services.

Table 1 shows that 74 studies focused on the sea segment of
container shipping. It is more than one-third of the total 173.
This indicates that environmental optimization studies on
container shipping mostly consider the sea segment. As it
comes to the decisions considered in those studies, speed
optimization is the most studied decision after vessel
deployment and vessel scheduling decisions are the ones that
were studied most.

As it is shown in Table 1, several of the articles considered
single decisions. X. Li et al. (2022), Lu et al. (2023), X. Li et al.
(2020), Y. Zhao et al. (2020), Lee et al. (2018), and Wong et al.
(2015) included speed optimization as a single decision. X. Li et
al. (2022) minimized fuel consumption. Y. Zhao et al. (2020),
Lee et al. (2018), and Wong et al. (2015) minimized fuel
consumption and time while X. Li et al. (2020) and Lu et al.
(2023) minimized fuel consumption and other costs. None of
them considered uncertainties. L. Chen et al. (2018) and Du et
al. (2015) studied ship route allocation as a single decision. L.
Chen et al. (2018) optimized fuel consumption, costs, and time
without considering uncertainties. Du et al. (2015) only
the fuel

consumption of ships as an uncertain input. M. Liu et al. (2022)

optimized fuel consumption and considered

and Trapp et al. (2020) optimized container route allocation. M.
Liu et al. (2022) minimized emissions and costs while
considering transportation demand as an uncertain input.
Trapp et al. (2020) minimized emissions, costs, and transit time
without including stochasticity. Zhen et al. (2017) considered
the bunkering decision as a single decision to optimize fuel
consumption. They included ship fuel consumption and fuel
price as uncertain inputs. M.-M. Yu & Chen (2016) evaluated
resource allocation decisions while optimizing efficiency and
they considered emission production as one of their
constraints.

Several of the studies shown in Table 1 included a
combination of two decisions. Zacharioudakis et al. (2011), S.
Wang (2016), S. Wang & Wang (2016), and Xing et al. (2019)
considered speed optimization and vessel
(2019) optimized fuel

deployment

decisions together. Xing et al

consumption and other costs while Zacharioudakis et al.
(2011), S. Wang (2016), S. Wang & Wang (2016) optimized ship
time in addition to fuel consumption and costs. None of those
studies included stochasticity. Zhen, Hu, et al. (2020) and W.
Zhao et al. (2021) considered ship route allocation and speed
optimization together. Zhen, Hu, et al. (2020) optimized only
fuel consumption, on the other hand, W. Zhao et al. (2021)
minimized the time and navigational risks. Both of them
neglected uncertainty. C. Li et al. (2015) and Y. Liu et al. (2022)
studied disruption recovery and speed optimization together
while overlooking uncertainties. C. Li et al. (2015) minimized
fuel consumption and time. Y. Liu et al. (2022) minimized costs
in addition to those parameters. Qi & Song (2012), S. Wang et
al. (2015), and Reinhardt et al. (2020) studied vessel scheduling
and speed optimization together. Reinhardt et al. (2020)
optimized only fuel consumption. Qi & Song (2012) and S.
Wang et al. (2015) minimized the shipping time in addition to
fuel consumption. Qi & Song (2012) included port times as
uncertain inputs for their model. Y. Liu et al. (2021) studied
speed optimization and container route allocation together and
minimized emissions and costs. Dong & Tae-Woo Lee (2020)
considered speed optimization together with freight rate
optimization while minimizing fuel consumption, costs, and
shipping time. R. Tan et al. (2020) integrated speed
optimization with bunkering and minimized bunker
consumption and costs. J. Chen, Ye, Liu, et al. (2022) studied
emission reduction strategy choice and ship route allocation
and optimized emission production and costs. Their study
considered uncertain transportation demand. X. Zhang et al.
(2020) studied shipment scheduling and container route
optimization to minimize both emissions and costs. M. Zhu et
al. (2018) studied ship route allocation and vessel deployment
together while considering carbon tax as an uncertain input,
they optimized both emissions and costs. Matsukura et al.
(2010) considered ship route allocation and container route
allocation together to optimize emission production. Wu et al.
(2023) and R. Tan et al. (2022) integrated emission reduction
technology choice and speed optimization by optimizing
emissions and other costs.

Table 1 shows that several studies included a combination
of three decisions. A handful of them considered vessel
scheduling, vessel deployment, and speed optimization
decisions together (Dulebenets & Ozguven, 2017; Giovannini &
Psaraftis, 2019; Song et al., 2015; S. Wang et al., 2014; W. Ma et
al., 2022; Sun et al., 2022). Dulebenets (2022), Jiang et al. (2020),
(2018a), (2018b), Dulebenets &
Ozguven (2017), Dulebenets, Golias, et al. (2017), Dulebenets

Dulebenets Dulebenets

285

s



Kurtulus (2023) Marine Science and Technology Bulletin 12(3): 282-311

(2016), Giovannini & Psaraftis (2019), and S. Wang et al. (2014)
optimized fuel consumption, costs and time while Song et al.
(2015) optimized fuel consumption, cost and time reliability
and Alharbi et al. (2015), W. Ma et al. (2022) and Sun et al.
(2022) only optimized fuel consumption and other costs. None
of those studies included uncertain inputs in their modeling. A
few studies considered speed optimization, bunkering and
vessel deployment decisions (S. Wang & Meng, 2015; M. Liu et
al., 2020; Y. Wang et al., 2018; Wu et al., 2022a). M. Liu et al.
(2020) and S. Wang & Meng (2015) optimized fuel
consumption, costs, and time, on the other hand, Y. Wang et al.
(2018) and Wu et al., (2022a) only optimized fuel consumption
and other costs. Except Wu et al., (2022a), all of them included
uncertainty in their modeling. M. Liu et al. (2020) considered
uncertain transportation demand, Y. Wang et al. (2018)
considered fuel price as uncertain and S. Wang & Meng (2015)
considered the speed of ships as uncertain input to their
modeling. Cheaitou & Cariou (2019) and S. Wang & Meng
(2012) studied speed optimization, vessel deployment, and
container route allocation decisions altogether. While Cheaitou
& Cariou (2019) optimized fuel consumption, costs, and time,
S. Wang & Meng (2012) only optimized fuel consumption and
costs. Both of the studies did not consider uncertainty in their
modeling. Y. Zhao et al. (2021) also considered vessel
deployment and ship route allocation together but they
included emission reduction technology choice to optimize
Their

uncertainties i.e., transportation demand, charter rate, fuel

emissions and costs. model considered several
price, and ship technology renewal time for emission reduction.
C. Wang et al. (2022) considered vessel deployment, ship route
allocation, and vessel scheduling together. They optimized fuel
consumption, costs, and shipping time. Wu et al. (2022b), Lan,
Zuo, et al. (2023), and Zhuge et al. (2021) studied vessel
deployment and ship route allocation together in the context of
speed optimization by minimizing fuel consumption and other
costs. Y. Yu et al. (2021) studied container route allocation, and
ship route allocation with speed optimization by optimizing
fuel consumption and costs. S. Li, Tang, et al. (2023) and Abioye
et al. (2019) studied disruption recovery in vessel scheduling by
optimizing ship speed. S. Li, Tang, et al. (2023) optimized fuel
consumption and other costs and Abioye et al. (2019)
optimized fuel consumption, other costs, and shipping time. S.
Zhao et al. (2022) and Aydin et al. (2017) studied ship
bunkering by considering vessel scheduling and speed
optimization. S. Zhao et al. (2022) optimized emissions and
other costs. Aydin et al. (2017) optimized fuel consumption and

ship time while considering port time as an uncertain input. Y.

Zhao et al. (2023) integrated vessel deployment, emission
reduction technology choice, and speed optimization while
minimizing fuel consumption and other costs.

Some of the studies shown in Table 1 simultaneously
consider four decisions. Lan, Tao, et al. (2023), Gao & Hu
(2021), and Cariou et al. (2018) studied container route
allocation, ship route allocation, vessel deployment, and speed
optimization decisions simultaneously. Lan, Tao, et al. (2023)
and Gao & Hu (2021) optimized fuel consumption with other
costs. Cariou et al. (2018) minimized shipping time as well as
fuel consumption and costs. Wen et al. (2022) studied
disruption recovery, vessel deployment, vessel scheduling, and
speed optimization simultaneously by optimizing fuel
consumption, costs, and time reliability. De et al. (2021) studied
ship bunkering together with vessel scheduling, disruption
recovery, and speed optimization and their objective function
included the minimization of fuel consumption and costs. W.
Ma et al,, (2021) also studied ship bunkering, vessel scheduling,
and speed optimization but with ship route allocation. They
optimized fuel consumption, costs, and shipping time. Two
other studies related to the shipping bunkering decision was
provided by C. Wang & Chen (2017) and Lin & Leong (2022).
Their studies integrated vessel scheduling, vessel deployment,
and speed optimization in bunkering. C. Wang & Chen (2017)
optimized fuel consumption, other costs, and ship time. Lin &
Leong (2022) optimized fuel consumption and other costs by
considering uncertain fuel consumption. S. Wang et al. (2021)
studied ship route allocation, vessel deployment, and speed
optimization for emission reduction technology choice for the
deployed container ships. Their model optimized emissions
and costs. S. Wang et al. (2013) integrated vessel scheduling,
vessel deployment, speed optimization, and shipment
scheduling to optimize fuel consumption and costs. Pasha et al.
(2021) studied ship route allocation, vessel scheduling, vessel
deployment, and speed optimization by optimizing fuel

consumption, other costs, and ship time.

Environmental Optimization in the Port Segment of

Container Shipping

Table 2 summarized the environmental optimization
studies related to the port segment of container shipping. The
most studied decisions are berth allocation, scheduling, and
deployment of quay and yard cranes. In the context of this
study, scheduling decisions involve time factors and
deployment decisions include the quantity of the deployed
entity. As can be seen in Table 2 the majority of the studies

considered a combination of two or more decisions.
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Table 1: Studies on environmental optimization in sea segment of container shipping

Reference Uncertainty Decision Modelling Level Objective
g N E 3 = = :E‘ £ § E ;f
2 f $ &5 3T Ty Y EY OLEETEYO .. Fioslosios
ORI A T - - N - O B SN N
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S.Li, Tang, et al. (2023) v v v V v v v Y

Lu et al. (2023) v Y v VoY

Y. Zhao et al. (2023) v v v V v v vV

Lan, Tao, et al. (2023) v oy v v v VoY

Wu et al. (2023) v v v v v

Lan, Zuo, et al. (2023) v oy v v v VoYY

S. Zhao et al. (2022) v o v Y v v oYY

R. Tan et al. (2022) v v V Vv v vy

X. Liet al. (2022) y v N

Wu etal. (2022b) v v v v v VvV

Wu et al. (2022a) v v v v v vV v

Sun et al. (2022) v v v v v VoYY

Lin & Leong (2022) v v v v v v v VoYY

W. Ma et al. (2022) v v v v v v VY

J. Chen, Ye, Liu, et al. (2022) v V YV W, v v v

C. Wang et al. (2022) v v oy YV v v v Y

Dulebenets (2022) v v v Y v v Vv Y

M. Liu et al. (2022) vV YV i N

Y. Liu et al. (2022) v v v v v VY

Wen etal. (2022) v v v v v v v vV v

Gao & Hu (2021) v VY v v v VY

Y. Liu et al. (2021) v v v v v VY

Pasha et al. (2021) v v o v V v v vV i

De et al. (2021) v v v v v v VoV

Y. Zhao et al. (2021) v oy v v v v v v v v

Zhuge et al. (2021) v o v YV v vy oYY

W. Ma et al,, (2021) v v v v Y v v Vv Y

Y. Yuetal. (2021) v oY v v v VvV

S. Wang et al. (2021) v oy v oV v v vV

W. Zhao et al. (2021) v v Y Vv YV v

X. Li et al. (2020) y v NIV

Zhen, Hu, et al. (2020) v v vy

Reinhardt et al. (2020) v v V v vV

Trapp et al. (2020) v V v vy

Dong & Tae-Woo Lee (2020) RV vV v vV v

M. Liu et al. (2020) vV v v YV i v vy YV A

X. Zhang et al. (2020) v v Y v v oYY

Jiang et al. (2020) v v v v v vV i

R. Tan et al. (2020) v v V v vy

Y. Zhao et al. (2020) v V Vv oy YV

J. Yu et al. (2019) v v oV v v

Xing et al. (2019) v v v v v vV

Giovannini & Psaraftis (2019) v v v V v vy v VYV

Cheaitou & Cariou (2019) v v v v YV v oY

Abioye et al. (2019) v v v v v v v

M. Zhu et al. (2018) v Y, AR Vv v

Y. Wang et al. (2018) v v v v v v v vV

Lee et al. (2018) v v v v V

Dulebenets (2018a) v v v V v vV v

Dulebenets (2018b) v v v Y v v oYY

L. Chen et al. (2018) v V v vy i

Cariou et al. (2018) v oW v Y v v vV YV

Zhen et al. (2017) v oV v v v 9

C. Wang & Chen (2017) v oy v v v VY v vy
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Table 1 (continued)

Reference Uncertainty Decision Modelling Level Objective
£
3 3
§ o E g = I‘ § w® 3 :% :-;7
S S &S e 58848885 fAESsEF 2555888388 E
Dulebenets & Ozguven (2017) V v V v v v vV v
Dulebenets, Golias, et al. (2017) v v v v v vV v
Aydin et al. (2017) v v v v v v oy v
M.-M. Yu & Chen (2016) v v v v
S. Wang & Wang (2016) v v v v vy Yv
S. Wang (2016) v v v v v v Y9
Dulebenets (2016) v v v v vy vV v
Wong et al. (2015) v v v oy v
S. Wang et al. (2015) v v v v oy v
S. Wang & Meng (2015) v v v v v v v vV
Song et al. (2015) v v v v v v v v v
C. Lietal. (2015) v v v v v v
Du et al. (2015) v v v v v
Alharbi etal. (2015) v v v v v v vy
S. Wang et al. (2014) v v v v v v vV v
S. Wang et al. (2013) v v v v oy v v vV
S. Wang & Meng (2012) v v v v v VY
Qi & Song (2012) v v YV v v v i
Zacharioudakis et al. (2011) v v v v v VY v
Matsukura et al. (2010) v oy v v vy
Several of them considered a single decision. Nadi et al. (2022), emissions and crane time. Kanellos (2019) studied electricity
Xu et al. (2022), Caballini et al. (2020), Fan et al. (2019), Do et grid allocation in seaport container terminals as a single
al. (2016), and G. Chen et al. (2013) studied inland truck decision by optimizing emissions and costs and considering
appointments systems as a single decision in seaport container electricity price as an uncertain input parameter. D. Liu & Ge
terminals. Xu et al. (2022) and Fan et al. (2019) optimized (2018) studied crane deployment in seaport container terminals
emissions, costs, and truck times. Xu et al. (2022) included and optimized costs considering emissions as a constraint. L. Li
uncertain truck arrival times in their modeling. Nadi et al. et al. (2018) studied renewable electricity source installation
(2022) and G. Chen et al. (2013) optimized only truck times considering uncertain electricity supply and minimized
while Caballini et al. (2020) optimized time and time reliability. installation costs. H. Li & Li (2022) studied quay crane
Do et al. (2016) optimized only emissions while considering scheduling optimizing energy usage. Duran et al. (2022) and
uncertainty in truck arrival times. Dulebenets, Moses, et al. Abu Aisha et al. (2020) optimized container terminal yard
(2017), Zhen et al. (2016), and Golias et al. (2009) studied berth layouts. Duran et al. (2022) minimized emissions while Abu
allocation in seaport container terminals as a single Aisha et al. (2020) optimized emissions and the monetary costs.
environmental optimization decision. Dulebenets, Moses, et al. Tao et al. (2023) studied optimum yard container stack
(2017) and Zhen et al. (2016) optimized emissions, costs, and allocation by minimizing travelled distances.
ship time while Golias et al. (2009) optimized only emissions A great deal of the studies on environmental optimization
and time and none of them considered uncertainty. S. Chen & in the port segment of container shipping considered a
Zeng (2021) and J. He, Huang, & Yan (2015) studied yard crane combination of two decisions.
scheduling as a single optimization decision by optimizing
288

s



Kurtulus (2023) Marine Science and Technology Bulletin 12(3): 282-311

Table 2. Studies on environmental optimization in port segment of container shipping

Reference Uncertainty Decision Modeling Level Objective
A B i
Trial E.fTfiE8Y §223 83§ ERE )
IS5 Ff fre939388: sEPzads L -
I f 22y T il it iigeidsny I9 8¢ 5y, %
P 5 PSS S EY S SERIIRSRIRIREiYisirriiiririrciioi
C 5 B B B = B & &8 & & BN BN N N SN NN R e S &8 235 5SS 8 CER KR =28 S

Duan et al. (2023) N N N NI

Zheng et al. (2023) \/ N N N N

Tao et al. (2023) N N N

Duran et al. (2022) N N N N

Niu et al. (2022) N N N N NI

H. Li & Li (2022) N N N

H. Yu, Huang, et al. (2022) \ Y Y \ \ v oA

Zhen, Lin, et al. (2022) 3 \/ Y Y \ v v N

Y. Zhang, Liang, et al. (2022) Y N N N N N NI N

J. Yuetal. (2022) Ny N N NNy

Q. Zhang et al. (2022) V RN, N N AN

Zhen, Jin, et al. (2022) \ NI NI VAo

Nadi et al. (2022) y y V y

Xu et al. (2022) v N N NIV

Duan et al. (2021) \/ N N NN N

S. Chen & Zeng (2021) + N N N

Zhen et al. (2021) \/ v N N N NIV

Karakas et al. (2021) ~ N N N N

Zhong et al. (2020) \ N N N N

Abu Aisha et al. (2020) ~ N NERY

Feng et al. (2020) v N N N NI N

Caballini et al. (2020) N N N N

D. Yuetal. (2019) v v A N N NI J

Y. Yang et al. (2019) N Y N NI N

W. Wang et al. (2019) Y, NI NI N N

Peng et al. (2019) N ~ N N NIV

M. Ma et al. (2019) N N N N N

X. Li, Peng, et al. (2019) V NI N v NN

Kanellos (2019) N N N NN

Fan et al. (2019) N N N AN

T. Wang et al. (2018) SRV N N NN N

D. Liu & Ge (2018) N N N N

L. Lietal. (2018) \/ N N N N

H. Yuetal. (2017) v N N N

Dulebenets, Moses, et al. (2017) \/ N NIV

Zhen et al. (2016) v N N ANy

Peng et al. (2016) R N N NI N N

He (2016) Ny NI NI N

Do et al. (2016) V N N NI

Schmidt et al. (2015) \/ N N N

J. He, Huang, & Yan (2015) + N NI N

J. He, Huang, Yan, et al. (2015) \/ Y y y v A y

Q.-M. Hu et al. (2014) N oA A N N ANy

G. Chen et al. (2013) N N NI N

Golias et al. (2009) v N NI N
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Niu et al. (2022) and Duan et al. (2023) integrated yard crane
scheduling and yard truck scheduling decisions by optimizing
energy consumption. Q. Zhang et al. (2022) and Zhen, Jin, et al.
(2022) studied yard truck deployment problem for yard truck
retrofitting with low-emission technologies by optimizing
emission, costs, and truck times. They both considered
uncertainty in their input parameters. Q. Zhang et al. (2022)
included workload Zhen, (2022)
transportation demand as an uncertain parameter. Duan et al.
(2021) and Zhen et al. (2021) studied berth allocation and quay

crane scheduling simultaneously by optimizing emissions,

Jin, et al included

costs, and crane times. Only Zhen et al. (2021) included
uncertain parameters, i.e., ship arrival time and workload, in
their modeling. W. Wang et al. (2019) and X. Li, Peng, et al.
(2019) studied renewable electricity source installation and
electricity grid allocation in container terminals by optimizing
costs and they both considered uncertainty. W. Wang et al.
(2019) included electricity demand and supply uncertainty
while X. Li, Peng, et al. (2019) only included electricity demand
uncertainty in their modeling. Karakas et al. (2021) integrated
the yard truck deployment problem and yard container stack
allocation and optimized emissions and time. Zhong et al.
(2020) studied quay crane scheduling and yard truck
scheduling together by optimizing their operation time. Feng et
al. (2020) integrated the problem of yard container retrieval
from the container stack into inland truck scheduling
considering truck arrival time uncertainty. They optimized
both emission and total time. D. Yu et al. (2019) integrated yard
crane deployment problem and yard crane scheduling problem.
They optimized time and emissions by considering uncertainty
in crane workloads. Peng et al. (2019) studied berth allocation
and electricity grid allocation for cold ironing. They optimized
emissions and costs by considering ship arrival time
uncertainty. M. Ma et al. (2019) integrated the modeling of yard
crane scheduling into inland truck scheduling to optimize
emissions and times. H. Yu et al. (2017) studied yard truck
deployment and yard truck scheduling by optimizing the
traveled distances of trucks. Peng et al. (2016) integrated yard
crane deployment and emission reduction strategy choice
modeling to optimize emissions. Their modeling considered
uncertainties in ship arrival times, truck arrival times, and
handling times. Schmidt et al. (2015) also studied emission
reduction strategy choice but they integrated it with electricity
grid allocation. They optimized emission production by
considering uncertainties in electricity demand.

Some of the studies shown in Table 2 integrated three
decisions in their modeling. T. Wang et al. (2018), He (2016),

and Q.-M. Hu et al. (2014) studied the integration of berth
allocation, quay crane deployment, and quay crane scheduling.
Q.-M. Hu et al. (2014) and T. Wang et al. (2018) optimized
emissions, costs, and time while He (2016) optimized emissions
and time. None of them considered uncertainties. Modeling of
H. Yu, Huang, et al. (2022) included quay crane scheduling,
yard crane scheduling, and yard container stack allocation
simultaneously. They optimized traveled distances and
workload allocated to each crane. Y. Yang et al. (2019) modeled
yard crane scheduling, yard truck scheduling, and yard
container stack allocation to optimize time and emissions. The
model proposed by J. He, Huang, Yan, et al. (2015) and Zheng
et al. (2023) integrated quay crane scheduling, yard crane
scheduling, and yard truck scheduling. J. He, Huang, Yan, et al.
(2015) optimized energy consumption and time, while Zheng
et al. (2023) optimized only energy consumption.

Table 2 shows that few of the studies integrated four
decisions in their modeling. Zhen, Lin, et al. (2022)
simultaneously modeled quay crane scheduling, yard crane
scheduling, and electricity grid allocation with yard truck
scheduling to maximize the container throughput of the
container terminal by considering emissions as constraints.
Their model included uncertainties in electric supply. Y. Zhang,
Liang, et al. (2022) also modeled quay crane scheduling, yard
crane scheduling, and electricity grid allocation but integrated
them into berth allocation. They optimized time and emissions
by considering uncertainties in electricity supply and demand.
The model proposed by J. Yu et al. (2022) integrated quay crane
scheduling, quay crane deployment, and electricity grid
allocation with berth allocation to optimize emissions, costs,

and time without considering uncertainties.
Environmental Optimization in the Inland Segment of

Container Shipping

Table 3 demonstrates summaries of the environmental
optimization studies related to the inland segment of container
shipping. The table shows that hub location-allocation and
container route allocation are the most studied decisions.
Similar to the previously evaluated container shipping
segments, the environmental optimization studies in the inland
segment mostly integrates two and more decision. However,
some of the studies considered single decisions. Digiesi et al.
(2019), Tsao & Linh (2018), Y. Chen et al. (2018), Maia & Couto
(2013), Sun (2020), and Dai & Yang (2020) studied hub location
allocation as a single decision in inland container shipping.
Digiesi et al. (2019) and Dai & Yang (2020) only optimized
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emissions and costs while Y. Chen et al. (2018) and Maia &
Couto (2013) optimized time as well as emissions and costs. On
the other hand, Sun (2020) optimized time reliability in
addition to emissions and costs. Tsao & Linh (2018) included
social sustainability variables i.e., noise and accidents in
addition to emissions, costs, and time. Only two of them
included uncertainty in their modeling. Sun (2020) included
uncertainties in transportation time and handling time while
Dai & Yang (2020)
uncertainty in their modeling. W. He et al. (2021), Shiri &
Huynh (2018), Schulte et al. (2017), and Heilig et al. (2017)
modeled inland truck scheduling in their studies. Shiri &

included transportation demand

Huynh (2018) optimized only time considering emissions as a
constraint while Schulte et al. (2017) optimized emissions and
time. W. He et al. (2021) and Heilig et al. (2017) optimized
emissions, costs, and time simultaneously. None of them
considered uncertainty in their modeling. S. Zhu et al. (2021)
modeled tug scheduling for container barges as a single
decision in inland shipping to optimize emissions. S. Li, Wu, et
al. (2023) studied optimum emission reduction technology
choice by optimizing fuel consumption and the other costs
while considering the uncertainties in emission production,

transportation demand and transportation capacities.

Table 3. Studies on environmental optimization in inland segment of container shipping

Reference Uncertainty Decision Modeling Level Objective

3 3

3 S 3 3 = 5
“E ~;ﬁ§:2:§~‘3§“32“%:52‘"*55
&2 & § & & 8353358525858 8853388882 3F%ES 3
J. Ma et al. (2023) J \/ N N YA
Omran et al. (2023) v N N N NI
S. Li, Wu, et al. (2023) N l N NI N
Pourmohammad-Zia et al. (2023) Y N A N N oA AW
Z.Tan et al. (2022) v oAy ‘/ Y RV
Kurtulus (2022) v N N N NV
S. Zhu et al. (2021) N N N
Ambrosino & Sciomachen (2021) y N N oA N ANy N oA
W. He et al. (2021) ~ N NN A
Pian et al. (2021) N ~ N NN AW
Sun (2020) Ny N N NIV N
Wong et al. (2020) v N A N NN W
Dai & Yang (2020) y N N NIV
Tsao & Thanh (2019) Y v N Y \ SR VoA N SR
Digiesi et al. (2019) ~ N N NERYERY,
Tsao & Linh (2018) ~ N NN AW N
Z.Tan et al. (2018) v oA y Y ‘/ v oA oA N
Sun et al. (2018) y \/ y \/ SRV
Shiri & Huynh (2018) ~ N N N
Irannezhad et al. (2018) N A N NIRRT
Y. Chen et al. (2018) ~ N N AW
Schulte et al. (2017) ~ NIRRT
Heilig et al. (2017) N N NV
Fazili et al. (2017) vy y V v oA N
Shi et al. (2016) v V v N ARV
Palacio et al. (2016) + N N NERYERY,
Sun & Lang (2015) N N N NN AW
Palacio et al. (2015) + N N NI NIV
Maia & Couto (2013) N N NV
Kim et al. (2013) N + N N NV
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Environmental optimization studies in the inland segment
of container shipping mostly combine two decisions in their
modeling. The modeling approach of J. Ma et al. (2023), Omran
et al. (2023), Kurtulug (2022), Ambrosino & Sciomachen
(2021), Pian et al. (2021), Tsao & Thanh (2019), Palacio et al.
(2016), Palacio et al. (2015), and Kim et al. (2013) integrated
container route allocation into inland container hub location-
allocation. Kurtulus (2022), Palacio et al. (2016), and Palacio et
al. (2015) optimized emissions and costs while Pian et al. (2021)
and Kim et al. (2013) optimized time in addition to emissions
and other costs. J. Ma et al. (2023) and Omran et al. (2023) also
optimized emission and the other costs while considering the
uncertainty in transportation demand. Tsao & Thanh (2019)
and Ambrosino & Sciomachen (2021) optimized social
sustainability parameters i.e., noise, accidents, infrastructure
deterioration, unemployment, and immigration in addition to
emissions, costs, and time. Only two of those studies considered
uncertainties: Palacio et al. (2015) considered capacity
Tsao & Thanh (2019)
uncertainties in transportation demand, costs, and capacities.
Sun et al. (2018) and Sun & Lang (2015) combined shipment

scheduling and container route allocation in inland container

uncertainty while considered

transportation to optimize emissions, costs, and time. Sun et al.
(2018) also considered uncertainties in capacities. Z. Tan et al.
(2022) combined emission reduction strategy choice and speed
optimization in inland container shipping to optimize
emissions and costs. Z. Tan et al. (2018) integrated vessel
scheduling and speed optimization in inland container
shipping. They optimized emissions and time while
considering uncertainties in transportation times and port
times. Irannezhad et al. (2018) integrated empty container
relocation in container route allocation to optimize emissions
and costs in inland container transportation. Shi et al. (2016)
modeled container route allocation and emission reduction
strategy choice to optimize emission production and costs.
Pourmohammad-Zia et al. (2023) integrated container route
allocation and inland truck scheduling while considering the
uncertainties in available number of trucks. They optimized
emissions, other costs and transportation time.

Only two studies in environmental optimization combined
three decisions. Wong et al. (2020) integrated hub location
allocation, empty container relocation, and container route
allocation to optimize emissions, costs, and time. Fazili et al.
(2017) combined shipment scheduling, container route
allocation, and inland truck scheduling to optimize emissions,

costs, and trucker rest times. They provided the only research

in this review that considers trucker rest time as a parameter in

their modeling.
Environmental Optimization in Sea-Port Segment of

Container Shipping

Table 4 summarizes the environmental optimization studies
that integrated both the sea and port segments of container
shipping. It is illustrated in the table that most of the studies
considered Dberth allocation and speed optimization
simultaneously while two of them included additional decisions
in their modeling. Z.-H. Hu (2020), Venturini et al. (2017), and
Du et al. (2011) included only berth allocation and speed
optimization decisions. Z.-H. Hu (2020) and Du et al. (2011)
optimized emissions and time while Venturini et al. (2017)
optimized costs as well as emissions and time. Alvarez et al.
(2010) included vessel scheduling decisions to berth allocation
and speed optimization decisions. They optimized emissions,
costs, and time while considering uncertainties in truck arrival
times. Zhen, Wu, et al. (2020) integrated five more decisions
i.e., vessel scheduling, container route allocation, ship route
allocation, vessel deployment, and emission reduction strategy
choice to berth allocation and speed optimization decisions.
They optimized emissions, costs, and time. J. Qi & Wang (2023)
integrated bunkering, bunkering hub location, emission
reduction technology choice and speed optimization decisions

while optimizing fuel consumption and the other costs.
Environmental Optimization in Door-to-Door (Sea-

Port-Inland) Container Shipping

Studies related to environmental optimization in door-to-
door container shipping were summarized in table 5. The table
shows that the most studied decision is the container route
allocation decision. Similar to the studies in the other segments,
the environmental optimization studies in this segment of
container shipping mostly consider two or more decisions. On
the other hand, some of the studies consider only a single
decision. S. Liu (2023), M. Li & Sun (2022), Z. Yang et al. (2021),
X. Li, Kuang, et al. (2019), Q. Ma et al. (2018), Martinez-Lopez
et al. (2016), and Chang et al. (2010) studied container route
allocation as a single decision in door-to-door container
shipping. S. Liu (2023) optimized emissions, the costs,
transportation time, and quality. M. Li & Sun (2022) optimized
emissions, the costs, and transportation time while considering
the uncertainties in transportation demand and emission costs.
Z. Yang et al. (2021) and X. Li, Kuang, et al. (2019) optimized

emissions and costs while Q. Ma et al. (2018) optimized costs
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and quality by considering emissions as constraints. On the studied empty container relocation as a single decision in door-
other hand, Martinez-Lépez et al. (2016) and Chang et al. to-door container shipping considering uncertainties in
(2010) optimized time in addition to emissions and costs. Q. transportation demand and empty container supply to
Hu et al. (2022) studied the environmental subsidy scheme as a optimize emissions, costs, and time.

single decision to optimize emissions. Sdinz Bernat et al. (2016)

Table 4. Studies on environmental optimization in sea-port segment of container shipping

Reference Uncertainty Decision Modeling Level Objective
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Table 5. Studies on environmental optimization in door-to-door container shipping

Reference Uncertainty Decision Modeling Level Objective
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Table 5

optimization studies in door-to-door container shipping

shows that several of the environmental
combined two decisions. Martinez-Lopez et al. (2019) and
Martinez-Lopez et al. (2018) integrated container route
allocation and emission reduction strategy choice for container
ships in door-to-door container shipping to optimize
emissions, costs, and time. Y. Zhang, Atasoy, et al. (2022)
combined container route allocation and shipment scheduling
to optimize emissions, costs, and time. Tran et al. (2017)
integrated container route allocation and container ship route
allocation and optimized emissions, costs, and time. Lam & Gu
(2016) integrated empty container relocation in container route
allocation and optimized emissions, costs, and time. M. Zhang
et al. (2013) studied inland container hub allocation and
container route allocation to optimize emissions and costs.

Table 5 demonstrates that only two of the studies combined
three decisions. Martinez-Lépez (2021) combined container
route allocation, container ship route allocation, and vessel
deployment to optimize emissions, costs, and time. On the
other hand, K. Chen et al. (2020) integrated environmental
taxation and subsidy scheme in container route allocation and
optimized emissions and costs.

As illustrated in Table 5, only Martinez-Lépez & Chica
(2020) combined four decisions. They integrated ship route
allocation, vessel deployment, and speed optimization in
container route allocation and optimized emissions, costs, and

time.

Research Directions Through Years

Figure 2 show the change in research direction trough years.
It can be seen in the first graph in the figure that the number of
research articles in the environmental optimization of sea
segment of container shipping has been consistently increased
in the later years. Lately, vessel speed optimization, vessel
deployment and vessel scheduling decisions took increased
attention of the scholars in the area. This is understandable
considering the increased environmental concerns in the
shipping industry because those decisions can have a big impact
on environmental performance of container shipping. By
optimizing the speed of container vessels, bunker consumption
can be reduced thus the amount of emission production. Vessel
scheduling and number of the vessels deployed can also have a
big impact on vessel speed and bunker consumption. Emission
production can be high in a container service with a tight
schedule and few container vessels because vessels must speed

up to catch up with the schedule.

The second graph in Figure 2 show the yearly change in
research direction in port segment in the research area. Similar
to the sea segment, number of research in the port segment has
been increased in the later years. Researchers mostly focused on
quay crane scheduling and yard crane scheduling in the recent
years. By optimizing quay crane and yard crane scheduling,
energy consumption of those equipment per handled container
as well as yard truck and inland truck waiting times can be
improved thus emission production can be reduced. The third
graph in Figure 2 shows the development of research through
the years in inland segment of the research area. The graph
show that number of research articles has not been increased in
the recent years. It was consistent throughout the years. In the
recent years, researchers focused on hub location allocation and
container route allocation decisions. Locations of inland
container hubs can have a significant impact of emission
production because by selecting optimum locations, total
travelled distances can be reduced. Additionally, container
route allocation include transportation mode choice and
emission production can be reduced by using environmentally
friendly alternatives to road transportation of inland
containers.

Fourth graph in figure 2 shows the yearly change in research
direction in the research articles which considered both sea and
port segment of container shipping. Even though there are few
research articles that consider both sea and port segment, the
number of articles has been increased in the recent years. The
recent articles mostly focused on berth allocation and speed
optimization decisions. Those two decisions are closely related
because with optimum berth allocation, waiting times of
container vessels can be minimized therefore excess time can be
used to reduce optimum speeds of container vessels. The last
graph in figure 2 illustrates the yearly change in the number of
research articles according to considered decisions on the door-
to-door segment of container shipping. The graph shows that
there is not much increase in the number of research articles in
the area. The number of research articles are fairly consisted
throughout the years. Most studied optimization decision in the
recent years shown in the graph is container route allocation.
The container route allocation decisions in the door-to-door
container shipping include selection of transportation modes
thorough different routes. It is understandable that this
decision become popular among researchers in the area of
environmental optimization in container shipping because
choice of a low emission producing transportation alternative

can increase the environmental performance of container
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Studies in Sea Segment of Container Shipping

Studies in Port Segment of Container Shipping
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Figure 2. Change in research directions through years

Future Research Directions

Even though environmental optimization in container
shipping widely researched area, there is still a need for further
the

optimization of container shipping to reduce emissions has

research. Expanding research in environmental
become more important as the negative effects of climate
change are more frequently seen. In this regard, this study
identified various future research directions in the area. Table 6

shows the decisions considered by each segment of

environmental optimization studies in the research area. The
future research directions were identified in terms of the
identified

optimization decisions, uncertainty modelling and objective

number of research articles focused on each

function. The number of research articles on the considered
decisions were illustrated in Table 6 according to the container
shipping segment. As it can be seen in the table that some
decisions were well studies in one or more segment but not in

the other segments.
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Table 6. Number of research articles on the considered decisions

Sea Port Inland Sea-Port Door-to-Door
Barge Tug Scheduling 1(%2)
Berth Allocation 11 (%13) 5(%25)
Bunkering 12 (%6) 1 (%5)
Bunkering Hub Allocation 1 (%5)
Container Route Allocation 11 (%6) 22 (%44) 1 (%5) 16 (%52)
Disruption Recovery 6 (%3)
Electricity Grid Allocation 8 (%9)
Emission Reduction Technology Choice 7 (%4) 2 (%2) 3 (%6) 2(%10) 2 (%6)
Empty Container Relocation 2 (%4) 2 (%6)
Environmental Subsidy Scheme 2 (%6)
Environmental Taxation Scheme 1 (%3)
Freight Rate Optimization 1(%1)
Hub Location Allocation 10 (%20) 1 (%3)
Inland Truck Scheduling 9 (%10) 6(%12)
Quay Crane Deployment 5 (%6)
Quay Crane Scheduling 13 (%15) 1 (%5)
Renewable Electricity Source Installation 3 (%3)
Ship Route Allocation 19 (%10) 1 (%5) 3 (%10)
Shipment Scheduling 2 (%1) 3 (%6) 1 (%3)
Speed Optimization 61 (%33) 2 (%4) 6 (%30) 1 (%3)
Vessel Deployment 39 (%21) 1 (%5) 2 (%6)
Vessel Scheduling 28 (%15) 1(%2) 1 (%5)
Yard Container Retrieval 1(%1)
Yard Container Stack Allocation 4 (%5)
Yard Crane Deployment 2 (%2)
Yard Crane Scheduling 12 (%14)
Yard Layout Optimization 2 (%2)
Yard Truck Deployment 4 (%5)
Yard Truck Retrofitting for Emission Reduction 2 (%2)
Yard Truck Scheduling 8 (%9)
Total 186 (%100) 86 (%100) 50 (%100) 20 (%100) 31 (%100)

Research Direction Towards Uncertainty Modelling

Uncertainty is the often-neglected aspect of environmental
optimization studies in container shipping. Compared to
different segments, uncertainty is more frequently included in
the models of the studies in the port segment of container
shipping but still over half of the reviewed studies on port
segment neglected uncertainties as illustrated in Table 1-5.
Future studies in different segments can include different
uncertain inputs in their modeling.

Future studies related to environmental optimization in the
sea segment of container shipping can include uncertainties in
sailing times, port times, and fuel/energy consumption.
Uncertainties in those parameters were rarely considered by
previous studies although they can be highly volatile caused of
various factors such as weather conditions, sea currents, worker

strikes, and oil prices.

Future studies on environmental optimization in the port
segment of container shipping can also include various
neglected uncertain parameters i.e., count of containers
handled, electricity supply, and demand. Transportation
demand depends on economic conditions and can be highly
volatile. Strategic environmental optimization decisions with
high fixed costs in the port segment of container shipping must
consider uncertainties in the number of containers handled to
avoid big financial losses. Uncertainties in electricity supply and
demand are important aspects for future studies on cold
ironing and electrification of container handling equipment to
reduce emissions of container terminals. Additionally, the
studies related the renewable energy source installation in ports
must consider those uncertainties in their modeling to ensure
reliable energy supply and effective usage of financial resources.

Uncertainty was seldom considered by the environmental

optimization studies in the inland segment of container
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shipping. Future studies can include uncertainties in
transportation demand and transportation times. Considering
uncertainties in transportation demand for inland container
shipping is critical for studies that evaluate expensive
infrastructure installment in hinterlands of ports. Additionally,
considering uncertainties in transportation time is critical for
accurate emission calculation and calculation of external social
costs because congestion in inland transportation networks is a
frequently occurring phenomenon that needs to be dealt with.

In the sea-port combined segment of container shipping,
only one study included uncertainty in its research. Future
studies that will focus on environmental optimization in the
sea-port integrated segment of container shipping can include
uncertainties in ship arrival times, inland truck arrival times,
and workloads because volatilities in those parameters can
highly impact costs and emission production.

Similar to the sea-port segment, only one study in
environmental optimization of the door-to-door container
shipping segment considered uncertainty in their modeling. In
door-to-door container shipping, uncertainties in transit times
in different segments (i.e., sea, port, and inland) can have a huge
impact on the container route selection and hub location-
allocation. Therefore, they can affect emission production and
total costs. In addition to uncertainties in transit times,
uncertainties in transportation demand also affect container
route allocation and hub location allocation because high

demand means lower unit transportation costs and lower

emissions per unit of containerized freight transported.

Research Directions for Sea Segment of Container

Shipping

The most under-researched decisions in environmental
optimization models in the sea segment of container shipping
include resource allocation, emission reduction technology
choice, disruption recovery, freight rate optimization, and
shipment scheduling. Future studies can integrate those
decisions in their modeling to expand the research in the area.
Resource allocation in the sea segment can be combined with
research allocation in inland container shipping networks and
resources of the container shipping companies can be allocated
to reduce emissions in the whole door-to-door container
shipping chain. Consideration of emission reduction strategy
choice for future studies on environmental optimization is
crucial because the adaptation of an analytical approach for
investing and application to an emission reduction strategy can

deliver more effective results. Those emission reduction

technologies can include but are not limited to scrubber
installation, retrofitting ship engines for alternative low-
emission fuels (ammonia, LNG, and hydrogen fuel cells, etc.),
an adaptation of wind-assisted sailing systems, or wave-assisted
sailing systems. Disruption recovery is another decision that is
under-researched for environmental optimization. Measures
for recovering disruptions such as increasing ship speed can
produce high emissions. Therefore, future studies can focus on
environmental optimization in disruption recovery to
minimize emissions resulting from container ship operations.
Future studies on freight rate optimization can be helpful for
the determination of environmental tax caps in container
shipping because shipping companies eventually will reflect
environmental taxes to their customers inside their freight
rates. Shipment scheduling decisions are another important
area for future research in environmental optimization.
Shipment scheduling decisions including the determination of
timing and frequency of containerized freight shipments can
have a huge impact on companies' carbon footprint since bigger
shipments mean less emission per ton of shipped containerized

freight.

Research Directions for Port Segment of Container

Shipping

The evaluation of previous environmental optimization of
the port segment of container shipping revealed the least
researched areas as decisions related to internal transportation
and handing operations in container terminals (i.e., yard crane
deployment, yard truck deployment, yard truck scheduling,
yard container stack allocation, yard container retrieval),
renewable energy source installation, and emission reduction
technology choice. Optimization of internal transportation and
handling operations can have a big impact on energy
consumption thus emission production in container terminals.
Future studies can focus on this area by providing
environmental optimization models for internal transportation
and handling operations of container terminals. The problem
of renewable energy source installation in the seaport areas
lately gained importance because ports can require a high
amount of energy for their operations and there are usually
industrial clusters located around ports that require a high
amount of energy for their operations. Therefore, ports can be
established as focal energy production and distribution points
for the industry by investing and establishing renewable energy
production infrastructures such as wind tribunes, wave

tribunes, or facilities that produce electricity from organic
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waste. Future studies related to environmental optimization
can model decisions related to the number, location, and energy
distribution of renewable energy source installations in ports.
Another  under-researched area for  environmental
optimization related to container terminals is the emission
reduction strategy choice. From a financial point of view, the
selection of emission reduction technology can have a big
importance and must not be decided in an ad hoc manner. For
example, what kind of zero-emission technology should a
container terminal invest in such as retrofitting internal
transportation and handling equipment for electrification,
battery usage, fuel cell usage, or alternative fuel usage e.g.,
ammonia or LNG usage for hydrogen production with a carbon

capture technology.

Research Directions for Inland Segment of Container

Shipping

The review of this study showed the decisions seldom
considered by previous environmental optimization studies in
the inland segment of container shipping include vessel
scheduling, barge tug scheduling, empty container relocation,
emission reduction strategy choice, speed optimization, and
shipment scheduling. Vessel scheduling and speed
optimization decisions are the most frequently studied
decisions in the sea segment, but they are rarely considered for
inland shipping of containers. Because inland shipping is
performed in inland waterways and rivers, it has different
operational dynamics than seaborne container shipping. For
example, inland navigation can be affected by such factors as
river currents, draft, and air draft limitations, dam crossings,
etc. For this reason, future studies can model vessel scheduling
and speed optimization in inland container shipping for
optimizing emission production. Barge tug scheduling is also
an under-researched decision. Inland container shipping
through barges is common practice in Europe and China.
Therefore, there is a need for future studies on environmental
optimization in the area. Empty container relocation is well
studies area in general, but studies mostly focused on the sea
segment and often neglected empty container relocation in
inland container transportation. Empty containers for inland
container transportation are stored in inland hubs and the
demand and supply of empty containers highly depend on the
demand for export and import containerized freight transport.
In this regard, future studies can provide a modeling
perspective for empty container relocation in inland container

transportation, especially in combination with inland container

route allocation and inland container hub location. The
emission reduction strategy choice in the inland segment of
container shipping is another decision that requires more
future research for environmental optimization. The emission
reductions strategies for inland container transportation can
include but are not limited to the adaptation of emission
reduction technologies by inland container ships and container
barge tugs such as scrubbers, fuel cells, batteries, or zero
emission propulsion technologies as well as electrification of
rail lines or retrofitting inland transportation trucks with zero-
emission technologies. An ad hoc decision approach to the
adoption of those technologies can result in inefficiencies in the
usage of financial resources, therefore, there is a need for future
studies on optimization modeling in the area. Shipment
scheduling for environmental optimization in the inland
segment of container shipping also requires further research.
Shipment scheduling includes deciding on the timing and
frequency of containerized freight shipments. Shipments with
low frequency and bigger baches produce less emission as per
tonnage transported but increase inventory holding cost.
Future studies on optimization modeling for shipment
scheduling can provide help for trade-offs between costs and

emissions.

Research Directions for Sea-Port Segment of Container

Shipping

The decisions that require further research in the sea-port
segment of container shipping include quay crane scheduling,
vessel scheduling, container route allocation, ship route
allocation vessel deployment, and emission reduction
technology choice. Most of those decisions are well-researched
in the other segments but all the studies in the sea-port
combined segment of container shipping only included berth
allocation and speed optimization decisions. Consideration of
quay crane scheduling can have a big impact on berth allocation
decisions and speed optimization is highly affected by vessel
scheduling and vessel deployment decisions. Future
environmental optimization studies in the sea-port segment of
container shipping can integrate those decisions to provide
more accurate and comprehensive modeling perspectives.
Container route allocation and container ship route allocation
decisions are highly related since containers allocated to a
shipping route require the allocation of container ships in the
services of the container lines. And ship route allocation
decisions impact vessel scheduling and vessel deployment

decisions. Therefore, future environmental optimization
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studies in the sea-port segment must also integrate container
route and ship route allocation decisions into their models. As
in the other segments, emission reduction technology choice is
seldom considered in the sea-port segment. Future studies on
emission reduction technology choice in the sea-port segment
can integrate decisions on emission reduction technologies in
the sea segment (e.g., scrubber installation, retrofitting ship
engines for alternative zero-emission fuels, wind-assisted
sailing systems, or wave-assisted sailing systems) to decisions
on emission reduction technologies in the port segment (e.g.,
retrofitting internal transportation and handling equipment for
electrification, battery usage, fuel cell usage or alternative fuel

usage).
Research Directions for Door-to-Door Segment of

Container Shipping

Almost all the research in environmental optimization in
the door-to-door segment of container shipping considered
container route allocation decisions. There is a need for further
research that includes other decisions i.e., hub location-
allocation, empty container relocation, ship route allocation,
vessel deployment, environmental taxation and subsidy
scheme, emissions reduction strategy choice, and speed
optimization. Two of the least studied decisions, i.e., hub
location-allocation and vessel deployment, in the door-to-door
segment are well-studied in other segments. However, they
should be considered by environmental optimization studies in
the

transportation costs and choice of transportation modes as well

door-to-door segment. Hub locations can impact
as emission production. Vessel deployment is rarely explicitly
considered by the models in the door-to-door segment since
consideration of vessel deployment can highly increase model
complexity and solvability. However, vessel deployment
decisions can have a big impact on the amount of emission
production. Emission reduction strategy choice is another area
in the door-to-door segment that needs further research.
Emission reduction technology choice in the sea segment is
highly related to vessel deployment decisions. The choice of
emission reduction technologies in the sea, port, and inland
segments of container shipping can be integrated with the
models of the door-to-door segment. Empty container
relocation and ship route allocation decisions in the door-to-
door segment also require more research. The two decisions are
very related and can be integrated into container route
allocation for environmental optimization in door-to-door

container shipping. Future studies can also consider modeling

environmental taxation and subsidy provision since the
determination of environmental taxation and subsidies by
optimization modeling can ensure policy effectiveness. Speed
optimizations is another under-researched decision in the
door-to-door segment however it is well studied in the sea
segment. Speed optimization in the door-to-door segment
requires a different perspective than speed optimization in the
sea segment because in door-to-door segments it is highly
integrated with transportation mode choice and shipment
scheduling. Therefore, future environmental optimization
studies that consider speed optimization in door-to-door
container shipping should integrate mode choice decisions and

shipment scheduling in their modeling.

Research  Directions towards Combination of

Environmental and Social Sustainability

The result of this review reveals that objective functions of
the previous study in the environmental optimization of
container shipping mostly included parameters related to
fuel/energy consumption, emissions, costs, and time. Those
parameters are related to economic and environmental
sustainability. Future studies can quantify and include social
sustainability parameters such as noise production, accidents,
quality, immigration, employment, and personnel rest times.
One of the interesting and very important social sustainability
parameters considered in one of the previous studies was the
trucker rest times (Fazili et al., 2017) which is crucial for the
safety and health of the truckers. For example, future studies in
the sea or port segment can integrate similar parameters in their
studies because working conditions and overworking of port
and ship personnel were one of the most criticized realities in
the shipping sector and it got worse and under scrutiny during

the Covid-19 pandemic.

Conclusion

Around 80% of international freight transportation is
conducted through seas and 20% of maritime transportation is
conducted through container shipping (UNCTAD, 2021).
Therefore, total emissions produced by container shipping
constitute a high share of total industrial emission production.
This makes it crucial to expand the research to reduce emissions
in container shipping. In this regard, this study provided a
review of previous studies on the environmental optimization
of container shipping and identified various future research
The the environmental

directions. review grouped
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optimization studies under five segments: sea, port, inland, sea-
port combined, and door-to-door container shipping.

Under each segment of container shipping, the decisions
that require future research on environmental optimization
were revealed. In the sea segment of environmental
optimization of container shipping, decisions which require
further attention include resource allocation, emission
reduction technology choice, disruption recovery, freight rate
optimization, and shipment scheduling. The decisions that
require future research in the port segment are related to
internal transportation and handing operations in container
terminals (i.e., yard crane deployment, yard truck deployment,
yard truck scheduling, yard container stack allocation, yard
container retrieval), renewable energy source installation, and
emission reduction technology choice. Vessel scheduling and
speed optimization decisions are the most frequently studied
decisions in the sea segment, but they are rarely considered for
inland shipping of containers. In the sea-port combined
segment of container shipping future studies required in quay
crane scheduling, vessel scheduling, container route allocation,
ship route allocation vessel deployment, and emission
reduction technology choice, although they were well-
researched in the other segments. The least studied decision in
the door-to-door segment of container shipping includes hub
location-allocation, empty container relocation, ship route
allocation, vessel deployment, environmental taxation and
subsidy scheme, emissions reduction technology choice, and
speed optimization. The hub location-allocation and vessel
deployment are well-studied in other segments.

Additionally, the review showed that uncertainties in
modeling approaches and objective function parameters related
to social sustainability require the attention of scholars in the
area. The analysis provided in previous studies in this review
demonstrated the level of scientific rigor regarding
environmental optimization of container shipping to the
scholars that plan to provide research in the area. The future
research directions on environmental optimization in
container shipping revealed in this study will provide a guide
for scholars in the area to investigate the most under-researched

subjects.
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Yacht design

Yacht design is a multidisciplinary process that consists of set of iterative sub-processes. The
main aim of the whole process is to reach the optimum design that satisfies not only the
engineering-related requirements, but also the user’s expectations. In the preliminary design
process, determination of the type and the main dimensions of the yacht according to the user’s
preferences is followed by the processes such as the general arrangement plan, determination of
the hull form and superstructure design, estimation of hydrostatic and hydrodynamic
characteristics, etc. In this research, it is aimed to obtain a parametric design framework which
enables to reach hull form characteristics, layout parameters and resistance estimation values
with respect to various speeds, only by using only Loa of trawler type motor yachts. In this
content, 26 trawler type motor yachts were investigated and their hull were modeled for speed-
resistance calculations. As a result of the research, graphics and tables were presented that allow
to reach the characteristic parameters, which are important in terms of design and engineering,

by using only the Loa value in the preliminary design phase of the trawler type motor yachts.

Please cite this paper as follows:

Turan, B. I. (2023). Guideline for preliminary design phase of trawler type yachts. Marine Science and Technology Bulletin, 12(3),
312-321. https://doi.org/10.33714/masteb.1334052

Nomenclature
B : Beam of the hull (m) LCB : Longitudinal center of buoyancy
Brransom : Beam of the transom on top (m) LuuL : Hull length (m)
Bw. : Beam of waterline (m) Loa : Length overall (m)
Cs : Block coefficient Lpiatrorm : Length of the platform (m)
Cum : Midship section coefficient Lww : Length of waterline (m)
Cp : Prismatic coefficient T : Draft (m),
A : Displacement tonnage (tonnes)
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Introduction

Yacht design is a process involving iterative procedures
until a result is achieved that satisfies various predetermined
requirements (Larsson & Eliasson, 2007). The number,
sequence and the contents of these procedures may
differentiate according to the type of the yacht. For instance,
design spiral which is presented by Hamlin (1996) includes a
procedure related with sail & rigging design (see Figure 1). If a
satisfactory result is achieved at each procedure of the design
spiral, the next stage is passed, otherwise the process is renewed
(Arslan, 2010). To start this iterative process, the designer uses
a set of assumptions (Larsson & Eliasson, 2007). Formulas and
frameworks developed by utilizing previous projects in yacht
design play a major role in establishing the assumptions for the

desired yacht.

General |Arrangements

Economics

Specifications

Spars and Rigging

Construction Plans

Figure 1. Design spiral presented by Hamlin (1996)

Clarifying the type of the yacht is among the initial steps in
the early stage of the yacht design process. Yachts can be
categorized as motoryachts and sailing yachts according to the
propulsion type (Tokol, 2020). The form and variety of motor
yachts differ from sailing yachts (Turan, 2021). It is very
difficult to generalize the form in motor yachts that do not have
a traditional form and therefore are open to diversity
(Biylikkegeci & Turan, 2018). Although it is possible to
distinguish the displacement, semi-displacement or planning
form for the underwater form of the hull, this distinction is not
sufficient to define the above-water parts of the boats and at this
point type names of lobster, trawler, open, sport, weekend,
flybridge or hard-top etc. are used based on all or some of the
parts of these yachts above the water (Turan, 2021). Trawler
type yachts, which have been used for fishing purposes are re-
designed to be used for pleasure purposes (Ozgel Felek &
Arabacioglu, 2019). These yachts are defined as motoryachts
that offer spacious interior space thanks to the difference in
grades on their main decks (Turan, 2021). Figure 2 shows the

profile drawing and the general arrangement plan of a trawler

type yacht. In these yachts, sunbathing area is located in the
flybridge area.

Figure 2. Profile drawing and general arrangement plan of a

trawler yacht

As shown in Figure 2, trawler yachts have a stern with a
transom and a platform, large closed area in the main deck and
a flybridge that is located in the aft part of the yacht. Various
studies address design process of different yacht types and
contribute this iterative process by providing methods or
guidelines. Turan (2021) presents non-dimensional parameters
that indicate the location of the engine room for preliminary
design stage of different yacht types. In their research, Turan &
Akman (2021) investigated Bodrum Gulets with different stern
forms and they developed a design framework for that specific
sailing yacht type. In the research of Sarioglu & Kiikner (2018)
a numerical method to calculate the form factor of Bodrum
gulets has been developed and an artificial neural network
(ANN) has been used to estimate the form factor of hull forms
in the design process of these yachts. The number of the studies
conducted on the trawler type yachts are limited. In the
research of Ozgel Felek & Arabacioglu (2019), trawler type
yachts have been investigated to obtain design parameters for
general layout and superstructure design of these yachts. In
another research (Lane, 2010) the effect of various bulb types
on the resistance and performance characteristics of the
selected trawler yacht hull have been studied. In the previous
studies on trawler type yachts, these motor yacht types were

handled from different disciplines and made important
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contributions in the design process. On the other hand, there is
no design guide regarding hull form characteristics of these
boat types. This study aims to fulfil this gap by providing a
framework that enables the designer to obtain hull and
superstructure parameters by using only Loa of trawler type

yachts.
Material and Method
In the research, 26 trawler type motor yachts’ hulls and

superstructures were investigated. Los of the investigated

trawler yachts varies from 14,20 m to 36,80 m. 19 of the

investigated yachts have been built between the years 1998 to
2023 while 7 of them are in the project or production phase.
Table 1 includes main dimensions of the investigated trawler
yachts. Figure 3 and Figure 4 illustrates render images of two
different trawler yachts, which have been involved in the
research.

After collecting data, investigated yachts’ hulls were
modelled in Rhino3D Version 7 (2020) and exported as IGES
file to Maxsurf (2022) software program for hydrostatic and
resistance calculations. Figure 5 represents the work flow of the

research.

Figure 4. A render image of one of the investigated trawler yachts
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A

Design
paramaters
Calculations «Hull form,
«Hydrostatic and «Engine room
3D Modeling resistance «Superstructure
«Hulls were calculations in parameters
Data collection modeled in Rhino Maxsurf (2022)
«26 trawler type 3D (2020) software
motoryachts were program
investigated
Figure 5. Workflow of the research
Table 1. Main dimensions of the investigated yachts
Yacht Code Loa (m) L (m) Lius (m) B (m) By (m) Brransom (m) T (m) A (ton)
Trawler_1 14.20 12.63 13.60 4.12 3.84 3.76 1.10 22.00
Trawler_2 15.00 13.60 14.35 4.26 4.00 3.96 1.16 24.00
Trawler_3 15.80 14.27 15.10 4.78 4.41 4.28 1.55 30.20
Trawler_4 16.50 14.45 15.80 4.68 4.33 4.31 1.28 29.00
Trawler_5 16.55 14.10 15.75 4.71 4.44 4.32 1.23 32.44
Trawler_6 18.80 16.45 18.00 5.26 4.88 4.78 1.41 40.00
Trawler_7 19.10 16.82 18.25 5.34 4.92 4.82 1.42 42.00
Trawler_8 19.38 17.56 18.48 523 5.07 4.92 1.58 48.51
Trawler_9 20.00 17.44 19.10 5.70 5.00 5.21 1.44 46.00
Trawler_10 20.50 18.20 19.60 5.62 522 5.10 1.61 57.00
Trawler_11 20.73 18.10 19.73 5.65 521 5.16 1.75 59.00
Trawler_12 20.80 18.92 19.70 5.82 5.51 5.24 1.68 62.00
Trawler_13 21.33 18.60 20.23 5.90 5.48 5.32 1.49 66.00
Trawler_14 21.77 19.68 20.77 5.69 5.42 5.30 1.70 68.60
Trawler_15 22.10 20.50 20.90 6.05 5.47 5.41 1.71 72.00
Trawler_16 23.60 2091 22.35 6.46 5.83 5.76 1.68 75.00
Trawler_17 24.50 22.66 23.30 6.50 5.92 5.92 1.71 78.00
Trawler_18 24.90 22.80 23.60 6.55 6.18 5.81 1.70 76.00
Trawler_19 24.95 22.86 23.55 6.51 6.24 5.71 1.68 81.00
Trawler_20 25.00 21.50 23.50 6.62 6.32 5.84 1.71 84.00
Trawler_21 25.00 22.06 23.60 6.58 6.24 5.82 1.62 86.00
Trawler_22 25.20 23.60 23.70 6.60 6.18 5.92 1.80 92.00
Trawler_23 25.90 23.72 24.40 6.80 6.22 6.06 1.81 96.00
Trawler_24 27.00 25.70 25.40 6.88 6.61 6.11 1.81 112.00
Trawler_25 29.50 25.82 27.75 7.18 6.92 6.52 1.86 141.00
Trawler_26 36.80 34.50 34.40 7.96 7.56 7.16 2.30 248.00

® 315



Turan (2023) Marine Science and Technology Bulletin 12(3): 312-321

Figure 6. Modeled hull in Rhino3D

For the hydrostatic calculations, the reference point is taken
as the intersection of the sternpost with the loaded waterline in
the longitudinal direction; centerline for the transversal
direction and baseline for the vertical direction. Figure 6 shows
one of the modeled hulls for the analyses.

In the resistance calculations, Holtrop-Mennen method was
used. The method is seen as a useful tool for displacement type
hulls’ resistance prediction calculation and it bases on the
regression analysis of different scale model tests and trial data
(Holtrop & Mennen, 1982; Turan, 2009). According to
mathematical model of Holtrop-Mennen, viscous resistance Ry,
and the wave-making resistance Ry, are two components of the
total resistance Rr (Holtrop & Mennen, 1982; Elkafas et al.,
2019). Ry is formulated as Eq (1):

Ry = (1 +Kk)Rp (1)

Rp is frictional resistance according to the ITTC-1957
formula. The form factor k is a function of following hull form
parameters (Elkafas et al., 2019) and formulated as in Eq (2):

_ (BT L L®
k_f(Z'Z'E'V'CP’C) (2
where Ly, is the length of after body and c is the coefficient

based on the shape after body. The second main component,

Ry is estimated by the Eq (3):
Ry = ¢105c5VpgemiFi tmacos (AF;?) 3)

where ¢, ¢;, c3,my, m, and A are the coefficients (Holtrop
& Mennen, 1982) which are the functions of the hull form. Fn
is the Froude Number which depends on the speed of the vessel.

Results and Discussion

Results of the research are discussed in tree main

perspectives as; hull form parameters, layout parameters and

resistance characteristics. The hull form parameters perspective
includes evaluation of the hydrostatic values of the investigated
vessels as well as some design ratios of the hull. In the layout
parameters perspective, location and proportion of the engine
room and superstructure are presented. In the resistance
characteristics, resistance values of the investigated yachts” hulls

for different speed values are presented.

Hull Form Parameters

Hull form coefficients as well as the design ratios are among
the key parameters to predict hull form characteristics in the
design process of yachts. Block coeftficient, Cs determines the
fullness of a hull and it is one of the major factors on weight and
resistance (Turan & Akman, 2021). Prismatic coefficient, Cp
describes the fullness or fineness of the hull's ends by
considering the immersed volume and midship section area
(Killing & Hunter, 1998). Midship area coefficient, Cy is among
important determinants for predicting wetted surface area,
frictional resistance and pressure-viscous resistance
characteristics when used with other parameters such as Cp,
bilge radius and B/T ratio (Papanikolaou, 2014). Longitudinal
center of buoyancy, LCB is an important determinant of the
volume distribution of the hull when it is used with Cp (Killing
& Hunter, 1998).

Beside hull form coefficients and LCB, ratios of Loa/Lwt,
Loa/B, Bwi/T are calculated for the investigated trawler yachts.
Determining Lwi, B, Bw and T in the initial design process
provides insight into not only the aesthetic aspects of the hull
design, but also the hydrostatics and hydrodynamics
characteristics. Loa/Lw. ratio is used to determine overhangs of
a yacht in longitudinal direction (Turan & Akman, 2021).
Length-to-beam ratio has a direct effect on the resistance and
consequently the power requirement of a ship (Molland, 2008).
Moreover, Loa/B ratio helps to understand how beamy the

yacht is (Larsson & Eliasson, 2007). Bwi/T ratio is used to
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predict the resistance characteristics. The experiments show
that the desired values for the frictional and the wave resistance
aspects are around 2.500 for the beam to draft ratio
(Papanikolaou, 2014). Table 2 represents the minimum, the
maximum and the mean values of hull form parameters for the

investigated trawler yachts’ hulls.

Table 2. The minimum, the maximum and the mean values of

hull form parameters of the investigated yachts

Min Mean Max
Cs 0.302 0.360 0.424
Cum 0.562 0.599 0.656
Cp 0.511 0.603 0.702
LCB (% of Lw1) 41.891 43.309 45.010
Loa/Lwi 1.051 1.115 1.174
Loa/B 3.305 3.715 4.623
Lwi/Bw 3.176 3.572 4.563
Bwi/T 2.845 3.435 3.852

Estimation of the displacement weight of a ship depending
on the sufficient comparative data from similar ships
constitutes the starting point of the preliminary design
(Papanikolaou, 2014). Figure 7 represents the distribution of
the displacement weight in tones with respect to Loa (m) for the

investigated trawler type yachts.

300
250 R?=0.9884 @
200

150

A (ton)

100

50 .
0%’

10 15 20 25

LOA (m)

30 35 40
Figure 7. Distribution of displacement weight (A) with respect

to LOA

The ratios of B/Bw. and B/Brransom have been calculated for
the investigated trawler type yachts in order to give an idea
about the hull form. The ratio of B/Bw. varies between 1.032
and 1.140 and the mean value of the ratio is calculated as 1.071.
B/Brransom ratio has a mean value of 1.106 and the ratio varies
from 1.063 to 1.140. Moreover, Figure 8 shows the B, By, and
Brransom With respect to Loa for the investigated yachts.

Angle of the stempost with the loaded waterline varies
between 58° and 79° and the mean value of this parameter was

calculated as 66.58° for the investigated trawlers.
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Figure 8. B, Bw. and Brransom with respect to Loa
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Layout Parameters

The length of the platform located in the stern part of the
trawler yachts varies from 0.60 m to 1.80 m. The dimension of
this part is in correlation with the main dimensions of the
yachts. Figure 9 shows the distribution of the length of the
platform to Loa. The deck clearance varies from 0.55 m to 1.00

m for the investigated yachts.

3.0
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=
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- ‘-.
E‘: .Q' °
1.0 .00
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0.5 e
10.00  15.00 20.00 2500 30.00 35.00 40.00
Lo, (m)

Figure 9. Platform length to Loa

Voluminous closed space in the main deck that includes a
saloon, galley, dining areas and the bridge space is among the
characteristics of a trawler type yacht. To provide a design
guideline for these closed areas, the starting point, the ending
point and the part it occupies on the main deck are presented
by calculating in terms of percentage of Loa in Figure 10. The
results show that closed areas occupy the major part of the main
deck; approximately 65% of the Los and they end at
approximately 85 % of the Loa. Moreover, the results show that
percentages that indicate the location of these closed areas do
not change significantly due to change in Loa.

At the beginning of the design process of marine vessels,
determining technical information such as the space needed for
technical equipment such as engines, installations and tanks
plays an important and critical role (Ozer & Tokol, 2021). In
the interior design of a boat, it is of great importance to
determine the location of the engine room for designing the
remaining empty spaces (Arslan, 2010). To provide such data
for the preliminary design, starting and end locations as well as
the length of the engine room is presented as the percentage of
Loa in Figure 11. The results show that percentage of the length
of the engine room decreases down to 15% as the Loa increase

for the investigated trawler type yachts.
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Figure 10. Percentage of the closed spaces in the main deck
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Resistance Characteristics

It is seen that the maximum speed of the investigated
trawler yachts range between 10 and 12.8 knots. To compare
the calculated resistance values with the actual given
performance values of the produced trawlers, two different
speed values: 10 and 12 knots are selected for the resistance
prediction calculations. Figure 12 represents the resistance
values in kN of the investigated trawler hull models with respect
to Loa.

It is seen that investigated some of the investigated trawler
yachts are equipped with a single engine while the major parts

(18 of 26 trawlers) are equipped with twin-engines.

Conclusion

The study provides a design guideline that enable the
designer to estimate not only layout parameters, but also some
hydrostatic and hydrodynamic characteristics of the existing
trawler type yachts. The following conclusions are obtained
based on the results of the study:

e Even the Lo, of the trawler type yachts starts from 14.20

m and reaches up to 36.80 m, the common Lo range was
found to be 18-25 meters.

e Even the superstructure design can vary due to design
characteristics and the design identity of the yacht, the
results show that the location of the superstructure of
trawler type yachts do not change due to change in Loa.
As a result, parameters related with the location of the
closed spaces can be listed among distinctive

characteristics of the trawler type yachts.

e Ithasbeen observed that By, and Brransom values for the
commonly used Lo, range are quite close to each other.

e Bw./T ratio has greater values than the ratio desired ratio
of 2.500 for the resistance aspects. Even the Holtrop-
Mennen method is an efficient resistance prediction
method and is used widely for the displacement type hull
forms, there is a need for CFD analysis for further
investigation of the trawler type yachts’ resistance and
hydrodynamic analysis.

e It is observed that hull forms of trawler yachts with a
single engine do not have significant differences with the
ones of the trawler yachts with twin engines. A CFD
analysis, in which the appendages such as rudder and
shafts are added to the model, will be of great

importance in determining the total efficiency of trawler

type yachts with single-engine and double-engine
configurations.

e As a growing trend in marine industry, research that
focuses on energy efficient trawler design with hybrid
propulsion systems can be conducted as a further study.
Considerably low maximum speed values and generous
closed spaces that provide large areas on top that can be
equipped with solar panels make trawler yachts

appropriate for this purpose.
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must first be accurately identified and their distribution areas specified. The alien species,

Magallana gigas (Pacific oyster), has introduced along the Turkish coasts. This study was

Keywords: carried out to determine the morphometric characteristics of Magallana gigas in the
Magall ]
aaarin 18 Bandirma Bay-Balikesir between November 2013 and October 2014. Shell length varied
Growth patterns
Invasive species between 68.08 mm (February) and 93.14 mm (April) during the year. Shell height was
Bandirma Bay measured at the lowest 41.90 mm in February, and the highest 59.46 mm in June. Shell
Marmara Sea width was 35.80 mm in November when the study started, and it decreased gradually and

Morphometric characteristics
’ Z reached its lowest value in February. W/L relationship of M. gigas was calculated as

W=0.411xL*%**(R*=0.064) This study includes knowledges on morphometric relationships
for the Pacific oyster which is crucial for the management of fisheries, aquaculture activities

and native species (Ostrea edulis).
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Bandirma Bay, Marmara Sea. Marine Science and Technology Bulletin, 12(3), 322-331. https://doi.org/10.33714/masteb.1337592

Introduction non-indigenous species. Invasive species share common

i ) characteristics such as the ability to settle, colonize, and expand
Pacific oyster or Japanese oyster Magallana gigas
) ) their range. However, the spread of M. gigas has mainly
(Thunberg, 1793), which was previously named as Crassostrea
. } ) S ) occurred due to cultivation activities for growth purposes in
gigas before molecular studies (Salvi & Mariottini, 2017), is ] )
. . . . . . . open seas, such as lagoons and bays. Furthermore, this species
found predominantly in the intertidal habitats and invasive, ’ ]
has shown better growth and survival performance than native
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oyster species in the same population (Troost, 2010). The entry
of this species into Europe and the Mediterranean coincides
with the second half of the 20th century. In contrast, the native
flat oyster (Ostrea edulis) fishery in France dates back centuries,
to the Roman era. The production of oysters through
cultivation has been continuously increasing for many years.
However, due to the negative effects of disease and overfishing
on populations, cultivation studies of M. gigas began. Small-
scale trials were conducted between 1966 and 1970 (Grizel &
Héral, 1991). M. gigas was imported from Canada and Japan
and was planted in all production areas, including the
Mediterranean coast of France (Grizel & Héral, 1991;
Zibrowius, 1992). Later, it was found to be distributed in the
Adriatic coast of Italy (Blundo et al,, 1972), and larvae were
1982).

Subsequently, it was observed that the distribution area of this

collected from the Croatian coast (Hrs-Brenko,

species in the Mediterranean extended from Cyprus to the
Tunisian coast (Hrs-Brenko, 1982). While its presence in Black
Sea was first detected in Sevastopol (Scarlato & Starobogatov,
1972), individuals were brought from Japan for cultivation
purposes to the North Caucasian region in 1980 (Monina,
1987).

The native flat oyster commonly found in the subtidal
habitat of Turkish seas is the European flat oyster, O. edulis. It
is distributed intensively in the Marmara Sea, Aegean Sea,
Mediterranean, and at the point where the Istanbul Strait meets
the Black Sea. Despite the low world production of this species
compared to M. gigas, it is preferred more due to its smooth
shell shape, pleasant meat color, and taste, which makes it twice
as expensive as M. gigas in markets. Ozden et al. (1993)
conducted the first cultivation studies of M. gigas in the SUYO
lagoon. In subsequent years, the presence of this species was
determined in the Marmara (Albayrak et al., 2004) and Aegean
Seas (Dogan et al., 2007) through field studies assessing their
morphometric structures. Acarli et al. (2017) revealed the
presence of the species in the Marmara Sea through genetic
studies.

Bivalve shell parts are defined in terms of dimensions such
as shell length, shell thickness, and shell width, and these three
(Malathi &
Thippeswamy, 2011; Lucas et al., 2019). Changes in the shell

parameters show continuous variation
ratios of bivalves during growth are generally associated with
the preservation of the area/volume ratio, which is an applicable
physiological ratio according to environmental conditions
(Rhoads & Pannella, 1970). Due to the population density and

increasing depth gradient, irregular shell thickness and shorter

forms of C. madrasensis were observed (Santhi et al., 2021). It is
known that in some bivalve species, shells become higher and
wider during growth to resist involuntary displacement caused
by turbulence and currents (Eagar, 1978; Hinch & Bailey, 1988).
When environmental conditions deteriorate, oyster growth is
negatively affected because oysters spend most of their energy
adapting to the environment (Dame et al., 2001). Oysters in
environments with high-quality and abundant food are larger
and thicker (Kasmini et al., 2018). Oysters are irregular in shape
and live densely attached to a hard substrate (rock) (Singh,
2019; Arja et al., 2020). Understanding the ecological variations
and productivity of oyster populations requires defining the
relationship between shell and soft body characteristics (Nagi et
al., 2011). The length-weight relationship is essential in
generating useful information for the assessment of the growth
and production of bivalve species (Chatterji et al., 1985; Acarli
et al., 2011, 2012, 2023; Idris et al., 2012; Vasconcelos et al.,
2018; Derbali et al., 2019). The allometric relationship based on
shell measurements is a simple way to estimate biomass and
total meat production (Powell et al., 2016; Acarli et al., 2023).
The objective of this study was to assess the morphometric
characteristics of M. gigas, a Pacific oyster species that is not
indigenous to the Marmara Sea. Therefore, these statistics offer
important information for understanding the development of

bivalves as well as for sustainable fisheries and aquaculture.

Material and Method

Total 365 specimens of M. gigas were collected from
Bandirma Bay, Balikesir Tirkiye) (N
40°22°03.43” E 27°55°29.47”) during the period from November
2013 to October 2013 (Figure 1). Diving was conducted to

(Marmara Sea,

collect M. gigas individuals from depths ranging from 1 to 6

meters on a monthly basis.
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Figure 1. Location of sampling area in from Balikesir-

Bandirma (Marmara Sea, Tiirkiye)
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Figure 2. Inner shell (A), outer shell (B) and internal organs of M. gigas (C)

To prepare the M. gigas for analysis, they were thoroughly
cleaned to remove any biofouling organisms (Figure 2). The
shell length (L) (anterior-posterior axis), shell height (H)
(dorsal-ventral axis), and shell width (Wi) (axis of the two
thickest shell valves) were measured using an electronic caliper
(Mitutoyo CD-15PK). Additionally, the total weight, wet shell
weight, wet tissue weight, and dry tissue weight were
determined using an electronic scale (0.01 g, Sartorius GE 412).
The meat of M. gigas was separated from the shells and weighed
separately. The shells were then dried at 60°C for 48-72 hours
until a constant weight was achieved, while the soft tissues were
dried using freeze-drying.

Linear regression analysis was employed to establish the
relationships between length and height, length and width, as
described by Ricker (1973), using the following equation:

LogY = loga + blogX (1)

Where Y is either the height or the width, X is the length, a
is a constant, and b is the regression coefficient.

The length and total weight, length and wet tissue weight,
length and dry tissue weight, and length and dry shell weight
relationship were calculated using the formula given below
(Pauly, 1983):

Y=ax*XP (2)

Where Y represents the total weight, wet tissue weight, dry
tissue weight, or dry shell weight, while X represents the length,
a is a constant, and b is the regression coefficient.
the
morphometric relationships between weight and length, width
and length, height and length, and width and length

Regression analyses were used to investigate

measurements of 365 individual Pacific oysters. Morphometric

relationships were categorized as isometric growth (b=1 or

b=3), positive allometry (b > 1 or b > 3), or negative allometry
(b < 1orb < 3)based on the estimated regression coefficients.
t-test was performed at a 95% confidence level to test the
hypothesis (H,) that the regression coefficients were equal to 1
or 3. The statistical software SPSS 20 was used for all data

analyses and calculations.
Results

M. gigas shell length, obtained monthly from natural
sources, generally exhibited small sizes during winter and larger
sizes in spring and summer. Throughout the year, shell length
ranged from 68.08+28.69 mm in February to 93.14+14.25 mm
in April. Shell height was measured at its minimum, 41.90+8.53
mm, in February, and reached its maximum, 59.46+11.20 mm,
in June. Shell width varied from 26.74+7.59 mm in September
to 36.17+7.47 mm in July. Total weight ranged between
44.51+43.36 gand 110.75+57.58 g (Table 1). The size-frequency
graph of M. gigas is presented in Figure 3. During the study, the
shell length of the oyster varied between 33.05 mm and 140.10
mm. Individuals with shell lengths ranging from 80 to 100 mm
constituted 38.4% of the total population.

The relationships between length and total weight, length
and dry shell weight, length and wet tissue weight, and length
and dry tissue weight were calculated (Figure 4). The results
indicated a negative allometric relationship between total
weight and body length, with an increase in length leading to a
disproportionate decrease in total weight. The weight/length
(W/L), height/length (H/L), and width/length (Wi/L) ratios of
M. gigas were determined as: W=0.0083xL*%! (R?=0.7237),
logH = 0.4925 + 0.6227 logL (R?*=0.5096) and logW =
0.2547 4 0.6531logL (R*=0.6014),

observed that there was a negative allometric relationship

respectively. It was

between M. gigas shell length and the other parameters
(P<0.05) (Figure 5).
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Table 1. Monthly variation of shell length, shell height, shell width and total weight of M. gigas

Months Mean Shell Length+ SE Mean Shell Height+ SE Mean Shell Width+ SE Mean Total Weight+ SE
November 80.78+14.12 53.39+10.87 35.80+8.38 49.48+23.50
December 82.02+22.25 46.97£11.70 34.20+7.53 76.32+53.37
January 74.50%17.28 46.83+9.60 33.93£17.81 50.47£33.20
February 68.08+28.69 41.90+8.53 26.74+7.59 44.51+43.36
March 74.16+18.38 47.45+10.82 30.81+8.53 53.04+34.83
April 93.14+14.25 58.60+14.35 35.71+4.99 91.98+37.50
May 88.03+30.69 51.93+7.53 35.02+10.32 75.18+44.13
June 93.29+21.99 59.46£11.20 34.68+7.85 81.67£26.28
July 92.99+21.87 51.97+12.05 36.17+£7.47 110.75+57.58
August 92.62%16.58 53.30£8.05 34.36£7.89 92.32+43.37
September 68.80+14.38 42.97+6.90 27.71+6.19 48.92+21.71
October 83.50+22.44 48.91+8.94 30.77+6.39 71.22+33.73%
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Figure 4. Relationship between length and total weight (A), length and wet shell weight (B), length and wet tissue weight, length and

dry tissue weight (C) in M. gigas.

Although there was variation in the b value of the length-
total weight relationship throughout the months, it was
observed that it ranged from 2.32 to 1.91 between November
and February. The highest b value (2.46) was recorded in
March. Subsequently, it gradually decreased until July, reaching
a value of 1.42. The b value then fluctuated between 1.94 and
1.74 from July to October (Figure 5).

Discussion

The growth, shape, total weight, and length-weight
relationships in bivalves are influenced by physiological factors

such as genetics (Hajoovsky et al., 2021) and environmental

including turbidity, and
chlorophyll-a (Acarli & Vural, 2018; Moran et al., 2022; Vural,
2022), as well as depth (Claxton et al., 1998), food availability

(Dang et al., 2010), tidal currents (Fuiman et al., 1999; Akester

factors temperature, salinity,

& Martel, 2000; Dame et al., 2001), geographical variation
(Beukema & Meehan, 1985), and habitat type (hanging or
bottom) (Elamin & Elamin, 2014).

The relationships between length-weight, length-height,
and length-width are crucial when examining the biology of
molluscs since they provide insights into the environmental
conditions that bivalves inhabit (Agboola & Anetekhai, 2008).
In this study, the weight/length (W/L) relationship of C. gigas
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was determined as W=0.0083xL?%!(R?=0.7237), and the b value
was found to be less than three. This indicates a negative
allometric relationship (b = 2.653, b < 3) for W/L. Additionally,
negative allometry was observed between length-height (H/L)
and length-width (Wi/L). Similar findings have been reported
by Unnikrishnan Nair & Balakrishnan Nair (1986), Yapi et al.

3 -

g
w
1

[\
1

b values of lenght-weight
— (9]

I
w
1

(2016), and Aydin et al. (2021) (Table 2). In contrast, Géngora-
Gomez et al. (2018) found a positive allometry for W/L in C.
cortezienzis. The negative allometric growth in C. gigas suggests
that the shells become thinner as they increase in length (Farias-
Tafolla et al., 2015), indicating that shell length increases more
rapidly relative to weight.

0 T T T T

Nov Dec Jan

Feb Mar

Apr

May Jun Jul Aug Sep Oct

Figure 5. Changes in b value of length- total weight of relationship in M. gigas

Table 2. Parameters of the morphometric relationship for family species obtained from this study and available literature

Species N Lmean+SD Allometrica b Determination SE of b Relationship Area Reference
(L min-L max) relation confident (r?) (%95 CI of b) (t-test)
O. edulis W/L 0.127  3.148 0.924 Mersin Bay, Aegean Sea, Acarli et al. (2011)
Tirkiye
C. corteziensis 650 54.29+22.31 W/L -3.8585 3.2023 0.98 0.015 + allometry Gulf of California, Mexico Goéngora-Gomez et al. (2018)
(4.31-105.06)
C. madrasensis135 >3.5 H/L 0.013  0.9866 0.931 0.332 Cochin Harbour, India Unnikrishnan Nair &
Balakrishnan Nair (1986)
C. madrasensis291 3.5-8 H/L 0.402  0.5712 0.693 0.023 Cochin Harbour, India Unnikrishnan Nair &
Balakrishnan Nair (1986)
C. madrasensis766 <8 H/L 0.867  0.1669 0.096 0.062 -allometry ~ Cochin Harbour, India Unnikrishnan Nair &
Balakrishnan Nair (1986)
C. gasar 360 4.4-10.1 W/L 2.20 1.77 085 -allometry  Ebrié and Aby Lagoons, Ivory Yapi et al. (2016)
Coast, Ghana
C. gasar 360 4.1-11.2 W/L 0.2 2.82 085 -allometry  Ebrié and Aby Lagoons, Ivory Yapi et al. (2016)
Coast, Ghana
C. gasar 360 5.3-10.9 W/L 0.406 247 0.5 -allometry  Ebrié and Aby Lagoons, Ivory Yapi et al. (2016)
Coast, Ghana
C. gigas 235 59.57+13.65 WI/L 0.0143  1.6662 0.6589 -allometry  Black Sea, Tiirkiye Aydin et al. (2021)
(24.09-98.17)
C. gigas 235 59.57+13.65 Wi/L 2.6516 0.5736 0.3177 -allometry  Black Sea, Tiirkiye Aydin et al. (2021)
(24.09-98.17)
C. gigas 235 59.57+13.65 H/L 1.7971  0.5228 0.1447 -allometry  Black Sea, Tiirkiye Aydin et al. (2021)
(24.09-98.17)
C. madrasensis 25-60 W/L -2.222692.0670 0.7828 0.111 -allometry ~ Mandovi Estuary, India Nagi et al. (2011)
C. madrasensis 25-60 W/L 1.6477 1.7236 0.7295 0.113 -allometry ~ Mandovi Estuary, India Nagi et al. (2011)
C. gryphoides 51-55 W/L 1.2468  1.4655 0.6340 0.197 -allometry ~ Mandovi Estuary, India Nagi et al. (2011)
C. gryphoides 51-55 WI/L 2.1179 1.9946 0.7436 0.167 -allometry ~ Mandovi Estuary, India Nagi et al. (2011)
M. gigas 365 81.26+21.84 WJ/L 0.0083 2.021 0.7237 0.064 -allometry ~ Marmara Sea, Tiirkiye This study
(33.05-140.1)
M. gigas 365 81.26+21.84 H/L 0.4925 0.6227 0.6014 0.030 -allometry ~ Marmara Sea, Tiirkiye This study
(33.05-140.1)
M. gigas 365 81.26+21.84 Wi/L 0.2547  0.6531 0.5096 0.037 -allometry ~ Marmara Sea, Tiirkiye This study

(33.05-140.1)

Note: N: number of individuals; L: shell length (mm); H: shell height (mm); Wi: shell width (mm); W: total weight (g); SD: standard deviation; SE:

standard error; CI: confidence interval.
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Singh (2017) and Lim et al. (2020) have indicated that the
health condition or general condition of bivalves can be
predicted from variations in their weight. The variations in the
b wvalues (equilibrium constant) of the length-weight
relationship can be related to a wide range of metabolic
processes, mainly the reproductive cycle in bivalves (Chavez-
Villalba et al.,, 2008; Ramesha & Thippeswamy et al.,, 2009;
Thejasvi et al., 2013; Thippeswamy et al., 2014). In this study,
the monthly b value of the length-total weight relationship
changed from 1.42 (June) to 2.46 (March). Acarli et al. (2019)
reported that the spawning period of C. gigas in the same study
area was in the spring and summer seasons. While an increase
in gonad weight during periods of high maturation would be
expected to result in higher b values, the actual influential
parameter is the variability in the number of young individuals
encountered during the months and, consequently, the
variability in flesh or shell weight. The shapes of oyster species
depend on the habitat they adhere to and the density, which
differs from clams that live buried in the sand. Tanita & Kikuchi
(1957) reported that the length-width ratio decreases with
increasing density in Pinctada martensii (now revised to
Pinctada fucata). Orton (1936) observed that the length-width
ratio in Ostrea angulata varies with the type of substrate, with
coastal O. angulata having longer and narrower shells, while
those in tidal areas have broader shells. Consequently, in this
study, parameters such as length-width and length-thickness
were found to be more variable, and the determination
coefficient (r%) values of the relationships were low. The
reproductive cycle of M. gigas does not have a primary-level
effect on the variations in the b values.

Opysters are classified into two size categories: 76 mm
(‘petite’ or ‘cocktail’) and 76 to 102 mm (‘regular’) (Grizzle et
al., 2017). The average length of C. gigas is 46 mm at age one, 70
mm at age two, and 91 mm at age three (Diederich, 2006; Wang
et al., 2007). Aydin & Giil (2021) observed that in July, the
majority of the C. gigas population in the Black Sea consisted of
young individuals with an average length of 3.3 cm. In this
study, it was found that the shell length of M. gigas ranged from
68 mm in September and February to 70-90 mm in November,
December, January, March, May, and October, and 90-100 mm
in April, June, July, and August. Based on the obtained size data
and population density, it can be concluded that the species has
been present in this area for at least two years. The observation
of newly settled Japanese oysters in the laboratory samples
indicates that the species has completed its adaptation process

in this area.

Conclusion

Based on the obtained size data and population density, it is
believed that the invasive species M. gigas has been present in
this area for at least two years or longer. The observation of
newly settled Japanese oysters in the laboratory samples
indicates that the species has completed its adaptation process
in this area. This study represents the first determination of the
morphometric characteristics of this species in the Marmara
Sea. According to the results, a negative allometric relationship
was found between M. gigas shell length and other parameters.
Despite being an invasive species, M. gigas is also widely
cultivated. However, it is necessary to protect the stocks of the
native species O. edulis, which are present in Turkish waters,
against invasive species. Considering the distribution history of
M. gigas worldwide, it is understood that preventing its
introduction and distribution in our waters is challenging.
Therefore, the detection, monitoring, and assessment of the
distribution of M. gigas in Turkish waters are crucial for
developing action plans to sustainably conserve the ecosystem

and ensure economic significance.
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Talent management (TM) is a critical aspect of organizational success, particularly in
industries characterized by constant change and intense competition, such as the Turkish
container shipping industry. This study aimed to explore the barriers to talent management
practices and identify potential actions that companies in this industry can take to
overcome these challenges. Through structured interviews with 31 participants employed
in Turkish shipping companies, a range of barriers emerged, including economic
conditions, the employment of incompetent individuals, lack of investment in talent
management, disregard for employee value and development, lack of institutionalism, high
employee turnover, failure to implement education effectively, and time constraints. In
response to these barriers, potential actions were identified, including the development and
utilization of innovative and remedial strategies, valuing employee development, providing
employee welfare, and allocating adequate time and budget resources. These findings
provide valuable insights into the challenges faced by organizations in the Turkish
container shipping industry and offer actionable recommendations to enhance talent
management practices. By implementing these actions, companies can create an
environment that attracts, develops, and retains talented individuals, contributing to their
long-term success in a competitive industry. Acknowledging and addressing these
challenges is crucial for organizations seeking to improve talent management practices and

remain competitive in the Turkish container shipping industry.
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Introduction

Talent management is a new and emerging research field
(Cooke et al., 2014; Gallardo-Gallardo & Thunnissen, 2016).
Despite an increase in the number of studies in talent
management (particularly conceptual studies), many authors
continue to emphasize the scarcity of experimental research
(Cappelli & Keller, 2014; Anlesinya et al., 2019; Joos et al.,
2021).

The majority of talent management research focuses on the
service industry, specifically the tourism and hospitality sectors.
Maritime is another growing service industry (Stopford, 2009;
Lun et al, 2011; Balci et al., 2018; Bratton & Watson, 2018;
Pantouvakis & Karakasnaki, 2018; Yildiz et al., 2023). Talent
management is viewed as a crucial driving factor in the shipping
industry, allowing the attainment of company objectives and
the successful execution of corporate strategy (Progoulaki &
Theotokas, 2016; Pantouvakis & Karakasnaki, 2018, Yildiz &
Esmer, 2021).

Upon reviewing the literature, it is evident that the talent
management field, which has not yet reached a mature stage,
can be clearly examined in institutionalized and multinational
companies (Yildiz & Esmer, 2021). According to Haralambides
(2019), talent management in the shipping industry may be best
investigated in the context of container shipping because to the
involvement of several international corporations and high
institutionalization. Furthermore, Pantouvakis & Karakasnaki
(2018) demonstrated that, owing to the exceptional human
skills and abilities required in the business, investigating the
core components of talent management within the container
shipping is essential.

This research examines the key players in the container
shipping industry, mainly container shipping lines and
maritime logistics companies, in this setting. Maritime logistics
companies, which occasionally act as carriers, suppliers, and
agents, have begun to serve as shipping lines through long-term
agreements (Yildiz & Esmer, 2021). Previous studies on the
container shipping, in the literature found that, in addition to
container shipping lines, maritime logistics companies are also
the sector’s main representatives (Balci et al., 2018, 2019; Yildiz
& Esmer, 2021; Yildiz et al., 2023).

Examining the challenges on talent management in the
container shipping industry is critical owing to the sector’s
significant effect on operational efficiency, sustainability, and
growth. Container shipping, as a cornerstone of global trade,
relies significantly on talented people in a variety of jobs, from

container agent officials to logistics specialists and managers.

However, the sector has a number of significant issues,
including a lack of skilled and qualified staff, a lack of
institutionalization, and a lack of attention on talented
employees and their growth (Yildiz & Esmer, 2021).

Based on this point, the aim of the study is to identify the
barriers to talent management in the Turkish container
shipping industry and present alternative solutions and
strategies to overcome these obstacles. In line with the purpose
of the study, an interview study conducted on 31 participants
from 29 different companies operating within the sector. The
study utilized a structured interview method to collect data
from the participating container shipping companies. This
method allowed for an in-depth exploration of the challenges
faced by these companies in managing talent. The collected data
was then analysed using the MAXQDA content analysis tool,
enabling a systematic and rigorous examination of the themes
The

methodologies and analysis used to reach the main goal of the

and patterns that emerged from the interviews.

research have been driven by two key research questions:

Research Question 1: What are the primary challenges on
TM within the context of Turkish container shipping
industry?

Research Question 2: What are the countermeasures and
strategies that can be utilized to overcome these

obstacles?

The findings of the study shed light on the key barriers
identified by 31 participants, who were employees of various
companies within the Turkish container shipping industry.
These barriers can be categorized into several distinct codes:
economic conditions, employing and authorizing incompetent
individuals, lack of investment in talent management, disregard
for employee value and development, lack of institutionalism,
high employee turnover rate, failure to put education into
practice, and time constraints. These challenges, if left
unaddressed, can hinder organizations from effectively
attracting, developing, and retaining talented individuals
within the Turkish container shipping industry.

However, the study also revealed potential actions that
companies can take to overcome these barriers. The identified
actions encompass developing and utilizing innovative and
remedial strategies, valuing employee development, providing
employee welfare, and allocating sufficient time and budget
resources. By implementing these actions, organizations can
foster a supportive environment that promotes talent

management practices and enhances the overall performance

333

s



Yildiz (2023) Marine Science and Technology Bulletin 12(3): 332-351

and competitiveness of the Turkish container shipping
industry.

Understanding the challenges and potential actions in talent
management is of paramount importance for companies
operating in the Turkish container Shipping Industry. The
findings from this study provide valuable insights into the
specific challenges faced by organizations within this sector and
offer potential solutions to address these challenges. By
acknowledging and acting upon these findings, companies can
better position themselves to attract, nurture, and retain
talented individuals, contributing to their long-term success in
a rapidly evolving and competitive industry.

In conclusion, this study highlights the significance of
effective talent management system in the Turkish container
shipping industry. By recognizing the barriers and potential
actions identified through the structured interview study,
companies operating in this

industry can develop

comprehensive strategies to address these challenges.
Ultimately, such efforts will contribute to the overall growth
and success of organizations within the Turkish container
shipping

competitiveness in the global market.

industry, positioning them for sustained

Talent Management in Shipping Industry

Talent management in the maritime industry encompasses
various aspects that are crucial for the success and sustainability
of shipping companies. Several factors and challenges need to
be considered in order to effectively manage talent in this
industry. One important aspect is the retention of talent,
particularly in the context of work-life balance. Research has
shown that creating a work-family balance logic is essential for
retaining talent, especially women managers in the shipping
sector (Lavissiere & Lavissiere, 2022). This includes providing
support and flexibility to employees to manage their work and
personal responsibilities. Additionally, promoting gender
equality and addressing gender biases in the industry can help
enlarge the talent pool and foster innovation and smart growth
(Gissi et al., 2018).

Knowledge management is another critical factor in talent
management for shipping companies. The shipping industry is
both capital and knowledge-intensive, and human resources
and knowledge management capabilities are essential for
sustaining industry competitiveness (Lin et al., 2009). Effective
knowledge sharing and management practices, such as training
and education programs, can enhance the skills and
competencies of employees and contribute to the overall

success of the organization. The implementation of new

technologies, such as block-chain, presents both challenges and
opportunities in talent management. Factors such as sufficient
capital, staff training, ease of local legislation, and support from
senior management and the shipping community are critical
for successful block-chain implementation in the shipping
industry (Zhou et al., 2020). Shipping companies need to invest
in talent acquisition and development in the field of block-
chain to leverage its potential benefits.

Soft skills development is also important in talent
management for the shipping industry. Employees need to
soft  skills,

communication, teamwork, and problem-solving abilities, to

possess  transferable such as effective
perform effectively in the workplace (Chala & Bouranta, 2021).
These skills contribute to employee contextual performance
and overall organizational success. Furthermore, the welfare
and quality of work-related life for shipping workers are crucial
considerations in talent management. Organizational culture,
support, and employee well-being play significant roles in
enhancing the health and quality of work-related life for
shipping employees (Kim & Jang, 2018). Shipping companies
need to prioritize the welfare and talent development of their
employees to ensure a motivated and competent workforce.

Ultimately, talent management in the shipping industry
involves addressing various challenges and factors, including
work-life balance, knowledge management, technological
advancements, soft skills development, employee welfare, and
gender equality. Shipping companies need to implement
effective strategies and practices to attract, retain, and develop
talent in order to thrive in this competitive industry.

Talent management in the container shipping industry is a
critical aspect for the success and competitiveness of shipping
companies. Several factors and challenges need to be
considered in order to effectively manage talent in this industry.
One important consideration is the definition and approach to
talent in the container shipping industry. The concept of talent
is often associated with employees and their development,
including competence and knowledge management (Yildiz &
Esmer, 2021). However, it is important to strike a balance
between focusing on individual employees and considering
broader talent development practices.

Sustainable shipping practices are also relevant in talent
shipping The

integration of stakeholder and behavioral theories can help

management for container companies.
identify the antecedents and outcomes of sustainable shipping
practices (Yuen et al., 2017). This includes considering factors
such as company policies, procedures, shipping equipment, and

environmental responsibility. The container shipping industry
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is characterized by complex networks and vertical integration.
Understanding the main processes of vertical integration and
the evolution of major shipping companies is crucial in talent
management (Wang et al., 2020). This knowledge can inform
strategies for talent acquisition, development, and retention.
Risk management is another important aspect in talent
management for container shipping companies. Identifying
and addressing risk factors related to management, operations,
and external factors is crucial for ensuring the safety and
efficiency of container supply chains (Wan et al., 2019). This
includes managing human resources and working
environments effectively to mitigate risks. The implementation
of new technologies, such as block-chain, can also impact talent
management in the container shipping industry. Smart
contracts and automation can streamline processes, reduce
paperwork, and optimize resource allocation (Kaur et al., 2022).
Shipping companies need to adapt to these technological
advancements and invest in talent development in relevant
areas.
Efficiency and performance evaluation are key
considerations in talent management for container shipping
companies. Assessing the cargo and eco-efficiencies of shipping
companies can provide insights into their performance and
identify areas for improvement (Kuo et al., 2020; Hsieh et al,,
2021). This includes evaluating inputs such as employee
numbers, total assets, and capital expenditures, as well as
outputs such as sales and market performance. Finally, talent
management in the container shipping industry involves
addressing various challenges and factors, including talent
development practices, sustainable shipping practices, complex
networks and vertical

integration, risk management,

technological advancements, and efficiency evaluation.
Shipping companies need to implement effective strategies and
practices to attract, retain, and develop talent in order to thrive

in this competitive industry.
Challenges on Talent Management for Shipping

Companies

Talent management in the shipping industry faces several
challenges that need to be addressed by shipping companies.
One of the key challenges is the retention of ship officers and
cadets at sea. Research has identified factors such as job
satisfaction, opportunities for career progression, and good
working conditions as crucial for retaining seafarers (Caesar et
al., 2015). Shipping industry employers need to focus on

managing these factors effectively to improve retention rates.

Another challenge is the shortage of qualified seafarers. The
industry has been experiencing recurrent shortages for some
officer positions, and there is a need to attract and increase the
supply of suitably qualified seafarers (Thai et al., 2013). This
requires effective marketing of the shipping industry and
seafaring career to enhance its image and appeal to potential
candidates.

Cultural diversity and intercultural relations also pose
challenges in talent management. The mix of different
nationalities on board ships can create problems at the
managerial level, particularly in crew management strategies
and the philosophy of shipping companies regarding
multiculturalism (Progoulaki & Theotokas, 2016). Managing
cultural diversity and promoting cultural awareness become
essential competencies for shipping companies. Additionally,
the implementation of new technologies, such as block-chain,
presents challenges in talent management. The successful
implementation of block-chain in the maritime industry
requires factors such as sufficient capital, staff training, ease of
local legislation, support from the shipping community,
support from senior management, and professional
consultation and assistance (Zhou et al, 2020). Shipping
companies need to address these challenges to effectively utilize
new technologies and stay competitive.

Furthermore, gender equality is an important issue in talent
management. The maritime industry has traditionally been
male-dominated, and there is a need to address gender
disparities and promote gender equality (Dragomir, 2019).
Research has highlighted the complexity of intercultural
relations and the role of shipping companies, ship management
practices, and maritime education and training institutions in
addressing gender equality issues (Dragomir, 2019). Lastly, the
human element onboard ships are crucial in emergency
situations. The prompt response of ship’s officers is essential in
controlling and preventing the escalation of threats during
major emergencies (Aly et al., 2023). Therefore, training and
competency development in emergency response become
critical for shipping companies to ensure the safety and security
of their operations. In conclusion, talent management in the
shipping industry faces challenges related to retention, shortage
of qualified seafarers, cultural diversity, technological
advancements, gender equality, and emergency response
training. Shipping companies need to address these challenges
by implementing effective strategies, promoting job satisfaction
and career progression, attracting and retaining qualified
seafarers, diversity,

managing cultural embracing new
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technologies, promoting gender equality, and providing
comprehensive training for emergency situations.

To overcome the challenges on TM, shipping companies
can take various actions. One important action is adopting an
inclusive approach to talent management. This approach
considers talent as something owned by all employees and
emphasizes the discovery and development of talent through
necessary practices and processes (Yildiz & Esmer, 2021). An
inclusive approach fosters a pleasant working environment
characterized by openness, trust, and overall employee well-
being, which can serve as a catalyst for motivation and
determination.

Furthermore, shipping companies can focus on talent
acquisition, development, and retention practices. Talent
acquisition can involve utilizing appropriate available sources
to reach out for available talent, especially in the context of
talent scarcity (Kravariti et al., 2021). Talent development can
include the implementation of innovative and remedial
strategies, valuing employee development, and providing
employee welfare (Yildiz & Esmer, 2021). Talent retention can
be enhanced by offering a range of intrinsic and extrinsic
incentives to retain the talented workforce (Kravariti et al.,
2021). In addition, shipping companies can prioritize the
development of a strong organizational culture that values
talent and promotes employee engagement. This can be
achieved by aligning talent management practices with strategic
business objectives, hiring employees who are empathetic to the
business values, and building a healthy mix of perspectives
through collaboration between internal and external talent
(Kumar, 2019). Creating a culture of continuous learning and
development can also contribute to talent management success.

Moreover, shipping companies can leverage technology and
digitalization to enhance talent management practices. This can
involve the use of digital tools for talent acquisition,
development, and performance management. Additionally,
container shipping companies can invest in training and
development programs to equip employees with the necessary

skills to adapt to technological advancements in the industry.

Methodology

The phenomenology approach was used in the study’s
research design. The goal of phenomenology research design is
to reveal an individual’s original ideas and interpretations about
the phenomena (social conditions/events, business processes,
etc.) that he/she experiences and observes throughout his/her

working life from the researcher’s perspective (Bloor & Wood

2006). The interview data collecting method is an appropriate
tool for use in phenomenological research to understand and
interpret ongoing events shaped around the respondent (Sigr1,
2018). In this scenario, a structured interview format was
developed using open-ended questions found in relevant
literature. These questions were organized based on research
questions and design. The interview format was then applied to
human resources officials employed in the container shipping
industry. Prior to conducting the interviews, the questions were
translated and checked for accuracy and content.

Structured interviews involve researchers asking pre-
arranged open-ended questions to participants in a consistent
and standardized manner. This approach ensures that data
production is consistent and allows for appropriate
comparisons between participants’ responses (Savin-Baden &
Howell-Major, 2013). Since the specific and clear points that the
study aims to investigate and address are defined, a structured
interview method has been employed to obtain more precise
answers to the same research questions. Considering the time
constraints of the respondents as well as the possibility of
deviation from the target subjects and the risk of obtaining
unanswered questions in various areas, the structured interview
method has been utilized.

The validity of the interview method is determined by
expert opinions and follows several steps, including
establishing the research framework, designing the data
collection form, preparing an interview guide, and posing
questions to participants. The validity of the data collection tool
is determined by its comprehensiveness, while the reliability of
the results is assessed through factors such as credibility,
transferability, dependability, confirmability, and integrity
(Wallendorf & Belk, 1989). The Wallendorf & Belk (1989)
methodology was used to assure the reliability of the qualitative
study, and the activities listed in Table 1 were taken (Saglam &
Karatas Cetin, 2022).

The data collected from interviews was analyzed using
MAXQDA 2020, a software for qualitative content analysis.
MAXQDA offers a more systematic approach to data analysis
compared to manual methods (Kuckartz & Radiker, 2019).
During the analysis process, two experienced coders were
selected from experts who had participated in similar studies
one is the author’s itself and the other is a qualitative
methodology analyst working in a company which serves as the
distributor and official representative of MAXQDA in Tirkiye.
The author attended a total of 16 hours of training provided by
the official representative of MAXQDA program for content

analysis. The other coder is already the qualitative analysis
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expert of this company. This expert holds a bachelor’s degree in
psychology and a master’s degree in human resource
management. Additionally, she has participated in certificate
programs related to talent management and talent acquisition.
By comparing the coding results, it was found that the Cohen’s
Kappa coefficient scores were consistently above 0.75,
indicating a high level of agreement between the coded texts
(McHugh, 2012). The inter-coder reliability regarding the
coding of the qualitative data was calculated using the Eq. (1):

Ir = \/ {1C%/w) = Ml e - 1)) ®

F, demonstrates the amount of coder agreements, N stands

for the total number of coder decisions, and k identifies the
number of categories (Perreault Jr & Leigh, 1989; Bitiktas &

Table 1. Rigor of the study

Tuna, 2020). The inter-coder reliability value for this study was
calculated as 0.83.

The coding methodology developed by Corbin & Strauss
(1990) was used as the foundation for the analysis. The coding
process began with open coding, followed by the combination
of axis codes. Selective coding was then employed to develop
themes for the research. Throughout the coding process, the
data was read repeatedly, and primary codes were generated.
Initially, the interview questions were treated as a broad
category, but as codes emerged, interrelated codes were
grouped under themes. The obtained themes were then visually
presented in a way that would be easily understood by readers
(Yildiz et al., 2023). Finally, the findings were interpreted to give
meaning to the results obtained from the analysis. Table 2
provides an example of how codes and categories were created

during this process.

Criteria Action
Credibility e Structured questions were conducted. Concepts were explained whenever requested from the
interviewee. Supportive questions were asked to clarify and refine the points further.

e The interview coding was done independently by the author and the other expert. When there was a
discrepancy between the codes, additional examination was performed. MAXQDA 20 software was used
for code comparison.

Transferability e Participants were selected through purposive sampling based on their areas of expertise and industry
involvement. All hierarchical levels of the HRM department attempted to be included in the sample.

Dependability e The number of interviews was not fixed, and the data gathering phase was extended until theoretical
saturation was reached.

e Participants shared instances of the phenomenon across a wide time span.

Confirmability e Prior to the interviews, all personal information about the topic was documented to guarantee awareness
of any previous biases.

e Where interviewers inquired about how other interviews answered a certain question, it was left
unanswered.

o The results section was created to reflect the number of matches between interpretations and quotations.

Integrity o The names of the interviewees and their companies were kept private.

In the event that respondents supplied examples involving other firms, the identities of those companies
were likewise withheld.
When interviewees requested that any of their comments be kept “off the record,” their responses were

not transcribed or cited in the study.

Table 2. Example coding and categorization

Theme Category Code Raw Data Researcher’s Interpretation

TM in Turkish Challenges on  Shortfall of The biggest obstacle is time. Being a Participant states that the main
Shipping ™ Time people-oriented sector, we often lack the challenge in the Turkish container
Industry time to apply the appropriate coaching shipping industry is the lack of

methods. The demands of the job don’t time in alabour-intensive sector.

always allow for it.

Ot
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Table 3. Interview questions and referring studies

Question

Referring Study

Do you have an effectively functioning talent management system in place?

Do you think talent management is being implemented correctly in our country, especially

in the container shipping industry?

In your opinion, what are the main obstacles to talent management in our country,

especially in the container shipping industry?

What countermeasures are you taking in response to these obstacles?

In your view, what other countermeasures could be employed?

What strategies need to be developed to address these obstacles?

Makram et al. (2017)
Cooke et al. (2014)

Wiblen & McDonnell (2019)

Cooke et al. (2014)
Cooke et al. (2014)
McCracken et al. (2015)

The reporting of the findings began by presenting the main
themes identified. Subsequently, theme-based categories were
elaborated on with the aid of visual representations, and the
findings were interpreted. The organization of the findings
involved demonstrating the relationships between the codes,
establishing  cause-effect  relationships, and drawing
conclusions based on the obtained findings. This process aimed
to develop a comprehensive understanding by examining the
connections and implications derived from the data (Yildiz &

Esmer, 2021; Yildiz et al., 2023).
Data Collection

The data for this study were collected through online,
structured interviews. The data collection tool was developed
based on questions gathered from relevant literature (see Table
3). The form was carefully reviewed by five academics from
different institutions: one professor from the University of
Piraeus, one assistant professor from Warsaw University of
Technology, one professor and one associate professor from
Dokuz Eylul University, and one assistant professor from
Ankara Science University. Their goal was to assess whether the
questions were comprehensive and appropriate for obtaining
reliable data. Additionally, to test the construct validity, five
human resources specialists were interviewed using the
structured form. The interviews were repeated one week later
to determine if the responses would be consistent. Obtaining
similar answers confirmed that the data collection tool
demonstrated the expected validity.

Purposeful sampling, also known as purposive sampling, is
a commonly used technique in qualitative research. Its aim is to
select individuals or groups with extensive knowledge and
familiarity with the phenomenon under investigation, allowing
for efficient analysis and utilization of limited resources
(Palinkas et al., 2015). In this study, a sample of 13 HR officials

from 11 different container shipping lines and 18 HR executives

from 18 different maritime logistics companies was specifically
chosen using purposive sampling. The selection criteria
included their active involvement in the industry, as well as
their expertise and command in the field. The 11 container
shipping lines participating in the research are among the top
20 listed in the Alphaliner Top 100, while 8 of the maritime
logistics companies belong to the Top Ocean Freight
Forwarders NVOCC 2022 list. The remaining 10 companies
were selected based on their well-established and rooted HR
departments, along with their active implementation of a talent
management system. Data collection took place between
January and June 2023. The interviews lasted approximately 45
minutes, and audio recording was not feasible in most cases to
respect the privacy concerns of the participants and
organizations. Therefore, the interviewer carefully transcribed
the participants’ opinions verbatim into written texts.
Descriptive information about the participants was
categorized into five main groups. Out of the total 31
participants, 17 were female, and the remaining 14 were male.
In terms of educational qualifications, 19 participants had
completed bachelor’s degrees, while 12 participants held
master’s degrees. Upon examining the occupations of the
participants, it was found that 15 of them held positions as HR
managers, 11 were HR specialists, 2 were HR assistant
managers, 2 were HR business partners, and 1 participant held
the role of HR chief. Furthermore, when considering their
experience levels, 11 participants had 1-5 years of experience, 9
participants had 6-10 years, 4 participants had 16-20 years, 4
participants had 21 years or more, and 3 participants had 11-15
years of experience. Lastly, in terms of age distribution, the
screening revealed that 8 participants were between 20-30 years
old, 16 participants were between 31-40 years old, and 7

participants were 41 years old or older.
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Findings

The theme of talent management in the Turkish container
shipping industry have been examined under two categories.
These are barriers to talent management practices and potential
actions against these barriers. The category of barriers to talent

management practices is defined by participants as economic

individuals, lack of investing in TM, disregarding, ignoring the
value and development of employees, lack of institutionalism,
high employee turnover rate, failure to put education into
practice, and shortfall of time (see Table 4). The category of
potential actions against these barriers is defined by codes such
as developing, utilizing innovative and remedial strategies,

valuing the employee development, providing employee

conditions, employing and authorizing incompetent welfare, and time and budget allocation.
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Figure 1. The theme of talent management in the Turkish container shipping industry code / sub-code sections model

Table 4. Brief explanation of identified challenges

Challenge

Explanation

Lack of Investing in
™

Disregarding,
ignoring the value
and development of
employees

Employing and
authorizing
incompetent
individuals

The Turkish container shipping industry has shown a remarkable lack of investment in talent management systems.
Despite obvious benefits such as encouraging employee growth, improving labor skills, and nurturing long-term
organizational sustainability, the industry has been slow to fully embrace talent management ideas. This is due to a
variety of issues, including a lack of knowledge about the benefits of talent management, a lack of understanding of its
implementation tactics, and a predominance of short-term operational concerns over long-term human capital
development. Furthermore, the industry’s historical reliance on old hierarchical structures may impede the
implementation of modern personnel management approaches. To reap the potential advantages of talent

management, players in the Turkish container shipping business must acknowledge the importance of investing in
talent.

The Turkish container shipping companies have a troubling propensity to overlook and dismiss the importance of their
employees’ growth. Despite the numerous advantages of a highly motivated and trained staff, such as increased
operational efficiency, greater customer service, and overall organizational growth, the industry has generally ignored
the necessity of investing in employee development. This is due to cost-cutting initiatives, a concentration on urgent
operational demands, and a lack of emphasis on long-term human capital improvement. Employee unhappiness and
potential contributions to the sector may be hampered by a lack of thorough training, career growth chances, and

recognition methods. To ensure long-term prosperity, the Turkish container shipping industry must adjust its focus
and prioritize the environment.

The Turkish container shipping industry has been dealing with the issue of hiring and approving inept people. This
practice, which involves putting people in crucial positions who lack the essential skills and certifications, can have a
negative impact on operational performance, safety, and the overall industry reputation. Inadequate recruiting
methods, nepotism, and a failure to emphasize merit-based selection are all factors contributing to this problem.
Allowing people without the necessary skills to maintain positions of responsibility risks undermining decision-
making, stifling innovation, and potentially jeopardizing the safety of both workers and cargo. To address this, the
sector should focus on creating strong recruiting and promotion policies based on competency and credentials,
ensuring that individuals entrusted with critical tasks are capable of navigating the industry’s complexity.
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Table 4 (continued)

Challenge

Explanation

Lack of
institutionalism

Economic
conditions

High Employee
Turnover Rate

Shortfall of Time

Failure to put
education into
practice

The Turkish container shipping industry has been plagued by a noticeable lack of institutionalism, which refers to the
absence of long-standing organizational structures, procedures, and conventions. This shortcoming can be linked to
causes such as frequent leadership changes, a lack of consistent methods, and a focus on short-term goals rather than
long-term stability. In the absence of solid institutional underpinnings, inconsistent decision-making, low operational
predictability, and difficulty responding to changing market conditions might occur. A lack of institutionalism limits
the industry’s capacity to establish long-term competitive advantages and may make obtaining investments and
maintaining consumer trust difficult. To overcome this, the industry must emphasize the creation of long-term
structures, established methods, and a culture of long-term planning.

Within the Turkish container shipping industry, economic constraints have emerged as a serious hurdle to efficient
people management. Market volatility, currency depreciation, and economic uncertainty can all have an influence on
the industry’s capacity to devote resources to talent development programs. Companies may emphasize short-term
cost-cutting measures above long-term expenditures in staff training, growth, and retention during times of economic
uncertainty. Furthermore, economic constraints may limit the industry’s ability to offer competitive salary packages
and incentives in order to recruit and retain top employees. These economic conditions make it difficult to implement
comprehensive talent management strategies, emphasizing the need for industry stakeholders to find innovative ways
to navigate economic fluctuations while still prioritizing workforce development and engagement.

Because of its high staff turnover rate, the Turkish container shipping sector presents a substantial hurdle to efficient
personnel management. The demanding nature of the profession, which frequently requires long working hours, time
away from home, and exposure to volatile market circumstances, leads to a tough work environment. This, along with
restricted professional growth possibilities and an insufficient work-life balance, can lead to increasing employee
discontent and consequent attrition. High turnover destroys continuity, erodes institutional knowledge, and strains
resources since businesses must continually recruit and educate new employees. Overcoming this obstacle necessitates
a comprehensive strategy that addresses employee well-being, provides clear routes for career progression, and
improves job satisfaction, all of which may lead to lower turnover and a more stable and engaged workforce.

Time constraints are a significant impediment to successful people management in the Turkish container shipping
business. The sector operates in a fast-paced and time-critical environment marked by tight timetables, stringent
deadlines, and the need to adapt quickly to market dynamics. This makes it difficult to implement complete talent
development efforts, training programs, and performance reviews. The ongoing emphasis on operational efficiency
sometimes takes precedence over devoting adequate time to cultivate employee skills, growth, and engagement. As a
result, talent management practices may fall by the wayside, hampering the industry’s capacity to build a talented and
motivated staff. To tackle this difficulty, the sector must strike a balance between operational demands and investing
time and money in good personnel management techniques, realizing that long-term performance is dependent on
successful talent management practices.

In the Turkish container shipping industry, a fundamental impediment to successful personnel management is the
failure to put knowledge into practice. While the sector may provide personnel with training and education programs,
there is sometimes a disconnect between academic knowledge and its practical application in real-world settings. This
might be due to reasons such as a lack of hands-on training opportunities, insufficient alignment between school
programs and industry demands, and a lack of mechanisms to reinforce learning on the job. This barrier causes a
mismatch between the talents people have and the skills needed to flourish in their professions, affecting operational
efficiency and overall performance. To overcome this issue, the industry must improve the integration of practical
training, simulations, and real-life scenarios into classroom instruction.

The category of challenges on talent management in the
Turkish container shipping industry is defined by 8 different
codes. The participants have extensively mentioned the lack of
investment in talent management. They emphasize that the
importance of investment in talent management is not yet
understood by companies. They also state that when
investments are made in employees, the company can also

thrive. The statements of participants with codes P5 and P16

regarding the lack of investment in talent management are as
follows:

“The biggest barrier to talent management in our country, in
my opinion, is at the level of mindset. There is a prevalent
tendency to perceive it as a burden or solely as a practice for the
benefit of employees. However, the truth is that as employees
develop, their contribution to the job increases, their perspective

improves, and their productivity enhances (P5).”
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Table 5. Brief explanation of identified countermeasures

Countermeasure

Explanation

Valuing the
employee
development

Developing, utilizing
innovative and
remedial strategies

Providing employee
welfare

Time and budget
allocation

To solve difficulties on TM, valuing employee development is a critical countermeasure in the Turkish container shipping
industry. The industry may develop a culture of continual learning and progress by recognizing the need to foster and
strengthen the skills and capacities of its workers. This means investing in extensive training programs, mentorship
activities, and possibilities for professional progression. Employee development not only improves individual
performance but also adds to the long-term success of the business by boosting operational efficiency, customer service,
and overall competitiveness. The container shipping sector may alleviate talent-related difficulties and establish a resilient
and adaptive workforce positioned for long-term success by emphasizing employee growth and providing an atmosphere
that encourages skill acquisition and professional advancement.

To address barriers to TM, the Turkish container shipping sector might use a multidimensional strategy that includes
creating, implementing, and adapting novel and corrective techniques. The industry may improve the efficiency and
efficacy of talent development programs by embracing innovative technology and techniques such as digital training
platforms and simulation tools. Adopting remedial tactics customized to specific skill gaps helps guarantee that existing
employees receive the required training and support to flourish in their professions at the same time. This dual approach
not only provides the workforce with up-to-date skills but also provides fast remedies to performance difficulties. The
industry can build a dynamic learning environment that supports continual development, adaptation, and long-term
success in the ever-changing container shipping sector by combining innovation and correction.

Implementing comprehensive employee welfare programs is critical in the Turkish container shipping business as a
countermeasure to talent management challenges. Prioritizing employee well-being through programs like work-life
balance assistance, health and safety precautions, and mental health services may result in higher job satisfaction,
engagement, and retention. Companies may establish an atmosphere that honors employees’ holistic needs by
understanding and addressing the industry’s physical and emotional demands. As a result, their loyalty, motivation, and
general performance improve, resulting in a more resilient and productive staff. Employee welfare tackles current
concerns while also positioning the sector for long-term prosperity by cultivating a skilled and contented workforce pool.

A strategic allocation of time and budget within the Turkish container shipping sector is critical as a countermeasure to
issues in personnel management. The sector may support skill enhancement and employee growth by allocating enough
money and time to talent development activities such as training, mentorship, and career progression programs. This
necessitates a proactive approach to training budgeting, employing qualified trainers, and developing defined
development programs. It is critical to balance the needs of day-to-day operations with long-term investments in human
resources. Allocating time and resources wisely not only tackles present personnel management concerns but also sets
the sector up for future success by creating a skilled, flexible, and motivated staff.

“The lack of sufficient support and investment from
management is the biggest barrier to talent management
practices (P16).”

Another code expressed by participants in the category of
challenges on talent management is the disregarding, ignoring
the value and development of employees. According to the
participants, necessary trainings, additional tasks, and
responsibilities are not provided to employees. They emphasize
that this hinders the development of both employees and the
company, and can even lead to the loss of employees. The
statements of participants with codes P11 and P26 regarding
the code are as follows:

“Giving mediocre tasks to talented individuals, not providing
opportunities and initiatives for them to showcase their talents
(P11).”

“Not providing education or providing incorrect education,
not evaluating the suitability of the employee for the position,
persistently keeping them in the same position, and not giving

importance to the employees’ desires. As a result, the talent that

could be suitable for a different job is lost due to improper
management. At this point, the most important task falls on the
unit managers (P26)”.

The third most frequently expressed code in the category of
barriers to talent management practices, according to the
participants, is employing and authorizing incompetent
individuals. Participants state that one of the biggest barriers to
talent management practices is that those managing the process
are not experts in their field and, instead of using objective
assessment tests to discover talents, they consider personal
relationships. The statements of participants with codes P17
and P31 regarding the employment of unskilled individuals are
as follows:

“In our country, particularly in companies that lack global
standards and culture of supervision, there is a lack of
meritocracy in the recruitment processes. When acquaintances
and similar individuals are hired, it results in incorrect
recruitment. This, in turn, leads to the misdirection of talent

(P17).”
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“Prioritizing personal relationships in talent identification or
career development, non-objective and non-transparent
practices, and the failure to delegate talent management
responsibilities to competent professionals in the field and the
lack of expertise among those managing the process are among
the most important barriers (P31).”

Another obstacle expressed by participants in the category
of talent management is the lack of institution culture and
mentality in Turkish shipping companies. According to the
participants, one of the major challenges on talent management
in Turkish container shipping industry is the limited number of
companies that are corporate and aim to enhance workplace
productivity. The statements of participants with codes P12 and
P23 regarding the lack of institutionalism in companies are as
follows:

“There is a limited number of truly institutionalized and
efficiency-focused companies in the industry (P12).”

“An employee who is part of a talent pool that has received
investment through various training and development seminars
may decide to leave their job for higher salary or promotion
opportunities. This is not attributed to any fault on the part of
the employee or the employer, but rather stems from the
industry’s limited presence of institutionalized, systematic, and
international companies (P23).”

The fifth obstacle, which is reiterated by a significant
number of participants, is economic conditions. According to
the participants, companies are unable to invest in talent
management due to unfavorable economic circumstances. The
statements of participants with codes P20 and P22 regarding
economic conditions are as follows:

“The economic constraints and uncertainties in the container
shipping industry pose some serious obstacles (P20).”

“For instance, when we cannot find candidates through job
postings, we should resort to headhunting, but in such cases, we
need to offer salaries above average. However, existing salary
policies, increasing personnel costs, and Tiirkiye’s economic
situation hinder this. (P23).”

According to the statements of the participants, another
category that emerges under the theme of talent management
in the Turkish maritime sector is the actions that can be taken
against obstacles. The category of actions that can be taken
against obstacles is defined by four different codes: valuing the
employee development, developing, utilizing innovative and
remedial strategies, providing employee welfare, and time and

budget allocation (see Table 5).

Participants extensively emphasized the importance of
prioritizing employee development. They mentioned that
practices such as training and rotation can be implemented to
enhance employee development. The statements of participants
with codes P1 and P17 regarding prioritizing employee
development are as follows:

“In my opinion, in order to retain talents, the future career
advantages of working in this field in the country should be
highlighted more. Emphasis should be placed on the development
and rotation of forward-thinking talents, rather than just
focusing on individuals who will perform the job (P1).”

“The education and training practices provided for the
development of employees can be increased (P17).”

The

participants in the category of actions that can be taken against

second most emphasized code expressed by
obstacles is the development of new strategies. Participants
emphasize the importance of academic studies in this field and
highlight those new strategies can be developed based on the
findings obtained from these studies. The statement of the
participant with code P2 regarding the development of new
strategies is as follows:

“We can review and analyze national and international
academic studies conducted on the subject, and then adapt the
strategies outlined in those studies to align with our own
company (P12).”

When we examine talent management in Turkish container
shipping industry based on the challenges on TM and actions
can be taken to overcome them, it is evident from Figure 2 that
participants who express that these policies are not
implemented correctly in Tiirkiye mainly emphasize the lack of
investment in talent management, lack of emphasis on
employee development, and the employment of unskilled
individuals. Furthermore, participants who indicate that talent
management policies are not implemented correctly in Tiirkiye
also express a stronger focus on employee development when it
comes to overcoming barriers to talent management practices.
They have also provided ideas regarding other barriers and
potential solutions to address these obstacles.

When examining the theme of talent management in
Turkish container shipping industry based on logistics
companies and container lines, as seen in Figure 2, participants
working in both logistics companies and container lines have
evaluated talent management in Turkish container shipping
industry within a broad framework. It is evident that

participants employed in logistics companies predominantly

Ot
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Figure 2. Barriers to talent management in the Turkish container shipping sector and countermeasures based on participant company

profiles
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Figure 3. Code cloud of barriers and countermeasures to tm in Turkish container shipping industry.

expressed their views on the lack of investment in talent
management. Additionally, they provided insights regarding
the lack of emphasis on employee development, employment of
unskilled individuals, and the absence of corporate culture
within companies. Participants working in container lines
primarily expressed their views on the inadequate focus on
employee development. The other codes they frequently
mentioned align with those of participants employed in
logistics companies.

The distribution of participants’ statements regarding the
theme of talent management in Tiirkiye, based on intensity, is
presented in Figure 3. The codes shown in larger font sizes
indicate more frequently used expressions, while the ones in
smaller font sizes indicate less frequent usage of the codes. It’s
seen from the code cloud that the biggest challenge on TM in
Turkish container shipping industry is seen as Disregarding,
Ignoring the Value and the Development of Employees, it is
common in collectivist societies like Tiirkiye for individuals to
be seen as mere instruments or tools (Yildiz et al., 2023). The
findings of the study also indicate that this perception is
recognized as a problem within the sector. The findings of study

also create an impression that the barriers to TM are more

prevalent throughout the sector and that the countermeasures
in place are still not at a satisfactory level. However, it is
understood that despite these challenges, participants perceive
placing importance and value on employee development as a
key countermeasure and the main solution to the problems. In
this case, it is believed that talent-focused approaches, and
therefore, people-centered approaches, need to be adopted for
talent management to become widespread and feasible in
Turkish container shipping companies. The mentality of
valuing individuals, their talents, and the development of
existing skilled personnel should be widely promoted in the
industry. The prevailing view is that by cultivating this mindset
and removing the barriers to talent management, the
implementation of talent management practices in the sector

can be achieved.

Discussion

The challenges highlighted in the literature regarding talent
management in the shipping industry exhibit notable
similarities and comparisons with the findings of our study. By
examining these deeper

challenges, we can gain a

understanding of their implications and the potential overlap
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with our study’s results. Retention of employees at sea is
identified as a key challenge in the shipping industry (Caesar et
al., 2015). While the study did not specifically focus on ship
crew, the high employee turnover rate revealed in the research
aligns with the broader issue of retention. Factors such as job
satisfaction, career progression opportunities, and good
working conditions mentioned in the related literature resonate
with the study’s findings regarding the importance of valuing
employee development and providing employee welfare.

Another challenge emphasized is the shortage of qualified
employees, which impacts talent acquisition in the shipping
industry (Thai et al., 2013). Although the study did not directly
investigate this shortage, the barrier of employing and
authorizing incompetent individuals identified in our research
aligns with the need to attract and increase the supply of
suitably qualified seafarers mentioned in the above text.
Cultural diversity and intercultural relations also pose
challenges in talent management within the shipping industry
(Progoulaki & Theotokas, 2016). While the study did not
explicitly explore cultural diversity, the challenges associated
with managing cultural diversity and promoting cultural
awareness highlighted in the regarding literature align with the
study’s findings regarding the broader challenge of lack of
institutionalism. This indicates that companies must recognize
and value employees’ diverse backgrounds and experiences to
effectively manage talent.

The implementation of new technologies is another
significant challenge in talent management, as mentioned in the
engaged literature (Zhou et al., 2020). Although the study did
not specifically examine this aspect, the need for companies to
address challenges related to new technologies, such as securing
sufficient capital, providing staff training, and obtaining
support from senior management, can be related to the barrier
of lack of investment in talent management identified in the
research. According to Dragomir (2019), gender equality is
identified as an important issue in talent management within
the shipping industry. Although our study did not specifically
investigate gender equality, the need to address gender
disparities and promote gender equality highlighted in the
interrelating literature aligns with our study’s findings
regarding the broader challenge of disregarding and ignoring
the value and development of employees.

Lastly, the significance of training and competency
development in emergency response is mentioned as a
challenge in the engaged literature (Aly et al., 2023). While our
study did not focus on emergency response training specifically,

the importance of developing employees’ skills and putting

education into practice, which were identified as barriers in our
research, can be related to the need for effective training and
competency development in emergency situations. In
conclusion, an evaluation of the challenges discussed in the
literature reveals similarities and comparisons with the findings
of our study on the barriers to talent management in the
Turkish container shipping industry. These challenges
underscore the importance of addressing various aspects of
talent management to enhance overall practices within the
shipping industry. By recognizing and tackling these
challenges, companies can create an environment that attracts,
develops, and retains talented individuals, contributing to their
long-term success in this competitive industry.

One important action highlighted in the previous literature
is adopting an inclusive approach to talent management (Yildiz
& Esmer, 2021). This aligns with the broader challenge
identified in our study of disregarding and ignoring the value
and development of employees. By recognizing talent as
something owned by all employees and fostering a pleasant
working environment, the proposed inclusive approach
resonates with the need to value employee development and
provide employee welfare. Another action emphasized in the
related literature is talent acquisition, development, and
retention practices (Kravariti et al., 2021). Talent acquisition
strategies, as discussed in the regarding literature, align with the
need to address the challenge of the shortage of qualified
personnel identified in our study. Similarly, the actions of
implementing innovative and remedial strategies, valuing
employee development, and providing employee welfare align
with the study’s findings regarding the barriers of employing
and authorizing incompetent individuals, lack of investment in
talent management, and disregarding employee value and
development.

The focus on developing a strong organizational culture
that values talent and promotes employee engagement, as
mentioned by Kumar (2019), parallels the need for addressing
the challenge of lack of institutionalism identified in our study.
Both highlight the significance of aligning talent management
practices with strategic objectives and creating a culture of
continuous learning and development. The use of technology
and digitalization to enhance talent management practices, as
proposed in the interrelating literature (Yildiz & Esmer, 2021),
aligns with the broader challenge of the implementation of new
technologies discussed in the study. Leveraging digital tools for
talent acquisition, development, and performance management

can address the need to invest in training and development
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programs and adapt to technological advancements in the
industry.

There are also studies in the existing literature that draw
contradictory and opposing conclusions to the findings
presented in this study on barriers to talent management in the
Turkish container shipping sector. These studies offer insight
on various views and outcomes related to talent management
strategies and the issues they entail.

Cho & Ahn (2018), for example, question the concept that
investment in talent management is the key barrier in the
sector. They underline in their research that, while investment
is clearly significant, it is not the only factor in efficient talent
management. They contend that company culture and
leadership have a significant impact on talent management
strategies. According to their research, companies with
excellent leadership and a culture that appreciates people tend
to thrive in talent management even in the absence of
considerable financial investments. This viewpoint differs from
the current study’s emphasis on a lack of investment as a key
obstacle.

In addition, Chen & Chen (2022) performed research on the
impact of economic situations on talent management
techniques. Contrary to the present study’s statement that
economic restrictions are the key impediment, Johnson and
Brown’s research reveals that resilient businesses discover
inventive methods to manage talent even in difficult economic
situations. They suggest that dynamic adaptability to market
swings and resource restrictions can lead to the creation of
innovative talent acquisition, development, and retention
strategies. This frame of view contradicts the notion that
economic constraints are insurmountable obstacles to
successful talent management.

Another study, conducted by Lu et al. (2022), investigates
the effect of employee turnover on talent management system.
While the current study identified high personnel turnover
rates as a serious concern, Lu et al. (2022) contend that a modest
amount of turnover might potentially benefit firms. According
to their findings, a certain level of turnover promotes variety,
introduces fresh viewpoints, and discourages complacency in
the workplace. They believe that businesses that deliberately
manage turnover through well-defined succession planning
and knowledge transfer systems can capitalize on its positive
elements, differing from the current study’s unfavorable picture
of turnover.

Finally, Gardiner et al. (2023) offer insights on talent
management strategies in collectivist cultures, which are

applicable to the Turkish container shipping industry. In

contrast to the current study’s argument that collectivist
nations such as Tiirkiye overlook employee worth, Gardiner et
al. (2023) show how these societies frequently, encourage
cooperation and mutual assistance. According to their findings,
firms in such societies tend to prioritize collective growth above
individual talent, and this strategy can result in good talent
management results. This opposing viewpoint calls into
question the widely held belief that collectivist cultures impede
individual talent development.

In short, while the current study focuses on specific
difficulties and potential solutions linked to personnel
management in the Turkish container shipping sector, the
literature indicates a variety of perspectives and outcomes.
These opposing viewpoints highlight the importance of
leadership, corporate culture, adaptation, turnover, and
cultural context in defining talent management techniques and
outcomes. Recognizing and resolving these disparate points of
view can help build a more complete knowledge of the
industry’s personnel management dynamics.

In the context of the Turkish container shipping industry,
the concept of “investing in talent management” carries
significant implications. It signifies a strategic approach by
companies to nurture, develop, and harness the skills,
capabilities, and potential of their workforce. This investment
extends beyond traditional ~monetary expenditures,
encompassing efforts to provide targeted training, mentorship,
and growth opportunities to employees. By prioritizing talent
management, companies acknowledge the pivotal role that
skilled

organizational success and maintaining a competitive edge

and motivated individuals play in achieving
within the dynamic global shipping environment. Through
effective talent management practices, companies in the
Turkish container shipping industry strive to cultivate a pool of
capable and adaptable professionals who can not only navigate
industry challenges but also drive innovation and sustainable
growth (Yildiz & Esmer, 2021). The current study has revealed
that overlooking these investments is perceived as a significant
obstacle to the development of talent management. The absence
of investments in talent management can have detrimental
effects on Turkish container shipping companies. Without
adequate focus on nurturing and developing their workforce,
these companies may face challenges in attracting, retaining,
and effectively utilizing skilled personnel. The lack of targeted
training, mentorship, and growth opportunities can result in
decreased employee morale, reduced job satisfaction, and lower
productivity. Additionally, the inability to identify and groom

potential leaders within the organization could lead to a
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leadership gap, hindering the company’s ability to navigate
industry complexities and drive innovation. Furthermore, the
competitive global shipping landscape demands a workforce
that can adapt to evolving trends and technologies. Failing to
invest in talent management may leave companies ill-equipped
to keep up with industry changes, potentially leading to
decreased competitiveness and sustainable growth prospects.

Significant contributions to the existing literature have been
produced, in addition to findings that are consistent with earlier
investigations. Time limits and economic challenges, in
particular, are viewed as significant barriers by the participants.
The mention of time restrictions reveals a belief that the
concept of talent management is still perceived as an additional
burden and a system that demands extra time, whether thought
required or not, by employers in the industry. Furthermore,
participant responses indicate that these investments are not
prioritized, and investments in talent management are not
viewed as lucrative. From this vantage point, it appears that
industry executives do not fully comprehend the notion of
people management, its advantages to organizations, and its
importance in today’s global competitive market. One of the
primary causes for this predicament is that Tirkiye is a
collectivist nation (Tatoglu et al., 2016; Yildiz & Esmer, 2021).

Investing time and money in talent management and
employee development provides a slew of intangible advantages
that reverberate throughout an organization’s performance and
longevity. To begin with, developing and sharpening the
abilities of brilliant employees improves overall productivity
and performance, resulting in improved operational outcomes
and higher-quality outputs. Furthermore, a significant
emphasis on personnel development fosters a culture of
constant learning and innovation, allowing businesses to
quickly adjust to changing market dynamics and technological
breakthroughs. As a result, the organization’s competitiveness
improves, and it is positioned as an industry leader.
Furthermore, a focus on personnel management increases
employee loyalty and satisfaction, lowering attrition rates and
the expenses associated with recruiting and onboarding. As
these individuals advance within the firm, they provide a source
of future leaders, supporting smooth succession planning and
organizational stability. Finally, deliberate investments in talent
management not only cultivate a talented and engaged staff but
also move the company toward long-term growth, adaptation,
and success in an ever-changing business landscape.

As seen in previous studies that also investigate the concepts
of the Turkish container industry and talent management
together, such as Yildiz & Esmer (2021) and Yildiz et al. (2023),

container lines, mostly of foreign origin and with a global
nature, approach the concept of talent management in a more
established and systematic manner in this study as well.
Building on this point, it is discovered that in the current study,
representatives of container lines value talent development
more than representatives of marine logistics firms. In the
obstacles part, they identify a lack of adequate attention to
talent development as the key problem, and in the solutions
section, they highlight talent development the most. It is
possible to exemplify the importance attached to talent
development by  container lines through actual
implementations.

For example, the Mediterranean Shipping Company (MSC)
implements a specialized training and learning program called
the Talent Development Center. This center continually
assesses the training and learning needs of existing talents and
offers personalized learning programs to enhance their
performance and potential. Another example is, MAERSK
globally implements a “Student Assistant” program for all new
and prospective talents. This program aims to accelerate their
onboarding process and equip them with the necessary
competencies related to best business practices. Additionally,
MSC operates an adaptation and job rotation program named
“MyRoute,” enabling new talents to gain experience in various
positions over a three-month period. This process is further
complemented by overseas training, which allows new talents
to cultivate diverse perspectives and acquire the essential
competencies required for global workflow.

Another distinction is observed in terms of investments
made in talent management. Maritime logistics companies
express greater concerns about the scarcity of investments. One
possible reason for this is that investments in container lines are
often planned from the central headquarters, which is the global
structure located abroad. This global structure is well aware of
the impact of individuals, i.e., talents, within its dynamic and
competitive environment. The prevalence of Turkey-based
companies among participating maritime logistics firms could
potentially be a fundamental reason for this difference,
stemming from cultural disparities in their approaches.

In summary, it is seen that the actions proposed in the
previous literature mostly align with and complement the
findings of this study. However, some critical differences also
provide significant inferences, which will be a valuable addition
for the current concept. The research address key challenges
such as the shortage of qualified employees, lack of
institutionalism, value and

disregarding  employee

development, and the implementation of new technologies. By
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adopting an inclusive approach, focusing on talent acquisition,
development, and retention practices, building a strong
organizational culture, and leveraging technology, shipping
companies can overcome these challenges and enhance their
talent management practices. Further research could explore
the specific implementation and effectiveness of these actions
within the context of the Turkish container shipping industry
to provide deeper insights into their impact on talent

management success.

Conclusion

Talent management in the Turkish container shipping
industry presents various challenges that require careful
consideration and strategic actions. The findings from the
conducted study shed light on these challenges and provide
insights into potential actions that container shipping
companies in Tiirkiye can take to overcome them. The
challenges identified in talent management for container
shipping companies include economic conditions, employing
and authorizing incompetent individuals, lack of investment in
talent management, disregarding the value and development of
employees, lack of institutionalism, high employee turnover
rate, failure to put education into practice, and a shortfall of
time (Tafti et al., 2017; Anlesinya et al., 2019; Kajwang, 2022).
These challenges highlight the need for proactive measures to
address talent management issues in the industry.
these container

To overcome challenges,

shipping
companies can take several actions. Firstly, adopting an
inclusive approach to talent management can foster a positive
working environment and enhance employee engagement and
retention (Yildiz & Esmer, 2021). This can be achieved by
valuing employee development, providing welfare programs,
and utilizing innovative strategies (Yildiz & Esmer, 2023).
Secondly, container shipping companies can focus on talent
acquisition, development, and retention practices. This
includes utilizing appropriate sources for talent acquisition,
implementing training and development programs, and
offering intrinsic and extrinsic incentives to retain talented
(Yildiz et al, 2023). Thirdly,

organizational culture and employee engagement is crucial.

employees prioritizing
Container shipping companies can align talent management
practices with strategic business objectives, hire employees who
align with the company’s values, and foster a culture of
continuous learning and development.

Furthermore, leveraging technology and digitalization can

enhance talent management practices in the container shipping

industry. This can involve the use of digital tools for talent
acquisition, development, and performance management, as
well as investing in training programs to equip employees with
the necessary skills to adapt to technological advancements.
Additionally, container shipping companies can address the
challenges by investing in talent management integration
programs, employee developmental planning, and effective
reward programs (Tafti et al., 2017; Kajwang, 2022). These
actions can contribute to attracting and retaining talented
individuals in the industry.

In conclusion, talent management in the Turkish container
shipping industry faces various challenges. However, by
implementing strategic actions such as adopting an inclusive
approach, focusing on talent acquisition, development, and
retention, prioritizing organizational culture and employee
engagement, leveraging technology and digitalization, and
investing in talent management integration programs,
container shipping companies can overcome these challenges
and enhance their competitiveness in the industry. These
actions will contribute to attracting and retaining talented
individuals, fostering a positive work environment, and
ensuring the long-term success of container shipping
companies in the Turkish shipping industry.

This study holds significant importance for both academic
literature and the practice of talent management in the Turkish
shipping this

contributes to the existing literature by providing insights into

container industry. Academically, study
the specific challenges faced by shipping companies in talent
management practices. The findings shed light on barriers such
as economic conditions, incompetence in hiring, lack of
investment, disregard for employee value, institutional
deficiencies, high turnover rates, failure to implement
education effectively, and time constraints. Additionally, the
study identifies potential actions to address these challenges,
including innovative strategies, employee development, welfare
provisions, and resource allocation. This research adds to the
body of knowledge on talent management in a specific industry
context, allowing scholars to further explore and expand upon
these themes.

In terms of practical implications, this study offers valuable
guidance to shipping companies operating in the Turkish
container shipping industry. By highlighting the challenges and
proposing potential actions to overcome them, the study
provides a roadmap for improving talent management
practices. The unique contribution of this research lies in its
industry-specific focus, considering the Turkish container
shipping industry. The tailored

findings provide a
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understanding of the challenges and actions that are
particularly relevant to this specific sector. This offers practical
insights and recommendations that companies in the industry
can directly apply to enhance their talent management
strategies, thereby promoting employee engagement, talent
acquisition, development, and retention. The study’s unique
focus on a specific industry context strengthens its relevance
and applicability to the practice of talent management in the
Turkish container shipping industry.

While the study on talent management practices in the
Turkish container shipping industry provides valuable insights,
there are several constraints that should be acknowledged. The
study’s sample size of 31 participants from various shipping
companies within the Turkish container shipping industry may
limit the generalizability of the findings. A larger and more
diverse sample could provide a broader perspective on the
challenges and actions related to talent management practices
in the industry. The study focused specifically on the challenges
and potential actions within the Turkish container shipping
industry. While this specificity is useful for industry
practitioners, it may limit the transferability of findings to other
industries or contexts. Future studies could consider
conducting comparative research across different industries to
gain a broader understanding of talent management challenges
and actions. The study relied solely on qualitative data gathered
through structured interviews. While qualitative data provides
rich insights, the absence of quantitative data limits the ability
to establish statistical relationships and measure the magnitude
of the identified challenges and actions. Future research could
incorporate quantitative data to complement the qualitative
findings.

Future research can also investigate the effectiveness and
outcomes of the actions recommended in the study. By
examining the impact of innovative strategies, employee
development initiatives, welfare provisions, and resource
allocation on talent management practices, researchers can
provide valuable insights into which actions yield the most
significant benefits and contribute to organizational success. To
further strengthen the link between talent management and
organizational outcomes, future research can investigate the
direct relationship between effective talent management
practices and key performance indicators within the Turkish
container shipping industry. By examining metrics such as
employee productivity, retention rates, customer satisfaction,
and financial performance, researchers can demonstrate the
tangible benefits and return on investment associated with

robust talent management practices.
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Introduction

Bioinformatics studies deal with topics such as protein
structures and functions, enzyme activities and pathways, and
are used to analyze genomic data (Kumar et al., 2008). Genetic
data, protein structures and functions, enzyme activities and
pathways related to glutathione reductase (gsr) and glucose-6-
phosphate dehydrogenase (g6pd) enzyme genes can be
investigated with bioinformatics analysis. The gsr and g6pd are
important enzymes involved in maintaining cellular redox
balance and energy metabolism, respectively (Li et al., 2020).
Dysregulation of these enzymes can lead to various pathological
conditions, including cancer, neurodegenerative diseases, and
diabetes (Traverso et al., 2013). In fish, both gsr and g6pd have
been studied extensively. For example, a study on gsr gene in
rainbow trout showed that its expression was induced by
oxidative stress caused by exposure to pollutants (Garcia-
Meilan et al., 2022). Another study on zebrafish found that gsr
gene expression was higher in liver tissues of fish exposed to
high levels of heavy metals (Xu et al., 2020). As for g6pd gene, a
study on Nile tilapia (Oreochromis niloticus) showed that its
expression was significantly higher in liver and muscle tissues
of fish exposed to hypoxia (Osman, 2012). Since mitochondria
are the primary source of reactive oxygen species (ROS)
production in cells, the first release of ROS after exposure to
stress in organisms can lead to longer and more extensive ROS
release, which can cause long-term negative effects in the
organism (Zorov et al, 2014). Therefore, mitochondrial
function appears to be a key mechanism that emphasizes
phenotypic variation between sexes, and mitonuclear
interactions may be critical determinants of the life histories of
organisms (Wolff et al., 2014). Consequently, organisms have
developed a series of antioxidant defense systems that play a
critical role in maintaining cellular function and eliminating
the toxic effects of ROS in the face of a threat caused by
oxidative stress (Dowling & Simmons, 2009; Hill, 2014;
Espinosa-Diez et al., 2015).

Zebrafish (Danio rerio) has emerged as an important model
organism in biomedical research due to its ease of maintenance,
rapid development, and similarity to humans in terms of
genetic and physiological characteristics (Kari et al., 2007).
Zebrafish has become a popular model organism due to its
numerous advantages, such as transparent embryos, rapid
development, and genetic similarities with humans (Veldman
& Lin, 2008). In recent years, there have been the studies on the
bioinformatics and tissue-specific expression of genes in

zebrafish (Parmar et al., 2012). These studies have provided

valuable insights into the roles of these genes in zebrafish and
their potential involvement in various physiological and
pathological processes.

The stress responses of vertebrates involve different
interactions between physiological pathways that can be
characterized in both acute and chronic conditions (Bayur et al.,
2020). Genetic similarities among species that are found in all
organisms mean that studies conducted on one organism can
serve as a source of data for other species (Collins et al., 1998;
& Arslan, 2021). the
bioinformatics studies of the gsr and g6pd genes in the zebrafish,

Bayir Therefore, completing
a model aquatic organism, will provide pioneering data for
molecular studies in other species. The current study employed
molecular biology techniques, such as gPCR and RT-qPCR, to
determine the transcripts and transcript amounts of gsr and
g6pd genes in various tissues of male and female zebrafish. This
study aims to investigate the differences in expression levels of
antioxidant enzyme genes between male and female zebrafish,
the differences in stress tolerance of fish in males and females,
and the causes of these differences. The study also included in
silico analyses, such as conserved gene maps and phylogenetic
tree construction, to determine the evolutionary relationship
and similarity of these genes with other related fish species. The
findings of this study could have significant implications in
understanding the molecular mechanisms underlying various

physiological processes in zebrafish and other related species.

Material and Method

Fish Sampling and Experimental Designs

A total of 6 zebrafish (Danio

approximately 2.49+0.1 g were obtained from the Trout

rerio), weighting
Production and Research Center of Atatiirk University and
transferred to the Laboratory of Agricultural Biotechnology.
Three females and three males were used to determine the
distribution of tissue-specific gene expression. Fish were
anaesthetized with clove oil before dissection. Atatiirk
University Local Ethical Committee for Animal Studies
Experimental protocols were followed. The liver, gill, testis,
ovary, intestine, kidney, stomach, eye, heart, muscle, spleen,
and brain tissues from fish which were kept at 28°C taken for
determine the mRNA expression. To ensure the integrity of
RNA in the samples, strict measures were taken to avoid RNA
degradation. Prior to the dissection, all instruments and the
working bench were thoroughly sterilized and cleaned using a
cleaning agent designed to remove RNases, which are enzymes

that can degrade RNA. After the dissection, the samples were
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immediately transferred into nuclease-free tubes containing
RNAlater, a solution that stabilizes RNA and prevents
degradation. The tubes were kept at 4°C overnight to allow the
RNAlater to penetrate the tissues and stabilize the RNA. The
samples were then stored at -80°C until RNA isolation, to
further prevent RNA degradation. These measures ensure the
quality of the RNA extracted from the samples, which is crucial
for downstream applications such as qPCR and RT-qPCR.

RNA Isolation and cDNA Synthesis and Real-Time PCR
(qPCR) Analysis

Tissue samples were firstly removed from the RNAlater and
transferred to nuclease-free tubes containing 1 ml of trizol
reagent (Life Technologies) and homogenized. Trizol protocol
was applied for RNA isolation. RNA concentrations were
measured by Nanodrop 8000 spectrophotometer and quality of
total RNA determined by agarose gel-electrophoresis. Before
the cDNA synthesis all the RNAs were treated with DNase
(DNase I, Amplification Grade, Life Technologies) for to avoid
genomic contamination and the High-Capacity cDNA Reverse
Transcription Kit (Life Technologies) was used for the cDNA
synthesis.

Quantitative PCR A Rotor-Gene 6000 thermal cycler system
(Qiagen GmbH, Diisseldorf, Germany) and QuantiTect SYBR
Green PCR kit (Qiagen) were used for determination of tissue-
specific distribution ((copy number/uL) of zebrafish target (gsr
and g6pd) and reference (rpl7 and eeflal) genes. 20ul (10 pL
SYBR Green, 4 pL forward and reverse primer, 5 uL nuclease
free water and 1 pL cDNA) for each tissue and a negatif control
which includes nuclease free water instead of cDNA were used
for each Quantitative PCR reaction. RT-qPCR steps were 1)
initial denaturation (95.0°C for 15 min), 2) 40 cycles-
denaturation (95.0°C for 20 s), 3) primer annealing [optimum
temperature for each primer (Table 1) for 30 s] and elongation
(72.0°C for 30 s). mRNA transcript level of gsr and g6pd genes
in zebrafish tissues were normalized to rpl7 and eeflal for

evaluate tissue-specific distribution after the qPCR reaction.

The level of the gene expression was given consistent to the

mean value of the control groups (Torstensen et al., 2009).

Primer Optimization

The forward and reverse primers were designed using NCBI
Primer-BLAST for real time qPCR amplification of zebrafish
target (gsr and g6pd) and reference genes (eeflaland rpl?7)
(Table 1). Exon-exon junction model was used for primers
designing for avoid PCR amplification of a product from any
contaminating hnRNA or genomic DNA. Ordered lyophilized
primers diluted in TE buffer (10mM Tris, ImM EDTA and pH
8.0) in such a way that the stock concentration for each primer

was100 pmol/pl.
Identification and Structural Determination of

Zebrafish gsr and gépd Genes

The Ensembl database was used for bioinformatic
identification of glutathione reductase gsr and g6pd genes. To
confirm the accuracy of the obtained cDNA from this database,
a BLAST search was performed in the NCBI database
(https://www.ncbi.nlm.nih.gov/). It was found that both gsr and

g6pd genes, which were the target genes used in this study, have
a single isoform each. The Ensembl gene IDs, NCBI accession
numbers, amino acid numbers, and chromosomal locations of
these genes and their respective regions on the chromosome are
provided in the Table 2.

The BLOSUM62 matrix algorithm (Gromiha, 2010) was
used to determine the similarity and identity rates of zebrafish
gsr and g6pd genes with those of other teleost fish and
vertebrates. Similarity-identity rates were calculated using the
protein sequences synthesized by gsr and g6pd genes of medaka
(Oryzias latipes), stickleback (Gasterosteus aculeatus), goldfish
(Carassius  auratus), fugu (Fugu rubripes), platyfish
(Xiphophorus maculatus), and vertebrates such as human
(Homo sapiens) and mouse (Mus musculus) through the
BioEdit program (Table 3).

Table 1. Primer sequences of gsr, g6pd, eeflal ve rpl7 genes in zebrafish

Zebrafish Forward Primer Reverse Primer Tm (°C)
(5'>3" (5">3"

gsr CCTGCGTCAATGTTGGATGT CAACTGTGGGTTCAGGGTCA 62

g6pd ATGACAAGATGAGCCTTCCG GAGCGAGCAAAACCCACAAA 61.5

eeflal TGCAGAGATGGGAAAAGGCT ACACCAGCCGCTACAATCAA 61

rpl7 ATGAGCAGGATGGCTCGTAA GTAGCCCCAGGCAATGTAGG 62
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Table 2. The Ensembl gene IDs, NCBI accession numbers, amino acid numbers, and chromosomal locations of gsr and g6pd genes in
zebrafish

Gen Ensembl gen ID NCBIID Amino Acid Numbers Chromosome Regions
Zebrafish ENSDART00000047050.8 NM_001020554.1 425 Chromosome 14: 38,852,969
gsr

Zebrafish ENSDARG00000071065 LR812085.1 523 Chromosome 23: 13,844,920
gépd

Table 3. The nucleotide sequences of zebrafish gsr and g6pd genes

ENSDART00000047050.8 (gsr)

5’"aaaatctgcggaattctgcgtgecgcaggtceccttgttggectaattatgaggecatatt
ttaaaacgtatttcaatattttttaagtgtttttagtgcaatttattgtttactccctat
aaatatacatttgtacatatttatcatcattttttaaacttgctaacctttatcagccct
gaatatggccattttagtcatcaaaaaaaaaataatTATAttccctcctgtgecgetget
gactccgcgcatgcgcagtccagectcagcectccacacggtteccgttccgaaacatteegtt
+1
ATAAACAAAACCGAAGATGGGCACCATAGCTAACCCTAAAGAGCTCATATCGTAACACCT
CTAAATAATGATACTCCATTTACTTCAAGGATGTTAATAATATAAGTTACAGCAAACGGC
TTTCGGCTACAGGTTTAAGCTGCACTCCACCGgtaag’ N356" ctcagTCTCGGACGCTC
GCTGTCATCTTCCTGCAAACTCCTTGGTCGCAGCATGGCTTCTGGATCCGTCTCGCGCTT
TGATTTTCTGGTGGTCATGGCTTCTGGATCCGTCTCGCGCTTTGATTTTCTGGTGGTCGG
-M--A--S--G--S--V--S--R--F--D--F--L--V--V--G
CGGAGGATCCGGTGGGCTGGCCGGTGCGAGGAGAGCGGCTGAACTCGGTGCCACCACTGC
--G--G--S--G--G--L--A--G--A--R--R--A--A--E--L--G--A--T--T--A
CGTGATCGAAAGTCACAGACTCGGAGGTACgtgag’N1680’ ctcagCTGCGTCAATGTT

--V--I--E--S--H--R--L--G--G--T --C--V--N--V-
GGATGTGTTCCTAAAAAGgtaat’N878’ tccagGTTATGTGGAACACATCCACTCATGC
-G--C--V--P--K--K- -V--M--W--N--T--S--T--H--A

AGAGTATCTCCATGATCATGAAGACTATGGATTTGAGGGAGCAAAAGCACATTTCAGCTG
--E--Y--L--H--D--H--E--D--Y--G--F--E--G--A--K--A--H--F--S--W
GCAgtaag’N1207’ ttcagAATCATAAAACACAAAAGGGATGCTTACGTGAGTCGCCTG

--Q --I--I--K--H--K--R--D--A--Y--V--S--R--L-
AATCAGATTTACAGGAGCAACCTTGAAAAGgtaag’ N2151’ cacagGGCAAAATTGAGT
-N--Q--I--Y--R--S--N--L--E--K- -G--K--I--E--

TTATTCATGGCTATGCAAGGTTCACAGATGACCCTGAACCCACAGTTGAAGTCAATGGGA
F--I--H--G--Y--A--R--F--T--D--D--P--E--P--T--V--E--V--N--G--
AGAAATACACAGCAACCCATATCTTAATCTCCACTGGCGGCCATCCATCCACAGTCAGTG
K--K--Y--T--A--T--H--I--L--I--S--T--G--G--H--P--S--T--V--S--
AGGATGATGTGCCAGgtggg’ N124" ttcagGATCCAGTTTAGGCATCACCAGTGATGGG

E--D--D--V--P-- G--S--S--L--G--I--T--S--D--G-
TTCTTTGAACTTGAGTCTTGCCCTAAGtaag’ N62/ cctagACGTAGTGTTATAGTTGGA
-F--F--E--L--E--S--C--P--K --R--§--V--I--V--G-

GCAGGCTATATTGCTGTGGAAATGGCTGGTATTCTTTCCACTCTTGGGTCTAAAACGTCC
-A--G--Y--I--A--V--E--M--A--G--I--L--S--T--L--G--S--K--T--S-
ATCATCATACGACAAGGAGGGgtaag’ N77’ ccaagGTGCTGAGGAACTTCGATGCCTTG
-I--I--I--R--Q--G--G- -V--L--R--N--F--D--A--L-
ATAAGCTCCAATTGCACCAAAGAATTGCAAAATAATGGTATTGACTTACGGAAAAATACT
-I--S--S--N--C--T--K--E--L--Q--N--N--G--I--D--L--R--K--N--T-
CAGgtaat’N2879’ cacagGTGAAGTCAGTGAAGAAGAATGGCAAAGGCCTCTCTATAA
-Q- -V--K--S--V--K--K--N--G--K--G--L--§--I--
CACTGGTTACAAAAGACCCTGATGACAAGGATTCACAGGAGAAGTTTGACACTATTAATG
T--L--V--T--K--D--P--D--D--K--D--S--Q--E--K--F--D--T--I--N--
ATGTAGACTGTCTGCTGTGGGCCATTGGCAGAGAACCCAACACCGCCGGCCTCAACCTCA
D--V--D--C--L--L--W--A--I--G--R--E--P--N--T--A--G--L--N--L--
GTCAAATAgtagg’ N1766’ ttcagGGTGTGAAACTTGATGAACGGGGTCATATCGTGGT
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Table 3 (continued)

S--Q--I- -G--V--K--L--D--E--R--G--H--I--V--V
GGATGAGTTCCAGAACACCTCTCGTCCAGGCGTCTATGCAGTCGGGGATGTTTGCGGACG
--D--E--F--Q--N--T--S--R--P--G--V--Y--A--V--G--D--V--C--G--R
AGCCCTTCTGACACCTGgtacg’N6775" tgtagATGAAGCAGTTAAGACGTATGGAAAA
--A--L--L--T--P-- D--E--A--V--K--T--Y--G--K-
GACAAGGTGAAGGTTTACACCACTTCTTTCACCCCCATGTATTACGCCATTACCACTCGA
-D--K--V--K--V--Y--T--T--S--F--T--P--M--Y--Y--A--I--T--T--R-
AAGAGTCAGTGCATCATGAAGTTGGTGTGCGCTGGTGAAAATGAAAAGgtgag’/ N96’ at
-K--S--Q--C--I--M--K--L--V--C--A--G--E--N--E--K-
tagGTGGTCGGTCTCCACATGCAGGGTTTTGGCTGTGATGAGATGCTTCAGGGTTTTGCC
-v--v--G--L--H--M--Q--G--F--G--C--D--E--M--L--Q--G--F--A-
GTAGCCGTTAACATGGGGGCGACTAAAGCAGACTTTGACAGAACCATTGCCATCCACCCA
-V--A--V--N--M--G--A--T--K--A--D--F--D--R--T--I--A--I--H--P-
ACGTCCTCAGAGGAGCTAGTAACACTGCGCTAAtcagtgccttttcattacatctccact
-T--S--S--E--E--L--V--T--L--R--*-
gcaatccaaagagtgtaaatgtaaacaaatgtaattccctggactattgttccatctaca
gaactaacagtgtaacaccacaagcatatgtttgatattggttgtgtagaagttgcacac
agtacaaccatttatcaggctgcgtctcttgtacagtacctcagatttttcacaggtatt
attgtctgcttggaacggagtcaggtaaaggcttgattatgttatagggtaAAATTAAAL
ctgtttaaagtcaaacactgttgcttttctcttatatttccagaatattatattcag 3’

ENSDART00000138696.2 (g6pd)

S5'atatgtatacaaatacatctacataaaaataagcgccgtgttttaatgtgatccagtt
atgttgaaattttacaactgtgtttctgtgactgttggtgttggttgttatatagtttaa
aagcctgacaaataaagtaactaggctaatttctgattaaattaaataaaacattagcca
atatttagggcgttttttgcgggttttggacagcttttgggctggaaaccgtcagcTATA
tctggcgaccctgacatttacacacaaataaataaatggactaaatgatggcctaaaaat
+1
GTGCTACTTTCTGCGTGCACAGATTCCGTGTGGGCCCAGTCACCAATGTTTGACTACTTT
TGACTACAAAAGgtaaa’N3037' tctagCGTCGTCGCGTCGCTGACGTCAGTTTACTCC
AGCCTTCTGAAATGATGGGCAGTCGAGCGAGCGCTGgtgag’ N2140’ ggcagACAAGAT
-M--M--G--S--R--A--S--A-- D--K--M
GAGCCTTCCGCTCTCACGTTCAGAAGTGTTTGGGCAGTTGAGGAAAGAACTGCATGATGA
--§--L--P--L--S--R--S--E--V--F--G--Q--L--R--K--E--L--H--D--D
TACCGCATTTCACCAGTCAGATGTGCATATTTTCATCATCATGGGCGCTTCGgtaag’/ N8923”
--T--A--F--H--Q--S--D--V--H--I--F--I--I--M--G--A--S-
tgtagGGAGATCTGGCCAAAAAGAAAATCTATCCAACTTTGTGgtgag’/ N1932’ tgtag

-G--D--L--A--K--K--K--I--Y--P--T--L--W
GTGGTTATTCAGAGATGGTCTCCTCCCTGAACAGACATATTTTGTGGGTTTTGCTCGCTC
--W--L--F--R--D--G--L--L--P--E--Q--T--Y--F--V--G--F--A--R--§
AGATCTGACTGTGGATGCCATACGCATAGCCTGCATGCCCTACATGAAGgtcac’ N866 "
--D--L--T--V--D--A--I--R--I--A--C--M--P--Y--M--K-
ttcagGTAGTAGACAATGAGGCAGAGCGTCTTGCTGCTTTCTTCAGCCGAAACTCTTACA
-V--V--D--N--E--A--E--R--L--A--A--F--F--S§--R--N--S--Y--
TCAGTGGGAAGTATGTGGAAGAATCCTCTTTCTCTGACCTGAACACACACCTACTGTCTC
I--S--G--K--Y--V--E--E--S--S--F--S--D--L--N--T--H--L--L--S--
TGCCTGGAGGTGCTGAGGCCAACCGGCTCTTCTACCTGGCCCTGCCACCCAGCGTCTACC
L--P--G--G--A--E--A--N--R--L--F--Y--L--A--L--P--P--S--V--Y--
ATGATGTCACCAAAAATATCAAACATCAGTGCATGAGCACCAAAGtgag’ N2812/ cgca
H--D--V--T--K--N--I--K--H--Q--C--M--S--T--K-
gGGCTGGAACAGGGTGATTGTGGAGAAGCCGTTTGGCCGTGATCTGCAGAGCTCAGAGGA
-G--W--N--R--V--I--V--E--K--P--F--G--R--D--L--Q--S--S--E--E
GTTATCCAGTCATCTATCCTCTCTCTTCACTGAGGAGCAAATCTACCGTATAGACCATTA
--L--S--§--H--L--S--§--L--F--T--E--E--Q--I--Y--R--I--D--H--Y
CCTGGGCAAAGAGATGGTGCAGAACCTGATGGTCCTCAGYtgty’ N156’ taaagGTTTG
--L--G--K--E--M--V--Q--N--L--M--V--L--R --F—
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Table 3 (continued)

GAAATCGGATTTTTGGTCCCATATGGAACCGAGACAGCGTGGCGTGTGTGGTTCTGACCT
G--N--R--I--F--G--P--I--W--N--R--D--§--V--A--C--V--V--L--T--
TCAAAGAGCCGTTTGGTACCCAGGGCCGCGGAGGATATTTTGACGATTTTGGTATCATTC
F--K--E--P--F--G--T--Q--G--R--G--G--Y--F--D--D--F--G--I--I--
Ggttag’N1980’ tgcagTGATGTGATGCAGAACCACCTGCTTCAGATGCTGAGTCTGGT
R --D--V--M--Q--N--H--L--L--Q--M--L--§--L--V

GGCGATGGAGAAGCCTGCTTCCACCAGCTCTGATGATGTGCGGGATGAGAAGgtaac’/ N3500

--A--M--E--K--P--A--S--T--S--S--D--D--V--R--D--E--K-
tacagGTAAAAGTGCTGAAGTGCATTGAGCCGGTCACTCTCTCAGATGTGGTTCTGGGTC
-v--K--v--L--K--C--I--E--P--V--T--L--S--D--V--V--L--G--
AGTATGTCGGAGATCCAGATGGAGAAGGGGAGGCAAAACTGGGGTATCTAGATGACAAAA
Q--Y--v--G--D--P--D--G--E--G--E--A--K--L--G--Y--L--D--D--K--
CGGTCCCGAAAGGCTCCACTCAGGCTACATTTGCCACAGCAGTGCTTTATGTAAAGAACG
T--v--P--K--G--S--T--Q--A--T--F--A--T--A--V--L--Y--V--K--N--
AACGCTGGGATGgtgag’'N772" tctagGCGTCCCGTTTATTCTCCGGTGTGGAAAGGCT
E--R--W--D-- G--V--P--F--I--L--R--C--G--K--A-
CTGAATGAGAGGAAAGCGGAGGTGCGTCTGCAGTTCACTGATGTTCCTGGAGACATCTTT
-L--N--E--R--K--A--E--V--R--L--Q--F--T--D--V--P--G--D--I--F-
AGCTCTCAGTGCCGGAGAAATGAGCTGGTGGTCCGTGTGCAGCCCAATGAGGCCATTTAC
-$S--S--Q--C--R--R--N--E--L--V--V--R--V--Q--P--N--E--A--I--Y-
GCCAAGATGATGAGCAAGAAACCTGGAGTCTATTTTAGCCCTGAGGAGACCGAGCTGGAC
-A--K--M--M--S--K--K--P--G--V--Y--F--S--P--E--E--T--E--L--D-
CTGACCTACCATAGCAGATACAGGgtaaa’N1667’ tacagGATGTAAAGCTGCCTGATG
-L--T--Y--H--S--R--Y--R- -D--V--K--L--P--D—
CTTATGAACGTCTGATTTTGGACGTCTTTTGTGGCAGTCAGATGCATTTTGTACGCAGOtL
A--Y--E--R--L--I--L--D--V--F--C--G--S--Q--M--H--F--V--R--S
aag’N909’ cacagTGATGAGTTGAGGGAAGCCTGGAGGATCTTCACTCCTCTCCTTCAT
--D--E--L--R--E--A--W--R--I--F--T--P--L--L--H-
CAGATAGAGTCTGAGAAAACACCACCCATCAAATACAAATACGGGAGgtaat’N75’ taa
-Q--I--E--S--E--K--T--P--P--I--K--Y--K--Y--G--S
agTCGTGGTCCCGCTGAGGCTGATGAGCTGGTGCAGAAAGTGGGCTTCCGCTACGAGGGA
--R--G--P--A--E--A--D--E--L--V--Q--K--V--G--F--R--Y--E--G-
ACATACAAATGGGTGAATCCACACAAACTGTGAaagcagcagatgcggaagctgaagcct
-T--Y--K--W--V--N--P--H--K--L--*-
gtttaaaaacaaaaaatcagcagtcgagtgcctgaaacgagcactttaaacaaactaaat
attgaaaattcgttctgtttaagcactgcatttacagaaagaccaacgtgattggaaaac
ctttttttttagcatgttatgaatcataaccagctccttgtggtatatgatttagaacag
tgtttgttaaccaagttcctggaggaccaccagctctgcacattttccatgtegttttaa
ctaaacacacctgattaagatgatcagctcattagcagagactgaaagacctgtaacggt
tgtgacagacaaaggagacatccaaaacatgcagtgttggtggtcctccggcaacgtggt
tgagaaacaatgctttAAAATAtcttattattatttcattttatattttattgtacat 3’

Note: * The exons of the gsr and g6pd genes of zebrafish are shown in capital letters. The starting points of transcription are indicated as

+1, while the 5' upstream and 3' downstream sequences are shown in lowercase letters. The TATA boxes and polyadenylation signals

are shown in capital letters and highlighted in yellow.

Phylogenetic Analysis

CLUSTALW (Thompson et al., 1994) at BioEdit software

(http://www.mbio.ncsu.edu/bioedit/page2.html) used for

sequence alignment of gsr and gépd genes in zebrafish. The
protein sequence of zebrafish Gsr was aligned with Gsr/GSR
zebrafish

auratus)

and protein sequences from
ENSDART00000047050.8, goldfish

ENSCART00000094324.1, Makobe Island cichlid (Pundamilia

(Carassius

nyererei) ENSPNYT00000010747.1, platyfish (Xiphophorus
maculatus) ENSXMAT00000016312.2,
(Oncorhynchus kisutch) ENSOKIT00005024463.1, golden line
barbel (Sinocyclocheilus grahami) ENSSGRT00000113615.1,
guppy (Poecilia reticulata) ENSPRET00000020656.1, amazon
molly (Poecilia formosa) ENSPFOT00000030758.1, brown
trout (Salmo trutta) ENSSTUT00000009463.1, chinook salmon
(Oncorhynchus ENSOTST00005067468.1,
northern pike (Esox lucius) ENSELUT00000029343.2, channel

coho salmon

tshawytscha)
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https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3184846
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3184826
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3184561
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3183227
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3183210
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3183191
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3183168
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3183148
https://www.ensembl.org/Danio_rerio/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSDARG00000071065;r=23:13842982-13877898;t=ENSDART00000138696;vf=3183124
http://www.mbio.ncsu.edu/bioedit/page2.html
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bull blenny (Cottoperca gobio) ENSCGOT00000009735.1,
stickleback
ENSGACT00000023248.1, pike perch (Sander lucioperca)
ENSSLUT00000058070.1, common carp (Cyprinus carpio)
ENSCCRT00000052099.2, spotted gar (Lepisosteus oculatus)
ENSLOCG00000012126, (Homo
ENST00000221130.11, mouse (Mus

ENSMUST00000033992.9 and protein sequence of zebrafish
G6pd was aligned with G6pd/G6PD protein sequences from
zebrafish (Danio rerio) ENSDART00000138696.2, common
carp (Cyprinus carpio) ENSCCRT00000130811.1, goldfish
(Carassius auratus), Nile tilapia (Oreochromis niloticus)
ENSONIT00000083037.1, stickleback
(Gasterosteus aculeatus) ENSGACT00000004028.1, Mexican
mexicanus) ENSAMXT00000018040.2,
gilthead seabream (Sparus aurata) ENSSAUT00010033966.1,

Three-spined (Gasterosteus aculeatus)

human sapiens)

musculus)

Three-spined

tetra  (Astyanax

91

60

princess cichlid (Neolamprologus brichardi)
ENSNBRT00000031013.1, electric ell (Electrophorus electricus)
ENSEEET00000052901.1, (Homo
ENST00000393562.10, mouse (Mus musculus)
ENSMUSG00000089992. The protein sequence of human
(Homo sapiens) catalase (ENST00000241052.5) was used as an

external reference in this study (Figure 1).

human sapiens)

In order to determine the evolutionary relationship of
zebrafish and its gsr and g6pd genes with other fish species, as
well as mouse and human, a pairwise alignment was conducted
using the BLOSUM62 matrix to calculate sequence identity and
similarity. Then, a maximum-likelihood tree was created using
MEGAL1 software, which was based on the Poisson correction
distance model and the number of amino acid substitutions per
site. The constructed tree was used to identify the evolutionary

relationships of zebrafish with other fish species, mouse, and

human.
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Figure 1. Phylogenetic relationship of zebrafish gsr and g6pd genes with other vertebrates

358 A



Uzun and Bayw (2023) Marine Science and Technology Bulletin 12(3): 352-369

Conserved Gene Synteny

To generate a conserved gene synteny map for the zebrafish,
medaka, and human gsr/GSR and g6pd/G6PD genes of, we used
the Ensembl database to identify co-localized genes and
manually arranged the gene synteny. We selected the relevant
regions of the genomes using the region conceptus selection
and identified the co-localized genes within those regions. This
allowed us to create a conserved gene synteny map that showed
the relationship among the gs#/GSR and g6pd/G6PD genes of

zebrafish, medaka, and human (Figure 2).
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Statistical Analysis

In our study, we used SPSS Statistics 17.0 software to
perform a one-way analysis of variance (ANOVA) and
Duncan's multiple comparison tests. We used these statistical
tests to compare the levels of expression of the gsr and g6pd
genes across different tissues of both zebrafish. We considered
a p-value of less than 0.05 to be statistically significant, which
means that there was a significant difference between the

groups being compared.
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Figure 2. Identification of Conserved Genes of gsr and g6pd in zebrafish
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Figure 3. The tissue-specific distribution of zebrafish gsr and g6pd genes

Results

Bioinformatics Studies of gsr and g6pd Genes in

Zebrafish

The characterization and identification of the gsr and g6pd
enzyme genes in zebrafish through in silico analysis aims to
provide basic data for the development of modern strategies to
protect against the harmful effects of oxidative stress in both
cultured fish and other vertebrates. The analysis revealed that
the zebrafish gsr gene has 13 exons and 12 introns, while the
g6pd gene has 14 exons and 13 introns, both with a highly
conserved exon-intron organization (Table 3). Alignment
analysis of the zebrafish Gsr/GSR and G6pd/G6PD sequences
using CLUSTAL W (Thompson et al. 1994) showed that the
polypeptide identity and similarity rates between zebrafish and
its such as medaka, stickleback, goldfish, puffer fish, platyfish,
mouse, and human were quite high (Table 4). The analysis also
revealed that the zebrafish gsr gene shared the highest similarity
and identity rates with the goldfish, while the g6pd gene had the
highest similarity and identity rates with the medaka.

Tissue-Specific Transcription of gsr and gépd Genes in

Female and Male Zebrafish (Danio rerio)

In this study, while determining the tissue-specific

distribution in male and female zebrafish, the transcription of

the gsr and g6pd genes was detected using qPCR (Figure 3). For
the gsr gene in female zebrafish, the tissue-specific distribution
was determined as follows: liver 61.94+4.41; intestine 13.5+0.55;
muscle 6.51+0.47; brain 4.56+0.46; heart 19.3+1.57; eye
10.23+1.45; spleen 6.55+0.91; gill 37+4.13; kidney 24.9+1.01;
stomach 18+0.89; ovary 30.05+1.8. For the gsr gene in male
zebrafish, the tissue-specific distribution was determined as
follows: liver 145.4+6.03; intestine 91.1+0.31; muscle 22.6+0.88;
brain 10.7+0.51; heart 17.5%3.60; eye 23.03%£1.95; spleen
8.54+0.48; gill 85.2+0.89; kidney 34.9+1.39; stomach 27.7+1.18;
testis 58.98+5.9 (Table 5). For the g6pd gene, the tissue-specific
distribution in female zebrafish was determined as follows: liver
22.75+2.16; intestine 1.58+0.14; muscle 0.89+0.13; brain
1.50+0.17; heart 0.91+0.095; eye 0.91+0.095; spleen 0.65+0.091;
gill 17.37+1.45; kidney 1.20+0.12; stomach 0.99+0.08; ovary
12.63+1.22. For the g6pd gene in male zebrafish, the tissue-
specific distribution was determined as follows: liver 57+4.29;
intestine 15.02+0.01; muscle 3.61+0.76; brain 1.44+0.20; heart
6.57+0.65; eye 6.37+0.78; spleen 0.55+0.091; gill 40.74+2.31;
kidney 1.45+0.19; stomach 2.03+0.24; testis 17.91+0.82. While
the mRNA transcription of liver, intestine, muscle, brain, eye,
gill, kidney, stomach, and gonad tissues for the g6pd gene was
found to be significantly higher (P<0.05) in males than in
females, the differences between the other tissues were

considered statistically insignificant (Table 6).
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Table 4. Similarity-identity rates between gsr and g6pd gene sequences of zebrafish and other vertebrates' gsr/GSR and g6pd/G6PD gene

sequences
10 20 30 40 50 60

I I I I [P | | I I

Zf Gsr 1 —————mmmm e
GEGsr 1 ~—————mmmmmmrmmm e e e MEILSPLARLR
StGsr 1 -
PfGsr 1 —————--—— e MQLLKIRR
Me Gsr 1 ~——————mrmmmmmmmm e e, MLLKKICR
Mo GSR 1  ——————mmmmmmmmm MALLPRALGVGAAPSLRRAAR-—————=————————
Fu Gsr 1 HLIFPGYTPLLQFIMTQOWLKFGPPTRASELRARPASASFLVMAEVILRTRVQLLFSSKQ
Hu GSR 1 —-—---———————————————————— MALLPRALSAGAGPSWRRAARAFRGFLLLLPEPAAL
70 80 90 100 110 120

T IS ISt AR PR PSR N I P I I P |

Zf Gsr 1 —————mmm——————— MASGSVSRFDFLVVGGGSGGLAGARRAAELGATTAVIESH
Gf Gsr 12 ASFVTLGSSLSSSRRLFGRS...AT.T...... I.. . i e A......
St Gsr 1  —-————————————- MAS---.DPQTT.L....I............. S....SA......
Pf Gsr 9 LLCVSLRRHELVRRSMASNRASAAETT. ..... N N.......
Me Gsr O LLPSVSLSFPRLRVLRRSSMASESDAT...... I. .. i NA......
Mo GSR 21 --ALTCAMASPGEPQPPAP----- DT.S..Y..I........ S......... RA..V...
Fu Gsr 61 RLFSAFCRQDVVRRSMASD-PS.TDIT...... I.......0..... S....SA......
Hu GSR 37 TRALSRAMACRQEPQPQGPPP.A.A.ASY.Y..I........ S......... RA..V...
130 140 150 160 170 180

B I I P I T I I I |
Zf Gsr 41 RLGGTCVNVGCVPKKVMWNTSTHAEYLHDHEDYGFEGAKAHFSWQIIKHKRDAYVSRLNQ

GE GST 72 Koot ettt e e e e e e e e N..L..R..oovuun...
St GST 43 i AAV........ S..... VESVR...EAL.A..... I.H..R
PE GST 69 Ku'vviuuennennnunn. AAV........ S....ATE.V....ETL.A.......... H
Me GST 69 K.'uueuueuneunenn.. AAV........ C..... TGSVR...EAL.A..... IAH..R
MO GSR 75 Koo, AV.S.FM...V....QSCEGK...HV..Q.......... T
Fu GST 120 K.ovvovoeeeeeanenn. AAV........ S..... VGNVR. ..EAL.T..... I.H..R
Hu GSR 97 K.'ovrioeunennnenn.. AV.S.FM...A....PSCEGK.N.RV..E.......... A
190 200 210 220 230 240

B P I I I P I T I I I e
Zf Gsr 101 IYRSNLEKGKIEFIHGYARFTDDPEPTVEVNGKKYTATHILISTGGHPSTVSEDDVPGSS

GE Gsr 132 ...N..D.A...S. ... ittt P....A.......... N....A
St Gsr 103 ...N..D.A.VON.Q.H....N........ D.R....P....A...Q.TVL.DA.I..GN
Pf Gsr 129 ...N..D.A...T.Q.F............... R.L..P....A...Q..VL.DEE.. .A.
Me Gsr 129 ...N..D.A.VT..Q........ Aol P........ Q..VL.DEE...A.
Mo GSR 135 ..QON..T.SH..I..... T AGR......... F..P A...V.TVPH.SQI..A
Fu Gsr 180 ...N..D.A..QT.Q.H....N............... P....A...Q..VL.DTE...A
Hu GSR 157 ..QN..T.SH..I.R.H.A..S..K..I..S...... P A...M...PH.SQI..A
250 260 270 280 290 300

S e [ e [ L I [P R I
Zf Gsr 161 LGITSDGFFELESCPKRSVIVGAGYIAVEMAGILSTLGSKTSIIIRQGGVLRNFDALISS
(3 S 7= O

St Gsr 163 ............ 0 M....S....... SFL.T
Pf Gsr 189 ............ TL. ...ttt A....... Lv...T........ F..A
Me Gsr 189 ...N........ 0 L....T........... A
Mo GSR 195 ......... Q..DL.S............. I..... A...... IM. .HDK...... S....
Fu Gsr 240 ............. L..... Ve e L....T....... S...T
Hu GSR 217 ......... Q..EL.G......... ... ... A...... IM. .HDK...S..SM..T
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Table 4. (continued)

310 320 330 340 350 360
I IR I I I I I St I P I I
Zf Gsr 221 NCTKELQONNGIDLRKNTQVKSVKKNGKGLSITLVTKDPDDKDSQEKFDTHUDVDCLLWAI
Gf Gsr 252 ........ H....... S..R....TDQ...V........ E..A...Y...HE........
St Gsr 223 ........ S.V. . W..S..T..R.TE.. .EV.V....QEK.NDE. .TS. .QE. .. .....
Pf Gsr 249 ............. W..S..... S.TD...EV.I..... EK--ND..IS..EE.E......
Me Gsr 249 ..... I....... W..S..... C.TE...EV.I...... KT-ND..ISV.EE........
Mo GSR 255 ...E..E.A.VEVL.F....E...TSS..ELQV..SV.GR.---PTTTM.P.........
Fu Gsr 300 ........ S....W..S..R..C.TD...EV.IA.R. .ER.NEE. .LR. .QE. .. .....
Hu GSR 277 ...E..E.A.VEVL.FS...E...TLS..EVSM. .AV.GRL---PVMTM.P.........
370 380 390 400 410 420
B I O I I e I ISt I PP I I
Zf Gsr 281 GREPNTAGLNLSQIGVKLDERGHIVVDEFQNTSRPGVYAVGDVCGRALLTP---------
Gf Gsr 312 ........... RS........ EQ......... T. A, . i, VAIAAGRKL
St Gsr 283 Q S VAAM.LEM. ... ...ttt I........ K.....—-———=————-
Pf Gsr 307 Q...S...IGSM.ILDT...... IA.......... I........ K..... VAIAAGRKL
Me Gsr 308 Q....... IGAM. .DT.D I..D T.S.I........ K..... VAIAAGRKL
Mo GSR 312 D..SK....NKV.IQT..K...L....... NVK.......... K..... VAIAAGRKL
Fu Gsr 360 Q..IT...IGHLN.DT..K............. A TI.............. VAIAAGRKL
Hu GSR 334 V...KD.S.NKL.IQT.DK...I....... NVK.I........ K..... VAIAAGRKL
430 440 450 460 470 480
B O P P I I Pt e P O P I |
Zf Gsr 33] ——=———-mmmme e DEAVKTYGKDKVKVYTTSFTPMYYA
Gf Gsr 372 AHRLFEGKADSKISYDNIPTVVFSHPPIGTVGLTE...I..W...N..............
St Gsr 333 -——mmmmmmmmmrm—rr e E..IRSR..EN....K....... H.
Pf Gsr 367 AHRLFEGKKDSKLDYSSIPTVVFSHPPIGTVGLTEE....SH..EN..I.K....... H
Me Gsr 368 AHRLFEGKKDSKLDYSCIPTVVFSHPPIGTVGLTEE..... K..EN..I.K....... H.
Mo GSR 372 AHRLFECKQDSKLDYDNIPTVVFSHPPIGTVGLTE....HK....N..I.S.A..... H.
Fu Gsr 420 AHRLFEGKKDSKLDYSTIPTVVFSHPPIGTVGLTEE...RSN..EN..I.K....... H.
Hu GSR 394 AHRLFEYKEDSKLDYNNIPTVVFSHPPIGTVGLTE...IHK..IEN..T.S....... H.
490 500 510 520 530 540
BN IR I I I I I e I I I I |
Zf Gsr 357 ITTRKSQCIMKLVCAGENEKVVGLHMQGFGCDEMLQGMOVAVNMGATKADFDRTIAIHPT
Gf Gsr 432 ... ... . ... K. ittt e et e e e e E...........
St Gsr 359 S.. ... . ... E.KE.......... L............ IK......... K.V.....
Pf Gsr 427 S.R.P....... V.KE.......... L............ IK......... N.V.....
Me Gsr 428 R........... V.KE.......... L............ IK..... E...K.V.....
Mo Gsr 432 V TK.V..M...NKE..... I I.. ... K......... N.V.....
Fu Gsr 480 N..... V..... V.KE.......... L......... S..IK......... K.Vv.....
Hu GSR 454 V.K..TK.V..M...NKE..... I L............. K......... N.V.....
I Similarity (%) Identity (%)
Zf Gsr 417 S-EELVTLR 100 100
Gf Gsr 492 .S....... 76 81
St Gsr 419 .S..F..M. 73 87
Pf Gsr 487 .S..F..M. 64 75
Me Gsr 488 .S..F..M- 64 73
Mo GSR 492 .S....... 58 68
Fu Gsr 540 .S..F..M. 58 67
Hu GSR 514 .S....... 54 66
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Table 4. (continued)

10 20 30 40 50 60
S [P I I I I
Zf Gépd 1 ———_—————— MMGSRASADKMSLPLSRSEVFGQLRK
Me Gé6pd 1 @ ——— e MNR.......... E.
Pf Gé6pd 1l mmm e b E..Q
Gf Gé6pd 1 MLSLSAFDSAVYIQLSTKFSFYLYFLLCISCECDALHEII.KL............. E
Fu Gé6pd 1 -—-—_——————— M.NIP---........ E
St Gépd 1 -—-—_—————— FGSSP.HQQRH. . ... E
Hu G6PD 1 == e e e MAEQVA...TQ.C.I..E
Mo G6PD 1 -——_———— MAEQVT...TQ.C.I..E
70 80 20 100 110 120
O O P e S O I I
Zf Gépd 27 ELHDDTAFHQSDVHIFIIMGASGDLAKKKIYPTLWWLFRDGLLPEQTYFVGMORSDLTVD
Me Gé6pd 18 D D ) S.F............
Pf G6épd 17 Y EK. ot e e E.viinrinen
Gf Gé6pd 61 N
Fu Gépd 18 E.KE....... 12 A
St Gépd 21 EVEE - VU
Hu G6PD 19 FQGD...... B I........ ... N.FI..Y...R A
Mo G6PD 19 YQOND A.T.. ... it I.......... KE.FI..Y Q
130 140 150 160 170 180
P O I I
Zf Gépd 87 AIRIACMPYMKVVDNEAERLAAFFSRNSYISGKYVEESSFSDLNTHLLSLPGGAEANRLF
Me Gé6pd 78 TG....... A.T..D..SV............ AD..... K..S.I...... N......
Pf Gé6pd 77 T....F TEM. .... S...A......... A.DA.. .K..A.M.A P......
Gf Gépd 121 AL T--- B D..... N............ G.....
Fu Gépd 78 .TS L..TET.SD..S........... N.TAGG E..A.IM. ASD.....
St Gépd 80 .7..T..L..T.KDT...S...K..T...... TD..... K..S.MT..... PA.....
Hu G6PD 79 D..KQSE.FF.ATPE.KLK.ED..A....VA.Q.DDAA.YQR..S.MNA.HL.SQ.....
Mo G6PD 79 D.QKQSE.FF.ATPE.RPK.EE..T....VV.Q.DDPA.YKH..SYHUA.HQ.MQ. .H..
190 200 210 220 230 240
S P [ S O [ I I I I P
Zzf Gé6pd 147 YLALPPSVYHDVTKNIKHQCMSTK--GWNRVIVEKPFGRDLQSSEELSSHLSSLFTEEQI
Me Gé6pd 138 ...... T........ L.L...... N H................ A.D
Pf Gépd 137 ...... S QH..... e ) S T...... S.D
GE G6pd 178 it H..... e T T D
Fu Gé6pd 138 ...... TI..S..E B N N T I T H......... T........ D
St Gé6pd 140 ...... T.......... DC.. .A.YR..T......... H..K...... T........ D
Hu G6PD 139 ..., T..EA..... HES QI-- N DR..N.I .R.D
Mo G6PD 139 ...... T..EA..... QET...QT--.F..T....oouuun... NQ..N.I .R.D
250 260 270 280 290 300
S O S O O [ I O I I P
Zzf Gé6pd 205 YRIDHYLGKEMVQONLMVLRFGNRIFGPIWNRDSVACVVLTFKEPFGTQGRGGYFDDFGII
Me Gé6pd P
Pf Gé6pd S
Gf Gé6pd G S M............
Fu Gépd 106 i e e e N it i i e
St Gépd 200 i e e e e e e e e e L e
Hu G6PD 197 i i A.... ... ... NI...I......... E....... E
Mo G6PD 197 ....... D............ A......... G.NI I......... E....... E
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Table 4. (continued)

zf
Me
Pf
Gf

Fu
St
Hu
Mo

zf
Me
Pf
Gf
Fu
St
Hu
Mo

Zf
Me
Pf
Gf
Fu
St
Hu
Mo

zf
Me
Pf
Gf
Fu
St
Hu
Mo

Zzf
Me
Pf
Gf
Fu
St
Hu
Mo

Gépd
Gé6pd
Gé6pd
Gé6pd

Gépd
Gé6pd
G6PD
G6PD

Gé6pd
Gépd
Gé6pd
Gé6pd
Gépd
Gépd
G6PD
G6PD

Gépd
Gé6pd
Gé6pd
Gépd
Gépd
Gépd
G6PD
G6PD

Gé6pd
Gé6pd
Gé6pd
Gépd
Gé6pd
Gé6pd
G6PD
G6PD

Gépd
Gé6pd
Gé6pd
Gépd
Gépd
Gépd
G6PD
G6PD

265
256

325
316
315
356
316
320
317
317

385
376
375
416
376
380
377
377

445
436
435
476
436
440
437
437

505
496
495
536
496
500
497
497

310 320 330 340 350 360

B L [ T [ I I P I P I I
RDVMONHLLOMLSLVAMEKPASTSSDDVRDEKVKVLKCIEPVTLSDVVLGQYVGDPDGEG

............ Coveie i e . AL M. .......M.N.....
............ Choeiie i e .. ..T..SM..........N.E
............ o - SRR
....... M C..........N...............V.ASM............E
............ Cote e . ST. .. ... .E
............ C..........N...............SE.QANN........N.....
..... s......C........T.D.....N.......R.SE.ETDN.I......N.N
370 380 390 400 410 420

B S T e [ I I I T e |
EAKLGYLDDKTVPKGSTQATMOTAVLYVKNERWDGVPFILRCGKALNERKAEVRLQFTDV

......... = -
D........ = -
............. B e e e e e
D........ P .. 2 -
......... = -
TK..... P...R...T. AV E. . i i e e H
AN..... P...R...T e R.I
430 440 450 460 470 480

..... BN . .Q. e et e i KRR
..... DNK.Q. . e et et e e e et ie e R R
....... Ho oottt e e R
..... RN..Y. .. o'iiiieieiaia T ... K... Koo
..... GN. .ot eV e KRR
A HQ..K..... I....... V.T...T....MF.N...S...... GN..KN......
..... HOK.K.....I.M.....V.TT..T....MF.N...S......GNK.KN G
490 500 510 520 530 540
SRR TR (RN IORRPPRN ISP (RPN IDRPR ISR (PR IDRPRN IR [P
YERLILDVFCGSQMHFVRSDELREAWRIFTPLLHQIESEKTPPIKYKYGSRGPAEADELV

.................................... DK..PK..P...............
............................... I DK..PK..P........S...D
..................................... Koot e i
..................................... K..PK..P.......oounn...
.................................. H.DK..PK..P.I............A
..................................... L..PK..P.I......T.....M
........... c......T.....G.........K..R..PQ.FP.V......T.....M
550
R [P I IR Similarity (%) Identitiy (%)
OKVGFRYEGTYKWVNPHKL 100 100
1 S 89 93
KR....oveeennnnnnn. 87 93
S P 87 89
KR....oovnenennenn.. R. 85 91
S R. 85 89
KR...Q..overrnn... 74 85
RR...Q.K....GTHK.-- 69 82

Note: * The dots in the figure represent the similarity between amino acid sequences, while the short dashes indicate the missing amino
acids. Similarity rate refers to the percentage of nucleotides in the sequence that are identical or similar between the two species, while
identity rate refers to the percentage of nucleotides that are identical. “Me” represents medaka (Oryzias latipes), “St” represents
stickleback (Gasterosteus aculeatus), “Gf” represents goldfish (Carassius auratus), “Fu” represents fugu (Fugu rubripes), “Pf” represents

platy fish (Xiphophorus maculatus), “Hu” represents human (Homo sapiens), and “Mo” represents mouse (Mus musculus) in the table.
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Table 5. The differences in transcription of the gsr gene

between genders in zebrafish

Tissue  Sex N AveragetStd. t P
Error
Liver Female 6 61.49+4.41 -11.172  0.000**
Male 6 145.4+6.03 -11.172 0.000**
Intestine Female 6 13.5%0.55 -123.065 0.000**
Male 6 91.1+£0.31 -123.065 0.000**
Muscle  Female 6 6.51+0.47 -16.146  0.000**
Male 6 22.6%0.88 -16.146  0.000**
Brain Female 6 4.56+0.46 -8.948  0.000**
Male 6 10.7£0.51 -8.948  0.000**
Heart Female 6 19.3£1.57 0.458 0.657
Male 6 17.5%£3.60 0.458 0.661
Eye Female 6 10.23+£1.45 -5.267  0.000**
Male 6 23+1.95 -5.267  0.000**
Spleen  Female 6 6.55+0.91 -1.936 0.082
Male 6 8.54+0.48 -1.936 0.091
Gill Female 6 37+4.13 -11.411  0.000**
Male 6 85.2+0.89 -11.411  0.000**
Kidney = Female 6 24.9+1.01 -5.772 0.000**
Male 6 34.9+1.39 -5.772  0.000**
Stomach Female 6 18+0.89 -6.484  0.000**
Male 6 27.7%£1.18 -6.484  0.000**
Gonad  Female 6 30.05+1.8 -4.611  0.001**
Male 6 58.98+5.9 -4.611  0.004**

Note: **: P<0.05

Discussion

Tissue-Specific Transcription of gsr and g6pd Genes in
Female and Male Zebrafish (Danio rerio)

Glutathione reductase plays an important role among the
biomarkers of oxidative stress (Puppel et al., 2015; Nandi et al.,
2019). During the body's response to oxidative stress, gsr is
responsible for maintaining the homeostasis of reduced
glutathione, which is the most important substrate for the
synthesis of bioproteins together with glutathione peroxidase,
as well as the main antioxidants such as ascorbic acid and a-
tocopherol (Szudrowicz et al., 2022). This study was conducted
in zebrafish, which serves as a model organism in science, to
perform detailed bioinformatic and molecular analyses of the
gsr and g6pd enzyme genes, in order to better understand the

molecular mechanism of oxidative stress damage in vertebrates,

Table 6. The differences in transcription of the g6pd gene

between genders in zebrafish

Tissue  Sex N  Average+Std. t P
Error
Liver Female 6 22.75+2.16 -7.126  0.000**
Male 6 57+4.29 -7.126  0.000**
Intestine Female 6 1.58+0.14 -13.116 0.000**
Male 6 15.02+0.01 -13.116 0.000**
Muscle Female 6 0.89+0.13 -3.521  0.006
Male 6 3.6+0.76 -3.521  0.015
Brain Female 6 1.50£0.17 0.189  0.854
Male 6 1.44+0.20 0.189  0.854
Heart Female 6 0.91£0.095 -8.603  0.000**
Male 6 6.6£0.65 -8.603  0.000**
Eye Female 6 0.91+0.095 -6.939  0.000**
Male 6 6.4+0.78 -6.939  0.001**
Spleen  Female 6 0.65+0.091 0.742  0.475
Male 6 0.55+0.092 0.742 0475
Gill Female 6 17.37+£1.45 -8.561 0.000**
Male 6 40.08+2.32 -8.561  0.000**
Kidney Female 6 1.20+0.12 -1.096  0.299
Male 6 1.45+0.19 -1.096  0.303
Stomach Female 6 0.99+0.08 -4.163  0.002
Male 6 2.03+0.24 -4.163  0.006
Gonad  Female 6 12.63+1.22 -3.585 0.005**
Male 6 17.91+0.82 -3.585 0.005**

Note: **: P<0.05

and to determine which gender and tissues these genes are
dominant in. It has been determined that the gsr and g6pd
enzyme genes are dominant in the liver tissue of both male and
female fish. Therefore, we can say that the liver is the most
suitable tissue for gene expression studies on stress-related
diseases in the future, based on tissue-specific analyses. The gill
tissue gene expressions are significantly (P<0.05) lower than
liver tissue gene expressions, although it is the second tissue
where the gsr and g6pd genes are dominant, and significantly
(P<0.05) higher than other tissues. The gsr and g6pd mRNA
transcription identified in the ovary and testis tissues are
significantly (P<0.05) lower than the transcription of gill and
liver tissues, but it is seen that the gonads have significantly
(P<0.05) higher gene expression than other tissues. Therefore,
the most dominant tissues in both gsr and g6pd genes are the
liver, gill, and gonads in order. When the tissue-specific
distribution differences between male and female fish were
examined, it was seen that the gene expression of gsr and g6pd

in males is significantly higher than in females in these three
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tissues. The study discussed in the previous sections provides
valuable information about the tissue-specific distribution of
gsr and g6pd genes in zebrafish. The results show that the liver
is the most suitable tissue for gene expression studies on stress-
related diseases, as gsr and g6pd genes are dominant in this
tissue for both male and female fish. This finding is consistent
with previous studies that have shown that the liver plays a
critical role in antioxidant defense mechanisms and is sensitive
to oxidative stress. This finding suggests that liver, gill and
gonads tissues may be a useful target for future studies on the
effects of environmental stressors on fish health. The study also
identified significant differences in gene expression between
male and female fish in the liver, gill, and gonads, with male fish
showing significantly higher levels of gene expression in these
tissues. Furthermore, the significantly higher transcription
values of the gsr and g6pd genes in male tissues, compared to
females, suggest that males may experience more stress in fish,
as in many other animals in nature, resulting in increased gene
expression related to stress. Many environmental challenges
can lead to the accumulation of ROS, which are fundamental
cell signaling molecules in living organisms (Apel & Hirt, 2004;
Schieber & Chandel, 2014). Under normal conditions, the
balance of ROS in tissues can be disrupted by the presence of
stress, which can lead to a decrease in male fertility (Dowling &
Simmons, 2009). This can result in male fish exhibiting higher
levels of gene expression related to oxidative stress compared to
females, as a way of coping with the greater levels of stress they
experience. In this study, the expression of gsr and g6pd were
analyzed in liver, gill, and gonads tissues that serve as
biochemical and molecular indicators of the antioxidant
system, with the genes being found to be more highly expressed
in males suggesting that males may be trying to cope with stress.
Parallel to this study, Ozdemir & Bayir (2022) reported on
transcriptional differences in the antioxidant enzyme gene sod1l
between male and female brown trout. Ozdemir & Bayir (2022)
suggested that the higher expression of antioxidant enzyme
genes in males may be related to hypotheses about the role of

antioxidants in mating performance, which is based on the

male's efforts to attract females, known as sexual
ornamentation (Blount, 2004; Catoni et al., 2008). This finding
highlights the importance of considering sex-specific

differences in gene expression in future studies on oxidative
stress in fish. Further research is needed to determine how these
gene expression patterns relate to fish health and the effects of

environmental stressors on fish populations.

Bioinformatics Studies of gsr and gépd Genes in
Zebrafish

The identification and characterization of the gsr and g6pd
genes in zebrafish provide valuable information on the
evolution and function of these genes across different species.
This information can be used to develop modern strategies to
protect against the harmful effects of oxidative stress in both
cultured fish and other vertebrates. The synteny designed to
identify conserved genes between zebrafish, medaka, and
humans suggests that the zebrafish gsr and g6pd genes are the
result of teleost whole genome duplication (TWGD). Zebrafish
genome mapping studies (Barbazuk et al., 2000; Postlethwait et
al., 2000) and phylogenetic analyses of zebrafish genes (Meyer
& Schartl, 1999; Taylor et al., 2001) also support the hypothesis
that an early genome duplication event occurred in ray-finned
fish (Taylor et al., 2003). Taylor et al. (2001) estimated that the
fish-specific duplication event occurred more than 300 million
years ago. However, it is impossible to determine the exact ages
of zebrafish gene copies because the third codon positions used
to estimate their ages have reached saturation (Taylor et al,,
2003). Previous studies have reported that teleost fish have two
copies of many genes that other vertebrates have only one
(Postlethwait et al., 1998; Meyer & Schartl, 1999; Braasch &
Postlethwait, 2012). However, this study found that the
zebrafish genome contains only one copy of the gsr and g6pd
genes, and it is believed that the reason for their presence as
single copies is due to functional redundancy, which is a
common occurrence in duplicated genes (Glasauer &
Neuhauss, 2014). Functional redundancy occurs when one
copy of a duplicated gene maintains the original function, while
the other copy may acquire new functions or undergo
functional divergence (Glasauer & Neuhauss, 2014). In the case
of the gsr and g6pd genes, it is possible that the single copies in
zebrafish have retained the original function of their duplicated
counterparts, while the duplicates may have undergone
functional divergence or been lost in the course of evolution.
Further studies are needed to investigate the functional
significance of the single copies of the gsr and g6pd genes in
zebrafish and their potential roles in protecting against

oxidative stress.
Conclusion
In conclusion, this study provides important information

on the bioinformatics and tissue-specific distribution of gsr and

g6pd genes in zebrafish. The results show that the liver is the
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dominant tissue for both genes in both female and male
zebrafish. The study also reveals sex differences in the
expression of these genes, with higher levels of gsr and g6pd
transcripts found in various tissues of male zebrafish compared
to female fish. In silico analyses demonstrate that the gsr gene of
zebrafish has high similarity and identity ratios with goldfish
and stickleback, while the g6pd gene shows the highest
similarity and identity ratios with medaka fish and platy fish.
These findings provide a foundation for further molecular
studies of gsr and g6pd genes in zebrafish and related species,
and could contribute to a better understanding of their roles in

physiological and pathological processes.
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Moreover, when the value of wave amplitude increases, so does the simulation time.

Please cite this paper as follows:
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Introduction

Automatic control systems have been seen frequently in all
fields of science. Nowadays, road and rail vehicles have been
equipped with autonomous systems in all aspects, thanks to the
technological developments. Moreover, there is a remarkable
interest in autonomous shipping due to positive feedbacks
obtained from applications in train and car industries. In this
context, the similar expectations for autonomous ships reveal

with the promises of autonomous applications in shipping to
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provide operational, economic, and ecological sustainability.
The main promise of autonomous ships is safe navigation for
all components in shipping. For example, human decisions can
be risky since there are too many variables in some situations
such as collision risk and bad weather condition. However, it
can be safer when a critical decision given by the onboard
intelligent systems analyzing all changing parameters. On the
other hand, these systems are important not only for safe
navigation, but also for economic and sustainable operations
(Akbar et al,, 2021; Kurt & Aymelek, 2022; Kafali & Aksu,
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2022). Although it is thought that the transition to autonomous
shipping is its infant age, there is an opportunity to operate
ships under control with autonomous systems thanks to
obtained positive outputs from sea trials. This study proposes a
mathematical model including a basic intelligent control
system to ensure safe navigation in regular head wave by
avoiding possible collision risk.

The previous studies in the literature aimed to safely finish
the ship’s movement considering environmental conditions,
reducing fuel consumption, or shortening the ship’s berthing
time at the port. The intelligent controller systems, such as PID
(Proportional Integral Derivative), fuzzy logic, and neural
networks etc., are commonly performed by researchers to
achieve these goals. Safe navigation on a created course is one
of the main aims of the previous studies in the literature. For
instance, Moreira et al. (2007) proposed a control system for
path following application based on LOS (light of sight)
guidance. In their research, the proposed system was verified
for the Esso Osaka and the simulations were performed for
different desired geometrical paths. In another study, Zaccone
& Martelli (2020) studied on a collision avoidance system based
on Rapidly Exploring Random Tree (RRT*) algorithm for
surface vessel navigation. Additionally, Mohamed-Seghir et al.
(2021) developed an intelligent system based on fuzzy logic to
determine a ship route in the event of the collision risks and
reduce energy consumption. In a similar study, Chen et al.
(2021) investigated a smart control system based on fuzzy sets
for unmanned surface vessel to avoid the collision. This
investigation applied both the fixed obstacles and incoming
ships’ encounter situations. Zhou et al. (2021) used the
traditional PID as a control system for collision avoidance and
path following simulations. Moreover, there are studies in the
literature including more than one control system among the
proposed methods for both path following and collision
avoidance. For example, He et al. (2021) used not only fuzzy but
also PID controller to determine the optimal route to avoid the
collision. The different mathematical models to avoid the
collision are proposed by the researchers (Degre & Lefevre,
1981; Fossen, 2002). Many control systems based on various
algorithms can be found in the literature. Tsou & Hsueh (2010)
proposed a mathematical model including avoidance collision
system based on Art Colony Optimization Algorithm. Lyu &
Yin (2017) introduced a trajectory planning algorithm
modified artificial potential field to navigate safely. Perera et al.
(2010) presented a collision-avoidance system that used a
Bayesian Network decision-making process to avoid collision

with multiple ships. The algorithm based on neural network is

one of them which is applied on collision avoidance simulations
(Praczyk, 2015; Wang & Fu, 2020; Suo et al.,, 2020). Other
worth-to-mention proposed algorithms to solve the same
problem were explained in the studies (Liu et al., 2020; Zhao et
al., 2021). All these mentioned mathematical models, including
different control algorithms and/or numerical approaches,
show that safe navigation is an interesting topic for researchers.

The forces and moments that the ship will be exposed to due
to external disturbances will also affect the movements of the
ship. For instance, the studies that analyze the calculation of
wave-induced forces and moments as well as how these forces
and moments affect ships are extremely popular. Among these
studies, Beji (2020) formulated the waves and currents forces
acting on a body. Xie et al. (2020) numerically calculated the
turning circle tests under the effect of waves with varying
wavelengths for two different ships. Similarly, Fang et al. (2005)
simulated the turning test of a ship under the effect of waves. In
another study, Jin et al. (2021) performed turning circle test
simulations with the URANS (Unsteady Reynolds-Averaged
Navier-Stokes) equations based on CFD (Computational Fluid
Dynamics). In another study, the added resistance of a model
ship with the constant forward velocity in waves was calculated
using URANS (Ozdemir & Barlas, 2017).
Furthermore, Park et al. (2016) studied on added resistance

equations

induced head waves for different draft value of ship. The effects
of external disturbances such as current and wind, as well as
wave-induced forces, have been studied in the literature
(Szelangiewicz et al., 2014; Yasukawa & Sakuno, 2019). Besides
these studies, a comprehensive review including studies of
investigating the effects of external disturbances on ship
motions and maneuvering was presented by Hirdaris et al.
(2014).

In this study, the control system, which is one of the
intelligent transportation systems that should be on an
autonomous ship, has been added to the mathematical model.
Thus, the ship can reach the target area by avoiding collision in
regular head waves thanks to this control system. To validate
the proposed mathematical model, firstly, the added resistances
are calculated for the KVLCC2 ship to validate the regular wave
forces, and then these results are compared with the other
studies in the literature. Secondly, the turning circle test
simulations for the Esso Osaka ship having limited studies
comparison to the KVLCC2 ship are performed in regular head
waves having different wave amplitudes. Finally, a random
course with fixed obstacles is determined for the Esso Osaka to
perform the simulations. These simulations are carried out both

in regular head waves and calm water to understand the effects
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of the waves using the mathematical model. Moreover, it is
discussed whether the ship could reach the target coordinates
and create a safe route automatically to avoid collisions on the

determined course.

Material and Method

Maneuvering Model

The MMG (Maneuvering Modeling Group) model was
added to the literature by Ogawa & Kasai (1978). In this
maneuvering model, the forces and the moment acting on a
ship are calculated separately based on the hull, propeller,
rudder, and external forces. The MMG model is widely
preferred to obtain information about ship maneuvering
(Yasukawa & Yoshimura, 2015; Aksu & Kose, 2017). In this
study, regular head wave is assumed as an external force.

The mathematical model is created based on the MMG
model to calculate all these forces and moments. The equations

for surge, sway and yaw motions may be written in Eq. 1.
(m+my)u— (m+m,)vr —mxgr? =X

(m + my)l'? +(m+m)ur+mxsr =Y

Iz + mxg + ], )7 + mxg(v +ur) =N (1)

where m, ship mass; m, and m,, the added masses; I, the
mass moment of inertia; J,., the added mass moment of inertia;
u and v the velocity components of ship velocity; r, angular
velocity of ship, and x¢ the distance between origin and the
gravity center of the ship.

The fixed and moving coordinates of ship are described for
the mathematical model and other relevant quantities are
shown in Figure 1.

The total forces and moment can be expressed as the sum of
the hull, propeller, rudder, and wave forces and moment for this
study.

The hydrodynamic forces and moment for ship hull are

calculated with Eq. 2.

Xy = =Ry + Xpu? + Xppv7 + Xy T2 + Xpppp vt

Yy = Yov + Ypor 4 Yy, v3 + Yy 021 + Yy vr2 + Y13

Ny = Nyv + Np7 + Ny ¥2 + Nppyp 021 + Nypr 072 + Ny 73 (2)

While calculating the propeller-induced force on x-

direction, Eq. 3 may be written depending on thrust deduction

factor (#) and propeller thrust (T). The force on y-direction Yp

and the moment Np are accepted as zero.
Xp=(1—-06)T (3)

Eq. 4 expresses rudder-induced forces and moment. The
forces and moment depending on the changing rudder angle
can be calculated using this equation. The expression of the

rudder normal force is Fy = (1/2)pAgUg*f,sinag.
Yr = —(1 — ay)Fycoss

Ng = —(xg + ayxy)Fycosd 4)
X

A U

A v

i u/// =

-
Figure 1. Fixed and ship coordinates

The added resistance values can be obtained by using
experimental methods (Lee et al., 2013) numerical calculations
(Sadat-Hosseini et al., 2013; Cakici et al., 2017), and empirical
formulas. Since the fastest one among them is the empirical
formulas, it is implemented for this study. The empirical
formulas to calculate the total added resistance due to the
regular head waves given in Eq. 5 is chosen from the studies in
the literature. More details information about these empirical
formulas can be seen in the studies of (Tsujimoto et al., 2008;
Liu & Papanikolaou, 2016; Liu et al., 2020; Lang & Mao, 2020).

Raw = Rawr + Rawm (5)

The first part of the total added resistance (Rawz) will be
calculated using Eq. 6, and Eq. 7 may be used to calculate the

second part of the total resistance (Rawu).
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1+4VFn
Rawr = 22> pgGlarsin®E (1 +5 / Lop > (%) 6)

where p, is the density; g, gravity acceleration; ,, the

incident wave amplitude; L, length between perpendiculars;

pp>
A, the wavelength; Fn, Froude number; Cp, block coefficient;

B . .
E = atan (I)’ waterline entrance angle; Lp waterline
E

entrance length.
B? _ b _

Rawm = 4pgié L—a)blexp [d—l 1- (Ddl)] a,a,0;3 (7)
PP 1

where the parameters @, by,d;, a4, a,, a3 can be
calculated using empirical formulas are given by Liu &
Papanikolaou (2017).

The dimensionless wave induced force and moment can be
calculated using Eq. 8 (Li & Zhang, 2022). The dimensionless
force coefficient Yy is multiplied by (1/2)pL?U? to make
dimensional. Similarly, the dimensionless moment coefficient

Nyw'is multiplied by (1/2)pL3U%.
YM’/ - —2al sin(b)bsin (©) S(t)

c cos(c) sm(c)

Ny, = ak( sin (b) L? sin(c )w) &) (8)

can be
b = (kL cos(x))/2,

=Ty is the wave direction.

where  the  parameters
a=pg(l-eT)/k?
¢ = (kB sin(x))/2, k=

express as

Controller

In the simulated application, the classical PD controller
given Eq. 9 and proposed algorithm are used as the control
system to obtain the ship route and to avoid collision. The
controller gains, Kp and Kp, have been determined with Matlab-
PID Tuner. When the ship encounters any obstacle while
following the determined course, Eq. 11 and Eq. 12 are used,
otherwise Eq. 10 is used to calculate the desired ship heading

angle.

de(t)

8(t) = Kpe(t) + Ky 9)
where §(t), the rudder angle; e(t), the error.

The calculation of the ship’s heading angle differs
depending on whether there is an obstacle between any two
points on the determined course. If there is no obstacle between
the determined coordinates on the course, the desired ship

heading angle v, is calculated for the target coordinates. The

ship has been no sooner arrived the target coordinates than the
desired heading angle has been calculated automatically for the
next target coordinates. The changing of desired ship heading

depends on the coordinates of ship (x, y5) and the destination

point (Xap, Yap)-

Yy = atan (M) (10)

Xdp—2Xsp

If there is an obstacle on the course, the ship will maneuver
to avoid the collision risk. To avoid the collision, the obstacle
coordinates and the maximum length of obstacle should be
entered into the mathematical model as data, initially. The safe
coordinates are determined thanks to the mathematical model
according to the size and distance of the obstacle. The required
heading angle to reach the target virtual coordinates is accepted
as the reference angle for each virtual coordinate and the
needed angle is commanded to the rudder. The ship continues
to follow the course thanks to the controller system since the
commanded rudder angle for the next target coordinates on the
course has been changed. The following chart given in Figure 2
explains safe navigation in the mathematical model according

to the position of the obstacles.

N Yes
= Obstacles ?

Loy

Virtual Target
Coordinates

l

Check Instantaneous Coordinates
Regarging to Obstacle

l

Collision Risk?

Desired Heading

Figure 2. Flow diagram

If the ship encounters an obstacle on the determined course,
the ship may follow the route without collision by assistance of
these virtual

the virtual target coordinates. Meanwhile,

coordinates are used to obtain a safe route.

SYpel = Yops — Vsp

SXpel = Xobs — Xsp
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Shper = atan (j;’;i) (11)
where X, 55, Y,ps are the coordinates of the obstacle.

Yoy = Yops + D + D % cos ((g) - Szp,,el>

SXpez = Xops + D * sin(Spe)

Spes = atan (;‘:’TZ) (12)

D is value of the maximum safe zone length. The
maneuvering characteristics are the remarkable parameters to
determine the virtual coordinates 1 since the ship has enough
length to maneuver before the safe zone. The part of the
algorithm for avoiding the collision is shown in Eq. 11 and Eq.
12. Briefly, the virtual coordinates 1, SXpa and SYpe, the
difference between the coordinates of obstacles, and the ship,
are calculated at each time step until a certain distance obtained
from the safe zone calculated for the ship’s maneuvering ability.
When the ship reaches virtual coordinates 1; the ship maneuver
to the virtual coordinates 2, given in Eq. 12, to avoid the
collision. When the ship reaches virtual coordinates 2, the
rudder angle is changed for the target coordinates. Other

detailed information can be seen in Budak (2023).

Results and Discussion

Simulation Study

In the scope of this study, three different simulations are
performed using the mathematical model. Firstly, the added
resistances depending on various wavelength are calculated for
KVLCC2 at Fn=0.142 for validation purpose. Since the lack of
experimental data or numerical calculations for Esso Osaka
ship in regular head wave, the simulation results are only
compared with numerical calculations for KVLCC2. Secondly,
after validating the mathematical model for regular head wave,
the simulations are enlarged for turning tests of the Esso Osaka
ship. These turning test simulations are performed for different
wave amplitudes and the obtained results for turning
trajectories of the Esso Osaka ship are evaluated under same
wavelength (A/L,,=1.0) of regular head waves. Lastly, the path
following simulations are carried out for determined course in
regular head waves.

The basic dimensions, seen in Table 1, and the required

maneuvering derivatives in MMG model for these ships can be

seen in the studies of (Kobayashi et al., 2002; Abdel-latif et al.,
2013; Yasukawa & Yoshimura, 2015).

Table 1. Main sizes of the ships

KVLCC2 Esso Osaka
Lyp (m) 320 325
B (m) 58 53
T (m) 20.8 22.05
Cs (-) 0.81 0.831
U (knot) 15.5 10
Validation Study

The added resistance values of KVLCC2 ship, which act
depending on the variation of wave amplitudes at different
wavelength, are shown in Figure 3. Since there are many studies
for the KVLCC2 ship, the added resistance values obtained
from mathematical model are compared with other results in
the literature. It is obviously seen in Figure 3 that a ship has
highest added resistance when the ratio A/L,, is nearly 1.0.
When this ratio is considered as the peak, if this ratio increases
or decreases, the added resistance value of ship decreases.
However, if the ratio is less than approximately 0.5, the added

resistance increases again.

] Simulation (Fn=0.142, KVLCC2)
Rankine Panel Method (Seo et al., 2014) (Fn=0.142, KVLCC2)
——®—— CFD (Sadat-Hosseini et al., 2013) (Fn=0.142, KVLCC2)
sk EFD (Lee et al., 2013) (Fr=0.142, KVLCC2)

2 2.5

1.5
o/ Lpp
Figure 3. Added resistance for KVLCC2 ship

The values of Esso Osaka’s added resistance for various
wavelengths are obtained from the validated mathematical
model. Figure 4 shows these obtained values in regular head
waves. Just like the obtained added resistance values for
KVLCC2, the orientations of the added resistance graphs in

Figure 4 for the Esso Osaka ship are similar.
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Figure 4. Added resistance for Esso Osaka ship
The Simulation of Turning Tests

The turning circle results for the Esso Osaka is obtained
using the mathematical model. The turning circle simulation by
assuming calm water are validated previous study (Budak,
2023) and the trial data are shown in Figure 5 for the Esso Osaka
ship. Additionally, the turning tests given in Figure 5 are
performed in regular head waves for Esso Osaka ship. In these
simulations, the ratio (A/Ly,) is equal to 1.0 and constant,
however the values of the wave amplitudes are assumed as 0.5
m, 1.0 m, and 1.5 m. Although the ratio is equal to 1.0 in these
simulations, as the wave amplitude increases, the added

resistance of the ship increases, and the ship follows an elliptic

rotation.
1500 [ ] Trial
— (Calm water
(Ca=0.5 m,A /1.=1.0)
(£a=1.0 m,A /L=1.0)
(£a=1.5 mA /L=1.0)
1000
é 500
o
0 L
-500 1 1 1 ]
-500 0 500 1000 1500

Y (m)

Figure 5. The comparison of obtained turning circle results

Simulation Cases

A course with fixed obstacles in some locations is
determined for performing path following simulation. The ship
velocity is assumed to be U=5.144 m/s. The mentioned
mathematical model is used to obtain routes for two cases, calm
water, and regular head waves. As the results of simulations, the
ship can reach all randomly determined coordinates on the
course for both cases. As shown in Figure 6, when the ship
encounters an obstacle on her route, the ship modifies her route
automatically to avoid the collisions and reaches the
determined target destination safely. The oscillations in the
fields of target coordinates shown in the Figure 6 are quite
normal considering the obtained maneuvering characteristics
of Esso Osaka ship. From this point of view, it can be
understood that these oscillations in some fields where
obstacles exist on the course are seen acceptable for Esso Osaka
ship during the simulation. Moreover, the algorithm used to

obtain a safe route achieves the purpose of this study as seen in

Figure 6.
60000 -
42500
50000 |- <
42000
41500
40000 1100 1200 1300
E 30000 |
e
20000 |
Target Destination
10000 Fixed Obstacle
Calm water
Route (C,=1.0 mA /L=1.0)
1 1 1 ]
00 2500 5000 7500 10000

Y (m)
Figure 6. Path following simulations with avoidance collision

In the simulations, both different wavelengths and different
wave amplitudes are considered. The path following simulation
durations for determined course depend on the values of the
wave amplitude and wavelength. However, in each simulation,
it is concluded that the ship could reach the targeted
destinations safely. Although more simulations with various
wave amplitude and wavelength are performed using
mathematical model, the path following simulations for regular
head waves, determined as {,=1.0 m in wave amplitude and
MLyp=1.0 in ratio, and for calm water are shown in Figure 6 to
show the differences clearly. However, the heading angle

changings of Esso Osaka during the other simulations are
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shown in Figure 7 to see the simulation times shown in Table 2.
In all path following simulations, the angle of the regular waves
acting on the initial ship position is 180°. However, it is
emphasized that the acting angle of the regular waves to the ship
changes since the ship maneuvers to reach the target
coordinates, and the calculations are performed to calculate
according to the changing angle of the wave in each time
interval during the simulations. Various path following
simulations are performed by changing the wavelength and

amplitude values to determine the effects of the regular head

waves.
80 s - rr\
a) o clan A
‘ 5 \,L_‘n- ! a'l\,,_}'
40 ] -10 H {
13500 14000 14500
%‘b LY
= Of 1 B
= ! I":
7 il 4
L" iy
40 ' W {(Calm weater)
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W (£,=0.5 m, A/L=05)
y (@4=0.5m, A/L=10)
W (Ea=0.5m, AL=2.00
'BO L 1 [ 1
4] 5000 10000 15000 20000
t(s)
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> Ty
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Figure 7. The heading angle for various wavelengths and
amplitudes during the simulations, a) for {;=0.5 m and b) for
(=1.0m

The simulation times shown in Table 2 for path following

simulations with various wavelengths and amplitudes.
Considering the added resistance values obtained for the Esso
Osaka ship in Figure 4, it is said that the highest added
resistance occurs when the ratio nearly A\/L,,=1.0. Therefore, in
regular head waves with A~L,,, the added resistance value is
higher for that ship, so ship velocity decreases even more than

the others, and so the simulation time increases. In other words,

the added resistance value at A/L, ~ 0.25 has higher than at
MLy, ~ 0.5. For this reason, the simulation time at A/L,, ~ 0.25
is expected to be longer than the simulation time at A/Ly, ~ 0.5.
Moreover, since the ship needs to perform extra maneuvers to
reach the target coordinates along the determined course, the
simulation time increases. When the ratio A\/L,,=1.0 and {,=0.5
are selected, the simulation time is 251.33 min. However, if the
ratio M/Lyp,=1.0 and (,=1.0 are selected, the simulation time is
277.57 min. In another words, the simulation time for A\/L,,=1.0
and (,=0.5 increases about 3.3% compared to the calm water
while this increasing ratio is nearly 14% for A/L,=1.0 and
G=1.0.

Table 2. The simulation times

A {,=0.5m {(,=1.0m

L - Time (min.) Time (min.)

0.25 246.7 257.16

0.5 246.19 255.07

1.0 251.33 277.57

2.0 244.18 246.60
Calm water 243.40

Conclusion

A mathematical model including a maneuvering model and
a control system is created within the scope of this article. The
mathematical model is proposed to ensure that the ship can
reach the desired coordinates by determining an automatic safe
route. For this purpose, the maneuvering model and PD
(Proportional Derivative) controller are combined to create the
mathematical model. The added resistances for KVLCC2 ship
are calculated in regular head waves with different wavelengths
and compared to other studies in the literature for validation
simulations. If the results are examined, while the highest value
of added resistance for the KVLCC2 ship in regular head waves
is when the wavelength to ship length ratio is nearly 1.0 (\/L;;
~1.0), the lowest value is when the ratio is nearly 2.0 (A\/Ly,
~2.0). The obtained added resistance results are compatible
with the other studies in the literature. Similarly, the added
resistance simulations are performed for Esso Osaka ship due
to the chosen for path following simulations. Additionally, the
turning tests are simulated for Esso Osaka in calm water, and
regular head waves. Similarly, the path following simulations in
regular head waves are performed not only in calm water but
also in regular head waves with various wave amplitudes and
wavelengths. In conclusion, considering the result of performed
path following simulations, the time of simulation has been

recorded as the longest when the ratio of \/L,; is ~1.0. However,
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if \/Ly, is the farther from the mentioned ratio (A/Ly, ~1.0), the
simulation time decreases until A/Ly; is nearly 0.5. Moreover, in
the case that A/L,, is less than ~0.5, the simulation time
commences to increase. As expected, the simulation time varies
according to the added resistance value. When the added
resistance value is high, the simulation time is longer, and when
it is low, the simulation time is shorter. Furthermore,
simulation results using mathematical model are shown that a
ship in regular head waves may reach the target coordinates
safely even if the ship encounters an obstacle on the determined
course. In future studies, the other control systems named
velocity controller, berthing controller, etc. can be added to the
mathematical model to create an autonomous ship, thus the
ship may be used more effectively for maritime transportation

because of having an intelligent system.
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This study explores the application of Genetic Algorithms (GA) in optimizing
shipbuilding production processes in the presence of uncertain environments. The
research addresses two key aspects: firstly, the integration of GA RCPSP (Resource-
Constrained Project Scheduling Problem) with techniques for managing uncertainty in
shipbuilding production; and secondly, the analysis of Pareto optimal solutions generated
by GA to achieve optimal scheduling in the shipbuilding context. The proposed framework
aims to minimize project completion time and maximize resource utilization by
incorporating probabilistic models, scenario analysis to handle uncertainties. Furthermore,
the study focuses on evaluating the trade-offs between project completion time, resource
allocation, and cost through the analysis of Pareto optimal solutions, using visualization
techniques and sensitivity analyses to support decision-making processes. The findings
contribute to enhancing shipbuilding production by providing a comprehensive approach
for effectively managing uncertainty, improving resource allocation, and reducing project

duration through the integration of GA RCPSP and uncertainty management techniques.
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Introduction

industries that creates substantial employment opportunities

and makes a significant contribution to the global economy. In

The shipbuilding industry, which is estimated to reach a

* Corresponding author

E-mail address: ercan.akan@iste.edu.tr (E. Akan)

recent years, the global supply of merchant ships has been

global shipbuilding market value of $145.67 billion in 2023
(Statista, 2023), is one of the capital-intensive and heavy

dominated by China, the Republic of Korea and Japan, which
together have a 94% market share in the shipbuilding industry
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(UNCTAD, 2022). The shipbuilding industry is a highly

complicated sector with a multifaceted value chain
encompassing the design, construction, and installation of
diverse vessels (Lee et al., 2020). The production process within
a shipyard represents one of the most intricate manufacturing
systems (Okubo & Mitsuyuki, 2022). In the shipbuilding
industry, competitiveness is multifaceted, encompassing
various dimensions, including shipbuilding expenses, delivery
timelines, ship quality, after sales services, and financing terms
(Ecorys, 2009; Jiang & Strandenes, 2012). Shipbuilding is
characterized by a complex production system with intricate
work and organizational structures, extended lead times, and
diverse resource requirements (Liu et al., 2011). The modern
shipbuilding industry continually faces new challenges and
market demands, necessitating ongoing improvements in the
shipbuilding process to enhance fabrication efficiency amidst
numerous uncertainties on the factory floor. Consequently,
shipyards are compelled to continuously develop and
implement novel production technologies and methodologies
to effectively schedule the complex shipbuilding process
(Hadzi¢, 2019).

The shipbuilding industry, which operates under an
(ETO)

example of a

Engineering-to-Order production mode, is a

representative project-based  industry.
Shipbuilding projects possess distinct characteristics such as
complex product structures, multiple manufacturing stages,
long production cycles, tight deadlines, jobbing work,
concurrent execution of multiple projects, frequent
modifications in engineering designs, and so on (Mao et al,
2020). Effective production planning plays a crucial role as it
directly impacts construction costs and project duration.
Moreover, given the limited time available for comparing
multiple plans, production resource constraints must be taken
into account (Okubo & Mitsuyuki, 2022). The shipbuilding
production is a complex and lengthy process, which demands
careful planning and timely decision-making. Characteristic of
an intermittent process like shipbuilding is a large number of
working activities of different duration (Ljubenkov et al., 2008).
With the rapid development of technology, it has been affecting
in ship production process (Mao et al., 2020). The primary
challenge in shipbuilding processes lies in enhancing
productivity at shipyards by developing new production
technologies and effectively managing them (Lee et al., 2020).
Labor plays a critical role in shipbuilding industry productivity,
making it difficult to estimate workloads and schedules while
considering worker allocation. Given the characteristics of the

ETO industry, design and scheduling changes frequently occur

during production. Furthermore, managing long-term
production plans poses challenges. Process managers oversee
the control of each task according to predefined schedules,
making it difficult to negotiate and coordinate with other
processes and increasing the possibility of making inefficient
decisions (Goo et al., 2019). In a multi-project environment, all
construction tasks are consolidated into an overall shipyard-
level plan that analyzes available capabilities and resources over
the planning horizon. Since all ships are built using shared
resources in a competitive manner, it is necessary to plan the
aggregate utilization of resources across all projects in order to
create a reliable master schedule for each production stage and
the entire project (Liu et al, 2011). In a distributed
manufacturing environment, accomplishing such a complex
shipbuilding project requires cross-enterprise cooperation.
Multi-project parallelism and distributed manufacturing
The

complexity of shipbuilding projects and the extensive

introduce numerous project coordination tasks.
coordination required exponentially increase the difficulty of
project control (Mao et al., 2020). For most shipbuilding
enterprises, project execution is generally inefficient, as
evidenced by poor coordination, underutilization of resources,
cost overruns, and project delays, all of which have a significant
impact on the enterprise’s reputation within the industry. The
root cause of these performance issues is the lack of effective
project scheduling methods that align with the characteristics
of current shipbuilding projects involving distributed
manufacturing, collaborative decision-making, and dynamic
scheduling (Mao et al., 2020). To ensure competitiveness and
sustainability, shipyards must continuously monitor and
enhance productivity, efficiency, and quality while reducing
overall production costs (Rubesa et al., 2023).

Shipbuilding production is a complex process that requires
careful planning and timely decision-making. It involves
numerous working activities of varying durations, following an
intermittent process. In a multi-project environment, all
building tasks are consolidated into an overall shipyard-level
plan. This plan analyzes available capabilities and resources
over the planning horizon. However, coordinating multiple
projects and managing distributed manufacturing poses
significant challenges. It exponentially increases the difficulty
of controlling the shipbuilding project due to its inherent
complexity and extensive coordination requirements. Hence, it
is imperative to employ efficient project planning and
scheduling techniques in order to enhance the optimization of
resource utilization, encompassing resource allocation and

comprehensive resource utilization strategies. Given the finite
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resources available to enterprises for their production
endeavors, meticulous planning of both temporal and
quantitative  aspects of project resources becomes
indispensable. Shipbuilding faces the RCPSP, which involves
optimizing the allocation of limited resources within a project’s
time constraints. This complex challenge requires efficient
management of manpower, materials, and equipment to ensure
timely completion of ship construction, addressing the
industry’s unique operational requirements. Additionally, GAs,
a metaheuristic inspired by natural evolution and used to solve
complex optimization problems, are used for RCPSPs because
they can handle multiple constraints simultaneously, explore
and exploit the solution space, utilize a population-based
approach, and iteratively improve solutions. These algorithms
are well-suited for optimizing complex scheduling problems by
considering task dependencies, resource availability, and limits.
GAs generate and evaluate a population of potential solutions,
individuals

operations like crossover and mutation. This iterative process

selecting and combining through genetic
continues until a termination criterion is met, aiming to find an
optimal or near-optimal solution in a large search space. By
representing project schedules as chromosomes and using
genetic operations, GAs explore various combinations to find
efficient project schedules that balance resource allocation, task
dependencies, and project objectives (Akan, 2017; Han et al,,
2017; Hu et al, 2019; Jeong et al., 2018; Mao et al., 2020).
Furthermore, precisely estimating the duration of activities in
terms of project management in the ship production process
can be challenging due to the unique nature of each order. In
such cases, fuzzy set theory effectively handles uncertainty and
provides more accurate modeling of real-world problems
compared to deterministic methods by addressing uncertainty
and vagueness, using approximate knowledge (Kahraman &
Kaya, 2010). Zadeh’s (1965) development of fuzzy set theory
introduced membership functions, assigning degrees of
membership within the interval [0,1] to elements therefore,
thanks to the membership functions of fuzzy sets being defined
for project duration in scheduling, it becomes possible to
provide a wider range of feasible cluster solutions for projects
operating in uncertain environments (Akan & Bayar, 2022).
Therefore, effective project planning and scheduling, along
with the utilization of artificial intelligence techniques such as
GAs and fuzzy set theory, can significantly contribute to
overcoming the challenges of shipbuilding production and
optimizing resource allocation in this complex and resource-
intensive industry. Additionally, the aim of this study is to

comprehensively explore the integration of genetic algorithm

into shipbuilding production processes under uncertainty,
providing actionable insights for efficient resource utilization
and timely project completion. By addressing the two research
questions, the article strives to bridge the gap between
theoretical concepts and practical implementation, providing
insights into the adaptation of GA to real-world shipbuilding
scenarios. With the motivation to investigate and provide

valuable insights into the following research questions:

(RQ1) How can the application of GA RCPSP be applied to
the shipbuilding production process in the presence of
an uncertain environment?

(RQ2) How can the analysis of Pareto optimal solutions be
performed using the set generated by the Genetic
Algorithm for the GA RCPSP in the context of the

shipbuilding production process?

Furthermore, a shipbuilding process consists respectively of
the stages of shipowner’s decision, design and contracting,
engineering and approval, material procurement, fabrication
and assembly, outfitting and installation, testing and trials,
certification and documentation, delivery and commissioning,
and post-delivery support (Kim et al., 2005; Ozyigit, 2006). The
manufacturing phase is prone to minor variations, primarily
characterized by pivotal procedures such as block erection,
prioritized block assembly, exterior assembly, and painting
(Park et al., 2002) nevertheless, the manufacturing phase may
vary due to different production arrangements adopted by
shipyards based on ship type and outsourcing decisions
(Stopford, 2009). Therefore, the application of this study
focuses on the following stages of ship production process such
as plate cutting and assembly of components, surface cleaning
and grinding operations of plates, preparation of profiles,
preparation of cut single-piece plates, surface preparation, and
bending operations, assembly of small groups and pre-
fabrication, panel manufacturing, component panel
manufacturing, grouped panel production, block production,
block assembly on the slipway, and launching the steel ship into
the sea.

Additionally, the rest of the research is structured as follows:
Section 2 provides a comprehensive literature review. In
Section 3, the methodology is presented in detail. Section 4
demonstrates the application of the study method to perform.
The final section encompasses the discussion of the findings,
drawing conclusions based on the results obtained, and

providing suggestions for future research endeavors.
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Literature Review

This section considers the application of the GA RCPSP
within fuzzy environment in the context of the shipbuilding
industry.

The studies in regard to the use of RCPSP: Kolisch (1995)
introduced ProGen, an algorithm for solving RCPSP. The
algorithm was utilized to solve the problem using the priority
rule method. To enable comparison with other researchers,
Kolisch & Spracher (1996) developed the PSPLib Project
Scheduling Library. Ozdamar & Ulusoy (1996) proposed an
iterative scheduling algorithm that improved project duration
through forward/backward planning transitions obtained from
Local Constraint-Based Analysis. This algorithm demonstrated
an average project duration deviation of 1%. Boctor (1996)
explored the multi-mode RCPSP, generating 21 heuristic
methods to solve it. Sprecher & Drexl (1998) devised a branch
and bound algorithm and a parallel scheduling algorithm for
solving the multi-mode RCPSP. Reyck & Herroelen (1998)
developed a branch and bound algorithm for the RCPSP,
incorporating minimum and maximum delays between
activities as activity precedence constraints. Schirmer (1998)
evaluated a case-based approach for the RCPSP by comparing
it with other algorithms using PSPLib data. Hartmann &
Kolisch (2000) proposed a simulated annealing-based method
within the X-Pass approach for solving RCPSP. Brucker &
Knust (2000) introduced a new lower bound for the RCPSP,
minimizing workforce utilization in the RCPSP through
constraint propagation and linear programming. Abbasi et al.
(2006) presented a simulated annealing algorithm based on
time maximization to minimize workforce utilization and
enhance scheduling reliability in the RCPSP. Shadrokh &
Kianfar (2007) aimed to minimize the cost of resource capacity
and project completion time by addressing the resource
investment problem within the RCPSP category. Homberger
(2007) proposed a multi-agent approach and a restart evolution
method the Resource-Constrained  Multi-Project
Scheduling problem. Adhau et al. (2012) developed a

for

negotiation-based multi-agent method utilizing an auction
approach to prevent resource intersections and generate
optimal solution sets. Adhau et al. (2013) excluded resource
transportation cost and time from their solution to facilitate
comparison with previous methods. Furthermore, recent
studies provide novel methods and algorithms, RCPSP. Etgar et
al. (2018) achieved near-optimal solutions for multi-release
work plans using clustering-based techniques. Chand et al.

(2018) proposed genetic programming-based hyper-heuristics,

while Mufioz et al. (2018) showcased the effectiveness of the

Bienstock-Zuckerberg algorithm for project scheduling
problems. Zhu et al. (2019) introduced a discrete oppositional
multi-verse optimization algorithm for the multi-skill RCPSP,
demonstrating Servranckx &
Vanhoucke (2019) focused on RCPSP with alternative

subgraphs, highlighting the benefits of using a set of schedules.

superior  performance.

Vanhoucke & Coelho (2019) presented a solution algorithm for
RCPSP with activity splitting and setup times. Tesch (2020)
proposed  event-based

formulations for RCPSP, while Shariatmadari & Nahavandi

mixed-integer programming
(2020) enhanced schedule robustness using resource buffers.
Wang et al. (2020) integrated information and data flow for
RCPSP in construction scheduling. Guo et al. (2021)
introduced a decision tree approach leveraging project
indicators and predictions to identify the best priority rule.
Asadujjaman et al. (2021) proposed a hybrid immune genetic
algorithm for net present value-based RCPSP, outperforming
existing methods. Saad et al. (2021) presented a quantum-
inspired genetic algorithm that surpassed other evolutionary
algorithms for RCPSP. Van Eynde & Vanhoucke (2022)
developed a theoretical framework for assessing instance
complexity, while Zhou et al. (2022) introduced a hybrid
approach for multi-objective scheduling problems. Akhbari
(2022) proposed a mathematical model integrating multiple
modes. Xu & Bai (2023) presented an algorithm using a hybrid
genetic algorithm and sensitivity analysis to analyze the impact
of dynamic resource disruptions on project makespan. Zhang
et al. (2023) developed a specific RCPSP model for water
conservancy project scheduling, combining priority rule-based
heuristics and hybrid genetic algorithms. Issa et al. (2023)
proposed a heuristic method for reassessing scheduling
interruption categories in RCPSP, providing decision choices to
optimize project makespan. Akan (2023) analyzed the maritime
logistics operation process by applying RCPSP approach in the
“to-be” process stage in terms of business process management
perspective.

The studies in regard to the use of GA-RCPSP: Sprecher et
al. (1995) addressed semi-active, active, and non-delay
scheduling without precedence relations. Hartmann (1998)
incorporated ~ problem-specific =~ knowledge  through
permutation-based encoding, priority-based assignment, and
rule-based priority scheme. Hartmann (2001) extended the
concept of problem representation importance by
incorporating two local searches. Alcaraz & Maroto (2001)
utilized crossover techniques and a two-point passage.

Hartmann (2002) aimed to minimize resource imbalances and

383

s



Akan and Alkan (2023) Marine Science and Technology Bulletin 12(3): 380-401

achieve optimal results quickly. Toklu (2002) directly operated
on the scheduling problem for the RCPSP. Kim et al. (2003)
developed a hybrid GA with a fuzzy logic controller. Hindi et
al. (2002) incorporated a crossover strategy related to the
maintenance of order. Coelho & Tavares (2003) introduced a
new crossover operator and activity representation. Valls et al.
(2004) developed a hybrid GA with a peak passage operator.
Tseng & Chen (2006) proposed a hybrid metaheuristic model
combining Ant Colony Optimization, GA, and Local Search
strategies. Ranjbar & Kianfar (2007) incorporated a resource
utilization ratio and a local search method. Franco et al. (2007)
minimized resource consumption using object-oriented
programming and two-point crossover. Valls et al. (2008)
introduced a hybrid GA with a local improvement operator.
Goncalves et al. (2008) addressed the multi-project RCPSP.
Chang et al. (2008) enhanced the decision support capability of
the GA. Van Peteghem & Vanhoucke (2008, 2010) used two
populations to minimize activity completion time and improve
mode selection. Montoya-Torres et al. (2009) suggested a
multi-string object-oriented GA model. Tseng & Chen (2009)
proposed a two-phase genetic local search algorithm.
Magalhaes-Mendes (2011) GA.
Khanzadi et al. (2011) presented a GA for large-scale projects.
Palencia & Delgadillo (2012) applied a GA approach to a bus

introduced a two-level

assembly line. Ponz-Tienda et al. (2012) demonstrated the
effectiveness of an adaptive GA. Afshar-Nadjafi et al. (2013)
integrated intelligent local search into the GA and organized
sub-activities based on resource usage, employing a unified
approach within each set. Devikamalam & Jane (2013)
optimized resource allocation and reduced costs. Kim (2013)
utilized an elitist GA. Tasan & Gen (2013) employed a fuzzy
logic control-based automatic adjustment strategy. Huang et al.
(2013) developed formulas to estimate completion time and
minimize cost in project scheduling with fuzzy activity
durations, along with constructing different fuzzy models and
analyzing GAs. Aziz (2013) focused on minimizing project
duration and maximizing net present value. Cheng et al. (2014)
used a fuzzy clustering method and Differential Evolution
algorithm. Sawant (2016) developed a GA to minimize resource
usage. Zhang et al. (2008) also addressed resource usage
minimization. Furthermore, in recent years, the GA RCPSP
method has been widely used in many fields (e.g., Garcia-
Nieves et al., 2018; Muritiba et al., 2018; Chand et al. 2019;
Zamani, 2019; Chaleshtarti et al., 2020; Liu et al., 2020;
Snauwaert & Vanhoucke, 2021; Zaman et al,, 2021; Aramesh et
al., 2022; Hua et al., 2022; Myszkowski & Laszczyk, 2022;
Coelho & Vanhoucke, 2023; Xu & Bai, 2023; Zhang et al., 2023).

The studies in regard to the use of fuzzy sets in project
scheduling: Hapke & Slowinski (1996) proposed a fuzzy
scheduling procedure for RCPSPs using fuzzy duration
parameters and generating prioritized fuzzy orders. Bhaskar et
al. (2011) introduced a parallel scheduling scheme based on
priority rules for fuzzy activity durations in RCPSP. Long &
Ohsato (2008) presented the fuzzy critical chain method for
project scheduling. Cebi & Otay (2015) suggested a multi-
objective linear programming model for minimizing project
duration and cost in fuzzy project scheduling. Knyazeva et al.
(2015) proposed a fuzzy heuristic priority algorithm for the
fuzzy-constrained project scheduling problem in RCPSP.
Birjandi et al. (2019) presented a hybrid fuzzy approach, FPND,
combining PSO, BPSO, and GA, to minimize project end cost
in the fuzzy RCPSP-MR problem, showcasing its effectiveness
through comparisons and numerical examples.

The studies in regard to the production planning in
shipbuilding: Cho & Chung (1996) introduced the part
assembly chart, a semantic network representation system that
utilized case-based and rule-based logic for ship block assembly
planning. This system incorporated structural and geometric
information, as well as cutting, bending, and welding
operations. Lee et al. (1997) conducted research on ship
production planning and scheduling, incorporating various
disciplines such as operations management, artificial
intelligence, and information technology. Their work focused
on reducing scheduling time, selecting optimal schedules
through simulation, and transferring technology from
academia to industry. Kim et al. (2002) proposed a Constraint
Satisfaction Problem-based algorithm to minimize unplanned
blocks and balance workload in block assembly scheduling.
Hiekata et al. (2010) introduced a method to improve design
quality in ship production processes using statistical analysis
and process ontology. Park & Seo (2010) developed GA-based
approaches to solve storage location assignment problems in
shipbuilding. Cha & Roh (2010) focused on process planning
simulation models, particularly the simulation core. Soong et al.
(2011) investigated ship production management strategies
using various business tools and key performance indicators.
Formentini & Romano (2011) proposed an information
transfer model based on Value Analysis for multi-project
environments. Yuguang et al. (2016) developed a real-time
shipment and block assembly system for effective production
control. Hwang et al. (2014) developed an intelligent simulation
model for shipbuilding production planning and decision-
making. In Joo & Kim (2014) presented a GA-based scheduling

model for timely delivery of ship blocks. Park et al. (2014)
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integrated process mining and data envelopment analysis for
performance evaluation in ship block production processes.
Kwon & Lee (2015) formulated a spatial scheduling problem for
large assembly blocks in shipyard assembly lines. Back et al.
(2016) defined a shipyard production simulation data model
using an iterative procedure. Yuguang et al. (2016) developed a
discrete particle swarm optimization algorithm for ship
production assembly lines. Wang et al. (2016) proposed an
integer programming model for ship block production
considering uncertain factors. Dong et al. (2016) developed a
flexible two-stage queue model for optimal cost-effectiveness in
ship maintenance and construction. Mei et al. (2016) created an
impact factor system for evaluating production processes in
flexible intermediate product manufacturing. Furthermore, Hu
et al. (2019) developed a guided local search algorithm for the
2D-RCPSP, Yang & Liu (2018) introduced a hybrid algorithm
for fuzzy blocking flow shop scheduling, and Zhong (2017)
proposed an improved genetic algorithm for multi-objective
hull assembly line balancing. Li et al. (2021) integrated job
scheduling, workshop layout, and transportation tasks for
green manufacturing in marine crankshaft production using a
genetic algorithm. Mao et al. (2020) presented an agent-based
framework for collaborative planning and scheduling in
shipbuilding projects. Other studies focused on improving time
estimation precision (Li et al., 2019), shipbuilding block
assembly line scheduling (Cho et al., 2022), and large-scale
shipyard scheduling problems (Han et al., 2017). Jeong et al.
(2018) proposed efficient spatial arrangement planning for
shipyards, while Ge & Wang (2021) addressed block spatial
scheduling optimization and scheduling strategies for irregular
curved blocks. These studies collectively advance optimization
techniques in shipbuilding, covering scheduling, resource
utilization, spatial arrangement, and time estimation.
Accordingly, the contribution of this study is that the
utilization of a GA approach to address the RCPSP in the
context of shipbuilding, considering a fuzzy environment has

not been studied in the existing academic literature.

Methodology

Resource Constraint Project Scheduling Problem

The RCPSP is a method that evaluates the activities of a
project using limited resources without violating precedence
relationships, aiming for the most suitable or optimal solution
among mathematical methods. The RCPSP is a type of problem
that is frequently studied in the literature and generates

solutions using different methods. Due to the presence of two

different constraints, activity priorities and resource
constraints, it is considered more challenging than other
problems. The RCPSP falls into the problem class classified as
NP (Non-Polynomial) - Hard in the Strong Sense (Blazewicz et
al., 1983) in the literature. Resources are the elements used for
the realization of a project. The types of resources expressed in
projects are as follows: Renewable resources have limited
availability but do not deplete with usage. They can be reused
after an activity. Non-renewable resources are limited and
deplete with usage. When project duration and resource usage
are constrained, they are doubly constrained. Non-renewable
resources can be discrete if divisible into units, or continuous if
indivisible. During the execution of activities that constitute
projects, there is a relationship between the resources assigned
and used for these activities. Usually, it is expressed as a Time-
Cost Trade-Off, where it is expected that increasing the use of a
resource in an activity will lead to a decrease in the activity
duration. Due to the continuous and discrete nature of resource
utilization, it is referred to as a continuous and discrete function
of cost-time. In the case of discreteness, it is expressed as a mode
corresponding to the cost-time pair. Project scheduling
problems with multiple modes are also referred to as multi-
modal problems. Another type of interaction is when the
activity duration is fixed, but the resources can have different
usages, which is called Resource-Resource Trade-Off. RCPSP
models are examined in two categories as the Single-Mode
RCPSP assumes fixed and unchanged project activity durations
and assigned resource quantities, while the Multi-Mode RCPSP
allows for variable and not fixed activity durations and assigned
resource quantities. The RCPSP with multiple projects can be
formulated in Eq. (1-5) as follows (Kolisch & Spracher, 1996;

Ulusoy, 2002; Satig, 2014; Akan, 2017).

DAL N

eEmn

minZ =—1J1 (1)
LFT; .

Zt:EIFT,-XJ't =1j=0,1,....,.n+1 (2)
LFT; LET;

t=grr; Xime < X_ppr,(t = d)Xje, j=1,...,n+ 1and i € P (3)

t+d;—

i 1
etk Zos) Xp S Knr€Rt=1,..r (4)

X = {1, if the activity j is finished at the end of the period t (5)
it =10, for other situations,

where;

t the time indext =1,..., T
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j the activity indexj = 1,...,]

the set of renewable resources

<

R

d; the duration of activity j*

P;  the set of the predecessors of the activity j*
EFTjthe earliest finish time of activity j*"

LFT; the latest finish time of activity j*"

kj. the amount of resource usage per unit time from

resource 7 for activityj*"

K, the unit time upper limit of resource utilization for

renewable resource r
M; the mode number of the activity j*

q the projectindexq = 1,...,0Q

Eq. (1) aims to minimize the objective function and project
delays. Eq. (2) requires the scheduling of each activity j**. Eq.
(3) represents the constraint that activity j** can start only
when its dependent activities, X;;, i and P; are completed. Eq.
(4) represents the constraint that ensures the precedence
relationship between activity j*"and its predecessor activity i*"
is satisfied. Eq. (5) defines the resource constraint per unit of
time for each activity, where the variable Xj; is defined within
the time interval {E FT; LF T]}

In essence, the presence of multiple projects does not
fundamentally differ from having a single project in the context
under consideration. The decision variables and constraints
remain unchanged for both single and multiple projects.
However, the objectives of the projects may differ. For instance,
while one project may solely aim to minimize project duration,
another project may seek to minimize both duration and cost
simultaneously. When addressing multiple projects, two
approaches can be adopted: treating each project as an
independent entity with its distinct start and finish nodes, or
merging them into a unified project for evaluation. The
integration of all projects allows for the creation of a single start
and finish node. In this particular study, the two projects were
integrated into a unified project, necessitating adjustments to

the activity and resource relationships accordingly.

Genetic Algorithm (GA)

The GA technique, developed by Holland (1975) and
further enhanced by Goldberg (1989), is an intuitive method
inspired by the Theory of Evolution. It models the processes of
inheritance, including crossover, mutation, and selection, to
transmit inherited information to subsequent generations. GAs
offer broad applicability and provide accurate, convenient, and

efficient solutions for various problems GAs aim to address

complex problems in various domains and fall under the
category of metaheuristic techniques (Haupt & Haupt, 2004).
One such application is RCPSPs. GAs consist of key elements:
chromosome populations, fitness-based selection, crossover for
generating new generations, and random mutations. GAs
utilize fitness functions to evaluate chromosome quality. GAs
differ from traditional optimization methods in several aspects.
GAs utilize probabilistic rules, objective functions, sets of
points for solution search, and parameter codes instead of
direct manipulation. Haupt & Haupt (2004) classify GAs as
metaheuristic techniques, primarily employed for addressing
complex problems. With its advantages GAs demonstrate
versatility in handling both continuous and discrete variables,
operating without derivative information, exploring solutions
concurrently with large samples, adapting well to problems
with many variables, being suitable for parallel computing,
overcoming local optima in complex solution variables,
providing a list of optimal variable solutions, encoding
variables for optimization, and working with numerical,
experimental, or analytical functions. However, GAs may not
be the best approach for every problem. Traditional methods
may suffice for simple problems. Consider using GAs for large
populations or when past experience indicates their efficacy
(Goldberg, 1989).
characteristics (Coley, 1999; Mitchell, 1999; Haupt & Haupt,
2004):

* Gen represents a section of the solution in GAs, which

GA concepts possess the following

corresponds to a project activity in RCPSP.

* Chromosome encodes a solution in GAs. It represents a
scheduling solution in RCPSP, using random key,
activity list, or other methods.

* Population is the number of solutions being searched
simultaneously. A larger population increases the
chances of finding the optimal solution, but population
size should be adjusted to prevent excessive solution
time.

* Generation is the process of producing solutions
through successive iterations.

» Fitness Function evaluates solutions to recognize the
desired solution. It can be a combination of objectives
for problems with multiple goals.

*  Selection chooses chromosomes for the next generation
based on fitness functions.

» Crossover modifies chromosome programming from
one generation to another, creating more qualified

individuals.
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* Mutation creates a new solution by making slight
changes to existing information. Mutation can occur
after crossover or independently and includes

operations like reversal, displacement, insertion, and

reciprocal exchange.

formulation of the problem

3

initial population

fitness evaluation

s

are the termination

criteria fulfilled? Y
Ny
new selection finding the optimal solution
generation ¥
crossover qa
# operators
mutation

Figure 1. GA diagram

Generally, the operational principles of a standard GA can
be summarized in Figure 1 as follows (Coley, 1999; Mitchell,
1999; Haupt & Haupt, 2004).

* Generating a solution population by encoding possible
The
considering the complexity and depth of the problem.

solutions. population size is determined
» Evaluating the fitness of each chromosome in the

population using a fitness function. The evolution
the

chromosomes through this function, which is problem-

process involves determining quality of
specific and critical to the success of the GA.

» Creating a new population by applying crossover and
mutation operators to selected chromosomes. Crossover
promotes diversity, while mutation influences
individual solutions.

+ Updating the population by replacing old chromosomes
with newly generated ones, maintaining a fixed
population size.

+ Assessing the success of the population by calculating
the fitness values of the new chromosomes.

+ Iterating the process to produce improved generations
within a specified time frame.

* Eventually, the solution is obtained by identifying the
best individuals in the population during the generation

computation.

Defuzzification Method in Fuzzy Sets

The trapezoidal fuzzy numbers defined as;l =(a,b,c,d)in
fuzzy sets A € F(R), Wang (2009) proposed the widely used a
centroid defuzzification method in computed by Eq. (6), which
is based on trapezoidal numbers in fuzzy sets.

(6)

)Eo(ﬁ)zg[a+b+c+d— dezab ]

(d+c)—(a+b)

Application

In this study, the ship block construction problem in the
shipyard was solved using a GA in a fuzzy duration
environment with the RCPSP method. Subsequently, a solution
set consisting of 32 solutions was generated based on 8 different
scenarios within the framework of the shipyard’s gradually
decreasing 4 capacities. The solutions in this set were evaluated
using the Pareto optimal curve method to find the solutions for
the optimal shipyard capacity-project completion time. In
addition, infeasible and unimplementable solutions were also
searched and evaluated within the solution set in Figure 2.

Accordingly, the solution steps were as follows:

the definition of the problem

capacity
(resource constraint)
.

Y
RCPSP for solutions

labor resources of the activities
i)

activities sequencing
L

defuzzification the fuzzy N

activities durations

‘GA and its operators

solutions according to
scenarios

creating the solution set

finding the optimal solution in
the set

Figure 2. Proposed methodology follows

Since the problem is solved based on the RCPSP
methodology, the objective function is specifically defined as
RCPSP.

The block construction plans for ships A and B are available,
and they were prepared according to the plans provided. The
gradually decreasing shipyard capacity values are listed in Table
1. Additionally, Appendices includes the activity list, resource
workforce values, activity precedence relationships indicating
the activity sequencing, and information about which
workstation the activities will be processed for the block
construction of ships A and B also, they present the fuzzy
trapezoidal duration assigned to the project activities. These

data are also required for solving the RCPSP.

Ot

387

s



Akan and Alkan (2023) Marine Science and Technology Bulletin 12(3): 380-401

In Table 1, the capacity, resource supply, and constraints of
workstations in the shipyard are allocated. Capacityl represents
the actual capacity of the shipyard for the work stations as WS
02, WS 04, WS 05, WS 09 and WS 12. Capacity 2 is obtained by
reducing Capacity 1 by 75 workers, Capacity 3 is obtained by
reducing Capacity 2 by reducing 75 workers, and Capacity 4 is
obtained by reducing Capacity 3 by an additional 75 workers.

Since the problem is solved using a GA in the resource-

constrained project scheduling framework, deterministic

processing with durations is necessary. Due to the fuzzy
duration representation of activity durations, the fuzzy
durations of activities are transformed into deterministic
durations through defuzzification considering the membership
function of fuzzy trapezoidal numbers with known weights.
Appendices provide the fuzzy trapezoidal durations of the
block construction activities for ships A and B and their

corresponding defuzzified values.

Table 1. The capacity, resource supply, and constraints of workstations in the shipyard

Work Station Resource Capacity 1 Capacity 2 Capacity 3 Capacity 4
(WS) (workforce) (person/day) (person/day) (person/day) (person/day)
WS 02 Resource 1
10 10 10 10
(Cutting) (Cutting workforce)
WS 04 Resource 2
115 100 85 70
(Prefabrication) (Prefabrication Workforce)
WS 05 Resource 3
. 115 100 85 70
(Panel Production) (Panel Production Workforce)
WS 09 Resource 4
270 240 210 180
(Block Production) (Block Production Workforce)
WS 12 Resource 5
135 120 105 90
(Slipway) (Slipway Workforce)
Total 645 570 495 420
Table 2. The solution scenarios of the problem
Scenario Description Capacity 1 Capacity 2 Capacity 3 Capacity 4
A Normal project programming Al A2 A3 A4
B 20% workforce increase for WS 04 (Prefabrication) and WS 05 B1 B2 B3 B4
(Panel Production)
C 3 workers (12%) increase in critical activities 295 and 297 Cl C2 C3 C4
D 3 workers (12%) increase in critical activities 274, 299, 300 and 301 DI D2 D3 D4
E 3 workers (12%) increase in critical activities 274, 295, 297, 299, 300 El E2 E3 E4
and 301
F 5 workers (20%) increase in critical activities 295 and 297 F1 F2 F3 F4
G 5 workers (20%) increase in critical activities 274, 299, 300 and 301 GI G2 G3 G4
H 5 workers (20%) increase in critical activities 274, 295, 297, 299, 300 Hi H2 H3 H4
and 301

With all the necessary data provided, the solution sets are
generated using the GA in the RCPSP. In this study, the GA,
which is a metaheuristic method, is employed for solving the
RCPSP. Therefore, the mutation rate, selection rate, crossover,

population size, and generation parameter values of the GAs are

determined, and the problem-solving process starts with these
parameter values. Multiple solutions were generated for each
solution with different GA parameter values, and the solutions

with the best local values were included in the solution set. The
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assumptions in line with the structure of the GA RCPSP can be

stated as follows:

¢ Activity durations are deterministic, converting fuzzy
durations into precise values

* The amount of resources used per unit of time in
activities is constant.

* A resource assigned to an activity cannot be used by
another activity until the completion of that activity.

* There are no breaks or discontinuities between the start
and finish of activities.

+ The defined activities cannot be canceled and must be
completed.

* The resources used for the execution of activities are
considered as renewable resources.

* Subsequent activities cannot start before the completion
of preceding activities.

* RCPSP literature can be classified into groups aiming to
minimize project duration, project cost, or achieve a
multi-objective optimal solution considering time and
cost.

* Initialization of the Initial Population: Activities were
assigned randomly within a given period based solely on
their priority constraints. The scheduling period used
was the longest completion time of the project. Start
times were sorted in descending order based on the
activity constraints, creating the initial activity sequence.

»  Chromosome Structure: Chromosomes were

constructed using the activity list design method. Genes

in the chromosome represented the starting order of

activities. Activity starts and finish times were
determined based on the activity sequence and resource
capacities.

* Generation of the Initial Population: The initial
population was randomly generated according to the
activity priority rule. Serial scheduling was employed to
order the project’s activities.

» Fitness Function: The fitness function evaluated the
chromosomes based on the project’s duration.

* The objective was to minimize the project’s duration
while considering all resource constraints.

* Crossover Operation: Single-point sequential crossover
method was used.

* Mutation Operation: Single-point mutation operator

was applied with varying mutation parameters.

» Selection Operation: Elitist selection mechanism was
employed to choose the best individuals for the next
generation.

» Termination of the Algorithm: The algorithm stopped
after reaching a specified generation count.

* Software Solution: The Genetic Algorithm Project
Scheduler (Satig, 2014) was used to compute the RCPSP.

Based on these 8 different scenarios, a solution set
consisting of 32 solutions, representing the shipyard’s capacity-
project completion time combinations, is generated. In this
study, various solution scenarios were generated for ship block
construction, considering the problem scenarios. Solutions
were then produced based on these scenarios. These scenarios
are classified as follows. The solution set for these scenarios is
presented in Table 2.

In the context of a ship block construction project where a
GA-based resource-constrained project scheduling method is
applied in a fuzzy time environment, the solutions obtained
based on different project capacities are provided in Table 3.
When evaluating the project completion times in the solution
set, the following observations can be made:

* Normal Project Completion Time: The project’s normal

completion time, without any resource constraints, is
462 days.

* Scenario A: Normal Project Scheduling: In this scenario,
the project completion time remains the same at 462
days for the capacities of shipyard numbers 1, 2, and 3.
Despite a gradual decrease in the shipyard’s capacity,
there is no increase in the project completion time.
However, for the solution based on the capacity of
shipyard number 4, the project completion time
increases by 20 days to 482 days.

+ Scenario B: 20% Workforce Increase for WS 04 and WS
05: In this scenario, the project completion time remains
the same at 461 days for the capacities of shipyard
numbers 1, 2, and 3. There is no increase in the project
completion time despite the gradual decrease in the
shipyard’s capacity. Furthermore, with the increase in
workforce, the project duration is reduced by 1 day.
However, for the solution based on the capacity of
shipyard number 4, the project completion time
increases by 11 days to 473 days.

e Scenario C: 3-Person (12%) Increase for Activities 295
and 297: In this scenario, the project completion time
remains the same at 445 days for the capacities of

shipyard numbers 1, 2, and 3. Despite the decrease in the
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shipyard’s capacity, there is no increase in the project
completion time. By increasing the resources for
activities 295 and 297, the project completion time is
reduced by 17 days. However, for the solution based on
the capacity of shipyard number 4, the project
completion time decreases by 6 days to 456 days.
Scenario D: 3-Person (12%) Increase for Activities 274,
299, 300, and 301: In this scenario, the project
completion time decreases by 17 days to 445 days for the
capacity of shipyard number 1, by 14 days to 448 days
for the capacity of shipyard number 2, by 13 days to 449
days for the capacity of shipyard number 3, and
increases by 11 days to 473 days for the capacity of
shipyard number 4.

Scenario E: 3-Person (12%) Increase for Activities 274,
295, 297, 299, 300, and 301: In this scenario, the project
completion time decreases by 30 days to 432 days for the
capacities of shipyard numbers 1 and 2, by 29 days to
433 days for the capacity of shipyard number 3, and
increases by 7 days to 469 days for the capacity of
shipyard number 4.

Scenario F: 5-Person (15%) Increase for Activities 295
and 297: In this scenario, the project completion time
decreases by 26 days to 436 days for the capacities of
shipyard numbers 1, 2, and 3, and decreases by 6 days to
456 days for the capacity of shipyard number 4.
Scenario G: 5-Person (15%) Increase for Activities 274,
299, 300, and 301: In this scenario, the project
completion time decreases by 21 days to 441 days for the
capacities of shipyard numbers 1 and 2, by 19

Scenario H: 5-Person (15%) Increase for Activities 274,
295, 297, 299, 300, and 301: In this scenario, the project

Table 3. The comparison of project completion durations

completion time decreases by 47 days to 415 days for the
capacity of shipyard number 1, decreases by 43 days to
419 days for the capacity of shipyard number 2,
decreases by 41 days to 421 days for the capacity of
shipyard number 3, and decreases by 13 days to 449 days
for the capacity of shipyard number 4.

According to the results of the project computation in Table 3:

* For Capacity 1, which is 645 persons/day; the project
completion duration is 462 days for A1, 461 days for B1,
445 days for C1, 445 days for D1, 432 days for E1, 436
days for FI, 441 days for GI and 415 days for H1.

» For Capacity 2, which is 570 persons/day; the project
completion duration is 462 days for A2, 461 days for B2,
445 days for C2, 448 days for D2, 432 days for E2, 436
days for F2, 441 days for G2 and 419 days for H2.

* For Capacity 3, which is 495 persons/day; the project
completion duration is 462 days for A3, 461 days for B3,
445 days for C3, 449 days for D3, 433 days for E3, 436
days for F3, 443 days for G3 and 421 days for H3.

* For Capacity 4, which is 420 person/day; the project
completion duration is 482 days for A4, 473 days for B4,
456 days for C4, 473 days for D4, 469 days for E4, 456
days for F4, 471 days for G4 and 449 days for H4.

The Pareto optimal curve method is applied to the solution
set to identify optimal solutions and infeasible solutions, which
are then interpreted. After 32 different scenarios consisting of
shipyard capacity and project completion times were computed
by proposed methodology, a convex solution set of Pareto
optimality is obtained as shown in Figure 2. Accordingly,
solutions within the region that does not lie on the convex

Pareto curve are observed not to be optimal solutions.

Scenario Capacity 1 Capacity 2 Capacity 3 Capacity 4
645 persons/day 570 persons/day 495 persons/day 420 persons/day
An 462 days 462 days 462 days 482 days
Bn 461 days 461 days 461 days 473 days
Cn 445 days 445 days 445 days 456 days
Dn 445 days 448 days 449 days 473 days
En 432 days 432 days 433 days 469 days
Fn 436 days 436 days 436 days 456 days
Gn 441 days 441 days 443 days 471 days
Hn 415 days 419 days 421 days 449 days

Note: n=(1, ..., 4), neN
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Figure 2. The Pareto optimal curve and the capacity-time

solution set

The solutions located on the Pareto optimal curve are
represented by HI1, H3, H4, and F4. Therefore, the optimal
solution should be sought within this boundary. Upon
examining these solutions: Scenario H1 is the solution with the
shortest duration and the highest capacity supply. Scenario H3
is one of the optimal solutions. Scenario H4 is one of the
optimal solutions. Scenario F4 is the solution with the longest
duration and the lowest capacity supply. Furthermore,
comparing H3 and H4, in H3, the project completion time is
421 days with a shipyard capacity of 495 persons/day, whereas
in H4, the project completion time is 449 days with a shipyard
capacity of 420 persons/day. Although the solutions within the
space that is not on the convex Pareto curve are not optimal
solutions, their preference or prioritization will be evaluated by
the shipyard. On the other Project delays lead to increased
costs, while early completion yields cost savings. As the
resources allocated from the shipyard capacity decrease, the
gains in cost increase up to a certain threshold. Scenarios A4,
B4, D4, E4, and G4 of the shipyard do not exhibit value gains
but rather result in losses. Scenarios A1, A2, and A3 do not yield
any gains or losses. Other solutions show gains. The largest
value loss occurs in scenario A4 with shipyard capacity number
4, whereas the greatest value gain is observed in scenario H1

with shipyard capacity 1.

Results and Discussion

This study addresses the RCPSP in the context of block
construction of ships in shipyards, aiming to optimize capacity
utilization. The RCPSP becomes particularly important in
competitive environments or situations with limited resources.
The problem objectives in RCPSP include minimizing costs,
minimizing project duration, and optimizing the trade-off
between costs and time.

The flow time values are the same for all jobs at workstation
WS 02 in the entire capacity of the shipyard. This is because the
station operates at full capacity and there is no idle workforce
available. Additionally, this station has the shortest processing
time among all production workstations. On the other hand,
workstation WS 09 has the highest flow time value among the
production workstations, which is proportional to the decrease
in its capacity. Furthermore, when the shipyard’s capacity
decreases, this workstation still has the highest flow time value,
and the job flow at this workstation becomes intermittent when
the shipyard operates at capacity 4. Considering the block
construction times of both ships and the conditions at their
workstations, the flow time of ship B, which is being
constructed, is longer than that of ship A. When evaluating the
solution set based on the makespan (total project completion
time), both projects are expected to be completed within 462
days under normal conditions. However, solutions that exceed
this duration result in longer makespan values. The project
completion times range from a maximum of 482 days to a
minimum of 415 days. Therefore, a decrease in the shipyard’s
capacity leads to longer project durations. While projects can
be completed within the normal or shorter time frame for
shipyard capacities 1, 2, and 3, the makespan, or total project
completion time, increases for capacity 4. This pattern is
observed in other solution alternatives as well. When the
project’s completion time exceeds the normal completion time,
the lateness values in this solution set become greater than zero,
resulting in tardiness. An increase in tardiness is observed as
the resource constraint decreases. Among the solutions in the
solution set, the solution obtained with the shipyard’s capacity
4 shows the highest tardiness value. For other solution
scenarios, the tardiness values are lower. In contrast, no
tardiness occurs for capacities 1, 2, and 3, and the lateness
values are smaller than zero due to projects being completed
earlier than the normal completion time. The solution set
includes projects with completion times reduced to 415 days,
and the solution with the smallest earliness value is generated

by HI. Solutions C4, F4, and H4 show earliness values for
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capacity 4 and for other capacities, which means the projects
are completed earlier. All solutions in the solution set aim to
minimize the completion time for the due dates of the projects.
For capacities 1, 2, and 3, the completion time occurs earlier
than the project’s total completion time. However, for capacity
4, the completion time is later than the project’s total
completion time with a certain tardiness value. In the block
construction process, for delayed projects, especially in capacity
4 of the shipyard, the critical ratio can be used to prioritize the
completion of preferred projects or projects that need to be
completed early in order to prevent delays in project delivery.
However, in this study, the completion time of ship B is later
than that of ship A, so such a delivery priority is disregarded.
For solutions in capacities 1, 2, and 3 of the shipyard, the
resource histogram shows similar values for the makespan,
which is the normal completion time of the project. However,
in capacity 4 of the shipyard, as the workforce supply provided
by the shipyard decreases, the resource distribution changes,
resulting in an increase in the makespan of the project.
Therefore, the resource distribution chart shows a spread
towards the completion time of the project.

In the literature, GA RCPSP method has been widely used
in many fields (e.g., Muritiba et al., 2018; Chand et al. 2019; Liu
et al., 2020; Zaman et al,, 2021; Hua et al,, 2022; Zhang et al.,
2023) however, neither GA RCPSP nor RCPSP in fuzzy
environment has been proposed as a methodology for the
shipbuilding except for the study of Akan (2017), but there is a
study that proposes a project scheduling problem with spatial
resource constraints (Hu et al., 2019) for RCPSP methodology
in shipbuilding. . On the other hand, RCPSP are widely applied
in many fields with integrating extension methods such as
branch and bound (Bianco & Caramia, 2012), fuzzy mixed
integer nonlinear programming (MILP), and GA and particle
swarm optimization (PSO) (Birjandi & Mousavi, 2019), ant
colony optimization (ACO) (Dridi et al., 2019), fuzzy clustering
chaotic-based differential evolution (Cheng et al, 2014),
genetic programming based hyper-heuristic (Chand et al,
2018), memetic algorithm (Rahman et al, 2022), hybrid
simulation and optimization (Wang et al., 2020), multi-agent-
based cooperative (Li et al., 2021), exact linear programming
binary formulation (Garcia-Nieves et al., 2019), Improvement
of the critical chain method (Tian et al., 2020), nondominated
(NSGA-II) (Laszczyk &
Myszkowski, 2019), and column generation (Changchun et al.,
2018).

In production planning and management, scheduling

sorting genetic algorithm II

operations play a crucial role. Finding the best schedule can be

the
performance criteria, and process constraints. GAs are a viable

method for addressing RCPSPs, which belong to the np-hard in

challenging, depending on project environment,

the strong sense class. While intuitive approaches don’t
guarantee optimal solutions, metaheuristic methods like GAs
have shown better results. These problems offer combinatorial
solutions, and GAs provide efficient and effective solutions.
GAs use genetic operators, including crossover, mutation, and
selection, to create the solution set. The mutation rate, ranging
from 0% to 100%, influences the best solution time, with rates
of 50% to 70% vyielding optimal results. Selection operators
prioritize the project completion time, typically with selection
rates of 10% to 20% for the best local value. The population rate,
representing the global solution set, is usually set between 100
and 200. As the population size increases, the solution space
grows, resulting in longer solution times. The number of
generations affects the algorithm’s runtime and the quality of
the best local solution. Generally, 1,000 to 2,000 generations are
preferred, with 1,000 generations often leading to the best
solutions. GAs search for solutions within a population rather
than a single set. Mutated and selected new generations
maintain the problem objectives, and the final generation with
improved solution sets achieves the best result. Traditional
methods for resource-constrained project scheduling, such as
first come first served, fail to consider future resource
requirements. In contrast, GAs prioritize critical activities and
schedule remaining activities randomly, adhering to priority
rules and project-wide constraints. The scheduling process
generates a population of solutions, which is then refined using
genetic operators until the desired number of generations is
reached. GAs require computer resources even for simple
projects. The algorithm’s design involves methods, encoding,
creation, population initialization, genetic  operators
(crossover, mutation, selection), and a fitness function. Genetic
parameters, including population size, generation count,
mutation rate, and project activity count, impact the
algorithm’s runtime.

In terms of practical implications, shipbuilding projects
often face uncertainties such as unexpected delays, material
shortages, or workforce fluctuations. This means that
shipbuilders can plan and allocate resources more effectively,
taking into account potential disruptions, and thereby
improving the overall project success rate. On the analysis side,
stakeholders can visually understand the impact of different
scheduling decisions and the trade-offs involved. In addition,
shipbuilding production efficiency is improved by optimizing

the allocation of resources and tasks, resulting in reduced
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project completion times while maintaining effective resource
utilization. This optimization is critical due to the limited and
expensive resources in shipbuilding. GAs can be used to
optimize allocation, ensuring that the right resources are
assigned to tasks at the right time. This minimizes waste and
idle time, ultimately resulting in cost savings. These actions
have a significant financial impact, leading to a faster return on

investment and improved overall business performance.

Conclusion

This study optimizes ship production processes through the
RCPSP, focusing on cost minimization, project duration
reduction, and optimal cost-time optimization. Utilizing GA
and fuzzy set theory, it enhances project planning for efficient
resource allocation in competitive, resource-intensive
shipbuilding. The framework integrates probabilistic models
and scenario analysis to optimize project completion time and
resource utilization.

The study’s major contributions to the literature can be

summarized as follows:

i) The solution of GA RCPSP method in fuzzy

environment was carried out.
ii) The analysis of Pareto optimal solutions was carried out.

iii) The application of this study has been carried out in

shipbuilding industry.

Overall, it was observed that the utilization of a GA
approach to address the RCPSP in the context of shipbuilding,
considering a fuzzy environment can be applied to ship
production plan during the shipbuilding process. With this
study, GA RCPSP with fuzzy environment in shipbuilding
process planning can be a contribution for the literature of the
shipbuilding process.

The main limitation of this study is that the method GA
RCPSP can be designed different aspects to optimize alternative
solutions with GA designed architecture. Regarding future
research, the problem can be applied by different designed GA
RCPSP methodologies or alternative metaheuristic RCPSP
solutions methods or other methods. The focus will be on the
development of methods for the parallel inclusion of fuzzy
numbers in the model. A shipyard will engage in holistic
planning by considering all shipbuilding projects within the

shipyard’s production planning process.
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Scenario A
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Figure 1: For capacity 1, best local value and resource graph (normal duration).
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Figure 2: For capacity 2, best local value and resource graph (normal duration).
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Figure 3: For capacity 3, best local value and resource graph (normal duration).
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Figure 4: For capacity 4, best local value and resource graph (normal duration).
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Figure 5: For capacity 1, best local value and resource graph (resource loading).
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Figure 6: For capacity 2, best local value and resource graph (resource loading).
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Figure 7: For capacity 3, best local value and resource graph (resource loading).
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Figure 8: For capacity 4, best local value and resource graph (resource loading).
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Scenario C
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Figure 9: For capacity 1, best local value and resource graph (resource loading of 3 people on critical activities).
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Figure 10: For capacity 2, best local value and resource graph (resource loading of 3 people on critical activities).
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Figure 11: For capacity 3, best local value and resource graph (resource loading of 3 people on critical activities).
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Figure 12: For capacity 4, best local value and resource graph (resource loading of 3 people on critical activities).
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Figure 13: For capacity 1, best local value and resource graph (resource loading of 3 people on critical activities).
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Figure 14: For capacity 2, best local value and resource graph (resource loading of 3 people on critical activities).
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Figure 15: For capacity 3, best local value and resource graph (resource loading of 3 people on critical activities).
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Figure 16: For capacity 4, best local value and resource graph (resource loading of 3 people on critical activities).
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Scenario E
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Flgure 17: For capacity 1, best local value and resource graph (resource loading of 3 people on critical activities).
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Frgure 18: For capacity 2, best local value and resource graph (resource loading of 3 people on crltlcal act1v1t1es).

. — A 500 resource 1 Mresource 2 Mresource 3 Mresource 4 Mresource J
. 400
N \L 300
200
e— 100
400 D
201 401 601 801 generation 201 251
Flgure 19: For capacity 3, best local value and resource graph (resource loadrng of 3 people on cr1t1ca1 act1v1t1es).
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Flgure 20: For capacity 4, best local value and resource graph (resource loadrng of 3 people on cr1t1ca1 act1V1t1es).
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Flgure 21: For capacity 1, best local value and resource graph (resource loading of 5 people on critical activities).
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Flgure 22: For capacity 2, best local value and resource graph (resource loading of 5 people on critical activities).
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Flgure 23: For capacity 3, best local value and resource graph (resource loading of 5 people on critical activities).
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Flgure 24: For capacity 4, best local value and resource graph (resource loading of 5 people on critical activities).
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Scenario G
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Flgure 25: For capacrty 1, best local value and resource graph (resource loading of 5 people on critical activities).
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Flgure 26: For capacity 2, best local value and resource graph (resource loadrng of 5 people on crltlcal actrvrtles).
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Flgure 27: For capacity 3, best local value and resource graph (resource loading of 5 people on crltlcal act1v1t1es).
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Flgure 28: For capacity 4, best local value and resource graph (resource loadrng of 5 people on crltlcal act1v1t1es).
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Flgure 29: For capacrty 1, best local value and resource graph (resource loading of 5 people on critical activities).
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Flgure 30: For capacrty 2, best local value and resource graph (resource loadrng of 5 people on cr1t1ca1 act1v1t1es).
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Flgure 31: For capacity 3, best local value and resource graph (resource loadrng of 5 people on crltlcal act1v1t1es).
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Flgure 32: For capacrty 4, best local value and resource graph (resource loadrng of 5 people on crrtrcal actrvrtres).

N s



Akan and Alkan (2023) Marine Science and Technology Bulletin 12(3), 380-401

Supplementary Materials DOI: 10.33714/masteb.1324266

Appendices

Appendix 1. The block construction activities, predecessors, and manpower values for Ships A and B.

ID  Work Station  Activities Predecessors Manpower (Person.Day)
Normal Crashed

1 WS 02 Start 0 0
2 WS 02 A U202 Cutting 1 10 10
3 WS 02 B U102 Cutting 2 10 10
4 WS 02 A U101 Cutting 352 10 10
5 WS 02 B U101 Cutting 4;3 10 10
6 WS 02 A U103 Cutting 5:4;2 10 10
7 WS 02 A U104 Cutting 6 10 10
8 WS 02 B U103 Cutting 755 10 10
9 WS 02 A U105 Cutting 8;7 10 10
10 WS 02 B U104 Cutting 9;8 10 10
11 WS 02 A U106 Cutting 1059 10 10
12 WS 02 B U105 Cutting 11;10 10 10
13 WS 02 B U106 Cutting 12 10 10
14 WS 02 A U203 Cutting 13;7;2 10 10
15 WS 02 B U107 Cutting 14;13 10 10
16 WS 02 A U204 Cutting 15;14;7 10 10
17 WS 02 B U203 Cutting 16;3;8;11 10 10
18 WS 02 A U205 Cutting 17;12;16 10 10
19 WS 02 B U204 Cutting 18;7;17 10 10
20 WS 02 A U301 Cutting 19:4;11 10 10
21 WS 02 B U205 Cutting 20;12;19 10 10
22 WS 02 A U302 Cutting 21;20;2 10 10
23 WS 02 B U206 Cutting 22;13;21 10 10
24 WS 02 A U303 Cutting 23;14;22 10 10
25 WS 02 B U301 Cutting 24;15;5 10 10
26 WS 02 A U304 Cutting 25;16;24 10 10
27 WS 02 B U302 Cutting 26;3;25 10 10
28 WS 02 A U305 Cutting 26;18;27 10 10
29 WS 02 B U303 Cutting 28;17 10 10
30 WS 02 A U401 Cutting 29;20;28 10 10
31 WS 02 B U304 Cutting 30529;19 10 10
32 WS 02 A U402 Cutting 31;22;30 10 10
33 WS 02 B U305 Cutting 32;21;31 10 10
34 WS 02 A U403 Cutting 33;24;32 10 10
35 WS 02 B U306 Cutting 34;33;23 10 10
36 WS 02 A U404 Cutting 35;34;26 10 10
37 WS 02 B U401 Cutting 36;25;35 10 10
38 WS 02 A U405 Cutting 37;28;36 10 10
39 WS 02 B U402 Cutting 38;37 10 10
40 WS 02 A U501 Cutting 39;32;38 10 10
41 WS 02 B U403 Cutting 40;29;39 10 10
42 WS 02 A U502 Cutting 41;32;40 10 10
43 WS 02 B U404 Cutting 42;31;41 10 10
44 WS 02 A U503 Cutting 43;34;42 10 10
45 WS 02 B U405 Cutting 44;43;33 10 10
46 WS 02 A U504 Cutting 45;36;44 10 10
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47 WS 02 B U406 Cutting 46;35;45 10 10
48 WS 02 A U505 Cutting 47;46;38 10 10
49 WS 02 B U501 Cutting 48;37;39;47 10 10
50 WS 02 A U601 Cutting 49;40 10 10
51 WS 02 B U502 Cutting 50;39;49 10 10
52 WS 02 A U602 Cutting 51;42;44 10 10
53 WS 02 B U503 Cutting 52;51;41 10 10
54 WS 02 A U603 Cutting 53;48 10 10
55 WS 02 B U504 Cutting 54;43;53 10 10
56 WS 02 A U701 Cutting 55;52 10 10
57 WS 02 B U505 Cutting 56;45;55 10 10
58 WS 02 A U801 Cutting 57;56 10 10
59 WS 02 B U506 Cutting 58;47;57 10 10
60 WS 02 B U601 Cutting 59;49 10 10
61 WS 02 B U602 Cutting 60;53;55 10 10
62 WS 02 B U603 Cutting 61;57 10 10
63 WS 02 B U604 Cutting 62;59 10 10
64 WS 02 B U701 Cutting 63;61;62 10 10
65 WS 02 B U801 Cutting 64 10 10
66 WS04 A U101 Prefabrication 4 25 30
67 WS04 B U101 Prefabrication 5 25 30
68 WS 04 A U103 Prefabrication 6 20 24
69 WS04 B U102 Prefabrication 3 30 36
70 WS 04 A U104 Prefabrication 7 20 24
71 WS 04 B U103 Prefabrication 8 25 30
72 WS 04 A U105 Prefabrication 9 20 24
73 WS 04 B U104 Prefabrication 10 20 24
74 WS04 A U106 Prefabrication 11 20 24
75 WS 04 B U105 Prefabrication 12 20 24
76 WS04 A U202 Prefabrication 2 30 36
77 WS04 B U106 Prefabrication 13 15 18
78 WS 04 A U203 Prefabrication 14 20 24
79 WS 04 B U107 Prefabrication 15 6 7
80 WS 04 A U204 Prefabrication 16 20 24
81 WS 04 B U203 Prefabrication 17 25 30
82 WS 04 A U205 Prefabrication 18 4 5
83 WS 04 B U204 Prefabrication 19 25 30
84 WS04 A U301 Prefabrication 20 20 24
85 WS 04 B U205 Prefabrication 21 20 24
86 WS04 A U302 Prefabrication 22 20 24
87 WS04 B U206 Prefabrication 23 20 24
88 WS 04 A U303 Prefabrication 24 20 24
89 WS 04 B U301 Prefabrication 25 20 24
90 WS 04 A U304 Prefabrication 26 10 12
91 WS 04 B U302 Prefabrication 27 20 24
92 WS 04 A U305 Prefabrication 28 20 24
93 WS 04 B U303 Prefabrication 29 20 24
94 WS04 A U401 Prefabrication 30 20 24
95 WS 04 B U304 Prefabrication 31 20 24
96 WS04 A U402 Prefabrication 32 6 7
97 WS04 B U305 Prefabrication 33 20 24
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98 WS 04 A U403 Prefabrication 34 25 30
99 WS04 B U306 Prefabrication 35 20 24
100 WS04 A U404 Prefabrication 36 20 24
101 WS04 B U401 Prefabrication 37 20 24
102 WS04 A U405 Prefabrication 38 20 24
103 WS04 B U402 Prefabrication 39 20 24
104 WS04 A U501 Prefabrication 40 20 24
105 WS04 B U403 Prefabrication 41 20 24
106 WS04 A U502 Prefabrication 42 20 24
107 WS04 B U404 Prefabrication 43 20 24
108 WS04 A U503 Prefabrication 44 20 24
109 WS04 B U405 Prefabrication 45 20 24
110 WS04 A U504 Prefabrication 46 20 24
111 WS04 B U406 Prefabrication 47 20 24
112 WS04 A U505 Prefabrication 48 20 24
113 WS04 B U501 Prefabrication 49 20 24
114 WS04 A U601 Prefabrication 50 10 12
115 WS04 B U502 Prefabrication 51 4 5
116 WS04 A U602 Prefabrication 52 20 24
117 WS04 B U503 Prefabrication 53 15 18
118 WS04 A U603 Prefabrication 54 20 24
119 WS04 B U504 Prefabrication 55 20 24
120 WS04 A U701 Prefabrication 56 20 24
121 WS04 B U505 Prefabrication 57 20 24
122 WS04 A U801 Prefabrication 58 10 12
123 WS04 B U506 Prefabrication 59 20 24
124 WS04 B U601 Prefabrication 60 10 12
125 WS04 B U602 Prefabrication 61 20 24
126 WS04 B U603 Prefabrication 62 20 24
127 WS04 B U604 Prefabrication 63 20 24
128 WS04 B U701 Prefabrication 64 20 24
129 WS04 B U801 Prefabrication 65 10 12
130 WSO05 A U101 Panel Production 66 25 30
131  WSO05 B U101 Panel Production 67 25 30
132 WSO05 A U103 Panel Production 68 20 24
133 WSO05 B U102 Panel Production 69 30 36
134 WSO05 A U104 Panel Production 70 20 24
135  WSO05 B U103 Panel Production 71 25 30
136 WS 05 A U105 Panel Production 72 20 24
137  WSO05 B U104 Panel Production 73 20 24
138 WSO05 A U106 Panel Production 74 20 24
139  WSO05 B U105 Panel Production 75 20 24
140 WSO05 A U202 Panel Production 76 30 36
141  WSO05 B U106 Panel Production 77 15 18
142 WSO05 A U203 Panel Production 78 20 24
143 WS 05 B U107 Panel Production 79 6 7
144 WS 05 A U204 Panel Production 80 20 24
145 WSO05 B U203 Panel Production 81 25 30
146 WSO05 A U205 Panel Production 82 4 5
147  WSO05 B U204 Panel Production 83 25 30
148 WS 05 A U301 Panel Production 84 20 24
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149 WSO05 B U205 Panel Production 85 20 24
150 WSO05 A U302 Panel Production 86 20 24
151  WSO05 B U206 Panel Production 87 20 24
152 WSO05 A U303 Panel Production 88 20 24
153 WSO05 B U301 Panel Production 89 20 24
154  WSO05 A U304 Panel Production 90 10 12
155 WS05 B U302 Panel Production 91 20 24
156  WSO05 A U305 Panel Production 92 20 24
157  WSO05 B U303 Panel Production 93 20 24
158 WS 05 A U401 Panel Production 94 20 24
159 WSO05 B U304 Panel Production 95 20 24
160 WSO05 A U402 Panel Production 96 6 7
161 WSO05 B U305 Panel Production 97 20 24
162 WSO05 A U403 Panel Production 98 25 30
163  WSO05 B U306 Panel Production 99 20 24
164 WSO05 A U404 Panel Production 100 20 24
165 WSO05 B U401 Panel Production 101 20 24
166 WS 05 A U405 Panel Production 102 20 24
167  WSO05 B U402 Panel Production 103 20 24
168 WSO05 A U501 Panel Production 104 20 24
169 WSO05 B U403 Panel Production 105 20 24
170  WSO05 A U502 Panel Production 106 20 24
171 WS 05 B U404 Panel Production 107 20 24
172 WSO05 A U503 Panel Production 108 20 24
173  WSO05 B U405 Panel Production 109 20 24
174 WS 05 A U504 Panel Production 110 20 24
175 WS05 B U406 Panel Production 111 20 24
176 WSO05 A U505 Panel Production 112 20 24
177  WSO05 B U501 Panel Production 113 20 24
178 WS 05 A U601 Panel Production 114 10 12
179  WS05 B U502 Panel Production 115 4 5
180 WSO05 A U602 Panel Production 116 20 24
181 WSO05 B U503 Panel Production 117 15 18
182 WSO05 A U603 Panel Production 118 20 24
183  WSO05 B U504 Panel Production 119 20 24
184 WSO05 A U701 Panel Production 120 20 24
185 WSO05 B U505 Panel Production 121 20 24
186 WS 05 A U801 Panel Production 122 10 12
187  WSO05 B U506 Panel Production 123 20 24
188 WSO05 B U601 Panel Production 124 10 12
189 WSO05 B U602 Panel Production 125 20 24
190 WSO05 B U603 Panel Production 126 20 24
191  WSO05 B U604 Panel Production 127 20 24
192 WSO05 B U701 Panel Production 128 20 24
193 WSO05 B U801 Panel Production 129 10 12
194 WS12 B U102 Block Assembly 198 30 30
195 WSO05 A U101 Block Production  66;130 25 30
196 WSO05 B U101 Block Production  67;131 25 30
197 WSO09 A U103 Block Production  68;132 20 20
198  WSO09 B U102 Block Production  69;133 30 30
199 WSO09 A U104 Block Production  70;134 20 20

} /\



Akan and Alkan (2023) Marine Science and Technology Bulletin 12(3), 380-401

Supplementary Materials DOI: 10.33714/masteb.1324266
200 WSO09 B U103 Block Production  71;135 25 25
201 WSO09 A U105 Block Production  72;136 20 20
202 WSO09 B U104 Block Production  73;137 20 20
203  WSO09 A U106 Block Production  74;138 20 20
204  WSO09 B U105 Block Production  75;139 20 20
205 WS09 A U202 Block Production  76;140 30 30
206 WS09 B U106 Block Production  77;141 15 15
207  WSO09 A U203 Block Production  78;142 20 20
208  WS09 B U107 Block Production ~ 79;143 6 6
209  WSO09 A U204 Block Production  80;144 20 20
210  WSO09 B U203 Block Production  81;145 25 25
211 WSO09 A U205 Block Production  82;146 4 4
212 WSO09 B U204 Block Production  83;147 25 25
213 WSO09 A U301 Block Production  84;148 20 20
214 WSO09 B U205 Block Production  85;149 20 20
215 WSO09 A U302 Block Production  86;150 20 20
216  WSO09 B U206 Block Production  87;151 20 20
217 WS09 A U303 Block Production  88;152;215 20 20
218  WSO09 B U301 Block Production  89;153 20 20
219  WSO09 A U304 Block Production  90;154 10 10
220 WSO09 B U302 Block Production ~ 91;155 20 20
221  WSO09 A U305 Block Production  92;156 20 20
222 WSO09 B U303 Block Production  93;157 20 20
223 WSO09 A U401 Block Production  94;158 20 20
224 WSO09 B U304 Block Production  95;159 20 20
225  WS09 A U402 Block Production  96;160 6 6
226 WS09 B U305 Block Production  97;161 20 20
227  WSO09 A U403 Block Production  98;162 25 25
228  WSO09 B U306 Block Production  99;163 20 20
229  WSO09 A U404 Block Production  100;164 20 20
230  WSO09 B U401 Block Production  101;165 20 20
231 WSO09 A U405 Block Production  102;166 20 20
232 WSO09 B U402 Block Production  103;167 20 20
233 WSO09 A U501 Block Production  104;168 20 20
234 WSO09 B U403 Block Production ~ 105;169 20 20
235  WSO09 A U502 Block Production 1065170 20 20
236 WS09 B U404 Block Production  107;171 20 20
237  WSO09 A U503 Block Production  108;172 20 20
238  WSO09 B U405 Block Production  109;173 20 20
239  WSO09 A U504 Block Production  110;174 20 20
240  WSO09 B U406 Block Production  111;175 20 20
241  WS09 A U505 Block Production  112;176 20 20
242 WS 09 B U501 Block Production  113;177 20 20
243  WSO09 A U601 Block Production 1145178 10 10
244  WSO09 B U502 Block Production  115;179 4 4
245  WSO09 A U602 Block Production 1165180 20 20
246 WS09 B U503 Block Production  117;181 15 15
247  WSO09 A U603 Block Production  118;182 20 20
248  WSO09 B U504 Block Production  119;183 20 20
249  WS09 A U701 Block Production  120;184 20 20
250  WSO09 B U505 Block Production  121;185 20 20
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251  WSO09 A U801 Block Production  122;186 10 10
252 WSO09 B U506 Block Production ~ 123;187 20 20
253  WSO09 B U601 Block Production  124;188 10 10
254  WS09 B U602 Block Production  125;189 20 20
255  WS09 B U603 Block Production  126;190 20 20
256  WS09 B U604 Block Production  127;191 20 20
257 WS 09 B U701 Block Production  128;192 20 20
258  WS09 B U801 Block Production  129;193 10 10
259  WSO09 A B23 Module Production 197;207 30 30
260  WSO09 B B23 Module Production  200;210 30 30
261  WSO09 A B24 Module Production  199;209 30 30
262 WSO09 B B24 Module Production  202;212 30 30
263 WS09 A B25 Module Production 201;203;211;221 30 30
264  WS09 B B25 Module Production  204;214 30 30
265 WS09 A B31 Module Production 213;223 30 30
266 WS09 B B26 Module Production 206;216 30 30
267  WS09 A B32 Module Production 225;215 30 30
268  WS09 B B31 Module Production  218;230 30 30
269  WSO09 A B33 Module Production 217;227 30 30
270  WS09 B B32 Module Production  220;232 30 30
271  WS09 A B34 Module Production 219;229 30 30
272 WSO09 B B33 Module Production  222;234 30 30
273  WSO09 A B35 Module Production 231;241 30 30
274 WSO09 B B23 Module Assembly ~ 260;194 25 28/30
275  WS09 B B34 Module Production  224;236 30 30
276 WS 09 A B53 Module Production  245;249 30 30
277  WS09 B B35 Module Production  226;238 30 30
278  WS09 B B36 Module Production  228;240 30 30
279  WS09 B B51 Module Production  248;254 30 30
280 WSO09 B B52 Module Production  250;255 30 30
281 WSO09 B B53 Module Production  252;256 30 30
282 WSO09 B B71 Module Production 257;258 30 30
283 WS 12 A U202 Block Assembly 205 30 30
284 WS 12 A U101 Block Assembly 283;195 25 25
285 WS09 A B23 Module Assembly 259,283 25 25
286  WS09 A B24 Module Assembly  261;285 25 25
287 WS 12 A B32 Module Assembly  283;285;267 25 25
288  WSO09 B B24 Module Assembly  262;274 25 25
289 WS12 B B25 Module Assembly 288;264 25 25
290 WS12 A B33 Module Assembly  287;269;285 25 25
291 WS 12 B U101 Block Assembly 196;194 25 25
292 WS12 A B34 Module Assembly 271;290;286 25 25
293 WS 12 B B26 Module Assembly  266;289 25 25
294 WS12 A B25 Module Assembly  263;286;292 25 25
295 WS12 B B32 Module Assembly ~ 194;274;270 25 28/30
296 WS12 B B31 Module Assembly 268;291;295 25 25
297 WS12 B B33 Module Assembly 272;274;295 25 28/30
298 WS12 A B35 Module Assembly  239;273;294;292 25 25
299 WS12 B B34 Module Assembly  288;297;275 25 28/30
300 WS12 B B35 Module Assembly ~ 277;289;299 25 28/30
301 WS12 B B36 Module Assembly 300;293;278 25 28/30

$10 A



Akan and Alkan (2023) Marine Science and Technology Bulletin 12(3), 380-401

Supplementary Materials DOI: 10.33714/masteb.1324266
302 WS12 A B31 Module Assembly  265;292;284 25 25
303 WS12 A U603 Block Assembly 247;298 5 5
304 WS12 A U501 Block Assembly 23352875302 20 20
305 WS12 A U502 Block Assembly 235;287;304 20 20
306 WS12 B B51 Module Assembly ~ 279;297;299 25 25
307 WS12 A U503 Block Assembly 237;305;290 20 20
308 WS12 B B52 Module Assembly  306;300;280 25 25
309 WS12 A U504 Block Assembly 239;307;292 20 20
310 WS12 B B53 Module Assembly ~ 281;308;301 25 25
311 WS 12 A U601 Block Assembly 243;304 10 10
312 WS 12 B B71 Module Assembly 306;308;282 25 25
313 WS12 A B53 Module Assembly  276;305;307 25 25
314 WS12 B Shaft Welding 291;194 8 8
315 WS12 A U801 Block Assembly 2515313 10 10
316 WS12 A Shaft Welding 284;283 8 8
317 WS 12 B U107 Block Assembly 208;301;293 10 10
318 WS 12 B U503 Block Assembly 29732465306 15 15
319 WS12 B U502 Block Assembly 24452955318 4 4
320 WS12 B U501 Module Assembly  242;296;295;319 20 20
321 WS 12 A Painting 316;315;309;311;303 10 10
322 WS12 B U601 Block Assembly 253;320 10 10
323 WS 12 B Painting 314;317 10 10
324 WS 12 A Launching 321 75 75
325 WS 12 B Launching 310;312;322;323 75 75
326 WS 12 Finish 3245325 0 0
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Appendix 2. The block construction activities, predecessors, and manpower values for Ships A and B.

ID  Activities Normal Project Crashed Project

Activities Durations Defuzzification  Activities Durations Defuzzification

(hour) ~ = (hour) ~ =

(a,b,¢ d) Xo(A) (a,b, ¢ d) Xo(A)
1 Start (0,0,0,0) 0 (0,0, 0, 0) 0
2 A U202 Cutting (24, 32, 32, 40) 32 (24, 32, 32, 40) 32
3 B U102 Cutting (24, 32, 32, 40) 32 (24, 32, 32, 40) 32
4 A U101 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
5 B U101 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
6 A U103 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
7 A U104 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
8 B U103 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
9 A U105 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
10 B U104 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
11 A U106 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
12 B U105 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
13 B U106 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
14 A U203 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
15 B U107 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
16 A U204 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
17 B U203 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
18 A U205 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
19 B U204 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
20 A U301 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
21 B U205 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
22 A U302 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
23 B U206 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
24 A U303 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
25 B U301 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
26 A U304 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
27 B U302 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
28 A U305 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
29 B U303 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
30 A U401 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
31 B U304 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
32 A U402 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
33 B U305 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
34 A U403 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
35 B U306 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
36 A U404 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
37 B U401 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
38 A U405 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
39 B U402 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
40 A U501 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
41 B U403 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
42 A U502 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
43 B U404 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
44 A U503 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
45 B U405 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
46 A U504 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
47 B U406 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
48 A U505 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
49 B U501 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
50 A U601 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
51 B U502 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
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52 A U602 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
53 B U503 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
54 A U603 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
55 B U504 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
56 A U701 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
57 B U505 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
58 A U801 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
59 B U506 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
60 B U601 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
61 B U602 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
62 B U603 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
63 B U604 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
64 B U701 Cutting (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
65 B U801 Cutting (18, 24, 24, 30) 24 (18, 24, 24, 30) 24
66 A U101 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
67 B U101 Prefabrication (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
68 A U103 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
69 B U102 Prefabrication (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
70 A U104 Prefabrication (24, 32, 32, 40) 32 (20, 27, 27, 34) 27
71 B U103 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
72 A U105 Prefabrication (24, 32, 32, 40) 32 (20,27, 27, 34) 27
73 B U104 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
74 A U106 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
75 B U105 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
76 A U202 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
77 B U106 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
78 A U203 Prefabrication (24, 32, 32, 40) 32 (20,27, 27, 34) 27
79 B U107 Prefabrication (40, 56, 56, 72) 56 (34, 48,48, 62) 48
80 A U204 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
81 B U203 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
82 A U205 Prefabrication (24, 32, 32, 40) 32 (19, 26, 26, 33) 26
83 B U204 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
84 A U301 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
85 B U205 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
86 A U302 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
87 B U206 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
88 A U303 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
89 B U301 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
90 A U304 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
91 B U302 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
92 A U305 Prefabrication (24, 32, 32, 40) 32 (20,27, 27, 34) 27
93 B U303 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
94 A U401 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
95 B U304 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
96 A U402 Prefabrication (24, 32, 32, 40) 32 (21, 27,27, 33) 27
97 B U305 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
98 A U403 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
99 B U306 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
100 A U404 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
101 B U401 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
102 A U405 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
103 B U402 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
104 A U501 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
105 B U403 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
106 A U502 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
107 B U404 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
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108 A U503 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
109 B U405 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
110 A U504 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
111 B U406 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
112 A U505 Prefabrication (24, 32, 32, 40) 32 (20,27, 27, 34) 27
113 B U501 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
114 A U601 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
115 B U502 Prefabrication (40, 56, 56, 72) 56 (32, 45, 45, 58) 45
116 A U602 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
117 B U503 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
118 A U603 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
119 B U504 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
120 A U701 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
121 B U505 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
122 A U801 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
123 B U506 Prefabrication (40, 56, 56, 72) 56 (33, 48, 48, 60) 47
124 B U601 Prefabrication (12, 16, 16, 20) 16 (10, 13,13, 16) 13
125 B U602 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
126 B U603 Prefabrication (24, 32, 32, 40) 32 (20,27,27, 34) 27
127 B U604 Prefabrication (24, 32, 32, 40) 32 (20, 27,27, 34) 27
128 B U701 Prefabrication (36, 48, 48, 60) 48 (30, 40, 40, 50) 40
129 B U801 Prefabrication (36, 48, 48, 60) 48 (30, 40, 40, 50) 40
130 A U101 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
131 B U101 Panel Production (60, 80, 80, 100) 80 (50, 67, 67, 84) 67
132 A U103 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
133 B U102 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
134 A U104 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
135 B U103 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
136 A U105 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
137 B U104 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
138 A U106 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
139 B U105 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
140 A U202 Panel Production (36, 48, 48, 60) 48 (30, 40, 40, 50) 40
141 B U106 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
142 A U203 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
143 B U107 Panel Production (48, 64,64, 80) 64 (41, 55, 55, 69) 55
144 A U204 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
145 B U203 Panel Production (60, 80, 80, 100) 80 (50, 67, 67, 84) 67
146 A U205 Panel Production (18, 24, 24, 30) 24 (14, 19, 19, 24) 19
147 B U204 Panel Production (60, 80, 80, 100) 80 (50, 67, 67, 84) 67
148 A U301 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
149 B U205 Panel Production (60, 80, 80, 100) 80 (50, 67, 67, 84) 67
150 A U302 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
151 B U206 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
152 A U303 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
153 B U301 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
154 A U304 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
155 B U302 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
156 A U305 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
157 B U303 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
158 A U401 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
159 B U304 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
160 A U402 Panel Production (18, 24, 24, 30) 24 (15,21, 21, 27) 21
161 B U305 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
162 A U403 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
163 B U306 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
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164 A U404 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
165 B U401 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
166 A U405 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
167 B U402 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
168 A U501 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
169 B U403 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
170 A U502 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
171 B U404 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
172 A U503 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
173 B U405 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
174 A U504 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
175 B U406 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
176 A U505 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
177 B U501 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
178 A U601 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
179 B U502 Panel Production (48, 64, 64, 80) 64 (38,51,51, 64) 51
180 A U602 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
181 B U503 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
182 A U603 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
183 B U504 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
184 A U701 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
185 B U505 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
186 A U801 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
187 B U506 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
188 B U601 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
189 B U602 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
190 B U603 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
191 B U604 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
192 B U701 Panel Production (48, 64, 64, 80) 64 (40, 53, 53, 66) 53
193 B U801 Panel Production (18, 24, 24, 30) 24 (15, 20, 20, 25) 20
194 B U102 Block Assembly (196, 230, 230, 270) 232 (196, 230, 230, 270) 232
195 A U101 Block Production (255, 320, 320, 385) 320 (213, 267, 267, 321) 267
196 B U101 Block Production (400, 480, 480, 560) 480 (333, 400, 400, 467) 400
197 A U103 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
198 B U102 Block Production (440, 520, 520, 600) 520 (440, 520, 520, 600) 520
199 A U104 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
200 B U103 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
201 A U105 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
202 B U104 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
203 A U106 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
204 B U105 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
205 A U202 Block Production (255, 320, 320, 385) 320 (255, 320, 320, 385) 320
206 B U106 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
207 A U203 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
208 B U107 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
209 A U204 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
210 B U203 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
211 A U205 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
212 B U204 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
213 A U301 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
214 B U205 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
215 A U302 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
216 B U206 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
217 A U303 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
218 B U301 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
219 A U304 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
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220 B U302 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
221 A U305 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
222 B U303 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
223 A U401 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
224 B U304 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
225 A U402 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
226 B U305 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
227 A U403 Block Production (136, 168,168, 200) 168 (136, 168, 168, 200) 168
228 B U306 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
229 A U404 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
230 B U401 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
231 A U405 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
232 B U402 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
233 A U501 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
234 B U403 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
235 A U502 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
236 B U404 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
237 A U503 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
238 B U405 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
239 A U504 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
240 B U406 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
241 A U505 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
242 B U501 Block Production (880, 1000, 1000, 1120)  1.000 (880, 1000, 1000, 1120)  1.000
243 A U601 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
244 B U502 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
245 A U602 Block Production (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
246 B U503 Block Production (255, 320, 320, 385) 320 (255, 320, 320, 385) 320
247 A U603 Block Production (40, 56, 56, 72) 56 (40, 56, 56, 72) 56
248 B U504 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
249 A U701 Block Production (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
250 B U505 Block Production (255, 320, 320, 385) 320 (255, 320, 320, 385) 320
251 A U801 Block Production (40, 56, 56, 72) 56 (40, 56, 56, 72) 56
252 B U506 Block Production (255, 320, 320, 385) 320 (255, 320, 320, 385) 320
253 B U601 Block Production (120, 160, 160, 200) 160 (120, 160, 160, 200) 160
254 B U602 Block Production (210, 280, 280, 350) 280 (210, 280, 280, 350) 280
255 B U603 Block Production (255, 320, 320, 385) 320 (255, 320, 320, 385) 320
256 B U604 Block Production (280, 360, 360, 440) 360 (280, 360, 360, 440) 360
257 B U701 Block Production (700, 800, 800, 900) 800 (700, 800, 800, 900) 800
258 B U801 Block Production (640, 720, 720, 800) 720 (640, 720, 720, 800) 720
259 A B23 Module Production (90, 120, 120, 150) 120 (90, 120, 120, 150) 120
260 B B23 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
261 A B24 Module Production (90, 120, 120, 150) 120 (90, 120, 120, 150) 120
262 B B24 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
263 A B25 Module Production (190, 240 240, 290) 240 (190, 240, 240, 290) 240
264 B B25 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
265 A B31 Module Production (90, 120, 120, 150) 120 (90, 120, 120, 150) 120
266 B B26 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
267 A B32 Module Production (90, 120, 120, 150) 120 (90, 120, 120, 150) 120
268 B B31 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
269 A B33 Module Production (90, 120, 120, 150) 120 (90, 120, 120, 150) 120
270 B B32 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
271 A B34 Module Production (90, 120, 120, 150) 120 (90, 120, 120, 150) 120
272 B B33 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
273 A B35 Module Production (90, 120, 120, 150) 120 (90, 120, 120, 150) 120
274 B B23 Module Assembly (210, 280, 280, 350) 280 (185, 250, 250, 315) 250

(175, 234, 234, 290) 233
275 B B34 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
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Supplementary Materials DOI: 10.33714/masteb.1324266
276 A B53 Module Production (40, 56, 56, 72) 56 (40, 56, 56, 72) 56
277 B B35 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
278 B B36 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
279 B B51 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
280 B B52 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
281 B B53 Module Production (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
282 B B71 Module Production (18, 24, 24, 30) 24 (18, 24, 24, 30) 24
283 A U202 Block Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
284 A U101 Block Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
285 A B23 Module Assembly (12, 16, 16, 20) 16 (12, 16, 16, 20) 16
286 A B24 Module Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
287 A B32 Module Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
288 B B24 Module Assembly (200, 272, 272, 320) 264 (200, 272, 272, 320) 264
289 B B25 Module Assembly (210, 276, 276, 330) 272 (210, 276, 276, 330) 272
290 A B33 Module Assembly (84,112,112, 140) 112 (84,112,112, 140) 112
291 B U101 Block Assembly (120, 160, 160, 200) 160 (120, 160, 160, 200) 160
292 A B34 Module Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
293 B B26 Module Assembly (210, 276, 276, 330) 272 (210, 276, 276, 330) 272
294 A B25 Module Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
295 B B32 Module Assembly (640, 720, 720, 800) 720 (571, 643, 643, 715) 643

(533, 600, 600, 667) 600
296 B B31 Module Assembly (640, 720, 720, 800) 720 (640, 720, 720, 800) 720
297 B B33 Module Assembly (440, 520, 520, 600) 520 (393, 464, 464, 535) 464
(367, 432, 432, 500) 433
298 A B35 Module Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
299 B B34 Module Assembly (200, 272, 272, 320) 264 (179, 243, 243, 286) 236
(167, 227, 227, 266) 220
300 B B35 Module Assembly (160, 200, 200, 240) 200 (143,179, 179, 215) 179
(134, 167, 167, 200) 167
301 B B36 Module Assembly (210, 280, 280, 350) 280 (185, 250, 250, 315) 250
(175, 234, 234, 290) 233
302 A B31 Module Assembly (136, 168, 168, 200) 168 (136, 168, 168, 200) 168
303 A U603 Block Assembly (7,8,8,9) 8 (7,8,8,9) 8
304 A U501 Block Assembly (84,112, 112, 140) 112 (84,112, 112, 140) 112
305 A U502 Block Assembly (84,112, 112, 140) 112 (84,112, 112, 140) 112
306 B B51 Module Assembly (120, 160, 160, 200) 160 (120, 160, 160, 200) 160
307 A U503 Block Assembly (84,112, 112, 140) 112 (84,112, 112, 140) 112
308 B B52 Module Assembly (160, 200, 200, 240) 200 (160, 200, 200, 240) 200
309 A U504 Block Assembly (84,112,112, 140) 112 (84,112,112, 140) 112
310 B B53 Module Assembly (255, 320, 320, 385) 320 (255, 320, 320, 385) 320
311 A U601 Block Assembly (40, 56, 56, 72) 56 (40, 56, 56, 72) 56
312 B B71 Module Assembly (190, 240, 240, 290) 240 (190, 240, 240, 290) 240
313 A B53 Module Assembly (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
314 B Shaft Welding (60, 80, 80, 100) 80 (60, 80, 80, 100) 80
315 A U801 Block Assembly (60, 80, 80, 100) 32 (60, 80, 80, 100) 32
316 A Shaft Welding (320, 400, 400, 480) 80 (320, 400, 400, 480) 80
317 B U107 Block Assembly (60, 80, 80, 100) 400 (60, 80, 80, 100) 400
318 B U503 Block Assembly (30, 40, 40, 50) 80 (30, 40, 40, 50) 80
319 B U502 Block Assembly (160, 200, 200, 240) 40 (160, 200, 200, 240) 40
320 B U501 Module Assembly (180, 204, 204, 240) 200 (180, 204, 204, 240) 200
321 A Painting (30, 40, 40, 50) 208 (30, 40, 40, 50) 208
322 B U601 Block Assembly (60, 80, 80, 100) 40 (60, 80, 80, 100) 40
323 B Painting (7,8,8,9) 80 (7,8,8,9) 80
324 A Launching (7,8,8,9) 8 (7,8,8,9) 8
325 B Launching (0,0,0,0) 8 (0,0,0,0) 8
326 Finish (60, 80, 80, 100) 0 (60, 80, 80, 100) 0
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scallops. In this study, the chemical composition, myofibrillar proteins, and sensory

properties of surimi manufactured from tilapia (Oreochromis niloticus) meat were

Keywords: investigated. Four study groups were created with different spice additives: red pepper, dill,
ST?IZ ::; thyme, and control (additive-free). Chemical composition analysis results of surimi were
Food Composition determined as total protein 12.85%, lipid 0.53%, ash 0.36%, moisture 86.59%, and
Sensory Analysis myofibrillar protein 11.93%. Moreover, all groups were offered panelists to perform
Proximate Analysis sensory analysis. At the end of the sensory evaluation, the groups received between 5.5 and

8.8 points on a 10-point scale from panelists regarding appearance, odor, chewiness,
juiciness, taste and flavor, and overall acceptance. There were no differences between
experimental groups in terms of appearance, odor, chewiness, and juiciness. However,
statistical differences were observed between groups for taste and flavor as well as overall

acceptance (p<0.05).
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Introduction

Seafood has great importance in terms of nutritional value
and especially protein content. It is also very rich in vitamins,
amino acids, fatty acids, minerals, and other nutrients. There
are different processing techniques for seafood, which have an
important role in human nutrition. Among them, minced fish
has a significant place (Hosomi et al., 2012; Durazzo et al,,
2022).

Minced fish is a raw material for many new foods in
aquaculture. One of the main products manufactured from
minced fish is the product called “surimi”. Surimi, which means
minced meat in Japanese, is a kind of semi-manufactured fish
protein extract prepared from deboned, minced, and washed
fish. Surimi, typically produced and consumed fresh with
conventional methods, has reached long-time preservation
with the developments in protein denaturation prevention
technology, and therefore its consumption has spread over a
wider period (Matsumoto, 1978). Through repeated washing
processes carried out in the surimi production, all substances
other than protein in the fish are cleansed, and thus the fish
becomes even healthier. In the manufacturing of surimi, which
is a protein product with a neutral taste, unpopular and/or low
economic value fish and seafood are utilized by processing
directly or in combination with various other products (Frazier
& Westhoff, 1978). The development of surimi technology has
been achieved with factors such as the successful use of
uneconomical and less economical species as raw materials in
the Far East, America, and European countries, the long shelf
life of frozen surimi and its very high functional protein
content, and the manufacture of surimi and surimi-based
products with the addition of various additives and with the use
of various technological processes (Cakli & Duyar, 2001;
Duangmal & Taluengphol, 2010; Monto et al., 2022; Buamard
etal., 2023). The steps of surimi production are shown in Figure
1.

Tilapia (O. niloticus), which is one of the fish species of low
economic value in our country, occupies a very large place in
terms of its aquaculture potential. It constitutes a natural
potential, especially in the climatic conditions of the
Mediterranean and Aegean regions, and its farming is
performed with ease. In addition, tilapia is a very valuable fish
species in terms of the nutritional quality of its meat. It may be
beneficial for the economy to make this species, which is
considered very useful in terms of both its high production
capacity and nutritional quality, more palatable with various

spices and flavors to increase its consumption by using modern

processing technologies. Although there are many studies in the
literature on surimi manufacture from different aquatic
products (Alvarez et al., 1995; Gomez-Guillén & Montero,
1996; Gomez-Guillén et al., 1997; Yongsawatdigul et al., 1997;
Lee & Park, 1998; Kong et al., 1999; Ramirez-Suarez et al., 2000;
Nowsad et al., 2000; Kyaw et al., 2001; Huda et al., 2001a, 2001b;
Choi & Park, 2002; Barrera et al., 2002; Luo et al., 2008;
Panpipat et al., 2010; Oujifard et al., 2012; Singh et al., 2019;
Chen et al., 2020; Yi et al., 2020; Fang et al., 2021; Pei et al.,
2023), studies of surimi obtained from tilapia is very limited
(Rohani et al., 1995; Klesk et al., 2000; Yongsawatdigul et al.,
2000; Lou et al., 2005; Hleap & Velasco, 2010; Kobayashi &
Park, 2017; Buamard et al., 2023). Therefore, in the present
study, the sensory evaluation of the product was aimed by
adding different spices to surimi prepared from tilapia. In
addition, through chemical analysis, it is aimed to evaluate the
nutritional value of surimi produced from tilapia, which is

considered a valuable food source in terms of human nutrition.

Raw Fish
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Figure 1. Flow diagram of surimi production (Lee, 1984)

Material and Method

Material

Tilapia (O. niloticus) was used as the material in the
research. The mean weight of the fish was measured as 145 g

and the mean length was measured to be 20 cm.
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Method

Surimi Preparation

In the present study, skinless fillets of the fish were first
obtained for the production of surimi from tilapia meat. The
fillets were minced in a meat grinder of which the hole diameter
is 1-5 mm. The finely minced fish meat was washed to eliminate
undesired compounds. The washing process was repeated 3
times with clean water cooled in the refrigerator below 10°C,
0.3% salt was added to the final washing water, and the washing
process was completed. The washed samples were passed
through a fine mesh strainer and this process was repeated three
times. Thusly, water-soluble proteins, proteolytic enzymes,
pigments, blood, lipids, and all compounds that give the special
taste and flavor were completely eliminated. At the end of the
washing process, the minced fish was filtered for 3-4 hours
under refrigerated conditions in cloth bags prepared earlier

until the water content is 86% and the surimi was obtained.

Proximate Analysis

The fish fillets were obtained after removing the head, skin,
bones, and viscera. The fillets were thoroughly cleaned by
washing and homogenized. The meat’s moisture and ash
content were determined with the methods according to the
AOAC (1990). The nitrogen content was analyzed as per
Kjeldahl’s procedure (AOAC, 1990) and was converted to
determine the crude protein content of the meat. The lipid
content was determined according to Bligh & Dyer (1959). All

procedures were performed in triplicate.

Myofibrillar Protein Analysis

The extraction of myofibrillar proteins was carried out
according to the method of Dyer et al. (1950). For extraction,
firstly 5% NaCl and 0.02 M NaHCO; were added to 1 L of
distilled water. The homogenized 50 g sample was extracted for
1 minute with the pre-cooled extraction solution in a Waring
blender fitted with a defoamer to prevent foaming. Afterward,
the obtained homogenate was centrifuged at 4°C, 4000 rpm for
30 minutes in a temperature-controlled centrifuge. One ml of
the upper phase of the solution obtained as a result of the
extraction was taken and placed in test tubes and the solution
was completed to 5 ml with distilled water. This prepared
solution was mixed thoroughly by adding a biuret solution and
left to rest for the formation of violet color.

Bovine Serum Albumin was used as the standard for

myofibrillar proteins (Snow, 1950). For the preparation of the

Bovine Serum Albumin standard, 0.075 g BSA was completed
to 25 ml. Blind and the samples were read in UV-Vis
spectrophotometer at 540 nm wavelength and the absorbance
values were recorded. The recorded values were calculated by
placing them in the Equation (1):

__1000xaxb

B (1

C

In Equation (1);
a: BSA standard amount;

b: BSA added to the test tube;

¢: The volume of the container in which the BSA standard

was prepared.

This coefficient obtained from the standard was multiplied
by the read spectrophotometer value to obtain the R value given
in the equation below.

The absorbance values of the myofibrillar proteins obtained
from the spectrophotometer were determined as percent

protein by the Equation (2).

(%XV4+MXW2/100)X100
W2x10

EP = )
In Equation (2);

EP: Amount of extracted (dissolved) protein (g/100 g meat);
R: Total mg of protein read in test tubes obtained from the

protein standard plot;
V3: Amount of extract added to test tubes (ml);
V4: Amount of extracted solution put into the blender (ml);
M: Moisture content determined in the fish meat (ml);

W2: Weight of the fish used for the extraction (g);

Sensory Evaluation

Manufactured surimi samples were divided into four equal
portions. One group being plain (control); certain proportions
of red pepper, dill, and thyme were added separately to each of
the remaining 3 groups. The prepared mixtures were put into
molds and cooked in a microwave oven at 450 W for 20 minutes
and served to the panelists. For the sensory evaluation, the
product's appearance, odor, chewiness, juiciness, taste and
flavor, and overall acceptance criteria were used. Each criterion

was evaluated on a 10-point scale (Giilyavuz & Témek, 1991).

Statistical Analysis

Statistical analysis was conducted by using the SPSS
software for Windows (SPSS Inc., Chicago, IL, USA). Data were
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subjected to one-way analysis of variance (ANOVA). The
differences between groups were revealed by Duncan’s multiple

range test at a significance level of 0.05.

RESULTS AND DISCUSSION

Proximate Composition

The proximate composition and myofibrillar protein
content of surimi manufactured from tilapia (O. niloticus) meat
are shown in Table 1.

According to the chemical analyses, the moisture content of
the surimi manufactured was determined as 85.59%. The
protein content after surimi manufacture was found to be
12.85%. Soluble proteins were eliminated after salt treatment,
which is amongst the surimi production stages, and the
remaining myofibrillar protein was determined as 11.39%.
Moreover, the lipid content decreased considerably by the
washing stage applied during the manufacturing process and
was measured as 0.53%. As a result of the analysis conducted,
the crude ash content was determined as 0.36%. According to a
similar study, the proximate analysis results of surumin were
determined as protein 10.77%, lipid 0.75%, moisture 78.23%,
and collagen 1.15% (Zhou et al., 2017). Hosseini-Shekarabi et
al. (2018) found the protein value of surumin produced as
17.77%, lipid value 0.94%, ash 0.58%, moisture 79.58%, and
yield 36.56% in their study with blackmouth croaker fish. In
another study, protein, lipid, ash, and moisture analyzes of
surimi prepared from Talang quinfish fish obtained from the
local market were performed, the results were determined as
16.97, 0.43, 2.77, and 67.09%, respectively (Moosavi-Nasab et
al., 2019). In a similar study, Oh et al. (2019) reported the
analysis results of basic nutritional components of surimi
obtained from olive flounder fish as protein 18.93%, lipid
0.11%, ash 0.10, and moisture 73.18%. In another study,
according to the physicochemical analysis results of surumin
obtained from tilapia fish, protein was 11.1%, lipid 1.8%, ash
2.15%, and moisture 72.5% (Priyadarshini et al.,, 2021). The
results obtained in the current study were compared with the
results obtained by other researchers who worked with similar

products. It is thought that the different results determined

according to this comparison vary depending on the species,

sex, production method and diet of the fish.

Sensory Evaluation

Surimi manufactured from Tilapia (O. niloticus), one group
being plain (control), was prepared by adding red pepper, dill,
and thyme, and presented to the panelists according to the
quality criteria of appearance, odor, chewiness, juiciness, taste
and flavor, and overall acceptance. The mean values of sensory
analysis performed based on the quality criteria and the
Duncan multiple comparison test results of these data are
shown in Table 2.

In terms of appearance, ranking from best to worst, the
panelists evaluated group B (dill) with 8.6, group C (thyme)
with 8.2, group A (red pepper) with 7.6, and group D (control)
with 6.8 points. Based on the sensory analysis according to the
odor criterion, two groups of values, i.e., 7.6 and 8.6, were
recorded. Accordingly, in the order of preference, groups B and
C were evaluated with 8.6 points, and groups A and D with 7.6
points. Chewiness was evaluated by the panelists with 7.8 points
for group C, 7.6 points for group B, 7.2 points for group D, and
6.6 points for Group A. The juiciness values of the prepared
surimi were evaluated by the panelists with 6.8 points for group
C, 6.6 points for group B, 6.2 points for group D, and 5.8 points
for group A. In the taste and flavor analysis, scores between 6.8
and 8.8 were recorded and in the order of preference, group B
received 8.8 points, group C received 8.6 points, group A
received 7.6 points, and group D received 6.8 points. According
to the overall acceptance criterion, scores between 6.4 and 8.4
were recorded in the experimental groups, and the analysis data
from best to worst were determined as 8.4 for group C, 8.0 for
group B, 7.0 for group A, and 6.4 for group D. In a similar study
conducted by adding camellia tea oil at different rates, the
control group got the lowest sensory evaluation score, and the
color, texture, taste-flavor and overall acceptability scores
increased as the amount of added oil increased (Zhou et al.,
2017). Similarly, in another study comparing minced fish and
surimi, the sensory scores of surimi samples were found to be
color 9.00, odor 8.86, texture 9.00, taste 8.57, and overall
desirability 8.14 (Hosseini-Shekarabi et al., 2018).

Table 1. Proximate composition and myofibrillar protein of surimi manufactured from tilapia meat (%)

Protein Lipid

Moisture Myofibrillar protein

Surimi 12.85+0.21 0.53+0.02

0.36+0.00

86.59+0.47 11.93+0.7

Note: Means (+sd) are based on triplicate analyses.
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Table 2. The mean sensory evaluation values of surimi enriched with different additives

A (Red pepper) B (Dill) C (Thyme) D (Control)
Appearance 7.6+1.52° 8.6+0.54° 8.2+0.84° 6.8+2.49°
Odor 7.6+1.14% 8.6+0.55* 8.6+1.52¢ 7.6x£1.67°
Chewiness 6.6x£0.55* 7.6x£1.34* 7.8+1.64° 7.2+0.84°
Juiciness 5.8+1.10% 6.6£1.95* 6.8£2.17° 6.2+1.48°
Taste and flavor 7.6+0.55%® 8.8+0.84° 8.6+0.55° 6.8+1.30°
Overall acceptance 7.0£0.00% 8.0+0.71% 8.4+0.89° 6.4+1.52°

Note: In the statistical analysis, the findings expressed with different letters in the same row were found to be different at p<0.05

significance level (A: Red pepper, B: Dill, C: Thyme, D: Control).

Juiciness

Overall acceptance

"'—'-.-.\

Sensory Evaluation

[E Y Pep—

°

Taste and flavor

Appearance

Odor
= - = A (Red pepper)
------ B (Dill)
— = = C(Thyme)
Chewiness D (Control)

Figure 2. Sensory evaluation values of surimi enriched with different additives

In order for the fish introduced to the market for
consumption to possess a high market share, it should have a
long shelf life and a marketing potential with diversifiable
sensory characteristics such as taste, odor, and aroma. For this
purpose, in addition to methods such as smoking, freezing,
canning, drying, and salting applied to fresh fish, surimi is a
product that can also increase the consumption rate of seafood
products. Moreover, considering the consumption possibilities
by adding spices and similar seasonings according to the
regional taste demands, surimi was attempted to be determined
as a result of the sensory analysis conducted in this study
whether it is a suitable product. The surimi was diversified by
manufacturing with additives such as dill, thyme, and red
pepper in accordance with the taste preference of the local
people of our country. As a result of the sensory analysis, the
most preferred products were determined to be the ones
enriched with thyme and dill (Figure 2). Furthermore, the
appearance, odor, juiciness, and chewiness of the product were
also included in the sensory analysis criteria. In terms of these

criteria, the products received scores between 5.8 and 8.8 out of

10 in the sensory evaluation. In addition to the sensory
evaluation, chemical analyses were made in the manufactured
surimi, and according to the results obtained as a result of these
analyses, it was determined that surimi is a low-fat and high-
protein source. This shows that it is a highly beneficial food in
terms of human nutrition (Jaziri et al., 2021).

It is known that fish and seafood products, which are not
preferred to be consumed fresh or less preferred in some parts
of the world, especially in Southwest Asia and Far East
countries, are transformed into new products by employing
various processing techniques and thereby their market share is
increased. Increasing consumption by offering species with
these characteristics to people in different forms is possible
through creating new products using the state-of-the-art
technologies. It is inaccurate to state that tilapia, which is
considered to possess high aquaculture potential in the south
and west regions of our country, is highly preferred for fresh
consumption. Despite its high potential for aquaculture, the
farming of this fish has not been developed in our country due

to the low habit of eating freshwater fish. The results obtained
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in this study show that tilapia, which is typically disliked
because it is usually consumed fresh, can be preferred by the
consumer if it is offered to the market in the form of surimi.
This can lead to extremely positive results for a less preferred
fish species such as tilapia. Manufacturing surimi from tilapia
under suitable conditions and presenting it to the consumer by
providing different tastes and flavors in line with the taste and
eating habits means creating a new market for this fish species.
When people find the taste and flavor they desire, from which
fish the product is manufactured will take second place in their
ranking of priorities. Thus, the breeders will be able to offer this
fish species to the public in different areas and have the chance
to give a new impetus to tilapia farming. This can both create a
new market in our country, which is extremely rich in terms of

inland waters, and increase our societal fish consumption.

Conclusion

The dissemination of surimi technology, which has limited
use in Tiirkiye, may provide a number of advantages. These are;
e DProcessing a portion of the product, offered to the
market as fresh, with surimi technology may encourage

the consumption to be spread over a year on a regular

basis.

e The possibility of utilization of wastes resulting from the
surimi processing may emerge by processing them into

fish meal and similar products,

e It may provide the opportunity to increase the
consumption of fish, which have low economic value,
are not consumed with pleasure, and have limited fresh

consumption in the market, such as tilapia,

e An opportunity to offer an alternative product can be
provided to people who tend toward preferring seafood
against the problem of excessive weight gain caused by

overeating,

e Since it provides a new taste and flavor, it may increase
the variety of processed fish products and therefore can

function as a consumption enhancer,

e With the dissemination of surimi technology, it may
create the opportunity to start new businesses and

therefore generate employment,

e When the resulting products are used as additives, it
may enable lowering of the food prices and increase

their nutritional values,

e In addition to its direct contribution to the economy, it

may also indirectly be impactful on the formation of a

stable market structure in the production and

consumption of seafood products.
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operations within the study, 66 sturgeons (41 Danube sturgeon - Acipenser gueldenstaedtii

and 25 starry sturgeon - Acipenser stellatus) and 49 cetaceans (40 harbor porpoises -

Keywords: Phocoena phocoena relicta and 9 short beaked dolphin - Delphinus delphis ponticus) were

Accidental mortality

Acipenserida captured. Length-weight relationships of Danube sturgeon and starry sturgeon were

Black Sea determined as W=0.0123L>%% (R=0.9964, negative allometric growth) and W=0.0345L>**!
Delphinus delphis ponticus (R=0.9961, negative allometric growth), respectively. Mean total length were calculated as
Incidental catch 60.02+1.04 cm for Danube sturgeons, 46.42+1.17 cm for starry sturgeon and mean fork
Phocoena phocoena relicta

length were established as 126.75+3.36 cm for harbor porpoises, 163.74+1.42 cm for short
beaked dolphins in the study.

Please cite this paper as follows:
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Introduction fish species have been significantly reduced due to over-fishing

) ) ) ) o pressures and marine pollution in the Black Sea shores of
Direct interactions between fishing gear and marine livings
) . Tirkiye (Bat et al., 2007). Bycatch is considered to pose a
such as fish, cetacean, turtles and seals occur in many fisheries

] ] ] ] significant threat for several fish species stocks (e.g., sturgeons,
worldwide and may result in accidental catch and mortality of

) . turbot, brown meagre, shi drum and tub gurnard) in the Black
several aquatic organisms (Read et al., 2006). Stocks of some .
Sea (Ozdemir et al,, 2019). Sturgeon species in the Black Sea
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basin entered to the IUCN Red List of Threatened Species and
categorized as critically endangered (Qiwei, 2010; Gessner et al.,
2010).

The sturgeons are one of the ancient fishes on the world
(Ustaoglu & Okumus, 2004). There have been lived 5 species of
sturgeons in the Black Sea coast of Tiirkiye. These are Huso
huso, Acipencer gueldenstaedtii, Acipencer stellatus, Acipencer
nudiventris and Acipencer sturio (Billard & Lecointre, 2000).
Most species are at least partially anadromous, spawning in
fresh water and feeding in nutrient-rich, brackish waters of
estuaries or undergoing significant migrations along coastlines.
Existence of the future generation of sturgeon is under serious
threats. Environmental breakdown such as construction of
dams on the stream and limiting water flows, extreme fishing
pressure and water pollution which become unsuitable to
migration and breeding of sturgeons are resulted to decline of
stocks (Ustaoglu, 2006).

Since, marine mammals are on the higher level of the food
chain, the presence of these species are crucial for the presence
of fish and other marine organisms. In the case of overfishing
or absence of the marine mammals, the presence of the other
organism will also be affected. Around the world’s marine and
inland waters, 90 cetacean species are existed in total (Jefferson
et al, 2015). There are 23 different cetacean species in
Mediterranean including Black Sea (Dede & Tonay, 2010;
Ozsandikgi, 2021). Existence of 10 species of cetaceans
(Delphinus delphis, Tursiops truncatus, Phocoena phocoena,
Stenella coeruleoalba, Grampus griseus, Pseudorca crassidens,
Globicephala melas, Ziphius cavirostris, Balaenoptera physalus,
Physeter macrocephalus) in all over the Tirkiye waters were
reported (Husson & Holthuis, 1974) and 3 of these species
(Delphinus delphis ponticus, T. truncatus, Phocoena phocoena
relicta) has been living in the Black Sea (Oztiirk, 1999; Tonay et
al., 2012; Ozsandikgi, 2021). Nowadays, some cetacean species
in the seas and oceans are among the endangered species (Bilgin
& Kose, 2018). Marine mammals are under threat for mainly
anthropogenic effects such as water and noise pollution,
drifting wastes, bycatch, overfishing and killing deliberately
(Dede & Tonay, 2010). Cetacean bycatch in bottom gillnets,
trammel nets, midwater trawls pound nets and purse seine has
been reported via a combination between questionnaire studies
with fishermen and on-board observation (ACCOBAMS,
2021a).

In Tirkiye, fishing, landing, transporting and selling of
these species were prohibited by “Notification Regulating
Commercial Fishing” for marine mammals since 1983 and for
sturgeons since 1996. However, there are considerable amount
of incidental catch of these species by turbot gillnets, purse seine
and trawls in the Black Sea coasts (Tonay & Oztiirk, 2003; Dede
& Tonay, 2010; Ozdemir & Erdem, 2011; Ozdemir et al., 2017a;
Gonener & Ozsandikgi, 2017; Duyar & Bilgin, 2018; Bilgin &
Kose, 2018; ACCOBAMS, 2021a).

The present study demonstrates some biological
characteristics of sturgeons and two cetacean species that
accidentally have been captured by the coastal fishing and
industrial fishing gears in the Black Sea coasts. Moreover,
suggestions were presented on protection strategy and

prevention methods of sturgeon and cetacean bycatch.

Material and Method

The study was carried out in the Sinop and Samsun shores
of Black Sea. Sea trails and sampling were conducted in the
Black Sea in 2011-2016 fishing seasons (between September and
May). The fishing vessels were chosen randomly from
commercial fishing vessels and planned the sea trials. Biological
characteristics of sturgeon and cetacean that were accidental
captured by commercial trawlers and turbot gillnets were
examined. Codend mesh size of demersal trawls and midwater
trawls and mesh size of turbot gillnets used on the sea trials have
40 mm, 24 mm and 320 mm (knot to knot) respectively. Turbot
gillnets have multifilament material. One set of turbot gillnet
has a length about 68 meters.

Turbot gillnets used by fishermen in the region generally
consist of 35 net sets. The average time the nets stay in the sea
varies between 7-15 days. Turbot gillnets are used at depths
between 30-90 meters. The towing time of midwater trawl nets
varies between 120-180 minutes depending on the target fish
and shoal status. The towing speed is between 2-3 knots. Nets
are generally used at depths between 20-80 meters. In bottom
trawl nets, the tow duration is between 60-90 minutes. The tow
speed of the net is 2-2.5 knots.

The regions are important small scale fishery areas in the
Black Sea (Figure 1). In these regions, as sturgeons enter to
Yesilirmak and Kizilirmak estuaries for reproduction.
Similarly, cetacean forms big shoals for feeding with small

pelagic fishes in these shores.
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Figure 1. Study area (Samsun-Sinop coasts of Black Sea) C: Cetacean, A: Acipenser

The species of sturgeons was defined by considering the
morphological and biological characteristics of fishes (Fischer
et al,, 1987; Sokolov & Berdicheskii, 1989; Holcik, 1989; Bat et
al.; 2008; Froese & Pauly, 2023). Mainly, the head shape, the
position of the mouth, the shape and structure of the barbels of
the fish the provide distinct features for practical identification.

The structure of head part (blunt rounded, wide and flat),
dorsal fin shape (blunt-tipped, curved, tall and short), nose
structure (long, slender, beak, blunt) color of some part of the
body (whitish, yellowish, dark grey, light grey and grey) and
flippers color (grey, dark grey, light grey) are very important for
cetacean species define. Jefferson et al. (2015) was used for the
species identification of cetaceans.

In the study, total length and weight of sturgeons and fork
length of cetacean species were recorded. After measurements
done, the specimens were discarded. All sturgeons were alive
while discarding but dolphins were already dead when they

landed to board from set nets and trawl codends (Figure 2).

Table 1. Biological data of incidentally captured sturgeons

Length-weight relationship (LWR) for sturgeons were
calculated from equation W=aL®. W is the wet weight, L is the
total length, “a” is the intercept, and “b” is the slope in the equal.
Length-weight relationships are also actually used to ensure
information on the condition of fish and may assistance define
whether somatic growth is isometric (b=3) or allometric (b<3:
negative allometric and b>3: positive allometric) (Ricker, 1973;
Santos et al., 2002). The b value for sturgeons was analyzed with
Student’s t-test whether it was significantly varied from the
estimated values for isometric growth (Morey et al., 2003).

The Student’s ¢ test was used for comparison of the slopes.

SdlogL |b 3|
t= Vn 1
Sdiogw 1-12 ( )

where Sdioer; is the standard deviation of the log TL values,
Sdiogw is the standard deviation of the log W values, n is the
number of samples used in the calculation. The value of b is
different from b = 3 if computed ¢ value is greater than the

tabled t values for n-2 degrees of freedom (Pauly, 1984).

Sturgeon species N Total length (cm) Weight (g)
Min Max Mean Min Max Mean
A. gueldenstaedtii 41 48.9 75.2 60.02+1.04 904 3161 1691.1+86.6
A. stellatus 25 37.2 60.2 46.42+1.17 321 1105 596.7+39.3
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Figure 2. Accidental mortality (cetaceans) and accidental catch (sturgeons) captured by fishing gears

Results and Discussion

In the study, a total of 66 sturgeons and 49 cetaceans were
captured accidentally in 60 trawl net hauls and 40 turbot gillnet
fishing operations. Sturgeons were incidentally captured by the
turbot gillnets, midwater trawls and demersal trawls, 12
individuals (A. stellatus: 4 and A. gueldenstaedtii: 8), 10

individuals (A. stellatus: 4 and A. gueldenstaedtii: 6) and 44
individuals (A. stellatus: 17 and A. gueldenstaedtii: 27),
respectively.

All of the incidentally captured sturgeons were juvenile size.
Mean length and weight of caught sturgeons were determined
as 60.02+1.04 cm and 1691.1+86.6 g for A. gueldenstaedtii and
46.42+1.17 cm and 596.7+39.3 g for A. stellatus (Table 1).
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While, total length of the A. stellatus varied between 37.2
and 60.2 cm, it is ranged from 48.9 cm to 75.2 cm for A.
gueldenstaedtii. Length frequency distributions showed major
peaks at 60 cm for A. gueldenstaedtii and at 50 cm for A.

stellatus, respectively (Figure 3).
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Figure 3. Length-weight relationship and length frequency for
sturgeons

Descriptive statistics presented in Table 2 shows that there
was a significant relationship between length and weight for all
species (P < 0.05). The value of the parameter b varied between
2.5 and 2.9 for A. stellatus and A. gueldenstaedtii. Allometry
coefficient (b) calculated as 2.8808 for A. gueldenstaedtii and
2.5351 for A. stellatus. The growth for both sturgeon species

estimated as negative allometric (b < 3).

Table 2. LWR parameters for species of sturgeons

Parameters A. gueldenstaedtii  A. stellatus

N 41 25

a 0.0123 0.0345

b 2.8808 2.5351
Standard error of b 0.0390 0.0465

95% confidentof b 2.8019-2.9597 2.4386-2.6314

95% confident of a
R
P value

Growth

0.0089-0.0170
0.9964
<0.05

- Allometric

0.0238-0.0498
0.9961
<0.05

- Allometric

The variations in b values may be attributed to one or more
factors: the seasons and effects of different areas, differences in
salinity, temperature and pollution of aquatic environment, sex,
nutrient quality and bait availability, differences in the quantity
of fish analyzed, as well as in the observed size ranges of the
sampled species (Gongalves et al., 1997; Froese et al., 2012).

In the present study, b values for A. stellatus showed similar
results (negative allometric) with most of the other studies
conducted in the region. However, only two of eight studies
which reported isometric growth have significantly different b
values, in the Black Sea (Zengin et al., 2010) and Caspian Sea
(Mousavi & Ghafor, 2014). Nevertheless, all of other studies
have reported isometric growth for A. gueldenstaedtii, it is
calculated as negative allometric growth in this study (Table 3).

Incidentally captured cetaceans by the fishing gears in the
fishing operations were not alive when they are boarded.
Minimum, maximum and average fork length of accidentally
caught cetacean was established 77.3 cm, 152.7 cm, 126.75+3.36
cm for P. phocoena relicta and 156.4 cm, 169.1 cm, 163.74+1.42
cm for D. delphis ponticus.

Total number of P. phocoena relicta that were accidentally
caught by trawl nets and turbot gillnets 9 individuals and 31
individuals respectively. While 8 individuals of D. delphis
ponticus were incidentally caught by turbot gillnets, only 1
specimen was fished by trawl nets. Length frequency

distribution of cetaceans were given in Figure 4.

70+
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60 1 mDelphinus delphis (n=9)
50 4
40
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85 95 105 115 125 135 145 155 165 175
Fork Length (cm)

Figure 4. Distribution of length composition for cetaceans

Cetacean species mostly are caught incidentally by set nets
and especially turbot gillnets (400 mm mesh size) in the Black
Sea and which the most dangerous fishing gears are in
accidentally captured the cetacean (Radu et al., 2003). In the
study two of three T. truncatus cetacean species that are existed
in Black Sea (P. phocoena relicta and D. delphis ponticus) were
observed as incidental catch but bottlenose dolphins (T.

truncatus) were not encountered.
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Marine mammals’ bycatch in the turbot gillnet fisheries
have been noticed by several research conducted in the Black
Sea shores of Tiirkiye (Tonay & Oztiirk 2003; Tonay, 2016;
Ozdemir et al., 2017a; Bilgin et al., 2018a; Kratzer et al., 2021).
Ozdemir et al. (2017b) determined the mean length of P.
phocoena captured by turbot gillnets as 162.5+3.00 cm. Duyar
& Bilgin (2018) reported the mean length of D. delphis that are
incidental captured by turbot gillnets in the western Black Sea
coasts as 161+12.14 cm. Furthermore, mean total length of P.
phocoena and D. delphis were established 116.0 cm and 167.6
cm respectively in the eastern Black Sea coasts (Bilgin et al.,
2018Db).

Today, there is a critical conservation concern for sturgeons
once distributed widely areas and highly abundant in the
aquatic environments. Sturgeon species today exist as
fragmented stocks alive limited geographic regions and
including relatively few individuals. (Gross et al, 2002).
Accidental of sturgeons still have been captured by gillnets,
trawl nets and purse seiners in southern coast of Black Sea.
Sturgeon species have been listed as endangered living in the
Black Sea. Sturgeons were under special protection after 1996
in the Tirkiye fishery law and prohibited fishery. The legal

fisheries authorities have to take more strong and strict

precautions in order to prevent illegal fishing and marketing to
the sturgeons. It is necessary to be secured that the incidentally
captured sturgeons to be released to natural environments
again by the fishermen (Ustaoglu, 2006).

Captured marine organisms can usually survive easily, if
they are immediately released to the sea again. Exclusion
devices (selection grids) have also been used recently in
attempts to mitigate mega fauna bycatch in trawl nets (Figure
5).

An exclusion device within the extension of a trawl net
enables target species to pass through the grid or mesh barrier
and on into the codend but prevents the passage of larger
animals which are ejected out through an escape opening or
swim back out of the mouth of the net (Misund & Beltestad,
2000; Lyle & Willcox, 2008). Overall, modifications to gear
and/or fishing practices have produced equivocal results for
cetaceans, other fish species and marine organisms (Hamer &
Goldsworthy, 2006; Tilzey et al., 2006; Aydin & Tosunoglu,
2010). On the other hand, Ozdemir et al. (2014) suggested grid
systems used on trawl nets for prevent of jellyfish bycatch.
Moreover, one of alternative method might be using grid and
square mesh panel combination for escape of bycatch and

discard (especially juvenile fishes) from trawl nets.

Table 3. Previous studies on length-weight relationship of sturgeons in different regions

Species  Author Region Total Length a b R Growth
Min-Max
Tyurin (1927) Caspian Sea 98-138 0.0192 2.792 0.9889 - Allometry
Chugunov & Chugunova (1964)  Azov Sea 13-188 0.0340 2.584 0.9818 -Allometry
Ceapa et al. (2002) Danube River 82-133 0.0192 2.284 0.7790 -Allometry
Kynard et al. (2002) Danube River 90-135 0.0027 2.610 09695 -Allometry
Zengin et al. (2010) Black Sea 37-100 0.0031 3.008 0.8667 Isometry
Bakhshalizadeh et al. (2012) Caspian Sea 83-173 0.0006 2.396 0.7549 -Allometry
é Zengin et al. (2013) Black Sea 17-143 0.0014 2.090 0.9192 -Allometry
g Mousavi & Ghafor (2014) Caspian Sea 95-250 0.0104 2.780 0.9492 Isometry
© Present study (2023) Black Sea 37-60 0.0345  2.535 0.9961 - Allometry
Chugunov & Chugunova (1964)  Azov Sea 18-183 0.0085 2.994 0.9929 Isometry
= Ambroz (1964) Black Sea 91-210 0.0039 3.056 0.9989 Isometry
§ Zengin et al. (2010) Black Sea 40-200 0.0037 3.061 0.9773 Isometry
é’ Zengin et al. (2013) Black Sea 33-359 0.0054 2.946 0.9534 Isometry
:::_0 Mousavi & Ghafor (2014) Caspian Sea 35-225 0.0097 2.880 0.9497 Isometry
B Present study (2023) Black Sea 49-75 0.0123 2.880 0.9964 - Allometry
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Figure 5. An example for prevent of incidental sturgeon catch

in trawl nets (Grid system)

Devices with some sound frequency may be effective on
cetaceans for example pingers, can partially prevent the

approach of the cetaceans to the set nets. The use of these

devices can prevent accidental catch and mortality of cetaceans
(Gazo et al, 2008; Ozsandikci, 2016; Ozdemir et al., 2017b;
ACCOBAMS, 2021a; Bilgin et. al., 2022a). Génener & Ozdemir
(2011) were demonstrated that usage of the acoustic devices for
commercial gillnet fisheries, nets were less damaged by
cetaceans to bring a profit. In recent PAL (Pinger) trials
conducted in the Western Black Sea, it is stated that the devices
reduce the damage to gill nets by 30% by cetaceans. Therefore,
it is pointed out that both the labor and time losses of fishermen
in repairing their nets and the financial losses for making new
nets are reduced. According to the results of the study, it is
recommended that coastal fishermen use PAL devices in the
whiting and red mullet gillnets (Bilgin et al., 2022b). However,
the acoustic signals of pinger kinds also did not affect bycatch
(especially harbour porpoise) of turbot gillnets in the Eastern
Black Sea coasts (Bilgin & Kose, 2018). Cetacean
deterrent/repellent PAL pinger devices used on gillnets were

shown in Figure 6.

Figure 6. Acoustic device (PAL - Pinger) for prevent of cetacean bycatch in the gillnets
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Figure 7. A new technic: acoustic acrylic spheres for reduction of the cetacean bycatch in the gillnets

In recent years, in addition to PAL pinger devices used to
reduce cetacean bycatch, acoustic acrylic spheres (Figure 7)
have been tested in fishing gear in the Baltic and North Seas
(Kratzer et al., 2020, 2022) It is stated that the results of the most
recent study on marine mammal reduction with acoustic
acrylic spheres were used for the turbot gillnets as new method

in the Black Sea are promising (Kratzer et al., 2021).

Conclusion

Consequently, it is encouraging to observe the endangered
sturgeon species in the Black Sea coast of Tiirkiye. Also, it is
necessary for permanence of natural reproduction of fish life of
the field creation, conservation, cultivation of the conscious
efforts to support by the fishers.

In recent years, it is frequently mentioned by fishers that
dolphin populations are getting increase in excessive amounts
in the Black Sea causes feeding pressure on small pelagic fish
stocks and damages to fishing gears. Therefore, scientific
studies regarding the current state of cetacean stocks and the
relationship with fishing activities were started widely in the
Black Sea (Gonener and Ozdemir, 2011; ACCOBAMS, 2021b;
Bilgin et al., 2022b). Finally, training should be provided to
fishers to raise consciousness and awareness on accidental

catch, bycatch and discard.
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