R
- \. . - "
- 4
> n g
§ .
-

gL

- P
2, > - -~ > ;‘Aﬂ ' ‘ .'b!J‘;l.
’ s : = |
o ®
\\ g
,
" 4 _ Y >
o ’ ¥
R “aleev .
S, s — — e -
. !‘ . ~ - .
- & @ e e ..
o® |
l -
p -
’
4

el P e
“rhttp?//aquatres:scientificwebjournalsfcom
B ey S e T e :




AQUATIC

RESEARCH ©

Chief Editor:
Prof.Dr. Nuray ERKAN, Istanbul-Tiirkiye

nurerkan@istanbul.edu.tr
ORCID: 0000-0002-0752-8495
Institution: Istanbul University, Faculty of Aquatic Sciences

Co-Editor in Chief:
Prof.Dr. Ozkan OZDEN, Istanbul-Turkey

ozden@istanbul.edu.tr
ORCID: 0000-0001-8780-480X
Institution: Istanbul University, Faculty of Aquatic Sciences

Cover Photo:

Seyithan ER, Istanbul-Turkey
seyithaner.se@gmail.com

Editorial Board:
Prof.Dr. Miguel Vazquez ARCHDALE, Kagoshima-Japan

miguel @fish.kagoshima-u.ac.jp

ORCID: 0000-0003-2640-6992

Institution: Kagoshima University, Faculty of Fisheries, Fisheries
Resource Sciences Department

Prof.Dr. Mazlan Abd. GHAFFAR, Terrengganu-Malaysia
mag@umt.edu.my

Subjects: Fisheries

Institution: University of Malaysia Terengganu, Institute of
Oceanography and Environmental

Prof.Dr. Adrian GROZEA, Timisoara-Romania
grozea@animalsci-tm.ro

ORCID: 0000-0002-7978-5247

Institution: Banat's University of Agricultural Sciences and
Veterinary Medicine, Faculty of Animal Science and Biotechnologies

Publisher Nuray Erkan Ozden
Copyright © 2023 ScientificWebJournals Web Portal
Adress: Abdi Bey Sok. KentPlus Kadikdy Sitesi B Blok No: 24B D. 435 Kadikdy/istanbul, Turkiye

AQUATIC RESEARCH
E-ISSN 2618-6365

Prof.Dr. Saleem MUSTAFA, sabah-Malaysia
saleem@ums.edu.my

Subjects: Fisheries, Environmental Sciences, and Engineering
Institution: University of Malaysia Sabah

Prof.Dr. Tamuka NHIWATIWA, Harare-Zimbabwe
drtnhiwatiwa@gmail.com

Subjects: Fisheries

Institution: University of Zimbabwe, Department of Biological Sciences

Prof.Dr. Murat YiGIT, canakkale-Tiirkiye
muratyigit@comu.edu.tr

ORCID: 0000-0001-8086-9125

Institution: Canakkale Onsekiz Mart University, Faculty of Marine
Science and Technology

Prof.Dr. Béla URBANY!I, Hungary-Gédollé
Urbanyi.Bela@uni-mate.hu

ORCID: 0000-0001-9496-0990

Institution: Hungarian University of Agriculture and Life Sciences,
Institute of Aquaculture and Environmental Safety

Assoc.Prof.Dr. Athanasios EXADACTYLOS, Nea lonia
Magnesia-Greece

exadact@uth.gr

Subjects: Fisheries

Institution: University of Thessaly (UTh), Department of Ichthyology
and Aquatic Environment (DIAE)

Assoc.Prof. Matthew TAN, Australia
matthew.tan@jcu.edu.au

ORCID: 0000-0003-3606-3356

Institution: James Cook University, Centre for Sustainable Tropical
Fisheries and Aquaculture (CSTFA) - College of Science & Engineering

Assoc.Prof.Dr. E. Gozde BAYRAM, Istanbul-Tiirkiye
gozde.ozbayram@istanbul.edu.tr

ORCID: 0000-0002-5416-0611

Institution: Istanbul University, Faculty of Aquatic Sciences

E-mail: swj@scientificwebjournals.com
for submission instructions, subscription, and all other information visits

http://aquatres.scientificwebjournals.com



http://jfhs.scientificwebjournals.com/%40nurayerkan
mailto:nurerkan@istanbul.edu.tr
https://orcid.org/0000-0002-0752-8495
http://aquatres.scientificwebjournals.com/@oozden
mailto:ozden@istanbul.edu.tr
https://orcid.org/0000-0001-8780-480X
http://aquatres.scientificwebjournals.com/@oozden
mailto:seyithaner.se@gmail.com
http://aquatres.scientificwebjournals.com/@migueljp
mailto:miguel@fish.kagoshima-u.ac.jp
https://orcid.org/0000-0003-2640-6992
http://aquatres.scientificwebjournals.com/@mazlan
mailto:mag@umt.edu.my
http://aquatres.scientificwebjournals.com/@Agrozea
mailto:grozea@animalsci-tm.ro
https://orcid.org/0000-0002-7978-5247
http://aquatres.scientificwebjournals.com/@saleem
mailto:saleem@ums.edu.my
http://aquatres.scientificwebjournals.com/@drtnhiwatiwa
mailto:drtnhiwatiwa@gmail.com
http://aquatres.scientificwebjournals.com/@muratyigit
mailto:muratyigit@comu.edu.tr
https://orcid.org/0000-0001-8086-9125
mailto:Urbanyi.Bela@uni-mate.hu
https://orcid.org/0000-0001-9496-0990
http://aquatres.scientificwebjournals.com/@exadact
mailto:exadact@uth.gr
http://aquatres.scientificwebjournals.com/@matthew.tan
mailto:matthew.tan@jcu.edu.au
https://orcid.org/0000-0003-3606-3356
http://aquatres.scientificwebjournals.com/@enoki
mailto:gozde.ozbayram@istanbul.edu.tr
https://orcid.org/0000-0002-5416-0611
mailto:swj@scientificwebjournals.com
http://aquatres.scientificwebjournals.com/

P ]

»

7\

AQUATIC

RESEARCH “

Aims and Scope

AQUATIC RESEARCH

Abbreviation: Aquat Res

e-ISSN: 2618-6365

Journal published in one volume of four issues per year by

http://aquatres.scientificwebjournals.com web page

“Aquatic Research” journal aims to contribute to the literature

by publishing manuscripts at the highest scientific level in all
marine and aquatic sciences fields. The journal publishes origi-
nal research and reviews articles prepared by ethical guidelines.
The publication language of the journal is English or Turkish,
and continued publication since 2018.

Aquatic Biology, Aquatic Ecology, Aquatic Environment and
Pollutants, Aquaculture, Conservation and Management of
Aquatic Source, Economics and Management of Fisheries, Fish
Diseases and Health, Fisheries Resources and Management, Ge-
netics of Aquatic Organisms, Limnology, Maritime Sciences,
Marine Accidents, Marine Navigation, and Safety, Marine and
Coastal Ecology, Oceanography, Seafood Processing, and Qual-
ity Control, Seafood Safety Systems, Sustainability in Marine
and Freshwater Systems The target audience of the journal in-
cludes specialists and professionals working and interested in all
disciplines of marine and aquatic sciences.

Manuscripts submitted to the “Aquatic Research” journal will
go through a double-blind peer-review process. Each submission
will be reviewed by at least two external, independent peer re-
viewers who are experts in their fields to ensure an unbiased
evaluation process. The editorial board will invite an external
and independent editor to manage the evaluation processes of
manuscripts submitted by editors or by the editorial board mem-
bers of the journal. Our journal will be published quarterly in
English or Turkish language.

The journal’s target audience includes specialists and pro-
fessionals working and interested in all disciplines of ma-
rine and aquatic Sciences.

AQUATIC RESEARCH
E-ISSN 2618-6365

The editorial and publication processes of the journal are
shaped by the guidelines of the International Committee of
Medical Journal Editors (ICMIJE), World Association of Medi-
cal Editors (WAME), Council of Science Editors (CSE), Com-
mittee on Publication Ethics (COPE), European Association of
Science Editors (EASE), and National Information Standards
Organization (NISO). The journal conforms to the principles of

Transparency and Best Practice in Scholarly Publishing
(doaj.org/bestpractice).

“Aquatic Research” journal is indexed in TR Dizin, Clarivate
Zoological Record, FAO/AGRIS, SciLit, and Bielefeld Aca-
demic Search Engine (BASE).

Processing and publication are free of charge with the journal.
No fees are requested from the authors at any point throughout
the evaluation and publication process. All manuscripts must be
submitted via the online submission system, which is available
at

http://dergipark.gov.tr/journal/2277/submission/start

The journal guidelines, technical information, and the required
forms are available on the journal’s web page.

Statements or opinions expressed in the manuscripts published
in the journal reflect the views of the author(s) and not the opin-
ions of the publisher, ScientificWebJournals Web Portal, edi-
tors, editorial board, and/or publisher; the editors, editorial
board, and publisher disclaim any responsibility or liability for
such materials.

All published content is available online, free of charge, at
http://aquatres.scientificwebjournals.com.

Editor in Chief:

‘}\A. TN Y. Prof. Dr. Nuray ERKAN
= Address: Istanbul University, Fa-
> FREE bul |
. forreadnge  CUlty of Aquatic Sciences, Depart-
Diamond Puleie®  ment of Food Safety, Kalenderhane
Open () Access

Mabh. 16 Mart Sehitleri Cad. No: 2,
34134 Fatih/Istanbul, Tiirkiye

E-mail: nurerkan@istanbul.edu.tr



http://aquatres.scientificwebjournals.com/
http://aquatres.scientificwebjournals.com/
mailto:nurerkan@istanbul.edu.tr

AQUATIC RESEARCH

AQU ATIC “*;1 : .' E-ISSN 2618-6365

RESEARCH “

Vol. 6 Issue 2 Page 83-165 (2023)

Content

RESEARCH ARTICLES

1. An investigation of the maritime accident in the Aegean Sea Turkish search and rescue region 83-96
Turugsan OLGAC Ozan BAYAZIT

2. Demographic characteristics and exploitation rate of Dormitator lebretonis (Pisces: Eleotridae: Steindachner,
1870) from four coastal lagoons of Southern Benin, West Africa 97-108
Pejanos SONON Rachad SIDI IMOROU Nambil ADJIBADE Hamidou ARAME Alphonse ADITE

3. Efficacy of natural and consumer-friend applications to control Aeromonas hydrophila growth in Bluefish
109-116
Didem UCOK ALAKAVUK Sehnaz Yasemin TOSUN Safak ULUSOY Deyan STRATEV

4. Investigating the quality changes and shelf life of vacuum shrink-packaged raw and steam-cooked blue crabs
under cold storage 117-124
Yunus ALPARSLAN Cansu METIN Servet EMIROGLU Tag¢nur BAYGAR

5. Comparison of the efficacy of two phenotypic identification kits and classic PCR methods to identify Aer-
omonas hydrophila isolated from fish farms 125-132
Serafettin BALCI Zeynep Zehra IPEK Akif ER Sevki KAYIS

6. Tiirkiye’nin kuzeyinde ova ve kentsel alanlardan gecen bir akarsuyun mikrobiyal kirlilik gostergelerindeki
mekansal-zamansal degisimlerin degerlendirilmesi 133-144

Beyhan TAS Halim TOPALDEMIR Fikret USTAOGLU Zeynep KOLOREN

7. Effects of environmental deterioration on Northeast Anatolia Trout (Salmo spp.) Populations 145-158

Mustafa ZENGIN Eyiip CAKMAK Osman Tolga OZEL

SHORT COMMUNICATION

8. Firstrecord of the benthopelagic fish John dory Zeus faber (Linnaeus, 1758) in the Black Sea coasts of Tiirkiye
159-165

Mehmet AYDIN Ugur KARADURMUS




Aquat Res 6(2), 83-96 (2023) e https://doi.org/10.3153/AR23009

AQUATIC RESEARCH
E-ISSN 2618-6365

Research Article

An investigation of the maritime accident in the Aegean Sea
Turkish search and rescue region

Turugsan OLGAC, Ozan BAYAZIT

Cite this article as:

Olgag, T., Bayazit, O. (2023). An investigation of the maritime accident in the Aegean Sea Turkish search and rescue region.
Aquatic Research, 6(2), 83-96. https://doi.org/10.3153/AR23009

Recep Tayyip Erdogan University, Turgut

Kiran Maritime Faculty, Maritime
Transportation and Management
Engineering Department, Rize, Tiirkiye

ORCID IDs of the author(s):
T.O. 0000-0001-7499-6582
0.B. 0000-0003-4106-138X

Submitted: 14.10.2022

Revision requested: 19.11.2022
Last revision received: 10.01.2023
Accepted: 14.01.2023

Published online: 09.02.2023

Correspondence:
Ozan BAYAZIT
E-mail: ozan.bayazit@erdogan.edu.tr

(©MOM

© 2023 The Author(s)

Available online at
http://aquatres.scientificwebjournals.com

ABSTRACT

The Aegean Sea is risky for marine accidents due to its geography and dense vessel traffic. Re-
vealing the patterns of marine accidents in the region is essential for preventing such accidents in
the future. With this motivation, this study analyzes the data on maritime accidents in the Aegean
Sea Turkish Search and Rescue Region. For this purpose, the descriptive analysis of the 576 marine
accidents in the region between 2001 and 2020 was accomplished. Moreover, by applying hypoth-
esis tests, the relationships between the factors that affect the occurrence of marine accidents were
investigated. As a result, the most common contributing factors to the event of accidents were
revealed. The relationships between the variables of the data set were determined. Accordingly,
the type of ship with the most accident are yacht/recreational boat. Hull/machinery failure is the
most common type of accident, and summer is the most frequent season for maritime accidents. It
was revealed that there are significant relationships between the variables such as the type of acci-
dent, the sub-region where the accident occurred, the time of the accident, and the ship type. Fi-
nally, deficiencies were evaluated, and suggestions were made for more effective investigation and
prevention of accidents.

Keywords: Aegean sea, Maritime casualty, Accident analysis, Search and rescue
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Introduction

Geographically, the Aegean Sea is a semi-closed sea located
between 41°-35° north latitudes and 23°-27°/28° east longi-
tudes (Baseren, 2006). Its average depth is approximately 350
meters. Its length in the north-south line is 660 km. The
length of the east-west line is 270 km in the north, 150 km in
the middle, and 400 km in the south. Together with the Turk-
ish Straits, the Aegean Sea forms a vital waterway connecting
the Black Sea and the Mediterranean.

Maritime trading, tourism, and fishing take place in the Ae-
gean Sea intensely. Aegean Sea shipping is 75% of all marine
trade to Turkish ports. Furthermore, ships sailing in this area
supply 75% of Tiirkiye's oil demands (Kurumahmut, 1998).
Regarding marine tourism, approximately 5.4 million tourists
visited Mugla and izmir cities on the coasts of the Aegean
Sea in 2019 (TUIK, 2020). In addition, the Aegean's coasts
and islands are the regions where cruise ships frequently visit
and where marine activities are intense (Akay, 2020; DTO,
2019). Geographically, there are narrow passages and straits
created by more than 1800 islands. Therefore, maritime acci-
dents frequently occur in the area and pose severe risks to life,
economic and environmental issues. Analyzing marine acci-
dents and taking measures to prevent them will contribute to
mitigating or eliminating these risks.

Directorate General of Coastal Safety of Tiirkiye provides
vessel traffic services in the Aegean Sea to control maritime
traffic effectively and reduce maritime accidents. izmir Ves-
sel Traffic Center and Turkish Straits Vessel Traffic Center,
affiliated with the Directorate General of Coastal Safety,
serve in the Aegean Sea Turkish Search and Rescue Region.
While the marine area between Babakale and Cesme and the
Izmir Bay is under the responsibility of izmir vessel traffic
services, the marine area being used to approach the Canak-
kale Strait is under the obligation of the Turkish Straits Vessel
Traffic Services (KGM, 2020).

This study performed a statistical analysis of maritime acci-
dents that occurred over 19 years in the Turkish search and
rescue region of the Aegean Sea. In addition, hypothesis tests
were performed in the SPSS statistics among the variables
that make up the data set. The study aims to present the pat-
tern of marine accidents in the relevant region and to present
a way out of measures that can be taken to reduce such acci-
dents in the future. The findings obtained are thought to be
useful for safe management for maritime stakeholders. In the

Research Article

ongoing sections, the geographical field of the study, data
collection process, methods, application of the method, find-
ings, discussion, and conclusion sections are included, re-
spectively.

Literature Review

A survey of the literature reveals that the majority of research
that analyzes marine accidents included statistical analysis,
causation investigation, and the determination of hazard or
risk maps. Ece (2011), in the paper on marine casualties in
the Istanbul Strait, studied statistical analysis of the time of
the accidents, accident types, and the types of ships involved
(Ece, 2011). Biiber and T6z (2017) conducted an accident
risk analysis using Geographical Information Systems (GIS)
for maritime casualties in the Turkish Port Regions of the Ae-
gean Sea (Biiber and To6z, 2017). Kuleyin and Aytekin (2015)
statistically analyzed the marine casualties in Canakkale
Strait between 2004-2014 and suggested preventing future
accidents (Kuleyin and Aytekin, 2015). In his master’s thesis,
Kizkapan (2010) performed statistical analysis related to ac-
cidents of vessels engaged on international voyages at the
coasts of Tiirkiye between 2004 and 2008 (Kizkapan, 2010).
Park and Ahn (2007) analyzed the variance of accident infor-
mation such as accident time, vessel speed and distance with
the SPPS program for a period of 10 years (Park and Ahn,
2007). Aalberg et al. carried out a bivariate t-test and chi-
square analysis of marine casualties in Norwegian waters in
the light of data on ship information, ship behaviour, accident
type, and external factors (Aalberg et. al., 2016). Kili¢ and
Sanal (2015) conducted a statistical analysis of the grounding
accidents that took place between the borders of the Canak-
kale Strait between 2000 and 2011 and analyzed the causes
of these accidents using the fault tree analysis method (Kili¢
and Sanal, 2015). Raiyan et al. (2017), in their study, exam-
ined the marine casualties that occurred in Bangladesh waters
between 1974 and 2014 and obtained findings of the causes
of accidents with the event tree analysis (Raiyan et. al., 2017).
Mullai and Paulsson (2011) aimed to design a conceptual
model for the analysis of marine casualties with their study
using metric and non-metric variables with the marine casu-
alty data they obtained from the Swedish Maritime Admin-
istration (Mullai and Paulsson, 2011). Dobbins and Abkowitz
(2010) have explored how advanced information technolo-
gies can be used to assess US sea routes’ hazard risk using
GIS (Dobbins and Abkowitz, 2010). Shahrzad et al. (2014),
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with their study on marine casualties, proposed an accident
simulation model to evaluate the accident risk in maritime
transportation using Markov Modeling and Markov Chain
Monte Carlo Simulation (Shahrzad et. al., 2014). Kujala et
al., with their study, examined the marine casualty statistics
of the last 10 years to analyze the safety of the maritime traf-
fic in the Gulf of Finland and then evaluated the collision risk
of the ships with the theoretical model they developed
(Kujala et. al., 2009). Olga¢ and T6z (2020) examined coop-
eration activities and disputes with coastal states regarding
the search and rescue activities of marine casualties in Turk-
ish seas (Olgag¢ and T6z, 2020). Maya et al. proposed a marine
casualty learning approach with fuzzy cognitive maps com-
bined with bayesian networks to make risk assessments by
determining significance coefficients for each factor that
causes marine accidents and to develop and implement risk
control options more effectively (Maya et. al., 2020). Yilmaz
and Ilhan made a retrospective examination of the marine
casualty/incidents that resulted in death, injury, or loss in-
volving Turkish-flagged ships in the Turkish Search and Res-
cue Region (Yilmaz and ilhan, 2018). Seo and Bae analyzed
the cause of the accident and the accident statistics by exam-
ining the court reports of the marine casualties that occurred
over a period of ten years (Seo and Bae, 2002). Nas analyzed
the grounding accidents at Yenikale Pass in Izmir Bay and
made a risk assessment (Nas, 2011). Arslan et al. investigated
the causes of accidents on board that occur during cargo op-
erations at tanker terminals using a fault tree analysis ap-
proach and tested the results in a Monte Carlo simulation
(Arslan et. al., 2018). Karabacak and Koseoglu examined the
maritime accidents that took place between 2007 and 2017 in
Turkish Territorial Waters and aimed to analyze the maritime
casualties by data mining method in their paper (Karabacak
and Koseoglu, 2021). In the study he prepared, Olga¢ made a
literature review of the maritime accident analysis methods
used in the analysis of maritime accidents and introduced
these analysis methods and gave general information about
their use (Olgag, 2021). Demirci and Giilmez aimed to deter-
mine the types of marine accidents caused by human errors
on Ro-Ro cargo ships and analyzed the usefulness of the Hu-
man Factors Analysis and Classification System method in
the classification of these accidents (Demirci and Giilmez,
2021).

Material and Methods

Following the selection of the study's topic, a thorough liter-
ature review was conducted to look at earlier studies on mar-
itime accidents. Then, the data were officially provided by the
main search and rescue coordination centre (MSRCC). Find-
ings were obtained through descriptive analyzes and hypoth-
esis tests on the data. The findings of the study were com-
pared with the findings of similar studies in the discussion
section. Finally, in the conclusion section, suggestions were
made for a more effective evaluation of marine accidents. The
diagram showing the process of the study is as follows.

Study Area

The Search and Rescue Region of Tiirkiye in the Aegean Sea
geographically limits the scope of this study. The borders of
the Search and Rescue Region of Tiirkiye in the Aegean Sea
are determined by Tirkiye through The Search and Rescue
Regulation of Marine and Air Vehicle Accidents published
on October 17, 2020. The Search and Rescue Region of Tii-
rkiye in the Aegean Sea is given below in figure 1.

This study divided Tiirkiye's Aegean Sea Search and Rescue
Region into six subregions based on the geographical struc-
ture of the coastline. Each subregion was given codes from 1
to 6. The accidents are also divided and distributed according
to these six subregions. These six subregions and their codes
are shown in figure 2. The subregions are 1-North Agean, 2-
Edremit, 3-1zmir, 4-Kusadasi, 5-Bodrum, and 6-Marmaris.

Data Collection

In the scope of the study, the data set, which includes varia-
bles such as date, season, accident type, vessel type, subre-
gion, loss of life, and injury, were obtained from the Main
Search and Rescue Coordination Center's (MSRCC) under
the Ministry of Transport and Infrastructure of the Republic
of Tiirkiye. The centre gave the data set based on the authors'
official letter. The data set includes marine accidents in the
Aegean Sea Turkish Search and Rescue Region between
2001-2020 (until the 5th of March).

&5
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Figure 1. The search and rescue region of Tiirkiye in the Aegean Sea
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Figure 2. Subregions of the Aegean Sea Turkish search and rescue region

Statistical Analysis Method

Statistical data analysis of the marine accidents that occurred
in the Aegean Sea Turkish Search and Rescue Region be-
tween 2001-2020 (till 05th March 2020) was performed using
SPSS Statistics v.23. Frequency analysis, chi-square tests and
Kruskal Wallis tests of the variables that make up the data set
were performed. Frequency analysis is a type of content anal-
ysis that makes it easy to understand the density and im-
portance of a particular item (Sezginsoy, 2007). The chi-
square test was used to investigate significant relationships
between variables that made up the data set. A Chi-square test
is applied to test the relationship between two nominal varia-
bles. The null hypothesis (HO) states that the two nominal
variables are independent of each other or, in other words, the
absence of a significant relationship between the two nominal
variables. The alternative hypothesis (HA or H1) states a sig-
nificant relationship between the two nominal variables, so

these variables are dependent (Giingér and Bulut, 2008).
Kruskal Wallis tests were applied to investigate the existence
of the relationship between categorical variables and numeric
variables. The Kruskal-Wallis test is a nonparametric hypoth-
esis test that explores the relationship between the numerical
variable and the categorical variable consisting of more than
two groups. The Kruskal-Wallis test is a one-way variance
analysis between independent variables of populations
(McKight and Najab, 2010).

Frequency Analysis

A total of 576 marine accidents occurred in the Aegean Sea
Turkish Search and Rescue Region between 2001 and 2020
were examined. The frequency of these cases based on date
(years), seasons, accident types, vessel types, subregions, loss
of life, and injury is given below.
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Figure 3. Distribution of accident/incident types by years

As is seen in figure 3, the frequency of accidents are as fol-
lows respectively: hull/equipment failure with the number
124, sinking with the number 104, grounding with the num-
ber 94, fire with the number 65, allision/collision with the
number 61, medical evacuation with the number of 42, irreg-
ular migration with the number 24, man overboard with the
number 21, other with the number 21 and capsizing with the
number 20. When the distribution of marine accidents/inci-
dents in the Aegean Sea by years is examined, it is seen that
the highest number of accidents occurred in 2019 with several
103. The year in which the least accidents occurred is 2016
with several 7. Most of the accidents in 2019 took place in the
third subregion, on yacht/recreational type ships, and during
the summer season.

Spring and summer were the seasons with the least and high-
est accidents, respectively, according to an analysis of the dis-
tribution of accidents by seasons shown in figure 4. It is also
observed that the most common type of accident during the
summer period is hull/equipment failure, followed by sinking
and fire, respectively. It was determined that the most acci-
dents in the summer season occurred in subregion 3 and
yacht/recreational vessel type.

When the types of vessels involved in accidents are examined
as in figure 5, it is understood that the yacht/recreational boat
comes to the fore with the number 274. The most common
yacht/recreational boat accident/incident types are
hull/equipment failure (77), sinking (64) and fire (42) respec-
tively. Also, It can be seen in the figure that ro-ro vessels have
the least accident number during the period under review.
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Figure 6. Distribution of accident/incident types by subregions

The subregions where the accidents occurred are examined in
figure 6; it is seen that the most accidents occurred in the
[zmir subregion (3) with the number of 243, followed by tour-
ism subregions Marmaris (6) with the number of 126, and
Bodrum (5) with the number of 119. Grounding is the most
common accident type that occurred in the Izmir subregion.

During the period under consideration, 224 people died in 42
accidents/incidents and 114 people were injured in 22 acci-
dents/incidents. Considering the accidents that resulted in the
loss of life, it was understood that the groups with the highest
number of loss of life cases were the year 2012 with 69 peo-
ple, the summer season with 105 people, the 4th subregion
with 80 people, the irregular migration activity with 145 peo-
ple, and irregular migrants boats with 145 people. Consider-
ing the accidents/incidents that resulted in injuries, it was un-
derstood that the groups with the highest number of injury
cases were the year 2013 with 34 people, the summer season
with 65 people, the type of fire accident with 22 people,
yacht/recreational type vessels with 59 people and the 3rd
subregion with 54 people.

56
9
50
40
34
20 28
) 22
20 18 19
13 13
9 9 10 99 9

10 6 s iR’ 67 7655

3, 44 3. 3 3 483

1 1°12_2 2 1I12 1 I I 2 142

0 = -Aullle w L n i

1 2 3 4 5 6

B Man Overboard

Research Article

32 34

28 26

13222 4 2
dmm .=

Bilinmiyor
B Grounding

W Medical Evacuation

Binary Hypothesis Tests

Chi-square tests were applied to test the relationships be-
tween the 5 categorical variables of the data set, namely date,
season, accident type, vessel type, and subregion variables.
Since our categorical variables in the data set consist of more
than two subgroups, in chi-square tests, a conclusion was
reached according to the significance value (p) of the Fischer-
Freeman-Helton exact test. To reach the p-value of the
Ficher-Freeman-Helton exact test, calculations based on
Monte Carlo simulation were performed at a 99% confidence
interval and 10,000 sample scales. It is known that the exact
test p-value obtained by Monte Carlo simulation (with 10,000
samples and 99% confidence interval) is the same up to the
three decimal places with the exact test p-value obtained with
the exact option in the SPSS (Mehta and Patel, 2011). In this
concept, within the framework of chi-square tests, the hy-
pothesis and Fisher-Freeman-Halton p significance values
were formed as follows:
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Figure 7. Distribution of loss of life by years

Hy: No significant relationship between date and season.
1. Date x Season: { Ha: Hy is false.
p value = 0,000? < 0,05; so0 Hy, is supported.
Hy: No significant relationship betweeen date and Acc. Inc. type.
2. Date x Accident Type: { Ha: Hy is false.
p value = 0,000” < 0,05; so H, is supported.
Hy: No significant relationship betweeen date and vessel type.
3. Date x Vessel Type: { Ha: Hy is false.
p value = 0,000? < 0,05;so H, is supported.
Hy: No significant relationship betweeen date and subregion.
4. Date x Subregion: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy: No significant relationship betweeen season and Acc. Inc. type.
5. Season x Accident Type: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy: No significant relationship betweeen season and vessel type.
6. Season x Vessel Type: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy: No significant relationship betweeen season and subregion.
7. Season x Subregion: { Hy: Hy is false.
p value = 0,000 < 0,05; so H, is supported.
Hy: No significant relationship betweeen Acc. Inc.type and vessel type.
8. Accident Type x Vessel Type: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
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Hy: No significant relationship betweeen Acc. Inc. type and subregion.
9. Accident Type x Subregion: { Ha: Hy is false.
p value = 0,000? < 0,05; so H, is supported.
Hy:No significant relationship betweeen vessel type and subregion.

10.  Vessel Type x Subregion: { Ha: Hy is false.

p value = 0,000? < 0,05; so H, is supported.

As a result of the chi-square tests carried out within this
framework, it has been determined that there are significant
relationships between date and season, accident type, vessel
type, and subregion; between season and accident type, ves-
sel type and subregion; between accident type and vessel type
and subregion; between vessel type and subregion.

that these variables don’t conform to the normal distribution
and their variances were not homogeneous. Therefore, to ex-
amine the relationship between categorical variables and
these two numerical variables, nonparametric Kruskal Wallis
tests were applied instead of the parametric one-way
ANOVA test. Hypotheses and P asymptotic values obtained

] ) ) as a result of Kruskal Wallis tests are as follows:
According to the normality and homogeneity test results ap-

plied to the variables loss of life, and injury, it was understood

Hy: The medians of the groups of the date are equal.
Hy: Hy is false.
p value = 0,271 > 0,05;s0 H, is supported.
Hy: The medians of the groups of the season are equal.
2. Season x Loss of Life: {HA: Hy is false.
p value = 0,642 > 0,05; so Hy is supported.

Hy: The medians of the groups of the accident type are equal.
Hy: Hyis false.
p value = 0,000 < 0,05; so H, is supported.
Hy: The medians of the groups of the vessel type are equal.
Hy: Hy is false.
p value = 0,000 < 0,05; so Hy is supported.
Hy: The medians of the groups of the subregion are equal.
Hy: Hy is false.
p value = 0,553 > 0,05;s0 H, is supported.
Hy: The medians of the groups of the date are equal.
Hy: Hy is false.
p value = 0,000 < 0,05; so H, is supported.

Hy: The medians of the groups of the season are equal.
7. Season x Injury: {HA: H, is false.

p value = 0,043 < 0,05;s0 Hy is supported.
Hy: The medians of the groups of the accident type are equal.
Hy: Hy is false.
p value = 0,000 < 0,05; so Hy is supported.
Hy: The medians of the groups of the vessel type are equal.
Hy: Hy is false.
p value = 0,377 > 0,05;s0 H, is supported.
Hy: The medians of the groups of the subregion are equal.
Hy: Hy is false.
p value = 0,606 > 0,05;s0 H, is supported.

1. Date x Loss of Life:

3. Accident Type x Loss of Life:

4. Vessel Type x Loss of Life:

5. Subregion x Loss of Life:

6. Date x Injury:

8. Accident Type x Injury:

9. Vessel Type x Injury:

10. Subregion x Injury:
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According to the results of the Kruskal Wallis tests, it was
determined that the medians of the groups in the accident type
and vessel type have a significant difference in terms of the
number of losses of life. it was also determined that the me-
dians of the groups of the date, season, and subregion do have
not a significant difference in terms of the number of losses
of life.

In the Kruskal Wallis tests performed for the injury, it was
observed that the medians of the groups in the date, season,
and accident type have a significant difference in terms of the
number of injuries. No significant difference was found be-
tween the medians of the groups of subregion and vessel type
in terms of the injury.

Results and Discussion

According to the findings obtained within the scope of the
study, the region with the highest number of accidents in the
Aegean Sea is the Izmir subregion, which includes the izmir
Bay, Candarli Bay, and izmir offshore. When the locations of
marine accidents in this region are examined, it is seen that
grounding accidents occur frequently in the Yenikale Pas-
sage. Biiber and Toz (2017) stated that there were many
grounding accidents in the Yenikale Passage in Izmir Bay and
that this area poses a high risk for ships with large draughts
(Biiber and To6z, 2017). Nas (2011) reported similar results
that the frequent occurrence of grounding accidents at the Ye-
nikale Passage. In the same study, Nas stated that the riskiest
action for the Yenikale Passage is collusion during the ma-
noeuvre to avoid grounding, and collusion at this location
may stop the marine transport to izmir Port for a long time
(Nas, 2011). Within the Aegean Sea Turkish Search and Res-
cue Region, it has been observed that summer is the season
with the highest number of accidents and the type of ship in-
volved in the most accidents is a yacht/recreational boat.
Yilmaz and ilhan (2018), in their study analyzing the marine
accidents in the Turkish Search and Rescue Region, in addi-
tion to reporting the same results, also stated that more than
half of those injured in these accidents were amateur fisher-
men/amateur sailors (34.6%) and professional seafarers
(29.6%) (Yilmaz and ilhan, 2018).

Karabacak and Kd&seoglu examined 738 maritime accidents
that took place in Turkish territorial waters between 2007-
2017 and they reached some statistical findings about these
accidents (Karabacak and Kd&seoglu, 2021). Karabacak and
Koseoglu found that the most common type of accident was

conflict accidents, and the most common type of ship in-
volved in the accident was a dry cargo ship. In the study they
prepared, they stated that the majority of the accidents oc-
curred in the Turkish Straits and the Marmara Sea, where
maritime traffic is the most intense. In this study, it was found
that yacht/recreational boats were the most involved in the
accident in the Aegean Sea Turkish Search and Rescue Re-
gion, and the accidents resulting in hull/equipment failures
were the most common accidents. Due to the geographical
structure of the Aegean Sea and the fact that this region is a
denser sea area than the Marmara Sea in terms of tourism ac-
tivities, it is considered that the findings related to the acci-
dents in this sea are different from the study by Karabacak
and Kdoseoglu.

Aalberg et.al. (2016) analyzed the marine casualties in Nor-
wegian seas by performing t-test and chi-square tests within
the framework of data such as ship type, ship's age, ship's
flag, route, speed, operation time, accident type, and external
factors (traffic density, day or night, etc.) (Aalberg, 2016). It
has been understood that studies conducted with data sets
containing such detailed information give more healthy and
understandable results. Generally, such detailed information
is not taking place in the data sets used in the statistical anal-
ysis of marine casualties. In this respect, it is important to rec-
ord data completely after accidents in order to make a more
accurate analysis of marine casualties. Also, in order to ben-
efit from previous academic studies on marine casualties, it is
crucial to standardize the classification of data such as acci-
dent type and ship type, etc. Classification of maritime acci-
dents as specified in the code and directive IMO, 2009/18 /
EC published by IMO in 2009 will be useful in achieving this
goal (IMO, 2019).

Conclusion

In this study, the marine accidents/incidents that occurred in
the years between 2001-2020 in the Aegean Sea Turkish
Search and Rescue Area are examined. As a result of the anal-
ysis, it was found that the yachts/recreational boats were the
most frequent ship type that accidents occurred, and
hull/equipment failure was the most common accident type,
in the mentioned region and period. Besides, it was deter-
mined that in Izmir Bay and Aliaga-Nemrut Port Regions,
large ships such as dry cargo ships were involved in accidents
such as grounding and allision to the pier.
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As a Peninsula country, in Tiirkiye, the private and commer-
cial activities of yachts are getting increased year by year.
Hence, the ascending accident rate of these ships is an ex-
pected situation. In order to reduce accidents in yachts/recre-
ational boats, it would be beneficial to handle, analyse and
publish such accidents differently from cargo ships. In this
manner, the authorities will be assisted in taking effective
measures to prevent such accidents. It is vital that ships nav-
igating in the region comply with the guidance of Izmir Ves-
sel Traffic Services and benefit from pilotage and towage ser-
vices when necessary, in order to prevent accidents.

Due to marine transport density, marine tourism level, and
irregular migration activities, the Aegean Sea is a waterway
that contains importance and risk together. The effectiveness
of marine casualty analysis has of great significance in reduc-
ing marine casualties in this region. For an effective accident
analysis, it is necessary to keep an accurate and detailed rec-
ord of the data of each accident. The results obtained from the
analysis should be discussed altogether by public institutions,
academics, and maritime sector stakeholders and the most ef-
fective steps should be taken to prevent accidents.
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ABSTRACT

Dormitator lebretonis (Pisces: Eleotridae) is the dominant eleotrid in the Benin coastal waters,
where this species constitutes an important fisheries component. The current fisheries survey in-
vestigates demographic parameters and the exploitation of D. lebretonis from the Benin coastal
waters to contribute to species conservation and sustainable use. Individuals of D. lebretonis have
been sampled monthly for 18 months at four locations in the Benin coastal waters. Overall, D.
lebretonis showed moderate asymptotic length (Loo) ranging between 11.55-12.08 cm. The growth
rate (K) ranged between 0.74yr! and 3.1yr!. The species exhibited moderate longevity ranging
between 0.968 and 4.054 years. The growth performance index (¢’) varied between 1.994-2.617,
indicating that D. lebretonis is a relatively slow-growing eleotrid. Annual mortalities dominate
population growth (Z/K>1), and lengths at first capture (3.80<Ls¢<5.05cm) indicated that D. le-
bretonis was exploited at immature stages. Nevertheless, the exploitation rate (E) was under 0.5,
showing the stock was underexploited. The species showed two peaks of recruitment, except in
Lake Ahémé. Sustainable exploitation of D. lebretonis in the coastal waters requires a holistic
management scheme that should include fisheries regulation enforcement, spawning ground pro-
tection, ecosystem restoration, and follow-up.

Keywords: Coastal waters, Dormitator lebretonis, Exploitation rate, Growth parameters,
Lengths at first capture, Recruitment/Management
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Introduction

In sub-Saharan Africa, fisheries provide low-cost proteins of
high nutritional quality accessible to grassroots and urban
populations, even those with limited revenues (Joly et al.,
2007; Allali, 2017). Primarily, fishermen practice multi-spe-
cies fisheries that improve their income and, thus, constitute
an important component of their annual revenue. Belhabib et
al. (2019) reported that African fishery catches increased
from 2.1 million metric tons in 1950 to 16.7 million metric
tons in 1988. Hence, due to overexploitation and environmen-
tal degradation, catches in 2010 were reduced to 12.4 million
metric tons, estimated at 1.860.000.000 US dollars. At a
country level, the role of fisheries in the economy is quite sig-
nificant, and its contribution to the total Gross Domestic
Product (GDP) of African countries is approximated at 1.12%
(De Graaf and Garibaldi, 2014). In Benin, fisheries products
remain the most accessible source of animal protein for the
majority of the population, with an estimated consumption of
73 965 tons in 2020 (World Bank, 2022). The fisheries sector
constitutes an important component of rural development,
with about 59114 inland and marine fishermen in Benin (Di-
rection de la Production halieutique du Bénin, 2022). Hence,
it substantially contributes to reducing unemployment (JICA,
2022). In addition, fisheries play an important role in the na-
tional economy by contributing to about 2.2% of the national
PIB (Gross Interior Product) (INSAE, 2019). As reported by
the Benin fisheries Department (2019), though specialized in-
land and marine fishermen approximated 59114, more than
600 000 people (including fishermen, woman sellers, fish-
mongers, boat makers, boat mechanics, etc.) were directly or
indirectly employed in the inland and marine fisheries sector.
Hence, because of aquatic ecosystem degradation, habitat
fragmentations, and overfishing, almost a quarter of fish pop-
ulations are threatened worldwide, leading to changes in fish
community structures and reduced fish stocks (Adite, 2013;
Ifremer, 2019).

At the Benin coastal waters, a recent ichthyological survey
indicated five (5) eleotrids, Dormitator lebretonis, Eleotris
vittata, Eleotris daganensis, Eleotris senegalensis, and Bos-
trychus africanus inhabit the four coastal waters, Lake
Nokoué, Porto-Novo Lagoon, Coastal Lagoon, and Lake
Ahémé. Among them, Dormitator lebretonis is of high fish-
eries and commercial importance in these brackish waters
where it constitutes the most abundant eleotrid making about
5791% - 87.39% of the squeaker community. Fishbase
(2022) states that D. lebretonis is only distributed in Africa
and endemic to the West African coast from the Senegal
River to the Cunene River in Namibia. Specifically, this ele-
otrid occurred in countries such as Angola, Benin, Cameroon,
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Cote d’Ivoire, Congo (RDC), Gambia, Ghana, Guinea, Na-
mibia, Nigeria, Senegal, and Sierra Leone.

Benin Fisheries Department (2022) reported that annual
catches of Eleotridae species in the Benin coastal waters were
estimated at 47.95 metric tons. According to Sonon et al.
(2021), Dormitator lebretonis was the dominant eleotrid in
the Benin coastal waters and accounted for about 67.11%
(31.87 metric tons) of the annual catches of Eleotridae. Fish-
ing gear such as traps, cast nets, and seines were used to ex-
ploit the species. Dormitator lebretonis individuals were
caught in aquatic vegetation in the spawning grounds at a
depth of less than 50 cm. Also, the species was caught in open
water with mean depths ranging between 138.8 £36.1 S5cm
and 225.3 £29.56 cm.

Babatundé (2015) and Sonon et al. (2021) reported that D.
lebretonis was intensively exploited because when fried, this
eleotrid is widely consumed with corn meal and rice. Like-
wise, for its great organoleptic quality and distinctive taste,
D. lebretonis is utilized for soup seasoning in replacement
with lagoon shrimps whose stock has decreased. In general,
there is no prohibition against the fishing Dormitator lebre-
tonis as the species is not on the list of endangered species.
Nevertheless, there is a fishing regulation from the Benin De-
partment of Fisheries that prohibits the use of cast nets and
gillnets of small mesh size (<10 mm) (Direction de la produc-
tion halieutiaue, 2018). Adite et al. (2013) and Sonon et al.
(2021) reported that the sizes of D. lebretonis individuals rec-
orded in Beninese lagoons were moderate due to overexploi-
tation and habitat degradation. These threats to Benin coastal
waters, ichthyofauna in general, and D. lebretonis in particu-
lar, constitute a real obstacle to the renewal of the fish stock
and the fishing industry’s sustainability. An emergency plan
is, therefore, necessary to anticipate the collapse of the natu-
ral stock of D. lebretonis populations in Benin.

Despite the fisheries and commercial importance of this
small-sized eleotrid and the continuing disturbances and deg-
radation of Benin’s coastal waters, little is known about the
demographic features and exploitation rate of Dormitator le-
bretonis. Efficient conservation of fish, sustainable exploita-
tion, and better decision-making in fisheries industries re-
quire knowledge of demographic components such as exploi-
tation rate, fishing and natural mortalities, asymptotic length,
growth factors, and species recruitment (Abohwere and
Falaye, 2008; Tah et al., 2010; Imorou Sidi et al., 2019).

The current fisheries research aimed to assess the demo-
graphic characteristics and exploitation rates of Dormitator
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lebretonis to contribute to the rational management of its
stock in the Benin coastal waters.

Material and Methods
Study Area

The study was carried out in the four (4) coastal waters of
Southern Benin. These were Lake Nokoué, Porto-Novo La-
goon, Coastal Lagoon, and Lake Ahémé. Lake Nokou¢ (140
km?) is located between 6°20' and 6°30'N, and between 2°20'
and 2°35'E. The Salinity of Lake Nokoué was highly variable
and ranged between 0 to 40 %o because of the permanent con-
nection of this lake with the marine water (Atlantic Ocean)
(Adité et al., 2013; Hamil et al., 2018). The average depth
varied between 0.25-3.46 m, transparencies were < 98.5 cm,
water temperature between 27.5- 31.1°C, pHs ranged be-
tween 5.8 et 7.55, and dissolved oxygen varied from
0.55mg/L to 8.9 mg/L (Sonon et al., 2021). In general, lower
dissolved oxygen was recorded in aquatic vegetation and
swamp habitats full of organic matter and mud that inten-
sively consume dissolved oxygen. In contrast, open water is
a habitat of high transparency where high photosynthesis ac-
tivities generate a relatively high dissolved oxygen concen-
tration. Porto-Novo Lagoon (35 km?) is geographically and
hydrologically connected to Lake Nokoué and situated be-
tween 6°25'and 6°30'N and between 2°30' and 2°38’E, with
an average width of 35 m (Gnohossou, 2006) and salinities <
18 %o. Depth ranged between 88.5-485.3 cm, transparency
between 45.3-113.5 cm, water temperature between 26.8-
31.5°C and salinity between 0.11-18 %.. pH varied between
6.2-8.55, and dissolved oxygen ranged between 0.85-8.2
mg/L (Sonon et al., 2021). The Coastal Lagoon extends 55
km? and is located between 6°25' and 6°30'N and between
2°30' and 2°38 East. Depth ranged between 2.2 - 3.85 m, with
transparency varying between 2.2 m and 0.92 m. The salinity
at the Coastal Lagoon varied between 0.15 and 30%o, and dis-
solved oxygen fluctuated between 0.82 and 9.8 mg/L. The pH
was neutral and ranged between 6.5 and 8.5 (Adite et al.,
2013; Sonon et al., 2021). Lake Ahémé (80 km?) lies between
6.20° and 6.40°N and between 1.55° and 2°E. Depth ranged
between 0.72 and 4.78 m, and transparencies varied between
0.78 and 1.29 m. The salinity in Lake Ahémé varied between
0.12-22%o, and pH fluctuated from 6.1 to 7.8. The dissolved
oxygen concentration ranged from 0.85 to 9.7 mg/L (Sonon
etal., 2021).

The four (4) coastal waters' environment shows a sub-equa-
torial climate type with an annual mean rainfall ranging be-

tween 1108.1 and 1307.3 mm (Adite et al., 2013). The evap-
oration varied from 59.2 to 145 mm (Akouegninou et al.,
1993). The soils were sandy, swampy, and red ferric
(Gbaguidi and Adite, 2016). The ambient temperature varies
from 25°C to 30°C (I.N.S.A.E, 2016). Vegetation species
were compounded by two main groups: aquatic floating
plants (Eichornia crassipes, Pistia stratiotes) and semi-
aquatic plants (Paspalum vaginatum, Cyperus articulenius,
Penisetum polystachion, Typha australis, Phragmites austra-
lis, Cyclosorus striatus). Dominant mangrove trees were Rhi-
zophora sp and Aviennia africana (Chouti, 2011). Regarding
aquatic animals, the dominant fish families were Cichlidae,
Clariidae, Bagridae, and Claroteidae; the family was the most
abundant (Sonon et al., 2021; Vodougnon, 2015). Also, man-
grove shellfish such as Crassostrea tulipa were intensively
exploited and cultured.

Fish Sampling Methods

Twelve (12) sites, five (5) in Lake Nokoué, two (2) in Porto-
Novo Lagoon, three (3) in Coastal Lagoon, and two (2) in
Lake Ahémé were selected for the fish sampling (Figure 1).
At each sampling site, geographic coordinates were deter-
mined using a GPS (Garmin Dakota 10). Dormitator lebre-
tonis individuals were sampled monthly from April 2017 to
September 2018 at the open water and aquatic vegetation
habitats. Traps cast net (3m diameter; 10 mm mesh) and seine
(3 to 20 mm mesh) was used for D. lebretonis samplings.
Once collected, a 10% formalin was used to preserve the fish
samples transported to the LEMEA laboratory of Abomey-
Calavi University (Adite et al., 2013). At the laboratory, the
total length (TL) and standard length (SL) of D. lebretonis
individuals were measured to the nearest Imm with an ich-
thyometer and weights (W) were measured to the nearest 1mg
with an electronic balance (Adite et al. 2013).

The growth parameters were computed using the VBGF fit-
ted in FISAT II (2005).

Data Analysis
Growth parameters

The growth parameters of D. lebretonis individuals were
computed using the von Bertalanffy growth function model
(VBGF) (1938) of the ELEFAN I program in FiSAT II. The
following growth formula was applied to the total length (TL)
of D. lebretonis:

TL = Lo {1 —exp [-K(t - t0)]}
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Figure 1. Map of D. lebretonis sampling sites

Where TL (cm) is the fish’s total length; Loo (cm) is the as-
ymptotic length of the fish. Leo is the maximum size that fish
can reach after several years of life; K (yr) is the growth co-
efficient of fish; to (yr) is the theoretical age of fish when its
length is zero. to is obtained from the equation of Pauly
(1979):

Log 10 (-ty) = -0.392- 0.275 Log10Loo- 1.038 Logl0K

Where to (yr) is the inverse of the Bertalanffy growth equa-
tion. It represents the age of fish of different sizes. The
Growth Performance Index was assessed using Pauly and
Munro’s (1984) formula:

¢'= Logl0K+ 2Logl10 Lo
Mortalities and level of exploitation

The total instantaneous mortality rate (Z) was directly esti-
mated in FiSAT II software (FAO, 2005) using a Length-con-
verted Catch Curve that integrates both the asymptotic length
(Loo) and the growth coefficient (K) of the species in each of
the four (4) coastal waters.

Natural mortality rate (M) was estimated using Pauly’s
(1980) in FiSAT II software (FAO, 2005) using the following
empirical relationship:

logoM = —0.0066 — 0.279 log; L o
+ 0.6543 logm K+ 0.463 10g10 T

Where T is the annual temperature of the water body.

The fishing mortality coefficient (F) was estimated by the for-
mula: F=7Z-M

The longevity was determined by Anato’s (1999) formula:
Tmax = 3/K

The exploitation rate (E) was used to determine whether or
not D. lebretonis stock is overexploited (Pauly, 1983). was
evaluated from the length linearity curve converted into a
catch curve: E =F/Z

F is the fishing mortality rate, and Z is the annual mortality
rate. According to Francis and Sikoki (2007), the maximum
level of exploitation of a resource is reached when the exploi-
tation rate is greater than or equal to 0.5 or when fishing mor-
tality (F) is equal to natural mortality (M).

Probability of capture and first capture size

FiSAT software was used to generate the catch curve to as-
sess both the size of the first capture (Lso) and the probability
of capture.
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Recruitment of Dormitator lebretonis

Recruitment is the relative abundance of new young fish
stages that enter yearly in adult sub-population. The recruit-
ment patterns of D. lebretonis in each of the four (4) coastal
lagoons were assessed through a recruitment curve generated
by FiSAT software based on total length (TL) frequency data
(Pauly, 1985).

Results and Discussion

Estimation of the von Bertalanffy Growth Parameters
(Lo, K, t) and the Growth Performance Index (¢')

Table 1 presents values of the von Bertalanffy growth param-
eters generated by FiSAT software. The asymptotic length
(Loo) values vary from 11.55 cm (Lake Nokoué, Lake Ahémé,
and Coastal Lagoon) to 12.08 cm in the Lagoon of Porto-
Novo. Growth rate (K) values ranged between 0.74 yr!
(Coastal Lagoon) to 3.100 yr'! (Lake Ahémé). The highest
growth performance index @' was recorded in Lake Ahémé
(®'=2.204), and the lowest performance index was recorded
in Coastal Lagoon (®'=1.994). Theoretical age at length 0
varied from -0.58 years recorded in the Lagoon of Porto-
Novo and the Coastal Lagoon to -0.30 years in Lake Ahémé
(Table 1).

Table 1: Growth parameters of Dormitator lebretonis from
the coastal waters of Benin

Parameter Lake Lagoon of Coastal Lagoon Lake

Nokoué Porto-Novo Ahémé
Loo (cm) 11.55 12.08 11.55 11.55
K 1.200 0.780 0.740 3.100
t (an) -0.46 -0.58 -0.58 -0.30
(0} 2.204 2.058 1.994 2.617

Estimation of Mortality Parameters, Exploitation Rate, and
Longevity

Table 2 and Figure 2 showed trends of mortality parameters
and exploitation rate (E) for D. lebretonis from Benin’s four
(4) coastal waters investigated. Overall, the total mortality (2)
ranged between 2.21 and 8.29, while the natural mortality
(M) recorded varied from 1.93 (Coastal Lagoon) to 4.93
(Lake Ahémé) (Table 2). Also, the exploitation rate (E) var-
ied from 0.13 (Coastal Lagoon) to 0.41 (Lake Ahémé). The
longevity of D. lebretonis was moderate and ranged between
0.968 years (Lake Ahémé) and 4.054 years (Coastal Lagoon).
Values of ratio Z/K were superior to 1 and ranged from 2.67
(Lake Ahémé) to 3.47 (Porto Novo Lagoon). The ratio
(Lso/Loo) of the size of the first capture and asymptotic length

showed low variations and fluctuated between 0.33 (Lake
Ahémé) and 0.44 (Lake Nokoué) (table 2).

Probability of Capture and First Capture Size

The size of the first capture (Lso) of D. lebretonis was mod-
erate in all four (4) lagoons. The lowest value (Lsp =3.80 cm)
was recorded in Lake Ahémé, whereas the highest value
(Ls0=5.05 cm) was recorded in Lake Nokoué (Figures 3-A, B,
C, and D).

Recruitment

Lake Nokoué, Coastal Lagoon, and Lagoon of Porto-Novo,
D. lebretonis population exhibited two peaks of recruitment
(Figures 4 A, B, and C). Percentages of recruitment signifi-
cantly varied not only between coastal waters but also be-
tween peaks of the same coastal water. In contrast, in Lake
Ahémé, D. lebretonis showed one recruitment peak during
the year, with a higher percentage reaching 20% (Figure 4-
D).

Overall, growth parameters and performance indices are effi-
cient tools most fisheries biologists use to assess the status of
fish population stocks. In the current fisheries survey of D.
lebretonis, the asymptotic lengths (11.55< Loo <12.08) rec-
orded, that is, the maximum total length fish individuals can
reach in their population, were moderate and almost similar
in the four (4) coastal water studied. These results agreed with
that Fishbase (2022) reported in Western Africa (Senegal,
Gambia, Guinea, Cote d’Ivoire, Ghana, Nigeria), where the
maximum total length recorded for D. lebretonis was 12.4
cm. In this study, the relatively lower value (Loo=11.55 cm)
recorded in Lake Nokoué, Lake Ahémé, and Coastal Lagoon
and even in Lagoon of Porto-Novo (Lo=12.08 cm) may be
the result of environmental disturbances such as dumping of
domestic wastes, mangrove degradation, the proliferation of
floating plants that negatively affect water parameters and
water quality (Barro, 1968; Adite, 2013). Also, using sophis-
ticated fishing gear leads to overfishing, with fishery increas-
ingly oriented towards small individuals. Nevertheless, So-
non et al. (2021) records of physicochemical parameters in-
dicated that the water quality of the four (4) coastal waters
studied was within the required standards for the survival and
growth of D. lebretonis. Indeed, the presence of air-breathing
accessory organs helps to cope with the harsh conditions
(mainly dissolved oxygen: 4.5 +£0.42 mg/L) in swamps and
aquatic vegetation habitats. These ecological trends agreed
with those reported by Okyere et al. (2011) in the coastal wet-
land of Ghana, where dissolved oxygen was reduced and av-
eraged 4.2 £0.9 mg/L.
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Table 2: Mortality, longevity, and exploitation rate of Dormitator lebretonis from the Benin coastal waters

Ecosystems M F Z E Z/K Lso Tmax Lso/Loo
Lake Nokoué 2.65 0.73 3.38 0.22 2.82 5.05 2.5 0.44
Lagoon of Porto-Novo  2.00 0.71 2.71 0.26 3.47 4.17 3.846 0.34
Coastal Lagoon 1.93 0.28 2.21 0.13 2.98 4.20 4.054 0.36
Lake Ahémé 4.93 3.36 8.29 0.41 2.67 3.80 0.968 0.33

M: Natural mortality; F: Fishing mortality; Z: Total mortality; K: Growth coefficient; E: Exploitation rate; Lso: Size

of first capture; Tmax: Longevity.
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Figure 2 (A, B, C, and D). length converted catch curves of Dormitaor lebretonis from the coastal waters of Benin
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In the current study, when considering the whole abundance
of D. lebretonis in the four coastal waters, One-way Analyses
of Variance (ANOVA) on the length of this eleotric showed
significant (F3,4848 = 21.42, P = 0.002) variations of SL
across the four coastal waters. However, physicochemical pa-
rameters exhibited insignificant (p>0.05) variations across
the four coastal waters, indicating that mean physicochemical
parameters were nearly identical across the 4 coastal waters
(Sonon et al., 2023). These records were probably due to dif-
ferent fishing pressures in each of the four coastal waters and
generating different sizes of D. lebretonis in each ecosystem.

Among the four (4) coastal waters, Lake Ahémé showed the
highest growth rate reaching K=3.1 yr’!, whereas those rec-
orded from Lake Nokoué, Lagoon of Porto-Novo, and coastal
lagoon were relatively low and ranged between K=0.74 yr!

and K=1.20 yr'. As Sidi Imorou et al. (2019) reported, the
relatively low abundance of D. lebretonis in Lake Ahémé
could have reduced intraspecific food competition, enhancing
the growth rate of this eleotrid. Also, the presence of suitable
habitats for D. lebretonis in Lake Ahémé, exempt from float-
ing plants at some sites, could have increased the availability
of dissolved oxygen and minerals that made greater the qual-
ity of habitats and hence, the growth rate. Likewise, the in-
tensive reinforcement of fishing regulation by the Benin De-
partment of Fisheries in Lake Ahémé compared to Lake
Nokoué, Lagoon of Porto-Novo, and Coastal Lagoon could
have positively impacted the growth rate of D. lebretonis.
Also, the value of K recorded in Lake Ahémé was higher than
those obtained from some other five (5) teleost fishes Hemi-
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chromis fasciatus, Marcusenius senegalensis, Shilbe interme-
dius, Oreochromis niloticus, Brycinus macrolepidotus from
the Okpara river in Northern Benin where K ranged between
0.66 yr'! (Shilbe intermedius) and 1.2 yr'' (Marcusenius sen-
egalensis). However, in the current study, the growth rate
range (K=0.74 yr'! - K=1.20 yr'!) recorded for D. lebretonis
in Lake Nokou¢, Lagoon of Porto-Novo and Coastal Lagoon
were relatively low and rather agreed with those reported for
H. fasciatus, M. senegalensis, S. intermedius, O. niloticus, B.
macrolepidotus from the Okpara river. Identical trends of low
K were recorded in Lake Ayame in Cote d’Ivoire for Brycinus
macrolepidotus (K= 0.46), Hemichromis fasciatus (K=0.57)
and Oreochromis niloticus (K=0.48). Combined effects of
habitat degradations and fragmentations, species tolerance to
disturbances, niche breadth, and level of ecosystem produc-
tivity could act for spatial and temporal variations of K. (Al-
Nadhi et al., 2009).

Longevity depends not only on the species but also on the
habitat’s ecological status. In the Benin coastal water, D. le-
bretonis exhibited moderate longevity that varied between
0.968 yr (Lake Nokou¢) and 4.054 yr (Coastal Lagoon).
Though species-dependent, the moderate longevity recorded
in Lake Nokoué is probably the result of mangrove destruc-
tion, the proliferation of invasive floating vegetation such as
water hyacinth, the dumping of domestic and industrial
wastes, and overall habitat degradation. In contrast, at the
Coastal Lagoon, some mangrove forests are under protection
through the reinforcement of Benin fisheries regulation.
These findings nearly agreed with those Sidi Imorou et al.
(2019) reported for some teleost fishes such as M. senega-
lensis, S. intermedius B. macrolepidotus, and H. fasciatus
from the Okpara river in Northern Benin, where longevity
ranged between 1.88 yr and 4.55 yr. Also, these results agreed
with those reported for Chrysicthys nigrodigitatus in Lake
Akata in Benue State in Nigeria, where longevity varied from
1 to 3 yr (Ikongbeh et al., 2015). However, on the S6 River,
where ecological disturbances were moderate, Hazoume et al.
(2017) reported higher longevity (11.66 yr) for the Clarotei-
dae Chrysichthys auratus.

The growth performance index (¢”) values recorded on all the
water bodies were relatively low and varied from 1.994
(Coastal Lagoon) to 2.617 (Lake Ahémé). This result indi-
cates that D. lebretonis is a very slow-growing fish species
(Baijot and Moreau, 1997). The various degradations of the
aquatic environment due mainly to anthropogenic activities
may negatively influence the growth performance of the fish
(Sidi Imorou et al., 2019). In this survey, the exploitation rate
(E) was under 0.5 in all four (4) coastal waters suggesting that
the stocks of D. lebretonis were underexploited. This result is
similar to those Francis et al. (2007) reported in Andoni River

System, Niger Delta in Nigeria, who found many underex-
ploited fish species with an exploitation ratio (E) below 0.50.
Some of these underexploited fish species reported were
Galeoides decadactylus with E =0.20, Chrysichthys nigro-
digitatus (E= 0.25), Sarotherodon melanotheron (E=0.31),
Eucinostomus melanoptenus (E= 0.45), Liza grandisquamis
(E=0.45), Tilapia guinensis (E= 0.48).

In the current fisheries survey, the ratio Z/K was greater than
1 and ranged between 2.67 and 3.47. As reported by Barry &
Tegner (1989) and Sidi Imorou (2019), these results indicate
that annual mortalities (Z) dominate population growth (K).
According to Lederoun et al. (2015), a ratio Z/K under 2 in-
dicates that mortality predominates overgrowth. Hence, the
population of D. lebretonis in the Benin coastal waters is
threatened. Similar trends of disturbances have been recorded
for species such as Brycinus macrolepidotus, Hemichromis
fasciatus, Marcusenius senegalensis, Shilbe intermedius,
Oreochromis niloticus from the Ouémé river in northern Be-
nin where fisheries regulations are underway (Sidi Imorou et
al., 2019; Ahouansou Montcho et al., 2011; Welcome and De
Merona 1988; Pauly, 1982).

Overall, in this survey, the lengths at first capture (L50) of D.
lebretonis were relatively small and ranged between 3.80 cm
(Lake Ahémé) and 5.05 cm (Lake Nokoué). This indicates
that in the four (4) coastal waters, individuals of D. lebretonis
were practically exploited at immature or early stages. This
fishing pressure on juveniles is a threat to the population and
could jeopardize the sustainability of the exploitation and the
extinction of this eleotrid in the future if nothing is done to
restore the fishable stock (Okyere et al. 201).

Except in Lake Ahémé, D. lebretonis showed two peaks of
recruitment in Lake Nokoué, Lagoon of Porto-Novo, and
Coastal Lagoon. Probably, these two peaks originated from
two different spawning seasons in the year. Indeed, in gen-
eral, two rainy seasons occur in Southern Benin. In addition,
annual floodplains caused by the Mono River (case of Lake
Ahémé, Coastal Lagoon) and by the Ouémé River (case of
Lake Nokoue, Porto-Novo Lagoon) could act to affect the
breeding periods and hence, the recruitment peaks. As re-
ported by Pauly (1982), Adité et al. (2006), and Ahouansou
Montcho et al. (2011), these spawning and recruitment trends
are similar for most tropical fishes, and in general, match with
rainy and flooding seasons.

In terms of exploitation, fish and shellfish resources from the
four coastal waters were intensively and permanently ex-
ploited by local professional fishermen for sales and food.
The main fishing gear used by fishermen were cast nets, gill-
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nets, seines, traps, hooks, longlines, etc. In particular, a fish-
ing/aquaculture method called “Acadja” is mainly utilized in
Lake Nokoue. The “Acadja” fishery is a site ranging between
10 m? — 10 hectares delimited at the shallower (0.5-1.5 m -
depth) parts of the lake where tree or/and palm tree branches
are planted in the mud to cover the space. These branches de-
compose and generate a huge amount of food leading to a
high abundance of fish in the “Acadja” that finally serves as
growing, spawning, and nursery grounds. Regarding manage-
ment, a fishery regulation is implemented by the Benin De-
partment of Fisheries. Thus, government fisheries agents re-
move prohibited fishing gears and mesh sizes. Besides, some
traditional regulations, such as fishing prohibited days, are
implemented by the grassroots and local population.

Conclusion

The current fisheries survey gives valuable and helpful infor-
mation on the demographic characteristics of Dormitator le-
bretonis from the four (4) coastal waters of Southern Benin.
The coastal waters surveyed were under severe ecological
disturbances that negatively impacted demographic traits.
This small squeaker generally exhibited moderate asymptotic
length (Loo) ranging between 11.55 and 12.08 cm in the four
(4) coastal waters studied. In Lake Ahémé, D. lebretonis ex-
hibited a higher growth rate (K) that was reduced in Lake
Nokoué, Lagoon of Porto-Novo, and Coastal Lagoon. In
these coastal ecosystems, the species showed moderate lon-
gevity but higher in the Coastal Lagoon. The growth perfor-
mance index (¢’) was relatively low, indicating that D. lebre-
tonis is a relatively slow-growing eleotrid. In the four coastal
waters, annual mortalities dominate population growth (Z/K
>1), and the low lengths at first capture indicated that indi-
viduals of D. lebretonis were exploited at immature and early
stages. Nevertheless, the exploitation rate (E) was under 0.5,
indicating that the stock of D. lebretonis was underexploited,
probably because of the two peaks of recruitment. The current
results on the demographic characteristics and exploitation
rate of D. lebretonis from the Benin coastal waters give val-
uable information that could serve as reference data for the
efficient management of this squeaker. Sustainable exploita-
tion of D. lebretonis in the four coastal waters requires a ho-
listic management scheme that should include enforcement
of fisheries regulation, spawning ground protection, and eco-
system restoration and follow-up.
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Introduction

Aeromonas hydrophila is an important opportunistic food-
borne pathogen that causes human gastroenteritis or septice-
mia. It is widely distributed in the environment and found in
the intestinal flora of humans and animals. Aeromonas hy-
drophila and other members of Aeromonas spp. have been
isolated from many fish species, roe, prawns, shellfish, and
ready-to-eat seafood products, and seafood has a crucial role
in the transfer of this bacteria to humans. (Vivekanandhan et
al., 2005; Di Pinto et al., 2011; Stratev et al., 2015; Praveen
et al., 2016). Due to the high resistance of 4. hydrophila to
antibiotics, it is difficult to cure diseases caused by this path-
ogen, and its importance for public health has become prom-
inent. Therefore, it has been regarded as a foodborne patho-
gen having an emerging importance; and most (> 85%) of hu-
man gastroenteritis cases are associated with Aeromonas sp.,
including A. hydrophila. The crucial need for further inves-
tigation into the control of this pathogen has been reported
due to its role in public health and food safety (Praveen et al.,
2016; Pal, 2018; Hoel et al., 2019). Various techniques have
been developed for the inhibition of pathogenic bacteria.
However, in recent years, consumers have been concerned
about using artificial additives or preservation methods even
more than the pathogen risk. Therefore, the food industry
continuously seeks efficient and natural solutions (Mahmoud,
2014).

A growing significance of A. hydrophila as an emerging path-
ogen and fish has been regarded as one of the main transmis-
sion routes. Since 4. hydrophila can grow at refrigerated
temperatures, it may significantly impact cold-stored foods
and pose a risk during fish transportation, processing, and
marketing (Daskalov, 2006; Praveen et al., 2016). The major-
ity (>85%) of gastroenteritis cases caused by Aeromonas are
responsible for three Aeromonas species. One is A. hydroph-
ila (hybridization group HG1) (Daskalov, 2006). Therefore,
this study aimed to control the growth of A. hydrophila in
cold-stored fish using natural, consumer-friendly practices,
and the effects of organic acids or salts were studied.

Material and Methods

Sample Preparation

Fresh Bluefish Pomatomus saltatrix (Linnaeus, 1766) were
purchased from the Istanbul, Tiirkiye, wholesale market.
Bluefish was chosen as raw material, as it is an economically
valuable species (Bal et al., 2018) and a treasure for Turkey
(Mol & Varlik, 2019).

The samples were packed in polystyrene boxes with ice and
then transferred to the laboratory. The samples’ average
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lengths (cm) were 32 £1.32, and the average weights (g) were
408.68 +£10.64. The samples were cut into portions approxi-
mately 2x5x1 cm (10g), and each sample was decontami-
nated under a U.V. cabinet (CRYSTE, Korea) at 366 nm for
2 hours. Before inoculation, decontaminated fish samples
were analyzed for the presence/absence of A. hydrophila
(Xanthopoulos et al., 2010).

Preparation of Bacterial Inoculum

Aeromonas hydrophila was obtained from the culture collec-
tion of the Department of Aquaculture and Fish Diseases Fac-
ulty of Aquatic Sciences, Istanbul University. The bacterial
stock culture was kept in Tryptone Soy Broth (TSB) (Merck,
1.05499) with 20% glycerol (v/v) at —80°C before use. Aer-
omonas hydrophila was activated in TSB at 30°C for 24h.
After incubation, the culture was centrifuged (EBA 20 Het-
tich, Germany) at 4000 RPM for 10 min. After centrifugation,
the pellet was washed two times in 10 mL TSB. After this
process, the supernatant was removed, and the pellet was re-
suspended in TSB (10mL). Then, serial dilutions were pre-
pared, and the bacteria cell count was determined (Dogruyol
et al., 2020).

Sample Inoculation and Treatments

Both sides of the fish samples were inoculated with 0.2 mL
of A. hydrophila inoculum (10 log cfu/mL) and spread with a
sterile Drigalski spatula. The inoculated fish samples were
left to stand in a sterile cabinet for 15 min for inoculum at-
tachment. For the natural acid /natural salt treatments, food
grade acetic acid (Sigma Aldrich, 4% v/v), citric acid (Sigma
Aldrich, 4% w/v), ascorbic acid (Sigma Aldrich, 4% w/v),
sodium lactate (Fluka, 4% v/v) and sodium chloride (Merck,
4% wi/v) solutions were prepared in sterile distilled water.
The inoculated fish samples were divided into thirteen
groups. Six batches of these groups were treated by dipping
for two minutes in one of 4% acetic acid, 4% citric acid, 4%
ascorbic acid, 4% sodium lactate, 4% sodium chloride solu-
tion, or sterile distilled water. The ratio of Bluefish samples
to treatment solution volume was 1:2 (w/v). After dipping,
the fish samples were kept for 15 min at room temperature
(20°C) to allow draining. The other six batches were treated
by spraying (0.50 mL) one of the formerly mentioned solu-
tions to one side of each fish sample. The fish samples were
left to stand for 15 min for the attachment. The same proce-
dure was repeated for the other sides of each sample. The thir-
teenth group was untreated (UNT). All samples were treated
at the same time. Then, samples from different treatment
groups were placed in sterile plastic bags, stored at 4 +1°C
for 72 hours, and analyzed every 24 hours.
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Enumeration of A. hydrophila

Microbiological analyses were performed in duplicate. Asep-
tically, 10 g of Bluefish sample was homogenized with 90mL
TSB in a stomacher bag using a stomacher (IUL Instruments,
Barcelona, Spain) for 60 seconds. Serially diluted samples
were spread out (0.1 mL) onto Aeromonas Isolation Medium
Base (Himedia, M884), supplemented with Aeromonas se-
lective supplement (HIMEDIA, FDO039), for quantitative
enumeration. Three agar plates per dilution were incubated at
28°C for 24 hours (Xanthopoulos et al., 2010).

PH Measurement

All pH measurements were performed in triplicate. Fish were
homogenized (fish/distilled water; 1:10 w/v), and Hanna pH
211 Micro-processor pH meter was used (Vyncke, 1981).

Statistical Analysis

The experimental study was repeated twice using 12 individ-
uals of Bluefish per treatment (12 fish x 13 treatments x 2
replications). Aeromonas hydrophila counts were presented
as logio cfu/g values. The reduction in A. hydrophila counts
was calculated by subtracting the logio cfu/g in the treated
samples (dipped and sprayed) from the logo cfu/g in the un-
treated samples. Analysis of variance (ANOVA) was used to
compare the results of mean bacterial levels. Significance
was determined at the P <0.05. Data were analyzed using the
IBM SPSS 21 software program.

Results and Discussion
Effect of Treatments on Growth of A. hydrophila

Overall results indicated that pre-processing organic acids,
sodium lactate, and NaCl salt treatments as dipping solutions
might provide more effective inhibition compared to treat-
ments with sprayed solutions and untreated samples. Some
similar studies demonstrated that dipping treatment consider-
ably reduced bacterial load (Anderson et al., 1988; Okolocha
& Ellerbroek, 2005; Leceta et al., 2015). Organic acids have
been reported to be more effective in decreasing microbial
load (Xiong et al., 1998; Phillips, 1999; Samelis et al., 2001;
Geornaras et al., 2006; Rio et al., 2007; Neetoo et al., 2008;
Schelegueda et al., 2012; Gonzales-Fandos & Herrera, 2014;
Zaki et al., 2015; Mohan & Pohlman, 2016). Before the treat-
ment, the uninoculated fish samples were found to be free of
A. hydrophila. After the inoculation, 4. hydrophila load was
found to be 7.03 £0.06 log cfu/g, then reached 9.51 £0.19 log
cfu/g after 72 hours at 4°C in UNT samples. The populations
of A. hydrophila in treated Bluefish samples, either by dip-
ping or spraying, are presented in Table 1. Dipping treatment
resulted in significantly (P<0.05) lower 4. hydrophila counts.
The growth of A. hydrophila was suppressed by all dipping
treatments, and its amount was reduced below the inoculation
dose after 72 hours (Table 1). Spraying also reduced the ini-
tial load, but A. hydrophila counts were significantly higher
(P<0.05) than dipped samples and exceeded the initial load
after 24 hours of storage. Sterile water treatment also suc-
ceeded in reducing the initial load.

Table 1. A. hydrophila counts on bluefish samples treated with different organic acids under refrigerated storage

Storage Hours

Applications  Groups Chemical solutions 0 hour 24th hour 48th hour 72th hour

method
S1 Sterile Water 6.97 £0.12**  7.86+0.04*®  923+0.05*  9.64+0.11 %P
S2 NaCl %4 6.93+0.22 %A  7.8540.05%®  8.86+0.06°C  9.76+0.15 P
S3 Acetic Acid %4  6.88 £0.07 B 6.96+0.31 "8 6.82+0.06°*  7.34+0.32°8

Spraying S4 Ascorbic Acid %4  6.97+0.03 **  7.12+0.10  8.66+0.10“®  8.15+0.15
S5 Sodium lactate %4  6.89 £0.08 **  7.89+£0.05%% 923 +0.12%¢  9.14 +0.06 ¢
S6 Citric Acid %4  7.01 £0.06 **  7.73+0.05%8  8.57+0.13°C  9.38 +0.27 9P
D1 Sterile Water 5.70+0.03 %  6.09+0.03°®  6.12+0.05"  6.76 +0.07 ©©
D2 NaCl %4 6.26 £0.04 4 6.04+0.05°®  6.06+0.04 ™  6.40 +0.08 &

Dipping D3 Acetic Acid %4 5.7140.04%  54040.11"  57940.07%  527+0.16"
D4 Ascorbic Acid %4 5.74 +0.08 °A¢ 541 +0.04™  583+0.02% 551 40.15°®
D5 Sodium lactate %4 6.07 £0.07 %  5.9440.06®  6.01 +0.07"™  6.35+0.03 &
D6 Citric Acid %4  5.67 +0.08°  544+008™®  556+0.10 B  5.64+0.06i*

Untreated UNT 7.03+0.06*  8.02+0.28°®  9.15+0.05°° 951 0.197°

* Uppercase letters on the same line show significant differences (p <0.05) and lower case letters in the same column show significant differences (p <0.05)
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Considering that the inoculation level is 7.03 log cfu/g, sterile
water treatment reduced the A. hydrophila load by spraying
(6.97 log cfu/g) or dipping (5.70 log cfu/g), and dipped sam-
ples remained below the initial load even after 72 hours. Our
study also showed that the dipping process provides mechan-
ical reduction of the bacterial load by washing, enhancing the
decontaminant effect. The inoculated A. hydrophila count
(7.03 log cfu / g) decreased significantly (P <0.05) after 72
hours in samples (D1) dipped in sterile water (Table 1). Treat-
ment-related changes in the inoculated 4. hydrophila count
(7.03 log cfu/g) after 72 hours of cold storage are presented
in Figure 1. Dipping treatment was found effective since the
growth of A. hydrophila was inhibited by all dipping treat-
ments and remained below the inoculation dose after 72
hours. Dipping in acetic acid (5.27 log cfu/g), ascorbic acid
(5.51 log cfu/g), and citric acid (5.64 log cfu/g) were the most
successful treatments, reducing the load of this pathogen. A
study on oysters found that the use of five percent citric acid
significantly reduced the bacterial population (Mahmoud,
2014). The dipping method is quite effective because all the
food is covered with the dipping solution (Meredith et al.,
2013).
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Contrary to the results we obtained in our study, Smyth et al.
(2018) reported that the total viable count did not change sig-
nificantly in cod fillets dipped in 5% citric acid. In sprayed
samples, acetic acid, and ascorbic acid were also more effec-
tive than other treatments (Figure 1). In the study by Dorsa
et al. (1997), refrigerated beef carcasses were washed with a
3% acetic acid solution, and a significant reduction in total
bacterial load was determined. Delmore et al. (2000) reported
that different treatments, including acetic acid, effectively re-
duced the bacterial count on beef samples. Another study
demonstrated that acetic acid reduced Listeria populations in
fresh meat (Samelis et al., 2001). Carpenter et al. (2011) re-
ported that the application of 2% acetic acid reduced the
count of Salmonella and prevented residual growth of E. coli
and L. monocytogenes in chickens. Gonzales-Fandos and
Herrera (2014) observed a significant reduction in microbial
counts after dipping chicken legs in acetic acid (1-2%) com-
pared to control groups. Studies showing the effect of acetic
acid on other pathogens in different foods support our results.
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Figure 1. Reduction in 4. hydrophila counts in bluefish samples after 72 hours.
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Ascorbic acid is the other substance found to be effective in
our study. Similarly, dipping chicken chunks in 1% ascorbic
acid solution slowed microbial growth and increased shelf
life (Arafata & Chen, 1978). Ouattara et al. (2002) indicated
that ascorbic acid stabilized ground beef’s total aerobic plate
count. It has also been reported that the addition of ascorbic
acid and/or citric acid could reduce bacterial load in food
(Tajkarimi & Ibrahim, 2011; Mahmoud, 2014). Bolton et al.
(2014) reported that citric acid (1-5%) was effective against
microbial growth in poultry products. Likewise, Dolezalova
et al. (2010) reported that 4% citric acid application effec-
tively reduced microbial load on chicken skin. In the present
study, the reduced load of 4. hydrophila after dipping in citric
acid is consistent with these studies.

Indigenous microbial flora can be inhibited by sodium chlo-
ride. Sodium chloride treatment decreases water activity and
thus prevents the development of bacteria. Likewise, chloride
ions are toxic for some bacteria that inhibit enzymatic sys-
tems (Leroi & Chevalier, 2000). In our study, sodium chlo-
ride treatment reduced the initial load of 4. Aydrophila by
dipping and spraying treatments. However, dipping treat-
ments resulted in more effectiveness in controlling the growth
of Aeromonas hydrophila (Figure 1).

Sodium lactate has also been studied to prevent bacterial
growth, and various products have reported different results.

Although sodium lactate has been reported to be effective
against bacterial growth in some foods (Sallam & Samejima,
2004; Seydim et al., 2006; Kilinc et al., 2009), it failed in pre-
venting the growth of L. monocytogenes in minced beef dur-
ing cold storage (Serdengegti et al., 2006). Likewise, sodium
lactate did not significantly suppress the growth of A. Ay-
drophila in Bluefish in the present study.

Effect of Treatments on pH

It has been known that adding natural acids to food causes a
decrease in pH (Bou et al., 2017). Since an undissociated por-
tion of the acid molecule inhibits bacterial growth by creating
an unfavorable environment, organic acids have antimicro-
bial effects (Hardin et al., 1994). Likewise, the treatments
showing the highest antimicrobial effect on 4. hydrophila
have to lead to more pH reduction (Table 2). Dolezalova et
al. (2010) similarly reported a correlation between the de-
crease in pH and the antimicrobial effect of citric acid on
chilled chicken skin. The growth and survival of pathogenic
bacteria depend on a diversity of external factors, such as
background flora and temperature, as well as internal factors,
such as acidity and pH (Shekarforoush et al., 2007). A publi-
cation by Daskalov (2006) affirmed that a combination of low
temperature and low pH decreases the growth of 4. hydroph-
ila.

Table 2. pH changes of bluefish samples treated with different organic acids under refrigerated storage

Storage Hours

Applications Groups Chemical solutions 0 hour 24th hour 48th hour 72th hour
method

S1 Sterile Water 6.55 +0.00 6.88 +£0.03 6.32 +£0.03 6.79 £0.02

S2 NaCl %4 6.22 £0.00 6.54 £0.02 6.33 £0.04 6.39 £0.05

S3 Acetic Acid %4 5.97 £0.01 6.13 £0.01 5.81£0.01 5.87 £0.02

Spraying S4 Ascorbic Acid %4 6.01 +£0.01 6.36 £0.01 6.16 +£0.09 6.27 £0.04
S5 Sodium lactate %4 6.41 £0.01 6.63 £0.02 6.20 £0.01 6.45 £0.02

S6 Citric Acid %4 5.64 £0.01 5.85+0.01 5.84 £0.10 6.15 +0.02

D1 Sterile Water 6.35 £0.02 6.45 +£0.02 6.42 £0.03 6.85+0.01

D2 NaCl %4 6.22 £0.00 6.43 +0.03 6.41 £0.02 6.30 £0.10

Dipping D3 Acetic Acid %4 4.56 £0.01 4.81 +0.06 5.81 +0.01 5.13 +£0.04
D4 Ascorbic Acid %4 5.39 +£0.01 5.54 £0.02 5.43 £0.06 5.94 £0.01

D5 Sodium lactate %4 6.34 £0.01 6.53 £0.01 6.43 +£0.01 6.56 £0.02

D6 Citric Acid %4 5.01 £0.01 5.65 £0.05 5.12 +£0.10 5.28 £0.05

Untreated UNT 6.45 £0.01 7.28 £0.12 7.18 £0.19 6.68 £0.07
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Conclusion

The growth of A. hydrophila was inhibited by all dipping
treatments and remained below the inoculation dose after 72
hours. Dipping in acetic acid, ascorbic acid, and citric acid
(4%) was the most effective treatment to inhibit this emerging
pathogen. Considering that the consumer is more worried
about using artificial additives or treatments than the risk of
pathogens, investigating consumer-friendly, natural sub-
stances to ensure food safety will provide significant benefits
for the food industry.
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This study aimed to determine the quality changes and shelf life of raw and steam-cooked blue
crab meat caught in the DALKO Fisheries Cooperative processing plant in the Kdycegiz Dalyan
region. Both fresh and cooked crabs were taken from DALKO Fisheries Cooperative and brought
to the laboratory under cold chain conditions. After the initial analyses (sensory, chemical, micro-
biological, and nutrient content) were made for the fresh and cooked blue crabs, the remaining
samples were shrink packed. Packaged samples were kept under refrigerator (+/- 4°C +1) condi-
tions and shelf-life analyses were carried out during cold storage.

The results determined fresh and cooked crabs' initial nutritional values (protein, lipid, moisture,
ash) as 16.22%, 1.06%, 81.17%, 1.45%, and 17.13%, 0.94%, 79.88%, 1.88%, respectively. At the
end of storage, these values were determined as 15.88%, 1.51%, 80.18%, 1.67%, and 17.83%,
1.06%, 78.65%, and 2.13% for fresh and cooked crabs, respectively. According to the sensory and
microbiological analysis results, the consumable limit values were exceeded on the sixth day for
fresh samples and the eighth day for cooked samples. When sensory and microbiological analyses
were considered, it was determined that the fresh crabs have a shelf life of 4 days and cooked crabs
have six days in vacuum-packaged refrigerator conditions.

Keywords: Blue crab, Shelf life, Vacuum shrink packaging
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Introduction

The blue crab (Callinectes sapidus) is an allochthonous crab
species originating from the Western Atlantic Ocean that was
colonized in the coastal areas of Greece in 1940, especially in
the Gulf of Thermaikos (Serbetis, 1959), also reported in the
marine area of Rhodes Island in 1976 (Lewinshon, 1976).
Blue crabs are harvested from estuarine and coastal waters.
Factors more sensitive to the microbiological flora of crabs
are usually environmental influences. (Balasaraswathy et al.,
2008). Crabs are highly priced seafood products that are pre-
ferred in terms of edible meat quality and economic value,
especially in developed countries (Dernekbasi et al., 2021).
Crab meat, rich in protein and mineral substances, is an im-
portant food in a balanced diet, especially calcium, iron, zinc,
potassium and phosphorus, vitamins, and low-fat content
(Gokoglu and Yerlikaya, 2003; Erkan et al., 2008). Studies
were carried out to determine the biochemical composition of
blue crab meat obtained from different regions (Gokoglu &
Yerlikaya, 2003; Ayas & Ozogul, 2011; Khamassi et al.,
2022; Tufan, 2023).

Crab meat is among the perishable seafood products. If ade-
quate preservation methods are not applied, its quality can
deteriorate rapidly. Cold storage is one of the most effective
and accessible methods of preserving crabs. Due to crabs’
meat value and susceptibility to rapid spoilage, research has
identified the microbial flora responsible for spoilage (Bal-
asaraswathy et al., 2008).

DALKO Dalyan Fisheries Cooperative was established by
the people of the region in 1971 within the borders of
Koycegiz Lagoon, Dalyan town of Koycegiz district in
Mugla/Turkey. The cooperative was established in order to
protect the small fishermen in the region, provide job oppor-
tunities, market the fishery products, continue the old lagoon
fishery, and protect the environment and nature. DALKO co-
operative stated that they have difficulty packaging the blue
crabs offered fresh or steamed cooked to the consumers.
Tearing vacuum bags during the packaging of shellfish prod-
ucts reduces the effect of packaging on the product’s shelf
life. Blue crabs in the cooperative are sold to the consumer in
aluminum foils or wrapped in paper packages. The consumer
has to consume the product that is bought either immediately
or in a short time under refrigerator conditions. These punc-
tures are thought to be prevented when shrink packaging is
applied to these samples taken into the bowl. In addition, it is
thought that the supply quality in the market will be increased
by having some knowledge about the nutritional composi-
tions of aquatic products produced by DALKO Fisheries Co-
operative and marketed to the local and foreign markets.

Research Article

This study aimed to determine the nutritional content and
shelf life of shrink-packaged raw and steam-cooked blue crab
caught by the DALKO Fisheries Cooperative fishermen in
Koycegiz Dalyan region and cleaned and steam-cooked
(ready-to-eat) in the processing facility. This research is to
contribute to our country’s economy by providing added
value to the product in the foreign market by promoting the
consumption of our local products and extending the shelf life
by packaging.

Material and Methods
Material

Blue crab caught from Koycegiz Dalyan was used. Blue crabs
(Callinectes sapidus) were brought to Mugla Sitki Kogman
University, Faculty of Fisheries, Quality Control Analysis
Laboratory from DALKO Fisheries Cooperative within 1
hour under cold chain conditions after the upper shell part
was removed. The crabs were divided into two groups (first
group had steamed crabs for 30 minutes, and the other group
had freshly prepared crabs). 200 mature crabs were used in
this study.

Method
Vacuum Packaging of the Samples

The raw and cooked crabs brought to the laboratory from
DALKO Fisheries Cooperative were packed in plastic con-
tainers in 2 pieces, then packed with a vacuum shrink ma-
chine and stored in the refrigerator. Samples were analyzed
periodically (0., 2., 4., 6., and 8. day) for microbiological,
chemical, and sensory assessment of quality.

Nutritional Composition Analysis

In the raw and cooked blue crab meat, nutritional composi-
tions analyses; % protein; according to AOAC (2006a,
984.13) by Kjeldahl method, the % lipid content of crab
meats according to Bligh and Dyer (1959), % moisture; ac-
cording to AOAC (2006b, 934.01) and % ash content anal-
yses; according to AOAC (1990, 950.46) were carried out at
the beginning and at the end of the storage.

Sensory Analysis

Ten trained panelists conducted sensory analysis for raw and
cooked edible crabs on each sampling day. A hedonic scale
test applied for raw crab was used in sensory analysis. Fresh
crab meat was evaluated over 5 points (5: best quality, 0:
poorest quality) in terms of color, texture, smell, appearance,
and general appreciation criteria (Amerina et al., 1965). For
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steamed crab meat, sensory analyzes were evaluated for odor,
taste, and texture (clumping, firmness, juiciness, and con-
sistency). It was scored between 0 and 8 using the hedonic
scale and evaluated as 0 (best quality) and 8 (lowest quality).
The general average of the scores was taken, and 6 was ac-
cepted as the acceptability limit (Anacleto et al., 2011).

Chemical Analysis

Over the 8-day period, chemical analyses were carried out.
The pH value of crab samples was determined with a digital
pH meter (InoLab pH Level 1 model, WTW, Weilheim, Ger-
many) according to Manthey et al. (1988). The TVB-N anal-
ysis was carried out according to Antonocopoulus (1973).
Homogenized crab samples were steam-distilled, and the dis-
tillate was collected in a 0.1 N HCI solution containing a
beaker. Then, this solution was titrated with 0.1 NaOH solu-
tion. TVB-N value was expressed as mg nitrogen/kg of sam-
ple. TBA was determined as described by Tarladgis et al.
(1960). Ten grams of crab sample homogenized was distilled
with hydrochloric acid (HCI), then TBA reagent prepared
with glacial acetic acid (90%) was added to the distillate. Dis-
tilatte incubated in a water bath, the mixture’s absorbance
was measured using a spectrophotometer (Shimadzu UV-
1700, Japan) at 538 nm. TBA value was expressed as mg ma-
lonaldehyde/kg fish sample.

Microbiological Analysis

The following groups of microflora were monitored: total vi-
able count (TVC) and psychotropic bacteria count (PBC). A
sample of 10 g was removed aseptically from the filet using
a scalpel and forceps, transferred to a stomacher bag contain-
ing 90 mL of sterile peptone water (PW) solution (0.1%), and
homogenized at room temperature. Further serial decimal di-
lutions were prepared for each sample in PW solution (0.1%).
The appropriate dilutions were subsequently used for the enu-
meration and differentiation of microorganisms. Total viable
counts were determined using plate count agar (PCA, Code:
1.05463, Merck, Darmstadt, Germany) after incubation for 2
days at 37°C, and psychotropic bacteria counts were deter-
mined after incubation at 7°C for 10 days with the same me-
dium (FDA/BAM, 2009).

Statistical Analysis

Experiments were performed in triplicate (n = 3) for three
independent samples, and a completely randomized design

(CRD) was used. Statistical analyzes were performed using
the Statistical Package for Social Sciences v.21 Software
Package (SPSS for Windows, SPSS Inc., Chicago, IL,
USA). Data are given as mean values + standard deviations,
and a probability value of P < 0.05 was considered signifi-
cant. Analysis of Variance (ANOVA) was applied to the ob-
tained results, and the averages were compared with Dun-
can's multiple interval tests.

Results and Discussion

Nutritional Composition Analysis Results

At the beginning and the end of storage, nutritional composi-
tion analyses; protein, lipid, moisture, and ash analyses were
made in the raw and steam-cooked crab meat. At the begin-
ning (Day 0), protein, lipid, moisture, and ash was determined
for raw and cooked crabs as 16.22%, 1.06%, 81.17%, 1.45%
and 17.13%, 0.94%, 79.88%, 1.88%, respectively. At the end
of storage, these values were determined as 15.88%, 1.51%,
80.18%, 1.67%, and 17.83%, 1.06%, 78.65%, 2.13% for raw
and cooked crabs, respectively (Table 1). Protein and mois-
ture content decreased slightly during storage. There were
significant differences (P < 0.05) in the moisture, protein, fat,
and ash contents of edible meat for raw and cooked crabs.
The differences could be attributed to decreased moisture
content during cooking. Zotti et al. (2016) find the moisture,
protein, and ash values of blue crabs (Callinectes sapidus),
80.12%, 15.13%, and 1.63%, respectively, in their study in
Acquatina Lagoon (SE Italy). The results are quite similar to
the results in our study. Umer et al. (2021) determined the
amount of lipid in commercial crab species; P. pelagicus, P.
sanguinolentus, S. serrata, and C. feriatus in the range of
0.25-1.86 g/100 g. In the study of Anacleto et al. (2011) that
investigated the shelf life of cooked Cancer pagurus at cold
storage, moisture, protein, fat, and ash contents were deter-
mined as 76.9%, 18.0%, 0.6%, and 2.6%, respectively. As in
our study, crabs have high protein and low lipid values. Bal-
asaraswathy et al. (2008) observed a significant decrease in
protein values of uncooked and cooked crab (Portunus pe-
lagicus) meat under ice storage for 10 and 12 days, respec-
tively. Unlike this study, no significant protein loss was ob-
served in our study.
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Table 1. Nutritional composition analysis results

Nutritional Composition (%)
Storage Period Groups Protein Lipid Moisture Ash
Raw 16.22 £0.28* | 1.06 £0.04"* | 81.17 £0.26" | 1.45 £0.04*
Initial (0. day) Cooked 18.05 £0.605 | 1.46 £0.025 | 76.88 =0.115 | 1.88 £0.017
Raw 15.88 £0.55* | 1.51+0.12* | 80.18 £0.29° | 1.67 £0.18*
End of Storage (8" day) | Cooked 17.83 £0.21° | 0.94 +£0.06" | 78.65£0.15° | 2.13 £0.22°

Research Article

(Mean + SD, n:4) Capital letters indicate the statistical difference between groups at the beginning, and lower letters

indicate the differences between groups at the end of storage.

Sensory Analysis Results

According to the sensory analysis results, fresh samples' con-
sumable limit values were exceeded on the sixth day. The
odor and texture deteriorated after the fourth day, and the
panelists evaluated these characteristics unfavorably. Color
properties also deteriorated. The acceptability limit of 6
points for cooked crabs was exceeded on the eighth day for
each sensory criteria. A statistically significant difference
was found between the sensory analysis results of fresh and
cooked crabs (P <0.05). Lorentzen et al. (2014), in their study
of determining the shelf life of red king crab (Paralithodes
camtschaticus), sensory quality, especially odor and flavor
parameters, deteriorated during chilled storage.

Chemical Analysis Results

While TVB-N values of fresh crabs were 12.42 mg/100 g at
the beginning of storage, this value was much higher in
cooked samples (Figure 1). A continuous increase was ob-
served in TVB-N values of fresh samples during storage,
while a fluctuation was detected in these values in cooked
samples. During the storage, the TVB-N value of cooked crab
samples exceeded the consumable limit of 25-35 mg/100 g
according to the European Commission Regulation No
2074/2005 for fishery products (EC, 2005). In this study, the
limit value of 35 mg/100 g for crab meat was exceeded on the
eighth day for fresh samples. Higher results were obtained
with cooked crabs than with fresh crabs throughout storage.
The contents of TVB-N throughout storage were significantly
different (P < 0.05) for fresh and cooked crab meat.

= Raw Material
TVB-N = Cooked
600
47,44 48,25
500 - 44.36 43,65 M—

mg/100g

0.0

Storage Time (Days)

Figure 1. TVB-N analysis results

Lorentzen et al. (2016) studied the shelf life of snow crab
stored at 0 and 4°C in raw meat, the level of TVB-N was 20
mg/100 g from day 0, and it did not change during the storage
period of 7 days. Sun et al. (2017), in their study about the
effects of super chilling with modified atmosphere packaging
on the shelf life of swimming crab, the TVB-N of air-pack-
aged samples (without MAP) increased rapidly, and the value
reached 30.64 mg N/100 g on the fifth day of storage at 4°C.
Similar results were obtained in our study for fresh samples.
In this present study, higher TVB-N results were obtained in
cooked crab samples than in fresh crabs. Anacleto et al.
(2011) reported that TVB-N formation in cooked samples can
increase by thermal breakdown during cooking. They found
that TVB-N levels exceeded the consumable limits of 35
mg/100 g in their study of the shelf-life of cooked crab sam-
ples. Therefore, it was concluded that the TVB-N could not
determine the chemical quality of steam-cooked blue crabs.
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Generally, the pH value for fresh crabs increased continu-
ously during storage, while for cooked samples, these values
varied in equilibrium (Figure 2). It was reported that pH 7.80—
7.95 is an acceptable critical limit for shrimps and prawns
(Chung & Lain, 1979). In our study, only cooked crabs ex-
ceeded this value at the end of storage. One of the most obvi-
ous reasons for this increase may be the breakdown and de-
amination of tissue proteins. Especially during the deteriora-
tion of seafood, spoilage products such as ammonia and tri-
methylamine produced by endogenous enzymes and micro-
organisms are released (Finne, 1982).

e Raw Material

pH

s C o0k ed

8.05

7.84 7.77

0 2 4 6 8
Storage Time (Days)

Figure 2. pH analysis results

Lorentzen et al. (2014) examined the shelf life of cooked red
king crab at 4°C, and the pH value was found to be between
7.3-7.9 during the 14-day study. Lorentzen et al. (2016), in
the other study about the shelf life of snow crab stored at 0
and 4°C, the pH of raw leg crab meat was 6.5 on day 2, and
the final pH was 7.0 on day 7. Similarly, in this study, the pH
increased from 7.0 to approximately 7.6 on day 2 in steamed
crabmeat, independent of storage temperature. During refrig-
erated storage, Anacleto et al. (2011) found progressively in-
creased pH in cooked crab (Cancer pagurus) samples. They
reported that because of the higher content of non-protein ni-
trogenous compounds in crustaceans, crabs have a higher pH
than fish and mammalian species.

TBA value increased slightly for fresh and cooked crabs dur-
ing cold storage. There were no significant differences be-
tween these groups statistically (P>0.05) (Figure 3). During
the storage, values were obtained entirely below the 8 mg ma-
lonaldehyde/kg limit for both samples. This value was not ex-
ceeded during storage.

= Raw Material

TBA

Cooked

mg malonaldehyde/kg

Storage Time (Days)

Figure 3. TBA analysis results

Sun et al. (2017), in the study that examined the effects of
super chilling with modified atmosphere packaging on the
shelf life of swimming crab, on day 4 of storage, the TBARS
value reached 1.5 mg MDA/kg muscle for air-packed (with-
out MAP) samples. Higher results were obtained than in our
study.

Microbiological Analysis Results
Total Viable Count Results (TVC)

The total viable count was determined as 4.82 log CFU/g at
the beginning of storage in fresh crabs and reached 7.44 log
CFU/g on the sixth day of storage. An increase occurred dur-
ing the storage of both samples. There was no microbiologi-
cal growth for cooked crabs until the fourth day of storage;
the total viable count was determined as log 4.4 CFU/g on the
sixth day and log 7.41 CFU/g on the eighth day (Figure 4).
Due to the cooking process, a lower microbiological load was
determined in the cooked samples compared to the fresh sam-
ples. A statistically significant difference was found between
each group in terms of total viable count until the sixth day of
storage (P < 0.05). However, at the end of storage, this differ-
ence was found to be insignificant (P > 0.05). The recom-
mended limit of log10° CFU/g for refrigerated and frozen
crab meat, according to ICMSF (1986), was exceeded on the
sixth day for fresh crab and on the eighth day for cooked crab.

121



122

Aquat Res 6(2), 117-124 (2023) e https://doi.org/10.3153/AR23012

Research Article

TOtal Viahle Count ——— Raw material

== Cooked

Log CFU/g
L= R SR PR S R - - Bt
-

[=

t

4 6 8

(=34
(&)

Storage Time (Days)

Figure 4. Total viable count results

The total number of psychrotrophic bacteria was determined
as 3.35 log CFU/g in fresh crabs at the beginning of storage,
and this value reached 7.64 log CFU/g at the end of storage.
There was no psychrotrophic bacteria growth for cooked
crabs until the fourth day of storage; it was log 2.75 CFU/g
on the sixth day and log 5.72 CFU/g on the eighth day (Figure
5). Anincrease occurred during storage for both samples. The
values of psychrotrophic bacteria throughout storage were
significantly different (P < 0.05) for fresh and cooked crab
meat.
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Figure 5. Psychrotrophic bacteria results

Anacleto et al. (2011) found that the TVC of cooked Cancer
pagurus was below 4 log CFU/g until day 4 for the samples
stored in the refrigerator. Lorentzen et al. (2014) examined
the shelf life of cooked red king crab at 4°C, the TVC value
was found below the viable count up to 5 days, and it logged
4.4 CFU/g on the fifth day. Lorentzen et al. (2016), in the
study of the shelf life of snow crab stored at 0 and 4°C, up to
day 4, the level of TVC was below consumable limit values
of logl.7 CFU/g for cooked crab, and TVC increased to the

maximum level of log 5.5 CFU/g at 4°C on day 10. While the
TVC level of fresh snow crab was approximately log 2.5
CFU/g at the beginning of storage, this value was reported to
increase by approximately one unit during the next seven
days of storage at 0°C. Lower values were obtained than in
our study due to storage at lower temperatures. Sun et al.
(2017) in the study investigated the effects of super chilling
with modified atmosphere packaging on the shelf life of
swimming crabs; for air packed (without MAP) samples, the
initial total acrobic plate count (TPC) was 3.96 log CFU/g for
fresh crabs, and TPC reached log10°> CFU/g at day 4.

Conclusion

This study applied shrink packaging to raw and cooked crabs,
and shelf-life analyses were carried out during eight days of
cold storage. As a result of the analyses, it was concluded that
the shelf life of the packaged fresh and cooked crabs was 4
and 6 days, respectively, according to the results of sensory
and microbiological analysis. The chemical analysis of the
packaged crab samples determined that they preserved their
quality properties during storage for up to 6 days. The high
initial microbial loads of the samples prevented further shelf
life extension. It is thought that pre-treatments such as cook-
ing or disinfection before packaging to extend the shelf life
will reduce the microbiological load and improve the prod-
uct’s sensory and chemical properties. In addition, it is sug-
gested that compliance with the personnel and plant hygiene
rules during the capture, processing, and storage of the prod-
uct is important for future studies in terms of the quality of
the product. It is thought that crabs, which are beneficial for
human health due to being rich in protein, vitamins, and min-
erals and have low saturated and high unsaturated fatty acid
content, by applying pre-treatments, cooking methods, and
providing appropriate storage conditions under appropriate
conditions will increase their consumption.
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Introduction

Motile acromonads, which are generally expressed as Motile
Aeromonas Complex (MAC) are Gram negative and usually
capable of movement with a single polar flagellum and the
disease caused by these in fish is called Motile Aeromonas
Septicaemia (MAS). Also, many bacteria that cause disease
of fish in this group have been reported in different studies.
Important species of this genus are Aeromonas hydrophila, A.
caviae, A. sobria, A. veronii, A. schubertii, and A. media
(Austin & Austin, 2010). The disease caused by the bacteria
belonging to this group in fish is generally called Motile Aer-
omonas Septicaemia (MAS). It is possible to see hemorrhagic
septicemia in acute cases of Aeromonas occurring in fish, and
abscesses and large ulcers in chronic cases (Austin & Austin,
2010). In this group, A. hydrophila has been reported in dif-
ferent size ranges of various fish species. It has been reported
that it causes blue sac syndrome in trout alevin (Kayis et al.,
2015).

Identification of the disease agent is very important in under-
standing the disease process. Therefore, there is continuous
improvement in pathogen identification. Various phenotypic,
serologic, and molecular techniques are widely used for the
identification of pathogenic fish bacteria. The accuracy level
of these methods and the advantages and disadvantages of be-
tween each other are a matter of discussion. There may be
differences between the results of these identification meth-
ods for the Motile Aeromonas Complex. However, it can be
claimed that some methods are more sensitive than others in
identification. In recent years, it has been reported that phe-
notypic identification kits may give incorrect results in iden-
tifying Aeromonas species, whereas molecular identification
is quite reliable (Fernandez-Bravo & Figueras, 2020). Even
the classical PCR method is considered to be more unsafe
than the whole genome sequencing method. So, identification
studies by the whole genome method for A. hydrophila have
been reported today (Jin et al., 2020)

Some studies compare or combine the molecular method and
phenotypic identification methods related to Aeromonas spe-
cies. API tests are very common among phenotypic kits used
for this purpose. Significantly, studies for identifying Aer-
omonas hydrophila by API 20NE have been reported (Dubey
et al., 2021; Toobaet al., 2024). Similarly, the other test kit,
the Microgen ID test, was used to identify the fish pathogens
A. hydrophila and A. caviae. (Giilaydin et al., 2018). How-
ever, it is stated in many studies that these tests can give dif-
ferent results for the same bacteria (Santos et al., 1993). For
this reason, which tests can give more accurate results for
which bacteria should be carefully examined under certain
conditions? In recent years, it has been desirable to present

Research Article

and confirm all possible identification methods for the iden-
tification of pathogenic fish bacteria. So, researchers present
molecular and phenotypic identification methods together in
their studies. This study aimed to identify the Aeromonas hy-
drophila, defined by molecular methods (classic PCR), with
API 20NE and Microgen GN-ID A + B Panel kits. In this
way, comparing both methods and using two different iden-
tification kits for commercial use in the mentioned fish path-
ogen bacteria, Aeromonas hydrophila was determined.

Material and Methods

The bacteria used in the study were obtained from the Fish
Diseases Laboratory of the Fisheries Faculty of Recep Tayyip
Erdogan University. Detailed information about Aeromonas
hydrophila strains is given in Table 1. Besides, an 4. Ay-
drophila strain of the American Type Culture Collection
(ATCC), ATCC7966, which has a whole genome analysis re-
port, was selected, and used in this study to compare and val-
idate the results.

Table 1. Fish hosts of the bacterial isolates used in this study
and their acceptance numbers in the National Cen-
tre for Biotechnology Information (NCBI).

Code Host/Samples Tissue glclﬁl;t;nce
D7 Capoeta banarescui  Spleen ~ MT730008
D13 Capoeta ekmekciae ~ Spleen ~ MT730009
D17  Squalius orientalis ~ Spleen  MT730010
D22 Squalius orientalis Spleen MT730011
Y1 Salmo sp. Egg MT730013
Y21  Hatchery Water MT730014
Y28  Hatchery Water  MT730015
K31  Alburnus derjugini  Kidney MK548537
Y33  Oncorhyncus mykiss Kidney MT730016

For the molecular identification of the Aeromonas species,
their genomic DNA was obtained by boiling method (Kayis
et al., 2015). The primers specific to the 16S rRNA region of
eubacteria (27 Fwd 5'-AGA GTT TGA TCC TGG CTC AG-
3', 1492 Rev 5'-GTT TAC CTT GTT ACG ACT T-3') were
used. Then PCR reaction was carried out using bacterial ge-
nomic DNA and the given primers (Model Px2 ThermoHy-
brid; Thermo Electron Inc., Waltham, MA, USA). The 1465-
bp amplified products were purified with a NucleoSpin PCR
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purification kit (Macherey-Nagel) and sent for sequencing by
double-sided reading (ABI PRISM 310 genetic analyzer, Ap-
plied Biosystems). Accession numbers of bacteria in the Na-
tional Center for Biotechnology Information (NCBI) are
givenin Table 1. The API 20NE test kit (BioMerieux, France)
and Microgen ID A+B (Microgen, UK) were used for the
phenotypic identification of the bacterial strains. The tests
and their differences included in both test kits are given in
Table 2.

Pure bacterial cultures were inoculated into the kits as speci-
fied in the instructions of the test kits. API 20NE kits were
incubated at 29 £1°C and 22 +1°C, while Microgen GN-ID A
+ B was incubated at 34 +1°C for 24 hours. Many researchers
have stated that API tests need some modifications in them to
use in fish pathogens (Popovic et al., 2014). The most im-

portant of these changes is perhaps the incubation tempera-
ture. Therefore, a low-temperature trial (22 £1°C) was also
conducted, which is more suitable for fish pathogens. At the
end of the incubation, different reagents determined for both
kits were added to the tests. The codes of bacteria were
formed according to the colour changes mentioned in the in-
structions, and the results were interpreted via the APIWEB
and Microgen ID software systems for identification.

Kovac's reagent, VPI-VPII, Nitrate A and Nitrate B, and TDA
reagent were added to the tests for Microgen, and Mineral oil,
Nitl, and Nit2, Zn, and James solutions were added for API
20 NE. As aresult of the reagents applied, the codes obtained
according to the colour changes were uploaded to the licensed
APIWEB and Microgen ID software systems, and the bacte-

ria were identified.

Table 2. Comparison of the test contents of the kits used in this study.

API20 NE Microgen GN-ID A+B
NOs;  Potassium nitrate 0X Oxidase
TRP  L-tryptophan MOT Motility
GLU D-glucose (fermentation) NIT Nitrate
ADH L-Arginine LYS Lysine
URE  Urease ORN Ornithine
ESC  Esculin ferric citrate H,S H,S
GEL  Gelatine GLU Glucose GN-A
PNG 4-Nitrophenyl-B-D- glucopyranoside MAN Mannitol
GLU  D-Glucose (assimilation) XLY Xylose
ARA  L-Arabinose ONPG  o-nitrophenyl-beta-D-galactoside
MNE D-Mannose IND Indole
MAN D-Mannitol URE Urease
NAC N-Acetyl glucosamine VP Voges Proskauer
MAL D-Maltose CIT Citrate
GNT  Potassium gluconate TDA Triptofan
CAP  Capric acid GEL Gelatine
AD Adipic acid MAN Malonate
MLT Malic acid INO Inositol
CIT  Trisodium citrate SOR Sorbitol
PAC  Phenylacetic acid RHM Rhamnose
SUC Sucrose GN-B
LAC Lactose
ARA Arabinose
ADO Adonitol
RAF Raffinose
SAL Salicin
ARG Arginine
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Results and Discussion

The identification of bacteria in the NCBI database as a result
of the molecular identification is given in Table 1. The results
showed that all bacteria were Aeromonas hydrophila in both
incubation temperatures. According to the API 20NE test re-
sults of bacteria in the Apiweb system, all strains, including
the ATCC, were confirmed as 4. hydrophila (Table 3). In the
results of all Microgen ID test kits strains, 6 out of 10 differ-
ent bacteria could be identified as A. hydrophila (Table 4). In
addition, the ATCC strain was identified as 4. hydrophila.

According to the data obtained from the study, reference
strain A. hydrophila (ATCC7966) and D17, D22, Y28 Y21,
and Y33 strains were defined as A. hydrophila in all three
identification methods (molecular, API 20NE, and Microgen
ID A + B). API 20NE codes of only three bacteria (D7, D22,
and Y21) were identified as the same as the ATCC strain. On
the other hand, in the Microgen ID system, none of the bac-
teria codes could be identified the same as the ATCC strain.
In the API system, six tests (TRP, ARA, MNE, MAN, NAG,
MAN, and CIT) differed with ATCC strains. All other tests
were similar to the ATCC strain. The test with the most var-
iability in the API system was determined as citrate. (Table 3
and Figure 1). On the other hand, only 11 tests were observed,
similar to ATCC strains in the Microgen ID system. The most
variable tests in the Microgen ID systems were VP, gelatine,
mannitol, and hydrogen sulphide (Table 4 and Figure 2).
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Molecular methods have been used frequently in identifying
fish-origin bacteria for the last two decades (Altinok & Kurt,
2003). However, traditional phenotypic methods are still
commonly used for bacteria. Many studies indicate that phe-
notypic identification methods for bacteria have some prob-
lems. Such as, some bacteria can be misidentified due to in-
cubation temperature values and aquatic system differences
(Popovic et al., 2004). For these reasons, the scientific author-
ities recommend the application of molecular techniques in
the identification of bacteria. This question is an important
detail that researchers ask; How is the compatibility of both
methods? The presented study is a narrow answer to the ac-
curacy of this approach. So, in the present study, Aeromonas
hydrophila strains were identified with the classical PCR
technique, and the two different test kits and the results were
compared. According to the PCR technique, all bacteria were
identified as Aeromonas hydrophila. Molecular identification
was not performed on the ATCC strains used in the study. On
the other hand, all strains were identified as A. hAydrophila in
the same bacterial group according to the API 20NE test. In
contrast, six strains were defined as 4. Aydrophila according
to Microgen tests. This study demonstrated that the API
20NE kit successfully identified A. hydrophila. On the other
hand, it was determined that the Microgen ID system was
more unsuccessful in identifying 4. hydrophila. For A. hy-
drophila, all tests except citrate showed slight variation be-
tween the reference strain and isolates. In this sense, it can be
said that the API 20NE test kit is quite successful in identify-
ing A. hydrophila.

Table 3. Evaluation of the results of both test kits for Aeromonas hydrophila

Code API20NE (%) Bacteria Microgen ID (%)  Bacteria

K31 7576455 91.2 Aeromonas hydrophila 746622001 99.5  Aeromonas sobria

D7 7577755 99.3  Aeromonas hydrophila 644424000 95.9  Burkholderia cepacia
D13 5573754 99.8  Aeromonas hydrophila 706424123 99.7  Vibrio fluvialis

D17 7577754 99.9  Aeromonas hydrophila 777664123 98.2  Aeromonas hydrophila
D22 7577755 99.3  Aeromonas hydrophila 744660523 96.8  Aeromonas hydrophila
Y1 7574454 99.4  Aeromonas hydrophila 706424001 82.6  Aeromonas sobria
Y28 7577754 99.9  Aeromonas hydrophila 717624003 99.9  Aeromonas hydrophila
Y21 7577755 99.3 Aeromonas hydrophila 707624023 98.2  Aeromonas hydrophila
Y33 7574455 99.2  Aeromonas hydrophila 716624023 99.7  Aeromonas hydrophila
ATCC 7577755 99.3  Aeromonas hydrophila 754660101 98.7  Aeromonas hydrophila




Aquat Res 6(2), 125-132 (2023) e https://doi.org/10.3153/AR23013 Research Article

Table 4. Similarities of the strain for ATCC strain in API 20NE tests.

Tests Bacteria

K31 D7 D13 DI7 D22 Y1 Y28 Y21 Y33 ATCC
NO; + + + + + + + + + +
TRP + + - + + + + + + +
GLU + + + + + + + + + +
ADH + + + + + + + + + +
URE - - - - - - - - - -
ESC + + + + + + + + + +
GEL + + + + + + + + + +
PNG + + + + + + + + + +
GLU + + + + + + + + + +
ARA - + + + + - + + - +
MNE + + + + + = + + = +
MAN + + - + + + + + +
NAC + + + + + + - +
MAL - + + + + - + + - +
GNT + + + + + + + + + +
CAP + + + + + + + + + +
ADI - - - - - - - - - -
MLT + + + + + + + + + +
CIT 4 + - - + - - + + +
PAC - - - - - - -
O0X + + + 1 1 s s + + +

Table 5. Similarities of the strain for ATCC strain in Microgen ID tests.

Tests Bacteria

K31 D7 DI3 D17 D22 Yl Y28 Y21 Y33 ATCC
OX + +
MOT
NIT
LYS
ORN
H2S
GLU
MAN
XLY
ONPG
IND
URE
VP
CIT
TDA - -
GEL = +
MAL
INO - -
SOR - -
RHM - -
SucC - -
LAC - -
ARA - -
ADO - - - - - - - - - -
RAF - - - - - - - - - -
SAL - - + + + = + + + =

ARG + - + + + + + + + +
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Microgen ID test kits are not as widely used as API tests in
identifying pathogenic bacteria. However, it has been re-
ported to be used in some studies. In a study conducted with
bacteria isolated from sea turtle eggs, comparing API and Mi-
crogen ID tests with molecular identification methods con-
tains quite detailed information. This study states that Micro-
gen ID tests give the best result in identifying bacteria with
Gram-negative rods (Awong-Taylor et al., 2007). Microgen
ID kits were used to identify bacteria obtained from pearl
mullet (Chalcalburnus tarichi) samples, and 4. hydrophila,
and A. caviae were identified in the mentioned study (Gii-
laydin et al., 2018). In the present study, it was observed that
the Microgen ID test successfully identification of 4. hy-
drophila isolates at 60% rates. The reasons for this situation
(not completely successful in all isolates) should be investi-
gated, and studies should be done to increase the reliability of
the test. In particular, the incubation temperatures of the tests
may have caused these false results. Successful identification
of the reference strain ATCC isolate in the Microgen test in-
dicates that the reliability of the test will increase after minor
improvements. The kit database should be improved by add-
ing more data on different strains of the same species. Addi-
tionally, different incubation temperatures can be studied.

Bacterial fish pathogens are known to prefer low incubation
temperatures. However, the recommended incubation tem-
peratures of commercial identification kits are relatively
higher. Literature information indicates that these tempera-
ture preferences are a problem, especially in API tests. The
present study reveals that the temperature difference does not
differ in identifying Aeromonas hydrophila with these com-
mercial kits.

Conclusion

The identification kits used in this study are generally de-
signed for bacteria that are human pathogens. Therefore, it
may give misleading results in the identification of patho-
genic fish bacteria. However, with the studies to be done, the
most accurate results can be achieved. With this study, it is
understood that the API 20 NE test kit, which is frequently
used, gives quite accurate results for 4. hydrophila. Both kits
were found as the test kit more suitable for identification with
molecular methods and ATCC strains. Therefore, the use of
these test kits can be recommended for the mentioned bacte-
ria in the same conditions as the present study. However, the
most correct approach is to study using both methods.
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Kentsel gelisim nedeniyle su havzalarinin bozulmasi, yiizey sulariin antropojenik kaynakli kirleticilere kars1
savunmasizligini artirmaktadir. Yiizme sularinin yakinindan bosalan kentsel akarsular, su kalitesinin bozul-
masina 6nemli dl¢iide katkida bulunabilir. Arastirmada, Terme Cay1’nin dort farkli noktasindan 6rnekler ali-
narak akarsuyun mikrobiyal kalitesi mevsimsel olarak arastirilmistir. Mikrobiyolojik analizler, membran filt-
rasyonu ile standart metotlar kullamlarak gergeklestirilmistir. Orneklerdeki fekal kontaminasyon koloni
olusturan birim (KOB) y6ntemi kullanilarak belirlenmistir. Terme Cay1 su numunelerinde ortalama koloni
sayist toplam koliform, Escherichia coli ve Clostridium perfringens igin sirasiyla 712 KOB/100 mL, 278
KOB/100 mL ve 64 KOB/100 mL olarak belirlenmistir. Bu durum akarsuda fekal bir kontaminasyonun
oldugunu gostermektedir. Su Kirliligi Kontrolii Yonetmeligi’ndeki bakteriyolojik parametrelere gore, Terme
Cayr’nin toplam koliform bakteri sayis1 bakimindan II. Simif su kalitesinde oldugu tespit edilmistir. Aragtir-
madan elde edilen sonuglara gére Terme Cay1’nin mikrobiyolojik kalite yoniinden ¢ok kirli olmayan, fakat
kirlilik baskisi altinda degerlere sahip oldugu belirlenmistir. Kirlik diizeyinin artmamasi icin akarsu gevre-
sindeki yerlesim ve tarim alanlarindan gelen evsel atiklarin/atiksularin, hayvansal atiklarin ve drenaj kanal-
larinin dogrudan akarsuya karismasi engellenmeli, gerekli onlemlerin alinmasi konusunda halk bilinglendi-
rilmelidir.

Anahtar Kelimeler: Fekal indikator bakteriler, Fekal kirlilik, Kentsel irmak, Su kalitesi, Terme Cay1

ABSTRACT

Evaluation of spatio-temporal variations in microbial pollution indicators of a river passing
through lowlands and urban areas in Northern Tiirkiye

The degradation of watersheds due to urban development increases the vulnerability of surface waters to pollutants of
anthropogenic origin. Urban streams draining near swimming waters can contribute significantly to the deterioration of
water quality. In the study, the microbial quality of the Terme River was investigated seasonally by collecting samples from
four different stream sites. Microbiological analyzes were performed using standard methods with membrane filtration. The
colony-forming unit (CFU) method determined fecal contamination in samples. The mean number of colonies in Terme
River water samples was determined as 712 CFU/100 mL, 278 CFU/100 mL, and 64 CFU/100 mL for total coliform,
Escherichia coli, and Clostridium perfringens, respectively. This situation indicates that there was fecal contamination in
the stream. According to the bacteriological parameters in the Water Pollution Control Regulation, Terme River was found
to be of class II water quality in terms of total coliform bacteria count. The Research results determined that the Terme
River is not much polluted in terms of microbiological quality but has values under the pressure of pollution. To not increase
the pollution level, the direct mixing of domestic wastes/wastewater, animal wastes, and drainage channels from the settle-
ments and agricultural areas around the river should be prevented. The public should be made aware of the necessary
precautions.

Keywords: Fecal indicator bacteria, Fecal pollution, Urban River, Water quality, Terme River
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Giris

Akarsular hem antropojenik hem de dogal kirlenmeye en ¢ok
maruz kalan kaynaklardir (Ustaoglu ve ark., 2021; Aydin ve
ark., 2021). Kentsel gelisim nedeniyle su havzalarinin bozul-
masl, yiizey sularinin antropojenik kaynakli kirleticilere karsi
savunmasizligmi da artirmaktadir. Ozellikle fekal kirlilik, kii-
resel olarak bilyliyen bir sorundur (Reynolds ve ark.,
2021). Diinya niifusunun %55°1 su anda kentsel alanlarda ya-
samaktadir ve bu oranin 2050 yilina kadar %68’e ¢ikmast
beklenmektedir (UN, 2019). Kentsel alanlardan gegen akar-
sularin yukari havzadan agag1 havzaya dogru fekal kirlilikten
fazla etkilendigi belirtilmektedir (Paule-Mercado ve ark.,
2016; Tas ve ark., 2019; Reynolds ve ark., 2021).

Patojenik organizmalar tiim ekosistemlerin normal bilesenle-
ridir. Ancak antropojenik aktivite sonrasi artan fekal bakteri
sayisinin neden oldugu kirlilik, akarsularla havzalara ve de-
nizlere taginmaktadir. Suda patojenik bakterilerin varligi, in-
san ve hayvan sagligini tehdit eden 6nemli endise kaynagim
olusturmaktadir (Sener ve ark., 2020). Kentsel akarsular in-
san faaliyetlerinin yogun oldugu sucul ekosistemler oldugu
icin hem yapisini1 hem de islevini etkileyebilecek bir dizi ant-
ropojenik kirleticiler igerir (Yiksel ve ark., 2021; Tepe ve
ark., 2022). Insan popiilasyonundaki artislar, potansiyel mik-
robiyal patojen kaynaklarinin sayisinda artiga neden olur. Ay-
rica, arazi gelisimi ile iliskili peyzajdaki degisiklikler, artan
konsantrasyon ve mikrobiyal patojenlerin mansap sularina ta-
sinmasini saglayabilir (Mallin ve ark., 2000). Dogal arazinin
gecirimsiz yiizeylere doniistiiriilmesi (yollar, otoyollar, kaldi-
rimlar, otoparklar ve gatilar), arazinin dogal filtrasyon kabili-
yetini ortadan kaldirir. Boylece arazi yiizeyindeki kirletici
konsantrasyonunun artmasina izin verir ve kirleticilerin man-
sap su yollarina hizli bir sekilde taginmasini saglar (Mallin ve
ark., 2001).

Alt yapi sistemlerinin eksik ya da yetersiz oldugu sehir akar-
sularinda kanalizasyon gostergelerine rastlanmaktadir (Kaus-
hal ve Belt, 2012). Ozellikle septik alanlardan desarj, sizdiran
kanalizasyon altyapisi, kanalizasyon tagmalari ve atik su
aritma tesisi atik sular1 gibi noktasal kaynaklardan akarsulara
girig vardir (Rosi-Marshall ve ark., 2015). Daginik yerlesim
alanlarindaki foseptik sizintilar, ahir sular1 gibi noktasal ol-
mayan kirleticiler de ylizey akislariyla kentsel akarsulara kir-
letici maddeler tasimaktadir.

Akarsularin igerdigi fekal kirleticiler denize tasindiginda ki-
yisal alanin ve suyun kalitesi bozulur. Plaj gibi rekreasyonel
olarak kullanilan sularin kalitesini diisiiren bu faktorlerin in-
san saglig1 ve ekonomik etkilerinin de olumsuz olmasi muh-
temeldir. Kontamine kiy1 sular1 insan saglig1 iizerinde ciddi
risklere yol acar. Bu riskler, insanlarin patojenle kontamine
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sulara dogrudan, kontamine deniz {iriinleri tiikketimi yoluyla
da dolayli olarak maruz kalmasini igerir (Mallin ve ark.,
2000).

Goreceli kullamim kolayligi ve diisiik maliyeti nedeniyle,
bakteriyel indikator organizmalar su kalitesini degerlendir-
mek vesu kalitesi kriterlerini belirlemek igin kullanilir
(Zhang ve ark., 2015). Koliform bakteriler, su kalitesinin ge-
leneksel ve evrensel mikrobiyolojik gostergeleridir (Neill,
2004; Armah, 2014). Su kiitlelerinde diski koliform bakteri-
lerinin varlig1 genellikle su kiitlesinin kanalizasyonla kirlen-
diginin bir gostergesi olarak kabul edilir (Wang ve Deng,
2019). Hem noktasal hem de noktasal olmayan kaynaklardan
ylizey sularina bosaltilan organik ve biyolojik kirleticiler ve
bu kirleticilerin yiiklenmesi zamanla degisebilir. Yagmur
suyu akisi, nokta kaynakli olmayan organik ve biyolojik kir-
leticilerin yiizey sularina taginmasinin birincil yoludur (Hen-
jum ve ark., 2010). Dolayisiyla, iklim de fekal koliform sayi-
sinin artmasini ve dagilimini etkileyebilir. Cevresel faktorle-
rin mevsime bagl olarak sudaki kirletici yiiklerini ve bakte-
rilerin su kiitlelerindeki yayginligini etkiledigi bildirilmistir
(Wang ve Deng, 2019). Suyun dogal yapisinin ve su kalitesi-
nin bozulmasina neden olan tiim bu faktorler, yerdistii ve ye-
ralt1 sularinin insanlar i¢in su kaynagi olarak kullanimini ki-
sitlamakta ve halk sagligini tehdit etmektedir.

Asag1 akis yoniinde noktasal ve yayili kaynaklardan gelen
kirlilik baskis1 altinda olan akarsularda, bu baski sadece ant-
ropojenik kaynakli degildir. Dogal mekanizmalar (erozyon,
yagis, akit1 gibi toprak ve hidrolojik faktdrlerden kaynakli)
ve klimatik faktorler de akarsu ekosistemini degistirebilmek-
tedir. Ozellikle her mevsim yagis alan, fakat etkili bahar ya-
gislar olan Karadeniz Bdolgesi gibi 1liman bolgelerdeki dii-
zensiz rejimli akarsularda klimatik ve hidrolojik faktorler et-
kilidir (Tas ve ark., 2021).

Mikrobiyal kirliligin belirlenmesi su kalitesinin degerlendi-
rilmesinde kullanilan yardimci araglardan biridir. Sehir mer-
kezlerinden gegen akarsularin su kalitesini belirlemek ve iyi-
lestirme stratejileri gelistirmek icin su kalitesinde mekéansal
ve zamansal degisiklikleri etkileyen faktorleri anlamak esas-
tir (Ustaoglu ve ark., 2021). Yesilirmak ve Kizilirmak
havzalar i¢inde yer alan Samsun ili akarsulan kirlilik nede-
niyle hizla bozulmaktadir. Ilde oncelikli cevre sorunlari
arasinda su kirliligi birinci sirada yer almaktadir (Tas ve
Koléren, 2017). Orta Karadeniz’de Yesilirmak Havzasi’nin
alt havzasinda yer alan Terme Cayi’nda yapilan su ve sedi-
ment kalitesini belirleme ¢alismalarinda, akarsuyun yerlesim
ve tarim alanlarinin baskist altinda oldugu bildirilmistir (Us-
taoglu ve ark., 2021; 2022). Bu ¢alismada, Terme Cayi’nda
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fekal indikator bakteri (FIB) oranini belirlemek ve su kalitesi
sonuclarryla mekansal ve mevsimsel degiskenler arasindaki
iligkiyi incelemek amacglanmistir. Bugiine kadar, Terme
Cayr’nda FIB kontaminasyonu hakkinda rapor edilmis bir
arastirma bulunmamaktadir. Akarsuyun Karadeniz’e desarj
bolgesinde Mili¢ rekreasyon alanit bulunmasi nedeniyle bu
calisma halk saglig1 agisindan dnemlidir.

Materyal ve Metot

Calisma Alant

Caligsma, Karadeniz Bolgesi’nin Orta Karadeniz Boliimii’nde
Samsun ilinin 58 km dogusundaki Salipazar1 ve Terme ilce-
lerinden gegen Terme Cay1’nda yapildi (Sekil 1). Her mevsim
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yagisl Karadeniz iklim 6zelligine sahip alanda Salipazari’nin
yagis alan1 74.5 km?, Terme’nin yagis alam 436.4 km?* dir
(Sekil 2).

Terme ilgesinde Karadeniz iklim 6zelligi goriiliir. Her mev-
sim yagish ve iliman gecen ¢alisma alaninda, 2014-2019 yil-
larin1 kapsayan Terme—Kozluk meteoroloji istasyonu verile-
rine gore, aylik sicaklik degeri 6.6 'C (Ocak) ila 24.0 'C
(Agustos) arasinda degismis, ortalama sicaklik ise 14.7 'C
olarak hesaplanmistir (Sekil 2). Calisma alaninda aylik top-
lam yagis ortalamasi 59.15-147.23 mm araligindadir. Orta-
lama aylik toplam yagis miktar1 ise 100.7 mm’dir (MGM,
2020).
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Figure 1. The general view of the Terme River basin and the location of the sampling localities
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Sekil 2. Arastirma alaninin ortalama aylik yagis ve sicaklik grafigi

Figure 2. Average monthly precipitation and temperature graph of the research area

Su Orneklerinin Toplanmast

Terme Cay1 boyunca Sekil 1°de goriilen dort istasyondan (T1,
T2, T3 ve T4) mevsimsel olarak (ilkbahar, Nisan 2019; yaz,
Temmuz 2019; sonbahar, Ekim 2019; kis, Ocak 2020) toplam
16 su numunesi 6rnegi toplandi. Numune alma kriterlerine
uygun olarak steril 500 mL’lik koyu renkli, vida kapakl steril
cam sise kullanilarak yilizeyden dibe dogru siselere hava bos-
lugu kalmayacak sekilde suya daldirilarak numuneler alindi.
Ayni giin i¢inde numuneler soguk zincirle laboratuvara geti-
rilerek analizler yapildi.

Fekal Indikator Bakteri (FIB) Analizi

Bu calismada, toplam koliform (7C), Escherichia coli (EC)
ve Clostridium perfringens (CP) varligi arastirildi. 7C ve EC
tespiti ve sayimi membran filtrasyon yontemiyle standart ca-
lisma prosediirii (TS EN ISO 9308-1, 2014) kullanilarak ya-
pildi. Calkalanarak homojenlestirilen su numuneleri, filtras-
yon sisteminde 0.45 pm’lik bir membran filtreden (47 mm
diameter, Sartorious) siiziildii. Membran filtre kromojenik
koliform agar (CCA) besiyeri {izerine yerlestirildikten sonra
36+2°C’de 2143 saat inkiibe edildi. B-D-galactosidase pozitif
koloniler (pembeden kirmiziya) muhtemel koliform olarak
sayildi. Aeromonas spp. gibi oksidaz pozitif bakterilerin ne-

den oldugu yalanci pozitif reaksiyonu ayirmak i¢in, muhte-
mel koloniler negatif oksidaz (oksidaz testi) reaksiyonu ile
dogrulandi. Besiyerinde menekse morundan laciverte kadar
olan koloniler (B-D galaktosidaz ve B-D-glukuronidaz pozitif
koloniler) EC olarak sayildi. 7C sayimi1 ise EC sayisi ile ok-
sidaz negatif olan koliform bakterilerin toplami sonucu elde
edildi.

CP’nin tesbiti ve sayimi (sporlular dahil) membran filtrasyon
metodu ile standard metoda gore yapildi (TS EN ISO 6222,
1999). incelenecek su numuneleri ¢alkalanarak homojenles-
tirildikten sonra, 0.22 pm’lik membran filtreden siiziildi.
Membran filtre Clostridium perfringens agar (m-CP agar) be-
siyeri lizerine yerlestirilp anaerobik ortamda (anaero jar)
44+1°C sicaklikta 2143 saat inkiibe edildi. Inkiibasyon so-
nunda opak sar1 koloniler siipheli CP olarak kabul edildi ve
dogrulamaya alindi. Opak sar1 koloniler 20-30 saniye amon-
yum hidroksit buharina tutulup pembe ya da kirmiziya dénen
koloniler CP olarak kabul edildi.

Bulgular ve Tartisma

Su kiitlelerindeki digk: kirliligi yaygin olarak FIB &lgiilme-
siyle belirlenir (Saxena ve ark., 2015). Sehir merkezlerinden
gegen akarsularin su kalitesini belirlemek ve iyilestirme stra-
tejileri gelistirmek icin su kalitesinin zamansal ve mekansal
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degiskenligini etkileyen faktorleri anlamak gerekir (Lintern
ve ark., 2018). Terme Cay1’nda yaptigimiz FIB analizlerinin
mevsimsel ve mekansal sonuglar1 Tablo 1°de verilmistir. Ay-
rica, TC, EC ve CP hot plot grafikleri de Sekil 3—5’te goriil-
mektedir. Hot plot grafigi, genellikle bir veri setindeki farkli
ozelliklerin etkilesimlerini gorsellestirmek i¢in kullanilan bir
grafik tiiriidiir. Bu grafik, bir 1s1 haritas1 seklinde olusturulur.
Farkli renkler ve tonlar kullanilarak veri noktalarinin yogun-
lugu gosterilir. Zamana bagli olarak istasyonlardaki bakteri
yogunlugunun gosterildigi grafikte, mavi renk bakteri yogun-
lugunun az oldugunu, kirmizi renk bakteri yogunlugunun
fazla oldugunu ifade etmektedir. Terme Cay1’nda mevsimsel
ortalama olarak FIB sayis1 TC>EC>CP seklindedir. Maksi-
mum 7C bakteri sayis1 sonbaharda 1. istasyonda (1430
KOB/100 mL), maksimum EC (613 KOB/100 mL) ve CP
(310 KOB/100 mL) sayis1 kis sezonunda 4. istasyonda kay-
dedilmistir.
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Sekil 4. E. coli hot plot grafigi
Figure 4. E. coli hot plot graph
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Figure 3. Total coliform hot plot graph

Sekil 5. C. perfringens hot plot grafigi
Figure 5. C. perfringens hot plot graph

Koliform bakteriler insan ve hayvan bagirsaginda buluna-
bilecegi gibi ¢evresel ortamda da bulunabilir ve potansiyel
fekal kirliligin gostergesi olabilirler (Dindar, 2019). TC bak-
teri sayisi, su kalitesinin en giivenilir gostergesi olarak
kullanilir. Terme Cayi’nda en yiiksek 7C bakteri sayis1 son-
baharda 1. istasyonda (1430 KOB/mL), kis (970 KOB/mL),
yaz (762 KOB/mL) ve ilkbahar (756 KOB/mL) mevsim-
lerinde ise 4. istasyonda gdzlenmistir (Sekil 3). 7C bakteri
yogunlugu, dort istasyonda mevsimsel ortalama olarak son-
bahar>kis>ilkbahar>yaz seklindedir. Yiizey suyunun kalitesi
genellikle ¢cevre ve iklim kosullarina ve su toplama alanindaki
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hayvan ve/veya insan digkisinin varligina baglh olarak dal-
galanma gosterir (Shanks ve ark., 2006). Su kaynaklarinin
cogu kirsal alanlardan beslendigi i¢in, mevsimlik tarim uygu-
lamalarindan, hayvan hareketlerinden ve yagis gibi iklimsel
faktorlerden kaynaklanan mikrobiyolojik kontaminasyon
faktorlerinden etkilenebilirler (Koloren ve Kaya, 2012).
SKKY (2004)’de bakteriyolojik parametreler iginde yer alan
TC sayisina gore su kalite siniflan su sekilde siniflandirilir:
TC; <100 ise I. smif, 100-20000 ise II. Sinif, 20000-100000
ise III. Sinif, >100000 ise IV. Sinif. Ayn1 yonetmeligin goller,
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goletler, batakliklar ve baraj haznelerinin 6trofikasyon
kontrolii sinir degerleri tablosunda (Tablo 2), dogal koruma
alan1 ve rekreasyon alani ile ¢esitli kullanimlar i¢in belirlenen
alanlarda 1000 KOB/100 mL 7C say1s1 sinir degerdir. Y Onet-
melige gore, Terme Cayi 1. sinif su kalitesi 6zelligi tasimak-
tadir. Dogal koruma ve rekreasyon alani icin degerlendiril-
diginde, Terme Cay1’nda sonbahar sezonunda 7C sayisi1 sinir
degeri agsmaktadir (>1000 KOB/100 mL). Bu sonug 6&trofi-
kasyon kontrolil i¢in alanin bakteriyolojik kirlenme baskisi
altinda oldugunu gostermektedir (SKKY, 2004).

Tablo 1. Terme Cay1’nda fekal indikator bakterilerin zamansal ve mekansal analiz sonuglari

Table 1. Results of temporal and spatial analysis of fecal indicator bacteria in Terme River

Mevsimsel Ornekleme Istasyonlar e EC CP
1 442 246 10
flkbahar 2 436 274 10
(15.04.2019) 3 652 316 32
4 756 324 38
1 425 68 22
Yaz 2 319 158 56
(15.07.2019) 3 615 4 72
4 762 108 66
1 1430 550 10
Sonbahar 2 1153 355 8
(15.10.2019) 3 385 25 14
4 1365 410 38
1 431 210 44
Kis 2 343 203 78
(15.01.2020) 3 902 585 220
4 970 613 310
Ortalama (n=16) 7124362 278+191 64£83

EC, genellikle memelilerin bagirsak yollarinda yerlesik bir
kommensal bakteri olarak kabul edilir ve dogrudan digki veya
idrar yoluyla ve dolayli olarak artilmig atik su yoluyla
cevreye atilir. Tartismasiz bir sekilde ve ¢esitli anti-
mikrobiyal gruplarina kars1 hizli diren¢ kazanmasi nedeni-
yle, EC tatli sularda, topraklarda ve yiyeceklerde diski
kirliligini incelemek igin bir gdsterge organizma olarak ben-
imsenmistir (Li ve ark., 2015; Titilawo ve ark., 2015). Terme
Cay1’nda, EC koloni sayis1 4-613 KOB/100 mL olarak tespit
edilmistir. En yiiksek EC sayis1 kig, sonbahar, ilkbahar ve yaz
mevsiminde sirastyla 613, 550, 324 ve 158 KOB/mL olarak

tespit edilmistir. Bu yiiksek degerler sonbahar sezonu harig
(1. istasyon) diger sezonlarda 4. istasyonda gozlenmistir (Se-
kil 4). Terme Cayr’nda yillik ortalama EC sayist 278
KOB/100 mL olup, mevsimsel siralama kig>sonbahar>ilkba-
har>yaz seklindedir.

Yerlesim ve tarim alanlarindan gegerek Sinop’tan Ka-
radeniz’e dokiilen Sirakaraagaclar Deresi’nde ve Karasu
Cayi’nda yapilan mikrobiyolojik su kalitesi caligmalarinda,
TC ve fekal koliform (FC) sayilari sirastyla, 36-1264 (Sinif I-
II) ve 27-1020 (Swmuf II-1IT); 33-721 (Suuf I-1I) ve 25-627
kob/mL (Sinif II-III) araliklarinda bulunmustur. Her iki
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akarsuda her mevsim ve her istasyonda tespit edilen 7C ve
FC en fazla yaz aylarinda ¢ogalma gostermistir. Mikrobiy-
olojik kontaminasyon kaynaklar1 olarak akarsulara gevre
kdylerin kanalizasyon sisteminin karigmasi, tarim alanlar1 ve
mera alanlari, bunlarin yani sira yaz aylarinda bdlgenin tur-
izm faaliyetlerine bagli olarak niifusun artmasi gibi faktor-
lerin koliform bakteri artiglarinda etkili oldugu bildirilmistir
(Giindogdu ve Carli, 2020 a, b). Terme Cayi’nin yogun
tarimsal faaliyetlerin yapildigi Terme Ovasi’nin yani sira
Salipazari ve Terme ilgelerinin merkezinden ge¢cmesi
dolayisiyla yogun antropojenik baski altinda oldugu
gozlenmistir. Calisma peryodu i¢inde Terme’de Haziran ve
Agustos ayinda meydana gelen sel felaketi nedeniyle yaz
aylarinda beklenen bakteriyel artis gozlenmemistir. Mu-
htemelen akarsuyun debisinin artmasi, su seviyesinin
yiikselmesi nedeniyle sudaki ve sedimentteki bakteriyel kon-
taminasyon denize dogru taginmaistir.

Sularda digki kirliligi kaynaklarini dogru bir sekilde belirle-
mek i¢in EC ile birlikte CP analizi yapmak degerli sonuglar
verebilir. CP, diskiyla iliskili Gram pozitif, spor olusturan,
biyofilm olusturan, anaerobik ve patojenik bir tiirdiir (Koo ve
ark., 2020). CP, baliklarin ve domuzlar ve 6rdekler gibi si-
cakkanli hayvanlarin bagirsaklarinda; toprak, akarsular ve
deniz ¢okeltileri gibi bazi enterik olmayan ortamlarda bulu-
nabilir (Skanavis ve Yanko, 2001; Scott ve ark., 2018).
Terme Cayi’'nda 7C ve EC’den daha az sayida CP tespit
edildi (8310 KOB/100 mL; ort. 64 KOB/100 mL). CP orta-
lama koloni sayisinin istasyonlara gore dagilimi genel olarak
4>3>2>1, mevsimsel siralama ise kig>yaz>ilkbahar>sonba-
har seklindedir. Maksimum CP degeri 4. istasyonda kisin
(310 KOB/100 mL), 3. istasyonda yazin (72 KOB/mL), 4. is-
tasyonda ise ilkbahar ve sonbahar sezonlarinda (38 KOB/ml)
kaydedilmistir (Sekil 5). CP irmaklardaki ve diger lotik sis-
temlerdeki atik su aritma tesislerinden kaynaklanan nokta
kaynakli emisyonlar i¢in miikemmel bir gostergedir. Hem
noktasal hem de noktasal olmayan kaynaklardan etkilenen
kii¢iik akarsularda CP sporlari, bakteriyolojik su kalitesini
belirlerken nokta kaynagi kirliliginin bir gostergesi olarak de-
gerlendirilir (Sorensen ve ark., 1989). CP, dogrudan
baglantis1 ve gevresel stabilitesi nedeniyle etkili bir insan
kanalizasyon gostergesidir (Stelma, 2018). Terme Cayi’nda
tespit edilen CP kontaminasyonu, atik suyla akarsuya giren
mikroorganizmalar i¢in hassas bir gosterge gibi goriinmekte-
dir. Ayn1 zamanda vahsi yagsamdan kaynakli noktasal olma-
yan girdilerin de oldugunu gostermektedir.

CP sporlar kirli sularda, 6zellikle tatl sularda diger FIB’lere
gore daha uzun siire hayatta kalabilir. Sporlarinin uzun siireli
cevresel canliligi, CP’yi uzun vadeli veya biriken diski kirli-
liginin daha iyi bir gostergesi yapar. CP sporlari, kirlilik giris
bolgesinden uzak yerlerde tespit edilebilir, bu da uzak veya

eski fekal kirliligin bir gostergesidir (Savichtcheva ve Okabe,
2006; Wang ve ark., 2012). Ayrica, CP bollugu her zaman
diger FIB’lerin bollugu ile iliskili degildir. Bu nedenle, CP ve
diger FIB’lerin birlikte kullanilmasi, patojenleri daha iyi tah-
min edebilir (Li ve ark., 2021).

Terme Cayi’nda FIB kontaminasyonun varlig1 kanalizasyon
ve fosseptiklerin akarsuya karistigini kanitlamaktadir. Genel
olarak, Terme Cayi’nda 7C, EC ve CP sayilar1 yagish do-
nemde kuru déneme gore daha fazladir. Akarsuyun akis yo-
niinde FIB konsantrasyonu da artmaktadir. Terme Cayi’nin
fizikokimyasal su kalitesinin mekansal ve mevsimsel olarak
incelendigi kapsamli ¢alismada, yerlesim yerlerinin merkez-
lerinden ve tarimsal alanlarin ortasindan gegen akarsuyun
akis yoniinde kirletici konsantrasyonunda artis, buna paralel
olarak akarsuyun alt bolgelerinde su kalitesinin azaldig bil-
dirilmistir (Ustaoglu ve ark., 2021). Terme Cay1’nda mikro-
biyolojik arastirma bulgular1 da benzer durumu gostermistir.
En yiiksek FIB sayilar1 genellikle akarsuyun Karadeniz’e de-
sarj bolgesine yakin olan 4. istasyonda tespit edilmistir.
Giresun’dan Karadeniz’e dokiilen Gelevera Deresi’'nde de
yerlesim merkezlerinin akarsu hatlarindaki bakteriyolojik
kirliligi dogrudan etkiledigi (kanalizasyon ve evsel kati
atiklar) ve sistemde organik yiik miktarinin artmasina yol
acarak Karadeniz ekosistemi i¢in yiiksek risk tagidigi ifade
edilmistir (Akkan ve Colaker, 2020). Giineydogu Karadeniz
kiyilarinda yapilan incelemede TC, FC ve FS (fekal strep-
tokok) seviyelerinin ¢ok yiliksek oldugu ve c¢ogunlukla
degerlerin ylizme suyu i¢in ulusal standartlarin zorunlu
degerlerinin iizerinde oldugu bildirilmistir (Kalkan ve Altug,
2020). Karadeniz’de deniz ekosistemi {izerinde antropojenik
faaliyetler (tarimsal faaliyetler, endiistriyel toksik maddeler,
kanalizasyon ve atiksu sorunlari, denizcilik ve ulagim, turizm,
madencilik ve balik¢ilik gibi) ciddi baski olusturmaktadir
(Bat ve ark., 2018). Dolayisiyla, karasal kokenli akarsularla
taginan kirlilik faktorlerinin belirlenmesi ve gerekli 6nlem-
lerin ivedilikle alinmasi gerektigi yapilan su kalitesi ¢aligma-
lar1 ile goriilmektedir.

Yiizey akisi ve erozyon toprak bakterilerini de akarsulara ta-
styabilen siireglerdir (Boithias ve ark., 2021). Birinci istasyon
dagimik yerlesim alanlar1 ve findik tarim alanlariyla ¢evrilidir.
Bu bolgelerde bakteriyolojik kirlilige yol acan en dnemli po-
tansiyel tehditler yayili kaynaklardir (yerlesim alanlarmin
fosseptik sizintilari, evsel atik/atiksular, vahsi kat1 atik depo-
lama alanlari, tarim alanlarina hayvansal giibre kullanimi,
besi hayvanlar1 ve yaban hayati diski tortulari, hayvanlarin
kullanildig1 tarim arazilerinden sizan sular). Yogun sehir yer-
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lesim alanlarinda ise noktasal ya da kontrol edilmeyen antro-
pojenik faaliyetler akarsuyun giderek kirlenmesine yol ag-
maktadir. Bolgenin her mevsim yagis almasi ve zaman zaman
yasanan sel felaketleri noktasal ve/veya yayili kaynaklarin
yapisinda mevcut olan kirletici yiikleri alic1 ortama tasiyarak
kirletici ylkiinii olduk¢a artirmaktadir. Asir1 yagis olaylari,
yerel ve kiiresel 6lgeklerde irmak akis rejimlerindeki yiiksek
degiskenlikler, su kaynakli patojenlerin neden oldugu bula-
sic1 hastalik risklerini arttirabilmektedir (Bloschl ve ark.,
2019; Derx ve ark., 2023). Bol yagis alan Karadeniz Bol-
gesi’nde de su kaynakli parazit patojenlerin halk sagligimi
tehdit edebilecegi belirtilmistir (Koloren ve ark., 2011 a,b).
Diski kaynakli patojenlerin kirlettigi akarsular ve bunlarin
karistig1 ylizme sulari, insanlar i¢in artan enfeksiyon riskini
temsil etmektedir (Arnold ve ark., 2017; Kauppinen ve ark.,
2017). Ayrica, akarsularin fekal kontaminasyonu, rekreas-
yonel faaliyetler disindaki amaglar i¢in kullanilan suyun (su-
lama suyu, igcme suyu, balik yetistiriciligi ve avciligi gibi)
degerlendirilmesini olumsuz etkileyebilir.

Terme Cayr’nin iginde bulundugu Yesilirmak Havzasi’nda
yapilan ¢alismalarda, Yesilirmak Nehri ve kollarinda ¢evre-
sel etkiler ve kirlilik gézlenmis ve bu durumun su kalitesini
olumsuz etkiledigi bildirilmistir (Baséren ve Kazanci, 2015;
Karaman ve ark., 2017a; Koloren ve ark., 2017). Tarimsal ve
evsel atiklarin neden oldugu kirliligin kontrolii i¢in su kalite-
sinin uzun stireli fizikokimyasal ve biyolojik parametrelerle
izlenmesi son derece 6nemlidir (Basoren ve Kazanci, 2015).
Bakteriyolojik parametrelerin izlenmesi de su kirliligi kont-
rolii acisindan Onem arz etmektedir. Karaman ve ark.
(2017b) Samsun ilindeki gevresel su Orneklerinde parazit
varhigini inceledikleri ¢calismada; Giardia sp., Cryptosporid-
ium spp., Cyclospora spp., Microsporidia, Blastocystis spp,
Entamoeba coli kisti, Dientemoeba, Chilomastix, Strongyloi-
des spp. ve kancali kurt saptamislardir. Bolgede
hayvanciligin ve tarimin yaygin olarak yapilmasi ve akarsu
etrafinin otlak alan1 olarak kullanilmasi, tespit edilen proto-
zoonlarin belirli donemlerde fazla goriilmesinin baslica
nedenleri oldugunu belirtilmistir. Ayni1 sekilde, Terme ve Ko-
caman Cay1 havzasinda yapilan bir arastirmada, Cryptospo-
ridium spp., Cyclospora spp., Strongyloides spp., Microspo-
ridia sporu, Blastocystis spp., Chilomastix spp., Balantidium
spp., Giardia spp. ve kancali kurt yuomurtalar tespit edilmis-
tir. Caligmada, tarimda, sanayide ve evsel kullanimda ihtiyag
duyulan suyun, potansiyel kullanim kriterleri dogrultusunda
patojen mikroorganizmalardan arindirilmig olmasi gerektigi
vurgulanmigtir (Karaman ve ark., 2017a). Yesilirmak Nehri
ve Tersakan Cayi’ndaki Cryptosporidium kontaminasy-
onunun incelendigi aragtirmada ise, hayvan besiciliginin, ak-
arsulara ¢ok yakin yerlesim yerlerine ait evsel ve tarimsal atik
sularin hicbir igleme tabi tutulmadan Tersakan Cay1’na desarj
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edilmesinin, bu akarsuda Cryptosporidium kontaminas-
yonunun daha fazla olmasina neden oldugu bildirilmistir
(Koloren ve ark., 2017).

Tiim bu ¢ikarimlar, Terme Cay1’nin, yukart havzasinda zirai
faaliyetler, asagi havzasinda ise yerlesim alanlarindan
kaynakli hem c¢esitli parazitler hem de FIB kontaminasyonun-
dan etkilendigini gdstermektedir. Diski koliform konsantra-
syonlarinin artigt tarim girdilerinin yogunluguyla agiklana-
bilir. Akarsu alanlarinin hayvan girisinden yeterince ko-
runmamasi ve yetersiz ¢iftlik avlusu atik yonetimi nedeniyle
diskiyla kirlenmis sularin noktasal kaynak katkilarinin akarsu
kirlenmesine 6nemli dlgiide katkida bulundugu goriilmiistiir.
Yine, akarsuyun ¢evresinde, akis yoniinde besi hayvanlarimin
otlatilmasi ve besi hayvani yetistiriciliginin etkisi ve organik
atiklarin (bulamag ve giibre) havza topraklarina uygulanmasi,
genis alanlan etkileyebilecek 6nemli miktarda digki koliform
bakteri rezervuari olusturma potansiyeline sahiptir. Bu
sonuglar, bakteriyel su kalitesinin havza anlayisini iyilestirme
gerekliligini agik¢a ortaya koymaktadir.

Kentsel yeriistii su kiitleleri, igme suyu tretimi, sulama ve
rekreasyonel su kullanimi i¢in 6nemli kaynaklardir. Yiizey
sularinin suyla taginan patojenlerle, diskiyla kirlenmesi, po-
tansiyel enfeksiyon risklerine ve suyla taginan hastalik salgin-
larina yol agabilir. Ozellikle akarsuyun denize desarj bolge-
sinde rekreasyon alani olarak kullanilan alanlarda yiizme su-
yunda meydana gelen bakteri kontaminasyonu énemli saglik
problemlerine yol agabilir. Denizel rekreasyon alanlarinda
karasal kirlilik kaynaklarinin bakteriyolojik kontaminasyona
yol agarak halk saglig1, ekoloji ve ¢evre agisindan istenmeyen
durumlar olusturdugu (Ciftgi Tiretken ve Altug, 2016),
akarsuyun denize dokiildiigli noktada tespit edilen bakteri
konsantrasyonunun ise agik sudakinden daha yiiksek oldugu
bildirilmistir (Hulyar ve Altug, 2020). Ayrica, su kirliliginin
artmasiyla, Marmara Denizi’nde oldugu gibi diger denizlerde
de goriilebilen ve 6nemli bir ¢cevre problemi olan miisilajin,
EC gibi bakteriler bakimindan zenginlestigi, bunun da deniz
yasamini tehdit ettigi belirtilmistir (Yiimiin ve ark., 2023).

Sonuc¢

Bu calisma, Terme Cay1’nin mikrobiyolojik kalite degerlen-
dirmesine odaklanmaktadir. Terme Cay1’nda mevsimlere ve
istasyonlara bagli olarak bakteri tiirlerinde ve yogun-
luklarinda mevsimsel dalgalanmalar goézlenmistir. EC ve CP
kis sezonunda yiiksek iken, TK sayisinin sonbaharda diger
mevsimlere gore daha yliksek oldugu tespit edilmistir. Asagi
akis yoniinde ise akarsuyun mikrobiyal kirliliginin arttig1 be-
lirlenmistir. Calisma sonucunda, akarsuyun fekal kirlilikle
kontamine oldugu gosterilmigtir. SKKY (2004)’ye gore bak-
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teriyolojik parametre bakimidan Terme Cayi1 II. Sinif su ka-
litesinde “az kirlenmis su” 6zelligi tasimaktadir. Desarj bol-
gesinde FIB konsantrasyonunun artmasi rekreasyon igin kul-
lanilan plaj alaninda risk teskil edebilir. Bu durum Terme
Cay1’nin iist havzasindan alt havzasina kadar diski kirliligin-
den korunma 6nlemlerine ihtiya¢ duyuldugunu gostermekte-
dir. Ciinkii insanlarin akarsuyu dogrudan ya da dolayli olarak
kullanimi arttik¢a, kontamine su ile temastan ve kontamine
baliklar1 yemekten kaynaklanan su kaynakli hastaliklarin in-
sidansi artacaktir. Noktasal ve yayili kaynaklar nedeniyle ye-
ristii su kiitlelerinin siirekli kirlenmesi géz Oniine alindi-
ginda, ozellikle tatli su kaynaklarinin korunmasi ve yonetil-
mesi gerekmektedir. Tiim insanlar giivenli su kaynaklarina
ulagsma hakkina sahip olmalidir. Temiz su, insan kullanimi
ve dengeli ekosistem i¢in gereklidir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢catismasinin olmadi-
gin1 beyan eder.

Etik kurul izni: Arastirma niteligi bakimindan etik izin gerektir-
memektedir.

Finansal destek: Bu arastirma Giresun Universitesi Bilimsel
Arastirma Proje Ofisi tarafindan finanse edilmistir. #FEN-BAP-A-
150219-30

Tesekkiir: Ordu Halk Saghg: Laboratuvari’na, Biyolog Biilent
Kaynak ve Biyolog Kasim DEMIR’e analizlerdeki destekleri i¢in
tesekkiir ederiz
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ABSTRACT

In this study, the possible effects of overfishing pressure on local Salmonid populations and the
critical environmental changes that have occurred in the wild habitats that have been deteriorating
since the beginning of the 21st century were investigated in Northeast Anatolia. In the research,
methods including quantitative and qualitative impact assessments were used to determine envi-
ronmental changes and anthropogenic effects. In addition to numerical data, observations of the
stream and its surroundings were recorded.
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habitats in the middle and upper parts of the studied rivers, have decreased considerably, espe-
cially since the number of individuals who have reached breeding age has reduced to a high level.
It has been determined that the habitats in localities where the research was conducted have been
under great pressure, since the end of the 20th century, due to infrastructure works, urbanization,
and illegal fishing. It has been determined that the local trout populations, distributed in the lim-
ited habitats in the middle and upper basins of the studied rivers, are quite damaged. The number
of individuals that have reached the breeding age has decreased significantly.

Keywords: Northeast Anatolia basin, Salmo labrax, Local trout populations, Overfishing,
Habitat degradation
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Introduction

The Black Sea salmon (Salmo labrax, Pallas 1814) inhabits
the northern Black Sea coasts and inflowing rivers. There are
anadromous, lacustrine, and resident river populations. This
fish is a close relative of the brown trout. While it is the only
native species of Salmonids present in the northern Black Sea
basin, it may hybridize with (introduced) brown trout in the
major rivers (Freyhof, 2013). Marine populations are cur-
rently found very rarely. But the resident river stocks are do-
ing well (Froese & Pauly, 2019), just slightly better than ma-
rine populations. However, it is included in the Red List in
European waters, and the IUCN status of the Caucasian and
North-eastern Anatolian trout populations is NE (Nearly Ex-
tinct) (Mikeladze et al., 2021).

Today, it has been demonstrated by many studies that wild
trout populations are exposed to great pressure as a result of
natural ways and human activities (fishing, changing the liv-
ing environment, pollution, etc.) (Crowx, 2002; Kratzer &
Warren, 2003 ,Zengin et al., 2017; Kirn, 2017; Sengiil et al.,
2018; Kalag et al., 2019). S. labrax species shows a natural
distribution in the Eastern Black Sea Region Rivers. This spe-
cies prefers cold and fast-flowing streams. Adults migrate to
the upper parts of the river to spawn, while young individuals
migrate downstream to find more food and transfer to the sea.
This situation then continues in reverse (Aksungur et al.,
2011).

Regarding river potential, Northeast Anatolia is one of Tur-
key's most important geographical areas. Although the flow
rate of the streams in the region is low, the flows periodically
enter an increasing trend during precipitation periods (Zengin
et al., 2017). After the 2000s, the rivers in the region were
considered the most important potential resource in the poli-
cies to eliminate the energy deficit in Turkey. They started to
be used intensively (Erdogan, 2010r).

Local populations of Salmonid species with the same lincage
group (Danube) show some morphological, ecological, and
genetic differences, spread in the inland waters of Northeast
Anatolia in Turkey (Cift¢i et al., 2007). S. trutta is repre-
sented by four subspecies in Tirkiye (Berg, 1948; Balik &
Geldiay, 1996). These are Salmo abanticus, Tortonese, 1954
is distributed in Lake Abant, Salmo caspius, Kessler 1877 is
in the Caspian Sea region, Salmo labrax, Pallas 1814 is in the
Black Sea region and Salmo macrostigma, Dumerill 1858 is
in the Mediterranean region (Polat et al., 2011). However, ac-
cording to recent genetic studies (Bernatchez et al., 2001;
Bardake et al., 2006; Kalayci et al., 2018), it has been stated
that there is no molecular level difference between a large
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number of morphologically different trout populations in
Turkey, which are considered different subspecies.

Despite the genetic findings, this taxonomic situation is still
widely used (Solomon, 2000; Tabak et al., 2001; Kurtoglu,
2002). Salmo platycephalus (Anatolian trout) is a trout spe-
cies found only in the central south of Turkey, especially in
the Seyhan River system. It was scientifically described for
the first time in 1968 by a scientist named R. J. Behnke. The
largest ones can reach 50 cm in length (Behnke, 1968). Ac-
cording to the findings obtained from the genetic studies car-
ried out by Kalayci et al. (2018) on the taxonomic differenti-
ation of trout populations distributed in Turkish waters, they
reported that Abant, Caspian, Black Sea, and Anatolian trout,
which live in Turkish waters and are named according to the
geographical regions where they have lived until today, are
only an ecotype and each is an ecotype of S. trutta, which
comes from the Danube lineage.

In this study, the possible effects of significant environmental
changes in the natural habitats of the local populations of
Salmonid species distributed in the Northeast Anatolian zoo-
geography of Turkey have deteriorated since the beginning of
the 21st century on these populations were investigated.

Material and Methods

Trabzon Central Fisheries Research Institute carried out this
study in consecutive periods with data from three different
studies. The periods in which these projects and field studies
are carried out are as follows; (1) “A Study on the Evaluation
of Aquatic Ecosystems in and around Lake Cildir in terms of
Fisheries Management” carried out between 2011-2012
(Zengin et al., 2013). (2) “Investigation of Long-Term Cumu-
lative Effects on the Ecosystem in the Solakli Basin with an
inSTREAM Agent-Based Model” conducted between 2015-
2016 (Sengiil et al., 2018), and (3) It was started in 2017 but
canceled after two periods of fieldwork; “Studies on the De-
velopment of Black Sea Trout Fishing Populations on the
Main Tributary and Tributaries of the Barhal Stream”
(Cakmak et al., 2017).

Sampling Studies

Within the scope of the research, the samples of the trout pop-
ulations in the river were carried out with the same standard
sampling method using the ‘electroshock’ device. In addition,
gillnets with different mesh sizes were used in the trout sam-
plings in the Cildir Lake. The locations where the research
was carried out are shown in Figure 1. There are two ecotypes
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of Caucasian trout in the Cildir basin. These are the river eco-
type and the lake (anadromous) ecotype. The height distribu-
tion of individuals in the lake ecotype is more significant than
those in streams (Zengin et al., 2013). Caucasian trout mi-
grate to some important streams (Dogruyol, Giilyiizii, and
Golebakan Streams) that discharge into the lake in the late

spring and summer periods for spawning migration and mi-
grate back to Cildir Lake in late autumn and winter periods to
feed (Zengin et al., 2013).

In the study, sub-locations, sampling periods, and the total
number of samples related to the sampling studies carried out
in each aquatic resource are shown in Table 1. Studies on all
three aquatic resources are shown in Figures 2, 3, 4, and 5.

Table 1. Research stations, sampling periods, and total sample numbers

Research area Stations Sampling periods Number of samples
Ardahan-Cildir Lake and Streams Lake
Akcakale Stream
Dogruyol Stream July 2011
Canaksu Stream September 2011 99
ptember
Cingil Stream June 2011
Gilytizii Stream
Golebakan Stream
Arpacay/HEP Discharge
Trabzon-Caykara-Solakli Stream Haldizen Branch August 2015
Karagam Branch December 2015 96
April 2016
October 206
Artvin-Yusufeli-Barhal River Barhal Main Branch .
April 2017
Bigakeilar Stream Tulv 2017 75
Altiparmak Stream s

Karadeniz
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Figure 1. Aquatic areas in the Northeast Anatolia Region where the studies were carried out; Cildir

“®Ardahan

s 4

Lake (Ardahan, Arpagay), Barhal Stream (Artvin, Yusufeli), and Solakli Stream (Caykara,

Trabzon)
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Figure 2. Sampﬁngs of Lake Cildir were made _wit gillnets with different mesh sizes (Jul

)

y2011)

Figure 3. Trout samplings from the streams discharging into Cildir Lake (July 2011)
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Figure 4. Trout smplin studies at stations in Trabz, Caykar-Solakl Stream
Karagam and Uzung6l/Tagkiran tributaries (April 2016)
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Figure 5. Sampling studies on the llparmak
tributary of Barhal Stream (July 2017)

Biometric Studies

On fish samples, respectively, biometric measurements (mm
total length, body weight measurements sensitive of 0.01 g
and gonad weights), sex determinations, and laboratory stud-
ies for macroscopic determination of gonad development
stages were performed (Holden & Raitt, 1974) (Figures 6,
Figures 7). For age estimation, otoliths, an indicator of
growth, were fixed and estimated from age rings under the
electronic microscope (Jensen & Johnsen, 1982). With the
data obtained, the analysis of parameters such as length-
weight-sex-age-laying maturity, length-frequency, age-fre-
quency distributions, and distribution of individuals who
have reached sexual maturity will reveal the structure of the
trout populations in each location, where made current struc-
ture of fish populations. Many reference points will reveal
the effect of internal (natural) and external (environmental
effects, anthropogenic, etc.) factors, such as whether the pop-
ulation has decreased or is it able to maintain itself at the op-
timum level. The most valuable and direct method that pro-
vides rational information to the researcher is to take the
length and age distributions of the individuals in the popula-
tion as a reference (Sparre et al., 1989).

Figure 6. Biometric studies on trout samples
from Barhal Stream
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Figure 7.Biometric measurements and determination of sex and gonad development stages on
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trout samples (Trabzon Central Fisheries Research Institute, Biology Laboratory)

Habitat Studies

Primary data of the study; retrospective, long-term hydrolog-
ical data on rivers and water structures in the pilot regions,
habitat observations, and ongoing investigations on stream
beds. In the study, methods including quantitative and quali-
tative impact assessments were used for the determination of
environmental changes and anthropogenic effects. In addi-
tion to numerical data, observations of the stream and its sur-
roundings were recorded. Parameters related to environmen-
tal factors were divided into categories and standardized by
giving a quantitative score/value to the variable under each
category. The results were analysed and evaluated propor-
tionally (Rosenthal et al., 2015).

The basic parameters listed below were considered for
aquatic habitat analysis (Paffett et al., 2018; Rosenthal et al.,
2015). These are, respectively, historical changes in the river
flow regime, the structural features of the river bed, the past
topographic and current state of the river, the settlement char-
acteristics of the river basin, the depth, width, slope,

bends/curves of the river bed, bottom profile, substrate type,
and size, structure of the shore banks, islets, river reclama-
tion/flood embankments type, erosion levels, in-river and
coastal vegetation, creek basin land/soil use, hydrological
structures and other activities (reservoirs, water sequestra-
tion), wastewater discharges, pollution status and levels, solid
waste landfill, quarries, mining, bridge and road crossings,
recreation areas, urbanization.

With all these collected data, answers to the following ques-
tions were sought. Does the previous and current evidence
prove the migration of native trout across streams? Can spe-
cies/ecotype detection be done safely? Are the proportions of
the species known? Where are the spawning grounds? Where
were the juveniles/fry seen on the stream? Is there evidence
of their longest-distance migration on the river? Regarding
hydrology/water quality, is there a smooth spring/summer
flow? Is the depth in spawning areas sufficient? What is the
average particle size in sediment transport? Is the water qual-
ity suitable for the upper streams as they are historically and
currently potentially spawning areas for the species, or has it
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changed? Are there any analytical plans to reduce the pollu-
tants directly released into the stream? Can measures be taken
to reduce the impact of new Hydroelectric Plants Power
(HEPPs), which are implemented and planned on rivers, the
river water regime, and the aquatic ecosystem/fish migration?
(Gessner et al, 2000; Paffett et al., 2018).

Results and Discussion
State of Populations

Lake Cildir: The length distribution of the Salmo caspius
population sampled from the lake ecosystem was determined
as 23.7-41.2 (31.2) cm, and the length distribution of the pop-
ulation sampled from the streams discharged into the lake

N=99
2011/12

Fish number (N)

Cildir Lake and Branches

was determined as 8.8-27.5 (10.3) cm (Figure 8). The first
sexual maturity length of the population is 13.7 cm. When
this size criterion is taken as a reference, 58.3% of the indi-
viduals distributed in the river environment consist of indi-
viduals who have not yet reached sexual maturity (Figure 9).
Considering the age distribution, their populations mainly
consist of smolt and young individuals (54.3%) in the 1st and
2nd age groups (Figure 10). Although individuals belonging
to the 'lake ecotype' are biometrically larger, the age distribu-
tion of individuals belonging to the 'river ecotype' was found
to be relatively higher. It is estimated that this growth differ-
ence is due to the fact that the feeding dynamics of the lake
have a richer potential than the river. However, for both en-
vironments, overfishing pressure caused the populations to
decline.
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Figure 8. Cildir lake; length-frequency distributions of river and lake ecotypes
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Figure 9. Distribution of age groups of Sa/mo caspius populations in Lake Cildir

151



152

Aquat Res 6(2), 145-158 (2023) e https://doi.org/10.3153/AR23015

Research Article
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Figure 10. Sexual maturity distributions of Salmo caspius populations in the streams discharged to Lake Cildir

Solakh Stream: While the length distribution of Salmo
labrax individuals sampled from the upper tributaries of the
Solakli1 Stream varied between 6.9-23.2 (13.2) cm, it was ob-
served that the population disappeared completely in the main
branch extending to the downstream of the creek in the center
of Caykara district (Figure 11). The age distribution of the
Solakl1 population ranges from 0 to 3. When the first sexual
maturity size of S. labrax is taken as a criterion, 35.4% of the
Solakli population consists of adults, and 64.6% are juve-
niles/young individuals (Figure 12). Considering the first
sexual maturity length of the population (13.7 ¢cm), the ma-
jority of the individuals distributed in the river consist of in-
dividuals who have not reached sexual maturity yet. Consid-
ering the age distribution, their populations mostly comprise
smolt and young individuals (65.7%) in 0 and 1 age groups
(Figure 13). The findings reveal that the trout population liv-
ing in this habitat has been overexploited. Urbanization along
the Solakli valley, tourism activities in Uzungdl, wastewater
discharges, sand-gravel intakes, recreation in the riverbeds,
and opening 14 HEPPs and regulators on the main and side
branches of the same river have had an impact on this attri-
tion, mainly since the 2000s.

Barhal Stream: The length distribution of the Salmo
macrostigma population sampled on the upstream branches
of the Barhal Stream, which constitutes the main branch of
the Coruh River, was found to be between 6.4-27.2 (16.8) cm
(Figure 14), and the age distribution was between 0-6 (Figure
15). Considering the first maturity length of the population
(13.7 em), 35.7% of the fish distributed in the river environ-
ment consist of individuals who have not reached sexual ma-
turity yet (Figure 16). The fact that the adult populations in
this region are 65.3% higher than the other two localities in-
dicates that the trout populations in the region are less over-
exploited. The reason for this is that the trout populations in
the upper branches of the Barhal Stream are in a safer envi-
ronment due to environmental factors and less separation of

their habitats, compared to many aquatic environments of Ti-
rkiye. However, the Yusufeli Dam, which was recently built
on the main branch of the Barhal Stream, poses a significant
risk to these populations' breeding and feeding migration. As
a result, it is likely that natural trout populations, which
spread in limited habitats in the middle and upper parts of the
studied rivers, will be damaged by this because there is no
‘fish passage’ planned on the HEPP system that the fish can
use between the downstream and the upstream for breeding
and feeding migration.

Environmental Impacts

The common results of multiple environmental parameter
analyses conducted on stream habitats are shown in Figure
17. According to the findings, the effects of environmental
impacts gathered under three main categories on aquatic hab-
itats (Cildir lake and its side streams, Barhal Stream and
Solakli Stream) are respectively; pollution 65%, hydrological
changes 52%, biological effects 35%. Among these essential
factors, the most important impact is eutrophication, solid
waste storage, and nutrient discharges; in other words, it con-
stitutes a group of urban, industrial, and agricultural wastes.
On the other hand, the rate of hydrological impacts is still
moderate, and this rate is around 50%. In this group, the effect
of HEPPs established on riverbeds is prominent. In addition,
the destruction of the structure of the riverbed is also essen-
tial. Below the medium level, the most negligible impact is
excessive fishing pressure from biological origin, illegal
fishing, and exotic species invasions.

At the beginning of environmental impacts, the effect of the
Hydroelectric Power Plants, which started to operate at an in-
creasing rate in the Eastern Black Sea Region since the be-
ginning of the 2000s, has created significant risk for trout
populations (Zengin et al., 2017). As a result of insufficient
compensation of water, invertebrate and vertebrate fauna are
adversely affected, as well as habitat loss in the stream bed.
Depending on the increase in water temperature in summer
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and the relative decrease in flow rate, algae colonization may
occur in the localities from the tailwater discharge point to
the downstream in HEPPs. These negative factors disrupted
the water flow regime in the river system and the water qual-
ity, causing a rapid decrease in fish populations living in the
region's rivers. On the other hand, due to the embankment in
front of the reservoir (dam lake) of the HEPPs, the biological

contact between the lower and upper sections is cut off. The
temperature of the water accumulating in the reservoir rises.
Due to the decay of organic materials accumulated in the res-
ervoir, oxygen in the water decreases, and toxic gas accumu-
lation increases. The flow of water in the stream decreases,
especially in the summer months, and the amount of con-
firmed life in water cannot be fully achieved.
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Figure 11. Length-frequency distributions of the Salmo labrax populations of Solakli Stream
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Figure 13. Sexual maturity length distributions of Solakli Salmo labrax populations
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Figure 14. Length-frequency distributions of Barhal Stream Salmo macrostigma populations
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Figure 16. Sexual maturity length distributions of Barhal Stream Salmo macrostigma populations
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Figure 17. Categorical distribution of possible effects of environmental degradation on trout pop-

ulations in Northeast Anatolia (Relative index values)

One of the most important risks in the creek's downstream
regions is the riverbed's recreational activities carried out by
the sand and gravel quarries and the local administrations.
During and after these studies, the historical and natural struc-
tures of the stream and stream beds are completely changed.
Trout individuals dispersed in downstream regions need a
safe habitat for both feeding and breeding migration. Alt-
hough there is no significant problem in this respect in the
upper/upstream sections of the stream, where the breeding

migration occurs to a large extent, the deterioration was ob-
served relatively in the discharge/closer areas of the stream.
In addition, due to the deterioration in these parts of the
stream, Stream edge and inland aquatic vegetation could not
develop. As a result of erosion/flooding, clay-shaft deposits
have accumulated on the riverbank. The deposition has
evolved into permanent substrate layers over time. The
aquatic habitats in the shallow/marginal regions of the
stream, where the current is stagnant, form the living areas of
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all living creatures, aquatic insects, their adults, eggs, and lar-
vae that feed the benthic macrofauna in the aquatic ecosys-
tem, and therefore fish. For these reasons, stream modifica-
tions (such as retaining walls, road construction, and bridge)
should be made within the framework of a certain plan.

During the interviews with some amateur fishermen from the
local people who are interested in trout fishing in the area, It
has been declared that approximately 25-30 fish are still
caught in a day with fishing line, especially in the upper parts
where the stream bed is less physically affected (in the foot-
hills of the Kackar Mountains, in the small lakes and streams
in the plateau and hamlet regions). However, it has been
stated that the trout populations in the creek have decreased
gradually in the 40 years since the 1980s. Undoubtedly, in
addition to over and illegal fishing without control, the exist-
ence of an ineffective management strategy for amateur fish-
eries in our country is also an important factor. For example,
when the irregular catch statistics in Lake Cildir were exam-
ined, it was determined that the trout with carnivorous char-
acteristics in the lake was at a fishable level at the beginning
of the 1990s, but then it became almost extinct. Uncontrolled
fishing is carried out by fishermen who are commercially
caught lake trout that enter the lake in certain periods for feed-
ing while spawning migration is carried out to some im-
portant streams that discharge into the lake in the spring and
summer periods. Today, it is mentioned that about 8-10 lake
trout are caught by each fisherman in the nets along with other
target species during the fishing season in Lake Cildir
(Zengin, 2019). The development of the fish populations in
the lake in favor of herbivorous and omnivorous species in-
stead of carnivores has led to a decrease in the population in
the following years due to reasons such as feeding and habitat
sharing (Zengin et al., 2013). In the 2000s, the introduction
of an exotic and invasive species of crucian carp (Carassius
gibelio) and crayfish (Astacus leptodactylus); started to put
potential pressure on the native fish fauna in the lake in re-
sponse to the collapse of wild stocks in the lake since the early
1990s (Zengin, 2019). In addition, as a result of the increase
in the operating capacity of the Arpagay Hydroelectric Power
Plant fed from Lake Cildir, the coastal/shallow, reed, and sen-
sitive areas that constitute the breeding and feeding areas of
the local carp have been adversely affected.

Conclusion

It has been determined that the habitats in all three localities
where the research was conducted have been under great
pressure, especially since the end of the 21" century, due to
infrastructure works, urbanization, and illegal fishing. It has
been determined that in the downstream regions of the stud-
ied rivers, the trout populations have completely disappeared
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with habitat loss, the local trout populations that spread in the
limited habitats in the middle and upper basins are quite worn
out, and the number of individuals who have reached breed-
ing age has decreased significantly.

If serious measures are not taken at the national level for
aquatic ecosystems in the ongoing process, habitat loss and
wild trout populations will be at greater risk. They will grad-
ually enter the process of extinction as they cannot maintain
their basic vital activities such as breeding, migration, and
feeding. One of the most important threats in this process is
the existence of hydroelectric power plants planned for en-
ergy purposes on rivers.

Like the trout populations distributed in other geographical
areas of Tiirkiye, the trout population living in the Northeast
Anatolian geography has decreased gradually as the environ-
mental conditions deteriorate and the increasing illegal fish-
ing cannot be prevented. In general, the stocks of the trout
populations in our country's waters have come to the limit of
extinction for many years, especially due to the deterioration
of their habitats and overfishing with the market economy im-
plemented since the beginning of the 1980s. Today, due to
the significant population decline, it has no commercial im-
portance. Despite the collapse of their stocks and their pro-
tection in fisheries management, we have left behind the first
half of the 21st century, and there have not been enough
promising developments in this regard yet.

Wild trout habitats (river, lake, and marine habitats) are ex-
posed to three major pressures today. These are mainly (1)
Domestic, agricultural, and industrial wastes, (2)
Changes/modifications in riverbeds, and (3) Hydroelectric
Power Plant activities. All factors cause habitat loss and in-
sufficient water flow. As a result of insufficient compensa-
tion, water, invertebrate, and vertebrate fauna are adversely
affected, as well as habitat loss in the stream bed.

In this study, the relations of natural trout populations in
North-eastern Anatolian rivers with the environment are eval-
uated; These stocks, which remained relatively stable until
the 1980s, deteriorated gradually, especially from the begin-
ning of the 20th century. Today's trout populations consist of
younger and smaller individuals. Small age classes character-
ize the age distribution of individuals in natural breeding and
feeding areas. This situation shows that the populations have
decreased significantly in the last 20-30 years as a result of
the disruption of the habitats in the natural trout habitats and
uncontrolled fishing. The long-term viability of Northeast
Anatolian wild trout river populations will require protecting
and developing forested coastal areas, diverse, complex, and
interconnected aquatic habitats, and maintenance and im-
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provement of suitable water temperatures, natural water qual-
ity, and natural hydrology. With the impact of environmental
regulatory procedures, policies, and practices of the Ministry
of Agriculture and Forestry, the highest responsible and ad-
ministrative unit in this regard, can positively affect the pro-
tection and development of critical habitat requirements of
this important ecological fishery resource. In addition, train-
ing, social outreach, and technical assistance should be pro-
vided to private landowners and people in local settlements.
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First record of the benthopelagic fish John dory Zeus faber
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2 Bandirma Onyedi Eyliil ?n this study, a male specimep of John dory (Zeus faber) with 31.4 cm in total length and 365.{13 g
University, Maritime Vocational in body weight was caught with a trammel net at a depth of 15 m from Fener Island in the province
School, Balikesir 10200, Tiirkiye of Fatsa (Ordu, Black Sea). This record is the first verified report suggesting that John dory ex-

panded its distribution in the Mediterranean towards the Geographical Sub-Area 29 (Black Sea).
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Introduction

The Zeidae family (Rafinesque, 1815) is an important eco-
logical component of global marine and brackish waters in
muddy substrates. Zeidae is widely distributed near or di-
rectly over the sea floor but occasionally in midwater. The
family comprises large, showy, deep-bodied marine fishes
occurring in benthopelagic waters of oceans, including a lim-
ited number of species and assembling low biomass (Grande
et al., 2018). The family includes just six species in two gen-
era (Nelson, 1994), and only two are found in the Mediterra-
nean (Froese & Pauly, 2022).

The John dory, Zeus faber (Linnaeus, 1758), is widely dis-
tributed Atlantic, Indian, and Pacific Oceans and along the
entirc West African coast (Wheeler, 1969; Dunn, 2001;
Vrgoc et al., 2006; Choi et al., 2011; Iwamoto, 2015). This
species spreads to a depth of 400 m but commonly occurs be-
tween 25-160 m (Iwamoto, 2015). The John dory has a later-
ally compressed body, but it is distinguishable from the other
species by a large round black spot on its body sides. The
body of the John dory is covered with such small rudimentary
scales that it appears naked (Quéro, 1986). This species' max-
imum size and age are 90 cm (Iwamoto, 2015) and 18 years
(Ismen et al., 2013), respectively. It is usually caught by bot-
tom trawl net, long line, or trammel net close to the bottom in
the fisheries areas (Jardas, 1996) but is mainly considered a
valuable by-catch (Dunn, 2001; ismen et al., 2013; Kim et al.,
2020). This species is used in commercial fisheries for human
consumption, fish meal, and oil (Iwamoto, 2015).

There are various studies on the distribution of John dory in
Turkish territorial waters on the shores of the Mediterranean
(Basusta & Erdem, 2000; Cicek et al., 2006; Basusta &
Basusta, 2021), Aegean Sea (Torcu & Aka, 2000; Akyol,
2001; ismen et al., 2013; Bilge et al., 2014) and Marmara Sea
(Keskin & Eryilmaz, 2010; Karadurmus, 2022). The occur-
rence of John dory on the Turkish coasts of the Black Sea is
reported in various marine fish checklists (Bilecenoglu et al.,
2002; Keskin, 2010; Bilecenoglu et al., 2014) referring to
Ninni (1923). In the last case, there is no evidence of its ex-
istence on the Turkish coasts of the Black Sea, and local fish-
ermen have verified the first existence of this species. In this
paper, we report the first documented record of Z. faber on
the Turkish coasts of the Black Sea, providing detailed cap-
ture and biological data and discussing its mechanisms of in-
troduction.

Material and Methods

A male specimen of Z. faber was sampled on January 27,
2023, in the Fatsa Gulf (41°03'42.5" N —37°31'00.3" E) (Fig-
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ure 1) located in General Fisheries Commission for the Med-
iterranean (GFCM) Geographical Sub-Area 29 (the Black
Sea). The sampling location was 520 m away from Fener Is-
land in the central province of Fatsa, Ordu. The specimen was
captured at a depth of 15 m during an experimental biodiver-
sity survey using an artisanal trammel net with 80 mm inner
and 280 mm outer panel mesh size. During sampling, water
salinity and surface sea temperature were measured at 17.9
%o and 11.2 °C, respectively. The specimen was initially iden-
tified using the taxonomic keys of Fischer et al. (1987), and
its scientific name was checked from FishBase (Froese &
Pauly, 2022). Total length (TL) was measured using an ich-
thyometer with 0.1 cm precision, while body weight (W) was
weighed using a scale with 0.01 g precision. Sex distinction
was made according to the shape and color of gonads
(Gunderson, 1993).

Results and Discussion

John dory is distributed in the Indian Ocean, the eastern At-
lantic from Norway to South Africa, the Mediterranean Sea,
the South and East China Seas, and the western Pacific in
southern Japan, New Zealand, Australia, and Korea
(Wheeler, 1969; Jardas, 1996; Yoneda et al., 2002; Choi et
al., 2011). Several studies refer to its wide-range occurrence
in the Adriatic Sea (Vrgoc et al., 2006), the entire West Afri-
can coast (Yoneda et al., 2002), and off Mauritania (Iwamoto,
2015). This paper reports the first documented record of Z.
faber on the Turkish coast of the Black Sea. The current rec-
ord essentially expands the species' distribution area and dis-
cusses its potential for spread. In recent years, the Black Sea's
biological, chemical, and physical properties have been
changing through the impact of global climate change and the
Red Sea and the Suez Canal. This situation defines the "Med-
iterraneanization" of the Black Sea (Oguz & Oztiirk, 2011).
It is estimated that this change will contribute to the inclusion
of John dory in the Black Sea ecosystem and support its sub-
sequent spread.

The TL and W of the specimen were measured as 31.4 cm
and 365.43 g, respectively (Figure 2). The sex was identified
as male based on the macroscopic observation of the gonads
— flat, white-cream in color, and soft-textured. John dory
reaches maturity at 4-5 years of age (Jardas, 1996; Ismen et
al., 2013) and between 26 cm and 37 cm in length (Dorel,
1986; Dunn, 2001; Vrgo¢ et al., 2006). The existence of a
mature individual of this size seems promising for the poten-
tial continuity of stocks in the Black Sea. Maravelias et al.
(2007) reported the bottom sea temperature, water depth, and
latitude as the species' spatial aggregation determinants in all
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seasons. John dory lives up to a depth of 400 m, although
abundance is most significant in shallow (<80 m) and warmer
waters (>16.5°C) characterized by weak hydrographic activ-
ity (Maravelias et al., 2007). It prefers warm waters for
spawning (Akyol, 2001). The Turkish coast of the Black Sea,
which represents the main shelter area for many species with
coastal dunes, wetlands, reefs, and islands, is host to diverse
and rich habitats (Oztiirk et al., 2013). With an annual aver-
age surface water temperature of 16.3°C (quoted from the
Turkish State Meteorological Service) and nutrient abun-
dance (Oztiirk et al., 2013; Zengin, 2019), the Black Sea can
provide suitable conditions for the life of the species. The
presence of hydrogen sulfide at a depth of more than 150 m
in the Black Sea is considered a limiting factor for the distri-
bution of this species (Algan et al., 2002).

The specimen was dissected according to Hyslop (1980) to
analyze the stomach contents of the fish. The sample's stom-
ach was fully empty, so we cannot infer its feeding behavior
at the sampling site. John dory is an opportunistic piscivorous

predator that takes advantage of abundant and diverse prey
items, from cephalopods to Pisces (Choi et al., 2011; An et
al., 2012; Ismen et al., 2013; Kim et al., 2020). John dory is
capable of stalking enough to consume selected prey fish in a
group or school (Ressell, 1983). Prey items cover the entire
water column, and their diet varies by region, habitat, and size
(Ressell, 1983; Stergiou & Fourtouni, 1991; Kim et al.,
2020). The Black Sea is very rich in Pisces, such as whiting,
sardines, horse mackerel, anchovy, picarel, bogue, and gobies
(Aydin & Karadurmus, 2012; Giicii et al., 2017; Karadurmus
et al., 2021a), which are the main prey of John dory. (Silva,
1999; Kim et al., 2020). The variety and abundance of preys
in the Black Sea can provide a vital feeding opportunity for
the species. The presence of crustaceans, cephalopods, and
anthozoa species that the species prefers will also support the
species' feeding. Its main predators are sharks (Mendonga,
2009) and large bony fish (Morte et al., 1997). Cartilaginous
fish, sturgeon, and some bony fish found in the Black Sea can
be considered possible predators of John dory.
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Figure 1. Study map. The extant residence of Zeus faber, compiled by IUCN (continuous orange areas in part A), represents
the sampling region (the orange area in the red frame in part A), geographic location of the sampling point (red mark

in part B)
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Figure 2. Zeus faber, 31.4 cm in total length (A) and 365.43 in body weight (B), was sampled from Fatsa Gulf on January 27,

2023.

John dory is vulnerable to bottom trawling and longline fish-
ing (Fischer et al., 1987; Jardas, 1996). The species is under
pressure due to overfishing and inefficient fishing regulations
in the Sea of Marmara. For this reason, Bilecenoglu et al.
(2016) have evaluated John dory in the list of bony fish spe-
cies that need immediate conservation action in the Sea of
Marmara. It is also caught by-catch in commercial shrimp
fishing with beam trawl (Karadurmus, 2022). Researchers
(Jukic-Peladic et al., 2001; Vrgoc¢ et al., 2006) point to de-
creased biomass indices in the Mediterranean and the Adri-
atic Sea due to overfishing. This species is classified as the
"Least Concern" for the Mediterranean in the red list of en-
dangered species reported by the International Union for
Conservation of Nature (Iwamoto, 2015). There are no spe-
cies-specific conservation actions in place for John dory;
however, the range for this species coincides with several ma-
rine protected areas (Iwamoto, 2015).

Conclusion

In recent years, fish species that settled in the Black Sea eco-
system with the effect of global climate change are in con-
stant change (van der Voo, 1990; Aydin & Sozer, 2016; Ay-
din & Bodur, 2018; Zengin, 2019; Aydin, 2020; Karadurmus

etal., 2021b). John dory can increase the biomass level on the
Turkish coast of the Black Sea and become a sustainable fish-
ery resource within a productive habitat in the long term. In
this context, we advise local fishermen to be sensitive to the
conservation of John dory individuals.
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All authors submitting their works to the "AQUATIC
RESEARCH" journal for publication as original articles
attest that the submitted works represent their authors’
contributions and have not been copied or plagiarized in
whole or in part from other works. The authors
acknowledge that they have disclosed all and any actual or
potential conflicts of interest with their work or its partial
benefits. Similarly, the "AQUATIC RESEARCH" jour-
nal is committed to objective and fair double-blind peer-
review of the submitted for publication works and to pre-
vent any actual or potential conflict of interest between the
editorial and review personnel and the reviewed material.

"AQUATIC RESEARCH" journal provides a platform
for the open public discussion of the journal contents. To
secure accountability and encourage sincere professional
inputs without incivilities, the system is set up to require
registration and logging to record information. Some web-
site contents will be available without logging, but no peer
review comments can be posted without disclosing the re-
viewer’s identity to the journal editors.

Publication Decisions

The editor of the "AQUATIC RESEARCH" journal is
responsible for deciding which of the articles submitted to
the journal should be published. The editor may be guided
by the policies of the journal's editorial board and con-
strained by such legal requirements as shall then be in
force regarding libel, copyright infringement, and plagia-
rism. The editor may confer with other editors or review-
ers in making this decision.

Fair Play

An editor at any time evaluates manuscripts for their intel-
lectual content without regarding race, gender, sexual ori-
entation, religious belief, ethnic origin, citizenship, or po-
litical philosophy of the authors.

Confidentiality

The editor and any editorial staff must not disclose any
information about a submitted manuscript to anyone other
than the corresponding author, reviewers, potential re-
viewers, other editorial advisers, and the publisher, as ap-
propriate.

Disclosure and Conflicts of Interest

Unpublished materials disclosed in a submitted manu-
script must not be used in an editor's research without the
author’s written consent.

Research Ethics

An approval of research protocols by the Ethics Commit-
tee by international agreements (World Medical Associa-
tion Declaration of Helsinki “Ethical Principles for Medi-
cal Research Involving Human Subjects,” amended in Oc-
tober 2013, www.wma.net) is required for experimental,
clinical, and drug studies. If needed, ethics committee re-
ports, or an equivalent official document will be requested
from the authors.

For manuscripts concerning experimental research on hu-
mans, a statement should be included that shows the writ-
ten informed consent of patients and volunteers was ob-
tained following a detailed explanation of the procedures
that they may undergo. Information on patient support, the
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name of the ethics committee, and the ethics committee
approval number should also be stated in the Materials and
Methods section of the manuscript. It is the author’s re-
sponsibility to protect the patient’s anonymity carefully.
For photographs that may reveal the identity of the pa-
tients, signed releases of the patient or their legal repre-
sentative should be enclosed.

“AQUATIC RESEARCH” journal requires experi-
mental research studies on vertebrates or any regulated in-
vertebrates to comply with relevant institutional, national,
and/or international guidelines. The journal supports the
principles of the Basel Declaration (https://animalre-
searchtomorrow.org/en) and the guidelines published by
the International Council for Laboratory Animal Science
(ICLAS) (https://iclas.org/). Authors are advised to state
their compliance with relevant policies clearly.

“AQUATIC RESEARCH” journal advises authors to
comply with the IUCN Policy Statement on Research
Involving Species at Risk of Extinction and the Con-
vention on the Trade in Endangered Species of Wild
Fauna and Flora for research involving plants.

Plagiarism

Submitted manuscripts that pass preflight are scanned for
plagiarism using iThenticate software. Authors will be no-
tified if plagiarism/self-plagiarism is detected. Editors can
resubmit the article for any peer review or similarity check
during production, if necessary. High similarity scores can
cause a report to be rejected before or even after it is ac-
cepted. Depending on the type of article and the percent-
age of similarity scores from each article, the overall sim-
ilarity score is generally expected to be less than 20%.

Double-Blind Referee Evaluation

After the plagiarism check, the editors evaluate the appro-
priate ones in terms of originality, methodology, the im-
portance of the subject, and suitability to the journal's
scope. The editor directs the submitted articles to a fair
double-blind peer review (presents the articles that comply
with official rules to at least two national/international ref-
erees for evaluation) and approves by managing the pro-
cesses for publication after the authors modify them by the
referees' rules.
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Open Access Statement

The journal is open-access; all its content is freely availa-
ble to the user or institution. Users are permitted to read,
download, copy, print, search, or link the full texts of arti-
cles in this journal without prior permission from the pub-
lisher or author. This conforms to the Budapest Open Ac-
cess Initiative (BOAI) 's definition of open access.

Open-access articles in the journal are licensed under the
terms of the Creative Commons Attribution 4.0 Interna-
tional (CC BY 4.0) license.

Article Processing Fee

All journal processes are free of charge. No article pro-
cessing, submission, or publication fee is charged for
submitted or accepted articles.

Copyright Notice

Authors publishing with the journal retain copyright to
their work licensed under a Creative Commons Attribu-
tion 4.0 International license (CC BY 4.0) (https://crea-
tivecommons.org/licenses/by/4.0/), and Publisher main-
tains the exclusive right to publish the work. The CC BY
4.0 license permits unlimited distribution and reproduc-
tion in any medium, provided the original work is properly
cited.

The copyright of any open-access article in the
"AQUATIC RESEARCH" journal published on the
"ScientificWebJournals" web  portal hosted by
"DergiPark" belongs to the author(s).

Author's Responsibilities
Reporting Standards

Authors should present an accurate account of the work
performed and an objective discussion of the significance
of the reports of original research. Underlying data should
be represented accurately in the paper. The Manuscript
should contain sufficient detail and references to permit
others to replicate the work. Fraudulent or knowingly in-
accurate statements constitute unethical behavior and are
unacceptable.

Data Access and Retention

Authors are asked to provide the raw data in connection
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with a paper for editorial review. They should be prepared
to provide public access to such data (consistent with the
ALPSP-STM Statement on Data and Databases).

Originality and Plagiarism

The authors should ensure that they have written entirely
original works, and if they have used the work and/or
words of others, they should be appropriately cited or
quoted.

By submitting articles to the "AQUATIC RESEARCH"
journal, the author attests to the following:

e Proper reference is provided for all contents ex-
tracted from other sources

¢ Strong action will be taken against cases of plagia-
rism

o All the papers submitted have to pass through an in-
itial screening and will be checked through the Ad-
vanced Plagiarism Detection Software (iThenticate,
etc.).

Multiple, Redundant, or Concurrent Publication

Authors should only publish manuscripts describing the
same research in one journal or primary publication. Sub-
mitting the same manuscript to multiple journals concur-
rently constitutes unacceptable publishing behavior.

Acknowledgment of Sources

Proper acknowledgment of the work of others must always
be given. Authors should cite publications that have influ-
enced the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have contrib-
uted significantly to the conception, design, execution, or
interpretation of the reported study. All those who have
made significant contributions should be listed as co-au-
thors. Where others have participated in certain substan-
tive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropri-
ate co-authors and no inappropriate co-authors are in-
cluded in the paper and that all co-authors have seen and
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approved the article’s final version and have agreed to its
submission for publication.

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures, or equipment
with any unusual hazards inherent in their use, the author
must identify these in the manuscript.

Disclosure and Conflicts of Interest

All authors should disclose in their manuscript any finan-
cial or other substantive conflicts of interest that might be
construed to influence the results or interpretation of their
manuscript. All sources of financial support for the project
should be disclosed.

Fundamental Errors in Published Works

When an author discovers a significant error or inaccuracy
in their published work, the author must promptly notify
the journal editor or publisher and cooperate with the edi-
tor to retract or correct the paper.

Responsibility for the Editor and Reviewers
General duties and responsibilities of the editor;

o Actively seek the views of authors, readers, review-
ers, and editorial board members about ways of im-
proving their journal’s processes

e Encourage and be aware of research into peer re-
view and ‘journal logs’ and reassess journal pro-
cesses in the light of new findings

o Work to persuade their publishers to provide them
with appropriate resources, guidance from experts
(e.g., designers, lawyers), and adequate training to
perform their role professionally and raise the qual-
ity of their journal

e Support initiatives designed to reduce academic
misconduct

e Support initiatives to educate researchers about
publication ethics
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e Assess the effects of their journal policies on author
and reviewer behavior and revise policies, as re-
quired, to encourage responsible behavior and dis-
courage misconduct

e Ensure that any press releases issued by the journal
reflect the message of the reported article and put it
into context

Duties of Reviewers;

Contribution to Editorial Decisions: Peer review assists
the editor in making editorial decisions and, through edi-
torial communications with the author, may also assist the
author in improving the paper.

Promptness: Any selected referee who feels unqualified
to review the research reported in a manuscript or knows
its prompt review will be impossible should notify the ed-
itor and excuse himself from the review process.

Confidentiality: Any manuscripts received for review
must be treated as confidential documents. They must not
be shown to or discussed with others except as authorized
by the editor.

Standards of Objectivity: Reviews should be conducted
objectively. Personal criticism of the author is inappropri-
ate. Referees should express their views clearly with sup-
porting arguments.

Acknowledgment of Sources: Reviewers should identify
relevant published work that the authors have not cited.
Any statement that an observation, derivation, or argu-
ment had been previously reported should be accompanied
by the appropriate citation. A reviewer should also call to
the editor's attention any substantial similarity or overlap
between the manuscript under consideration and any other
published paper they know personally.

Disclosure and Conflict of Interest: Privileged infor-
mation or ideas obtained through peer review must be kept
confidential and not used for personal advantage. Review-
ers should not consider articles with conflicts of interest
arising from competition, cooperation, or other relation-
ships or affiliations with any authors, companies, or insti-
tutions affiliated with the articles. They should withdraw
from the peer review process.
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Rules that Authors Must Follow in
Submitting Articles

All submissions are screened by similarity detection
software. The similarity rate in the articles sent to the
journal should be below 20%.

In the event of alleged or suspected research miscon-
duct, e.g., plagiarism, citation manipulation, and data
falsification/ fabrication, the Editorial Board will fol-
low and act by COPE guidelines.

Everyone listed as an author should fulfill the author-
ship criteria recommended by the ICMJE. The IC-
MIJE suggests that authorship be based on the follow-
ing four criteria:

1. Substantial contributions to the conception or de-
sign of the work; or the acquisition, analysis, or in-
terpretation of data for the work; AND

2. Drafting the work or revising it critically for im-
portant intellectual content; AND

3. Final approval of the version to be published;
AND

4. Agreement to be accountable for all aspects of the
work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appro-
priately investigated and resolved.

In addition to being accountable for the parts of their
work, an author should be able to identify which co-
authors are responsible for specific aspects of the work.
In addition, authors should have confidence in the in-
tegrity of the contributions of their co-authors.

All those designated as authors should meet all four cri-
teria for authorship, and all who meet the four criteria
should be identified as authors. The manuscript's title
page should acknowledge those meeting only some of
the four standards.
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“AQUATIC RESEARCH” journal requires corre-
sponding authors to submit a signed and scanned ver-
sion of the copyright transfer, ethics, and authorship
contribution form (available for download at

https://dergipark.org.tr/en/download/journal-
file/19583)

during the initial submission process, act appropriately
on authorship rights and prevent ghost or honorary au-
thorship. If the editorial board suspects a “gift author-
ship” case, the submission will be rejected without fur-
ther review. As part of the submission of the manu-
script, the corresponding author should also send a
short statement declaring that they accept to undertake
all the responsibility for authorship during the submis-
sion and review stages of the manuscript.

“AQUATIC RESEARCH?” journal requires and en-
courages the authors and the individuals involved in the
evaluation process of submitted manuscripts to disclose
any existing or potential conflicts of interest, including
financial, consultant, and institutional, that might lead
to potential bias or a conflict of interest. Any financial
grants or other support received for a submitted study
from individuals or institutions should be disclosed to
the Editorial Board. To declare a potential conflict o f
interest, the ICMJE Potential Conflict of Interest Dis-
closure Form should be filled in and submitted by all
contributing authors. The journal's Editorial Board
resolves cases of a potential conflict of interest be-
tween the editors, authors, or reviewers within the
scope of COPE and ICMJE guidelines.

Authors must obtain permission from the copyright
holder when using previously published content, in-
cluding figures, tables, or any other material in both
print and electronic formats. Legal, financial, and
criminal liabilities belong to the author(s).

Statements or opinions expressed in the manu-
scripts published in the “Aquatic Research” jour-
nal reflect the views of the author(s) and not the
opinions of the editors, the editorial board, or the
publisher, who disclaim any responsibility or liabil-
ity for such materials. The final responsibility re-
garding the published content rests with the au-
thors.
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Manuscript Preparation

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation sys-
tem, available at http://dergipark.gov.tr/jour-
nal/2277/submission/start.

Manuscripts submitted to the journal will first go
through a technical evaluation process. The editorial of-
fice staff will ensure the manuscript has been prepared
and submitted by the journal’s guidelines. Submissions
that do not conform to the journal’s guidelines will be
returned to the submitting author with technical correc-
tion requests.

Authors are required to submit the following forms dur-
ing the initial submission.

e Copyright Transfer, Ethic, Authorship Contri-
bution Forms (one pdf file available from
https://dergipark.org.tr/en/download/jour-
nal-file/19583)

e ICMIJE Potential Conflict of Interest Disclo-
sure Form (should be filled in by all contrib-
uting authors) Download this form from
http://www.icmje.org/conflicts-of-interest/  fill
and save. Send this to the journal with your other
files.

Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes,
figures, efc.) and tables in the one main text (word of-
fice file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), usually 3-6 items

Introduction
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Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organizations or people
working with them, a conflict of interest may arise that
may affect your research. A full description is required
when you submit your article to a journal.

Ethics committee approval: Ethical committee approval
is routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the ethics
committee’s approval, and the authors may argue that they
do not need support for their work. In such situations, we
consult COPE’s “Guidance for Editors: Research, Audit,
and Service Evaluations” document and evaluate the study
at the editorial board and decide whether or not it needs
approval.

Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.

e Disclosure: Explanations about your scientific / article
work that you consider ethically important.
References
Tables (all tables given in the main text)
Figures (all figures/photos given in the main text)

Manuscript Types

Original Articles: This is the most important type of
article since it provides new information based on orig-
inal research. The main text should contain “Intro-
duction”, “Materials and Methods”, “Results and
Discussion”, “Conclusion”, “Compliance with Ethi-
cal Standard” and “ References” sections.

Statistical analysis to support conclusions is usually
necessary. International statistical reporting standards
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must conduct statistical analyses. Information on statis-
tical analyses should be provided with a separate sub-
heading under the Materials and Methods section, and
the statistical software used during the process must be
specified.

Units should be prepared by the International System of
Units (SI).

Review Articles: Reviews prepared by authors with
extensive knowledge of a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. The journal may even invite these au-
thors. Reviews should describe, discuss, and evalu-
ate the current knowledge level of a research topic
and should guide future studies. The main text should
start with the Introduction and end with the Conclusion
sections. Authors may choose to use any subheadings
in between those sections.

Short Communication: This type of manuscript
discusses important parts, overlooked aspects, or
lacking features of a previously published article.
Articles on subjects within the journal’s scope that
might attract the readers’ attention, particularly edu-
cative cases, may also be submitted in the form of a
“Short Communication” Readers can also present
their comments on the published manuscripts in the
form of a “Short Communication”. The main text
should contain “Introduction”, “Materials and
Methods”, “Results and Discussion”, “Conclu-
sion”, “Compliance with Ethical Standard” and “Ref-
erences” sections.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20
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Tables

Tables should be included in the main document and
presented after the reference list, and they should be
numbered consecutively in the order they are re-
ferred to within the main text. A descriptive title must
be placed above the tables. Abbreviations in the ta-
bles should be defined below them by footnotes
(even if they are defined within the main text). Tables
should be created using the “insert table” command
of the word processing software and arranged clearly
to provide easy reading. Data presented in the tables
should not be a repetition of the data presented within
the main text but should support the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted
through the submission system in main document WORD
files (in JPEG or PNG format). Any information within
the images that may indicate an individual or institution
should be blinded. The minimum resolution of each sub-
mitted figure should be 300 DPI. To prevent delays in the
evaluation process, all submitted figures should be clear
in resolution and large (minimum dimensions: 100 x 100
mm). Figure legends should be listed at the end of the pri-
mary document.

All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and in
the main text. The abbreviation should be provided in pa-
rentheses following the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, in-
cluding the name of the product, the producer of the prod-
uct, and city and the country of the company (including
the state if in the USA), should be provided in parentheses
in the following format: “Discovery St PET/CT scanner
(General Electric, Milwaukee, WI, USA).”

All references, tables, and figures should be referred to
within the main text and numbered consecutively in the
order they are referred to within it.

Limitations, drawbacks, and shortcomings of origi-
nal articles should be mentioned in the Discussion
section before the conclusion paragraph.
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References

Reference System is APA 6th Edition (with minor
changes)

The APA style calls for three kinds of information to be
included in in-text citations. The author's last name and the
work's publication date must always appear, and these
items must match exactly the corresponding entry in the
references list. The third kind of information, the page
number, appears only in a citation to a direct quotation.

....(Bhujel, 2014).

....(Mol & Erkan, 2009).

....(Alofa et al., 2023).

....(Mol & Erkan, 2009; Bhujel, 2014; Alofa et al., 2023).

Citations for a Reference Section:

An article

Alofa, C.S., Olodo, I.Y., Chabi Kpéra Orou Nari, M.,
Abou, Y. (2023). Effects of the fresh and dried housefly
(Musca domestica) larvae in the diets of Nile tilapia
Oreochromis niloticus (Linnaeus, 1758): growth, feed
utilization efficiency, body composition, and biological
indices. Aquatic Research, 6(1), 1-10.
https://doi.org/10.3153/AR23001 (if DOI number has)

A book in print

Bhujel, R.C. (2014). A manual for tilapia business. CABI
Nosworthy Way Wallingford Oxfordshire OX10 8DE
UK, 199 p. ISBN 978-1-78064-136-2.

Vil

https://doi.org/10.1079/9781780641362.0000 (if DOI number has)

A book chapter

Craddock, N. (1997). Practical management in the food
industry A case study. In Food Allergy Issues for the Food
Industry; Lessof, M., Ed.; Leatherhead Food RA: Leather-
head, UK., pp 25-38. ISBN: 4546465465

A webpages

CDC (2020). Rift Valley Fever | CDC.
https://www.cdc.gov/vhf/rvf/index.html (accessed
20.08.2020).
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Revisions

When submitting a revised version of a paper, the au-
thor must submit a detailed “Response to the review-
ers” that states point by point how each issue raised
by the reviewers has been covered and where it can
be found (each reviewer’s comment, followed by the
author’s reply and line numbers where the changes
have been made) as well as an annotated copy of the
main document. Revised manuscripts must be sub-
mitted within 15 days from the date of the decision
letter. If the revised version of the manuscript is not
submitted within the allocated time, the revision op-
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tion may be canceled. If the submitting author(s) be-
lieve that additional time is required, they should re-
quest this extension before the initial 15-day period
is over.

Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication pro-
cess of a manuscript is completed, it is published
online on the journal’s webpage as an ahead-of-print
publication before it is included in its scheduled is-
sue. A PDF proof of the accepted manuscript is sent
to the corresponding author, and their publication ap-
proval is requested within two days of their receipt of
the proof.
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