e-ISSN 2651-5326

..[Y]@ &@@M@@U of
Marine Sciences and Fisher

Canakkale Onsekiz Mart Universitesi
Deniz Bilimleri ve Teknolojisi Fakultesi

Volume:5 Issueslv v " “oa@uly 2022 -



Canakkale Onsekiz Mart University Journal of Marine Sciences and Fisheries

Canakkale Onsekiz Mart Universitesi Deniz Bilimleri ve Balik¢ilik Dergisi
(e-1SSN 2651-5326)

Yayin Sahibi (Director)

Prof. Dr. Ekrem Sanver CELIK, Dekan/Dean
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Baseditor (Editor—in—Chief)

Prof. Dr. Ali ISMEN
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Editor Yardimcisi (Associate Editor)

Prof. Dr. Umur ONAL
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Alan Editorleri (Section Editors)

Prof. Dr. Umur ONAL
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Yesim BUYUKATES
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Adnan AYAZ
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Nermin BERIK
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Teknik Editorler (Technical Editors)

Dog. Dr. Cahide Cigdem YIGIN
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Dr. Ogr. Uyesi Fikret CAKIR
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye
Mizanpaj Editorii (Layout Editor)

Dog. Dr. Mukadder ARSLAN THSANOGLU
Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Yabanci Dil Editorii (Foreign Language Editor)

Dr. Ogr. Uyesi Mehmet YILDIZ
Faculty of Arts and Sciences, Canakkale Onsekiz Mart University, Canakkale, Tirkiye

Istatistik Editorii (Statistical Editor)

Dr. Ogr. Uyesi Tugba SOKUT ACAR
Faculty of Arts and Sciences, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Canakkale Onsekiz Mart University Journal of Marine Sciences and Fisheries is published in two issues annually.
Canakkale Onsekiz Mart Universitesi Deniz Bilimleri ve Balikgilik Dergisi yilda iki say1 olarak yaymlanir.

Yazisma Adresi (Corresponding Address)
Canakkale Onsekiz Mart Universitesi, Deniz Bilimleri ve Teknolojisi Fakiiltesi, Terzioglu
Kampiisii, 17100, Canakkale/Tiirkiye
Tel: +90 286 218 00 18 (2815-2816) Faks: +90 286 21805 43

E-mail: jmsfdergi@comu.edu.tr

internet Adresi/Web Address
[https://dergipark.org.tr/tr/pub/imsf] [http://jmsf.dergi.comu.edu.tr/]



https://dergipark.org.tr/tr/pub/jmsf
http://jmsf.dergi.comu.edu.tr/

Editorler Kurulu (Editorial Board)

Prof. Dr. Ekrem Sanver CELIK
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Dr. Dilian Georgiev GEORGIEV
University of Plovdiv, Bulgaria

Prof. Dr. ilknur AK
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Dog¢. Dr. Mihail KECHEV

University of Agribusines and Rural Development, Plovdiv,

Bulgaria

Prof. Dr. Murat YiGiT
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Roberto BARGAGLI
Universita Degli Studi Di Siena, Italy

Prof. Dr. Okan AKYOL

Ege University, izmir, Tiirkiye

Prof. Dr. Muhammet TURKOGLU
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Fatma COLAKOGLU
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Erhan MUTLU
Akdeniz University, Antalya, Tiirkiye

Dr. Tereza KORNIKOVA
Charles University in Prague, Czech Republic

Doc¢. Dr. Nazli DEMIREL
Istanbul University, Istanbul, Tiirkiye

Prof. Dr. Fatma TELLI KARAKOC
Karadeniz Technical University, Trabzon, Tiirkiye

Prof. Dr. Zahit UYSAL
Middle East Technical University, Ankara, Tiirkiye

Prof. Dr. Hiiseyin OZBILGIN
Mersin University, Mersin, Tiirkiye

Prof. Dr. Ugur ALTINAGAC
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Ahmet OZER
Sinop University, Sinop, Tiirkiye

Prof. Dr. Nilsun DEMIR
Ankara University, Ankara, Tiirkiye

Prof. Dr. Sebahattin ERGUN
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Vladimir PESi¢
University of Montenegro, Montenegro

Prof. Dr. Deniz ERGUDEN
iskenderun University, Hatay, Tiirkiye

Doc. Dr. Goknur SISMAN AYDIN
Ege University, Izmir, Tiirkiye

Dog¢. Dr. Deniz Anll ODABASI
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Prof. Dr. Nuri BASUSTA
Firat University, Elazig, Turkey

Prof. Dr. Ugur OZEKINCI
Canakkale Onsekiz Mart University, Canakkale, Tiirkiye

Dog¢. Dr. Sinan MAVRUK
Cukurova University, Adana, Tiirkiye

Prof. Dr. Tolga GOKSAN
Canakkale Onsekiz Mart University, Canakkale, Tirkiye



Canakkale Onsekiz Mart University Journal of Marine Sciences and Fisheries

Canakkale Onsekiz Mart Universitesi Deniz Bilimleri ve Balikcihk Dergisi

July 2022 Volume 5/ Issue 1 e-ISSN 2651-5326

CONTENTS / ICINDEKILER

RESEARCH ARTICLES Pages

Effects of Thermocyclops decipiens and Artemia Nauplii for Larval Rearing of Macrobrachium rosenbergii (De
Man, 1879)

Dev Tatlisu Karidesi’nin (Macrobrachium rosenbergii De Man, 1879) Larval Yetistiriciliginde Thermocyclops decipiens ve e
Artemia Nauplii'nin Etkileri
Muthupriya Palanichamy, Sivakumar Kandhasamy*, Altaff Kareem
Cyanobacterial Communities in Mucilage Collected from Canakkale Strait (Dardanelles): Metagenomic Approach
11-18

Canakkale Bogazi'ndan Toplanan Miisilajda Siyanobakteri Topluluklari: Metagenomik Yaklasim

Sevdan Yilmaz*, Ekrem Sanver Celik, Dilek Kahraman Yilmaz, Mehmet Ali Kiiciiker

Effect of Different LED Light Sources on Growth and Pigment Composition of Dunaliella salina Teodoresco

(Chlorophyceae) 19-25
Farkli LED Isik Kaynaklarinm Dunaliella salina Teodoresco (Chlorophyceae) Biiyiime ve Pigment Igerigine Etkisi

Koray Benas*, ilknur Ak

Hydrochemical and Bacteriological Status of a High Altitude Karstic Cave Stream (Giivercinkaya Cave: Canakkale,

Tiirkiye) with Aquatic Macroinvertebrates Findings

Yiiksek Rakimli Karstik Bir Magara Deresinin (Giivercinkaya Magarasi: Canakkale, Tirkiye) Hidrokimyasal ve 26-38
Bakteriyolojik Durumu ile Sucul Makroomurgasiz Bulgulari

]_?eniz Amil Odabasi*, Serpil Odabasi, Ozan Deniz, Fikret Cakir, Belgin Elipek, Naime Arslan, Onur Ozbek, H. Baris
Ozalp

Growth, Mortality and Exploitation Rate of Round Sardinella (Sardinella aurita, Valenciennes, 1847) in the New
Calabar River, Niger Delta, Nigeria

New Calabar Nehri’nde (Nijer Deltasi, Nijerya) Yuvarlak Sardalyanin (Sardinella aurita, Valenciennes, 1847) Biiyiime,
Oliim Oran1 ve Somiiriilme Orani

Henry Dienye*, Olaniyi Olopade, Chijioke Ichendu

39-47

Recent Record of Oceania armata and Near-Past Records of Other Gelatinous Organisms in the Turkish Waters
Presumably Derived by Basin-Scale Current

Oceania armata Tiiriiniin Tiirk Sularmdaki Muhtemel Havza Olgekli Akint: Kaynakli Son Kayd1 ve Diger Jeli 48-55
Organizmalarin Yakin Gegmisteki Kayitlari

Erhan Mutlu*, Yasar Ozvarol

Cestode Infection of the Native Brine Shrimp (Artemia parthenogenetica) in Camalt: Saltpan (izmir/Tiirkiye)

Camalt1 Tuzlasi’nda (Izmir/Tiirkiye) Yerli Tuzla Karidesinde (Artemia parthenogenetica) Goriilen Sestod Enfeksiyonu 56-66
Edis Koru

Effect of Different Baits on Catch Per Unit Effort (CPUE) for Catching NarrowClawed Crayfish (Pontastacus

leptodactylus) with Fyke-Nets and Traps in Canakkale Atikhisar Reservoir

Canakkale Atikhisar Baraj Goli’'nde Pinter ve Sepetle Kerevit (Pontastacus leptodactylus (Eschscholtz, 1823)) Avciliginda 67-76
Farkli Yemlerin Av Verimine (CPUE) Etkisi

Tekin Demirkiran, Ugur Ozekinci*

Length-Weight Relationships of Fistularia commersonii Riippell 1835 from the Northeastern Mediterranean Sea,
Tiirkiye

Kuzeydogu Akdeniz’den (Tiirkiye) Fistularia commersonii Riippell 1835'nin Boy-Agirlik Iliskileri 1IRES
Deniz Ergiiden*, Mevliit Giirlek, Cemal Turan

The Exotic Species and Their Catch Per Unit Effort (CPUE) from Gillnet Fisheries in the Southern Aegean Coasts

(Tiirkiye)

Giiney Ege Kiyilan (Tiirkiye) Uzatma Aglar1 Balik¢iliginda Egzotik Tiirler ve Birim Caba Basina Diisen Av (CPUE) 87-93

Miktarlari
Okan Akyol*, Tevfik Ceyhan, F. Ozan Diizbastilar, Okan Ertosluk



SHORT COMMUNICATIONS

The Occurrence of Phronima sedentaria Forskal, 1775 (Crustacea: Amphipoda) in the Gulf of Antalya (Eastern
Mediterranean, Tiirkiye) 94-97

Antalya Korfezi’nde (Dogu Akdeniz, Tiirkiye) Phronima sedentaria Forskal, 1775 (Crustacea: Amphipoda)Tiirtintin Kaydi
Mustafa Tunca Olguner*, Mehmet Cengiz Deval

First Record of the Epizoic Octolasmis angulata (Cirripedia) on Maja squinado (Herbst, 1788) (Majoidea, Crustacea)
from Canakkale, Tiirkiye

Maja squinado (Herbst, 1788) (Majoidea, Crustacea) Uzerinde Epizoik Octolasmis angulata (Cirripedia) Tiiriiniin 98-102
Canakkale, Tiirkiye’den flk Kayd:

Secil Acar*, Yusuf Sen



COMU J Mar Sci Fish 2022 5 (1): 1-10
https://doi.org/10.46384/jmsf.1020201

e-ISSN: 2651-5326

COMU Journal of Marine Sciences and Fisheries

Journal Home-Page: http://jmsf.dergi.comu.edu.tr Online Submission: http://dergipark.org.tr/jmsf

i
IS [F

COMU JOURNAL OF MARINE SCIENCE AND FISHERIES

RESEARCH ARTICLE

Effects of Thermocyclops decipiens and Artemia Nauplii for Larval Rearing of
Macrobrachium rosenbergii (De Man, 1879)

Muthupriya Palanichamy?, Sivakumar Kandhasamy?*, Altaff Kareem?

School of Aquaculture, Department of Biotechnology, Karpaga Vinayaga College of Engineering and Technology, GST Road, Chinna Kolambakkam, https://orcid.org/0000-0002-7859-9290
Chengalpattu — 603308, Tamilnadu, India/Department of Zoology, The New College, Chennai — 600014, Tamilnadu, India
2School of Aquaculture, Department of Biotechnology, Karpaga Vinayaga College of Engineering and Technology, GST Road, Chinna Kolambakkam, https://orcid.org/0000-0001-8971-869X
Chengalpattu — 603308, Tamilnadu, India/Department of Zoology, The New College, Chennai — 600014, Tamilnadu, India
3Department of Zoology, The New College, Chennai — 600014, Tamilnadu, India/Department of Marine Biotechnology, AMET University, Kannathur, https://orcid.org/0000-0001-9178-2519

Chennai — 603112, Tamilnadu, India

Received: 07.11.2021 /Accepted: 09.02.2022 / Published online: 20.07.2022

Key words:

M. rosenbergii
Live-feed

Growth parameters
Biochemical profile

Anahtar kelimeler:

M. rosenbergii

Canli yem

Biiylime parametreleri
Biyokimyasal profil

Abstract: This study examines the effects of the freshwater cyclopoid Thermocyclops decipiens and
Artemia nauplii on the growth and survival of Macrobrachium rosenbergii (De Man, 1879) larvae during the
rearing phase. M. rosenbergii larvae were divided into three groups and fed exclusively with either Artemia
nauplii or T. decipiens, and a mixed diet (50% T. decipiens and 50% Artemia nauplii) in triplicate. The
results indicated that M. rosenbergii larvae reached 90% post larvae (PL) on the 23" day of the mixed diet
feeding regime, followed by 88% and 82% PL on the 24" and 26™ days when fed with Artemia nauplii and
T. decipiens, respectively. The highest length and weight of M. rosenbergii PL were observed in the mixed
diet treatment with 14.37+0.51mm and 0.76+0.04mg, respectively. The specific growth rate and percentage
weight gain were significantly (p < 0.05) higher in the mixed feeding treatment. However, the survival of
larvae was highest (69.89+4.55%) in the Artemia nauplii treatment. The larval stage index (LSI) of M.
rosenbergii larvae fed on different feeding regimes was mixed diet > Artemia nauplii > T. decipiens. The
biochemical constituents of M. rosenbergii PL showed that protein concentration was higher in the larvae
fed with T. decipiens, while carbohydrate and lipid content were also high in mixed feeding regimes. Results
indicated that the larval stage index and growth parameters of M. rosenbergii larvae were highest in the
mixed diet treatment.

Dev Tathsu Karidesi’nin (Macrobrachium rosenbergii De Man, 1879) Larval
Yetistiriciliginde Thermocyclops decipiens ve Artemia Nauplii‘nin Etkileri

Oz: Bu caligma, tathsu siklopoidi Thermocyclops decipiens ve Artemia nauplii'nin Macrobrachium
rosenbergii (De Man, 1879) larvalarinin yetistirme déneminde biiyiimesi ve hayatta kalmasi {izerindeki
etkilerini incelemektedir. M. rosenbergii larvalari {i¢ gruba ayrild1 ve Artemia nauplii, T. decipiens ve karma
bir diyet (%50 T. decipiens ve %50 Artemia nauplii) ile 3 tekerriirlii olarak beslendi. Sonuglar, karma diyetle
beslenen M. rosenbergii larvalarinin, 23. giiniinde %90 PL asamasina ulastiklarini ve bunu sirasiyla 24.
giinde %88 ile Artemia nauplii ve 26. giinde %82 ile T. decipiens ile beslenen larvalarin takip ettigini
gostermistir. M. rosenbergii PL'nin en yiiksek boy ve agirligt sirastyla 14.37+0.51mm ve 0.76+0.04mg ile
karma diyet uygulamasinda gozlendi. Spesifik biliylime orani ve yiizde agirlik artisi, karma besleme
uygulamasinda dnemli derecede daha yiiksekti (p < 0.05). Bununla birlikte, Artemia nauplii uygulamasinda
larvalarin yagama orani en yiiksek (%69,89+4,55) olmustur. Farkli besleme rejimlerinde beslenen M.
rosenbergii larvalarinin larva evre indeksi (LSI) karma diyet > Artemia nauplii > T. decipiens seklinde
gergeklesmistir. M. rosenbergii PL'nin biyokimyasal bilesenleri, T. decipiens ile beslenen larvalarda protein
konsantrasyonunun daha yiiksek oldugunu, karma besleme rejimlerinde karbonhidrat ve lipid igeriginin de
yiiksek oldugunu gostermistir. Sonuglar, M. rosenbergii larvalarinin larva evre indeksi ve biiyiime
parametrelerinin karma diyet uygulamasinda en yiiksek oldugunu gostermistir.

Introduction

The giant freshwater prawn, Macrobrachium rosenbergii Choice of food, on the other hand, is the bottleneck for the
and Macrobrachium malcolmsonii, are the commercially larval rearing of prawn larvae (Alam et al., 1991). Food
important aquaculture species in India. The utilization and and feeding affect the growth and survival of the early
nutritional quality of food are critical to the success of stages of larvae (Alam et al., 1996). Effective M.
prawn larval rearing. (Yufera et al., 1984; Freeman, 1990). rosenbergii culture is a major issue, particularly the supply
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of food and nutrition to their larvae (Hanson and Goodwin,
1977). Artemia nauplii are suitable for early stages of fish,
as reported by many authors (Aniello and Singh, 1982;
Sandifier et al., 1976; New, 1990), and demand is
increasing as a result of the unpredictability of supply and
the high cost of their cysts (Bengtson et al., 1991).

The reliance on live food necessitates challenges with
adequate food supply and management during the prawn
larval phase. (Jones et al., 1993; Dhont et al., 2010;
Valenti et al., 2010). Artemia nauplii are utilized for M.
rosenbergii larval rearing, and in such conditions, the
production of larvae is high-cost. Other zooplankton have
been used as live feed for the early stages of finfish and
shellfish (Manickam et al., 2020). Alam et al. (1993)
suggested that Moina micrura be considered as a
supplement to Artemia nauplii, and Ling (1969) stated that
rotifers, cladocerans, and copepods may be suitable live
feed to M. rosenbergii larvae. However, zooplankton mass
production continuous systems is a major problem (Rasdi
et al. 2020). In our study, mass culture T. decipiens was
used for the rearing of M. rosenbergii larvae. Therefore,
reliable continuous culture method is adopted to maintain
the T. decipiens densities during culture.

Suitably prepared live feed plays an important role in
the rearing of M. rosenbergii larvae. In the last two
decades, M. rosenbergii has been studied in relation to
cultural aspects. Zooplankton contains more nutrients than
Artemia nauplii (Rajkumar et al., 2004). The nutritional
values of zooplankton are evaluated by various authors
(Watanabe et al., 1983; Safiullah, 2001; Aman and Altaff,
2004; Manickam et al., 2017). Hence, the present study
aims to determine the effects of T. decipiens on the growth
and survival of M. rosenbergii larvae. Our findings have
the potential to contribute to the development of improved
larval rearing techniques for more efficient hatchery
production of M. rosenbergii.

Material and Methods
Culture of T. decipiens

Zooplankton samples were collected using a bolten silk
plankton net (50 pm) from Chetpet Pond, Chennai, India,
during the early hours of the day. They were transported to
the laboratories immediately. T. decipiens was sorted out
from the samples using a binocular stereomicroscope. The
inoculum of T. decipiens (50nos./l) was introduced into the
culture tanks (Altaff and Sivakumar, 2003; Sivakumar,
2015). T. decipiens were cultured using a combination of
chicken manure (150ppm) and mixed algae (Pennate sp.,
Eurastrum sp. and Stephanodiscus sp.;4.25 x 10* cells/ml)
in 25 | fiberglass tanks. The cultured species were
harvested from the culture tank and fed to the prawn
larvae.

Hatching of Artemia nauplii

The Artemia cysts were hatched out in a cone-shaped
culture tank under controlled conditions. The water
medium was maintained at 25 ppt salinity, pH 8 and
temperature ranged between 28-30 °C. A luminous bulb

placed above the hatching cone provided sufficient heating
for hatching. For optimum hatching results, the cysts were
illuminated (2000 lux illumination) during the entire
incubation period. Constant aeration was provided and a 3-
4 ppm oxygen level was maintained. A total of 75 mg
cysts were introduced into the hatching medium and
incubated for 24 hours. After hatching, instar | was used
for the rearing of M. rosenbergii larvae.

Preparation of egg custard

One hundred grams of fish meal were blended using a
blender. It was passed through a muslin cloth; six whole
eggs were added and blended; the mixture was steamed
with 250 ml of water until it solidified into custard
followed by the other ingredients added as shown in Table
1. The screened egg custard was stored for a few days.

Table 1. Formulation of egg custard

Ingredients Formula
Fish meal (gm) 100
Skimmed milk (gm)* 250
Whole (yolk and white) chicken eggs Nos.) 6
Wheat flour (g)? 250
Vitamin C (mg) 250
Vitamins A and D (ml)3 25
Vitamin B complex (mg) 125
Tetracycline (mg) 250
Calcidol (ml)* 10
1 Amul, India

2Wheat flour is a powder made from the grinding of wheat

3Vitamin A and D each 1.25ml

4Every 5 ml of calcidol contains Calcium Carbonate Eq to Elem.Cal 125
mg Vitamin D3 62.5 IU Elemental Magnesium (as Hydroxide) 10 mg
Elemental Manganese (as Sulphate) 0.5 mg Elemental Zinc (as sulphate)
2.5 m Elemental Boron(as sodium borate) 62.5 mcg

Experimental setup

M. rosenbergii, larval rearing experiment was
conducted for 26 days at Aqua-Nova Hatcheries,
Kanathur, Chennai, India. Water quality parameters were
maintained as follows: salinity 12 ppt, temperature 28 -
31°C and hardness of 60 - 100 ppm.. The culture water was
filtered and chlorinated for 3 to 4 days and then
dechlorinated before use.

For the experiment, 25 | of 12 ppt dechlorinated water
was filled in conical tanks. A total of 300 larvae (1 day
after hatching (DAH); 1.90-1.96 mm) were introduced into
each tank. The experimental tanks were provided with
continuous vigorous aeration except during feeding and
cleaning. M. rosenbergii larvae were fed with Artemia
nauplii (Treatment 1), T. decipiens (Treatment Il), and a
mixed diet (50% T. decipiens and 50% Artemia nauplii)
(Treatment I11) in triplicate. Experiments were conducted
when larvae reached the post larvae stage. The feed was
broadcast thrice daily at 7.00 hrs, 13.00 hrs, and 18.00 hrs.
The number of live-food organisms provided for the
different stages of M. rosenbergii larvae is as follows
(Table 2).
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Table 2. M. rosenbergii larvae feeding program

Feeding Regimes

Larval Stages Control

Experimental feed

Artemia nauplii

T. decipiens Mixed diet

Stage 2 and 3 10-16 individuals/larva

Stage 4to 7 20-46 individuals/larva

Stage 8 to PL 46-60 individuals/larva

10-16 individuals/larva

20-46 individuals/larva

10-16 individuals/larva
20-46 individuals/larva

46-60 individuals/larva 46-60 individuals/larva

For the larvae in the control and experimental tank, egg
custard was provided as supplement feed at 10.30 hrs, and
22.30 hrs. During the experimental period, 40% of the tank
water was replenished daily in the morning hours, when
excess feed and faecal matter of the larvae were removed.

In addition, 1 ppm tetracycline was administered to
each tank once a day. Daily measurements of dissolved
oxygen (Lutron DO-5510 Electronic Dissolved Oxygen
Meter) and salinity (Dual scale salinity refractometer
ATC) were taken. When the larvae reached the post-larval
stage, they were gradually acclimatized from brackish
water to freshwater to avoid the physiological shock of
sudden transfer from brackish water to freshwater.

Biochemical analysis

At the end of the experiments, a total of 10 PL were
collected from each tank for biochemical parameters such
as protein (Lowry et al., 1951), carbohydrate (Roe, 1955),
and lipid (Folch et al., 1957).

Data collection and statistical analysis

M. rosenbergii larvae were sampled at end of the
experiments (larvae that reached to PL) to measure length,
weight, and survival on 5", 10™, 15" 20", and 26", day.
The total length (TL) was measured using a 30-cm (0.1
mm) ruler. Analytical balances (precision of 0.01 g) were
used to record body weight (BW). The larvae's specific
growth rate (SGR), percentage weight gain (PWG),
survival rate (Dash et al., 2014) and condition factor
(Htun-Han, 1978) were calculated using the following
equations:

SGR - In(final weight of the larvae) — log(initial weight of the larvae)

Experimental periods in days (t)

where:

SGR % = percentage increase in body weight per
larvae per day

Final weight of the larvae - Initial weight of the larvae

Percentage weight gain (PWG) = x100

Inital weight of the larvae

i Number of live fish counted
Survival (%) = Number of fish stocked x100

Condition factor

Weight of the larvae

Conditionfactor (CF) = Length of the larvae®

x100

Larval stage index (LSI) was calculated according to
the following formula (Manzi et al., 1977)

LSI = (3Si x ni)IN?
where,

Si is the larval/PL stage (I= 1-12), ni= number of
animals in stage Si and N= total number of animals
observed. LSI= ranges varied from 1 to 10.

The experimental data was collected at the end of the
experiment and statistically analyzed. Prior to analysis, the
data were checked for normality and variance homogeneity
using Levine's test. At the end of the experiment, the
length and weight of the post-larvae from different feeding
regimes were measured. Survival of the larvae was
determined on the 5%, 10" 15% 20" and 26" days of
experimentation. The data was presented as mean =+
standard deviation. Data were subjected to one-way
ANOVA followed by Tukey’s test to determine which
treatments differed from each other (p<0.05). Random
ANOVA was performed to calculate the survivorship of
M. rosenbergii larvae (IBM SPSS for Windows, version
21.0. Armonk, NY: IBM Corp).

Results

M. rosenbergii larvae growth parameters are presented
in Table 2. The effect of different feeding regimes was
significantly different at the end of experimental period
(p < 0.05). The length and weight of the M. rosenbergii
larvae  were 14.37+0.51 mm and 0.76+0.04 mg
respectively, in the mixed diet feeding regimes and it was
higher compared to those of other treatments (Table 3).
The results of all the twelve stages gradually increased
their length and weight linearly. However, during the
larval stages I-1V, faster growth and high survival were
recorded in Artemia nauplii treatments (Fig. 1).
Subsequently, larval development was higher than those
recorded in the mixed feeding regimes, and also 90% PL
stage was reached on 23" day of the experiment. However,
larvae fed exclusively on either Artemia nauplii or T.
decipiens reached 88% and 82% PL on the 24" and 26™
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days, respectively. The final length and weight of larvae
fed with different feeding regimes were significantly
different (p<0.05). However, Tukey’s test showed that the
weight of the larvae fed with Artemia nauplii was not

significantly different (p>0.05) compared to T. decipiens
treatment. Regression analysis between the length and
weight of M. rosenbergii larvae showed a positive
relationship in three different feeding regimes (Figs 2a-c).
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Figure 1. Length of different larval stages of M. rosenbergii larvae in different feeding regimes

Table 3. Growth and survival of M. rosenbergii larvae with different feeding regimes

Artemia nauplii T. decipiens Mixed diet F P
Initial length (mm) 1.96 + 0.532 1.95 +0.052 1.94 + 0.042 0.111 0.897NS
Final length (mm) 12.60 £ 0.302 10.60 +0.30° 14.37£0.51°¢ 72.098 0.00"
Initial weight (mg) 0.14+0.022 0.13+0.022 0.14+0.012 0.056 0.946NS
Final weight (mg) 0.68 + 0.05% 0.62 +0.04° 0.76 + 0.042 9.257 0.02"
SGR (%) 6.51+0.21%® 6.16 +0.20° 7.00 + 0.302 9.222 0.02"
PWG (%) 409.36 +25.44%  306.75+23.39"  475.56 +42.34 9.058 0.02"
LSI 4.34 3.66 4.94 - -
CF 1.79 £ 0.082 1.95+0.07° 1.77 £0.032 7.752 0.02"
Survivorship ¥? (9) = 25.901, p = 0.003; F (4,32) = 60.106, p = 0.000

Values are represented as mean + SD of triplicate. Letters denote significant differences (p < 0.05). — NS: Not Significant
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Figure 2. Regression analysis between length and weight of M. rosenbergii larvae fed in different feeding regimes

M. rosenbergii larvae had the highest specific growth their growth rates were significantly different (p < 0.05.
rate and highest weight gain of 7.00 + 0.30% and 475.56 + The LSI of M. rosenbergii larvae in different feeding
42.34%, respectively, in the mixed feeding treatment, regimes showed the highest index (4.94) in mixed feeding
followed by Artemia nauplii and T. decipiens treatments regimes (Table 3). However, up to day 7 (DAH), the LSI
One-way ANOVA for growth parameters showed that was not significantly different between Artemia nauplii
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(LSI = 3.2) and mixed diet (LSI = 3.6) feeding regimes
(Table 4). The CF of all the larvae fed with either Artemia
nauplii or mixed diet was isometric and their growth
linearly increased throughout the experiment. However,
larvae fed with T. decipiens showed the highest CF values

(1.95 £ 0.07) with negative allometric growth. Tukey's test
also confirmed that T. decipiens fed M. rosenbergii larval
growth significantly differed from their linear growth
compared with Artemia nauplii and mixed diet (Table 3).

Table 4. Larval stage index of M. rosenbergii larvae fed in different feeding regimes

Feeding Regimes

Stages
Artemia

1
1.8
2.7
3.2
3.5
4.2
4.9
5.6
5.4

6
6.6
7.2

© 00O N O Ol B WODN -

U - e
=

T. decipiens Mixed diet
1 1
14 1.8
2.1 2.7
2.8 3.6
3 4
3.6 4.8
4.2 5.6
4.8 6.4
4.5 6.3
5 7
55 7.7
6 8.4

Survival rates of M. rosenbergii in three feeding
regimes on various days were recorded as shown in Fig. 3.
The highest survival was recorded in Artemia nauplii fed
larvae, followed by mixed diets and T. decipiens fed
larvae. The highest survival of 69.89 + 4.55% was
recorded in Artemia nauplii fed larvae, followed by mixed
feeding regimes (48.11 + 2.59%) and the lowest survival
of 38.00 + 5.03% was recorded in T. decipiens fed larvae
on the 26 day. Tukey’s test indicated that survival of
larvae showed significant differences (p < 0.05) among

their feeding regimes on the 5™ and 26™ days. However, no
significant differences were observed between T. decipiens
and mixed diet feeding regimes on the 10", 15, and 20%"
days (p > 0.05) (Fig. 3). The random ANOVA for
survivorship of M. rosenbergii larvae fed with different
feeds on various days significantly differed (p < 0.05)
(Table 3). The general linear model (GLM) for the survival
of M. rosenbergii showed that observed data was more
than predicted values. Based on this calculation, the linear
mortality rate increased (Figs 4a-e).
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W Artemia nauplii W T. decipiens W 50% Artemia nauplii+50% T. decipiens
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Figure 3. Effect of different feed on survival of M. rosenbergii larvae. Values are represented as mean + SE. Letters denote

significant differences (p < 0.05).
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The biochemical profile of M. rosenbergii larvae fed
with three different feeding regimes is presented in Table
5. The protein content of larvae fed with T.decipiens was
higher (47.97 + 0.35%), but carbohydrate (1.67 = 0.03%)
and lipid (8.03 £ 0.21) levels were higher in the mixed
diet. Biochemical constituents of M. rosenbergii fed with

different diets were significantly different (p < 0.05).
Tukey’s test showed that carbohydrate and lipid contents
were not significantly different between T. decipiens and
mixed diet. Protein content, on the other hand, was
significantly higher (p < 0.05) in the Artemia nauplii fed
group than those in other treatments (Table 5).

Table 5. Biochemical composition of M. rosenbergii larvae

Protein (%0) Carbohydrate (%) Lipid (%0)
Artemia nauplii 43.74 £0.58? 1.43+0.062 7.35+0.132
T. decipiens 47.97 +£0.35° 1.65+0.05" 7.14 £ 0.09°
Mixed diet 46.57+0.60°¢ 1.67 £0.03" 8.03+0.21°
F 50.914 23.793 29.333
p 0.000" 0.001" 0.001*

Values are represented as mean + SE. Letters denote significant differences (p < 0.05).

Discussion

In the present study, M. rosenbergii post larval
production was successfully achieved using Artemia
nauplii, mixed diet, as well as with T. decipiens diet.
Results of the present study showed higher growth of M.
rosenbergii larvae fed exclusively with Artemia nauplii;
however, weight, SGR, and PWG were not significantly
different in larvae fed either Artemia or T. decipiens (p >
0.05). In the T. decipiens treatment different life stages
such as nauplii, copepodids and adults were introduced
into the larval rearing tank as feed. The larger size of the
adult T. decipiens (850-1100 pum) may have prevented
feeding by M. rosenbergii larvae. This may be a reason for
slower growth observed in T. decipiens fed larvae. CF also
confirmed the negative allometric growth parameters in
larvae fed exclusively with T. decipiens. In treatments fed
with either Artemia nauplii or a mixed diet, isometric
growth of the larvae was observed. Similar to the weight
of the larvae, SGR and PWG were not significantly (p >
0.05) different between T. decipiens and Artemia nauplii
fed larvae. However, SGR and PWG were significantly (p
< 0.05) higher in the mixed diet than those in other feeding
regimes.

The present study indicated higher survival of the M.
rosenbergii larvae fed with Artemia nauplii than other
feeds. However, it is worth noting that the total length of
M. rosenbergii post-larvae fed on a mixed diet was higher
but the survival rate was lower than that of M. rosenbergii
larvae fed on the Artemia nauplii diet. Alam et al. (1993)
reported that M. rosenbergii larvae fed on Moina had high
mortality. In the present study, larvae fed on a diet of T.
decipiens had higher mortalities larvae fed onArtemia
nauplii showed a significantly higher survival rate than
those of other feeding regimes. Islam et al. (2000) reported
a high survival percentage of larvae fed on Artemia nauplii
with egg custard compared to those fed exclusively on
Artemia nauplii and rotifers. Manickam et al., (2020)
reported that M. rosenbergii larvae fed with a mixture of

rotifers, cladocera, and copepoda had significantly higher
survival and growth than those fed only Artemia.
Similarly, other researchers reported higher growth and
survival when larvae were fed with live feeds (Sunyoto et
al., 1995; Aman and Altaff, 2004; Santhanam et al., 2004;
Simhachalam et al., 2015).

In the biochemical profile, protein was the major
component followed by lipids and carbohydrates in M.
rosenbergii (Roustaian et al., 2001). In the present study, a
similar pattern was found in all the feeding regimes. The
biochemical compositions of live feed play a significant
role in larval rearing; protein, carbohydrates, and lipids
ensure the physiological status of organisms. The
zooplankton are a better source of biochemical
constituents for aquatic organisms (Tidwell et al., 1997
Manickam et al., 2017). The present study results showed
higher biochemical contents in M. rosenbergii larvae fed
with T. decipiens.

From the results of the present study, it can be
suggested that M. rosenbergii postlarvae can be produced
with a mixed diet, which will reduce the cost of live-feed
substantially in seed production. Furthermore, the higher
total length of the post-larvae fed with a mixed diet
indicates superior nutritional status of the developing
larvae by the mixed diet compared to a single diet.
However, the survival percentage of M. rosenbergii was
high in the Artemia feeding regime. As M. rosenbergii is
the most intensively cultured species, its seed production
using only indigenous live-feed organisms or in
combination with Artemia nauplii may provide cost-
effective culture methods.

Conclusion

The hatchery seed production of M. rosenbergii post
larvae was possible with a live feed of cyclopoid copepod.
A low percentage of survival was recorded with this feed
compared to Artemia nauplii. However, production of M.
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rosenbergii post larvae using a mixed diet might result in
the cost-effective production of seeds.

Acknowledgements

The authors are grateful to the Principal, Professor and
Head, Department of Zoology, The New College, Chennai,
for providing the laboratory facilities to carry out the work.
The authors are thanks to the Management and the
Principal, Karpaga Vinayaga College of Engineering and
Technology for their support.

Conflicts of Interest

The authors declare that they have no conflict of
interest.

Author Contributions

Sivakumar K: Conceptualization, Methodology,
Investigation, writing- original draft Muthupriya M:
Investigation, writing — reviewing data curation and
editing Altaff K: Supervision, Validation and Formal
analysis.

Ethics Approval

The material used in this article is invertebrate species
therefore ethics committee approval is not required for this
study.

References

Alam, M.J., Ang, K.J., Cheah, S.H., Ambak, M.A., &
Saad, C.R. (1993). Effects of Moina micrura (Kurz)
from two different culture sources as a replacement of
Artemia spp. in production of Macrobrachium
rosenbergii (de Man) post- larvae. Aquaculture
Research, 24, 47-56.
d0i:10.1111/j.1365-2109.1993.tb00827.x

Alam, M.J., Cheah, S.H., & Ang, K.J. (1991). Possible use
of Moina spp. as a live feed substitute in larval rearing
of the freshwater prawn, Macrobrachium rosenbergii
(de Man). Aquaculture Research, 22, 531-535.
doi:10.1111/j.1365-2109.1991.th00767.x

Altaff, K., & Sivakumar, K. (2003). Mass culture of
freshwater  cyclopoid  copepod  Thermocyclops
decipiens. Journal of Experimental Zoology India,
6(2), 237-243.

Aman, S., & Altaff, K. (2004). Biochemical profile of
Heliodiaptomus viduus, Sinodiaptomus
(Rhinediaptomus) indicus, and Mesocyclops
aspericornis and their dietary evaluation for postlarvae
of Macrobrachium rosenbergii. Zoological Studies, 43,
267-275.

Aniello, M.S., & Singh, T. (1982). Some studies on the
larviculture of the giant prawn (Macrobrachium
rosenbergii). In M.B. New (ed.), Giant Prawn
Farming. Elsevier, NewYork.

Bengtson, D.A., Léger, P., & Sorgeloos, P. (1991). Use of
Artemia as a food source for aquaculture. In R.A.
Browne, P. Sorgeloos & C.N.A. Trotman (Eds.),
Artemia Biology (pp 255-286): CRC Press.
d0i:10.1201/9781351069892

Dash, G., Raman, R.P., Pani Prasad, K., Makesh, M.,
Pradeep, M.A., & Sen, S. (2014). Evaluation of
Lactobacillus plantarum as feed supplement on host
associated microflora, growth, feed efficiency, carcass
biochemical composition and immune response of
giant freshwater prawn, Macrobrachium rosenbergi
(de Man 1879). Aquaculture, 432, 225-236.
doi:10.1016/j.aquaculture.2014.05.011

Dhont, J., Wille, M., Frinsko, M., Coyle, S.D.,, &
Sorgellos, P. (2010). Larval feeds and feeding. In M.B.
New, W.C. Valenti, J. H. Tidwell, L.R. D’Abramo &
M.N. Kutty (eds.) Freshwater prawns: biology and
farming (pp 86-103): Wiley-Blackwell.

Folch, J., Lees, M., & Stanley, G.H.S. (1957). A simple
method for the isolation and purification of total lipids
from animal tissues. Journal of Biological Chemistry,
226, 497-5009.

Freeman, J.A. (1990). Regulation of tissue growth in
crustacean larvae by feeding regime. Biology Bulletin,
178, 217-221. doi:10.2307/1541822

Henson, J.A. & Goodwin, H.L. (1977). Shrimp and prawn
farming in the Western hemisphere. Dowden
Hutchinson and Ross, Inc. Pennsylvania, USA.

Htun-Ha, M. (1978). The reproductive biology of the dab
Limanda limanda (L.) in the North Sea: gonosomatic
index, hepatosomatic index and condition factor.
Journal of Fish Biology, 13, 369-378.
d0i:10.1111/j.1095-8649.1978.tb03445.x

Islam, M.S., Khan, M.S., & Ahmed, S.U. (2000).
Observations on the larval rearing of Macrobrachium
rosenbergii (De Man) by using different types of feed
in bangladesh coastal environment. Pakistan Journal of
Biological Science, 3, 1790-1792.
doi:10.3923/pjbs.2000.1790.1792

Jones, D.A., Kamarudin, M.S., & Vay, L.L. (1993). The
potential for replacement of live feeds in larval culture.
Journal of World Aquaculture Society, 24, 199-210.
doi:10.1111/j.1749-7345.1993.th00009.x

Ling, S.W. (1969). The general biology and development
of Macrobrachium rosenbergii (De man). FAO
Fisheries Report 57(3), 589-606.

Lowry, O.H., Rosebrough, N.J., Farr, A.L., & Randall,
R.J. (1951). Protein measurement with folin-phenol
reagent. Journal of Biological Chemistry, 193(1), 265—
275.

Manickam, N., Bhavan, P.S., Santhanam, P., &
Muralisankar, T. (2020) Influence of wild mixed
zooplankton on growth and muscle biochemical
composition of the freshwater prawn Macrobrachium



Effect of Thermocyclops decipiens and Artemia Nauplii for Larval Rearing of Macrobrachium rosenbergii (De Man, 1879)

rosenbergii post larvae. Aquaculture, 522, 735110.
doi:10.1016/j.aquaculture.2020.735110

Manzi, J.J., Maddox, M.B., & Sandifer, P.A. (1977). Algal
Supplement  enhancement  of  Macrobrachium
rosenbergii (De Man) larviculture. Proceedings of the
World Mariculture Society, 8, 207-223.

Manickam, N., Bhavan, P.S., & Santhanam, P. (2017).
Evaluation of nutritional profiles of wild mixed
zooplankton in Sulur and Ukkadam Lakes of
Coimbatore, South India. Turkish Journal of Fisheries
and Aquatic Sciences, 17, 509-517.

New, M.B. (1990). Freshwater prawn culture: a review.
Aquaculture, 88(2), 99-143.
doi:10.1016/0044-8486(90)90288-X

Rajkumar, M., Santhanam, P., & Perumal, P. (2004).
Laboratory culture of calanoid copepod, Acartia clausi
Giesbrecht. Journal of Applied Fisheries Aquaculture,
4(1), 5-8.

Rasdi, N.W., Arshad, A., Mhd., Ikhwanuddin, Hagiwara,
A., Md. Yusoff, F., & Azani, N. (2020). A review on
the improvement of cladocera (Moina) nutrition as live
food for aquaculture: Using valuable plankton fisheries
resources. Journal of Environmental Biology, 41, 1239-
1248.

Roe, J.H. (1955). The determination of sugar in blood and
spinal fluid with anthrone reagent. Journal of
Biological Chemistry, 212, 335-343.

Roustaian, P., Kamarudin, M.S., Omar, H.B., Saad, C.R.,
& Ahmad, M.H. (2001). Biochemical changes in
freshwater prawn Macrobrachium rosenbergii during
larval development. Journal of World Aquaculture
Society, 32, 53-59. https://doi.org/10.1111/j.1749-
7345.2001.th00921.x

Safiullah, A. (2001) Biochemical and nutritional
evaluation and culture of freshwater live food
organisms for aqua hatcheries. (Ph D Thesis),
University of Madras, Tamilnadu, India.

Sandifer, P.A., Hopkins, J.S., & Smith, T.l.J. (1977).
Production of juveniles. In J. Hanson & H.L. Goodwin
(Eds.), Shrimp and prawn farming in the Western
Hemisphere. Dowden, Hutchinson and Ross,
Stroudsburg, Pennsylvania.

Santhanam, P., Perumal, P., & Rajkumar, M. (2004).
Effect of feeding Artemia on growth and survival of P.
monodon larvae. Journal of Applied Fisheries and
Aquaculture, 4(2), 42—46.

Seenivasan, C., Radhakrishnan, S., Muralisankar, T., &
Saravanabhavan, P. (2012). Bacillus subtilis on
survival, growth, biochemical constituents and energy
utilization of the freshwater prawn Macrobrachium
rosenbergii post larvae. Egyptian Journal of Aquatic
Research 38, 195-203. doi:10.1016/j.ejar.2012.12.009

Simhachalam, G., Kumar, N.S.S., & Rao, K.G. (2015).
Biochemical composition and nutritional value of
Streptocephalus simplex as live feed in ornamental fish
culture. The Journal of Basic and Applied Zoology, 72,
66-72. doi:10.1016/j.jobaz.2015.01.007

Sivakumar, K. (2005). Freshwater fish and prawn larval
rearing using indigenous live feed. (Ph D thesis),
University of Madras. Tamilnadu, India.

Sunyoto, P., Diani, S., & Supriatna, A. (1995).
Experimental culture of Acartia plumosa: a copepod
for use in marine fish hatcheries. Naga: The ICLARM
Quartely, 18(3), 27-28.

Tidwell, J.H., Schulmeister, G., Mahl, C., & Coyle, S.
(1997). Growth, survival, and biochemical composition
of freshwater prawns Macrobrachium rosenbergii fed
natural food organisms under controlled conditions.
Journal of World Aquaculture Society, 28, 123-132.
doi:10.1111/j.1749-7345.1997.tb00847.x

Valenti, W.C., Daniels, W.H., New, M.B., & Correia, E.
(2010). Hatchery systems and management. In M.B.
New, W.C. Valenti, J.H. Tidwell, L.R. D’Abramo &
M.N. Kutty (Eds), Freshwater prawns: biology and
farming. Chichester: Wiley-Blackwell.

Watanabe, T., Kitajima, C., & Fujita, S. (1983).
Nutritional values of live organisms used in Japan for
mass propagation of fish: A review. Aquaculture, 34,
115-143. doi:10.1016/0044-8486(83)90296-X

Yufera, M., Rodriguez, A., & Lubian, L.M. (1984).
Zooplankton ingestion and feeding behavior of
Penaeus kerathurus larvae reared in the laboratory.
Aquaculture, 42, 217-224.
doi:10.1016/0044-8486(84)90102-9

10



COMU J Mar Sci Fish 2022 5 (1): 11-18
https://doi.org/10.46384/jmsf.1021736

e-ISSN: 2651-5326

COMU Journal of Marine Sciences and Fisheries

Journal Home-Page: http://jmsf.dergi.comu.edu.tr Online Submission: http://dergipark.org.tr/jmsf

A
JINS[F

COMU JOURNAL OF MARINE SCIENCE AND FISHERIES

RESEARCH ARTICLE

Cyanobacterial Communities in Mucilage Collected from Canakkale Strait
(Dardanelles): Metagenomic Approach

Sevdan Yilmaz!”, Ekrem Sanver Celik?, Dilek Kahraman Y1lmaz3, Mehmet Ali Kiigiiker?

"Department of Aquaculture, Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale 17100, Tiirkiye

https://orcid.org/0000-0002-4809-5809

2Department of Marine Biology and Limnology, Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale 17100, Tiirkiye https://orcid.org/0000-0003-4514-457X
3Department of Marine Biology and Limnology, Faculty of Marine Sciences and Technology, Canakkale Onsckiz Mart University, Canakkale 17100, Tirkiye https://orcid.org/0000-0002-9626-5446

“Department of Environmental Engineering, Faculty of Engineering, Izmir Institute of Technology Giilbahge Campus 35430, izmir, Tiirkiye

https://orcid.org/0000-0001-9648-8925

Received: 11.11.2021 /Accepted: 26.01.2022 / Published online: 20.07.2022

Key words:

Mucilage

Marine aggregates
Marine snow
Metagenome
Cyanobacteria

Anahtar kelimeler:

Miisilaj

Deniz agregalari
Deniz kar1
Metagenomik
Siyanobakteriler

Abstract: In this study, cyanobacterial communities in mucilage samples collected from three stations in the
Dardanelles Strait were analyzed with a metagenomic approach. Mucilage samples were collected at the
beginning of June 2021 from three points of the Dardanelles (Station 1: 40°6'42.78"N, 26°23'57.00"E;
Station 2: 40°9'8.09"N, 26°24'16.19"E; Station 3: 40°6 '21.62"N, 26°22'41.25"E). The dominant
cyanobacteria were Prochlorococcus marinus (39.17%), Synechococcus sp. (20.85%), Lyngbya sp.
(12.00%), Trichodesmium erythraeum (7.33%), Aphanocapsa sp. (4.33%) and Leptolyngbya sp. (3.33%),
which constituted 87.00 % of the total number of sequences. In this study, cyanobacteria species that can
cause harmful algal blooms and have toxic effects on the mucilage structure have been determined. The
Marmara Sea and the Dardanelles Strait, which have been affected by serious disturbances, including
industrial activities, anthropogenic impacts, tourism and artificial lighting, will never be fully restored to
their former ecological state. In addition, cyanobacteria species in the mucilage may cause harmful algal
blooms and have toxic effects that threaten the future well-being of coastal populations and ecosystem
stability. Thus, the government and local authorities should pay more attention to combating the mucilage.

Canakkale Bogazi'ndan Toplanan Miisilajda Siyanobakteri Topluluklar:
Metagenomik Yaklasim

Oz: Bu calismada Canakkale Bogazi'nda ii¢ istasyondan toplanan miisilaj orneklerindeki siyanobakteri
topluluklar1 metagenomik yaklagimla analiz edilmistir. Misilaj 6rnekleri, Canakkale Bogazi'nin {i¢ farkli
noktasindan (Istasyon 1: 40°6'42.78"K, 26°23'57.00"D; Istasyon 2: 40°9'8.09"K, 26°, 24'16.19"D; Istasyon
3: 40°6 '21.62"K, 26°22'41.25"D) Haziran 2021 basinda toplanmistir. Toplam dizi sayisinin %87.00'sini
olusturmus baskin siyanobakteriler Prochlorococcus marinus (%39.17), Synechococcus sp. (%20.85),
Lynghya sp. (%12.00), Trichodesmium erythraeum (%7.33), Aphanocapsa sp. (%4.33) ve Leptolyngbya sp.
(%3.33) olarak belirlenmistir. Bu ¢alisma ile miisilaj yapisinda zararl alg patlamalarina neden olabilecek ve
toksik etkilere sahip olabilecek siyanobakteri tiirleri tespit edilmistir. Endiistriyel faaliyetler, insan kaynakl
etkiler, turizm ve yapay aydinlatma dahil olmak iizere ciddi rahatsizliklardan etkilenen Marmara Denizi ve
Canakkale Bogazi, higbir zaman eski ekolojik durumuna tam olarak geri dondiiriilemeyecektir. Bu nedenle,
devlet ve yerel yonetimler miisilajla miicadeleye daha fazla 6nem vermelidir.

Introduction

Cyanobacteria is a group of prokaryotic organisms, and
they are essential for the water environment. Although
cyanobacteria are commonly found in freshwater lakes and
reservoirs, climate change and anthropogenic pressure may
cause their populations to increase in marine environments
(Bobrova et al., 2016; Alvarenga et al., 2017).
Cyanobacteria blooming wildly in lakes and marine
environments with high concentrations of phosphorus may
produce cyanotoxins in concentrations that will poison or
kill mainly fish and shellfish, even humans (Stewart et al.,
2006; Backer et al., 2015).

*Corresponding author: sevdanyilmaz@comu.edu.tr

The presence of different cyanobacteria genus and/or
algal blooms in marine environments in Turkey and nearby
geography have been reported (Uysal, 2001; Tas et al,,
2006; Spatharis et al., 2012; Kalaitzidou et al., 2015;
Teneva et al., 2015; Uysal, 2016; Vinogradova et al.,
2017). Previously, cyanobacteria communities were
observed in the form of mucilage in the Northeast Atlantic
Ocean (Lampitt et al., 1993), in the Sargasso Sea
(Lundgreen et al., 2019) and in the Marmara Sea (Toklu-
Alicli et al., 2020) as well.
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Anabaena, Aphanoteche, Blennothrix, Blennothrix,

Calothrix, Chroococcus, Dermocarpa, Gloeocapsa,
Gloeocapsopsis,  Gomphosphaeria,  Heteroleibleinia,
Leibleinia, Leptolyngbya, Lyngbya, Merismopedia,
Microcoleus, Microcystis, Oscillatoria, Phormidium,
Planktothrix, Pseudanabaena, Rivularia, Schizothrix,
Spirocoleus,  Spirulina, Symploca,  Synechococcus,
Trichocoleus, Coelosphaerium, Scytonematopsis,
Scytonema, Pannu, Entophysalis, Xenococcus,

Tapinothrix, Trichodesmium, Microchaete, Dichothrix,
Isactis, Prochlorococcus and Nostoc members have been
reported among the cyanobacteria recorded in Turkish seas
(Uysal, 2000; Polat et al., 2000; Develi and Kideys 2000;
Uysal, 2001; Taskin et al., 2001; Aktan and Aykulu 2003;
Aysel et al., 2004; Feyzioglu et al., 2004; Okudan and
Aysel 2005; Parlakay et al., 2005; Aysel et al., 2005g;
Aysel et al., 2005b; Aysel et al., 2005c; Aysel et al.,
2005d; Uysal, 2006; Aysel et al., 2006a; Aysel et al.,
2006b; Aysel et al., 2006¢; Aysel et al., 2006d; Tas et al.,
2006; Eker-Develi et al., 2006; Uysal and Koksalan 2006;
Bayindirli and Ulysal 2007; Karaguha and Goniilol 2007;
Aysel et al., 2008; Yildirim and Sukatar 2009; Polat and
Uysal 2009; Kurt et al., 2010; Kopuz et al., 2012; Aktan
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Mucilage samples were brought to Canakkale Onsekiz
Mart University, Faculty of Marine Sciences and
Technology, Ecotoxicology Laboratory under cold chain
conditions for DNA isolation. Samples were centrifuged at
10,000 x g for 10 min and separated. Accumulated fresh
samples were immediately used for DNA extraction. DNA

and Balkis 2014; Feyzioglu et al., 2015; Ulcay et al., 2015;
Giiresen et al., 2015; Balkis and Tas 2016; Kisa and
Pabugcu 2016; Yiicel et al., 2017; Balci and Balkis 2017,
Yiicel et al., 2018; Giiresen et al., 2020; Kocum, E. 2020;
Balkis-Ozdelice et al., 2021).

In this study, cyanobacterial communities in mucilage
samples collected from three stations in the Dardanelles
Strait were analyzed by means of a metagenomic
approach.

Material and Methods

Mucilage samples were collected at the beginning of
June 2021 from three points of the Dardanelles (Station 1:
40°6'42.78"N, 26°23'57.00"E; Station 2: 40°9'8.09"N,
26°24'16.19"E; Station 3: 40°6 "21.62"N, 26°22'41.25"E)
(Figure 1). The temperature, pH, and dissolved oxygen of
sea waters were measured using a portable meter (WTW
Multi-parameter portable meter MultiLine® Multi 3620
IDS SET). Samples were collected onboard a coast guard
ship using a 5L Niskin bottle from a maximum depth of 2
m according to the 1SO 5667-9 method (ISO 5667-9,
1992).

isolation from mucilage samples was performed with
GenElute™ Soil DNA Isolation Kit (Sigma-Aldrich, St.
Louis, MO). DNA degradation and concentration were
monitored using spectrometry (OD260/280), fluorometry
(Qubit® 2.0 Fluorometer), and 1% agarose gel
electrophoresis.
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The cyanobacterial 16S rRNA gene was amplified by
PCR, using the cyanobacterial specific primers CYA359f
GGGGAATYTTCCGCAATGGG and CYAT781r
GACTACWGGGGTATCTAATCCCWTT (Niibel et al.,
1997). The first PCR reactions were performed in a
triplicate 25 uL mixture containing 12.5 pL of 2X KAPA
HotStart ReadyMix (Roche, Switzerland), 5 puL of each
primer (1 pM), and 2.5 pL of template DNA. The PCR
program was as follows: 95 °C for 3 min followed by 25
cycles of 95 °C for the 30s, 55 °C for 30 s, 72 °C for 30 s,
and a 5 min extension at 72 °C and a final hold at 4 °C.
The second PCR reactions were performed in a triplicate
50 pL mixture containing 25 pL of KAPA HiFi HotStart
ReadyMix, 5 uL Nextera XT1, 5 pL Nextera XT2, 5 uL of
cleaned PCR product and 10 pul PCR Grade water. The
second PCR program was as follows: 95°C for 3 min
followed by 8 cycles of 95°C for 30 s, 55°C for 30 s, 72°C
for 30 s, and a 5 min extension at 72°C and a final hold at
4°C.

The sequencing (2 x 250 bp) was performed on the
MiSeq platform. The processing and quality control was
conducted using DADAZ2 (Callahan et al., 2016). Chimaera
check was conducted with DADA2. Amplicons with a
quality of >Q20 were retained, and amplicons were filtered
and trimmed with DADA2. Taxonomic assignment was
performed against the SILVA 138 ribosomal RNA gene
database (Quast et al., 2013) with a confidence threshold
of 70%.

Results

The seawater temperature, pH and dissolved oxygen at
the sampling stations are shown in Table 1. The
temperature, pH and dissolved oxygen measurements were
similar in all stations. The mean temperature, pH and
dissolved oxygen values in the surface layers of the three
stations were recorded as 21.87+0.65 °C, 8.17+0.10, and
8.52+0.24 mg/L, respectively.

The dominant cyanobacteria communities at the order
level were Synechococcales and Oscillatoriales (Figure 2).
Synechococcales levels were recorded as 68%, 67%, and
68% for Station 1, Station 2, and Station 3, respectively.
Oscillatoriales levels were recorded as 22%, 17%, and
19% for Station 1, Station 2, and Station 3, respectively.

The dominant cyanobacteria were Prochlorococcus
marinus (39.17%), Synechococcus sp. (20.85%), Lyngbya
sp.  (12.00%), Trichodesmium erythraeum (7.33%),
Aphanocapsa sp. (4.33%) and Leptolyngbya sp. (3.33%)
which constituted 87.01 % of the total number of
sequences (Figure 3). Prochlorococcus marinus and
Synechococcus sp. levels varied between 38%-41% and
19%-23% for the stations, respectively. Lyngbya sp., and
Trichodesmium erythraeum levels varied between 11%-
14% and 6%-8% for the stations, respectively.
Aphanocapsa sp. and Leptolyngbya sp. levels varied
between 4%-5% and 3%-4% for the stations, respectively.

Table 1. Seawater temperature, pH and dissolved O in the field

Stations Temperature (°C) pH Dissolved Oxygen (mg Oz/L)
Station 1 21.9 8.06 8.53
Station 2 21.2 8.25 8.75
Station 3 22.5 8.21 8.27
100
90
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§ 70
é m Others
g 60
©
c
é 50 = Synechococcales
L 40
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™ 20
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Figure 2. Cyanobacteria communities at the order level in mucilage samples

13



Cyanobacterial Communities in Mucilage Collected from Canakkale Strait (Dardanelles): Metagenomic Approach

100
90 m Others
80 = Prochlorococcus
-0 marinus
<
> Synechococcus sp.
g 60
3
T 50 m Lyngbya sp.
2
©
4 40 = Trichodesmium
= erythraeum
§ 30
Aphanocapsa sp.
20 p psa sp
10 m |_eptolyngbya sp.
0

Station 1

Station 2

Station 3

Figure 3. Cyanobacterial communities in mucilage samples

Discussion

In this study, it was determined that cyanobacteria
species that may cause harmful algal blooms and have
toxic effects are found in the mucilage structure. It is
undeniable that humans and other living things shall suffer
more in the future due to harmful algal blooms due to the
deterioration of the natural balance caused by
environmental pollution. Prochlorococcus marinus was
determined as dominant among the cyanobacteria species
in the mucilage structure. P. marinus caused an algal
bloom for the first time in 2002 in lagoon areas in the
Northwestern Sea (Zaitsev and Nesterova 2003;
Shiganova, 2008).

Transparent exopolymer particles (TEP), which are
extracellular acidic polysaccharides that may form during
phytoplankton blooms, are associated with mucilage
formation. In laboratory experiments, it has been
determined that P. marinus has a high TEP production
potential (luculano et al., 2017). In this study,
Synechococcus sp. was determined as the second dominant
group. It was reported that the mucilage forming ability of
Synechococcus sp. and P. marinus, which are capable of
producing TEP, was increased by heterotrophic bacteria
(Cruz and Neuer 2019).

Yiicel et al. (2018) determined that Prochlorococcus is
more dominant than small eukaryotes and Synechococcus
in the Northeastern Mediterranean Sea. Synechococcus
density was high during mucilage formation in the
Marmara Sea (Gulfs of Bandirma and Erdek) between
August 2007 and August 2008 (Toklu-Alicli et al., 2020).
In this study, the predominance of Prochlorococcus over
Synechococcus may be associated with the effect of many
environmental factors. However, it is known that the
density of Synechococcus increases more in colder waters
(13-16 °C) than Prochlorococcus. In our study, the water

temperatures in the three sampling stations varied in the
range of 21.2-22.5 °C.

The other dominant strains such as Lyngbya sp. and
Trichodesmium erythraeum were detected in mucilage
structure in different studies. For example, in the presence
of 24-25 °C warm southern water body and 20-22 °C
colder northern water body in the Saragossa Sea,
Trichodesmium, Synechococcus, and Prochlorococcus
distribution in marine snow particles were 13%, 1.8%, and
2.0%, respectively (Lundgreen et al., 2019). Metaxatos et
al. (2003) determined the cyanobacteria genus as
Microcystis aeruginosa > Chroococcus gelatinosus >
Synechocystis sallensis > Trichodesmium erythraeum >
Lyngbya agardhii, respectively, according to their density,
in the mucilage structure collected at an average water
temperature of 23.5 °C in September 1999 in Euboikos
Gulf, Aegean Sea.

Trichodesmium erythraeum originates from Indo-
Pacific and the Red Sea. For Turkey, the first detection of
this organism was made in the Aegean Sea in 1990, where
it reached via the Suez Canal and entered the alien species
list (Cinar et al., 2011).

In this study, Aphanocapsa sp. and Leptolyngbya sp.
were less abundant in mucilage samples. In the Tuscan
Archipelago (between the Ligurian Sea and the Tyrrhenian
Sea), between May 1999 and July 2002, the genus
Leptolyngbya, Lyngbya and Rivularia were found most
frequently in benthic mucilage samples compared to the
genus  Oscillatoria, Symploca, Aphanocapsa and
Gloeocapsa (De Philippis et al., 2005). Aphanocapsa
caused harmful algal blooms in freshwater reservoirs (de J
Magalhées et al., 2019). De Philippis et al. (2005) assumed
that this genus, which was detected in a saltwater
environment, was previously not reported because it may
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be challenging to identify in samples containing high
levels of suspended matter and therefore, cannot be
included in the count. In this study, Aphanocapsa sp. was
found in the mucilage structure in Dardanelles Strait.
Previously, Aphanocapsa litoralis (Ulcay et al., 2015) was
recorded in the Eastern Mediterranean Sea (Northern
Cyprus), and different Aphanocapsa genus was recorded in
the Black Sea (Aysel et al., 2004).

In this study, cyanobacteria genus identified
metagenomically in the mucilage structure have been
shown to exhibit toxic effects on different organisms.
Some genera may cause other lethal effects, disorders in
preference behaviours, and changes in behaviour mobility
in fish (Hamilton et al., 2014). For example, P. marinus
isolated from the Sargasso Sea was found to have the
ability to produce the neurotoxic non-proteinous amino
acid B-Methylamino-L-alanine (Cox et al., 2005). It was
observed that the marine Synechococcus genus might have
a toxic effect on marine invertebrates (Martins et al.,
2007).

Lyngbya caused acute toxic effects on zebrafish
embryos (Berry et al., 2004) and dermatitis in humans
(Osborne et al., 2001). T. erythraeum produces toxins
carried by some fish, and its soluble toxins in seawater
may pose a health hazard to humans (Endean et al., 1993).
It was also reported that T. erythraeum, which has
cytotoxic and genotoxic effects, damages human
lymphocyte DNA and has a toxic effect on Artemia salina
(Narayana et al., 2014).

Leptolyngbya genus causes pathogenic microbial mat
black band disease, which infects corals worldwide and
produces toxins (Myers et al., 2007). Crossbyanol B, a
toxic brominated polyphenyl ether isolated from
Leptolyngbya crossbyana, had a harmful effect on Artemia
salina (Choi et al., 2010).

Conclusion

An investigation of the diversity and ecology of
cyanobacteria in the mucilage obtained from Dardanels
was conducted. Prochlorococcus marinus was the most
common  cyanobacterial ~ species,  followed by
Synechococcus sp.. The Marmara Sea and Dardanelles
Strait, impacted by severe disturbances, including
industrial activities, anthropogenic influence, tourism and
artificial illumination, have never been completely restored
to their former ecological state. In addition, cyanobacteria
species in the mucilage may cause harmful algal blooms
and have toxic effects that threaten the future well-being of
coastal populations and ecosystem stability. Thus, the
government and local authorities should pay more
attention to combating the mucilage using coastal
monitoring tools.
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Abstract: In this study, the effects of red, blue, and yellow LED lights on cell number, growth rate,
pigment, and crude oil contents of the green algae, Dunaliella salina Teodoresco, isolated from Ayvalik
(Balikesir) saltworks, were investigated. The highest cell number and growth rate were found algae grown in
the red LED treatment as 335.3 x 10* cell mI™ and 4.30 days™, respectively. The highest chlorophyll a and -
carotene contents of D. salina cells were determined in the control group as 10.70 and 3.49 mg I%,
respectively. The highest crude oil content was determined as 18% in the yellow LED treatment. Our results

showed that LED lamps positively affect the growth and biochemical composition of D. salina.

Farkhh LED Isik Kaynaklarmmin Dunaliella salina Teodoresco (Chlorophyceae)
Biiyiime ve Pigment I¢erigine Etkisi

Oz: Bu caligmada Ayvalik (Balikesir) tuz iiretim tesisinden izole edilen yesil alglerden D. salina
Teodoresco’nin kirmizi, mavi, sar1 LED (Light Emitting Diode) 151k kaynaklar1 kullanilarak Degistirilmis
Johnson (DJ) ortaminda yetistiriciligi yapilmistir. Deneme gruplarimin biiyiime hizi, pigment ve yag
iceriklerinde meydana gelen degisimler izlenmistir. Denemeler siiresince en yiiksek hiicre sayis: ve bilyiime
hiz1 kirmizi LED lamba altinda sirastyla 335,3 x 10* hc ml? ve 4,30 giin™ olarak elde edilmistir. Dunaliella
salina hiicrelerinin en yiiksek klorofil a ve B-karoten igerikleri sirastyla 10,70 ve 3,49 mg I"* olarak kontrol
grubunda tespit edilmistir. En yiiksek ham yag igerigi ise, sart LED lamba uygulamasinda %18 olarak
bulunmugtur. Yapilan ¢aligma sonucunda LED lambalarin D. salina’nin bilylimesi ve biyokimyasal
kompozisyonu iizerine olumlu etkilerinin oldugu saptanmustir.

Giris

Tek hiicreli yesil alg (Chlorophyta) olan Dunaliella salina
B-karoten, gliserol ve yag asitleri bakimindan zengin,
ozellikle tuzlalar ve tuz géllerinde dagilim gosteren bir alg
tirtidir. (Ben-Amotz ve Avron, 1983; Dudu vd., 2001;
Ben-Amotz, 2004; Oren, 2006; Ak vd., 2008). Dunaliella;
flagellatlara sahip, dkaryotik ve hiicre ¢eperi olmayan bir
cins olma ozelligi ile Volvocales ordosunun diger
cinslerinden ayrilmaktadir. Hiicrelerinin elastik bir plazma
membrani ile g¢evrili olmasi Dunaliella tiirlerinin hiicre
seklinin degismesinde ve osmotik degigsimlere karsi
adaptasyonunda bir avantaj saglamaktadir.
Osmoregiilasyon ile hiicre dis1 osmotik basinca kars1 hiicre
icindeki gliserol konsantrasyonu degisim gostermektedir
(Jimenez vd., 1991; Borowitzka ve Borowitzka, 1992).
Dunaliella tiirlerinin stres kosullar1 altinda kuru agirliginin
%10’u kadar S-karoten sentezlemesi nedeniyle énemli bir
antioksidan kaynagi olarak iretimi yapilmaktadir.
Ekonomik degere sahip Dunaliella tiirlerinin yetistiriciligi

*Corresponding author: ilknurak@comu.edu.tr

sonucu elde edilen S-karoten gida endiistrisinde, eczacilik,
kozmetik, tip alanlarinda ve biyomedikal arastirmalarda
kullanilmaktadir (Bosma ve Wijffels, 2003). p-karotenin
endiistriyel iiretimdeki ihtiyaci biiylik oranda laboratuvar
kosullarinda  sentetik  yollarla iretilen formundan
karsilanmaktadir. Ancak dogal karotenlere olan talebin
artmasi, arastirmacilart farkli dogal kaynaklardan p-
karoten iiretimine yonlendirmistir (Vega vd., 1996).

LED; 151k yayan diyotlarin (light emitting diodes)
kisaltilmig tanimidir. LED'ler, ¢ok dar bir emisyon tepe
noktasi ile 151k iireten kat1 hal yari iletkenlerdir. ileri akim
uygulandiginda, iki yari iletken katman arasinda fotonlar
iiretilir. Bu katmanlarda kullanilan malzemeye bagli olarak
fotonlar farkli enerjilere ve dolayisiyla farkli dalga
boylarina sahiptir (Glemser vd., 2016). LED lambalar
floresan lamba ile karsilagtirildiginda, uyumlu 151k {iretmek
icin uygun bir armatiire sahip floresan lambalar igin
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gereken ekipman mekanik olarak daha karmasiktir, daha
biiylik boyut gerektirir ve bu nedenle aydinlatilan alanin
Olceginin kiiciiltiilmesine izin vermemektedir. Ayrica,
floresan lambalarda civa igerigi goriilmektedir ve LED
kaynaklarinin agilip kapanma esnasinda titresim etkisi
gostermedigi ¢esitli ¢alismalar sonucunda saptanmistir
(Orug, 2011; Glemser vd., 2016). Kim vd. (2019) LED
lambalarinin avantajlarini, 1siya duyarli mikroalglerin
maksimum biiyiimesini kolaylastirmak igin yeterli 151k
emisyonu ile diisiik enerji tiiketimi ve disiik 1s1 iiretimi
olarak bildirmislerdir.

Istk kaynagi olarak LED lambalarin dalga boyu,
bitkilerin klorofil iiretmesini karsilayacak diizeyde oldugu
Paudel vd. (2008) tarafindan bildirilmistir. Mikroalglerin
biliylime pigment igerikleri iizerine 1s1k kaynaklarmin ve
151k siddetlerinin etkisi lizerine caligmalar
gergeklestirilmigtir (Cuaresma vd., 2009; Chen vd., 2015;
Wu vd., 2016). Yapilan ¢alismalarda optimum biiyiime ve
pigment birikimi igin gerekli olan 151k kaynaginin ve 151k
siddetinin mikroalg tiirline bagli olarak degistigi
belirlenmistir (Li vd., 2020; Xi vd., 2020).

D. salina alg B-karoten birikimi {izerine 151k, sicaklik,
tuzluluk ile ortamda bulunan azot ve fosfat
konsantrasyonlarina  etki ettigi farkli c¢aligmalarda
bildirilmektedir (Wu vd., 2016; Singh vd., 2016; Durmaz
ve Piring, 2017; Han vd., 2019). Ayrica, D. salina hiicre i¢i
osmotik basinci saglamak i¢in fotosentez yoluyla gliserol
biriktirmektedir (Ben-Amotz vd., 1982). Uretilen gliserol
mikroalglerin depo yagi olarak bilinen triagilgliseridlerin
sentezlenmesinde kullanilmaktadir (Sharma vd., 2012).
Yiiksek miktarda gliserol biriktirme yetenegine sahip olan
Dunaliella tiirleri o nedenle yag iiretimi i¢in de uygun
olabilecegi ¢esitli calismalarda bildirilmistir. Jin vd. (2012)
aydinlatic1 olarak farkli veya tek LED 1sik kaynaginin
kullanilmasinin yiiksek yag igerigine sahip D. salina

biyomasi  iiretmek  amaciyla  kullanabilecegimizi
bildirmistir.
Dunaliella kiiltiiriiniin ~ kapali  fotobiyoreaktorlerde

fizibilitesini arastirmak igin yapilan ¢esitli ¢aligmalarda,
fotobiyoreaktorlerin Dunaliella'nin biiyiimesi ve B-karoten
birikimi asamasi i¢in karotenoidlerin tiretiminde énemli bir
rol oynamaya baglayacagini bildirilmektedir (Prieto vd.,
2011; Xu ve Harvey 2019). Fotobiyoreaktorlerde, yapay
1s18in - yogunlugu ve kalitesi, oOzellikle mikroalglerin
ototrofik biiylimesi igin tasarimecr tarafindan dikkate
alinmasi gereken iki kritik faktordiir. Blanken vd. (2013)
¢esitli spektral niteliklere sahip floresan lambalarin en ¢ok
tercih edilen 151k kaynagi oldugunu bildirmesine karsin
gelisen teknoloji ile birlikte alg kiiltiirlerinde algin
biliylimesini destekleyen ve enerji gideri floresan lambalara
gore daha az olan 1s1k kaynaklarin  kullanimina
yonelinmistir. Onemli bir antioksidan kaynagi olan D.
salina’nin ~ strese  girmeden biiyiime kosullarmin
iyilestirilmesi tretim maliyetinin azaltilmas: agisindan
onem tagimaktadir. Alg kiiltiirlerinde en onemli maliyet
giderlerinden biri besin tuzlarindan sonra enerji
maliyetidir. Bu maliyeti azaltmak amaciyla, LED
teknolojisi alg iiretiminde kullanimina yonelik ¢aligmalar
yapilmaktadir (Xi vd., 2020; Oztaskent ve Ak, 2021). Bu

nedenle, giinimiizde 151k yayan diyotlar (LED'ler) en
onemli 151k kaynaklarindan biri haline gelmistir. Kirmizi,
mavi ve beyaz gibi farkli 151k spektrumlarina sahip
LED'lerin alg yetistiriciliginde kullanilmasina ydnelik
calismalarin yapilmasina ihtiya¢ duyulmaktadir.

Calisma kapsaminda Ayvalik tuzlasindan izole edilen
D. salina’nin (Chlorophyceae, Volvocales)
yetistiriciliginde farkli renkteki LED lambalar kullanilarak
algin bliylime hizi, pigment ve ham yag icerikleri lizerine
olan etkisi aragtirilmigtir.

Materyal ve Yontem
Mikroalg ortamu ve yetistiriciligi

D. salina algi Ayvalik tuz golinden izole edilmistir
(Balikesir, Tirkiye). Algin tanimlamasi Borowitzka ve
Siva (2007)’e gore yapilmustir.

Deneme kiiltiir kosullar

D. salina’min bilyime hizi, pigment ve ham yag
igeriklerine LED lambalarin  etkilerini  belirlemek
amaciyla; 151k kaynagi olarak kirmizi, mavi, sar1t LED
lambalar kullanilmistir. Floresan lambalar ise kontrol
grubu olarak tercih edilmistir. Denemelerde kiiltiir ortanu
olarak Degistirilmis Johnson (DJ) ortamu kullanilmis ve
tuzluluk 2M olacak sekilde ayarlanmustir. Degistirilmis
Johnson ortami (Johnson vd., 1968); ana maddeleri 1,5 g I’
1 MgCl,-6H,0, 0,035 g I K;HPO4, 1,5 g I NaNOs, 0,2 ¢
I CaCl,-2H0, 0,043 g I'* NaHCOs3, 0,2 g KCl ile 10 ml I
! demir soliisyonu (189 mg 1?NaEDTA, 244 mg I
! FeCl3.6H,0) ve 1 ml I'* iz element soliisyonundan (1,215
g I'CoCl.6H0, 3,426 g I*H3BOs 0432 mg I
1 MnCI2.4H20, 31,19 mg It (NH4)6MO7024.4H20), 31,5
mg ZnS04.7H20 olusmaktadir.

Denemeler steril 1 litrelik cam kaplarda, 3 tekrarh
olarak gerceklestirilmistir. Kiiltirler 24:0 (A/K) saat
fotoperiyotta aydinlatilmigtir.  Kullanillan tim 151k
kaynaklar1 icin 151k siddeti 100 umol foton m? s* olarak
151k Olger yardimiyla (LiCor, Li-250) ayarlanmustir.
Denemeler 25,00 = 1,00 °C sicakligina ayarlanmis kiiltiir
dolab1 igerisinde gergeklestirilmis olup gruplar siirekli
hava ile karistirilmastir.

Analizler

Yapilan ¢alisma siiresince hiicre sayisi, biiylime hizi,
klorofil a ve B karoten degerleri giinlik olarak analiz
edilmistir. Kuru agirlik degerleri Zhu ve Lee (1997)’ye
gore hesaplanmigtir. Hiicre sayilart 3 tekrarli olarak
Neubauer sayma lami ile gergeklestirilmistir.

Biiyiime hiz, iceriklerinin
belirlenmesi

pigment ve yag
Spesifik biliylime hizi (p) logaritmik biiyiime fazinda
asagidaki formiiller uygulanarak hesaplanmistir.
p=In Xi- InXao/t; —t2

Formiilde X; ve Xj, sirasiyla t; ve t; zamanlarindaki
kuru agirlik degerlerini belirtmektedir.
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Pigment ve ham yag igeriklerinin belirlenmesi

Klorofil a igerigi % 90’lik aseton kullanilarak Scor-
Unesco (1966) yontemine gore tespit edilmistir. -karoten
icerigi ise Ben-Amotz ve Avron (1983)’a gore
hesaplanmuistir.

Alglerin toplam yag igerigi Folch vd. (1957) yontemi
ile belirlenmistir.

istatiksel analiz

Elde edilen veriler SPSS paket programi yardimiyla
ANOVA kullanilarak degerlendirilmistir (Ozdamar, 1997).
Tim sonuglar ortalama + standart sapma sekilde ifade
edilmis olup farklar P<0,05 oldugunda anlamli kabul
edilmistir.

Bulgular ve Tartisma

Calismalar siiresince Kkiiltiirlerden alinan 6rneklerin
hiicre  sayilart  izlenmistir  (Sekil 1). D. salina
kiiltiirlerindeki en yiiksek hiicre sayis1 kirmizi LED dalga
boyu kullanilan gruplarda 335,3 x 10* hc ml?! olarak
belirlenmistir. En diisiik hiicre sayist ise sart LED dalga
boyu kullanilan gruplarda 250,7 x 10* hc ml** olarak tespit
edilmistir. Deneme sonunda gruplarin ulastigi hiicre
sayilar1 arasinda istatistiksel farkliliklar belirlenmistir
(P<0,05).

400
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o T »
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100 4
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0 3 8 13 17
Zaman (giin)
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Sekil 1. Farkli LED lambalar kullanilarak yetistirilen D.
salina kiiltiirlerinin hiicre sayilarinda meydana
gelen degisimler (Farkli harfler (a-b) istatistiksel
yonden farkliligi gostermektedir (P<0,05) (£
standart hata) (n=3))

LED lambalarin D. salina kiiltiirlerinin biyiime hizi,
pigment ve yag igeriklerine etkilerinin arastirildig:
¢alismada en yiiksek biiylime hiz1 kirmizi LED dalga
boyuna sahip lambalarin kullamldigi grupta 4,30 giin
olarak belirlenmistir (Sekil 2). En diisiik bliyiime hiz1 ise
floresan lambamin kullamldig kontrol grubunda 4,17 giin®
olarak tespit edilmistir. Caligma sonucunda, deneme
gruplarinin biiylime hizlar1 arasinda istatistiksel yonden
anlamli farkliliklarin oldugu belirlenmistir (P<0,05).

D. salina’nin biyokimyasal igerikleri ve biiylime hizi
tuzluluk, sudaki besin tuzu yogunlugu ve sicaklik gibi

cevresel faktorlerden etkilenmektedir (Can vd., 2016;
Lamers vd., 2012; Singh vd., 2016). Ayrica, 1518in da
alglerin biliyiime hizin1 etkileyen en onemli ¢evresel
faktorlerden biri oldugu bildirilmistir (Oztaskent ve Ak,
2021). Yapilan ¢aligmalarda kiiltiirlerde kullanilan 15181
siddeti ve cinsinin alglerin biiyiime hizini, pigment ve yag
kompozisyonunu degistirdigi belirlenmistir (Ben-Amotz
ve Shaish, 1992; Ak vd., 2008; Fu vd., 2012). Farkli kiiltiir
kosullarinda gergeklestirdikleri denemelerde D. salina’nin
bilyiime hizi degerlerini 0,7-1,0 boliinme giin? olarak
bildirmiglerdir (Ben-Amotz vd., 1982; Ginzburg ve
Ginzburg, 1981). Denemelerde elde edilen biiyiime hizi
sonuglarinin yukarida belirtilen ¢aligsmalardan daha yiiksek
oldugu gozlenmistir. Dunaliella tiirlerinin  biiyiime
ozellikleri cografik bolgelere, tiire ve susa gore farklilik
gosterebilecegi  Borowitzka ve Borowitzka (1992)
tarafindan bildirilmistir. D. salina tiirtiniin de dahil oldugu
yesil algler sinifindaki baskin pigmentler klorofil a ve
klorofil b’dir (Han vd., 2019). Chappelle vd. (1992) bu
klorofiller, belirli dalga boylarinda ana anten pigmentleri
olan Klorofil-a ve klorofil-b tarafindan  absorbe
edilmektedir. Han vd. (2019), kirmizi LED lambalarin D.
salina'nin biiylimesi i¢in diger dalga boylarindan daha

etkili oldugunu bildirmistir.
ab
SARI '

Sekil 2. Farkli LED lambalar kullanilarak yetistirilen D.
salina kiiltiirlerinin biiyiime hizlarinda meydana
gelen degisimler (Farkli harfler (a-b) istatistiksel
yonden farkliligni gostermektedir (P<0,05) (+
standart hata) (n=3))
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Denemeler siiresince kontrol grubu olarak kullanilan
floresan lambalarin klorofil a ve B karoten igerikleri 10,70
mg It ve 3,49 mg I olarak tespit edilmistir. En diigiik
klorofil a ve B karoten igerikleri ise mavi LED dalga boyu
kullanilan grupta sirastyla 7,31 mg 1" ve 2,50 mg I* olarak
belirlenmistir (P<0,05). Moulton vd. (1987) ve Borowitzka
ve Borowitzka (1992) ile benzerlik gostermektedir. Isik
siddeti ile klorofil a icerikleri arasinda ters bir iliskinin
bulundugu Falkowski (1983) ve Garcia vd. (2007)
tarafindan  bildirilmistir. Fu vd. (2013), yiksek
yogunluktaki kirmizi LED (660 nm) 118, D. salina
kloroplastlarina hasar vermesi nedeniyle hiicrelerin
karotenoid miktarinin da buna baglh olarak yiikselmedigi
diistintilmektedir (Coesel vd., 2008; Lamers vd., 2008; Fu
vd., 2013).
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Sekil 3. Farkli LED lambalar kullanilarak yetistirilen deneme gruplarinin klorofil a ve B-karoten miktarlarinda meydana
gelen degisimler (Farkli harfler (a-C) istatistiksel yonden farkliligi géstermektedir (P<0,05) (+ standart hata) (n=3))

Denemelerde en yiiksek yag igerigi sar1 LED
lambalarin kullanildigi deneme grubunda %18 olarak
tespit edilmistir. En diisiik yag igerigi ise mavi LED
lambalarin kullanildigtr grupta %9,8 olarak saptanmustir.
Deneme gruplarimin ham yag igeriklerinin istatistiksel
olarak anlamli  farkliliklarin  oldugu  belirlenmistir
(P<0,05). D. salina ile ilgili farkli caligmalarda ham yag
icerigi %15-45 arasinda degistigi, azotun smirlandig
durumlarda ise algin yag igeriginin %55’lere yiikseldigi
bildirilmektedir (Weldy ve Huesemann, 2007; Chen vd.,
2015). Mikroalgin yag ve B-karoten igerikleri arasinda bir
iliski oldugu Ben-Amotz (2004) tarafindan bildirilmistir.
Calisma sonucunda elde ettigimiz ham yag degerlerinin
Weldy ve Hussemann (2007) bildirdigi %16 ile %44
degerleri igerisinde oldugu saptanmis.
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Sekil 4. Deneme gruplarinin ham yag miktarinda meydana
gelen degisimler (Farkli harfler (a-c) istatistiksel yonden
farklilig1 gostermektedir (P<0,05) (+ standart hata) (n=3))

Sonug

Bu ¢alismada mavi, kirmizi ve sart LED lambalarin D.
salina’nin  bilylimesi, pigmenti ve biyokimyasal
kompozisyonuna etkileri degerlendirilmistir. Florasan
lamba ve LED 1sik kaynaklar1 enerji tiiketimine ve
maliyetine gore farkliliklar gostermektedir. Ekonomik
oneme sahip olan mikroalglerin yetistiriciliginde etkili 151k
kaynaginin kullanimi algin iiretimin maliyetini diigiirmesi
nedeniyle 6nem tasimaktadir. Diisiik kurulum maliyetleri
ve uzun Omiirlii 6zellikleri nedeniyle LED 151k kaynaklar1
tercih  edilmelidir. Calisma sonucunda D. salina
yetigitiriciliginde kirmizi LED lamba kullaniminin algin
biiylime hizzmi  sart LED’lerin ise ham yag icerigini
arttirdigr, LED lamba kullanilan deneme gruplarinin
pigment igeriklerinin floresan lamba kullanilan kontrol
grubuna gore daha disiik oldugu belirlenmistir. Caligma
sonucunda D. salina tiretiminde alg hiicrelerinin biiyiime
hizin1 arttirmak ve kiiltlir siiresini  kisaltarak {iretim
maliyetlerinin azaltilmast amaciyla LED lambalarin
kullanilabilecegi saptanmuistir.
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Abstract: Caves are laboratories for many disciplines that work in natural sciences including
mineralogy, biology, hydrogeology, and archaeology. In this study, bi-monthly samplings were
carried out from three smapling locations within and around the Giivercinkaya Cave, a high-altitude
cave located in nortwestern Turkey, to evaluate the hydrochemical and microbiological properties
and the aquatic macroinvertebrates of the cave stream. Some parameters of the water including pH,
electrical conductivity, temperature, oxidation-reduction potential, dissolved oxygen were measured
in-situ, while elemental (70 in total) and ionic composition of water were analyzed in the laboratory.
Microbiological analyses of the cave stream were examined through analyses of total bacteria, total
coliforms, fecal coliforms, fecal Streptococcus, and Escherichia coli. According to the Piper diagram
of hydrochemical data, the cave stream had mainly Ca-Mg-HCO3 character, on the other hand, the
Schoeller diagram indicated a common water source in Giivercinkaya cave due to the similar
components of the main ionic components of the water. As a result of microbiological analysis, fecal
contamination was determined, indicating an active wildlife in the cave. Additionally, several
aquatic macroinvertebrates taxa, Rhynchelmis limosella, Dugesia sp., Gammarus uludagi which
have non-troglobiont character were found in the cave stream. Rhynchelmis limosella detected in
this study is the first record for the Turkish fauna.

Yiiksek Rakimh Karstik Bir Magara Deresinin (Giivercinkaya Magarasi:
Canakkale, Tiirkiye) Hidrokimyasal ve Bakteriyolojik Durumu ile Sucul
Makroomurgasiz Bulgular:

Oz: Magaralar maden bilimi, biyoloji, hidrojeoloji ve arkeoloji dahil olmak iizere doga bilimlerinin
pek cok disiplini igin bir laboratuvar niteligindedir. Bu ¢alismada, Tirkiye'nin kuzeybatisinda yer
alan yiksek rakimli bir magara olan Giivercinkaya Magarasi'nin segilen boliimlerinden,
hidrokimyasal ve mikrobiyolojik ozellikleri ile sucul makroomurgasizlarmin degerlendirilmesi igin
iki aylik periyotlarda bir y1l 6rneklemeler yapilmistir. Suyun pH, elektriksel iletkenlik, sicaklik,
oksidasyon-rediiksiyon potansiyeli, ¢oziinmiis oksijen gibi bazi parametreleri yerinde olgiiliirken,
elementler (toplam 70 adet) ve suyun bazi iyonlari laboratuvarda analiz edilmistir. Mikrobiyolojik
analizlerde toplam bakteri, toplam koliform, fekal koliform, fekal Streptococcus ve Escherichia coli
analizleri yapilmistir. Hidrokimyasal verilerin Piper diyagrami degerlendirildiginde, magara
deresinin esas olarak Ca-Mg-HCO3 karakterine sahip oldugunu, Schoeller diyagraminin ise ana
iyonik bilesenlerin, ayn1 modeki takip etmesinden dolayr ortak bir su kaynagini isaret ettigi
goriilmistir. Mikrobiyolojik analizler sonucunda, magarada aktif bir yaban hayati oldugunu
gosteren digki kaynakli bir kontaminasyon belirlenmistir. Ayrica magara deresinde, troglobiont
olmayan sucul omurgasizlardan Rhynchelmis limosella, Dugesia sp. ve Gammarus uludagi tespit
edilmistir. Bu ¢aligmada tespit edilen Rhynchelmis limosella Tiirkiye faunasi igin ilk kayittir.
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Hydrochemical and Bacteriological Status of a High Altitude Karstic Cave Stream (Giivercinkaya Cave: Canakkale, Turkey) with Aquatic
Macroinvertebrates Findings

Introduction

Caves are common geological formations of karst regions,
and is commonly assocated with limestone which is found
in one-fourth of the world (LaMoreaux et al., 1997). They
play an important role in human life since the earliest
times in history. Today, caves could be accepted as
laboratories for scientists working in the fields of natural
and life sciences such as mineralogy, biology,
hydrogeology and archaeology. Regarding their natural
characteristics, the principal difference of the cave
ecosystems from the surface ecosystems is the lacking of
light (Simon, 2019) which drives autochthonous food webs
through primary producers (Azad and Borchardt, 1969;
Biswas, 2010). Thus, cave-dwelling organisms mostly rely
upon allochthonous and detrital energy sources making
them susceptible to changes in environmental parameters
when compared to surface fauna (Mammola et al., 2019).

Karst aquifers (like springs and caves streams) are of
importance as a groundwater source for drinking and
irrigation especially in Mediteraanean countries (Ford and
Williams, 2007; Bakalowicz, 2015). Since majority of
basins are located in unpolluted, low-populated areas, they
can provide large amounts of high quality water for human
consumption (D’Angeli et al., 2017). Therefore, research
efforts have mostly focused on hydrochemistry
(Stevanovi¢, 2015; Mukherjee and Singh 2020) and
microbiology of karst aquifers (Savio et al., 2019; Hershey
et al., 2019). On the other hand, assessment of karst
regions in terms of biological aspects has been one of the
most studied topics including troglobiont or stygofauna
which often exhibit specialized physiological adaptations,
behavioral adjustments, and morphological changes (Barr,
1968; Biswas, 1992; Sket, 2008; Brancelj et al., 2020;
Boyd et al., 2020).

Biospeleological researches dated back to early XIX.
century (1830) in Europe, mainly Slovenia, followed by
other countries onwards (Sket, 2008). In Turkey, studies
on cave ecosystems started with Dr. Abdullah Bey in
Yarimburgaz Cave in Istanbul in 1865 (Kunt et al., 2010).
These studies focused on areas such as geology (Alagoz,
1944; Aygen, 1959; izbirak, 1979; Sengor, 1986; Nazik,
1989) and biology (Balik et al., 2002; Tasdemir and
Ustaoglu, 2005; Ozkan, 2009; Danyer et al., 2013;
Erkakan and Ozdemir, 2014). However, data on Karst
aquifers, caves and groundwaters in Turkey are still
limited.

In the last two decades, efforts on cave research has
increased significantly in Turkey (Kunt et al., 2010).
Turkey is characterized by a very complex geology, whose
main features are still poorly understood despite an
increasing amount of geological data (Okay, 2008). Due to
its geological evolution, Turkey has a variety of cave types
including sea caves and caves of soluble rock. The latter is
the most common type that generally forms within the
limestone, in other words, carbonate rocks. Carbonate and
sulfate rocks that are prone to dissolution are made up of
40% of Turkish territory (Nazik et al., 2003).

Giivercinkaya Cave (GC) is located near the Kazdagi
National Park, in the northwest of Turkey in Canakkale,
(Figure 1). The cave has a year-round hydrologic regime
considered as a cave stream opening with a waterfall to the
surface (Figure 2). The major sources of water are
groundwater vents, meltwater and seasonal precipitation
that reaches the cave through cracks; therefore it has a very
variable flowing regime according to the seasons. The only
study about the cave was conducted by a group of French
speleologists in 2001, however, the cave has frequently
been visited by many European explorers since 1809
(Wolozan, 2003).

In this study, we aimed to asses the hydrochemical and
bacterial structure, and macroinvertebrate fauna of the GC
karstic stream. This study is also the first interdisciplinary
study in Turkey's high altitude water cave ecosystem,
which can fill a knowledge gap.

Material and Methods
Study area

Kazdag1 Mountain range with its highest peak of 1770
m is located in the Biga Peninsula and separates the
Aegean and Marmara regions of Turkey. Part of Kazdag:
Mountain has been declared a national park due to its rich
diversity of flora and fauna in 1994 (Odabast and
Georgiev, 2014). The study area, GC, is located at Kazdagi
Mountain within the city borders of Canakkale, northwest
of Turkey. The cave is located on the north-facing slope of
Kazdagi Mountain range at an altitude of 938 m above
sea level. The nearest settlement to the cave is the Evciler
village, which is located at a lower altitude 12 km further.
Access to the region is very difficult as it is surrounded by
high hills (Figure 1). The coordinates of the sampling sites
were given in Table 1.

Sampling

In this study, a bi-monthly (6 times in total) sampling
was carried out to obtain the chemical and microbiological
water quality parameters between November 2015 and
October 2016. Benthos sampling was carried out twice,
during the lower flow rate periods in November 2015 and
October 2016. For field studies, three sampling sites were
chosen within and around the cave. The first sampling site
(GC1) was located under the the natural entrance of the
cave that was receiving very limited sunlight indirectly.
The second sampling site (GC2) was located at the siphon,
mouth of the main water source of the cave stream,
approximately 60 meters away from the cave entrance. The
depth of GC2 was 8 m and thus, samples were collected by
diving. The third sampling site (GC3) was a pool formed
by cascading water located at the outlet of the cave (Figure
2). Benthic macroinvertebrate samples were taken using a
standardized multi-habitat sampling procedure (Hering et
al., 2004) from available habitats by D-frame hand-net
only if suitable environmental conditions were provided. A
cave diving was performed during the benthos sampling in
the second sampling site (CG2).
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Goog'ﬁé

Figure 1. Study area on the map

Table 1. Coordinates (UTM ED50) and altitudes (above sea level) of the sampling sites

Coordinates

(Decimal degree - WGS84) Altitude (m)  Water Type  Name of the Location  Code of the Location
39.718182 N 26.806879 E 911 Groundwater Entrance of the cave GC1
39.718114 N 26.805171 E 948 Groundwater Sump of the cave GC2
39.718353 N 26.806494 E 906 Surface water The waterfall (outlet) GC3

< (61m,-9) Flow direction

Main Siphon

’ Siphons (Groundwater supplies)

Figure 2. Location of sampling sites in the Giivercinkaya Cave (Modified from Wolozan, 2003)

Hydrochemical analysis

Bi-monthly samplings were carried out to obtain data
about hydrochemical conditions of the study site. Some of
the parameters such as temperature, pH, electrical
conductivity (EC), and dissolved oxygen (DO) were

measured  in-situ  using portable  multi-parameter
equipment (Hach-Lange 40d). The water samples were
filtered using a manual vacuum pump with a filter paper
(0.42pum) and transferred from the field to the laboratory
within insulated coolers for analysis of sulfate (SOu),
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bicarbonate (HCOs3), and carbonate (CO3) following the
standart methods of APHA (1999) (Table 2). Aliquots
were acidified to pH<2 and placed into 50 mL
polypropylene centrifuge tubes to analyze 70 elements
comprising; Ag, Al, As, Au, B, Ba, Be, Bi, Br, Ca, Cd, Ce,

Cl, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg,
Ho, Ln, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, P,
Pb, Pd, Pr, Pt, Rb, Re, Rh, Ru, S, Sb, Sc, Se, Si, Sm, Sn,
Sr, Ta, Th, Te, Th, Ti, TI, Tm, U, V, W, Y, Yb, Zn, and Zr.

Table 2. Summary of analytical methods used for water analysis and benthos sampling in this study

. . Abbreviatio . Metho Analytical . Referenc
Sampling/Analysis n Unit d Method Device o
BS EN AQEM
Benthos sampling - m? 16150:2 - Ei-airc?gf Consortiu
012 m, 2002
) APHA I APHA
- -1 1
Bicarbonate HCO; mg L 2320 B. Titration Method 1999
APHA L APHA
2- -1 ’
Carbonate COs mg L 2320 B. Titration Method 1999
APHA .
Ammonium Nitrogen NH.* mgL?  4500- Spectrophotometri ~ Spectroph ~ APHA,
c otometer 1999
NH3 F.
APHA .
Nitrate Nitrogen NOs mg Lt 4500- Cadmium Spectroph  APHA,
reduction method  otometer 1999
NOs E.
APHA . .
Nitrite Nitrogen NO» mgL?t  4500- Colorimetric Spectroph  APHA,
_ method otometer 1999
NO, B.
APHA - .
. : _ Turbidimetric Spectroph  APHA,
2 1 -
Sulphide S mg L 45_00 Method otometer 1999
Sy A
APHA - .
Sulphate o mgLt 4spp- Ubiimemric  Spectroph - APEHA,
SO4%E.
Elements Seethetext pgL? Spectrometry ICP-MS Alzgg"
. o cfu/ APHA Spread Plate APHA,
Total Bacteria (37°C) B mL 9215C Method Incubator 1999
cfu/ APHA Spread Plate APHA,
Fecal Streptococcus FS mL 9230 Method Incubator 1999
mpn/
. APHA Most Probable APHA,
Total Coliforms TC rl:l(_) 9221 Number Incubator 1999
mpn/
. APHA Most Probable APHA,
Fecal Coliforms FC %T(])I(_) 9291 Number Incubator 1999
mpn/
_ . . APHA Most Probable APHA,
Escherichia coli E. coli ?T(])I(_) 9291 Number Incubator 1999
Bacterial analysis Number technique was used with a single bottle containing
. . . . a 100-mL sample portion for the determination of
Several bacteriological analyses including Total

Bacteria (TB), Total Coliforms (TC), Fecal Coliforms
(FC), Fecal Streptococcus (FS), and Escherichia coli were
performed following the standart methods on the water
samples from the sampling sites (Table 2). For TB, the
standard “‘spread-plate” method was employed on plate
count agar with an incubation temperature of 37 °C for
24-48 hours in aerobic conditions. The Most-Probable-

coliforms (TC and FC). Enriched LST broth and
confirmation test was carried out in BGLB broth for TC
(37 °C for 24-48 h) and in EC broth for FC (44 °C for 24-
48 h). Indol production was tested for E. coli. Results were
expressed as Colony Forming Unit (cfu/mL) and Most
Probable Number (mpn/100 mL).
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Statistical analysis

Some parameters of hydrochemical data including
HCO3, CO3, SO4%, Ca, Mg, Na, Cl, and K were subjected
to AquaChem software (Waterloo Hydrogeologic, version
2014.2) that yielded the Piper plot, a Trilinear Diagram, to
visualize the ions in the water based on their abundances.
The Shoeller diagram was drawn to show the
hydrochemical differences of water from different sources
(sites) using AquaChem software. The in-situ measured
parameters and some chemical values of water in the
sampling sites were presented in the tables (3-5) with
descriptive statistics e.g. mean, standart deviation (STD),
minimum (Min.), and maximum (Max.). Parameters that
appear to be clearly different from each other were
subjected to the Student-t test using Microsoft Excel 97-
2003.

Results and Discussion
Hydrochemical parameters

The hydrochemical data along with some of the
descriptive statistics i.e. mean, standart deviation (STD),
minimum (Min), and maximum values (max) are presented
in Table 3, 4, and 5. Among all data, only temperature
showed seasonal fluctuations between 8.1 and 10.8 °C.
The water temperature was between 8.1 and 8.7 °C in GC1
and GC2 inside the cave, whereas 8.4 and 10.8 °C were
recorded from in GC3, located just outside the cave. The
difference in temperature values between GC1 and GC3
was significant (p<0.05) (Table 6). The pH values of the
water samples ranged from 7.42 to 8.64 indicating alkaline
conditions. The pH values of the samples from all the
sampling sites are in the permissible limits according to
the Turkish Water Pollution Control Regulation (TWPCR,
2004). The results indicated that bicarbonate (HCO3") was
the dominant parameter over the ionic parameters (HCO3™>
S0Os#> NO3z> CO3%). The EC values varied between 223
and 498 uS/cm, however, the mean EC value was below
300 uS/cm. According to the EPA of United States, the
conductivity of freshwater outside the ranges of 150 — 500
pmhos/cm (=uS/cm) may not support suitable conditions
for certain species of aquatic organisms (https://archive.
epa.gov/water/archive/web/html/vms59.html). The EC
values of the present study indicated that the cave stream
showed a lower level of ionic activity. The mean EC value
in the present studywas lower when compared to those in
other karst water studies of Wang et al., (2019) and
Vardanjani et al., (2018), who found EC values in higher
ranges (340 to 757 pS/cm).

The equilibrium states of ions in the water can be
understood from Eh and pH measurements that give an
idea about the processes controlling the formation and
movement of many minor and trace elements in
groundwater quality investigations (Freeze and Cherry,
1979). Eh values in our data (except for July 2016),

showed that oxidation (cations predominate) conditions are
dominant in the water.

The dissolved oxygen values were varied between 1.09
and 9.93 mg/L in the sampling sites of GC. Since surface
waters are in contact with the atmosphere, DO balance can
be maintained. However, in groundwater, DO might be
consumed by the oxidation of rocks and biological
activities (Mazor, 2004). In the present study, we
determined that the DO content varies depending on the
flow rate in the cave system. The highest DO level in the
sampling sites was obtained during higher flow rate
periods (from February to May), while the lowest DO
levels coincided with lower flow rate periods (from July to
November) (Table 3 and 4). Similar results regarding the
dissolved oxygen level of groundwater were also reported
from the study of Stroj et al., (2020).

The presence of ammonium nitrogen (NH4*), which
indicates wastewater contamination, poses a risk for
aquatic organisms. In the study area, NH4* values were
lower than 0.015 mg/L in February, March, July, and
October 2016, while higher values (0.031 and 0.061 mg/L,
respectively) were measured in November 2015 and May
2016 Caves are typically used by bats as permanent
shelters (Zukal et al., 2017). According to Berkova and
Zukal (2006) and Zukal et al., (2017), bats in temperate
regions tend to hibernate in November and departure
period (flight activity) is between April and June. In this
study, during November 2015 and May 2016 higher NH4*
levels were detected due possibly to lower flow rates in the
cave stream. However, it was determined that NO, and
NOs values were below the measurement limits (NO2
<0.005 mg/L and NO3<0.23 mg/L) in the gauging sites
throughout the course of the study. Ammonium nitrogen in
groundwater is converted to nitrate under aerobic
conditions (Chen and Liu, 2003) and low NOs; and NOy
levels may be due to the running water in the cave
stream.Sulfate (SO4%), bicarbonate (HCOy3’), and carbonate
(COs%) were very low in the study area, while sulfide (S%)
was not detected (Table 3, 4, 5).

According to the Piper Diagram (Figure 3) produced
by AquaChem (Calmbach, 1997), the water of the
sampling area is rich in Ca- HCOs or Ca-Mg- HCOs'.
Considering the element analysis data (Appendix 1), all
the parameters included in TWPCR (2004) and Turkish
standards (TS 266, 2005) are between acceptable levels for
surface waters.

The Schoeller Diagram (Schoeller, 1962) is used to
determine the source of groundwater by evaluating the
composition of the water in terms of milliequivalent (mEQ)
liter. Due to several water sources in the cave, water
samples from different sampling sites were subjected to
Schoeller analysis (Figure 4). The parallel lines of the
sampling sites in the Schoeller Diagram indicate that the
groundwater sources entering the cave come from the
same aquifer.
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Table 3. Hydrochemical parameters of sampling site 1 (GC1)

Nov.15 Feb.16 Mar.16 May.16 Jul.lé Oct.l6 Mean STD

Min. Max.

pH 7.42 7.94 8.06 7.46 7.81 7.83 7.75 0.26

7.42 8.06

EC (uS/cm) 284.00 223.00 249.00 249.00 265.00 261.00 255.17 20.36

223.00 284.00

T (°C) 8.20 8.20 8.30 8.71 8.10 8.10 8.27 0.23 8.10 8.71
Eh (mV) 258.00 6.20 122.00 266.00 -144.00 -10.00 83.03 162.30 -144.00 266.00
DO (mg/L) - - - 6.28 4.27 1.12 3.89 2.60 1.12 6.28
SO4(mg/L) 5.00 4.00 2.00 5.00 8.00 5.00 4.83 1.94 2.00 8.00
?m%?i) 110.00 159.00 170.00 170.00 171.00 167.00 157.83 23.84 110.00 171.00
COs (mg/L) 0 0 0 0 0 0 0 0 0 0
E\#;;/Ii\l) 0.031 <0.015 <0.015 0.056 <0.015 <0.015 0.0435 0.0177 0.031 0.056
NOs )mg/L) 0 <0.23 <0.23 <0.23 <0.23 <0.23 0
NO2 (mg/L) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Sz (mg/L) 0 0 0 0 0 0 0 0 0 0
Flow (m%s) 0.25 3.50 3.50 2.50 0.70 0.70 1.86 1.49 0.25 3.50
Table 4. Hydrochemical parameters of sampling site 2 (GC2)

Nov.15 Feb.16 Mar.16 May.16 Jul.l6 Oct.16 Mean STD Min. Max.
pH 7.94 - 8.07 7.57 7.73 8.07 7.88 0.20 7.57 8.07
EC (uS/cm) 282.00 - 251.00 251.00  265.00 273.00 264.40 1219 251.00 282.00
T (°C) 8.10 - 8.10 8.10 8.20 8.40 8.18 0.12 8.10 8.40
Eh (mV) 220.00 - 121.00 290.00 -128.30 156.00 131.74 14224 -128.30 290.00
DO (mg/L) - - - 4.25 2.73 1.09 2.69 1.29 1.09 4.25
SO4(mg/L) 4.00 - 1.00 3.00 6.00 6.00 4.00 1.90 1.00 6.00
?m%/ol_s) 210.00 - 168.00 178.00 176.00 192.00 184.80 14.78 168.00 210.00
COs (mg/L) 0 - 0 0 0 0 0 0 0 0.00
(Nr%““_'\') 0.04 . <0015 006 <0015 <0.015 005 001 004 0.6
NOs )mg/L) <0.23 - <0.23 <023 <023 <0.23
NO2 (mg/L) - <0.005 <0.005 <0.005 <0.005
S2 (mg/L) 0 - 0 0 0 0 0 0 0 0.00
Flow (m?%s) 0.50 - 2.50 2.50 0.70 0.60 1.36 0.93 0.50 2.50
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Table 5. Hydrochemical parameters of sampling site 3 (GC3)

Nov.15 Feb.16 Mar.16 May.16 Jul.l6 Oct.16 Mean STD Min. Max.
pH 8.04 7.86 8.10 8.07 8.64 8.23 8.16 0.27 7.86 8.64
EC (uS/em) 281.00 230.00 248.00 498.00 241.00 246.00 290.67 103.00 230.00 498.00
T (°C) 8.40 8.40 8.50 9.20 10.80 8.60 8.98 0.94 8.40 10.80
Eh (mV) 230.00 6.30 122.00 196.00 -61.00 44.00 89.55 11294 -61.00 230.00
DO (mg/L) - - - 9.93 2.72 111 4.59 4.70 1.11 9.93
SO4(mg/L) 4.00 4.00 3.00 5.00 7.00 6.00 4.83 1.47 3.00 7.00
z_'mi](/jl_?’) 177.00 159.00 168.00 168.00 160.00 162.00 165.67 6.77 159.00 177.00
COs (mg/L) 0 0 0 0 8.00 6.00 2.33 3.67 0 8.00
(Nn'%““_'\') 004 <0015 <0015 006 <0015 <0015 005 002 004  0.06
NOs)mg/L) <0.23 <0.23 <0.23 <0.23 <0.23 <0.23
NO2 (mg/L) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
S2 (mg/L) 0 0 0 0 0 0 0 0 0 0.00
Flow (m?3/s) 0.30 3.50 3.50 2.50 0.70 0.60 1.85 1.49 0.30 3.50
O Gk-1
B ck2
@ Gk3
Ca Na+K HCO3+CO3 Cl

Figure 3. Piper Diagram of water samples from the study area

The histogram plot showing the course of major ions

pointed out that the main ions remained homogeneous

throughout the study (Figure 5). This is because the study
area is a groundwater-fed waterbody to a large extent.
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Table 6. Comparison the mean values of hydrochemical data between sampling sites by Student-t-Test

Groups H EC T DO SO HCOs3 Flow
compared P (uS/cm) (°C) (mg/L) (mg/L) (mg/L) (md/s)
p-value p-value p-value p-value p-value p-value p-value
GClvs GC2 0.201 0.542 0.311 0.184 0.142 0.220 0.474
GC1lvs GC3 0.039* 0.135 0.446 0.696 1.000 0.541 0.695
GC2vs GC3 0.107 0.110 0.504 0.422 0.089 0.045 0.495
*Significantly different due to the p-value<0.05.
10.00 T
O Gt
B =
& o
1.00 -3

Concentration (meag/l)

0.0

Ca Mg Na«K

a S04 HCO3+CO3

Parameters

Figure 4. Schoeller Diagram of water samples from the study area

Bacteriological conditions of water

Until recently, many people thought that the
environments below the surface were perfectly sterile.
However, caves have been contaminated by surface-
dwelling microorganisms, many of which reach the
environment through surface runoff, air currents, animals,
and humans. For this reason, it is difficult to know whether
the microorganisms belong to the subsurface environments
(Gounot, 1994). In the present study, microbiological
parameters of water including total bacteria in (TB), total
coliform (TC), fecal coliform (FC), Escherichia coli (E.
coli), fecal streptococci (FS) varied at different sampling
periods and sampling points (Table 7). According to the
data, the FC and E. coli were not found in the sampling
sites. Besides, the highest values of the remaining
parameters were measured in November 2015 (Nov.15),
February 2016 (Feb.16), and October 2016 (Oct.16) during
lowest flow period. The fecal streptococci belong to the
genera Enterococcus and Streptococcus are gram-positive

bacteria that are predominately found in animals
(Houssain, 2014), while E. coli is usually found in human
and animal feces and could reach water sources (Bennett et
al., 2018). Since the study site is in a remote area and E.
coli could not be detected, this contamination could be of
animal origin. Coca Moreno et al., (1996) and Cabral and
Marques (2006) found positive correlations between NHa-
N and several microbiological indicators such as total and
fecal coliforms, fecal streptococci, and enterococci.
Besides, Ponnimbaduge-Perera et al., (2019) demonstrated
that bat droppings caused major changes in chemical and
microbiological water quality parameters. In the present
study, we found parallelism correlation between ammonia
and fecal streptococci, as in previous studies (Tables 3-5
and 7). Our results indicated that since GC is used as
hibernacula by the local bat population, the water quality
was affected. According to TWPCR (2004), TC and FC
values of the sampling sites were classified as high quality
(1), but not drinkable for the criteria both of WHO (2004)
and TS 266 (2005).
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Figure 5. Comparison of major ions and some parameters of water by sampling sites
Table 7. Microbiological parameters of water from the sampling sites
Parameters/Date Nov.15 Feb.16 Mar.16  May.16 Jul.16 Oct.16
TB (cfu/mL) 1110 50 10 50 60 6
TC (mpn/100mL) 43 7 7 15 15 43
GC1 FC (mpn/100mL) 0 0 0 0 0 0
E. coli
(mpn/100mL) 0 0 0 0 0 0
FS (cfu/mL) 50 0 0 0 0 0
TB (cfu/mL) 2480 n.m. n.m. 50 50 850
TC (mpn/100mL) 1100 n.m. n.m. 15 4 75
GC2 FC (mpn/100mL) 0 n.m. n.m. 0 0 0
E. coli
(mpn/100mL) 0 n.m n.m. 0 0 0
FS (cfu/mL) 50 n.m. n.m. 0 10 35
TB (cfu/mL) 2920 550 100 150 160 250
TC (mpn/100mL) 460 43 43 15 75 15
GC3 FC (mpn/100mL) 0 0 0 0 0 0
E. coli
(mpn/100mL) 0 0 0 0 0 0
FS (cfu/mL) 70 0 0 0 10 270

*n.m: Not measured.
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Agquatic macroinvertebrates

In total, four benthic macroinvertebrate taxa were
found in the sampling sites (Table 8) including
Rhynchelmis limosella Hoffmeister, 1843 (GC2) and an

unidentified enchytraeid (GC1), Dugesia sp. (GC1), and
Gammarus uludagi Karaman, 1975 (GC1 and GC3).
Macroinvertebrates were obtained in the first period of
sampling (November-2015) during the low flow period.

Table 8. Aquatic macroinvertebrates of the Giivercinkaya Cave

Taxa Sampling Site Individual Num.
Rhynchelmis limosella GC2 1
Enchytraeid* GC1 1
Dugesia sp. GC1-GC3 8
Gammarus uludagi GC1-GC3 16

*Deformated individual

Figure 6. Aquatic macroinvertebrates of the Giivercinkaya Cave: A. Gammarus uludagi, B. Enchytraeid, C. Dugesia sp.,
D. Rhynchelmis limosella, E. R. limosella proboscis, F. R. limosella genital opening

Cave-dwelling organisms usually possess specialized
physiological and morphological adaptations due to
darkness, stable physical and chemical factors and limited
energy sources (Barr, 1968; Biswas; 1992; Biswas 2010).
A wide variety of adaptations can be seen in cave species.
Some organisms are obligate to the cave environment and

unable to live in other ecosystems (=troglobiont), while
some organisms temporarily use the cave environment
(troglophile or trogloxene) (Sket, 2008). In this study, the
macroinvertebrate taxa are mainly recorded from surface
environments e.g. lakes, streams, springs. For instance,
Rhynchelmis limosella is a common European species
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recorded from the Danube River (Mauch, 1989), and
Dugesia sp. is a widespread genus in the surface waters of
the Mediterranean region (de Vries 1985). Gammarus
uludagi was described from Uludag (Bursa, Turkey) by
Karaman and Pinkster (1977) and then sampled from
streams Kazdag (Canakkale, Turkey) by Ozbek et al.,
(2017). Since the identified taxa in the present study were
sampled from surface waters in previous studies, they can
not be considered troglobiont or stygobite. Similarly, no
troglobiont fauna were found in the karstic caves of
Dupnisa and Yelkoprii located in western Turkey (Balik et
al., 2002; Ozkan, 2009). On the other hand aquatic
troglobiont taxa in caves with permanent hydrological
regime were reported from Turkey and fromother regions
of the world, (Karaman and Ruffo, 1994; Georgiev et al.,
2017; Georgiev, 2012; Ozbek et al., 2013; Andersen et al.,
2016; Sidorov and Samokhin, 2016; and Culver and
Hobbs, 2017.
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Abstract: This study assessed the growth, mortality and exploitation rate of Sardinella aurita in the

Key words: New Calabar River. A total of 513 specimens of S. aurita were collected from artisanal fishers and

assessed between March 2020 and February 2021.For statistical analysis, FISAT |l software was used.
Growth At asymptotic length (L.) = 21.73 cm, growth rate (K) = 0.95 yr?, longevity (Tmax) = 2.68 yrs.,
Morta_llty theoretical age at birth (t) = -0.48 yrs., and growth performance index (®') = 2.65. Length at first
Clupeidae capture (Lcso = 15.06 cm) was lower than length at first maturity (Lmso = 21.12 cm). Mortality

Africa parameters revealed a total mortality rate (Z) = 3.03 yr?, a natural mortality rate (M) = 1.42 yr?, and a
fishing mortality rate (F) = 1.61 yr%. This indicates that S. aurita in the study area has a fast growth
rate, small attained size, delayed sexual maturation, and high natural mortality. The exploitation rate
(E) was 0.53. S. aurita was found to be experiencing optimum exploitation. Therefore, to prevent
overfishing, sustainable fisheries measures should be adopted, and these include monitoring of fishing
efforts and implementation and enforcement of increased mesh size to sustain the fishery of S. aurita
in the New Calabar river.

New Calabar Nehri’nde (Nijer Deltasi, Nijerya) Yuvarlak Sardalyanin
(Sardinella aurita, Valenciennes, 1847) Biiyiime, Oliim Oram ve Somiiriilme
Oram

Anahtar kelimeler:

Biiylime
Mortalite
Clupeidae
Afrika

Oz: Bu cahsma, New Calabar Nehri'ndeki Sardinella aurita tiiriiniin biiyiime, 6liim oram1 ve
yararlanma oranini degerlendirdi. Mart 2020 ile Subat 2021 arasinda ticari balik¢ilardan toplam 513 S.
aurita ornegi toplandi ve degerlendirildi. Istatistiksel analiz icin FiSAT II yazilimi kullanildi.
Asimptotik uzunluk (L) = 21,73 cm, biiyiime katsayisi (K) = 0,95 yil-1, maksimum omiir (Tmax) =
2,68 yil, teorik dogum oncesi yas (to) = -0,48 yil ve biiylime performans indeksi (® ") = 2.65 olarak
belirlendi. Ilk yakalanma boyu (Lc50 = 15.06 cm), ilk eseysel olgunluk boyundan (Lm50 = 21.12 cm)
daha diisiiktii. Oliim parametreleri olan toplam 6liim oran1 (Z) = 3.03 yil-1, dogal 6liim oran1 (M) =
1.42 yil-1, balikgilik 6lim orani (F) = 1.61 yil-1 olarak gergeklesti. Bu, ¢aligma alaninda S. aurita
tiiriiniin hizl bir bityiime oranina, kiigiik boyuta, gec cinsel olgunlaga ve yiiksek dogal 6liim oranina
sahip oldugunu gosterir. Yararlanma orami (E) 0,53 idi. S. aurita tiiriiniin optimum sekilde
yararlanildig1 bulundu. Bu nedenle, asir1 avlanmayi onlemek igin siirdiiriilebilir balik¢ilik onlemleri
benimsenmelidir ve bunlar arasinda balikgilik ¢abalarinin izlenmesi ve New Calabar Nehri’nde S.
aurita balik¢ihgim stirdiiriilebilir kilmak i¢in artan ag g6zt boyutunun uygulanmasi ve uygulatilmasi
yer almaktadir.

Introduction

The round Sardinella, Sardinella aurita (Pisces, Clupeidae),
is a marine pelagic fish that is widely distributed throughout
the tropical and subtropical seas of the world, including the
entire Mediterranean and the Black Sea (Froese and Pauly
2003). It is a key species inhabiting the ecosystem of the
northwest African upwelling region (Bard and Koranteg
1995). S. aurita (commonly referred to as sardines and
indigenously referred to as Songu) is a ray-finned fish. It

*Corresponding author: henry.dienye@uniport.edu.ng

belongs to the family Clupeidae. The body is elongated and
sub-circular, the belly is rounded. (Riede, 2004). S. aurita is
a pelagic coastal species that prefers clear saline waters with
temperatures below 24 °C (Bianchi et al., 1999). It is a
typical schooling and migratory species, rising to the
surface at night and scattering inshore and near the surface
to the shelf's edge and down to 350 meters, or possibly
deeper (Whitehead, 1985).
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S. aurita is a warm-water species that approaches the
coast and shoals at the surface during the upwelling season,
but retreats below the thermocline in the hot season, down
to depths of 200 to 300 meters. It eats mostly zooplankton,
particularly copepods and mysid larvae, but sometimes
phytoplankton, especially by juveniles. (Whitehead, 1981).
It can breed at any time of year, but only at certain times of
the year; the breeding pattern is enormously complex, with
two main spawning seasons in some areas. Juveniles stay in
nursery areas, but when they reach maturity, they join adults
in colder offshore waters. (Whitehead, 1985).

The distribution of S. aurita extends to the Atlantic
Ocean and the West African coast, particularly in the three
West African upwelling areas stretching from Mauritania to
Guinea, Cote d'lIvoire to Ghana, and Gabon to Angola.
(Cury and Fontana, 1988).

Fish and fishing contribute significantly to food and
nutrition security in many countries. Nevertheless, fish
stocks are declining in many parts of the world. This will
have a significant impact on the seafood industry's
contribution to achieving the United Nations Sustainable
Development Goals. As a result, it is critical to focus on the
long-term management of fish stocks. (Tsikliras, 2008).
Fish population characteristics are critical inputs in the
evaluation and management of fish populations. With world
fish populations now being poorly managed, resulting in
overexploitation and decline, there is a need for data on

critical criteria to assist in guaranteeing proper fisheries
management. (Arra et al., 2018). Various research on the
sex ratio, growth, mortality, and exploitation of S. aurita has
been conducted, but none has been conducted in the New
Calabar River in Choba. This study is, therefore, essential
to provide information to fill the gap in the study area and
complement the existing data on management of the
species.

Material and Methods
Description of study area

In Choba, Rivers State, Nigeria, the New Calabar River
is located between longitude 06°53 53086' E and latitude
04°53 19.020' N. The entire river course is located in the
coastal area of the Niger Delta, between longitude 7°60' E
and latitude 5°45' N, and drains into the Atlantic Ocean. The
yearly rainfall in the New Calabar River region ranges from
2000 to 3000 mm (Abowei, 2000). The New Calabar River
is one of the most important water resources in the Niger
Delta region of Southern Nigeria; it is located near Port
Harcourt, the rapidly rising oil city in Rivers State. Effluent
discharge from industries located along the river's banks
pollutes the water. Surface run-off from soil erosion,
lumberic  operations, forestry operations, dredging
operations, and domestic sewage inputs are also potential
large scale pollution sources (Dienye and Woke, 2015).

’(.
)
MAP OF NIGERIA SHOWING SAMPLE STATE MAP OF RIVERS STATE SHOWING SAMPLE AREA
6.857 6.879 6.898 6.913 6.931 6.949 6.986
4.887 ®Choba Iandﬂing site N
< »
w — E
4.873
-
S
Q
4.860
Legend
4.846 @ ogbogoro landing site
@ Choba landing site
M River ® Ogbogoro landing site
4.834 C—— Road
| | 1Km

Figure 1. Map of the study area

Data collection

S. aurita was sampled monthly for a period of twelve
(12) months, from two stations using cast nets of mesh sizes
(1.5-2.5 mm) by the local artisanal fishermen. A total of 513
species were captured. Species identification was carried

out using identification keys (Paugy, 2003; Adesulu and
Sydenham, 2007).

Sampling stations were chosen due to the high level of
fishing activity in these areas (Station One: Choba, Station
Two: Rumuoparali). Sampled specimens were preserved on
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ice for further analysis. The body weights (BW) of the
samples were measured to the nearest 0.01 grams with an
electronic weighing scale, while the total length (TL), of
sampled species was measured to the nearest 0.1 cm with a
calibrated 30 cm measuring board.

Length-weight relationship

The length—weight relationships were calculated using
the equation;

W(t):aLt b

Where: a is a coefficient relative to body form; b is an
exponent indicating isometric growth when equal to 3.0,
positive allometry when>3 and negative allometry minorant
when<3.

The monthly length frequencies of each sample were
grouped into classes of 1 cminterval and were laid out
sequentially over one year to estimate the growth (Froese
2006).

Sex-ratio

The sex ratio was determined generally for each
sampled station and according to individual size. The sex
ratio is the proportion of male or female individuals utilising
the gravid gonads in comparison to the overall number (e.g.,
testis and ovary). The sex ratio was expressed as a
percentage of males to females, using the formula by Kartas
and Quignard, (1984):

SR=Fx100x(1/(M+F)) (F=female and M=male).
Growth parameters

The parameters for the Von Bertalanffy Growth
Function (VBGF) including growth rate (K), asymptotic
length (Loo) and the growth performance index (®') were
estimated using the ELEFAN Simulating Annealing
(ELEFAN_SA). Estimation of longevity (Tmax) for the
species followed the formula:

Tmax = 3/K + to (Anato,1999)

The growth performance index was calculated using the
formula:

phi prime test (®') =2logL.. + log K Munro, and Pauly,
(1984).

The theoretical age at length zero (t,) followed the
equation:

Logio(-to)=-0.3922-0.2752l0010L-1.038l0g10K
(Aleev,1952)

Where: Growth rate (K), asymptotic length (Loo) and the
growth performance index (¢) of the Von Bertanlaffy
Growth Function (VBGF) was estimated.

Length at first capture (Lc50)

The ascending left part of the length converted catch
curve was used in estimating the probability of length at first
capture (Lc50) in addition to the length at both 75 and 95
percent capture, which correlates with the cumulative
probability at 75% and 95%, respectively (Pauly,1983).

Length at first maturity (Lm50)

The length at first maturity (Lm50) as:
Lm50=0.8979xLog1o (L..)-0.0782 (Arra et al., 2020)
Mortality parameters

The length-converted catch curve was used to calculate
the total mortality coefficient (Z). The natural mortality rate
(M) was calculated using Pauly’s (1980) empirical equation
and a mean surface temperature (T) of 25.7°C:

LogioM = - 0.0066 - 0.279 10gso L., + 0.6543 logo K +
0.4634 logsoT

Total fishing mortality (F) was estimated as:
F=2Z-M (Gulland, 1971).
Exploitation rates (Emax, EO.1 and E0.5)

The knife-edge option was used to determine Emax
(exploitation rate at maximum yield), Rate of exploitation
(E) is the ratio of fishing mortality (F) and total mortality
(2) (Pauly, 1984), and is written as follows:

E=F/z

Gulland (1971) states that the optimal exploitation for a
fish stock occurs when fishing mortality (F) is proportional
to the natural mortality:

F optimum =M

Thus, E ranges from 0 to 1. It is optimum at 0.5, under-
exploited when it is less than 0.5, and over-exploited when
the estimate is above 0.5.

Data analysis

The length frequency data was combined into groups of
1 cm intervals. The FiSAT Il (FAO-ICLARM Stock
Assessment Tools) program was then used to analyze the
data (Gayanilo et al., 2005). The Yield software tool was
used to graph the length at each age (Branch et al., 2000).

Results

The length-weight relationship of this study revealed
that S. aurita had an exponent “b” value of 3.210, which
shows a positive allometric growth (Figure 2). The value of
the correlation coefficient (r?) estimated for the species was
0.86971. The size groups of the sex ratio for S. aurita in the
study area is shown in Table 1. The lengths of sampled fish
ranged between 4.1 cm — 24 cm. Of 513 sampled fish, 262
were male and 251 were female, based on a one-centimetre
interval corresponding to 51% males and 49% females of
the total catch.

The exploitation structure of S. aurita in the study area
is shown in Figure 3. Maximum exploitation was observed
in the range of 8.1-12 c¢m size group for both the male,
pooled and female samples, followed by 12.1 — 16 cm, and
the minimum group percentage exploitation was recorded
for size group 20.1 — 24 cm.

Figure 4 shows the reconstructed length-frequency
distribution superimposed with the growth curves and the
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length curve for S. aurita. Figure 5 shows the length curve length (L) = 21.73 cm, growth rate (K) = 0.95 yr?, age at
for S. aurita where the ration of M/K is 1.50. birth (to) = -0.48 yr?, longevity (tmax) = 9.09 yr! and the

The estimated growth parameters for S. aurita using the growth performance index (¢= 2.65) (Table 2).

ELEFAN Il program discovered the best fit for asymptotic
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Figure 2. Length-weight relationship of S. aurita during the study period

Table 1. Length groups (Sex ratio) of S. aurita from New Calabar River

(cm) Male Female (Male: Female)
4,1-8 47 25 22 1:0.88
8.1-12 304 174 130 1:0.75
12.1-16 157 62 95 1:1.53
16.1-20 4 1 3 1:3
20.1-24 1 0 1 0:1
Total 513 262 251 51:49
70,00
50.00 m Pooled
§ ' = Male
2 50,00 Female
'S 40,00
D
(@]
& 30,00
[y
8 20,00
& 10,00
0,00 _-
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Figure 3. Exploitation structure of Sardinella aurita from New Calabar River
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Figure 5. Length-converted catch curve for S. aurita in the New Calabar River

Table 2. Some growth parameters of S. aurita from New Calabar River

Indicators Unit Value
Growth rate (K) yrt 0.95
Asymptotic length (L) cmTL 21.73
Age at birth (to) years -0.48
Longevity (tmax) years 2.68
Growth performance index (phi-prime, ¢’) 2.65

The probability of catching S. aurita gives a good
indicator of the estimated true size of fish captured by
certain gear in a given fishing location, as the length at
initial capture (Lc50) was 15.06 cm and the length at first
maturity (Lm50) was estimated at 21.12 cm. The estimated

total mortality rate (z) was 3.03 yr* and natural mortality
was 1.42 yr, given a fishing mortality of 1.61 yr?. The
current exploitation rate was estimated as E=0.53 and the
M/K ratio found was 1.50 (Table 3).
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Table 3. Exploitation rate and mortality of S. aurita from New Calabar River

Indicators Unit Value
Length at first maturity (Lm50) cmTL 21.12
Natural mortality rate (M) yrt 1.42
Total mortality rate (Z) yrt 3.03
Fishing mortality rate (F) yrt 1.61
Exploitation rate (E) 0.53
Length at first capture (Lc50) cmTL 15.06
M/K 1.50
Number of data points (N) 513

Discussion

The value of the correlation coefficient (r?) estimated for
the species shows that the relationship between the length
and weight of the fish was highly significant. The length-
weight relationship value of the species however, falls
within the acceptable range of 2.5 and 3.5, which is typical
for tropical fish stocks (Froese, 2006). This is in agreement
with the findings of Amina et al., (2016). The differences in
sex growth and mortality are useful for an adequate
knowledge of demographic structures. The ratio of sex
changed significantly when the fish attained maturity, and
there were variations in the sex-ratio dependent on the size
of the reproductive unit. The sex-ratio favored males (51%)
to females (49%), which is in line with the findings of
Bensahla-Taletet al. (1988) and Lawson and Doseku
(2013) in Majidun Creek, Lagos, Nigeria, but contradicts
the findings of Baali et al. (2015), who recorded a higher
percentage value for females (63.98%). Sex-ratio varies
with respect to size ranges.

Maximum exploitation was observed in the 8.1-12 cm
size group, with a higher number of males compared to
females. The prevalence of males could also be explained
by the migratory nature of this species. In migratory species,
females frequently arrive at the spawning site later than
males. Males predominate among the early migrants,
followed by a numerical disparity between males and
females, and a female majority in late migration (Diouf et
al., 2010). This could be a factor in the dominance of males
in this study as a result of predominance in early migration.
Furthermore, differences at various sizes are associated with
unequal rates of growth and mortality (Turner et al., 1983).
The length at asymptotic (L) (21.73 cm) and growth rates
(K) of 0.95 yr? calculated in this study were relatively
different from estimates by other researchers (Al-beak,
2016; Mehanna and Salem, 2011). Nabil et al. (2012)
obtained L= 28.37 cm, K= 0.23 year-1 and to= 0.98 year.
In the Mediterranean Sea, Gaamour et al. (2001) obtained
L.=31.32 cm; K=0.24 year-1 and t=0.87 year in the
Tunisian coast. Differences between authors may be due to
the number of examined individuals. Such variations in
growth coefficients may be due to the estimation protocol,
length classes obtained, the geographical locations and the

level of fishing pressure (Amponsah et al., 2016a). Also, the
variations in estimates of asymptotic lengths may, therefore,
be as a result of the maximum observed length, sampling
methods, computation methods used and the obtained
length-frequency (Sparre  and Venema, 1992). The
estimated growth rate recorded in this study was higher than
the 0.34 yr-1, indicating that S. aurita is a fast-growing fish
species (Kienzle, 2005). The estimated fast growth rate of
S. aurita in this study compared to the other related findings
may be due to disparities in the ecological characteristics
such as habitat, fish adaptive life pattern and location,
environmental conditions as a result of regional differences,
food abundance or size composition of the stock that
directly affect growth rate. The estimation protocol, length
classes obtained, geographical locations, and the level of
fishing pressure could all be factors for variations in the
growth coefficient (Amponsah et al., 2017), as indicated by
its 12-year lifespan and a growth performance index outside
the normal range of 2.65-3.32, which is reserved for fast-
growing fish species (Baijot et al., 1997). S. aurita's poor
development rate recorded by other researchers could be
attributed to the lower nutritional value of the accessible
feed (Montchowui et al., 2011).

In this study, the length at first capture (Lcsg) was
recorded as 15.06 cm and the length at first maturity (Lmso)
was calculated as 21.12 cm. This study's estimated length at
first catch (Lcso) was lower than (Al-Beak's, 2016) estimates
and within the range of values recorded by Amponsah et al.
(2017). These findings could be attributed to artisanal
fishermen's use of small mesh sizes. As a result, fishing gear
with small mesh sizes should be prohibited as a
management strategy. Furthermore, the relatively higher
estimated Lmso/L., ratio indicated that S. aurita is a small-
sized fished species in the New Calabar river.
Environmental factors, long-term fishing pressure and a
rapid response to natural selection are all possible causes for
this observation. (Tsikliras and Anthonopoulou, 2006).

The index of growth performance (¢’) is considered as
a useful tool for comparing the growth curves of different
populations of the same species and/or of different species
belonging to the same family. In this study, the value of the
growth performance index was ¢’=2.65. This growth index
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is higher than those obtained by Gaamour et al. (2001) in
the Tunisian coast (¢’ =2.27), and by Salem et al. (2010) in
the Mediterranean coast (¢’=2.27). Differences in growth
parameters may be due to genetic structure, temperature,
food availability and diseases (Tsikliras et al., 2005).

S. aurita juveniles become susceptible to capture six
months after being recruited into the stock, according to the
age at first capture (tcso) method, because of the mesh size
and type of fishing gear used. The calculated age at first
capture (tc) was lower than that calculated by Al-beak
(2016) and Mehanna and Salem (2011). Furthermore, the
intensity of fishing over time may be a factor that tends to
alter the species' length structure in order to prevent future
collapse.

Beverton and Holt (1959) demonstrate that a fish's
natural mortality coefficient (M) is proportional to its
growth coefficient (K) and inversely proportional to its
asymptotic length (L) and life span. The natural mortality
was 1.42 yr! while the growth coefficient was 0.95. The
M/K ratio in this study was 1.55, which was in agreement
with the range of 1-2.5 proposed by Beverton and Holt
(1959). Estimated total mortality (Z) at 3.03 yr! is likened
to 2.46-7.07 by Pauly (1994) for several stocks in this study.
Barry and Tegner (1989) documented that a M/K ratio < 1
indicates that the population is growth dominated, whereas
a M/K ratio > 1 is an indication that the population is
mortality dominated. However, when the M/K ratio = 1,
then the growth and mortality of the population are in
equilibrium. From the present study, the calculated M/K
ratio was slightly greater than 1, suggesting that the stock is
fishing mortality dominated. King and Etim (2004)
highlighted that for a mortality dominated stock, an M/K
ratio = 2 denotes a lightly-exploited stock while values
greater than 2 show heavy exploitation. With the estimated
M/K ratio lower than 2, it shows that S. aurita stock in the
study area is maximally exploited. The estimated M/K ratio
(1.50) was well within the range of 1.5 — 2.5 for fishes,
indicating the presence of a good environmental state
(Abowei et al., 2009). The exploitation rate ranges from 0
to 1. It is optimum at 0.5, under-exploited when it is less
than 0.5, and over-exploited when the estimate is above 0.5.
The estimated exploitation rate (E) of 0.53 in this study is
within the range of the maximum exploitation rate
(Emax=0.53), and this shows that the fishery exploitation is
at its peak (optimal), but that it may be subject to minor
growth fishing pressure. The exploitation ratio found in this
study indicates that S. aurita is at maximum exploitation
and not over-fished (Pauly, 1994). This is predicated on the
assumption that natural and fishing mortalities should be
equal in an optimally exploited stock, or E=F/Z=0.5
(Gulland, 1971).

Conclusion

The estimated growth rate recorded in this study depicts
that S. aurita is a fast-growing fish species, and growth
overfishing was found to be present due to the harvesting of
relatively small-sized species, and also has a high natural
mortality to asymptotic length ratio (M/K > 1). The sex-
ratio favors males with 51%, particularly for range (8.1-12

cm), with optimum exploitation structure observed within
the same group. Additionally, the intersection of the
required length at capture and the exploitation rate showed
that the species was being exploited at its maximum rate.
Therefore, to prevent growth overfishing, sustainable
fisheries measures should be adopted, and these include
monitoring of fishing efforts and implementation and
enforcement of increased mesh size to sustain the fishery of
S. aurita in the New Calabar river.
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Abstract: The present study reports the occurrence of Oceania armata in the Turkish Levantine Sea,
and presents evidence to support a hypothesis established to link an increased recent and near-past
records of many gelatinous zooplankton species in the Turkish seas, and particularly in the Turkish
Levantine Sea to specific Mediterranean basin-scale currents (Atlantic-lonian Stream and the Mid-
lonian Jet). One worldwide-distributed oceanic cnidarian specimen was collected from the surface
water of a location of 36.59002° N and 29.02471° E by a SCUBA diver on January 18, 2019 in the
eastern Mediterranean Sea. The hydrozoan specimen was then identified as O. armata and recorded
for the first time in the Turkish Mediterranean coast and only second time in the Levant coast after
about 30 years. This is the second report of the species from the Turkish waters, and the first report
was from the Turkish Aegean coast. Recently, new records of the gelatinous species have increased
from the Turkish marine coasts; Sea of Marmara, Aegean Sea, and Levantine Sea. Most of them are
distributed in the West Mediterranean Sea, but are also present in the Adriatic Sea (East
Mediterranean Sea). In the Mediterranean Sea, one branch of the Atlantic current (Atlantic-lonian
Stream) enters the eastern basin via the Mid-lonian Jet, linked with the southern Adriatic current.
Therefore, it is possible that zooplankton could have entered East Mediterranean by the Atlantic
current through West Mediterranean.

Oceania armata Tiiriiniin Tiirk Sularindaki Muhtemel Havza Olgekli Akint1
Kaynakhh Son Kaydi ve Diger Jeli Organizmalarin Yakin Ge¢misteki
Kayitlan

Oz: Bu calisma Tiirk Levantin Denizi’nde Oceania armata bulunurlugu rapor etmek, ve son ve yakin
gecmiste Tirk denizlerinde, ozellikle Tiirk Levantine Denizinde birgok jeli zooplankton tiirlerinin
artan kayitlar1 ile Akdeniz havza 6lgekli akintilar (Atlantik-Iyonyan akintist ve Orta-lyonyan jet
akintisi) arasinda baglanti oldugu hipotezini desteklemek amag1 igin 6n goériilmistiir. 18 Ocak 2019
tarihinde ve 36.59002° N and 29.02471° E koordinat noktasinin yiizey suyundan SCUBA dalgigi
tarafindan diinyada yaygin olan oseanik cnidarian bireyi toplanmigtir. Bu hydrozoan bireyi, O.
armata olarak tanimlanmis ve Akdeniz’in Tiirk sulan igin ilk defa ve Levantin Denizi i¢in 30 yil
aradan sonra kayit edilmistir. Bu, Tiirk sulan igin ikinci kayittir ve ilk kayit Ege Denizi’nin Tiirk
sularindan verilmistir. Son zamanlarda, Tiirk deniz sularindan (Ege Denizi, Marmara Denizi ve
Levantin Denizi) jelli organizmalarin yeni kayitlari artmaktadir. Bu tiirlerin birgogu Bati Akdeniz’de
dagilmaktadir ve Dogu Akdeniz’e ait Adriyatik Denizi’nde bulunmaktadir. Akdeniz’de Atlantik
akintisinin bir dali (Atlantik-Iyonyan akintist), Adriyatik akintisi ile baglantili olan Orta-lyonyan jet
akintisi ile dogu havzasmna girmektedir. Bu yiizden, Bati Akdeniz boyunca yer alan Atlantik akintis
ile zooplanktonun Dogu Akdeniz’e girebilme olasiliklar1 vardir.

Introduction

The Mediterranean Sea hosts a rich and diverse marine
life that is comparatively well-studied (Vasilakopoulos et
al., 2017). Although it is considered to be a biodiversity
hotspot (Coll et al., 2010), it is under increasing threat
from pollution, over-exploitation and climate change
(Cuttelod et al., 2009). The eastern Mediterranean Sea is
well open to the new records of marine organisms,

*Corresponding author: emutlu@akdeniz.edu.tr

specifically the gelatinous organisms. In the Eastern
Mediterranean, biodiversity is also threatened by invasive
alien species including the gelatinous organisms (Galil,
2007). These gelatinous alien species span most animal
phyla and have created new communities altering the
Mediterranean ecosystem (Coll et al., 2010); for instance,
a new medusa species, Chrysaora pseudoocellata Mutlu,
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Tulay, Olguner & Yilmaz 2020 has recently been
established in the eastern Mediterranean Sea (Mutlu et al.,
2020; Douek et al., 2020).

The zooplankton, especially gelatinous organisms can
be easily drifted by water currents. This may suggest that
there could be a relationship between the current direction
and occurrence and transportation of the zooplankton in
space as atmospheric-oceanographic relation is in progress
to shift and change the regime (Vasilakopoulos et al.,

2017). Currents are one of the ways to introduction of a
zooplankter living in a known marine environment to
another suitable area for potential establishment (Mutlu et
al., 2020; Mutlu and Ozvarol, 2022).

Recently, new introductions of zooplankton, especially
gelatinous zooplankton which are common in the West
Mediterranean Sea and the Atlantic Ocean have been
recorded in the Turkish marine coasts (Table 1).

Table 1. Near-past records of gelatinous zooplankton in the Turkish marine coasts

Taxa Regions

Citations

One ctenophore

Bosporus exit to Black Sea

Oztiirk et al., 2011

Sixteen hydrozoans,

Sea of Marmara

One scyphozoan

[sinibilir et al., 2015a, b; 2019

One hydrozoan

Sea of Marmara

Yilmaz et al., 2017

Two scyphozoans,
One hydrozoan,

One thaliacean

Sea of Marmara

Isinibilir et al., 2022

Two hydrozoans

Aegean Sea

Giilsahin et al., 2013, 2016

One hydrozoan

Northernmost Aegean Sea

Isinibilir et al., 2021

One lobat ctenophore

Turkish water

Giilsahin and Tiirker, 2017

One new scyphozoan Levant Sea Mutlu et al., 2020
One lobat ctenophore Levant Sea Gokoglu and Galil, 2020
One cydippid ctenophore Levant Sea Mutlu and Ozvarol, 2022
Two eumedusoid hydrozoans,

Levant Sea Mutlu and Karaca, 2022

One lobat ctenophore

A hydrozoan medusa, Oceania armata Kolliker, 1853
was recorded in the Turkish Aegean coast (Giilsahin et al.,
2016). Type locality of O. armata is the Mediterranean
and additionally the species overspread coasts of Senegal
and Gambia, Canary Islands, Cape Verde, Azores,
Portugal, Spain; West Indies; Japan, New Zealand,
Tasman Sea extending northernmost to Portugal in
European waters (Mayer, 1910). Previous Mediterranean
occurrences of O. armata were reported from the
Tyrrhenian Sea and the Adriatic Sea (Madin, 1991). Last
records of Oceania armata in the eastern Mediterranean
waters were reported from the Adriatic Sea (Luci¢ et al.,
2009), Egyptian waters (Dowidar, 1983), Lebanese waters
(Goy et al., 1991) and the Aegean Sea as a basin sea of the
Mediterranean Sea (Giilsahin et al., 2016).

In the Mediterranean Sea, one branch of the Atlantic
current (Atlantic-lonian Stream) enters the eastern basin
via the Mid-lonian Jet, linked with the southern Adriatic
current (Fig. 1 in Poulain et al., 2013). Therefore, it is
possible that zooplankton enter the East Mediterranean by
the Atlantic currents through West Mediterranean. For

instance, in recent sample collections in 2019 June/July,
two hydrozoans, Gastroblasta raffaelei Lang, 1886 and
Podocorynoides minima (Trinci, 1903) were observed for
the first time for the Turkish Mediterranean coast, and the
Levantine Sea (Mutlu and Dogukan, 2022), and a
ctenophore species, Hormiphora plumosa M. Sars, 1859 as
well (Mutlu and Ozvarol, 2022). Recently, a copepod
species from the Adriatic Sea has been found in the
Turkish Mediterranean coast (Giiler Sila Duman, pers.
comm., Akdeniz University, unpublished data).

However, O. armata has occurred no longer in the
Levantine and eastern Mediterranean Sea excluding the
Adriatic Sea. The present study was aimed to report
occurrence of O. armata in the Turkish Mediterranean
coast, and to alert either its succession from the Aegean
Sea to the eastern Mediterranean Sea, or transportation of
the Adriatic species via the Atlantic current entering the
eastern basin via the lonian jet linked with the southern
Adriatic current with enhancement of near-past records of
the other gelatinous zooplankton.
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Figure 1. Formation and influence of the cyclonic Northern lonian Gyre (NIG); (a) anticyclonic NIG (b) derived by the
Adriatic—lonian BiOS interaction (MAW; the Modified Atlantic Water, LIW; Levantine Intermediate Water, and
AdDW,; Adriatic Dense Water) (from Civitarese et al., 2010), and Mediterranean Sea surface geostrophic
circulations and currents (c) measured by the drifters, and then schematized by Poulain et al. (2013)

Material and Methods

During an acoustic survey along the Turkish
Mediterranean coast during December 2018-January 2019,
a medusa specimen was captured from the surface waters
at the location 36.59002° N and 29.02471° E by a SCUBA
diver on January 18, 2019 (Fig. 2). The specimen was then
preserved in a borax-buffered 3% formaldehyde on board
of R/V ‘Akdeniz Su’.

The specimen was identified following the descriptions
for the specimen diagnosed by Mayer (1910), Madin
(1991) and Schuchert (2004). Bell shape and form, number
of marginal tentacles, number and shape of lips,
nematocyst warts, and gonad and manubrium locations in
subumbrella were taken into consideration for the
identification of the specimen. Furthermore, bell height
and diameter were measured under a microscope.
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During the survey, either physical, chemical and
optical environmental parameters were measured on site or
water samples were collected for future analysis. Physical
parameters measured using a multi-parameter probes (YSI,
HiTech) included temperature, pH, and salinity and optical
and chemical parameters were Secchi depth, NO2+NOs,

g4 4

NH., and PO., SiO2, chlorophyll a and TSM (Total
suspended matter). One liter of the water was filtered
through CF/C for each of the nutrients and TSM and
through CF/F filters for chl a, and then all of filtered water
and filters was stored at -20 °C until measurement.

424

40

| -
25

45 40

Figure 2. Locations of occurrence of Oceania armata along the Turkish Aegean coasts (1; Gelibolu cove in Gokova Gulf
(Giilsahin et al. 2016), and in the Turkish Mediterranean Sea PS; present study, red dot)

In the laboratory, the nutrients were measured
following the standard procedures: Ammonium (mg
NH./1), nitrate (mg NOs/l), nitrite (mg NO2/l), phosphate
(mg PO4/I), and silicon dioxide (mg SiO, /I) were
measured using the methods of 4500-NH4 B, 4500 NOs-E,
4500 NO,-B, 4500-P E, and 4500-SiO 2 Silica, respectively
(APHA, 1999). Total suspended solids (material was dried
in an oven at 60 °C for 24 h, and then weighed before the
weight of the dried membrane was subtracted from the
total dry weight), and chlorophyll a (chl-a) using a method
described by Lorenzen (1967). Secchi disk depth was
recorded once at each station.

Results and Discussion

Physical parameters of sea surface waters of the
sampling station (PS) were as follows: temperature 18.1
°C, salinity 38.8 PSU, oxygen 9.56 mg/l, and pH 9.01.
Chemical and optical parameters are given in Table 2.
Environmental data, especially salinity and nutrient levels
indicated effects of the cyclonic and anticyclonic NIG
derived by the Adriatic—lonian BiOS interaction on the
northern Levantine Sea (particularly the present study
area) as discussed below.

The specimen was identified as Oceania armata with
the following description: The bell diameter was 5 mm,

and the bell height was about 5 mm. Diameter of the bell
was identical to bell height measurement. The entire jelly
tissue bell was thin. The marginal tentacle count was 84 in
total and the tentacles tapering were double-rowed. The
bell shape was pyriform, not in a complete hemisphere
with flat bell-top. The species had 4 slender radial canals
joining manubrium and a simple ring canal. Number of the
lips on mouth was 4, they were large and curved extending
to the middle of the bell in the subumbrella, and
nematocyst warts in knob-shape of sphere fringed the lips
on margin of the mouth (Fig. 3).

Genus Oceania differs from the genus Turritopsis by
having stalked nematocyst clusters along the mouth
(Schuchert, 2004). Stefano Piraino (pers. comm.) stated
differences between genus Turritopsis and Oceania
medusae as follows: “Large Turritopsis and Oceania
medusae resemble each other quite closely. Both have
large cells at the proximal end of their radial canals which
are continued along the manubrium as four perradial ribs,
resembling claws that clasp the manubrium. Oceania
differs from Turritopsis in having stalked nematocyst
clusters along it mouth, while they are without a distinct
stalk in Turritopsis. In addition, the manubrium base of O.
armata is somewhat constricted. This allows
distinguishing even badly preserved material (Kramp,
1965)”.
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Table 2. Seafloor depth (depth), Secchi disk depth (SDD),
temperature (T), salinity (S), pH (pH), dissolved
oxygen (Ox), chlorophyll-a (chl-a), total
suspended matter (TSM), and the essential
nutrients of the sea surface (prefix S) and near-
bottom waters (prefix N) of the stations (PS, Fig.
2) where the gelatinous species was found

Variables PS
Depth (m) 20
SDD (m) 12
ST (°C) 17.6
NT (°C) 17.5
SS (PSU) 38.9
NS (PSU) 38.8
SpH 8.99
NpH 8.98
SOx (mg/l) 9.35
NOx (mg/l) 9.65
SChl-a (png/l) 0.299
STSM (mg/l) 0.058
NTSM (mg/l) 0.071
SSiO; (uM) 48.81
NSiO2 (uM) 32.06
SNO2+NO;3 (M) 1.87
NNO,+NO3 (uM) 6.26
SNH4 (uM) 193.42
NNH4 (uM) 323.60
SPO4 (uM) 8.37
NPO4 (uM) 12.93

Up to now, a specimen of O. armata has not been
recorded for the Turkish coast of the Levantine Sea, and
the Mediterranean Sea (Cinar et al., 2014). Oceania
armata was recently recorded from the Turkish coastal
waters, being previously found along the Turkish coast
(Gelibolu cove in Gokova bay) of the Aegean Sea
(Giilsahin et al., 2016). The present study showed that
succession of O. armata was extended to the Turkish
Mediterranean coast.

Recently, new introductions of zooplankton, especially
gelatinous zooplankton which were common in West
Mediterranean Sea and the Atlantic Ocean increased in the
Turkish marine coasts; the Sea of Marmara in 2019-2021
(Isinibilir et al., 2019, 2022), the northernmost Aegean Sea
in 2021 (Isinibilir et al., 2021), the Levantine Sea in 2018-
2020 (Mutlu et al., 2020; Gokoglu and Galil, 2020; Mutlu
and Ozvarol, 2022; Mutlu and Karaca, 2022; Guler Sila
Duman, pers. comm, Akdeniz University). Such increases
in recent introductions may be associated with the Bimodal
Oscillating System, BiOS (Civitarese et al., 2010). The

BiOS has changed the flow direction of the North lonian
Gyre (NIG) from cyclonic to anticyclonic circulation, or
vice versa, once every 10 years, depending on the severe
winter condition and convection (Civitarese et al., 2010;
Poulain et al., 2013). This change in the NIG induced
circulation of the Atlantic current based on decadal time
scale. The lonian jet pumped the waster toward the East
Mediterranean (Poulain et al., 2013) as the NIG became
cyclonic circulation creating upwelling linked with the
Southern Adriatic current. Therefore, the decadal NIG
stimulated physicochemical hydrograph and ecosystem to
change in the eastern Mediterranean Sea (Civitarese et al.,
2010). The first NIG induced by the BiOS was noticed in
1988, followed by 1998, and 2008-2009 (Civitarese et al.,
2010; Poulain et al., 2013). Occurrence of the recent
intensive new introductions of the zooplankton in the
Turkish marine coasts during 2018-2020 (Isinibilir et al.,
2019, 2021; 2022; Mutlu et al., 2020; Gokoglu and Galil,
2020; Mutlu and Ozvarol, 2022; Mutlu and Karaca, 2022)
was well coincided with the repetitive mechanism of the
BiOS as the NIG turned to the cyclonic circulation every
ten years. This could explain a reason of presence of
relatively less saline waters, and high-concentrated
nutritional waters during the present study (Table 2), and
in summer in 2019 (surface water salinity of 37.4-37.6
PSU, and the nutrients; NO2+NOs of 0.30-0.51 pM, NHs4
of 43.9-67.2 uM, and PO, of 1.41-3.39 uM) during a study
by Mutlu and Karaca (2022). In 2019, summer nutrients
could be relatively low as compared to that in winter
because of the primary production (chl-a, Table 2)
occurred in the spring. Summer salinity in the present
study area reached up to 39.9-40 PSU in 2010-2011
(Mutlu et al., 2022), and 2014-2015 (de Meo et al., 2018)
when the concentrations of the nutrients were relatively
low (Mutlu et al., 2022; de Meo et al., 2018) compared to
that in 2019 (Mutlu and Karaca, 2022).

A new record of a ctenophore species, Hormiphora
plumosa which is common in the Tyrrhenian Sea and
Adriatic Sea (Madin, 1991; Batisti¢ et al., 2007) has
recently been reported for the Levantine Sea from the same
location of the present study where O. armata occurred
simultaneously (Mutlu and Ozvarol, 2022). In the
Mediterranean Sea, one branch of the Atlantic current
enters the eastern basin via the lonian jet in connection
with the southern Adriatic current (Poulain et al., 2013).
Thus, it is highly possible that O. armata could enter the
eastern Mediterranean by the Atlantic currents through the
western Mediterranean as postulated for H. plumosa by
Mutlu and Ozvarol (2022).

Civitarese et al. (2010) and Poulain et al. (2013)
concluded that flow and circulation direction of the
decadal NIG was stimulated by the weather conditions,
increasing severity of winter condition recently developed
in the global scale of the atmosphere in time. In
conclusion, near-past records of the gelatinous and
copepod zooplankton were well coincided with decadal
regime of the basin-scale water current in the
Mediterranean Sea.
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LS.

Figure 3. Lateral view of Oceania armata specimen preserved in the formalin solution (a), mouth lips fringed by the
sphere nematocyst cluster (b), manubrium and gonad (c), and marginal tentacles of the umbrella (d)
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Abstract: Artemia sp. populations in saltworks throughout the world have been gaining importance
due to their extensive use in aquaculture and their importance as the main prey organism for aquatic
birds in hypersaline ecosystems. The genus Artemia sp. is also known as the intermediate host of
some cestode species that are associated with flamingos. In this study, Flamingolepis liguloides
parasitism was determined in Artemia partenogenetica for the first time in Turkiye. Infected A.
parthenogenetica was detected in izmir Camalt: saltpans between May-August 2018 and the parasite
diagnosis was made. Parasites were detected near the abdomen, thorax and the intestinal tract of A.
parthenogenetica. The prevalence of parasites was higher in adult Artemia (63.6%). The presence of
F. liguloides in A. parthenogenetica was very high with a frequency of 72.2%. The most abundant
and prevalent parasite infection was recorded in July which is the most suitable time of the year with
respect to number of flamingos in the area. The results show the prevalence of this parasite infection
in A. parthenogenetica, which may be important for both the local Artemia population in the area
and the flamingos breeding in Camalt1 saltpans.

Camalt1 Tuzlas’nda (izmir/Tiirkiye) Yerli Tuzla Karidesinde (Artemia
parthenogenetica) Goriilen Sestod Enfeksiyonu

Oz: Tuzlalardaki Artemia sp. popiilasyonlar1, akuakiiltiirde kullanimi ve ¢ok tuzlu ekosistemlerde su
kuslarinin besini olmasina gore 6nem kazanmaktadir. Ayrica bu besin zincirinde Artemia, flamingo
kuslar ile ilgili olarak bazi sestod tiirlerinde ara konakgidir. On iki ay siiren bu ¢alismada Tiirkiye'de
ilk kez Artemia partenogenetica'’da Flamingolepis liguloides parazitligi saptanmigtir. Mayis-
Agustos 2018 tarihleri arasinda [zmir Camalt: Tuzlasinda enfekte olan A. parthenogenetica tespit
edilmis ve parazitin teshisi konmustur. Parazit, A. parthenogenetica’ nin karn, gogiis kafesi ve
bagirsak kanali yakiminda tespit edilmistir. Parazitlerin yayilmi c¢ogunlukla erigkin bireylerde
(%63,3) oraninda daha yiiksektir. Tuzla havuzlarinda, F. liguloides varligi %72,2 gibi oldukga
yiiksek bulunmustur. En bol ve yaygin parazit enfeksiyonu, ekosistemdeki birey sayist i¢in yilin en
uygun zamani olan temmuz ayinda kaydedilmistir. Elde edilen sonuglara gore, flamingo kuslarinin
¢ok 6nemli bir go¢ noktasi olan bu bolgede A. parthenogenetica' da bu parazit enfeksiyonunun
yayginligi goriilmektedir. A. parthenogenetica, bu sestodlarin parazitlestirdigi ara konaktir. Bu
sonug Tiirkiye'deki birincil tespittir.

Introduction

Many aquatic invertebrate taxa,

such as crustacea, organisms, due to its importance in aquaculture especially

branchiopoda, ostracoda and copepoda, can adapt to in the feeding of larval forms. The brine shrimp genus

extreme environmental conditions including high or low
temperature and salinities, dry conditions, as well as
predation and lack of food by forming dormant stages in
dynamic environments such as estuaries and hypersaline
ecosystems. (Hand et al., 2016). The genus Artemia sp.
Leach, 1819 (Branchiopoda, Anostraca) are a complex of
sibling species distributed in seven continents with the
exception of Antarctica (Vanhaecke et al. 1987,
Triantaphyllidis et al., 1998). Artemia also known as the
brine shrimp is among the most intensely studied aquatic

*Corresponding author: edis.koru@ege.edu.tr

includes bisexual and parthenogenetic strains of different
ploidy (Baxevanis et al., 2006; Gajardo, et al., 2002,
2012). Parthenogenetic Artemia populations are widely
distributed except in the American continent. Bisexual and
parthenogenetic ~ Artemia  species prefer  different
microhabitats and are usually temporally separated (Agh et
al., 2007), although a handful of populations are mixed
(Amat et al., 2007). From an ecological point of view,
Artemia is a keystone taxon in hypersaline food webs due
to its dominance; it is the main prey for aquatic birds
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(Sanchez et al., 2006), the intermediate host for many
species of parasites (Georgiev et al., 2005; Rode, Landes,
et al., 2013; Rode, Lievens, et al., 2013; Vasileva et al.,
2009), and the main consumer of phytoplankton. Artemia
sp. is particularly suitable for studying phase effects. For
instance, it is a good tool for investigating how biological
changes in a species translate into "cascading" effects
throughout the population and the ecosystem. From this
point of view, the first invasion of Artemia species by
parasitic cestoda were reported from Tunisia (Heldt,
1926), followed by Spain, Italy (Amat et al., 1991a, b),
France (Gabrion and MacDonald, 1980; Thiery et al.,
1990), and many other countries (Di Cave et al., 1990; Di
Cave and Mura, 1990; Mura, 1995). However, there are no
data on the abundance of infested Artemia
parthenogenetica by cestodes from Turkey. In this study,
the cestode parasitism of Flamingolepis liguloides
(Gervais, 1847) in Artemia parthenogenetica Barigozzi,
1974 was investigated in order to determine their
abundance for the first time in Turkey. It is observed that
flamingo populations in the Mediterranean region has
increased due to the changing climatic conditions
(BirdLife International, 2004) which may help spreading
of cestode parasites. This study aimed to form a basis for
further research to determine the distribution of this
parasitism in Turkey, especially at the migration points of
flamingos.

Material and Methods
Study area

The studied native A. parthenogenetica is from Camalti
saltworks (38°30°12.73 "N, 26°54°12.94"E) (Figure 1).
Five sampling stations with different salinities were
selected and samples were collected for 12 months.

The study area is the Camalt: saltpans (Figure 2) with
an areaof approximately 60 km? and a depth of 1-2,5 m.
The area gradually overflows with seawater from April to
September and continuously over the next few months.

The salinity of the water is high and varies between 40
and 320 ppt. Its avifauna is represented by 289 bird species
(Figure 3) (Anonymous, 2019).

Sampling

The Artemia samples were collected monthly from a
depth of 0.5-2.5 m during January 2018 to December 2018
covering consecutive seasons: winter, spring, summer, and
autumn. A 125 um plankton net was used for collecting
Artemia samples. All samples were fixed in 70% alcohol.
The identification of parasites was performed according to
Georgiev et al (2005). The mean number of parasites,
prevalence of infection, standard deviation were calculated
and a non-parametrical Z-test was performed to compare
prevalences between adult and juveniles. The statistical
analyses were performed with SPSS software.

_QSampling stations

Figure 1. The study area of the Camalt1 saltern ecosystem
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Figure 2. The earthen ponds of Camalti saltworks

Figure 3. Flamingos in Camalt: saltworks

Results

In this study, F. liguloides parasitism in A.
parthenogenetica was described for the first time. F.
liguloides was the only cestode detected in all A.
parthenogenetica individuals sampled. The parasites were
mostly located in the thorax and abdomen, especially near
the gut tract, (midgut and hindgut) of brine shrimps
(Figure 4).

F. liguloides infection was recorded from both juvenile
and adult A. parthenogenetica between May-August 2018.
The overall infection rate was found very high, with a
frequency of 72.2%. Among the 361 infected brine
shrimps, 44.8% had only one cysticercoid. Only one
individual had 7 cysticercoids. In total, 500 A.
parthenogenetica were investigated and 139 individuals
had no cysticercoid (27.8%) (Table 1).
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Figure 4. Infected A. parthenogenetica individuals

The prevalences for adults and juveniles were found as
63.6% and 36.4%, respectively (Figure 5).

Monthly proportions of adult and juvenile A.
parthenogenetica infected with F. liguloides were
presented in Figure 6 and 7. A maximum of 7 and 4

cysticercoids were determined in adult and juvenile
Artemia, respectively.

Monthly parasitic cestode intensity was relatively
higher in adult Artemia (63.0% in May, 60.0% in June,
65.0% in July, 65.0% in August) (Table 2).

Table 1. Number of the prevalence of infected and uninfected A. parthenogenetica

Descriptions Infected  Uninfected Total
Number of Artemia samples 361 139 500
Prevalence of infection (%) 72.2 27.8 100
Minimum number of parasites 1 - -
Maximum number of parasites 7 - -
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Figure 5. The percentage of F. liguloides in adult and juvenile individuals in the whole study
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Figure 6. The monthly proportions of A. parthenogenetica infected with F. liguloides in adult and juvenile Artemia
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Figure 7. Monthly variations in frequencies of A. parthenogenetica infected by F. liguloides

Table 2. Parasite infection Month / A. parthenogenetica cross-tabulation

Month Specifications A. partheno?enetica . Total
Adult Juvenile

Count 63, 37, 100
May % within Month 63 37 100
% within A. parthenogenetica 19.8 20.3 20
Count 60, 40, 100
June % within Month 60 40 100
% within A. parthenogenetica 18.9 22 20
Count 130, 704 200
July % within Month 65 35 100
% within A. parthenogenetica 40.9 38.5 40
Count 65, 354 100
August % within Month 65 35 100
% within A. parthenogenetica 20.4 19.2 20
Count 318 182 500
Total % within Month 63.6 36.4 100
% within A. parthenogenetica 100 100 100

Every subscript letter denotes an A. parthenogenetic subset category whose column proportions do not differ significantly from each other at the 0.05
level.
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Discussion

Determining the causative factors of an observed
disease dynamic is often challenging, particularly with
respect to seasonal and variable multi-host systems and
other variable parameters. In this study, long-term field
data was used to resolve the effects of seasonality and host
specificity on prevalence in a simple host-parasite
population. Uninfected parasites of Artemia individuals are
found at the bottom of salt pans whereas those infected
with parasites move towards the water surface and move
horizontally (Fig. 8).

In the field, prevalence varied between 40 ppt and 320
ppt in all host and parasite combinations. F. liguloides was
strongly seasonal, being highly prevalent in the summer
and absent in the winter (Figure 5, 6, 7). Our findings
revealed that cestod seasonality was mainly driven by the
seasonality of the host A. parthenogenetica; normally F.
liguloides is unable to persist in host community. As stated
by the terminology proposed by Chervy (2002), the
cysticercoids of F. liguloides, F. flamingo, Wardium
stellorae, Gynandrotaenia stammeri belong to the group of
the cercocysticercoids, while those of Eurycestus avoceti,
Anomotaenia tringae, and Anomotaenia sp. are considered
monocysticercoids. The cysticercoid of Confluaria
podicipina is close to the modification termed
"ramicysticer-coid" but its cercomer is not branching. This
proposes the necessity of further improvement of the
terminology proposed by Chervy (2002). The following 14
cyclophyllidean cestode species were previously known to
use brine shrimps of the genus Artemia sp. as an
intermediate host in their life cycles: Hymenolepididae (11
species): Confluaria podicipina (Szymanski, 1905),
Fimbriarioides tadornae (Maksimova, 1976), F. liguloides
(Gervais, 1847), F. caroli (Parona, 1887), F. flamingo
(Skrjabin, 1914), F. tengizi (Gvosdev and Maksimova,
1968), Hymenolepis californicus (Young 1952), Wardium
fusa (Krabbe, 1869), W. gvozdevi, Branchiopodataenia
gvozdevi (Maksimova, 1988) and W. stellorae (Deblock et

al., 1960). Dilepididae (2 species): Eurycestus avoceti
(Gabrion and MacDonald 1980, Maksimova 1991, Robert
and Gabrion 1991) and Anomolepis averini (Spasskii and
Yurpalova, 1967). Progynotaeniidae (1  species):
Gynandrotaenia stammeri (Fuhrman, 1936) (Gvozde and
Maximov, 1968; Chervy, 2002; Vasileva et.al., 2009;
Amarouayache et.al., 2009; Gajardo and Beardmore, 2012;
Bray, 2014). F. liguloides cysticercoids in Artemia sp.
were reported from the Mediterranean area by Robert and
Gabrion in 1991 for the first time but this study is the first
report from Turkiye. Artemia with its limited predator
avoidance such as hypersaline tolerance and daily vertical
migrations (Lenz, 1980; Forward and Hettler, 1992;
Sanchez et al., 2007) are, in general, easy prey for aquatic
birds, aquatic invertebrates and fishes alike. They are a
major component of flamingo diet and have a crucial
importance as a food source in saltwater habitats (Rolf,
2018). However, parasitic Artemia cestodes increase
susceptibility of brine shrimps by reducing their fecundity
(Cooper et al., 1984; Britton et al., 1986; Amat et al.,
1991a; Verkuil et al., 2003; Sanchez et al., 2006; Sanchez
et al., 2007). Overall, 15 cestode species use Artemia as an
intermediate host which is linked by predation of avian
hosts (Georgiev et al., 2005; 2007). The brine shrimp
Artemia is a non-selective filter feeder (Provasoli and
Shiraishi 1959; Dobbeleir et al., 1980; Sanchez et al.,
2013), that feeds on microorganisms that are present in the
water column including detritus (Savage and Knott, 1998;
Sanchez et al., 2013). Artemia is infected with the cestode
eggs called oncosphere (20 pm) when they ingest the eggs
from the water column. The eggs, then, develop into
cysticercoid (larva with scolex) in the hemocoel (Robert
and Gabrion, 1991; Sanchez et al., 2007; Amarouayache et
al., 2009). The parasitic cestodes transmission is

completed when infected Artemia are ingested by aquatic
birds (Sanchez et al., 2013). Once ingested, larval cestodes
develop into mature worms in the digestive tract of
flamingos and the eggs of the adult parasites are dispersed
by defecation (Amarouayache et al., 2009).

2e :
. & el

Figure 8. Artemia individuals horizontally transmitted in saltern ponds
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The saltpans of Camalt1 in Izmir, Turkey has become
an important breeding site of flamingos (Figure 3) since
2000. In earlier studies, some biological characterization
of this ecosystem and the native A. parthenogenetica were
determined between January and December in the Camalti
Region, Izmir which is the biggest marine coastal solar
saltwork in Turkey (Koru, 2013; Koru and Deniz, 2017,
Koru and Pergin, 2018). A breeding colony of flamingos
can be observed in this area between March and August
(Balkiz et al., 2015). The parasitism of Artemia sp. by F.
liguloides is probably related to the presence of flamingos.
Similarly, Amarouayache et al (2009) observed cestode
parasitism at the end of the winter (February-March) and
in the spring (April-May) coinciding with the presence of
flamingos in the study area in Algeria. In earlier studies
the intensity of the parasitism was variable; less than 3
cysticercoids per individual in Algeria (Amarouayache et
al., 2009), 13 in the populations of Spain (Georgiev et al.,
2005) and about 9-11 in France (Thiéry et al., 1990).
Sanchez et al (2013) reported multiple cysticercoid
infections ranging between 2-4 and a maximum of 14
individuals. In our investigation, a maximum of 7 and 4
cysticercoids were determined in adult and juvenile
Artemia, respectively (Figure 4). According to Thiéry et
al., (1990), the accumulation of cysticercoids were
associated with age and body size. It was reported that
brine shrimps could digest 25-30 um diameter particles at
larval instar 1l1-1V stages, and F. liguloides eggs with a
diameter of 40-50 pum could only be ingested by older
stages of brine shrimps (Dobbeleir et al., 1980; Mura
1995). This may explain the difference between the
percentage of infected juvenile and adult A.
parthenogenetica individuals. In this study, the location of
the cysticercoids in Artemia was mostly in the thorax and
abdomen regions (Figure 4). Similarly, the cysticercoids
were reported in the thorax of Artemia juveniles, however,
they were especially located in the abdomen of adults
sampled from the saltworks of Sardinia (Mura, 1995).
Thiéry et al., (1990) remarked that the location of the
cysticercoids was related to the volume of the hemocoel
and the dispersion was relevant to the allometric changes
during the growth of Artemia. It is important to understand
the effects of parasites in biological invasions and the
interactions between predators and competitors (Combes,
1996; Torchin and Mitchell, 2004; Prenter et al., 2004;
Cespedes et al., 2017). A. parthenogenetica spend most of
the day in the 25% of the water column near the bottom
and occupy the other 75% during the night (Britton et al.,
1986; Sanchez et al., 2013) exhibiting strong negative
phototaxis and positive diurnal geotaxis (Lenz 1980;
Bradley and Forward, 1984; Sanchez et al., 2007).
However, infection by cestodes changes the proportion of
time that was spent at different depths (Sanchez et al.,
2007; Sanchez et al., 2013). Cestode parasites increase
buoyancy of infected Artemia and make them swim on the
surface of the water facilitating predation by the water
birds (Thomas et al., 1997; Helluy and Holmes 2005;
Curio 1988; Amarouayache et al., 2009). Infected brine
shrimps become photophilous and their surface-swimming
behavior can be observed (Sanchez et al., 2007). Sanchez

et al (2007) studied the effects of cestode parasitism on the
behaviors of A. parthenogenetica and reported that 86% of
the uninfected Artemia showed positive geotaxis whereas
53% of infected Artemia showed surface-swimming
behavior (negative geotaxis) (Figure 8). This behavior
increases the likelihood of predation by the final avian host
and makes parasite transmission easier (Sanchez et al.,
2007).

In conclusion, in this study, F. liguloides infection of
the native A. parthenogenetica which is the major food
source of flamingos in Camalt1 saltworks was established.
The prey-predator relationships and the ecological effects
should be studied in order to understand the effects of F.
liguloides parasitism in the region. More research is
needed to understand the cycle of parasitism and
interactions between the brine shrimp Artemia and
flamingos in the Camalti region.

Acknowledgments

The author is grateful to Dr. Tansel Tanrikulu, Ezgi
Dingtiirk and Binbir Gida Ltd. Camalt1 saltern directorate
for valuable information and supports.

Conflict of Interest

The writer in this study declares that there is no
relationship based on mutual interests.

Author Contributions

The data collection, methodology, analysis, writing and
arrangement of the study were carried out by Edis Koru.

Ethics Approval

The material used in this article is invertebrate species
therefore ethics committee approval is not required for this
study.

References

Agh, N., Abatzopoulos, T.J., Kappas, I., Van Stappen, G.,
& Razavi Rouhani, S.M., (2007). Coexistence of
sexual and parthenogenetic Artemia populations in
Lake Urmia and neighboring lagoons. International
Review of Hydrobiology, 92(1), 48-60

Amarouayache, M., Derbal, F., & Kara, M. (2009). The
parasitism of Flamingolepis liguloides (Gervais, 1847)
(Cestoda, Hymenolepididae) in Artemia salina
(Crustacea, Branchiopoda) in two saline lakes in
Algeria. Acta Parasitologica, 54 (4), 330-334. ISSN
1230-2821, doi: 10.2478/s11686-009-0049-8

Amat, E., Illescas, M.E., & Fernandez, J. (199la). Brine
shrimp Artemia parasitized by Flamingolepis liguloides
(Cestoda, Hymenoloepididae) cysticercoids in Spanish
Mediterranean salterns. Quantitative aspects. Vie et
Milieu, 41, 237-244

Amat, F., Gozalbo, A., Navarro, J.C., Hontoria, F., &
Var’o, I. (1991b). Some aspects of Artemia biology

63



Koru, COMU J Mar Sci Fish, 5(1): 56-66 (2022)

affected by cestode parasitism. Hydrobiology, 212, 39—
44

Amat, F., Hontoria, F., Navarro, J.C., Vieira, N., & Mura,
G. (2007). Biodiversity loss in the genus Artemia in the
Western Mediterranean Region. Limnetica, 26(2), 387-
404

Anonymous, (2019). http://www.visitizmir. org/en/district/
cigli/where-to-visit/-236289

Balkiz, O., Onmus. O., Siki, M., Déndiiren, O., & Giil, O.
(2015). Turkey as a crossroad for Greater Flamingos
Phoenicopterus roseus: evidence from population
trends and ring-resightings (Aves: Phoenicopteridae).
Zoology in the Middle East, 61(3), 201-214

Baxevanis, A.D., Kappas, I., & Abatzopoulos, T.J. (2006).
Molecular phylogenetics and asexuality in the brine
shrimp  Artemia. Molecular phylogenetics and
evolution, 40 (3), 724-738

BirdLife International, (2004). Birds in Europe: population
estimates, trends and conservation status. BirdLife
Conservation Series (Cambridge), No. 12, Cambridge,
UK.

Bradley, D.J., & Forward, R.B.J. (1984). Phototaxis of
adult brine shrimp Artemia salina. Can. J. Zool. 62,
2357-2359

Bray, R. (2014). Wardium stellorae (Deblock, Biguet &
Capron, 1960). In: Costello, M.J.; Bouchet, P.;
Boxshall, G.; Arvantidis, C.; Appeltans, W. (2014)
European Register of Marine Species, accessed through
PESI at http://www.eu-nomen. Eu / portal/ taxon.
php?GUID=urn:Isid:marinespecies.org:taxname:10515
2

Britton, R.H., de Groot, E.R., & Johnson, A.R. (1986). The
daily cycle of feeding activity of the Greater Flamingo
in relation to the dispersion of the prey Artemia.
Wildfowl, 37, 151-155

Céspedes, V., Sanchez, M.l., & Green, AJ. (2017).
Predator-prey interactions between native brine shrimp
Artemia parthenogenetica and the alien boatman
Trichocorixa verticalis: influence of salinity, predator
seX, and size, abundance and parasitic status of prey.
Peer], 5, e3554

Chervy, L. (2002). The terminology of larval cestodes or
metacestodes. Systematic Parasitology, 52, 1-33.

Combes, C. (1996). Parasites, biodiversity, and ecosystem
stability. Biodiversity and Conservation 5.953-962.
doi: 10.1007/BF00054413

Cooper, S.D., Winkler, D.W., & Lenz, P.H. (1984). The
effect of grebe predation on the brine shrimp
population. J. Anim. Ecol. 53, 51-64.

Curio, E. (1988). Behavior and parasitism. In: (Ed.
Mehlhorn) Parasitology in Focus. Springer-Verlag,
New York, pp. 149-160.

Di Cave, D., Cirillo, L., Dettori, C., & Mura, G. (1990).
Artemia salina e Branchinella spinosa (Crustacea,
Anostraca) ospiti intermedi di  Flamingolepis
liguloides. Congresso Societa italiana di Parassitologia,
Cagliari

Di Cave, D., & Mura, G. (1990). Flamingolepis liguloides
parasite sur Artemia salina et Branchinella spinosa des
milieux mesohalines et hyperalines de Sardaigne
(ltalie).  Septieme  Congres International de
Parasitologie, Paris: pp. 288

Dobbeleir, J., Adam, N., Bossuyt, E., Bruggeman, E., &
Sorgeloos, P. (1980). New aspects of the use of inert
diets for high density culturing of brine shrimp. In:
Persoone, G., Sorgeloos, P., Roels, O., Jaspers, E.
(editors). The Brine Shrimp Artemia. Ecology,
Culturing, Use in Aguaculture. Vol. 3. Universa Press.
Wetteren Belgium: pp. 165-174.

Forward, R.B., & Hettler, W.F. (1992). Effects of feeding
and predator exposure on photoresponses during dial
vertical migration of brine shrimp larvae. Limnol.
Oceanogr. 37: 1261-1270.

Fuhrmann, O. (1936). Gynandrotaenia stammeri nov. gen.
nov. Spec, Revue suisse de zoologie, 43 (20), 517-518.
doi: 10.5962/bhl.part.117685

Gabrion, C., & Mac Donald, G. (1980). Artemia sp.
(Crustacé Anostracé), hote intermrdiaire d'Eurycestus
avoceti Clarc, 1954 (Cestode, Cyclophyllidr). Annales
de Parasitologie, 55, 327-331.

Gajardo, G., Abatzopoulos, T.J., Kappas, I., & Beardmore,
JA. (2002). Evolution and speciation. In
Abatzopoulos, T.J, Beardmore, J., Clegg, J.S,
Sorgeloos, P (editors). Artemia: Basic and Applied
Biology Springer, Dordrecht: pp. 225-250.

Gajardo, M.G., & Beardmore, A.J. (2012). The brine
shrimp Artemia: adapted to critical life conditions.
Frontiers in Physiology 3, 185. doi:
10.3389/fphys.2012.00185.

Georgiev, B.B., Sanchez, M.1., Green, A.J., Nikolov, P.N.,
& Vasileva, G.P. (2005). Cestodes from Artemia
parthenogenetica (Crustacea, Branchiopoda) in the
Odiel Marshes, Spain: a systematic survey of
cysticercoids. Acta Parasitologica, 50 (2): 105-117

Georgiev, B.B., Sanchez, M.l., Vasileva, G.P., Nikolov,
P.N., & Green, AJ. (2007). Cestode parasitism in
invasive and native brine shrimps (Artemia spp.) as a
possible factor promoting the rapid invasion of A.
franciscana in the Mediterranean region. Parasitology
Research, 101 (6), 1647-1655

Gvozde, E.V., & Maximov, A.P. (1968). New species of
tapeworms (Cestoda: Hymenolepididae) from pink
flamingo (Phoenicopterus roseus Pall.), Izv. Academy
of Sciences of the Kazakh SSR, sir. Biol., Alma-Ata, 5,
30-37.

Hand SC, Denlinger DL, Podrabsky JE, & Roy R (2016).
Mechanisms of animal diapause: recent developments

64



Cestode Infection of the Native Brine Shrimp (Artemia parthenogenetica) in Camalt: Saltpan (Izmir/Turkiye)

from nematodes, crustaceans, insects, and fish.
American  Journal  of  Physiology-Regulatory,
Integrative and Comparative Physiology, 310 (11),
1193-1211.

Heldt H (1926). Sur la présence d'un cysticercoide chez
Artéemia  salina L. Bulletin de la Station
Oceanographique Salammbo, 5, 3-8

Helluy, S., & Holmes JC (2005). Parasitic manipulation:
further considerations. Behavioural Processes, 68,
205-210. DOI: 10.1016/ j.beproc.2004.08.011

Koru, E. (2013). The potential of Artemia Population in
Camalt: Saltworks (Sasali-Izmir) at Aquaculture,
Menba Journal of Fisheries Faculty, Vol.2, 30-40,
ISSN: 2147-2254 (in Turkish with an abstract in
English).

Koru, E., & Deniz,, M. (2017). The seasonal changes and
algal flora of Camalti Saltworks (Sasali / izmir). Ege
Journal of Fisheries and Aquatic Sciences, 34(4): 431-
442. doi: 10.12714/egejfas.2017.34.4.10 2254 (in
Turkish with an abstract in English).

Koru, E., & Pergin, F. (2018). Characteristics of Biological
Systems in Camalti Solar Saltworks (Izmir/Turkey),
Qualitative Studies (NWSAQS), 13(3),15-25.
doi: 10.12739/NWSA.2018.13.3.E0036

Lenz, P.H. (1980). Ecology of an alkali adapted variety of
Artemia from Mono Lake, California, U.S.A. In:
Persoone, G., Sorgeloos, P., Roels, O., Jaspers, E.
(Eds.), The Brine Shrimp Artemia, Vol. Ill. Universa
Press, Wetteren, Belgium

Maksimova, A.P. (1976). A new cestode, Fimbriarioides
tadornae sp. n., from Tadorna tadorna and its
development in the intermediate host. Parazitologiya,
10, 17-24 (In Russian).

Mura, G. (1995). Cestode parasitism (Flamingolepis
liguloides Gervais, 1847 Spassky & Spasskaja 1954) in
an Artemia population from south-western Sardinia.
International Journal of Salt Lake Research, 3(2), 191-
200.

Prenter, J., MacNeili, C., Dick, J.T., & Dunn, A.M.
(2004). Roles of parasites in animal invasions. Trends
in Ecology & Evolution 19:385-390. doi:
10.1016/j.tree.2004.05.002.

Provasoli, L., & Shiraishi, K. (1959). Axenic cultivation of
the brine shrimps Artemia salina. Biol. Bull. 117, 347—
35.5

Robert, F., & Gabrion, C. (1991). Cestodoses de I’avifaune
camarguaise. Role d’Artemia (Crustacea, Anostraca) et
stratégies de rencontre hdte-parasite. Annales de
Parasitologie Humaine et Comparée, 66(5), 226-235

Rode, N.O., Landes, J., Lievens, E.J., Flaven, E., &
Segard, (2013). Cytological, molecular and life cycle
characterization of Anostracospora rigaudi ng, n. sp.
and Enterocytospora artemiae ng, n. sp., two new
microsporidian parasites infecting gut tissues of the

brine shrimp Artemia. Parasitology, 140 (9), 1168-
1185.

Rode, N.O., Lievens, E.J., Flaven, E., Segard, A. &
Jabbour-Zahab, R. (2013). Why join groups? Lessons
from parasite-manipulated Artemia. Ecology letters, 16
(4), 493-501.

Rolf, K.S. (2018). The Role of Artemia spp
(Branchiopoda: Artemiidae) as Intermediate Hosts for
Avian Cestodes. Environ Anal Eco stud. 1(4),
EAES.000518.2018.
doi: 10.31031/EAES.2018.01.0005183/3

Sanchez, M.l., Green, A.J., & Castellanos, E.M., (2006).
Temporal and spatial variation of an aquatic
invertebrate community subjected to avian predation at
the Odiel salt pans (SW Spain). Arch. Hydrobiol. 166,
199-223.

Sanchez, M.l., Georgiev, B.B., & Green, AJ. (2007).
Avian cestodes affect the behavior of their intermediate
host Artemia parthenogenetica: an experimental study.
Behavioural Processes 74 (3): 293-299.

Sanchez, M.1., Varo, N., Matesanz, C., Ramo, C., & Amat,
J.A. (2013). Cestodes change the isotopic signature of
brine shrimp, Artemia, hosts: implications for aquatic
food webs. International Journal for Parasitology 43
(1): 73-80.

Sanchez, M.I., Paredes, I., Lebouvier, M., & Green, A.J.
(2016). Functional role of native and invasive filter-
feeders, and the effect of parasites: learning from
hypersaline ecosystems. PloS one 11 (8): e0161478.

Savage, A., & Knott, B. (1998). Artemia parthenogenetica
in Lake Hayward, Western Australia. Il. Feeding
biology in a shallow, seasonally stratified, hypersaline
lake. Int. J. Salt Lake Res. 7,13-24.

Thiéry A, Robert F, & Gabrion C (1990). Distribution des
populations d'Artemia et de leur parasite Flamingolepis
liguloides (Cestoda, Cyclophyllidea), dans les salins du
littoral mediterraneen Francais. Canadian Journal of
Zoology, 68, 2199-2204.

Thomas, F., Cezilly, F., De Meeiis, T., Crivelli, A., &
Renaud, F. (1997). Parasitism and Ecology of
Wetlands: a review. Estuaries. 20, 646—-654.
doi: 10.2307/1352622.

Torchin, M.E., & Mitchell, C.E. (2004). Parasites,
pathogens, and invasions by plants and animals.
Frontiers in Ecology and the Environment, 2, 183-190
doi: 10.1890/ 1540-9295 (2004) 002 [0183:PPAIBP]
2.0.CO;2.

Triantaphyllidis, G.V., Abatzopoulos, T.J., & Sorgeloos, P.
(1998) Review of the biogeography of the genus
Artemia  (Crustacea,  Anostroca). Journal  of
Biogeography, 25, 213-226.
doi:10.1046/j.1365-2699.1998.252190.x

Vanhaecke, P., Tackaert, W., & Sorgeloos, P. (1987). The
biogeography of Artemia: an updated review. In:

65



Koru, COMU J Mar Sci Fish, 5(1): 56-66 (2022)

Sorgeloos P, Bengtson DA, Decleir W, Jaspers E
(editors). Artemia Research and its Applications. Vol.
1. Wetteren, Belgium: Universa Press, pp. 129-155.

Vasileva, G.P., Redon, S., Amat, F., Nikolov, P.N., &
Sanchez, M.l. (2009). Records of cysticercoids of
Fimbriarioides tadornae Maksimova, 1976 and
Branchiopodataenia gvozdevi (Maksimova,
1988)(Cyclophyllidea, Hymenolepididae) from brine
shrimps at the Mediterranean coasts of Spain and

France, with a key to cestodes from Artemia spp. from
the Western Mediterranean. Acta Parasitologica, 54

(2), 143-150.

Verkuil, Y., van der Have, T.M., van der & Winden, J.,
Chernichko, I.1. (2003). Habitat use and diet selection
of northward migrating waders in the Sivash (Ukraine):
the use of brine shrimp Artemia salina in a variably

saline lagoon complex. Ardea 91 (1), 71-83.

66



COMU J Mar Sci Fish 2022 5 (1): 67-76 e-ISSN: 2651-5326
https://doi.org/10.46384/jmsf.1092067

COMU Journal of Marine Sciences and Fisheries

T
,
JIAS [P
Journal Home-Page: http://jmsf.dergi.comu.edu.tr Online Submission: http://dergipark.org.tr/jmsf

COMU JOURNAL OF MARINE SCIENCE AND FISHERIES

RESEARCH ARTICLE

Effect of Different Baits on Catch Per Unit Effort (CPUE) for Catching Narrow-
Clawed Crayfish (Pontastacus leptodactylus) with Fyke-Nets and Traps in
Canakkale Atikhisar Reservoir

Tekin Demirkiran?, Ugur Ozekinci?*,

Department of Fisheries and Fish Processing, School of Graduate Studies, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye https://orcid.org/0000-0003-1613-5236
2Department of Fisheries and Fish Processing, Faculty of Marine Sciences and Technology, Canakkale Onsekiz Mart University, Canakkale, Tiirkiye https://orcid.org/0000-0003-2207-0168

Received: 23.03.2022 /Accepted: 10.05.2022 / Published online: 20.07.2022

Abstract: This study was aimed to determine the effects of different bait types on the efficiency of

Key words: fyke-nets and traps in catching narrow-clawed crayfish (Pontastacus leptodactylus (Eschscholtz,

. 1823)). The study was carried out in Atikhisar reservoir, Canakkale, between July 2020 and March
Crayfish 2021. In the study, 12 traditional fyke-nets (“D” inlet, 5 rigid rings and a leader net) and 12 traps
Fyke-net (double inlet) were used. Fyke-nets and traps were rigged with 34 mm stretched mesh that are
Tr"’}p commonly used in crayfish fishing in Tiirkiye. Three different bait types including fish, chicken and
Bait . bread and a control treatment with no bait were allocated to each gear type. Baits were distributed
Catch per unit effort randomly to each gear before fishing trials. The baits were placed in small bags corresponding to 1%

of total trap volume. The results of 24 trials showed 68.8% (1940 crayfish) of the total catch was
caught with fyke nets and 31.20% (880 crayfish) with traps. The highest average CPUEy values for
both trap types were observed in those baited with the chicken meat which were 7.89+1.02 n/fyke
net/day and 5.07+0.88 n/trap/day.. The mean length of the crayfish caught by the fyke nets was
significantly smaller than those caught by the traps (p<0.05). When the mean CPUE values based on
the number of fishing operations were compared, differences were significant for baits other than the
chicken meat (p<0.05). These results showed that catching efficiencies of baited fyke-nets and traps
were higher (especially chicken meat) than those of unbaited traps than those without bait.

Anahtar kelimeler: Canakkale Atikhisar Baraj Golii’'nde Pinter ve Sepetle Kerevit
_ (Pontastacus leptodactylus (Eschscholtz, 1823)) Avciliginda Farkh Yemlerin

Kerevit Av Verimine (CPUE) Etkisi

Pinter

ii[;ﬁt Oz: Bu galigmada, kerevit (Pontastacus leptodactylus (Eschscholtz, 1823)) avciliginda, pinter ve

sepet takimlarinda farkli yemlerin av verimine etkilerinin belirlenmesi amaglanmistir. Caligma,
Temmuz 2020 — Mart 2021 tarihleri arasinda, Canakkale Atikhisar Baraj Goli’'nde yuritiilmiistiir.
Calismada 12 adet geleneksel pinter (“D” girisli, 5 gembere sahip, tek yonlendirme) ile yine 12 adet
sepet takimlart (¢ift girise sahip) kullanilmistir. Takimlar Tiirkiye’de kerevit aveiliginda yasal olarak
kullanilan 34 mm g6z acgikliginda agla donatilmistir. Her bir av araci yemli (balik, tavuk, ekmek) ve
yemsiz (kontrol grubu) olmak tizere 4 farkli gruba ayrildi ve her operasyonda rastgele olarak
birbirine eklendi. Yemler, tuzaklarin hacimce %1'ine tekabiil edecek sekilde hazirlanmis kiigiik
torbalara yerlestirildi. 24 basarili avcilik denemesi sonucuna goére toplam avlarin %68,8'1 (1940)
pinterler ve %31,20'si (880) sepetler ile gergeklestirilmistir. Pinter ve sepet takimlarinda en yiiksek
ortalama CPUEy degerleri tavuk eti ile yemlenenlerde gergeklesmis ve pinter igin 7,89+1,02
adet/tuzak/gilin, sepet icin 5,07+0,88 adet/tuzak/giin bulunmustur. Kerevitlere ait ortalama boylar,
pinter takimlan ile yakalananlarda, sepet takimlari ile yakalananlara gore daha kiigiik olarak
gergeklesmis ve aralarinda istatistiki farklar anlamli bulunmustur (p<0,05). Pinter ve sepetlerle
gergeklestirilen operasyon sayilarina gore hesaplanan ortalama CPUE degerleri arasindaki
karsilastirmalarda farklar tavuk eti ile yemlenenler haricinde diger yem gruplari igin anlamli
bulunmustur (p<0,05). Bu sonuglar, kerevit avinda kullanilan pinter ve tuzaklarin yakalama
etkinliginde yem (6zellikle tavuk eti) kullaniminin yemsiz olanlara gore daha etkili oldugunu
gostermistir.
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Effect of Different Baits on Catch Per Unit Effort (CPUE) for Catching Narrow-Clawed Crayfish (Pontastacus leptodactylus) with Fyke-Nets and Traps
in Canakkale Atikhisar Reservoir

Giris

Kerevitler, Crustacea sinifinin, Malacostraca takimina ait,
Astacidae, Parastacidae ve Cambaridae familyalarinda
640’1n tizerinde tanimlanmug tiirti bulunmakta olan, durgun
(Lentik) ve akarsu (Lotik) sistemlerinde bulunabilen,
omnivor omurgasiz canlilardir (Momot vd., 1978; Crandall
ve Buhay, 2007; Cilbiz vd., 2020). Ekonomik degerinin
yiiksekligi nedeniyle balik¢ilik agisindan 6nemli bir gelir
kaynagidir. Bunun yaninda, ekolojik agidan da hareket ve
beslenme aktiviteleri sonucu sediment sirkiilasyonu
saglayarak bentik ortamin baliklar i¢in uygun olmasinda
o6nemli rol oynamaktadir (Momot vd. 1978, Statzner vd.
2003; Albertson ve Daniels 2018, Cilbiz vd. 2020).

Kerevit (Pontastacus leptodactylus (Esch., 1823)) tiirii
Tirkiye’de Egirdir, Beysehir, Aksehir, Eber, Civril,
Apolyont ve Manyas gdlleri gibi tatli sularda dogal olarak
yer almakla birlikte, barajlar gibi su kaynaklarina sonradan
brrakilmistir (Erencin ve Koksal, 1977; Celikkale vd.,
1982; Bolat, 2001; Akhan vd. 2014; Kale ve Berber,
2020). Calismanin yapilacagr Atikhisar Baraj Goli kerevit
tiirlerinin sonradan birakildigr bir gol olup, Canakkale
ilinin igme amagli su temini, tarimsal sulama ve tagkin
kontroli amaci ile 1971-1975 wyillar1 arasinda insa
edilmistir (Koca, 2005). Golde ticari balikgilik faaliyetleri
2007 yilina kadar yapilmasina karsin bu tarihten sonra
sadece amator balikgiliga izin verilmektedir.

Tiirkiye’de kerevit aveiligina yasal olarak (1 Kasim-30
Haziran tarihleri disindaki aylar) izin verilen gollerde,
genellikle pinter takimlart kullanilmaktadir (Anonim,
2020). i¢ sularinda kullamlan pinter takimlar1 genel olarak
5 c¢ember 2 bogaz veya 7 ¢ember ve 3 bogazdan
olusmaktadir. Literatiirde pinterlerin donatilmasinda D
girig ilk olarak Almanya’da kullanilmis (Nédélec, 1975),
Tirkiye’de ise ilk Soke bolgesindeki balikg¢ilar tarafindan
kullanilmasindan dolayi, D girise sahip pinterler “Soke
tipi” olarak isimlendirilmistir (Hossucu, 1998). Tiirkiye’de
kerevit {iretimi 2011-2019 yillar1 arasinda 500 ila 600 ton
dolayinda sabit bir iiretim miktar1 siirdiiriilirken 2020
yilinda %100 oraninda bir iiretim artis1 sonucu 1200 ton
olarak gergeklestirilmistir (TUIK, 2021).

Tiirkiye kerevit avciligr ile ilgili daha ¢ok Egridir ve
Keban baraj golinde c¢aligmalar yogunlagmistir. Bu
calismalar, pinter takimlarinda farkli yem kullanimu ile av
verimi (Balik vd., 2003; Bolat vd., 2011; Demirol vd.,
2015; Cilbiz vd., 2021) ve pinter takimlarinda kullanilan
ag goz seciciligi (Bolat vd., 2010; Cilbiz, 2019; Bolat ve
Ucgun, 2020) tizerinedir. Marmara bolgesinde kerevit
tiirlerinin baz1 populasyon ozellikleri konusunda (Giiner,
2006; Giiner, 2008; Berber ve Balik, 2009) c¢aligmalar
olmasina ragmen, av takimlarma ait av verimi lizerine
yapilmig bir ¢alismaya rastlanilmamustir.

Ticari amach su drlinleri avciliginda 1998 yilina
kadarki yasal diizenlemelerde kerevit avciliginda sadece
ekmek kullanilarak yapilan aveilik yasaklanmigken bu
yildan sonraki diizenlemelerde her tiirlii yem kullaniminin
yasak oldugu belirtilmektedir (Anonim, 1999). Bu yasagin
konulma gerekcesi “balik¢ilarin asir1 yem kullanmalart
sonucu goéllerin su kalitesinde olumsuz etkilenmesi” olarak
aciklanmasina ragmen, gerceklestirilmig bilimsel bir
¢alisma bulunmamaktadir. Buna karsilik yemsiz kullanilan
pinter takimlari ile kerevit avciliginin, yemli kullanilanlara
gore daha verimsiz oldugu konusunda c¢aligmalar
bulunmaktadir (Somers ve Stechey, 1986; Romaire, 1995;
Balik vd., 2003). Bu nedenle uygulamada olan yasak
diizenlemesi balik¢ilar tarafindan elestirilmektedir. Bu
calismada, balik¢ilarin bu elestirilerine cevap verebilmek
adma kerevit (P. leptodactylus) avciliginda, pinter ve sepet
gibi farkli av araglarinda yem kullaniminin av verimi
tizerindeki etkisinin belirlenmesi amaglanmistir.

Materyal ve Yontem

Bu calisma, COMU Hayvan Deneyleri Yerel Etik
Kurulundan 03.02.2020 tarih ve 2020/01-08 karar nolu
izin belgesi ve Tarim-Orman Bakanligi, Balik¢ilik ve Su
Uriin.  Genel Miidiirligii  01.07.2020 tarih  ve
E.1811532’nolu aragtirma izini ile ger¢eklestirilmistir.

Calismanin orneklemeleri Temmuz 2020-Mart 2021
tarihleri arasinda Canakkale ili Atikhisar Baraj Géliinde
gerceklestirilmistir (Sekil 1).
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Sekil 1. Atikhisar Baraj Golii (Canakkale) drnekleme sahasi
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Calisma siiresince, go6lin yiizey suyu sicakligi,
¢ozliinmiis oksijen verileri YSI Pro 2030 ve pH verileri ise
WTW3110 cihazlar1 kullanilarak 6rnekleme sahasindan
toplanmustir.

Arasgtirma materyalini 12 adet “D” girisli, 5 ¢embere
sahip, tek germeli pinter ile yine 12 adet ¢ift girige sahip
kolay kurulabilen sepet takimlar1 (Sekil 2) olusturmustur.
Takimlar kerevit avciliginda yasal olarak kullanilan 34
mm goz agikliginda 210d/12 numara aglarla donatilmistir.
Her iki takimda da giris rampalar1 ayn1 uzunluk ve acida
olacak sekilde dizayn edilmistir.

Pinter ve sepetler 3 yemli (balik, tavuk, ekmek) ve 1
yemsiz (kontrol grubu) olmak iizere toplamda 4 tuzak 1
deneme grubunu olusturmustur. Tuzaklara konulacak
yemlerin miktarinin esit olmasi ve fazla yem kullaniminin
onlenmesi amaci ile yemler av araglarinin hacim olarak

A

%1’ine karsilik gelecek sekilde hazirlanan 9 mm goz
acikligindaki  kiigiik  torbalar  iginde  tuzaklara
yerlestirilmigtir. Av araglart birbirlerinin av verimini
etkilemesinin 6niine gegmek amaciyla her bir operasyon
icin tesadiifi olacak sekilde birbirine baglanarak
brrakilmigtir. Takimlar zemin yapist diiz ve vejetasyonun
olmadigi ~5 m derinlige atilmis 3 giin suda bekletildikten
sonra kaldiridlmigtir.  Yakalanan kerevitlerin  boylari
tuzaklara gore 0,1 mm hassasiyette ve agirliklar1 da 0,01g
hassasiyette olacak sekilde dl¢tilmiistiir. Calismada hedef
tir kerevit olmasi nedeniyle olgiilen kerevitlerle birlikte
yakalanan diger ftiirler canli olarak tekrar suya
brrakilmigtir. Ayrica c¢alismada kullanilan av araglari,
kerevitlerde goriilebilecek hastaliklarin  yayilmasimin
onlenmesi diizenlemesine uygun olarak baska bir i¢ su
kaynaginda kullanilmamaistir.
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Sekil 2. Calismada kullanilan tuzak takimlari: A) Pinter B) Sepet

Calismada farkli yem kullanilan pinter ve sepet
takimlarina ait birim ¢abaya diisen av miktarinin (CPUE)
belirlenmesinde asagidaki esitlikten yararlanilmgtir.

CPUE =} Av (adet yada agirlik) / Birim caba (E)
E= Tuzak sayis1 / balikg¢ilik giinii

olarak kullanilmistir (Ayaz vd., 2016; Cilbiz vd., 2021).
Calismada avlanma periyodunda, ayni yem kullanilan

takimlarla yakalanan kerevitlerin ortalama boylarinin
karsilagtirilmasinda t testi, kullanilan yemlere gore
tuzaklardaki adet bazinda ornek sayilarinin
karsilastirilmasinda da ki-kare testi (%95 giliven aralig1 ve
p<0,05 onem diizeyi ile) kullanilmistir. Avcilik
denemelerinde yemlere gore her operasyona ait birey
sayilarina gore hesaplanan CPUE’lar arasinda istatistiksel
olarak farkin Snemli olup olmadigini belirlemek igin
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ikiden fazla grubun karsilagtirilmasinda kullanilan tek
yonlii varyans analizi (ANOVA) uygulanmistir. Anova testi
sonucunda  gruplar aras1 farkin  hangi  gruptan
kaynaklandiginin belirlenmesinde Post-Hoc Tests olarak
¢oklu deney gruplarindan elde edilen ortalamalari bir
kontrol grubu ile karsilagtirmalarda kullanilan Dunnet’s
test tercih edilmistir. Analiz %95 giiven araliginda p<0,05
onem diizeyine Bonferroni diizeltmesi (0,05/4 = 0,0125)
uygulanmistir (Dunnet, 1955, Siimbiiloglu ve Stimbiiloglu
2000). Istatistik degerlendirmelerde SPSS 23 ve Ms. Excel
programlarindan yararlanilmistir.

Bulgular

Calismada av araglarinin kullanildig: sahalardaki yiizey
suyu sicakligi en yiiksek degeri 27,3°C ile Temmuz ayinda
ve en diisik degeri de 8,3 °C ile Subat sonunda
Olciilmiistiir. Coziinmiis oksijen miktari en yiiksek degerini
19,27 mg/L olarak Eyliil ayinda, en disiik degeri de 7,41
mg/L ile Ekim ayinda dlglilmiistiir. pH degeri ise Temmuz

2020’de 8,26 olarak en yiiksek, Mart 2021 de ise 6,88
olarak en diisiik degerde dlglilmiistiir.

Calismada 2020 yili Agustos, Ekim, ve 2021 yili Ocak
ve Subat aylarinda hava kosullar1 veya takimlarin diizgiin
serilememesi gibi nedenlerle ¢alisilamamis, diger aylarda
toplamda 24 basarili avceilik operasyonu
gerceklestirilmigtir. Tiim denemelerde kerevit haricinde
pinter takimlarinda toplam 4 adet (776,37g) israil sazani
(Carassius gibelio (Bloch, 1782)), sepet takimlarinda da 3
adet (253,31g) Israil sazan1 ve 1 adet (26,37g) ak balik
(Leuciscus cephalus (Linnaeus, 1758)) tiirii yakalanmig
ancak degerlendirme dis1 tutulmustur. Kerevit tiiriine ait
toplam av 2820 adet ve 124024,5 g agirligindadir.
Kerevitlerin av aracina gore dagilimi, %68,8’1 (1940 adet)
pinter, %31,20°1 (880 adet) sepet seklinde gergeklesmistir.
Yakalanan bireylerin minimum ve maksimum toplam
boylart siras1 ile 41,45 mm ve 172,85 mm, ortalama
boylart ise 110,09+0,27 mm’dir. Agirlik olarak minimum
1,61 g, maksimum 137,71 g ve ortalama 42,74+0,35 g
bireyler yakalanmigtir (Tablo 1).

Tablo 1. Pinter ve sepet takimlarinda farkli yemler ile 6rneklenen kerevitlerin birey sayist (N), CPUE , toplam boy ve

agirligin ortalama + standart hata(SE) degerleri

Av N CPUEN CPUEw Total Boy (mm) Agirlik (g)
Araci vem (Adet) Ort+SE Ort+SE Min Mak Ort + SE Min Mak Ort+SE

Balik 534 7,42+1,05 343,8+72,6 | 47,56 163,56 107,87+0,59 7,99 115,95 39,81+0,73

. | Ekmek 519 7,21£1,18 293,1+48,5 | 45,32 151,70 109,01+0,62 7,43 109,23 40,66+0,74

g Tavuk 568 7,89+1,02 326,9+442.4 | 75,57 150,93 109,31+0,56 11,76 113,35 41,44+0,73
Kontrol 319 4,43+0,53 168,3+19,5 | 60,81 150,91 106,81+0,80 5,44 112,93 37,98+0,94

Toplam 1940 6,74+0,70 283,0+£33,6 | 4532 163,56 108,4+0,31 5,44 115,95 40,21+0,38

Balik 224 3,11+0,56 150,4+30,9 | 55,86 154,46 113,89+1,05 4,75 137,71 48,35+1,41

. | Ekmek 187 2,60+0,51 112,5¢23,8 | 57,05 154,58 110,99+1,17 4,62 107,41 43,30+1,37

;')' Tavuk 365 5,07+0,88 271,1£50,9 | 62,70 172,85 117,46+0,74 6,52 135,42 53,48+1,06
Kontrol 104 1,44+0,22 56,54+10,7 | 41,45 146,35 105,64+1,97 1,61 101,93 39,15+£2,11

Toplam 880 3,06+0,35 147,6£19,1 | 4145 172,85 113,7+0,36 1,61 137,71 48,32+0,47

Genel Toplam 2820 4,90+0,39 215,3+20,0 | 41,45 172,85 110,09+0,27 1,61 137,71 42,74+0,35

Pinter ve sepet takimlarinin her ikisinde de yeme gore
adet olarak en yiiksek hesaplanan ortalama CPUEy
degerleri sirasi ile 7,89+1,02 ve 5,07+0,88 adet/tuzak/giin
olarak tavukla yemlenenlerde bulunmustur. Agirlik olarak
ise en yikksek CPUEw degeri, pinter takimlarinda balik ile
yemlenenler de (343,8£72,6 g/pinter/giin), sepet
takimlarinda ise tavuk ile yemlenenlerde (271,1+50,9
g/sepet/giin) hesaplanmistir (Tablo 1).

Pinter ve Sepet takimlar1 ile yakalanmis olan
kerevitlerin yem gruplarina ve drnekleme periyotlarina ait
toplam boy dagilimlar1 Tablo 2’de verilmistir.

Pinter takimlarina ait ortalama boy dagilimlari, sepet
takimlar1 ile yakalanan ortalama boy dagilimlarina gore
daha kiigiik olarak gerceklesmistir (p<0,05). Her iki
tuzagin sadece kontrol grubunda 6rneklerinin boy ortalama
arasinda ve tiim yem gruplarinda temmuz ve eyliil ayinda
yakalananlarin boy ortalamalarinda fark bulunmamigtir
(p>0,05). Ekmekle yemlenenlerde ise sadece Mart ayinda
yakalananlarin ortalama boylarinda fark go6zlenmistir
(p<0,05) (Tablo 2). Calismada farkli yemler ile yakalanan
kerevitlerin 6rnekleme periyotlarinda adet bazinda birey
sayilar1 ve CPUE degerleri Tablo 3’de verilmistir.
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Tablo 2. Tuzaklarda farkli yemler ile yakalanan Kerevitlerin toplam boy (mm) dagilimlar

Pinter Sepet
Yem Tarih P
N Ort+SE Min Mak N Ort+SE Min Mak

Temmuz 20 34 107,21+2.4 80,5 1413 131,7+7,9 116,0 140,32 0,078
Eyliil 20 217 103,6 £0,9 66,9 160,0 68 106,8 +2,0 55,9 137,49 0,143

= Kasim 20 174 110,8+1,1 47,6 163,6 142 116,1+1,2 84,8 146,315 0,001
2 Aralik 20 33 114,9 £1,7 97,5 133,9 8 1236 £2,8 114,5 137,102 0,021
Mart 21 76 110,7 £1,5 81,9 141,2 3 1279+ 13,5 110,3 154,462 0,330
Toplam 534 107,87+0,59 47,6 163,6 224 113,89+1,05 55,9 1545 0,000
Temmuz 20 22 104,0+2,9 81,8 1274 2 105,7 £ 8,2 97,5 113,89 0,869
Eyliil 20 211 103,7+1,0 45,3 143,7 58 108,7 £2,7 57,1 151,72 0,089

é Kasim 20 233 113,6 £0,9 86,5 151,7 113 1124 +1,3 68,9 154,581 0,413
ﬁ Aralik 20 34 1146 +£15 90,1 131,8 12 112,8+4,4 96,6 141,245 0,710
Mart 21 19 106,9+3,5 83,3 142,7 2 93,7+0,3 934 94,0361 0,002
Toplam 519 109,01+0,62 45,32 151,7 187 110,99+1,17 57,1 154,6 0,138
Temmuz 20 34 104,4+2.2 76,9 140,5 5 102,3+£5,1 84,1 114,5 0,726
Eylil 20 216 104,1+0,8 75,6 1445 26 102,0 £ 3,6 62,7 132,3 0,570

< Kasim 20 220 114,1+0,9 83,6 150,9 234 119,2+0,8 93,6 160,223 0,000
E Aralik 20 22 111,4+2.2 90,2 128,8 26 120,5+1,8 95,2 150,615 0,003
Mart 21 76 111,715 79,9 148,9 74 1174+18 82,8 172,848 0,017
Toplam 568 109,31+0,56 75,57 150,93 365 117,46+0,74 62,7 172,85 0,000
Temmuz 20 15 104,8 £4,3 83,1 1415 2 99,6 £15,0 84,9 114,23 0,782
Eyliil 20 127 1025+1,2 60,8 143,3 49 98,8 +£3,2 41,5 137,53 0,294

g Kasim 20 114 111,3+1,2 83,9 138,8 35 108,4+25 79,9 142,921 0,301
é Aralik 20 31 111,9+28 74,7 150,9 16 120,9 + 3,7 87,9 146,354 0,061
Mart 21 32 104,0£25 80,8 139,7 2 1079+5.1 102,8 112,975 0,582
Toplam 319 106,81+0,80 60,81 150,91 104 105,64+1,97 41,45 146,35 0,583
Temmuz 20 105 105,3+1,4 76,9 1415 12 109,8 +5,1 84,1 140,32 0,409

e Eyliil 20 771 103,6 £0,5 45,3 160,0 201 104,8+1,4 41,5 151,72 0,156
%_ Kasim 20 741 112,8 +0,5 47,6 163,6 524 116,2+0,6 83,5 160,223 0,001
= Aralik 20 120 113,4+1,0 74,7 150,9 62 1195+1,6 87,9 150,615 0,001
Mart 21 203 109,7+1,0 79,9 148,9 81 117,0+£1,8 82,8 172,848 0,000
Genel Toplam 1940 108,4+0,31 45,32 163,6 880 113,7+0,36 415 172,8 0,000

24 basarili deneme sonunda her yem grubu igin
toplamda 72 tuzak kullanilmistir. Ornekleme periyodu
boyunca yem gruplaria ait CPUE degerlerine gére pinter
takimlar1 sepet takimlarindan daha verimlidir. Ornekleme
periyodlarinda gergeklestirilen operasyon sayilarina gore
hesaplanan CPUE degerleri arasinda yapilan ki-kare (y?)
testleri sonucunda tiim yem gruplarinda farklar anlamh
bulunmustur (p<0,05)(Tablo3).

Pinter ve sepetlerde, her operasyonda, kullanilan
yemlerle elde edilen bireylerin CPUEpiner V& CPUEsepet
degerlerinde yemler - kontrol grubu aralarinda istatistik
kargilagtirma amact ile uygulanan Anova testi sonucunda
fark bulunmustur [F(3, 92)=6,46, p= .00]. Tablo 4’de bu
farkin hangi yemden kaynaklandigin1 belirlemek igin
uygulanan Post-Hoc Test (Dunnett's test) analizi
sonucunda her iki av araci i¢in de tavuk-kontrol grubu
karsilastirmasindan kaynaklandig tespit edilmistir.
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Tablo 3. Tuzaklarda kullanilan yemlere gore drnekleme aylarinda birey sayist ve CPUE degerleri

. Opr. Tuzak Pinter Sepet
RELUN Sa5151 Sayim | N CPUEp | N CPUEs | *? P
Temmuz 20 1 3 34 11,3 1,0
Eyliil 20 9 27 217 8,0 68 2,5
= Kasim 20 9 27 174 6,4 142 5,3 75,96 0,000
S Aralik 20 2 6 33 55 8 1,3
Mart 21 3 9 76 8,4 3 0,3
Toplam 24 72 534 7.4 224 3,1 126,78 0,000
Temmuz 20 1 3 22 7,3 2 0,7
o Eyliil 20 9 27 211 7,8 58 2,1
2 Kasim 20 9 27 233 8,6 113 4,2 17,29 0,002
X Aralik 20 2 6 34 5,7 12 2,0
Mart 21 3 9 19 2,1 2 0,2
Toplam 24 72 519 7,2 187 2,6 156,12 0,000
Temmuz 20 1 3 34 11,3 5 17
Eyliil 20 9 27 216 8,0 26 1,0
é Kasim 20 9 27 220 8,1 234 8,7 1336 0,000
& Aralik 20 2 6 22 3,7 26 43
Mart 21 3 9 76 8,4 74 8,2
Toplam 24 72 568 7.9 365 5,1 4416 0,000
Temmuz 20 1 3 15 50 2 0,7
_ Eyliil 20 9 27 127 47 49 18
g Kasim 20 9 27 114 4,2 35 13 17,29 0,023
é Aralik 20 2 6 31 5,2 16 2,7
Mart 21 3 9 32 3,6 2 0,2
Toplam 24 72 319 4.4 104 14 109,27 0,000
Temmuz 20 1 3 105 8,8 12 1,0
e Eyliil 20 9 27 771 7,1 201 1,9
& Kastm 20 9 27 741 6,9 524 49 137,25 0,000
§ Aralik 20 2 6 120 5,0 62 2,6
Mart 21 3 9 203 5,6 81 2,3
Toplam 24 72 1940 6,7 880 3,1 398,44 0,000

Tablo 4. Pinter ve sepet operasyonlarinda yem gruplari aras1 Post Hoc Test analizleri

Post Hoc Test (Dunnet’s Test)

Elalas P(td to%t) (Si;?frii;nt)
Balik Kontrol 0,0151 Fark Yok
Pinter Ekmek Kontrol 0,0377 Fark Yok
Tavuk Kontrol 0,0044 Fark Var
Balik Kontrol 0,0191 Fark Yok
Sepet Ekmek Kontrol 0,0454 Fark Yok
Tavuk Kontrol 0,0002 Fark Var
Pbank Shalk 0,0008 Fark Var
vem PEKkmek Sekmek 0,0008 Fark Var
Ptavuk Stavuk 0,0424 Fark Yok
Pkontrol Skontrol 0,0000 Fark Var

(Bonferroni Correction = 0,0125)
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Ayni yem grubu kullanilan takimlara ait CPUE
degerleri arasinda farkin belirlenmesinde uygulanan tek
yonli varyans analizi (ANOVA) sonucunda da fark
belirlenmistir [F(3, 876)=17,77, p= .00]. Farki olusturan
grubun bulunmasi igin uygulanan Post Hoc Test analizi
sonucunda, tavuk eti kullanilan takimlarin CPUE degerleri
arasinda fark olmadigr (p>0,0125), balik ve ekmekle
yemlenenler ile her iki kontrol gruplarina ait CPUE
degerleri arasindaki farkin anlamli oldugu (p<0,0125)
sonucuna ulagilmistir (Tablo 4).

Tartisma ve Sonug¢

Kerevit tiirlerinin avciliginda pinter ve sepet gibi tuzak
smifinda yer alan av araglarinin kullanimi oldukga
yaygindir. Tuzak avciligint etkileyen birgok faktoriin
varligt Romaire (1995) tarafindan genel olarak su
ortaminin 6zellikleri (su sicakligi, su kalitesi, pH, derinlik
vb.), tiire ait Ozellikler (popiilasyon yogunlugu, boyut
yapisi, yem ve beslenme rejimi vb.), ve av aracina ait
ozellikler (tuzak ve giin sayisi, yem tipi ve yem miktart,
tuzak tasarimi ve yakalama stratejisi vb.) olarak
simiflandirilmigtir. Bunun yaninda substrat (Flint, 1977,
Flint ve Goldman, 1977; Somers ve Stechey, 1986), ay
dongiileri (Morgan, 1974; Flint, 1977; Somers ve Stechey,
1986) ve predator tiirlerin bulunmasi (Collins vd., 1983)
gibi etkenlerde etkili olmaktadir.

Bu c¢alismada ortam  Ozelliklerinin  tiir  i¢in
uygunlugunun belirlenmesi amaciyla su ozelikleri
Olciilmiistiir. Calisma siiresince yiizey suyu sicakligt
ortalamas1 15,8+£2,27°C, pH ortalamas1 7,73+0,13 ve
¢Oziinmiis oksijen ortalamasi 11,78+1,48mg/L olarak
belirlenmistir. Bu su kalite parametreleri, Koksal (1988)
tarafindan kerevit tiiriiniin biiyiime ve geligsmesi i¢in kabul
edilebilir smirlar iginde yer almustir. Kerevit tiirii igin
sudaki ¢oziinmiis oksijen miktarinin 3 mg/L altina diistiigii
durumlarda davraniglarda anormallikler goriildiigi ve
hareketin yavagladigimi belirtilmistir (Aksu ve Harlioglu,
2003; Huner, 1988). Su ortamindaki ¢6ziinmiis oksijen
miktarinin belirli bir siire boyunca 3 mg/L’nin altinda
kalmasi kerevitlerde fizyolojik strese neden olmakta ve
beslenme aktivitelerini  etkileyerek yakalanmalarim
azaltabilmektedir (Araujo ve Romaire, 1989; Bolat vd.,
2011). Calisgmamizda oksijen miktari en diisiik 7,41 mg/L
olarak Ol¢lilmiigtiir. Tim bu su o6zelliklerinin tiiriin
dagilimi ve gelisimini olumsuz bir etki gostermedigi ve
dolayis1 ile denemelerde avcihigin gergeklesmesinde de
olumsuz bir etkisinin olmadig1 goriilmiistiir.

Kerevit tiirlerinin genelde giines battmindan sonra, hem
hayvansal hem de bitkisel olarak beslendikleri
bilinmektedir (Diler, 2013). Yetistiriciligi ile ilgili yapilan
caligmalarda, besin olarak genelde taze olanlar1 tercih
etmekte olduklart ve her tiirlii et, ticari balik yemleri ile
bitki tohumlari, patates, havug, kurutulmus ot gibi besinleri
kullandiklar1 belirtilmistir (Alderman ve Wickins, 1990;
Yiiksel, 2007). Bunun yaninda tuzakla avcilikta yem
olarak balik, tavuk, evcil hayvan mamasi ve karaciger
mamas! gibi et tirevli yemlerin taze olmalarinin
yakalamada daha etkili olacagi belirtilmistir (Bean ve
Huner, 1978; Somers ve Stechey, 1986). Bu nedenle

calismamizda kerevit tiirlerinin besin olarak tiiketebilecegi
balik, ve tavuk yem olarak tercih edilmis ve etler taze
olarak kullanmilmistir. Balik vd. (2003) tarafindan Egridir
go6liinde yapilan ¢alismada pinter avciliginda yem olarak
ekmek, patates, elma ve balik (Prusya sazani Carassius
auratus gibelio (Bloch, 1782)) kullanmis ve diger
calismalarin aksine ekmegin kerevit avciliginda daha etkili
oldugunu ve diger yemlerle bos olanlar arasinda fark
olmadigin1 belirtmistir. Bolat vd. (2011) tarafindan yine
Egridir Golii’'nde yapilan diger bir ¢alismada ise Prusya
sazant ile yemlenen ve yemsiz pinter takimlari
karsilagtirmasinda, yemsiz  pinterlerin  daha  etkili
oldugundan bahsetmis olsa da, balik¢ilar ve diger bazi
yazarlar tarafindan, kerevitlerin yemsiz olarak kullanilacak
pinter takimlarindaki verimin daha az olacagi konusunda
ortak bir goriis vardir (Somers ve Stechey, 1986; Romaire,
1995; Balik, vd., 2003). Bizim g¢aligmamizda da pinter
takimlarinda yakalanan birey sayilar1 yemsiz olarak
kullanilan kontrol grubuna gore, tavuk eti ile yemlenenler
1,78 kat, balik ile yemlenenler 1,67 kat ve ekmek ile
yemlenenler 1,63 kat daha fazla yakalamigtir. Sepet
takimlarinda ise kontrol grubuna gore, tavuk eti ile
yemlenenler 3,50 kat, balikla yemlenenler 2,15 kat ve
ekmekle yemlenenler 1,79 kat daha fazla birey
yakalamustir (Tablo 1).

Tuzaklarda yem olarak tavuk kullanilan takimlarda
yakalanan kerevitlerin ortalama boylar1 diger yemlere gére
daha biiyiik bireyler olusturmus (Tablo 2) ve Somers ve
Stechey (1986) ve Balik vd. (2003) tarafindan yapilan
calismalarla uyum saglanmistir. Ancak Bolat vd. (2011)
balik ile yemlenen ve yemsiz tuzak karsilagtirmasinda
yemsiz tuzaklarin daha biiyilk bireyleri yakaladigini
sonucunu bulmasi, akla, daha dnce de belirttigimiz tuzakla
yakalamay1 etkileyen faktorlerden bazilarindan kaynakli
olabilecegini, getirmektedir. Ornegin, av aracimin donam
ozelligi etkili olabilmektedir. Ozellikle av araclarinin giris
boliimiindeki rampalarin donatilma agilari kiigiik bireylerin
tirmanmalarini olumsuz yonde etkilemesi
gozlenebilmektedir. Bu caligmada, rampadan kaynakli
etkinin azaltilmas1 i¢in her iki av araciin girig
boliimiindeki rampalar ayni agiya sahip olacak sekilde
donatilmis ve av verimi {izerine yemin etkili olmasi
lizerinde durulmustur.

Pinter ve sepet takimlar1 arasinda donam yapilarindaki
farklilik pinter takimlarinda yonlendirme boliimiiniin yer
almasidir. Bu sayede av pinter agzina yonlendirilir ve
yakalamay1 daha etkili kilar. Tiir barinma ya da beslenme
amaciyla tuzaklar i¢ine girebilmektedir (Cilbiz vd. 2021).
Calismada Tablo 3’te gozlenen sonuglara gore de pinter
takimlarinin tiim yem gruplarma ait CPUE degerleri sepet
takimlarindakilerden daha fazladir. Sepet takimlarinda ise
yonlendirme  aginin  olmamasma  ragmen, yem
kullanilanlarin, yem kullanilmayan kontrol grubuna goére
daha fazla CPUE degerlerine sahip olmasi (Tablo 3),
kerevitin barinma i¢giidiisiinden ziyade, yeme yoneliminin
daha etkili olmasi sonucu yakalandigini diigiindiirmektedir.

Kerevitlerin hangi yemi tercih ettikleri ile ilgili yapilan
karsilagtirmalarda her iki av araci i¢in de tavuk-kontrol
grubu karsilagtirmasindan kaynaklandigi tespit edilmistir
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(p<0.0125) (Tablo 4). Bu sonuglar kerevitlerin tuzaklara
yakalanmalarinda yem kullaniminin ve &zellikle tavuk eti
ile yemlemenin daha etkili oldugunu géstermistir.

Ticari Amach Su Uriinleri Avciligmi diizenleyen
tebligde kerevit avciliginda yem kullanim yasaginin
“balik¢ilarin fazla yem kullanarak su kalitesini olumsuz
etkilenmesi” nedeniyle alindig1 goz ardi edilmeden tekrar
diizenlenmesi ve yem kullanimina izin verilirken
kullanilacak yem tiirli yaninda, konulacak yem miktarinin
da tuzagin hacmine gore belirlenmelidir. Ayrica gelecekte
yapilacak bilimsel c¢aligmalarda yem miktar1 {izerinde
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Abstract: In this study, the length-weight data for bluespotted cornetfish, Fistularia commersonii in

Key words: the Iskenderun Bay (NE Mediterranean Sea, Tiirkiye) was reported. F. commersonii specimens were

. . caught from Iskenderun Bay between September 2018 and March 2019. The total length and total
Fistularidae weight of both sexes varied from 23.0-108.1 cm and 4.0-599.58 g. The length-weight relationship
Length was determined as W= 0.0005xL2°* (R%= 0.969) with negative allometric growth for both sexes.
Weight The values of the exponent b of the length-weight relationships (LWRs) were 2.993 for females and

Regression parameters
Iskenderun Bay
Mediterranean Sea

Anahtar kelimeler:

Fistularidae

Boy

Agirhik

Regresyon parameterleri
Iskenderun Korfezi
Akdeniz

2.925 for males. This present study provides the first comprehensive gender-based description of the
length-weight relationships of F. commersonii from the northeastern Mediterranean Sea, Tiirkiye

Kuzeydogu Akdeniz’den (Tiirkiye) Fistularia commersonii Riippell
1835'nin Boy-Agirlik iliskileri

Oz: Bu calismada, Iskenderun Korfezi'ndeki (KD Akdeniz, Tiirkiye) kiilah baligi, Fistularia
commersonii Riippell 1835 i¢in uzunluk-agirlik verileri rapor edilmektedir. Iskenderun Kérfezi'nden
yakalanan F. commersonii érnekleri tizerinde Eyliil 2018 ve Mart 2019 tarihleri arasinda bir ¢aligma
yapilmustir. Her iki cinsiyetin toplam uzunlugu ve toplam agirligi 23.0-108.1 cm ve 4.0-599.58 g
arasinda degismistir. Boy-agirlik iligkisi, her iki cinsiyet igin negatif allometrik biiyiime W=
0.0005xL2%3 (R?= 0.969) olarak belirlenmistir. Boy-agirlik iliskilerinin (LWR'ler) b iissiiniin
degerleri, disiler i¢in 2.993 ve erkekler igin 2.925'tir. Bu ¢alisma, Tiirkiye'nin Kuzeydogu Akdeniz
bolgesinden F. commersonii'nin boy-agirlik iliskilerinin cinsiyetlerine gore ilk kapsamli tanimini
sunmaktadir.

Introduction

Members of the family Fistularidae are represented by the
genus Fistularia Linnaeus, 1758 with four valid species
described in the literature so far; Fistularia commersonii
(Riippell, 1838), Fistularia corneta (Gilbert and Starks,
1904), Fistularia petimba (Lacepéde, 1803), and
Fistularia tabacaria (Linnaeus, 1758) (Fritzsche, 1976). F.
commersonii and F. petimba species have been reported in
the Mediterranean waters (CIESM, 2022) and the Red Sea
(Fischer & Bianchi, 1984).

The blue-spotted cornetfish F. commersonii is a reef-
associated fish species and occurs between depth ranges of
0 - 132 m (Mundy, 2005) and is commonly found in sandy
bottoms and near seagrass meadows (Fritzsche, 1976;

*Corresponding author: deniz.erguden@iste.edu.tr

Watson & Sandknop, 1996; Bilecenoglu et al., 2002; Pais
et al., 2007). It mainly feeds on many small fishes, various
squids, and shrimps (Hiatt & Strasburg, 1960; Khalaf &
Disi, 1997; Saad & Sabour, 2010).

Living organisms that migrate to the Mediterranean via
the Red Sea are called "Lesepsian species”. F.
commersonii is known as a lessepsian sprinter species
(Stern et al., 2017) with a fast-spreading and wide
geographical distribution (Karachle et al., 2004). This
lessepsian splinter species was first recorded from the
coasts of Israel (Eastern Mediterranean) (Golani, 2000,
Golani et al., 2007, Golani, 2010).
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The length-weight relationship is a critical parameter in
fish biology (Erguden et al., 2017; Erguden et al., 2018;
Erguden et al., 2020) and is used to recognize the ecology
and life cycle of fish species when morphological
comparison of populations from different geographical
areas are made (Petrakis & Stergiou, 1995). The length-
weight relationship parameters can also provide
information on the stock condition and growth studies. In
addition, the length-weight relationship is commonly used
to convert growth-in-length equations for the prediction of
weight-at-age and apply in stock assessment models
(Pauly, 1993), to calculate condition indices (Anderson &
Neumann, 1996).

In the Mediterranean Sea, previous compherensive
studies of the bluespotted cornetfish which were carried
out were focused on the population structure of the species
(Bariche, & Kajajian, 2012), maximum length and
biological data (Edelist, 2014; Castriota et al., 2014;
Mouine-Oueslatia et al., 2017), diet (Bariche, 2007;
Bariche et al., 2009; Kalogirou et al., 2007), reproduction
(Bariche et al., 2013, morphometry (Raghep, In press),
new record (Golani, 2000, Bilecenoglu et al., 2002;
Corsini et al., 2002; Azzurro et al., 2004; Ben Souissi et
al., 2004; Fiorentino et al., 2004; Pipitone et al., 2004;
Azzurro, 2006; Micarelli et al., 2006; Sanchez-Tocino,
2007; Dulcic et al., 2008; Kara & Oudjane, 2008;
Psodomakis et al., 2009; Rafrafi-Nouira et al., 2011;
Meloni & Piras, 2013) and distribution (Gokoglu et al.,
2002; Corsini et al., 2002; Ligas et al., 2007; Pais et al.,

2007; Joksimovi¢ et al.,, 2008; Occhipinti-Ambrogi &
Galil, 2008; Garibaldi & Orsi Relini, 2008; Hemida &
Capapé C. 2009; Elbaraasi & Elsalini, 2009; Bodilis et al.,
2011; Deidun & Germana, 2011; Azzurro et al., 2013;
Tiirker Cakir et al.,, 2014; Banaru & Harmelin-Vivien,
2018).

Although only a few studies have been conducted on F.
commersonii length-weight relationships (Taskavak &
Bilecenoglu, 2001; Erguden et al., 2009) and maximum
length (Torcu Koc et al., 2019) in the Mediterranean coasts
of Turkey, none of the results of the reported length-
weight data were evaluated with respect to gender. The
present study, comprehensively reports the length-weight
relationships (LWRs) of male and female F. commersonii
foe rhe first time in the eastern Mediterranean, Tiirkiye.

Material and Methods

A total of 146 fish specimens were collected from a
commercial trawler at 10-30 m depths between September
2018 and March 2019 from 4 different fishing localities
(Samandag, Arsuz, Pirinclik, Dértyol) in the Iskenderun
Bay, Turkey (Figure 1). The collected specimens were
identified onboard and then preserved in an ice box. In the
laboratory, each fish was measured for total length (TL) to
the nearest 0.1 cm and weighed to the nearest 0.01 g. Fish
specimens were identified based on Fritzche (1976) and
Golani (2000) and also validated following FishBase
(Froese & Pauly, 2022).

]
35°30'E

"
@ Iskenderun
“/
% Pirinclik

Arsuz
<.
 36°20'N <
\\.‘gamandagi "

MEDITERRANEAN N

SEA 3 )
el
\\"-s ")-."'. ',

R MI:IY '-"" N
%\J\\Jﬁ..u-w - ?" i T

s

Figure 1. Sampling areas in the Iskenderun Bay
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The length-weight relationships were established using
linear regression analysis with the equation W= axL” (W:
fish weight, TL: fish total length, a: intercept parameter,
and b: slope parameter). Logarithmic expression was used
for the data. TW and TL were converted: INTW =In(a) +
bin(TL) (Bagenal & Tesch, 1978; Avsar, 2016).

The determination coefficient (r?) was used as an
indicator of the quality of the linear regression. A
significant difference of b values from 3, which represent
isometric growth, was tested using a t-test (Pauly 1993).
Analysis of variance (ANOVA) was used to test the
difference of the b values of the length-weight relationship
between sexes (Zar, 1999). All data were statistically
analyzed by using Microsoft Excel 2018 and IBM SPSS
statistics (Version 23.0, Armonk NY: IBM Corp.) package
programs.

Results

In this study, a total of 146 (86 females and 60 males)
F. commersonii specimens which were caught from
Iskenderun Bay were examined. The population of F.

commersonii of comprised of 58.9% of females and 41.1%
of males. The sex ratio for female and male individuals
(M:F) was 1.00:1.43. The difference between male to
female ratio was not statistically significant at 0.05,
(p>0.05).

The total length of all individuals ranged from 23.00 to
108.10 cm TL and weighed between 4.00 g. and 599.58 g.
Males and females ranged from 23.00 to 98.50 cm TL and
29.00 to 108.10 cm TL. The maximum TL and weight
recorded as 108.10 cm and 599.58 g, respectively
belonged to a female individual of F. commersonii. The
descriptive statistics and estimated parameters of the
length-weight relationship are given in Table 1. The
ANOVA test indicated the differences length-weight
relationships between females and males were not
statistically significant (P > 0.001). Length-weight
relationships are given in Table 2 for females, males and
both sexes, including sample size (n), equation parameters
a and b, the 95% confidence limits for both parameters and
the coefficient of determination (r?).

Table 1. Mean and standard deviation, maximum, minimum for length (L) and weight (W) parameters of each sex of

Fistularia commersonii

Sex n Tota_1| Length Total Length Totql Weight Total Weight
(Min-Max) Mean+SE (Min-Max) Mean+SE
Female 86 29.00-108.10 64.00+2.11 7.00-599.58 140.56+15.27
Male 60 23.00-98.50 63.67+2.11 4.00-39 6.30 131.21+14.40
Both sexes 146 23.00-108.10 63.86+1.62 4.00-599.58 136.72+10.68

n: Sample size; Min: minimum; Max: maximum

Table 2. Length-weight relationships of Fistularia commersonii from Iskenderun Bay, Turkey

N Sex a b 2 SEofb  95% Clofb P iy
Type
86 Female 0.00040 2.993 0.965 0.062 2.870-3.117 <0.05 Allometric (-)
60  Male 0.00050 2.925 0.974 0.063 2.799-3.050 <0.05 Allometric (-)
146  Bothsexes  0.00050 2.963 0.969 0.044 2.875-3.050 <0.05 Allometric (-)

n: Sample size; a: Intercept of the relationship; b: Slope of the relationship; S.E: Standart error, r% Coefficient of

determination

Overall, the b value for both of female (b = 2.993) and
male (b = 2.925) population were calculated as negative
allometric growth (b < 3.00) (Figure 2). The length-weight
relationships of F. commersonii for female, male and both
sexes, were described as W= 0.0041xL 2% (R?= 0.965),

W= 0.0005xL2%% (R?= 0.974) and W= 0.0005xL%%3 (R?=
0.969) respectively (Figure 2). The length-weight
regressions were significant (P < 0.001) for all sexes, with
all r? values greater than 0.96.
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Figure 2. Length-weight relationship of female, male and both sexes for Fistularia commersonii from the Iskenderun Bay
(Eastern Mediterraenan Sea)
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Discussion

Overall, sex ratio (male: female = 1.00:1.43) was slight
different from the accepted ratio of 1:1 (32 = 5.21, p >
0.05) with the dominance of females in the population
which is similar to Bariche & Kajajian (2012) who found
the sex ratio as 1:1.51 from the eastern Mediterranean
waters. The sex ratio may vary from species to species,
even differing from one population to another within the
same species, and may also show temporal variations
within the same population (Nikolsky, 1980). Small
differences in the sex ratio may also be due to the sample
size.

The total lengths for both sexes ranged between 23.0-
108.0 cm (63.86 + 1.42) and the total weight ranged
between 4.0-599.58 g (136.72+10.68). Females were found
to grow slightly larger than the males. Larger samples with
higher length and weight values were reported in other
studies. For example, Torcu Koc et al. (2019) reported
max length (116.5 cm TL) and weight data (1291.88 g) for
F. commersonii collected from Iskenderun Bay
(Mediterranean Sea, Turkey) (Table 3). Similarly, Dulcic
et al. (2008) declared a maximum length of 115.0 cm TL
and a maximum weight of 1210.0 g for F. commersonii
from the Adriatic Sea, Croatia. In the previous studies in
Table 3; Golani (2000) reported the standard length as
26.8-51.6 cm for F. commersonii from the Mediterranean
Sea (Israel). While Corsini et al. (2002) stated that the
minimum and maximum values of standard lengths of the
samples collected from Rhodes Island (Adana, Turkey)
ranged between 14.1-73.4 cm, Kalogirou et al. (2007)
reported the standard length as 5.0-108.0 cm for F.
commersonii collected from SE Aegean Sea (Greece).
However, Saad & Sabour (2010) reported the total length
as 29.0-108.0 cm for F. commersonii collected from the
Syrian coast (Syria). Deidun and Germana (2011) stated
that the minimum and the maximum values of total length
for F. commersonii collected from Maltese Islands
(Malta), ranged between 30.0-110.0 cm. Bariche &
Kajajian (2012) reported the total length as 19.2-113.1 cm
from the Tunisian coast (Tunisia). Bilge et al. (2014)
reported the total length as 31.4-63.2 c¢cm for F.
commersonii collected from the Southern Aegean Sea
(Turkey). In addition, investigation on the populations of
the F. commersonii living in the Central Mediterranean
Sea and South of Sicily showed that the minimum and the
maximum values of total length ranged between 66.0-
115.0 cm and 66.0-115.0 respectively (Castriota et al.,
2014; Vitale et al., 2016). The nearest one to the length
values presented in our study stated that the minimum and
the maximum values of the total length as 24.1-107.5 for
F. commersonii collected from West of Alexandria,
(Egypt) Raghep (2002). Comparison of previously
published maximum length-weight data for F.
commersonii from different Mediterranean areas is given
in Table 3.Size differences are related to sex, fishing gear,
season and habitat and are also considerably affected by
factors such as reproductive activity, nutrition and
environmental factors (Le Cren, 1951; Froese, 2006).

The b value of the length-weight relationships varies
between 2.5 to 3.5 (Froese 2006). A value of b indicates
that fish grows symmetrically or isometrically and
allometrically in which b is different from 3. In this study,
b values were calculated as 2.993, 2.925, and 2.963 for
females, males and both sexes which indicated negative
allometric (-) growths, respectively. Comparison of the b
values from different regions showed that these values
vary from negative to positive allometric growths (Table
4).

The b values found in the present study were generally
in agreement with similar results for the Mediterranean
waters of Turkey (Table 4). Erguden et al. (2009) reported
the b value as 2.540 for F. commersonii from Southeastern
Mediterranean. Bilge et al. (2014) reported the b value as
2.727 from Southern Aegean Sea, Turkey. On the contrary,
the previous studies of positive (+) allometric growth of F.
commersonii have been reported by Kalogirou et al. (2007)
and Castriota et al. (2014). In their studies, b values for
both sexes of F. commersonii were calculated as b= 3.377
in the SE Aegean Sea and 3.372 from the Mediterranean
Sea. Similar findings from the Mediterranean waters were
reported; Bariche and Kajajian (2012) and Vitale et al.
(2016) reported b values as 3.406 and 3.619 respectively,
for F. commersonii. These differences of b value may stem
from differences in ecological factors (Wootton, 1998).
According to Le Cren (1951), b value may fluctuate in a
particular species due to gender, food availability,
preservation  method, gonadal  maturation, and
physiological condition.

Length-weight relationships in fishes are affected by
several factors including habitat, area, seasonal effect,
general fish condition, gonad maturity, sex, diet and
stomach fullness, health and preservation techniques
(Tesch, 1971; Bagenal & Tesch, 1978). Consequently, the
present length and weight relationships reported in this
study may be usefult for fishery biologists to compare
general health status, morphological characteristics and the
growth pattern of Fistularia commersonii populations from
different locations and habitats and can be used as a
guideline for this species in the future.
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Table 3. Comparison of maximum length-weight data for F. commersonii from different localities in the Mediterranean

Sea
References Ma)zcﬁ)n gth L.?;gzh W?;?ht Locality/Country
Golani (2000) 51.6 SL 82.5 Mediterranean Sea, Israel
Bilecenoglu et al. (2002) 72.8 TL - Antalya Bay, Turkey
Gokoglu et al. (2002) 775 TL 350.0 Antalya Bay, Turkey
Gokoglu et al. (2002) 64.0 TL 180.0 Gokova Bay, Turkey
Corsini et al. (2002) 73.4 TL - Rhodes Island, Greece
Karachle et al. (2004) 92.0 TL 448.1 North Western Aegean Sea, Greece
Ben Soussi et al. (2004) 98.7 TL - Gabes Gulf, Tunisia
Fiorentino et al. (2004) 90.4 TL 345.0 Strait of Sicily, Italy
Azurro et al. (2004) 104.5 TL - Strait of Sicily, Italy
Pipitone et al. (2004) 84.5 SL - NW Sicily, Italy
Micarelli et al. (2006) 78.9 TL - North Tyrrhenian Sea, Italy
Sanchez-Tocino (2007) 104 TL Iberian Peninsula
Garibaldi & Orsi Relini (2008) 92.6 TL 450.0 Ligurian Sea
Dulcic et al. (2008) 115.0 TL 1210.0  Adriatic Sea, Croatia
Psomadakis et al. (2008) 84.7 - - Latium coasts, Italy
Joksimovic et al. (2009) 715 TL - Montenegrin Coast
Bariche et al. (2009) 112.0 TL - Lebanon
Hemida & Capape (2009) 83.5 TL - Algerian coast
Kara & Oudjane (2009) 86.3 TL 405.0 Algerian Coast, Algeria
Psomadakis et al. (2009) 101.3 TL - Aegean Sea, Greece
Ergiiden et al. (2009) 65.0 TL 98.20 Eﬁer;; Mediterranean, Iskenderun Bay,
Deidun & Germana (2011) 102 TL 450.0 Maltese Waters, Maltese
Bodilis et al. (2011) 100 TL - French Coast, France
Bariche et al. (2013) 113.0 TL - Mediterranean Sea
Meloni & Piras (2013) 92.0 TL 1700 ggférn\l’:eﬁ;el? Mediterranean Sea,
Edelist (2014) 99.5 TL 926.0 Israel
Tiirker-Cakir et al. (2014) 53.9 TL 68.8 Edremit Bay, Turkey
Mouine-Oueslatia et al. (2017) 80.0 TL 930.2 Gulf of Tunis, Tunisia
Bénaru & Harmelin-Vivien (2018) 99.0 TL 347.2 Bay of Marseille, France
Elbaraasi & Elsalini (2009) 95.0 TL 395.0 Benghazi, Libya Coast
Torcu Koc et al. (2019) 116.5 TL 1291.88  Iskenderun Bay, Turkey
This study 108.1 TL 599.58  N.E Mediterranean, Turkey

n: Sample size; TL: Total length; SL; Standard length
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Table 4. Comparison of length-weight relationships parameters for F. commersonii from different regions

Length
Author(s) Area Len%(t:rr}};l'ype Sex Min-Max a b r
(cm)
Fritzsche (1976) Pacific Ocean 29 SL - 17.8-86.5 - - -
Pauly et al. (1998) Manila, Philippines 2 TL ; 78.0-104 000056 3000 -
Golani (2000) Mediterranean Sea, 3 SL ) 26.8-51.6 ) ) )
Israel
Corsini et al. (2002) Rhodes Island, 37 SL F+M 14.1-73.4 ) ) )
Greece
Kalogirou et al. (2007) gE Aegean Sea, 245 SL F+M 5.0-108.0 0000147 3377  0.994
reeece
Ergiiden et al. (2009) Southeastern 58.0-65.0
Mediterranean, 12 TL F+M 0.01120 2540 0.981
Turkey
Saad & Sabour (2010) Syrian Coast 40 TL E+M 29.0-108 - - -
Deidun and Germana (2011) Maltese Island 21 TL F+M 30.0-110.0 - - -
Rafrafi-Nouira et al. (2011) Tunisian coast 14 TL F+M 94.3-107.4 - - -
Bariche & Kajajian (2012)  \jegiterranean Sea 1073 TL F+M 192-1131 001066 3406  0.989
Bilge et al. (2014) Southern Aegean 31.4-63.2
Sea, Turkey 48 TL F+M 0.01180 2.727 0.992
Castriota et al. (2014 66.0-115.0
(2014) Central 60 L F+M 000010 3372 0857
Mediterranean Sea
Vitale et al. (2016) South of Sicily 23 TL F+M 69.0-104.0 0.0000009 3619 -
Raghep (2022) West of Alexandria, 338 TL E+M 24.1-107.5 ) ) )
Egypt
This study N.E Mediterranean, 146 TL F+M 23.0-108.1 0.0005 2963  0.969

Turkey

n: Sample size; TL: Total length; SL; Standard length; F: Female; M: Male; a: Intercept of the relationship; b: Slope of the relationship; r: Coefficient of

determination

Acknowledgments

This study was supported by the Research Fund of
MAF, General Directorate of Agricultural Research and

Policies. TAGEM Project No: TAGEM 16/AR-GE/21.

Conflict of Interest

Authors declare no conflict of interest pertaining to the
publication of this manuscript.

Author Contributions

Deniz Ergiiden (DE):
Investigation,

curation, Validation,

Designed the study,
analysis,

Formal

Data

Writing - original draft, final editing. Mevlut Giirlek
(MG): Validation, Supervision, Investigation, review &
editing. Cemal Turan (CT): Data curation, Validation,
Supervision, Investigation, Formal analysis, Writing -
original draft, Writing - review & editing. All authors
discussed the results and contributed to the final version of
the paper.

Ethics Approval

The materials used in the article were collected from
the commercial trawler. Ethics committee approval is not
required for this study. The study was carried out with the
research permit (date: 29.09.2017 and number: E.2412565)
of the Ministry of Agriculture and Forestry, General
Directorate of Fisheries and Aquaculture.

References

Anderson, R. O., & Neumann, R.M. (1996). Length,
weight, and associated structural indices. In B.R.
Murphy & D.W.E Willis (Eds.), Fisheries Techniques,
2nd edition (pp. 447-476). American Fisheries Society:
Bethesda.

Avsar, D. (2016). Balik¢ilik Biyolojisi ve Popiilasyon
Dinamigi. 1st editon, Ankara: Akademik Kitabevi.

Azzurro, E., Pizzicori, P., & Andaloro, F. (2004). First
record of Fistularia commersonii from the central

83



Length-Weight Relationships of Fistularia commersonii Riippell 1835 from the Northeastern Mediterranean Sea, Tiirkiye

Mediterranean. Cybium, 28(1), 72-74.
doi: 10.26028/cyhium/2004-281-011

Azzurro, E., Soto, S., Garofalo, G., & Maynou, F. (2013).
Fistularia commersonii in the Mediterranean Sea:
invasion history and distribution modeling based on
presence-only- records Biological Invasions, 15(5),
977-990. doi: 10.1007/s10530-012-0344-4

Banaru, D., & Harmelin-Vivien, M. (2018). First catch of
Fistularia commersonii Ruppell, 1838 in the Bay of
Marseille (France, northwestern Mediterranean Sea).
Cybium, 42(2), 208-209. doi: 10.26028/cybium/2018-
422-009

Bariche, M. (2007). Diet of the Lessepsian Fistularia
commersonii (Teleostei, Fistulariidae) off the coast of
Lebanon: preliminary results. Rapports et procés-
verbaux des réunions Commission internationale pour
I'exploration scientifique de la Mer Méditerranée 38,
425,

Bariche, M., Alwan, N., El-assi, H., & Zurayk, R. (2009).
Diet composition of the Lessepsian bluespotted
cornetfish Fistularia commersonii in the eastern
Mediterranean. Journal of Applied Ichthyology, 25(4),
460-465. doi: 10.1111/j.1439-0426.2008.01202.x

Bariche, M., & Kajajian, A. (2012). Population structure of
the bluespotted cornetfish Fistularia commersonii
(Osteichthyes:  Fistulariidae) in  the eastern
Mediterranean Sea. Journal of Biological Research, 17,
74-80.

Bariche, M., Kajajian, A., & Azzurro, E. (2013).
Reproduction of the invasive bluespotted cornetfish
Fistularia commersonii (Teleostei, Fistulariidae) in the
Mediterranean Sea. Marine Biology Research, 9(2),
169-180. doi: 10.1080/17451000.2012.707322

Bagenal, T.B., & Tesch, F.W. (1978). Age and growth. In
T. Bagenal (Ed.), Methods for assessment of fish
production in fresh waters. 3 rd edition, IBP Handbook
No. 3, (pp. 101-136). UK: Blackwell Scientific
Publications, Oxford.

Ben-Souissi, J., Zaouali, J., Bradai, M.N., & Quignard, J.P.
(2004). Lessepsian migrant fishes off the coasts of
Tunisia. First record of Fistularia commersonii
(Osteichthyes, Fistularidae) and Parexocoetus mento
(Osteichthyes, Exocoetidae). Vie et Milieu, 54, 247-
248.

Bernardi, G., Azzurro, E., Golani, D., & Miller, M.R.
(2016). Genomic signatures of rapid adaptive evolution
in the bluespotted cornetfish, a Mediterranean
Lessepsian invader. Molecular Ecology, 25(14), 3384-
3396. doi: 10.1111/mec.13682

Bilecenoglu, M., Taskavak, E., & Kunt, K.B. (2002).
Range extension of three Lessepsian migrant fish
(Fistularia commersonii, Sphyraena flavicauda,
Lagocephalus suezensis) in the Mediterranean
Sea. Journal of the Marine Biological Association of

the United Kingdom, 82(3), 525-526.
doi: 10.1017/S0025315402005829

Bilge, G., Yapici, S., Filiiz, H., & Cerim, H. (2014).
Weight-length relationshions for 103 fish species from
the southern Aegean sea, Turkey. Acta Ichthyologica et
Piscatoria, 44(3), 263-269.
doi: 10.3750/A1P2014.44.3.11

Bodilis, P., Arceo, H., & Francour, P. (2011). Further
evidence of the establishment of Fistularia
commersonii (Osteichthyes: Fistulariidae) in the North-
western Mediterranean Sea. Marine Biodiversity
Records, 4, 1-4. doi: 10.1017/S1755267211000194

CIESM, (2022). CIESM Atlas of Exotic Species in the
Mediterranean Sea. http:// www.ciesm.org/ atlas/
appendix1.html /Accessed 03 April 2022.

Castriota, L., FaLautano, M., Battaglia, P., Oddo, A., &
Andaloro, F. (2014). New biological data on Fistularia
commersonii in the central Mediterranean Sea. Cybium,
38(1), 15-21. doi: 10.26028/cybium/2014-381-003

Corsini, M., Kondilatos, G., & Economidis, P.S. (2002).
Lessepsian migrant Fistularia commersonii from the
Rhodes marine area. Journal of Fish Biology, 61(4),
1061-1062. doi: 10.1111/j.1095-8649.2002.tb01865.x

Deidun, A., & Germana, A. (2011). On the increasing
occurrence of the Bluespotted cornetfish Fistularia
commersonii  (Riippel, 1838) in the Central
Mediterranean (Osteichthyes, Fistulariidae).
Biodiversity Journal, 2(1), 19-26.

Dulcic J., Scordella, G., & Guidetti, P. (2008). On the
record of the Lessepsian migrant Fistularia
commersonii (Riippell, 1835) from the Adriatic Sea.
Journal of Applied Ichthyology, 24(1), 101-102.
doi: 10.1111/j.1439-0426.2007.01022.x

Edelist, D. (2014). New length-weight relationships and
Lmax Vvalues for fishes from the Southeastern
Mediterranean Sea. Journal of Applied Ichthyology,
1(30), 521-526. doi: 10.1111/j.1439-0426.2012.02060.x

Elbaraasi, H., & Elsalini, O. (2009). A record of the
bluespotted cornet fish, Fistularia commersonii, off the
coast of Benghazi, Libya (southern Mediterranean).
Acta Ichthyologica et Piscatoria, 39(1), 63-66.
doi: 10.3750/A1P2009.39.1.13

Erguden, D., Turan, C., & Gurlek, M. (2009). Weight—
length relationships for 20 lessepsian fish species
caught by bottom trawl on the coast of Iskenderun Bay
(NE Mediterranean Sea, Turkey). Journal of Applied
Ichthyology, 25, 133-135.
doi: 10.1111/j.1439-0426.2008.01198.x

Erguden, D., Erguden S.A, Ozdemir, O., & Gurlek, M.
(2017). Length-weight relationship and condition
factor of spotted flounder Citharus linguatula
(Linnaeus, 1758) in Iskenderun Bay, North-eastern
Mediterranean, Turkey. Natural and Engineering
Sciences, 2(1), 11-17. doi: 10.28978/nesciences.292339

84



Ergiiden et al, COMU J Mar Sci Fish, 5(L): 77-86 (2022)

Erguden, S.A., Altun, A., & Erguden, D. (2018). Length-
weight relationship and condition of Arnoglossus
kessleri Schmidt, 1915 in Iskenderun Bay (Eastern
Mediterranean, Turkey). Sakarya University Journal of
Science, 22(6), 1617-1622.
doi: 10.16984/saufenbilder.347576

Erguden, S.A., Ayas, D., & Ergiiden, D. (2020). The
length-weight relationship and condition factor of
yellowspotted puffer Torquigener flavimaculosus
Hardy & Randall, 1983 in the Eastern Mediterranean
(Yumurtalik Bight, Turkey). Marine Science and
Technology Bulletin, 9(2), 87-91.
doi: 10.33714/masteb.700374

Fiorentino, F., Giusto, G.B., Sinacori, G., & Norrito, G.
(2004). First record of Fistularia commersonii
(Fistularidae, Pisces) in the Strait of Sicily
(Mediterranean). Biologia Marina Mediterranea, 11,
583-585.

Fischer, W., & Bianchi, G. (1984). Fistulariidae. FAO
Species identification sheets for fishery purposes,
Western Indian Ocean, Fishing Area 51, Marine
Resources Service, Vol. Il. Rome, Italy: Fishery
Resources and Environment Division, FAO Fisheries
Department.

Fritzsche, R.A. (1976). A review of the cornetfishes, genus
Fistularia (Fistularidae), with a discussion of
intrageneric relationship and zoogeography. Bulletin of
Marine Science, 26, 196-204.

Froese, R. (2006). Cube law, condition factor and weight
length relationships: history, meta-analysis and
recommendations. Journal of Applied Ichthyology,
22(4), 241-253.
doi: 10.1111/j.1439-0426.2006.00805.x

Froese, R., & Pauly. D. Editors. (2022). Fishbase. World
Wide Web Electronic Publication. [version 02/2022]
http://www.fishbase.org/Accessed 03 April 2022.

Garibaldi, F., & Orsi Relini, L. (2008). Record of the
bluespotted cornetfish Fistularia commersonii Ruppell,
1838 in the Ligurian Sea (NW Mediterranean). Aquatic
Invasions, 3(4), 471-474. doi: 10.3391/ai.2008.3.4.20.

Golani, D. (2000). First record of the bluespotted
cornetfish from the Mediterranean Sea. Journal of Fish
Biology, 56(6), 1545-1547.
doi: 10.1111/j.1095-8649.2000.th 02163.x

Golani, D., Azzurro, E., Corsini, M., Falautano, M.,
Andaloro, F., & Bernardi, G. (2007). Genetic
bottlenecks and successful invasions: the case of a
recent Lessepsian migrant. Biology Letters, 3, 541-545.
doi: 10. 1098/rsbl. 2007.0308

Golani, D. (2010). Colonization of the Mediterranean by
Red Sea fishes via the Suez Canal — Lessepsian
migration. In D. Golani & B. Appelbaum-Golani
(Eds.), Fish invasions of the Mediterranean Sea:
Change and renewal, (pp. 145-188). Sofia: Pensoft
Publishers.

Gokoglu, M., Bodur, T., & Gulyavuz, H. (2002). The first
record of the bluespotted cornetfish (Fistularia
commersonii Riippell, 1835) (fam: Fistulariidae) along
the Turkish Mediterranean coast. Israel Journal of
Zoology, 48, 252-254.

Hemida, F., & Capapé, C. (2009). On the occurrence of a
Lessepsian migrant teleost off the Algerian coast
(southwestern ~ Mediterranean); The  bluespotted
cornetfish, Fistularia commersonii  (Fistularidae).
Cybium, 33(1), 81-82.
doi: 10.26028/cybium/2009-331-010

Hiatt, R.W., & Strasburg, D.W. (1960). Ecological
relationships of the fish fauna on coral reefs of the
Marshall Islands. Ecoogical Monographs, 30, 65-127.

Joksimovi¢, A., Dragicevi¢, B., & Dul¢i¢, J. (2009).
Additional record of Fistularia commersonii from the
Adriatic Sea (Montenegrin coast). Journal of the
Marine  Biological  Associations  2-Biodiversity
Records, 2, €28. doi: 10.1017/S1755267208000328

Kara M.H., & Oudjane, F. (2009). First observations of the
Indo-Pacific  bluespotted  cornetfish  Fistularia
commersonii (Fistulariidae) from Algerian coasts.
Marine Biodiversity Records, 2, €83.
doi: 10.1017/S1755267209000438

Karachle, P.K., Triantaphyllidis, C., & Stergiou, K.I.
(2004). Bluespotted cornetfish, Fistularia commersonii
Riippell, 1838: A  lessepsian sprinter. Acta
Ichthyologica et Piscatoria, 34, 103-108.
doi: 10.3750/A1P2004.34.1.09.

Kalogirou, S., Corsini, M., Kondilatos, G., & Wennhage,
H. (2007). Diet of the invasive piscivorous fish
Fistularia commersonii in a recently colonized area of
the eastern Mediterranean. Biological Invasions, 9,
887-896. doi: 10.1007/s10530-006-9088-3

Khalaf, M.A., & Disi, A.M. (1997). Fishes of the Gulf of
Agaba. The National Press, Amman: Jordan.

Le Cren, E.D. (1951). The length-weight relationship and
seasonal cycle in gonad weight and condition in the
perch (Perca fluviatilis), Journal of Animal Ecology,
20, 201-201.

Ligas, A., Sartor, P., Sbrana, M., Sirna, R., & De Ranieri,
S. (2007). New findings of Fistularia commersonii
Riippell, 1835 and Sphoeroides pachygaster (Miiller &
Troschel, 1848) in the northern Tyrrhenian Sea. Atti
Societa Toscana di Scienze Naturali, Memorie Serie B,

114, 131-133.

Meloni, D., & Piras, P. (2013). New record of the Blue-
spotted cornetfish, Fistularia commersonii Riippell,
1838 (Syngnathiformes Fistularidae), in the South-
Western Mediterranean Sea. Biodiversity Journal, 4(3),
435-438.

Micarelli P., Barlettani M., & Ceccarelli, R. (2006). First
record of Fistularia commersonii (Riippell, 1838)
(Fistulariidae, Pisces) in the North Tyrrhenian Sea.
Biologia Marina Mediterranea, 13, 887-889.

85



Length-Weight Relationships of Fistularia commersonii Riippell 1835 from the Northeastern Mediterranean Sea, Tiirkiye

Mouine-Oueslatia, N., Inesa, C., Ahlema, R., Ktaria, M.H.,
& Francourb, P. (2017). First biological data on the
well established lessepsian migrant Fistularia
commersonii (Fistulariidae) in the Gulf of Tunis
(Central Mediterranean). A Russian Journal of Marine
Biology, 43(69), 503-506.
doi: 10.1134/S1063074017060062.

Mundy, B.C. (2005). Checklist of the fishes of the
Hawaiian Archipelago. Bishop Museum Bullettin of
Zoology, 6, 1-704.

Nikolsky, G.V. (1980). Theory of Fish Poulation
Dynamics as the Biological Background for Rational
Exploitation and Management of Fishery Resources.
Koenigstein: Otto Koeltz Science Publishers.

Occhipinti-Ambrogi A., & Galil B.S. (2008). The northern
most record of the bluespotted cornetfish from the
Mediterranean Sea. Mediterranean Marine Science,
9(2), 125-127. doi: 10.12681/mms.139

Pais, A., Merella, P., Follesa, M.C., & Garippa, G. (2007).
Westward range expansion of the Lessepsian migrant
Fistularia commersonii ~ (Fistulariidae) in the
Mediterranean Sea, with notes on its parasites. Journal
of Fish Biology, 70(1), 269-277.
doi: 10.1111/j.1095-8649.2006.01302.x

Pauly, D. (1993). Fishbyte section editorial. Naga, the
ICLARM Quarterly, 16, 1-26.

Pauly, D., Froese, R., & Albert, J.S. (1998). The BRAINS
table. In R. Froese & D. Pauly (Eds.), FishBase 98:
concepts, design and data sources, pp. 195-198.
Philippines: ICLARM, Manila.

Petrakis, G., & Stergiou, K.lI. (1995). Weight-length
relationships for 33 fish species in Greek waters.
Fisheries Research, 21(3-4), 465-469.
doi: 10.1016/0165-7836(94)00294-7

Pipitone, C., D’Anna, G., Coppola, M., Di Stefano, G,. &
Badalamenti, F. (2004). First record of the lessepsian
fish  Fistularia commersonii in the Western
Mediterranean. Biologia Marina Mediterranea, 11,
327.

Psomadakis, P.N., Scacco, U., Consalvo, I., Bottaro, M.,
Leone, F., & Vacchi, M. (2009). New records of the
Lessepsian fish Fistularia commersonii (Osteichthyes:
Fistulariidae) from the central Tyrrhenian Sea: signs of
an incoming colonization? Marine Biodiversity
Records, 2, e49. doi: 10.1017/S1755267209000566

Rafrafi-Nouira, S., Mnasri, N., & Boumaiza, M. (2011).
New records of the Lessepsian migrant, bluespotted
cornetfish, Fistularia commersonii  (Osteichthyes:
Fistularidae) off the Tunisian coast (Central
Mediterranean). Annales, Series Historia Naturalis,
21(2), 177-181.

Ragheb, E. (2022). Morphometric and meristic
characteristics of the first record Fistularia petimba
(Lacepede, 1803) and Fistularia commersonii
(Rippell, 1838) (Pisceés: Fistulariidae) from the

Egyptian Mediterranean waters (West Alexandria).
Egyptian Journal of Aquatic Research, 48(2), 143-150.
doi: 10.1016/j.ejar.2022.01.003

Saad, A.A., & Sabour W.G. (2010). Impact of invasive
species on the biodiversity and fish stock; case study:
Fistularia commersonii Ruppel, in the Syrian Coast.
Rapports et procés-verbaux des réunions Commission
internationale pour I'exploration scientifique de la Mer
Meéditerranée, 39, 652.

Sanchez-Tocino, L., Hidalgo Puertas, F., & Pontes, M.
(2007). First record of Fistularia commersonii Riippell,
1838 (Osteichtyes: Fistulariidae) in Mediterranean
waters of the Iberian Peninsula. Zoologica Baetica, 18,
79-84.

Stern, N., Paz, G., Yudkovsky, Y., Lubinevsky, H., &
Rinkevich, B. (2018). The arrival of a second
‘Lessepsian sprinter’? A first record of the red
cornetfish  Fistularia petimba in the Eastern
Mediterranean. Mediterranean Marine Science, 18(3),
524-528. doi: 10.12681/mms.14144

Tesch, F.W. (1971). Age and growth. In W.E. Ricker
(Ed.), Methods for assessment of fish production in
fresh waters, (pp. 98-130). UK: Oxford, Blackwell
Scientific Publications.

Torcu Kog, H., Erdogan, Z., & Can, S. (2019). The new
maximum length of the invasive lessepsian fish, blue
spotted cornetfish Fistularia commersonii
(Syngnathiformes:  Fistulariidae) in the Eastern
Mediterranean Sea. Natural and Enginerering
Sciences, Suppl. 4(3), 1-9.

Tiirker Cakir, D., Coktug, B., & Zengin, K. (2014). First
record of the bluespotted cornetfish, Fistularia
commersonii Riippell, 1835 (Osteichthyes:
Fistulariidae) in Edremit Bay (northeastern Aegean
Sea). Journal of Applied Ichthyology, 30(1), 164-167.
doi: 10.1111/jai.12289

Vitale, S., Arculeo, M., Vaz, A., Giusto, G.B., Gancitano,
S., & Ragonese, S. (2016). Otolith-based age and
growth of the Lessepsian species Fistularia
commersonii (Osteichtyes: Fistulariidae) in South of
Sicily (Central Mediterranean Sea), Italian Journal of
Zoology, 83(4), 490-496.
doi: 10.1080/11250003.2016.1223759

Watson, W., & Sandknop, E.M. (1996). Fistulariidae:
cornetfishes. In H.G. Moser (Ed.), The early stages of
fishes in the California Current Region. California
Cooperative  Oceanic  Fisheries  Investigations
(CalCOFI) Atlas No. 33. (pp. 718-723. Lawrence,
Kansas: Allen Press, Inc.

Wootton, R.J. (1998). Ecology of Teleost Fishes. The
Netherlands, Dordrecht: Kluwer Academic Publishers.

Zar J.H. (1999). Biostatistical Analysis. 4th edition. New
Jersey: Prentice Hall, Englewood Cliffs.

86



COMU J Mar Sci Fish 2022 5 (1): 87-93
https://doi.org/10.46384/jmsf.1122273

e-ISSN: 2651-5326

COMU Journal of Marine Sciences and Fisheries

Journal Home-Page: http://jmsf.dergi.comu.edu.tr Online Submission: http://dergipark.org.tr/jmsf

i
IS [F

COMU JOURNAL OF MARINE SCIENCE AND FISHERIES

RESEARCH ARTICLE

The Exotic Species and Their Catch Per Unit Effort (CPUE) from Gillnet Fisheries

in the Southern Aegean Coasts (Tiirkiye)

Okan Akyol*", Tevfik Ceyhan?, F. Ozan Diizbastilar®, Okan Ertosluk*

1Ege Universitesi Su Uriinleri Fakiiltesi, Urla, izmir, Tiirkiye
2Ege Universitesi Su Uriinleri Fakiiltesi, Urla, izmir, Tiirkiye
3Ege Universitesi Su Uriinleri Fakiiltesi, Urla, izmir, Tiirkiye
4Aydm Adnan Menderes Universitesi, Bozdogan Meslek Yiiksek Okulu, Bozdogan, Aydin, Tiirkiye

Received: 07.11.2021 /Accepted: 09.02.2022 / Published online: 20.07.2022

https://orcid.org/0000-0001-7738-2156
https://orcid.org/0000-0002-4799-5709
https://orcid.org/0000-0002-5376-7198
https://orcid.org/0000-0003-3579-6910

Key words:

Exotic fish
Invasive species
CPUE

Small-scale fishery
Aegean Sea

Anahtar kelimeler:

Egzotik balik

Istilact tiir

CPUE

Kiigiik 6lgekli balikgilik
Ege Denizi

Abstract: This study presents some exotic fish diversity and catch per unit effort values of exotic fish from
gillnet fishery along the southern Aegean Sea. Lessepsian puffer fish (Lagocephalus sceleratus), lionfish
(Pterois miles), squirrelfish (Sargocentron rubrum), rabbitfish (Siganus sp.) and a blue crab (Portunus
segnis) were caught in the Aegean Sea. Rabbitfish and blue crab sell in the fish markets. Seasonally, the
average CPUE of exotic fish was calculated to be 0.7 £ 0.3 kg.1000 m™ in autumn in catch. This value
indicated that it was 72 times lesser than the total seasonal CPUE.

Giiney Ege Kiyillan1 (Tiirkiye) Uzatma Aglar1 Balik¢cihginda Egzotik Tiirler ve
Birim Caba Basina Diisen Av (CPUE) Miktarlari

Oz: Bu calisma, Giiney Ege Kiyilar boyunca uzatma aglari balikgiligindan bazi egzotik balik gesitliligini
ortaya koymakta ve egzotik baliklarin birim ¢aba bagina diisen av degerlerini sunmaktadir. Arastirmada Ege
Denizi'nde Lesepsiyen balon baligi (Lagocephalus sceleatus), aslan baligi (Pterois miles),sincap baligi
(Sargocentron rubrum), sokar baliklart (Siganus sp.) ve bir mavi yengeg (Portunus segnis) yakalandi. Sokar
baliklart1 ve mavi yenge¢ balik pazarlarinda satilmaktadir. Mevsimsel olarak, ortalama egzotik balik
CPUE’si, en yiiksek sonbaharda 0,7 + 0,3 kg.1000 m™ olarak hesaplanmistir. Bu deger, toplam mevsimsel

CPUE’den 72 kat daha az oldugunu gostermistir.

Giris

Son yillarda artan kiiresel 1sinmaya bagli olarak Akdeniz,
tropikalizasyon siirecine girmis olup (Bianchi ve Morri,
2003); ozellikle Siiveys Kanali yoluyla Hint-Pasifik
kokenli baliklarin; Cebelitarik Bogaz1 yoluyla ise Atlantik
kokenli baliklarin ve gemi balast sular1 yoluyla da her iki
kanaldan Akdeniz’e gecip yasama sansit bulan tiirlerin
sayisinda Onemli artiglar yasanmaktadir. Cimar ve
Bilecenoglu (2015), Akdeniz’in yabanci tiir ¢esitliligi
acisindan oldukg¢a zengin noktalardan biri olarak kabul
edildigini ve bolgeden bugiine kadar 1000'e yakin yabanci
tiiriin  bildirildigini ifade etmiglerdir. Rapor edilen son
listede, 2020 itibariyle Tiirkiye denizlerinde toplam 539
yabanci tiirlin  bulundugu, bunlarin 404’liniin yerlesik
oldugu, 105 tiirlin isgalci oldugu bildirilmektedir (Cinar
vd., 2021).

Baliklar, Akdeniz de yasayan tiim deniz canlilar
arasinda yaklasik 650 tiir ile en yogun bulunan gruplardan

*Corresponding author: okan.akyol@ege.edu.tr

biridir (Coll vd., 2010). Bunun yan1 sira Temmuz 2015'te
Siiveys Kanali’na yeni bir kanalin insasiyla kanal biiyiik
Olgiide genisletilmis ve bu genisleme girisiminin,
Akdeniz'de onemli, geri doniisii olmayan ekolojik ve
ekonomik sonuglara yol acabilecek daha fazla Lesepsiyen
tiirlerin girisini kolaylastiracagi ongoriilmistiir. Makrofit,
omurgasiz ve balik olarak ise bugiine kadar, 89'u bes veya
daha fazla iilkede kaydedilen toplam 443 tiiriin Siiveys
Kanal1 tizerinden Akdeniz'e girdigi bilinmektedir (Galil
vd., 2015).

Egzotik tiirlerin ilk kolonizasyon alanlarindan biri ve
onemlisi cografik konumu nedeniyle Tirkiye kryilaridir.
Cmar vd. (2021) tarafindan gerceklestirilen son kontrol
listesinde, Tiirkiye kiyilar1 boyunca dagilmis yerli olmayan
balik tiirlerinin kayit sayisimin 801 buldugu rapor
edilmistir. Bu tiirlerin 73’ Akdeniz, 44’d0 Ege, 6’si
Marmara ve 3’ii Karadeniz’de dagilim gdstermektedir.

How to cite this article: Akyol, O., Ceyhan, T., Diizbastilar, F. O., Ertosluk, O. (2022). The exotic species and their catch per unit effort (CPUE) from gillnet fisheries in the Southern Aegean coasts
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Bunlardan bazilar1 (6rnegin, ceylan baligi, pasa barbunu,
sokar baliklari, vb.) ekonomik olarak balik¢iliga katki
yaparken, bazilar1 (balon baliklari, aslan baliklari, vb.)
ekolojik, ekonomik ve sosyal problemler ortaya
¢ikarabilmektedir. Bu durumdan, giliniimiizde Ege
Denizi’nin en kuzey kiyilar1 dahi etkilenmektedir. Ege
Denizi 6zelinde istilact tiirlerin varligi bilinmekle beraber,
yeterli izleme yapilamadigindan tir sayilarindaki
degisimler, stok boyutlar1 ve balik¢ilikla etkilesimi tam
olarak bilinmemektedir. Istilac1 tiirler sosyal, ekonomik ve
hatta insan sagligi agisindan hayati 6neme sahip oldugu
icin her {ilke bu tiirlerin alimi-satim1 ve tiikketimi hakkinda
yasal diizenlemelere gitmektedir. Ulkemizde 4/1 Numarali
Ticari Amagli Su Uriinleri Avciligmin Diizenlenmesi
Hakkinda Tebligde (Madde 17- 4) balon baliklarinin
avlanmasi, satilmasi ve tiiketilmesi yasaklanmistir (Anon.
2016). Daha sonra balon baliginin avciligi izne bagh
olarak imha amacgli serbest birakilmistir (Teblig No:
2020/9). Yine son yillarda Tiirkiye’'nin Akdeniz
kiyilarindan giris yapan, hizla batiya ve Ege Denizi’ne
dogru niifuzunu arttiran aslan baliklarinin (Pterois miles)
oldukca zehirli oldugu bilinmektedir. Bu tiir denizlerimiz
icin endise veren bir tiir olarak izlemeye alinmstir.

Yabanct yayilimcir tiirlerin  Ege Denizi 6zelinde
izlemeye almmasi bdolgemiz balik¢iligt  ve turizmi
acisindan olduk¢a onemlidir. Tirkiye 6zellikle Kizildeniz
yoluyla giris yapan bu tiirlerin ilk durak noktasini
olusturmakta, ilk etkilenen iilkelerin basinda gelmektedir.
Kisaca Tiirkiye Akdeniz i¢in bir erken uyart noktasidir. Bu
tiirlerin zararl olanlarinin (balon baliklari, aslan baliklari,
vb.) tiir ve yogunluk tespitini yapmak, tiirler {izerine
kamuyu bilgilendirmek ve balik¢ilik idarecilerine acil
onlem uyarilar1 ve Onerileri gelistirmek, ayrica balikgilarin
bu baliklar1 avlarken, avlandiktan sonra dokunurken nasil
davranmasi gerektigi ve satigini yapip, yememeleri
konusunda bilinglendirilmeleri olduk¢a 6nemli hususlardir.

Bu ¢alismanin amaci, Akdeniz’e gesitli yollarla giren,
yabanci-istilact balik tiirlerinin Ege Denizi’nde uzatma
aglart balik¢ilig ile yakalananlarin bir tiir listesini ortaya
¢ikarmak, bu tiirlerin birim c¢aba bagma av miktarlarini
tespit etmektir.

Materyal ve Yontem

Bu c¢alismada, Ekim 2017 — Aralik 2019 tarihleri
arasinda Ege Denizi’'nin giiney kiyilarinda gesitli balik¢1
barmaklar1 ve teknelerde gozlemler yoluyla elde edilmis
veriler degerlendirilmistir. Ozellikle Ege Denizi’nin
glineyinde yer alan Fethiye Korfezi’nden baslayarak,
Bodrum ve Giillik Koérfezi’'nde ¢aligmalar yapilarak, ana
balik¢1 barinaklarinda uzatma ag1 balik¢ilig1 gerceklestiren
balikcilardan gozlem yoluyla av kayitlar1 tutulmugtur. Bu
amagla Fethiye’den 1, Turgutreis’ten 2, Giindogan’dan 19,
Torba’dan 2, Tiirkbiikii'nden 25, Apostol Adasi civarindan
66, Didim’den 18, Akbiik’ten 33, Kazikli’dan 7 ve Salih
Adas1 civarindan 6 olmak lizere toplam 179 av kaydi
formlara iglenmistir.

Calismanmn yiiriitiildigii Ege Denizi’nin giiney kiy1
barinaklarindan Soke, Goltiirkbiikii, Giindogan, Turgutreis,

Gumdgslik, Yalikavak, Akyarlar, Bogazi¢i, Giillik,
Akyaka, Fethiye toplam 49 kiy1 balik¢isiyla goriisiilerek
kullandiklar1 teknelerin bazi &zellikleri kayit formlarina
islenmistir.

Av kayitlarindan elde edilen veriler mevsimsel olarak
ve yillara gore havuzlanmig ve birim ¢aba basmna av
(CPUE) ile egzotik tiirlerin birim ¢aba bagina av miktarlari
uzatma aglar1 igin giinlik kg.1000 m?' ag olarak
hesaplanmuistir.

Verilerin normal dagilim igerisinde yer almamasi
sebebiyle elde edilen sonuglar arasindaki farkin istatiksel
olarak 6nem diizeyi parametrik olmayan Kruskal-Wallis
testi ile ortaya konmustur. Tiim analiz ve grafik hazirlama
islemlerinde R programlama dili altinda gergeklestirilmis
(R Core Team, 2020) ve Tidyverse paketi (Wickham vd.
2019) kullanilmustir.

Bulgular

Calismanin yiiriitildigii Ege Denizi’nin giiney kiy1
barinaklarindaki balik¢ilar ile gerceklestirilen
goriismelerde kullanilan teknelerin bazi 6zelliklerine dair
bilgiler Tablo 1’de dzetlenmistir.

Tablo 1°de verilen degerlerden sadece bir tekne (Soke)
motorsuz olarak kullanilmaktadir. Tekneler ya tek kisi
tarafindan kullanilmakta ya da 3 kisiye kadar tayfa
bulundurmaktadir. Teknelerin tamami ahsap materyalden
yapitlmigtir. Teknede bulunan av araglari uzatma agi,
paragat ve oltadir. Teknelerde sadece wuzatma agi
kullananlarin oran1 %37, paragat kullananlarin oran1 %21,
hem uzatma ag1 hem de paragat kullananlarin orani %35,
bunlara ilaveten olta kullananlarin orani ise %4 ve uzatma
ag1 yaninda sadece olta kullananlarin orami ise %2
civarindadir.

Balik¢ilarin  kullandiklart av araglariyla genellikle
kupes, akya, mercan, ¢ipura, karagdz, mirmir,
miirekkepbaligi, kalamar, ahtapot, lahos, kilig, barbun,
tekir, fangri, sinarit, turna gibi baliklart hedefledikleri
belirlenmistir. Balik¢ilar avlar1 sirasinda egzotik tiirlerden
sirastyla en ¢ok balon baligi (Lagocephalus sceleratus
%96), sokar (Siganus spp. %16), aslan balig1 (Pterois
miles %16), sincap veya Hindistan balig1 (Sargocentron
rubrum %2) ve mavi yengece (Portunus segnis %2)
rastladiklart tespit edilmistir (Sekil 1). Bunlarin yani sira
fok (Monachus monachus %16) ve deniz kaplumbagasinin
(Caretta caretta %14) da balikgilarin aglarma kazayla
takilmakta oldugu belirlenmistir.

Calismada ticari  balik¢ilarin  uzatma  aglariyla
gerceklestirdigi operasyonlarda birim caba basina av
CPUE degerleri 0 ile 525 kg.1000 m™ arasinda degisirken,
ortalama 38,6 +4,17 kg.1000 m™ olarak tespit edilmistir.

Uzatma aglariyla ticari balik¢ilarin gergeklestirdigi
avcilikta mevsimsel avin ortalama CPUE’si sonbaharda en
diistik ilkbaharda en yiiksek diizeyde hesaplanmigtir (Tablo
2; Sekil 2). CPUE degerleri ile mevsimler arasindaki fark
istatistiki olarak 6nemli bulunmustur (p<0,05).
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Tablo 1. Orneklenen tekne dzellikleri (n: drneklenen tekne sayisi, LOA: tekne tam boyu, HP: motor giicii, GT: teknenin

gros tonaji, Ort.: ortalama, S.E.: standart hata)

LOA (m) HP GT Te;g:lnin Tayfa sayist
Minimum 6,3 9 0,8 3 0
Maksimum 14,0 340 14,0 60 3
Ort. = S.E. 8,3+0,24 78,6 £13 42 +0,6 21,4+£2,1 0,9+0,1
n 48 47 28 48 49

Uzatma aglarinda yabanct tiir miktarlar1 tek tek
kaydedilmis olup, agirlik bazinda en yiiksek av orani
beyaz sokar (Siganus rivulatus) baligna aittir. Onu siyah
sokar (Siganus luridus) ve aslan baligi (Pterois miles)
takip etmektedir (Sekil 1). Aslinda uzatma aglariyla
avcilikta egzotik baliklara rastlanmama orani oldukga

ylksektir. Bu nedenle tiim tablolarda minimum
CPUE’lerde ‘0’ degeri bulunmaktadir. Bunlarin oram
(yani tiim operasyonlarda hi¢c c¢ikmama oranlari)

mevsimlere gore sonbaharda %78, kisin %91, ilkbaharda
%97°dir. Yillara gore ise 2017°de %75, 2018°de %93 ve
2019°da %92°dir. Av sahalarina gore ise adalar civarinda
%95, Bodrum kiyilarinda %80, Kafes civarinda %100 ve
komsu korfezlerde %77 oraniyla hesaplanmustir.

Tablo 2. Mevsimlere gore uzatma aglarmin CPUE
(kg.1000 m't) degerleri (n: drnekleme sayisi, S.E.:
standart hata, Min.: minimum, Maks.: maksimum)

Mevsim n Min Maks ort+ S.E.
Sonbahar 18 0,00 40,00 6,60+ 2,76
Kis 87 0,00 208,30 35,28+4,51
IIkbahar 74 0,57 525,00 50,29+ 8,26

Siganus rivulatus-

Siganus luridus-

Pterois miles-

Turler

Sargocentron rubrum+

Hemiramphus far

10

20 30 40 50

%

Sekil 1. Ege Denizi’nin giiney kiyilarinda uzatma aglariyla yapilan avda egzotik balik av oranlar1

Uzatma aglariyla yapilan avcilikta mevsimlere gore
egzotik av CPUE’si en diisiik ilkbaharda en yiiksek
Sonbaharda tespit edilmistir (Tablo 3; Sekil 3). CPUE
degerleri ile mevsimler arasindaki istatistiki olarak fark
6nemsiz bulunmustur (p>0,05).

Yillara gore CPUE ortalama miktar1 en az 2019
yilinda, en ¢ok 2017 yilinda hesaplanmistir (Tablo 4; Sekil
4). CPUE degerleri ile yillar arasindaki fark istatistiki
olarak 6nemli degildir (p>0,05).
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Av sahalarina [adalar (Apostol, Toprakada, Papaz kafesler civari, en fazla ise komsu korfezlerde
adasi, Salih adasi), Bodrum kiyilari, ag kafes civari, komsu hesaplanmistir (Tablo 5; Sekil 5). CPUE degerleri ile av
korfezler (Didim Onleri, Akbik, Kazikli, Gokova, sahalar1 arasindaki fark istatistiki olarak Onemli
Fethiye)] gore egzotik tiir CPUE ortalama miktari en az ag bulunmustur (p<0,05).

]
500 -
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g 300 -
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&
(] . -
200 - +
)
100- L .
D - A *
I L . I
Sonbahar Kig likbahar
Mevsim

Sekil 2. Mevsimlere gore uzatma aglariin CPUE (kg.1000 m™) degerleri

Tablo 3. Mevsimlere gore uzatma aglarimin egzotik av Tablo 5. Av sahalarina gore uzatma aglarinin egzotik av
CPUE (kg.1000 m't) degerleri CPUE (kg.1000 m'?) degerleri
Mevsim n  Min Maks Ort+SE. Av sahalar n  Min Maks Ort+S.E.
Sonbahar 18 0 393 0,65+034 Adalar 136 0 3,93 0,05+0,03
K 87 0 1,67 0,04=0,02 Bodrum Kiyilari 20 0 1,00 0,09 +0,05

Ilkbahar 74 0 0,30 0,01 +0,00 Ag Kafes Civari 10 0 0,00 0,00=+0,00

Komgsu Korfezler 13 0 3,75 0,57+0,38
Tablo 4. Yillara gore uzatma aglarinin egzotik av CPUE
(kg.1000 mY) degerleri

Yil n Min Maks Ort+S.E.

2017 4 0 3,93 0,98+0,98
2018 113 O 3,75 0,09+0,05

2019 62 0 030 0,01+0,01
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Sekil 3. Mevsimlere gore uzatma aglarinda egzotik av CPUE (kg.1000 m™) degerleri
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Sekil 4. Yillara gore uzatma aglarinda egzotik av CPUE (kg.1000 m™) degerleri
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Sekil 5. Av sahalarina gore uzatma aglarinda egzotik av CPUE (kg.1000 m™) degerleri
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Tartisma ve Sonug¢

Bodrum Yarimadast balik¢iliginin esasint olusturan
uzatma agi-paragat balik¢ilig1 toplam iiretimin ancak %7-
8’ini olusturmaktadir (Kara ve Gurbet, 1998). Buna
ilaveten, bolgede deniz kafes balik¢ilik faaliyetlerinin
oldukga yiiksek oranda iiretim yaptig1 da bilinmektedir. Bu
sahalar ¢ok fazla dogal balik topladig: i¢in kiy1 balikgilart
acisindan kafes civarinda avlanmak onlara yiiksek av
garantisi saglamaktadir. Ozellikle sade kupes aglariyla
avcilik bu alanda en ¢ok yapilan aveiliktir (Akyol vd.,
2017). Bu calismada da orneklenen uzatma aglarmin
%80’ini sade kupes aglar1 olusturmustur. Diger uzatma
aglari ise dil, barbun, voli, fanyali uzatma aglar1 vb. dir.

Caligmada karsilagilan ve kiyilarda avlanan tiirler
(Boops boops, Mullus barbatus, M. surmuletus, Diplodus
annularis, D. vulgaris, D. sargus, Siganus luridus, S.
rivulatus, Dentex dentex, Zeus faber, Trachurus trachurus,
Pagellus erythrinus, P. bogaraveo, P. acarne, Scomber
colias, S. scombrus, Dicentrarchus labrax, Sparus aurata,
Solea solea, Spicara maena, Sardinella aurita, Mugil spp.,
Octopus vulgaris, Sepia officinalis, vb.) Ege Denizi’nin
tipik tiirleridir. Burada ozellikle sparidler, carangidler,
mugilidler ve mullidler asil hedeflenen tiirlerdir. Kafes
civarinin hedef tiirii ise kupestir. Bolgede kiiciik dlcekli
balik¢ilikta Onceki bir ¢alismada 30 civarinda tiir
ekonomik olarak hedeflenmis olup, bunlar arasinda lahoz,
orfoz, kefal, barbun, ¢ipura, mercan, sinarit, 1skarmoz gibi
baliklar 6n plana ¢iktig1 bildirilmistir (Akyol vd., 2016).

Son yillarda artan sicaklik ve kiiresel 1sinma sebebiyle
Akdeniz’e ¢ok sayida giris yapan egzotik, yabanci ve
yayilmaci tiirler de bolgede hakimiyet kurmaya baslamistir
(Cmar vd., 2021). Bunlar arasinda o6zellikle balon
baliklar1, sokar, sincap ve aslan baliklarina bu ¢aligmada
rastlanmigtir. Bu tiir baliklardan 6zellikle balon baliklar:
balik¢ilara en c¢ok tahribat veren tilirlerin  basini
¢cekmektedir. Zira bu baliklar zehirli oldugu i¢in yenmesi
ve karaya ¢ikarilmasi yasak olmakla birlikte balikgilarin av
araglarina da ciddi maddi kayiplar verdirmektedir. Bu
kayiplar ozellikle paragatlarda kendini gostermekte,
paragata yakalanmis baligi ya da paragat yemini yemege
kalkan balon baliklari, kostek ve igneleriyle birlikte
yutmaktadir. Bununla ilgili bildirilen en ¢ok 1000 ignenin
yarisina varan kesme tahribati, maddi kayip (yem ve
misina-igne) yaninda ciddi bir iscilik kaybi da
yaratmaktadir (Tiirkbiikii, Golkdy, Gokeebel Su Uriin.
Koop. Bask. Seyit Ali Ozcan, kisisel goriisme).

Balon baliklarinin Izmir ve Hatay kiyilarinda kiyt
balikcilarina yarattig1 zarar iizerine yapilan bir ¢aligmaya
gore, 261 balikgiyla yapilan anket sonuglari balikgilarin
%78’inin balon baliklar1 nedeniyle ekonomik kayip
yasadiklarmi, yine balik¢ilarin =~ %89’unun  balon
baliklarinin avlarmi azaltti§ini, %82’sinin ise bunlarin
denizel biyo-gesitliligi olumsuz etkiledigine inandigim
ortaya koymustur (Unal vd., 2015). Baz1 ¢alismalar (Unal
vd., 2015; Unal ve Génciioglu-Bodur, 2017) bu tiiriin
sosyo-ekonomik etkilerine odaklanan balik¢iligin tesvik
edilmesi ve balikeilar iizerindeki etkisinin azaltilmasi igin
odiil sistemi dnermektedir. Tarim ve Orman Bakanlig1 Su

iriinleri Genel Midiirligi bu konuyu giindemine almig
olup, Ocak 2020 yilindan baglayarak 2023 sonuna kadar
bir milyon kuyruk basma 5 TL’lik bir bedel ddeyerek
balon baliklarinin stoklarinin azaltilmasi i¢in bunlarin
avlatilmasina yonelik geri satin alma programin
uygulamaya koymustur (Resmi Gazete, Sayi: 31322;
Anon. 2020).

Bu caligmada, balikgilarin %60’ mnin bu egzotik tiirlere
rastladiklart belirlenmistir. Aslinda bu tiirler daha ziyade
Tiirkiye’nin giiney kiyilarinda (Akdeniz) yogun olarak
bulunmalarina ragmen, artan 1sinmayla birlikte artik Ege
Denizi’nin kuzeyine dogru yonelmistir. Yine yogunluklari
fazla olmamakla birlikte sayilarinin yildan yila Gillik
Korfezi’nde arttig1 da tespit edilmistir. Gergekten de bu
baliklardan en zararli ikisi, balon balig1 (Lagocephalus
sceleratus) ve aslan balig1 (Pterois miles) artik kuzey Ege
sularinda gériinmeye baslanus (Ozgiil, 2020), hatta balon
baliklari Marmara (Irmak ve Altinagag, 2015) ve
Karadeniz’de (Bilecenoglu ve Oztiirk, 2018) de ortaya
cikmustir.

Ege Denizi'nde bu istilact ve yabanci tiirlerin
yogunlugu Siganus (sokkan baliklari) tiirleri hari¢ heniiz
simdilik ¢ok fazla artmamistir (kisisel gozlem). Bu
calismada egzotik tiirlerin CPUE degerleri en yiiksek
ortalamayla (0,7 +0,3 kg.1000 m™) Sonbaharda, 2017
yilinda (1,0 £1,0 kg.1000 m™) ve komsu kérfezlerde (0,6
+0,4 kg.1000 m™) goriilmiistiir. Oysa uzatma aglarinin tiim
baliklar toplaminda en yiiksek CPUE verileri Ilkbaharda
(50,3 +83 kg.1000 m™?) elde edilmistir. Buradan da
anlasilmaktadir ki, mevsimler bakimindan egzotik tiirler
yaklasik 72 kat daha azdir. Buradan gorece olarak 6zellikle
Giilliik Korfezi ve kuzeyi dikkate alindiginda balikgilarin
da belirttigi gibi bolgede egzotik tiirler heniiz dikkat ¢ekici
oranda degildirler.

Sonug olarak, yapilan birgok ¢aligmada Akdeniz’in bir
tropikallesme siirecine girdigini gostermektedir (Bianchi
ve Morri, 2003; WWF, 2021). 1869 yilinda agilan Siiveys
Kanali tropik sularla baglantiyr saglarken, Akdeniz’e
yogun bir egzotik tiir girisi olmus, yine Cebelitarik Bogazi
yoluyla yine Atlantik kokenli baliklar girislerine devam
etmis ve etmektedir. Bunun yam sira deniz ve akvaryum
ticaretinden kaynaklanan egzotik tiir girisleri de devam
etmektedir. Bu girislerin ekolojik, ekonomik, sosyal ve
kiiltiirel etkileri vardir ve bu tiirlerin kisa stirede
tanimlanmasi, izlenmesi, gerekirse azaltilmasina yonelik
tedbirler giindemde var olmaya devam edecektir. Bu
amagcla uluslararas: izleme aglari, medya, vatandas bilimi
(Citizen Science) projeleri, goniillii izleme programlari ile
akademik camia siki iletigsim igerisinde olmali ve tiim yeni
girislerden anlik haberdar edilmelidir. Bu sayede, tiirlerin
istilact olanlar1 iizerine erken dnlem gelistirip, bu tiirlerin
popiilasyonlarinin artis1 kismen de olsa durdurulabilir.

Tesekkiir

Bu calisma Ege Universitesi Bilimsel Arastirma
Koordinatorliigii (Proje No: 2017-SAUM-001) tarafindan
desteklenmistir. Caligmada bizi teknelerine kabul eden ve
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arastirmamiza destek balikg¢ilara

siikranlarimizi sunariz.

veren  Egeli

Cikar Catismasi
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Abstract: This study reports the occurrence of Phronima sedentaria in the Eastern Mediterranean.

The new pram shrimps were collected from the Gulf of Antalya, located on the Levantine coast of

Pram shrimp
Hyperid amphipod
Levantine
Antalya Bay

occurrence.

Turkey. Examination and definition of the sampled specimen in the area reported as the first

Antalya Korfezi’nde (Dogu Akdeniz, Tiirkiye) Phronima sedentaria

Anahtar kelimeler:

Pram karidesi
Hyperid amphipod
Levantin Denizi
Antalya Korfezi

Forskal, 1775 (Crustacea: Amphipoda)Tiiriiniin Kaydi

Oz: Bu galisma Phronima sedentaria tiiriiniin Akdeniz’in dogusundaki bulunurlugunu temsil
etmektedir. “Pram shrimp” olarak da adlandirilan bu Amphipod tiirii Tiirkiye’nin Levant Denizi
kiyisinda yer alan Antalya Korfezi'nden drneklenmistir. Bu alanda 6rneklenen tiiriin incelenmesi ve
tanimlanmasi sonucunda, ilk kayit olarak rapor edilmektedir.

Introduction

The family Phronimidae currently includes two genera;
Phronima Latreille, 1802 and Phronimella Claus, 1871.
The genus Phronima includes 10 accepted species (Shih,
1991; Vinogradov et al., 1996).

The pram shrimp Phronima sedentaria (Forskal, 1775)
is a pelagic hyperiid amphipod often found living inside
transparent pelagic tunicates such as salps and pyrosomes;
P. sedentaria parasitizes and fashions these tunicates into
gelatinous, barrel-like abodes where it shelters and rears
it’s young (Quigley et al., 2015). The species is one of the
most well-known and common hyperiid amphipods
dwellings within plankton (Diebel, 1988) and is distributed
throughout the tropical and temperate oceans, including
the Mediterranean Sea (Zeidler and De Broyer, 2009).

Here, we report the capture locations of P. sedentaria
specimens in Antalya Bay, located off Turkey in the
eastern Mediterranean, in association with an unidentified
salp species; this represents the first report of such
specimens in the study area. There was no information
about the species’ distribution in the Turkish seas.

*Corresponding author: olguner@akdeniz.edu.tr

Material and Methods

This study was conducted after receiving legal
permission (Date: 07.04.2016, No: 1320) from the
Republic of Turkey, Ministry of Agriculture and Forestry
General Directorate of Fisheries and Aquaculture.

The specimens were collected on the bathyal ground of
the Antalya Bay in April and July 2019 (Figure 1) within
the framework of a monthly sampling program conducted
by the research vessel “Akdeniz Su.” The sampling design
was developed for fishery surveys, with no intention of
specifically sampling P. sedentaria. A bottom trawl net
with a mouth opening of 1.5 m was used for sampling. The
hauling speed was about 2.4 knots, and the hauling
duration was 1 h. All hauls were conducted during
daylight.

“Pram shrimp” specimens and their sexes were
identified based on the Hyperiid Amphipods of the World
Oceans guide (Vinogradov et al., 1996). The total length
(TL) was measured with a digital caliper to the nearest
0.01 mm. The specimens were preserved in 70% ethanol
and stored in the Faculty of Fisheries laboratory, Akdeniz
University.

How to cite this article: Olguner, M.T., Deval, M. C. (2022). The occurrence of Phronima sedentaria Forskal, 1775 (Crustacea: Amphipoda) in the Gulf of Antalya (Eastern Mediterranean, Tiirkiye).
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Figure 1. The sampling stations of the specimens in the Antalya Gulf

Results
Specimen characterization

The specimens were identifiedas Phronima sedentaria
(Forskal, 1775) of the genus Phronima Latreille, 1802 and
family Phronimidae Rafinesque, 1815. Twelve female
individuals (TLs 32-40 mm) were collected from six
stations at depths between 530 m (N36°42.610',

E31°10.040") and 650 m (N36°41.500', E31°09.380").
Notably, many juveniles (> 200) were collected, along
with two adult females (40 mm TL) and an empty
unidentified salp in the second haul at a depth of 540 m. In
the fifth haul, six female individuals (TLs 32 -39 mm) and
seven empty unidentified salps were sampled (Table 1).

Table 1. Specimens of the pram shrimp P. sedentaria collected in Antalya Bay, Turkey

Date Hauls  Stratum(m)  TL (mm) Sex Specimen Unidentified salp
27.04.2019 1 500-599 36 F 1 -

2 500-599 40 F 1 with 200" juveniles 1

3 600-699 37 F 1 2

4 600-699 - - - 2

5 600-699 32-39 F 6 7
21.07.2019 6 600-699 38-40 F 2 with 200" juveniles 2

Species classification

The characteristics of the specimens agreed well with
the descriptions of P. sedentaria (Figure 2a-b) presented
by Vinogradov et al. (1996). The length of the fifth
segments of pereopod V of the females were much greater

than their widths (Figure 2c¢). The rami of the uropods of
the females were approximately equal in length (Figure
2d). The specimens could be easily distinguished from all
other species in the genus based on many distinctive
features.
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Figure 2. A, B: Lateral views of the specimen; C: female V pereopod close-up view; D: abdomen, pleopods and uropods

Discussion

Previous studies (Christodoulou et al., 2013;
Vinogradov et al., 1996) reported the presence of P.
sedentaria based on Stephensen (1924) without giving
details or specifying the location of collected specimens.
Veini and Kiortsis (1974) sampled a few P. sedentaria
individuals in Greek waters also without giving the details
of the specimens. Four preserved specimens of P.
sedentaria were reported in Global Biodiversity
Information Facility (see details; GBIF.org) in Spain and
France; date unknown and in Italy; 1930. However, it’s
been noted that all locations and dates are invalid but only
occurrence in Greece (2009) seems to be valid (Tecchio
and Ramirez-Llodra, 2018). Furthermore, only two species
from the genus Phronima (Phronima stebbingi and
Phronima atlantica) were reported in the Aegean by Bakir
et al. (2014).

This paper represents the first report of captured living
specimen P. sedentaria in the Turkish waters of eastern
Mediterranean.
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Abstract: Some morphometric and biological characteristics of a European spider crab, Maja
squinado (Herbst, 1788) caught off Aksaz region, (Biga, Canakkale, Tiirkiye) were investigated. In
addition, an epizoic species infesting this M. squinado specimen has been identified. The crab
specimen was caught by a commercial fisherman using trammel nets. Carapace length, carapace
width and weight of the crab were 15.9 cm, 14.5 cm, and 1109 g respectively. The specimen was an
ovigerous female with a calculated fecundity of 3.48x10* eggs. Eggs were in stage 4™ of
development and covered the whole carapace region. Additionaly, it was observed that the
specimen was infested with the epixoic barnacle Octolasmis angulata (Aurivillius, 1894). A total of
46 O. angulata individuals were observed; 32 from the gill lamellae, and 14 from the carapace. This
study reports the existence of the epizoic O. angulata on Maja squinado for the first time in
Tirkiye.

Maja squinado (Herbst, 1788) (Majoidea, Crustacea) Uzerinde Epizoik
Octolasmis angulata (Cirripedia) Tiiriiniin Canakkale, Tiirkiye’den Ik
Kaydi

Oz: Canakkale Aksaz kiyilarinda gerceklestirdigimiz calismada, Maja squinado (Herbst, 1788)’nun
baz1 morfometrik ve biyolojik 6zellikleri ile M. squinado tizerinde konakgi olarak yasayan epizoik
tiir incelenmistir. Ticari balikgilar tarafindan fanyali uzatma aglar yakalanan yengecin karapas
uzunlugu 15.9 cm, karapaks genisligi 14.5 cm ve agirhg 1109 g olarak dlgiilmistiir. Yengeg disi
olup iizerinde yumurta tagidigi tespit edilmistir. Yengecin abdomen bélgesinde toplam 348x10*
yumurta oldugu hesaplanmistir. Yengecin yumurtalarmin 4. evrede oldugu ve tiim abdomen
bolgesini kapladigi belirlenmistir. Ayrica yengeg bireyinin tizerinde konakg¢i epizoik Octolasmis
angulata (Aurivillius, 1894) tasidigi goriilmistiir. Yengecin solungag lamellerinden 32 adet ve
karapaks altindan 14 adet olmak iizere toplamda 46 adet O. angulata 6rneklenmistir. Bu ¢aligma ile
M. squinado tiirii lizerinde epizoik tiir O. angulata, tilkemiz denizlerinden ilk kez kaydedilmistir.

Introduction

Crustaceans have a significant contribution to world
fisheries production (Karadurmus and Aydin, 2016). The
European spider crab Maja squinado (Majoidea,
Decapoda, Crustacea) is a species of great commercial
importance distributed in the northwest Atlantic and
Mediterranean at depths of up to 90 m (Kergariou, 1976;
Bernardez, 2005). However, environmental degradation
and inappropriate fisheries management have resulted in
declining stocks of this species (Born et al., 2004). This
species is exploited by several countries; in the north-
eastern Atlantic, intensive spider crab fisheries are
operated by the United Kingdom, Ireland, France, the
Channel Islands, Spain, Portugal, Morocco, and in the

*Corresponding author: secilkolsal@gmail.com.tr

Mediterranean, Turkey (Broshan, 1981). M. squinado was
caught commercially in Turkey until 2006 (Harlioglu et
al., 2018), but this species has been a rare occurence
recently. In Turkey, information on M. squinado has been
limited to biodiversity studies (Kocatas et al., 2005;
Harlioglu et al., 2018; Cift¢i et al., 2019).

Epibiosis involves mutualistic and commensal
relationships with the most critical factor for colonization
being the availability of a suitable substratum (Ross, 1983;
Parapar et al., 1997). Epizoic species like stalked barnacles
of the genus Octolasmis Gray, 1825 (Poecilasmatidae) are
sessile invertebrates frequently found attached to the
branchial chairs of crabs (Jeffries and Voris, 1996; Chan et
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al. 2009; Ihwan et al., 2014). When Octolasmis inhabit
branchial chambers of the crabs, they occupy space on the
surface of the gills normally available for oxygen
exchange and can therefore, severely impair host
respiration (Hudson and Lester, 1994).

Since the underlying reasons for the decline of M.
squinado stocks are not known, information on the biology
of this species and its interaction with the environment
may help to shed some light on their abundance in this
area. In this study, the epizoic species Octolasmis angulata

infesting M. squinado was recorded for the first time in
Turkey.

Material and Methods

The specimen of M. squinado was caught incidentally
from a depth of 70 m by commercial fishermen using
trammel nets on the southern coasts of the Marmara Sea on
April 27, 2021 (Coordinates of sampling area: 40° 29' N -
27° 13" E). The specimen was identified according to Ng
and Richer de Forges (2015) (Figure 1).
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Figure 1. a: The sampled ovigerous female of M. squinado b: Sampling location of M. squinado in the present study.

The specimen was transferred to the laboratory in a
cooler and the morphometric characteristics were
measured with a digital caliper according to Neumann
1996. Total weight and gonad weight were measured using
a digital scale. Development and color changes of gonads
were determined macroscopically according to Carmona-
Suarez (2003). Maturity stages of the eggs were identified
according to the 4-staged maturity scale as follows: Stage
I: almost absent, very small, transparent; Stage Il: milky
white, thin, soft; Stage I11: light orange, covers a great part
of the internal organs; Stage IV: orange-red, covers entire
abdomen region. Fecundity was determined based on a
0.05 g sub-sample with 3 replicates taken from the egg
mass and counting the number of eggs under a
stereomicroscope. The minimum, maximum, and average
egg sizes were also calculated by measuring the diameters
of 70 sub-samples. M. squinado specimen was then
dissected and epizoic barnacles were carefully removed.
Species identification was carried out according to
Jefferies et al., 2005 and Chan et al. 2009, and the number
of epizoics was recorded.

Results

Morphological measurements of M. squinado caught in
trammel nets from Canakkale Aksaz Region are given in
Table 1. The carapace length of M. squinado was 15.9 cm
and the carapace width was 14.5 cm. The abdominal
length of the crab was 9.6 cm and the abdomen width was
7.7 cm. The total weight of of the crab was 1109 g.

The eggs of the ovigerous female crab were red in
color and in the 4" stage of development. The total egg
mass of this crab was recorded as 104.68 g. The total
number of eggs was calculated as 348x10%. The diameter
of the crab eggs ranged between 0.6039 - 0,7951 mm, ,
with a mean diameter of 0.7200 + 0.038 mm.

0. angulata was identified as the epizoic species on the
crab’s gill lamellae and carapace margins. A total of 46 O.
angulata were found on the crab; 32 from the gill lamellae
and 14 from the carapace. Photographs of O. angulata are
presented in Figure 2.

Discussion

This study provides information on the morphological
characteristics of the spider crab M. squinado in
Canakkale. Our findings were compared with those of
other studies. In a study conducted on the Tunisian coast,
the mean CL was found to range between 22.5 and 87 mm
and a mean CL of 52 mm was measured in adult females
(Baklouti et al., 2015). Authors in this study, stated that
there were ovigerous females in April-May but the gonads
reached peak maturation in December-March. In a
different study conducted on northwest Spain, an
individual with eggs were found in December (Bernardez
et al., 2003). In the present study, an ovigerous female was
caught in April and similar results were obtained in other
studies.
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Figure 2. Location of epizoic species O. angulata on M. squinado (a, b: Gills filament; c: Under the carapace)

Host species and availability vary according to the
characteristics of the organism, the type of host, and
maturity stages (Dudgeon 1980; Maldonado & Uriz 1992;
Woods & McLay 1994; Woods & Page 1999; Cruz-Rivera
2001; Berke & Woodin 2008; Hultgren & Stachowicz
2008; Martinelli et al., 2011). A range of organisms
including algae, sponges, hydroids, bryozoans, amphipods,
cirripedes, polychaetes, etc. have been recorded on crabs
(Sato & Wada 2000) and their intensity of infestation
appear to differ chemically/mechanically. In addition to
the phenomenon of epibiosis on their exoskeleton, M.
crabs display a distinctive masking behavior that creates a
complex camouflage system to ward off predators.
Octolasmis sp. has been reported in different studies on the
gills of different crustaceans such as Palinuridae,
Scyllaridae, and Portunidae, especially O. angulata,
inhibiting the respiratory process, thus preventing oxygen
uptake by these crustacean hosts (Irvansyah et al., 2012;
Jeffries et al., 1996; Schejter & Spivak, 2005; Ihwan et al.,
2014; Hassan et al., 2019). This study shows features
similar to other studies and the individuals of O. angulata
show a dense distribution, especially in the gill lamellae of
the crab.

Earlier studies on biodiversity have confirmed the
presence of M. squinado in the Canakkale Strait and the
Sea of Marmara. In this study, morphometric
characteristics of an ovigerous female and its infestation
by the epizoic species O. angulata are reported for the first
time.
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