[STANBUL

UNIVERSITY
PRESS

e@)LU/V/L
-t-
a2
xR
N Y8
¥ 1453 ™

AQUATIC
SCIENCES and ENGINEERING

VOLUME: 33 ISSUE: 4 2018 EISSN 2602-473X




AQUATIC

SCIENCES and ENGINEERING

OWNER OF JOURNAL
Istanbul University Faculty of Aquatic Sciences

EDITOR IN CHIEF

Prof. Devrim Memis
Istanbul University Faculty of Aquatic Sciences, Turkey

DEAN
Prof. Dr. Meri¢ Albay

CO EDITOR IN CHIEF

Prof. Ozkan Ozden
Istanbul University Faculty of Aquatic Sciences, Turkey

LANGUAGE EDITOR

Joanne Bates )
Department of Foreign Languages, Istanbul University,
Istanbul, Turkey

Publisher

\,\\.0',-,/ 1
& ISTANBUL
A®2%7 UNIVERSITY

PRESS

Publication Services  Publisher
Ibrahim KARA
//AVES Publication Director
Ali SAHIN

Finance and Administration
Zeynep YAKISIRER

Deputy Publication Director
Gokhan CIMEN

Editorial Development
Gizem KAYAN

oL Uy, 1
s ISTANBUL
&% UNIVERSITY
* 1253 % PRESS

INTERNATIONAL EDITORIAL BOARD
Prof. Genario Belmonte
University of Salento, Italy

Prof. Carsten Harms
Applied University Bremerhaven, Germany

Prof. Konstantinos Kormas
University of Thessaly, Greece

Prof. Sergi Sabater
Institute of Aquatic Ecology, Spain

Prof. Maya Petrova Stoyneva-Gaertner
Sofia University “St Kliment Ohridski”, Bulgaria

Prof. Nuray Erkan
Istanbul University Faculty of Aquatic Sciences, Turkey

Prof. Reyhan Akgaalan
Istanbul University Faculty of Aquatic Sciences, Turkey

Prof. Saadet Karakulak
Istanbul University Faculty of Aquatic Sciences, Turkey

Assoc. Prof. Lukas Kalous Czech
University of Life Sciences, Czech

Dr. Klaus Kohlmann
Leibniz-Institute of Freshwater Ecology and Inland Fisheries, Germany

Dr. Piero Addis
University of Cagliari, Italy

Dr. Nico Salmaso
Research and Innovation Centre, Italy

Dr. Petra Viser
University of Amsterdam, Netherlands

Copyright © 2018 istanbul University Press Journal Adress: istanbul University Faculty Aquatic
Sciences, Ordu Caddesi No:8 34134 Laleli Fatih/Istanbul Turkey E-mail: ase@istanbul.edu.tr

for submussion instructions, subcription and all other information visit http://dergipark.gov.tr/tjas

Publication Coordinators Graphics Department

Betil CIMEN Unal OZER

Ozlem CAKMAK Deniz DURAN

Okan AYDOGAN Beyzanur KARABULUT

Irem DELICAY

Blsra PARMAKSIZ Contact

Nergis KALKAN Address: BuyUkdere Cad. No: 105/9
Arzu YILDIRIM 34394 Mecidiyekoy, Sisli-Istanbul, Turkey

Phone: +90 212 217 17 00
Fax: +90 212 217 22 92

Project Assistants
E-mail: info@avesyayincilik.com

Ecenur ASLJM
Neslihan KOKSAL
Cansu ASLAN



http://dergipark.gov.tr/tjas

AQUATIC
SCIENCES and ENGINEERING

Aims and Scope

Aquatic Sciences and Engineering is an international,
scientific, open access periodical published in accordance with
indepen—dent, unbiased, and double-blinded peer-review
principles. The journal is the official publication of istanbul
University Faculty of Aquatic Sciences and it is published
quarterly on January, April, July, and October. The publication
language of the journal is English and continues publication
since 1987.

Agquatic Sciences and Engineering aims to contribute to the
literature by publishing manuscripts at the highest scientific level
on all fields of aquatic sciences. The journal publishes original
research and review articles that are prepared in accordance
with the ethical guidelines.

The scope of the journal includes but not limited to; aquaculture
science, aquaculture diseases, feeds, and genetics, ecological
interactions, sustainable systems, fisheries development,
fisheries science, fishery hydrography, aquatic ecosystem,
fisheries management, fishery biology, wild fisheries, ocean
fisheries, biology, taxonomy, stock identification, functional
morphology freshwater, brackish and marine environment,
marine biology, water conservation and sustainability, inland
waters protection and management, seafood technology and
safety.
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Distribution and Diversity of Freshwater Crabs (Decapoda: Brachyura:

Potamidae, Gecarcinucidae) in Iranian Inland Waters

Ardavan Farhadi ®, Muzaffer Mustafa Harlioglu

Cite this article as: Farhadi, A., Harlioglu, M.M. (2018). Distribution and Diversity of Freshwater Crabs (Decapoda: Brachyura: Potamidae, Gec-
arcinucidae) in Iranian Inland Waters. Aquatic Sciences and Engineering, 33(4): 110-116.

ABSTRACT

This article reviews the current knowledge of primary freshwater crabs (Decapoda, Brachyura) in
Iranian inland waters, with the purpose of classifying the exact number of species, the threat sta-
tus, and their distribution and diversity. Previous studies have reported that Iranian inland waters
have eight freshwater crab species and there was no accurate information on the distribution of
freshwater crab species in Iran. This review article describes that an additional six freshwater crab
species, Potamon gedrosianum, P. magnum, P. mesopotamicum, P. ilam, Sodhiana blanfordi, and
S.iranica, are also present in Iran. Therefore, there are 14 freshwater crab species currently known
in Iran, which belong to two families (Gecarcinucidae and Potamidae). The genus Potamon is rep-
resented by 11 species, and the genus Sodhiana is represented by 3 species (found in south and
south east of Iran). In addition, this review presents a distribution map and the possible threats

Firat University, Fisheries Faculty,

23119, Elazig, Turkey

Submitted:
08.05.2018

Accepted:
27.07.2018

Available Online Date:
15.10.2018

Correspondence:
Ardavan Farhadi
E-mail:
Farhadi219@yahoo.com

©Copyright 2018 by Aquatic
Sciences and Engineering
Available online at
ase.istanbul.edu.tr

for each species.
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INTRODUCTION

Primary freshwater crabs (Yeo et al., 2008, 2012)
include more than 1,476 species worldwide and
occupy 20 percent of all the brachyurans (Yeo
et al., 2008; Cumberlidge et al., 2009). They are
composed of five families; Pseudothelphusidae
Ortmann, 1893 (Neotropics; Wehrtmann et al.,
2010) and Trichodactylidae H. Milne Edwards,
1853 (Mexico, Central and South America; Col-
lins et al., 2006), Potamonautidae Bott, 1970
(Africa and Madagascar; Cumberlidge and
Daniels, 2008), and, Potamidae Ortmann, 1896
(North Africa, southern Europe, Asia; Brandis et
al., 2000), Gecarcinucidae Rathbun, 1904 (Sey-
chelles, Asia; Shih and Ng, 2011),

Freshwater crabs live in both tropics and sub-
tropics in most regions of the world (Yeo et al.,
2008). They can be found in most freshwater
ecosystems, from clear, quick-flowing rivers to
moderate-flowing rivers, as well as in freshwa-

ter swamps, stagnant ponds and rice fields, and
even in tree hollows and leaf axils (Yeo et al.,
2008; Cumberlidge et al., 2009).

However, some freshwater crab species, such
as Potamon Savigny, 1816, are only present in
freshwater habitats and are not able to live or
survive for a long time in saline water, while oth-
er genus, such as Parathelphusa H. Milne Ed-
wards, 1853, is able to remain alive in saline wa-
ter for a short time (Yeo et al., 2008). Terrestrial
freshwater crab species can live far from con-
tinual freshwater sources; they are able to move
among the forest floor litter or, sometimes, are
even able to climb trees (Ng, 1988; Ng and Tay,
2001; Cumberlidge et al., 2005). Continual im-
mersion in fresh water is not urgent for terrestri-
al freshwater crab species and they can receive
water from food, drinking dew or casual water;
they can obtain water by capillary or osmotic
uptake from moist substrata (Yeo et al., 2008).
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Freshwater crabs play important ecological roles especially in
tropical regions (Dobson et al., 2007a,b). In addition, they are
medically important as a threat to human health (i.e. as interme-
diate hosts of paragonimiasis in Asia, Africa, and the Neotropics)
(Maleewong, 2003; Blair et al., 2008) and as a source of medical
and pharmaceutical materials (i.e. chitin and chitosan) (Rinaudo,
2006). Freshwater crabs are not used only as a food source, but
are also used as food additives and fertilizers, especially crab
processing residues are used as feeding additive (Bilgin and
Fidanbasg, 2011). Therefore, in addition to the importance of ma-
rine crabs, there has also been an increase in the value of fresh-
water crabs in recent years on a global scale (Yeo et al., 2008).

Two different families of freshwater crabs are present in Iran i.e.,
Gecarcinucidae and Potamidae (Pretzmann, 1962). Many Pota-
mid species moved to several geographically isolated areas, and
adapted to dominant environments (Keikhosravi and Schubart,
2014a). These freshwater crabs in the Eurasian area have extend-
ed from the Mediterranean region to the east-Himalaya (Klaus
et al.,, 2011; Gherardi, 2007). The genus Potamon in Iran includes
three sub-genera; Pontipotamon Pretzmann, 1962 (Ashourdan et
al., 2014), Centropotamon Pretzmann, 1962 (Nasrollahzadeh et
al., 2011), and Orientopotamon Pretzmann, 1962 (Brandis et al.,
2000).

The subgenus Pontipotamon is dominant in the south and the
south-west Caspian region, the subgenus Centropotamon is
dominant in the south Caspian Sea region in the center and
south of Iran, while the subgenus Orientopotamon has been re-
ported from the east Caspian Sea and southeast Iran (Pretzmann,
1962).

Brandis et al. (2000) and Sharifian et al. (2014), examined sev-
en Potamon species (Potamon bilobatum Brandis, Storch and
Tirkay, 2000, P. elbursi Pretzmann, 1976, P. ibericum (Bieberstein,
1809), P. persicum Pretzmann, 1962, P. ruttneri Pretzmann, 1962,
P strouhali Pretzmann, 1962, P. transcaspicum Pretzmann, 1962)
and one gecarcinucid species (Sodhiana rokitanskyi (Pretzmann,
1971)) from Iran. Recent active studies bring the number of Ira-
nian species to 14 (Sharifian et al., 2014; Keikhosravi and Schu-
bart, 2014a,b; Keikhosravi et al., 2016; Sharifian et al., 2017). The
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Figure 1. Distribution of freshwater crab species in Iran

genus Potamon is represented by 11 species in Iranian inland
waters; P. bilobatum; P. elbursi; P. gedrosianum Alcock, 1909; P
ibericum; P. mesopotamicum Brandis, Storch and Turkay, 1998; P
ilam Keikhosravi and Schubart, 2014; P. (Centropotamon) mag-
num Pretzmann, 1962; P. persicum; P. ruttneri; P. strouhali and P,
transcaspicum. In addition, three species of the genus Sodhiana
are found in Iranian inland waters; Sodhiana blanfordi (Alcock,
1909); Sodhiana iranica Sharifian, Kamrani and Sharifian, 2014
and S. rokitanskyi. Figure 1 shows the distribution of freshwater
crab species in Iran.

This study is aimed to consolidate and update the distribution
and biodiversity of freshwater crabs in Iranian inland waters.

Taxonomy
Family Potamidae Ortmann, 1896

Potamon bilobatum Brandis, Storch and Tiirkay, 2000
Potamon bilobatum Cumberlidge, 2008a (type locality: Mazan-
daran and Gilan provinces, Iran); Nasrollahzadeh et al., 2011: 280.

Potamon (Pontipotamon) bilobatum Brandis, Storch and Tirkay,
2000: 26-28 (type locality: Mazandaran, Iran).

Distribution in Iran. This species was reported only in the north
of Iran from the Elburs Mountains, in Gilan (Rasht, Kelachay), Ma-
zandaran (Chalus, Tonekabon) and Golestan Provinces (Gorgan)
(Cumberlidge, 2008a; Nasrollahzadeh et al., 2011).

Remarks. This species is listed as Least Concern in International
Union for Conservation of Nature (IUCN) red list of threatened
species. Since there is no record showing reduction in the ex-
tent and quality of its habitat. This species has been identified
in three provinces in Iran (Cumberlidge, 2008a; Nasrollahzadeh
et al., 2011). This species was found in Lakan stream when the
water temperature, salinity, hardness, and pH was 16-18°C, 330-
430 mg/l, 12-16°d, and 7-7.7 respectively (Nasrollahzadeh et al.,
2011).

Potamon elbursi Pretzmann, 1976

Potamon elbursi Pretzmann, 1976b: (type locality: northern Iran);
Keikhosravi and Schubart, 2014a: (Namak Lake and south Cas-
pian Sea drainages).

Distribution in Iran. Keikhosravi and Schubart (2014a) rede-
scribed Potamon elbursi, proving its occurrence as a native spe-
cies of northern Iran. P. elbursiis distributed from the north to the
central and southern slopes of the western Alborz Mountains (the
north of Tehran and Qazvin), and from the south to the sources
of two drainage systems (northeast of Tehran), Namak Lake and
south Caspian Sea drainages. Only at one point does the dis-
tribution extend northward through the Alborz Mountains (Sefi-
drud valley), reaching the Caspian Sea (Keikhosravi and Schubart
2014a; Keikhosravi et al., 2015).

Remarks. P. elbursiis distinguished from P. persicum by the mor-
phology of the first gonopods in males (Keikhosravi and Schu-
bart 2014a). Consistent and marked genetic divergence was also
recognized in the mitochondrial 16S rRNA and cytochrome oxi-
dase subunit | genes (Keikhosravi and Schubart 2014a).
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Potamon gedrosianum Alcock, 1909

Potamon gedrosianum Alcock, 1909 (type locality: Pishin Valley,
Baluchistan, Pakistan); Quddusi, et al., 2005 (Sindh, Punjab and
Baluchistan Provinces, Pakistan); Keikhosravi et al. 2016 (Zabol,
southeast of Iran).

Potamon gedrosianum waziristanis Pretzmann, 1965: 297 (Kabul,
Afghanistan).

Potamon gedrosianum torbenwolffi Bott, 1967 (type locality:
west of Afghanistan.).

Distribution in Iran. Potamon gedrosianum is found in Afghani-
stan, northeastern Iran (Keikhosravi et al., 2016), northwestern
Pakistan, western India and the western tributaries of the Indus
River (Cumberlidge, 2008b). For the first time, in 2016, P. gedro-
sianum has been reported in Iran by Keikhosravi et al. (2016) in
Zabol (southeast of Iran).

Remarks. Alcock (1909) reported a new subspecies of Potamon
fluviatile (i.e. P. f. gedrosianum) from Pakistan. Recently, Brandis
et al. (2000) synonymized this newer subspecies and ranked it
at species level. P gedrosianum and P. ruttneri have very similar
morphology. Also, gonopod morphology is constant or has very
limited variation at intraspecific level in both species (Brandis
et al., 2000). However, P. gedrosianum and P. ruttneri are distin-
guished by the structure of the first male gonopod (G1) and cara-
pace features (Brandis et al., 2000).

Cumberlidge (2008b) listed P. gedrosianum as Least Concern in
IUCN red list of threatened species in view of its wide distribu-
tion in four countries, tolerance of a degree of habitat modifica-
tion, presumed large population, and because it is unlikely to be
declining fast enough to qualify for listing in a more threatened
category (Cumberlidge, 2008b).

Potamon ibericum (Bieberstein, 1809)
Cancer ibericum Bieberstein, 1809: 3-5 (type locality: Mazanda-
ran, North of Iran).

Potamon ibericum Scombathy, 1916 (type locality: near Yerevan,
Armenia.); Charmantier, 1992 (southern France).

Potamon (Pontipotamon) ibericum Bieberstein, 1808: (Mazanda-
ran, North of Iran).

Potamon (Pontipotamon) ibericum tauricum natio bithyniensis
Pretzmann, 1983: 281-300 (Turkey)

Potamon (Pontipotamon) ibericum tauricum natio cappadocien-
sis Pretzmann 1983 (Cappadocia, central Turkey).

Potamon (Pontipotamon) ibericum tauricum natio troijensis
Pretzmann (Thassos, Greek island).

Potamon albanicum Starobogatov and Vassilenko, 1979: 1795,
(type locality: Cyprus).

Potamon ibericum meandris Pretzmann, 1963 (type locality:
Shahpasant, Iran).

Thelphusa fluviatilis taurica Czerniavsky, 1884 (type locality: Chi-
os, Greek islands). Pretzmann, 1976b (Rasht, Iran). Pretzmann,
1963: 376 (Trabzon, Turkey; Samsun, Turkey).

Distribution in Iran. Potamon ibericum occurs in a wide and
highly fragmented regions. P. ibericum present from the Danube
River to the Black Sea and the Caspian. P ibericum is found in
Bulgaria, Ukraine, Crimea, Georgia, Armenia, and Azerbaijan. P,
ibericum is a species also present in the region to south of the
Caspian Sea region in Turkmenistan (Cumberlidge, 2008c) and
Iran. In Iran, P. ibericum is present in the north of Iran from the
Elburs Mountains, in the Sefidrud opening connected to the Cas-
pian Sea, and in the coastal region of the Caspian Sea, Gilan
Province (Langerud, Rudsar, Kelachay) and Mazandaran Provinc-
es (Chalus) (Ashourdan et al., 2014; Parvizi et al., 2017).

Remarks. P ibericum has a wide distribution and the relatively
high number of localities and records. P. ibericum is assessed
here as Near Threatened (NT) in IUCN red list of threatened
species. Because it is possible that populations of P. ibericum in
parts of its range might be in danger of extirpation in the future,
especially those on islands or near centers of human population
on the mainland (Cumberlidge, 2008c).

Potamon mesopotamicum Brandis, Storch and Tiirkay, 1998

Potamon mesopotamicum Brandis, Storch and Turkay, 1998
(type locality: Khabur River, Syria); Naser, 2009 (southern regions
of Iraq); Keikhosravi and Schubart, 2014b: 119 (llam, west of Iran).

Distribution in Iran. Potamon mesopotamicum is found at the
Turkey-Syria border (Sanliurfa Province), Syria (sources of the
Khabur River in Ras al-Ain; Nar al-Khabur) (Brandis et al., 1998;
Esser and Cumberlidgea, 2008a) and recently Naser (2009) ex-
tended the range of P. mesopotamicum to southern regions of
Iraq, over 400 km to the southeast. In the Al-Huwaizah marshes,
P mesopotamicum lives in areas of still, shallow water, on mud or
among submerged aquatic plants (Ceratophyllum sp.). In addi-
tion, recently P mesopotamicum has been reported in the west
of Iran (Ilam) on the Iran-lragq border (Keikhosravi and Schubart,
2014b).

Remarks. Potential threats for the survival of P. mesopotamicum
and other aquatic organisms in these marshes include the appli-
cation of pesticides by fishermen and illegal overfishing (Al-Helfi,
2005).

Potamon ilam Keikhosravi and Schubart, 2014

Potamon ilam Keikhosravi and Schubart, 2014b (type locality:
llam, south west of Iran).

Distribution in Iran. Potamon ilam is found in most of the rivers
in llam (south west Iran) that drain into the Tigris River (except for
some rivers in the eastern part), but it is not found in the Tigris
River itself, where P mesopotamicum, P. persicum, and P. mag-
num occur (Keikhosravi and Schubart, 2014b).

Remarks. Keikhosravi and Schubart (2014b) suggested that
Potamon ilam is distinguished from P. persicum and P. mesopo-
tamicum by the shape of the first gonopod and carapace char-
acters. In addition, other differences between these taxa are evi-

112



Aquat Sci Eng 2018; 33(4): 110-116
Farhadi and Harlioglu. Freshwater Crabs of Iran

dent from nuclear 28S rRNA and mitochondrial 16S rRNA gene
sequences (Keikhosravi and Schubart, 2014b).

Potamon magnum Pretzmann, 1962

Potamon (Centropotamon) magnum Pretzmann, 1962 (type lo-
cality: eastern Turkey); Alsalami and Rahma, 2015 (Al-Kufa river,
Iraq); Luay and Jawair, 2013 (Greater Zab river Kurdistan Region-
Iraq).

Distribution in Iran. Potamon magnum occurs mostly in eastern
Turkey in the upper reaches of the Euphrates and Tigris Rivers, in
northern Syria, northeast of Irag, in western Armenia and western
Iran (Baneh) (Cumberlidge, 2008d; Ali and Latef, 2017).

Remarks. Cumberlidge (2008d) assessed Potamon magnum as
Least Concern in IUCN red list of threatened species based on its
relatively wide distribution (EOO 145,000 km?) and the relatively
high number of localities and records in five countries. Potamon
magnum populations may nevertheless be under threat from
rapid anthropogenic changes affecting their habitat, such as wa-
ter diversion and pollution. No information exists on the popu-
lation dynamic or density of P magnum (Cumberlidge, 2008d).
Alsalami and Rahma (2015) showed that the most important fac-
tors that affect presence of P. magnum is the water temperature
and salinity. The highest density reached (32.89) individual / M°
at a temperature of 20°C during April, no crab observed was ob-
served during January and February when the water temperature
was 14.5°C and 14.1°C respectively (Alsalami and Rahma, 2015).

Potamon persicum Pretzmann, 1962

Potamon persicum Pretzmann, 1962: 205 (type locality: Isfahan,
Iran); Khatami, 2002 (type locality: Jajrood River, Tehran, Iran);
Ardalan et al.,, 2011: 179 (Elburs Mountains); Keikhosravi and
Schubart, 2014a: 116 (Kohkiluyeh buyerahmad province, Cha-
harmahal Bakhtiari province Esfahan, Khuzestan province, Iran).
Keikhosravi and Schubart, 2014b: 117 (Khuzestan province Teh-
ran province, Iran).

Potamon (Centropotamon) hueceste armenicum Pretzmann,
1983 (type locality: Makoom Northwest of Iran).

Potamon (Centropotamon) magnum elbrusi Pretzmann, 1962
(type locality: Rasht, Iran).

Potamon (Centropotamon) magnum vangoelium Pretzmann,
1976a (Mazandaran, Iran part).

Potamon (Centropotamon) persicum Pretzmann, 1962 (type lo-
cality: Isfahan, Iran).

Potamon (Centropotamon) persicum kermanshahi Pretzmann,
1976b (type locality: Kermanshah, West of Iran)

Potamon magnum armenicum Pretzmann, 1962 (type locality:
Northwest of Iran); Pretzmann, 1963: 375.

Distribution in Iran. Potamon persicum is found in Iran (Az-
arbayejane Gharbi, Azarbayejane Shargi, Gilan, Markazi, Hama-
dan, Bakhtaran, Lorestan, Esfahan Provinces), Turkey, Irag and in
Armenia. Also, this species is found in the Tigris-Euphrates river
systems and in the region from Lake Van to the Elburs Mountains

and in the region south of Esfahan in Iran (Cumberildge, 2008e;
Ardalan et al., 2011; Keikhosravi and Schubart 2014a,b).

Remarks. Cumberildge (2008e) assessed Potamon persicum as
Least Concern in IUCN red list of threatened species based on
its wide distribution (EO0 1 million km?) and the high number of
localities and records from Iran, Turkey, Iraq and Armenia (Cum-
berildge, 2008e).

Potamon ruttneri Pretzmann, 1962

Potamon ruttneri Pretzmann, 1962 (type locality: Amirabad, Ta-
bas, Iran); Keikhosravi et al., 2016 (Khorasan Razavi, Iran and
Herat, Afghanistan).

Potamon gedrosianum lindbergi Pretzmann, 1966: 297 (type lo-
cality: west of Afghanistan)

Potamon gedrosianum linberglundi Bott, 1967 (type locality:
northwestern Afghanistan).

Distribution in Iran. P. ruttneri is found in northeastern Iran be-
tween Mashhad and Birjand. It is also found in northwestern Af-
ghanistan (Herat and Oruzgan Provinces) (Cumberlidge, 2008f;
Keikhosravi et al., 2016).

Remarks. Potamon ruttneri is listed as Least Concern in IUCN
red list of threatened species because of its wide distribution in
Iran and Afghanistan (Cumberlidge, 2008f).

Potamon strouhali Pretzmann, 1962

Potamon strouhali Pretzmann, 1962: 205 page (type locality:
Yazd, Iran); Farzanpay and Pretzmann, 1974 (type locality: south-
east Iran).

Potamon (Orientopotamon) eiselti Pretzmann, 1976a (type local-
ity: Niriz, Iran)

Potamon (Orientopotamon) strouhali Pretzmann, 1962; 205 (type
locality: Yazd, Iran): Pretzmann, 1963: 379.

Potamon strouhali shurium Pretzmann, 1976b (type locality: Shi-
raz, Iran).

Distribution in Iran. Potamon strouhali is found in southeast Iran
(Yazd and Shiraz) up to the Afghan border region.

Remarks. P, strouhaliis listed as Least Concern in [IUCN red list of
threatened species in (Cumberlidge, 2008g).

Potamon transcaspicum Pretzmann, 1962

Potamon transcaspicum Pretzmann, 1962: 205 (type locality:
northeast Iran); Keikhosravi et al., 2016 (type locality: Zabul, Af-
ghanistan and Zardkoohi, Sabzevar, Iran).

Potamon (Orientopotamon) transcaspicum Pretzmann, 1962 (Bo-
jnourd, Iran).

Potamon (Orientopotamon) turkmenicum Pretzmann, 1962 (Boj-
nourd, Iran); Pretzmann, 1976b.

Potamon (Potamon) zarudnyi Starobogatov and Vassilenko,
1979: 1790-1801 (type locality: Cyprus).
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Distribution in Iran. Potamon transcaspicum is found in Ukraine
(Crimea), Turkmenistan and north east of Iran Khorasan Province
(Sabzevar) (Cumberlidge, 2008h; Keikhosravi et al., 2016).

Remarks. P, transcaspicum is listed as Least Concern in [IUCN red
list of threatened species because of its wide distribution (Cum-
berlidge, 2008h).

Family Gecarcinucidae Rathbun, 1904

Sodhiana blanfordi (Alcock, 1909)
Paratelphusa (Paratelphusa) blanfordi Alcock, 1909: 375 (Type lo-
cality: Baluchistan, Pakistan); Pretzmann, 1963: 379.

Sartoriana blanfordi Bott 1970 (Type locality: Southern Iran);
Cumberlidge, 2008i (Type locality: Baluchistan, Pakistan); Kam-
rani et al., 2009 (Type locality: Southern Iran).

Sodhiana blanfordi Yeo and Ng, 2012 (Baluchistan, Pakistan);
Sharifian et al., 2014 (south east of Iran).

Distribution in Iran. It is found in the south east of Iran, Sis-
tan and Baluchestan Province and Hormozgan Province (Bastak),
Pakistan and Afghanistan (Cumberlidge, 2008i; Sharifian et al.,
2014).

Remarks. It is listed as Least Concern in IUCN red list of threat-
ened species. Sodhiana blanfordi extent of occurrence is in area
less than 2,000 km2 and all individuals occur in fewer than five
localities (Cumberlidge, 2008i).

Sodhiana iranica Sharifian, Kamrani and Sharifian, 2014
Sodhiana iranica Sharifian, Kamrani and Sharifian, 2014 (type lo-
cality: Bastak region in the south of Iran).

Distribution in Iran. This species is a gecarcinucid crab from the
Bastak region in the south of Iran (Bandar Abbas), only recently
reported to be a new species (Sharifian et al., 2014). It inhabits
a freshwater spring located in a semi-mountainous area in Iran
(Eellod area), covered by dense stands of common reeds and
salt cedar trees in the periphery, with algae mats on the bottom
(Sharifian et al., 2014).

Remarks. S. iranica is easily separated from S. rokitanskyi by hav-
ing the epigastric cristae lower and less pronounced, and coming
close to or almost in contact with the postorbital cristae, whereas
they are more prominent in S. rokitanskyi (Sharifian et al., 2014).

Sharifian et al. (2017) studied population dynamic of S. iranica.
No significant differences were detected among mean male and
female carapace widths and the sex ratio (male:female) was 1:0.7
in S. iranica. The maximum life span of S. iranica is evaluated to
be 1.1- 4.9 years (Sharifian et al., 2017). In addition, Sharifian et
al. (2017) suggested that suitable management is essential for
conservation of S. iranica in the freshwater spring of the Eelood
Area (near Bandar Abbas).

Sodhiana rokitanskyi (Pretzmann, 1971)
Liotelphusa (Sartoriana) rokitanskyi Pretzmann, 1971 (type local-
ity: Minab, Iran).

Sartoriana rokitanskyi Esser and Cumberlidge, 2008b: (type lo-
cality: Minab, Iran); Mirzadeh et al., 2011 (Hormozgan Province,
[ran).

Sodhiana rokitanskyi Yeo and Ng, 2012 (south of Iran).

Distribution in Iran. Sodhiana rokitanskyi is only found in Iran.
The type locality is the Minab River near Minab, east of Ban-
dar Abbas, Geno and Rudan marshes, in Hormozgan Province,
southern Iran (Esser and Cumberlidge, 2008b; Mirzadeh et al,,
2011; Yeo and Ng, 2012). Kamrani et al. (2009) described the
characteristics of the marsh crab, S. rokitanskyi. S. rokitanskyi be-
longs to the family Gecarcinucidae, which is related to true crabs.

Remarks. Yeo and Ng (2012) subsequently revised Sartoriana
Bott, 1969, and transferred three species to a new genus, Sod-
hiana: S. blanfordi (Alcock, 1909), S. afghaniensis (Pretzmann,
1963), and S. rokitanskyi (Pretzmann, 1971).

There is not enough information about this species to make a
thorough assessment of S. rokitanskyi. Therefore, S. rokitanskyi is
listed as Data Deficient (Esser and Cumberlidge, 2008b).

CONCLUSION

Studies on freshwater crabs in Iranian inland waters are limited to
species reorganization and their diversity. Further studies are re-
quired to investigate habitat requirements, population structure,
disease, biology and ecology of Iranian freshwater crabs. In ad-
dition, further studies are needs to survey fisheries (i.e. evaluate
maximum sustainable yield and economy benefits), agquaculture
(i.e. assay possibility of successful aquaculture) and industry im-
portance (i.e. chitin and chitosan levels) of freshwater crabs in
Iran.

Conservation measures require a complete inventory of distribu-
tion and habitat requirements of freshwater crab species, evalu-
ations of population levels and trends, and creation of protected
areas. Fortunately, most of the freshwater crabs of Iran are listed
as Least Concern in the IUCN Red List of Threatened Species.
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ABSTRACT

This study investigated the changes in quality of pasteurized mussels during storage at 4°C+1°C.
Mussels (Mytilus galloprovincialis) were harvested from the Marmara Sea in March. The mussel
flesh was packed with lemon juice, apple vinegar, finely chopped onion, salt, and black pepper.
Then, all the packets were pasteurized (at 70°C for 8 min) and stored for 21 days at 4°C+1°C. Re-
sults showed that the contents of protein, fat, and ash of pasteurized mussels were significantly
higher (p<0.05) than those of raw samples. The moisture content of mussels was significantly
decreased (p<0.05) after heat treatment. The meat yield of pasteurized mussels was 10.42%.
Sensory evaluation results indicated that the acceptability of pasteurized mussels at refrigerated
storage was limited to 9 days. The TVB-N value of pasteurized samples exceeded the acceptabil-
ity limit of 22-25 mg/100 g on the 9* day. The TMA-N amount of pasteurized mussels remained
lower than the acceptability limit during storage. The initial microbial load of the mussel samples
reduced after the pasteurization process. This reduction was observed in the total mesophilic
and psychrophilic bacterial count, with the yeast mold counts after pasteurization being 2.44,
2.07, and 2.37 log cfu/g, respectively.

Keywords: Pasteurization, mussel, quality, ready-to-eat

INTRODUCTION Mussels are rich in nutrient components; also
their economic value is high. They are very
popular in many countries in terms of hunt-
ing and processing compared to other aquatic
products. They are relatively inexpensive, con-
tain high quality protein source, and are usually
consumed raw, fresh, frozen and canned. The
mussels have low fat and cholesterol content.
it is also very rich in vitamins including, A, B1,
B2, B6, B12 and C, free amino acids, trace ele-
ments (selenium, calcium, iron, magnesium and
phosphorous) and glycogen. At the same time
they have high pH. This makes them a suitable
substrate for the growth of microorganisms
(Goulas, et al., 2005; Ovissipour, et al., 2013).
On the other hand shellfish feed by filtering

Nowadays, the trend towards ready-to-eat
food at high quality makes thermal pasteuriza-
tion applications important for food. Thermal
pasteurization (usually below 100°C) is a classic
food preservation method that provides food
safety, which reduces undesirable pathogenic
vegetative cells, and deteriorates microorgan-
isms, inactivates enzymes, and prolongs the
shelf life of foods. Pasteurization used in the
food industry does not kill all microorganisms
in food. It is used in the food industry target-
ing pathogens that are important for public
health and microorganisms that cause food
spoilage. Today, pasteurization is regarded as
a technology in which the desired food quality

is preserved with minimum loss and pathogenic
microorganisms are killed (Skipnes, et al., 2002;
Peng et al., 2017).

water. They accumulate various chemicals and
microorganisms in their bodies (Vernocchi et
al., 2007). Especially, raw and partially cooked
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molluscan shellfish (mussels, clams and oysters) are the most
common tools of foodborne bacterial and viral diseases (Rippey,
1994).

Depending on all these properties, the mussel is a food that can
deteriorate very quickly. Therefore, there is a need for appropri-
ate storage technologies that prolong both shelf life and nutri-
tional and sensory qualities. However, very little information and
data are available on the quality changes that have taken place
during the storage period, especially after heat treatment.

The purpose of this study, is to investigate the quality changes of
mussel pasteurized with lemon juice, apple vinegar, onion, salt
and black pepper during cold storage.

MATERIAL AND METHOD
Mussels Supply and Handling

Mussels (Mytilus galloprovincialis) were purchased from a whole-
sale fish market in Istanbul. The mussels were harvested from the
Marmara Sea in March. Approximately 550 mussels were trans-
ferred to the laboratory in chilled polystyrene boxes within 60
minutes. Dead mussels were discarded after inspection. The av-
erage weight and length of the mussels were 23.94+6.80 g and
6.99+0.78 cm. The mussels were washed and shucked by hand
using a sterile shucking knife. Raw mussel flesh analysis was done
immediately.

Packaging and Pasteurization Process

Approximately, twenty five (approx. 150g) mussel flesh was
placed in a thermostable polyethylene-polyamide pouch (O,
permeability of 160 cm3/m? per 24 h at 23C, 0% RH and water
vapor permeability of 8.5 g/m? per 24 h at 38C, 90% RH.) with
lemon juice (10 mL), apple vinegar (10 mL), fine-chopped onion
(10 g), salt (0.5 g) and black pepper (0.5 g). The packages were
heat sealed under atmospheric air. Then, all packed samples
were pasteurized (70°C for 8 min) by using autoclave. A total 18
packages were prepared. Pasteurized samples were stored re-
frigerated (4+1°C) conditions. After 0, 6, 9, 12, 15, 18 and 21 days
randomly chosen two packages were removed for analysis.

Yield Determination

After thermal pasteurization, mussel meat was subsequently
drained by placing on filter paper and then covered with an-
other filter paper for five minutes. Consenquently the yield was
compared with that from freshly unopened mussels. Mussels (25
pieces) yield are calculated by the following equation:

Yield (%): [cooked mussel meat weight (g)/unopened mussel
weight (g)] X 100 (Cruz-Romero et al., 2007, Bongiorno et al.,
2015).

Proximate Analyses

The mussel samples were analyzed in triplicate for determina-
tion of the proximate composition: the lipid content of mussels
was determined by the soxhelet method of the AOAC (1998a),
the moisture content by the method of Mattissek et al. (1992),
the ash content by the AOAC (1998b) method and total crude
protein by the Kjeldhal method (AOAC, 1998c).

Sensory Analysis

The sensory attributes of pasteurized mussels were evaluated on
each sampling day by ten trained panelists. Sensory analysis was
performed in individual booths under controlled conditions of air
circulation, light, temperature and humidity. Pasteurized mussels
were evaluated on the basis of appearance, odor, texture and
taste characteristics. The scale points were: 10-9=excellent; 8.9-
8=very good; 7.9-6=good; 5.9-4=sufficient; < 4=unacceptable
(Karl et al., 2001). The overall quality score was calculated as the
average value of the score of the each attributes evaluated.

Microbiological Analyses

All microbiological analyses were performed in duplicate. Twenty
five grams of mussel flesh for analysis was transferred aseptically
to a sterile stomacher bag containing 225 mL of peptone from
meat (Merck, 1.0214) (0.1%) and homogenized in a stomacher
(IUL Instrument, Spain) for 60 second. Appropriate serial dilu-
tions were prepared (1:10 diluent, 0.1% peptone water). Total
aerobic mesophilic bacteria (TAMB) and total aerobic psychro-
philic bacteria (TAPB) were determined using Plate Count Agar
(PCA, Merck, 1.05463) after incubation for 24-48 hours at 37°C
and for 10 days at 7°C, respectively (Baumgard, 1986). Violet Red
Bile Agar (Merck, 1.01406) and Violet Red Bile-Mug Agar (Merck,
1.04030) were used for the enumeration of total coliform bacte-
ria and Escherichia coli after incubation at 30°C 18-24 hours and
35°C 18-24 hours, respectively (Feng et al., 2002). Dichloran Rose
Bengal Chloramphenicol Agar (DRBC) (Merck, 1.00466) was used
for the enumeration of yeast and mold (YM) after incubation at
25°C for 5 days (Tournas et al., 2001). Salmonella spp. determina-
tion was performed according to Andrews et al., (2007). Twenty
five grams of mussel flesh was added to the 225 mL Lactose broth
(Merck, 1.07661), and incubated at 37°C for 24-48 hours. After
the incubation, 0.1 mL homogenate was transferred into the 10
mL of Rappaport-Vassiliadis Broth (Merck 1.07700.500) and then
incubated at 42°C for 24 hours for the selective enrichment. At
the same time 1 mL homogenate was transferred in to 10 mL
Tetrathionate Broth (Merck 1.05285) and then incubated for 24
hours at 43°C. After the incubation, a loopful of broth cultures
were streaked onto XLT4 (Merck 1.13919) and Bismut Sulfite Agar
Base (Merck 1.05418). Plates were incubated at 35°C for 48 h. Af-
ter that, identification tests have been performed on suspected
salmonella colonies. Mussel samples were analyzed for the pres-
ence of Vibrio spp. using FDA Bacteriological Analytical Manual
(Kyasner and Depaola, 2004). Twenty five grams of mussel flesh
was added to the 225 mL alkaline peptone water (1% NaCl+1%
peptone from meat), after, a loopful of homogenate from alka-
line peptone water was streaked on Thiosulphate Citrate Bile
Salt Agar Base (TCBS, Merck 1.10263). Plates were incubated at
35°C for 18-24 h and identification tests have been performed on
suspected colonies. Three agar plates per dilution were made in
each medium.

Chemical Analysis

Chemical analyses for performed triplicate. For the pH analysis
mussel samples were homogenized and diluted with distilled
water at 1:1 (w/v) ratio. After that, the pH value of the mussel
samples was measured with pH meter (Hanna pH 211 Micro-
processor pH meter, Ann Arbor, Ml) (Olafsdottir et al., 1997).
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Total volatile basic nitrogen (TVB-N) and trimethylamine nitro-
gen (TMA-N) analyses were carried according to the methods
described by Schormiiller (1968). Mussel samples were boiled
with MgO (Merck, 1.05862) and vapor components held with
0.1N HCI (Merck, 1.00317). The amount of TVB-N was calcu-
lated after the titration with 0.1N NaOH (Merck, 1.06498). The
results were expressed as milligrams of TVB-N per 100 grams
of mussel flesh. For the estimation of TMA-N content of mus-
sel flesh, 10 g samples were homogenized with 10% trichlor-
acetic acid solution (90 mL)(Merck, 100807) and homogenized
samples were filtrated by Whatman No: 1 filter paper. After fil-
tration, 4 mL filtrate was shaken with 10 mL toluene (Balmumcu
Ltd.), 1 mL 20% formaldehyde (Merck, 1.04002) and 3 mL 50%
potassium hydroxide (Carlo Erba, 362257). Following this, up-
per layer (5 mL) was separated and mixed with 0.02% picric
acid (5 mL). Absorbance was measured by a spectrophotom-
eter (UV/VIS T80, PG Instruments Ltd) at 410 nm. The TMA val-
ues were calculated from the standard curve and expressed as
mg/100g samples.

Statistical Analysis

The average of the results from experimental studies was used
for statistical analysis. The data were analyzed using IBM Sta-
tistical Package for the Social Sciences 21 software (SPSS Inc,;
Chicago, IL, USA). Differences between means were analyzed
by one way analysis of variance (ANOVA) followed by Tukey and
Games-Howell tests. T-test was used to compare the results of
the proximate composition. Differences at (p<0.05) were consid-
ered significant.

RESULT AND DISCUSSION

In our study, pasteurized mussels had approximately 10.42%
yield. Cruz-Romero et al., (2007), calculated the yield of tradi-
tional pasteurized oyster (at 75°C for 8 min) range 1.5-15.5%.
Bongiorna et al., (2015), observed that, for Mytilus galloprovin-
cialis maximum value of meat yield (cooked) in May (26.3%) and
minimum value of yields in January (12.5%). In another study,
Vernocchi et al., (2007), reported that meat yield (cooked) for
Mytilus galloprovincialis ranged from 13.4% (July) and 25.2%
(January). Cavalheiro et al., (2013) reported the global weight
loss of the blue mussels as 17.20% after vapor cooking. Meat
yield of bivalve species may vary depending on gametogenic
cycle of animals, water temperature, salinity, pH, food avail-
ability and catching season (Orban et al., 2002; Yildiz et al.,
2011).

Table 1. Proximate composition (%) of raw and pasteurized
mussels.
Raw Mussel Pasteurized Mussel
Protein 10.61+0.09° 20.00+0.41°
Fat 2.11+0.10° 3.82+0.09°
Moisture 86.19+0.112 73.46+0.20°
Ash 1.02+0.01® 2.18+0.03°

a-b: Different letters show significant differences (p<0.05)

Proximate composition of raw and pasteurized mussel is shown
in Table 1. The raw mussel meat had a moisture content of
86.19%, protein 10.61%, fat 2.11% and ash 1.02%. Our results are
similar to the results of many studies with Mytilus galloprovin-
cialis (Khan et al, 2005; Fuentes et al., 2009; Ozden et al., 2010;
Ulusoy and Ozden, 2011; Bongiorno et al., 2015). It is known that
catching season, size, age, food availability, sex and reproductive
cycle may influence the meat yield and nutritional composition
of mussels (Orban et al, 2002; Stratev et al., 2017; Merdzhanova
et al., 2018). The moisture, protein fat and ash contents of pas-
teurized mussel meat were 73.46, 20.00, 3.82 and 2.18% respec-
tively. The protein, fat, and ash contents of pasteurized mussels
were significant higher (p<0.05) than raw samples. Shelf life of
stuffed mussels at 4°C in modified atmosphere packaging was
studied by Ulusoy and Ozden (2011). In their study, the protein,
fat, and ash contents of stuffed mussels was found statistically
significant higher after cooking as observed in our study. In this
study, the moisture content of mussels significantly decreased
(p<0.05) after heat treatment, in agreement with data reported
by Cruz-Romero et al. (2007), Ulusoy and Ozden (2011) and Le-
kjing et al., (2017).

The pH value of pasteurized mussels during cold storage are
shown in Table 2. Manousaridis et al., 2005, recommended the
following pH scale points as a basis for evaluating the freshness
of mollusks (oysters); 6.2-5.9=good; 5.8=0ff, 5.7-5.5= musty and
5.2 and below sour or putrid. In our study, pH value measured
in raw mussel was 6.20+0.00. Approximate pH values (6.30, 6.20
and 6.20) were reported by Manousaridis et al., 2005, Masniyom
and Benjama, (2007) and Bongiorno et al., (2018), respectively.
In our study, initial pH of the sauce (lemon juice, apple vinegar,
fine-chopped onion, salt and black pepper) was 2.55+0.03 which
is acidic. The pH value of samples decreased after treatment
with lemon juice and vinegar, similar to results reported by oth-
ers (Sallam et al., 2007; Cosansu et al., 2011; Cosansu et al., 2013).
Bhunia et al., (2017), observed that a decrease in initial pH of
blue mussels after treatment with red sauce (red tomato sauce,
salt, and paprika).

The scores of sensory evaluation of pasteurized mussels are pre-
sented in Table 2. During the first 6 days, mussel samples were
rated at 8.9-6 scores. This range of points is defined as “very
good” and “good”. Acceptability scores for sensory quality of
pasteurized mussel samples stored at 4+1°C decreased with
time of refrigerated storage. The limit of acceptability of sensory
quality was reached after 9" day of storage. Pasteurized mus-
sel samples were determined as unacceptable (2.20+0.93) at the
12 day of storage. In a similar study, Ulusoy and Ozden, 2011,
reported that the shelf life of stuffed mussel with air packed was
11t day. In another study, sensory quality of cooked and chilled
mussels without vacuum conditions unacceptable at 7% day
(Bongiorno et al., 2018).

In this study, initial TVB-N content of raw mussels were 17.52+1.94
mg/100g. This value slightly higher than reported by previous
studies (Masniyom and Benjama, 2007; Bongiorno et al., 2018).
During refrigerated storage, TVB-N content increased in pas-
teurized mussels until end of storage (21 days), reached value
of 29.24+0.38 mg/100 g (Table 2). The TVB-N content is often
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Table 2. Changes in sensory, pH, TVB-N and TMA-N values of raw and pasteurized mussels stored at 4+1°C.

Days Sensory score pH TVB-N (mg/1009) TMA-N (mg/100g)
0 (Raw Material) 7.66+0.27 6.20+0.00 17.52+1.94 1.65+0.13

0 (Pasteurized samples) 8.62+0.382 4.65+0.052 7.90+0.692 3.39+0.002

7 7.02+0.62° 4.57+0.03% 21.92+0.98° 3.34+0.19%0

9 4.60+0.55¢ 4.65+0.07° 22.58+0.15° 3.37+0.17°

12 2.20+0.93< 4.84+0.07° 22.24+0.67° 3.54+0.28%

15 1.85+0.734 4.43+0.06° 23.21+0.47° 3.40+0.00°

18 1.40+0.35¢ 4.45+0.00¢ 24.35+0.29¢ 2.75+0.25%

21 1.17+0.20¢ 4.54+0.04% 29.24+0.38¢ 2.49+0.05°

a-d: Different letters in the same column show significant differences (p<0.05)
TVB-N: total volatile basic nitrogen; TMA-N: trimethylamine nitrogen

Table 3. Changes in microbial counts of raw and pasteurized mussels stored at 4+1°C.

Days TAMB (logcfu/g) TAPB (logcfu/g) YM (logcfu/g)
0 (Raw Material) 5.59+0.02 6.18+0.11 6.30+0.02

0 (Pasteurized mussel) 3.15+0.102 4.11+0.012 3.93+0.022
7 3.35+0.10% 2.20+0.17° 3.35+0.31%°
9 3.66+0.05° 2.10+0.17° 3.10+0.17°
12 3.56+0.07® 2.00+0.00° 3.10+£0.17°
15 3.20+0.17%° 2.00+0.00° 2.10£0.17¢
18 3.41+0.10%® 1.20+0.175¢ <100

21 3.47+0.00%° 1.10+0.17¢ <100

a-c: Different letters in the same column show significant differences (p<0.05)

TAMB: total aerobic mesophilic bacteria; TAPB: total aerobic psychrophilic bacteria; YM: yeast and mold

used as an index to evaluate the freshness and quality of seafood
(Masniyom and Benjama, 2007). There are different views on ac-
ceptable limits in various literature. Kietzman et al., (1969) stated
the TVB-N limit values in fish and fish products as follows; 25.00
mg/100g or lower TVB-N values; “very good”, 30.00 mg/100g
TVB-N values; "good”, 35.00 mg/100g TVB-N values; “market-
able” and over 35.00 mg/100g TVB-N values; “unacceptable”.
Sikorski et al., (1990) cited TVB-N acceptability limit value for
fatty fish is 20 mg/100g and 17 mg/100g for oyster. The limit of
acceptability is suggested as 22-25 mg/100g by Goulas et al.,
(2005), while it is 15 mg/100g according to Erkan (2005). Ulusoy
and Ozden (2011), reported the TVB-N value of cooked stuffed
mussels reached to 21.90 mg/100g and exceeded the accept-
able limit after nine days of storage. In our study, for pasteurized
mussels the sensory score was approximately 4.60 on the 9" day
when the TVB-N value reached 22.58+0.15 mg/100g. Panelists
who performed sensory analysis evaluated mussel samples as
“unacceptable” on the 12t day. At the 12t day of storage TVB-N
content of mussel samples was 22.24+0.67 mg/100g. Our results
were in accordance with that of Masniyom and Benjema, (2007)
who reported a TVB-N value of 20 mg/100g for green mussel
samples after 9 days of refrigerated storage. In our study, it would
be more realistic to use the 22-25 mg/100g TVB-N unacceptable
limit value recommended by Goulas et al., (2005) for the mussel

as compared with the value of 35.00 mg/100g proposed for fish
(Kietzman et al., 1969).

Trimethylamine is a non-protein nitrogenous compound, and is
responsible for further fish degradation. TMA is formed by the
reduction of Trimethylamine oxide (TMAOQO) caused by microbial
action and possibly through the activity of endogenous enzymes.
At the same time, it contributes to the characteristic ammonia-
like off-odor in fish spoilage (Sikorski et al., 1990; Gram and Huss,
1996; Goulas et al., 2005). TMA-N limit values for fish and other
seafood were determined as follows. 4.00 mg/100g TMA-N con-
tent; “good”, 10.00 mg/100g TMA-N content; “marketable” and
12.00 mg/100g TMA-N content; “unacceptable” (Connell, 1980).
Sikorski et al., (1990), suggested 5 to 10 mg TMA-N per 100g as
the rejection limit. In our study, initial value of TMA-N in raw mus-
sels was found 1.65+£0.13 mg/100g. Approximate TMA-N values
were reported by Kaba and Erkoyuncu, (2005) and Erkan, (2005).
TMA-N value of pasteurized mussels did not exceed the limit
value during storage period (Table 2).

Total viable count is an important criterion in assessing the
quality of fresh and refrigerated seafood (Chouhan, et al,
2015). Changes in the microbiological count during cold stor-
age were shown in Table 3. In our study, the initial total aer-
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obic mesophilic bacteria count in raw mussel was 5.59+0.02
log cfu/g. Linton et al., 2003 also reported that total aerobic
count for mussel samples was 5.00 log cfu/g. Total aerobic me-
sophilic bacteria count decreased (3.15+0.10 log cfu/g) after
pasteurization. Total bacterial count reached maximum load
(3.66£0.05 log cfu/g) at the 9* day of storage. In this study,
total aerobic psychrophilic count in raw mussel was 6.18+0.11
log cfu/g. Similar, psychrotrophic count (>6 log cfu/g) was
found by Linton et al., (2003) for mussel. After pasteurization,
the total aerobic psychrophilic load was reduced (4.11+0.01
log cfu/g). Total psychrophilic count of pasteurized mussels
decreased steadily throughout the storage period (Table 3).
Many studies have shown that various heat treatment appli-
cation in aquatic products are effective in reducing total bac-
terial load (Gonzélez-Fandos et al., 2004; Martinez-Alvarez, et
al., 2009; Mol et al., 2012; Cosansu et al., 2011, Cosansu et al.,
2013, De Lima et al.,, 2017 ; Dogruyol and Mol, 2017 ; Bon-
giorno et al., 2018). The results of our study are consistent with
the findings of other researchers. The raw material had initial
yeast-mold counts of 6.30+0.02 log cfu/g. Yeast-mold load of
the raw material decreased (3.93+0.02 log cfu/g) after pasteuri-
zation process (Table 3). The counts of yeast-mold decreased
throughout storage. The yeast and mold were not detected in
the later days of storage. Velammal et al., (2017) did not detect
fungal colonies throughout the storage period in cooked meat
of brown mussel. Kilinc and Cakli (2005a,b) did not detect mold
and yeast in pasteurized sardines during the cold storage. Vib-
rio spp. and Salmonella spp. were not detected in raw and
pasteurized mussels in our study. Total coliform bacteria and
Escherichia coli were found 5.28+0.07 and 2.23+0.33 log cfu/g
in raw mussel, respectively. In our study, the pasteurization pro-
cess eliminated total coliform bacteria and Escherichia coli in
mussels. Thermal processing and refrigeration are important
means of controlling these bacteria. Cosansu et al., (2011) and
(2013) reported no growth of these bacteria in sous-vide fish.

CONCLUSION

In our study, the pasteurization process reduced the microbial
load of the mussels and stabilized during the storage. Pasteuri-
zation was very effective on microbial flora. According to the
TVB-N and sensory analysis results obtained in the study, the
pasteurized mussel can be safely consumed for nine days stor-
age at 4°C.
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ABSTRACT

Motile Aeromonas septicemia (MAS) is a common bacterial fish disease that may cause severe
economic losses. This novel study was conducted to investigate behavioral changes of Nile tila-
pia (Oreochromis niloticus) in response to experimental induction of MAS. Aeromonas hydrophi-
la, which is the causative agent of MAS, was isolated from diseased O. niloticus and used for the
experimental infection of O. niloticus by intraperitoneal and intramuscular injections for inducing
MAS. Each injection route had its control group. Fish behavior was recorded daily using a digital
video camera for 7 consecutive days post injection in intraperitoneally and intramuscularly in-
jected fish. On day 14 post injection, the behavior of intramuscularly injected fish was recorded
again. Experimentally infected O. niloticus showed various clinical signs such as exophthalmia,
ocular hemorrhage, congested gills, and skin and fin hemorrhages. The behavior of apparently
healthy and experimentally infected O. niloticus was recorded and analyzed by scan observa-
tion. The experimentally infected fish exhibited cessation of normal behavior. Buccal-opercular
movement and signs of aggression increased, whereas foraging, schooling, and shoaling fre-
quencies decreased. Two abnormal behavioral patterns (stereotypies) of apparently healthy O.
niloticus following injections were recorded. Post injection, intraperitoneally injected fish per-
formed circular swimming on day 3 and 7, whereas intramuscularly injected fish exhibited vertical
movement on the days 4, 5, 7, and 14. The frequency of circular swimming increased over time;
however, vertical swimming frequency decreased by day 14. These results revealed that MAS had
a severe effect on the behaviors of apparently healthy fish. Therefore, monitoring the behavior
of O. niloticus may provide a useful and noninvasive tool for assessing fish health and diagnosing
MAS early.

Keywords: Fish behavior, stereotypies, motile Aeromonas septicemia, Nile tilapia

INTRODUCTION vanelli et al., 2008; Pridgeon and Klesius 2011

and 2012; El-Araby et al., 2016).
There is an increasing demand on fish meat

world-wide due to its high quality and healthy
protein content and hence aquaculture indus-
try showed a significant development in the
last decades. However, bacterial diseases may
threaten this industry due to serious impacts
such as retarded growth or mortalities which
cause economic losses. Motile Aeromonads
septicemia (MAS) is one of the most virulent
bacterial fish disease in cultured fishes, espe-
cially Nile tilapia Oreochromis niloticus (Pa-

Fish behavior reflects the biochemical and physi-
ological changes induced by stress and/or dis-
ease conditions. Therefore, it can be used as an
early indicator to the health status of fish (Mar-
tins et al., 2012). In addition, it is targeted to pre-
dict economic impacts of diseases and stress on
the aquaculture. Moreover, behavior is fast and
easy to observe (Martins et al. 2012). Thus, it pro-
vides a useful tool for assessment of fish health
and early diagnosis of diseases in cultured fish.
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Ventilatory activity, achieved with bucco-opercular movements, is
measured by the flow of ventilated water over gills per unit time
(Martins et al., 2012). This renewal of oxygenated water is well
regulated in healthy fish (Martins et al., 2012). Foraging behavior
is the search for and exploitation of food resources (Danchin et
al., 2008). Common types of social behavior in fish are, shoaling,
schooling and aggression (Pavlov and Kasumyan, 2000). Shoal-
ing refers to fish that swim together in an unstructured pattern,
whereas schooling implies synchronized and polarized swimming
(Faucher et al., 2010). In addition, the swimming of three fish to-
gether is described as shoaling and four and more fish swimming
together is called schooling (Khalil et al., 2013). Impairment of
foraging frequency and social interactions of these behavioral
patterns may threaten the survival of fish in an ecosystem.

Stereotypic behavior is defined as a behavioral pattern that is
repetitive invariant, and are frequently indicative of an sub-opti-
mal environment (Mason, 1991). Furthermore, stereotypic behav-
ior is believed to be an adaptation to stress (Vestergaard, 1981;
Anonymous, 1989). Common stereotypical behaviors in fishes
are circular swimming ; fish swimming in fixed circular pattern
for more than 20 sec (Almaza'n-Rueda et al., 2004) and vertical
swimming ; fish swimming vertically with head broke the water
surface) (Kristiansen and Fernd, 2007).Thus, observation of these
two stereotypies are performed by fish is an indication of stress.

Experimentally induced infections of MAS by intramuscular and/
or intraperitoneal injection were studied in several fish species
including Nile tilapia; O. nilticus (Banu and Yilmaz, 2011), cat-
fish; Clarias gariepinus (Korni, 2015; Korni et al., 2016), Pangas-
ius; Pangasianodon hypophthalmus (Naha et al., 2016), causing
a mortality of up to 100% in infected species. These studies
mainly investigated hematological and histopathological altera-
tions; however there were no reports about behavioral altera-
tions induced by MAS. Thus, the aim of this study was to evaluate
behavioral changes in cultured O. niloticus following experimen-
tal infection of Aeromonas hydrophilaas as an indicator of fish
health.

MATERIAL AND METHOD

Fish Samples

A total of 140 O. niloticus individuals with average body weight
(96+5 g) were provided alive from a fish hatchery, Beni-Suef,
Egypt, in late spring season at water temperature 23+2°C. They
were brought back to the wet laboratory of Fish Department,
Faculty of Veterinary Medicine, Beni-Suef University, Egypt. They
were acclimatized for 15 days in two fiberglass tanks (800 L each)
capacity supplied with chlorine-free tap water and continuous
aeration. The fish were fed with standard commercial fish feed
with a ratio of 3% body weight once a day during the acclimatiza-
tion and experimental study. .

Bacterial Isolate

Aeromonas hydrophila strain was previously isolated from dis-
eased O. niloticus and identified using APl 20E and PCR tech-
nique in Department of Fish Disease and Management, Faculty
of Veterinary Medicine, Beni-Suef University, Beni-Suef , Egypt
and published by (Korni et al., 2017) The hemolysin gene for-

ward primer was 5-GCCGAGCGCCCAGAAGGTGAGTT-3" and
the reverse primer was 5-GAGCGGCTGGATGCGGTTGT-3". The
PCR mixture was 20 plL reaction. Volumes of each (10 pL) PCR
product were subjected to electrophoresis in a 1.5% (w/v) aga-
rose gel (Casiano et al., 2010).

Determination of Median Lethal Dose (LD,.,) of Aeromonas
hydrophila Isolate in Healthy O. niloticus

A total of 60 O. niloticus (96+5 g) were equally divided into 6
groups each of 10 fish An overnight culture of the isolate was
adjusted to densities of 1.5x108 (group 1), 1.5x107 (group 21),,
1.5x10%(group 3), 1.5x10%(group 4), and 1.5x10%*(group 5), (Korni
et al., 2017). Each dilution was injected intraperitoneally (IP) to
a fish in each group at a dose of 0.4 ml/fish and the fish of the
sixth group was used as control and injected with 0.4 mL of ster-
ile saline. All fish groups were closely observed for two weeks.
Mortality rates were recorded daily, and the organs were asepti-
cally streaked on brain heart infusion agar for re-isolation and
re- identification.

Experimental Design of Pathogenicity and Behavior Studies
A total of120 clinically healthy O. niloticus with average body
weight (92+3 g) were used for monitoring the pathogenicity of
A. hydrophila. The identified isolate was inoculated onto BHIA
at 28°C for 18 hours. Pure bacterial culture was suspended into
a sterile saline and adjusted to 1.5x108 CFU/mL. Fifteen days af-
ter acclimation; the fish were randomly divided into four equal
groups (30 fish/group). Each group was sub-divided into 3 repli-
cates (10 for each). First and second groups were kept for controls
and injected IP and IM respectively with 0.4 ml of sterile saline.
The third and fourth groups were given IP and IM injections with
0.4 mL bacterial suspension of 1.5x108 CFU/mL. All fish groups
were kept under daily observation for two weeks. Behavior of the
fish, clinical signs and mortalities were recorded. All freshly dead
fish were submitted to bacteriological isolation and identification
of the disease causative agent to verify the specificity of mor-
tality. The present study was approved by Beni-Suef University's
Institutional Animal Care and Use Committee (BSU-IACUC).

Behavioral Measurement

Behavior of injected fish (IP and IM groups) was recorded during
the seven consecutive days post injection. The behavior of sur-
vived fish in the IM group was observed on fourteenth post injec-
tion. Behavior was captured for 15 min session once a day using
digital video camera (SONY, Japan). Three videos for each group
(one video for each replicate) were recorded. Time of recording
was fixed daily (8:00-8:15). Behavior of experimentally infected
and apparently healthy fish was analyzed by scan observation
(Barlow et al., 2009). Number of opercular movements min' of
four fish in each aquarium was counted without moving them
from aquarium Foraging as shown in Figure 1a and social behav-
ior including aggression (fish bit another; Figure 1b), schooling
(at least 4 fish swimming together; Figure 1¢), and shoaling (3 fish
swimming together; Figure 1d) were analyzed. Abnormal behav-
iors (stereotypies) were also recorded. Frequencies of all normal
and abnormal behaviors were calculated among the recorded
videos period (Figure 1e, f).
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Statistical Analysis

Statistical analyses were performed using Advanced Models 16.0
software Statistical Package for the Social Sciences (SPSS Inc,;
Chicago, IL, USA). Behavior data was analyzed using indepen-
dent t-test. A significant difference between the injected groups
and corresponding control is considered if p<0.05.

RESULT AND DISCUSSION

Pathogenicity Test

Experimentally infected O. niloticus in IP and IM injected fish
showed signs of septicemia as congested gills, exophthalmia,
ocular hemorrhage, disintegration of tail fin (Figure 2 a, b) and
skin and fin hemorrhages (Figure 2 ¢, d). The post mortem find-
ings of experimentally infected fish reveled congested kidney,
liver and spleen. The IP injected fish showed more severe clinical

signs and higher mortality rate than IM injected ones (80%). In
the control group, fish showed neither clinical signs nor mortali-
ties (Table 1).

Behavioral Alterations

Fish showed clinical signs of experimentally induced MAS infec-
tion. Fish exhibited cessation of all normal behavioral patterns,
aggressed by apparently healthy fish, and gathered around the
source of aeration. Moreover, normal behavioral patterns of ap-
parently healthy fish in injected groups (IP and IM) were altered
significantly compared to control group. These alterations were
in a fluctuating manner among the days of observation post in-
jection.

The rate of bucco-opercular movement min” was significantly
increased (hyperventilatory activity) in IP injected fish among all

Foraging

Schooling

Vertical movement

Figure 1. a-f.

Aggression

Circular swimming

Normal behaviors (a-d) and stereotypies [abnormal behavior (e, f)] of O. niloticus
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days of observation post injection (Figure 3a). In addition, IM in-
jected group exhibited significant hyperventilatory activity on all
days of observation except the first fourth and fourteenth days.
Furthermore, the IP injected group showed significant decrease
in foraging frequency in relation to control fish. Similar results
were observed in IM group except on the fourth, fifth, and sixth
days post injection (Figure 3b).

Social behavior of IP injected fish was disturbed. Aggression fre-
qguency was significantly increased during all the days of obser-
vation (Figure 3c), however, shoaling and schooling frequencies
significantly decreased on the third, fourth, fifth, sixth, and sev-
enth days compared with the control group (Figure 3d, e). More-
over, IM group showed impaired social behavior and significantly
increased aggression among the observation period except on
the second and third days post injection (Figure 3b). Shoaling
frequency decreased on day fourteen only (Figure 3e), whereas

. P

— e
i g v .H*"

Figure 2. a-d.

schooling behavior significantly decreased on the third, seventh,
and fourteenth days.

Table 2 showed two stereotypies (i.e., circular swimming and
vertical movement) of apparently healthy O. niloticus. IP inject-
ed fish performed circular swimming with frequency of 1.6+2.3
and 7.6+5.5 on the third and seventh days respectively. IM in-
jected fish exhibited vertical movement with frequency of 2.6+2,
4.6+1.5,13+£7.6 and 0.3+0.5 on the fourth, fifth, seventh and four-
teenth days post injection, respectively.

Aeromonads are commonly found in all types of freshwater en-
vironments and various motile aeromonas species such as A.
hydrophila, A. caviae, A. sobria, A. veronii and A. schubertii are
pathogens of cultured freshwater fishes, however A. hydrophila,
is the main cause of MAS (Akayli et al., 2011; Oztiirk and Altinok
2014).

Clinical signs of motile Aeromonas septicemia in experimentally infected O. niloticus. (a). ocular hemorrhages,

hemorrhage at pectoral fin base and disintegration of caudal fin (Scale bar 0.75 cm). (b). exophthalmia (Scale
bar 1 cm). (c). severe hemorrhages on the skin (Scale bar 0.5 cm). (d). at dorsal fin (Scale bar 1 cm)
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Table 1. Mortality % of O. niloticus caused by Table 2. Stereotypies of O. niloticus caused by; control
experimentally induced MAS. group (injected with 0.4 mL saline), IP (injected
s 0.4 mL of bacterial suspension of 1.5x108 CFU/
Mortality% mL) and IM (injected with 0.4 mL of bacterial
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Figure 3. a-e.  Effect of experimentally induced MAS (A. hydrophila) on behavior of min -1 O. niloticus, Control group
(injected with 0.4 mL saline), IP (injected 0.4 mL of 1.5x 108 CFU mL) and IM (injected with 0.4 mL of 1.5x 108
CFU/mL). All values are the mean = SD (n=3). The asterisk (*) indicates a significant difference between the
injected groups and corresponding control (white blot) according to independent t test at p<0.05
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In this study, extracellular products secreted by the causative
agent of MAS disease (A. hydrophila) were responsible for
pathogenicity. In addition, the reported signs of septicemia are
attributed to the presence of hemolysis virulence gene in the iso-
late. Kristiansen and Fernd (2007) recorded higher mortality in IP
injection. Moreover, Sarker (2009) recorded mortalities reached
to 100% in IP and IM injected carp and perch.

Concerning the behavioral data, experimentally infected fish
showing the clinical signs of MAS stopped performance of all
normal behavioral patterns. Cessation of such behaviors is a
common indicator of fish sickness (Martins et al., 2012). In addi-
tion, diseased fish stayed near aeration source due to hypoxia
caused by gills inflammation (Noga 2011). Infected fish with bac-
teria  showed different abnormal swimming patterns such as
erratic swimming, whirling on the surface, and C-shaped body
curvature at the surface in Red tilapia and mullet infected with
streptococci (Evans et al., 2002; Zamri-Saad et al., 2010).

Normal behavioral patterns of apparently healthy fish in injected
groups (IP and IM) were altered significantly compared to con-
trol. These alterations were in a fluctuating manner among the
days of observation post injection. The reported behavior of ap-
parently healthy fish in IP injected group revealed an acute form
of the behavioral response to pathogens and stressors (Martins
et al., 2012). The observed hyperventilatory activity may be at-
tributed to the gill congestion or low hematocrit (White et al.
2008). This is an attempt from the fish's internal environment
(homoeostasis) to maintain oxygen (O,) status, blood and tissue
acid-base balance (pH) (Martins et al., 2012). The observed hy-
perventilatory activity was supported the findings of Noga (2011)
and Khalil et al. (2017). Hyperventilatory activity may result from
many biotic and abiotic stressors (Martins et al., 2012; Khalil et
al., 2017). Therefore, rate of bucco-opercular movement could
be linked with other welfare indicators in the fish ponds such as
water quality, blood lactate, glucose, and hematocrit (Martins et
al., 2012; Noga, 2011, Khalil et al., 2017) as well as other be-
havioral changes to achieve an accurate interpretation of hyper/
hypoventilatory activity.

Our data revealed decrease of foraging behavior of apparently
healthy fish. This is may be due to stress posed by infection and
impairment of fish social behavior (Krause and Ruxton, 2002,
Martins et al., 2012; Kujur and Parganiha, 2013). These data were
similar to that observed on O. niloticus suffered from a piscirick-
ettsiosis-like condition (Mauel et al., 2007) and in Atlantic salmon
suffered from vibriosis (Danchin et al., 2008). Decrease of feeding
behavior is a sensitive indicator to health status of fish that leads
to reduction of growth and reproduction (Volkoff et al., 2010).

The results of this study showed that, the impairment effect of
MAS disease on social behavior of fish expressed in an increase
of aggression bouts and a decrease of group swimming (school-
ing and shoaling) frequency, reduction of schooling and shoal-
ing might be attributed to the decrease of individual movement
induced by parasitic infestation as reported in Atlantic salmon
(Wagner et al., 2003), Sockeye salmon Oncorhynchus nerka (Tier-
ney and Farrell, 2004) and Bull trout Salvelinus confluentus (Jones
and Moffitt, 2000). Fish aggregation is controlled by visual clues

(Ruhl and McRobert, 2005), hence the observed decrease shoal-
ing and schooling may be attributed to eye lesions caused by
aeromonous hydrophilla.

Although increased aggression is an indicator of fish health and
welfare, it must be accompanied with scars and lesions on the
bitten fish (Martins et al., 2012). Social behavior enhance forag-
ing, reproducion, and protection against predators (Krause and
Ruxton, 2002; Kujur and Parganiha, 2013). Thus, social behavior
alterations were usually used for assessment of fish health and
welfare.

Circular swimming and frequencies increased over time, how-
ever, frequency of vertical swimming was decreased on the
fourteenth day. On the fourth, fifth and sixth day post injection,
mortalities were 37.5%, 40% and, 33% while, foraging, school-
ing, and shoaling showed no significant alterations in relation to
the control fish. This indicated that, all fish that had exhausted
resistance to infection during these three days died while fish
that were still resisting infection performed the recorded normal
behavior. Thus, behavior reflects immunity competence of fish.

The observed circular swimming (stereotypes) in IP injected fish
was similar to that performed by African catfish as an indicator
to stress (Almaza'n-Rueda et al., 2004). This behavioral pattern
was almost followed by a high mortality on the third (27%) and
seventh (50%) day. Furthermore, vertical swimming was recorded
in the IM injected group. This behavior might be exhibited by
fish due to hypoxia caused by gills inflammation (El-Araby et al.,
2016), though no clinical signs of disease were observed. We
hypothesize that, the recorded time-dependent increase of the
recorded stereotypes frequency may indicate an increase of fish
attempts to resist pathogen until exhaustion/failure that ended
by mortality. The observed behavioral changes of apparently
healthy fish may be a nonspecific response to MAS, however, it
may be used as a useful, fast and non-invasive tool to assess and
predict the resulted economic losses of the disease before oc-
currence of mortalities. Retardation of growth and reproduction
is highly expected due to impairment of critical behaviors such
as swimming, foraging, and schooling.

CONCLUSION

These results revealed that, MAS had a serious effect on the be-
havior of apparently healthy fish. Consequently, severe economic
losses are predicted, such as retarded fish growth and decreased
reproduction. Moreover, data suggests behavior measurement
of Nile tilapia as a useful and fast and non-invasive tool for early
diagnosis of the bacterial disease (specially MAS) in aquaculture.
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ABSTRACT

Aquarium fish feeding is an expensive hobby. Live foods such as Artemia are highly expensive
and widely used. Therefore, aquarists look for alternative live food sources to feed their fish.
Nematodes and annelids are good sources of protein and are easy to produce. In this study, we
evaluated the effects of nematode and annelid feeding on the on growth performance and some
histological parameters of Herotilapia multispinosa and Amatitlania nigrofasciata compared with
commercial feeds. A. nigrofasciata fish groups fed with live and commercial food showed the
highest survival rates of 91% and 100%, respectively. However, H. multispinosa fish groups fed
with live food showed inhibited growth. Histologic examination of the liver and intestines re-
vealed negative effects on these aquarium fish. Thus, right feeding regime practices should be
established for using nematodes and annelids as fish food sources.
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INTRODUCTION

Aquariums are generally accepted as a hobby
all around the world. Yet, the aquarium fish
industry is a very big and important industry
in terms of fish production. The aquarium fish
trade costs about 659 million US dollars in the
world. Supporting industries like fish feeds,
filters, water chemicals and other equipment
totals up to a 30 billion US dollars industry.
Over 4000 freshwater and 1400 marine species
of fish are in circulation for aquarium trade
and an estimated 1 billion fish is sold every
year (Whittington and Chong 2007, Tolon and
Emiroglu, 2014). It is evident that, aquarium
fish are very cost effective compared to other
fisheries products (Galib and Mohsin 2010,
Saxena 2003). Growing aquarium industry in-
creased the demand for ornamental fish which
increased the need for aquarium fish culture
establishments. Presently, freshwater species
used in aquariums are 90% cultured and 10%

wild captured whereas marine species are only
5% cultured. Yet marine fish are much more
profitable and sought for by the hobbyists
(Hekimoglu 2005; Gumds et al. 2014; Tirkmen
and Aktug, 2011).

Cichlid species are the most common spe-
cies used for aquariums as well as the most
cultured aquarium species. Most of them are
preferred by the middle class and low income
consumers for their affordable prices. One of
the most important problems for these con-
sumers is the cost of feeding. Quality feeds
are important for both fish producers and
home consumers for fish health, breeding and
growth performance and visual quality (Naylor
et al., 2009). High quality feeds are available as
commercial products with high prices. Espe-
cially, larval feeding products like artemia and
granulated feeds are very high priced feeds
which are commonly used. The most used live
food for larval feeding is Artemia sp. Which is
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collected from the salt lakes around the world like Utah, Great
salt Lake, Iran, Urmia Lake, izmir, Camalti Saltworks. These
sources are limited and dependent on natural stocks and grow-
ing need for artemia by aquaculture hatcheries increases the
prices every year (Korkut et al., 2003; Tosun et al., 2015). This
high prices results in the need for alternative live foods with low
production costs.

Figure 1. Nematod culture media and climbing nematodes
on the walls

Nematodes and Annelids are important alternatives for fish
feeding with their low production costs and nutritional quali-
ties. Panagrellus redivivus is a free living non-parasitic nematode
which can be suitable for larval feeding. P. redivivus is the pre-
ferred nematode species for most of the aquarists with their ease
of production and nutritional composition (Bruggemann, 2012).
Enchytraeus sp. are annelid species used in aquarium fish feed-
ing. Easy and economic growth of these live foods gets the at-
tention of both fish producers and scientists for further research
and production techniques (Tosun et al., 2015; Sahin et al., 2017).
Starter culture costs for these live feeds are low and they are eas-
ily produced with low cost raw materials like water and oatmeal.
One of the important aspect of producing annelids and nema-
todes is the ease of nutritional composition enhancement. Inclu-
sion of fish meal and oil results in culture mediums results in high
quality nutritional quality both for nematodes and annelids (Del-
bare and Dhert, 1996; Ricci, 2001; Santiago et al., 2003; Reyes et
al., 2011; Schlechtriem et al., 2004; Kumlu et al., 1998; Santiago
et al., 2004; Ercan et al., 2018).

In this study, we evaluated the effects of annelid and nematode
feeding on Amatitlania nigrofasciata and Herotilapia multispi-
nosa growth performances and some histologic parameters in
aquariums.

MATERIAL AND METHOD

Nematodes

Panagrellus redivivus cultures used in this study were obtained
from the Live Feed Laboratory of Aquaculture Department,
Faculty of Aquatic Sciences, istanbul University. P. redivivus cul-
tures were inoculated in 1l plastic cases (Figure 1). The culture
medium consisted of oat meal, water and yeast (baker's yeast)
200 L mixture (Tosun et al., 2015). Culture media was kept at
24°C. 10 plastic cases were used for nematode production and
all received 2 ml starter cultures. Plastic cases were kept in Live
Feed Culture Laboratory, Faculty of Aquatic Sciences. Micro-
worms climbing the walls were harvested with a spatula to feed
fish (Figure 1).

Annelids

Enchytraeus albidus was obtained from the Live Feed Labora-
tory of Aquaculture Department, Faculty of Aquatic Sciences,
istanbul University. E. albidus starter culture was inoculated in
two 6.8 1 (33 cm x 23 cm x 9 cm) plastic cases. Coconut turf was
used as growth media with weekly additions of baby formula,
milk, yoghurt and kefir (Memis et al., 2004). Climbing worms were
easily harvested and used as food (Figure 2).

Control Feed

Commercial aquarium flake feeds (AHM — Tropical mix flake)
were used for control groups. Proximate composition of the feed
is given in Table 1.

Fish

Herotilapia multispinosa (rainbow cichlid) and Amatitlania nigro-
fasciata (convict cichlid) were obtained from the Aquarium Fish
Laboratory of Aquaculture Department, Faculty of Aquatic Sci-
ences, Istanbul University.
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Forty-eight convict cichlids with 0.54+0.27g mean weight (SD=)
and 2.8+0.53 cm mean length were placed in four glass aquaria
(A1, A2, B1, B2, each stocked with12 fish). 44 Rainbow cichlids
with 0.14+0.09 g mean weight (SD+) and 1.4+£0.36 cm mean
length were placed in four glass aguaria (A3, A4, B3, B4, each
stocked with 11 fish).

Aquariums

A total of eight aquariums were used during the experiment.
52.51(L70 cm x W30 cm x H30 cm) glass to glass aquariums which
were part of a recirculating system with mechanic and biologic

Table 1. Proximate composition of the commercial flake

feed.

Commercial feed proximate composition

Moisture 8% max
Crude Protein 47% min
Crude Lipids 4% min
Ash 7% max
Table 2. Feeding regime and fish distribution.

Species Groups 09:00 12:30 16:00
Amatitlania A1-A2 Nematod + Flake Nematod +
nigrofasciata Annelid feed Annelid
Amatitlania B1-B2 Flake Flake Flake
nigrofasciata feed feed feed
Herotilapia A3-A4 Nematod + Flake Nematod +
multispinosa Annelid feed Annelid
Herotilapia B3-B4 Flake Flake Flake
multispinosa feed feed feed

, T v P

Figure 2. Annelid culture media

filtration were used. Water depth was 25 cm and water tempera-
ture was 22+2°C during the experiment. Aquariums were labeled
as A1, A2, A3, A4, B1, B2, B3, B4. This study has been designed
as 2 parallel for every group.

Feeding Regime

A1-A2 and B1-B2 aquariums were stocked with convict cichlids,
A3-A4 and B3-B4 aquariums were stocked with rainbow cichlids.
A group aquariums were fed with live food twice a day (ad-libi-
tum) at 09.00 and 16.00 and with flake feeds at 12:30. B group
aquariums were fed only flake feeds at the same hours (Table 2).

Measurements

The experiment lasted for 3 months (90 days). Fish were mea-
sured for length by a ruler (mm) and weight (Digital scale, 0.01g)
for every 30 day intervals. Data was analyzed using Student’s T-
test (Excel 2013, Microsoft).

Histological Examination

Randomly selected fish (3 from each group) were examined his-
tologically. Histologic changes in liver and intestines were target-
ed. Fish were anaesthetized with 2-phenoxiethanol. After ventral
incision, all fish was fixated in 10% formalin solution. Processed
samples were placed in paraffin and cut into 4-5 pm cross-sec-
tions. Cross-sections were stained by Hematoxylin & Eosin meth-
od and examined under microscope (Culling, 1972).

RESULT AND DISCUSSION
Weight and Length Measurements

Weight Measurements
Mean weight gain results for live food fed groups are given in
Figure 3.

Convict cichlids received live foods better than rainbow cichlids.
Rainbow cichlids showed weight loss in the last period during
the experiment.

Mean weight gain results for commercial flake feed fed groups
are given in Figure 4.

Bieas Weight Gain {Live Food fed groups)
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Figure 3. Mean weight gain comparison between live feed
fed groups
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Both fish species fed with commercial feeds had continuous
growth in weight till the end of the experiment. Although A1-
A2 groups have better results in terms of mean weight gain, live
food feeding did not have statistically important differences with
B1-B2 groups (p>0.05). Yet, when compared with A2-A3, B3-
B4 groups have statistically better mean weight gain. Hoyland
(2015) achieved continuous growth in labrus bergylta larvae with

Mean weight gain for commertial Nake feed fed proups
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Figure 4. Mean weight gain results for commercial flake
feed fed groups
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Figure 5. Mean length comparison of all groups
AZ: Convict cichlid; GC: Rainbow cichlid; M: month

Survival Rates

:
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Figure 6. Survival rates (%) for the groups at the end of the
trial

live feeds which was similar for convict cichlids response to live
feeds in our study. We can reach to the conclusion that rainbow
cichlids weight gain is inhibited with live food feeding. Mohseni
et al. (2012) reported that Huso huso larvae, fed with live foods
showed less growth in comparison to granulated pellets which is
a similar result to our results with rainbow cichlids.

Length Measurements
Mean length measurements for all groups are given in Figure 5.

As itis evident in the given table, all groups except B3-B4 showed
growth in length during the trial period. Commercial feed fed
groups did not have significant differences in terms of growth in
length compared to nematode and annelid fed groups.

Survival Rate
Calculated survival rates are given in Figure 6. Highest survival
rates were calculated for A1, A2 (91%) and B1, B2 (91% and 100%)
groups. Lowest survival rates were calculated for 63% for B3 and
B4 (Figure 6).
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Figure 7. Lipid vacuoles in hepatocyte cells in cross sections
of livers from live food fed groups Left; convict

cichlid; right; rainbow cichlid
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1%

Figure 8. Healthy liver cross sections from commercial food Figure 9. Cross sections of intestines from live food fed

fed groups without lipid accumulation groups
Left; convict cichlid; right; rainbow cichlid Left; convict cichlid; right; rainbow cichlid

Figure 10.  Healthy intestinal cross sections from commercial food fed groups
Left; convict cichlid; right; rainbow cichlid
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Histological examination
A1, A2, A3 and A4 liver cross sections showed lipid vacuoles in
hepatocyte cells. This showed that live food feeding resulted
in lipids accumulation in liver cells for both convict cichlids and
rainbow cichlids (Figure 7).

Contrary to the live food fed groups, commercial food fed groups
(B1, B2, B3 and B4) had healthy liver cross sections (Figure 8).

Intestinal Examination

Cross sections from the intestines showed that live food fed
groups (A1, A2, A3 and A4) had damaging effect. Villus were
shortened with absorptive vacuoles on the tips, lamina propria
were widened, and ruptures in serosa were found (Figure 9).

In cross sections from commercial food fed groups, intestines
showed much healthier characteristics. Villus were longer, en-
terocytes had centered nucleus, lamina propria were not wid-
ened and goblet cells were present (Figure 10).

CONCLUSION

Live foods like nematodes and annelids which are widely used in
aquarium fish maintenance and production are important alter-
natives with their ease of production and low costs. Alternative
protein sources are gaining importance with increasing aquacul-
ture production all around the world. P. redivivus is mainly impor-
tant with its fast growth, easy mass production and ease of use as
food. In addition, nutritional enhancement is possible. Briigge-
man (2012), mentions that small size productions are easily ad-
opted to industrial size production systems. Wilkenfeld (1984),
points out that, production of these live foods can be more eco-
nomical in comparison with artemia which presently is a very high
priced commodity. As we demonstrated in our study, growth per-
formances and survival rates of the fish fed with alternative live
foods are not different compared with commercial feeds. This
shows that, cheaper alternatives can be used for aquarium fish
instead of expensive commercial products.

Our histological findings show that, amount of live feed used is
important for healthy individuals. Raised amount of live feeds
may result in internal damages to fish. Enhancing the live feeds
or balancing the amount in the feeding regime should be evalu-
ated in future studies. Culture mediums to produce suitable
nematodes or annelids has to be formulated for better nutrition-
al quality and healthy aquarium fish.
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ABSTRACT

The Yesilirmak is one of the rivers in Turkey where sturgeons migrate for spawning. It originates
in the Késedag Mountains in Sivas and flows into the Black Sea at the plain of Cargamba. The
Yesilirmak plays a major role in agricultural production and irrigation, and it also supplies energy
due to the hydroelectric power plant (HPP). Serious structural changes and significant habitat loss
for sturgeons and other fish species have occurred due to the dams and HPPs in the Yesilirmak,
especially since the 1970s. It is also a known fact that fish passages in these constructions are not
suitable for the sturgeons to pass through. Unfortunately, coastal regulations along the river have
had a negative effect on the habitats. Although the Yesilirmak has lost quite a lot of its natural
structure and its waterway gradually shortened due to the HPPs, sturgeons can still migrate up-
stream into it. Therefore, related sectors and stakeholders should consider the importance of the
Yesilirmak in their planned activities for the future of sturgeons in Turkish waters. In this study, the
major factors affecting the sturgeon migration in the Yesilirmak will be evaluated.

Keywords: Yesilirmak, sturgeon, dam, hydroelectric power plant

INTRODUCTION were captured in Dniester in the 2500s BC,
served with decorations in the great celebra-
tions and printed money bore pictures of them.
Itis also reported that sturgeon caviar is of great
political interest and wars were caused due to
caviar (Reichle, 1997). From the 20" century,
sturgeon began to be overfished worldwide.
However, from the 1960s, due to the construc-
tion of dams, HPP (Hydroelectric Power Plant)
and flood control sets on the spawning rivers
began to lose spawning areas. At the same
time, the destruction of spawning grounds,
eggs and larvae due to the removal of sand
and gravel from the rivers has also played a role
in the decline of stocks. Agrochemicals, do-
mestic and industrial wastes contaminated riv-
ers which increased the destruction of spawn-

Many fish species in the world are facing the
danger of extinction due to various activities in
their living and breeding ground which lead to
habitat loss and pollution, in addition to man-
made causes such as illegal and/or overfishing
which are also responsible for their extinction.
Due to these reasons, almost all species of stur-
geon, which are of great importance due to the
black caviar, now considered as “a symbol of
luxury and high status” worldwide, are catego-
rized by the IUCN (International Union for Con-
servation of Nature) in the red list of threatened
animals as CR (critically endangered): species
facing an extremely high risk of extinction in the
wild (Anonymous, 2018a).

Sturgeons have existed for about 200 million
years and are referred to as “living fossils”
(Kirschbaum and Gessner, 2001). It is under-
stood from the historical records that sturgeons

ing areas (Hochleithner, 1996). Since the same
adverse conditions are still present despite
some measures such as sturgeon fishing ban
and stock enhancement, there is no improve-
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ment in the critical situation of sturgeons. Five sturgeon species
(Acipenser gueldenstaedtii, Acipenser nudiventris, Acipenser
stellatus, Acipenser sturio and Huso huso) are naturally found in
the Turkish waters and these species migrate into the large rivers
(e.g. Sakarya, Yesilimak, Kiziirmak) to spawn. In addition, until
the 1970s sturgeon fishing was economically important in Turkish
fishery and was known to have an important share in fishing ac-
tivities especially in Carsamba, Bafra, Karasu and Istanbul (Anon-
ymous, 2015b). In 1989, FAO (Food and Agriculture Organization
of the United Nations) experts reported that A. sturio, H. huso, A.
gueldenstaedtii, A. stellatus and A. nudiventris were found in the
fishing ports of the Turkish coast and the most common species
of sturgeons were A. sturio and H. huso (Edwards and Doroshov,
1989). But in recent years the situation has completely changed
and sturgeons are at the brink of extinction in Turkish waters. It
is known that over-fishing, construction of dams and HPPs, flood
control sets and pollution in rivers played a very significant role
in this situation (Anonymous, 2015b).

Black Sea

Yesilirmak

"k,_,__,__,ﬂf =~

The Importance of Yesilirmak for Sturgeons and the Effects
of Hydroelectric Power Plants

Yesilirmak is 519 km long and is derived from Késedag located with-
in the boundaries of Sivas Province and flow into the Black Sea in
Samsun-Carsamba (Figure 1). While passing through Tokat, Amasya
and Samsun, it connects with Cekerek, Tersakan and Kelkit Streams.

Yesilirmak, streams and brooks located in the west and east of
the Yesilirmak spilled into the sea individually, formed Yesilirmak
river basin which is one of the 25 river basins of Turkey (Figure
2). The Yesilirmak Basin (Number 14) contains all and/or parts
of Tokat, Samsun, Amasya, Corum, Sivas, Yozgat, Gimdishane,
Giresun, Erzincan, Ordu and Bayburt. Yesilirmak River Basin, cov-
ering approximately 5% of the surface area of Turkey, which is
the third largest precipitation area covers an area of 39628 km? of
the country. Silts carried by Yesilirmak and its branches forms the
Carsamba Plain (Anonymous, 2015a).

Yesilirmak is a meandering river and forms the fertile Carsamba
Plain. Carsamba Plain is a delta plain in the Central Black Sea
Region. There is Calti Cape on the eastern end and Civa Cape
on the western end of the plain. There are shallow lakes, marshes
and lagoons in the north side of the plain. Yesilirmak, which flows
from the Civa Cape to the Black Sea, plays an important role in
the formation of Carsamba Plain, has an important role in the
agricultural potential of the region (Kadioglu, 2016).

Moreover, along with the contribution in the agricultural produc-
tion of Turkey, Yesilirmak also plays an important role in the elec-
tricity production. There are 21 dams and/or HPPs for irrigation
and electricity production on Yesilirmak, which made an irregular
flow regime of the river. HPPs in Yesilirmak has a total capacity
of 887 MW, which meets approximately 3.4% of the total electric-
ity produced from HPPs in Turkey (Table 1) (Anonymous, 2018b).
Hasan Ugurlu and Suat Ugurlu dams, Kumkdy HPP and Carsamba
HPP are the closest to the mouth of the Yesilirmak in Samsun.

Figure 2. River Basin Map of Turkey (National Watershed Management Strategy (2014-2023) - (07/04/2014 date and 29050
numbered Official Newspaper)
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Besides its role in the supply of agricultural product and demand
of electricity, Yesilirmak has vital importance for sturgeons, which
is very valuable for the biodiversity of the world as well as Turkey.
Considering the history of sturgeons in the Turkish waters, stur-
geon used to spawning in Samsun, the meeting point of two riv-
ers (Yesilirmak and Kizilirmak Rivers) with the Black Sea. Until the
1970s, sturgeons were caught in Kizilirmak, Yesilirmak and Sakarya
Rivers and their estuary, and about 8 tons of caviar were produced
annually. Caviar industry which was seen as an important source of
income for the economy of Turkey, was reported in the “Second
Industrial Plan of the Republic of Turkey-1936" and considered
worthy for support as being an important branch of industry that
had to be improved. In the industrial plan, it was reported that cav-
iar was mostly obtained from H. huso in the 1930’s, and sturgeons
were captured mostly in Sakarya, Kizilirmak and Yesilirmak, espe-
cially around Bafra district in Samsun province. In this plan, it was
also reported that more than 2000 sturgeons per year were caught
by hook (in Turkish: karmak) in the river estuaries, half of them were
mature enough to produce caviar and caviar production reached
4 tons per year. According to the FAO report, prepared by Edward
and Doroshov (1989), caviar production was about 8 tons/year be-
tween 1940-1970 around Samsun (Ustaoglu Tinl and Memis, 2015).

Besides the Second Industrial Plan of the Republic of Turkey-1939,
the above-mentioned FAO report and a few research articles,

there are many newspaper articles and other materials e.g. pho-
tos and videos which can be considered as important evidences
of the presence of sturgeons and their status in the Turkish rivers.
The newspaper article in Figure 3 (“This fish is another fish”) is one
of the most striking examples on this issue. According to this ar-
ticle, at the end of the 1960's, beluga (H. huso), ship sturgeon (A.
nudiventris) and other species (A. gueldenstaedtii, A. sturio or A.
stellatus) were caught in the mouths of Kizilirmak and Yesilirmak
and caviar trade was a major source of income for many families in
Bafra and Carsamba distritcts (Hayat Magazine, 1969).

Similar information was found in the Second Industrial Plan of the
Republic of Turkey (1939) where it was reported that sturgeon catch
and caviar production did not develop enough in those years. It
was also reported that the main reason was that the mature stur-
geons could not enter the river to spawn due to the logs in the
mouth of the rivers (Sakarya, Kizilirmak and Yesilirmak). It is also
understood that the obstacles in sturgeon spawning habitats were
not HPPs in those years, on the contrary, the drifted and accumu-
lated logs in the river mouths. It was also suggested in this Plan
that these natural obstacles must be cleaned before the spawning
season and this should be done regularly. Nowadays, it is known
that sturgeons can still enter the rivers, but could not pass through
the dam or HPP and was caught under the dam or HPP. (Ustaoglu
Tinl and Memis, 2013, Ustaoglu Tinl and Memis, 2015).

Table 1. Dams and HPPs on Yesilirmak (Anonymous, 2018b).

Dam/HPP Name

Province/District Installed capacity (MW)

Hasan Ugurlu Dam and HPP
Suat Ugurlu Dam and HPP
Kumkoy HPP

Carsamba HPP

Almus Dam and HPP

Atakéy Dam and HPP

Cilehane HPP

Koklice HPP

Yesilirmak 1 HPP

Yesilirmak 2 Regulator and HPP
Omala HPP (under construction)
Karakecili 1 HPP (under construction)
Carikli HPP

Amasya Kale HPP

Midilli HPP

Yavuz HPP

Umutlu HPP

Osmancik HPP

Tasova Yeniderekdy HPP
Karayel HPP (with production license)
Yesil HPP

Samsun, Ayvacik 500
Samsun, Carsamba 69
Samsun, Carsamba 17
Samsun, Carsamba 11

Tokat, Almus 27
Tokat 6

Tokat, Almus ve Resadiye
Tokat, Niksar 90
Tokat, Resadiye 14
Tokat, Resadiye 6
Tokat, Merkez 17
Tokat 7
Amasya, Merkez 9
Amasya, Merkez ve Tagova 29
Amasya, Merkez ve Tagova 33
Amasya, Tasova 23
Amasya, Tasova 20

Amasya
Amasya, Tasova

Amasya, Tasova 22
Sivas 14

HPP: hydroelectric power plant
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Although the habitat structure and flow regime of Yesilirmak
are quite different from its natural structure, it is reported that
the mature sturgeons, especially H. huso, migrate to Yesilirmak
(Zengin and Ustaoglu Tinl, 2012). In this regard, the latest data
in Yesilirmak was reported on 11 March 2012. A Huso huso,
weighed 150 kg, was caught by the local people in a puddle of
the river bed in Yesilirmak, nearly 20 km far from the Yesilirmak
river mouth. It was a female fish and 20 kg of caviar was obtained
from it. This data demonstrates that the sturgeons still migrate
to Yesilirmak (Ustaoglu Tinl and Memis, 2013). Therefore, the part
from the Yesilirmak river mouth to the first HPP (Carsamba HPP)
is very important for the spawning migration of sturgeons.

The habitat of sturgeons in Yesilirmak was evaluated in one of the
studies which was done as a project entitled “Recovery of Sturgeon
Population in Turkey: Habitat Assessment and Restocking” support-
ed by the Food and Agriculture Organization of the United Nations
(FAO) and coordinated by the Ministry of Agriculture and Rural Af-
fairs of Turkey (MARA). In this studly, the area from Suat Ugurlu Dam
to the river mouth of Yesilirmak was evaluated and determined that
the construction of Kumkdy HPP and Carsamba HPP caused sig-
nificant loss of spawning and feeding habitat for sturgeon. In the
National Action Plan prepared at the end of this project was high-

Figure 3. Newspaper article in Hayat Magazine (29.05.1969)

lighted to the critical status of sturgeons in Yesilirmak in terms of
habitat loss. In this Plan, it was also reported that serious rehabilita-
tion studies are urgently needed in Yesilirmak (Anonymous, 2015b).
There are successful studies (Hayes and Caroffino, 2012; Hall et al.,
2012; Gessner et al., 2014) for the rehabilitation and restoration of
sturgeon habitats in different countries such as Germany, Romania,
USA and Canada. It should be urgently assessed whether similar
rehabilitation and restoration studies can be carried out in Turkey.

Threats to Sturgeons in Yesilirmak

Fisheries on the River Mouth

Estuaries are among the most productive natural habitats in the
world in terms of biological productivity due to the rich nutrients
transported from the river and accumulated on the river bed.
Throughout history, estuaries are important for human settle-
ment and transportation, but today the estuaries are mostly un-
der threat from human activities such as domestic and industrial
wastes, shipping and fisheries activities. Despite all the nega-
tivity, estuaries give a fascinating insight in the natural habitat,
where energy is transformed from sunlight into plant material
and then through the steps of a food chain is converted into a
rich food supply for fish and birds. Estuaries are important nurs-
ery and feeding areas for many fish species because of their high
biological productivity. At the same time, these are the important
areas for the migration routes of anadromous and catadromous
fish species (McLusky and Elliot, 2011).

As in many estuaries in Turkey, the commercial fisheries on the
mouth of Yesilirmak is one of the most important economic in-
come sources for the local people. It is known that during these
fishing activities in this region, sturgeons are also caught occa-
sionally together with another fish species. Therefore, commercial
fisheries are a significant threat to the sturgeons in this region and
special protection strategies (e.g. strictly control or complete fish-
ing ban) should be determined in order to prevent illegal fishing in
Yesilirmak estuaries. Decreasing the mortality resulting from fish-
ing is a very important factor in the rehabilitation of the stocks ef-
ficiently. An effective program to decrease the incidental capture
of the fish to avoid future losses of the few remaining adult fish and
juveniles should be established (Anonymous, 2015b). Moreover, a
conservation status should be determined for Yesilirmak estuaries
for the long-term preservation of sturgeons.

Fishing Vessel Traffic and lllegal Settlement Problems

Yesilirmak estuary is used as relatively low density area for human
settlement compared to many other estuaries in Turkey. Howev-
er, since there is no fishing port around the river mouth, the inner
part of the river mouth is used as a fishing port. The increasing
use of river mouth as fishing ports and illegal settlement prob-
lems are serious threat to Yesilirmak (Figure 4). Monitoring and
control of this situation by authorized institutions and taking nec-
essary precautions are important both in terms of the protection
of environment and the future of sturgeons in Yesilirmak.

Bridges

A bridge is a structure constructed from wood, stone, steel or re-
inforced concrete, which is built over obstacles such as a stream,
valley, rail or other roadway for the purpose of providing passage
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over the obstacle. Unfortunately, during the design and con-
struction of bridges over rivers, its impacts on river ecosystem,
hydrology, geomorphology, sediment transport, fish and wildlife
passage/movement and wildlife habitats are usually not consid-

Figure 4. A view from the Yesilirmak river mouth (Photo:
Google Earth, 2018)

Figure 5. The location of Hirriyet-Kumtepe Bridge on
Yesilirmak (Photo: Google Earth)

ered. Bridges may directly result in loss or fragmentation of habi-
tat and increase the disruption of ecosystem processes. Changes
of hydrology as a result of bridged crossing can cause alteration
in size and section of river geomorphology. Negative impacts on
habitat may also occur as a result of bridge maintenance. These
impacts are most acute and have long-term effects on fish and
wildlife movements (Anonymous, 2008).

There are still 7 reinforced concrete bridges on the section from
the river mouth to the first HPP on Yesilirmak and one bridge is
under construction. The bridge, which is the closest to the river
mouth (about 4 km) was completed in December 2017 and this
bridge is 310 meters long (Figure 5, 6).

Bridge abutments and embankments between them like a dike
may affect the movement and passage of sturgeons negatively
when water is stored behind the dam or HPP. Therefore, during
the design and construction of the bridge the natural life in the
river should be considered. The bridges which fully span the wa-
tercourse channel provide the best opportunities for maintaining
river habitats (Anonymous, 2012). Nevertheless, in the bridges on
Yesilirmak, the natural life in the river has not been considered
and critical habitat loss has occurred.

Industrial, Agricultural and Domestic Pollution

The main sources of pollution in rivers are a discharge of un-
treated industrial and domestic wastewaters and agricultural ac-
tivities. Industries and cities have generally been located along
rivers because the rivers have been a convenient place to dis-
charge wastes. Besides, agricultural activities have also tended
to be concentrated near rivers, because the soil around the rivers
is highly fertile.

An intensive agricultural production is carried out in the fertile ag-
ricultural lands in the Lower Yegilirmak Basin and vegetables, fruits
and rice are mostly cultivated in Carsamba Plain. Inorganic fertil-
izers and pesticides are used intensively for agricultural purposes
in the plain. In addition, industrial wastewater (for example from

Figure 6. A view of Hirriyet-Kumtepe Bridge on Yesilirmak (Photo: https://www.youtube.com/watch?v=LB2Xsnu GjZU)
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Carsamba Sugar Factory) and untreated municipal wastewater also
contribute to the pollution in Yesilirmak. Currently, only 15 of 194
settlements (municipalities and villages) treat their domestic waste-
waters in treatment plants in Yesilirmak Basin (Anonymous, 2015b).

Migratory fish (such as sturgeons and salmonids) have been
able to exploit all physically accessible river habitats. Their eggs
generally adhere to stones, gravels or weeds. Therefore, fish are
sensitive to modification of the river regime (velocity, erosion,
etc.) as well as to the input of toxic substances. Consequently,
highly specific physical and chemical conditions are necessary in
a river for successful breeding. Migratory fish which return from
the sea to spawning habitats in upstream stretches of rivers can
be prevented from reaching their spawning areas by physical or
chemical barriers along their migratory route. Chemical barriers
are stretches of highly toxic or anoxic water in the river. The re-
lease into rivers of untreated domestic or industrial wastes high
in organic matter results in a decline in oxygen concentration
(resulting in anoxia) and a release of ammonia and nitrite down-
stream of the effluent input (Meybeck et al., 1996). All the below
mentioned industrial, agricultural and domestic effluents reach
the Yesilirmak but the effects of these inputs on the spawning of
sturgeons in the river are unknown. Therefore, the level of pollu-
tion impact and the main criteria which are adversely impacted
must be identified and the persistence of pollution in the river is
to be assessed (Anonymous, 2015b).

Figure 7. Spawning and feeding areas of sturgeons in
Yesilirmak (Anonymous, 2015b)

CONCLUSION

Considerable habitat degradation and loss have occurred
through dams, HPPs, bridges and river bed modifications in
Yesilirmak. However, it is known, that sturgeons can still migrate
upstream into Yesilirmak and are accidentally caught sometimes
in the river mouth or in the river. The information in this regard
was reported in the National Action Plan for the Conservation
and Restoration of the Sturgeons of Turkey, which prepared with-
in the scope of the project entitled “Recovery of Sturgeon Popu-
lation in Turkey: Habitat Assessment and Restocking” supported
between 2008-2011 by the Food and Agriculture Organization
of the United Nations (FAO) and coordinated by the Ministry of
Agriculture and Rural Affairs of Turkey (MARA). Moreover, the
spawning and feeding areas are identified in the habitat evalua-
tion studies during this project which was given in this National
Action Plan (Figure 7).

According to the Action Plan, very limited spawning and feeding
areas for sturgeons have remained in Yesilirmak between the last
HPP (Carsamba HPP) and the river mouth (Figure 7). It is of utmost
importance to protect these last remaining areas and to avoid
practices that would destroy their habitat. In other words; “last
minute” measures are needed urgently. Also it is vital to develop
communication tools to increase the awareness of local communi-
ties about the conservation value and its role for future rehabilita-
tion measures. It would also be very useful to develop a guarding
system in cases where potential poaching might affect the popula-
tion during migration or reproduction (Anonymous, 2015b).

In conclusion, by evaluating the available historical and current
data, it is understood that Yesilirmak is very important for the
future existence of sturgeons in Turkish waters. The still existing/
under construction or planned obstacles in Yesilirmak (dams,
HPPs, bridges, flood control sets, recreational modifications etc.)
must be evaluated in detail by the related institutions taking into
consideration the National Action Plan.

Conflict of Interest: The authors have no conflicts of interest to declare.
REFERENCES

Anonymous (2008). Guidelines for Bridge Construction or Maintenance
to Accommodate Fish and Wildlife Movement and Passage, Arizona
Game and Fish Department, Habitat Branch, USA, 11 pp.

Anonymous (2012). Controlled activities on waterfront land- Guidelines
for watercourse crossings on waterfront land. NSW, New South
Wales Office of Water, Department of Primary Industries, AU, 4 pp.

Anonymous (2015a). Yesilirmak Havzasi Tagkin Yénetim Plani. Orman ve
Su i§|eri Bakanligi Su Yénetimi Genel Mudurligu, Rapor, 213 s.

Anonymous (2015b). National Action Plan for the Conservation and Res-
toration of the Sturgeons of Turkey. Published by The Ministry of
Food Agriculture and Livestock, DG Fisheries and Aquaculture, Me-
disan Yayinevi, Ankara, 127 pp.

Anonymous (2018a). Available from: https://newredlist.iucnredlist.org/se
arch?query=sturgeon&searchType=species

Anonymous (2018b). Available from: http://www.enerjiatlasi.com/akarsu-
lar/yesilirmak.html

Edwards, D., Doroshov, S. (1989). Appraisal of the sturgeon and seatrout
fisheries and proposals for a rehabilitation programme. Technical
Cooperation Programme, FAO: 37 p.

143



Aquat Sci Eng 2018; 33(4): 138-144
Ustaoglu Tiril and Memis. Sturgeons in Yesilirmak

Gessner, J., Zahn, S., Jaric, |., Wolter, C. (2014). Estimating the potential
for habitat restoration and connectivity effects on European stur-
geon (Acipenser sturio L. 1758) population rehabilitation in a low-
land river — the Havel, Germany. Journal of Applied Ichthyology, 30:
1473-1482. [CrossRef]

Hall, M., Greer, E., Fogarty, M., Barthelmess, E. (2012). Restoration of
Declining Lake Sturgeon Populations: A Northern New York Case
Study, 58 pp. (Available from: http://www.stlawu.edu/sites/default/
files/resource/LakeSturgeonConservation.pdf)

Hayat Magazine (1969). Haftallk Mecmua, Yil:14, Sayi:23, Cilt:2, Sira
No:660, Nesriyat A.S., istanbul, 29.05.1969.

Hayes, D.B., Caroffino, D.C. (2012). Michigan's Lake Sturgeon Rehabilita-
tion Strategy. Michigan Department of Natural Resources Fisheries
Special Report 62, 18 pp.

Hochleithner, M. (1996). Stére. Verbreitung, Lebensweise, Aquakultur.
Osterreichischer Agrarverlag, Klosterneuburg, 202 pp.

Kadioglu, Y. (2016). Carsamba Ovasi Ornegdinde Ekstrem Hava Olaylarinin
Zirai Faaliyetler Uzerindeki Etkisine Dair Bir Degerlendirme. TU-
CAUM Uluslararasi Cografya Sempozyumu, 13-14 Ekim 2016, An-
kara, Bildiri Kitabi, 528-537.

Kirschbaum, F., Gessner, J. (2001). Zur Biologie der Stére. Der Stor
Acipenser sturio L., Fisch des Jahres 2001, Verband Deutscher
Sportfischer e.V,, Verlag M. Faste, 7-14.

McLusky, D.S., Elliot, M. (2011). The estuarine ecosystem: ecology,
threats and management. Oxford University Press, Third Edition,
214 p.

Meybeck, M., Friedrich, G., Thomas, R., Chapman, D. (1996). Rivers. In
D. Chapman (Ed.) Water Quality Assessments - A Guide to Use of
Biota, Sediments and Water in Environmental Monitoring - Second
Edition (pp. 246-324) ISBN 0 419 21590 5.

Reichle, G. (1997). Der Stor. Ein gefaehrdeter Urweltfisch im Meer, im
Strom und als Nutzfisch in der Teichwirtschaft. Verlag Lassleben
Kallmiinz: 80 pp.

Ustaoglu Tirll, S., Memis, D. (2013). Mersin Baliklarinin Tirkiye Sularindaki
Durumu. Biyolojik Cesitlilik Sempozyumu, Mugla Sitki Kogman Uni-
versitesi & Orman ve Su Isleri Bakanligi Doga Koruma ve Milli Parklar
Genel Mudurligu, 22-23 Mayis 2013, Mugla (Bildiri kitab).

Ustaoglu Tinl, S., Memis, D. (2015). Tiirkiye Cumhuriyeti‘nin ikinci Sanayi
Plani (1936)'nda Mersin Baliklarinin Yeri ve Onemi. istanbul Universi-
tesi Su Uriinleri Dergisi, 30(2): 21-25.

Zengin, M., Ustaoglu Tinl, S. (2012). Tehlike Altindaki
Populasyonlarinin Ureme Gocii icin Yesilirmak Hala Bir Umut
Olabilir mi? Turkiye'nin Kiyi ve Deniz Alanlari IX. Ulusal Kongresi,
14-17 Kasim 2012, Antakya-Hatay, (Eds: L. BALAS, A.N. GENQC):
421-434.

Mersin

144


https://doi.org/10.1111/jai.12613

AQUATIC
SCIENCES and ENGINEERING

Instructions to Authors

Agquatic Sciences and Engineering is an international, scientific,
openaccessperiodicalpublishedinaccordancewithindependent,
unbiased, and double-blinded peer-review principles. The journal
is the official publication of istanbul University Faculty of Aquatic
Sciences and it is published quarterly on January, April, July, and
October. The publication language of the journal is English and
continues publication since 1987.

Aquatic Sciences and Engineering aims to contribute to the
literature by publishing manuscripts at the highest scientific level
on all fields of aquatic sciences. The journal publishes original
research and review articles that are prepared in accordance
with the ethical guidelines.

The scope of the journal includes but not limited to; aquaculture
science, aquaculture diseases, feeds, and genetics, ecological
interactions, sustainable systems, fisheries development,
fisheries science, fishery hydrography, aquatic ecosystem,
fisheries management, fishery biology, wild fisheries, ocean
fisheries, biology, taxonomy, stock identification, functional
morphology freshwater, brackish and marine environment,
marine biology, water conservation and sustainability, inland
waters protection and management, seafood technology and
safety.

The target audience of the journal includes specialists and
professionals working and interested in all disciplines of aquatic
sciences.

The editorial and publication processes of the journal are
shaped in accordance with the guidelines of the Committee
on Publication Ethics (COPE), the European Association of
Science Editors (EASE), the International Council of Medical
Journal Editors (ICMJE), and National Information Standards
Organization (NISO). The journal conforms to the Principles of
Transparency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

Originality, high scientific quality, and citation potential are
the most important criteria for a manuscript to be accepted
for publication. Manuscripts submitted for evaluation should
not have been previously presented or already published in an
electronic or printed medium. The journal should be informed
of manuscripts that have been submitted to another journal
for evaluation and rejected for publication. The submission of
previous reviewer reports will expedite the evaluation process.
Manuscripts that have been presented in a meeting should
be submitted with detailed information on the organization,
including the name, date, and location of the organization.

O“LU’V/L
#58% [STANBUL
o{ # UNIVERSITY

—PRESS

Manuscripts submitted to Aquatic Sciences and Engineering
will go through a double-blind peer-review process. Each
submission will be reviewed by at least two external,
independent peer reviewers who are experts in their fields in
order to ensure an unbiased evaluation process. The editorial
board will invite an external and independent editor to manage
the evaluation processes of manuscripts submitted by editors
or by the editorial board members of the journal. The Editor in
Chief is the final authority in the decision-making process for all
submissions.

An approval of research protocols by the Ethics Committee
in accordance with international agreements (World Medical
Association Declaration of Helsinki “Ethical Principles for
Medical Research Involving Human Subjects,” amended in
October 2013, www.wma.net) is required for experimental,
clinical, and drug studies. If required, ethics committee reports
or an equivalent official document will be requested from the
authors.

For manuscripts concerning experimental research on humans,
a statement should be included that shows the written informed
consent of patients and volunteers was obtained following a
detailed explanation of the procedures that they may undergo.
Information on patient consent, the name of the ethics
committee, and the ethics committee approval number should
also be stated in the Materials and Methods section of the
manuscript. It is the authors’ responsibility to carefully protect
the patients’ anonymity. For photographs that may reveal the
identity of the patients, signed releases of the patient or of their
legal representative should be enclosed.

Aquatic Sciences and Engineering requires experimental
research studies on vertebrates or any regulated invertebrates
to comply with relevant institutional, national and/or
international guidelines. The journal supports the principles
of Basel Declaration (basel-declaration.org) and the guidelines
published by International Council for Laboratory Animal
Science (ICLAS) (iclas.org). Authors are advised to clearly state
their compliance with relevant guidelines.

Aquatic Sciences and Engineering advises authors to comply
with [UCN Policy Statement on Research Involving Species at Risk
of Extinction and the Convention on the Trade in Endangered
Species of Wild Fauna and Flora for research involving plants.

All submissions are screened by a similarity detection software
(iThenticate by CrossCheck).




AQUATIC
SCIENCES and ENGINEERING

In the event of alleged or suspected research misconduct,
e.g., plagiarism, citation manipulation, and data falsification/
fabrication, the Editorial Board will follow and act in accordance
with COPE guidelines.

Each individual listed as an author should fulfil the authorship
criteria recommended by the ICMJE. The ICMJE recommends
that authorship be based on the following 4 criteria:

1. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; AND

2. Drafting the work or revising it critically for important

intellectual content; AND

Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

w

In addition to being accountable for the parts of the work he/
she has done, an author should be able to identify which co-
authors are responsible for specific other parts of the work. In
addition, authors should have confidence in the integrity of the
contributions of their co-authors.

All those designated as authors should meet all four criteria
for authorship, and all who meet the four criteria should be
identified as authors. Those who do not meet all four criteria
should be acknowledged in the title page of the manuscript.

Aquatic Sciences and Engineering requires corresponding
authors to submit a signed and scanned version of the
authorship contribution form (available for download through
istanbul.dergipark.gov.tr/tjas) during the initial submission
process in order to act appropriately on authorship rights and
to prevent ghost or honorary authorship. If the editorial board
suspects a case of “gift authorship,” the submission will be
rejected without further review. As part of the submission of the
manuscript, the corresponding author should also send a short
statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review
stages of the manuscript.

Aquatic Sciences and Engineering requires and encourages
the authors and the individuals involved in the evaluation
process of submitted manuscripts to disclose any existing or
potential conflicts of interests, including financial, consultant,
and institutional, that might lead to potential bias or a conflict
of interest. Any financial grants or other support received for
a submitted study from individuals or institutions should be
disclosed to the Editorial Board. To disclose a potential conflict
of interest, the ICMJE Potential Conflict of Interest Disclosure

oL Uy, 1
s ISTANBUL
A&%77 UNIVERSITY
* 1253 % PRESS

Form should be filled in and submitted by all contributing
authors. Cases of a potential conflict of interest of the editors,
authors, or reviewers are resolved by the journal’s Editorial
Board within the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and
complaint cases within the scope of COPE guidelines. In such
cases, authors should get in direct contact with the editorial
office regarding their appeals and complaints. When needed,
an ombudsperson may be assigned to resolve cases that cannot
be resolved internally. The Editor in Chief is the final authority
in the decision-making process for all appeals and complaints.

When submitting a manuscript to Aquatic Sciences and
Engineering, authors accept to assign the copyright of their
manuscript to Istanbul University Faculty of Aquatic Sciences. If
rejected for publication, the copyright of the manuscript will be
assigned back to the authors. Aquatic Sciences and Engineering
requires each submission to be accompanied by a Copyright
Transfer Form (available for download at istanbul.dergipark.
gov.tr/tjas). When using previously published content, including
figures, tables, or any other material in both print and electronic
formats, authors must obtain permission from the copyright
holder. Legal, financial and criminal liabilities in this regard
belong to the author(s).

Statements or opinions expressed in the manuscripts published
in Aquatic Sciences and Engineering reflect the views of the
author(s) and not the opinions of the editors, the editorial
board, or the publisher; the editors, the editorial board, and
the publisher disclaim any responsibility or liability for such
materials. The final responsibility in regard to the published
content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with
ICMJE-Recommendations for the Conduct, Reporting,
Editing, and Publication of Scholarly Work in Medical Journals
(updated in December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare
manuscripts in accordance with the CONSORT guidelines
for randomized research studies, STROBE guidelines for
observational studies, STARD guidelines for studies on
diagnostic accuracy, PRISMA guidelines for systematic reviews
and meta-analysis, ARRIVE guidelines for experimental animal
studies, TREND guidelines for non-randomized studies, and
COREQ guidelines for qualitative studies.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at
istanbul.dergipark.gov.tr/tjas. Manuscripts submitted via any
other medium will not be processed.




AQUATIC
SCIENCES and ENGINEERING

Manuscripts submitted to the journal will first go through a
technical evaluation process where the editorial office staff will
ensure that the manuscript has been prepared and submitted
in accordance with the journal’s guidelines. Submissions that do
not conform to the journal’s guidelines will be returned to the
submitting author with technical correction requests.

Authors are required to submit the following forms during the
initial submission. These are available for download at istanbul.
dergipark.gov.tr/tjas

e Copyright Transfer Form,

e Author Contributions Form, and

e |CMJE Potential Conflict of Interest Disclosure Form (should
be filled in by all contributing authors)

Preparation of the Manuscript
Title page: A separate title page should be submitted with all
submissions and this page should include:

e Thefulltitle of the manuscript as well as a short title (running
head) of no more than 50 characters,

e Name(s), affiliations, and highest academic degree(s) of the
author(s) and ORCID ID (orcid.org)

e Grant information and detailed information on the other
sources of financial support,

e Name, address, telephone (including the mobile phone
number) and fax numbers, and email address of the
corresponding author,

e Acknowledgment of the individuals who contributed to
the preparation of the manuscript but who do not fulfil the
authorship criteria.

Abstract: A Turkish and an English abstract should be submitted
with all submissions except for Letters to the Editor. Submitting
a Turkish abstract is not compulsory for international authors.
Please check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a
minimum of three to a maximum of six keywords for subject
indexing at the end of the abstract.

Manuscript Types

Original Articles: This is the most important type of article
since it provides new information based on original research.
The main text should contain Introduction, “Materials and
Methods”, “Result and Discussion” and Conclusion sections.

Statistical analysis to support conclusions is usually necessary.
Statistical analyses must be conducted in accordance with
international statistical reporting standards. Information on
statistical analyses should be provided with a separate subheading
under the Materials and Methods section and the statistical
software that was used during the process must be specified.

oL Uy, 1
s ISTANBUL
A&%77 UNIVERSITY
* 1253 % PRESS

Units should be prepared in accordance with the International
System of Units (S).

Review Articles: Reviews prepared by authors who have
extensive knowledge on a particular field and whose scientific
background has been translated into a high volume of
publications with a high citation potential are welcomed. These
authors may even be invited by the journal. Reviews should
describe, discuss, and evaluate the current level of knowledge
of a topic in researches and should guide future studies. The
main text should start with Introduction and end with Conclusion
sections. Authors may choose to use any subheading in between
those sections.

Short Communication: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within the
scope of the journal that might attract the readers’ attention,
particularly educative cases, may also be submitted in the form
of a “Short Communication” Readers can also present their
comments on the published manuscripts in the form of a “Short
Communication”. The main text should contain Introduction,
“Materials and Methods”, “Result and Discussion” and
Conclusion sections.

Tables

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

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as
separate files (in TIFF or JPEG format) through the submission
system. The files should not be embedded in a Word document

Table 1. Limitations for each manuscript type

Type of Abstract  Reference
manuscript Page word limit limit
Original Article <20 250 40
Review Article <25 250 60
Short Communication <5 250 20




AQUATIC
SCIENCES and ENGINEERING

or the main document. When there are figure subunits, the
subunits should not be merged to form a single image. Each
subunit should be submitted separately through the submission
system. Images should not be labeled (a, b, ¢, etc.) to indicate
figure subunits. Thick and thin arrows, arrowheads, stars,
asterisks, and similar marks can be used on the images to
support figure legends. Like the rest of the submission, the
figures too should be blind. Any information within the images
that may indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300
DPI. To prevent delays in the evaluation process, all submitted
figures should be clear in resolution and large in size (minimum
dimensions: 100 x 100 mm). Figure legends should be listed at
the end of the main document.

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

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

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

Limitations, drawbacks, and the shortcomings of original
articles should be mentioned in the Discussion section before
the conclusion paragraph.

References

While citing publications, preference should be given to the
latest, most up-to-date publications. If an ahead-of-print
publication is cited, the DOl number should be provided.
Authors are responsible for the accuracy of references. List
references in alphabetical order. Each listed reference should
be cited in text, and each text citation should be listed in the
References section. The reference styles for different types of
publications are presented in the following examples.

oL Uy, 1
s ISTANBUL
A&%77 UNIVERSITY
* 1253 % PRESS

Examples of basic reference formats:

e Journal Article: Aksungur, M., Zengin, M., Tabak, i
Aksungur, N., Alkan, A. (2011). Migration Characteristics of
the Black Sea Trout (Salmo trutta labrax, Pallas, 1814) in the
Eastern Black Sea Coasts and Streams. Aquatic Sciences
and Engineering, 11, 623-630.

e Authored Book: Rogers, T. T., & McClelland, J. L. (2004).
Semantic cognition: A parallel distributed processing
approach. Cambridge, MA: MIT Press.

e Chapter in an Edited Book: Gill, M. J., & Sypher, B. D.
(2009). Workplace incivility and organizational trust.
In P. Lutgen-Sandvik & B. D. Sypher (Eds.), Destructive
organizational communication: Processes, consequences,
and constructive ways of organizing (pp. 53-73). New York,
NY: Taylor & Francis.

REVISIONS

When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that
states point by point how each issue raised by the reviewers
has been covered and where it can be found (each reviewer’s
comment, followed by the author’s reply and line numbers
where the changes have been made) as well as an annotated
copy of the main document. Revised manuscripts must be
submitted within 30 days from the date of the decision letter.
If the revised version of the manuscript is not submitted within
the allocated time, the revision option may be canceled. If the
submitting author(s) believe that additional time is required,
they should request this extension before the initial 30-day
period is over.

Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication process
of a manuscript is completed, it is published online on the
journal’s webpage as an ahead-of-print publication before
it is included in its scheduled issue. A PDF proof of the
accepted manuscript is sent to the corresponding author and
their publication approval is requested within 2 days of their
receipt of the proof.

Editor in Chief: Prof. Devrim MEMIS

Address: istanbul Universitesi Su Bilimleri Fakiiltesi Yetistiricilik
Anabilim Dali Ordu Cad. No:8 34134 Laleli / istanbul, Tiirkiye
Phone: +90 212 4555700/16448

Fax: +90 212 5140379

E-mail: mdevrim@istanbul.edu.tr




