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ABSTRACT

Coronavirus is an envelope virus that is persistent in the environment and easily inactivated by the
use of chlorine disinfectants. It is a virus novel to human and the first occurrence (SARS-CoV)
was detected in Hong Kong in 2003 and a new strain (SARS-CoV-2) in Wuhan, China in 2019.
The pandemic had spread throughout the world and is spread through respiratory droplets and
fecal-oral routes. The use of chlorine disinfectants has been reported to be the best economic so-
lution to the virus and its use has been on the rise leading to increased wastewater generation.
Presently, the existence of coronavirus has been reported in wastewater from indoor and outdoor
sources and exposure of the aquatic ecosystem to this elevated concentration of chlorine in
wastewater can threaten its sustainability and biodiversity. When aerosols or leakages occur from
the sources of wastewater, humans can be infected by the virus by inhaling through the respiratory
outlets. This review, therefore, highlights the possible presence and effect of the virus in waste
water-based and how the aquatic environment can be sustained.

Keywords: Wastewater, Disinfectants, Sustainability, Aquatic environment, COVID-19
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Introduction

Ever since the first case of the strain of the coronavirus
(COVID-19 also known as novel coronavirus) in Wuhan, Hu-
bei Province in China, it has increasingly spread across the
world at an alarming rate. The World Health Organization
(WHO) has declared the virus as a Public Health Emergency
of International Concern (Adhikari et al. 2020; WHO,
2020a). As of 17th May, 2020 WHO reported that COVID-
19 has spread over 216 countries of the world with a total of
4 534 731 confirmed cases and 307 537 deaths. Americas top
the list of cases both by WHO regions and by country, terri-
tory or area with 1 966 932 confirmed cases (Table 1) and
1 409 452 confirmed cases (Table 2) (WHO, 2020b). Severe
acute respiratory syndrome coronavirus (SARS-CoV) is the
strain that causes respiratory illness and is a highly patho-
genic strain that was first identified in the mid-1960s. It is an
enveloped single-stranded RNA virus that can infect birds,
mammals, and humans through aerosols or fecal-oral route
(Gundy et al. 2009).

Table 1. Case comparison of COVID-19 across
WHO regions (WHO, 2020b)

WHO Regions Confirmed cases
Americas 1 966 932
Europe 1 870 545
Eastern Mediterrancan 335 088
Western Pacific 167 755
South-East Asia 135036

Africa 58 663

Table 2. Case comparison of COVID-19 by
Country, Territory, or Area (WHO, 2020b)

Country, Territory or Area

Confirmed cases

United States of America 1 409 452
Russian Federation 281 752
The United Kingdom 240 165
Spain 230 698
Italy 224760
Brazil 218 233
Germany 174 355
Turkey 148 067
France 140 008
Iran 120 198
India 90 927
Peru 84 495

Review Article

The SARS-CoV was first discovered to have links with
wastewater in March 2003 when an outbreak occurred in a
housing estate in Hong Kong which involved over 300 people
and caused over 8 000 infection cases and mortality rate of
10% (Centre for Disease Control, 2004). The outbreak was
traced to a faulty sewage system (Peiris et al. 2003). An out-
break also occurred in 2004 from a research laboratory in Bei-
jing, China, and was traced to bats because it was novel to
humans at that time and spread through respiratory droplets
(Manocha et al. 2003). At this time, a new strain of corona-
virus known as SARS-COV-2 has been reported to the cross-
species barrier and can be transmitted through respiratory
droplets over a short distance to humans by binding to the
receptor angiotensin-converting enzyme 2 (ACE2) (Letko et
al. 2020; Hoffman et al. 2020), through the environment, fe-
cal-oral routes and wastewater systems (Zhang et al., 2020a).

Before 17" March 2020, it was believed that the coronavirus
was less stable in the environment and can easily be oxidized
by chlorine; therefore, the virus can be rendered inactive by
simple filtration and disinfection of wastewater (Aquatech,
2020). As of 12™ April 2020, traces of the virus were reported
to be detected in wastewaters in the USA, Netherlands, and
Sweden (Igomu, 2020). The virus was also being reported to
be found in the fecal samples of infected individuals (Holshue
et al. 2020). As a result, the use of chlorine disinfectant on
indoor and outdoor surfaces has drastically increased. If this
persists, a worldwide secondary disaster in aquatic ecosys-
tems can occur which will threaten the existence of biodiver-
sity (Zhang et al. 2020a) as ecosystem productivity. Pres-
ently, there has not been any report on the transmission of the
virus from humans to land and aquatic animals (Goldstein,
2020) or from wastewater to aquatic animals but the effects
of chlorine toxicity on the water quality and fish species have
been reported (Sanders, 2020). Chlorine is a major constitu-
ent of disinfectants. Its toxicity can affect the sustainability of
the aquatic ecosystem causing hypoxia, affecting organs and
respiratory system, hepatic and renal injury, inflammation
and steatosis (Xu et al. 2020; Rismanbaf and Zarei, 2020),
and could migrate to the aquatic biota by surface run-off if
pandemic persists (Zhang et al. 2020b), thus harming the
aquatic organism and aquaculture. Due to the increasing
spread of the virus worldwide, it is important to understand
the virus in the aquatic environment and effective measures
by which the aquatic environment can be sustained.

Coronavirus and Wastewater

The concept of sustainability of aquatic systems takes cogni-
zance of the fate of the coronavirus and how it can affect life
in the aquatic system. The virus is present in wastewater and


https://doi.org/10.3153/AR20016

Aquat Res 3(4), 177-187 (2020) e https://doi.org/10.3153/AR20016

Review Article

can remain active over some time in waters originating from
hospitals, sewage and fecal discharge from individuals in-
fected by the virus (Hung, 2003; Zhang et al. 2020a). The vi-
rus is very persistent in wastewaters and the duration in which
the virus is viable in wastewater is not yet known. It is there-
fore a point of call to know the longevity of the virus once
discharged into wastewater to preserve aquatic ecosystems
(Leung et al. 2003). Based on the SARS-CoV pandemic in
2003, it was reported that the virus can survive and multiply
within a short period if disinfection is not done and can be
contagious (Wigginton et al. 2015; Choudri and Charabi,
2019).

The survival of coronavirus in wastewater depends on the fol-
lowing factors:

i.  Temperature: the virus is sensitive to temperature
and can be inactive if the temperature of wastewater
is above or below the survival range. For instance, it
was reported that the virus (i.e. coronaviruses) is in-
activated faster in fresh water at 23°C than in fresh
water at 4°C (Gundy et al. 2009).

ii.  Organic matter: the virus can absorb materials in
the water thereby shielding light

iii. ~ Exposure to light: the virus can be inactivated in
water by exposure to solar or ultra-violet radiation

iv.  The presence of antagonistic microbes in wastewater
(Naddeo and Liu, 2020)

Based on the recurrent happenings of this aggressive virus;
from the 2003 SARS-CoV case to the 2019 SARS-CoV-2
case in China, the need for more information into the poten-
tial transmission via environmental measures such as
wastewater pathways is of great importance (Chattopadhyay
and Taft, 2018). Specific monitoring programmes for the vi-
rus in water can be carried out and models developed to pro-
vide information on the potential activities of the coronavirus.

The 12 facts about COVID-19 in water (Figure 1) and the
importance of water access and hygiene in times of crisis
have been summarized as follows (Tu Delft, 2020):

1. Cultivation of COVID-19 virus from stool is diffi-
cult

Wolfel et al. (2020) observed a high concentration of
COVID-19 virus in the stool of hospitalized patients
with COVID-19 and reported that the virus can be
readily isolated from the throat and lungs of patients
but not from feces.

Genetic material of COVID-19 virus found in sew-
age water

The virus was first detected in sewage by Medema et
al. (2020) when sewage samples from 7 cities and an
airport were tested during the outbreak in the Nether-
lands. It was proposed that the virus can be monitored
in a population using sensitive monitoring tool such
as the use of sewage detection. The genetic material
is only found in water if it is contaminated with sew-
age.

Poor survival of SARS-CoV-1 (very similar virus
to COVID-19) in water >20°C indicates inactivity
of COVID-19 virus in water

The survival of coronavirus SARS-CoV-1 in feces,
urine, and water at different temperatures were inves-
tigated by Wang et al. (2005). It was reported that the
SARS-CoV-1 was inactivated faster in wastewater at
20°C (2 days) than at 4°C (14 days).

Other viruses, e.g. rotavirus, are more persistent
in water than the COVID-19 virus

It was reported by Raphael et al. (1985) from their
study on the loss of rotavirus in water that at 20°C, it
took about 10 days for the occurrence of a reduction
in rotavirus plaque to 99.0%. Gundy et al. (2008) who
compared the survival of SARS-CoV-1 and po-
liovirus in water reported that coronaviruses can stay
longer in water, except in tap waters at 4°C.

Access to good water supply and sanitation can re-
duce the occurrence of infectious diseases includ-
ing COVID-19

A technical guide on the use of water, water sanita-
tion, and management of wastes from health care fa-
cilities has been published by the World Health Or-
ganization (WHO, 2020c). This is very useful in pre-
venting viral outbreaks including coronaviruses.

Household water treatment can remove viruses
from water

Household water treatments have been reported to
successfully fight against protozoa and bacteria but
not for viruses. It is therefore important to select a
suitable technology of water treatment in households
against viruses such as boiling, chlorination, and ul-
trafiltration. To this end, the World Health Organiza-
tion has published two reports (Round I and II) on the
various household water treatment procedures and
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their effectiveness in the removal of viruses (WHO,
2020 d,e).

The possible presence of COVID-19 virus on the
toilet and other surfaces

The toilet areas of hospital and health facilities treat-
ing cases of COVID-19 patients have been reported
to be the most contaminated areas (Ding et al. 2020).
Human coronavirus can be persistent on inanimate
surfaces such as metal, glass, or plastics. This state-
ment was substantiated by the reports of Kampf et al.
(2020) and revealed that human coronaviruses such
as SARS and MERS, or HCoV can persist on metal,
glass, or plastic for up to 9 days. Surface disinfection
with 62-71% ethanol, 0.5% hydrogen peroxide, or
0.1% sodium hypochlorite was recommended as an
effective procedure to inactivate coronaviruses
within one minute.

The spread of the virus through surfaces can be
effectively prevented by regular washing hands
with soap

The World Health Organization has published
guidelines on hand hygiene in health care situations
(WHO, 2020f¢). Siddharta et al. (2017) evaluated the
recommended 2 alcohol-based formulations used for
outbreak-associated infections and reported that Zika
virus (ZIKV), Ebola virus (EBOV), SARS, and
MERS could be efficiently inactivated. This substan-
tiates the use of alcohol-based formulations in
healthcare systems and situations of the viral out-
break.

COVID-19 virus spreads through water droplets
from coughing, sneezing or contaminated surfaces

During the COVID-19 outbreak in Wuhan city,
China, six family members were studied after visita-
tion to a hospital in the city. It was concluded from

Aquat Res 3(4), 177-187 (2020) e https://doi.org/10.3153/AR20016
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the findings of the study that person-to-person trans-
mission of the virus is very consistent in hospitals,
family settings, and infected travelers from other re-
gions (Chan et al. 2020). The stability of SARS-CoV-
2 in aerosols and on surfaces such as plastic and cop-
per were evaluated by studies of Van Doremalen et
al. (2020). Throughout the 3-hour experiment, the vi-
rus was observed to remain viable in aerosols, it was
viable up to 72 hours after application on plastic and
steel, no viable virus was detected after 4 hours on
copper and after 24 hours on cardboard.

Presence of infectious COVID-19 virus is very un-
likely

Based on the findings that infectious COVID-19 vi-
rus could not be extracted from contaminated feces
(Wolfel et al., 2020) and its likely inactivation in wa-
ter within days (Wang et al., 2005), the presence of
infectious COVID-19 is therefore very unlikely to be
in drinking water intakes.

The treatment plant acts as a barrier against the
COVID-19 virus and other viruses

COVID-19 is very sensitive to disinfectants when
compared with other viruses in water (Wang et al.,
2005). The design and technologies of UV irradia-
tion, ozonation and membrane filtration in water
treatment plants has made possible the inactivation of
the most persistent viruses in water and very effective
against the COVID-19 virus.

Safely managed tap water is well protected
against COVID-19 virus

The World Health Organization has published guide-
lines, which have eliminated the presence of viruses
in drinking water. With these guidelines in place, tap
water can be safe from all viruses including the
COVID-19 virus and humans, animals and fishes that
depend on the water are free from contamination.
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COVID-19 virus spreads through water droplets from coughing, sneezing or contaminated surfaces

10 Presence of infectious COVID-19 virus is very unlikely

11. The treatment plant acts as a barrier against the COVID-19 virus and other viruses

12. Safely managed tap water is well protected against COVID-19 virus
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Figure 1. 12 facts about COVID-19 in water: The importance of water access and hygiene in times of crisis (modified
from Tu Delft, 2020)
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Case Studies on the Presence of Coronavirus in
Wastewater

Scientific researchers have reported the possibility of human
infection of viruses from water and wastewaters (Choudri and
Charabi, 2019). The virus can remain active for days in sew-
age and it can be transmitted from wastewater to humans if
aerosols are generated (Hung, 2003; Casanova et al. 2009).
This was the scenario in the SARS-CoV outbreak in 2003
where wastewater from a residential leaking sewage pipe was
aerosolized and caused an outbreak of the virus in Hong Kong
(Hung, 2003). This illustrates another way by which the coro-
navirus can be transmitted to humans’ asides the known ways
through respiratory droplets and fecal-oral route. The pres-
ence of the coronavirus has been reported in a community
wastewater system in the USA, Netherlands, and Sweden
(Igomu, 2020).

Netherlands

Traces of SARS-CoV-2 were detected in wastewater by re-
searchers at the Netherlands National Institute for Public
Health and the Environment in Bilthoven, Netherlands. The
wastewater was generated from the Schiphol Airport in Til-
burg four days after the country detected its first case of the
virus through clinical testing. Based on these results, re-
searchers have been tasked to sample the 12 provinces in the
country and their capitals as well as the 12 areas with no con-
firmed cases of the virus (Mallapaty, 2020)

France

The virus was reported to be found in the Paris sewage system
after it studied for one month. The results from the study pre-
sented a fluctuating pattern in the presence of the virus, which
was similar to the pattern observed from the outbreak in the
region (Leste-Lasserre, 2020).

Australia

It took about two months (March — April 2020) for the pres-
ence of the virus to be confirmed in wastewater from Bris-
bane in Australia. The trend observed from wastewater sam-
pled was similar in pattern to the trends detected through di-
rect human testing.

United States of America

The country has employed the use of wastewater to investi-
gate the presence of the virus. Traces of the virus have been
observed by scientists who analyzed the wastewater from an
urban water treatment facility in Massachusetts.

Review Article

Ways of Minimizing Coronavirus in Wastewater

Disinfection remains a major way of minimizing the virus in
water. Based on the widespread of the virus, some procedures
have been developed for disinfecting wastewater to inactivate
the virus pathogens. In the United States, guidelines for the
treatment of wastewater were released in February 2020 by
the Occupational Safety and Health Administration (OSHA)
to protect the public and aquatic ecosystem from the corona-
virus. The procedure involves the processes of oxidation of
wastewater with free chlorine and the use of ultraviolet radi-
ation for virus inactivation in wastewater treatment (OSHA,
2020).

Chlorine disinfectants

The use of chlorine for disinfection remains the best econom-
ical solution for inactivation of the virus; although chlorine
can combine with the ammonia in the wastewater to form
chloramide. It was reported by the China Ministry of Ecology
and Environment (2020) that in China where the strain of the
virus was discovered has applied chlorine treatment of more
than 5000 tons in Wuhan city alone both indoors and outdoors
to minimize the effects of the virus. The increased volume of
wastewater containing a high concentration of chlorine may
find its way into aquatic systems thereby causing secondary
infection and threaten the survival of aquatic biodiversity.
Zhang et al. (2020b) stated that chlorine toxicity can affect
the sustainability of the aquatic system in the following ways:

i.  They can harm aquatic organisms directly by damag-
ing their cell walls or their protein by oxidation

ii.  The chemicals in the disinfectant can bond with other
materials and form harmful compounds in water

iii.  They can bind with Nitrogen to form Chloramide or
N-nitroso-dimethyl amide, which is carcinogens.

iv.  The synthesis of disinfection byproducts such as tri-
halomethanes or haloacetic acids which is very toxic
to aquatic life can occur in surface waters because of
high organic matter

Bleach as disinfectant

It is a very strong disinfectant which inactivates bacteria, vi-
ruses, and fungi. It contains the active ingredient sodium hy-
pochlorite. Based on this, the WHO (2020g) recommended
the use of sodium hypochlorite at 0.5% to clean surfaces. It is
readily available and can be used in households or surface
cleaning in hospital facilities. Its limitations are that it can ir-
ritate the mucous membranes in humans and react easily with
other chemicals in the water. It should, therefore, be used as


https://doi.org/10.3153/AR20016

Aquat Res 3(4), 177-187 (2020) e https://doi.org/10.3153/AR20016

Review Article

stipulated with care and in a well-ventilated place (WHO,
2014).

Alcohol as disinfectant

It is very flammable and can be used to disinfect small exter-
nal surfaces such as equipment’s. Based on its flammable
property, its use must be limited and in a well-ventilated area.
If used repeatedly on a particular surface, it may result in
thickening, hardening, discoloration or cracking of such sur-
faces. The use of alcohol (70% ethyl alcohol) is very effective
in fighting against the influenza virus (WHO 2014, 2020g).

Possible Solutions for the Sustainability of the
Aquatic Environment

With the increased volume of wastewater generated due to
the advent of the virus, a central collection reservoir, which
can receive the volume of wastewater from major sources
such as the hospitals and health centres, can be created. The
reservoir can be likened to a waste stabilization pond that re-
tains the wastewater for a certain period and the pathogens
can be destroyed over time. During the wastewater retention
period, the intensity of sunlight, pH, and the biological activ-
ity in the wastewater speeds up and equates to the rate of de-
struction of the pathogen (Zhang et al. 2020 c). A virus inac-
tivation treatment procedure can be employed at the central
collection reservoir so that the environmental loading and
secondary transmission of the virus can be minimized. It is
also important to understand the potency of methods of dis-
infection employed in coronavirus inactivation (Li et al.
2017).

The virus outbreak has resulted in an increased use of disin-
fectants and bactericides on indoor and outdoor surfaces and
in water to limit the spread. In the long run, this act can make
abundant the presence of antibiotic-resistant bacteria in the
environment and can pose an indirect impact on the aquatic
ecosystem and human health.

The use of molecular methods and nucleic acid targets by re-
searchers to investigate the virus can also be carried as stated
by the Centres for Disease Control (CDC). This method can
be used to detect the presence of the SARS-CoV-2 virus in
wastewater samples through the use of genetic markers. This
method may be carried out when the wastewater is received
and after it has been treated in the facility to check for the
presence and level of the virus in wastewater before it is dis-
charged into the environment (Brandt, 2020).

Individuals suspected to have the virus may have isolated toi-
lets or latrines whereby their fecal materials can be collected
and the toilets must have lids to prevent wastewater droplets

that may spatter or form aerosol clouds. If isolation of latrines
is not possible, the general latrines should be constantly dis-
infected and the plumbing system should be of the standard
to prevent leakages or the formation of aerosol clouds which
may air ventilation systems thereby spreading the virus as it
occurred for SARS-CoV in Hong Kong in 2003 (Yu et al.
2004) and the concerns currently raised about the spread of
SARS-CoV-2 from faulty plumbing systems in toilets (Re-
gan, 2020). It is important to observe strict surveillance on
sewage disposal systems to assess the effectiveness of the
strategies of the disposal system on the disease prevention
and control (Brandt, 2020).

Conclusion

It can be seen that the coronavirus is present in wastewater
and humans are prone to infection of the pathogen from this
source if aerosol clouds are formed and dispersed in the air.
The occurrence of the SARS-CoV and SARS-CoV 2 indi-
cates the persistence and existence of the virus and measures
to reduce its effects on the aquatic ecosystem and humans is
utmost. The aquatic system is the sink that receives water
from various sources and the measures taken on potential wa-
ter aquifers and wastewater treatment plants will determine
the health of the aquatic ecosystem in terms of water quality
and sustainability of biodiversity. To this end, aquatic eco-
logical integrity assessment must be integrated into water
management measures by countries of the world to constantly
check and monitor the state of our aquatic systems. In addi-
tion, the creation of central reservoirs and proper plumbing
systems to avert leakage and aerosol forming situations can
be looked into as a measure for reducing the impacts of
wastewater on aquatic ecosystems. With these, humans and
all forms of aquatic biodiversity such as fish, crustaceans etc.
can be protected from life threats that may originate from pol-
luted waters in the environment.
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ABSTRACT

Turkey has a rich variety of fish species in its rivers with a total length of 177 714 km. Freshwater
fish live in rivers, streams, creeks, dam lakes, natural lakes, wetland areas, etc.

The life of migratory fish is threatened by the anthropogenic impact on aquatic habitats. Human
activities that disrupt river integrity can be listed as; dam and hydro power plant constructions,
high levees, sluices, weirs and bridges, sand-gravel quarries, recreational works, wetland deple-
tion, water pollutions, overfishing, habitat losses, climate changes, water pumping from a river to
other river basins, drinking water, dried river beds etc. The most important diadromous fish species
in Turkey are sturgeon species (Acipenseridae), European eel (Anguilla anguilla) and Black Sea
trout (Salmo trutta labrax). In this study, the past and present status of these species are reviewed.
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Introduction

Diadromous fish are described as fish that prefer to live in
both inland freshwaters and marine habitats depending on
their life cycles. They are categorized as anadromous and ca-
tadromous fish. Anadromous fish are the ones that breed in
inland freshwaters and migrates to the seas to spend their
adult lives till the point at which they return to freshwaters
for breeding. On the contrary, catadromous fish are the ones
that breed in marine habitats and return to freshwater for
growth and development until they migrate to breeding
grounds. Salmonids come to mind as an example for anadro-
mous fishwhereas eels are a well-known catadromous fish
species (Gross et al 1988; McDowall, 1988).

Fish migration terminology, explains how fish move among
marine, estuarine, and freshwater environments (e.g., anad-
romy, catadromy, marine residents, estuarine stragglers, etc.).
Such terms are useful in describing broad patterns of habitat
use and can aid in species and habitat conservation efforts.
For instance, knowing that an anadromous sturgeon requires
unimpeded access to large rivers for reproduction leads to an
emphasis on dam removal in their conservation (Secor,
2015). Anadromous fish are more common in temperate re-
gions of the world where oceans are more productive in terms
of food availability. Yet, in tropical latitudes, freshwater hab-
itats are more productive and this results in common dispersal
of catadromous fish (Gross et al., 1988).

Turkey has 409 freshwater fish species and 47.4% of them
are endemic. There are 33 rivers with a total length of
177 714 km and 25 river basins such as rivers, dam lakes,
natural lakes, etc in Turkish water system. Some diadromous
fish species in the aquatic system are; Salmo trutta labrax,
Acipencer stellatus, Acipenser gueldenstaedtii, Huso huso,
Anguilla anguilla, Atherina boyeri, Lampetra lanceolata,
Alosa fallax, Mugil cephalus and Platichthys flesus, etc.
(Cigek et al., 2018; Ekmekgi et al., 2016).

Main anadromous species like Salmonids and sturgeon spe-
cies are dispersed in the Black Sea region, migrating from sea
to the freshwater where spawning occurs and also catadro-
mous eels (European eel, Anguilla anguilla) are found in the
West Black Sea and Mediterranean region entering the rivers
for feeding and growing. In this review paper, the situation of
the most important three diadromous fishes in Turkey is sum-
marized and evaluated.

Sturgeon Species in the Black Sea Basin
(Acipenser sp., Huso sp.)
The sturgeons (Acipenseridae) constitute one of the oldest or-

ders of fish still in existence. Six species of sturgeon are re-
ported in the Turkish Black Sea basin and its drainage area:

Beluga (Huso huso), Russian sturgeon (Acipenser guelden-
staedtii), common sturgeon (4. sturio), ship sturgeon (4.
nudiventris) and stellate sturgeon (4. stellatus) and sterlet
sturgeon (A. ruthenus). These species are known to migrate
into large rivers like Sakarya, Yesilirmak, Kizilirmak and
Coruh Rivers to spawn and they are naturally present in the
northern part of the Anatolian peninsula and Trakya. Until
1970’s sturgeons were economically important in the Black
Sea region and were known to have an important fishing po-
tential mainly in Carsamba, Bafra, Karasu and Istanbul
(Arisoy, 1968; Celikkale, 1994; Rosenthal et al., 2015;
Ustaoglu Tiril and Memis, 2018). Edwards and Doroshov
(1989) reported that A. sturio, Huso huso, A. gueldenstaedti,
A. stellatus and A. nudiventris were found in the fishing ports
of the Turkish coast. And also, they stated, the most common
species of sturgeons were A sturio and H. huso in the
past.Turkey signed CITES agreement at 22 December 1996
and all sturgeon fisheries were banned after 1 April 1998.Un-
til today, the situation has completely changed and sturgeons
are at the brink of extinction in Turkish waters. It is known
that anthropogenic impacts like over-fishing, construction of
dams and HPPs (Hydro Power Plants), flood control barriers
and pollution in rivers played a very significant role in the
depletion of wild populations of migratory fish species
(Rosenthal et al., 2015; Ustaoglu Tiril and Memis, 2018).

Reported sturgeon species number had fallen to five (H. huso,
A. nudiventris, A. gueldenstaedtii, A. stellatus, A. sturio) by
late 1980’ies (Edwards and Doroshov, 1989). Three of these,
H. huso, A. gueldenstaedtii and A. stellatus, were observed
till 2000’ies, and are studied and reported by researchers (Ce-
likkale et al., 2003; Zengin et al., 2008, Memis, 2014).

Beluga (H. huso) is a well-known species from the Caspian
Sea, Black Sea, Azov Sea and the Adriatic Sea basins. This
species vanished from the Adriatic and Azov Seas because of
overexploitation and destruction of breeding grounds due to
dam constructions. It is an anadromous native fish species for
Azerbaijan; Bulgaria; Georgia; Iran; Moldova; Romania;
Russian Federation; Serbia and Turkey. In spring, sturgeons
migrate from the Black Sea to the Turkish rivers such as
Yesilirmak, Kizilirmak, Sakarya and Coruh Rivers.

Russian sturgeon (4. gueldenstaedtii) is another native anad-
romous sturgeon species in Turkey. This species originates
from the Caspian Sea, Black Sea and Azov Sea basins. This
species is currently reported from the Caspian Sea where it
breeds in the rivers Ural and Volga, and the Black Sea where
breeding grounds are located in the lower Danube and Rioni
rivers and Sakarya River (Kolman and Zarkua, 2002). Pres-
ently, the species is not abundant in the Black Sea basin and
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Turkish rivers mostly because, almost all of the species'
breeding grounds had been damaged and lost due to human
made obstructive constructions.

Stellate sturgeon (A. stellatus) inhabits the Caspian Sea,
Black Sea and Azov Sea, and rarely reported from the Aegean
Sea. The Volga, Ural, Terek, Sulak, Kura, Don, Danube,
Kuban and Sakarya River are the major breeding grounds of
this species (Chebanov and Galich, 2013). The reason for
decreasing in the wild population of stellate sturgeon is
primarily due to marine over-fishing, especially increased
catch of large and mature sturgeon resulting in fewer
individuals that can successfully reproduce. Some of the
sturgeon species are amongst the largest fish in the world, and
they produce one of the most valuable natural resource,
caviar. Therefore, sturgeons have been heavily exploited by
the surrounding countries of the Black Sea even till the
present time.

The earliest reports about sturgeon fishing in Turkey are from
the early 1950’ies, which intensified rapidly during the
1960s. Archives from Istanbul Kumkapi fish market from the
late 1960’ies and 1975 shows that landings reached 300 tons
per annum. But, landings declined rapidly towards the end of
the 1960s but increased sharply in the early 1970s reaching
previous levels. Annual caviar production from these catches
reached over 8 tons/year in the 1970s. Catches dropped rap-
idly under ten tons after 1975 and the sturgeon fishery almost
collapsed. This sharp decline was not just due to the de-
creased fishing effort but also due to a lack of available fish.
This indicated that increments in landing during early 1970
were a result of increasing fishing effort. The sturgeons used
to enter and spawn in major rivers, namely Kizilirmak,
Yesilirmak and Sakarya, running into the Black Sea. There
are few specimens still entering or trying to enter these rivers.
Yesilirmak River is a major river located at the province of
Samsun and is used by most of the migratory species, while
the River Sakarya situated in the western part of the Turkish
Black Sea coast is also still used by species such as Stellate,
Russian sturgeon and Beluga. According to the Convention
on International Trade in Endangered Species of Wild Fauna
and Flora (CITES), sturgeon fishing is banned after 1 April
1998 in Turkey (Celikkale et al., 2003; Zengin et al., 2008,
Memis, 2014).

Ministry of Agriculture and Forestry conducted a Restocking
Program for sturgeons in 2011 (Rosenthal et al., 2015). 5500
individual Russian sturgeons and 4500 individual stellate
sturgeon were tagged and released to Yesilirmak and Sakarya
Riverin 2011. About 250-tagged sturgeon were reported after
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releasing. % 2.5 sturgeon were informed by the fishermen.
Tagged sturgeon information was from Bulgaria/Burgaz to
Georgia/Batum. Besides, a few sturgeon were reported from
the Marmara Sea.

Memis et al. (2019) reported that a wild young A. stellatus
was caught on August 2014 in the freshwater section of Sa-
karya River, close to the river mouth. This wild specimen was
too small (25gr) to migrate long distances in the marine envi-
ronment which suggested that mature stellatus had spawned
in the lower Sakarya river (Khodorevskaya et al., 2009;
Memis et al. 2019) Thus, this river must be protected and re-
opened for migration till up-stream of Adasu Hydro Power
Plant. And also this Hydro Power Plant which has dysfunc-
tional fish passages should be revised for sturgeon species at
least for A.stellatus. According to Anon. (2018a) there is an
urgent need for coordinated efforts and centralized facilities
in order to save this species which may be the last living stur-
geon species in Lower Sakarya River habitat.

Black Sea Trout (Salmo trutta labrax)

Salmonidae family members are dispersed in the northern
hemisphere and brown trout is naturally distributed from Nor-
way, Northeast Russia down to Northern African Atlas
Mountains. The distribution and evolution of brown trout as
a species is influenced by the latest ice age in Europe between
70 000 - 10 000 B.C. (Behnke, 1972; Berg, 1985; Bernatchez,
2001; Berra, 2001; Ciftci, 2006; Kocabas, 2009) (Figure 1).

Trout species are widely distributed in clean, clear and cold
waters where oxygen is abundant and these fish are both im-
portant in terms of recreational fisheries and commercial pro-
duction, so their wild stocks are supported systematically. It
was reported that Salmo trutta spp. had been carried to 24
different countries to support natural stocks during 1852 —
1938 (Klemetsen et al. 2003). Salmo trutta labrax is an indig-
enous species in Turkey (Aras, 1976; Geldiay and Balik,
1988; Arslan et al., 2000; Kuru, 2004; Kocabag, 2009).

Salmo trutta has been classified according to their ecology
and phenotypes under different species and sub-species (Fig-
ure 2) (Kocabasg, 2009). Berg (1962) was the first to describe
Black Sea trout (Salmo trutta labrax) in the Black Sea
(Ariman and Kocaman, 2003). Turan et al., (2009) divided
Black Sea trout into two species according to their molecular
and morphometric characteristics. They defined Salmo trutta
labrax (Black Sea trout) as Salmo coruhensis (Coruh trout)
and Salmo trutta macrostigma as Salmo rizeensis (mountain
trout or red spotted trout).
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Figure 1. Distribution of Salmo trutta, Palearctic Region (red) (Anon., 2016).
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Figure 2. Geographic distribution of different strains (Kocabag, 2009).
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Black Sea trout is accepted as an important rival for On-
corhynchus mykiss (rainbow trout) with its appealing appear-
ance, fast growth, high meat yield and commercial value. As
it is an indigenous fish and its natural habitat is under pres-
sure. Black Sea trout has become an important species in aq-
uaculture in the recent years (Elliott, 1994, Kocabas, 2009;
Turan et al., 2009; Tungelli and Memis, 2020). Natural stocks
of this species are fished to its limits with illegal methods,
breeding and feeding grounds are destroyed by human activ-
ities and water pollution resulted in endangered species status
(IUCN red list) (Aydin and Yandi, 2002). According to Turk-
ish Government Fishing Rules, Black Sea trout (Salmo trutta
labrax, syn Salmo coruhensis) fishing is banned whole year
round (Statement Number: 2016/36). As a result, academic,
governmental and commercial trials on Black Sea trout
(Salmo trutta labrax) have gained speed (Aksungur et al.,
2007; Baggmar et al., 2007; 2010a, 2010b). A restocking pro-
gram for Black Sea trout is managed by Ministry of Agricul-
ture and Forestry. Tagged fishes is released to the rivers
where their natural living areas by the General Directorate of
Nature Conservation and National Parks and the General Di-
rectorate of Fisheries and Aquaculture (Table 1) (Anon.,
2013; Anon., 2019). A joint restocking program was also car-
ried out with Istanbul University Faculty of Aquatic Sciences
and Ministry of Agriculture and Forestry where a total 15 000
Black Sea trout were released to the Ak¢ay River in Sakarya
Province in 2018. All released fishes was tagged with visible
implant elastomer tag which was in yellow and red colors
(Anon., 2018b).

Table 1. Salmonid Restocking Program (Ministry of Agri-
culture and Forestry)

. Number of
Year Region released fish
Turkey
2010-2017 (Trabzon, Rize, 14 528 500
Glimiishane, Artvin etc.)
South Marmara Region
2018 (Akgay River in Sakarya 15 000
Province)

Mostly, private private establishments in the eastern Black
Sea region of Turkey started the commercial production of
this species with compliance to national regulations. Aqua-
culture practices are very important for the survival of this
endangered trout species (Freyhof, 2013).
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European Eel in Turkey (Anguilla anguilla)

The European eel is a catadromous fish; breeding at sea and
spending its growing period in freshwater. It is known to
breed in the South West Atlantic Ocean in the region of the
Sargasso Sea. The natural distribution of the European eel
(Anguilla anguilla) is in inland freshwater habitats near the
North Atlantic, Baltic and Mediterranean Seas. It has been
introduced to Asia, South and Central America. Males spend
6 tol2 years in freshwater whereas females stays in inland
waters for 9 to 20 years. They choose to populate river bot-
toms, beneath the stones, in the mud or in the crevices. After
spending their adult time in freshwater habitats, sexually mat-
uration is reached and they start their migration to the Sar-
gasso Sea (McClave et al., 1988, Moriarty and Dekker 1997).
It is reported that panmicitic population of the eels are in de-
cline since 1980’ies. Global climate change and its effect on
marine habitats like shifts in Gulf Stream result in reduced
survival rate for the leptocephali during their migration to
freshwater habitats. Combined with overfishing, migration
route blockage by man-made obstructions, habitat losses and
environmental pollution, loss of global population is inevita-
ble (Feunteun, 2002, Dekker 2003).

The larval eel, known as leptocephali, cross the ocean from
west to east before entering European coastal waters. The
Gulf Stream carries the leptocephali to the coast of Europe.
During this migration, they metamorphose into the transpar-
ent glass eels. This drifting migration lasts up to three years.
Most glass eels continue their migration to estuaries and then
to the fresh water habitats. At this stage, actively swimming
upstream, the glass eels undergo es another metamorphosis,
their color darkens as pigmentation develops, and are known
as elvers from that point. These elvers become small eels be-
fore entering freshwater habitats (Tesch, 1977; Keith et al.,
1992; Dekker, 2002).

Eels are commercially important in the world. The most val-
ued product is smoked eel which is widely accepted around
the world. Eels were captured by fyke nets in the past and
kept in clean water to cleanse the muddy odor in ponds before
the trade to European countries (Geldiay and Balik, 1988).
Eels are present in Turkish rivers and streams draining into
the Marmara Sea, the Mediterranean Sea, the Aegean Sea and
the Black Sea and also in the lakes connected to these seas. It
was reported that this fish was found in Amik Lake, Asi
River, Ozlen Creek (Karadere, Fethiye), Manavgat, Aksu and
Alara rivers in Turkey during 1960’ies to 1970’ies (Geldiay
and Balik, 1988; Arslan et al., 2000; Oray, 1987; Ikiz et al.,
1998; Giiven et al., 2016).

The monitoring of the glass eel collection in two Turkish re-
gions are proposed by the Turkish Ministry of Agriculture
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and Forestry, one in the south-western region and another in
the south-east of the Mediterranean Region. Ozlen Creek/
Fethiye, is located in the south-west of Turkey. This small
creek (total length 5 km) flows into the Mediterranean Sea.
Elvers can be collected using traps, mesh-nets, blanket nets,
fine meshed seine net and various other traps.

The Asi River Basin is located in the south-east of Turkey
(380 km river length). Recruitment monitoring is possible on
the coast at Samandagi. About 50 km from the sea, at
Demirkoprii, a bridge crosses the River Asi. The river is 35-
40 m wide and 0.3- 2.5 m deep and the mean annual flow is
15.5 m¥/s. At this site, a trap for yellow eel could easily be
built. About 116 km from the sea, at Tahtakoprii, there is a
dam and reservoir built in the river Karasu, a tributary of the
Asi River. At this place, there is a dam with 43.50 m high
(from the river bed). The migration of eel over this dam is
impossible. Thus, building an eel ladder and a trap is possible
on this dam, these locations are potential areas for the moni-
toring of eel migration in Turkey (Dekker, 2002).

Eels migrate to Bafa Lake (Mugla) via Biiyiikk Menderes
River (about 35 km) and arrive in Bafa Lake in May-June.
From October to November adult eels start their returning
voyage back to Mediterranean Sea. Seven-ton European eel
was exported to South Korea in 2017. Eel export is organized
by S.S. Ser¢in Fishery Cooperation from Bafa Lake (Personal
communication with President of Sercin Fishery Coopera-
tion, 2018). Local fishermen reported that 4 kg eels from Bafa
Lake were caught in the past yet presently maximum caught
fish are 1.5 to 2 kg.

European eel (4nguilla anguilla) has no fishery regulations
in Turkey. But according to CITES, there are export quotas
and eel catch is determined as 100.000 kg in 2020 by The
Ministry of Agriculture and Forestry. Also, eel catching be-
low 50 cm is forbidden (Statement number: 2016/35). Ozden
et al. (2018) reported that European eels (4Anguilla anguilla)
were caught by fyke nets in the Asi River in the south-east of
Turkey. The aim of this study was to determine some toxic
metals (Hg, Pb, Cd and As) in the flesh of captured eels. Ac-
cording to the data, they did not a find toxic level of metals
and it can be said that there is no risk for the consumers.

Kiigtik et al. (2016) reported the population decline of elvers
in natural habitat mainly at the Antalya Bay, Kardelen
Stream, Alara River, Karpuz Stream, Manavgat River, Ilica
Stream, Sarisu Stream, Kopriigay River, Aksu Stream, Boga
Stream, Alakir River, Esen Stream and Gozlen Creeck
(Fethiye-Mugla). Their observation showed that the eel pop-
ulation completely vanished from these parts of the region
due to the interruption of elver passages towards middle and
upper sections of large rivers between 2014 and 2016. As re-
ported by scientists around the world, there is a steep decline

in wild eel populations similar to the global fisheries meas-
urements, since the early 1980’ies. The situation is not differ-
ent in Turkey. If suitable catching methods have been se-
lected and adapted to the local circumstances at the selected
stations this can help monitoring and management of eel
stock in the rivers (Dekker, 2002).

There is a lack of experimental studies on eel culture although
chemical and physical water parameters are suitable for this
species and commercial production is not much practiced in
Turkey. Recently, two projects about eel culture had been
proposed and managed by the Ministry of Agriculture and
Forestry via Mediterranean Fisheries Research Production
and Training Institute (Antalya) in Turkey.

The project, “Culture of European eel (Adnguilla anguilla L.
1758) under controlled conditions (Duration: 01.01.2018 —
31.12.2019)” aims to obtain sperm and eggs, achieve fertili-
zation, hatching, feeding and on growing of eels. The second
Project is “Habitat characteristics and population parameters
for eels in Koycegiz and Beymelek Lagoons (Antalya) and
Dalaman and Ozlen Rivers (Mugla) (Other rivers which pour
to the Mediterranean are added to this project)” 011.01.2017-
31.12.2018 (time extended). The project’s aim is to collect
valuable data on sustainable fisheries management of Euro-
pean eel which is widely spread in Turkish inland waters with
its high economic and ecologic value. Although there are
many studies conducted on eels, available data on this fish
lacks many important aspects to ensure a sustainable fisheries
management of this species.

Conclusions

The main threats for diadromous species can briefly be clas-
sified as; habitat loss (dam construction, gravel extraction,
pollution, river flow regularization, discharge reduction),
overfishing (sea, estuaries and rivers) and climate changes
(global warming). Diadromous fish need a structural ap-
proach to meet the conservation targets in Turkey. The strat-
egy is to provide clear and realistic choices and statements on
priority Rivers, most important fish migration routes, target
species and fishing quotas. Especially for the endangered di-
adromous fish, there is a need for the revision of the rules,
legislations, bans and ways of stock enhancement by aqua-
culture.

River connectivity has been shown to be increasingly im-
portant for the conservation of native biodiversity and is nec-
essary to ensure healthy migratory fish populations. In the
whole world, there are issues with river connectivity, caused
by river barriers, influencing the life cycle and population sta-
tus of migratory fishes. Around the world, researchers and
governors have been working for many years to improve the
situation for migratory fish by developing the efficiency of
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fish passages, dams or weirs removal, river rehabilitation, im-
prove political and public awareness and exploring other so-
lutions. We need a strong legislation for the protection of di-
adromous fish and maintaining healthy ecosystems.
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oz

Tiirkiye’nin gliney kiyilar1 (Levant Denizi) yabanci tiirlerden en fazla etkilenen alanlardan biridir. Dioithona
oculata ise son yillarda Iskenderun Korfezi kiyisal sularia gecis yapmis indopasifik bir tiirdiir. Bu calismada,
tropikal sularda yogun kiimelerine rastlanan bu tiiriin Levant Denizi’nin kuzeyinde mevsimsel ve alansal
dagilimindaki mevcut durum arastirilmistir. Bu baglamda, zamansal dagilimini incelemek i¢in daha once
rapor edildigi iskenderun Kérfezi kiyisal sularinda mevsimsel drneklemeler gerceklestirilmistir. Buna ek ola-
rak, Cevre ve Sehircilik Bakanliginca yiiriitiilen ve TUBITAK-MAM koordinasyonlugunda gerceklestirilen
“Denizlerde Biitiinlesik Kirlilik izleme 2017-2019 programi” kapsaminda 2017- 2019 yillar1 arasinda geg yaz
erken sonbahar periyodunda Tiirkiye’ nin giiney kiyisal sular1 boyunca 6rneklemeler yapilmistir. Bu ¢aligsma-
lar sonucunda Iskenderun Korfezi’nde sadece sonbaharda bulunan D. oculata tiiriine 2018 y1li itibariyle yaz
mevsiminde 2019 yil1 itibariyle ise ilkbahar ve kis mevsimlerinde rastlanmistir. Ayni sekilde sadece Isken-
derun Korfezi’nde varlig1 bilinen bu tiiriin alansal olarak batiya dogru Mersin Tasucu kiyisina kadar dagilim
gosterdigi bulunmustur. D. oculata bollugu bdlgede daha dnce rapor edilen degerlerden diisiiktiir (en yiiksek
110 birey/m?). Buna karsm bu tiiriin alansal ve zamansal olarak dagilimini genislettigi goriilmekle birlikte,
Tirkiye giiney kiyilart boyunca etkin olan dnasya akintisinin bu tiiriin taginmasina 6n ayak oldugu diisiiniil-
mektedir.

Anahtar Kelimeler: Dioithona oculata, indopasifik, Kopepod, Iskenderun Kérfezi, Levant Denizi
ABSTRACT

The distribution of indopasific Dioithona oculata in souhthern coastal waters of Turkey

The southern coast of Turkey (Levantine Sea) is one of the most affected areas from alien species. Dioithona
oculata is an Indo-Pacific species that has passed to the coastal waters of Iskenderun Bay in recent years. In
this study, the current status of the seasonal and spatial distribution of this species, having dense swarm in
tropical waters, was investigated in the north of Levant Sea. In this context, seasonal samplings were carried
out in the coastal waters of Iskenderun Bay, which is previously reported, to examine the temporal distribu-
tion. In addition, samplings were done in the late summer-early autumn of each year from 2017 to 2019 along
the southern coastal water of Turkey in the framework of “Integrated Marine Pollution Monitoring 2017-
2019 Programme” which was carried out by Ministry of Environment and Urbanization and coordinated by
TUBITAK-MAM. According to the results of this study, D. oculata, which was found only in the autumn in
Iskenderun Bay, started to be observed in summer by 2018 and in spring and winter by 2019. On the other
hand, it was found that this species, which is known only in Iskenderun Bay, extended spatially westward to
the Mersin Tagucu coasts. The abundance of D. oculata in the study area is lower than previously reported
values (max 110 individuals/m?®). However, it is observed that its distribution was expanded both spatially
and seasonally. Asia minor current, which is effective in the southern coast of Turkey, was thought to instigate
for the transportation of this species.

Keywords: Dioithona oculata, Indopacific, Copepod, Iskenderun Bay, Levant Sea
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Giris

Tiirlerin farkli denizler ve okyanuslar arasinda tasinmasi,
ulastiklar1 ekosistemdeki canlilarin dagilimini derinden etki-
leyen ve biyocografik bolgelerin yapisini degistiren kiiresel
degisimin antropojenik bir etkenidir (Occhipinti-Ambrogi ve
Galil, 2010). iklimsel degisiklikler; deniz suyu sicakliklarinin
artisina, hidrodinamiklerin degisimine, pH ve karbonat don-
giisiinde dalgalanmalara yol agmis olup, ¢esitli yollarla farkl
bolgelere ulasan (Lesepsiyen gog, balast sulari, kanallarin
acilmasi, akuakiiltiir) yabanci tiirlerin, iklimsel degisimler-
den etkilenen yerel tiirlerle rekabetini etkileyerek gecis yap-
tiklar1 ekosistemlerde basarili bir sekilde yerlesmesine olanak
saglamistir (Galil, 2008; Walter ve ark., 2009; Huang ve ark.,
2011; Katsanevakis ve ark., 2014). Yabanc tiirlerin gegisle-
rinden en ¢ok etkilenen bolgelerden biri de Akdeniz’dir. Yak-
lasik 1000 yabanci tliriin ge¢is yaptigi ve bunlardan yaridan
fazlasinin Akdeniz biyogesitliligini ve ekosistemini etkiledigi
bilinmektedir (Katsanevakis ve ark., 2014). Akdeniz bolge-
sinde ortalama sicaklik endiistri 6ncesine oranla 1.4 °C artmis
olup, kiiresel 6l¢ekte olandan 0.4°C daha fazladir (Cramer ve
ark., 2018). Ayni dogrultuda Akdeniz’in ylizey sularinin si-
cakligr yaklasik 0.4°C yiikselmistir (Kapsenberg ve ark.,
2017). Bu sicaklik artigina paralel olarak tuzlulugunda artist
ve yabanci termofilik tiirlerin Akdeniz ekosisteminde ken-
dine yer bulmasi, bu yar1 kapali i¢ denizin tropikallesme sii-
recini g6z Oniine sermistir (Bianchi ve Morri, 2003). Yirminci
ylzyilin biiylik bir kisminda Akdeniz'e Siiveys Kanali'ndan
giren yabanci termofilik tiirler, Levant Denizi ile sinirlansa
da son yillarda iklim kaynakli hidrografik degisiklikler, bu
yabanci termofilik biyotanin Akdeniz'in orta ve bat1 bolgele-
rine yayilmasina olanak saglamistir (Occhipinti-Ambrogi ve
Galil, 2010).

Dioithona oculata kiigiik siklopoid kopepod tiirii olup, deni-
zel alanlarin kiyisal sularimi tercih etmektedir (Hamner ve
Carleton, 1979). Bu tiir koken olarak indopasifik bolgelerde
dagilim gostermekle birlikte, kuzey ve giiney yarim kiirede
Atlantik, Pasifik ve Hint Okyanus’ larimin tropikal ve subtro-
pikal bolgelerinde dagilim gostermektedir (Dakin ve Colefax,
1933; Tanaka, 1960; Bjornberg, 1963; Vervoort, 1964;
Gonzalez ve Bowman, 1965; Emery, 1968; Yeatman, 1976;
Sander ve Moore, 1979; Hamner ve Carleton, 1979; Brad-
ford-Grieve ve ark., 1999; Lo ve ark., 2004; Sterza ve Fer-
nandes, 2006; Ara ve ark., 2017; Araujo ve ark., 2017). Ozel-
likle tropikal bolgelerde kumlu alanlarda algler, mercan resif-
leri ve mangrovlarin yakininda bu tiiriin yogun kiimelerine
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siklikla rastlanmaktadir (Hamner ve Carleton, 1979; Ambler
ve ark., 1991; McKinnon, 2000; Ueda ve ark., 1983). D. ocu-
lata giindiizleri deniz tabanina yakin kiimelenmekte, geceleri
kiyisal sularin yiizey bolgesinde dagilmaktadir (Bjornberg,
1972). Bu tiiriin yogun kiimeleri demersal baliklarin juvenil-
leri ve diger karnivor kopepodlar icin besin kaynagidir
(Bjornberg, 1972; Ueda ve ark.,1983). Ozellikle balikgilik
alanlarinda diger kiimelenen tiirlerle birlikte bu tiiriin kiime-
lenme alanlar1 mevsimsel dagilimi, kiimelenme boyutlar
arastirmalarin 6nemli bir pargasi haline gelmistir (Ueda ve
ark., 1983).

Bu tiiriin Akdeniz’de varlig1 ilk kez 2013 yilinda Iskenderun
Korfezi’nde tespit edilmistir (Terbiyik Kurt, 2018). Levant
Denizi disinda herhangi bir alanda gézlenmemis olmakla bir-
likte, farkli alanlarindan da dagildigina dair heniiz bir bilgi
bulunmamaktadir. Bu calismayla birlikte, D. oculata’n Is-
kenderun Korfezi’ndeki son durumu ile Tiirkiye’nin Akdeniz
kiyisal sularindaki dagilimi hakkinda yeni bilgiler verilmistir.

Materyal ve Metot
Calisma Alan

Levant Denizi, kuzeyde Tiirkiye, giineyde Misir, dogu da Is-
rail, Liibnan ve Suriye arasinda konumlanmisg olup, batisinda
ise Girit Gegidi ile sinirlidir (Sekil 1) (Alhammouud ve ark.,
2005; Oguz ve Tugrul, 1998). Levant Denizi’nde su kolonu-
nun ilk 150 ila 200 m tabakasinda sicaklik kis doneminde 15-
16 °C, tuzluluk ise %038.8-39.0 arasinda degisim gostermek-
tedir. [lkbaharin gelmesiyle yiizey suyu sicaklig1 artmakta ve
ilk 25-50 m lik su kolonunda 25 °C ye ¢ikmaktadir. Tuzluluk
ise %039.1-39.2 civarina ¢ikmaktadir. Sicaklik termoklinin
altinda hizli bir sekilde diisiis gostererek 150-200 m civarinda
16 °C’ye diismektedir (Oguz ve Tugrul, 1998; Ozsoy ve ark.,
1993). Akdeniz genel itibariyle oligotrofik bir basen olup,
dogu baseninin oligotrofi diizeyi bati basenine gore daha
yiiksektir (Mermex Group, 2011). Levant Denizi’nde de ultra
oligotrofik kosullar hakimdir. Bélgede Nil Deltasi ile Isken-
derun ve Mersin Korfez’leri disinda Levant Denizi’nde he-
men hemen hi¢ genis kita sahanligina sahip bdlge bulunmaz
(Oguz ve Tugrul, 1998). Ozellikle Iskenderun ve Mersin
Korfez’lerini i¢ine alan Kuzeydogu Akdeniz’in kiyisal sula-
rinda nehir ve kara kdkenli girdiler bu bolgelerin besin tuz-
larinca zenginlesmesine diger alanlara gore daha yiiksek bi-
rincil tretim degerlerine yol agmaktadir (Tugrul ve ark.,
2016).
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Dogu Akdeniz’in genel dolagim sistemi, boyutlar1 birkag ki-
lometreyi bulan gesitli girdaplar ile bunlarin arasinda gecen
akintilardan olugsmaktadir (Pinardi ve ark., 2006; Golnaraghi
ve Robinson, 1994) Sicilya Bogazini gecerek Levant De-
nizi’ne ulagan akintilar Girit Gegidine gegmeden Once giineye
donerek Afrika kiyilarina ulagir. Bu akinti daha sonra Orta
Akdeniz Jeti (OAJ) ve Giiney Levant Akintis1 (GLA) olarak
dallanir (Pinardi ve ark., 2006). OAJ giineye dogru olan
Mersa Matruh Girdap Sistemi ile Rodos Girdabi arasinda ser-
best agik okyanus akintisi (Jet) olarak tanimlanmistir (Golna-
raghi ve Robinson, 1994). OAJ daha sonra kollara ayrilarak
On Asya Akintisi'na katilacak olan Bati ve Giiney Kibris
Akimtr’larmi olusturur (Ozsoy ve ark., 1993). Giiney Levant
Akintisi ise kuzey Afrika kiyilari boyunca doguya dogru iler-
ler. Bu akint1 Israil kiyilarina ulastiktan sonra Liibnan, Suriye
ve Tiirkiye kiyilarma ulasir. Iskenderun Korfezi'ni de etkile-
yen bu On Asya akintis1 Tiirkiye giiney kiyilar1 boyunca ba-
trya dogru ilerler.

Iskenderun Kérfezi, Levant Denizi’nin kuzeydogu kdsesinde
yer almaktadir (Sekil 1). Korfezin ortalama derinligi 70m
olup, agiz agikligina gidildikge artmaktadir (en yiiksek
100m) (Avsar, 1999; Yilmaz ve ark., 1992). Korfez ylizey
suyu sicakligi kis aylarinda ve ilkbahar baginda en diisiik dii-
zeyde olup (16°C), yaza dogru 1sinarak ge¢ yaz periyodunda
en yiksek degerlere (29.3 °C) ulasir (Yilmaz ve ark., 1992).
Havalarin 1sinmasiyla birlikte olusan termoklin sonbahardan
sonra havalarin sogumasiyla kaybolur ve kis karisimi etki-
siyle homojen hale gelir. Tuzluluk degerleri ise ortalama yak-
lasik %039 olup, nehir girdilerinin oldugu bolgelerde %o 37-
38’ e kadar digsmektedir (Yilmaz ve ark., 1992). Korfezin s1g
yapisina ilaveten karasal girdiler nedeniyle korfezin birincil
iiretim degerleri agik denize nazaran 2-4 kat yiiksektir (Y1l-
maz ve ark., 1992). Iskenderun Korfezi genel akint sistemi,
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ag1z agikligimin genis olmasindan otiirii, Akdeniz genelinde
hakim olan siklonik kenar akintisindan ve bolgedeki hakim
riizgarlardan etkilenmektedir. Iskenderun Kérfezi’nde biri
yazin ve digeri kisin etkin olmak iizere iki sirkiilasyon modeli
onerilmistir. Yaz aylarinda Korfez akintisi sistemi kabaca ba-
tisina ulasan yiizey akimlarinin yonlendirdigi iki birbirine zit
donen girdaptan olusurken, kisin korfezin kiyilari boyunca
ilerleyen akinti ile karakterize edilmistir (Collins and Banner;
1979; Ozsoy ve Sozer, 2006).

Ornekleme ve Laboratuvar Calismalar

Calismada iki farkli veri seti olusturulmustur. Bunlardan bi-
rincisi, D. oculata’nin mevsimsel degisimlerini, digeri ise
alansal dagilimini karakterize etmek i¢in kullanilmigtir. Mev-
simsel degisimin belirlenmesi i¢in kullanilacak ilk veri seti
icin Ornekler 2017-2018 yillar1 arasinda 5 istasyondan, 2019
yilinda ise 3 istasyondan mevsimsel olarak alinmistir (Nisan,
Temmuz, Ekim ve Aralik) (Sekil 1, Tablo 1). ikinci veri seti
ise sadece gec yaz-erken sonbahar periyodunda Tiirkiye’nin
tiim giiney kiyilarini kapsayacak sekilde konumlanmis 13 is-
tasyondan elde edilen veriler ile olusturulmustur (Sekil 1,
Tablo 2). Tiim 6rnekler 200 mikrometre ag goz agikligina sa-
hip WP-2 plankton kepgesi ile dibin 3m iistiinden yiizeye
dogru dikey olarak alimmustir. Derinligin 200 m den fazla ol-
dugu istasyonlarda 6rnekler 200 m den yiizeye ¢ekilerek alin-
migtir. Alinan 6rnekler sonug konsantrasyonu %4 olacak se-
kilde deniz suyu formaldehit ¢dzeltisinde fiks edilmistir. Tii-
riin bollugu metrekiipte birey sayisi olarak hesaplanmistir (bi-
rey/m?). Oncelikle laboratuvara getirilen 6rneklerden folsom
ayiract ile alt 6rnekler alinmis, daha sonra alinan alt 6rnekler
stereomikroskop yardimiyla sayilarak teshisleri yapilmistir.
Siiziilen suyun hacmi ise kepgenin yarigap1 ve ¢ekim derinligi
kullanilarak hesaplanmustir.

Tablo 1. iskenderun Korfezi’ndeki (SuGézii kiyilarr) istasyonlara ait bilgiler

Istasyon Enlem Boylam Ornekleme tarihi Cekim derinligi
Kodu

Z1 35.93267333 36.81907683 Nisan, Temmuz, Ekim, Aralik 2017, 2018 15m

72 35.90415583 36.79085412 Nisan, Temmuz, Ekim, Aralik 2017, 2018, 2019 15m

73 35.9144805 36.82999083 Nisan, Temmuz, Ekim, Aralik 2017, 2018, 2019 | 5m

74 35.88773383 36.80658751 Nisan, Temmuz, Ekim, Aralik 2017, 2018 Sm

75 35.91251417 36.81425733 Nisan, Temmuz, Ekim, Aralik 2017, 2018, 2019 10m
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Tablo 2. Tiirkiye giliney kiyisal sularindaki istasyonlara ait bilgiler

Sira Istasyon Ornekleme istasyon  Ornekleme
No Kodu Tarihi Derinligi Derinligi
17.08.2017 84m 80m
1 SAMSWR 14.08.2018 121m 119m
04.09.2019 87m 85 m
16.08.2017 32m 28m
2 BTCSWI 15.08.2018 33m 30m
04.09.2019 38 m 34m
16.08.2017 9m 6m
3 CEYSWR 15.08.2018 9m Tm
05.09.2019 1Im 8m
15.08.2017 17m I1m
4 SEYSW2 13.08.2018 15m 12m
03.09.2019 I5m 12 m
15.08.2017 18m 16m
5 MERSWR 13.08.2018 16m 13m
03.09.2019 18 m 15 m
18.08.2017 35m 32m
6 TASSW1 12.08.2018 36m 33m
02.09.2019 37m 34 m
18.08.2017 45m 42m
7 ANASWR 12.08.2018 46m 43m
06.09.2019 46m 43 m
19.08.2017 19m 16 m
8 MRESW1 11.08.2018 24m 2Im
08.09. 2019 23 m 20 m
19.08.2017 47m 38m
9 ANBSWR 11.08.2018 48m 45m
08.09.2019 47 m 44m
20.08.2017 129m 125m
10 YARSWR 10.08.2018 155m 152m
08.09.2019 132 m 130m
20.08.2017 300m 200m
11 KASSWR 10.08.2018 192m 190m
09.09.2019 310 m 200m
20.08.2017 465m 200m
12 FETSW2 09.08.2018 700m 210m
09.09.2019 671 m 217m
21.08.2017 100m 98m
13 KOYSWI 06.09.2018 95m 92m
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Bulgular ve Tartisma

2013-2016 yillar1 arasinda iskenderun Kérfezi kiyilarinda sa-
dece sonbahar doneminde (Ekim) dagilim gosteren bu tiir
(Terbiyik Kurt, 2018), 2018 yilindan itibaren zamansal dagi-
limin1 arttirmaya baglamistir. D. oculata, 2016 yilinda bol-
gede kiyiya en yakin olan Z3 ve Z4 kodlu istasyonlarda (Y ak-
lasik 700 ve 850 birey/m®) yiiksek bolluklara ulasarak baskin
tiir olarak gozlenmistir (Terbiyik Kurt, 2018). Fakat bu calig-
manin devami nitelindeki mevcut calismada 2017 yilinda
bolluk degerleri diisiik diizeylerdedir. Terbiyik Kurt (2018)
de rapor edildigi gibi, mevcut ¢aligmada 2017 yilinda da sa-
dece Ekim ayimda bulunmus olup, en yiiksek deger Z4 kodlu
istasyonda 110 birey/m® olarak gozlenmistir (Sekil 2). Ilerle-
yen yillarda ise bolluk diigmiis, fakat mevsimsel dagilim ge-
nislemigtir. Bu tiir 2018 yilinda yaz ve sonbahar periyotla-
rinda dagilim gosterirken, 2019 yili itibariyle kis ve ilkbahar
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periyotlarmda bulunmustur (Sekil 2). Boylelikle bu tiiriin Is-
kenderun Korfezi hidrografik kosullarinda tiim yil boyunca
dagilim gosterebildigi soylenebilmektedir. D. oculata’nin da-
gilim1 2017-2019 yillart arasinda sadece mevsimsel olarak
degil, alansal olarak ta genislemistir. Iskenderun Korfezi’nin
farkli alanlarinda da bulunan bu tiir (Samandag kiyilari, Cey-
han nehri agz1), Mersin Korfezi’'nde de (Seyhan nehri agz
ve Mersin i¢ Korfez) gézlenmis olup, dagilimini Tasucu ki-
yilarina kadar ilerletmistir (Sekil 3). Bdylelikle tiirtin dagi-
limi iskenderun Kérfezi ile sinir kalmamus, batiya dogru gi-
derek artmustir. Fakat bu alanlardaki bolluk degerlerinin Is-
kenderun Korfezi’nde rapor edilen degerlerden (Terbiyik
Kurt, 2018) oldukga diisiik oldugu goriilmektedir. Bu diisiik
degerler istasyon derinligi ile iligkili olabilecegi gibi drnek-
leme periyodunda da kaynakli olabilir. Terbiyik Kurt (2018)
bu tiiriin en yiiksek bollugunu ¢ekim derinliginin 5 m oldugu
alanlarda g6zlemlemis olup, derinligin 15 m oldugu alanlarda
keskin bir sekilde diistiiglinii bildirmistir.
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Sekil 3. D. oculata’nin 6rnekleme periyodu boyunca alansal dagilimi
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D. oculata tropikal ve subtropikal bolgelerde genis 6l¢iide da-
gi1lmakla birlikte, Kaliforniya kiyilari, Japon Denizi, Meksika
Korfezi ve Tiirkiye kiyilar1 bu tiirlin Kuzey yarim kiirede
gozlendigi en yiiksek enlemlerdir (Razouls ve ark., 2005—
2020). D. oculata ile ilgili snirl bilgi bulunmakta, dagilimi
ile ilgili literatiir bilgisi daha ¢ok tropikal alanlar1 kapsamak-
tadir. Tropikal Kochin sularinda yilin biiyiik ¢ogunlugunda
dagilim gosteren bu tiir genellikle Eyliilden Araliga kadar
olan periyotta bolluk bakimindan en yiiksek degerdedir
(Thompson, 1991). Genellikle yaz aylarinda bu tiirlin birey-
lerine pek rastlanmamis olup, ¢ogunlukla %025 in altindaki
tuzluluk kosullarinda yaygin oldugu bildirilmistir (Thomp-
son, 1991). Hsu ve ark. (2008) yar1 kapali tropikal lagiin olan
Tapong Korfezi’nde D. oculata’nin benzer olarak sonbahar
periyodunda (Agustos- Aralik) oransal olarak 6nemli tiirler-
den oldugunu (%16) bildirmistir. Ayrica bir 6nceki ¢alisma-
nin aksine tiiriin dagiliminda tuzlukla herhangi bir iliskisi
saptamamis olup, sicaklikla belirgin bir pozitif iliskili bul-
mugtur. Fakat Tapong Korfezi’nde 6l¢iilen en diisiik tuzluluk
yaklasik %030 civarindadir (Hsu ve ark., 2008). Bu tiir, Ka-
neohe Korfezi (Hawaii)’nin kuzeyinde diisiik bolluk diize-
yinde rapor edilmistir (Jungbluth ve Lenz, 2013). Subtropikal
Santa Catalina Korfezi’nde (Giiney Kalifornya) ise D. ocu-
lata’nin, Acartia clausi ve Acartia kopepoditleri ile birlikte
sahile yakin alanlarda artis gostererek farkli komunite yapisi-
nin olugsmasina yol agtig1 bildirilmistir (Barnett ve Jahn,
1987). Baz1 tropikal alanlarda bu tiire ait yiiksek bolluk de-
gerleri rapor edilmis olup, Tapong Korfezi’ nde 5755
birey/m® (Lo ve ark., 2004), Tanabe Korfezi’ nde 4000 bi-
rey/m’ (Ueda ve ark., 1983), Mucuri Nehri agzinda 3451.5
birey/m® (Magris ve ark. 2011) olarak 6l¢iilmiistiir. Palau ki-
yilarinda ise D. oculata’nin olusturdugu kiimelerdeki birey
sayist 1,500,000 birey/ m*> e ulasmistir (Hamner ve Carleton,
1979). Espirito Santo Korfezi (Oliveira Dias ve Bonecker,
2008), Bracui kiyisal sular1 (Araujo ve ark., 2017), Malacca
Bogazi (Rezai ve ark., 2004) ve Vitoria Korfezi hali¢ sistemi
(Sterza ve Fernandes, 2006) gibi bazi bolgelerde ise diisiik
bolluk degerleri rapor edilmistir.

D. oculata’nin kaydi, Akdeniz genelinde Iskenderun Koérfezi
disindaki herhangi bir alanda bulunmadigindan, Terbiyik
Kurt (2018) bu tiiriin balast sularla gegmis olabilecegi ihtima-
linin daha yiiksek oldugunu vurgulamistir. Bununla birlikte,
bu tiiriin alansal dagiliminin genislemesinde Levant De-
nizi’nde hakim olan kenar akintisinin biiyiik oranda etkisi ol-
dugu diisiiniilmektedir. Bu siklonik akint1 Levant Denizi’nin
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kuzeyinde batiya dogru donerek Tiirkiye giiney kiyilari bo-
yunca ilerler (Pinardi ve ark., 2006; Occhipinti-Ambrogi ve
Galil, 2010). Bu akint1 kdrfez ag1z agikliginin genis olmasin-
dan &tiirii zaman zaman Iskenderun Kérfezi i¢ akint: siste-
miyle etkilesim halindedir (Ozsoy ve Sozer, 2006). Levant
kiyilar1 boyunca yabanc tiirlerin batiya dogru taginmasinda
Asya mindr akintisi etkin rol oynamaktadir (Yokes ve ark.,
2007).

D. oculata 6zellikle tropikal kiyisal sularda asir1 yogun birey-
lere sahip kiimeler olusturmasina ragmen, yayilimeci oldu-
guna dair bir atif yoktur. Bununla birlikte yabanci tiir olarak
kaydi da oldukga siirlidir (Ara ve ark., 2017).Yabanct tiirler
gecis yaptiklar ekosistemlerde her zaman istilaya sebebiyet
vermeyebilirler. Bulunduklart ekosistemlerde istilact dahi
olsa farkli alanlara gectiklerinde diisiik yogunluk diizeyle-
rinde kalabilirler (Simberloff. 2002). Bununla birlikte bir bol-
gede istilac1 olmayan bir tiir, yeni eristikleri ekosistemde uy-
gun kosullar altinda istilact olabilir (Zenni ve Nunes, 2013).
Bir tiiriin istila basarisi girme ¢abasi (Propagule effort), abi-
yotik ve biyotik direng, genetik kisitlamalar, mutualist yagam
stirdiigii canlilarin eksikligi gibi kosullara bagli olarak gelisir
(Zenni ve Nunes, 2013). D. oculata iskenderun Kérfezi’nde
2013 yilindan bu yana popiilasyonlarda varligin korusa da
populasyon biiyiikliigii 2016 yili harig diisiik diizeylerde kal-
mistir (Terbiyik Kurt, 2018). 2016 yilinda ise kiyiya yakin
alanlarda goreceli olarak baskin tiir olmasina ragmen, bolluk
degerleri yine de asir1 yiiksek degerlere ulagmamustir (Terbi-
yik Kurt, 2018). Dolayisiyla D. oculata’nin bdlgede dogal-
lasma basarisina ragmen, popiilasyon yogunlugunun cesitli
faktorler tarafindan baskilanmig olabilecegini diigiindiirmek-
tedir (Allee etkisi, rekabet, abiyotik kosullar gibi ). Hangi fak-
torlerin etkilemis olabilecegini tahmin etmek mevcut ¢alisma
verileriyle pek miimkiin degildir. Tiirlin kii¢iik boyutu da dii-
stintildiigiinde, 200 um ag goz aciklig1 ile yapilan 6rnekleme-
ler bu tiirlin popiilasyonlarii belirlemede yetersiz kalmakta-
dir. Dolayistyla daha sik zamansal araliklarda belirli derinlik
gradyanlarinda 6rneklemeler yapilarak ve ayrica bu tiiriin po-
piilasyonlarini etkileyebilecek abiyotik faktorler (1s1k, foto-
periyot, sicaklik, tuzluluk, zemin yapis1 vb.) ve biyotik fak-
torlerle (ayni nisi paylasan rekabetcilerin varligi, av ve pre-
datorleri gibi) iliskileri belirlenerek yapilacak caligmalarla
ancak tiirlin popiilasyon degisimleri hakkinda daha ayrintili
bilgi edinmek miimkiin olacaktir. Genellikle epipelajik ve ki-
yisal alanlari tercih eden D. oculata 6zellikle mercan resif-
leri, mangrovlarda ve kumluk alanlarin tistiinde farkli sekil
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ve boyuta sahip yogun siiriiler olustururlar (Emery, 1968; Ha-
mer ve Carleton, 1979; Ueda ve ark., 1983). Dolayisiyla bu
tiirlin bollugu ve dagilimi bentik bdlgenin yapisina gore de-
gismekte, cevresel kosullarla iligkisi degerlendirilirken mu-
hakkak zemin yapisida dikkate alinmalidir.

Sonuc¢

Mevcut ¢alismada D. oculata’nin diisiik bolluk diizeylerinde
de olsa, hem alansal hemde zamansal olarak dagilimini ge-
nislettigi gdzlenmistir. Iskenderun Kérfezi’nde ise bolluk de-
gerlerinin bir hayli diistiigli goriilmekle birlikte, bu tiiriin po-
piilasyonundaki degisimlerin farkli veri setleriyle kombine
edilerek etkilesimlerinin belirlenmesi gerekmektedir.

Etik Standart ile Uyumluluk

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

Etik kurul izni: Bu ¢alisma igin etik kurul iznine gerek yoktur.

Finansal destek: Bu caligmada kullanilan verilerin bir bolimii
Cevre ve Sehircilik Bakanligi'nin sahibi oldugu TUBITAK-MAM
tarafindan yiiriitiilen "Denizlerde Biitiinlesik Kirlilik izleme Isi"
kapsamindaki izleme ¢alismasindan temin edilmistir.

Tesekkiir: Orneklerin alinmasi esnasinda yardimlarini esirgeme-
yen Dr. Ibrahim Tan, Dr. Alper Evcen ve Gokhan Kaman’a sonsuz
tesekkiirlerimi sunarim.
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Introduction

Fish and other aquatic food sources are known to be biologi-
cally beneficial and indispensable throughout life in the hu-
man diet. In scientific studies, it has been shown that aquatic
foods contain a high proportion of polyunsaturated fatty acids
and essential amino acids, which are necessary for the human
diet (Sahena et al., 2009). Essential amino acids and essential
fatty acids are known that micronutrients are requisite for the
maintenance of metabolic activities, the protection and devel-
opment of organs and tissues (Ballantyne, 2011). Despite the
continuous increase in consumer expectations, many species
are at risk of extinction in the reason of uncontrolled fishing,
environmental conditions, etc. This case is also an essential
problem with the view to provide qualified food resources. In
the food sector, one of the ways of providing qualified raw
materials regularly and continuously is to use aquaculture
products.

Today, Salmonids have become an integral part of the aqua-
culture sector because of their high economic value (Yeakley
& Hughes, 2013). In Europe, Atlantic salmon (Salmo salar)
and rainbow trout (Oncorhynchus mykiss) cover 60% of the
total aquaculture and have great importance to the sector, eco-
nomically (Liu et al., 2016). Therefore in Turkey, Black Sea
trout (Sal/mo labrax PALLAS, 1814), which is an endemic
subspecies of brown trout, is promising species for the aqua-
culture sector. Black Sea trout can be found as three forms in
Turkey; sea, stream, and lake (Tabak et al., 2001). The natural
distribution of the Black Sea trout is briefly can be called the
Black Sea and the rivers flowing into the Black Sea (IUCN,
2020). It predominantly distributed in the northeast coast of
the Black Sea, the Azov and Caspian Sea basins (Okumus et
al., 2004). In Turkey, primarily due to excessive hunting pres-
sure, Black Sea trout stocks become endangered in nature
(Cakmak et al., 2019).

The decrease in the natural stocks of the Black Sea trout has
led researchers to the culturing of this fish. The first studies
started in 1998 with the sampling of broodstock fish from the
rivers Firtina, Caglayan, and Kapistre, which poured into the
Black Sea. As a result of the studies carried out in recent
years, Black Sea trout have been cultured, and finally, the
fifth filial generation was achieved when the study conducted
(Cakmak et al., 2018). During the domestication process, the
culture characteristics and meat yield of the Black Sea trout
have been enhanced with selectivity programs and have be-
come an alternative aquaculture species in the Eastern Black
Sea region (Cakmak et al., 2019). Parallel with this develop-
ment, broodstock belongs to the third filial generation is do-
nated to local facilities in the Eastern Black Sea Region to
promote the local aquaculture industry. Nowadays, 19 fish
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farms are culturing Black Sea trout extensively with the
amount of 2000 tons per year (Cankirihigil et al., 2017,
Turkish Statistical Institute, 2018). The aquaculture sector
should focus on the cultivation of locally endemic species
similar to Black Sea trout (Teletchea & Fontaine, 2014). With
all these developments, for the food sector and the consumer,
the meat quality is one of the most important subjects to be
investigated in aquaculture species. Therefore, in this study,
the meat quality of the Black Sea trout individuals, which
they obtained from wild, fish farms, and different filial gen-
erations such as third (F3), fourth (F4), and fifth (F5) gener-
ations were compared.

Material and Methods

Chemicals, Reagents and Other Consumables

The chemicals, reagents and other consumables that used in
all analyses are; hydrochloric acid huming 37% (Merck,
1.13386.2500), sulphuric acid (Merck, 1.00731.2511), boric
acid (Merck, 100731.2511), sodium hydroxide (Merck,
1.06462.1000), methanol (Merck, 1.06009.2500), chloroform
(Merck, 1.02445.2500), N-heptan (Merck, 1.04365.2500),
hekzan (Merck, 1.04368.2500), boron trifluroid methanol
complex (BF3) (Merck, Germany, 801663.0100), sodium
chloride (Merck, 1.06404.1000), sodium sulphate (Merck,
1.06648.1000), Kjeldahl catalyst tablet containing 3.5 g
K»S04, 0.0035 g Se, borate buffer (Agilent, U.S.A., Agt-
5061-3339), o-phthalaldehyde reagent (OPA) (Agilent, Agt-
5061-3335), 9-fluorenylmethyl chloroformate reagent
(FMOC) (Agilent, Agt-5061-3337), acetonitrile GC grade
(Merck, 1.00030.2500), methanol GC grade (Merck, Ger-
many, 1.06018.2500), sodium phosphate dibasic solution
(Na,HPO4) (Merck, 1.06342.1000), amino acid standard so-
lutions which is mixture of L-alanine, L-arginine, L-aspartic
acid, L-cystine, L-glutamic acid, glycine, L-histidine hydro-
chloride monohydrate, L-isoleucine, L-leucine, L-lysine hy-
drochloride, L-methionine, L-phenylalanine, L-proline, L-
serine, L-threonine, L-tyrosine, L-valine stored in 0.1N HCI
(Agilent, Agt-5061), amino acid standards of amino acids
sensitive to acidic pH such as L-glutamine, L-asparagine, L-
tryptophan and L-4-hydroxyprolin in the powder form (Ag-
ilent, Agt-5062-2478), Zorbax extend C18 column for amino
acids (Agilent, 3.5um, 4.6x150 mm) (Agt-764953-902), GC
column for fatty acids (Shimadzu, 50 m), fatty acid methyl
ester standard (FAME’s) (SupelcoTM Component FAME
mix, 47885-U), autoclave bottle (100ml) (Isolab,
061.01.100), Whatmann filter (1.2 um, 0.45 pm) (Aldrich,
WHA1001045), 1.5ml amber vials with politetrafloroetilen
caps (Agt-5182-0716), vial insert (0.2 mL, konic) (Isolab,

209


https://doi.org/10.3153/AR20019

Research Article

Aquat Res 3(4), 208-219 (2020) e https://doi.org/10.3153/AR20019

097.05.110) and syringe filters (Isolab, 0.45um, politetraflo-
roetilen) (Isolab, 094.01.002), syringe (10 mL) (Isolab,
094.91.010), pipette tip (1000 uL) (Isolab, 005.01.003).

Fish Material and Sampling

The study material was selected as wild and culture forms of
Black Sea trout (Salmo labrax PALLAS, 1814). The Black
Sea trout individuals belong to river form were caught from
rivers of Altindere and Caglayan in May 2017, and June 2018,
respectively, and they were compared to cultured ones. Cul-
ture forms of the Black Sea trout were obtained from aqua-
culture facilities operated in the same rivers. In addition to
this, a culture form was obtained from aquaculture facilities
operated in Bor¢ka Dam Lake, which is an important produc-
tion area for the Salmo labrax. There is no wild form of Black
Sea trout that was captured from Bor¢ka Dam Lake with the
reason of this lake is not the natural habitat of the Salmo
labrax. All fish samples were selected approximately equal
to each other in terms of weight ranged from 240.22 t0 260.31
g. Finally, different filial generations of the Black Sea trout
such as third (F3), fourth (F4) and fifth (F5) generations

which were cultured in 2009-2010, 2012-2013 and 2016-
2017 breeding seasons, respectively were obtained from Cen-
tral Fisheries Research Institute in order to determine possi-
ble differences between achieved culture lines. Individuals
belong to first (F1), and second (F2) filial generations did not
exist anymore; that is why they were not analyzed in this
study. In the analysis, while three individuals were used for
each river in the analysis of wild forms, ten individuals were
used for culture forms and culture lines (approximately 200
g). Ultimately, obtained fish were filleted and homogenized
with for the chemical analysis. Besides that, fillets of individ-
uals belong to culture lines were divided into three parts
called the dorsal, abdomen and caudal muscle tissues to de-
terminate possible differences be formed during the domesti-
cation period throughout the years. Besides, liver tissues were
analyzed to determine possible excessive fat accumulation.
All samplings and other treatments were carried out follow-
ing ethical rules of ARRIVE guidelines (Kilkenny et al.,
2010). Obtained fillets stored at +4 °C for analyses. The Black
Sea trout and the partition of the fillets were shown in Figure
1, whereas sampling locations were shown in Figure 2.

Figure 1.

The Black Sea trout (Salmo labrax PALLAS, 1814): Fillets of the Black Sea trout were divided into three parts

which are dorsal section (DS), abdomen section (AS) and caudal section (CS) as shown in the figure for the analysis
of different culture lines such as third (F3), fourth (F4) and fifth (F5) lines.
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Black Sea

Figure 2.

Sampling stations and aquaculture facilities that fish obtained from. a: Sampling station on the Altindere River

(40°40'08.77"N, 39°39'58.86"E), b: An aquaculture facility operated in Altindere River (40°42'10.23"N,
39°39'06.04"E), c: Central Fisheries Research Institute’s research units (40°57'35.56"N, 39°51'17.62"E), d:
Sampling station on the Caglayan River (41°14'16.01"N, 41°15'55.51"E), e: An aquaculture facility operated in
Caglayan River (41°15'19.70"N, 41°13’49.52"E), f: An aquaculture facility operated in Bor¢cka Dam Lake

(41°19'15.22"N, 41°43'44 24"E).

Determination of Proximate Composition

Water (moisture) analysis was carried out, according to
Horwitz (2000). Homogenized samples weighted as 1 g to
petri plates and dehydrated with drying oven at 100 °C for 24
hours and calculated according to method. Crude protein
analysis was carried out with the Kjeldahl method (AOAC,
2000). Fish meats digested with 15 mL H>SO4 and Kjeldahl
catalyst at 120 °C and distilled with NaOH. Obtained samples
were titrated with 0.1 N HCI and calculated as percentage.
The crude fat analysis was conducted according to the
method of Folch et al. (1957). Crude fat extracted with meth-
anol-chloroform complex (2:1) and were filtrated with 1.2
pm Whatman filters. Finally obtained mixtures evaporated at
65 °C with a rotary vacuum evaporator (Eyela, N-N 1521) and
calculated as percentage according to the method. Crude ash
analysis was carried out according to Horwitz (2000). Ho-
mogenized samples weighted and burned with muffle furnace
(Protherm) at 600 °C for 6 hours. Obtained ash was weighted
and calculated as percentage.

Amino Acid Analysis

Firstly, fish meat was digested with the HCl at 110 °C in 24
hours as a preliminary treatment for the amino acid analysis
(Cankiriligil et al., 2020). Obtained hydrolysates were filtered
by 0.45 um PTFE syringe filters and diluted as 10™ with pure
water. In the following, samples transferred to 1.5 mL amber
vials having PTFE caps and stored until the analysis. The
amino acid analysis was done under the method of Henderson
et al. (Henderson et al., 2000) in HPLC (Agilent Infinity II)
system equipped with a diode-array detector and Agilent
standards were used (Agilent, Agt-5061). In the analysis, 0.5
pL of the samples were derivatized with borate, OPA, and
FMOC by auto-sampler. Derivatized samples were injected
into the system having an amino acid column as a solid phase
and mixture of MeOH:ACN:H,O (%45:%45:%10) and 40
mM Na;HPOy solution which has 7.8 pH adjusted with 10 N
NaOH as a mobile phase. The gradient conditions of the
mobile phase were shown in table 1. Detection was carried
out in two wavelengths as 262 nm for FMOC amino acids and
338 nm for OPA amino acids. All samples were analyzed for
the five times, and detected pikes were auto-integrated with
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system’s software. Finally, obtained data were compared
with calibration curves which constituted via the Agilent
amino acid standards and expressed as g/100g.

Table 1. HPLC mobile phase gradient conditions

Time A B Flow
(min) (MeOH:ACN:H,0) (Na,HPQs) (mL/min)
1.90 0% 100% 2
18.1 57% 43% 2
18.6 100% 0% 2
22.3 100% 0% 2
23.2 0% 100% 2
Fatty Acid Analysis

Firstly, 0.15 g fat weighted from crude fat samples, which
were obtained before and 5 mL 0.5 N methanolic NaOH,
were put in volumetric flasks for evaporation, which is
executed with Soxhlet evaporator at 65°C. During
evaporation, 5 mL BF; and 2 mL heptane were added to
mixtures in the 15th and 17th minutes, respectively. Obtained
mixtures were blended with saturated NaCl, and emerged
phase in the samples were filtered with 0.45 pum syringe
filters for the analysis. The fatty acid analysis was perfomed
with gas chromatography (Shimadzu, GC-17A) having 50 m
fatty acid column and flame ionization detector and fatty acid
methyl ester standard (FAME’s) (Supelco™ Component
FAME mix, Germany, 47885-U) was used. Heptane was
injected into all samples with auto-injectors in the amount of
1 pL as a dissolver. The column oven temperature was
adjusted as 140 °C in starting and stabilized in 240 °C with
increasing by 20 °C every minute, whereas the detector and
injector block temperature was 260 °C. Helium (He) with 30
mL/dk flow, hydrogen (H) with 40 mL/dk flow, and air with
400 mL/dk flow were used as carrier gasses with 22.8 mL/dk
total flow. All samples were analyzed five times and obtained
data expressed as a percentile IUPAC International Union of
Pure and Applied Chemistry, 1979).

Data Analysis

IBM SPSS 23 software was used in statistical analysis.
Results of all chemical analyses were analyzed with one-way
ANOVA method after the normality and homogeneity were
checked by Anderson—Darling and Levene tests,
respectively.

Research Article

Results and Discussion

The proximate composition of the Black Sea trout obtained
from different environmental conditions was shown in Table
2. According to food legislation, if the moisture content of the
food is higher than the 50 %, it called water content instead
of moisture. So, the term of water used in this article due to
fish meat has 60-80 % water content, parallel with our results.
The highest amount of water was found in cultured fish, crude
protein and crude fat ratios were found in fishes sampled from
Altindere and Caglayan rivers, and the highest amount of
crude ash was determined in third, fourth and fifth filial
generations (P<0.05).

The proximate composition of the Black Sea trout filial
generations according to different body parts, as shown in
Table 3. When the muscle tissues from different body parts
of the Black Sea trout were examined, no statistical
differences could be detected in individuals of all generations
(P>0.05). The highest crude protein content was found in the
dorsal and caudal parts, and the highest crude fat content was
in the abdominal (P<0.05). In the research, the liver fat ratio
was found to be higher than muscle tissues (P<0.05), and no
statistical difference was found between generations
(P>0.05). Meat quality of fish depends on some specific
environmental features such as species, sex, length, age,
reproduction stage, temperature (Nurnadia et al., 2011).
Altindere and Caglayan rivers, which are the sampling area
of fish which caught from nature, are high flow rated and cold
in spring due to melting snow waters (Fidan et al., 2017). In
addition to the crude fat content of fish, which grow in cold
waters, the amount of long-chain fatty acids is also high
(Farkas et al., 1980). Besides, trout, which is usually caught
from nature and reach high swimming speeds, shows more
muscle development than the culture forms (Sanger &
Stobier, 2001; Totland et al., 1987). Therefore, crude protein
and fat ratios were found to be high in-stream forms. In
salmonids, the myotomal muscle bundles (white muscle
tissue) in the dorsal and caudal parts are responsible for
providing the pushing force required to swim and contain
more muscle bundles than the abdomen. The abdominal part
is the muscle part where fat accumulation is frequently seen
in trouts (Totland et al., 1987; Videler, 1993). Therefore,
while the amount of crude protein ratio was higher in the
dorsal and caudal parts, the amount of crude fat was higher in
the abdomen (P<0.05). Similarly, lipids accumulate in muscle
tissue and adipose fin in fish and are stored in the liver (Ozel
etal., 2017).
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Table 2. Proximate composition of the Black Sea trout obtained from different conditions (%)

Research Article

Water Crude protein Crude fat Crude ash
Wild
Altindere River 71.61+0.184 17.94+0.10? 8.11+0.21° 1.35+0.03°
Caglayan River 72.07+0.20¢ 17.90+0.09% 7.89+0.182 1.26+0.04¢
Culture
Altindere River 73.34+0.16* 17.77£0.12% 6.52+0.08° 1.26+0.04¢
Caglayan River 73.38+0.212 17.68+0.11° 6.56+0.09¢ 1.25+0.05°¢
Borgka Dam lake 72.79£0.19° 17.52+0.18° 7.10£0.11° 1.40+0.03*
Filial Generations
F3 Generation 73.22+40.19* 17.814£0.09% 6.2240.12¢ 1.45+0.06*
F4 Generation 73.33+0.21* 17.75+0.08% 6.24+0.17¢ 1.40+0.02°
F5 Generation 73.34+0.29* 17.69+0.09" 6.13+0.18¢ 1.38+0.02%

Values are expressed as mean =SD, mean values in a column with different superscripts were significantly different (P<0.05).

Table 3. Proximate composition of the body parts of Black Sea trout’s filial generations (%)

Water Crude protein Crude fat Crude ash

F3 Generation

Dorsal section 74.73+£0.25% 17.97+0.18* 4.98+0.04¢ 1.32+0.03°
Abdomen section 70.82+0.23°¢ 16.39+0.20° 10.63+0.15° 1.16+0.04°
Caudal section 73.51+0.21° 17.93+0.14° 6.22+0.17° 1.29+0.06°
Liver tissue 64.89+0.18¢ 14.96+0.19° 14.02+0.16° 1.41+0.03%
F4 Generation

Dorsal section 74.75+0.21% 18.10+0.21? 5.16+0.15¢ 1.35+0.04°
Abdomen section 70.32+0.19¢ 16.41+0.20° 10.79+0.16° 1.11+0.03°
Caudal section 73.4940.20° 17.95+0.112 6.13+0.07° 1.2840.05°
Liver tissue 64.2240.13¢ 15.33+0.08° 14.32+0.10* 1.38+0.06%
F5 Generation

Dorsal section 74.41+0.17% 18.02+0.13? 5.06+0.08¢ 1.3140.04°
Abdomen section 70.44+0.16° 16.26+0.09° 10.59+0.19° 1.15+0.04°
Caudal section 73.23+0.21° 18.23+0.14 6.09+0.08° 1.30+0.06°
Liver tissue 65.3440.11¢ 15.02+0.16° 14.24+0.11° 1.42+0.05%

Values are expressed as mean + SE, mean values in a column with different superscripts were significantly different (P<0.05).
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Table 4. Amino acid composition of the Black Sea trout obtained from different conditions (g/100g)

Wild forms Culture forms Filial Generations

Amino Altindere Caglayan Altindere Caglayan Borg¢ka F3 F4 F5
acids River River River River Dam Lake Generation Generation Generation
ASP 0.8440.04 0.89+0.04 0.68+0.03° 0.65+0.04° 0.70+0.03° 0.7140.04° 0.68+0.03" 0.734+0.03°
GLU 1.76+0.03? 1.7340.02° 1.60+0.03° 1.624+0.04° 1.70+0.02% 1.59+0.05° 1.55+0.05° 1.58+0.04°
ASN 0.58+0.04° 0.59+0.04° 0.56+0.02° 0.61+0.06° 0.60+0.032 0.60+0.05° 0.58+0.03° 0.59+0.06°
SER 1.43+0.12° 1.43£0.09* 1.48+0.08" 1.50+0.12° 1.49£0.112 1.46+0.13% 1.46+0.07* 1.43+0.08°
GLN 0.85+0.05° 0.85+0.04° 0.81+0.03* 0.81+0.05° 0.79+0.10° 0.83+0.04° 0.78+0.07° 0.79+0.06°
HIS 0.49+0.03* 0.49+0.05° 0.44+0.03° 0.46+0.03° 0.50+0.04° 0.45+0.04° 0.48+0.02° 0.48+0.06"
GLY 0.83+0.03? 0.85+0.04° 0.68+0.04° 0.69+0.03° 0.754+0.06™ 0.67+0.04° 0.65+0.05" 0.63+0.04°
THR 1.18+0.04° 1.20+0.02° 1.30+0.03% 1.26+0.04% 1.24+0.03% 1.29+0.03% 1.2740.032 1.26+0.03%
ALA 0.50+0.03? 0.48+0.03? 0.26+0.01° 0.27+0.02° 0.28+0.02° 0.24+0.01° 0.23+0.02° 0.25+0.01°
TYR 0.16+0.02° 0.15+0.02° 0.17+0.02° 0.17+0.01% 0.16+0.02% 0.16+0.02° 0.16+0.01% 0.16+0.01°
CYS 0.14+0.01? 0.15+0.01° 0.12+0.02° 0.13+0.01° 0.13+0.02° 0.110.02° 0.12+0.02° 0.12+0.01°
VAL 0.69+0.04° 0.68+0.06° 0.86+0.05" 0.85+0.04° 0.82+0.05 0.87+0.03% 0.88+0.03% 0.86+0.03%
MET 0.84+0.06° 0.85+0.04° 0.83+0.11% 0.84+0.09° 0.82+0.05° 0.84+0.05° 0.86+0.06 0.86+.007°
TRP 0.08+0.01° 0.08+0.01° 0.06+0.01* 0.07+0.01° 0.06+0.01* 0.08+0.01% 0.08+0.01% 0.07+0.01°
PHE 0.75+0.04° 0.74+0.05° 0.78+0.09° 0.78+0.06° 0.762+0.05° 0.75+0.05° 0.74+0.03% 0.76+0.05°
ISO 0.84+0.04° 0.87+0.03" 1.02+0.05* 0.98+0.05° 0.99:+0.04 0.99+0.06" 0.96+0.06 0.97+0.05°
LEU 1.48+0.10° 1.51£0.12° 1.53+0.13% 1.49+0.09* 1.5540.11% 1.50+£0.08" 1.52+0.10* 1.53+0.07°
LYS 1.4140.112 1.44+0.09° 1.37+0.12° 1.38+0.09° 1.39+0.09? 1.3940.112 1.41+0.13° 1.43+0.06*
TEAA 6.19+0.10° 6.274+0.09" 6.45+0.12° 6.39+0.08° 6.39+0.15° 6.42+0.11° 6.45+0.09° 6.48+0.11°
TAA 14.95£0.13*  15.0840.21*  14.55+0.16°  14.56+0.21*°  14.73+0.20®  14.53+0.22*  14.41+0.23*  14.50+0.18?

Values are expressed as mean £SE. Mean values in a row with different superscripts were statistically different (P<0.05). ASP; aspartic acid, GLU; glutamic acid,
ASN; asparagine, SER; serine, GLN; glutamine, HIS; histidine, GLY; glycine, THR; threonine, ALA; alanine, TYR; tyrosine, CYS; cysteine, VAL; valine, MET;
methionine; TRP; tryptophan, PHE; phenylalanine, ISO; isoleucine, LEU; leucine, LYS; lysine, TEAA; total essential amino acids, TAA; total amino acids.
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Table 5. Fatty acid composition of the Black Sea trout obtained from different conditions (%)

Wild forms Culture forms Filial Generations
Altindere Caglayan Altindere Caglayan Borc¢ka . . .
Fatty acids River River River River Dam Lake F3 Generation F4 Generation F5 Generation
C10:0 0.08+0.02° 0.12+0.02° 0.09+0.01°¢ 0.14+0.02%  0.20+0.02? 0.18+0.01? 0.16+.002: 0.14+0.02%
C12:0 0.11+0.02° 0.15+0.02° 0.12+0.02° 0.23+0.03*  0.20+0.01? 0.21+0.02? 0.17+£0.012 0.17+0.01%
C14:0 1.83+0.034 1.90+0.034 2.7940.07b¢ 2.67£0.05¢  2.88+0.03° 2.91+0.06% 3.00+0.04? 3.10+0.06°
C15:0 5.48+0.29° 5.39+0.27° 5.67+0.18? 5.62+0.23*  5.71+£0.28* 5.60+0.26% 5.61+£0.24° 5.55+0.22?
C16:0 11.20+£0.31° 11.25+0.35° 12.81+0.32* 12.89+0.28*  12.88+0.40* 12.61+0.412 12.56+0.442 12.54+0.472
C17:0 1.96+0.11° 2.01+0.122 2.27+0.142 2.16£0.17*  2.284+0.11* 2.1740.132 2.15+0.152 1.9140.09°
C18:0 3.40+0.22° 3.54+0.24° 3.61+0.29° 3.58+0.22*  3.44+0.25* 3.47+0.27° 3.44+0.22° 3.55+0.18?
C20:0 1.52+0.10° 1.5440.09° 1.50+0.12° 1.67+0.08%  1.74+0.11? 1.73+0.08* 1.78+0.13? 1.75+0.13?
C21:0 0.81+0.02° 0.88+0.03* 0.84+0.04% 0.79+£0.02°  0.91+0.03? 0.85+0.02% 0.88+0.03* 0.84+0.032
C22:0 0.96+0.112 1.03+0.13? 0.67+0.08° 0.68+0.09°  0.60+0.06" 0.52+40.05°¢ 0.51+0.05°¢ 0.58+0.04%
C24:0 0.46+0.032 0.49+0.03? 0.33+0.04° 0.28+0.03*  0.31+0.03° 0.2240.03¢ 0.24+0.03¢ 0.26+0.03%
TSFA 27.81+0.33¢ 28.30+0.30°¢ 30.70+0.32° 30.71£0.26%®  31.15+0.30° 30.47+0.35° 30.52+0.41° 30.40+0.30°
C15:1 0.09+0.01?2 0.10£0.012 0.08+0.01? 0.08+0.01*  0.05+0.01° 0.08+0.01? 0.09+0.01? 0.08+0.01?
Cle:1 9.84+0.12° 9.66+0.14? 9.42+0.16° 9.36£0.12  9.56+0.09° 9.48+0.15° 9.45+0.16° 9.36+0.18"
Cl17:1 1.12+0.032 1.13£0.03? 1.02+0.02° 1.13£0.03*  1.10+0.02* 1.124+0.022 1.08+0.03% 1.07+0.04%
C18:1 12.33+0.212 12.45+0.232 12.24+0.192 12.29+£0.12*  12.1440.20* 12.36+0.18?2 12.23+£0.222 12.18+0.292
C20:1 1.30+0.042 1.33+0.04° 1.20+0.04° 1.15£0.03¢  1.2440.05% 1.1940.04% 1.2240.03° 1.26+0.032
TMUFA 24.68+0.36% 24.67+0.422 24.68+0.51% 24.56+0.33%  24.0940.26° 24.95+0.512 24.88+0.512 24.67+0.422
C18:2 11.20+0.30* 11.09+£0.272 10.03+0.20° 10.26+£0.24°  10.06+0.12° 10.40+0.26° 10.32+0.25° 10.26+0.16°
Cl18:3 1.36+0.05* 1.35+0.04° 1.20+0.05° 1.20£0.04°  1.23+0.04° 1.23+0.03° 1.18+0.05° 1.2740.042
C20:2 0.62+0.052 0.63+0.04° 0.70+0.05? 0.68+0.06*  0.65+0.02* 0.64+0.06* 0.64+0.04° 0.66+0.06°
C20:3 0.94+0.052 0.99+0.06? 0.78+0.06° 0.77+0.04*  0.8440.04% 0.82+0.05° 0.86+0.05% 0.85+0.05%
C20:4 1.20+0.042 1.23£0.05? 1.10+0.06% 1.09+£0.07°  1.1140.04%® 1.04+0.06° 1.06+0.05° 1.06+0.06°
C20:5 5.46+0.18° 5.29+0.112 4.80+0.25° 4.86+0.19°  5.16+0.09% 4.99+0.12° 5.02+0.15° 5.10+0.15%
C22:5 1.42+0.322 1.49+0.24° 1.36+0.26° 1.38£0.27*  1.50+0.31* 1.424+0.20? 1.40+0.28? 1.39+0.29?
C22:6 25.224+0.312 24.86+0.25% 24.34+0.24° 24.32+£0.21% 24.21+0.23° 24.03+0.41° 24.11+0.34° 24.30+0.29°
TPUFA 47.22+0.36* 46.93+0.34* 44.71+0.29% 44.56£0.044>  44.76+0.41° 44.57+0.50° 44.59+0.32° 44.89+0.41°

Values are expressed as mean + SE, mean values in a row with different superscripts were statistically different (P <0.05). TSFA; total saturated fatty acids, TMUFA; total
monounsaturated fatty acids, TPUFA; total polyunsaturated fatty acids, C10:0; capric acid, C12:0; lauric acid, C14:0; myristic acid, C15:0; pentadecylic acid, C16:0; palmitic acid,
C17:0; margaric acid, C18:0; stearic acid, C20:0; arachidic acid, C21:0; heneicosylic acid, C22:0; behenic acid, C24:0; lignoceric acid, C14:1; myristoleic acidC15:1; pentadecenoic
acid, C16:1; palmitoleic acid, C17:1; heptadecenoic acid, C18:1; oleic acid, C20:1; eicosenoic acid, C18:2; linoleic acid; C18:3; a-linolenic acid, C20:2; eicosadienoic acid, C20:3;
dihomo-y linolenic acid, C20:4; arachidonic acid, C20:5; eicosapentaenoic acid, C22:5; docosapentaenoic acid, C22:6; docosahexaenoic acid
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Amino acid compositions of the Black Sea trout individuals
obtained from the different environments were shown in Ta-
ble 4. According to results, while the total amino acid amount
was detected as highest in the wild fish, the total amount of
essential amino acids was detected highest in the culture
forms (P<0.05). The most abundant amino acids were found
as leucine, glutamic acid, serine, and lysine in all groups, re-
spectively (P<0.05). Glycine, alanine, glutamic acid, and as-
partic acid were found higher in the wild forms, whereas iso-
leucine, threonine, and valine were found higher in the cul-
ture forms (P<0.05). There are no statistical differences de-
termined between all culture forms, including filial genera-
tions (P>0.05). The eight essential amino acids were detected
in all fish groups, including tryptophan, even though it was
found as a minimum quantity. While threonine, valine, and
isoleucine were found highest in the culture forms (P<0.05),
other essential amino acids were found statistically the same
between groups (P>0.05). Amino acids are essential com-
pounds for nutrition. Essential amino acids are necessary are
for many vital tasks in metabolism, such as protein synthesis,
gene expression, cell division, and hormone secretion (Wu et
al., 2010). Amino acids and proteins need to be taken daily in
all diets for healthy eating and long life (Fontana & Partridge,
2015; Mirzaei et al., 2014). For these reasons, it is crucial to
determine the amino acid composition of the species, such as
the Black Sea trout, whose growth potential is increasing day
by day. As well as the amount of amino acid in fish species
may differ from species to species (Kaushik & Seiliez, 2010),
the species may also vary according to environmental factors
and feeding conditions (Ballantyne, 2011). Moreover, amino
acid composition and muscle structure of Salmonidae species
can be show differences due to the development of myotomal
bundles caused by swimming activity between actively
swimming species and non-swimming ones, even though in
some species (Totland et al., 1987; Videler, 1993). As an
anadromous species, Black Sea trout can be migrated be-
tween sea and throughout the whole stream in wild forms
(Aydin & Yandi, 2002). Thus, crude protein and total amino
acid contents of the wild forms were found higher compared
to others due to muscle development. All essential amino ac-
ids, just as isoleucine, leucine, lysine, methionine, phenylal-
anine, threonine, valine, and tryptophan were detected in all
groups. The lowest amino acid determined as tryptophan
among all amino acids due to analyzing procedures. In the
amino acid analysis, fish meat was treated with extreme con-
ditions such as high temperature and low pH. Tryptophan is
instable such extreme conditions (Cankiriligil et al., 2020),
and it can be lost entirely (Cuq & Firedman, 1989). Thus,
tryptophan was found lowest.

The fatty acid composition of the Black Sea trout individuals
was shown in Table 5. According to results, while the highest
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total saturated fatty acid (SFA) was detected in culture forms
obtained from Bor¢ka Dam Lake, values of wild forms were
detected lower compared to other groups (P<0.05). Filial gen-
erations were found more abundant in terms of total monoun-
saturated fatty acids among groups (P<0.05). Oleic acid was
found highest monounsaturated fatty acid in the Black Sea
trout is all individuals and followed by palmitoleic acid. Be-
sides that, these two fatty acids found highest in the wild
forms among groups (P<0.05). Polyunsaturated fatty acids
were specified as the highest fatty acid group with the ratios
ranges from 44.56+0.04 to 47.224+0.36, and they were found
higher in wild forms than culture forms (P<0.05). Linoleic
acid and o-linolenic acid, which are essential for humans,
were found in all forms of Black Sea trout. The most abun-
dant polyunsaturated fatty acids were detected as DHA, lino-
leic acid, and EPA, respectively (P<0.05). Whereas linoleic
acid, a-linolenic acid, dihomo gamma-linolenic acid, arachi-
donic acid, DHA, and EPA were found highest in wild forms
(P<0.05), there are no statistical differences detected in the
eicosadienoic acid and docosapentacnoic acid between
groups (P>0.05). One of the essential quality parameters that
makes fish meat nutritious is the content of long-chain fatty
acids (Lund, 2013; Sahena et al., 2009). Regular intake of
polyunsaturated fatty acids, especially EPA and DHA are rec-
ommended for healthy nutrition in humans. It has been re-
ported that fish oil is reducing deaths from such heart diseases
and certain types of cancer with its effects on lowering insulin
resistance, preventing infections, reducing embolisms, and
blood viscosity (Simopoulos, 1991, 2002). According to our
results, Black Sea trout rich in terms of beneficial fatty acids,
DHA, and EPA, along with essential ones such as linoleic
acid and alpha-linolenic acid. Marine fish living in cold wa-
ters are more affluent in long-chain fatty acids that are im-
portant for human nutrition (Farkas et al., 1980; Innis, 1991).
Besides, pelagic fishes of cold marine waters have the highest
DHA and EPA contents compared to others (Hossain, 2011).
The trout individuals were used in this study were caught in
rivers having approximately 11 °C water temperature. The
environmental conditions are similar to why the culture forms
were obtained from the aquaculture facilities on the same
river pending the same period. However, as aforementioned
before, wild Black Sea trout migrates between sea and fresh-
water (Kaushik & Seiliez, 2010) and are exposed to very dif-
ferent salinity and temperature conditions. Conversely, cul-
tured trouts are stocked in a fixed area with a high stock den-
sity compared to the trouts living in nature (Mazur & Iwama,
1993). The fishes used in our study are at the same age and
close length, yet environmental conditions vary. Besides that,
wild trouts feed on crustase, diptera, molluscs, and fish spe-
cies, which are rich in terms of polyunsaturated fatty acids
(Kolanowski et al., 2007; Teixeira & Cortes, 2006). Thus, it
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is possible to conclude that the differences in fatty acid com-
position are caused by environmental conditions as well as
the feeding regime. Ultimately, it is crucial to know the fatty
acid profile of the Black Sea Trout caught from different en-
vironmental conditions.

Conclusion

The Black Sea trout, an endemic species to the Eastern Black
Sea, has been widely cultured in recent years and has a high
economic return. Although the process of aquaculture of the
species has been limited to the last 20 years, scientific studies
on the species are extensive. In parallel with the scientific
studies and the spread of the aquaculture of the species, con-
sumer demand is increasing day by day. This species, which
is preferred by consumers, is rich in terms of meat quality.
Although individuals sampled from nature are more abundant
in some essential amino acids and unsaturated fatty acids, it
has been determined that culture forms values close to indi-
viduals from nature. The culture forms obtained from differ-
ent aquaculture facilities show similar results to different cul-
ture lines (F3, F4, F5). With the breeding studies to be carried
out on the Black Sea trout, the aquaculture of this nutritious
species can be increased.
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Cardak Lagiinii’nde (Canakkale Bogazi) yapilan bu ¢alismanin amaci pinterle avlanan Yesil Yen-
gee, Carcinus aestuarii ’in aylik birim ¢abadaki av miktarini (BCAM) belirlemektir. Bu ¢aligmada
yengeg¢ ornekleri Nisan 2015-Mart 2016 arasinda pinter araciligi ile aylik olarak 6 farkl istasyon-
dan toplanmustir. Calisma sonucunda toplam 686 disi, 1755 erkek ve 17 immature birey toplamda
2458 yengeg bireyi drneklenmigtir. En yiiksek av verimi Ekim ayinda (12.74 birey/giin), en diistik
av verimi ise Subat ayinda (2.43 birey/giin) elde edilmistir. En yliksek BCAM degeri (10.02 bi-
rey/giin) 1. Istasyon i¢in, en diistik (7.02 birey/giin) 6. istasyon i¢in hesaplanmistir.

Anahtar Kelimeler: Yesil yengec, Carcinus aestuarii, BCAM, Cardak Lagiinii, Canakkale
bogazi

ABSTRACT

Catch per unit effort (CPUE) of green crab, Carcinus aestuarii Nardo, 1847 captured by
fyke-nets in Cardak Lagoon

The aim of this study is to determine the catch per unit effort (CPUE) of Green Crab, Carcinus
aestuarii captured monthly by fyke-nets in Cardak Lagoon (Canakkale Strait). In the study, the
crabs individuals were sampled by means of fyke-nets at 6 different stations between April 2015
and March 2016. A total of 2458 individuals (686 female, 1755 male and 17 juvenile) were cap-
tured. The highest number of catch per unit effort (CPUE) value in October, and the lowest value
was in February. The CPUE value was recorded from the highest station number 1 and calculated
from the lowest station 6.

Keywords: Green crab, Carcinus aestuarii, CPUE, Cardak Lagoon, Canakkale strait
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Giris

Lagiinler mevcut fauna ve flora, balik¢ilik ve su iiriinleri faa-
liyetleri (akuakdiltiir) acisindan 6nemli ekolojik alanlardir.
Lagiiner alanlardaki faunal ve floral kompozisyon, meteoro-
lojik kosullar, lagiinlerin derinligi, su dolasimi, besleyici ele-
ment indeksi ve sicaklik/tuzluluk degiskenleriyle iliskilendi-
rilmektedir (Pearce ve Crivelli, 1995). Bir¢ok denizel form
i¢in potansiyel lireme alani olan lagiinlerde biyolojik ¢esitli-
lik yiiksektir. Ayrica bu 6zel ekosistemler canlilara bariak
olusturan ve populasyonun biiyiimesini saglayan 6zel ekoton-
lardir (Demir, 2008). Dekapod krustaseler denizel ekosiste-
min ekolojik bilesenlerinden biridir ve besin zincirinin
onemli halkalarindan biridir (Farina ve ark., 1997). Dekapod
krustaselerden Portunid yengecler bivalv, poliket ve gastro-
pod gibi bentik gruplarin bollugunu kontrol edebilen énemli
predatorlerdir (Cilenti ve ark, 2014). Lagiiner alanlar bes-
lenme ve barinma i¢in olduk¢a uygun yasam alanlar1 olma-
sina karsilik, su derinligi, tuzluluk ve sicaklik gibi ¢evresel
faktorler siirekli degistigi icin yengegclerin fizyolojisi negatif
olarak etkilenmektedir. Bu ylizden abiyotik faktorlerin etki-
lerini en aza indirebilecek sekilde siirekli gbc¢ yaparlar
(Rewitz, 2004). Yesil yengeg populasyonlar biiyiik degisim-
ler gosteren ¢evresel kosullara karsi toleranshidirlar (Abello
ve ark., 1997; Aydin, 2013).

Akdeniz Ekosistemi Lagiinleri’nde Yesil yenge¢ populasyon-
lar1 yogundur ve olgun disilerin lagiinlerden kiy1 sularina pe-
riyodik olarak ¢ikisi iki ekoton arasinda 6nemli miktarda bi-
yokiitle degisimi olusturmaktadir (Mori ve ark., 1990). Yesil
yengec bireyleri lagiliner ekosistemlerde Agustos- Eyliil ay-
lar1 arasinda liremeye baslar ve sonbahar periyodunda {ireme
devam eder. Bununla birlikte, Ekim ve Kasim aylarinda
tireme potansiyeli en yliksek ylizdeye ulasir ve yumurtali ol-
gun disiler popiilasyon icerisinde goriilmektedir. Lagiinlerde
olgun disilerin kiy1 sularina gogii genelde Aralik ayinda veya
Ocak aymin baglangicinda yagish mevsim degiskenligine
bagl olarak baglamaktadir (Mori ve ark., 1990).

Yapilan bu calismada amag¢ Canakkale Bogazi kiyisinda yer
alan ve 6zel bir ekolojik alan olan Cardak Lagiinii’nde genis
dagilim gosteren Yesil yengeg’in aylara ve istasyonlara gore
av verimini belirlemektir.

Materyal ve Metot

Yesil Yengec bireyleri Nisan 2015 ile Mart 2016 arasinda
Cardak Lagiinii’ niin 6 farkli istasyonundan aylik olarak 6r-
neklenmistir (Sekil 1). Ornekleme zamanlar1 deniz ve hava

kosullarina gore onceden belirlenmis ve 6érneklemeler belir-
lenen tarihlerde gergeklestirilmistir. Orneklemelerde ticari
balikg1 teknesi kullanilmistir. Orneklemeler 36 mm goz acik-
ligina sahip, agiz agikligr 38 cm olan 4 m boyundaki tek gi-
risli kerevit pinterleri ile lagiin alaninda yaklagik 1.5 — 2 m
derinlikten gerceklestirilmistir (Sekil 2). Pinterler suya her-
hangi bir yemleme islemi yapilmadan birakilmistir. Suya b1-
rakilan pinterler 48 saat sonra toplanmistir. Yengeg bireyleri
gece daha aktif olduklarindan yeterli sayida birey elde etmek
amaciyla pinterler 2 giin suda birakilmistir. BCAM = (Xbirey/
¥4Pn) * Giin formiilii kullanilmistir (birey/giin). Her 6rnek-
leme istasyonunda 4 adet pinterle 6rneklemelerde elde edilen
Yesil yengeg bireyleri i¢in Xbirey yakalanan toplam birey sa-
yisini, 24Pn kullanilan toplam pinter sayisi ile giiniin ¢arpi-
mun1 ifade eder. Lagiin suyunun fizikokimyasal degiskenleri
(Tuzluluk, sicaklik, pH, doymus oksijen) anlik olarak arazide
YSI 556 model MPS ile 6l¢lilmistiir. Aylara gére av miktar-
lar1 arasindaki farklari istatistiksel agidan belirlemek igin >
(ki-kare) testi uygulanmistir. Ayrica BCAM ile sicaklik ve
disi, erkek birey sayis1 arasindaki iliski Pearson korelasyonu
ile kontol edilmistir. Ki-kare (y?) testi ve korelasyon testleri
Minitab 16 ve SPSS 20 programinda yapilmustir.

Bulgular ve Tartisma

Cardak Lagiinii’nde yapilan ¢alismada yakalanan Yesil yen-
ge¢ populasyonunun % 27.9’unu (686 birey) disi ve %
71.39’unu (1755 birey) erkek ve % 0.7’sini (17 birey) olgun-
lasmamus (immature, juvenil) bireyler olusturmaktadir. Istas-
yonlara gore birey sayilarina bakildiginda Birey sayilarinin
cinsiyete bagli farkliliklart ANOVA testiyle istatistiksel ola-
rak analiz edilmis ve disi ve erkek birey sayilarmin istatistik-
sel agidan 6nemli oldugu gorilmiistiir (p=0.000, p<0.05). En
fazla birey (239 birey) Kasim ayinda en az birey (125 birey)
ise Subat ayinda drneklenmistir. En fazla disi birey (116 bi-
rey) Aralik ayinda en az disi (18 birey) Haziran ayinda 6rnek-
lenirken, erkek bireyler en fazla (192 birey) Eyliil ve Mart
ayinda, en az (86 birey) ise Subat ayinda kaydedilmistir (Se-
kil 3). Istasyonlara gore birey sayilarina bakildiginda en fazla
erkek birey 5. istasyondan yakalanmistir, en fazla disi birey
ise 1. Istasyonda orneklenmistir (Sekil 4). Pinter avciligr ile
lagiin i¢inden levrek Dicentrarchus labrax (Linnaeus, 1758),
kaya balig1 Neogobius melanostomus (Pallas, 1814), yengec-
ler, Xantho poressa (Olivi, 1792), Liocarcinus depurator
(Linnaeus, 1758) gibi farkli balik ve omurgasiz tiirleri de av-
lanmistir ancak ¢aligmada hedef'tiir Yesil Yengeg oldugu igin
bu tiirler hedef dis1 olarak birakilmustir.
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Figure 1. Study area

Sekil 2. Yesil Yengec avciliginda kullanilan pinter (Orijinal)

Figure 2. Pinter used in catching of green crab (Original)
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Figure 3. Pinter used in catching of green crab (Original)
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Aragtirma alaninda dagilim gosteren Yesil Yengec avcili-
ginda birim ¢abaya diisen av miktar1 aylara ve istasyonlara
gore hesaplanmistir. Aylara gore, en yliksek av miktar1 Ekim
aymda (ortalama 12.74 birey/giin) ve en diislik av verimi mik-
tar1 (ortalama 2.43 birey/giin) ise Subat ayindadir. istasyon-
lara gore ise, en yiiksek av verimi (ortalama 10.02 birey/giin)
1. istasyonda kaydedilirken, en diisiik verim (ortalama 7.02
birey/giin) ise 6. istasyondadir. En yiiksek av verimi (4.88 bi-
rey/giin) ise Ekim ay1 6rneklemesinde 6. istasyonda kayde-
dilmistir (Sekil 5). Istasyonlara gére BCAM degerlerine ba-

16 -+

14 -

!

=
o
1

CPUE (giin/adet)
00
—e—

p bt

kildiginda en yiiksek deger 1. istasyondan kaydedilmistir (Se-
kil 6). Aylara gore istasyonlardaki BCAM degerleri arasin-
daki iliski %* (ki- kare) testiyle kontrol edilmistir ve Ekim
2015 ve Subat 2016’da BCAM degerleri istatistiksel agidan
onemlidir (?>=2.52; df=12; p<0.05). Bununla birlikte, genel
olarak ortalama BCAM degeri aylara gore Onemlidir
(p<0.05). istasyonlara gore BCAM degerleri istatistiksel ag1-
dan 6nemli degildir. (x*= 3.60; df=5; p>0.05). Ancak, % birey
sayis1 aylara gore istatistiksel ag¢idan Onemlidir (p<0.05)
(Tablo 1).

i
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Sekil 5. Aylara gore BCAM degerleri
Figure 5. CPUE values in the months
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Tablo 1. Aylara ve istasyonlara gére BCAM ve %N degerleri
Table 1. Values of CPUE and N% in the months and the sampling stations

Istasyon 1 Istasyon 2 istasyon3 istasyon4 istasyon5  istasyon6
Aylar CPUE %N CPUE %N CPUE %N CPUE %N CPUE %N CPUE %N
Nisan 0.60 1.64 0.10 020 0.54 1.07 0.27 0.53 0.75 1.47 0.48 0.94
Mayis 0.52 1.02 042 081 029 057 0.69 1.35 1.13 221 040 0.78
Haziran 0.35 0.70 0.67 1.31 0.73 1.43  0.50 098 127 250 0.65 1.27
Temmuz 1.81 3.54 0.63 1.22  0.63 1.23  0.00 0.00 0.63 1.23 0.00 0.00
Agustos 1.04 2.05 1.04 205 104 205 1.04 205 0.00 0.00 0.00 0.00
Eyliil 1.44 1.75 090 1.68 1.10 1.68 0.94 1.76  1.50 1.64 1.38 1.64
Ekim 2.23 1.64 3.27 1.84 0.92 1.72  0.48 0.86 0.96 1.64 4.88 1.84
Kasim 1.40 1.87 098 1.63 4.33 1.84 1.90 1.64 252 1.64 0.98 1.97
Arahk 1.38 1.64 1.19 1.64 2.60 1.68 0.63 .23 1.77 1.64 1.71 1.97
Ocak 1.25 1.76  0.63 1.23  2.23 1.68  0.90 1.64 1.40 1.72  0.65 1.27
Subat 0.21 0.41 0.38 0.90 0.21 0.61 0.31 0.61 0.63 1.23  0.69 1.35
Mart 1.17 1.39 0.79 1.56 0.92 1.80 3.60 1.64 0.98 1.93 046 0.90

Tablo 2. Omekleme noktalarinda kaydedilen fizikokimyasal degisken degerleri

Table 2. Values of environmental variables recorded at the sampling points

Sicaklik (C°) Tuzluluk (ppt) C.0. (mg/L) pH
ist.1 ist. 2 ist.3 ist.4 ist.5 ist.6 |Qst.1 ist.2 ist.3 ist.4 ist.5 ist.6 |ist.1 ist.2 ist.3 ist.4 dist.5 ist.6 |ist1 ist.2 ist.3 ist.4 ist.5 ?t'
Nisan 12.3 14.4 13.8 142 121 136 [21.8 21.7 217 214 21.8 21.6 8.5 8.3 8.4 8.4 8.5 8.5 8.8 8.86 8.9 8.8 8.6 8.7
Mayis 21.8 22 20.7 226 23 21.1 |21.2 218 213 219 21.9 21.2 7.88 8.1 7.09 7.21 9.04 7.42 8.73 8.78 8.69 882 893 8.69

Haziran 22.8 233 233 231 229 231 (202 208 20.8  20.7 204 203 7.21 8.97 9.47 842  7.86 8.43 873 888 889 886 8.84 882
Temmuz 27 28.7 28.6  28.7 28.8 281 |193 20.1 204 207 20.7 19.3 7.94 8.03 8.42 7.33 6.45 7.65 8.8 883 901 886 897 9
Agustos 25.7 25.6 255 255 251 257 (202 208 20 20.2 20 20.1 6.6 6.58 6.27 648 642 652 883 882 882 886 88 8.85

Eyliil 233 234 235 234 244 233 |20.1 20.1 20.8  20.8 20.8 208 7.83 8.65 7.94 7.53 7.8 7.35 879 884 883 8.84 8.89 883
Ekim 18.9 18.5 18.6 188 189 19.1 |20.8 21.2 21.1 212 20.8  21.1 591 6.51 5.84 644  5.62 5.31 874 879 885 883 883 879
Kasim 14.9 15.1 13.9 139 145 142 |224 218 221 212 22 22.1 8.81 9.98 9.98 10.77 9.3 8.91 8.7 876 882 884 876 8.74
Arahk 9.6 9.2 9.3 9.3 9 9.9 22.8 232 234 234 23 234 7.6 7.29 7.61 6.55 8.68 754 |8.64 864 85 8.62 8.61 8.61
Ocak 12 11.9 12.1 122 124 124 |229 23.1 23 22.6 226 231 8.99 8.39 8.5 8.25 8.54 824 |[866 8.63 8.66 8.63 8.68 8.63
Subat 10.3 11.7 10.7 109 11 11.1 |23.6 23.1 239 237 235 232 1091 112 1221 11.68 113 11.21 |8.7 8.7 8.8 8.8 8.8 8.8

Mart 12.5 13.1 12.8 129 139 13 225 226 226 225 225 226 10.05 1144 10.07 10.11 11.71 10.3 8.9 8.9 8.8 8.8 8.8 8.8

Ortalama  17.6 18.1 17.7 18.0 18.0 179 215 21.7 218 217 21.7 216 8.2 8.6 8.5 8.3 8.4 8.1 8.8 8.8 8.8 8.8 8.8 8.8
std hata 1.83 1.84 1.86 1.88 191 180 [0.40 0.33 036 0.33 032 0.39 0.40 0.46 0.51 0.50 053 0.45 002 003 0.04 0.02 0.03 0.03
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BCAM degerleri ile sicaklik arasindaki iliski korelasyon tes-
tiyle kontrol edilmistir. Av miktar1 ile sicaklik arasindaki
iligski negatif yonde bir iligki olup, av miktar1 arttik¢a sicakli-
gin azaldig1 sonucuna varilmustir. Iliski istatistiksel olarak
onemli degildir (r=-0.28; p=0.384; p>0.05). Tuzluluk ile
BCAM degerleri arasmnda pozitif yonde zayif bir iligki
(r=0.18; p=0.716; p>0.05) , O> ve pH ile negatif yonde zay1f
iligki vardir (r=-0.19; p=0.545; p>0.05; r=-0.32; p=0.300;
p>0.05) (Tablo 2). Disi ve erkek bireylerin birim ¢aba basina
diisen av miktar1 (BCAM) ile iliskisi Pearson korelasyonu ile
kontrol edilmistir. Buna gore disi birey sayisi ile BCAM ara-
sinda istatistiksel agidan 6nemli bir pozitif iligki bulunmustur
(r=0.733; p=0.007; p<0.05). Erkek birey sayis1 ile BCAM
arasindaki iliski O6nemli olarak bulunmamistir (r=0.367;
p=0.240; p>0.05).

Kuzey Akdeniz Kiyilan lagiiner alanlarindaki Yesil yengeg
topluluklarinin avlanmasinda farkli av araglar1 ve yontemleri
kullanilmaktadir. Farkli avlama yontemlerinin birey sayis1 ve
cinsiyet oranina etkisi yiiriitiilen ¢aligmalarda belirtilmistir.
Yakin zamanlarda, Cilenti ve ark. (2014) Varona Lagiinii
(dogu Italya)’nde yaptiklar1 ¢alismada pinter kullanmuslar ve
toplamda Yesil yengeg¢ bireylerinden 192 erkek, 13 disi 6r-
neklemislerdir. Baklouti ve ark. (2013) Tunus Kiyilar (gliney
Akdeniz)’nda fanyal1 aglarla 6rnekleme yapmisglar ve 518 er-
kek, 881 disi Yesil yengeg bireyi yakalamistir. Glamuzina ve
ark. (2017) Parilla Lagiinii (Kuzey Adriyatik)’nde si1g suda
yilan balig1 pinteri kullanarak 6rnekleme yapmislaridir. Pa-
rilla Lagiinii’'nde yapilan 6rnekleme sonucunda toplam 1844
erkek ve 2112 disi birey elde etmislerdir. Ulkemiz kiyilarinda
yayilig gosteren ve Orihalin bir tiir olan C. aestuarii topluluk-
lar1 lizerine birkag ¢alisma bulunmaktadir. Bunlardan, Can ve
ark., (2004) Cakalburnu Dalyani (Izmir Korfezi)’nda yaptik-
lar1 calismada Yesil yenge¢ bireylerini 6rneklemek icin al-
garna ¢ekimi yapmuslardir ve toplamda 1185 erkek ve 991
disi birey 6rneklemislerdir. Ozbek ve ark. (2012) pinter, fan-
yal1 aglar ve 18rip gibi farkl av araglar1 kullanarak Homa La-
giinii (Izmir Kérfezi)’nden toplam 608 erkek ve 559 disi Ye-
sil yengec bireyi bulmusladir. Ayni lokalitede Ozcan ve ark.
(2009) da tuzak kullanarak Yesil yengec’in toplamda 555 er-
kek ve 101 disi bireyini yakalamislardir. Homa Lagiinii’'nde
Acarl ve ark., (2009) tarafindan yapilan baska bir ¢aligmada
ise farkli aveilik yontemleri kullanilmis (kuzuluk, uzatma ag-
lar1, pinter, kargili aglar) ve Yesil yengec bireylerinin biitiin
av araclarinda yakalandigir goriilmiistiir. Aydin (2013) Tiir-
kiye’nin dogu Karadeniz Yesil yenge¢ topluluklar iizerine
yliriittigli calismada av araci olarak uzatma aglarii kullan-
mis, toplamda 279 disi ve 286 erkek birey drneklemistir. Car-
dak Lagiinii’'nde yapilan bu caligmada ise av araci olarak ke-
revit pinteri kullanilmistir. Bu ¢alismada toplamda 1744 er-
kek ve 686 disi birey yakalanmistir ve disi-erkek orani 0.39
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olup 4 katma yakindir. Onceki ¢alismalarda farkli av araglar
ile 6rneklenen bireylerde bu oran yaklasik algarna icin 0.83,
uzatma aglari i¢in 0.97’dir. Bu baglamda pinterle avlanan disi
birey orani diger av araglariyla avlanan oranlara gore daha
disiiktiir. Ayrica, erkek Yesil yengec bireyleri disilere oranla
daha aktiftir ve av araglarina daha fazla girmektedir. Kigisel
gozlemlerimize gore kiigiik karapas boyuna sahip disiler av
aracinin igerisinden kolaylikla kagmaktadir ve sonucta avla-
nan disi sayis1 erkek sayisina oranla diisliktiir. Muoneke ve
ark., (1993)’na gore pasif av araglarimin yakalama etkinligi,
tiire, habitata, boyut, davranis ve av aracinin niteligine bagli-
dir. Cardak Lagiinii’nde yapilan bu ¢aligmada da disi ve erkek
birey sayisi arasindaki farkliliklarin av araciin niteligine
bagli oldugu diistiniilmektedir. Yapilan calismada tek bir av-
cilik yontemi degerlendirilmistir, birsonraki yapilacak calis-
malarda farkli av araglarinin tiirlin av verimi {izerine etkisi
belirlenebilir. Bu ¢aligmada da lagiin alandaki populasyon
yogun olup, 6zellikle deniz etkisindeki 1. istasyonda en fazla
avcilik degeri hesaplanmigtir. Ayrica 1 numarali istasyondan
en yiiksek disi birey sayisi kaydedilmistir. Disilerin 6zellikle
kis aylarinda daha az sayida olmasi ve yumurtali disi bireyle-
rin azlig1, uygun olmayan sartlarda disilerin lagiinler alanla
kiy1 sular1 arasindaki degisimini destekler niteliktedir. Ayrica
lagiin alanlarda canlilarin dagilimlarin ve lagiin-deniz gogle-
rini etkileyen en 6nemli degisken olan sicaklik ile av verimi
arasinda negatif bir iliskinin oldugu belirlenmistir. Sicakligin
giderek diismeye basladigi Ekim ayindan itibaren av verimi-
nin ylikseldigi ve ilkbahara dogru tekrar azalmaya baglamis-
tir. Subat ay1 av verimi agisindan en diisiik aydir. Ozellikle
sularin sogumasi ile digilerin derin sulara gegisi, yumurtali
bireylerin morfolojik agidan daha kii¢iik olmasi av aracindan
kactiklarm diisiindiirmektedir.

Sonuc¢

Cardak Lagiinii birgok denizel balik ve kus tiirii i¢in 6nemli
bir barinma ve beslenme alanidir. Bu tip lagiiner alanlarda
ozellikle kis aylarinda gel-git donemlerinde, disi yengegler
deniz ve lagiin arasinda go¢ yapmaktadirlar. Bu gociin belli
nedenlerinden birinin de sicaklik ve tuzluluk gibi ¢evresel de-
giskenlerin av miktar1 {izerindeki etkileri olabilecegi diisiinii-
lebilir. Ayrica levrek ve ¢ipura gibi ticari dneme sahip balik-
larin 6nemli bir besin bilesenini olusturan Yesil yengecin la-
giin i¢i avciliginda pinter kullanimi hem gerekli avciligi sag-
lamas1 hem de yengeclerin canli ve hasarsiz yakalanmasi ag1-
sindan 6nemlidir. Bu ¢alismada kullanilan kerevit pinterleri
lagiinde yengeclerin yakalanmasinda etkilidir. Bu ¢aligmanin
ileride tiirlin avciligina yonelik yapilacak ¢aligmalara referans
olabilecegi diistiniilmektedir.
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Etik Standart ile Uyumluluk

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

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

Finansal destek: Canakkale Onsekiz Mart Universitesi Bilimsel
Aragtirmalar Projeleri Koordinasyon Birimi 2015-406

Tesekkiir: Bu ¢aligmanin drneklemelerindeki katkilarindan dolay:
Cardak Beldesi Balikgilari’ndan Hasan Senses TULUMEN e te-
sekkiir ederiz.

Aciklama: Bu galisma “Cardak Lagiinii (Canakkale, Lapseki)’nde
Bulunan Yesil Yengeg, Carcinus aestuarii Nardo, 1847 nin Popu-
lasyon Yapisi ve Baz1 Biyo-Ekolojik Ozellikleri” baslikli doktora
tezinin bir bolimudiir.
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