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Introduction

This paper examines the impact of climate change in the Balkans on the different macro
components of human and environmental security: the environmental dimension, the state's
adaptation policies, and crisis management for the signified imperatives of mitigation
describing impacts on different divisions offering normative resolutions. A comprehensive
analysis of climate change in the Western Balkans has identified human health, security, and
quality of life as highly vulnerable to natural disasters and weather changes. The agricultural
sector, forestry, water management, free-flowing rivers, and Adriatic sea tourism are the ones
that will suffer the most significant consequences. It is essential to follow the provisions of
the Paris Agreement; climate-neutral green economies. It is required to build the necessary
capacity, determining a general policy course for low-emission development resilient to
climate change. As Western Balkans is the region facing a real threat posed by climate
change, it is necessary to more actively promote the concepts of environmental protection,
conservation of resources, and the use of renewable energy sources. At the institutional level,
it is necessary to promote the concept of human security policies through laws and other
acts or to incorporate it into existing ones; identify the most vulnerable sectors; make risk and
vulnerability assessments, and action plans that will more actively oppose climate change. It
is critical to integrate specific policies and projects into strategies, identify existing adaptation
opportunities to mitigate climate change and ensure international support. Recent plans for
exploiting all rivers are a critical factor of environmental and human insecurity, eradicating
the European "blue heart," not correlated to the environment or hydro-energy but systemic
corruption. Through joint action and approach, it is possible to limit the consequences and
work on capacity building, creating a more resilient community capable of protecting its
citizens by implementing human security conceptualization. Action plans are needed to build
more modern defense systems to prevent further floods. Given the efficiency shown during
the 2014 floods, B&H ethnopolitical authorities' actions, and the complex government, there
is a high degree of ethnopolitical manipulation and inefficiency.

and scientific evidence. In the eyes of the insufficiently
aware public, climate change seems to be a distant

The scientific recommendations of Climate Change
are explicit. If we want to keep global warming below
1.5 to 2°C and avoid irreversible and catastrophic
consequences for our societies, we must achieve climate
neutrality by 2050 at the latest. If one carefully considers
the arguments expressing climatic "skepticism," one
often notices the screening of pieces of evidence
while rejecting all data that do not fit the desired
picture. It is not skepticism. It is a disregard for facts

Cite this article as
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phenomenon, affecting distant countries, which is not
directly responsible for emergencies, forced migration
and does not directly endanger any segment of human
life. The reality is different. Measurements of the type of
carbon in the atmosphere indicate that the combustion
of fossil fuels dramatically increases the concentration
of carbon dioxide (CO,) in the atmosphere. In addition,
satellite and surface measurements indicate that
additional CO, retains heat that would otherwise go into
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space. Several heating patterns are consistent with the
enhanced greenhouse effect. Thus, the structure of our
atmosphere is changing. Climate change and variability
are not stand-alone hazards but risk multipliers, which
interact with existing and future hazards that ultimately
create unprecedented situations that no one may have
experienced before. In addition, many studies have
shown that farmers already feel production problems
related to current climate constraints and face increasing
uncertainty when it comes to production. For these
reasons, we need a sustainable approach to this problem
to ensure agricultural production in the future.

Climate change over the years has been one of the most
controversial topics globally. The Paris Agreement sets
out a global climate change framework and a legally
binding international treaty on climate change. It was
adopted by 196 Parties, including most former Yugoslav
countries, at COP 21 in Paris on 12 December 2015 and
entered into force on 4 November 2016. Its goal is to limit
global warming to well below 2, preferably to 1.5 degrees
Celsius, compared to pre-industrial levels. In addition,
countries aim to reach global peaking of greenhouse
gas emissions as soon as possible to achieve a climate-
neutral world by mid-century. The Paris Agreement is
a landmark in the multilateral climate change process
because, for the first time, a binding agreement brings
all nations into a common cause to undertake ambitious
efforts to combat climate change and adapt to its
effects. Implementation of the Paris Agreement requires
economic and social transformation based on the best
available science. The Paris Agreement works on a
5-year cycle of increasingly ambitious climate action
carried out by countries. By 2020, countries submit their
plans for climate action known as nationally determined
contributions (NDCs). In their NDCs, countries
communicate actions to reduce their Greenhouse
Gas emissions to reach the Paris Agreement's goals.
Countries also communicate and must build resilience to
adapt to the impacts of rising temperatures. (UNFCCC,
2020) In line with current climate change manifestations
in Southeast Europe, countries in the Western Balkans
share worrying future predictions with a- both at the UN
General Assembly and in the negative tone of a recent
Intergovernmental Panel report. According to experts,
the United Nations Framework Convention on Climate
Change (IPCC) shares the level of unpreparedness
for what is yet to come in this region. (Sostaric, 2019)
Climate scenarios predict an increase in the frequency
of heatwaves in Southeast Europe in the coming years
and decades, depending on the scenario of greenhouse
gas emissions. However, the heat is only a part of the
changes, and it can be said - a small part of the problem -
because high temperatures will necessarily cause several
extreme phenomena and weather disasters that have not
been common in the Balkan area so far. In general, in the
years ahead, we expect an increase in the frequency and

intensity of extreme weather and climate events in all
seasons, such as an increase in precipitation, which can
cause particularly torrential floods, and at the same time,
more frequent and more prolonged droughts can be
expected. Evaporation due to elevated air temperature
is more pronounced than in winter (Pandzic, 2019).
Apart from leeches, more intense floods, wind gusts,
hail, and periods of drought, will also be a consequence
of climate change in the Balkans. Occasional showers
are not enough to improve the region's overall climate,
so adjusting to new living conditions in the Balkans will
become inevitable. Changes are not just happening on
land; they also affect the Adriatic Sea. Sea floods are
becoming more frequent, which are more pronounced
due to the gradual increase of sea level. It can affect
the salinization of freshwater aquifers in the coastal area,
especially in the mouth of the Neretva River. Salinization
destroys agricultural land in the long run. In addition, the
increase in CO, emissions affects ocean acidity, which
endangers the ocean biosphere, which is less known
to the public, including the seas and larger lakes. The
Adriatic is part of the Mediterranean, which the World
Wide Fund for Nature (WWF) claims is becoming "the
fastest-warming" and "saltiest" with irreversible changes
in marine life, but also human life (Krajinovic, 2019).

As human security became one of the most important
political issues in the mid-1990s, the environment
became one of the many areas of human security along
with it. Environmental change is without a doubt a matter
of the human security paradigm. Concerns grew from
pesticides to the impact of economic growth on air,
water, and soil pollution (Collins, 2010). Human security
in its modern form comes from a report on UN political
processes in the mid-1990s, notably a 1994 report by
the United Nations Development Program (UNDP).
Here, human security is defined as a condition in which
people are freed from the traumas that burden their
development. It means security from chronic threats such
as hunger, disease, or repression and protection from
sudden disturbances of everyday life. Consequently,
the first major global summit on environmental issues
was the United Nations Conference on the Environment
(UNCHE), held in Stockholm in 1972. This event
stimulated various research, meetings, remarks,
and possibilities of limiting economic development.
Unfortunately, Western Balkan states have not yet
recognized the importance of environmental security
as part of the national security system and legislation.
Although there is strong evidence of the genesis,
manifestation, and consequences, some scientists and
authors deny the view that they violate and negatively
affect human security. Thus, Walt (1991) believes that
spreading the concept of security, which would include
threats such as poverty, AIDS, natural disasters, would
lead to excessive stretching of the concept of security,
and thus everything would become a threat and make it
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difficult to make decisions significant problems (Baysal,
2017). Other primary opponents, representatives of the
Copenhagen School of Security, believe that climate
change is being securitized, which, following the logic of
security, would have problematic consequences such as
the militarization of the problem and the legitimization of
undemocratic decisions (Trobletta, 2009).

Despite skeptical views that climate change should not
be perceived as a security problem, some authors point
out that we need to understand that the speed and scale
of climate change and the way it affects our habitats,
food, and water resources can very quickly undermine
economic and political stability in many regions of the
world in the coming years. By doing so, climate change
will act as a threat booster and make existing problems
such as water and food shortages more complex and
challenging to solve (Brown et al., 2009). Climate change
can affect some or all of the factors at once. States of
acute threats such as famine, conflict, and socio-political
instability are almost always caused by the interaction of
several factors. For many populations and communities
that are socially marginalized and with insufficient
natural resources, human security will continue to be
progressively threatened as these climate changes take
hold. Some of these effects are immediately visible and
occur very quickly, such as situations where typhoons
destroy entire settlements and communities in seconds;
Others take place gradually, so drought leads to crop
destruction and leaves people without food and income,
which further leads to changes in demographics and
creates forced migrations and increased urbanization.
(FAO, 2021) Countries, in general, do not consider
climate change as a natural security threat. It is not the
issue that countries historically have been comfortable
or have perceived. The issue of climate change as a
security threat was not prevailing, and the linkages were
more insubstantial in the early stages of international
discussions on climate change. Climate change is a
multiple threat because of its potential to aggravate
many of the present challenges already being faced in
some countries, such as infectious disease, terrorism,
and conflict over scarce resources. In addition, it can
contribute to instability, displacement, migration,
worsen existing conflicts and threaten international
security. Climate change affects human security, and
global temperatures continue to rise globally. The threat
to human security will increase correspondingly. Rising
sea levels will lead to more coastal erosion, flooding
during storms, enduring inundation, and severe stress
on natural ecosystems like forests and wetlands.

Adaptation to climate change means "anticipating
the negative effects of climate change and taking
appropriate measures to prevent or minimize damage
which they can cause or take advantage can occur."
(EU Comission, 2021). The primary goal of adaptation

is to reduce the climate vulnerability of specific areas,
economic sectors, and populations. Well-planned
and early adjustment measures have been shown to
save money and lives later. Measures adaptations
may include, for example, investment in infrastructure
to ensure protection against natural disasters, the
development of effective resource management systems,
the strengthening of social protection systems, or the
implementation of appropriate measures prevention
(e.g., investing in firefighting equipment). Adaptation to
climate change differs from climate change mitigation,
which aims to reduce emissions into the atmosphere
and reduce the current concentration of carbon dioxide
(CO,). Moreover, increasing abysses (e.g., expanding
forests to remove more significant amounts of CO2 from
the atmosphere). Examples of mitigation measures are
increased use of renewable energy sources, application
of new technologies such as electric cars, or changes
in practices or behaviors (less frequent use of vehicles
or change of diet) (UNFCCC, 2009). Thus, mitigation
addresses the causes of climate change, and adaptation
addresses the impact of climate change. Therefore,
reducing greenhouse gas emissions is the top priority
of the states.

Nevertheless, while many countries work on proposals
and regulations to reduce carbon emissions, the
consequences of climate change are becoming a
reality. The increase in temperature is accompanied by
extreme weather events such as floods, droughts, and
wildfires, which become more intense and frequent over
time. Climate change and other forms of environmental
degradation already have caused net adverse effects
on jobs and labor productivity, and these effects are
expected to be even more pronounced in the coming
decades. Although they affect the whole European
economy, some are considered economic sectors,
particularly at risk. It is primarily an issue in sectors
that are heavily dependent on natural resources, such
as which are, for example, agriculture and forestry, but
not only they. Rising sea levels, ocean acidification, and
changes in ocean temperatures will limit biodiversity
and change the distribution and productivity of fisheries.
Natural disasters are sure to disrupt sectors such as
energy and water supply, construction, transport, and
tourism, destroy critical infrastructure and endanger
lives, put additional pressure on emergency and rescue
services, the health sector, and other public services. At
the same time, the adaptation policies require significant
financial support. For example, between 1980 and 2011,
floods killed more than 2,500 people in Europe, damaged
more than 5.5 million, and caused direct economic
losses of more than 90 billion euros. The minimum cost
of adapting to climate change in 2020 is projected to be
€ 100 billion, and in 2050 it will be € 250 billion per year
for the entire European Union. (European Trade Union
Confederation, 2020)
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The Western Balkans is an area rich in rivers and lakes.
Apart from representing natural beauties, they are also
essential biotopes. However, authorities are giving many
investors permits to build hydroelectric plants. Rivers
are therefore dying out. Environmental groups have
counted 1,004 hydroelectric power plants from Slovenia
to Greece today, 200 of which are being built, and the
final plan is to build about 3,000 such power plants. As
many as two-thirds are planned to be built in protected
areas, including national parks. The most extreme
example is the Valbona National Park in Albania, whose
authorities intend to build dams on the Vjosa River,
declared an ecological pearl. Mavrovo National Park is
the target in Macedonia, with 20 smaller hydropower
plants planned. Along with the devastation of the
environment, this would probably lead to the destruction
of the lynx habitat, a wild cat that was almost extinct on
the European continent, and only a few dozen of these
animals managed to survive in the Mavrovo area. The
hydroelectric power plants or dams that would block
riverbeds threaten many fish species. For example, it is
estimated that at least two-thirds of the population of
Danube salmon or juveniles will disappear if 93 power
plants are built on the rivers of the Sava River Basin, as
currently planned. (Schwaderer, 2018)

"Rivers in the Balkans are fascinating," says Ulrich
Eichelmann, the director of the International river
protection organization RiverWatch. "You cannot
compare them to rivers elsewhere because they are
untouched, from wild rivers in Albania, across the Sava
with extensive floodplain forests, to waterfalls and
crystal clear streams. The river flows from Slovenia to
Greece is a unique natural resource that has not yet
been destroyed. However, ecological systems are
collapsing, and experts warn that there will be less
water and more sun due to the already existing climate
changes. When it comes to renewables, the Balkans
continue to focus on - hydropower. The hydro-lobby is
the oldest and most networked energy lobby globally.
Corruption is a significant problem in the Balkans and is
challenging to prove. (Eichelmann, 2019) Nevertheless,
in a letter to Nature magazine, a group of three scientists
recently warned of the dangers of small dams on rivers
and called for the preservation of rivers - especially
those in the Balkans, which ongoing interventions
have not yet damaged. In countries in transition, such
as the Balkans, concessions for constructing and
using mini-hydropower plants are not "pure business."
They endanger water quality areas - some species are
disappearing, and others are coming, very often harmful.
Also, the destruction of landscapes in the construction of
mini-hydropower plants does not stop only at the water
- the forest is cut down they work faster and practically
bring a net profit to the owner, with inconceivably low
risk, which is why there are more and more initiatives to
build them. (Leaniz et al., 2019)

Floods may not be the most common natural disaster
in the field of hydrometeorological hazards that damage
material goods and endanger human lives. However,
they certainly endanger social communities and leave
the most significant consequences on the broader area,
often causing secondary troubles, such as diseases and
potential epidemics of infectious diseases. Moreover, it
directly causes the loss of human lives. In addition, they
have a negative long-term effect on agricultural activity
and thus on the economy of the state union. In mid-
May 2014, in the northern, eastern, and central parts of
Bosnia and Herzegovina (B&H), Croatia and Serbia were
the most damaging floods in 120 years. The damage in
B&H is three times greater than in Croatia and Serbia
combined. One million people were displaced, a third of
the economy of B&H was destroyed. The natural disaster
affected a quarter of the country's territory and about a
million people, approximately 30% of B&H's total 3.5-
3.8 million inhabitants. The floods brought enormous
devastation to the country, which is still recovering
from the effects of the 1992-1995 war, where many
people suffer from a perpetual deficit, unemployment,
and constant political instability. The total estimated
economic damage amounts to more than four billion
convertible marks (KM) or 15% of B&H's total gross
domestic product in 2014. Heavy rains have caused
numerous rivers to overflow their banks, devastating more
than 100,000 individual homes and buildings, more than
230 schools, and health facilities and causing enormous
damage to farms. (UNDP, 2015) Numerous industrial
facilities, traffic infrastructure, were also destroyed.
It is a well-established practice in most developed
democracies that each state assumes responsibility for
the care of victims and timely assistance in emergencies
on its territory.

In 2014, this approach was highly questionable during
the Western Balkans Floods, particularly in B&H.
Political reasons and inter/ethnic hybrid wars can not
form the basis for the lack of coordination and integrated
approach to crisis management and human security in
B&H. (Centri Civilnih Inicijativa, 2014) Post-war Western
Balkan, i.e., former Yugoslav countries (presently seven
states), are still a politically fragile region, lacking
cooperation instruments rooted in ethnonationalism.
Western Balkan countries have an issue of deep divisions,
which cause major political issues. National divided and
contentious political affairs, i.e., disunited ethnopolitics,
can challenge human security, environmental security,
crisis management, and adaptation policies related to
the European Union (EU). Opposing and contending
assemblages tend to assume an exclusionary "victor" or
status quo procedure, particularly in B&H. These issues
include the control of state power, regional geopolitics,
cooperation, allocation of resources, and national
identity. B&H is the most complex Balkan country;
many state subjects are vigorously Constitutionally and



Mar Life Sci (2022) 4(1): 1-15

HadZi¢

ideologically contested, intricating ethnic, religious,
and regional divisions. Consequently, issues that raise
the most issues are those regarded essential for the
state's sovereignty and existence. B&H, as the most
intricate multicultural country of the region, has one
of the world's most complex governments and three
constituent peoples, Bosniaks, Bosnian Croats, Bosnian
Serbs, and unconstitutional "Others." Within the
sociopolitical, legislative, and security framework, the
"protecting the national interest" paradigm occurs within
the (ethnoreligious) political structures. Consequently, it
often paralyzes the country. The protection of the national
interest (ethnoreligious) of the political structures in the
western Balkans, i.e., B&H, is like a non-aggression
pact, like a social contract based on Hobbes' model.
No one renounces their right to self-preservation but
renounces the right to interfere in and prevent others
from self-preservation. However, unlike Hobbes' theory,
each group is a hostage to the others to protect their
national interest (Hadzi¢, 2021). Like many other issues
in B&H, climate change and crisis management in B&H
are primarily ethnopolitical issues. It directly affects
observed phenomena.

Considering that post-war B&H has one of the most
complex constitutional structures, planning and financing
in civil emergencies are characterized by a slightly
different form of organization and management of this
sector. The complexity of the constitutional structure
of B&H results in the existence of several similar laws
that define the same area but relate to different levels of
government. At the very beginning of the analysis of the
legislative framework, we must indicate the following:
B&H is a state consisting of two entities - the Federation
of Bosnia and Herzegovina (Federation of B&H) and
the Republika Srpska (RS), and the Brcko District (DB).
The federal state of B&H, the complex structure of two
entities and one district, the ethnoreligious division, EU
and NATO integration, is complicated. At the same time,
in B&H, the entities have increased the possibilities of
monopoly and power over the territory. B&H ethnonational
policies are policies of endangerment within vital
national interests. However, unlike Hobbes' theory, each
ethnopolitical collectivity is a captive to the other two
dominant ethnoreligious parties to protect their national
interest. As a national collective's notion of its position,
vulnerability closely corresponds to the antagonism
that should be understood in society as an inevitable
fact, but in political terms, it means the destruction of
the political. It implies the totalization of exclusivity,
which abolishes politics as the art of balancing between
inclusion and exclusion, opening and closing, which is
only one of the views of the notion of justice. The war
of the 1990s was territorialized but delocalized; today,
we have a similar pattern. (Hadzi¢, 2021) Consequently,
civil emergency planning is primarily the responsibility
of state institutions, and it is common practice for funds

earmarked for this purpose to also be under the control
of those institutions. Like many other issues in B&H,
water management issues in B&H are primarily political
issues. (Centri Civilnih Inicijativa, 2014) Therefore,
the existing administrative-institutional structure of
the water sector in B&H fully reflects the existing
administrative-political structure of B&H. Coordinating
activities and activities of international cooperation are
within the competence of the state, and those crucial for
the human security and living standards of B&H citizens,
operational activities related to water management in
B&H are the responsibility of the entities and the Brcko
District (BD B&H). The climate change in B&H will have
consequences for all spheres of society and almost all
economic branches, and climate variations are already
directly affecting the country. (Sostaric, 2019)

Southeast Europe has various relief, forest, and water
resources and numerous species that inhabit them.
It is estimated that there will be significant changes in
grasslands, coastal habitats, and forest ecosystems
in response to changes in the amount and seasonal
distribution of precipitation. As climate zones change,
some species will adjust their geographical range,
while others will not keep up with climate change and
will decline. (Institut za gradevinarstvo, 2021) Forests,
one of the primary natural resources in Serbia, cover
over 32 percent of the territory and are expected to
change their composition, structure, and distribution in
response to changes in temperature and precipitation.
Elevated temperatures combined with more frequent
and intense droughts can also increase the risk of forest
fires. It directly affects a safe and healthy environment,
thus jeopardizing another dimension of human security
(Rankovic et al., 2016). Western Balkans and B&H are
particularly vulnerable to climate change due to their
geographical position, the economic importance of
the agriculture and forestry sectors, and their limited
capacity to adapt to climate change. Over the past
decades, summer temperatures have risen by 1.2
0 C in some places, and precipitation regimes have
changed. A change in temperature of 1.2 0 C may seem
unimportant, but a drop in temperature of 1 0 C caused
the European Little Ice Age in 15-17. century. Changing
these proportions can have significant impacts. The
adverse effects of climate change are already visible
in B&H, although it contributes little to the causes of
climate change. Emissions per capita are just over half
of the European Union average: 5.18 tonnes of carbon
dioxide equivalent per capita (CO2 eq/capita) per year
in 2008, compared to the European Union average of
9,93 tons of CO2 eg/capita. However, if a comparison
is made concerning relative wealth, emissions in B&H
are almost four times higher than in the European Union.
(Radusin et al., 2013)

Effective implementation of the Climate Change
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Adaptation Strategy requires more financial resources
than those currently available in Western Balkans
countries, particularly B&H. Additional resources will
need to be provided to enable the late implementation of
this Strategy and related programs and plans. Funding
should be sought from financing agencies and the private
sector regarding infrastructure investments and the
benefits of business opportunities some of the climate
change adaptation measures offer. It is necessary to
emphasize the possibilities of financing, public-private
partnership, and economic activity of social enterprises.
Innovative partnerships must develop with multilateral
financial agencies and their development assistance
options in the context of developing resilience to climate
change. Measures envisaged in the framework of climate
change adaptation could offer business opportunities
for B&H. They are not just a requirement for donor
assistance and loans. Co-financing arrangements will be
required from major donors and, for example, the Green
Climate Fund (GCF) (Radusin et al., 2013).

All these effects of climate change on health security,
economic, food security, and a healthy environment
compromise the security of the individual because they
are often deprived of some of them. Moreover, if more
than one individual is affected, we cannot talk about
community security. Finally, if the states cannot ensure
that their individuals live in a healthy environment,
have access to resources, a secure supply of food,
their economic needs are met, and adequate health
care is provided, then the security of these individuals
is threatened. The Strategy of adaptation to climate
change, including negligible for this region, low-
emission development, is the first step to establishing a
feedback-based management process. However, there
is insufficient data, and domestic capacities are mainly
limited to NGOs. Climate change refers to strategic,
long-term, centralized, globally level issues with defined
goals and vision solutions. Although the intensity and
direction of climate change are questionable and the
subject of numerous debates, there is still agreement
that something is happening that requires a specific
action, both individual and company, and government.
Some Western Balkan countries, i.e., B&H, has strategic
and action plans in most cases created under pressure
from the international community; however, they are
often unrealized and dysfunctional. Moreover, the joint
Strategy of Western Balkans countries is an initial step
designed to consolidate political support for resilience
to climate change. Gathered by many external reports,
Western Balkans lack awareness of the importance of
climate change and financial and professional human
resources to deal with the consequences of these
changes.

This paper examines the impact of climate change
in the Balkans on the different macro components of

human and environmental security: the environmental
dimension, the state's adaptation policies, and crisis
management for the signified imperatives of mitigation
describing impacts on different divisions offering
normative resolutions. A new framework, discourse, and
thinking about security threats is required, as a poor
security policy over the environment and nature can
cause many instabilities. The general impression is that
environmental security is still not sufficiently affirmed but
not precisely defined. This fact leaves room for further
research and efforts of the academic and professional
community in the new field of security.

A Review-of-Literature or methodology

A Review-of-Literature more specifically synthesizes
information from a variety of significant sources related
to the major point of the paper. The paper is based on
secondary data analysis, current literature review, and
theoretical and legislative discussion within additional
consideration of the massive floods and 2014 Balkan
crises. By presenting and analyzing climate change
conditions and policies in Southeast Europe, i.e.,
the Western Balkans, for the signified imperatives of
mitigation, adaptation policies, environmental and
human security, and crisis management, the paper
describes impacts on different divisions and offers
normative resolutions. Furthermore, the paper presents
insight into the impacts and consequences of climate
applications in the Balkans for the frameworks most
exposed to these changes.

Theory/calculation

If one carefully considers the arguments expressing
climatic "skepticism," one often notices the screening
of pieces of evidence while rejecting all data that do
not fit the desired picture. It is not skepticism. It is a
disregard for facts and scientific evidence. In the eyes
of the insufficiently aware public, climate change seems
to be a distant phenomenon, affecting distant countries,
which is not directly responsible for emergencies, forced
migration and does not directly endanger any segment
of human life. The reality is different. Measurements of
the type of carbon in the atmosphere indicate that the
combustion of fossil fuels dramatically increases the
concentration of carbon dioxide (CO,) in the atmosphere.
Although there is strong evidence of the genesis,
manifestation, and consequences, some scientists and
authors deny the view that they violate and negatively
affect human security.

A new framework, discourse, and thinking about security
threats is required, as a poor security policy over the
environment and nature can cause many instabilities. The
general impression is that environmental security is still
not sufficiently affirmed but not precisely defined. This
fact leaves room for further research and efforts of the
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academic and professional community in the new field
of security. Thus, Walt (1991) believes that spreading
the concept of security, which would include threats
such as poverty, AIDS, natural disasters, would lead to
excessive stretching of the concept of security, and thus
everything would become a threat and make it difficult
to make decisions significant problems (Baysal, 2017).
Despite skeptical views that climate change should not
be perceived as a security problem, Brown points out
that we need to understand that the speed and scale
of climate change and the way it affects our habitats,
food, and water resources can very quickly undermine
economic and political stability in many regions of the
world in the coming years. By doing so, climate change
will act as a threat booster and make existing problems
such as water and food shortages more complex
and challenging to solve. Moreover, climate change
can affect some or all factors at once. In the UNDP
report, seven related elements of human security can
be identified: economic security, food security, health
security, environmental security, personal security,
social security, and political security (Collins, 2010).
Countries, in general, do not consider climate change as
a natural security threat. It is not the issue that countries
historically have been comfortable or have perceived.
The issue of climate change as a security threat was not
prevailing, and the linkages were more insubstantial in
the early stages of international discussions on climate
change. Human security is a broad phenomenon that
is jeopardized by prolonged crises, conflicts, natural
disasters, epidemics, underdevelopment, and socio-
economic fragility.

States of acute threats such as famine, conflict, and
socio-political instability are almost always caused by
the interaction of several factors. For many populations
and communities that are socially marginalized and
with insufficient natural resources, human security will
continue to be progressively threatened as these climate
changes take hold. Southeast Europe is profoundly
vulnerable. The literature lists many adaptation measures
and practices, depending on the form (technical,
financial, management), scale (global, regional, local),
and participants (farmers, government, private sector).
For example, the climate change Adaptation policies
reduce the vulnerability of specific regions, human
security, and economic sectors to climate change. As
a result, the benefits of adaptation policies are more
significant than the financial sector, i.e., outweigh their
costs.

Western Balkan countries have anissue of deep divisions,
which cause major political issues. National divided and
contentious political affairs, i.e., disunited ethnopolitics,
can challenge human security, environmental security,
crisis management, and adaptation policies related to
the European Union (EU). Opposing and contending

assemblages tend to assume an exclusionary "victor" or
status quo procedure, particularly in B&H. These issues
include the control of state power, regional geopolitics,
cooperation, allocation of resources, and national
identity. B&H is the most complex Balkan country;
many state subjects are vigorously Constitutionally and
ideologically contested, intricating ethnic, religious, and
regional divisions. The cessation of the threat is the end
of the collective, and members return to a natural state
that now corresponds to Rousseau's preoccupation
with himself and indifference to other members of the
same collective, which leaves the elites unlimited space
to act in self-interest. The protection of the national
interest (ethnoreligious) of the political structures in the
western Balkans, i.e., B&H, is like a non-aggression
pact, like a social contract based on Hobbes' model.
No one renounces their right to self-preservation but
renounces the right to interfere in and prevent others
from self-preservation. However, unlike Hobbes' theory,
each group is a hostage to the others to protect their
national interest (Hadzi¢, 2021). Like many other issues
in B&H, climate change and crisis management in B&H
are primarily ethnopolitical issues. It directly affects
observed phenomena.

Abbreviations

SEE-Southeast Europe

B&H-Bosnia and Herzegovina

FB&H-Federation of Bosnia and Herzegovina
RS-Republic of Srpska

BD B&H-Brcko District of Bosnia and Herzegovina
EU-European Union

USAID-United States Development Agency
WWEF-World Wide Fund for Nature

Results and Discussion

Human security is a broad phenomenon that is
jeopardized by prolonged crises, conflicts, natural
disasters, epidemics, underdevelopment, and socio-
economic fragility. Climate change can cause current
insecurity, such as hunger, conflict, and socio-political
instability, and almost always occur with multiple factors.
For many socially marginalized populations, dependent
on natural resources and having limited assets, human
security will progressively be undermined as the climate
changes. These consequences are reflected in reducing
food quality, soil erosion and degradation, the spread
of wildfires, degradation and disappearance of forest
resources, insufficient amounts of drinking water, and
finally, health consequences - heatstroke, the spread of
vector, and infectious diseases (The Intergovernmental
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Panel on Climate Change IPCC, 2021).

Inadditiontothe direct consequences climate change has
caused, they also bring challenges to control infectious
diseases. By problematizing climate scenarios, changes
can be expected in the prevalence and increase in the
frequency of vector-borne infectious diseases (malaria,
dengue fever, West Nile virus) and the spread of water-
borne infectious diseases (cholera and diarrhea). In
addition to the most apparent effects of health problems
and the emergence of infectious diseases, climate
change also directly affects the economic sector.
Climate change is slowing economic growth by causing
changes in ecosystems and resource availability.
It further affects economic growth through supply-
demand relations, then in terms of damage or increased
investment in infrastructure, and finally, reduces the
possibility of creating new jobs. All of the above harms
the economy and the economy of the country and
directly harms human security. The agricultural sector
is directly affected by weather conditions, and if those
conditions are unfavorable, it will negatively affect crops,
which is further reflected in reduced yields and further
in reduced export capacities. A report created by the
United States Development Agency (USAID) from 2017,
which refers to climate risks, predicts that reducing
temperature and precipitation will affect the cereal
crops that dominate B&H agriculture. Maize production
could fall by as much as 58 percent due to reduced
rainfall and higher temperatures during the summer. The
increase in temperature has already led to increased
fungal diseases and pests that reduce crop production.
(USAID, 2017). Food security also builds on agricultural
production and is evident in how they are linked: from
shortening the production season, lack of irrigation
water, loss of fertile soil due to desertification or floods,
to problems in supply chains. (Advisory Committee on
the Microbiological Safety of Food Annual Report, 2018)
With the growth of humanity, the consumption of clean
water is growing, and increasing amounts of wastewater
polluted with various organic and inorganic substances
are being created. Water is a highly endangered medium
through pollution and pollution. All human activities
affect water ecosystems and can endanger freshwater
resources, i.e., the quantity and quality of drinking
water. In order to actively protect water from pollution,
it is necessary to manage water quality, i.e., to monitor
water pollution and investigate, plan and eliminate the
causes of water pollution.

Climate change threatens human security because it
disrupts housing, livelihoods, threatens culture and
individuality, increases migration that people would
rather avoid, and can undermine the ability of the state
apparatus to provide the conditions necessary for
human security. The circumstances that served to open
the perceptions of both state institutions and the entire

public and show what problems we will face soon were
the catastrophic floods in the Western Balkans and B&H
in 2014. Floods in the Western Balkans and B&H can
occur throughout the year and peak in the spring when
high precipitation and melting snow from the mountains.
Complete list of hydrometeorological hazards in B&H and
identified risks are Heavy rainfall, hail, High snow and
snowdrifts, and Drought. Identified Landslides hazards
in B&H are Landslide Suljakovi¢i-Maglaj, Landslide Mala
Broda-Zenica, Landslide Bogati¢i-Trnovo, Landslide
Cemerno-Gacko, Landslide Lopare, and Landslide
Zvornik. Besides Croatia, there is a risk of fires in B&H:
in the karst area near the settlement, in the karst area
in the uninhabited area, in the sub-Mediterranean area,
of endangered - protected tree species (Monika), High
protective forest fires values, in seed stands, nurseries,
and seed trees, in areas exposed to solid erosions, in
natural forests on large surfaces, Fires in high forests, in
coppice forests, on bare forest land, Fires on meadows-
pastures, arable land, (Agricultural fires land), Fires
in cultures, Forest fires in the border area, Fires in
private forests (Vijece Ministara B&H, 2011). The 2014
floods damaged flood protection infrastructure (mostly
embankments). Moreover, it failed to prevent floods due
to underground erosion beneath their foundations. The
consequences of the floods, except in the most affected
municipalities and cities, were felt throughout the
country. From the harmful impact on the environment,
health, and human lives, through the enormous
economic consequences, all citizens have experienced
adverse effects. Floods take special care and place when
assessing the vulnerability of each country. The leading
causes of floods are undoubtedly long and intense
periods of precipitation, and in the spring, they can be
caused by the sudden melting of snow, while indirectly
they can be the result of earthquakes, bursting dams
on reservoirs, and similar hazardous situations of other
nature. Changes in the precipitation regime certainly
create the conditions for their occurrence. According to
the latest analysis, intense precipitation is more frequent
with large amounts of water sediment. For example, in
a B&H city, Banja Luka, on August 29, 2009, 102 I/m?
of rain fell in half an hour), increased precipitation in a
series of three or more days, related mainly to the Genoa
cyclones in the autumn rainy season, which torrential
streams cannot receive and cause floods. (Vijece
Minstara B&H, 2011)

B&H is a sovereign state with a decentralized political
and administrative structure within the constitutional
construction. B&H consists of 142 municipalities,
of which 79 are in the Federation of Bosnia and
Herzegovina (FB&H) and 63 in the Republika Srpska (RS)
entities. The management of the B&H health care system
is decentralized to the level of the two entities and the
Br¢ko District. At the same time, the health of the B&H
citizens is endangered by the consequences of the war
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and by socio-economic circumstances, unemployment,
migration, large numbers of displaced persons, lack of
health insurance, and unhealthy lifestyles. In addition,
road accidents, physical disabilities, and mental illness
are major public health problems. (Vijece Ministara B&H,
2011) All Western Balkan countries have significant
issues with corruption. Although B&H as a state has
long been taken over by corruption, it has been for an
extended period classified amongst captive states
according to Transparency International. All Western
Balkan countries have significant issues with corruption.
Although B&H as a state has long been taken over by
corruption, it has been for an extended period classified
amongst captive states according to Transparency
International. “B&H is one of the countries in which
corruption is rapidly worsening, its citizens exposed to
life-threatening conditions” (Transparency International
B&H, 2021).

The state as a whole has shown unwillingness and
lack of resources to deal with the emergency (Centri
Civilnih Incijativa, 2014). Without the help of the
international community, civic solidarity, and humanity,
it is questionable whether the state would guarantee the
security of its citizens. Nature showed in May 2014 that
it does not recognize any administrative boundaries, and
rivers have mercilessly overflowed in both the Republika
Srpska (RS) and the Federation of B&H (FB&H). The
B&H citizens did not regard which side of the entity
border to flee to save lives and material goods. Citizens
turned to each other when it was most needed, and in
those moments, all administrative boundaries, national
tensions, was erased. For example, only in B&H was
it easier to declare three states of emergency, in the
Republika Srpska (RS), in the Federation of B&H (FB&H),
and the Brcko District (BD B&H), instead of the so-called
coordination team at the Ministry of Security submitted
a request for a state of emergency at the state level.
We cannot escape the impression that specific centers
of power also saw a danger of the potential possibility
of strengthening the power of the state and state
institutions and weakening the entity ones. According to
the Framework Law on Protection and Rescue of People
and Material Goods from Natural and Other Disasters
in B&H, the B&H Council of Ministers was formed by
the Coordination Body of Bosnia and Herzegovina,
consisting of representatives of:

1. B&H Council of Ministers - (nine members),
2. Republika Srpska Government - (five members),

3. Government of the Federation of Bosnia and
Herzegovina - (five members), and

4. The Government of the Br¢ko District - (two
members)

No coherent value system would impose itself as
general for the collective members and be subject to
preservation through legislation. The cessation of the
threat is the end of the collective, and members return
to a natural state that now corresponds to Rousseau's
preoccupation with himself and indifference to other
members of the same collective, which leaves the elites
unlimited space to act in self-interest. The protection of
the vital national (ethnoreligious) interest of the political
structures in the western Balkans, i.e., B&H, is like a
non-aggression pact, like a social contract based on
Hobbes' model. No one renounces their right to self-
preservation but renounces the right to interfere in and
prevent others from self-preservation. However, unlike
Hobbes' theory, each group is a hostage to the others to
protect their national interest (Hadzi¢, 2021). It directly
affects observed phenomena. The fact is that the floods
and landslides in B&H in 2014 took many human lives.
In addition, the financial damage is estimated at almost
4 billion KM (Bosnian convertible mark). The data
reflect the final assessment of the damage suffered by
domestic institutions and experts of the international
community. However, the political elites of entities could
not agree on a "national grief day." Therefore, the state
of B&H as a whole did not signify during the crisis. For
example, the Council of Ministers, the government of
B&H, held an extraordinary session only six days after
the floods began. The Council did not declare a state
of emergency at the level of B&H. However, political
reasons and inter/ethnic hybrid wars can not form
the basis for the lack of coordination and integrated
approach to crisis management and human security. As
a result, the study "Floods in B&H - Natural disasters
and institutional inefficiency" stated, "we express-open
fears that B&H could face the aforementioned worse
scenario and a much slower economic recovery (Centri
Civilnih Inicijativa, 2014).

For the whole region, the duration of droughts, the
frequency of floods from torrents, and the intensity
of soil erosion over the next century are expected to
increase. In addition, an increase in the frequency of hail,
storms, thunderstorms, and maximum wind speeds is
expected, which can pose a threat to all forms of human
activity and certainly to agriculture (Custovic et al.,
2015). Without the help of the international community,
civic solidarity, and humanity, it is questionable whether
the state would guarantee the security of its citizens.
So what do human security and climate change have
to do with each other? Human security is achieved
when individuals and communities have the solutions
necessary to end, diminish or adapt to threats to their
human, social, and healthy environmental rights; or when
they have the capacity and freedom to practice potential
responses to threats and to participate in acquiring the
necessary knowledge to do so actively (GECHS, 2013).
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Globally, the Intergovernmental Panel on Climate Change
addressed security for the first time in a 2015 report,
including them in the human security subsection. The
report states that climate change will increase the forced
migration of people due to a lack of natural resources
and extreme weather conditions, both in rural and urban
regions and especially in developing countries. Climate
change can indirectly increase the risk of armed conflict,
civil wars, and intergroup violence by exacerbating
poverty and causing economic shocks (McKim, 2015). Itis
evident that B&H citizens, having in mind the experiences
from the past, do not have sufficient capacity to face
the consequences successfully. The National Council
prepared vulnerability assessments for the hydrology
and water resources, forestry, agriculture, and health
sectors and confirmed that these sectors were affected
by the changed climatic conditions. However, nhowhere
is it explicitly stated that climate change harms human
security, nor is there a strategy to address these adverse
effects. In addition to drowning, the indirect danger
during floods is the potential contamination of surface
and groundwater and surrounding lands with hazardous
substances and wastewater. Human health is generally
very dependent on weather conditions, but the diseases
that are expected to have the most pronounced impact
on climate change are:

easthma, respiratory allergies, and diseases of the
respiratory system;

emalignant diseases;
evascular diseases;

ediet and foodborne illness, heat stress-dependent
illness and mortality;

emental health disorders and stress-induced disorders,
neurological disorders, vector-borne diseases, and
Zoonoses;

ewater-borne diseases (Aberle et al., 2012).

Gabriel Schwaderer from the EuroNatur Foundation
reminded that his organization, together with River
Watch, launched a campaign to preserve the "blue heart"
of Europe six years ago, as they described the rivers that
exist in the Balkan part of the European continent and
have mainly been spared on the hydroelectric power
plant. The hydro-morphological potential of the area
from Slovenia and Greece is estimated at 35 thousand
kilometers in large rivers alone. Schwaderer estimates
that about 1,500 kilometers of these rivers have been
"attacked" by various projects in the past six to seven
years, but most of the river's treasures are still intact,
so there is a chance that it will be preserved if it is
preserved it reacts decisively (Schwaderer, 2018). The
only question is to what extent certain circles in the
Western Balkans are aware of risks. Because they are

on the best path to sacrifice this wealth-in the name of
“clean and renewable energy" and harmonization with
EU standards, it is planned to build about 3,000 new
dams on Balkan rivers, and in Serbia alone, 856 sites
have been identified hydropower plants up to 10 MW.
If we examine the context of the Balkan river, a mix
of traditional networks within corruption activities has
been created. Building a large or small dam takes a lot
of concrete and construction work. It usually involves
the construction of access roads, tunnels, water mains.
It is an expensive job where it is hard to keep track of
actual costs. Albania is one of the examples where most
concessions for hydropower were issued in the election
year. Hydropower plants are given a gift to someone
who supported them during the election campaign. It is
like giving millions in money. As a result, small-capacity
hydropower plants are springing up in the region without
order, and river ecosystems are dying, causing artificial
floods and endangering human health due to impaired
natural groundwater filtration. Hydro-lobbies are well
connected with politics, so it was in Tito's Yugoslavia. It
already traditionally includes investors, hydro companies,
turbine companies, large banks, construction companies
(Eichelmann, 2019).

In the global framework, it is to be expected that the
probability of occurrence of the most extreme events
changes significantly, which can affect performance
banks and insurance companies. Furthermore, the
manufacturing sector and industry are also exposed,
mainly through the spillover effect from those most
vulnerable sectors. Adjustment produces positive
effects on the economy but also employment. It
specifically contributes to the preservation of existing
jobs by maintaining the viability and resilience of
existing companies. Furthermore, many measures will
conveniences require significant investment, which, in
turn, can stimulate demand for labor (European Trade
Union Confederation, 2020).

A report created by the United States Development
Agency (USAID) from 2017, which refers to climate risks,
predicts that reducing temperature and precipitation will
affect the cereal crops that dominate B&H agriculture.
(USAID, 2017) If we use the EH50M 2 global model,
the temperature in B&H increased from 0.7 to 1.6°C
between 1 and 2°C along the south coast and between 2
and 3° C in the interior. The highest increases will occur
in the summer in the internal areas (Aberle et al., 2012).
When we consider precipitation, the result will be a drier
climate during the summer (June-August). Precipitation
is expected to decrease by 50-100 mm (up to 10%).
Seasonally, the most significant effects are expected in
the fall, with the level of precipitation falling significantly
by up to 25%. Changes in the precipitation regime will
also be reflected in the time of occurrence, frequency,
and intensity of extreme events-high waters and

-10 -
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droughts. It means increased evapotranspiration and
more pronounced extreme minima in the watercourse
regime (Custovic et al., 2015).

On the other hand, more frequent precipitation of highly
high intensity will cause sudden swelling, often in the form
of floods. All this will lead to an even more pronounced
intra-annual unevenness of water runoff in B&H. Thus,
on the one hand, the availability of water resources will
generally decrease in the growing season when water
needs are most remarkable, and on the other hand,
the risk of floods will be more pronounced. Therefore,
B&H is very vulnerable to climate change because it
is susceptible to these threats and will be significantly
more exposed because the economic role of climate-
sensitive sectors, such as agriculture and forestry, has
a significant secondary impact. According to the World
Wide Fund for Nature (2012) report, in the whole of Serbia
in the last 50 years, the average annual temperature has
been up to 0.04°C per year. In some areas in the east and
southeast of the country, a negative trend of -0.05°C per
year. The most considerable increase in temperature is
in the autumn. (World Wide Fund of Nature WWF, 2012)
B&H has various relief, forest, and water resources and
numerous species that inhabit them. It is estimated that
there will be significant changes in grasslands, coastal
habitats, and forest ecosystems in response to changes
in the amount and seasonal distribution of precipitation.
In addition, as climate zones change, some species will
adjust their geographical range, while others will not
keep up with climate change and will decline (Institut
za Gradevinarstvo, 2021). In the last 130 years, from
2001 to 2019, at least one record was recorded per
month. The consequences are becoming more visible.
Climate norms in B&H are changing with increasingly
visible consequences. Agriculture is particularly affected
(Krajinovic, 2019). Increasingly frequent droughts and
floods have caused significant damage in the agricultural
sector, from which it is not easy to recover. Prolongation
of the vegetation period due to the increase of winter and
early spring temperatures leads to a greater possibility of
developing diseases and pests. Plant pathogens, pests,
and weeds are significant segments affected by future
climate change. Climate change will require changes in
technology, such as irrigation, and currently, he says,
less than one percent of agricultural land is irrigated.
All this will increase the incidence of bacteria whose
treatment can increase production costs, thus affecting
energy efficiency and emissions of greenhouse gases.
The impact on biodiversity, habitat reduction, and thus
endangerment of plant species and communities is
visible. The geomorphological structure of the terrain
of B&H is very complex, and the relief as the primary
modifier with vegetation determines the microclimatic
conditions of each field or river valley. Heatwaves,
droughts, intense rainfall, and stormy winds occur. In the
last ten years, B&H has faced several special extreme
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episodes that have caused enormous damage, including
human casualties. The most significant was the droughtin
2012 and the floods in 2014 (Krajinovic, 2019). Projected
changes in precipitation volume and distribution (spatial
and seasonal), combined with increases in temperature
and evaporation rates, are likely to cause more extreme
events (floods and droughts) and lead to a shortage of
water available during the summer months, especially
in the Mediterranean area and Herzegovina (the most
challenging situation will be in the limestone karst areas).
Approaches to adapting to climate change are currently
limited due to a lack of reliable data, a situation that needs
to be addressed urgently. Infrastructure improvements
(flood protection and water storage infrastructure) are
needed and mechanisms to better manage water supply
and distribution (Radusin et al., 2013).

There is a positive trend of precipitation in most parts of
the territory in Serbia, while there has been a decrease
in Serbia's eastern and southeastern parts. Therefore,
according to the A1B1 3 temperature rise scenario
projections, relatively consistent growth is expected
throughout the territory, with a somewhat more
pronounced positive trend in the east along the Danube
and in the southwest. It is similar to precipitation. A
milder negative trend is expected in the north of the
Vojvodina region and some southeastern and eastern
areas. In addition to the impact on the economy, changes
in biodiversity are expected (Rankovic et al., 2016).
Forests, one of the primary natural resources in Serbia,
cover over 32 percent of the territory and are expected
to change their composition, structure, and distribution
in response to changes in temperature and precipitation.
Elevated temperatures combined with more frequent
and intense droughts can also increase the risk of forest
fires. It directly affects a safe and healthy environment,
thus jeopardizing another dimension of human security
(Rankovic et al., 2016). All these effects of climate
change on health security, economic, food security, and
a healthy environment compromise the security of the
individual because they are often deprived of some of
them. If more than one individual is affected, we cannot
talk about community security. Finally, if the states
cannot ensure that their individuals live in a healthy
environment, have access to resources, a secure supply
of food, their economic needs are met, and adequate
health care is provided, then indeed the political security
of these individuals is threatened. Warnings of extremely
high temperatures have become commonplace in
Serbia. The process of climate change, or better said,
global warming, was initiated by excessive emissions of
greenhouse gases, which are increasing and bringing
terrible consequences to the atmosphere, oceans, sea
ice, continental land, ice, and snow. Warm climate zones
are expanding towards the poles and in height. In our
latitudes, the temperature rises 1.5 degrees in thirty
years, the total annual rainfall is almost unchanged, with
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the number of rainy days decreasing, and the intensity
of precipitation during precipitation episodes increases,
which is in line with the increase in temperature because
warmer air receives more water vapor. Therefore, we
should not be surprised by the floods in Germany or the
Balkan region in May 2014. Heatwaves are becoming
more numerous, more prolonged, and more intense, so
that since 2000, there have been six significant droughts,
and one of them in 2012 cost "Serbia's agriculture is two
billion dollars (Jovanovic, 2019).

Extreme climatic events negatively affect Croatia's
energy production, transmission, and distribution.
Reductions in rainfall in the summer cause a lower
contribution of hydropower plants with a simultaneous
increase in electricity demand in the summer months. By
reducing precipitation, a problem with the flow cooling
system also arises in the thermal power plant, which
harms production. Forest fires are natural disasters that
are increasingly occurring due to climate change, leading
to other natural disasters, such as drought, changes in
soil properties, and changes in biodiversity. Croatian
forestry is considered one of the most vulnerable
sectors. It is potential the highest probability of shifting
the phenological phases of forest trees, reducing the
productivity of individual forest ecosystems, higher
frequency of forest fires and prolongation of their
season, and possible shifting the distribution of forest
species and pests, including invasive species. The
increased risk of forest fires in Croatia observed in June
is significant as it indicates an earlier start to the Adriatic
fire season. However, the analysis also shows areas
with an increased risk of forest fires from the center
to the northern Adriatic, especially in July and August.
The increase in the risk of forest fires in the northern
Adriatic is due to a significant increase in average air
temperature and a significant decrease in precipitation
in the summer months (Drzavni hidrometeoroloSki zavod
republike Hrvatske, 2009). In case of an increase in the
frequency and intensity of negative weather phenomena
(ice breakers, windbreaks), more significant damage to
forest ecosystems is expected. In the fisheries sector,
climate change is putting additional pressure on the
marine ecosystem that is already there under the
influence of several anthropogenic factors, especially
overfishing, habitat destruction, and pollution. The
temperature of the Adriatic Sea is likely to rise by 1.6 to
2.4°C by 2070. The consequences are;

ethe migration of fish into deeper waters and to the north,
ea more significant number of invasive species,

ea decrease in or extinction of domestic fish species,
and

ea change in the choice of species for breeding (SAFU,
2017).

The temperature of the Mediterranean Sea is increasing
by 20 percent faster than the global average. As a result,
its level is predicted to increase by more than one meter
by 2100. Like no other sea, the Adriatic Sea is not an
isolated system, so all the pressures acting on the
Mediterranean to a greater or lesser extent appear in the
Adriatic. Since this is a shallow and semi-closed sea,
the risk of severe and lasting consequences of climate
change in synergy with intensive human activities such
as tourism or fishing has increased, not to mention
the exploitation of oil and gas. The high temperatures
and extreme weather events are changing the seabed,
and that the disappearance of Posidonia, coral, and
periscopes would have a tragic impact on the marine
ecosystem (Prvan, 2019).

Climate is one of the most critical factors in tourism
development and affects tourism trends. Croatia's most
significant tourist flows occur in the summer when the
sea and the sun are the most crucial tourist products. An
increasing number of tourists during anincreased number
of warm days increases the need for energy and water.
In 2015, 94% of total tourist flowed occurred in coastal
places. Significant changes in climate elements that
will affect tourist trends refer to increased temperature,
solar radiation, and a decrease in precipitation, resulting
in reduced water availability. Due to climate change,
the northern areas of Europe could become more
attractive for holidays during the summer months, and
the Mediterranean and thus Croatia could become more
attractive for the rest of the year (SAFU, 2017). Common
vulnerabilities in the health sector are associated with
extreme weather events conditions for chronic non-
communicable diseases and mortality, changes in the
epidemiology of communicable diseases, and impacts
climate change on air quality, water and food safety
contaminant levels in the environment (Rossati, 2017).
It poses a challenge due to the complex interactions of
environmental and other health impacts and insufficient
health-economic valorization of the impact of climate
change on health.

Historically, in Yugoslavia socialism, the idea of
linking economics and ecology in socialism was
a misunderstanding. In the "workers' desire" to
build a new society and raise the standard of living,
environmental reasoning was marginalized and
hazardous in competition with many labor heroes. In
an ideologized society, high party and state bodies
obstruct the development of society or the revolution.
In such conditions, post-Yugoslav invested all its energy
in accelerated industrialization and zealously fulfilled
parties, and states tasks did not pay much attention to
the environment. Inadequate focus on the environment
at the highest levels of political decision-making, lack
of environmental expertise the right and limited level of
public awareness of the negative impact of environmental
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degradation together represent an obstacle to positive
change in this sphere (lordanidi, 2021).

The literature lists many adaptation measures and
practices, depending on the form (technical, financial,
management), scale (global, regional, local), and
participants (farmers, government, private sector). In
general, adaptation measures could be divided into
seasonal changes and sowing time, the introduction of
new varieties, hybrids, and breeds, water supply, and
systems for irrigation, management of inputs such as
fertilizers, agronomic measures, and modifications or
changes to the breeding system. Also, many adaptation
and mitigation measures have been developed for
specific areas in the world. They are collectively called
best practices and are recommended for certain
environmental or social conditions in different parts
of the world. These measures require significant
financial investment, while others require information,
awareness-raising, and capacity building to address
new practices. Southeast Europe's (SEE) priority
in mitigation should strengthen institutional and
professional capacities for developing and implementing
climate policy, monitoring greenhouse gas emissions,
and planning, implementation, monitoring, reporting,
and verification of climate change mitigation measures.
Awareness of climate change issues and the need for
adaptation measures in public and among stakeholders
is limited (Radusin et al., 2013). As a result, there is a
need for greater involvement of civil society and more
vigorous advocacy activities. All of this requires active
communication to increase the importance of climate
change issues. There is a need for global and regional
cooperation on environmental security and security
in general. A review of security risks at the national
levels and their successful implementation in the entire
legislation is needed. Each Western Balkan country
must have a ministry to deal with the environment,
and the ministries of defense and security must take
environmental security as its reference object to which
it would be could guide future capacity and capability
development (Zizic, 2016).

Conclusion

There is no longer any doubt that the consequences of
climate change increase affect human security. For these
reasons, climate change and risk management bodies
must adapt to climate change. Will shortly additional
measures need to be taken to protect themselves health
and security of citizens, and policymakers will need to
anticipate changes in advance to protect employment
in those sectors most at risk. State parties will have an
essential role in building more resilient societies, whether
through new collective agreements or recommendations
for relevant policy measures.

A comprehensive analysis of climate change in the

Western Balkans has identified human health, security,
and quality of life as highly vulnerable to natural
disasters and weather changes. Therefore, Western
Balkans should jointly support sectoral interventions
to implement climate resilience measures to increase
social, security, and material protection. The agricultural
sector, forestry, water management, free-flowing rivers,
and Adriatic sea tourism are the ones that will suffer the
most significant consequences. As Western Balkans
is the region facing a real threat posed by climate
change, it is necessary to more actively promote the
concepts of environmental protection, conservation of
resources, and the use of renewable energy sources.
From Slovenia to Greece, the construction of more than
three thousand new hydropower plants is planned, and
the implementation of these projects has catastrophic
consequences for the environment. Recent plans for
exploiting all rivers are a critical factor of environmental
and human insecurity, eradicating the European "blue
heart," not correlated to the environment or hydro-
energy but systemic corruption. However, unfortunately,
it has not been correlated to the environment or energy
but systemic corruption and private interest. In order
to avoid a destructive future scenario, it is essential to
follow the provisions of the Paris Agreement on Climate
Mitigation, to gradually introduce climate-neutral green
economies by mid-2050. Furthermore, preserving and
improving the biosphere, rivers, seas, forests, and
meadows is crucial for the region. It is required to build
the necessary capacity, determining a general policy
course for low-emission development resilient to climate
change. Climate change in the Western Balkans contains
social and economic consequences. It is necessary
to take responsibility for all kinds of modern threats,
at all levels, without traditional justifications. A man is
an inalienable part of their environment, and these two
categories must exist in harmony and respect with each
other.

The capacity-building process, combined with the
implementation of climate change mitigation measures,
will steer Western Balkans on the right path to
meeting the conditions for EU membership in terms
of legal transposition/harmonization of legislation,
administrative capacity, and policy implementation. At
the institutional level, it is necessary to promote the
concept of human security policies through laws and
other acts or to incorporate it into existing ones; identify
the most vulnerable sectors; make risk and vulnerability
assessments, and action plans that will more actively
oppose climate change. In addition, it is critical to
integrate specific policies and projects into strategies,
identify existing adaptation opportunities to mitigate
climate change, and ensure international support.

The paper exposes institutional and political
shortcomings in addressing the problems of climate
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change in B&H and that the growing risk of climate risks
must be adequately communicated. Through Western
Balkans countries' joint action and a systemic approach, it
is possible to limit the consequences and work on capacity
building and create a more resilient community capable
of protecting its citizens by implementing human security
conceptualization policies. Therefore, activities for repairing
existing damages and vigorous action toward preventing
new floods, for which there are no guarantees that they
will not be repeated soon, must be realized in parallel.
Unfortunately, this is not the case in B&H. Action plans are
needed to build more modern defense systems to prevent
further floods in the Western Balkans. It is a priority, but the
authorities should co-ordinate to revise existing and develop
new strategies and programs. Given the efficiency shown

during the 2014 floods, B&H ethnopolitical authorities'
actions, and the complex state structure of government,
there is a high degree of ethnopolitical manipulation and
inefficiency. Besides, the lack of climate change awareness
and other issues characteristic of the Western Balkans
question the consequences that the Balkans could face a
worse scenario than massive floods from 2014 in the future.
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Cotylorhiza tuberculata
Denizanasi
Marmara Denizi

Marmara Denizi'nin glineyinde Ocaklar Koyu kiyllarinda Ekim 2021 ayinda gerceklestirilen
sualtl gbzlemleri sirasinda Ug farkli denizanasi tlirl tespit edilmistir. Bunlar Cotylorhiza
tuberculata (Macri, 1778), Aurelia aurita (Linnaeus, 1758) ve Beroe ovata (Bruguiére, 1789)’dIr.
Bu calismada genellikle Akdeniz’de yayim gdstermesine ragmen Marmara Denizi’nin giiney
kiyllarinda daha 6nce hi¢ gdzlenmeyen C. tuberculata tirtine ait iki birey gérilmustur. Bireylerin
semsiye ¢api siraslyla 25 ve 38 cm olarak hesaplanmistir. Mevcut galisma C. tuberculata
tdrindn Marmara Denizi’nin giiney kiyilarinda ilk kez bulunusunu rapor etmekte olup Marmara
Denizi igin yeni bir dagiim/yayiim alani bildirmektedir. Ayrica, bu calismanin Marmara Denizi
ekosistemindeki denizel turlerin biyolojik cesitliligi ve alansal dagiimi tGzerine énemli katkilar
saglayacagi dustniulmektedir.

Distribution of Cotylorhiza tuberculata (Macri, 1778) in Ocaklar Bay (Marmara Sea,

Keywords

Cotylorhiza tuberculata
Jellyfish

Marmara Sea

Giris

Turkey)
ABSTRACT

Three different jellyfish species were detected during the underwater observations which
were carried out in October 2021 on the shores of the Ocaklar Bay, southern Marmara Sea.
Observed jellyfish species are Cotylorhiza tuberculata (Macri, 1778), Aurelia aurita (Linnaeus,
1758), and Beroe ovata (Bruguiere, 1789). Although it generally spreads in the Mediterranean
Sea, two individuals of C. tuberculata species, which have never been observed previously in
the southern Marmara Sea, were seen in this study. The umbrella diameters of both individuals
were calculated as 25 and 38 cm, respectively. The present study reports the first occurrence
of C. tuberculata on the southern coasts of the Marmara Sea and a new distribution/range area
for the Marmara Sea. The present paper is also considered to provide significant contributions
to the biodiversity and spatial distribution of marine species in the Marmara Sea ecosystem.

ve Akdeniz havzasini dogrudan etkilemesi gibi cesitli

Denizanasi tlrleri Cnidaria filumunun serbest ylzen
pelajik Uyeleri ve Ctenophora filumunun planktonik
dyelerini olusturmaktadir. Cnidaria filumundaki bireylerin
vicut sekli can sekline benzemekte ve bu sayede aktif
yizme hareketi gerceklestirmektedirler (Richardson ve
ark., 2009). Denizlerdeki denizanasi miktarinin dinya
capinda arttigina isaret eden calismalar bulunmaktadir
(Mills, 2001; Sato ve ark., 2015). GUnimUzde denizanalari
balikgilik, turizm, insan saglig ve tim kiyisal alanlar
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(in Turkish)

nedenlerle 6nemli konulardan biri haline gelmistir (Turan
ve Oztiirk, 2011). Simdiye kadar bulunan fosil kayitlari,
denizanasinin basaril bir yasam formu olarak yaklasik
600 milyon yildir var oldugunu ve pek degismedigini
dislindirmektedir (Gershwin, 2016). Denizanalari
Atlantik, Pasifik, Asya ve Avustralya kiyilarinin subtropikal
veya tropikal sularinda dagihm géstermektedir (Cegolon
ve ark., 2013). Diinya genelinde dagiim gd&steren
denizanasi turlerinin 10000’den fazla oldugu ve bunlarin
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yaklasik 100 tanesinin insanlar icin toksik 6zelliklerinin
bulundugu belirtiimektedir (Mills, 2001; Cegolon ve ark.,
2013; isinibilir ve ark., 2021). Ozellikle zehirli olan tiirlerin
insanlarla etkilesimi sonrasi sebep oldugu zehirlenmeler
en sik karsilasilan olumsuzluklardandir. Premmaneesakul
ve Sithisarankul (2019) denizanasi zehirlenmesinin
Tayland’da énemli bir halk sagligi sorunu haline geldigini
bildirmistir. Denizanasi sokmalari, hafif cilt tahrisinden
olimle sonuclanabilecek ciddi sistemik semptomlara
kadar degiskenlik gostermektedir. Bazi arastirmacilar
kiresel 1sinma ve cevresel faktorler nedeniyle yakin
gelecekte denizanasi tlrlerinin ¢cok daha fazla bdlgede
gérilecegini ve bu canlilarin yikici etkilerinin daha fazla
ortaya cikacagini bildirmektedir (Mills, 2001; Purcell,
2005; Pauly ve ark., 2009). Ozellikle yogun olarak
bulunduklar yerlerde balik¢ilarin aglarinin tikanmasina
(Turan ve ark., 2011) ve dolayisiyla ekonomik deniz
canlilarinin avlanmalarini engel olmaktadir. Bu durum da
balik¢ilarin ekonomik agidan sorun yasamasina neden
olmaktadir. Bunun yaninda asiri avcilik (Purcell, 2005;
Fernandez-Alias ve ark., 2020), étrofikasyon (Fernandez-
Alias ve ark., 2020), iklim degisikligi (Gibbons ve ark.,
2016), translokasyonlar (6rn., balans suyuyla tasinmasi
(Akgakaya ve ark., 2010)) ve habitat modifikasyonu gibi
sebepler denizanasi turlerinin asiri cogalmalarina neden
olmaktadir (Richardson ve ark., 2009). Denizanalari
fiziksel ve biyolojik kosullardaki degisikliklere aninda
tepki verebilmektedir. Hem bentik polip asamasinda genc
denizanasi Uretim oranlarindaki degisiklikler (Kaschner ve
ark., 2016) hem de iyi kosullarda (6rn., ortamda ylksek
miktarda balik yumurta, larva ve juvenilleri bulunmasi)
artan beslenme ve blylime (Purcell, 2005) ile firsatci
tarlerdir.

Akdeniz kiyllarindaki denizanasi turlerinin alansal ve
zamansal dagilimi (Pérez-Ruzafa, 1989; Pérez-Ruzafa ve
ark., 2002; Gulsahin ve Tarkan, 2011a; Gulsahin, 2013;
Gilsahin ve ark., 2016; Isinibilir ve ark., 2021), biyolojisi
(Purcell, 2005; Sato ve ark., 2015; Kaschner ve ark.,
2016), ekolojisi (Gibbons ve ark., 2016; Fernandez-Alias
ve ark., 2020) ve filogenetik analizi (Glines ve Polat,
2019) Uzerine arastirmalar gergeklestirilmistir. Gulsahin
ve Tarkan (2011b) Ege Denizi’nde C. tuberculata tiri
denizanasi tlrinin asin fazla goérildigini denizanasi
patlamasi (jellyfish bloom) olarak rapor etmistir. Kikinger
(1992) Lefkada Adasi (Yunanistan) kiyillarindaki C.
tuberculata populasyonun yasam déngUsuni arastirmis
ve medizlerin varhigi, blydmesi, olgunlasmasi ve
yaslanmasini rapor etmistir. Oztiirk ve ark. (2006)
Gullik ve Gokova korfezlerindeki C. tuberculata’nin
bollugunu arastirmis ve 4-5 birey/m? olarak tespit
edildigini bildirmistir. Gulsahin ve Tarkan (2011b) Milas
kiyillarinda C. tuberculata’nin bollugunu 2 birey/m? olarak
kaydetmistir.

C. tuberculata tiri Akdeniz’e endemik bir denizanasi
tartdir (Isinibilir ve ark., 2017). Bu tirin lokasyon

konusunda titiz ve secici bir tir olmadigi bildirilmistir
(Palomaresve Pauly,2021). Genellikle, denizlerin cokderin
olmayan bentik boélgelerinde yasamayi tercih etmektedir
(Yetkin, 2016). Su kuslan (Sato ve ark., 2015), baliklar
(Mir-Arguimbau ve ark., 2019) ve deniz kaplumbagalari
(Yetkin, 2016) gibi bircok sucul organizma C. tuberculata
ile beslenmektedir. Diger yandan, bir av olarak
ekosistemde saglamis oldugu ekolojik gérevinin yaninda
dokunaglarinin da kig¢lk balklar tarafindan siklikla
saklanma ve siginma alani olarak kullanildigi bildirilmistir
(Sato ve ark., 2015; Yetkin, 2016). Benzer sekilde,
Oztiirk ve ark. (2018) Sarpa salpa ve Trachurus trachurus
turlerinin de C. tuberculata’nin tentakdillerini gegici bir
yasam alani olarak kullandidini belirtmektedir. Bununla
birlikte, denizanalan fitoplankton popdulasyonlarinin
duzenlenmesi ve &trofikasyon silrecinde su kalitesinin
korunmasi (Pérez-Ruzafa ve ark., 2002), gida olarak
tiketilmesi (Hsieh ve ark., 2001) ve molekiler biyoloji
alaninda yesil floresan proteini Uretilmesi (Zimmer, 2005),
ilac yapimi (Sugahara ve ark., 2006; Duyar ve S6nmez,
2006; Ohta ve ark., 2009) ve tibbi tedavi (Duyar ve
S6nmez, 2006) amaglariyla da kullaniimaktadir. Ayrica,
bazi blyUk denizanasi tirleri Cin yemeklerinde énemli bir
besin olarak degerlendiriimektedir. Bu tir denizanalari,
1970’lerde Japon pazarindan artan talep ile Glineydogu
Asya Ulkelerinin dénemli bir balikgilik GrinG haline
gelmistir. Japonya 2000’li yillarda Endonezya, Malezya,
Tayland, Singapur, Myanmar, Vietnam ve Filipinler’den
degeri yilda yaklasik 25,5 milyon ABD Dolar’na ulasan
denizanasi Urdnu ithal etmis ve ithal edilen bu Grlnlerin
agirhginin 5400-10000 ton arasinda degistigi bildirilmistir
(Omori ve Nakano, 2001). Bu diizeyde ekonomik degere
sahip olan denizanasi tirlerinin potansiyel avcilik Grind
olarak degerlendiriimesi icin muhtemel dagilim alanlarinin
belirlenmesi 6nem arz etmektedir.

Besin zincirinde ©nemli vyerleri olan denizanalari
ekonomik degeri olan balik stoklarn Uzerinde olumsuz
etkiler yaratabilmektedir (Omori ve Nakano, 2001; Mills,
2001; Birinci Ozdemir ve Ozdemir, 2017; isinibilir ve
ark., 2021). Bu nedenle, denizanasi tirlerinin varliginin
belirlenmesi ve izlenmesi blylk 6neme sahiptir. Bu
baglamda, mevcut calisma ile C. tuberculata tirinin
Marmara Denizi’nin giney kiyilarindaki varliginin ilk kez
ortaya konulmasi ve tiriin Marmara Denizi’ndeki yeni
bir dagilim alaninin tespit edilmesi nedeniyle Marmara
Denizi ekosistemindeki biyolojik ¢esitliligin izlenmesi ve
denizel organizmalarin alansal dagilimlarinin izlenmesi
acisindan arastirmacilara énemli bir katki saglayacagi
dustndlmektedir.

Materyal ve Yontem

Marmara Denizi’nin gliney kiyilarinda Ocaklar Koyu’ndaki
(Acarlive ark., 2021a) ve Kapidag Yarimadasi kiyilarindaki
(Acarli ve ark., 2021b) Pinna nobilis populasyonlarinin
izlenmesi calismalari kapsaminda gerceklestirilen sualt

-17 -



Mar Life Sci (2022) 4(1): 16-22

Kale & Acarli

gdzlemleri sirasinda bdlgedeki biyolojik ¢esitliligin daha iyi
anlasilabilmesi amaciyla SCUBA dalis ekipmanlari kullanilarak
ilave sualti gbzlemleri yapilmistir. Dalislar sirasinda sualti
gorsel sayim yontemleri arasinda Acarli ve ark. (2020) ve
Acarli ve Kale (2020a) tarafindan onerilen ydontemlerden biri
olan transekt yontemi kullanilarak kiylya dik bir hat boyunca
calisma alani gozlemlenmistir. Sualti gdzlemleri sirasinda
Ocaklar Koyu kiyllarinda (Sekil 1) Ekim 2021'de 2,5 m
derinlikte iki adet C. tuberculata bireyi gézlemlenmistir. Bu
bireyler sualti kamerasi (GoPro 4) ile goértntilenmistir (Sekil
2). Her iki C. tuberculata bireyinin de semsiye caplari sirasiyla
25 ve 38 cm olarak hesaplanmistir. Bu gdzlem sirasinda
deniz suyu sicakligi GEO2 dalis bilgisayari ile 18,4°C olarak
Olclimustir.

Sualti gbzlemleri sirasinda C. tuberculata disinda Aurelia
aurita, Beroe ovata denizanasi tirleri de tespit edilmistir
(Sekil 3).
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Sekil 1. Calisma alani
Figure 1. Study area

Sekil 2. Marmara Denizi giiney kiyillarindaki Ocaklar Koyu’'nda ilk
kez goriilen C. tuberculata bireyinin alttan (a) ve Ustten (b)
gorinimii

Figure 2. Bottom (a) and top (b) view of C. tuberculata individual
seen for the first time in Ocaklar Bay on the southern coasts
of the Marmara Sea

Bulgular ve Tartisma

Bu c¢alismada Marmara Denizi’nin glney kiyllarindaki
Ocaklar Koyu’nda yapilan sualti gézlemleri sirasinda Ug
farkll denizanasi tirl (A. aurita, B. ovata, C. tuberculata)
tespit edilmistir. Bunlarn iginde C. tuberculata tiri
Marmara Denizi’nin gliney kiyilarinda ilk kez gézlenmistir.

Sekil 3. Marmara Denizi giiney kiyilarindaki Ocaklar Koyu’ndaki
sualti gozlemlerinde tespit edilen denizanas tiirleri. a) C.
tuberculata (2 birey); b) Aurelia aurita ve C. tuberculata;
c) Aurelia aurita ve Beroe ovata (kirmizi halka icerisinde
gosterilen denizanasi tiir)

Figure 3. Jellyfish species detected during underwater observations
in Ocaklar Bay on the southern coast of the Sea of Marmara.
a) C. tuberculata (2 individuals); b) Aurelia aurita and C.
tuberculata; c) Aurelia aurita and Beroe ovata (the jellyfish
species shown in the red circle)

Acarl ve Kale (2020a) Ocaklar Koyu kiyilarinda yaptiklari
calismada 20 farkli tir tespit edildigini rapor etmis ancak
rapor edilen tlrler arasinda bu c¢alismada gbzlenen U¢
tirin de bulunmadigi belirlenmistir. isinibilir ve ark.
(2021) Marmara Denizi’nin kuzeyinde Blytkada kiyisinda
gerceklestirilen sualti gdzlemleri sirasinda C. tuberculata
tiriiniin Marmara Denizi’ndeki ilk kaydini bildirmistir. Ote
yandan, Marmara Denizi genelinde C. tuberculata tiriinin
alansal dagihmi/yayilisi Gzerine literatlre énemli katkilar
saglayan bu ¢alismada gorilen C. tuberculata bireylerinin
boylarinin 25 ve 38 cm oldugu hesaplanmistir. Gilsahin
(2013) Gokova Korfezi'nde gercgeklestirilen calismada
C. tuberculata bireylerinin 5,8 cm ile 38,6 cm arasinda
degistigini bildirmistir. Yazar C. tuberculata bireylerinin
Gokova Korfezi kiyllarinda Haziran-Kasim aylar arasinda
bulundugunu bildirirken 30-38 cm araligindaki bireylerin
ise daha ¢ok Eylil, Ekim ve Kasim aylarinda goéruldiguinu
rapor etmistir. Bu baglamda, mevcut calismada kendi
popllasyonu icerisinde gdrece biylk boy grubunda
olan C. tuberculata bireylerinin Ekim ayinda goértlmesi
zamansal dagihm konusunda literatirdeki bilgileri
desteklemektedir.

Premmaneesakul ve Sithisarankul (2019) sisme, kizariklik
ve insan cildinde tahris edici ve/veya toksik etkilere neden
olan nematosist sokmasi nedeniyle denizanasi turlerinin
toksik 6zellikleri diinya ¢apinda bilinen énemli bir saglk
sorunu oldugunu belirtmistir. Ancak, C. tuberculata
tartinin toksik 06zelligi bulunmamaktadir (Palomares
ve Pauly, 2021). Turkiye kiyilarindaki buylk denizanasi
tdrlerinden biri olmasina ragmen bu denizanasinin
sokmasi insanlar Uzerinde ya ¢ok az etkiye sahiptir
ya da hi¢ etkisinin olmadigi bildiriimistir (Gllsahin ve
Tarkan, 2011b). Yine de C. tuberculata’nin gugliu bir
sokma ozelligine sahip olmamasina ragmen hassas
cilt ve mukoz membranlarla temasi halinde hafif kasinti
olusturarak rahatsizlik verebilecegi bildiriimistir (isinibilir
ve ark., 2017). Diger yandan, toksik 6zellikleri bulunan
denizanasi turlerinin iklim degisikligi ve deniz ulasimi gibi
etkenler sayesinde dunyanin farkl bélgelerine tasinimi
nedeniyle yabanci tirlerin istilasi duinyanin bircok
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bolgesi icin oldukca blyUk bir sorun haline gelmistir.
Karadeniz’de 1990’larin basinda gemilerden gelen balast
suyuyla tasinan Mnemiopsis leidyi ekosistem igin gercek
bir stres olarak bildirilmis ve hamsi stokunun neredeyse
tikenmesine sebep oldugu belirtilerek (Gilsahin, 2013)
pelajik ekosistemde baskin tir oldugu vurgulanmistir
(Kideys ve ark., 2005; Ozdemir ve Ceylan, 2007; Mutlu,
2009; Birinci Ozdemir ve Ozdemir, 2017).

C. tuberculata tirintn goérildiigu andaki su sicakhgi 18,4°C
olarak dlgtlmustir. Kaschner ve ark. (2016) bu tirin tercih
ettigi sicaklik araliginin 17,7-19,3°C arasinda degistigini
ve ortalama 18,6°C olarak belirlendigini bildirmistir. Bu
acidan mevcut calismada dlgilen su sicakhg Kaschner
ve ark. (2016) tarafindan bildirilen degerler arasinda yer
almakta ve bu bilgileri desteklemektedir. Diger yandan,
Gulsahin (2013) bu tir icin optimum su sicakhiginin
23,63°C oldugunu belirtmistir. Purcell ve ark. (2012) ise
bu tlrde strobilasyonun 20-22°C arasinda goruldiguni
ve medizlerin Agustos ve Eylil aylarinda ortaya
ciktigini bildirmistir. Prieto ve ark. (2010) su sicakliginin
C. tuberculata poliplerini 6énemli 6lclde etkiledigini ve
strobilasyonun dar sicaklik araliinda meydana geldigini
rapor etmistir. Literatlrde verilen sicaklik degerlerine
kiyasla az da olsa disik su sicakliginda gbézlenen
bu tdrin sicaklik degiskenligine karsi gdsterdigi
toleransin genisledigi disinilmektedir. Oyle ki, sucul
organizmalar cesitli cevresel stres faktdrlerine karsi
adaptasyon gosterme egiliminde olduklarindan (Kale,
2019) optimum su sicakligi degerlerinde farkhlasmalar
olsa da uyum saglamaya calismaktadir. Onceleri daha
sicak sularda bulunan tirlerin iklim degisikligine bagli
olarak deniz suyu sicakliklarindaki artislar nedeniyle
daha kuzeydeki bolgelere hareket etmesi (Kale, 2019)
ve bazi bélgelerde daha dnce hi¢ gérilmeyen tirlerin
gorilmeye baslamasi da bu durumu desteklemektedir.
Ayrica, 2020 yilina kadar C. tuberculata tirinin Marmara
Denizi'nde hi¢ kayit edilmemis olmasina ragmen
Eylil 2020’de Isinibilir ve ark. (2021) tarafindan tespit
edilmesini takiben mevcut calisma ile de Ekim 2021’de
Marmara Denizi’nin glney kiyillarinda gértlmis olmasi
bu tirdn artik Marmara Denizi’nin tamaminda yayilim
gOsterebilecegini diUstndlirmektedir. Benzer sekilde,
Gulsahin (2013) Akdeniz’de su sicakhgi artisinin istilaci
denizanasi turlerinin daha 6nce goérilmedikleri kiyllarda
gorillebilecegi ortami saglayacagini ifade etmistir.
Bununla birlikte, Coll ve ark. (2010) Akdeniz’in i1sinmasi
nedeniyle hizla kuzeye ve batiya dogru yayilabilen
yabanci turlerin istilasinin Akdeniz’in biyolojik gesitliligini
degistirmeye devam edecek cok o©nemli bir faktor
oldugunu vurgulamistir. C. tuberculata tiri Akdeniz’e
endemik bir tlr olmasi nedeniyle Marmara Denizi
ekosistemi agisindan istilaci tir olarak gértlmemekle
birlikte birgok arastirmacitarafindan daifade edildigi izere
ozellikle iklim degisikligine bagh olarak su sicakhiginin
artmasi nedeniyle sucul organizmalarin kendi termal
tolerans araligindaki sicaklikta bulunan su ortamlarina

dogru hareket etmesi ve alansal dagilimini/yayilimini
kuzeye dogru genisletmesi birgcok arastirmaci tarafindan
rapor edilmistir (Vacchi ve ark., 2001; Mieszkowska ve
ark., 2006; Bianchi ve ark., 2013; Parravicini ve ark.,
2015; Kale, 2019; Kale, 2020; Kale ve ark., 2021). Morri
ve Bianchi (2001) denizel biyolojik cesitlilik ve iklimsel
degisiklikler arasinda bir iliski oldugunu ortaya koymustur.
Benzer sekilde Francour ve ark. (1994) Akdeniz’deki
denizel biyogesitliligin degisiklik gdsterdigini ve bu
degiskenligin deniz suyu sicakliginda meydana gelen
artis ile iliskili olabilecedini ifade etmistir. Bianchi ve Morri
(1993) Akdeniz’de turlerin alansal dagiliminin genislemesi
konusunda sicak sularda yasayan tilrlerin daha soguk
sularin  oldugu bdlgelere dogru gerceklestirdikleri
goglerin muhtemelen kalici termofilik vahalardan ziyade
yildan yila iklimsel degiskenlik ve dalgalanmalarla ilgili
olduguna dikkat c¢ekmektedir. Bianchi (2007) kiresel
isinmanin dogrudan ve dolayli etkiler yoluyla &zellikle
su sirkllasyonunu degistirerek sicak su tdrlerinin
yayllmasini  destekledigini vurgulamaktadir. Nitekim,
C. tuberculata bireylerinin goértldigli Ocaklar Koyu
kiyllarinda Acarli ve Kale (2020b), Mayis 2015-Nisan
2016 arasinda ylizey suyu sicakliginin 8-27°C arasinda
degiskenlik gosterirken dip suyu sicakliginin ise 6-24°C
arasinda degistigini rapor etmistir. Acarli ve ark. (2021a)
ise Haziran 2021’de su sicakhginin 22,2-27,8°C arasinda
degiskenlik gosterdigini not etmistir. Acarli ve ark. (2021b)
Kapidag Yarimadasi kiyllarinda yapilan c¢alismada
Temmuz 2021-Agustos 2021 aylarinda su sicakhigini
24,4-30,0°C olarak kaydetmistir. Bu calismalardan
elde edilen bulgular degerlendirildiginde Ocaklar Koyu
kiyllarindaki su sicakhdinin zamanla kademeli olarak
artis gosterdigi anlasiimaktadir. Lotan ve ark. (1994)
skifomeduizlerin y1gin olusturabilmesinin besin ve sicaklik
ile iliskili oldugunu bildirmistir. Prieto ve ark. (2010) C.
tuberculata igin 6ncelikli kosulun su sicakligi oldugunu ve
poliplerinin 16°C’den daha dusuk su sicakliginda eseysiz
Ureme gerceklestiremedigini rapor etmistir. Giderek
artan sicaklik degerleri ve ortamdaki besin seviyesinin
istilaci tdrlerin bu bdlgede goérilmesine uygun ortam
saglayabilecedi tahmin edilmektedir.

Sonug

Sonug olarak bu g¢alisma ile Marmara Denizi’nin gliney
kiyilarindaki Ocaklar Koyu’nda yapilan sualti gézlemleri
sirasinda U¢ farkli denizanasi trl (A. aurita, B. ovata, C.
tuberculata)tespitedilmistir.Bunlarini¢cinde C. tuberculata
tiri Marmara Denizi’nin giney Kkiyillarinda ilk kez
g6zlenmistir. Ayni zamanda, Marmara Denizi genelinde
C. tuberculata tirinin alansal dagilimi/yayihmi Gzerine
de 6nemli katkilar saglamaktadir. C. tuberculata tirinin
Marmara Denizi’nde yerlesmeye baslayip baslamadigi
ve Kkalici popdulasyonlar olusturabilme potansiyelinin
belirlenmesi acisindan ileriki ¢calismalarda tirin alansal
dagiliminin/yayiliminin izlenmesi énerilmektedir.
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Anahtar Kelimeler
Denizcilik

Yat turizmi

Yat limani

Gemi atiklan

Atik yonetimi

Yat turizmi diinyada ve Turkiye'de en ¢ok gelisen turizm sektérleri arasinda yer almaktadir. Yat
turizmin surekli gelisme icerisinde olmasi Ulke ekonomileri agisindan olumlu olmakla birlikte
cevre ile ilgili endiseleri de beraberinde getirmektedir. Yat limanlarinin dogasi geregi birden
fazla cevresel zorlugun bulustugu yerler olmasi sebebiyle limanlarda bu cevresel zorluklar
ve kirlilige neden olan faaliyetlerle miicadele edilmesine yénelik dizenleme ve uygulamalar
yapilmasi surdurllebilir gevre agisindan blylk 6neme sahiptir. Yat limanlarinin ¢cogunun
kentsel alanlar icinde veya kentsel alanlara yakin olmasi bu alanlarda uygulanmasi gereken atik
y6netiminin 6énemini daha da artirmaktadir. Bu ¢alismada yatlarin ve yat limani isletmelerinin
atik yonetimlerine iliskin yasal mevzuat incelenmis ve bu kapsamda gelistirilen Mavi Kart
Sistemi'ne iliskin gesitli kaynaklardaki degerlendirmeler derlenmistir. ilgili mevzuati ortaya
koymasi ve yeni sayilabilecek bir sistem olan "Mavi Kart Sistemi" alaninda yapilan ¢alismalarin
az olmasi sebebiyle bu ¢alismanin literatlre katki saglayacagi degerlendiriimektedir.

Legal regulations for the management of yachts originated wastes in marinas and "Blue

Keywords

Maritime

Yacht tourism
Marina

Ship waste

Waste management

Giris

Deniz turizminin ana bilesenlerinden biri olan yat
turizmi son vyillarda sektoére olan ilginin artmasi ile
birlikte surekli bir gelisim gdstermektedir. Yat turizmi,
yuksek gelir saglayan en 6nemli turizm cesitlerinden

Cite this article as
Canak, Y. & Bastug, S. (2022). Legal regulations for the management of yachts originated wastes in marinas and "Blue Card System". Marine and Life

Card System"
ABSTRACT

Yacht tourism is among the most developing tourism sectors in the world and in Turkey. The
fact that yacht tourism is in continuous development is positive for the country's economy,
but it also brings concerns about the environment. Since marinas are places where more than
one environmental challenge meets by nature, it is of great importance in terms of sustainable
environment to make regulations and practices to combat these environmental challenges
and activities that cause pollution in ports. The fact that most of the marinas are in or close
to urban areas increases the importance of waste management that should be applied in
these areas.In this study, the legal legislation on waste management of yachts and marina
businesses has been examined and the evaluations in various sources regarding the "Blue
Card System" developed in this context have been compiled. It is considered that this study
will contribute to the literature due to the fact that it reveals the relevant legislation and that
there are few studies in the field of the Blue Card System, which is a system that can be
considered new.

biri olmasi, slrdUrillebilir gelisim olanaklari saglamasi
ve Urln cesitliligi saglamasi sebebi ile Tarkiye turizmi
icin stratejik bir tercih olarak degerlendiriimelidir.
Yat turizminin son vyillarda hizla gelismesi yatlardan
kaynakli deniz kirlenmesini de beraberinde getirmistir.

Sciences, 4(1): 23-30. (in Turkish)
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Dinyanin halihdzirda ylUzlesmekte oldugu kiresel
isinma ve iklim degisiklikleri gibi hususlar géz énliinde
bulunduruldugunda kiresel isinma, strdurulebilir cevre,
cevrenin korunmasi gibi kavramlar 6n plana ¢ikmaktadir.
Cevre kirliliginin bir gesidi olan deniz kirliliginin énlenmesi
de cevrenin korunmasi agisindan buyudk bir 6neme
sahiptir.

Gemi kaynakl deniz Kirliliginin dniine gegmek amaciyla
bircok uluslararasi, bodlgesel ve ulusal anlamda yasal
duzenleme yapilmis ve ¢esitli uygulamalar gelistirilmistir.
Bu calismada yatlarin dizenleme kapsamina giren
atiklar, yatlarin ve yat limani isletmelerinin bu baglamda
tabi olduklar uluslararasi ve ulusal mevzuat incelenmis
olup bu alanda gelistirilen Mavi Kart Sistemi'nin
degerlendiriimesi hedeflenmistir.Yatlarin ve yat limani
isletmelerinin tabi oldugu yasal mevzuati ortaya
koyulmasi ve Mavi Kart Sistemi'ni farkli bakis acilariyla
incelenmesi acisindan ¢alismanin bilimsel literatlre katki
saglayacagi degerlendiriimektedir.

Materyal ve Yontem

Bu calismada vyat atiklar, yatlarda ve vyat limani
isletmelerinde yat kaynakli atiklarin yénetimi icin yasal
dizenlemeler ve "Mavi Kart Sistemi" incelenmistir.
inceleme iki asamada icra edilmistir.

Oncelikle uluslararasi ve ulusal calismalar incelenmek
suretiyle literatlr taramasi yapilmistir. Literattr taramasi;
"“Yat Turizmi (Yacht Tourism)", "Yat Limani (Marina)",
"Gemi Atiklarn (Ship Waste)", "Atik Yonetimi (Waste
Management)" anahtar kelimeleri kullanmak suretiyle
"Web of Sciences" lzerinden 2010 yili sonrasindaki
Turkce ve Ingilizce makalelerin incelenmesi, "Mavi
Kart Sistemi" anahtar kelimesi kullanmak suretiyle
"DergiPark" ve "TR Dizin" Gzerinden 2015 yili sonrasi
Tirkce makalelerin incelenmesi, "Cevre Yonetimi" ve
"Atik Yonetimi" konularina iliskin uluslararasi sézlesme
ve dizenlemelerin "International Maritime Organization
(IMO)" resmi internet sitesi Uzerinden incelenmesi ve
yine bu alanlarda Turkiye'deki kanun ve yénetmeliklerin
"T. C. Resmi Gazete" Uzerinden incelenmesi suretiyle
yapilimistir.

Literatlr taramasi neticesinde yatlardan kaynakl atiklari,
yatlardan kaynaklanan atiklar icin uluslararasi ve ulusal
yasal duzenlemeler belirtiimis ve farkll bakis agilarindan
Mavi Kart Sistemi'nin avantaj ve dezavantajlan ortaya
konulmustur.

Gemi Atiklan

"Atik" kavramini deniz Kirliligin 6nlenmesine iliskin
uluslararasi anlamda en temel dizenlemelerden Dbiri
olan "MARPOL 73/78 Sozlesmesi" kapsaminda ele
almak muimkinddr."MARPOL 73/78 Sozlesmesi" 6 ek
protokolden olusmakta olup bu protokoller 6 farkli kirlilik
cesidi icin kirlenmeyi 6nleyici kurallar koymaktadir. Bu

kurallar asagida oldugu gibidir (IMO, 2011):

-"Ek | Petrolden Olusan Kirlenmenin Onlenmesi igin
Kurallar": Petrol, ham petrol, akaryakit ve rafine
Urtnlerinden kaynaklanan atiklar kapsamaktadir (sintine
suyu, kirli balast, slag, slop, atik motor yagi vb.).

-"Ek Il D6kme Zehirli Sivi Maddelerle Deniz Kirlenmesinin
KontrolU icin Kurallar": Dékme zehirli sivi maddelerin
kimyasal madde tankerleri ile tasinmasi sirasinda olusan
atiklan ifade etmektedir.

-"EkIlIDenizde AmbalajliHalde Tasinan ZararliMaddelerle
Olusan Kirlenmenin Kontrolii igin Kurallar": Paketlenmis
zararll maddelerle ilgili hiktmler icermektedir.

-"Ek IV Gemilerden Cikan Pis Sularla Kirlenmenin
Onlenmesi igin Kurallar": Bu kapsamda degerlendirilen
pis su; her cgesit tuvalet, tibbi yerlerde bulunan legen,
klvet ve frengilerden gelen akintilar, icinde canli hayvan
bulunan mahallerden gelen akintilar veya yukarida
tanimlanan akintilarla karisan diger atik sular ifade
etmektedir.

-"Ek V Gemi Copleri ile Kirlenmenin Onlenmesi igin
Kurallar": Geminin olagan calismasi sirasinda Uretilen
her turll ¢op igerikli atiklarin neden oldugu kirlilige iliskin
kurallar icermektedir.

-"Ek VI Gemi Baca Gazlarindan Kirlenmenin Onlenmesi
icin Kurallar": Ozon tabakasina zarar veren gazlarin
saliniminin engellenmesi ve gemilerin baca (egzoz)
gazlarindan ¢ikan "azot oksit (NOx)" ve "kikurt oksit
(SOx)" iceren emisyonlarin sinirlandiriimasina yonelik
duzenlemeler icermektedir.

"MARPOL 73/78 Sbzlesmesi" eklerinin "uygulama"
maddeleri incelendiginde Ek I'in aksi belirtiimedikge tim
gemiler icin gecerli oldugu, Ek II'nin aksi belirtiimedikce
zehirli sivi maddeleri toplu halde tasiyan tUm gemiler
icin gecerli oldugu, Ek IlI'Un aksi agik¢a belirtiimedikge
paketlenmis halde zararli madde tasiyan tim gemiler icin
gecerli oldugu, Ek IV'Un 400 gros ton Uzeri gemilere ve
400 gros tonaj alti gemilerden 15 Uzeri personel tasiyan
gemiler icin gecerli oldugu, Ek V'in aksi belirtiimedikce
tim gemiler icin gecerli oldugu ve Ek VI'nin ise istisna
olarak belirtilen gemiler haric tim gemiler igin gegerli
oldugu goértlmektedir. Bu kapsamda calismamizin ana
temasini teskil eden yatlarin, MARPOL 73/78 S&zlesmesi
Ek I, ve Ek V hikimlerine tabi olduklarini, kismi olarak
ise Ek IV ve Ek Vl'ya tabi olduklarini séylemek yanls
olmayacaktir (Bu calismada MARPOL 73/78 Ek VI
kapsamindaki hikimler irdelenmemis olup konu ile ilgili
ayn calismalar yapilabilecedi mitalaa edilmektedir).

Yat Limani isletmelerinin Yat Kaynakh Atik
Yoénetiminde Ulusal ve Uluslararasi Mevzuat

"Yat" kavrami TUrk Dil Kurumu tarafindan, "yaris ya da
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Ozel geziler icin kullanilan, yelkenli ya da motorlu gemi"
olarak, Turizmi Tesvik Kanunu'nda (1982); "kamarasi,
tuvaleti, lavabosu, mutfag olan, ticari olarak veya ticari
olmadan gezi ve spor amaciyla kullanilan, yik, yolcu ve
balik¢i gemisi niteliginde olmayan, tasidigi yolcu sayisi
onikiyi gecmeyen veya kabotaj seferinde yiz mille sinirl,
en yakin karadan yirmi milden fazla uzaklasmamak
sartiyla tasidigr yolcu sayisi otuz altlyr gegmeyen ve
tonilato belgesinde yat oldudu belirtilen gemi" olarak
tanimlanmistir. Gemi Adamlar Yonetmeligi'nde (2002)
ise "yat"lar, "ticari yatlar" ve "6zel yatlar" olarak ikiye
ayriimis ve her iki ikisinde de bir gemi ¢esidi olarak
tanimlanmistir. Bu tanimlardan hareketle yatlarin bir gemi
cesidi olarak gemiler ile ilgili dlizenlemelere tabi oldugu
sonucuna varilabilecektir.

Gemi Atiklan ile ilgili uluslararasi dizenlemelerin en
basinda "MARPOL 73/78 S&zlesmesi (Denizlerin Gemiler
Tarafindan Kirletilmesinin Onlenmesine Dair Uluslararasi
Sozlesme)" gelmektedir. Soézlesmeye iliskin faaliyetleri
"IMO (Uluslar Arasi Denizcilik Orgiitii)"koordine
etmektedir. Sézlesme 1973 yilinda imzalanmis ve 1978
yilinda degistiriimistir. Sézlesme ismi ingilizce "Marine
Pollution" kelimelerinin ilk G¢ harflinden turetilmistir.
Anilan soézlesme genellikle kisaca "MARPOL 73/78"
olarak bilinmektedir (IMO, 2011).

"MARPOL 73/78 So6zlesmesi" nin, "Gemi Copleri ile
Kirlenmenin Onlenmesi icin Kurallar" baslikli 5'nci Eki
ile sd6zlesmeyi imzalayan Ulkelere limanlarda atik kabul
tesislerinin yapilmasi zorunlu tutulmustur. Bu atik kabul
tesislerin bu ekte belirtilen ¢copleri kapsayacak sekilde
oldugu, kullanici gemilerin ihtiyaglarina goére olmasi
gerektigive butesislerde icra edilen faaliyetlerin gemilerde
gereksiz gecikmeye neden olmayacak sekilde yapilmasi
gerektigi belirtiimistir. "MARPOL 73/78 Sozlesmesi" ne
gore denizlerin, iki yolla kirletildigi belirtiimistir. Kirlenme
cesitlerinden birincisi denizlerin petrol, pis sular, ¢opler
vs. ile yapilan kirlenme, ikincisi ise kaza neticesinde
olusabilecek deniz kirlenmesidir. S6zlesmeye gore deniz
kirliliginin dnlenebilmesi igin bu iki kirlenme c¢esidinin
Onlenmesi gerekmektedir. Turkiye "MARPOL 73/78
Soézlesmesi'nin tim ek protokollerine (Ek 1-VI) taraftir
(IMO, 2021).

"MARPOL 73/78 Soézlesmesi" haricinde gemi atiklarina
yonelik olarak yapilmis olan diger uluslararasi ve bélgesel
Olcekli dlizenlemeler asagidaki tabloda sunulmustur.

Tarkiye'de gemi atiklari ve limanlarin ¢cevre ydénetimi
ile ilgili ulusal dizenlemelerin basinda"Cevre Kanunu",
"Su Kirliligi Kontrolti Yénetmeligi", "Gemilerden Atik
Alinmasi ve Atiklarin Kontroli Y&netmeligi", "Limanlar
Kanunu", "Limanlar Y&énetmeligi", "Deniz Cevresinin
Petrol Ve Diger Zararli Maddelerle Kirlenmesinde Acil
Durumlarda Mudahale ve Zararlarin Tazmini Esaslarina
Dair Kanun" ve "Deniz Cevresinin Petrol Ve Diger Zararli
Maddelerle Kirlenmesinde Acil Durumlarda Midahale ve
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Yonetmeligi"gelmektedir.

Tablo 1. Gemi Atiklarina Yonelik Uluslararasi ve Bolgesel Olgekli
Diizenlemeler (Késeoglu ve ark., Sakar 2016; Akaltan ve Isik,
2019; www.imo.org)

Table 1. International and Regional-scale Regulations on Ship Waste
(Koseoglu ve ark., Sakar 2016; Akaltan ve Isik, 2019; www.

imo.org)
Kisa Adi Sozlesme Tam Adi
CLC1969CLC  Petrol  Kirlliji Hasarma liskin ~ Uluslararasi  Si-
1992* vil  Sorumluluk  Sozlesmesi  (International  Conven-
tion on Civil Liability for Qil Pollution Damage)
INTERVENTION  Petrol Kirliligi Kazalarinda Atk Denizlere Miidahaleye fliskin

1969 Uluslararasi Sozlesme (International Convention Relating to In-

tervention on the High Seas in Cases of Qil Pollution Casualties)

Atiklarn  ve Diger Maddelerin  Denize  Bosaltiima-
si Yoluyla Deniz Kirliliginin Onlenmesi Hakkinda Soz-
lesme (The Convention on the Prevention of Mari-
ne Pollution by Dumping of Wastes and Other Matter)

London Dumping
Convention-LDC
1972- LC 1972

Barcelona Con-  Akdeniz'in  Kirlilige Karsi Korunmasi Sozlesmesi (Bar-
vention selona Sozlesmesi) (The Convention for the Protec-
tion of the Marine Environment and the Coastal Re-

gion of the Mediterranean (Barcelona Convention))

UNCLOS 1982  Birlesmis  Milletler  Deniz  Hukuku Sozlesmesi (The
United Nations Convention on the Law of the Sea)

OPRC 1990 Petrol Kirliligine Karsi Hazirlkii Olma, Miidahale ve isbirli-
gi ile ligili Uluslararasi Sézlesme (International Convention

on Qil Pollution Preparedness, Responseand Co-operation)

FUND 92 Petrol  Kirliligi  Zararlan  icin  Uluslararasi  Tazmi-
nat Fonu Kurulmasina Dair Sozlesme (Internatio-

nal Convention on the Establishment of an Internatio-

nal Fund for Compensation for OQil Pollution Damage)

Bucharest Con-  Karadeniz'in Kirlenmeye Karsi Korunma-
vention s8I Sozlesmesi (Bikres Sozlesmesi) (The Conventi-
on on the Protection of the Black Sea Against Pollution)

OPRC-HNS Tehlikeli ve Zararli Maddelerin Neden Oldugu Kirlilik Olay-
Protocol larna Karsi Hazirlik, Midahale ve Isbirligi Protokoli (Pro-
tocol on Preparedness, Response and Co-operation to pol-

lution Incidents by Hazardous and Noxious Substances)

Directive Gemilerden Kaynaklanan Atiklar icin Liman Kabul Tesisleri
2000/59/EC 2000 /59 AB Direktifi (Port Reception Facilities for Ship-Ge-
nerated Waste and Cargo Residues - 2000/59 EC Directive)

BWM-2004 Gemi Balast Suyu ve Sedimanlarinin Kontrolii ve Yonetimi Hak-

kinda Uluslararasi Sozlesme (International Convention for the
Control and Management of Ships Ballast Water and Sediments)

*Sozlesme 1992 yilinda yenilenmis olup bu isimle de anilmaktadir.

"Cevre Kanunu", cevre ile ilgili genel terimler, cevre
kirliligi ve cevre kirliligine engel olunmasi gibi konulara
aciklik getiren, cevre ile ilgili Turkiye'deki en genis ¢apli
kanun olarak nitelendirilebilir. Cevre Kanunu, ¢evrenin
korunmasina yoénelik tedbirlere, yasaklamalara ve
cezalara ydnelik dizenlemeleri kapsamaktadir. Kanunun
amacl, surdurulebilir kalkinma hususlart géz 6nitnde
bulundurularak tim canh varliklarin igcinde yasadigi
cevrenin, sUrdUrllebilir ¢evre prensipleri 1siginda
korunmasidir (Cevre Kanunu, 1983).

Cevre alaninda ¢okga karsimiza cikan bir kavram olan
"surdurdlebilir cevre" kavramini bahse konu olan kanun
cercevesinde, gelecek nesillerin ihtiya¢c duyacagi bitin
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cevresel degerlerin sosyal, mali, fiziki vb. alanlarda
iyilestiriimesi, sahip c¢ikilarak korunmasi ve surekli Gizerine
yeni seyler koyarak gelistiriimesi olarak tanimlamak
mUmkUinddr.

Bu kanunda her bireyin, doganin korunmasi ve cevre
kirliligin engellenmesi ile yukimluliklerinin oldugu ve
konuyla ilgili ylrtrlige konulacak dnlemlere ve belirtilen
kurallara uymak zorunda oldugu acik bir sekilde
belirtiimektedir. Anilan kanunda, faaliyetler esnasinda
enerjinin etkin olarak kullaniimasi esas olup strdurulebilir
bir cevre icin isletmeler, ¢cevreye duyarli yeni teknolojilerin
kullanilmasi konusunda tesvik edilmistir.

Cevre Kanunu'nun kirletme yasagi ile ilgili sekizinci
maddesinde her tirll atidi, cevreye zarar verecek sekilde
dogaya birakmanin yasak oldugu belirtilmistir. Kirlenme
ihtimalinin oldugu durumlarda ilgililer kirlenmeyi 6nlemek
ve Onleyici tedbirleri almakla yUkimlli tutulmustur.
Bu husus atiklarinin bertaraf edilmesi konusunda
¢ok onemli bir cerceve cizmektedir. Bu madde vyat
limani isletmelerinde vyatlarin higbir sekilde cevreyi
kirletemeyecegini, cevreyi kirletecek sekilde atiklarini dis
ortamlara (denizel alana) basamayacagini acgik bir sekilde
belirtmektedir. Yat atiklarinin dogal olarak bir kirlenme
ihtimali olusturacak olmasindan dolayr bahse konu
olan kanun vyatlarin yani sira yat limani isletmelerinin
de kirlenmeyi durduracak sekilde 6énlem almasini ifade
etmektedir.

Gemi atiklari ve limanlarin cevre yonetimi ile ilgili bir
diger diizenleme olan "Su Kirliligi Kontrolt Yénetmeligi",
Ulkedeki su kaynaklar potansiyelinin korunmasi,
kaynaklarin etkin sekilde kullanilmasi ve su kirlenmesine
mani olmak amaciyla gerekli olan hukuki ve teknik
esaslari duizenleyen yonetmeliktir. Anilan yénetmelik
bu esaslari saglarken sirdurulebilir kalkinma hedeflerini
g6z 6nunde bulundurur. Yénetmelik, su kaynaklarinin
kullanim amagclarini, su kalitesinin korunmasina iliskin
esaslari, atik sularin bosaltma prensiplerini, atik sularin
bosaltimina iliskin izin esaslari, atik su altyapi tesislerine
iliskin esaslar ve su kirliliginin engellenmesi maksadiyla
yapilacak denetim esaslarini kapsamaktadir.

"Gemilerden Atk Alnmasi ve Atiklarin Kontroll
Yoénetmeligi® gemi atiklarinin  ydénetimi  konusunda
en oOnemli yonetmeliklerden birisidir. Buydnetmeligin
amaci,gemilerin normal faaliyetleri sonucunda ortaya
¢ilkan atiklanin  denize atilmasina engel olunmasi
icin atiklarin transfer edilmesi ve depolanmasi
sureclerinin yonetilmesine, atik bertarafi icin limanlarda
kurulmasi gereken atik kabul tesislerine ve atik alma
gemilerine iliskin esaslari duzenlemektir.Yénetmelik
hakdmleri,"Turkiye'nin deniz yetki alanlarinda bulunan
gemileri, bu alanlarda bulunan limanlarda yapilmasi
gerekli atik kabul tesislerini, atikk alma gemilerini ve
atiklarin bertaraf tesislerine tasinmasini" kapsamaktadir.
Bahse konu olan yénetmelikte "gemi" kavrami "kullanma

amaci ne olursa olsun, denizde ve i¢ sularda kirekten
baska bir aygitla yola cikabilen, tim deniz araclari, hava
yastikli tekneler, hidrofil botlar, platformlar ve denizaltilar
gibi her tdrli yapi ve tipteki tekne" olarak, "liman"
kavrami ise "Tersaneler, marinalar ve yat limanlar ile
balik¢i ve gezinti tekneleri de dahil olmak Uzere tim
gemilerin muhtelif faaliyetlerinde kullanabilmeleri amaci
ile insa edilmis ve donatilmis deniz ve kiyi yapilarn" olarak
tanimlanmistir (Gemilerden Atik Alinmasi ve Atiklarin
Kontroli Yonetmeligi, 2004). Buradan hareketle bahse
konu olan ydnetmeligin yatlar ve yat limani isletmeleri
icin atik yénetimi konusunda baglayicilik olusturdugu net
bir sekilde ifade edilebilecektir.

"Gemilerden Atk Alinmasi ve Atklarin Kontroll
Yonetmeligi" deniz ve gevresinin korunmasina yonelik
olarak gemilerden ¢ikan atiklari denize atmanin yasak
oldugunu ve gemi atiklarinin atik tesislerine transfer
edilmesi slreclerinde sorumlu kisilerin, dogaya zarar
vermeyecek dnemleri almasi gerektigini belirtiimektedir
(Gemilerden Atik Alinmasi ve Atiklarin Kontroli
Yonetmeligi, 2004).

"Gemilerden Atk Alinmasi ve Atiklarin Kontroll
Yonetmeligi" yonetmelikte tanimlanan atiklar disinda
kalan atiklarin bakanlik (T.C. Cevre, Sehircilik ve iklim
Degisikligi Bakanligi) izni disinda limanlara alinmasini
yasaklamakta ve limanlarda atik kabul tesislerinin
kurulmasini zorunlu tutmaktadir. Devaminda ise atik
ybnetim slreclerine iliskin  "Liman Yd&neticilerinin
YUkUmlalUkleri"ni de net bir sekilde ifade etmektedir.
Buna gore liman ydneticileri;atiklarin gecikmeye mahal
verilmeksizin alinmasi,atik kabul tesislerinde toplanan
atiklarin"2872 Sayil Cevre Kanunu" ve ilgili ydnetmelikler
geregince bertaraf islemlerinin yapilmasi ve toplanan
atiklara iliskin "Atik Transfer Formu" doldurularak aylik
periyotlarla ilgili valiliklere génderilmesi konusunda
yOkimli tutulmustur (Gemilerden Atik Alinmasi ve
Atiklarin Kontrolli Yonetmeligi, 2004).

Bir diger mevzuat olan "Limanlar Kanunu", "Tirkiye
limanlarina girip cikan butliin gemiler ve deniz araglari"nin
uymakla ylikimld oldugu bir kanun olmasi sebebiile yatlar
ve yat limani isletmeleri icin de baglayicilik olusturdugu
degerlendiriimektedir (Limanlar Kanunu,1925:2). Bu
kanunda net olmayan hususlar "Limanlar Yénetmeligi"
ile detaylandirimistir.

"Limanlar Yénetmeligi", limanlarda idari sinirlar, idari
sahalari, demirleme sahalarini belirlemekte, bu idari
sahalarda gemilerin manevralarinda uyacaklar kurallari,
yik ve yolcu islemlerini, kilavuzluk ve rémorkdrcilik ile
ilgili islemleri ve idari sahadaki cesitli emniyet ve disiplinin
ile ilgili hususlarn dizenlemektir (Limanlar Yénetmeligi,
2012). "Limanlar Yonetmeligi" amac¢ kisminda belirtildigi
Uzere daha gemilerin liman ici manevra kurallarini
duzenlemeye yodnelik olmasina ragmen ydnetmeligin
23. maddesi cevre konusunda dikkat edilecek kurallar
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dizenlemeye yoneliktir.

Bu alanda bir diger kanun olan "Deniz Cevresinin
Petrol ve Diger Zararli Maddelerle Kirlenmesinde Acil
Durumlarda Mudahale ve Zararlarin Tazmini Esaslarina
Dair Kanun";

- gemiler ya da kiyi tesislerindeki ¢esitli faaliyetler sonucu
ortaya cikabilecek acil durumlarda kirlenme tehlikesini
oOnlemek icin uygulanacak hal tarzini,olay vukuu
bulmussa zararlarin tespit saptanmasi ve 6detilmesine
yonelik esaslari,

- kirlenmeye yonelik uluslararasi zorunluluklarin uygulama
seklini,

-kanunun baglayicilik olusturdugu gemiler, kisiler ve
tesislerin gorev alanlari ile sorumluluk dagilimlarini,

belirlemektedir (Deniz Cevresinin Petrol ve Diger Zararli
Maddelerle Kirlenmesinde Acil Durumlarda Midahale ve
Zararlarin Tazmini Esaslarina Dair Kanun, 2005).

Bahse konu kanunun, bu amaclar cergevesinde
uluslararasi ve milli hukuk kurallari neticesinde olusan
yukimlUliklerini g6z ©6ninde bulundurdugu ayrica
belirtilmistir.

"Petrol ve diger zararli maddelerle kirlenmeye neden
olabilecek faaliyetleri icra eden kiyi tesisleri" anilan
kanun kapsami igerinde tutulmaktadir (Deniz Cevresinin
Petrol ve Diger Zararli Maddelerle Kirlenmesinde Acil
Durumlarda Mudahale ve Zararlarin Tazmini Esaslarina
Dair Kanun, 2005). Yat limani isletmelerinde icra edilen
akaryakit transferleri kirlenmeye neden olabilecek
faaliyetler olarak degerlendiriimekte olup bahse konu
olan kanunun bu ydénlyle yat limani isletmeleri igin
baglayicilik olusturdugu degerlendirilmektedir.

"Deniz Cevresinin Petrol Ve Diger Zararli Maddelerle
Kirlenmesinde Acil Durumlarda Mutdahale ve Zararlarin
Tazmini Esaslarina Dair Kanunun Uygulama Y&netmeligi"
ise "Deniz Cevresinin Petrol ve Diger Zararli Maddelerle
Kirlenmesinde Acil Durumlarda Mudahale ve Zararlarin
Tazmini Esaslarina Dair Kanun" hutkimlerinin verimli
bir sekilde vyuritilmesini saglayacak ilkeleri ve bu
uygulamalarin  tatbikine iliskin alinacak &nlemleri
ve uygulamaya iliskin yéntem ve duzenlemeleri
aciklamaktadir.

Mavi Kart Sistemi (MKS)

Denizcilik atiklarina yonelik olarak "Cevre ve Sehircilik
Bakanligi Cevre Yonetimi Genel Mudurligi" tarafindan
2020/21 sayii "Denizcilik Atiklari Uygulamasi Hk."
genelgesi yayimlanmistir. Bahse konu genelgede
Tarkiye'nin ~ deniz  yetki alanlarinda  gemilerden
kaynaklanan atik faaliyetlerinin yUritilmesinde atik
bildirme y6ntemleri ve atik alimindan sorumlu kisilerin
atiklarin transferi esnasinda kullanmalari zorunlu tutulan

"Gemi Atk Takip Sistemi" ile "Mavi Kart Sistemi"ni
kapsamakta olan "Denizcilik Atiklart Uygulamasi
(DAU)"na yonelik hal tarzi anlatiimistir.

Bahse konu genelge geregince;

"Denizcilik Atiklari Uygulamasi (DAU)"; "Gemilerden
Atik Alinmasi ve Atiklarin Kontroll Yénetmeligi uyarinca
gerceklestirilecek is/islemlerde kullanilacak olan ve Gemi
Atik Takip Sistemi ile Mavi Kart Sistemi’ni kapsayan
¢evrim ici uygulamayi” ifade etmektedir.

"Gemi Atik Takip Sistemi (GATS)"; "150 GRT ve Ustlndeki
petrol tankerleri ile 400 GRT ve Usttndeki diger gemilerin
ve bu gemilere hizmet veren kiyi tesislerinin Gemilerden
Atik Alinmasi ve Atiklarin KontrolU Yénetmeligi hiktumleri
geregince gerceklestirecekleri islemleri ¢cevrimici olarak
dizenleyen uygulamay!" ifade etmektedir.

"Mavi Kart Sistemi (MKS)"; "Bayragdi ne olursa olsun
GATS kapsami disinda kalan atik Uretecek donanima
sahip olan butin gemiler ile bu gemilere hizmet veren kiyi
tesislerinin (balkgi barinaklari, yat limanlari, cekek yerleri
ve buna benzer kiyi tesisleri ile kara ile baglantisi olmayan
ylzer tekne baglama yerleri ve platformlarda) Gemilerden
Atik Alinmasi ve Atiklarin Kontroll Yonetmeligi hikimleri
geregince gerceklestirecekleri islemleri ¢cevrimici olarak
dizenleyen uygulamay!" ifade etmektedir.

Yukarida belirtildigi gibi belirli bir tonaj Gzerinde bulunan
gemilerin atik bertaraf sorumluluklarinin verimli olarak
takibini yapmak amaciyla yirirlige konulan "Gemi
Atik Takip Sistemi"nin en blyuk getirisi, gemilerin atik
ybnetim slrecinde yapmalari gereken bildirimlerin
elektronik ortam Uzerinden veri girisi yapilarak takip ve
kontroliniin saglanmasi olmustur.

"Mavi Kart Sistemi" ise yukarida GATS igerisinde belirtilen
gemiler disinda atik Uretecek butin gemilerde ve bu
gemilerin liman yapilarinda yUrUtllecek transfer slirecinin
elektronik ortamda takibini yapmak ve atiklarn takibi
surecinin daha kolay ve hizli bir sekilde yUrattilmesine
imkan saglamaktadir. Yatlar tonajlarinin kiicik olmasi
sebebi ile atik islemlerini MKS'ye gore yurutmektedirler.

Bahse konu genelgede ayrica Bakanlhgin, Cevre
ve Sehircilik il Mudirliklerinin, gemi acenteleri ve
gemilerin, denetc¢i kurum/kuruluslarin ve atik alma gemisi
isleticilerinin yakumlaltkleri detayli olarak belirtilmistir.

Bulgular ve Tartisma

Genelanlamdalimanlar cevre agisindan oldukca karmasik
sistemlerdir. Bir limanin varligi ve kurulumlarinin herhangi
bir sekilde genisletilmesi, belirli bir habitat kaybi anlamina
gelmektedir. Limanlarda gerceklestirilen normal faaliyetler
bir sekilde, atik su desarijlari, hava kirliligi, gtraltd, toprak
kirliligi, tarama, atik Uretimi, kazayla suya veya havaya
salinimlar, vb. cevresel etkilerle iliskilendirilebilir (Trozzi
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ve Vaccaro, 2000). Bu gevresel etkilerden biri olan gemi
kaynakli kirliligi nlemek maksadiyla son yillarda yapilan
calisma ve dizenlemeler artmistir.

Yat atiklarindan ydnetilmesine yoénelik yururlikte olan
uluslararasi ve ulusal mevzuattan yukarida bahsedilmistir.
Yatlarin atik yénetimine iliskin olarak ulusal ve uluslararasi
anlamda tek bir mevzuat bulunmamakta olup yatlar atik
yénetimi icin bir cok mevzuatta bahsedilen hususu yerine
getirmek durumundadir. Mevzuatlar incelendiginde
ise fakli odak noktalar oldugu goérilmektedir.Asagida
yatlarin atik yonetimi icin tabi olduklari ulusal mevzuat
ve ilgili mevzuatin odak alani anahtar kelimeler seklinde
tabloda verilmistir.

Tablo 2. Atik Yonetimi igin Ulusal Mevzuat ve Odak Alanlari
Table 2. National Legislation and Focus Areas for Waste Management

Kisa Adi Sozlesme Tam Adi

Gevre Kanunu -"gevrenin korunmasi"

-"su kaynaklan potansiyelinin korunmasi"
-"su kirlenmesinin 6nlenmesi"

-"atiklarin alinmas!"
-"atiklarin depolanmasi”
-"atiklarin bertaraf tesislerine tasinmasi”

-"atik kabul tesisleri"-"atik alma gemileri"

Su Kirliligi Kontrolii Yonetmeligi

Gemilerden Atik Alinmasi ve
Atiklarin Kontrolii Yonetmeligi

-"demirleme sahalarinin belirlenmesi"
-"deniz araglarinin manevra kurallan"

-"yiik ve yolcu tahliye islemleri"

-"kilavuzluk ve rémorkorcilikislemleri"
-"seyir, can, mal, cevre givenligi ve emniyeti

Limanlar Kanunu/Yonetmeligi

-"acil durumlarda kirlenme tehlikesinin orta-
dan kaldinlmas”

-"kirlenmenin azaltiimas!"

-"kirlenme sonucu ortaya ¢ikan zararlarin
tespit ve tazmin esaslar"

-"uluslararasi yikiimliltiklerin yerine getiril-
mesi esaslar"

Deniz Gevresinin Petrol Ve
Diger Zararli Maddelerle
Kirlenmesinde Acil Durumlarda
Miidahale ve Zararlarin Tazmini
Esaslarina Dair Kanun/Uygula-
ma Yonetmeligi

Calismanin yukaridaki kisimlarinda da belirtildigi Gzere
"yat"lar icin bircok tanimlama mevcuttur. Yatlarin ¢ok
farkh tanim, boyut ve 6zelliklere sahip gemiler olduklari
g6z 6ninde bulundurularak, yatlarin gevre yonetimi ve
atik yénetimi icin belirtilen farkli odak noktasi iceren farkl
mevzuatlar yerine tUm mevzuatlarda gecen hususlari
icerecek sekilde ulusal bir mevzuat olusturulmasinin faydali
olacagi degerlendiriimektedir.

Turkiye'nin deniz yetki alanlarinda yatlardan kaynaklanan
atiklarin yonetimi icin gelistirilen "Mavi Kart Sistemi"nin
faydalari; c¢evrimici uygulama ile 7/24 atk takibi
yapilabilmesi, geminin durdurulmasina gerek olmadan
kontrol saglanabilmesi, toplanan atiklara iliskin envanter
kaydi yapilabilmesi, ulusal ve uluslararasi yukimluliklerin
saglanmasi ve denizlerin gemi kaynakli atiklar nedeniyle
kirletiimesinin engellenmeye calisiimasidir (Kabak, 2019).

Ote yandan Paker (2020) Mavi Kart Sistemi'nin gergek
bir fayda saglamaktan cok uzakta oldugunu, yat limani

isletmelerinin ve kiyi tesislerinin halihdzirdayeterli alt yapi
donanimina sahip olmadiklarini belirtmekte ve konuya iliskin
problemleri asagida oldugu gibi siralamaktadir:

- Yodun ddnemlerde yat limani isletmecileri yUksek
miktarlarda sivi atigi almaktan kaginmaktadirlar.

- Bir koya sabit olarak demirleyip (Ozellikle Gécek bdlgesi)
uzunsdurelerce ordabulunanteknelerdenetlenilememektedir.

- Alim tesislerinin yakit istasyonuna konulmus olmasi
uygulamada sikintilara sebep olmaktadir. Tekneler atiklarini
vermek icin, sefere cikacakmis gibi hazirlk yapmakta
doénuste tekrardan tekneyi neta etmek zorunda kalmaktadir.

- Tekerlekli kara tankerleri ile atik toplanmasi durumunda
atik miktar 6lclilememekte, tekne tarafindan belirtilen miktar
esas alinmaktadir.

- Mavi kartlar bir cok yerde elektronik olarak okutulamamakta,
daha sonraislenmek Uzere makbuzlar verilmekte ve bu durum
sistem amacinin atik kontrolli yerine makbuz biriktirmek
oldugu yonunde bir algiya sebep olmaktadir.

Tugdemir ve ark. (2016), glinimuzde tUim alanlarda en ¢ok
kullanilan kavramlardan birinin "strdUrulebilirlik" oldugunu,
cevresel sirdirilebilirligin, deniz turizminin  gelecegi
bakimindan olduk¢a énemli bir kavram oldugunu ve deniz
turizminin vazgecilmez bir pargasi olan yat limani isletmeleri
icin de cevresel strdirilebilirligin blylk énem arz ettigini
belirtiimistir. Bu kapsamda; yat limani isletmelerinde
cevresel surdurdlebilirligin saglanmasi igin tim isletmeciler
ve kullanicilarinin da cevresel sirdirilebilirlik yaklasimlari
benimsemesi gerektigi belirtiimis olup yat limani
isletmelerinde cevresel sirdurdlebilirlik ile ilgili en édnemli
konunun "atik yonetimi" oldugu vurgulanmistir. Yatlarda
ve yat limani isletmelerinde atik yonetimi kapsaminda
gelistirilen Mavi Kart Sistemi'nin 2015 yilindan itibaren
Turkiye'deki yat limani isletmelerinde kademeli olarak
kullaniimaya baslandigi belirtiimistir. Anilan calismada,
yatlarin seyir glizergahlarinda bulunan yat limanlarina
atiklarini verebilmesinin ¢evre emniyeti ve surdirulebilirlik
acisindan 6nem arz ettigi belirtilmistir.

Buradan hareketle Mavi Kart Sistemi'nin basariya
ulasmasinin sadece bazi yatlarda ve baz isletmelerde
uygulanmasiyla mimkin olmayacagl, yatlarn seyir
yapan unsurlar oldugu ve farkli limanlara ziyaret ettikleri
g6z o6nlnde bulundurularak, sistemin basarisinin tim
unsurlarinin organize gayretiyle saglanabilecegini séylemek
mumkunddr.

Mavi Kart Sistemi'nin isleyisi ve isleyiste karsilasilan
sorunlarin ortaya konulmasini  amagclayan baska bir
calismada (Kosar Danisman ve ark., 2016);

- Guney Ege Bolgesi’nde faaliyet gdsteren yat limani
isletmelerinde, mevcut atikk alim noktalarinin yeterli
olmadigini ve eksik bolgeler icin yeni atik alim noktalari
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olusturulmasi gerektigi,

- Baziisletmelerin zaman zaman sisteme baglanamadigini
veya sistemden otomatik olarak veri isleme yapamadigi,

- Guney Ege Bodlgesi’nde yogunlugu fazla olan bazi
yat isletmelerinin yogunluga bagli olarak zaman zaman
sikintilar yasadiklari,

- llgili mevzuatin eksik yénlerine yénelik olarak; teknelere
yonelik yaptinmlarin yetersiz oldugu,belediyelere yonelik
yaptinmin olmamasi ve bazi belediyelerin atiklari derin su
desarjiyla denize bosalttigi,prosedirlerin oldukca yogun
oldugu ve teknelere yapilan denetimlerin seyrek oldugu,

belirtilmistir.
Bahse konu olan ¢alismada ¢6zim &nerileri olarak ise;

- Kiyr atik alim tesislerinin artinimasi ve buna paralel
olarak, atik alim gemi sayilarinin artirilmasi,

- Kullanilan yazihmda karsilasilan iletisim sorununun
giderilmesi,

- Mavi Kart Sistemi ile ilgili Bakanllk veya Cevre
il Mudirltkler’nde  konuya hakim ve  teknik
destek saglayabilecek yeterlilikte bilgili personelin
bulundurulmasi,

- Tekne sahipleri/yatcilarin gereken bilince sahip olmasi
gerektigi,

belirtilmistir.
Sonug

Genel anlamda gemi kaynakli atiklarin yénetiminin temel
hedefi, cevre kirliliginin engellenmesidir. Yasal ve teknik
bir zeminde ciddi bir gcevre koruma politikasi gelistirmeyen
Ulke denizlerinde, deniz tasitlarinin, atiklarini en kolay ve
en ucuz sekilde kontrolsliz alanlara bosaltmak suretiyle
bertaraf ettigi bilinmektedir. Bu durumda llkemizin de
Ozellikle i¢ denizler barindirmasi sebebi iledaha siki
tedbirler almasi ve uygulamasi gerekmektedir (Aktoprak
ve ark., 2015).

Yatlardan kaynaklanan atiklarin toplanmasi ve "Atik
Kabul Tesisleri"ne alinmasi, uluslararasi ve ulusal
yUkUmlGlUklerin bir geregi olup, bu alana gereken énemin
verilmesi ile yatlardan kaynaklanan atiklar ile olusan deniz
kirliliginin  6nlenebilecegi  kiymetlendiriimektedir."Atik
Yonetimi", cevrekirliliginin dnlenmesinde ve strdrilebilir
cevre konusunda bir yapi tasi niteliginde olup bu kavram
ayni zamanda Aktoprak ve ark. (2015) belirttigi Uzere
ekonomik bir deger de ifade etmektedir.

Yukarida incelendigi Gzere yat kaynakli atiklarin yénetimi
icin uluslararasi ve ulusal dizeyde yasal dizenlemeler
mevcuttur ancak dizenlemeler farkli odak alanlarina
sahiptir.Yatlarin yapilari geregi 06zel gemiler olmasi

sebebiyle, yatlarin ¢cevre ydnetimi ve atik ydnetimi icin
belirtilen tUm mevzuatlarda gecen hususlari icerecek
sekilde ulusal bir mevzuat olusturulmasinin faydali
olacagi degerlendiriimektedir.

Yat atiklarinin takibi maksadiyla gelistirilen Mavi Kart
Sistemi'nin iliskin farkh calismalarda belirtilen hususlar
yukarida belirtilmistir. Buna goére uygulamanin faydali
oldugu alanlar olmakla birlikte yetersiz gérilen bircok
alan mevcuttur. 2015 yilindan itibaren kademeli gecis
uygulanan sistemin sdrekli bir gelisme icerisinde
oldugu g6z dninde bulundurularak sistemle ilgili gtincel
arastirmalara ihtiyagc oldugu degerlendiriimektedir.
Bu kapsamda sistemin, atiklarin gevrimigin takibine
olanak saglamasi acgisindan teorik olarak faydal
oldugu dustnilmekle birlikte daha detayl ve glincel
saha arastirmalan yapilarak sistemin avantaj ve
dezavantajlarinin tekrar gézden gegirilmesi ve yetersiz
goérulen alanlara iliskin ¢&zUm &nerileri Uretilmesi
faydali olacaktir. Yapilacak arastirmanin Ulkemizde
uygulanmakta olan yasal cerceveye goére gelistiriimis
olan bu sistemden hareketle Ulkemizde uygulanan yasal
mevzuatin yeterli olup olmadigi ve ilave yasal diizenleme
ihtiyaci olup olmadigi hususunda da énemli ipuclari
verebilecedi degerlendiriimektedir.

Bu baglamda, yukarida belirtilen 6nerileri dikkate alan
yatlarin atik yonetimi icin ulusal bir mevzuat olusturmal
ve hizlh bir sekilde yurarlige konulmalidir. Bunun
saglanmasi gelecek nesillere birakabilecegimiz en blyiik
miraslardan biri olan temiz ¢evre agisindan ve Ulkemizin
yat turizmi cazibesi acisindan 6nem arz etmektedir.

Ote yandan, bu galisma yat atiklarinin yénetimine iliskin
farkh kaynaklarda gecen hususlari derlemesi agisindan
o6nem arz etmekle birlikte muteakip doénemlerde
calismada belirtilen alanlarda yat ve yat isletmecilerinin
katilimiyla nitel arastirma yontemleriyle saha arastirmasi
yapillmasi veya Mavi Kart Sistemi'ne iliskin istatistiksel
veriler toplanarak nicel dlgekli calismalar yapilmasi, atik
ybnetimi ve en nihayetinde cevre ydnetimi alaninda yat
turizmine blyuUk katkilar saglayacaktir.

ETiK STANDARTLARA UYUM

Yazarlarin Katkisi

Yazarlar makaleye esit oranda katki saglamislardir.

Cikar Gatismasi

Yazarlar herhangi bir ¢ikar catismasi olmadidini deklare etmektedir.
Etik Onay

Yazarlar bu tir bir calisma icin resmi etik kurul onayinin gerekli
olmadigini bildirmektedir.
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Giris

Neon tetra, Paracheirodon innesi, akvaryum sektori agisindan oldukga ytksek degere sahip
bir balik tiridur. Bu galismada, farkl protein kaynaklarinin (soya protein konsantresi, soya unu,
balik unu, karides unu, krill unu, misir gliiteni, ve tavuk unu) erken dénem proteaz enzimleri
Uizerine inhibe edici etkilerini bulmak amaciyla invitro analizler yapilmistir. Calisma sonunda,
en yuksek inhibisyon orani bitkisel protein kaynaklarindan soya protein konsantresinden
(%53,59+0,58) elde edilmistir. Diger yandan, en disik inhibisyon oranlar karides ve tavuk
unundan elde edilmistir (sirasiyla, %21,88+0,74 ve %21,88+1,26) (p>0,05). Sonug olarak, bu
tlrin erken dénem beslenmesinde karma yemlerinde soya protein konsanteresinin protein
kaynagi olarak kullaniimamasi gerektigi kanaati dogmustur.

sources on protease activity of Neon tetra, Paracheirodon
innesi (Myers, 1936) juveniles

ABSTRACT

Neon tetra, Paracheirodon innesi, is a highly valuable fish species for the aquarium sector.
In this study, to determine the inhibitory effects of different protein sources (soybean protein
concentrate, soybean meal, fish meal, shrimp meal, krill meal, corn gluten and chicken meal)
on early life stage proteases, invitro assays were applied. At the end of the study, the highest
inhibition ratios were obtained from soybean protein concentrate (53.59+0.58%) as plant
protein sources. On the other hand, the minimum inhibition ratios were obtained from shrimp
and chicken meal (21.88+0.74% and 21.88+1.26%, respectively) (p>0.05). In conclusion, it is
concluded that the soy bean protein concentrate should not be used in the commercial diets
as protein source on ongrowing size of this species.

olan tur, ortalama 2-3 cm boya ulasabilir (Sealey ve ark.,

Akvaryum baliklan yetistiriciligi sektorl, ekonomisi bu
tirlerin ihracatina dayali gelisen ve gelismekte olan
Ulkeler agisindan oldukga ylUksek ticari Gneme sahiptir
(Sanaye ve ark., 2014). Neon tetra, Paracheirodon innesi,
baligi da dinya akvaryum sektériinde ¢cok dnemli yere
sahip bir tath su bahdi tiridir. Charasidae familyasina
dahil olan bu tir, Giney Amerika kitasinda ozellikle
Kolombiya, Peru ve Brezilya’nin akarsularinda dogal
yayllim gdésterir. Omnivor beslenme 0&zelligine sahip

(631 5) th_is article as
Erbatur, I. & Gokgek, C. K. (2022). Effect of different protein sources on protease activity of Neon tetra, Paracheirodon innesi (Myers, 1936) juveniles. Marine

and Life Sciences, 4(1): 31-34. (in Turkish)

2009).

Balik yetistiriciligi sektériinde ¢calisan yem Ureticisi ve balik
ciftlik isletmeleri agisindan bakildiginda en dnemli husus,
baliklara sunulan yemlerin en verimli sekilde sindiriimesi
ve dolayisiyla baliklarin verilen proteinden en ylksek
derecede faydalanabilmesidir. Bunun i¢in, hazirlanan
yem rasyonunun o tlre 6zgl en uygun protein miktar ve
kompozisyonuna sahip olmasi beklenir (Halver, 2002).
Gerek balik unu yapiminda kullanilan ve dogadan avcilik
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yolu ile elde edilen balik tirlerinin stoklarinin korunmasi
acisindan, gerekse yem (Ureticileri yem maliyetlerini
minimize edebilmek amaciyla balik yemlerinde balik
ununa alternatif olarak vyerini ikame edebilecek
hammaddeleri uzun suredir kullanmaktadirlar. Ancak,
her ne kadar aminoasit kompozisyonu acisindan balik
ununa benzer bitkisel ve hayvansal yem hammaddeleri
hali hazirda kullaniliyor olsa da, baliklarin bUylme
performansi, saglklari ve pelet kalitesinde halen istenilen
basariya ulasilamamistir.

Bu tlrln erken dénem beslenme 6zelliklerinin tespiti
(Sanaye ve ark., 2014), tam kontrolli sartlarda Gretimi
(Kucharczyk ve ark., 2010), stok yogunlugunun blyime
ve yasama oranlari Uzerine etkisi (Budiardi ve ark.,
2008), 1sik yogunlugunun iridoforlarin olusumuna etkisi
(Yoshioka ve ark., 2011), ten rengi degisimine etkileyen
faktorler (Clothier ve Lythpoe, 1987) ve dinyadaki
ticari islem hacmi Gzerine (Mayoza ve ark., 2018) farkl
alanlarda bir ¢cok bilimsel arastirma yapilmistir. Ancak,
erken dbénem sindirim enzimleri ve bunlar Uzerinde
etkisi olan faktoérler Uzerinde heniiz bir bilimsel ¢alisma
yapiimadigi tespit edilmistir. Bu ¢alisma ile kulugkahane
sartlarinda Uretilmis olan Neon Tetra baliklarin proteaz
aktiviteleri Uzerine bitkisel ve hayvansal kokenli protein
kaynaklarinin olasi inhibe etkilerinin ortaya konulmasi
amaclanmistir.

Materyal ve Yéntem
Balik Materyali

Denemede kullanilan baliklar bir ticari akvaryum baliklari
Uretim tesisinden temin edilmistir. Deneme, bir cift
damizliktan elde edilen jlveniller Uzerinde yapilmistir.
Baliklar, ayni ortamda 35 gun sire ile Artemia nauplii
ile beslenmis, takip eden 5 gln igerisinde %47,5 ham
protein iceren ticari bir karma yeme dereceli olarak
gecis yapmistir. Baliklar glinde 3 6gin ad libitum olarak
elle beslenmistir. Analizlerde kullanilacak olan 6rnek
baliklar 40. ginde son yem alislarindan 1 saat sonra
rastgele secilmis, 1,5 mL’lik ependorf tlplere teker
teker konulmus ve kuru buz icerisinde invitro analizlerin
yapildigi Hatay Mustafa Kemal Universitesi Ziraat
Fakiltesi Zootekni Bo&limi Su Urinleri Yetistiriciligi
Uygulama Laboratuvarr’na getiriimistir. Ornekler, analize
kadar -20°C’de muhafaza edilmistir.

Enzim Analizleri
Proteaz Aktivitesinin Ol¢iimii

Arastirmanin  40. gunlinde &rneklenen Neon tetra
baligi jlvenillerinin toplam proteaz enzim aktivitesi
spektrofotometrik yontemle olctlmastir (Walter, 1984).
Analizin mantidi; substrat ortaminda (kazein, %1),
baliklardan elde edilen sindirim enzimlerinin tampon
¢ozelti olan Tris-HCI (50 mM, pH 9,0) ile reaksiyona
sokulmasi,37°C’de 1saatlikinklibasyonsiresisonrasinda
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karisima 500puL Trikloroasetikasit (TCA) (%20) eklenerek
durdurulmasi ve absorbansin spektrofotometrede 280
nm‘de dlgllmesine dayanmaktadir.

inhibisyon Analizleri

Ticari balik yemlerinde protein kaynagi olarak kullanilan
soya protein konsantresi (S. P. K.), soya unu, balik unu,
karides unu, krill unu, misir gliteni, ve tavuk ununun
sahip oldugu ham protein oranlar Kjeldahl metoduyla
tespit edilmistir. inhibisyon oranlarinin tespiti icin ilk
once balik érneklerinden elde edilen enzim ekstraktlari
(20 pl) ile yemlerde kullanilan protein kaynaklari (20 pl)
25°C’de 60 dk tampon c¢ozelti icinde (Tris-HCI pH 9,0,
500 pl) inklibe edilmistir. Kontrol grubunda test edilen
protein kaynagi yerine saf su kullaniimistir. Daha sonra,
karisima kazein (%1,1, 100 pl) eklenmis ve inkibasyona
2 saat slreyle devam edilmistir. Reaksiyon, TCA (%12,
500 pl) eklenerek durdurulmus ve karisimin absorbans
degeri spektrofotometrede 280 nm’de dlctlmuUstir
(Garcia-Carreno 1996, Alarcon ve ark., 1999).

istatistik Analizler

Verilerin 6n degerlendirmesinde Barlett’s homojenite
ve Kolmogorov-Smirnov normalite testleri kullaniimistir.
One-way ANOVA testi ve Duncan coklu karsilastirma
testi SPSS 16.0 paket programi kullanilarak
gerceklestirilmistir.

Sonuglar

Calisma boyunca su sicakhigi 23+0,55°C, pH 7,89+0,98
ve ¢Ozlinmis oksijen miktari ortalama 6,89+1,03 mg/L
olarak dlculmustir. Karma yeme tamamen gecis yapmis
bireylerin ortalama proteaz aktivitesi 7,50+1,11 U/mg
olarak bulunmustur. Denemede test edilen farkli protein
kaynaklarinin Neon tetra baliginin proteaz enzimlerini
inhibe etme oranlar Sekil 1’de verilmistir.

Inhibisyon Oranlar (%)

Karides Misit  Tavuk Krill UnuBalik Unu S.P.K. SoyaUnu
Umu  Gluteni  Unu  (%60.61 (%60 HP) (%61.44 (%48.50

(%5225 (%6282 (%5298 HP) HP) HP)
HP) HP) HP)

Sekil 1. Farkli protein kaynaklarinin Neon tetra baliginin proteaz
enzimlerini inhibe etme oranlari

Figure 1. The inhibiton ratios of different protein sources on protease
enzymes of Neon tetra fish

Calisma sonunda, en ylksek inhibisyon oranlari
bitkisel kokenli protein kaynaklarindan soya protein
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konsantresinden (%53,59+0,58) elde edilmistir (p>0,05).
En disUk inhibisyon oranlariise karides ve tavuk unundan
elde edilmistir (sirasiyla, %21,88+0,74 ve %21,88+1,26)
(p>0,05). Ote yandan, misir gliiteni (%31,14+0,22),
krill unu (%32,18+1,58), ballkk unu (%33,06+2,47) ve
soya ununun (%31,89+1,29) proteaz enzimlerini inhibe
etme oranlarn arasindaki fark istatistiki agidan &nemsiz
bulunmustur (p>0,05).

Tartisma

inihibisyon analizleri, agirlikli olarak karma yeme gegis
yapilan ve en ¢cok kayiplarin yasandidi erken larval dénemde
yapillmaktadir. Kultdr tdrlerinden ¢ipura, Sparus aurata
(Alarcon ve ark., 1999), Turna, Esox lucius (Tére ve ark.,
2014), Rus mersini, Acipencer gueldenstaedtii (Gokcek ve
ark., 2016), Sibirya mersini, A. baerii (Alptekin ve Gokgek,
2016), Guka baligi, A. rythenus (Kurt ve Gokcek, 2018)
ve Yayin baldi, Silurus glanis (Gokgcek ve ark., 2018)
erken larval dénemde farkli protein kaynaklarinin proteaz
aktiviteleri Uzerine olasi inhibisyon etkilerinin incelendigi
karnivor balik tlrlerinden bazilarndir. Bu turlerin erken
larval dénemde ihtiyag duyduklarn yiksek protein miktari
ve aminoasit kompozisyonu nedeni ile balik unu cesitleri
inhibisyon degerinin en disik ciktigi yem hammaddeleri
olmustur (Alptekin ve Gokgek, 2016; Gokcek ve ark., 2016;
Gokecek ve ark., 2018). Bunun yaninda, kril unu (%43,49
HP) ve soya protein konsantresi (%60 HP) inhibe etme
orani disitk hammaddeler grubunda kabul gdrmektedir
(Tore ve ark., 2014; Kurt ve Gokgek, 2018). Bu calismanin
konusunu olusturan Neon tetra baligi omnivor beslenen bir
balik tiriidir. Uzerinde galisilan balik tirlerinin beslenme

Kaynaklar

rejimlerindeki farkliliklar ve optimum blyume, gelisme
ve yasama orani icin ihtiyag duyduklari protein miktar ve
kompozisyonlari arasindaki farklar nedeni ile bu calismada
elde edilen sonuclar olduk¢a makul gorilmektedir.

Sonuc

Sonu¢ olarak, Neon tetra baliklarin karma yeme
gecis dbéneminde yiksek proteine sahip soya protein
konsantresinin ticari yem rasyonlarinda bulunmasinin
proteaz enzimlerinin dizenli calismasina olumsuz etkisi
oldugu sodylenebilir. Bu nedenle, tire 6zgl rasyonlarin
ticari olarak Uretilmesi durumunda, karma yemlerine bu
yem hammaddesinin kullaniimasinin  uygun olmadigi
kanaatindeyiz. Ancak, farkli yem hammaddelerinin enzimatik
aktivite Uzerindeki etkilerinin daha detayl tespit edilebilmesi
icin, ileriki calismalarda hidroliz derecelerinin ve sirali protein
hidroliz analizlerinin yapilmasi tavsiye edilmektedir.

ETiK STANDARTLARA UYUM

Yazarlarin Katkisi

Yazarlarin katkisi aynidir.

Cikar Gatismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini deklare etmektedir.
Etik Onay

Yazarlar bu tiir bir ¢calisma igin resmi etik kurul onaymnin gerekli
olmadigini bildirmektedir.
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Bu calismada 2019-Aralik itibariyle diinyay! etkisi altina almaya baslayan pandeminin diinya
su Urlnleri sektorine etkileri SWOT analizi (firsatlar, faydalar ve tehditler) ile degerlendirilmistir.
Bu konuda daha &nce yapilan calismalar belirli anahtar kelimeler (COVID-19, pandemic,
coronavirus, fishing, fisheries) kullanilarak taranmis ve toplam 33 calisma listelenmistir.
Daha 6nceki calismalar FAO tarafindan belirlenen alt alanlara (kitalara) gore siniflandinimistir.
Pandeminin sektor Uzerindeki etkileri kitalara gore belirlenmeye calisiimistir. Buna goére kiresel
Olcektekitehditlerin; arz-talep dengesizlikleri, restoranlarin kapanmasi, depolama yetersizlikleri,
plastik kirliligi, sinirlarin kapanmasi, yasadisi balik¢ilik, sektérdeki esitsizlikler ve sokaga ¢ikma
kisitlamalari oldugu tespit edildi. Firsatlarin; yeni tedarik zincirlerinin olusturulmasi, saglk
Uzerinde olumlu etkisi olan su Uriinleri konusunda farkindaligin artirilmasi, arz-talep dengesinin
olusturulmasi, balikcilara sokaga ¢ikma kisitlamalarinda c¢alisma izni verilmesi, pandemi
gibi olaganustl durumlarda kullaniimak Uzere kaynak tahsisi, su Urlnleri yetistiriciliginin
gelistiriimesi, ithalat-ihracatin surekliligi icin tedbir alinmasi, kiigik ¢apli balik¢ilik gibi hassas
sektdr galisanlarina ekonomik yardim paketlerinin saglanmasi, sektérdeki cinsiyetci anlayisin
sinirlandirlarak kadinlara daha fazla firsat verilmesi ve yasadisi balik¢iigin énlenmesi igin kiy
Ulkeleri ile is birligi yapilmasi oldugu belirlendi. Faydalarin ise; kisa vadede asiri avlanmanin
o6nlenmesi, balik stoklarinin korunmasi, su ekosisteminde endustriyel kirliligin azaltiimasi, kiigik
yerlesim yerlerinde ekosistem temelli balikcilik yaklasiminin benimsenmesi ve rekreasyonel
balik¢ihgin artmasi oldugu tespit edildi. Bu analiz sonucunda pandeminin olumsuz etkilerini
¢6zmek icin dogru ve adil uluslararasi is birlikleri olusturabilecedimiz anlasiimistir. Kazanilan
bu tecriibe ile degisen diinyada glvenilir gida tedarik zincirleri icin yeni Uretim stratejilerinin
gelistiriimesi gerektigi distnulmektedir.

of pandemic (COVID-19) on the world fishery sector with
SWOT analysis approach

ABSTRACT

In this study, the effects of the pandemic, which started to affect the world to 2019-December,
on the world aquaculture sector were evaluated with SWOT analysis (opportunities, benefits,
and threats). Previous studies on this subject were scanned using certain keywords (COVID-19,
pandemic, coronavirus, fishing, fisheries), and a total of 33 studies were listed. Previous studies
were classified according to the sub-areas (continents) determined by FAQO. The effects of the
pandemic on the sector were tried to be determined according to the continents. Accordingly,
the threats on a global scale were supply-demand imbalances, closure of restaurants, storage
inadequacies, plastic pollution, closure of borders, illegal fishing, inequalities in the sector, and
curfew restrictions. The opportunities; creation of new supply chains, raising awareness about
the seafood that positive effect on health, establishing a supply-demand balance, granting
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work permits to fishermen during curfews, allocation of funds to be used in extraordinary
situations such as pandemics, development of aquaculture, implementation of measures
for the continuity of import-export, providing economic aid packages to vulnerable sector
workers such as small scale fisheries, limiting the sexist understanding in the sector, and
giving more opportunities to women, and cooperation with riparian countries to prevention of
illegal fishing. Its benefits are listed as prevention of overfishing in the short term, protection
of fish stocks, reduction of industrial pollution in the aquatic ecosystem, adoption of an
ecosystem-based fishing approach in small settlements, and an increase in recreational
fishing. As a result of this analysis, it has been understood that we may create accurate
and fair international cooperation to solve the adverse effects of pandemia. With this gained
experience, it is thought that new production strategies should be developed for trustable

food supply chains in the changing world.

Giris

Cin Halk Cumhuriyeti'nin Wuhan sehrinde “viral pnémoni”
vakalari ile baslayan COVID-19’un yeni bir koronaviriis oldugu
belirtilmis, 11 Mart 2020 tarihinde ise Diinya Saglk Orgiiti
(WHO) tarafindan pandemi ilan edilerek salgindan korunmak igin
“maske, mesafe ve temizlik” konularinda tedbirler yayinlamistir
(WHO, 2020). 7 Aralik 2021 tarihi itibariyle dinyadaki toplam
nifusun 7,9 milyar oldugu, koronavirlisiin bu tarihe kadar
yaklasik 270 milyon kisiye bulastigi, 5,2 milyon insanin
koronaviruse bagl vefat ettigi ve toplam nifusun %42,9’unun
asllandigi belirtiimektedir. Koronavirlis bulasan insanlarin %31’i
Asya’da, %28,84’l0 Avrupa’da, %22,09'u Kuzey Amerika’da,
%14,65'i Guney Amerika'da, %3,28'i Afrika’da, %0,12’si
Okyanusya kitasinda oldugu bildirilmektedir (WHO, 2021).
Covid-19 pandemisinin Mart 2020°de ilan edilmesiyle birlikte
Ulkeler seyahat yasaklar, sokaga cikma kisitlama kararlari
ve sinir kapilarinin kapatiimasi basta olmak Uzere mevcut
durumu anlamaya ve kontrol almaya calismislardir. Bu durum
beraberinde dncelikle insan beslenmesi icin hayati gida-tedariki
sektdrleri basta olmak Uzere tim sektdrlerde icin alinmistir. Bu
amagla, sektorel bazda durumun anlasiimasi, duruma adapte
olunmasi ve surecten en az etkilenerek cikiimasina yoénelik ulusal
ve uluslararasi birgok calisma yapildigi goriimektedir.

Dunyada, 2020 yili verilerine gére toplam su Urinleri Gretimi yillik
178,6 milyon ton olup, bunun 95,1 milyon tonunu avcilik, 83,5
milyon tonunu ise yetistiricilik yoluyla elde edilen su Urinleri
olusturmaktadir (FAO, 2021). Su (rinleri sektord insanlarin
temel gunlik ihtiyaclarinin karsilanmasindan, endustriyel dlgekli
hammadde temini elde etmeye kadar diinya ¢apinda yapilan
genis olcekli ve cok dnemli bir faaliyettir (Can ve Demirci, 2012;
Demirci ve ark., 2019; Simsek ve Can, 2019).

Diinyada su drtnleri sektérl dahil olmak Uizere, tim sektérlerin
en fazla etkilendigi déneminin 2020 Subat-Nisan arasinda
oldugu, bu araliktan sonra hizli bir toparlanma stirecine girildigi
gorilmektedir. Calismanin amaci, pandemi ile yasanan siirecin
bir SWOT analizi yaklasimi ile yani tehditler, firsatlar ve faydalar
perspektifinden diinya ¢apinda su Urinleri sektérll (zerine
etkilerini degerlendirmektir.

Materyal ve Yontem

Arastirmada materyal olarak dinyada pandeminin su Urinleri
sektorliine yapti§i etkileri degerlendiren bilimsel calismalar

kullanilmistir. Bununla amag, etkinin su Urinleri sektori (zerine
olan etkisinin kitasal bazda degerlendiriimesinin saglanmasidir.
Degerlendirmelerde SWOT analizi yaklasimi kullanilmistir. SWOT
Analizi, slreclerin guglu (Strengths), zayif (Weaknesses), firsat
(Opportunities) ve tehditleri (Threats) saptamak igin kullanilan
stratejik bir tekniktir. SWOT analizi, kisinin kendisinin veya bir
isletmenin, glicli ve zayif yénlerini belirlemek ve dis ¢evrelerden
kaynaklanan tehdit ve firsatlari tespit edip bunlara karsi 6nlem
veya aksiyon almak icin kullanilan bir analiz bigimidir (Coban
ve Karakaya, 2010). Pandeminin diinyada su Urlnleri sektori
lUzerine etkisini degerlendiren calismalarin bulunmasi igin 10
Mart 2020 ile 30 Kasim 2021 tarihleri arasinda Google izerinden
“Covid-19, pandemic, fishing, coronavirus, fisheries” anahtar
kelimeler kullanilarak tarama yapilmistir. 1 Eylil 2021 ile 30 Kasim
2021 tarihleri arasinda yapilan taramalar sonucunda 33 adet
arastirma makaleleri degerlendirilmek Uzere dikkate alinmistir
(Tablo 1). Calismada bulunan literaturlerin degerlendiriimesinde
FAO’nun alan 0dlgedi olarak kullandigi kitalara gére tasnif
yapilmistir (Afrika, Kuzey Amerika, Gliney Amerika, Asya, Avrupa,
Okyanusya). Her bir kita icin pandeminin su Urlinleri sektériine
etkisi tehditler, firsatlar ve faydalar yéninden degerlendirilmis ve
daha sonra diinya ¢apinda genel etki degerlendirilesi i¢in bunlar
bir araya getirilmistir.

Tablo 1. Degerlendirilen ¢alismalarin kitalara ve (ilkelere gdre sayisi
Table 1. Number of evaluated studies according to continents and countries

Kitalar Arastirma Sayisi Ulke Sayisi
Afrika 9 9
Asya 13 12
Avrupa 2 2
Gulney Amerika 3 3
Kuzey Amerika 2 2
Okyanusya 4 3
Toplam 33 31

Bulgular ve Tartisma
Afrika

Afrika kitasinda COVID-19 salginindan su Uriinlerine etkisinin
ele alindigi dokuz arastirma incelenmistir. Yapilan galismalar
Burkina Faso (Kinda ve ark., 2020), Cezayir (Alliouche ve Arab,
2021), Fas (Haddad ve ark., 2021), Gana (Okyere ve ark., 2021),
Kamerun (Nyiawung ve ark., 2021), Kenya (Christopher Mulanda
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Aura ve ark., 2020; Fiorella ve ark, 2021), Liberya (Nyiawung ve
ark., 2021), Nijerya (Okuduwor ve ark., 2021) ve Tunus (Jlassi
ve ark., 2020) Ulkelerini kapsamaktadir (Sekil 1). Afrika Ulkelerini
iceren arastirmalara ait bulgular Tablo 2’de sunulmustur.
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Sekil 1. Afrika kitasinda COVID-19'un su Grlnleri sektdrii Uzerine etkisinin
incelendigi tilkeler

Figure 1. Countries in Africa where was examined the impact of COVID-19 on
the fishery sector

Fiorella ve ark (2021), balik ticcarlannin 2020 yilina gére
satisa ¢ikan balik miktarinda %100 azalma meydana geldigini
bildirmistir. Balikgilarin ise, %93’Uniln bir dnceki seneye gore
avin 6nemli dlgtide azaldigini ifade etmistir. Balikgilarin COVID-19
pandemisinde tuttuklari baliklari daha uzak pazarlara satma
girisiminin virlis bulas riskinden dolayi yer degistirmediklerini
bundan dolayl katilimcilarin %47’sinin avladiklar baliklarda
bozulmalar meydana geldigini bildirmistir. Calismalarda, politika
olustururken pandeminin balikcilar Gzerindeki etkisi g6z 6niine
alinmali ve kapsamlarin net olarak belirlenmesi ve kontrol
mekanizmasinin aktif olmasi gerekmektedir. Politikalarin kisa
sureli sekilde sorunlara cevap vermesi yeterliligiyle birlikte uzun
vadede ¢6zim olmayacagl daha uzun sireli galismalar yapiimasi
gerektigi belirtiimektedir. Nyiawung ve ark. (2021), Kamerun ve
Liberya’da pandemide alinan kararlar nedeniyle insanlarin balik
alminda ciddi azalmalar meydana geldigini, balik¢ilik tedarik
zincirinin devlet politikasi ile resmi olarak yonetilmesi gerektigini
ifade etmektedir. Kinda ve ark. (2020), su Urlnleri fiyatlarinin
%4,11 ile %5,84 arasinda artacagini belirtmektedir. Tlketici
fiyatlarindaki artis ve pandemi nedeniyle artacak issizlije
dayali alim guciinde ciddi oranda azalmalar meydana gelecegi
belirtilerek hikumetin sosyo-ekonomik diizeyleri disik ailelere
iliskin yardimda bulunmasi gerektigi belirtiimistir. Ayrica arz-
talep dengesi agisindan yonetimsel kararlar alarak yapilandirici
ve i¢csel ekonomik canlanma stratejisi benimsenmesi gerektigi
ongorilmektedir. Christopher Mulanda Aura ve ark. (2020),
Kenya’'da alinan karar geregi (Sokaga ¢ikma kisitlamasi 19.00-
05.00) balik tutma siresinde azalmalar ve sefer sayilarinda
ciddi disusler gézlenmektedir. Yasam kosullarina binaen tekne
yakitinda, mrettebat giderleri, balik fiyatlari ve av miktarlarinda
dustse neden oldugu belirtilmektedir. Giinimiizde bu tip afetlerin
yasanacagi kacinilmaz oldugu ifade edilirken 6zellikle i¢ géllerde
yasanacak olumsuz durumlar igin balikgilik yonetim stratejisinin

Tablo 2. Salginin Afrika Kitasinda balikgilik sektord tizerine etkileri: Tehditler, firsatlar ve faydalar
Table 2. The effects of the pandemic on the African continent's fisheries industry: Threats, opportunities and benefits

T TEHDITLER F FIRSATLAR

1 Arz-talep dengesizligi nedeniyle su Urtnleri fiyatl dUsUKIUgy/ 1 Fiyat istikranni stabilize edici kararlar alinmasi
ytksekigi 2 Depolama tesislerinin artiiimast igin yénetimsel reformlar

2 Otel, balik pazarlari, restoranlann kapall olmasi yetistiricilik (kredi, elektrik yardimi vb.)

faaliyetlerinde depolama sorunlari

3 Balkkgllik faaliyetlerinin durmasi nedeniyle kiicUk capli ballkgi-
lik yapanlarin issizlik ve saglik sigortasi problem olusmasi

4 Balkk arzinin devam etmesi ancak, talepteki azalmalar nede-
niyle olusan tedarik zincirinin bozulmasi

Yeni sucul ekosistem kirleticisi maskeler

Pandemiye badl kirnigan bir yapiya sahip balikgilik yéonetim
anlayisl

Sinrlarin kapatimasi
Yetistiricilik faaliyeti agisindan balik yemi temini

3 Ozeliikle kinlgan gruplarda kullaniimak tizere krize miidahale-
lerde kullanimak Uzere bltcelerden fon ayrimasi

4 Yeni tedarik zincirlerinin olusturuimasi (Sanal market) ve sterl
ortamlarda pazarlar yaratimasi

5 Suda ¢dztnebilen kisisel koruyucularin Gretimi

6 Krize karsi mudahalelere hazirlanmak igin politika yapicilarin
yonetimde lyillestirme saglama calismalari

7 ithalat ve ihracatin uygun kosullarla devamiligini sadlayici
organizasyonlarn yapimasi (RFMO)

8 Ballk yemi temini icin yerel tesislerin yapilimasinda yonetimsel

reformlar
¢ vetistricili faallyet agsmS;nK ?eequ?r:?““g‘ saglamak icin yavru 9 Kuluckahane yapimi icin gelistirici projeleri desteklemek ve
bunu yonetimsel olarak hayata gecirmek
10 Ture 6zgd ifracatin azaimas 10 Yeni pazarlar olusturulmasi, ticaret agi olusturuimasi
FAYDALAR

Afrika kitasinda yapilan arastirmalardaki COVID-19 pandemisinin en énemli faydasi sucul ekosistemde asin avianmanin dnlenmesi, balik stoklarinin

korunmasidrr.
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olusturulmasi  gerekmektedir. Okuduwor ve ark. (2021),
pandeminin su Urlnleri sektériine ekonomik etkisinin kapanma
doénemlerinde su Urinlerine arzin, stoklarin Ustiinde olmasi
nedeniyle balik fiyatlarinin ylksek oldugu ifade edilmektedir.
Bulgular 1siginda balik pazarindaki calisan insanlarin refah
seviyesinin pandemide ciddi olumsuz etki yaptigi ve hikimetin
depolama tesislerini artirma gibi ekonomik buytimeyi tesvik edici
hamleler yapmasi 6nerilmektedir.

Kinda ve ark. (2020), Burkina Faso’da yetistiricilik faaliyetlerinin
%6,11 ile %10,09 arasinda azalacagini belirtmektedir. Jlassi
ve ark. (2020) tarafindan Tunus’ta vyetistiricilik faaliyetleri
kapsaminda yem temini ve yavru temini bakimindan sektérel
bazda ciddi etkilenmelerden s6z edilmektedir. Arastirmada 2020
yilinda ortaya ¢ikan pandemi neticesinde ¢zellikle yetistiricilik
faaliyetlerinde yavru temini yapilamamasinin etkilerinin 2021
yiinda da surecegi dngdrulmektedir. Alliouche ve Arab (2021),
su Urlnleri alaninda yapilan gelistirici calismalarinin  askiya
alindidi ve ¢zellikle yetistiricilik faaliyetleri agisindan yem (reten
fabrika olmadidi, bu konuda tamamen disa bagiml bir Ulke
oldugu ve bu nedenle yem ve yavru temini bakimindan guclik
cekilecegi belirtiimistir. Ayrica otel, balik pazarlari, restoranlarin
kapall olmasi satislarda da zorluk yasanacagi ve depolamada
sorunlar olusacagdi bildiriimektedir. Mutlaka kulugkahaneler
kurmak ve balk yemi temini igin tesis yapmak elzem oldugu
belirtilmektedir. Okuduwor ve ark. (2021), balik¢ilik sektdriniin
Ulkeler arasi yayilimi azaltmak icin sinirlarin kapatildig Nijerya’da
yetistiricilik faaliyetlerin az olmasini pandemi sonucu olusan
balik yemi stoklarinin azalmasi olabilecegini bildirmislerdir.

Kinda ve ark. (2020), ihracatinin %8,99 ile %14,44 arasinda
azalma olacagini ve sektdrel bazda %8,73 ile %14,03 arasinda
ekonomik daralma olacagi éngoérilmustir. Christopher Mulanda
Aura ve ark. (2020), Kenya’da Nil levregi ihracatinin azaldigini
bildirmektedir.

Haddad ve ark. (2021), COVID-19 pandemisinde Fas’ta
kapanma donemi ve sonrasinda 11 érnekleme alanindan elde
edilen bulgular neticesinde plajlarin, genel niifus yogunlugun
bulundugu verler ve balikgilik faaliyetleri gergeklestirilen
yerlerde 16 haftallk tarama faaliyeti sonucunda toplamda 689
maske bulunmustur. Kisisel koruyucu ekipmanlarda suda kolay
¢6zlinebilen ¢cevre dostu malzemeden Uretiimesi 6nerilmektedir.

Okyere ve ark. (2021), kuclk capli balk¢ilik yapan Gana'l
balikgllarin  her barinaktaki kaydedilen kisiler arasindaki
mesafenin %70’inden fazlasinda en yakinindaki kaydedilen kisi
ile arasindaki mesafe iki metreden daha az olarak belirtiimistir.
Gekirdek yogunlugu grafiginden elde edilen isi haritasinda en
fazla tedbir gerektiren yerler olarak kanolardan balik bosaltim
yerleri ile balik ticareti yapilan vyerler icin ayrica tedbirler
uygulanmasi 6ngdérilmektedir.

Alliouche ve Arab (2021) ve Christopher Mulanda Aura ve ark.
(2020), pandemi kosullarinin  balik stoklarinin  korunmasini
saglayici etkisinin oldugunu ve asir avlanmanin azaldigini
belirtmektedir.

- 38 -

Asya

Asya kitasinda Covid-19 salginin su Urnlerine etkisinin
arastinldigi 13 tane arastirma incelenmistir. Yapilan galismalar
Banglades (Islam ve ark., 2021), Cin (Heazle, 2021), Endonezya
(Ferrer ve ark., 2021; Mardhia ve ark., 2020), Hindistan (Avtar ve
ark., 2021), Malezya (Azra, 2020; Ferrer ve ark., 2021), Filipinler,
Myanmar, Vietnam (Ferrer ve ark., 2021), Tayland (Chanrachkij
ve ark., 2020; Ferrer ve ark., 2021), Rusya (lvanova, 2020),
Glney Kibris Rum Yonetimi (Giannakis ve ark., 2020) ve Tirkiye
(Can ve ark., 2020; Demirci ve ark., 2020; Geng ve ark., 2020;
Tokatl, 2021) Ulkelerini kapsamaktadir (Sekil 2). Asya Ulkelerini
iceren arastirmalara ait bulgular Tablo 3’te sunulmustur.
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Sekil 2. Asya kitasinda COVID-19'un su {riinleri sektord tizerine etkisinin
incelendidi lilkeler

Figure 2. Countries in Asia where was examined the impact of COVID-19 on
the fishery sector

Heazle (2021), Guney Cin denizinde Cin-ABD arasindaki jeo-
stratejik gerilimlerin pandemi nedeniyle Giney Cin denizinde
kiyidas Ulkelerin rekabetci ortamin  zayiflamasina, Cin’in
daha saglam ticari faaliyetler yuritmesine ve bu da pandemi
sonrasinda egemen devlet Cin’in Guney Gin denizinde daha
fazla yayllmaci balik¢ilik faaliyeti ylrttecegi belirtimektedir.

Ferrer ve ark. (2021), Endonezya’da balik isleme maliyeti gelirden
daha yuksek oldugu i¢in balik stoklama 2020 yili haziran ayina
kadar yapilmadigi ve 2020 yilinda kii¢lk solungag agi ile avcilik
yapllan balikgilarin toplam gelirinin bir énceki yila gére Uc kat
azaldigi bildirilmistir. Filipinler'de pandemi déneminde hikimet,
balikgilik faaliyeti yiritenleri muaf olduguna dair ydnerge
yayinlamasina ragmen yerel yonetimler karantina ihlali nedeniyle
balik¢ilarin tutuklanmalarina neden oldugu belirtiimistir. Belediye
yonetimlerine ait kuclk ¢apl balikgilik icin ayriimis bdélgelere
ticari balikcilk yapan gemilerin isgali arttidi bildirilmistir.
Karantina 6ncesine gore kiicik ¢apl balikgilik faaliyetinden elde
edilen toplam gelir %1,83 dlserken ticari balikgilik %6,71 artis
gbzlemlendigi belirtiimistir. Azra (2020), Malezya'da balikcilik
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Tablo 3. Salginin Asya Kitasinda balikgilik sektorii iizerine etkileri: Tehditler, firsatlar ve faydalar
Table 3. The effects of the pandemic on the Assian continent's fisheries industry: Threats, opportunities and benefits

T TEHDITLER F FIRSATLAR
. o L L Balik¢ilik faaliyetinde bulunan ve is glicinde dogrudan
, Balkglilik faaliyetlerinin durduruimasi (6zellikle kicuk capl 1 etkilenen calisanlara kisa vadeli ekonomik yardim paketleri
balikgilk). iceren yonetimsel kararlar alnmasi
5 Geri dontstm maliyetlerinin dustrlimesi, tesvik yaplimasi ve
> Pandemide artan tibbi atik, kisisel koruyucularin sucul eko- toplumun geri dénustim igin bilinglendiriimesi
sistemi Kiristmesi. Fiyat istikrarinin olusturulmasi cabalari, su Urtnlerinin yaygin
3 tUketilmesi icin bilgilendirici yayinlarn yapiimasi, KKP (Ku-
3 Arz-talep dengesizlidi. rumsal Kaynak Planlama) sisteminin hayata gecirmesinin
gundeme gelmesi.
4 Sektor icin kisa vadede stbvansiyon gerekliligi, uzun vadede
4 Su Urtinleri inracatindaki azalmalar. reformlann yapimasi.
E-ticaret ile su Urtinleri satislarnin yayginlastinimasi, alisveris
Talebin azalmas! (oalik fiyatiannin dismesi, balik isleme 5 sitesi kuracak firmalarin desteklenmesi, toplumsal bilincin
5 teknoloinin vetersi I‘I“' ' ’ artinimasi, ballkgidan dogrudan halka satis sisteminin kurul-
eknolojinin yetersizligi). mas!.
6 Balikgilarin muafiyetine iliskin belge veriimesi (kisa vadeli
6 Sokaga gkma kisitlamalan (kisa vadeli tehdlt), pratik firsat).
Kamuoyu olusturularak pandemi nedeniyle iptal edilen orga-
Kiyidas Ulkelerin ortak kararlar almamasi, pandemiden dolay 7 nizasyonlann tedbirlere riayet edilerek yapimasinin saglan-
7 ballkgilgin durmasina ragmen komsu Ulkelerin balikgliga masl, denetim faaliyetlerinin kiyidas Ulkelerle birlikte yapiimasi
devam etmesi ve yayllmaci politika izlemesi. karariannin alinmasi
Denetleme faaliyetlerinin kiyidas Ulkelerle birlikte yapimasi,
‘ ) ‘ 8 izleme araclannin etkililigini ortaya koyacak gelistirme ¢alis-
8 Yasa disi balikeilik faaliyetlerindeki artis. malannin yapimasi.
9 Yeni pazarlann olusmasi icin farkli Ulkelerle yapilacak yeni
ekonomi zirveleri.
9 Su Urtinlert inracatindaki UrUnlerin siparis iptalleri. § » '
Hilyen standartlannin olusturulmasiyla birlikte belirlenen
10 standarda uygun sekilde su Urtinleri islenmesiyle en uygun
10 Ulkelerin sinir kapilarni kapatmasi ile aksayan lojistik hizmet. sekide sadecg komsu glke\gr lle \tha\a‘glmraoatln d%m“"g"
nin saglanmasi icin zirvelerin dizenlenmesi.
FAYDALAR

Asya kitasinda yapilan arastrmalardaki Covid-19 pandemisinin en énemli faydasi sucul ekosisternde endUstriyel atiklarda azaltmis olmasidir,

faaliyetlerinin durdurulacagindan &tirii toplamda 150.000’den
fazla calisani ile su Urlinleri sektoriine ciddi zorluklar olusacagi
ongorildugu bildiriimektedir. Aylik 485 Ringgiti (= ~116 $, 1
Malezya Ringgiti’ si= 0.24 $)’den daha az gelire sahip olan kisiler
olarak adlandirilan B40 topluluguna yapilacak ekonomik yardim
paketi, su Urlnleri ve balik¢ilik endUstrisi Gzerindeki olumsuz
etkilerinin azalmasi 6ngérilmektedir.

Ivanova (2020), Rusya’da balikgilik endustrisinin  bélgesel
anlamda biylme oranlarindaki dengesizlik arz ve lojistik
hizmetlerinde biyik bir yik olusturdugu bildirilmektedir.
“Fishretail” ballk endUstrisi internet portalinin  pandemide
Uyelerin ve site tiklanma sayisinin artmasi gibi faktorlere bagh
olarak elektronik balik satislarinin sistematik yaklasim anlayisi
icinde olusturulmasi 6ngérlimektedir. Chanrachkij ve ark.
(2020), Tayland’da E-ticaret sektorii Uzerinden kiiclk caplh
balik¢ilik yapanlar igin siparislerin artis gosterdigini, kisith kargo
hizmetlerine ragmen su Urlinlerine yéneliminin bu hizmet sonrasi
arttigini belirtmektedirler.

Demirci ve ark. (2020), Tirkiye'de Orfoz satislarinda restoran
ve otellerin kapali olmasindan dolayi bir 6nceki aya gére %22,5
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oraninda azalma oldugu belirtmektedir. Arz-talep dengesizligine
dayanan (ihracat durmasi) olumsuziuklarin yasandigi ifade
edilmektedir. Zararlarin en az dlzeye indirgenmesi devlet
tarafindan Kurumsal Kaynak Planlama (ERP) sistemi kurulmasi
6nerilmektedir. Mardhia ve ark. (2020), Endonezya’da pandemi
oncesi/sonrasi 10 su Uriiniin satis fiyatinin ortalamasina gore
%10 disis oldugu belirtiimektedir. Balikgilarin pandemiden
dolay1 saglik tedbirlerine uydugu fakat talebin azalmasindan
dolayi fiyatlardaki disUs ve satislarin sokaga ¢ikma kisitlamalari
nedeniyle dismesi hikiimetin toplum (zerinde insan direncini
guclendirici su Urunleri yemeyi tesviklendirmesi 6nerilmektedir.
Ferrer ve ark. (2021), Malezya’da pandemiden dolay! insan
hareketliligini  kisitlayici  tedbirler  sonrasinda  arz-talep
azalmasinda bagli olarak hi¢ birikimi olmayan kiguk capli
balikgilik yapanlar etkiledigi, Mart-Haziran 2020 arasinda
restoranlarin  balk talebinin %30 dolaylarinda azaldig
belirtimektedir. Islam ve ark. (2021), Banglades’te tath su
yetistiriciligi nakliye giderinin ve yem fiyatlarinin (%10-12) artisi
ve talep ve fiyatlarin azalmasindan dolayl pandemide olumsuz
etkilendigi belirtilmistir. Karides yetistiriciligi ulasimin aksamasi,
pazarlardaki anlik dlsen fiyatlar nedenine dayanarak balikgilarin
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olumsuz etkilendigi ifade edilmistir. Dogal sartlarda yetisen
bu baliklara da talebin artmasi nedeniyle fiyatlarin yikseldigi
balikgilar tarafindan ifade edildigi bildiriimistir. Giannakis ve
ark., (2020) Giiney Kibris Rum Yonetimi’'nde yaptigi ¢alismada
katilimcilarin - %88’inin  gelirlerinde ciddi distsler meydana
geldigini, azalan talebin balik tiketiminin givenilir olmadigi,
turizm ve ekonomik nedenlerden kaynaklandigini belirtmektedir.

Heazle (2021), sucul ekosistem Kkirletici devletlerden olan Cin’in
yonetimsel olarak plastik kullanim yénetmeliklerini durdururken;
maske, tibbi tedavi ve ambalajlama icin kullanilan plastik
sayisinda ciddi oranda artisin yetersiz atik yonetimi ile daha
blyuk sorunlara yol agacag bildiriimektedir. Pandeminin sonucu
olarak “Yeni Normal” olarak adlandirlan ddnemde kiresel
toplantilarin yapilmasi denetim mekanizmalarin gl¢clenmesi ve
plastik Uretim maliyetlerinin geri dénusiime gére daha ucuza
mal olmasi sucul ekosistemde daha ¢ok kirleticinin bulunacagi
belirtiimektedir.

Can ve ark. (2020), Turkiye’de 2020 yilinda su Urinleri ihracatinin
bir 6nceki yila gére midye, kalamar, ahtapot, salyangoz ve
mirekkep baligi Urlnlerinde %58,59 ve konserve tipi su
Urtinlerinde %26,63 arttigini belirtilmistir. Turkiye’nin su Urinleri
ihracat degerinde 2020 yilinin birinci geyreginde bir dnceki yilin
ayni dénemine gore gelirde %7,8 azalma oldugu belirtiimektedir.
2020 yii COVID-19 pandemisinde Turkiye’'nin su Urlnleri
ihracatinda Urlin bazl artislarin bitlnsel su Urlnleri ihracatina
yansimadigi, kisa vadede balikgilik sektdrliine sibvansiyon
gerektigi orta ve uzun vadede sektdrin gelismesi igin Grlin hacmi
ve Urlin cesitliligini artinci reformlar yapiimasi &nerilmektedir.
Ferrer ve ark. (2021), Myanmar’da kanolarla kiiclik capl balikgilik
yapan, sektdrin yarnisinin kadinlardan olustugu ve “Evde kal”
cagnisi ile sokaga cikma yasaklar ve sinirlarin kapatiimasi ile
Myanmar’in en buyUk ihracat pazar olan Cin ve Tayland ile
ihracatin durmasi bu isgiiciinde ¢alisan insanlari dogrudan ciddi
sekilde olumsuz etkilendigi bildirilmektedir.

Islam ve ark. (2021), Banglades’te yasadisi balikgilik faaliyetinde
artis oldugu bildiriimistir. Heazle (2021), distk petrol fiyatlarinin
balikgilik faaliyeti yurtten tekne sayisinda artisa neden olacag,
pandeminin etkisi ile Gliney Gin denizinde deniz giivenliginin gok
az ekip ile devam edildigi, bunun sonucunda asir ve yasa disi
avlanma faaliyetlerinde artisa neden olacag; fakat jeostratejik
cekismelerin - coklu devletlerce yapilmasi istilaci politika
izleyecek devletler icin dnlem olabilecegi ve kiiresel kamuoyu
olusturuimasinin Gin’in yasa disi balik¢ilik faaliyetlerini azaltacagi
Ongorilmektedir.

Avtar ve ark. (2021), karantina ve muson kisitlamalari nedeniyle
limandakibalik¢igemileriningelmesiylelimanlardakapasitesitenin
lUzerinde yogunlugun oldugu, altyapi yetersizliklerinin giderilmesi
gerektigi, calismada kullanilan alansal teknolojinin pandemi gibi
olumsuzluklarda balikclilik faaliyetlerini izleme araci olarak yaygin
hale gelmesi 6nerilmektedir.

Tokatl (2021), Tirkiye'de Covid-19 kapanma ddnemi
sedimentlerden alinan  numunelerde potansiyel  toksik
element icerikleri %12,8-45,4 oranlarinda azalma gosterdigi

belirtilmektedir. Karantina doéneminde azalan endustriyel
faaliyetler neticesinde sucul ekosistemde enddstriyel ve tarimsal
atiklarda azalma ve sediment kalitesinin arttigi sGylenmektedir.
Havza cevresindeki tarmda mono-kultirel uygulamalara
alternatifler dnerilmektedir.

Avrupa

Avrupa kitasinda Covid-19 salginindan su Uriinlerine etkisinin
anlatildidi iki arastirma incelenmistir. Yapilan calismalar Birlesik
Krallk (Kemp ve ark., 2020) ve ispanya (Coll ve ark., 2021)
ulkelerini kapsamaktadir (Sekil 3). Avrupa (lkelerini igeren
arastirmalara ait bulgular Tablo 4’te sunulmustur.
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Sekil 3. Avrupa kitasinda COVID-19’un su Griinleri sektorii tzerine etkisinin
incelendigi tlkeler

Figure 3. Countries in Europe where was examined the impact of COVID-19
on the fishery sector

Kemp ve ark. (2020), Birlesik Krallik'ta ekolojik perspektif ile
2018 balkglilik verilerine gére 43 tlr icin yapilan calismada
15 tOrln surdirulebilir balikgilik faaliyetinin uygun politika ile
yapildigini, 13 tirin stoklarinin tiikenmeye ¢ok yaklastigini, 15
tlriin ise bu balikcilik yénetim anlayisi ile stoklarin tiikenecegini
ve vyapilan balikgihigin surddrilemeyecegi  belirtiimektedir.
Coll ve ark. (2021), ispanya’da Mart-Mayis 2020 arasinda
ekolojik olarak pandeminin karides tirleri haricinde su Urinleri
stoklarinda 6nemli etkisi olmadigi gézlenmektedir. Kisa vadeli
balikcilik faaliyeti kesintilerinin kétl giden sucul ekosistemi
iyilestirmeyecegi, fakat yonetimsel taahhditler ile uzun vadeli
ivilestirmeler saglanacagi 6nerilmektedir.

Kemp ve ark. (2020), 727 deniz koruma alaninin yarisindan
fazlasinda trol avciligi yapildigi bu deniz koruma alanlari
anlayisinin Birlesik Krallik’ta balikgilik politikasinin temel tasi
olmasi gerektigi belirtiimektedir.

Coll ve ark. (2021), ispanya’da Mart-Mayis 2020 arasinda kiigik
caplh balikgilik faaliyeti %34 azalmaktadir. Kigik capli balikgilik
haricindeki gelirler stoklarin tlikenmesi nedeniyle pandemi
Oncesinde azalma gdsterirken pandemi karantina déneminde
%39 gelir kaybi gdzlemlendigini belirlemislerdir. Pandemide
etkilenen klguk capli balikgilik gibi alt sektdrlerin kirlgan olmasi

-40 -



Mar Life Sci (2022) 4(1): 35-45

Kaya & Can

Tablo 4. Salginin Avrupa Kitasinda balikgilik sektorii izerine etkileri: Tehditler, firsatlar ve faydalar
Table 4. The effects of the pandemic on the Europan continent's fisheries industry: Threats, opportunities and benefits

T TEHDITLER

1 Su Urtinleri stoklarinin azalmasi.
Deniz koruma alanlannda yapilan yasa disi avallik faaliyetleri
(6zellikle trol)

Balkeiligin kirlgan yapiya sahip alt sektdrlerdeki ekonomik
sok etkisi (KCB gibi.)

F FIRSATLAR

Covid-19 pandemisinde karantina déneminden faydalanip
1 su Urtnleri popUlasyonlarinda maksimum surdUrtlebilir verim
politikasi olusturmak

Denetim faaliyetlerinin daha kati uygulanmasi, devietler arasi
2 hukukta yasadisi balikglilik faaliyetlerinin cezalarnda daha
ciddi yaptinmlar uygulanmasi

Kisa vadede kapsamli kamu desteginin saglanmasi, uzun
3 vadede pandemi belirsizliginin devam etmesi halinde azalan
yatinmi tesvik edici politika olusturmak

FAYDALAR
Karides gibi hizl blyUyen su Urtnleri stoklarinin bu strecte hizla toparlanarak sayica ve ebatca daha blyuk boyutlara ulastiklan belirtimektedir.

nedeniyle daha az etkilenmesi veya etkilenmemesi icin sok
etkisi olustugunda sektérel bazl esnek koruma mekanizmalarin
gelistirilmesi 6nerilmektedir.

Giiney Amerika

Glney Amerika kitasinda COVID-19 salginindan su Grdnlerine
etkisinin ele alindidi ¢ ¢alisma incelenmistir. Yapilan calismalar
Arjantin (Truchet ve ark., 2021), Brezilya (Silva ve ark., 2021) ve
Peru (Grillo-Nunez ve ark., 2021) Ulkelerini kapsamaktadir (Sekil
4). Guney Amerika Ulkelerini iceren arastirmalara ait bulgular
Tablo 5’te sunulmustur.
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Sekil 4. Giiney Amerika kitasinda COVID-19'un su driinleri sektori tizerine
gtkisinin incelendigi Glkeler
Figure 4. Countries in South America where was examined the impact of
COVID-19 on the fishery sector

Truchet ve ark. (2021), diger diinya Ulkelerin ortalamasina gére

dort kat daha az balik tiiketen Arjantin’de issizlik édenegi gibi
ddeneklerden birinci fazda balikgilarin faydalanamamasi (bir
bélgede yasayanlar hari¢) onlar yasa disi balik¢ilik yapmaya,
kredi alarak borclanmaya yonelttigi belirtiimektedirler. Kabuklu
deniz Grinlerinin Ulke ticaretinde énemli bir yer oldugu, avlanma
sonras! kadin ve yasak oldugu halde ¢ocuk is¢i ¢alistirdiklar ve
pandemi ile birlikte bu kisilerin balik¢i sayiimadidi ikinci fazda
balikgilarin aldidi ihtiyag kartlarina ulasamadidi belirtimektedir.
COVID-19 pandemisinin  Ulkedeki balik¢ilik — sektdrindeki
toplumsal cinsiyet siddetini énlemede, cocuk is¢i calistirmayi
onlemede yapisal reformlarin hayata gegmesini firsat olarak
gbrmeyi Gnermektedir.

Silva ve ark. (2021), pandeminin Brezilya’da balikgilik sektorl
Uzerine etkisinin; duzenli musteri ve turistte azalma, is kayiplari,
tedarikgi glgclikleri, azalan av Urnleri, fiyat dususleri, balik
bagimliigi, ekonomik sikintilar, kinlganlik, viriis korkusu, kisisel
koruyucu eksikligi ve hedef tlrlerdeki degisiklikler gibi alt
degiskenlerden olusmaktadir. Erkek balikgi liderlerinin kadin
balik¢i liderlere gére pandeminin sosyo-ekonomik etkilerini
(ekonomik kayiplar, tedarikgi zorluklari, balik bagimliligi, azalan av
drnleri, fiyat dususleri) %66,25, refah seviyesi etkilerini (ailelerin
ihtiyaclar, virus korkusu) ise %45,94 daha az algiladiklarini tespit
etmislerdir. Sosyo-ekonomik etkileri sorgularken katiimcilarin
%87,5’i diizenli musterilerin, %92,5’i turist musterilerin oraninda
azalma oldugunu ifade etmislerdir. Kiyi balikgilarinin avladiklari
su Urunleri tdrlerini ve av sonrasi balk tedarikgilerini dinamik
olarak degistirdigi, tedarik zincirindeki bu degisimlerden dolayi
kiyr balikgilarin ekonomik olarak daha az etkilendigi ve balikgidan
direk satis (eve teslim, e-ticaret) gibi yeni modeller olusturarak
sektorlin dayanikliliginin artinimasi énerilmektedir.

Grillo-Nunez ve ark. (2021), Peru’da haftalik avlanma sayisinda
ortalama %50 azalma meydana geldigini ve bu azalmayla birlikte
tedarik zincirinde bozulmalarin ortaya ciktigini bildirilmektedir.
Az niifuslu yerlesim yerinin turizm projeleri ve daha 6rgutli bir
yonetim sayesinde balikgilarin karantina déneminde daha az
gecim sikintisi gektigini belirtmekle birlikte, cok nlifuslu yerlesim
yerinde ulusal talep ile balik¢iidin toparlanma egilimine gectigi
belirtilmektedir. Ayrica yerel perakende saticilari ve balikgilar
iskeleden kapiya teslimat hizmetiyle talebin toparlanmasina
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Tablo 5. Salginin Giiney Amerika Kitasinda balikgilik sektorii tizerine etkileri: Tehditler, firsatlar ve faydalar
Table 5. The effects of the pandemic on the South American continent's fisheries industry: Threats, opportunities and benefits

T TEHDITLER F FIRSATLAR
Balkcilarin issizlik 6denegi gibi yapisal reformdan fayda Yapisal reform yapilarak balikgiligin bir meslek kolu olarak
1 saglayamamasl sebebiyle yasa disi balikeilik faaliyetleri, kredi 1 sosyoekonomik haklan belilenerek bu dizenlemeler yasa
ile geliinden fazla borclanma, meslegi brakma haline getirimeli ve ulusal veya uluslararasi sok durumunda
' kinlgan alt sektorler belilenmel.
2 Kadin balikgllarin sektor calisani olarak balker sayllmamasi
¢ R S o Kadin-erkek esitligi balkcilik mesleginde kanunen yasalasti-
rimall, kadinlara sektérde Ustlenici sorumluluk verilmeli,
8 Balik fiyatianndaki distis 3 Av kompozisyonunda ve tedarikgilerde dinamik olarak degi-
sim saglanmasi.
4 Talen azlici Balkgidan eve direk satis/teslimat, e-ticaret gibi programlarin
P azig 4 olusturuimasi ve balk yemeyi destekleyici ulusal kamu ve
Ozel sektdr tarafindan desteklenmesi
Kabuklu su Grtinleri ihracatinda pandemi kosullarinda sektor Denetim faaliyetlerinin kosullar fark etmeksizin siklastinimasi,
5 ihracatgilaninin kendilerine maliyetinin distk olmasi nedeniyle b?ggsg‘Eﬁm%‘ggEg%‘gjg'g“Qéir@%@\%r%ﬁgﬁgﬁég?gluK
yasak oldugu halde ¢ok sayida cocuk isci calistinimasi i i amasi
FAYDALAR

Az nUfuslu yerlesim yerlerinde kicUk capli balikgllik faaliyetleri seyahat kisittamalar nedeniyle talebe uygun balikeilik (tUr ve av miktar) yapildidr icin
hem ekolojik temelli bir balikeilik faaliyeti hem de arz-talep dengesi olusturulup fiyat dalgalanmasi dnlenmektedir.

katki saglandigi bildirilmektedir. Restoranlarin kismi acilmasiyla
arz-talep dengesi olustugu gozlenmektedir. Kayit disi kigik
capl balk¢ilik yapanlarin  resmilestirmeleri igin hukimet
tarafindan desteklenmesi ve pandemi gibi olumsuzluklarda
hizli erisilebilir fonlarin olusturulmasi gerekmektedir. Covid-19
salgininin kiigtk ¢apli balikgilik Uzerindeki acil etkilerine politika
olusturabilmek icin toplumsal sosyo-ekonomik gdstergeler
gelistiriimeli ve izlenmelidir. En 6nemlisi pandemi gibi sok
etkisinin dlinyaca yasandii bir durumda tedarik zincirinin
glclendirimesi ve talebin dinamik kalabilmesi igin balik
tiketiminin desteklenebilecegi ulusal program ortaya konmalidir
tespit ve dnerisinde bulunmuslardir.

Kuzey Amerika

Kuzey Amerika kitasinda Covid-19 salginindan su Griinleri sektorl
Uzerine etkisinin ele alindigi iki adet arastirma incelenmistir.
Kuzey Amerika kitasinda yapilan calismalar Amerika Birlesik
Devletleri (White ve ark., 2021) ve Kanada (Howarth ve ark.,
2021) ulkelerini kapsamaktadir (Sekil 5). Kuzey Amerika Ulkelerini
iceren arastirmalara ait bulgular Tablo 6’da sunulmustur.

Kanada’da pandemi déneminde rekreasyonel balikciliga
yeni katiimcilarin artmasiyla birlikte olta balikgiligi yapan
bireyler ile hikimet arasinda etkili iletisimin gugclendiriimesi
Ongorilmektedir (Howarth ve ark., 2021). White ve ark. (2021),
seyahat kisitlamalari, restoran kapatiimasi, balikgilik sezonunun
kisalmasi gibi yasanan olumsuzluklardan etkilenen ABD’de
Pisi baligi avciliginin %40 distigu séylenmektedir. Su Urlnleri
ithalat degeri Nisan 2020’de bir dnceki ddéneme gore %37
duserken, ihracatin ortalama %36 distugi bildirimektedir.
Balik pazarlarina giden insan sayisinin Mart-Nisan 2020’de
%30 dustugu sdylenmektedir. Google aramalarina bakildiginda
“deniz (rlnleri restorani” aramasinda Nisan-2020'de %70
azalma oldugu; fakat Nisan-2020 sonlarinda “deniz Urinleri
paket servis, eve teslimat ve yemek tarifleri” aramasinda %270
artis oldugu belirtimektedir. ABD su Uriinleri sektord icin
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Sekil 5. Kuzey Amerika kitasinda COVID-19’un su rdinleri sektorii tizerine
etkisinin incelendigi tilkeler

Figure 5. Countries in North America where was examined the impact of
CQOVID-19 on the fishery sector

salgin nedeniyle uzun vadeli belirsizlikler ele alindiginda,
gelecekteki hizli mlidahalelerinin su Urlnleri isleme altyapisinin
gelistirimesine ve taze deniz Urlnleri icin internet tabanl
sistemlerin desteklenmesine odaklanilimasi énerilmektedir.

Okyanusya

Okyanusya kitasinda COVID-19 salginindan su Urinlerine
etkisinin ele alindigi doért arastirma incelenmistir. Yapilan
calismalar Avustralya (Greenville ve ark.,, 2020; Mobsby
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Tablo 6. Salginin Kuzey Amerika Kitasinda balikcilik sektorii tizerine etkileri: Tehditler, firsatlar ve faydalar
Table 6. The effects of the pandemic on the North American continent's fisheries industry: Threats, opportunities and benefits

T TEHDITLER F FIRSATLAR
1 Seyahat kisittamalart ve balikgilik sezonunun kisalmasi 1 Su Urtnleri isleme altyapisina yatinm ve gelistirme calismalar
2 Restoranlann gegici kapatimas 2 Taze su Urlinleri e-ticaret sitelerinin yayginlastinimasi
3 Su UrUnleri ihracat Grdn ve gelir dustkiigu 3 Yonetimsel gelir kaybi dQ$UkIUQUﬂU sUbvanse edilmesi ve
yeni pazar arayisl
FAYDALAR

Covid-19 pandemisi nedeniyle rekreasyonel balikgiliga baslayanlarda artis oldugu olta balikeilidr topluluklar ile hiikimet arasinda iletisim glic-

lenmesi

ve ark., 2021), Fiji (Mangubhai ve ark., 2021), ve Vunuatu
(Steenbergen ve ark., 2020) lkelerini kapsamaktadir (Sekil 6).
Okyanusya Ulkelerini iceren arastirmalara ait bulgular Tablo 7°de
sunulmustur.
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Sekil 6. Okyanusya kitasinda COVID-19'un su Urlnleri sekiorii (izerine
etkisinin incelendigi tilkeler

Figure 6. Countries in Ocenia where was examined the impact of COVID-19
on the fishery sector

Rekreasyonel balik¢illk faaliyetlerinin  pandemi nedeni ile
okullarin kapanmasiyla birlikte kdylerine ddnen &grencilerden
dolayr artmistir. Balik ihracatina bagimli olan tlkeler sinirlarin
kapanmaslyla gida talebini karsilayabilmek icin ciddi micadele
icine girmektedir. Bu tarz micadelelerin yonetimsel sekilde
mumkin olabilir ve pandeminin birgok kdylin savunmasizligini

ortaya koydugu bu dénemde Balkgilik Dairesi ile is birligine
dayall bir strateji gelistiriimelidir (Steenbergen ve ark., 2020).
Mangubhai ve ark. (2021), Fiji'de pandemi éncesine godre su
urlnleri satislarinda %40-50 arasinda dlsus gozlendigi, bes balik
pazarindaki balik fiyatlarinin ortalama %36,7 oraninda disUs
oldugunu belirtilmektedir. Kalkinma hedeflerinin esitsizlik tabanli
bir yaklasimla ele alinarak uygulanan politikalarin vazgecilmesi
kirlgan vyapilara pozitif aynmcilik ilkesi benimsenmesi
Onerilmektedir. Greenville ve ark. (2020), Avustralya’da kaya
Istakozu sezonunun 18 aya cikartildigi, kotanin ise 9.000 tona
yUkseltildigi séylenmektedir. Pandeminin kisa slreli olumsuziuga
yol acacagi dngdrilmektedir. Hikimetin destekleme politikalari
ile balik¢ilik faaliyetinde bulunan kisilerin ve firmalarin ekonomik
olarak daha az etkilenmesi dngorilmektedir. Mobsby ve ark.
(2021), pandemiden dnceki ddnemde su Urunleri ihracatinin fiyat
endeksine gbre %25’ini olusturan kaya istakozu pandemiyle
birlikte azalan talep nedeniyle kisa vadede olumsuz etkilendigi
belirtiimektedir. Orta vadede artan talebe arzin orantili cevap
verememesi fiyatlarin artacagini 6ngdrmekle birlikte Kanadali
ihracatcilarin rekabet ortaminda artan fiyatlan sinirlandirmasi
beklenmektedir. Somon, denizkulagi ihracatinin blydk bir kismi
Cin olmakla birlikte pandemiden dolayi kisa vadeli etkilenmede
sinirli yeni pazar bulma girisimi ve diger Ulkelerle bu pazardaki
rekabetten dolay! fiyatlarda disls 6ngdrulmektedir. Bu
kapsamda Ulkede pandemiye bagl Uriin bazli sektdr firmalarinin
ihracatindaki diistist ekonomik reforma bagl olarak slbvanse
etmek kaginilmaz oldugunu ifade etmislerdir.

Tablo 7. Okyanusya Kitasinda balikcilik sektril izerine etkileri: Tehditler, firsatlar ve faydalar
Table 7. The effects of the pandemic on the Ocenian continent's fisheries industry: Threats, opportunities and benefits

T TEHDITLER F FIRSATLAR
] Adalarda yasayan klcuk topluluklarda balikgilarin sinirl yakit- Sinirl gecim kaynaklarinin oldugu savunmasiz yerlesim yerle-
larnin olmasi ve seyahat kisitlamalari 1 rinin tespit edilerek ulusal acil durumlarda devletlerin yapila-
cak yardm paketlerinin her zaman hazir plan olusturulmasi
2 Pandemiye bagl bilingsizce yapilan olta ballkgiigindaki artis
Y d ¢ yap ¢id ' Rekreasyonel balikeiligin tanimlanmasi, rekreasyonel balik-
2 ¢k yeterliliklerinin olusturuimasi ve denetleme faallyetlerinin
3 Balik satislarinda azalma ve fiyat diistisleri gerceklestirimesi
3 Balkeilik yonetim anlayisi temel tasi olarak alt sektorlerdeki
3 kinlgan yapllara acilen kamusal destegin saglanmasi
Ulkelerin aldigi bir dizi kararlar ile (restoranlarnn kapatimasi, o ' ‘
4 seyahat yasaklar, sokada cikma siniamalar) azalan su Kisa Vad?" yeni pazarlar buima uzun V?de“ bulumah yer
Urtinleri bazli ihracat faaliyetleri 4 pazarlardaki artan rekabet kaynakli Urlin fiyatlarindaki dlisUs-
lerde sektdre devletlerin fon ayirmasi
FAYDALAR

Asin avlanmanin azalmasi kisa vadede balik stoklarinda iyilesmeler oldudu ifade edilmektedir.
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Sonug

Dinya pandemiden ne 6grendi? Kiresellesen dinyada hangi
sektdr olursa olsun, sorulmasi ve irdelenmesi gereken temel
soru, bu slregten ne gibi derslerin ¢ikarildigi veya cikariimasi
gerektigidir. Bu durum &zellikle balik gibi insan beslenmesi
acisindan 6nemli olan Urlnlerin sdrdUrulebilir gida tedarik
zincirinin korunmasi agisindan daha da énem kazanmaktadir.
Bu anlamda;

a) Calismalarda birden fazla kitada gbze carpan yasa disi
balik¢illk gérinmektedir. Yasa disl, kayit disi ve dlzensiz
balikcilik faaliyetlerini kiiresel anlamda daha aktif izlenmesi ve
cezalarin caydirici derecede buyik olmasi dnerilmektedir.

b) Ginlik yasam faaliyetlerin sinirlanmasi, restoranlarin
kapatilimasl, bazi (lkelerde sokaga c¢ikma kisitlamalarinin
uygulanmasi su Uriinlerine talep azhigina yol agmaktadir.
Oncelikle kiigiik capli balikgilik basta olmak iizere sektdrdeki
kirlgan alt sektér calisanlarina sokaga cikma kisitlamalarinda
calisma belgesi verilmesi gerekliliktir. Bununla birlikte balikgilarin
yerel halka hitap edebilecedi satislarin telefon uygulamalaryla
yapildigi bir uygulama, balikgilara e-ticaret Ulzerinden satis
imkani ile yeni tedarik zinciri olusturulmalidir.

c) COVID-19 pandemi sartlarinda akuakultir Gretiminin
devamliligi agisindan kisa vadede ithalat-ihracat serbestligi icin
bélgesel balik¢ilik kuruluslarinda (RFMO) glindeme gelmesi ile
uzun vadede vyetistiricilik faaliyetlerinin altyapisinin gelistirilmesi
icin yerel tesislerin kurulmasi (balik yemi), kuluckahaneler
acllmasi, su Urlinleri isleme teknolojisi alt yapisinin gliglendirilmesi
Onerilmektedir. YOnetimsel olarak sektdre yatinm yapacak
gercek veya tizel kisilere vergi yukimllliginde azaltma gibi
Ozel pozitif aynmcilik verilmelidir.

d) Mevcut calismalar alti kitadan alinmistir; fakat su Grinleri

Kaynaklar

sektdrlinin alt sektdrlerine dair daha genis &rneklemlerle
calisiimasina, pandemide su Urlnleri sektérlerinden yetistiricilik
faaliyetleri, kiclk gapl balk¢ilik, endUstriyel balik¢ilik, sucul
ekosistemi  kisisel koruyucu ekipmanlarinin asir  Kkirliligi
konularinda daha derinlemesine sektdriin icinde bulundugu
durumu ortaya koyan farkli Ulkelerde yapilacak arastirmalara
ihtiyac duyulmaktadir.

Sonug olarak, kiiresel 6lcekte meydana gelen bdyle bir katastrofik
olayin Ustesinden gelinebilmesi ancak uluslararasi ¢apta
mumkin mertebede adil olabilecek bir is birligiyle saglanabilir.
Bu durum éniimizdeki ddnemde kuresel isinma ve artan nifus
ile karsimiza cikabilecek ve gida tedarik zinciri tizerine olumsuz
etki yapacak bu faktorlerle birlikte degerlendirildiginde daha da
6nem kazanmaktadir. Bu kapsamda yapilan ve yapilacak olan
calismalarda sadece devletlerin degil Sivil Toplum Kuruluslarinin
aktif rol Ustlenmesi olayin sadece ekonomik tarafini degil
sosyal ve kulttrel etkilerinin dogru bicimde ortaya konmasini
saglayacaktir. Son olarak geldigimiz nokta itibariyle “Temiz,
yasanabilir ve daha adil bir diinya icin el ele” mottosunun hayata
gecirilmesi elzem gézikmektedir.

ETiK STANDARTLARA UYUM

Yazarlarin Katkisi

Yazarlar esit oranda katki saglamislardir.

Cikar Gatismasi

Yazarlar herhangi bir ¢ikar catismasi olmadidini deklare etmektedir.
Etik Onay

Yazarlar bu tir bir ¢alisma icin resmi etik kurul onayinin gerekli
olmadigini bildirmektedir.
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Anahtar Kelimeler
Nephrops norvegicus
FISHSELECT
Segicilik

Morfolojik 6zellik
SimUlasyon

Bu calisma, Norveg istakozunun (Nephrops norvegicus) morfolojik 6zelliklerinden yararlanilarak
dip trol balikgiliginda kullanilan farkli torba ag géz acikliklari igin elde edilebilecek olasi L,
segicilik parametresinin nceden tahmin edilebilmesine ydnelik bir 5n ¢alismayi kapsamaktadir.
Laboratuvarda yapilan morfolojik tespit calismalari ve sonrasinda bilgisayar ortaminda yapilan
similasyon olarak iki asamali olarak gergeklestirilmistir. Calismada populasyonu mimkiin
oldugunca temsil edebilecek en kiglkten en blylge kadar farkli boy gruplarindaki (18-
61 mm karapas boyu) 20 adet Norveg istakozu kullaniimistir. Bireylerin karapas boylari ve
agirliklar tespit edilmis ve ag g6z kaliplarindan kagma/gecme olasiliklari test edilmistir. Daha
sonra veriler FISHSELECT e aktariimis ve simulasyon baslatiimis, tire ait L., degeri igin ag
g6z buyUklugu ve aciklik derecesine karsi gelen izobar grafigi elde edilmistir. FISHSELECT
simullasyonu sonucunda Norveg istakozu igin segilen 3 farkll viicut kesiti icin sirasiyla CS1
icin ships (133,745; R?= 0,810), CS2= 192,324; R?>= 0,961) ve CS3 (184,590; R?= 0,948) icin ise
Flexelips 1 en uygun model olarak tespit edilmistir.

A preliminary study on the estimation of selectivity of Norwegian lobster (Nephrops
norvegicus) using morphological characteristics in bottom trawl fishing

Keywords

Nephrops norvegicus
FISHSELECT
Selectivity
Morphology
Simulation

Cite this article as

ABSTRACT

This study includes a preliminary study to predict the possible L, selectivity parameter,
which can be obtained for different mesh sizes used in bottom trawl fisheries, by using
the morphological features of the Norwegian lobster (Nephrops norvegicus). The study
was carried out in two stages as morphologically based works in the laboratory and then
simulation studies in the computer-based. In the study, 20 Norwegian lobsters in various
sizes, from the smallest to the largest (18-61 mm carapace length), were used to represent
the population as much as possible. In laboratory studies, the carapace lengths and weights
of these individuals were measured and the probability of escaping/passing from the mesh
templates was tested. The data transmission to FISHSELECT software and also simulation
process were done and isobar figures showing the L, values of Norway lobster against mesh
sizes and mesh openness degrees were produced. As result of the FISHSELECT simulation,
it was determines as the best model ships for 133.745; R>= 0.810), CS2= 192.324; R?>= 0.961)
ve CS3 (184.590; R?= 0.948) As a result of FISHSELECT simulation, for 3 different body
sections selected for Norway lobster , ship for CS1 and Flexellips 1 for CS2 and CS3 were
determined as the most suitable models, respectively.

Aydin, C., Tokag, A. & Akpinar, G. (2022). A preliminary study on the estimation of selectivity of Norwegian lobster (Nephrops norvegicus) using morphological

characteristics in bottom trawl fishing. Marine and Life Sciences, 4(1): 46-52 (in Turkish)
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Giris

Balk¢illk takimlarinda ag goéz sekli ve genisligi ile ilgili
duzenlemeler kaynaklarinin sirddrulebilir kullanimi icin oldukga
Onemlidir. Stoktaki Ureme olgunluguna erismemis kiclk
bireylerin operasyon sirasinda kagmasinin saglanmasina
dayanan bu olgu segicilik olarak tanimlanmaktadir. Tlrkiye
ve Dinyada uzun zamandir bilinen ve Uzerinde ¢ok cgalisilan
bir konudur. Gunlmizde segciciligin tespiti i¢in Kkullanilan
temel yéntem, genellikle saha calismalarindan veri elde etmek
ve bu verilerin istatiksel olarak degerlendirmektir. Guvenilir
sonuclar elde etmek ve cekimler arasi varyasyonlar azaltmak
icin ¢cok sayida deniz calismasi yapiimasi gerekmektedir. Bu
durum verilerin elde edilme sirecini uzatmakta ve maliyetleri
artirmaktadir (Tokag ve ark., 2016).

Troller demersal tirlerin avciliginda en etkin av aracidir. Tirkiye
demersal balikgilik Gretiminin yaklasik % 90’1 trol balikgiligindan
elde edilmektedir (Tokag, 2001). Diger taraftan trollerde istenen
boyutta avlanan tirlerin yanisira kiclk, hedef disi ya da
istenmeyen tlrler sorunu glncelligini korumaktadir. Segicilik
calismalan 1950’li yillarda hedef tirin seciciligi Uzerinde
baslamistir (Hall ve ark., 2000). Bu vyillardaki calismalarda
dogal ve yapay malzemelerden yapiimis torbalarin segicilik
Ozellikleri ayrintii sekilde ortaya konmustur (Walsh ve ark.,
2002; O’Neill ve Mutch, 2017; Lucchetti ve ark., 2021). Trol
seciciligi Uzerine teorik tahmin modellemeleri ise 2000’1 yillarin
ilk yarnisinda Kuzey Denizi dip trol balik¢iliginda baslanmistirr
(Hermann 2005a; 2005b ve Herrmann ve ark., 2006). Daha
sonralart Ug (lke (iskogya Norvec ve Fransa) ortakiiginda
PRESEMO ve FISHSELECT modelleri gelistirilmistir. Bu
modellerden ilki olan PRESEMO torba segiciliginde fiziksel,
biyolojik ve davranissal mekanizmalarin anlasiimasina dayali
bir similasyon programidir (Herrmann ve ark., 2006; O’Neill
ve Herrmann, 2007). Programin calisabilmesi igin trol agi ve
torbanin fiziksel ¢zellikleri, cekim sirasinda aldigi sekil, baliklarin
boy, genislik vb. morfolojik ézellikleri, tlriin popllasyon yapisi,
davranis gibi verilerin eklenmesi gerekmektedir. Modellerden
ikincisi; baliklarin morfolojik &zelliklerinden segiciligin tahmin
edilmesine dayanan “FISHSELECT” ydntemidir (Herrmann
ve ark., 2009). Programin temeli balik morfolojisi icin dlgim
araclari, baliklarin ag gozlerinden gecip gegmediginin tespitinde
kullanilan ag g6zi sablonlari, serbest gegislerin testi ve verilerin
degerlendirilmesinde saglayan yazilmdir. PRESIMO’ya gére
daha basit ve goreceli olarak daha kisa surede sonug vermesi
en 6nemli avantajlandir. Herrmann ve ark. (2009) FISHSELECT
metodunu gelistirmeye yonelik (Gadus morhua) ile calisma
yapmislardir. Dért farkli ag goz sekli (rombik, kare, dikdértgen ve
altigen) ve on bir farkll ag g6z boyunda yaptiklari denemelerden
elde edilen teorik segicilik parametreleri, deniz ¢alismasindan
elde edilen veriler ile karsilastirimis ve FISHSELECT model
sonuglarinin dogrulugu ortaya konmustur. Bu kapsamda yapilan
diger bazi calismalar; Herrmann ve ark. (2009) ile Frandsen
ve ark. (2010) tarafindan Kuzey Denizi Skagerrak-Kattegat'da
Akdeniz de ise Toka¢ ve ark. (2012); Tokag ve ark. (2016);
Tokac ve ark. (2018) ve Kostak ve Tokac (2018) tarafindan
yapilmistir. Tirkiye'de ilk defa FISHSELECT programini Tokag

ve ark. (2012) tarafindan barbunya (Mullus barbatus), isparoz
(Diplodus annularis), izmarit (Spicara smaris), kirma mercan
(Pagellus erythrinus) ve yabani mercan (Pagellus acerna)’nin
morfolojik dzelliklerini de kullanilarak, 40 mm kare, 44 mm ve
50 mm baklava g6zli torbalarin secicilik parametreleri ile ag g6z
buyUkligu ve agiklik derecesine karsi gizilen izobar grafikleri
ortaya koymuslardir.

Norveg istakozu (Nephrops norvegicus Linnaeus, 1758) dip trol
balik¢ii@i av komposizyonu icinde yiiksek ticari 6neme sahip
onemli tirlerden biridir. izlanda’dan Faroa Adalarina, Misirin
Atlantik kiyisindan bati ve merkez Akdeniz’e (Baltik denizi,
Karadeniz, Marmara Denizi harig) kadar 20-800 m’lerde gamurlu
alanlarda yasamini stirdiirmektedir (FAO, 2014). Turlin biyolojisi
populasyon ¢zellikleri ortaya konmus, farkli torbalarin segicilik
ozellikleri arastinimistir (Froglia ve Grimato, 1981; Sarda ve ark.,
1993; Stergiou ve ark., 1997; Mytilineou ve ark., 1998; Sarda,
1998; Bahamon ve ark., 2006; Guijarro ve Massuti, 2006; Sala ve
ark., 2008; Kaykag ve ark., 2009; Tokag ve ark., 2009). Frandsen
ve ark. (2010) tarafindan Norveg istakozunun morfolojik &zellikleri
baz alinarak optimum segicilik degerini elde etmek icin tiriin
morfolojisi ile ag g6z acikliklarinin etkilesimi ortaya konulmustur.

Bu calismada, Norveg istakozunun morfolojik &zelliklerinden
yararlanilarak dip trol balik¢iiginda kullanilan farkh torba ag
g6z agikliklari igin L, degerlerinin 6nceden tahmin edilmesine
yonelik bir én calisma niteligindedir.

Materyal ve Yontem

Galismada, populasyonu mumkin oldugunca temsil edebilecek
en kicilkten en blylge kadar farkl boy gruplarindaki (18-
61 mm karapask boyu) 20 adet Norve¢ istakozu laboratuvar
calismalarinda kullanilmistir. Fradsen ve ark. (2010) Norveg
istakozu icin ag gozlerinden kacis icin en iyi temas sekli
olarak 3 farkh sekli tanmlamislardir. Sekil 1’de verilen bu
temas sekilleri bu calismada baz alinmistir. Bu temas sekilleri
siraslyla, CS1 (Kafanin en yiksek noktasi), CS2 (Anal omurga)
ve CS3 (Yuzgeclerin hari¢ tutuldugu maksimum genislik)'dur.
CS1 ve CS2'deki konturlar FISHSELECT yazilimi tarafindan
otomatik olarak algilanirken CS3 icin konturlar manuel olarak
Uretilmektedir. R? degerleri, tlrlin gergek kesiti ile yazilimdan
elde edilen modelin birbiriyle olan yarigap ve agi degerlerine
gbre hesaplanmaktadir. R? degeri en yiksek ve AIC (Akaike
Information Criterion) degeri en dlslk olan model similasyon
icin en uygun modelini ifade etmektedir.

Bu temas sekillerinin farkl ag g6zl boyu ve sekillerinden gegip
gecmedigi laboratuvar calismalarinda ag sablonlari kullanimi ile
test edilmistir. Farkli temas sekillerinin segicilik sonuclari igin cok
fazla sayida similasyon yapilmistir. Her bir similasyon bireysel
temas sekillerinin katiimi ile tesadUfi olarak ¢esitlendirilmistir.
Simulasyon ciktilari 6rneklemeden elde edilen degerler esas
alinarak siralanmistir. Yukseltgenme faktérlerinin kombinasyonu
trol torbasindaki secicilik yénteminin bir yansimasi olarak kabul
edilmistir.

Calismada 20 bireyin ag gozleri sablonlari kullanarak ag gozlerine
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karsi gosterdigi kagis durumlari icin serbest gegis testleri (farkl
buyikluk ve sekildeki toplam 478 adet ag gdzlinden gecip
gecmediginin test edilmesi) ile yapiimistir. Bu kapsamda her bir
birey (N=20) icin 3 farkli temas noktasindan (CS1, CS2 ve CS3)
toplam 28680 gecis testi gerceklestirilmistir.

Karapas boyu, agirlik ve morfometrik viicut dlciimleri laboratuvar
calismalari esnasinda kaydedilmistir. Laboratuvar ¢alismalarinda
yapilan islemler Sekil 2'de 0©zetlenmistir. Norvec Istakozu
bireyleri lizerinde Frandsen ve ark. (2012) tarafindan uygulanan
toplam boy, karapas genisligi, karapas yiksekligi ve 2. karin
segmentinin genisligi gibi dlclmler igin, diz yatakl tarayici
kullanilarak her bireyin G¢ farkli goriintust alinmistir. Morfolojik
Olcimlerine ait detaylar Sekil 3’te verilmistir. Agirhk élgiimleri
0,01 g hassasiyetli terazi ile alinmistir.

Morfometrik vicut o6lcim isleminde mekanik morfometre
cihazi kullanilmistir (Sekil 4). Bu alet bireylerin viicut sekillerini
belirlemektedir. Yuvarlak paslanmaz celik cubuklarin her
biri ayr olarak hareket ettirilebilmektedir. Olgiimii yapilacak
birey, édnceden belirlenmis vicut kesit noktasindan tellere dik
olacak sekilde yerlestirilmistir. Vicut cevresini belirlemek icin
sistemdeki gubuklar dlgllecek bireylerinin tek tek itilmektedir.
Tarayici cihaz kullanarak sekil degerlendiriimek lizere bilgisayara
aktariimaktadir.

Sekil 1. Norveg Istakozu icin tamimlanan CS1, CS2 ve CS3'lin morfometre ve
tarayict ile dlgimd.

Figure 1. Cross-section identification process using morphometry and
scanner for a randomly selected Norwegian lobster

Tarayicl ile taranan bireyler FISHSELECT vyaziimi ile
sayisallastinlip, similasyon islemi icin gercek ve sanal verilerin
karsilastinimasinda kullaniimaktadir. Morfometre cihazindan
elde edilen veri, baligin viicut seklini ifade eden noktasal alanlara
donustirulmektedir (Sekil 4).

Bulgular

Ol¢iimii yapilan 20 bireyin karapas boylari 25-65 mm araliginda
olup, en fazla 35 mm boy grubunda yogunlasmistir (Sekil 5).
Norveg Istakozu turi icin 3 farkh (CS) vicut kesit seklinden
test edilen veriler Sekil 6'da ve belirlenen en iyi modeller ise
Sekil 7°de sunulmustur. S6z konusu 3 viicut kesit sekli (CS)
belirlenmesinde viicudun en yiksek noktalar olan ve agdan

Sekil 2. Norveg istakozu boy 6lciimlerinin degerlendirimesine iliskin islem
asamalar  (a: Bireylerin boy sirasina gére dizilisi, b: calismada
kullanilan 6rnekler, c; morfometrik dlgiimlerin alinmasi d: morfometri
aleti, e: verilerin bilgisayara islenmesi, f-h: farkli blytiklikteki ag
g0zl sablonlarindan Norveg istakozunun gegip gecmediginin tespiti
(serbest gecis), 1: verilerin degerlendirilmesi)

Figure 2. Process steps for the Norwegian lobster length measurements (a:
sequencing of individuals in order of length, b: samples used in the
study, c; taking morphometer measurements d: morphometer device,
e: data processing into computer, -h: Fall through experiments (free
pass), i: data analysi

kacisi belirleyen dorsal-ventral bélgeleri temel olarak dikkate
alinmistir.

FISHSELECT vyazilimini kullanarak CS noktalarinin boy ile
iliskisi tespit edilmistir. Boy-viicut gevresi arasinda blylime
tanimlanmistir. Yapilan analiz sonucunda, 4 farkli model elde
edilmistir. Norvec istakozu turl (zerinde yapilan simulasyon
calismasi sonucunda CS1 icin ‘Gemi’, CS2 ve CS3 igin
‘Flekselips 1’ en iyi model olarak bulunmustur (Tablo 1).
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Sekil 3. Norveg istakozu bireylerinin mekanik morfometre ile istenilen
bélgelerdeki viicut kesitleri sekillerinin belirlenmesi

Figure 3. Determining the cross sections of Norwegian lobster individuals by
mechanical morphometer



Mar Life Sci (2022) 4(1): 46-52

Aydin et al.

Bl C\Users\AVLAMA\Desktop\NEP\fish11}cs5.MKS

LB

Curve type:
-

NOME
CIRCLE (c1 SHAPE CHART

Attempt =5 ; Completed = 5

Polar curve points

angle->radius a
002> 678

DROPE (c1.62)
SEMISDFT_DROPE (c1.62)
SOFT_DROPE (c1.c2)
SUPER_DROPE (c1.c2)
FLEX_DROPE (c1.c2c3)
FLEX_DROPE2 (c1.c2.c3)
BUTTERFLY [c1.c2)

SHOE [¢1,62)

SHOE2 [c1.c2)
SOFT_HEXAGOMAL [c1.c2)
SHOE3 [c1.62,c3)

KOTELET (c1.c2.c3)
SHOE4 [c1.c2.c3)

BOTTLE [c1.c2.c3)

SHIP e1,c2.c3)
FLEX_ELLIPSE1 (c1.c2c3)
FLEX_ELLIPSE2 [c1.c2.c3)
SOFT_TRIANGEL [c1.c2.c3)
FLEX_ELLIPSE3 [c1.c2.c3) od---4
FLEX1 [e1.62¢3)

FOURIERT (c1.62,£3.64.65.6)
FOURIER2 [c1.c2.c3.c4.c5.c6)
FOURIERS (c1.c2.c3.c4.c5.06)
FOURIERY (c1.c2.63,64.65,06)
FOURIERS [c1.c2.3.04.c5)
FOURIERE [c1.c2.c3.c4.c5]
FOURIERT (c1.c2.c3.c4)
FOURIERS (c1.c2.c3.c4)
FOURIERS [c1.c2.c3)
FOURIERTO[c1.c2.¢3)
F_DROPE [c1.c2)
F_SEMISOFT_DROPE [c1.c2}
F_SO0FT_DROPE [c1.62)

296> 684
5.83-> 692
856> 7.13
11.22.> 7.30
1389 7.35 ¥:

Estimation Results

File: C:\Usess\AVLAMA\D esktop’ »
Model: FLEX_DROPE [c1.c2,c3)
sum ment : 0.253754

cl - 7.153680

€2:12154232

c3: 0.237704

«: 0.385582

st 54 524134 | Figure 4. The simulation studies for the fitting
of the cross-section and penetration

Exp. Area: 273109712
model for Norway lobster

Sekil 4. Norveg Istakozunun scanner ile
taratilmis  viicut  sekline  (yesil
konturlar) uygun geometrik seklin
(kirmizi - kontur) belirlenmesi igin
yapilan simiilasyon calismasi

m

witt. Area : 273.139733

Exp. Circumference : 71.676004
vit. Circumlerence : 61.698533
+d: 0.371

AIC : 113.963299

R7 - N 9RA7I4

4

Result List

otation - 81 331451
Exp Area: 241433383
vitt, Area: 241.495030 |
Exp. Ciicumference : 63.297172 il

Parameter Guess values -80 :
Mean [low [High [ConFad o 7 i, (r.B1 61
cl 30 50 550 00 : f ¥ i y ! y 4 £IC: 178079335
c2 300 50 550 0.0 y * g R2:0918169
3 000 30 30 00 90 80 -70 60 -50 40 -30 20 -10 O 10 20 30 40 SO &0 70 80 0 100 | |MawNStuct: 21
o oo 30 30 00 Save chat | Saver Mal Hae || e o o -
|5 0.0 30 30 0.0 Max size (chart width and height mm) E stimation Methods < ]
S | [ S e e e
00 100 100 00 Clear | Previous| Next
rotation |00 00 :ﬁ&ﬂ 0 -
repenieds = = = Draw Showlist Repl And Saval Save Open Clase
5 baklava g6zl aglarda segicilik egrisinin egiminin ¢ok keskin
olmadigi goriimektedir Bu durum tirlin avciiginda ylksek
4 miktarlarda iskartaya ve pazarlanabilir Grinde kayba neden
£, olmaktadir. Ayrica trol aginin ¢ekim hizi, Norveg istakozunun
- . . o a . w I .
< ylizme hizindan daha yiksek oldugundan bu tir ile ag gdzleri
g2 arasindaki etkilesimin ve kacis davranisinin tesadifi olarak
& gergeklestigi kabul edilmektedir. Yapilan su alti gdzlemleri
1 Norve¢ 1istakozunun bu davranisini desteklemektedir ve
L]
0 25 30 35 440 45 =]
Karapas boyu (mm) Fleks Flekselips 1 Fleksdrop Gemi
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Figure 5. Carapace length distribution graph for the Norway lobster specimens Gl O
used in the study
FISHSELECT ile segicilik calismalarini popllasyon Uzerinde i
degerlendiriliyormus gibi islem yapmaktadir. Birey sayisi arttikca
simUlasyon sonucundaki hata orani azalmasi sebebiyle minimum
. . . Ccs2
ve maksimum boy siniflarinda 5000 adetlik bir sanal populasyon
tanimlanmistir. Boy araliginin daha genis sinirlara tasinmasi daha
dogru sonuglarin elde edilmesini saglamaktadir. Simulasyon
asamasinda 5000 adet birey, sadece rombik ag gdzlerine iliskin i
357 ad gbz ve bir modelde simule edilmistir. Yaklasik l¢ ay
stren similasyonda 1 785 000 deneme yapilmistir. Similasyon
sonucu yazilima ait “‘Retention Data” sekmesi ile grafik ve sayisal cs3
sekilde L, SR degerleri elde edilmistir. Ag g6zlniin agilma orani
ve ag g6z boyu verileri “R” istatistik yaziimiyla degerlendirilmis A
ve Norveg Istakozuna ait segicilik izobari elde edilmistir (Sekil 8).

Tartisma ve Sonug¢

Norveg istakozu ¢ok fazla sayida ekstremtiye sahip oldugu icin
trol torbalarinda uygun boy seciciligini saglamak genellikle cok
zor olmaktadir. Bu tlrin segiciligi baliklarla karsilastiridiginda
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Sekil 6. Norveg istakozlarinin sayisallastinlan viicut kesit gizgileri (kirmizi)
icin test edilen sekillere (siyah) iliskin viicut cevresi (CS) noktalari

Figure 6. The fit of the cross-section (red) and penetration model (black) for
Norway lobster
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Cs1 CS2 CS3

Sekil 7. Sayisallastinlan bireylerin viicut kesit cizgileri ve simulasyon sonucu
elde edilen en uygun sekiller.
Figure 7. Crosss-section lines of individuals and the best models obtained as

Norveg istakozlarinin her zaman agin alt kisminda kaldigi rapor
edilmektedir (Main ve Sangster, 1985; Robertson ve Ferro, 1991;
Briggs, 1992).

Norveg istakozuna ait saha calismalarinda ise 55, 60 ve 70 mm
g6z agikligindaki rombik torbalar ile 55 mm kare gozlli torbanin
secicilik parametreleri arastinimistir. Yapilan degerlendirmeler
sonucu karapas boyu olarak 55 baklava gdzIi torbadaki
ortalama L, boyunu 27,1 (25,9+28,2) mm, 60 mm baklava
g6zIu torbada 25,8 mm (23,9+28,1), 70 mm baklava gozli
torbada 28,1 mm (26,6+29,8) ve 55 mm kare go6zli torbada
ise 34,7 (33,1£36,4) mm olarak bulunmustur (Campos ve ark.,

@
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Sekil 8. Norveg istakozuna ait secicilik izobar grafigi

Figure 8. Design guide for diamond meshes showing L, values iso-lines for
OA values between 10° and 90° of Norway lobster for mesh sizes
between 40 and 100 mm

Elps Fleksdrop

Tablo 1. Farkli modellerden elde edilen
AIC (Akaike Information Criterion)
ve Regresyon (R?) degerleri (kalin
olarak yazilanlar en iyi modeli
tanimlamaktadir)

Table 1. AIC (Akaike Information Criterion)
and Regression (R?) values
obtained from different models (in

Flekseljps 1 Gemi bold describe the best model)
CS1 AIC 164,964 181,780 169,815 133,745
R? 0,779 0.690 0,760 0,810
0S2 AIC 202,239 206,131 192,324 196,108
R? 0,956 0,941 0,961 0,959
s3 AIC 186,494 185,014 184,590 187,281
R? 0,943 0,947 0,948 0,944

2002). 28 mm baklava ve 40 mm rombik ve 40 mm kare g6zli
torbalarla yapilan segicilik calismasinda 28 mm baklava gézlu
torbanin ¢ok fazla sayida kiglk bireyleri alikoyuldugunu bu
nedenle segiciligin hesaplanmasinin mimkiin olmadigi ortaya
konulmustur (Stergiou ve ark., 1997).

Surdurdlebilir balikgilik igin balikgilik ydnetiminde minimum ag
g6z boyu dizenlemesi yapiimaktadir. Deneysel olarak farkli
ag gozleri, materyalleri ya da asilma oranlari gibi &zelliklerinin
degistirilerek test edilmesi ve ilgili balik poptlasyonlarina olan

etkisinin karsilastiriimasi ile sonuglar elde edilmektedir. A§ g6z
boyutu ve sekli yaninda sonuclar torba etrafindaki géz sayisi,
torba uzunlugu av miktar gibi ¢ok sayida degiskene bagh
olarak degismektedir. FISHSELECT y&ntemi daha az calisma
gund, arastirici sayisi ve maliyete sahip olmasi yaninda deniz
calismalar sonucunda tahmin edilen segicilik parametrelerine
yakin sonuclar vermesi son derece yararlidir. Yapilan bu én
calismada teorik veriler ve deniz parametreleri ile FISHSELECT
yazilimindan elde edilen verilerin uyum gdstermistir diger taraftan
daha kesin sonuglara ulasabilmek icin &ézellikle trol aglarindaki
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torbalarla daha kapsamli deniz ¢alismalarin yapiimasina ihtiyag ETiK STANDARTLARA UYUM

duyulmaktadir.
Yazarlarin Katkisi

Bu tur teorik calismalarin ve inovatif yéntemlerin kullaniimasi ve
ticari balikgiliga entegrasyonu, siirdUrilebilir balik¢gilik agisindan
oldukga dnemlidir. Verilen secicilik izobar grafiklerinden acikca

Yazarlar esit oranda katki saglamislardir.

A o Cikar Gatismasi
gorulebilecegi Uzere ag gdz boyu kisitlamasinin sadece tek basina
yeterli olmadigi ortaya konulmustur. Ayni géz buyUkliginde Yazarlar herhangi bir ¢ikar catismasi olmadigini deklare etmektedir.
fakat farkll g6z acilim acilarinda yakalanan Norveg istakozunun .
L, yakalama boylarinda farkliliklar oimaktadir. Dolayisi ile istenen Etik Onay

boy gruplarinda Norveg istakozunun yakalanmasi icin ag goéz
buyukltgini yaninda mutlaka g6ziin sahip olmasi gereken acilim
acisi hakkinda da bildirimde bulunulmasi gerekmemektedir.

Yazarlar bu tiir bir calisma igin resmi etik kurul onayinin gerekli
olmadigini bildirmektedir.
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Introduction

Influenza A viruses (IAVs) are naturally carried by wild aquatic birds and generally cause
asymptomatic gastroenteric disease in their natural reservoir hosts. Because the viruses
follow oral-fecal route in the avian host, they could be shed into water bodies through feces.
Furthermore, IAVs that are secreted to abiotic sources might be preserved in the environment
for a period, facilitating the transmission of viruses between individuals or species. Viral
stability could be affected by several factors such as pH, salinity, and temperature of water.
Therefore, this study aims to investigate the lowest amount of infectious 1AVs that could be
detected in sediment samples via molecular and virus isolation methods, and to compare the
sediment composition with the efficiency of detection/isolation of IAVs and viral persistence.
For this purpose, an HBN2 virus (A/Aquatic bird/Gediz Delta/1/2018) of avian origin was used
for artificially seeding the sediment samples that were collected from Gediz Delta, Izmir,
Turkey. Molecular methods showed that lower amount of HEN2 virus could be detected in
sediment sample collected from freshwater area (FS) in comparison with the sediment samples
that were collected from salty water area (SS). Furthermore, virus precipitation method using
polyethylene glycol increased the efficiency of virus isolation by 10-fold in FS, but not in SS.
On the other hand, although the detection limit for IAVs was higher in SS than in FS, viral
fitness was better maintained in SS. Moreover, high number of cations in the composition of
SS along with larger surface area facilitated virus adsorption on SS complicating the virus to
detach from sediment particles. Thus, the result of this study remarks that the environmental
origin of abiotic sources could affect the viral stability and fitness; therefore, it could affect the
transmission dynamics of the virus in different environments.

segmented nature of the viral genome facilitate point mutations
and reassortment events, respectively, which may cause the

Influenza A viruses (IAVs) are one of the greatest public concerns
affecting millions of people during pandemics and seasonal
influenza infections. They belong to the Orthomyxoviridae family
and diverge into subtypes based on their surface glycoproteins:
hemagglutinin (HA) and neuraminidase (NA). Wild aquatic birds
(Anseriformes and Charadriiformes) are the natural reservoir for
IAVs and cause asymptomatic or mild gastroenteric disease
in its natural host (Webster et al., 1992). So far, 16 HA and 9
NA subtypes have been identified in wild aquatic birds. The
RNA genome of the virus is composed of eight unique gene
segments that encode 10-12 proteins. Lack of proofreading
mechanism of RNA dependent RNA-polymerase (RdRp) and the
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virus to gain interspecies transmission ability.

Abiotic sources such as water and sediment may play a
significant role as an indirect route for the virus transmission
between individuals or species. Wild aquatic birds excrete
IAVs into water bodies through their feces which may contain
high titers of IAVs for at least six days (Webster et al., 1978).
Viruses in fecal material may further precipitate onto sediment
and recirculate in water bodies via the effects of physical factors
such as animal activities or water movements. Several studies
showed that IAVs were detected in water and sediment via
molecular methods. For instance, 4.8% of the water and ice
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samples collected from migratory stopover sites in Michigan
were detected as |AV-positive based on the presence of matrix
(M) gene (Lickfett et al., 2018). Another study showed that 56%
of the sediment samples that were collected from ponds with
high abundance of aquatic birds were IAV-positive (Lang et al.,
2008). Furthermore, IAVs may remain infectious in water for a
period of time, even after the birds’ departure from the aquatic
ecosystems. For instance, IAVs were successfully isolated from
water samples collected from several Alaskan lakes in autumn
after ducks migrated away (Ito et al., 1995). However, it is not
known whether IAVs remain infectious after they precipitate in
sediment.

The persistence and stability of IAVs in aquatic environments
depend on several environmental factors such as pH, salinity,
and temperature which are defined as neutral pH, low
temperatures, and fresh to brackish salinities (Stallknecht et
al., 1990a; Brown et al., 2009). There are several studies in the
literature that focused on how environmental factors may affect
the infectivity of IAVs. For instance, IAVs could perpetuate their
infectivity up to 207 days at 17°C according to the experiments
using artificially seeded samples (Stallknecht et al., 1990b).
Moreover, viral infectivity seemed to be maintained longer times
at lower temperatures (4°C) when the virus was kept in distilled
water (Stallknecht et al., 1990a). In another study, the infectivity
of human H1N1 virus was maintained for more than one day,
although the temperature and salinity of water were high (35°C
and 270 ppt, respectively) (Dublineau et al., 2011). Considering
the idea that IAVs which maintain the infectivity in water bodies
may be adsorbed onto the colloidal particles suspended in
water, they might precipitate together into the sediment. This
could be possible through the electrostatic charge differences of
IAVs and sediment particles which are negatively and positively
charged, respectively (Bitton, 1975). It was shown that IAVs
could be adsorbed onto the surface of several minerals such as
hematite (iron oxide) or clay containing Na, Cl and Al elements
(Warren et al., 1966; Bitton, 1975). Consequently, this might also
increase the preservation of viruses on sediment particles as
preventing the negative effects of UV-light or heat.

Several methods can be used to separate and precipitate
viruses from complex environments. For instance, viruses can
be suspended in solutions such as beef extract, glycine buffer,
sodium pyrophosphate, or potassium citrate for the virus
separation step (Williamson et al., 2003) followed by precipitation
and concentration step. Polyethylene glycol (PEG) together with
NaCl can be used for its high efficiency in virus precipitation
(Guan et al., 2008).

Altogether, our study aims to determine the detection limits
of IAVs in freshwater and salty water sediment samples via
molecular and culture methods. We also aimed to investigate
the effects of environmental factors such as inorganic
composition and surface area of sediment samples on the viral
fitness and virus adsorption processes. To achieve these aims,
we artificially inoculated freshwater and salty water sediment
samples using an H6N2 virus of avian origin with mammalian

adaptation markers and detected the lowest amount of I1AVs
in those sediment samples via molecular and egg culture
experiments. Furthermore, elemental/mineral compositions
and specific surface areas of sediment samples were detected
via XRF/XRD and BET analyses, respectively. Considering the
fact that IAVs with H6 subtype are able to transmit to mammals
without prior adaptation and have the ability to recognize
human-type receptors (Gillim-Ross et al., 2008; Wang et al.,
2014), the findings of this study remark the ecology of H6 viruses
outside the host and highlights the role of abiotic sources in viral
transmission of IAVs which pose a risk for human and veterinary
health.

Materials and Methods
Virus

The virus used in this study was an H6N2 (A/Aquatic bird/Gediz
Delta/1/2018) virus which was previously isolated from the fecal
sample of an aquatic bird (Mercan et al., 2021). The initial titer of
the virus was calculated as 6.5 log,, 50% egg infective dose per
ml (EID,/ml). All experimental work was conducted at a BSL-2
laboratory under a Class Il A2 biosafety cabinet.

Sediment samples

To determine the limit of detection for IAVs in sediment samples
via molecular and culture methods, IAV-negative freshwater
sediment (FS) and salty water sediment (SS) samples were
used. These sediment samples were collected from |zmir Bird
Paradise, Gediz Delta in January 2018 by the scientific research
permission (No: 72784983-488.04-232438) that was granted by
the General Directorate of Nature Conservation and National
Parks, Republic of Turkey Ministry of Agriculture and Forestry.
The sediment samples were collected in transport media which
contained PBS, glycerol, antibiotics (20000 U/ml Penicillin, 400
pg/ml Streptomycin, 300 pg/ml Gentamicin Sulfate, 10 U/mi
Polymyxin B) and an antifungal (5 U/ml Nystatin).

Confirmation of the absence of IAVs in sediment samples

To ensure that the sediment samples were IAV-negative prior to
seeding with a known virus, they were subjected to molecular
analysis via RT-PCR and virus culture in embryonated chicken
eggs (ECEs). First, the sediment samples that were collected
from freshwater and salty water sources in transport media were
combined separately to obtain approximately 9 gr from each
sediment type (excluding the tube weight). This was necessary
to obtain enough sediment samples to perform further
experiments. Then, the sediment samples were centrifuged at
4400 rpm for 5 min and the supernatant was used to perform
RNA isolation using QlAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instructions.
The absence of IAVs in sediment samples were first tested
using molecular methods. Conventional RT-PCR reactions
were performed using One-step RT-PCR kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol. IAV-specific
primers targeting 234 bp region of the M1 portion of M gene
(M30F 5-ATGAGYCTTYTAACCGAGGTCGAAACG-3’, M264R
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5’- TGGACAAANCGTCTACGCTGCAG-3’) (WHO, 2021) (partial
M gene) and 634 bp region of the HA-2 portion of the HA gene
(HA1144F 5'-GGAATGATAGATGGNTGGTAYGG-3’, HA1778R
5 -ATATCGTCTCGTATTAGTAGAAACAAGGGTGTTTT-37)
(WHO, 2002) (partial HA gene) were used in separate reactions.
The final concentration of each reaction consisted of 2 pl of
extracted RNA, 4 ul of nuclease-free water, 1x RT-PCR Buffer,
400 uM of each dNTP, 0.4 pl of Enzyme Mix and 0.6 uM of each
primer. The thermal cycler conditions were 50°C for 60 min, then
95°C for 15 min, followed by 40 cycles of 95°C for 1 min, 56°C
(partial HA gene) or 58°C (partial M gene) for 1 min and 72°C for
2 min, and a final extension for 10 min at 72°C. The sediment
samples were also inoculated into the allantoic cavities of ECEs
for five consecutive passages (Eisfeld et al., 2014) to ensure
no virus propagation was observed. Briefly, each sample was
centrifuged at 4400 rpm for 5 min, then 0.1 ml supernatant/
egg mixed with concentrated antibiotic mixture (2000 U/ml
Penicillin, 400 U/ml Streptomycin, 200 U/ml Polymyxin B, 0.05
mg Gentamicin) at 1:1 ratio was inoculated into the allantoic
cavities of the 10-days-old ECEs in triplicate. Then, eggs were
incubated at 35°C for three days. The viability of the embryos
was checked daily. The eggs were then chilled at 4°C overnight.
The allantoic fluids were harvested into sterile tubes and tested
for the absence/presence of IAVs via hemagglutination (HA)
assay using chicken red blood cells (CRBCs) or turkey red
blood cells (TRBCs) depending on the ability of IAVs to attach
red blood cells. Because there are many mammals (jackal, fox,
wild rabbit, weasel, badger, wild cat, jungle cat, seal, wild boar,
and horse) residing in the sampling area, TRBCs were used to
detect mammalian-like IAVs, if any. Briefly, 0.5% red blood cells
(in PBS) were mixed with serial two-fold dilutions of allantoic
fluids and incubated at room temperature for 30 minutes. A
drop of allantoic fluids were inoculated on blood agar plates (5%
sheep blood) to check bacterial or fungal contamination and
incubated at 37°C for up to 2 days. In case of bacterial/fungal
contamination, the allantoic fluids were sterilized through 0.44
and 0.22 pym filters, checked once again as mentioned above.
After contamination was cleared, the HA assay was repeated.
Finally, the allantoic fluids were also tested via molecular
methods to detect viral RNA as described above to ensure no
virus propagation was observed.

Determination of the limit of detection via molecular and
culture methods

To determine the limit of detection, first, the freshwater and salty
water sediments were aliquoted and the dilutions (1:10, 1:100,
1:1000, 1:10000, 1:100000) of an HBN2 virus (A/Aquatic bird/
Gediz Delta/1/2018) with an initial titer of 6.5 log, ; EID,/ml were
artificially seeded into the sediment aliquots. To determine the
molecular detection limits immediately after virus seeding, viral
RNA isolation and RT-PCR reactions were carried out for each
virus dilutions as described above. To determine the detection
limit via egg culture, all virus dilutions prepared in freshwater and
salty water sediments were centrifuged at 4400 rpm for 5 min,
then the supernatant was inoculated into ECEs and passaged
for five times. The presence of IAVs was tested via HA assay

using CRBCs after each egg passage. The presence of IAVs in
allantoic fluids was also confirmed via molecular methods using
partial M and partial HA gene primers as described above.

Determination of viral titers

Viral titers in allantoic fluids from each passage were measured in
terms of HA unit and EID, . To measure HA titer of each sample,
2-fold serial dilutions of the sample were prepared in PBS. Then,
0.5% CRBC solution was added to each well and the end-point
dilution was noted as the HA titer of the virus. To measure the
titer of the virus in terms of EID,, 10-fold serial dilutions of the
sample were inoculated into 10-days old ECEs in triplicate.
Then, eggs were incubated at 35°C for 3 days. Presence of the
virus was tested via HA assay using 0.5% CRBC solution. EID,
value was calculated for each sample according to the Reed
and Muench method (Reed and Muench, 1938).

Virus purification and precipitation

To purify and precipitate IAVs from sediment samples, PEG
precipitation method supplemented with beef extract solution
was applied on the sediment dilutions (Guan et al., 2008). First,
five volumes of 3% beef extract (Sigma, Darmstadt, Germany)
solution (pH = 6.72) were mixed with all sediment samples that
were artificially seeded with the dilutions of an HGN2 virus. Then,
the mixture was agitated at 300 rpm for 50 minutes at 4°C to
facilitate the separation of viruses from sediment particles.
The mixture was centrifuged at 5000 x g for 60 minutes at 4°C
and the supernatant was collected. To precipitate the viruses
in the beef extract solution, equal volume of 16% PEG-6000
(Sigma, Darmstadt, Germany) solution in 0.01 M PBS (pH =
7.48) was mixed with the supernatant (final PEG concentration:
8%). The mixture was agitated at 200 rpm for 30 minutes at
4°C and incubated overnight at 4°C. Finally, the mixture was
centrifuged at 10000 x g for 90 minutes at 4°C and the pellet
was resuspended in 2 ml sterile PBS. RNA extraction was
performed from the PEG-precipitated samples and RT-PCR
reactions targeting specific regions of M and HA genes were
carried out as described above. The PEG precipitated sediment
samples were also inoculated into ECEs for five consecutive
egg passages and the presence of IAVs was tested via HA
assay using CRBCs. Viral RNAs were also extracted from the
allantoic fluids after each egg passage and subjected to RT-
PCR reactions targeting partial HA and M genes using gene-
specific primers as described above. The viral titers were also
determined for PEG-precipitated samples after each passage
in eggs in terms of HA unit and EID, as described previously.

Sediment composition and specific surface area analyses

The elemental/mineral composition, organic matter density and
specific surface area of sediment samples were investigated
in non-seeded FS and SS samples to understand the possible
effect of sediment composition on virus adsorption process,
thus the efficiency of IAV detection. First, the impurities were
removed from FS and SS via two different washing methods.
The first method was used to eliminate organic impurities
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from the samples which were used as a template for inorganic
component analyses. This method consisted of several washing
steps with isopropanol alcohol (< 99.5%) followed by washing
with dH,0. The second method was to make possible to get rid
of the impurities without damaging organic components of the
samples. For this, sediment samples were washed several times
with 10% NaCl followed by cleaning with dH,O. Then, all wet
sediment samples were dried at 50°C for 3 days. The elemental
compositions, mineralogical structures and the specific surface
areas of sediment samples were determined via XRF (AMATEK-
Spectro 1Q II), XRD (X'Pert ProX-ray, Phillips, The Netherlands)
and multi-point BET method (Quantochrome NovaWin 2)
analyses, respectively. These analyses were carried out at the
Center for Materials Research, Izmir Institute of Technology.
Prior to BET analyses, the samples were degassed at 300°C
overnight (Guven and Akinci, 2013). Organic matter contents of
sediment samples were determined gravimetrically by ignition
of the dried sediment samples at 550°C for 4 hours at the
Solid Waste and Soil Pollution Laboratory at the Department of
Environmental Engineering, Faculty of Engineering, Dokuz Eylul
University.

Results

Confirmation of the absence of IAVs in sediment samples
prior to artificial seeding

Before we artificially seeded the sediment samples with a known
HBN2 virus, both FS and SS samples were tested via molecular
and egg culture methods to ensure that the sediment samples
were |AV-negative. To test the samples via molecular methods,
we first performed viral RNA extraction from FS and SS, followed
by RT-PCR reactions with the primers targeting specific regions
of M and HA genes of IAVs. Both sediment samples were
confirmed |AV-negative based on the amplification of partial M
and HA genes (Figure 1).

Figure 1. Confirmation of the absence of IAVs in sediment samples via
molecular methods before artificially seeding with a known virus.
The absence of 1AVs were tested for FS (A) and SS (B) via RT-PCR
targeting partial M gene (left panel) and partial HA gene (right panel).
The viral RNA of HGN2 virus and nuclease-free water were used as a
positive and negative control, respectively.

Then, the samples were inoculated into ECEs and passaged
for five times. Allantoic fluid from each egg passage was tested
via HA assay for the presence of IAVs. Since the sampling sites
are shared by birds and mammals such as horses, pigs etc.,
we used CRBCs for avian-like IAVs and TRBCs for mammalian-

like IAVs to detect both avian and mammalian origin IAVs. Our
results showed that no virus propagation was detected up to five
consecutive passages in ECEs via HA assay confirming that the
sediment samples were |IAV-negative (Figure 2). These results
were also confirmed by performing RNA isolation and RT-PCR
reactions from the allantoic fluids of each passage targeting
specific regions of M and HA genes of IAVs, as no amplicon was
observed for both genes (Figure 3).

Freshwater Sediment (FS)

Salty Water Sediment (SS)
E3  E4 =

Figure 2. Confirmation of the absence of IAVs in sediment samples via HA
assay before artificially seeding with a known virus. Presence of the
HA activity was tested for FS (A, C) and SS (B, D). Serial dilutions of
allantoic fluids obtained from five consecutive egg passages were
treated with CRBCs (A, B) for avian-like IAVs or TRBCs (C, D) for
mammalian-like IAVs. The absence of the HA activity at any dilution in
any of the egg passage proved that both samples were IAV-negative.
The consecutive egg passages were depicted as E1, E2, E3, E4 and
E5, respectively. The viral RNA of HBN2 virus and nuclease-free water
were used as a positive and negative control, respectively.
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Figure 3. Confirmation of the absence of IAVs in five consecutive egg passages
via molecular methods. The presence/absence of IAVs was tested for
FS (A, B) and SS (C, D) via RT-PCR targeting specific regions of M
(A, C) and HA (B, D) genes. Virus propagation could not be detected
in any egg passage based on M and HA gene amplification. The
consecutive egg passages were depicted as E1, E2, E3, E4 and E5,
respectively. The viral RNA of H6N2 virus and nuclease-free water
were used as a positive and negative control, respectively.
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Determination of the molecular detection limit after artificial
seeding with a known IAV

To investigate the detection limit via molecular methods, FS and
SS aliquots were separately seeded with five different dilutions
(1:10, 1:100, 1:1000, 1:10000, 1:100000) of an HEN2 virus (A/
Aquatic bird/Gediz Delta/1/2018) that was previously isolated
(Mercan et al., 2021). Then, viral RNA isolation and RT-PCR
reactions targeting the specific regions of M and HA genes were
conducted immediately after adding the virus. As a result, we
detected amplicons for both the partial M and partial HA gene
in FS at as low as 1:10000 dilution (2.5 log,, EID,/ml) (Figure 4A
and 4B). On the other hand, the detection limits varied for the
amplification of partial M gene (at 1:1000 dilution; 3.5 log, EID, /
ml) and HA gene (at 1:10 dilution; 5.5 log, , EID, /ml) in SS (Figure
4C and 4D).

We also investigated the effect of virus separation from sediment
samples using beef extract followed by PEG precipitation on
the virus detection limit via molecular methods. Amplicons
for neither gene were not obtained upon virus precipitation
indicating that this approach might result in inhibition in RT-PCR
reactions (data not shown).
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Determination of the detection limit via culture method after
artificial seeding with a known IAV

In addition to detecting viral genes based on RT-PCR
amplifications, we also investigated the lowest dilution at which
virus propagation could be detected in the artificially seeded
sediment samples. For that purpose, same dilutions of an
HG6N2 virus in sediment samples were inoculated into ECEs and
passaged for five times consecutively. Virus propagation could
be detected in each egg passage of 1:100 dilution (4.5 log,,
EID,/ml) of FS and SS via HA assay using CRBCs. However, no
virus propagation was observed in lower dilutions.

Then, virus separation with beef extract solution followed by
PEG precipitation method was performed to investigate whether
PEG precipitation increases the yield of the virus isolation from
lower dilutions. PEG-precipitated sediment samples were also
inoculated into ECEs for five consecutive passages and the

HA gene
s § virus in sediment samples via molecular methods.
G
~ ~

N
) S
s 8
~ ~

presence of the HGN2 virus was tested via HA assay using
CRBCs. Our results showed that PEG precipitation procedure
increases the sensitivity of the detection limit via culture method
by 10-fold for FS (3.5 log,, EID,/ml, 1:1000 dilution), while it
remained same for SS (4.5 log, , EID,/ml).

Viral titers were also determined in terms of HA units for each
egg passage of each HBN2 dilution in FS and SS. Our results
showed that viral titers in the dilutions of HGN2 viruses in FS
and SS varied between 32-512 and 4-256 HA units, respectively
(Table S1). Although the HA titers of HEN2 viruses for PEG-
precipitated sediment samples were similar to those for non-
PEG-precipitated sediment samples (32-512 and 16-128 HA
units for FS and SS, respectively) (Table S1), the overall HA titers
of HGN2 viruses were slightly lower in SS. This might indicate
that the ability of the virus to attach to the sialic acid receptors
on the CRBCs might decrease for the viruses that are adsorbed
onto sediment particles in salty environment.

Because the molecular methods can be more sensitive for the
detection of lower amount of viruses as compared to HA assay,
we also investigated the presence of IAVs in the allantoic fluids
from each egg passage based on the amplification of partial M

Figure 4. Determination of detection limit for an HGN2

- H6N2 virus (initial virus titer: 6.5 log,, EID,/ml)
was serially diluted in 10-fold in FS (A, B) and
SS (C, D), then partial M (A, C) and HA
gene (B, D) were amplified. Both partial
M (A) and HA gene (B) amplicons were
observed at 1:10000 dilution (2.5 log,,
EID,/ml) in FS. On the other hand, M
gene amplicon (C) was observed at
1:1000 dilution (3.5 log,, EID, /ml), while
HA gene amplicon was observed only at
1:10 dilution (5.5 log,, EID,/ml) in SS. The
viral RNA of HBN2 virus and nuclease-
free water were used as a positive and
negative control, respectively.

and HA genes. Overall, the results of gene amplifications were
consistent with the HA assay results indicating that the viral RNA
could not be detected in the allantoic fluids of passages that did
not show HA activity (Figure 5, Figure S1). The amplicons for
both genes that were obtained from the first egg passage are
shown in Figure 5. For instance, HA activities were recorded
at 1:100 and 1:1000 dilutions in FS before and after PEG
precipitation, respectively (Table S1). Similarly, the amplicons
for partial M and partial HA genes were also detected at 1:100
and 1:1000 dilutions in FS before (Figure 5A and 5B) and after
PEG precipitation (Figure 5E and 5F), respectively. On the other
hand, HA activities (Table S1) and gene amplifications were
detected at as low as 1:100 dilutions in SS before (Figure 5C
and 5D) and after PEG precipitation (Figure 5G and 5H).
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Salty Water Sediment (SS)

Before PEG

1000bp

500bp

After PEG

Figure 5. Confirmation of HA assay results obtained from the first passages of each dilution via molecular methods. The presence of IAV was tested for FS (A, B, E, F)
and SS (C, D, G, H) before (A, B, C, D) and after PEG precipitation (E, F, G, H) via RT-PCR targeting partial M (A, C, E, G) and partial
HA (B, D, F, H) genes. The expected size amplicons were detected up to 1:100 dilution (4.5 log,, EID, /ml) for FS (A, B) and SS
(C, D) before PEG precipitation. On the other hand, expected size amplicons were observed up to 1:1000 dilution (3.5 log,, EID,/
ml) for FS (E, F) and up to 1:100 dilution (4.5 log, , EID,/ml) for SS (G, H) after PEG precipitation. The viral RNA of HGN2 virus and
nuclease-free water were used as a positive and negative control, respectively.
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Figure 6. Infectious viral titers of HGN2 viruses isolated from consecutive egg passages of virus dilutions. Viral titers of each egg passages were measured for FS
(A, B) and SS (G, D) before (A, C) and after (B, D) PEG precipitation in terms of EID, . Statistical significance was not calculated because the viral titers were
calculated as a single data point.
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Effects of initial virus titer, PEG precipitation, and sample
type on the viral infectivity

To investigate the effects of initial virus titer, PEG precipitation,
and sample type on the infectivity of HGN2 viruses, viral titers
were measured from the viruses that were obtained from each
egg passage of each dilution in terms of EID, .

Inoculation of the virus with an initial titer of 5.5 log,, EID,/ml
(1:10 dilution) caused 2 log increase in the viral titers during the
first passage for both FS (Figure 6A) and SS (Figure 6C) before
PEG precipitation. Then the viral titers were quite similar in
consecutive egg passages except for the sudden increase at
the fourth egg passage in SS (viral titers in E4 were detected as
7.25 and 9.25 log, EID, /mlin FS and SS, respectively). On the
other hand, the viral titers increased 4 log in the first passages
for both FS and SS before PEG precipitation when the initial
titer of the virus was 4.5 log, EID,/ml (1:100 dilution) (Figure
6A and 6C). However, the viral titer decreased 2 log in the
second passage of FS, while it stayed same for SS. Then, the
viral titers were quite similar in further passages for both sample
type. Thus, our results showed that 4.5 log,, EID,/ml was the
ideal initial viral load for maintaining high viral titers in the first
passage for both sample type. However, viral fitness was better
maintained in SS at the initial titer of 5.5 log, ; EID /ml as the viral
titer gradually increased up to 9.25 log, , EID, /ml during first four
passages, while the titer did not significantly change for FS in
corresponding passages.

The viral titers were also determined for the five consecutive
passages of the same virus dilutions in FS and SS after PEG
precipitation. Because the efficiency of the virus isolation
increased by 10-fold after PEG precipitation in FS, the viral titers
of the egg passages with the initial titer of 3.5 log,, EID,/ml
(1:1000 dilution) could be determined for FS. Overall, the viral
titers were comparable for all passages of FS and SS when the
initial virus titer was 5.5 log,, EID,/ml (1:10 dilutions) (Figure
6B and 6D). Like non-PEG-precipitated samples, the viral titers
increased ~2 log at the first passage and stayed steady after
four consecutive passages. However, our results showed that
the sudden increase at the fourth egg passage in SS could not
be observed after PEG precipitation. Moreover, 3 log increase
in viral titers were observed at the first passage of FS and SS at
the initial titer of 4.5 log,, EID, /ml after PEG precipitation. This
indicated that the infectivity and viral fitness were negatively
affected by PEG precipitation procedure regardless of the
sample type. On the other hand, the efficiency of virus isolation
increased by 10-fold after PEG precipitation for FS, thus the
titers in each passage could be measured at the initial titer
of 3.5 log,, EID,/ml. Our results showed that the initial titer
increased by 4 log at the first passage, then stayed steady at
the following four passages in FS after PEG precipitation (Figure
6B). Therefore, our data suggested that, regardless of the PEG
precipitation status of the sample, the viral infectivity peaks for
FS when the initial viral load is the lowest dilution where the
infectivity is observed.

-59 .

Effects of sediment properties on the detection and isolation
of HBN2 virus

To investigate the effects of the sediment type and composition
on the virus detection and isolation processes, inorganic
(elemental/mineral) structures and specific surface areas of
FS and SS were analyzed via XRF, XRD and BET methods.
According to XRF analysis, concentrations of 22 elements were
out of the detection range, thus they were excluded from the
study (Table S2).

The concentrations of the remaining 18 elements in the samples
were compared according to the fold changes (FCs) which
were calculated in log2 base by dividing the given elemental
concentration in FS to the corresponding element in SS. In case
element concentration was higher in SS, the FC was pointed
out as a negative value. The FC values of seven elements (Mg,
Na, P, Mn, Sr, Nb, and Ba) were below 1.5-fold, thus they were
considered as non-significant. The remaining 11 elements
were divided into three groups as their FCs were between 1.5-
2-fold, 2-4-fold and greater than 4-fold (Table 1). Our results
indicated that the concentrations of eight elements (Al, S, Fe,
Si, K, Ti, Y, and Cl) were high in SS at a varied degree; FCs
of three elements were between 1,5-2-fold (Al, S and Fe), four
elements were between 2-4-fold (Si, K, Ti and Y) while one
was over 4-fold (Cl). Seven of these elements were identified
as the cations, thus availability of more cations in SS might
result in increased adsorptive capacity for IAVs in SS as the viral
particles are negatively charged. Thus, high number of cations
in SS might negatively affect the efficiency of virus separation
and precipitation.

Table 1. Comparison of the important elemental concentrations for freshwater
and salty water sediment samples

Symbol Element FS (Conc. %) SS (Conc.%) Fold Change®
cl Chlorine 0.01222 0.05079 -2,06***
Ca Calcium 36.83 7.297 2,34***
Si Silicon 12.85 26.04 -1,02**
K Potassium 1.105 2.646 -1,26**
Ti Titanium 0.31 0.6344 -1,03**
Y Yttrium 0.00221 0.00625 -1,50**
Al Aluminum 5.065 9.301 -0,88*

S Sulfur 0.02156 0.03796 -0,82*
Fe Iron 2.6 4.222 -0,70*
Cu Copper 0.1184 0.0668 0,83*
Se Selenium 0.00342 0.00223 0,62*

“Fold changes (FCs) were given in log2 base. * = greater than 1.5-fold increase and less than
2fold increase, ** = between 2-fold and 4-fold increase, *** = greater than 4-fold increase.
Negative FCs indicate that the concentrations were higher in SS.

On the other hand, the concentration of three elements (Ca, Cu
and Se) were detected at higher degrees in FS than SS; two
elements (Cu and Se) were detected as trace elements (Cu:
0.1184% and Se: 0.00342%) and their FC values were between
1.5-2-fold. The FC value of Ca, which is also a cation that might
interact with IAVs, was almost 5-fold high in FS. Although the
content of sediment particles in terms of the number of cations
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did not affect the efficiency of virus isolation before PEG
precipitation, low number of cations in FS might be the result of
an increased efficiency for virus isolation after PEG precipitation
as the detachment of virus from sediment particles could be
easier with less adsorptive capacity of the sediment.

We also checked the mineral compositions of the samples to
further investigate the adsorption processes between IAVs and
sediment particles. According to XRD analyses, quartz and
calcite minerals were found as the main minerals in both sediment
samples. The main differences between two sediment samples
were detected in trace minerals. Albite was found as a common
mineral in both sample type. On the other hand, muscovite and
aluminum phosphate minerals were only observed in SS, while
calcium aluminum silicate, moganite and anorthoclase minerals
were detected in FS.

Apart from the composition of sediments, specific surface area
might have a contribution to virus adsorption processes. Thus,
we investigated the surface area (m%q) of FS and SS via BET
analyses. Our results showed that the specific surface area of
SS (16.1025 m#/g) was higher than FS (6.8842 m2/g). This clearly
indicated that IAVs could have more surface area for adsorption
in SS. Since the organic contaminants might interfere with the
molecular methods, we also investigated the organic matter
contents of the FS and SS. No significant difference was
observed between organic matter contents of FS (5.77%) and
SS (6.04%).

Discussion

In this study, we aimed to investigate the effects of initial virus
load and PEG precipitation on the detection of IAVs from
sediment as well as the type of abiotic source (freshwater
versus salty water) in terms of sediment composition. For that
purpose, we artificially seeded the sediment samples with
an H6N2 virus (A/Aquatic bird/Gediz Delta/1/2018) to obtain
five 10-fold dilutions (1:10 to 1:100000) after confirming that
the environmental samples were |AV-negative. Based on the
amplifications of specific regions of M and HA gene, the viral
RNA was detected at as low as 2.5 log, , EID, /ml initial virus titer
in FS (Figure 4A and 4B). However, the viral RNA was detected
at higher initial virus titers based on M gene (3.5 log,, EID,/ml)
and HA gene (5.5 log,, EID, /ml) in SS (Figure 4C and 4D). Since
the concentrations of inorganic/organic contaminants that might
affect the molecular methods could be higher in SS (Schrader et
al., 2012), amplification of viral genes might be inhibited during
RT-PCR reactions. On the other hand, because the shorter
amplicons could be amplified with ease (Debode et al., 2017),
specific regions of M gene (234 bp) and HA gene (634 bp) could
be detected at different dilutions in SS.

The supernatants of same dilutions were also inoculated into
ECEs to investigate the effects of initial titer on virus propagation.
Based on HA assay followed by molecular confirmation, the
presence of viruses was detected at 4.5 log,, EID,/ml (1:100
dilution) for FS and SS at the first passage (Figure 5). Because
additional passages would increase the amount of viruses

(Zowalaty et al., 2011), allantoic fluids of first passages were
inoculated into ECEs up to five consecutive passages. This
process did not change the results and viruses were detected
at the initial titer of 4.5 log,, EID,/ml in all passages for FS and
SS (Figure S1). Further experiments were performed to separate
viruses from sediment particles using beef extract solution and
concentrate by PEG precipitation protocol. Because the beef
extract and PEG solution could inhibit the molecular methods
(Abbaszadegan et al., 1993), we could not amplify any genes
from any dilution (data not shown). On the other hand, this
process did not negatively affect the viral propagation in egg
culture; in fact, PEG precipitation caused 10-fold increase on
the efficiency of virus isolation for FS (3.5 log,, EID,/ml) (Figure
5E and 5F). However, the detection limit for virus isolation
remained same for SS (4.5 log, , EID, /ml) after PEG precipitation
(Figure 5G and 5H). Thus, it was suggested that the composition
of SS could affect the efficiency of PEG precipitation in terms of
having more adsorptive capacity.

We also investigated the viral titers in the allantoic fluids of each
egg passage of each virus dilution in terms of HA unit and EID .
Our results showed that overall HA titers of viruses in FS were
relatively higher than those in SS (Table S1). This emphasized
that the binding affinity of HA protein to sialic acid receptors on
CRBCs decreased when the virus was isolated from SS. The
interaction between HA and sialic acid receptor of red blood
cells could be inhibited by the effects of natural contaminants
such as sera, urine, and edible bird nests, thus binding of HA
protein to sialic acid receptor could be partially abolished
(Matrosovich and Klenk, 2003). Thus, there could be differences
in terms of the amount of natural contaminants in FS and
SS, affecting the slight variation in HA titers. Our results also
demonstrated that the initial titer and PEG precipitation have an
important role on the infectivity of viruses. The most ideal initial
viral titer was observed at 1:100 dilution (4.5 log,, EID,/ml) for
FS and SS before PEG precipitation as the titer increased by
~4 log at the first passage for both sample type (Figure 6A and
C). On the other hand, viral fitness was better maintained in SS
when the initial titer was 5.5 log,, EID,/ml. This suggested that
although the binding ability of HA slightly decreased, the viral
fitness was better maintained for SS as the viral titer gradually
increased up to fourth passage. Further experiments are needed
to investigate the interactions between the binding capacity
of HA and the mutations on HA gene that arise in different
passages. Additionally, PEG precipitation procedure increased
the sensitivity of the virus isolation by 10-fold FS, thus the titers
of viruses in each passage could also be measured at the initial
titer of 3.5 log,, EID,/ml (Figure 6B). Our results demonstrated
that the lowest amount of virus that could be propagated in eggs
was the ideal viral load for maintaining viral fitness in FS before
and after PEG precipitation (Fig 6A and B). On the other hand,
although the PEG precipitation method increased the sensitivity
of virus isolation for FS, it has negative effects on the viral fitness
regardless of the sample type.

Altogether, these results led us to investigate the organic and
inorganic compositions of the sediment samples to better
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understand the effect of sediment composition on the detection
of viruses and viral fithess. For this, element and mineral
compositions as well as specific surface areas of FS and SS
were investigated via XRF, XRD and BET analyses. Comparison
of elemental concentrations indicated that Al, S, Fe, Si, K, Ti, Y
and Cl were higher in SS, whereas Ca, Cu and Se were higher
in FS (Table 1). Among them, Ca element was ~5-fold higher
in FS and it is one of the cations. Because PEG precipitation
method increased the sensitivity of virus detection in FS, it is
possible that adsorptive impact of Ca*? might be reversible.
Therefore, PEG precipitation procedure might be enough for the
termination of the potential interactions between IAVs and Ca
element. On the other hand, high number of cations (Al, S, Fe,
Si, K, Ti, and Y) were detected in higher concentrations in SS.
Previous studies showed that ferric compounds such as iron
oxide and porous silicon surfaces are used in the adsorption
process of IAVs (Warren et al., 1966; Gonchar et al., 2020).
Considering that the cations could increase the adsorptive
capacity of the compound (Bitton, 1975), it was speculated that
SS might have more adsorptive capacity than FS. This might be
the reason for why virus separation using beef extract and PEG
precipitation did not increase the efficiency of virus isolation and
detection in SS. This assumption could be intensified by the
mineral composition of SS that contains aluminum phosphate as
a trace mineral. The information about the adsorptive capacities
of the trace minerals that showed differences between FS and
SSis quite limited in the literature. However, it was reported that
aluminum phosphate mineral is used as an adsorbent in the IAV
purification (Miller and Schlesinger, 1955). Together with the fact
that PEG precipitation method is less efficient in SS, aluminum
phosphate mineral could play a role in increasing the adsorptive
capacity of the sediment for virus. Additionally, providing more
surface area could play a role on the virus adsorption. Regarding
to this, sediment particles of SS provided specific surface area
that was 2.5-fold higher than FS, which indicated that SS had
more surface area for virus adsorption. Larger surface area and
high number of cations might provide an advantage for the virus
as adsorption of the virus onto the sediment particles might serve
as a shelter from damaging environmental factors maintaining
virus viability. This could provide additional fitness for the
viruses in the environmental sources, especially in salty water
habitats, as the virus could maintain its viability. Additionally,
organic matter densities of FS and SS were similar, thus it might
not have effects on the detection of viruses or viral fitness.

Conclusion

In conclusion, this study clearly indicates that the amount of
viruses that are shed into environment and elemental/mineral
compositions of sediment particles have significant contribution
on the infectivity, viability and detection range of the IAVs. Using
additional protocols for virus separation and concentration might
also increase the efficiency of detection, however this might be
correlated with the composition and adsorptive capacity of the
sediment. Understanding the interactions between viruses and
the inorganic composition of the environmental sources could
help us develop novel adsorptive agent(s) to improve the virus

detection in different settings.

In this study, we used an H6N2 virus of avian origin to
investigate the detection efficiency. Further investigations
with other subtypes of IAVs would help us better evaluate the
dynamics between viruses and their environment as we expand
our knowledge about the role of environmental sources in the
ecology and transmission of IAVs.
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Data underlying the reported findings have been provided as
part of the submitted article and are available at: Azbazdar et al.
(2022) Supplementary Materials.
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Some water quality parameters (water temperature, conductivity and pH) and zooplankton
fauna were investigated in 10 water wells. Fourteen (14) species of Rotifera (46.67%), 10
species of Copepoda (33.33%), and 6 species of Cladocera (20%) were recorded. It was
observed that the most widely distributed species are Rotaria neptunia (7 wells), Keratella
quadrata (5 wells), Daphnia curvirostris (8 wells), Coronatella rectangula (in 6 wells), Chydorus
sphaericus and Pleuroxus aduncus (5 wells each), Megacyclops viridis (8 wells) and
Tropocyclops prasinus (in 6 wells). Most species (14 species) were found in well 8, followed by
wells 3, 5, 7 and 9 with 11 species. There was a significant and positive relationship between
zooplankton species diversity, abundance, and water quality parameters. It can be concluded
that some of the rotifer and cladocer species and most of the copepod species in the study
are groundwater compatible species.

Introduction

Well water is used for drinking and irrigation by the vast majority
of the rural population in Turkey as well as other domestic uses.
Wells can be located at different depths depending on the water
table.

Groundwater does not only provide water for human
consumption but also habitats that supports a diverse range of
species dominated by freshwater zooplankton, such as rotifers,
cladocerans, and copepods (Brancelj et al., 2013).

Groundwater fauna are those that live in groundwater systems
or aquifers such as caves, fissures and caverns (Lopes et al.,
1999). Extensive studies on groundwater fauna have been
conducted in many countries around the world (Zektser and
Everett 2004), and because many of these species are native
to specific regions and individual caves, they have become
an important focus for the protection of groundwater systems
(Doveri, et al., 2015).

For more than 250 years, groundwater fauna from cracks and
intergranular aquifers has been researched (Botosaneanu,
1986). Over 6700 stigobites have been identified worldwide to
date (Galassi, 2001; Galassi et al., 2009) and Europe is home
to approximately 1800 stigobites (Gibert and Culver, 2009). In
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the 1990s, the number of ecological studies in groundwater
ecosystems, particularly in intergranular aquifers, increased
dramatically (Hancock et al., 2005; Danielopol and Griebler,
2008). The hyporean zone has received extensive research in the
past and present (Boulton et al., 2003; Di Lorenzo et al., 2013)
while deeper aquifer zones, such as the phreatic zone, have
received relatively little attention and remain a research frontier
for freshwater ecology (Larned, 2012). Limited number of faunal
and ecological studies indicated that the deeper parts of the
groundwater zone are habitats with very specific fauna (Stoch
et al., 2009; Di Lorenzo et al., 2013) but detailed information is
still lacking.

Zooplankton are important in freshwater ecosystems because
they act as a link between primary producers and top
consumers. Moreover, zooplankton is a good bioindicator due
to its sensitivity to environmental conditions (Papa et al., 2012;
Papa and Briones, 2014), which makes it a suitable indicator of
environmental change that can be used to determine the current
ecological status of most freshwater ecosystems.

Freshwater zooplankton research in Turkey concentrated
mainly on surface waters such as rivers and lakes with little or
no attention given to groundwater and groundwater-dependent
ecosystems such as caves, open wells, springs and piped
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groundwater pumps. Diversity of freshwater zooplankton in
surface waters has been said to parallel that in groundwater
ecosystems, especially for copepods (Galassi et al., 2009).
Groundwater diversity studies, like surface water studies, can
provide information needed to maintain sustainable biodiversity
for this type of ecosystem, as well as useful biological indicators
of connectivity between subsurface and surface waters.

Based on the observed research deficiencies, zooplankton
fauna and some water quality parameters were investigated
in 10 water wells in Yayladagdi district of Hatay Province to
determine groundwater zooplankton in Turkey.

Materials and Methods
Water sampling and analysis

Water temperature (°C) was determined in-situ with a model
YSI-52 oxygen meter, pH with a model YSI 600 pH meter, and
conductivity (US cm™) with a model YSI-30 salinometer.

Zooplankton Sampling and Analysis

Zooplankton samples were collected by vertical hauls of a
standard mesh (60 um mesh) in four seasons-summer (June
2019), fall (November 2019), winter (February 2020) and spring
(May 2020) from 10 different water wells located within the
borders of the Yayladagi District of Hatay Province (Figure 1).
Table 1 shows the sampling coordinates of the wells, the depth
of the wells from the surface to the bottom, the water depth at
the time of sampling, and the well widths.

A 0.5 kg metal weight was attached to the bottle of the net and
the net was lowered to the bottom of well. The net was used
to stir the well water vigorously to enable proper mixing of the
zooplankton in the benthic layers with the water. The net was
then raised, and 10 replicates were collected at each well.

After sampling, the zooplankton samples were fixed and
preserved in 4% formalin, and later examined in a mixture of
distilled water and glycerol.

Zooplankton species were examined and identified using an
inverted microscope and a binocular microscope (Olympus
CH40). The specimens were identified using Borutsky (1964),
Scourfield and Harding (1966), Dussart (1969), Damian-
Georgescu (1970), Ruttner-Kolisko (1974), Smirnov (1974),
Kiefer (1978), Koste (1978), Negrea (1983), Korinek (1987),
Segers (1995), and Galassi and De Laurentiis (2004).

The zooplankton fauna was estimated by occurrence rather than
counting method. They were rated as absent (-), very little (1),
little (+), abundant (++), and very abundant (+++).

Results

Water temperature varied between 12.48+1.47°C (winter) and
21.21+0.96°C (summer), with an annual mean of 18.05+3.70°C
(Table 2). The pH value did not change significantly among the
wells. The maximum, minimum, and annual mean pH values

were 8.59+0.23 (spring), 8.02+0.46 (winter) and 8.29+0.38
respectively (Table 2). The conductivity value ranged from
505.30+186.52 pS cm™ (winter) to 649.00+190.87 puS cm™
(spring) with an annual mean value of 610.18+185.77 uS cm™
(Table 2).

Fourteen (14) species of Rotifera (46.67%), 10 species of
Copepoda (33.33%), and 6 species of Cladocera (20.00%)
were recorded in the wells (Table 3). A total of 10 families were
recorded among Rotifera. Brachionidae was the richest family
with 4 species, followed by Lecanidae with 2 species each.
Other families, Gastropodidae, Notommatidae, Lepadellidae,
Mytilinidae, Synchaetidae, Testudinellidae, Hexarthridae and
Philodinidae were each represented by one species. Three
families were recorded among Cladocera. Chydoridae was
the richest family with 4 species, and the other two families
(Daphnidae and Bosminidae) were represented by one species
each (Table 3).

Among the 5 families of Copepoda, Cyclopoidae had 6 species,
and the other four families (Diaptomidae, Parastenocarididae,
Ameiridae and Phyllognathopodidae) were represented by one
species each (Table 3).

According to Table 4, the rotifers with the largest distributions
were Rotaria neptunia (recorded in 7 wells), Keratella quadrata
(5 wells) and Synchaeta styllata (4 wells). For the Cladocera,
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Figure 1. Study area and wells

Daphnia curvirostris, recorded in 8 wells, had the largest
distribution range, followed by Coronatella rectangula (6 wells)
and Chydorus sphaericus and Pleuroxus aduncus (5 wells
each). On the other hand, Megacyclops viridis had the largest

distribution range (8 wells), followed by Tropocyclops prasinus (6
wells) and Macrocyclops albidus (4 wells) among the copepods.

Some zooplankton species had limited distribution and were
recorded in very few wells. Ascomorpha ovalis, Cephalodella
tenuiseta, C. uncinata, Keratella cochlearis, Kellicottia longispina,
Lecane closterocerca and Hexarthra fennica (Rotifera) and
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Water depth (m)
Well Well
Station Latitude Longitude depth 2019 2020 width
(m) (m)
30/06 16/11 22/02 15/05
Well1  35°54'48.78"N  36°03'09.58"E 8.70 7.20 8.60 8.70 7.05 3.00
Well2  35°54'51.46"N  36°03'09.56"E 9.00 7.80 6.70  9.00 9.00 4.00
Well3  35°54'53.27"N  36°03'10.27"E 7.65 5.75 580 5.30 4.90 4.00
Table 1. Coordinates, depth, width,
Well 4 35°54'53.97"N 36°02'76.81"E 5.10 2.30 1.75 3.90 3.15 3.00 and water depth Of We"s
Well5 35°54'49.58"N  36°02'70.44"E 4.00 2.10 2.35 2.44 2.20 3.20
Well6  35°54'51.66"N  36°02'70.44"E 3.40 2.60 2.65 2.85 2.65 2.40
Well7  35°54'46.99"N  36°03'04.02"E 6.30 410 540 5.60 4.60 3.00
Well8  35°53'92.82"N  36°04'04.11"E 8.00 210 160 3.70 2.05 2.40
Well9  35°53'91.99"N  36°04'10.45"E 5.00 2.60 250 450 2.50 2.20
Well 10 35°54'56.72"N  36°05'07.13"E 5.40 415 1.80 0.50 2.70 3.00

Table 2. Summary of the seasonal variations of the physicochemical

parameters
P:‘::;(:;:is Temp (°C) pH Ele. Cond. (uS cm™)
Summer 2019 21.21+0.96 8.36+0.30 643.40+184.89
Fall 2019 19.48+0.79 8.19+0.29 643.00+166.79
Winter 2020 12.48+1.47 8.02+0.46 505.30+186.52
Spring 2020 19.09+2.69 8.59+0.23 649.00+190.87
Annual Mean 18.05+3.70 8.29+0.38 610.18+185.77

Paracyclops chiltoni, Kinnecaris xanthi, Nitocrella stammeri and
Phyllognathopus viguieri (Copepoda) were recorded in one well
each (Table 4).

Most species (7 species) of Rotifera were found in well 8,
followed by wells 1 and 6 with 4 species. Most species of
Cladocera were found in well 9 (5 species) followed by wells 3,
5, 7 with 4 species each. Most species of Copepoda were found
inwell 1, 3, 5, 7 and 8 (4 species) followed by 3 species in well 2
and 9 (Table 4). In terms of total number of zooplankton species,
well 8 was the richest with 13 species followed by wells 3, 5, 7, 9
with 11 species and well 1 with 10 species (Table 4). Though the
wells were rich in species of rotifers and copepods, they were
poor in Cladocera. Six of the 14 Rotifera species and four of the
six Cladocera species were plentiful in different seasons and
wells, but none of the ten copepoda species reached the same
degree of abundance as the rotifers and cladocerans (Table 5).
In spring, R. neptunia (Rotifera) was abundant in well 5 and D.
curvirostris (Cladocera) was abundant in well 3 (++), while S.
stylata (Rotifera) was very abundant in well 5 (+++) (Table 5). In
summer, A. ovalis and K. quadrata in well 6, D. curvirostris and
C. sphaericus in well 7 were very abundant, but S. stylata in well
6, D. curvirostris in wells 5 and 10, C. rectangula in wells 4 and
9 and P. aduncus in well 5 were abundant (Table 5). In autumn,
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H. fennica and R. neptunia (Rotifera) were very abundant (+++)
in wells 4 and 5, respectively, while L. pyriformis and S. stylata
were very abundant (++) in wells 8 and 5, respectively. For the
Cladocera, D. curvirostris were abundant in wells 3 and 7 (Table
5). In winter, R. neptunia (Rotifera) in well 5, of D. curvirostris
(Cladocera) in well 3 were abundant (Table 5). The copepod
species were recorded in very low and low abundance in all
wells and seasons.

There was a significant positive correlation between the number
of zooplankton species and temperature (R2=0.61), pH (R2=0.90),
and conductivity (R?=0.90) (Table 6). Similarly, a significant
positive correlation was observed between the abundance of
zooplankton and temperature (R2=0.52), pH (R2=0.83), and
conductivity (R?=0.89) (Table 6).

Discussion

Biological and chemical processes are among the most
important environmental parameters controlled by temperature,
and they also influence the species diversity and density of
zooplankton in aquatic ecosystems (Herzig, 1987; Sharma et
al., 2007). Biological activity in water increases with temperature
and biochemical reactions accelerate in a way that affects
the reproduction, feeding and metabolic activities of aquatic
organisms (Tas et al., 2010). Seasonally changing temperature
caused differences in zooplankton abundance (Rossetti et al.,
2009). Water temperature varied between 12.48 and 21.21°C
and a positive significant relationship between temperature and
zooplankton was observed. Similarly Dorak (2013), reported
that zooplankton composition and abundance are significantly
influenced by environmental parameters, especially water
temperature and nutrients, and generally, high zooplankton
abundance is associated with high water temperature.
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Table 3. The zooplankton species recorded in the wells

Table 4. Zooplankton species in different water wells

Rotifera * ok Species wells 1 2 3 4 5 6 7 8 9 10
Gastropodidae Ascomorpha ovalis (Bergendahl, 1892) - + Rotifera
Notommatid Cephalodella tenuiseta (Burn, 1890 Ascomorpha ovals .
otommatidae ephalodella tenuiseta (Burn, ) + - Cephalodella tenuiseta S i i
Lepadellidae Colurella uncinata (Miller, 1773) - + Colurella uncinata oL -
Lecanidae Lecane pyriformis (Daday, 1905) + - Brachionus urceolaris + - - - - -+ - -
Lecane closterocerca (Schmarda, 1859) - + Keratella quadrata .-+ - -y -
Mytilinidae Mytilina bisulcata (Lucks, 1912) + - Keratella cochlearis S -+ -
Synchaetidae Synchaeta stylata (Wierzejski, 1893) -+ Kellicottia longispina o T
Lecane closterocerca T - - -
Testudinellidae Testudinella patina (Hermann, 1783) - + Lecane pyriformis e e e e e e a1 A
Hexarthridae Hexarthra fennica (Levander, 1892) + - Mytilina bisulcata -+ - - - - -+
o ) ) Synchaeta stylata + - - -+ 4+ - o+ - -
Philodinidae Rotaria neptunia (Ehrenberg, 1830) + - . .
Testudinella patina - -+ - - - - -+
Cladocera Hexarthra fennica - - -+ - - - - -
Bosminidae Bosmina longirostris (Miiller, 1785) - + Rotaria neptunia + 4+ - 4+ o+ o+ o+ o+ - -
Daphniidae Daphnia curvirostris Eylman, 1887 + - 2';:::?:; of rotifer 4 2 3 2 3 4 3 7 3 2
Chydorus sphaericus (Muller 1776) - + Cladocera
) Coronatella rectangula (Sars, 1862) + - - —
Chydoridae Pleuroxus aduncus (Jurine, 1820) -4 Bosmina longirostris -t
Leydigia acanthocercoides (Fischer, 1854) - + Daphnia curvirostris + + + + o+ - o+ o+ - 5
Copepoda Chydorus sphaericus + -+ - - + - -
Diacyclops languidus (Sars, 1863) -4 Coronatella rectangula oty o .
Eucyclops serrulatus (Fischer, 1851) + - Pleuroxus aduncus - -+ -+ -+ -
: Macrocyclops albidus (Jurine, 1820) - + - -
Cyclopidae Megacyclops viridis (Jurine, 1820 ) - + éz;;d/g/a acantfocercoi R -+ -
Paracyclops chiltoni (Thomson, 1883) + - Number of
Tropocyclops prasinus (Fischer, 1860 - umber o
p 5 J; P Z ] h'(f’ M ) ‘ * cladoceran species 2 3 414354 2 5 1
. . udiaptomus drieschi (Poppe and Mrazek,
Diaptomidae 1895) - + Copepoda
; ; i ; Diacyclops languidus S T S S
Parastenocarididae Kinnecaris xanthi (Bruno & Cottarelli, )
2015) Eucyclops serrulatus S+ - - - - e
Ameiridae Nitocrella stammeri (Chappuis, 1938) + - Macrocyclops albidus A . R
. Lo Megacyclops viridis + o+ + + o+ - -
Phyllognathopodidae  Phyllognathopus viguieri (Maupas, 1892) + - o
Paracyclops chiltoni + - - - - - - - -
*: recorded only in this study; **: recorded in this study and Bozkurt and Bozca T y ; ) o
(2019). (+: present, -: absent) fopocyciops prasinis L
Eudiaptomus drieschi + - - - - - - -
] o Kinnecaris xanthi S T
One of the important factors that affect aquatic life is the pH, . :
. . . Nitocrella stammeri - - - - - - -+ - -
which is the acidity and alkalinity of water. The pH values o
recorded in the wells were slightly alkaline; ranging between Phyllognathopus viguieri - - - - - - - - * -
8.02 and 8.59. The Ministry of Forestry and Water Affairs of :‘;'(‘)'";bﬁ';fsf ecles 4 3 4 2 4 2 4 4 3 1
the Republic of Turkey (OSIB, 2015) set the optimum pH for pepoc sp
freshwater to be between 6.5 and 8.5 in the regulation of Quality Total 20plankton 10 8 11 5 11 9 11 13 11 4

Criteria for Turkish Surface Water Resources. There are certain
pH ranges that are tolerated by living organisms (Boyd, 1990). pH
can affect zooplankton abundance; low pH causes decreased
zooplankton abundance, biodiversity and the extinction of some
species (Yamada and lkeda, 1999; Ivanova and Kazantseva,
2006), whereas alkaline conditions associated with high primary
production favor zooplankton growth and abundance (Bednarz
et al., 2002; Mustapha, 2009).

species

Conductivity was between 505.30 and 649.00 pScm-'. Although
the electrical conductivity in freshwater varies between 400 and
3000 pS cm™. Zooplankton groups differ between high and low
conductivity lakes, species diversity decreases with increasing
conductivity (Tavsanoglu et al., 2015). Although the conductivity
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Table 5. Checklist of Zooplankton in the water wells by seasons

Species wells 1 2 3 4 5 6 7 8 9 10 Copepoda
Rotifera Summer 2019 Diacyclops languidus - - - - - - -4 L
Ascomorpha ovalis - - - - -ttt - - - - Eucyclops serrulatus - 1 - - - - L - - -
Cephalodella tenuiseta - - 4L - - - - - L Macrocyclops albidus - - - - - Loy
Colurella uncinata - - - - - - - L Megacyclops viridis T e
Brachionus urceolaris 1 - - - Paracyclops chiltoni - L
Keratella quadrata - - - - Tropocyclops prasinus + - -
Keratella cochlearis - - - - Eudiaptomus drieschi - L -
Lecane pyriformis L - L - Kinnecaris xanthi - - -
Mytilina bisulcata - - - L Nitocrella stammeri - - -
Synchaeta stylata - - - - Rotifera Winter 2020
Testudinella patina - - - - Colurella uncinata - - -
Rotaria neptunia - - L - Mytilina bisulcata - - -
Cladocera Testudinella patina - - -
Bosmina longirostris - - - - Rotaria neptunia - ++ L
Daphnia curvirostris + ++ L ++ Cladocera
Chydorus sphaericus - - - + Daphnia curvirostris - - -
Coronatella rectangula 1 + - - Chydorus sphaericus - - -
Pleuroxus aduncus - ++ - - Pleuroxus aduncus - -4
Leydigia acanthocercoides - - - - Leydigia acanthocercoides - + -
Copepoda Copepoda
Diacyclops languidus 1 - + - Diacyclops languidus - - -
Macrocyclops albidus - L - - Eucyclops serrulatus - - -
Megacyclops viridis 1 - - - Macrocyclops albidus - - L
Paracyclops chiltoni - - - - Megacyclops viridis - + -
Tropocyclops prasinus - L - L Tropocyclops prasinus L - -
Nitocrella stammeri - - L - Eudiaptomus drieschi - L -
Phyllognathopus viguieri - - - - Nitocrella stammeri - - -
Rotifera Fall 2019 Rotifera Spring 2020
Cephalodella tenuiseta - - L - Lecane closterocerca - 1 -
Keratella quadrata L - - L Mytilina bisulcata - - -
Kellicottia longispina - - L - Synchaeta stylata - o+ L
Lecane pyriformis - + ++ - Rotaria neptunia - ++ -
Mytilina bisulcata L - - - Cladocera
Synchaeta stylata - ++ - - Daphnia curvirostris - - -
Testudinella patina - - - L Chydorus sphaericus - - -
Hexarthra fennica . . . . Pleuroxus aduncus - -4
Rotaria neptunia - +++ - - Leydigia acanthocercoides - L .
Cladocera Copepoda
Bosmina longirostris - - - - Diacyclops languidus - - -
Daphnia curvirostris +++ - + L Eucyclops serrulatus - - -
Chydorus sphaericus 1 - - - Macrocyclops albidus - - -
Coronatella rectangula + - - - Megacyclops viridis L L L
Pleuroxus aduncus L - L - Tropocyclops prasinus L - -
Eudiaptomus drieschi - - - - + - - - - -

- Absent, L: very few (1-10 individuals in each petri), + few (10-
30 individuals in each petr), ++: abundant (30-60 individuals in
each petri), +++: very abundant (more than 60 individuals in a petri)
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Table 6. The relationships between zooplankton and water quality

parameters
Zooplankton species
number Zooplankton abundance
Temp R2 = 0.61 R2= 052
pH R? = 0.90 R? = 0.83
Con R2 = 0.92 R? = 0.89

is close to the standards (<400 pScm-'-first class waters), it was
found to be high in many wells and at certain times of the year.
pH and conductivity are important water quality parameters
that are significantly correlated with zooplankton abundance
and distribution. Therefore, there was a positive correlation
between zooplankton diversity, abundance and pH (Sarvala and
Halsinaho, 1990), and zooplankton diversity, abundance and
conductivity (Bos et al., 1996).

The depths of the sampling wells vary from 4.00 to 9.00 m, and
their widths are 2.20-3.40 m. The water sources of the wells
are mainly groundwater and little rainwater. For this reason, it is
assumed that the presence of planktonic organisms in the well
water was through rainwater, air flow and groundwater (Hessen
et al., 2019). Rotifera was the most represented zooplankton
group with 14 species, followed by 10 copepod species and 6
cladoceran species, and a total of 30 species were recorded.
This trend was reported by Bozkurt (2019) and Bozkurt and
Bozca (2019).

Some of the species recorded- A. ovalis, C. uncinata, B.
urceolaris, L. closterocerca, L. pyriformis, K. cochlearis, K.
quadrata, K. longispina, S. stylata, R. neptunia, T. patina, B.
longirostris, C. rectangula, C. sphaericus, L. acanthocercoides,
P. aduncus, E. serrulatus, M. viridis, P. chiltoni, and P. viguieri
have been reported by various researchers to be cosmopolitan
and widely distributed throughout the year (De Smet, 1996;
Ramdani et al., 2001; Rybak and Bledzki, 2010) and they are
very tolerant to changes in water quality parameters (Koste and
Shiel, 1989; De Manuel Barrabin, 2000). According to Koste
(1978), B. urceolaris is thermophilic and common in tropical and
subtropical waters in summer. B. urceolaris and C. uncinata are
benthic (Yalim, 2006).

Although the species richness and abundance of zooplankton in
groundwater are low, they are an important assemblage in these
waters (Galassi 2001). Furthermore, the genera Diacyclops
and Elaphoidella are the forerunners of planktonic organisms
in groundwater (Brancelj and Dumont, 2007). D. languidus, M.
albidus, M. viridis, T. prasinus, K. xanthi, and N. stammeri are
common species in caves, springs, seeps, and groundwater,
despite the fact that many of them are found in inland waters
(Lee and Chang, 2007; Bruno and Cottarelli, 2015).
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Introduction

European pilchard (Sardina pilchardus, Walbaum, 1792), Golden grey mullet (Liza aurata, Risso
1810), and Common sole (Solea solea, Quensel, 1806) are the commercially important fish
species caught by trawl and purse seine in Mersin Bay, in the Mediterranean. This study was
aimed to investigate proximate compositions, carbohydrate levels, energy contents, fatty acid
profiles, and the lipid quality indexes of European pilchard, Golden grey mullet, and Common
sole caught by trawl. The crude protein, lipid, moisture, and ash content were determined as
proximate compositions. The protein levels were determined as the highest levels in sardine
(24.08%) followed by the common sole (18.91%) and golden grey mullet (18.01%). An inverse
correlation between the moisture contents and the lipid levels among the fish was observed
in this study. The ash levels, carbohydrate values, and energy contents were in the following
order: European pilchard > Golden grey mullet > Common sole. Palmitic acid (C16:0) and oleic
acid (C18:1n9) were the highest level of fatty acids in SFA (saturated fatty acids) and MUFA
(monounsaturated fatty acids) for the Golden grey mullet and Common sole, respectively. The
levels of eicosapentaenoic acid (EPA) in all fish used in this study were found to be different
from each other (P<0.05). The amount of docosahexaenoic acid (DHA) were lower than that
of EPA in European pilchard and Golden grey mullet. Although the levels of EPA and DHA in
fish are found to be in the range of 4.91 - 11.01% and 6.85 - 8.87%, respectively and different
from each other, these two fatty acids are good for health.

Turkish coastal for that matter, some scientific studies were
conducted to gather information to highlight the importance of

European pilchard, Golden grey mullet, and Common sole
caught by trawl and purse seine are three fish species that are
economically important for the people around the Mersin Bay,
in the north east Mediterranean. The prices for these fish are
affordable comparing other fish species. According to Turkish
Statistical Institute (Turkstat 2019) report, the share of the total
catch for European pilchard, Golden grey mullet, and Common
sole were averagely calculated to be 8.6%, 0.2%, and 0.8% from
2017 to 2018 total catch rate of the whole production quantity of
the sea fish in Turkey. The reports from 2011 to 2020 relating the
total catch rates of the European pilchard, Golden grey mullet,
and Common sole show a declining pattern (Turkstat, 2021).

Along with other small pelagic fish, the European pilchard has
an important place in the sea. In the last two decades, some fish
species have declined in the north eastern Mediterranean Sea,

Cite this article as
Ozyilmaz, A., Yaprak, D. & Demirci, S. (2022). A study of nutritional properties in European pilchard, Golden grey mullet, and Common sole caught in Mersin

this issue (Ozyilmaz et al., 2017a, b; Demirci ve Simsek, 2019;
Demirci et al., 2019; Simsek et al., 2019). Some of the studies
were about the changes in biological and ecological traits of
these fish and their relationship with environmental variables
(Lloret-Lloret et al., 2022), lipid quality (Duricic et al., 2022),
seasonal changes in biochemical compositions (Simat et al.,
2020), and feeding one year in captivity (Bandarra et al., 2018).

Golden grey mullet is another fish species that belongs to the
Mullidae family and has a great value for people around the
region. Along with other fish used for this study, golden grey
mullet is generally readily available in the fishing season at
reasonable prices. Total catch amounts of the Golden grey mullet
were reported to be 2182 and 1416 tonnes in 2019 and 2020,
respectively (Turkstat, 2021). Along with the other mugilidae,
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Golden grey mullet has a wide range of distribution areas e.g., in
tropical, subtropical, and temperate waters as well as coastally
in estuaries and freshwater (Nelson 2006). This fish species is
economically very important not only for its muscle taste but
also as other raw materials e.g., its roe (Hung and Shaw 2006,
Turan 2016).

The Common sole has a very special place on tables for the
people in the Mediterranean Sea as well as other seas and is
one of the economically important and highly demanded fish
species. These attributes made common sole very substantial
research topic for scientists and producers. In order to catch to
demand common sole, there were designs for some projects to
provide information about rearing conditions (Parma et al., 2019,
Morais et al., 2016).

The European pilchard, Golden grey mullet, and Common
sole are the fish species that are affordable comparing other
fish species on the counter and have nutritional values for the
consumers. Even though there are few studies conducted on
these fish species (Simat et al., 2020; Kucukgulmez et al., 2018;
Ozogul and Ozogul 2007; Gékge et al. 2004), there should be
more studies needed in this field. The aim of this study is to
explore the biochemical aspects of the European pilchard,
golden grey mullet, and common sole. For this matter, proximate
compositions (protein, lipid, moisture, and ash), carbohydrate
levels, energy contents, fatty acid profiles, and the lipid quality
indexes of these fish were investigated for this study.

Materials and Methods

European pilchard (Sardina pilchardus, Walbaum, 1792), Golden
grey mullet (Liza aurata, Risso 1810), and Common sole (Solea
solea, Quensel, 1806) are caught by professional fishermen by
trawl and purse seine in February, March, and April in Mersin
Bay in the Mediterranean (Figure 1). The fish came from both
catching methods and three different catching times mixed
together and prepared for the biochemical analysis.

|skenderun Bay

.% Mediterranean Sea

TURKEY

Figure 1. Study area

Proximate compositions, carbohydrate levels, and energy
contents

The proximate compositions are composed of the crude
protein, lipid, moisture, and ash in this study. The crude protein
content was calculated by using nitrogen content obtained by
the Kjeldahl method which may be divided into three steps:
digestion, neutralization, and titration.

1. Digestion step; The fish samples were practically weighed
into a digestion tube with a precision of 0.001 g added 3 Kjeldahl
tablets for each tube and then digested by heating it in the
presence of sulfuric acid.

2. Neutralization step; After the digestion has been completed,
the digestive tube is placed in the Kjeldahl distillation unit.
The deionized water and NaOH solution (%40) were added
automatically to the distillation unit. The separation of the
nitrogen from the digested mixture was performed by steam
distillation and trapped the distilled vapors in a dedicated
solution of boric acid.

3. Titration step; The nitrogen content is then estimated with
titration by using a suitable indicator to determine the endpoint
of the reaction. A conversion factor of 6.25 was used for the
calculation of protein content (Anonymous, 1992).

Determination of crude lipid was carried out by using a modified
Bligh and Dyer method (Hanson and Olley, 1963). For each
fish species, approximately 10 g of muscle from the mixed
samples was weighed and placed into a homogenization flask.
A total of 8 mL of pure water, 20 mL of chloroform, and 40 mL
of methanol were added, respectively. After all addition, the
mixture was homogenized for 1 minute. An additional 20 ml of
chloroform was added and the mixture was homogenized for 0.5
minutes. Finally, 20 ml of water was added and the mixture was
homogenized for a further 0.5 minutes. The homogenate was
centrifuged for 10 minutes at 3000 rpm. After centrifugation, the
aqueous layer was removed by aspiration. A total of 20 ml of the
chloroform layer was transferred into a dry pre-weighed round-
bottom flask. The chloroform was evaporated by using a rotary
vacuum evaporator at 45-55 °C. Final drying was performed
in an oven at 105 °C for 30 minutes. The flask was allowed to
cool to room temperature in a desiccator for approximately 15
minutes and weighed. The following equation (Percentage of
lipid in the fish) was used to calculate the lipid content in the
sample.

We 11
%Lipid(B&D): %XV—XIOO
2

Where:
WL= Weight of the lipid extracted (g)
WS= Weight of the sample (g)

V1 = Total volume of chloroform that used for lipid extraction
(mL)

V2= Volume of chloroform used for evaporation (mL)
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Fatty Acid Compositions

A Gas Chromatography-Mass Spectrometry (GC-MS) was used
to determine fatty acids of the lipids belonging to European
pilchard, golden grey mullet, and common sole. After obtaining
lipid from each of these three fish, fatty acid methyl esters were
prepared. The GC-MS (a Hewlett Packard GC, model 6890) and
coupled with Hewlett Packard (model 5972A, HP 6890 system)
MS detector was used for the analysis. Separations of fatty
acids were performed with HP-INNOWAX Polyethylene Glycol
Capillary Column (Model number HP 19091N-133, 0.25 mm *
30m * 0.25 pm) and HP 6890 automatic injection system was
used.

First of all, the injection and detector temperatures were set at
250°C and 270°C, respectively. The split ratio was arranged at
1:20 with a total injection volume of 1 pl. secondly, the injector
was washed three times with iso-octane in order to avoid any
contagion. Finally, the post-injection, injector program was also
set to triple wash of injector for the next injection.

The oven temperature was programmed initially at 120°C and
held for 3 minutes. Then, the temperature was increased to 250°C
with a 10°C per minute ramp rate and hold at this temperature
for nine minutes. Total separation was achieved in 25 minutes.
Identification of individual fatty acids was made by comparing
the retention time of FAME standard (Supelco 47085U PUFA
No: 3) and Supelco 37 component Fame mix (Supelco 47885-
U). Confirmation of fatty acid methyl esters was also performed
by using the MS database library (FAMEDBWAX). Further
information was provided in Ozyllmaz and Palali (2014).

Lipid Quality Indexes

The identified fatty acid composition of the European pilchard,
Golden grey mullet, and Common sole were practically used to
calculate atherogenicity Index (Al) and thrombogenicity Index
(Tl). The equations given below are used to calculate Lipid
Quality Indexes, Al, and Tl which were reported by Ulbricht and
Southgate (1991).

Al=[(4xC14:0)+C12:0+C16:0)/[ (SPUFA-n6+ZPUFA-n3)+EMUFA]

IT=[(C14:0+C16:0+C18:0)/(0.5xMUFA+0.5xPUFA-n6+3xPUFA-
n3+PUFA-n3/PUFA-n6)]

Also, the polyene index (PI) was calculated by using the following
equation which gives an idea about the PUFA damage that was
previously reported by Lubis and Buckle (1990).

(PI) = (C20:5 + C22:6)/C16:0
Statistical analysis

Statistical analysis was performed with SPSS (22.0). Significance
was established at P<0.05. The data of this study regarding
different fish species were subjected to one-way analysis of
variance (ANOVA), and a mean comparison was carried out by
using Duncan’s Multiple Range Test. Before the ANOVA analysis
was performed, the homogeneity of variances was tested.

Results

Proximate compositions, carbohydrate levels, and energy
contents of the European pilchard, Golden grey mullet, and
Common sole were given in Table 1. The average protein levels
of the fish were found to be in the range of 18% to 24% which
is good for the consumers. The golden grey mullet and common
sole are lean fish with values of 0.67% and 0.32%, respectively,
while the European pilchard is low-fat fish with an average level
of 2.44% in their lipid amounts.

There is an inverse correlation between the moisture content
and the lipid level in fish in this current study. The ash content
of the fish diverged (P<0.05) from 1.17 to 1.61 (Table 1). Even
though carbohydrate and energy amounts in all fish used in this
study differed from each other, these differences were found
to be statistically significant only in European pilchard to the
other two fish species. Although, the data of the carbohydrate
and energy amounts in Golden grey mullet and common sole
showed certain differences. These differences were found to be
statistically insignificant (P>0.05).

Table 1. Proximate compositions, carbohydrate levels, and energy con-
tents of the European pilchard, Golden grey mullet, and Common
sole

European pilchard  Golden grey mullet  Common sole

Protein (%) 24,08+0.942 18.01+0.52° 18.91+0.49°
Lipid (%) 2.44+0.26° 0.67+0.14° 0.32+0.05°
Moisture (%) 70.37+1.422 79.07+0.80° 79.43+0.53°
Ash (%) 1.61+0.05° 1.37+0.04° 1.17+0.07¢
Carbohydrate (%) 1.51+0.952 0.89+0.38° 0.18+0.05°
Energy 523.64+20.872 345.21+11.92° 335.93+10.31°

ab¢\/alues within same row with different superscripts diverge significantly at p<0.05

On the other hand, the fatty acid profiles and lipid quality
indexes of the European pilchard, golden grey mullet, and
Common sole were tabulated in Table 2. While a total of 27 fatty
acids was determined for European pilchard and golden grey
mullet, a total of 25 fatty acids were determined for Common
sole in the present study. The highest saturated fatty acids
and monounsaturated fatty acids were observed in European
pilchard followed by Golden grey mullet and Common sole,
respectively. The average levels of PUFA (polyunsaturated fatty
acids) in golden grey mullet and common sole were found to be
37.77% and 37.15 % which are close to each other.

The highest saturated fatty acid components were in the following
order: palmitic acid (C16:0)> myristic acid (C14:0)>stearic acid
(C18:0) for European pilchard and C16:0>C18:0>C14:0 for
Common sole in this study. Additionally, lauric acid (C12:0),
pentadecanoic acid (C15:0), heptadecanoic acid (C17:0), and
arachidic acid (C20:0) were found in lower amounts in all fish
used in this study. The individual monounsaturated fatty acid
components differed from each other regarding their existence
levels. The levels of palmitoleic acid (C16:1n9) were the major
fatty acid in monounsaturated fatty acid components for
European pilchard, while those of oleic acid (C18:1n9) were the
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Table 2. The fatty acid profiles and lipid quality indexes
of the European pilchard, Golden grey mullet, and
Common sole

Fatty Acids E;:;‘gﬁ:::in Golden grey mullet Common sole
C12:0 0.12+0.012 1.13+0.07° 0.28+0.01°
C14:0 11.20+0.20? 3.83+0.14° 2.13+0.10°
C15:0 0.62+0.012 0.55+0.072 1.31+0.06°
C16:0 23.56+0.482 20.75+0.67° 14.91+0.71°
C17:0 0.41+0.012 0.82+0.03° 1.59+0.03°
C18:0 5.34+0.11° 6.77+0.28° 4.83+0.072
C20:0 0.34+0.012 1.55+0.06° 2.48+0.01¢
YSFA 41.57% 35.40° 27.52°
C16:1 n9 13.90+0.222 5.72+0.28° 3.16+0.04°
C16:1 n7 0.42+0.012 0.28+0.012 1.39+1.482
C17:1 1.40+0.042 0.21+0.01° 0.44+0.01°
C18:1 n9 5.20+0.222 11.48+0.01° 7.89+0.00°
C18:1 n7 4.16+0.04° 2.96+0.05° 2.93+0.04°
C20:1n9 0.17+0.01a 1.24+0.04° 1.86+0.01°
YMUFA 25.24° 21.87° 17.66°
C22:2 0.58+0.012 0.96+0.05° ND
C18:2 n6 1.08+0.042 5.77+0.09° 4.08+0.07°
C18:3 n6 0.45+0.012 0.52+0.01° 0.91+0.02°
C20:2n6 0.12+0.012 1.24+0.05° 1.36+0.15°
C20:3n6 0.38+0.00% 1.52+0.01° 1.78+0.48°
C20:4n6 2.65+0.042 3.81+0.01° 4.08+0.13°
C22:4n6 0.19+0.01° 0.83+0.01° 1.81+£0.01°
C22:5n6 0.55+0.00% 0.49+0.412 2.10+0.31°
C18:3n3 0.36+0.00% 1.96+0.02° 0.81+0.01°
C18:4 n3 0.95+0.012 1.02+0.01 1.81+0.04°
C20:4n3 0.47+0.03* 0.84+0.01° ND
C20:5n3 11.01+£0.55% 9.03+0.04° 4.91+0.02°
C22:5n3 1.37+£0.012 2.48+0.07° 3.95+0.06°
C22:6n3 8.87+0.28°% 6.85+0.01° 7.41+0.15°
YPUFA 29.02% 37.77° 37.15°
n6é 5.41° 14.17° 16.11°
n3 23.03* 22,652 21.052
n6/n3 0.24* 0.63° 0.77¢
PUFA/SFA 0.70* 1.07° 1.36°

Al 1.272 0.63° 0.44¢

PI 0.85% 0.77° 0.83°

TI 0.46° 0.36° 0.27¢

abe Values within same row with different superscripts diverge signifi-
cantly at p<0.05 ; Al (atherogenic index); Tl (thrombogenic index) ; PI
(polyene index)]; ND: Not Detec

highest for golden grey mullet and Common sole. The vaccenic
acid (C18:1n7) and eicosenoic acid (C20:1n9) of all fish used
in this study differed from each other and these differences
were found to be statistically insignificant (P<0.05). The levels
of arachidonic acid (ARA, C20:4n6), EPA, and DHA levels were
calculated to be in the range of 2.65-4.08%, 4.91-11.01%, and
6.85-8.87%.

According to Turkstat (2021) reports from the year of 2011 to the
year 2020, the quantities of caught European pilchard, Golden
grey mullet, and Common sole were in a degreasing pattern.
These fishes are important for people who care for healthy food
with low payment. Information about some biochemical aspects
of the European pilchard, Golden grey mullet, and Common sole
in the study may provide useful information.

Discussion

The average lipid amount of the European pilchard in February,
March, and April in this study was found to be 2.44 %. The lipid
amount of the European pilchard caught in the central Adriatic
fishing region southwest of the long island was reported to be
an average of 2.24 % (1.18%, 1.91%, and 3.64%) in February,
March, and April (Simat et al., 2020). This average value stated
for the European pilchard in the study of Simat et al. (2020) is
very close to the finding of the European pilchard used in this
current study. Additionally, Lloret et al. (2022) also reported
the lipid amount of two different sardine species (Engraulis
encrasicolus and Sardina pilchardus) in three different locations
(L’Escala, Barcelona, and Tarragona) in the Northwestern
Mediterranean Sea diverged and lower than 2.50% in February,
March, and April. Moreover, Bandarra et al. (1997) measured the
lipid levels of the European pilchard caught on the Portuguese
coast (Peniche) in February, March, and April at 1.9%, 1.2%,
and 1.3%, respectively. These previously reported values of
lipid levels in European pilchard (1.46%) were lower than those
of lipid values in European pilchard in this current study.

On the other hand, the protein and lipid levels of the golden grey
mullet in this study were measured to be 18.01% and 0.67%,
respectively. Kucukgulmez et al. (2018) reported that the protein
and lipid levels of the Golden grey mullet were in the range of
16.09-18.40% and 0.13-4.00% throughout a year. The protein
and lipid levels of the Golden grey mullet were in the range of the
study reported by Kucukgulmez et al. (2018). Ozogul et al. (2009)
reported that the lipid levels of the Golden grey mullet were 2.29
% which is higher than that of the golden grey mullet used in
this study. This could be the result of the region and seasonal
differences. According to Lloret et al. (2022), along with many
attributes, the lipid content of fish depends on various kinds of
environmental factors and seasonal changes which do not have
to be in long-term changes.

Additionally, previously published data relating to the Common
sole proximate composition (the ash, moisture, protein, and lipid
levels) provided by Ozogul et al. (2011) and Gokge et al. (2004)
were very close to the Common sole in this study. Ozogul and
Ozogul (2007) reported the lipid level of the Common sole was
lower than 1% which is in parallel with the level of the common
sole in this study.

The carbohydrate amounts in European pilchard, Golden grey
mullet, and Common sole were in the range of 1.21+1.03-
1.50+£0.54 % which are higher than those reported for
three freshwater fish species (in the range of 0.15+0.07% -
0.55+0.03% (Ozyilmaz et al., 2016). Additionally, the energy value
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of European pilchard, Golden grey mullet, and the Common sole
was in the range of 369.30+14.84%-445.12+11.46%. Ozyilmaz
et al. (2016) reported carbohydrate levels of three freshwater fish
species in the range of 335.93+10.31%-523.64+20.87% which
are in parallel with this study.

The average saturated fatty acid amounts of the common sole
in this study were found to be %27.52. Ozogul and Ozogul
2007 reported the saturated fatty acid levels of the Common
sole from the northeastern Mediterranean coast of Turkey as
%29.60. The results regarding the saturated fatty acid amounts
of the common sole were different from each other. The reason
for that could be the catching seasons. Additionally, the
highest saturated fatty acid components were in the following
order: C16:0>C14:0>C18:0 for European pilchard in this study.
Bandarra et al. (2018) reported similar results for the European
pilchard. The highest saturated fatty acid components were
in the following order: C16:0>C18:0>C14:0 for golden grey
mullet in this study. Kucukgulmez et al. (2018) reported similar
results for golden grey mullet caught from the northeastern
Mediterranean coast of Turkey in summer, winter, and spring.
Ozogul et al. (2009) also reported the same pattern for Golden
grey mullet. This current study and the aforementioned studies
are in good agreement.

The average levels of the EPA were higher than that of DHA
in golden grey mullet in this study. Kucukgulmez et al. (2018)
stated that the levels of the Golden grey mullet have the same
stations in four seasons. Ozogul et al. (2009) also reported the
mean amount of the EPA was higher than that of DHA in golden
grey mullet caught by trawlers in the Mediterranean Sea. Having
higher amounts of EPA in polyunsaturated fatty acids could be
one of the characteristic attributes of the golden grey mullets.

The ratio of n6/n3 and PUFA/SFA are some of the most
important attributes from point of nutritional view. The ratio of
n6/n3 of European pilchard, Golden grey mullet, and Common
sole used in this study was in the range of 0.24-0.77 which is
lower than the maximum recommended level (recommended 4
at the highest). Additionally, the ratio of PUFA/SFA for all fish in
this study was in the range of 0.24-0.77 and 0.70-1.36 which is
higher than 0.45 (recommended as the lowest level). The ratio of
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Conclusion

As a result, this study contains very important information that
might be useful to consumers, producers, and scholars. Because
these three economic fish species are affordable to many people
around the region. Knowing biochemical components give an
idea to people who are interested in this issue. The sea products
have the ability to help out maintaining a healthy diet and readily
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The presented study gives this knowledge to people who want
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Anahtar Kelimeler
Penaeus semisulcatus
Postlarva

Biyoyumak

RAS

Karides yetistiriciligi

Bu arastirmada yesil kaplan karidesi (Penaeus semisulcatus) postlarvalari (baslangic canl
agirliklan 0,14+0,04 g) kapali devre yetistiricilik sisteminde biyoyumak (BF) ve berrak su (BS)
ortamlarinda karsilastirmali olarak 54 giin siireyle biyttimuslerdir. Ug tekerriirlii iki grup olarak
planlanan deneme %035+0,5 tuzlulukta, 45 L hacimli tanklarda yurittlmustir. Su sicaklidi, pH
ve ¢6zinmuUs oksijen degerleri sirasiyla; BF grubu igin 27,02+0,33°C, 7,65+0,08, 6,23+0,41
mg/L ve BS grubu icin 27,05+0,24°C, 7,57+0,11, 6,44+0,22 mg/L olarak belirlenmistir.
Sonug canli agirlik kazanci (BF: 2,423+0,327 g, BS: 1,814+0,103 g), spesifik blylime orani
(BF: %5,329+0,159 g/giin, BS: %4,845+0,085 g/glin), yasama orani (BF: %62,50+2,50,
BS: %51,67+5,20) ve yem degerlendirme orani (BF: 2,12+0,23, BS: 2,71+0,15) bakimindan
gruplar arasindaki farkllik énemli bulunmustur (p<0,05). Arastirma ile BF uygulamasinin yesil
kaplan karidesi postlarvalarinin yetistiricilik parametrelerine ilk kez pozitif bir etkisi oldugu
belirlenirken (p<0,05), besin madde bilesenleri ve hepatopankreas histomorfojileri arasinda
gruplar arasinda farklilik olmadigi saptanmistir.

Effects of biofloc technology on rearing parameters of Green tiger shrimp (Penaeus

Keywords

Penaeus semisulcatus
Postlarvae

Biofloc

RAS

Shrimp culture
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semisulcatus) postlarvae
ABSTRACT

In this study, green tiger shrimp, Penaeus semisulcatus postlarvae (initial body weight of
0,14+0,04 g), were grown in a recirculating aquaculture system in biofloc technology (BF)
and clear water (BS) medium for 54 days. The experiment with two groups including three
replications, was carried out in %035+0.5 salinity and 45 L volume tanks. Water temperature,
pH, and dissolved oxygen values were measured as 27.02+0.33°C, 7.65+0.08, 6.23+0.41
mg/L for the BF group and 27.05+0.24°C, 7.57+0.11, 6.44+0.22 mg/L for the BS group,
respectively. As a result, the differences between the groups were found to be significant
in terms of body weight gain (BF: 2,423+0.327 g, BS: 1.814+0.103 g), specific growth
rate (BF: 5.329+0.159 g/day, BS: 4.845+0.085 g/day), survival rate (BF: 62.50+2.50%
BS: 51.67+5.20%) and feed conversion rate (BF: 2.12+0.23, BS: 2.71+£0.15) (p<0,05). In
conclusion, for the first time, BF application was compared with the BS; it was determined
that biofloc application affected positively considering the aquaculture parameters of green
tiger shrimp postlarvae. There was no significant difference between the groups in terms of
nutrient components and hepatopancreas histomorphology.
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Giris

Yogun su Urunleri yetistiriciligi uygulamalarinda &zellikle
optimum su kalitesi ihtiyacini saglamak ve slrdlrmek icin
buyuk miktarlarda su yenilenmesine gereksinim duyulmaktadir
(Saraswathy ve ark., 2015; Kaya ve ark., 2019a; 2019b). Dogal
su kaynaklarinin yetistiricilikten kaynakli kirlenmeye en disuk
diizeyde maruz birakilmasi gerektigi konusunda son yillarda yeni
yaklasimlar gelistirilmektedir. En az su degisimi kosullarinda su
Urlinleri yetistiriciligini mimkin hale getirmek gelecekte suyun
korunmasi calismalarina katkida bulunmak acisindan 6nemli
gorllmektedir. Sutasarrufu yapmak, yetistiricilik stirecinde birden
fazla Urlin elde etmek, en az kimyasalla Uretim yapmak, kalinti
birakabilecek antibiyotikler gibi ilaclarin kullanimini sinirlamak,
organik vyetistiricilik ve entegre vyetistiricilik uygulanmasi son
yillarda gevre, bitki, hayvan ve dolayisiyla insan saghgdi agisindan
kiymet tasimaktadir. Ozellikle kulugkahane asamalarinda artik
kapall devre yetistiricilik uygulamalar yaygin kabul gérmustur.
Kapall devre yetistiricilik sistemleri (RAS) su kalitesini tiire 6zgl
istenilen araliklarda tutmak icin kaba, ince ve mikronluk filtreler,
UV, biyolojik filtre ve isitma sogutma ekipmanlarina ihtiyac
duymaktadir. Bu durum berrak su RAS dlizeneginde isletme
giderlerinde artisa neden olmaktadir (Otoshi ve ark., 2003; Yang
ve ark., 2010; Ebeling ve Timmons, 2012; Kaya ve ark., 2020).
Bu artisa ragmen vyetistirilen Urlinlerin saglik parametrelerini
dogrudan etkileyen cevresel parametrelerin  diizenlenmesi
ekonomik agidan dnemli gérilmektedir.

Tarimin diger alanlarinda oldugu gibi yogun Uretim kosullarinda
yetistiricilik veriminin saglanmasi igin ilag ve kimyasallara
basvurulmas! kaginilmaz bir durumdur. Artan besin maddesi
ihtiyacini karsilamak igin kullanilan kimyasallarin organizmanin
viicudundan atimasina firsat tanimadan hizla pazara (riin
sunulmasi, yetistiricinin pratikte her zaman Ugilncu taraflarca
slre¢ ve nihai Urln bakimindan izlenememesi sonucunda
gida etigine aykirilik olusturacadi 6ngdrilen uygulamalarin
engellenememesi durumu ile karsi karsiya kalindigi da bir
gercektir. Yetistiricinin egitimi, yetistirdigi Grinin biyolojisini
bilme dizeyi ve etik yaklasimi ile sorumluluk duygusu ve
bilinci yetistirilen Grinin glvenilirligini sekillendirmektedir. Bu
biling de tiketicide gliven olusturmaktadir. Biz bu etik Uretim
yaklasimini sorumlu yetistiricilik uygulamalari olarak bitlncdl bir
bicimde ifade etmekteyiz. Bu yaklasim su UrUnleri yetistiriciligi
teknikleri igerisinde son 10-15 yildir klasik yetistiricilige alternatif
olusturmasi bakimindan tartisimaktadir. Yeni Uretim teknikleri
arasinda yer alan biyoyumak teknolojisinde antibiyotik ve
diger kimyasal dezenfektan maddeler kullaniimadan dretim
gerceklestirmek mimkin olmaktadir. Bu da tlketim igin
sunulan gidanin guvenligini saglamada en etkin yetistiricilik
yontemlerinden biri olarak degerlendiriimektedir. Yeni Uretim
tekniklerinin - hizla yayginlasmasinin  éniindeki  engellerin
kaldirimasi 6ncelikle yetistirilen tiriin yeni teknikle Uretim
basarisinin ortaya bilimsel verilerle konulmasindan gegmektedir.

Son yillarda oldukga ilgi géren bu tekniklerden biri de biyoyumak
teknolojisidir. Biyoyumak teknolojisinde (BF) sifir veya sifira
yakin su degisimi kosullari uygulanmaktadir. RAS ortaminda
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haftallk %7-15 aralidinda gerek duyulan su yenilemesi orani
BF uygulamasinda haftalik maksimum %1 seviyesine kadar
gerilemektedir. BF teknolojisi ortamdaki karbon ve azotun
dengelenmesine dayanmaktadir (Dauda, 2020). Bu dengeleme,
tlketilen yemdeki protein orani ve dolayisiyla azot miktarinin
yaklasik hesabina dayanmaktadir. Sindirim islevleri sonrasi
baliklar tikettikleri yemdeki proteinin sahip oldugu azotun
yaklasik %70Q’ini, eklembacaklilar ise %80’ine yakinini atik
olarak birakmaktadirlar. Bu diizeydeki azotlu atiklar su kalitesini
6nemli dlgude bozdugu igin uzaklastinimalar gerekmektedir. BF
teknolojisinde azotlu atiklarin uzaklastirima slrecinde ballk ve
eklembacaklilarin dermal ve sindirim kanali mikrobiyotalarinda
dogal olarak bulunan heterotrofik bakterilerden
yararlaniimaktadir. Oksijenli ortamda uygun karbon varliginda
azotlu atiklan bakteri kitlesine dénlstirmeye dayanan bu
uygulamada, ortamdaki su kalitesine olumsuz etkisi olan sucul
organizmalar icin toksik etki gdsteren amonyakll bilesiklerin
balik ve eklembacaklilar icin ek bir besin kaynagina dénismesi
mimkiin olmaktadir (Azim ve Little, 2008; Ray ve ark., 2009).
Bakterilerin kimeler halinde askida kati maddelere tutunmasiyla
olusan goézle gorilebilir yumak ve suda tiiketilebilir nitelikteki
protozoan ve nematod varligi canlilar i¢in degerlendirilebilen
ek bir besin haline gelmektedir. BF teknolojisi sicak ve Ilik suda
gunltik en az 22 saat havalandirma ve karnstirmanin uygulandig
kosullarda su kalitesini koruma, yemden tasarruf saglama ve
bagisiklik sistemini indikleme 6zelligi ile dikkati cekmektedir.
Ozellikle tath sularda tilapya, sazan, japon baligi ve kerevit gibi
omnivor, karaballk gibi karnivor tirlerin Uretiminde basariliyla
uygulanan BF teknolojisi (Ekasari ve Maryam, 2012; Wang ve
ark., 2016; Putra, 2017; Bakhshi ve ark., 2018; Azhar ve ark.,
2020; Haghparast ve ark., 2020) deniz suyunda ise yaygin
olarak karides yetistiriciliginde kullaniimaktadir. Karides gibi
heterojen blylime yaninda kanibalistik 6zellik gosteren tirin
yetistiriciliginde yetistiricilik verimini, yasama ve bilylime oranlari
ile arttirmasi bakimindan BF tercih edilmeye baslanmistir.
BlyUme turin saglk kosullarinin slrdiriimesi ile mimkin
olmaktadir (Kaya ve ark., 2020). Karidesin de icinde bulundugu
eklembacaklilarda bagisikhigin surekli uyariimasi  énemlidir.
Gunkd bu grup canllarda sonradan kazanilan bagisikligin
fizyolojik olarak yaygin olmadigi bilinmektedir. BF uygulamasinin
heterotorofik mikroorganizmalarca zengin olusu probiyotik
mikroorganizmalarin gelisimine ve patojen mikroorganizmalarin
sinirlanmasina neden olmaktadir. Sinirli ve zayif patojen varligi
yaninda probiyotik organizma varliginin bagisikigi stirekli uyardig
ortaya konulmustur. Bu da yetistirilen tiriin saghgini olumlu yénde
etkilemektedir (Kumar ve ark., 2017; Legarda ve ark., 2019).
Biyoyumak teknolojisi gliniimuizde kdltr sistemlerinde minimum
veya sifir su degisimi ile uygulanmaktadir. Ayrica, kiiltiire alinan
trler icin BF teknolojisi ile tim atiklar geri donlstlrerek yem
tliketimini azaltmak mimkindir (Kaya ve Geng, 2018).

Bu arastirmada Yesil kaplan karidesi potlarvalari kapali devre
yetistiricilik sisteminde berrak su ve biyoyumak ortaminda
karsilastirmali olarak yetistiricilige alinarak 54 gun boyunca
buylttimuslerdir. Arastirmaile ilk kez biyoyumak ortaminin Yesil
kaplan karidesi postlarva yetistiriciliginde uygulanabilirliginin
test edilmesi amaclamistir.
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Materyal ve Yontem
Canli materyal, postlarva eldesi, deneme yeri ve diizeni

Arastirmada baslangi¢ canli agirlig 0,14+0,04 g olan yesil kaplan
karidesi (Penaeus semisulcatus) postlarvalar kullaniimistir.
Postlarvalarin elde edilmesi igin iskenderun Kérfezi Biiyikdere
mevkii, Arsuz (36°33'48.3"N, 36°00'27.5"E-36°36'55.4"N,35°
56'30.8"E) kiyisinda kiclk olcekli balikgilik faaliyeti stirdiiren
avcilardan yumurta olgunlugu gdsteren Yesil kaplan karidesi
anacglan deniz suyu bulunan strafor kaplar icerisinde canli
olarak karaya cikartildiklari yerde satin alinmislardir. Temin
edilen yumurtall (¢ adet karides anaci sarjli hava motoru ile
havalandirma uygulanmis 50 L hacimlitasima tanki le iskenderun
Teknik Universitesi Deniz Bilimleri ve Teknolojisi Fakilltesi
Arastirma Unitesi'ne tasinmistir. Anaclar Uniteye getirildikleri
ginln gece yarisi (saat 24:00) yumurtlamaya tesvik edilmislerdir.
Bu islem icin anaclarin her biri 100 L hacminde %038 tuzluluktaki
deniz suyu (UV ile sterilize edilmis) ile doldurulmus ve hava tasi
ile havalandirma uygulanan kovalar igerisine yerlestirimistir.
Yumurtlama kovalarinin Uzerine kapak kapatilarak karanlik
ortam olusturulmustur. Sabaha karsi saat 02:00-03:00 saatleri
arasinda anaglarin yumurtladiklar belirlenmistir. Yumurtadan
¢lkan larvalar postlarva asamasina gelene kadar 500 L hacimli
tanklarda beslemeye alinmislardir. Larva beslemede protokole
uygun olarak ortama 6nce canli mikroalg uygulamasi yapilmis
altinci glinden itibaren de gunlik olarak yeni actinimis Artemia
sp. nauplisi ve sonra da mikro-yem verilmistir. Postlarvalar
deneme ortamina nakil igin sirekli havalandirma diizenegine
sahip olan 75 L hacimli tasima tankina alinmislardir. Tasima
esnasinda 40 L dogal deniz suyu (%038) ve 35 L de yapay deniz
suyu (%035) kullaniimis, postlarvalar denemenin gerceklesecegi
Ankara Universitesi Ziraat Fakiiltesi Su Uriinleri Miihendisligi
Bolimi’'ne vyedi saat icerisinde kayip olmaksizin transfer
edilmislerdir. Unitede 200 L hacimli tanka stoklanarak %0351
tuzluluk ve 27+1°C su sicakligi kosullarinda 12 saat aydinlik 12
saat karanlik fotoperiyot uygulamasinda 5 giin siireyle uyumlari
gerceklestiriimistir. Deneme ayni ézelliklerde biyoyumak (BF) ve
berrak su (BS) kosullarina sahip iki ayri kapal devre yetistiricilik
(RAS) sisteminde ayni su sicaklidi, tuzlulugu ve aydinlik-karanlk
kosullarn surdirilerek gerceklestiriimistir. Bu deneme igin her
iki sistemde de bulunan tanklardan Uger tanesi (45 L kapasiteli,
60x40x19 cm, 0,24 m?) kullanilmistir. Biyoyumak teknolojisinin
uygulandigi RAS ortaminda karideslerin buyime ve gelisimi igin
gerekli olan sicaklik ve oksijen miktarini karsilayabilmek amaciyla
termostatli isitici ve hava motoru kullanilimistir. Berrak su
kosullarinin saglandigi RAS ortaminda ise isitici ve havalandirma
disinda filtrasyon diizenegi (kaba, ince filtre, biyo-siinger, biyo-
elyaf, biyo-ball) ve protein uzaklastircidan yararlaniimistir.
Denemenin ydrutilecedi ortamda Uc¢ gun slreyle kademeli
olarak dogal deniz suyundan yapay deniz suyuna gegisleri
gerceklestirilen postlarvalar baslangic canli agirliklar élciildikten
(0,14+0,04 g) sonra deneme diizenegine alinmislardir.

Deneme yemi

Yem o&nceki calismalarda eklembacaklilar ve karidesler icin
Onerilen formulasyonlar tzerinden (besin madde bilesen analiz

sonucuna gére %38 ham proteinli) proje kapsaminda Uretilmistir
(NRC, 2011). Rasyona katilan hammaddeler ince un haline
getirildikten sonra laboratuvar tipi mikserde hamur kivamina
kadar distile su eklenmis oda sicakliginda pelet (1 mm cap, 3
mm boy) formuna getirilmis, jelatinize olmasi icin otoklavlanmis
(1 atmosfer basing, 20 dk.) ve fanli bir etivde (8 saat, 40°C)
kurutulmustur.

Su kalite parametrelerinin 6l¢iimii ve biyoyumak olusumu

Deneme siresince gunlik olarak su sicaklg, tuzluluk, pH ve
¢Ozlinmis oksijen degerleri optimum seviyelerin korunmasi
icin Slctlmastir (YSI® 556, YSI Inc., Yellow Springs, OH,
USA). Askida biyoyumak miktarinin sistem igin dnerilen 10-20
mL/L araliginda tutulmasi igin imhoff hunisi kullanilarak guinlik
takip yapilmistir. Bu oraninin (zerine cikilmasi halinde askida
biyoyumak miktarinin azaltiimasi igin plankton agi ile fazla kisim
stzUlmustdr. Ayrica bes gunluk araliklarla alinan su érneklerinden
toplam amonyak, nitrat ve nitrit, diizeyleri fotometrik (Hanna,
HI801-01 iris Visible Spectrophotometer) ydntemle belirlenmistir.
Biyoyumak, Unitede 200 L’lik havalandirmali tanka 20 adet blytk
karides (~6-8 g) yerlestirilerek (%035+1 tuzluluk ve 27+1°C su
sicakliginda) deneme baslamadan 6nce Uretilmistir. Elde edilen
biyoyumak, denemenin yapildigi gruplara ait kapali sistemdeki
tanklara %10 oraninda asilanmistir. Biyoyumagdin devamliligini
saglamak icin havalandirmali ve su sirkilasyonlu kosullarda
(~4 L/dakika su akisi) giinlik %10 yemleme oraninda ve %38
proteinli deneme yemi Uzerinden hesaplama yapilmistir. BF
ortami icin Karbon/Azot (K/A) orani yaklasik 15 olacak sekilde
ayarlanmis ve hesaplanan melas (seker pancar atik Grlnd,
%50 karbon, Ankara Seker Fabrikasi) karbon kaynagi olarak BF
sistemine gunliik olarak eritilerek eklenmistir (Avnimelec, 2009;
Samocha, 2019; Kaya ve ark., 2020).

Yetistiricilik parametreleri

iki ayr ortamin (biyoyumak: BF ve berrak su: BS) yetistiricilik
parametrelerine etkisinin karsilastirimasina dayanan deneme
iki grup ve 3 tekerrlrlu olarak gergeklestiriimistir. Tanklara
40’ar adet postlarva stoklanmis ve 54 gln sireyle besleme
islemi gerceklestirilmistir. Denemede postlarvalara gunlik viicut
agirhiginin %10’u oraninda eklembacaklilarin ihtiyaclan dikkate
alinarak hazirlanmis olan %38 ham protein icerigine sahip yem
verilmistir. Yemleme giinlik olarak ti¢ esit miktarda sabah 08:00,
13:00 ve 18:00 saatlerinde yapilmistir. 12 saat aydinlik 12 saat
karanlik periyot olusturacak sekilde 07:00-19:00 saatleri arasinda
Isiklandirma uygulanmistir. Deneme siresince postlarvalar 18
gunde bir her bir tekerrirden beser adet olmak Uzere blylime
duzeylerinin belirlenebilmesi i¢cin 6rneklenmislerdir. Yetistiricilik
parametrelerinin belirlenmesinde asagida sunulan formllerden
yararlanilmistir,

Canli agirlik kazanci (g) = son canli agdirlik- baslangic canli agirik

Gunllk canl agirlik kazanci (g/glin) = (son canli agirlik- baslangig
canli agirlik) /siire (glin)

Spesifik blyime orani (%g/giin) = ((In son canli agirlik - In
baslangic canli agirlik) / gtin)x100
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Yasama orani (%) = (son karides sayisi — baslangi¢ karides
sayisi) / 100

Yem de@erlendirme orani = tiiketilen toplam yem / toplam canli
agirhik kazanci

Besin madde bilesen analizleri yontemi

Karideslerin besin madde bilesen analizleri AOAC (2000)
standart protokollerine uygun olarak gerceklestiriimistir. Buna
gore Ornekler tartildiktan sonra fanl etlvde sabit agirliga
gelene kadar (105°C) kurutulmustur. Ham protein igerigi
Kjeldahl metodu ile belirlenmistir. Ornekler (0,5 g), Kjeldahl
tUpleri icerisine yerlestirilmis, tlpler icerisine 1 adet Kjeldahl
katalizOr tableti ve 15 mL stilflirik asit (H2S04) eklenmistir. Kuru
Orneklerdeki protein ylizdesi asagida verilen denklem kullanilarak
hesaplanmistir (Formuilde; 0,1 = HCI mol olarak degerini, 14,007
= Nitrojenin molekdl kitlesi ve 6.25 = érnegin nitrojen ve protein
icerigi arasindaki iliskiyi belirleyen sabit katsayilardir). Orneklerin
yag icerigi otomatik yag tayin cihazinda soksalet ekstrasyon
yontemiyle belirlenmistir. Ham kil igeriginin saptanmasi icin 500
mg kuru &rnek tartilmis ve bir porselen kroze igerisinde 525°C’de
8 saat yakma islemine tabii tutulmustur. Porselen kaplarin agirlik
degisimine dayanarak 6rnegin kil icerigi belirlenmistir. Analizler
icin kullanilan formller asagida verilmistir.

%Nem = (kuru 6rnek, g - yas 6rnek, g) / (yas 6rnek, g) x 100

%Ham protein = [(titrasyonda harcanan- kér érnek x 0,1 x
14,007 x 6,25) / 6rnek, g] x 100

%Ham yag = (yag balonunda biriken yag miktari / érnek, g) x 100
%Ham kil icerigi = [(ilk kroze, g -son kroze, g) / 6rnek, g] x 100

Hepatopankreas histomorfolojisi

Kimyasal anestezi uygulanmaksizin buzlu suyun icinde paralize
edilen karideslerin karapakslari kaldirilarak hepatopankreas
dokular (pens ve makas yardimiyla etiketlenmis doku takip
kasetlerine (1/20 oraninda fiksatif ve %10 tamponlu formaldehit
icerisine) 48 silireyle alinmistir. Dehidrasyon, seffaflastirma ve
parafine gdmme islemini takiben mikrotom (Thermo Shandon) ile
alinan kesitler (5 um) deparafinizasyon, hidrasyon asamalarindan
sonra hematoksilen ve eosin ile boyanmistir. Kesitlerden
trinokller 1sik mikroskobuyla (CM40 Leica) mikrofotograflar
(MicroCam) kaydedilmistir (Luna, 1968; Genc ve ark., 2007;
Kaya ve Geng, 2018; Vogt, 2019).

istatistiki analizler

Istatistiksel analizler SPSS (17.0.) istatistik programi kullanilarak
yapilmistir. BF ve BS kosullarinda yetistirilen postlarvalarin
yetistiricilik, su kalitesi ve besin madde bilesen verileri arasindaki
farkliliklar T-testi ile analiz edilmistir. Tum testler igin %5 «
anlamlilik dizeyi kullanilmistir (p<0,05).

Bulgular ve Tartisma
Su kalitesi parametreleri

Deneme siiresince su sicakligi biyoyumak (BF) grubunda

27,02+0,33°C, berrak su (BS) grubunda 27,05+0,24°C, pH
siraslyla 7,65+0,08 ve 7,57+0,11, ¢dzlinmUs oksijen 6,23+0,41
mg/L ve 6,44+0,22 mg/L, tuzluluk ise her iki grup igin %035+0,5
olarak olgllmustur. BF ve BS gruplarina ait toplam amonyak,
nitrat ve nitrit bilesiklerinin dUzeyleri beser gunlik analiz
sonuglarinin ortalamalari Uzerinden hesaplanmistir. Buna gére
siraslyla BF ve BS gruplarina ait toplam amonyak azotu diizeyi
0,29+0,24 mg/L ve 0,21+0,12 mg/L, nitrat; 11,43+2,70 mg/L
ve 20,54+2,43 mg/L, nitrit ise 0,06+0,01 mg/L ve 0,13+0,01
mg/L olarak kaydedilmistir. Su kalite parametrelerinin karides
yetistiriciligi uygulamalari icin Emerenciano ve ark. (2012) ve Xu
ve ark. (2013) tarafindan rapor edilen referans degerler araliginda
oldugu belirlenmistir.

Su sicakligi ve sudaki pH dlzeyinin artistyla dogru orantili olarak
amonyum (NH,) ve amonyak (NH,) diizeylerinin dengesi 6zellikle
toksik form olan amonyak azotu ydninde artabilir. Bu esnada
dusitk ¢6ziinmus oksijen miktar amonyagin toksititesini arttiran
bir diger unsur olarak denkleme eklenir. iki farkli RAS ortaminda
da yuksek sicaklik ve sinir pH degerleri olusturuimasina karsin
berrak su sisteminde uygulanan filtrasyonun toplam amonyak
azotu degerlerini dislrdigu gorllmistar. Nitrit, sularda
nitrifikasyon ve denitrifikasyon sireglerinin bir ara Urini
oldugundan; amonyak ve nitrata goére daha disik oranlarda
bulunmasi normaldir (Chen ve ark., 2018). Ozellikle BF grubunda
izlenen disuk nitrat ve nitrit degerleri mikroorganizma faaliyetinin
etkisi olarak degerlendirilmistir. BS ortaminin olusturuldugu RAS
dizeneginde dider cevresel parametrelerin optimizasyonuyla
birlikte azot ddngusu bakimindan stabilizasyon gerceklestiriimesi
mUmkindir (Hargreaves, 2013). BS-RAS diizeneginin aksine
dislik kurulum maliyetine sahip olan BF sistemi ekipmanca sinirli
olsa da olusturdugu mikrobiyal yumaklarin yem kaynagi olarak
da degerlendiriimesi ve azotlu bilesikleri bertaraf etmesi énemli
bir avantaj yaratmaktadir (Avnimelech, 2012; Emerenciao ve ark.,
2017; Ray ve ark., 2017). Mevcut ¢calismamizda élgiilen amonyak
ve nitrat duizeyleri Tierney ve Ray (2018) tarafindan pasifik beyaz
karidesinin BF ve BS sistemlerindeki yetistiriciliginde belirlenen
diizeylere benzer bulunsa da nitrit duzeyi bakimindan dusuk ve
farkl bulunmustur.

Yetistiricilik parametreleri

Yetistiricilik verimi bakimindan postlarva asamasindan itibaren
yesil kaplan karidesinin BF ortaminda istatistiki agidan anlamli iyi
sonug verdigi belirlenmistir (p<0,05). Yetistiricilik parametrelerine
iliskin bulgular Tablo1’de verilmistir. Calismadan elde edilen
sonuglar farkll penaeid tirleri Uzerinde yapilmis 6nceki
calismalarin bulgularyla benzer bulunmustur (Emerenciano ve
ark., 2012; Xu ve ark., 2013).

Besin madde bilesen analiz sonuclar

Yesil kaplan karidesi postlarvalarinin besin madde bilesen
oranlarina iliskin bulgular Tablo 2’de sunulmustur. Karides
postlarvalarinin farkli sistemlerde buyUtilmesinin besin madde
bilesenleri lizerinde istatistiki acidan herhangi bir farkliliga neden
olmadigi belirlenmistir (p>0,05). Bulgular énceki arastirmacilarin
karidesin biyumak ve berraksu kosullarindaki yetistiricilik
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bulgulariyla uyumludur (Kim ve ark., 2014; Kaya ve ark., 2019b;
Kaya ve ark., 2020; Kasan ve ark., 2021).

Tablo 1. BF ve BS kosullarinda yetistirilen postlarvalarin yetistiricilik

performansi
Table 1. Culture performance of postlarvae grown under BF and BS
conditions
BF BS
Baslangi¢ canli agirlik: BA (g) 0,144+0,044 0,143+0,046
Sonug canli agirlik: SA (g) 2,257+0,735%  1,957+0,579°
Canli agirlik kazanci: CAK (g) 2,423+0,327¢  1,814+0,103°

0,045+0,006°
5,329+0,1592
62,50+2,50%
2,12+0,23°

0,034+0,002°
4,845+0,085°
51,67+5,20°
2,7120,15°
Satirlardaki farkli Ussel harfler farkliigin (p<0,05) istatistiki agidan anlamli oldugunu géstermek-
tedir (BF: biyoyumak ortami, BS: berrak su ortami, BA: baslangic agirhidi, SA: sonuc agirg,

CAK: canli agirlik kazanci, GCAK: gunlik canli agirik kazanci, SBO: spesifik blylime orani,
YDO: yem degerlendirme orani, YO: yasama orani)

Gunluk canli agirlik kazanci: CAK (g)
Spesifik bllytime orani: SBO (% g/giin)
Yasama orani: YO (%)

Yem degerlendirme orani: YDO (g)

Tablo 2. Yesil kaplan karidesi postlarvalarinin deneme sonu tim vucut
besin madde bilesen analizi (%, yas agirlik Gizerinden)

Table 2. Whole body proximate analysis of green tiger shrimp postlar-
vae at the end of the trial (%, on wet weight)

Bilesenler Biyoyumak Berrak su
Nem 76,78+0,47 76,76+0,60
Ham protein 16,33+0,65 16,25+0,71
Ham yag 1,32+0,10 1,63+0,14
Ham kil 3,60+0,13 3,64+0,05

Hepatopankreas histomorfolojisi sonuclari

Eklembacaklilarda sindirim bezlerini iceren ve bagirsak
divertikilinden olusan hepatopankreasin ana islevi
sindirim  enzimleri Uretmek, lipitler ile besinleri
emmek ve depolamaktir (Johnson, 1980; Genc ve
ark., 2007). Karideslerde sindirim fizyolojisine iliskin
onceki calismalara gére hepatopankreas dokusundaki
emilim; lipoprotein metabolizmasinda 6énemli bir
rol oynamaktadir. Hepatopankreas histomorfolojisi
karides rasyonlarinin besin degerini izlemek icin
kullaniimaktadir. Degisken olarak test edilen ve suda
bulunan biyoyumagin besin olarak kullaniimasinin
hepatopankreas morfolojilerinde bir degisiklie neden
olmadig belirlenmistir. Onceki arastirmacilarin bulgulari
ile uyumlu bir sekilde normal histomorfolojide lipid
vakuolleri izlenmistir (Luna, 1968; Genc ve ark., 2007;
Kaya ve ark., 2019a; 2019b; Vogt, 2019).
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Sek|I 1. Kapall devre swkulasyon S|stem|nde BF ve BS kosullarlnda ye-
tistirilen yesil kaplan karidesi postlarvalarina ait hepatopankreas
histolojik kesitlerinde normal lipit vakuolleri (H&E, bar: 100 pm)

Figure 1. Normal lipid vacuoles (H&E, bar: 100 pm) in hepatopancreas

histological sections of green tiger shrimp postlarvae grown un-

der BF and BS conditions in recirculating aquaculture system
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Sonug

Bu calismada Biyoyumak ve Berrak Su kosullarina
sahip RAS ortaminda yetistirilen yesil kaplan karidesi
postlarvalar; eklembacaklilar i¢in 6nerilen formilasyona
uygun olarak hazirlanmis olan yem ile 54 giin boyunca
beslenmislerdir. Arastirma sonunda BF ortaminin

yetistiricilik parametrelerine etkisi 6nemli dizeyde
iyi bulunmustur (p<0,05). Su kalite parametreleri
bakimindan elde edilen sonuclar; filtrasyon

uygulanmaksizin karbon ve azotun dengelenmesine
dayanan biyoyumak teknolojisinde de 24 saat
havalandirma kosullarinin saglanmasi halinde gelisen
heterotrofik bakteri toplulugunun amonyak azotunu,
nitrat ve nitrite indirgedigini gdstermistir. Dolayisiyla
BS ortamina sahip RAS dlzenegine goére daha
disik maliyetle BF ortaminda da benzer bir toplam
amonyak diizeyinin korundugu izlenmistir. Bu c¢alisma
kapsaminda BF sisteminin baslatiimasi, diizene girmesi
ve slrdurilebilmesi icin ginlik olarak yogun bir isglcu
gerekse de BF uygulamasinin BS ortamina gére daha
ekonomik oldugu belirlenmistir. Arastirma ile biyoyumak
uygulamasinin yesil kaplan karidesi yetistiriciliginin
postlarva asamasinda blylime yem degerlendirme ve
yasama oranlarini pozitif yonde etkiledigi dolayisiyla
biyoyumak ortaminda daha ekonomik bir yetistiricilik
yapilabilecegi ortaya konulmustur.
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Keywords

The study was carried out in the Mediterranean region of Turkey between 2018 and 2021. It
was aimed to reveal lionfish awareness studies and lionfish venoming cases in Turkey in this
study. The awareness studies were determined by institutional studies. Personal interviews,
first aid agency notifications and literature were investigated to find lionfish venoming cases.
Four awareness studies and seven lionfish venoming cases were detected. Pain, swelling,
and redness were often the first symptoms in the venoming cases. The first application was
immersion in hot water in three of the seven cases. No deaths were recorded in the cases.
In Turkey, the awareness studies should continue with the derbies or tournaments and
government-supported removal efforts must be made to reduce the population and stocks of
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Invasive species
Pterois sp.
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invasive lionfish.

Introduction

Lionfish are venomous fish belonging to the Scorpaenidae family
and have venomous spines like the rest of the Scorpaenidae
it belongs to. This family consists of stonefish (Synanceia),
scorpionfish (Scorpaena), and lionfish (Pterois) in order of
venom potency. The name “lionfish” is given for the members of
the genera Pterois, Parapterois, and Dendrochirus. Within this
family is the lionfish-Pterois genus, principally Pterois volitans
(Linnaeus, 1758) and devil firefish Pterois miles (Bennett, 1828)
(Actinopterygii: Scorpaeniformes: Scorpaenidae). Lionfish are
of great importance due to their invasive properties such as
the wide ecophysiological tolerance, high fecundity and rapid
growth, predatory defenses and general feeding habits (Aktas
and Mirasoglu, 2017; Bilecenoglu 2017; Uysal and Turan, 2020;
Savva et al. 2020; Cavas and Bilgin, 2021; Tannverdi et al. 2021).

Currently, two species of lionfish P. volitans and P. miles are
documented from the Mediterranean Sea (Al Mabruk and
Rizgalla, 2019). The movement of lionfish into the Mediterranean
Sea is considered to have most likely occurred via the Suez
Canal, although their release from aquaria cannot be excluded
(Al Mabruk and Rizgalla, 2019).The devil firefish P. miles was

Cite this article as
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recorded for the first time from the Mediterranean Sea at Haifa
Bay in 1991 and later the deuvil firefish P. miles were reported
from Lebanon coast and Cyprus coast and then sighted in
Turkey, Rhodes in Greece (Golani and Sonin, 1992; Bariche
et al., 2013; Turan et al., 2014; Crocetta et al., 2015; Ozgiil,
2020). The invasion of the species has spread from the southern
coast of Turkey towards the Aegean Sea (Ozgiil, 2020; Turan
and Oztiirk, 2015; Yaglioglu and Ayas, 2016; Turan et al. 2017;
Bilge et al. 2017; Yapici, 2018). It is also reported in Cyprus,
Greece, Lebanon, Tunisia, Italy, Libya, and Croatia (Al Mabruk
and Rizgalla, 2019; Jimenez et al., 2016; Dailianis et al., 2016;
Azzurro et al., 2017; Dragicevic et al., 2021). While P. volitans
has been only recorded in the Turkish waters (Figure 1) (Girlek
et al., 2016; Gokoglu et al., 2017; Ayas et al., 2018; Yilmaz and
Demirhan, 2020; Daghan and Demirhan, 2020).

Lionfish inhabit warm marine waters at depths from 1 to 300 feet
on hard bottom, mud bottoms, mangroves, seagrasses, coral
reefs, and artificial reefs (Turan et al. 2017; Gurlek et al., 2016).
It was reported that lionfish could be found at depths ranging
from about 1 to 600 meters in Belizean waters (Searle et al.,
2012). P. miles and P. volitans were usually observed in rocky
habitats in the Mediterranean and Aegean Sea of Turkey (Glrlek
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et al., 2016; Turan et al. 2017; C)zg[]l, 2020). It has been reported
that devil firefish disperse from shallow waters of less than 3
meters to depths of 100-110 meters on the Mediterranean coast
of Turkey (Yaglioglu and Ayas, 2016; Taskavak et al., 2021; NTV,
2022).

A

Figure 1. Pterois miles (A) and Pterois volitans (B) from
Antalya Bay in Turkey

The lionfish severely impacts the invaded ecosystems and the
native biota, but also affects ecosystem services and human
health. The invasiveness of this species can be explained by its
various ecological traits such as early maturation, high growth
rates, general diet, high reproductive rate, long-range larval
dispersion, and defensive structures (Dimitriadis et al., 2020). Of
the two species of lionfish documented from the Mediterranean
Sea, the devil firefish P. miles appears to be the more successful
with a wider recorded distribution (Al Mabruk and Rizgalla, 2019;
Turan et al., 2014; Crocetta et al., 2015; Turan and Oztiirk, 2015;
Jimenez et al., 2016; Dailianis et al., 2016; Azzurro et al., 2017).
The spreading success of the devil firefish P. miles is facilitated,
it is believed, by having a few predators e.g. the blue-spotted
cornetfish Fistularia commersonii and the groupers (Epinephelus
striatus, Myceteroperca tigris, Ephinephelus marginatus and
Ephinephelus costae) (Bernadsky and Goulet, 1991; Mumby et
al., 2011; Bariche et al., 2013; Turan et al., 2017; Al Mabruk and
Rizgalla, 2019).

Lionfish envenomation can occur in their native habitats.
However, they do not pose a significant problem since the
lionfish population is ecologically limited in these areas and local
people are familiar with the species. Even though the risk of local
scorpion fish envenomation is more severe in the Mediterranean
Sea and Turkish coasts, lionfish is a potential threat for divers
due to its noteworthy appearance and for fishermen due to its
novelty in the area. Up to date, most of the reported cases of

lionfish venoming are aquarium related (Haddad et al., 2015;
Aldred et al., 1996, Tam et al., 2007; Schaper et al., 2009;
Badillo et al., 2012; Lucerna et al., 2017; Schult et al., 2017).
However, the number of cases is remarkable in several studies
reported from marine sources (Thomas and Tharakaram, 2016;
Resiere et al., 2016; Ayaz et al., 2020). This study, it was aimed
to reveal lionfish awareness studies and lionfish venoming cases
in Turkey.

Materials and Methods

This study, it was aimed to reveal lionfish awareness studies
and lionfish venoming cases in Turkey in this study. The study
was carried out in the Mediterranean region of Turkey between
2018 and 2021. The awareness studies were determined
by institutional studies. Personal interviews, first aid agency
notifications and literature were investigated to find lionfish
venoming cases.

The awareness studies

In this study, the awareness studies were determined by
institutional studies; Gazipasa Municipality, Antalya Province,
and Gazipasa District Agriculture and Forestry Regional
Directorates, Gazipasa Fishermen's Cooperative, Directorate
Mediterranean Fisheries Research, Production and Training
Institute, Antalya Metropolitan Municipality, and the Command
of Coast Guard.

The lionfish venoming cases

Firstly, the conversations held with the victims venomed
by lionfish were evaluated. Two victims called us and got
information about what to do after venoming. The victims' signs
of venoming were recorded. Secondly, three victims called the
first aid agency after the venoming. The information about the
cases was collected. Thirdly, the venoming cases reported in the
literature were investigated. Fourthly, a lionfish stick penetrated
the finger of R.T. from the authors during laboratory work. R.T.
from the authors’ signs of venoming were recorded. In addition,
the consent of the victims whose photographs were used in the
study was got.

Results
The awareness studies

As part of awareness activities, the lionfish competition with
speargun was firstly organized by Gazipasa Municipality,
District Agriculture and Forestry Regional Directorate, and
Fishermen's Cooperative in 2018. After that, the lionfish meat
tasting event was held in Antalya/Demre district in 2019 by
the Directorate Mediterranean Fisheries Research, Production,
and Training Institute. In the same year, with the cooperation
of the Command of Coast Guard and the Directorate
Mediterranean Fisheries Research, Production and Training
Institute, the fishermen in Antalya were informed about lionfish
venom, first aid, and its fishing. The brochures about lionfish
were distributed. The fishermen were very satisfied with the
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training provided. No awareness activities were detected
in 2020. In 2021, the awareness effort was carried out by
Antalya Metropolitan Municipality with the participation of the
Directorate Mediterranean Fisheries Research, Production and
Training Institute, the Province Agriculture and Forestry Regional
Directorate, and the Command of Coast Guard in Konyaalti
District. The lionfish caught in the competition were cooked
and tasted. The taste of lionfish was appreciated. There are no
government-supported awareness studies or removal efforts to

The lionfish venoming cases

The seven lionfish venoming cases were detected in the
period 2019-2021 in Turkey. The venoming cases occurred
with commercial and amateur fishermen and swimmers. Pain,
swelling, and redness were often the first symptoms to appear.
It was determined that only three of the 7 cases were immersed
in hot water. No fatality was in coasts of Turkey (Table 1).

combat lionfish in Turkey.

Table 1. Lionfish venoming cases in coasts of Mediterranean, Turkey

Venoming
- How the Case C ase :
Case Location Year Occurred (Person Venoming Symptoms Treatment Referans
number)
: : Bleeding at the site of the
\rgvggewagh%olgi?ﬁr_ sting, burning sensation, in-
. 9 tense pain, the pain spread o -
Erdemli/ trammel nets, the ; : Sainkillers and serum were given Ayaz et
1 : 2019 ; 1 throughout his body, swelling, ; :
Mersin spines penetrated contractions in your arms after in hospital. al., 2020
to flsherrgl?]:l s hand 3 days and slight paresthesia
paim. in your arm even after 20 days
During laboratory IahnientSt?)}
2 Antalva 2019 work, a lionfish sti- 1 Burning sensation, pain, red- The hot water immersion was the aut-
Y ck penetrated the ness and swelling. applied for about 1 hour. hor of the
author's finger.
study
The victim put ice first. After re-
ceiving information, the victim
applied hot water immersion.
Lionfish was fallen . . . Victim then went to the hospital.
3 Antalya 2019 on the foot of an 1 Swelllng,atp;]azpi, 3??;;83% de- Doctors encountered this type of Pirire?\(/)igvil
amateur fisherman 9 : poisoning case for the first time.
Serum was given in hospital. The
pain didn't subside. After victim
went to the hospital many times.
Coast Gu-
Kemer/ The victim was ; . . ; : ard emer-
4 Antalya 2019 stung by a lionfish. 1 Getting stick Serum was given in hospital. gency aid
request
The spines was pe-
netrated the finger ; ; Coast Gu-
The hot water immersion was
5 Kemer/ 2020 when the amateur 1 Intense pain and swelling. applied. The victim was taken to ard emer-
Antalya fisherman hold to the hosbital because of the pain. 9€NCY aid
cut the spines of li- P pain. request
onfish.
The person who Coast Gu-
Fethiye/ went into the sea ; ; The victim was taken to the hos- ard emer-
6 Mugla 2021 stepped on a lion 1 Getting stick pital. gency aid
fish. request
\é\gt](i:lﬁedthtehe Viﬁgm When the victim landed, he con-
Kemer/ fish with a spear in Bleeding at the site of the tacted us. First, victim applied Personal
7 Antalya 2021 Kemer/Antalya, its 1 sting, redness, pain, swelling, the hot water immersion. He then interview

stick penetrated in
the finger.

and tissue death (Figure 3).

went to the hospital. Painkillers
and antihistamines were given.
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Figure 2. 3" case: The lionfish that the amateur fisherman
caught with a speargun was fallen on the foot in Antalya.
A - The swelling stage after venoming, B - The tissue
death stage after venoming

Figure 3. 7" case: While the victim caught the lionfish with a
spear in Kemer/Antalya, its stick penetrated the finger.
A - The Bleeding and redness stage after venoming, B
- The The swelling stage after venoming after venoming,
C - The The tissue death stage after venoming after
venoming.

Discussion

Local-scale efforts were made in an attempt to minimize
lionfish’s negative impacts on native species and habitats and
human health through organized and sustained removal efforts
(e.g., recreational lionfish fishing derbies and tournaments
used with a spear, speargun, and hook stick) in the Bahamas,
Bermuda, Florida Keys, Mexico, San Pedro, Ambergris Caye and
Placencia/Belize (Searle et al., 2012; Gleason and Gullick, 2014;
ILCAHCANSTF, 2015; Hardison et al., 2018; Harris et al., 2019).
It was reported that local removal efforts have to continued and
supported (Gleason and Gullick, 2014; ILCAHCANSTF, 2015;
Harris et al., 2019; Morris, 2012). The four awareness studies
were identified in Turkey. Invasive lionfish is spreading their
population in the Mediterranean at an alarming rate (Huseyinoglu
et al., 2021). The population control may require proactive,
targeted human removals (Ulman et al., 2021). The catching
pressure can be created (Daghan and Demirhan, 2020).

The awareness studies and removal efforts should be supported
in Turkey. On the other hand, there were government-supported
removal efforts aimed at reducing the population and stocks of
invasive pufferfishes in Turkey (Tanriverdi, 2021). Considering
the distribution, early maturity, high growth rates, high
reproductive rate, and generalist diet of lionfish in Turkish seas,

the government-supported removal efforts to combat invasive
lionfish should be planned and implemented.

Lionfish envenomation can be seen in divers, fisherman and
swimmers in the seas of world-wide (Thomas and Tharakaram,
2016; Resiere et al., 2016; Siimen and Oztiirk 2020). In the
French West, Indies victims included divers (47%), fishermen
(32%), swimmers (21%), and even cooks (3%) (Resiere et al.,
2016). The case was reported by a swimmer in Egypt (Thomas
and Tharakaram, 2016). The case occurred while cleaning
a freshly caught lionfish in Belize (Norton and Norton 2021).
The venoming cases occurred with fishermen and swimmers
in Turkey. When the cases in the world were examined, pain,
edema, and swelling were usually symptoms seen firstly after
a lionfish sting (Haddad et al., 2015; Aldred et al., 1996, Tam
et al., 2007; Badillo et al., 2012; Lucerna et al., 2017; Schult
et al.,, 2017, Thomas and Tharakaram, 2016; Resiere et al.,
2016; Norton and Norton 2021). In the cases in Turkey, the first
symptoms were pain and swelling. No fatality was reported in
the world. Similarly, it was not in Turkey. The first application
was immersion in hot water in the World (Haddad et al., 2015;
Aldred et al., 1996, Tam et al., 2007; Schaper et al., 2009; Badillo
et al., 2012; Lucerna et al., 2017; Schult et al., 2017, Thomas
and Tharakaram, 2016; Resiere et al., 2016; Norton and Norton
2021). In Turkey, the first application was immersion in hot water
in three of the seven lionfish venoming cases. This result may
indicate low public and health worker’s awareness and the
necessity of continuing awareness studies in Turkey. Kleitou et
al. (2019) reported limited awareness of lionfish in Cyprus. In
Turkey, the cases of lionfish venoming were determined in the
sea. The highest number of venoming cases in the world also
occurred in the sea (Thomas and Tharakaram, 2016; Resiere et
al., 2016; Norton and Norton 2021). However, it was seen that
the aquarium cases were as much as the sea cases (Haddad
et al., 2015; Aldred et al., 1996, Tam et al., 2007; Schaper et
al., 2009; Badillo et al., 2012; Lucerna et al., 2017; Schult et al.,
2017).

Lionfish are safely consumed when the lionfish’s spines are
removed (Cavas and Bilgin, 2021). In order to popularize the
consumption of lionfish in Turkey, it was offered for sale at the
Antalya Metropolitan Municipality's fish store and restaurant
(Liberty, 2022). Many businesses in Antalya, Ankara, Istanbul,
Mugla, and Bodrum began to enter their menus (Anadolu
Agency, 2022). Incentives and studies should continue in order
to popularize the consumption of lionfish in Turkey. Hardison
et al. (2018) reported that lionfish were harvested recreationally
and commercially throughout most of the invaded regions and
were served in restaurants.

The spread of lionfish continues in the Mediterranean and
Aegean Sea of Turkey (Turan et al., 2014; Turan and Oztiirk,
2015; Giirlek et al., 2016; Turan et al. 2017; Ozgill, 2020). Today,
its spread area has reached as far as izmir in Turkey. Their
presence on the coastline, which is popular with fishermen and
tourists, threatens human health. The development of lionfish
fisheries has the potential to provide territorial control and
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reduce ecological impacts. It can also represent an unexploited
economic opportunity for fishing communities (Hardison et al.,
2018; Ulman et al., 2020). In Turkey, lionfish fisheries should
be developed. Since commercial fishing with harpoons or
underwater rifles is prohibited in Turkey (Anonymous, 1995),
fishing gear studies have to carried out to catch lionfish found in
rocky areas. Private licensed commercial fishing infrastructure
can be developed to combat lionfish as reported by Daghan and
Demirhan (2020).

people, and divers, amateur, and commercial fishermen are to
create awareness. The awareness studies should continue to
be focused on so that the public can recognize to tell the first
application when sticks penetrated, catch, and consume lionfish
during the derbies or tournaments in Turkey. In order to reduce
the lionfish population and stocks, government-supported
removal efforts must be made. The fishery and consumption of
lionfish should be improved.

. . . . COMPLIANCE WITH ETHICAL STANDARDS
Invasive species are globally on the rise due to human-induced

environmental change and are often a source of harm to their Authors’ Contributions
new ecosystems. The continuous monitoring of invasive species . o _
is crucial to creating effective management strategies and Study concept and design (RT); data acquisition (RT, MG); data analysis (RT);
mitigating their negative impact on native ecosystems. Citizen drafting of the manuscript (RT, MG); critical revision of the manuscript (l
science and social media are important for monitoring invasive authors); approval of the final manuscript (all authors).
species (Al Mabruk and Rizgalla, 2019; Phillips and Kotrschal, Conflict of Interest
2021). Lontlictor
. We declare that we have no conflict of interest.
Conclusion

The single most important rule in approaching and handling Ethical Approvel
lionfish and preventing from lionfish in the Mediterranean For this type of study, formal consent is not required.
and Turkey where lionfish are less recognized by swimmers,
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Alginate in usage biomedical areas

ABSTRACT
Keywords Alginate is a biomaterial that can be easily integrated into many application areas such
Alginate as biomedical, pharmaceutical, engineering, due to its favorable properties such as
Hydrogel biocompatibility and ease of gelation. Alginate polymers are used in tissue engineering
Biotechnology (preserving structural similarity in tissues to extracellular matrices) applications in many
Biomaterial pharmaceutical-based applications. In this review study, it is aimed to give information about

alginate, its chemical structure, general properties, morphological properties of alginate

Tissue engineering - o e ) ] o
sources, extraction methods, especially its use in the biomedical field.

Giris (Ratner ve Bryant, 2004; Huebsch ve Mooney, 2009).
Biyomateryal, viicudun herhangi bir dokusu ve organinda
biyomalzemelerin kullanim sinirlarini  degerlendirmek,
tedavi etmek, arttirmak veya degistirmek icin biyolojik
sistemler ile ara yUz olusturma amacl bir malzeme olarak
tanimlanmaktadir. Yeni biyomalzemeler vicut dokularinin
hicre disi matrislerinde bulunan bircok fonksiyonu taklit
etmektedir. Bunun sebebi konakgi yanitlarini ¢cok iyi bir
~r S dles old Ml sekilde dlzenleyip tanimlayabilmektedir. Dogal olarak
iyi performanslari ve sirdirllebilir kaynak 6zellikleri (iretilmis materyaller dogal biyouyumluluklari nedeniyle

nedeniyle bu malzemelerin yerini sentetik polimerler, son zamanlarda oldukca dikkat cekmektedir (Williams,
seramikler ve metal alasimlarn almaya baslamistir 2009).

Biyomalzemeler geleneksel olarak inert ve konakgidaki
biyolojik sistemlerle etkilesime girmeyecek sekilde
tasarlanmistir. Dogal kaynaklardan Uretilmis olan
materyaller, biyomalzeme olarak siklikla hastalik
veya travmayla kaybolan dokularin yerini almak igin
kullaniimistir. Bununlabirlikte, yirminciytzyilinbaslarindan
bu yana, dogal olarak Uretilmis malzemelere kiyasla daha
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Udur ve ark.

Kahverengi alglerin bir yapi tasi olan aljinat biyopolimerleri
B (1-4)-D- mannuronik asit ve o-(1-4)-L- guluronik
asit yapisinda bir heteropolisakkarittir. Bu polimer,
biyouyumlu, dusuk toksisiteli, diisik maliyetli olmasinin
yaninda Ca*?, Na*? gibi iki degerlige sahip katyonlar ile
birlikte kullanildiginda hafif jelasyon olusturmasi gibi
bircok dzelliklerinden dolayi ¢esitli biyomedikal alanlarda
kullanilmaktadir (Gombotz ve Wee, 1998). Bunlara
ek olarak, aljinat, hicreler ve proteinler gibi cesitli
biyomolekdillerin iletiimesinde-tutulmasinda  matriks
olarak kullanilabilen, organik ¢6zicU kullaniimadan oda
sicakliinda kapsullasyon olusturabilen bir polimerdir
(Andersen ve ark., 2012). Aljinatin matriks icinde duragan
bir sulu ortamin varhigina (Huebsch ve Mooney, 2009),
normal fizyolojik durumda biyobozunabilirligine (Suzuki
ve ark., 1998), biyomalzemelerin ve makromolekdllerin
yuksek diflizyonuna izin veren gozenekli jel olusumuna
(Charter ve ark., 2015), gbzeneklerin basit bir kaplama
prosedurt ile kolayca kontrol edilebilme gibi 6zelliklerine
sahip olmasi kullanim alanlarini oldukga genis tutmaktadir
(Liu ve ark., 1998). Ayrica, uzun yillardan beri gida
endustrisinde yogunlastirici, jellestirici ajan ve kolloidal
stabilizor, ayni zamanda cesitli protein ve hiicre dagilimi
ve/veya tutulmasinda kullanilmakta olan bilesenlerdir.

Aljinatlar, yara iyilesmesinde, nemli bir mikro ortam
saglamakta, yara boélgesindeki enfeksiyonu azaltmakta,
iyilesmeyi  kolaylastirmakta ve hizlandirmaktadir.
Kimyasal ilaglardan makromolekuler proteinlere kadar
cesitli ilag molekilleri -capraz baglayici tiplerine ve
capraz baglama ydntemlerine bagh olarak aljinat jelleri
yardimiyla kontroll bir sekilde salinabilmektedir (Langer
ve Vacanti, 1993). Ayrica aljinat jelleri, vicuda oral
olarak alinabilmesi, enjekte edilebilmesi gibi farmasétik
uygulamalarda kullaniimaktadir.

Bu derleme calismasinda, aljinat, kimyasal yapisi,
genel ozellikleri, aljinat kaynaklari morfolojik &zellikleri,
ekstraksiyon yoéntemleri, 6zellikle biyomedikal alanda
kullanimi hakkinda bilgiler verilmesi amaclanmistir.

Aljinat ve Ozellikleri
Aljinat kaynaklari

Ticari olarak temin edilebilen aljinat tipik olarak sulu
NaOH cozeltileriyle muamele edilerek Laminaria
hyperborea, Laminaria digitata, Laminaria japonica,
Ascophyllum nodosum ve Macrocystis pyrifera dahil
kahverengi alglerin (Phaeophyceae) hiicre duvarindan
ekstrakte edilen (Rinaudo, 2008), belirli toprak bakterileri
Azotobacter ve Pseudomonas tarafindan ekstraselular
matriks olarak Uretilen, politronik bir sakkarittir (Khong
ve ark., 2013). Kuru agirlik bazinda aljinat igerikleri A.
nodosum igin %22-30, L. digitata icin %25-44'tur (Qin,
2008). Bakteriyal aljinat Azotobacter ve Pseudomonas'
tan dUretilebilmektedir. Aljinat biyosentezi, genellikle
onclu  substratin  sentezine, polimerizasyon ve

sitoplazmik membran transferine, periplazmik transfer
ve modifikasyonuna ve dis zardan disariya aktariimasi
gibi slregleri kapsamaktadir. Bakterilerde aljinat
biyosentezinin dlzenlenmesindeki son gelismeler ve
bakteri modifikasyonunun goéreceli kolayligi, ihtiyaca
yonelik 6zellikler ve biyomedikal uygulamalarda genis
uygulamalarla aljinat Uretimini mumkdn kilabilmektedir
(Remminghorst ve Rehm, 2006).

Aljinatin kimyasal 6zellikleri

Aljinat B-p-mannuronik asit (M) ve a-r-gluronik asit (G)
gibi fonksiyonel bilesenlerine ayrilabilen, disik maliyetli,
biyouyumlu ve biyopargalanabilir lineer bir polimerdir. ilk
olarak 12 Ocak 1881 tarihli patent ile Stanford tarafindan
tanimlanmistir. 1926 vyilinda, aljinik asitin bir bileseni
olarak kesfedilen, sonrasinda ise a-L-guluronik ve B-p-
mannuronik kalintilarindan olusan ikili kopolimer olarak
kabul edilmistir (Draget ve ark., 2005). Yapisindaki G ve
M kisimlari heterojen ya da homojen sekanslar olarak
rastgele olabilmekte, dagiimi ve kimyasal yapisi elde
edildigi kaynaga gore degisiklik gdstermektedir. Aljinat
molekdll, bilesimindeki Uronik asit arasindaki baglarin
dogasindan 6turd, selliloz gibi B1,4 olarak belirtilmistir
(Moe ve ark., 1995). L-guluronat kalintisi tanimlanmadan
oénce, D-mannuronat, aljinatin ana bileseni olarak kabul
ediliyordu. Manganez ve kalsiyum tuzlar ile fraksiyonel
cOkeltme ile daha sonralar, aljinatlarin aslinda blok
kopolimerler oldugunu ve guluronatin mannuronata
oraninin dogal kaynaga bagli olarak degistigi belirlenmistir
(Haug, 1959). Dallanmamis ikili kopolimer ailesinden olan
aljinatlar, degisen bilesimi ve sekansi, (1,4) bagl B-o-
mannuronik asit (M) ve onun C5 epimeri olan a-L-gluronik
asitten (G) olusmakta, polimer zincirinde M bloklari,
G bloklari ve MG bloklarinin uzun dizilerinin birbiriyle
baglanmasi da olabilmektedir (Moe, 1995). Aljinatin artik
(1,4) -B-D-mannuronik (M) ve a -L-guluronik (G) bloklarini
iceren kopolimerler ailesi oldugu bilinmektedir (Tonnesen
ve Karlsen, 2002). Sekil 1 de B-p-mannuronik asit (M) ve
a-L-gluronik asit (G) kimyasal yapilari gosterilmektedir.

HO,C OH HO.C

HO,C  oH
w 4 i
|o " HoE ¢
2
OH HO,C 2 OH
G Blok GM Blok M Blok

Sekil 1. Aljinik asitin yapisi
Figure 1. Structure of alginic asid

Aljinatin ve olusturulan hidrojellerin fiziksel 6zelliklerini
bilesimi, dizilimi, G-blok uzunlugu ve molekuler agirligi
gibi faktoérler etkilemektedir. Aljinat jellerinin mekanik
ozellikleri tipik olarak G-blogunun uzunlugu ve molekiler
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Abraham, 2006). Farkli aljinat kaynaklarinin polimerlere . i . i )
bir dizi kimyasal 6zellik sagladigi belirtimektedir. Alglerden aljinat  ekstraksiyon islemi genellikle

Aljinat, polimerlerinhidrojenve elektrostatikbaglanmasina
izin vererek musinle etkilesmesine ve serbest karboksil
gruplarindan kaynaklanan mukoadhesiv  6zelliklere
sahiptir(Haugstad ve ark.,2015). Sadece iyonize karboksil
gruplart mukozal doku ile etkilesime girebildiginden
cevresel pH'In aljinat ¢6zinUrligl ve sonug olarak
mukoadhesiv 6zellikleri Gzerinde gucli bir etkisi vardir.
Co6zunlr aljinat, polimer matriksi yoluyla ¢6zlcinin
nifuz etmesini kolaylastirir, bu da mukoadhesiv baglarin
guclendirilmesinden sorumlu daha viskoz ve yapiskan jel
yapisinin olusmasina neden olur (Mythri ve ark., 2011).

Aljinatin morfolojik 6zellikleri

Aljinatlar, algal hicre duvarlarinda bulanan yapisal
bilesenlerinden olan bir polisakkarittir (Silva ve Mooney,
2010). Aljinatlarin gézenekli yapisi ve dogal dokulari taklit
edebilme O&zellikleri sayesinde doku muhendisliginde
iskelet yapi olarak kullaniimaktadir (Xu ve ark., 2017)
(Sekil 2).

: s o Ik o3 A

Sekil 2. Aljinat iskelet yapisinin SEM gérinttsi (Colucci-
no ve ark., 2016)

Figure 2. SEM image of the alginate skeleton structure

(Coluccino et al., 2016)

Aljinatin molekller agirhiginin arttinimasi, elde edilen
jellerin fiziksel ozelliklerini gelistirebilmektedir. Bununla
birlikte, molekuler agirhgr yiksek polimerden olusturulan
bir aljinat ¢dzeltisinin yogunlugu daha fazla olmaktadir
(LeRoux ve ark., 1999). Molekil agirhginin maniptlasyonu
ve dagilimi bagimsiz olarak jel &ncesi ¢ozelti viskozitesini
ve jellesme sonrasi sertligini kontrol edebilmektedir.
Jellerin elastik modill, yiksek ve distk molekiler agirhkli
aljinat polimerlerinin  bir kombinasyonu kullanilarak
¢Ozeltinin viskozitesi minimum dizeyde artarken, elastik
Ozellikleri 6nemli dlctde arttirlabilmektedir (Kong ve
ark., 2002).

kurutulmus ham maddenin seyreltilmis mineral asit
muamelesi ile baslayan ¢ok asamali bir prosedurdur
(Sachan ve ark., 2009). Aljinatlar, seyreltiimis mineral
asit ile muamele edildikten sonra laminarin ve
fucoidin gibi ndtr homopolisakkaritleri uzaklastirmak
igin kurutulmus ve 06gutulmis alglerden ekstrakte
edilmektedir. Ayni zamanda, alkalin toprak katyonlari
H+ ile degistiriimektedir. Aljinat daha sonra 10'un
altindaki bir pH'ta sodyum karbonat ilave edilerek
¢6zlnmeyen protonlu formdan ¢6zinir sodyum tuzuna
doénusturulmektedir. Ekstraksiyondan sonra, aljinat daha
fazla saflastirlabilmekte ve daha sonra bir tuza veya
aside donusturilebilmektedir (Sutherland, 1991). Ticari
aljinat sadece alg kaynaklarindan elde edilmektedir,
ancak aljinatin daha ¢ok tanmlanmis fizikokimyasal
Ozelliklerini saglamak icin mikrobiyal fermantasyon ile
alternatif Uretim arastinimaktadir (Remminghorst and
Rehm, 2006).

Aljinatin Biyomedikal Alanda Kullanimi

Aljinatlar uzun yillardan beri gida alaninda kullaniimakta
olup, son yillarda biyomedikal alandaki uygulamalari
artis gostermis ve bu da malzemenin édnemini daha da
artirmistir. Polimer yapidaki aljinatlar biyouyumlulugu
ve biyodegredasyon yetenegi sayesinde doku
muihendisliginde, tip ve farmasoétik alanlarinda da
kullanim potansiyeline sahiptir.

Aljinatin farmasétik uygulamalarda kullanimi

Aljinatjelleri, molekuleragirhgidisitkilaclarin verilmesinde
ilac ile aljinat arasindaki birincil veya ikincil bagin ve ila¢c
salinim kinetiklerini diizenlemek icin kullanilabileceginin
yararli oldugu dustnulmektedir (Boontheekul ve ark.,
2005). Aljinat jeller tipik olarak nano porlara sahiptir
ve kucUk molekullerin jel boyunca hizlh difizyonunu
saglamaktadir. Bununla birlikte hem kalsiyum iyonlari
hem de adipik asit dihidrazit (C6H14N402) ile kismen
oksitlenmis aljinattan olusturulan tanecikli yapilara
katildigi ve artan capraz bag sayisi nedeniyle uzun
sureli bir salinima neden oldugu bildirilmistir (Maiti ve
ark., 2009). Antikanser ajanlarin kontrolli ve lokalize
verilmesi de kismen oksitlenmis aljinat jelleri kullanilarak
gerceklestiriimektedir. Birden fazla ilag, ilacin kimyasal
yapisini, katilimini ve salinim kinetigini énemli olctde
degistireceginden, eszamanli veya sirali uygulamalarda
aljinat bazll jellere vyiklenebilmektedir. Ornegin,
metotreksat (aljinat ile etkilesimli olmayan) diflizyonla
hizh  bir sekilde salinirken, aljinata kovalent bagla
baglanan doksorubisin ¢apraz baglayicinin kimyasal
hidrolizi ile salinmaktadir. Aljinata iyonik olarak bagli olan
mitoksantron sadece jelin ayrilmasindan sonra serbest
kalmaktadir (Bouhadir ve ark., 2001).
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Proteinden olusan ilaglar ginimizde yaygin olarak
kullanilmaktadir. Proteinlerin ilag iletim sisteminde,
salinimina kadar olan slirede korunmalarini saglayacak
yapilar aljinat ile elde edilebilmektedir (Lee ve ark., 2003).
Aljinatlarin hidrofilik ve porlu yapisi sayesinde proteinlerin
aljinattan salinmalari hizli bir sekilde olmaktadir. Vaskdler
endotelyal buytme faktdrt ya da temel fibroblast buyime
faktorl gibi heparin baglayan blylme faktorleri, ayni
sekilde geri donlUstimll, surekli ve lokalize salinima izin
veren, aljinat hidrojellerine baglanma sergilemektedirler
(Lee ve ark., 2003; Silva ve Mooney, 2010). Protein
salinimini, kismen degradasyon reaksiyonuna bagli hale
getirmek icin jellerin degradasyon oraninin degistiriimesi
(6rnegin, kismen oksitlenmis aljinatin kullaniimasi) ile
kolayca manipule edilebilmektedir (Silva ve Mooney,
2010).

Yara 6rtii malzemesi olarak aljinatin kullanimi

Yara iyilesmesi sireci hemostaz, iltihaplanma, gdc,
cogalma ve yeniden modelleme olmak Uzere bes
asamada gerceklesmektedir (Eming ve ark., 2014;
Frykberg ve Banks, 2015). Ciltte bir yaralanma oldugunda
hemostaz ve iltihaplanma meydana gelmektedir.
Fibrinojen olarak bilinen cildin bag dokusunun buyik
bir bileseni, kanamay! durdurmak icin ekstdalarin ve
yaradaki kanin pihtilasmasina yardimci olmaktadir
(Zahedi ve ark., 2010; Eming ve ark., 2014; Frykberg
ve Banks, 2015). Enflamatuar faz, yaranin enkazdan
arindirldigi ve fagositik hiicreler tarafindan proteazlarin
ve reaktif oksijen tirlerinin salinmasinin bir sonucu olarak
bakteriyel enfeksiyondan korundugu hemostaz fazi ile
eszamanli olarak ortaya cikmaktadir. Kan monositleri,
yara bdlgesinde, hasarli kan damarlarini onarmak icin
blylme faktorlerini ve fibroblastlar, endotel hiicrelerini
ve Kkeratinositleri alan sitokinleri serbest birakarak
doku makrofajlarina ayrilmaktadir (Frykberg ve Banks,
2015). Go¢ asamasinda, epitel hicreler 6li hlcreleri
degistirmek icin yara bolgesine dogru hareket etmektedir.
Proliferasyon asamasinda, yara tamamen granllasyon
dokularinin olusumuyla epitel ile kaplanmaktadir. Son
asama, fibroblastlarin yaranin ylzeyini yeni bir cilt
tabakasi olarak tamamen kapladigi dokunun yeniden
modellenmesidir (Frykberg ve Banks, 2015). Bu asamaya
olgunlasma asamasi da denmektedir (Guo ve DiPietro,
2010; Frykberg ve Banks, 2015).

Aljinat yara ortlleri, kalsiyum, magnezyum, baryum,
kursun, kadmiyum, kobalt, ¢inko, nikel, manganez,
stronsiyum iyonlari ile jel haline getirilebilmektedir
(Yin ve ark., 2015; Topuz ve ark., 2012). Aljinat yara
Ortileri kuru formda yara sivisini absorbe edebilmekte
ve fizyolojik olarak nemli bir ortamda kuru bir yara
saglayabilen ve bakteriyel enfeksiyonlari en aza
indirgeyen jeller olusturabilmekte, bdylece hizli bir
sekilde yeniden epitelizasyon ve grantlasyon dokusu
olusumunu tesvik edebilmektedir. Aljinatin immunojenik

etkisi, M-blogu miktarindan kaynaklanmaktadir. YUksek
M blogu iceren aljinat, yiksek G bloguna sahip aljinat
ile karsilastinldiginda sitokin dretimini induklemektedir
(Szekalska ve ark., 2016).

Akut ve kronik yaralarin tedavisi, tibbin bircok yéninde
acil bir ihtiya¢ olarak bilinmektedir. Aljinat bazl yara
Ortlleri birgok avantajli 6zellik sunmaktadir. Geleneksel
yara Ortlleri (6rnegin gazli bezler) esas olarak yara
eksldalarin buharlasmasina izin verirken patojenlerin
yaraya girmesini onleyerek yarayi kuru tutan bir bariyer
fonksiyonu saglamaktadir (Boateng ve ark., 2008). Buna
karsilik, modern pansumanlar (aljinat yara ortileri gibi),
nemli bir yara ortami saglamakta ve yara iyilesmesini
kolaylastirmaktadir (Queen ve ark., 2004).

Hiicre kiiltiiriinde aljinat kullanimi

Aljinat jelleri, biyomedikal ¢alismalarda memeli hicre
kdltlrl icin bir model sistem olarak giderek daha
fazla kullaniimaktadir. Bu jeller, 2-B veya daha fazla
fizyolojik olarak 3-B kultir sisteminde hizmet verecek
sekilde kolaylikla adapte edilebilmektedir. Aljinat igin
memeli hlicre reseptdrlerinin eksikligi, aljinat jellerine
disik protein adsorpsiyonu ile birlestirildiginde, bu
malzemelerin, hicre yapismasi i¢in oldukga spesifik,
ideal bir bos levha olarak bircok sekilde kullanimina izin
vermektedir (Fischbach ve ark., 2009).

Dokuda bulunan ve dogal olarak olusan 3B hiicre ortamlari
ile karsilastirldiginda buydk farkhliklar bulunmaktadir.
Ancak, in vitro hicre kultlri calismalarinin ¢cogu, sert
plastik veya cam yuzeylerde tek katmanl (2B), kolay,
rahat ve ylksek hicre canlliga sahip olmalar nedeniyle
kullaniimaktadir (Lee ve ark., 2008). Bununla birlikte,
hlcreleri yapay, diz ve sert bir ylzeye adapte olmaya
zorlandigi taktirde hiicre metabolizmasi degisebilmekte
ve islevselligi azaltabilmektedir (Gevaert, 2012).

Aljinat polimer omurgasina hicre adhezyonu ligandlari
iceren bir arginin-glisin-aspartik asit (RGD) peptidinin
dahil edilmesinin, aljinat bazli bir substrata hicre
adhezyonunu arttirdigi gosterilmistir (Rowley ve ark.,
1999) (Sekil 3).

?RGDSP

j%

“00C
Sekil 3. RGD-aljinat’in kimyasal yapisi (Andersen ve ark.,
2015)
Figure 3. Chemical structure of RGD-alginate (Andersen

et al., 2015)
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Aljinat jellerinde, ekstrarseliler maktrikse hicre
adhezyonundan sorumlu RGD peptitlerinin  varhgi,
etkilesen miyoblastlar, kondrositler, osteoblastlar,
yumurtalik folikili ve kemik iligi stromal hucrelerin
fenotipini kontrol etmesini saglamaktadir (Wang ve
ark., 2003; Hsiong ve ark., 2008; Bidarra ve ark., 2010).
Aljinat jellerinde kultirlenen miyoblastlarin yapismasi
ve cogalmasi, modifiye edilmemis aljinat jellerine
kiyasla RGD peptitlerinin aljinat omurgasina kimyasal
konjligasyonu ile énemli dlgiide artmaktadir (Rowley ve
ark., 1999).

Doku miihendisliginde aljinat kullanimi

Doku miihendisligi 1990'dan beri gelistiriimekte olan bir
alandir (Eslahi ve ark., 2016). Donér organin immuinolojik
yaniti veya asilama dokusunun instabilitesi olmadan
dokunun islevini degistirmenin yararli bir yolu olarak
gorulmektedir. Doku muhendisligi, malzemeler, hiicreler
ve buyume faktérleri arasinda is birligine dayali bir
ilkedir (Lee ve Shin, 2007). Son yillarda aljinat jellerin
vlcuttaki cesitli doku ve organlarin yenilenmesi icin ya
da ydnlendirilebilen protein veya hiicre popilasyonlari
saglamak icin cesitli arastirmalar yapildigi bildirilmistir
(Silva ve Mooney, 2010). Aljinat, biyomateryal olarak
ve Ozellikle doku rejenerasyonu ya da onarimi igin
destekleyici matriks uygulama sistemi gibi genis bir
uygulama alanina sahip oldugundan ilgi c¢ekicidir.
Biyouyumluluk, biyobozunurluk, antijenik olmayan
ve selasyon kabiliyeti bakimindan ustin &zellikleri
nedeniyle, aljinat doku mihendisligi dahil olmak (zere
cesitli biyomedikal uygulamalarda yaygin olarak
kullaniimaktadir (Kuo ve Ma, 2001).

Doku miihendisligi icin iskelet yapisi

Son on yillarda, doku muhendisliginde iskelet
yaplilara alternatif gézenekli biyomalzeme bazli yapilar
dusinidlmektedir. 3B hidrojel bazh polimerik iskelet
yapilari Uretmek icin gaz kopugu, dondurarak kurutma,
elektro lif cekimi (electrospinning) ve hizli prototipleme
(bioprinting) gibi teknikler uygulanmaktadir (Li ve Ma,
2004). Geleneksel tekniklerden dondurarak kurutma,
aljinat gibi hidrojel bazlh biyomalzemeleri iskelet
imalatinda kullaniimaktadir. Bir aljinat ¢o6zeltisinden,
gbzenekli, kati, serbest bicimli, yapi iskeletleri iki adimda
imal edilebilmektedir: Dondurma ve ardindan dondurarak
kurutma. Yontem, sistem iginde faz ayrilmasina ve
¢6zlcunun vakum altinda slUblimlesmesine neden olan
bosluklar ile sonuclanan termal kararsizliklar olusturmak
icin malzemenin donma sicakhg altinda hizl bir sekilde
sogutulmasina dayanmaktadir (Annabi ve ark., 2010)
(Sekil 4). Cesitli islem parametreleri arasinda, donma
sicakhgi, donma hizi ve liyofilizasyondan &nceki
dondurma islemi yer almaktadir. Meydana gelen yapi
iskeletlerinin gdzenek yapisi (genel gézeneklilik, gézenek
boyutu ve gdézenek morfolojisi) Gzerinde blylk bir etkiye
sahiptir (Zamora ve ark., 2002).

Buz - kristal yapi
= —_— \\ & Dondurarak
~— | Dondurma kurutma islemi ’ 2 V@
\_/ islemi \ (} ,
N S !;,! )
Vs
J A
= e AL

Aljiﬁ;im;;onu Aljinat yapi iskeleti

Sekil 4. Aljinatin dondurularak kurutulmasi (Sun ve Tan,
2013)

Figure 4. Freezing and drying of the alginate (Sun and

Tan, 2013)

Liyofilizasyon teknigi genellikle iyonik olarak ¢apraz bagl
aljinat hidrojellerinden g6zenekli yapi iskeletleri Gretmek
icin kullanilmaktadir (Wang ve ark., 2006; Sarker ve ark.,
2015). Bununla birlikte, saf aljinattan yapi iskeletlerinin,
aljinat aginda hiicre adezyon motiflerinin  eksikligi
nedeniyle hiicre adezyonunu ve hicre metabolizmasini
desteklemek icin yeterli biyouyumluluk saglamadigi iyi
bilinmektedir (Sun ve Tan, 2013). Bu nedenle, hicre
yapismasini ve hlcre metabolizmasini tesvik etmek icin
kitosan (Shapiro ve ark., 1997), jelatin (Sapir ve ark.,
2011) gibi farkli polimerler, proteinler veya peptitler
aljinat ile birlestiriimektedir (Florczyk ve ark., 2011).
Aljinat hidrojel bazl, gézenekli, dondurularak kurutulmus
yap! iskeletleri c¢ogunlukla kemik ve kikirdak doku
muUhendisligi arastirmalari icin kullaniimistir.

Kemik doku miihendisliginde aljinat

Kemik doku, besin akisinin gecisini saglamanin yani
sira hlcre baglanmasi, proliferasyonuna ve doku
blylumesine elverisli bir biyolojik ortam saglamak icin
birbirine bagh cok sayida gozenek yapisina sahip olmasi
gerekmektedir. Kemik doku yapi iskeletleri implantasyon
yerindeki kemik dokusu yenilenmesini desteklemek ve
hem in vitro hem de in vivo hiicre blylmesi sirasinda
butinligu korumak icin yeterli mekanik glice sahip olmasi
gerekmektedir (Chu ve ark., 2002). Aljinat/hidroksiapatit
kompozit yapi iskeletleri, internal jelasyon ve ardindan
g6zenekli bir yapi elde etmek Uzere dondurarak kurutma
prosedirl ile hazirlanmaktadir. Nanopartikuller, laktoz
modifiye edilmis bir kitosan varliinda hazirlanmakta,
bu koloidal c¢ozelti, elektrostatik etkilesimlerden
faydalanilarak yapi iskeletleri Uizerine adsorbe edilmekte
ve gecgici olarak absorbe edilebilir kemik implantlar
olarak kullaniimaktadir (Marsich ve ark., 2013) (Sekil 5).

Kitosan/polipirol/aljinat kompozit yapi iskeleti, doku
rejenerasyonu igin bir substrat olarak islev gérebilmekte
ve bir biyoreaktdr sistemi ile elektriksel stimilasyon
kullanilarak osteojenik hlcreler ile birlikte kemik
doku muhendisligi icin kullanilabilmekte ve bdylece
kompozit yapinin kemik rejenerasyonundaki rolU
degerlendirilebilmektedir (Sajesh ve ark., 2013). Kitosan/
aljinat hibrid yapi iskeletleri, gelistiriimis mekanik
mukavemet, yapisal stabilite sergilemis, yeni kemik
olusumunu ve hizli vaskularizasyonu uyardigi bildirilmistir
(Li ve ark., 2005).
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Sekil 5. Kemik doku onariminda aljinat polimerleri (Khan
ve Ahmad, 2013)
Figure 5. Alginate polymers in bone tissue repair (Khan

and Ahmad, 2013)

Kikirdak doku miihendisliginde aljinat

Kikirdak doku fonksiyonlarinda alternatif olarak kullanilan
ya da dokuyu taklit edebilen biyomateryaller arasinda
kolajen (Parmar ve ark., 2015), kitosan (Muzzarelli ve
ark., 2015), jelatin (Amadori ve ark., 2015), aljinat (Jeon
ve ark., 2009), hiyaltronik asit (Palumbo ve ark., 2015),
etilen glikol (Wang ve ark., 2017), polikaprolakton
(Prabhakar ve ark., 2016) gibi dogal ve sentetik polimerler
bulunmaktadir. Aljinat, kikirdak doku uygulamasi
icin uygun fiziksel O&zellikleri binyesinde bulunduran
biyolojik olarak parcgalanabilen dogal bir polimerdir.
Aljinat, kikirdak rejenerasyon uygulamalari igin kapsaml
bir sekilde arastinimaktadir (Guarino, 2018). Hasarl
kikirdagin onarimi hala ortopedi alaninin karsilastigi en
buyik zorluklardan biridir. Aljinat jellerin, kondrojenik
hlcrelerin hayvan modellerinde, hasar gérmus kikirdagi
restore etmek i¢cin nakledilmesinde yararli oldugu
belirtiimistir (Chang ve ark., 2001, 2003). ilk calismalarda,
kalsiyum siUlfat ile karistinlmis bir aljinat ¢ozeltisinde
kondrosit sUspansiyonu kullaniimis  ve &nceden
sekillendirilmis kikirdak tUretmek icin ylz implantlarinin
kaliplarina enjekte edilmistir. Farelerde ve koyunlar
Uzerinde yapilan 30 haftalik subkltan implantasyon
uygulamasi sonucunda t¢ boyutlu yapinin korunmasi ile
kikirdak olusturdugu, proteoglikan ve kolajen icerigi ile
tasarlanmis kikirdak elastik modulinin dogal kikirdakta
yaklasik %80 oldugu bildirilmistir (Chang ve ark., 2001,
2003). Aljinatlar, biyouyumluluk, hiicrelerin tutunmasiicin
iyi bir iskelet yapisi olusturma 6zelligi, biyogdzinurliga,
dusik maliyeti gibi bircok &zelliklerinden dolayi kikirdak
rejenerasyonu icin en iyi alternatif bir malzeme olarak
kabul edilmektedir (Venkatesan ve ark., 2015).

Sonuc¢

Aljinat, O6zellikle yara iyilesmesi, ila¢ iletim sistemi,
in vitro hicre kultiri ve doku muhendisligi gibi
bircok biyomedikal uygulama alanlarinda potansiyeli
yuksek bir biyomateryal olarak kabul g&érmektedir.
Biyomedikal alanlarda aljinatin en c¢ekici 6zelliklerinden
biyouyumluluk, hafif jelasyon, biyodegredasyon gibi yeni

Ozelliklere sahip farkli tirevlerinin hazirlanmasi i¢in bazi
modifikasyonlar gerekmektedir. Aljinat, bir yara iyilestirici
malzemesi ve farmasétik bir bilesen olarak givenli klinik
kullanim gec¢misine sahiptir. Kimyasal olarak modifiye
edilmis bir aljinat periodontal rejenerasyonu tesvik etmek
icin bir tasiyici olarak kullaniimaktadir (Sculean ve ark.,
2001). Bununla birlikte, diger hidrojeller gibi, aljinat jeller
de sinirl mekanik sertlige ve genel fiziksel 6zelliklere
sahiptir.

Farkli kimyasal yapilara, molektler agiriga ve capraz
baglama islevselligine sahip molekiller kullanilarak,
mevcut capraz baglama stratejileri araliginin dikkate
alinmasi, genellikle her uygulama icin uygun jeller
elde edilmesini saglamaktadir. Yakin gelecekte, tipta
kullanilan aljinat bazli malzemelerin 6nemli dlcide
gelismesi muhtemeldir. Aljinat jeller, yara iyilestirme
uygulamalarinda klinik olarak zaten kullanilirken, oldukca
pasif bir rol oynamaktadirlar.

Aljinat jellerinden istege bagh ilag salmi, terapotik
hicreler de dahil olmak tzere bircok ilacin aktif depolarini
tasarlamak icin kullanilabilecegdi distntlmektedir. Aljinat
icin uygun htcre etkilesimli 6zelliklerin eklenmesi,
bircok doku mihendisligi uygulamasinda da c¢ok
6nemli olacagi muhtemel uygulamalar arasindadir.
Adhezyon ligandlarinin tipi ve jellerdeki organizasyonu,
hicre fenotipini ve rejenere dokularin fonksiyonunu
duzenleyebildikleri i¢cin anahtar degiskenlerdir. RGD
peptitlerinden bugline kadar bir hiicre adezyon ligandi
olarak genis dlclide faydalaniimakla birlikte, uygun doku
ve organlarin uygun sekilde Uretilmesi i¢in ¢coklu ligandlar
ve ¢ozunur faktdrlerden de faydalanabilmektedir.

Mevcut aljinatin temel 6zelliklerinin bilinmesi ile birlikte,
yeni hiicre ve doku etkilesimli aljinat jellerinin gelistiriimesi
biyomedikal, farmasétik ve mihendislik alanlarindaki
ilerlemeleri saglayabilecegi dusunilmektedir. Belirli bir
uygulama icin tasarlanan dogal kaynaklardan elde edilen
sinirli repertuarin aksine, hassas sekilde kontrol edilebilen
kimyasal ve fiziksel 6zelliklere sahip yeni aljinat siniflarini
tasarlama yetenegdi bu malzemelerin kullaniminda devrim
yaratacaktir.

ETiK STANDARTLARA UYUM

Yazarlarin Katkisi

Yazarlar makaleye esit oranda katki saglamislardir.

Cikar Gatismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini deklare etmektedir.
Etik Onay

Yazarlar bu tir bir calisma igin resmi etik kurul onayinin gerekli
olmadigini bildirmektedir.
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