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Summary

Global warming, which is defined as the increase in the av-
erage temperature of the atmosphere, seas and the earth with the
effect of greenhouse gases, can be felt all over the world. Climate
changes affect the nutrition, reproduction, growth and biodiver-
sity of living things in aquatic ecosystems. Climate change, which
is effective in the functional changes of marine ecosystems, is the
main factor that changes the geographical distribution of species
by triggering species invasions. Warming of waters is one of the
causes of increased acidification and indirect extinction of aquatic
species diversity.

Most areas of our planet have a very high potential for aqua-
culture production due to water quality and coastal features. But
humankind has hunted aquatic creatures until they destroyed
them throughout history. Aquaculture is the controlled produc-
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tion and cultivation of aquatic organisms. Aquatic creatures can be
offered for human consumption through reproduction. The over-
use of fisheries and the fatigue of aquatic ecosystems could lead
to a crisis of global aquaculture food production. Changing climat-
ic conditions can pose serious dangers in aquaculture areas. For
this reason, it is important to take a series of measures to reduce
the emission of greenhouse gases in the atmosphere and to pro-
vide sustainable fishery products. In this study, the role of climate
change has been evaluated in order to ensure sustainable aquacul-
ture with a sense of responsibility.

Key words: Aquaculture, Sustainability, Biodiversity, Global
Warming,

1. Introduction

With the industrial revolution, carbon resources are used
more and global warming and climate change are seen with the
increasing effects of greenhouse gas (Kose, 2018). Climate change
is considered one of the most important crises that countries have
faced because it is related to the existence of human beings. Be-
cause climate change directly affects all living things, especially
through natural disasters, health, water resources, and nutrition,
and the ecosystem formed as a result of the mutual relations of
these living things with the inanimate environment that surrounds
them (Basoglu and Telatar, 2013). Although climate change is per-
ceived as a meteorological problem, it has the potential to affect
many environmental factors in natural ecosystems, especially in
nutrient cycles or hydrological cycles. Many sectors can be directly
or indirectly affected by global warming. Apart from the sectors
where these effects are observed intensely, some sectors contrib-
ute to global warming. The greenhouse gas contributions of fisher-
ies and aquaculture are small compared to other sectors (Cochrane
et al., 2009). For this reason, it is important to understand well
which areas will be affected by climate change and to what extent,
by increasing the severity of the measures to be taken and creating
a driving factor for action.

Today, while technological developments have brought very
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important mobility to the fishing sector, on the other hand, it has
also been one of the main sources of human-induced destruction in
the marine ecosystem. Scientific evidence supports the conclusion
that climate change causes changes in marine ecosystem productiv-
ity, fisheries, carbon dioxide uptake in aquatic ecosystems, oxygen
concentrations, and terrestrial vegetation (Solomon et al., 2007).
In addition, the climate crisis is one of the most important factors
that endanger natural biodiversity in aquatic ecosystems (Rahel
et al., 2008). Stress factors such as pollution, climate change, and
reduction of habitats threaten the vitality of the earth we live on.
Aquatic ecosystems are unique habitats for hundreds of plants and
animals, accounting for one-third of all species at risk (Kingsford
et al., 2016). Moreover, these ecosystems allow rich and diverse
plant and animal species to live. Due to increasing temperatures
in aquatic ecosystems, species migrate to new settlements and
compete with native species in their new areas. Due to migrations,
changes occur in population density such as growth, distribution,
and abundance of species over time. In addition, 80% of the world
trade is carried out by sea transportation, and 7,000 living species
are displaced daily (Oztiirk et al., 2017). Aquatic ecosystems store
carbon instead of releasing it into the atmosphere as carbon diox-
ide, a greenhouse gas that affects the global climate. Peatland and
forested wetlands are of great importance as the world’s carbon
absorbers.

At the center of the concept of sustainability is the efficient
use of water resources, which are important natural resources.
Examples of ecologically sustainable systems are healthy oceans,
lakes, rivers, wetlands. Reducing the use of these resources is the
key to providing healthy food to the growing population in an en-
vironmentally sound manner. Damage to the aquatic ecosystem
affects the creatures living in this ecosystem as well as other ele-
ments that benefit from this system. As the consciousness level of
societies increases, knowing, protecting, and maintaining biologi-
cal diversity has become the common values of humanity.

Climate change has become an important part of fisheries
management. Climatic conditions can pose serious economic haz-
ards in aquaculture areas. In this study, the effect of climate change
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on reliable and sustainable aquaculture activities in taking precau-
tions against sources that may pose a threat was examined.

2- The relationship between the aquaculture sector
and climate change:

The aquaculture sector covers the controlled production
and cultivation of aquatic organisms. Therefore, water is the main
source of aquaculture. Almost every aquatic creature is an import-
ant natural resource used for human consumption. Seafood is an
important source of protein in human nutrition (Sahin, 2003).
While in the past almost all of the aquaculture needs were ob-
tained through hunting, today nearly half of the fishery products
are obtained by aquaculture in the ocean, sea, and inland waters.
The most important reason for this situation is the decrease in the
number of products that can be obtained from the seas and oceans
by hunting and the large fish herds due to overfishing (Yavuzcan
et al,, 2010). In addition, some species are in danger of extinction
due to overfishing. Despite the deterioration of the ecological bal-
ance in aquatic environments, the demand for aquatic products is
increasing. Consumers want aquatic products of the quality they
desire to be presented to them on time. For this reason, it is im-
portant to present these creatures obtained through breeding with
a well-organized marketing system (Dogan, 2003). Aquaculture is
global and is the fastest-growing food production technology. The
supply of fish products to the market should be considered as an
investment area that increases both the economy and employment.

The effects of climate change such as temperature, precipi-
tation, ocean acidification, and sea-level rise are known. These
impacts may affect fishing or aquaculture systems in marine and
freshwater systems and cause changes in fish availability. Climate
change factors, alone or in combination, can affect fish production
systems and operate under the influence of several non-climatic
factors such as overfishing, pollution, and increased fish demand.

Water quality and coastal features are important factors
in aquaculture. Increases in water temperatures affect the phy-
toplanktonic organisms that have an important place in prima-
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ry production and the fish species that feed on these organisms
nutritionally. Warming of waters affects phytoplankton eruptions
and timing changes in zooplankton composition. As a result, the
change in the yield and primary production of the hunted species
may cause changes in stock abundance and development with the
effect of possible incompatibility between prey (plankton) and
predator (fished species). As a result of the warming of the waters,
it can change the physicochemical properties, physiology, and re-
production ratios of prey species, spawning timings, migrations,
stock abundance, increased invasive species, diseases, and physi-
ology of algae. These changes can result in potentially lower pro-
duction levels between marine and freshwater systems, or have
consequences that could reduce or increase the production of cer-
tain species in marine and freshwater systems. Since the increase
in temperature, which is one of the important water quality pa-
rameters, causes a decrease in the oxygen values in the water, the
fish will have to continue their uninterrupted swimming by taking
more water from their gills to obtain sufficient oxygen. Therefore,
as the temperature increases, the oxygen requirement for support-
ing body development is sensitive for fish in aquaculture.

Climate changes cause a decrease in pH values in aquatic en-
vironments. This decrease increases the chemical reaction in the
direction of acidification in the pH scale. This phenomenon, called
acidification, is seen as a factor that directly or indirectly affects
the life of coral reefs, known as carbon dioxide scavengers. Chemi-
cal reactions occurring in aquatic ecosystems cause the organisms
that use calcium carbonate in their skeleton and shell structures
to react, and the growth stages of bivalve organisms such as mus-
sels and skeletal structures of fish to change or stop, especially in
coral reefs (Khoshnevis Yazdi and Shakouri, 2010). These chang-
es can cause stress, diseases, adaptation problems, migration, and
death of living things in all aquatic organisms from phytoplankton
to mammals in aquatic ecosystems.

Marine aquaculture sites often make use of naturally existing
coastal habitats suitable for target species. Therefore, species ac-
customed to seawater and the daily rhythm of tides and waves are
typically bred in estuaries and shallow coastal waters. Exposes it to
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risks associated with changes in water temperature, wave regime,
storm frequency, or sea level. Sea level rise rates are likely to ac-
celerate due to climate change (Jenkins et al., 2009). Sea level rise
may result in the spatial variability of habitats suitable for aqua-
culture. This can be seen as one of the biggest challenges facing
aquaculture in coastal environments. The lack of sediment avail-
able to reshape coastal morphologies in landward locations hin-
ders shoreline recovery and increases the vulnerability of coastal
habitat to wave erosion (Orford and Pethick, 2006).

Tropical storms have a variety of effects on shrimp aqua-
culture through sea-level rise, floods, and low waterline advance-
ment, and coastal erosion (Nguyen et al., 2017). The economic
effects of marine and coastal aquaculture are an important issue
among studies targeting adaptation strategies at the national level
(Rosegrant etal,, 2016; Dey et al., 2016).

There are many reported studies on climate change and the
scenarios that climate change will bring to fisheries (Barange et
al, 2018; Ahmed et al, 2019; Cochrane et al., 2009). It was felt that
it was necessary to frame this complex structure to understand
the connections of the issues on the effects of climate change on
fisheries and aquaculture. As shown in Figure 1, the conceptual
framework of Badjeck et al., (2010) was seen to represent the in-
tersection of many classifications, so this framework was used in
the classification. The natural resource is in danger, but the most
worn out and rapidly decreasing resource is undoubtedly ‘water’,
which is the source of life for humans and nature. The fact that wa-
ter resources are so worn down is seen with the water problems
in many settlements today. The reason for this is the pollution of
water resources and the inability to use them effectively.
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Figure 1. Potential climate change impact for fisheries and aquaculture
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3-Sustainability in Aquaculture:

Seafood is one of the most important and healthy compo-
nents of the human food chain and keeps its place in the system via
its high value. This value comes from their taste, commercial prof-
itability, and high balanced nutritional value especially by their
highly unsaturated fatty acids (HUFAs) content which represents
polyunsaturated fatty acids (PUFAs). Consumers usually choose
seafood for their taste; sometimes it became an economic status
indicator but always kinds of seafood are consumed. Per capita,
apparent consumption of seafood increased from 13.4 kg in 1995
to 20.5 kg in 2018. An increase in consumption drives seafood pro-
duction for increased production each year. Seafood products can
be gathered from two types of production. These production types
are Aquaculture and Fisheries. Total production of aquaculture
and fisheries reached 178.5 million tonnes in 2018 (FAO, 2020a).
In 2018, capture fisheries production in the globe was reported as
96.4 million tonnes (32.4 million tonnes from algae) with an all-
time high record by FAO. In parallel, aquaculture production was
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reported as 114.5 million tonnes which was also an all-time high
record (FAO, 2020a). Both of the seafood production methods do
not include only animals (fish, crustacean, mollusks, etc.) but also
includes micro and macro algae species. Most of the aquaculture
product consisted of finfish and 47 million tonnes were harvested
from inland. Marine finfish aquaculture has consisted of 7.3 million
tonnes. The rest of the aquaculture products were mollusks, crusta-
ceans, marine invertebrates, aquatic turtles, and frogs, respectively
from higher to lower record. Global aquaculture production grew
5.3 percent per year in the last decade whereas fisheries produc-
tion grew 5.4 percent per year in the last three years (FAO, 2020a).
The ratio between aquaculture and capture fisheries was 1:5.8 in
the early 2000s and the gap between these production methods is
almost closed while the latest ratio became 1:1.2 in 2018 data. The
data records of FAO shows that how fast aquaculture is growing
and becoming an important food source for human more than ever.

Global authorities carry out worldwide research activities
based on stock estimations of capturable fish, the environmental
impact of aquaculture, and to provide sufficient global seafood pro-
duction for future demand. FAQO’s Strategic Framework 2022-31 is
already endorsed in June 2021 and one of the highlighted topics
under the “Drivers regarding environmental systems” is the “Blue
Economy” which was defined by World Bank in 2017. The target
of FAQO’s Strategic Framework is achieving the transformation to
more efficient, inclusive, resilient, and sustainable agri-food sys-
tems by four principles (4B); Better production, better nutrition,
better environment, and a better life. In the manner of sustainabil-
ity, 18 Sustainable Development Goals (SDG) were defined In the
FAQ’s 2022-31 Framework. The SDG 14 represents Life below wa-
ter which spans all of the 4B principles (FAO, 2020b). FAO’s plan
with SDG 14 was mentioned as “supporting the sustainable inten-
sification of aquaculture production, investing in transformative
and innovative fisheries management, transforming and upgrad-
ing fish value chains, and making fish an indispensable component
of food security and nutrition strategies” (FAO, 2020b). In Addi-
tion, European Commission released a Future Brief for sustainable
aquaculture in 2015.
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The definition of Aquaculture is almost identical for all au-
thorities around the world which can be defined as the production
or farming of fish, shellfish, and aquatic plants (Science for Envi-
ronment Policy, 2015). In many European Union Framework Calls,
the EU calls for sustainable approaches for aquaculture to fill the
gap between demand and supply while the global capture fisheries
fall short.

The sustainability of aquaculture can be examined under
three topics; Environmental sustainability, Economic sustainabil-
ity, Social and community sustainability. In detail, from the indus-
trial point of view, water management, disease management, stock
management, the efficacy of feed utilization, environmental mon-
itoring systems, green energy, and food safety are becoming the
most important topics to consider in terms of sustainable aquacul-
ture production.

Water usage in aquaculture depends on the production
methods used in the facilities. Extensive and Intensive systems re-
quire different water volumes to produce seafood. Also, fish stock-
ing densities, level of feeding, target biomass, spend time until the
harvest, potential of disease outbreaks, utilization of disinfectants
and chemicals have a heavy impact on water usage. The industry is
using flow-through or “Recirculating Aquaculture Systems (RAS)”
systems (Calone et al., 2019). Flow-through systems can be found
in the inland rainbow trout aquaculture facilities (d’orbcastel et al.,
2009). These facilities are usually built on rivers or streams that are
highly efficient by their water flow rate. Flow-through or open-sys-
tems operates by changing the waterway, using it with high flow
rates, and discarding the used water directly to the environment.
These systems have a polluting effect on the environment to some
extent and they have been confronted with water reduction and
waste treatment questions that have given SDGs (d’orbcastel et al,,
2009). On the other hand, RAS facilities are known for their water
usage efficacy by their 100 times lower water requirements for 1
m? kg feed (MacMillan, 1992; Blancheton et al., 2007; d’orbcastel
et al,, 2009). RAS facilities usually consist of the water pump sta-
tion, filter systems, reservoir tanks, feeding tanks, and sometimes
quarantine tanks. These treatments depend on the degree of water
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reuse in the facilities. Filter systems generally include suspended
solid removal, biological filters, and sometimes gas control unit. In
RAS, biological filters eliminate the ammonia to nitrates by a se-
ries of reactions carried out by nitrification bacteria. This process
is the one that makes the RAS more efficient than the flow-through
systems. Therefore, facilities run on RAS are more sustainable in
terms of water management by controlling the waste released to
the environment after a production cycle ((Heinen et al., 1996;
d’orbcastel et al.,, 2009).

One of the relatively new and mixed versions of RAS and flow-
through systems is In-pond Raceway System (IPRS) that is used for
inland fish farming activities. These systems are built in a natu-
ral pond, lakes, etc., and use the flow-through system in the ponds
without any external water sources out of the pond. The principle
of IPRS is to increase the stocking density of the cultured fish in a
concrete raceway pond, circulate the surrounding water from the
outer pond to the raceway, concentrate and remove the solid waste
from the downstream end of the raceway unit. These systems were
promoted by U.S. Soybean Export Council (USSEC) to reduce the
environmental impact of inland freshwater aquaculture activities.

Sustainability doesn’t only mean inland aquaculture also for
marine has to be. Offshore system aquaculture has been the most
effective way for aquaculture production. According to stocking
densities and high oxygen levels, aquaculture companies prefer
breeding at marine water bodies. There is a way for sustainability
for seas and oceans for aquaculture effluents. Ecologically friendly
production systems could be done. Integrated multitrophic aqua-
culture systems (IMTA) are the way on ecological friendly produc-
tion models. Organic pollutants which come from aquaculture fa-
cilities can be converted to the economy by-products like mussel
and micro/macroalgae. Bivalve farming needs algae, algae need
organic nitrogen and other minerals. Aquaculture effluents were
also to fully meet these needs. This is the main concept for integra-
tion. So ecologically models can clean water bodies and returns the
organic effluents to a blue growth economy which is important for
sustainability next generations.
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4- Conclusion

To leave healthy food for future generations, we must pro-
tect the ecosystem. This goes through the protection of terrestrial
or aquatic creatures. Pollution means where every hand of a per-
son touches. If we want to continue our lives in this order, we need
to pay attention to environmental factors. We need to protect our
future with the concept of respect for the environment and our
world. To minimize the environmental impacts that have occurred
since the industrial revolution, we need to ensure the continuity of
new production models, especially with environmentally friendly
systems. The human population is increasing every day, for this, we
must regulate our lives with the principle of protecting healthy and
sustainable resources. Aquaculture in the form of production with
the lowest values in animal production as a carbon release. It is a
duty for us to protect nature for the next generations.
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