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The article examines the challenges and consequences of climate change on the
planet, provoked by active human activity over the past 200 years, which led to the
rapid accumulation of carbon dioxide in the atmosphere. An increase in the average
annual temperature on Earth, melting glaciers and rising sea levels, extreme natural
phenomena (floods, catastrophic storms, intense droughts and severe fires), a decrease
in biodiversity and the disappearance of some species.

The world's oceans are becoming increasingly salty and acidic due to warming
of the atmosphere and oceans, changes in the nature of precipitation and an increase in
the frequency of extreme weather events. This creates serious dangers for fisheries and
aquaculture, affects the physiology and behaviour of many species of aquatic organisms,
changes their productivity, migration processes and habitat parameters.

Since the main pollutant of the atmosphere is carbon dioxide, methane and other
greenhouse gas components, the concentrations of which are steadily increasing, this
directly depends on the high rates of fossil fuel consumption. Therefore, the main task
of combating the climate crisis is to achieve carbon neutrality by 2050 and adapt to
climate change.

Aquaculture plays an important role in ensuring food security, economic
development of territories and preserving biodiversity. This is of particular importance
in the context of global challenges such as climate change and the reduction of natural
fish stocks. Aquaculture allows reducing pressure on natural ecosystems, since the
production of fish and seafood in specially created conditions is more sustainable and
efficient compared to traditional fishing.

Most decisions made for the further development of the industry should be
related to the transition to sustainable development of aquaculture.

The article reviews solutions that have already been proposed by the Food
and Agriculture Organization of the United Nations (FAO). The Blue Transformation
concept, developed in line with the FAO Strategic Programme 2022-2031 and the FAO
Committee on Fisheries Declaration on the Sustainable Development of Fisheries and
Aquaculture, a Blue Transformation Roadmap, Guidelines for Sustainable Aquaculture
(GSA), prepared by the Subcommittee on Aquaculture of the FAO Committee on
Fisheries, demonstrate the importance of an integrated approach to the management and
sustainable development of global aquaculture. Indeed, the development of sustainable
aquaculture has great potential to address the environmental crisis and deepen food
security, provide populations with sufficient quantities of healthy, nutrient-rich foods,
and adapt to climate change.

Keywords: climate change, ecological crisis, food security, sustainable
aquaculture, adaptation to the effects of climate change.
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Introduction. Climate change is a reality of today and is a problem that
has been worrying the world community for the past few decades. Repeated
changes in temperature and weather conditions have occurred throughout the
Earth's existence, and were caused by changes in solar activity, volcanic erup-
tions, or other natural disasters. There are 7 known ice ages, after which warm-
ing always occurred. But warming is occurring 10 times faster than ever before,
and is not just a natural process.

Since the end of the 19th century, such changes have intensified, which
is explained by active human activity, the so-called «industrial revolution». The
use of fossil fuels (coal, oil, gas) has become one of the main factors in climate
change.

There is a misconception that climate change is mainly an increase in
temperature. But rising temperatures are just the tip of the iceberg, as the Earth
can be viewed as a system in which all processes are interconnected and changes
in one area can cause changes in all others. The consequences of climate change
are intense droughts and severe fires, water shortages, melting polar ice and ris-
ing sea levels, floods and catastrophic storms, a decrease in biodiversity and the
disappearance of some species.

Climate change (warming of the atmosphere and oceans, changes in pre-
cipitation patterns and an increase in the frequency of extreme weather events)
poses serious threats to fisheries and aquaculture. The world's oceans are becom-
ing increasingly salty and acidic, which affects the physiology and behavior of
many species of aquatic organisms and changes productivity, habitat parame-
ters and migration routes. Rising sea levels and severe storms threaten coastal
communities and ecosystems, affecting the conditions for the functioning of the
production capacities of the fishing industry both on land and at sea. Further
climate change will lead to the drying up of some inland reservoirs and lakes.

Materials and methods. The research was based on a review of global
reports from the Food and Agriculture Organization of the United Nations,
including the concept of the “blue” transformation of the fisheries sector, of The
State of World Fisheries and Aquaculture 2024 studies by the Intergovernmental
Panel on Climate Change (IPCC), international climate change agreements, as
well as national and regional reports.

Results and discussion. According to the report of the Intergovernmental
Panel on Climate Change, only one-third of the climate change that is occurring
is caused by natural phenomena, and two-thirds is caused by human activity
and, as a result, an increase in the level of greenhouse gases in the atmosphere.

In fact, over the past two centuries, it is humans who are responsible for
global warming. Their activities in various sectors cause greenhouse gas emis-
sions that are heating our planet faster than at any time in the past two millennia.
Today, the average surface temperature of the Earth is about 1.2 °C higher than
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at the end of the nineteenth century. The last decade (2011-2020) was the warm-
est in the entire history of observations, and each of the last four decades has
been warmer than any previous one since 1850.

A natural phenomenon, the greenhouse effect, is a process in which green-
house gases trap solar energy on the Earth's surface and in the atmosphere, pre-
venting it from returning back to space. This effect maintains a comfortable tem-
perature for life on Earth. However, since the mid-19th century, as a result of the
"industrial revolution", due to an increase in the burning of fossil fuels, the con-
centration of greenhouse gases in the atmosphere has begun to increase sharply.

The main compounds related to greenhouse gases (carbon dioxide CO,,
methane CH4, nitrogen oxide (I) N,O, ozone O,, water vapor) are different, but
sometimes quite long periods in the atmosphere, without undergoing changes
(physical or chemical). Water vapor can remain in the atmosphere for only a few
days and quickly reacts to temperature changes. The higher the temperature, the
more water evaporates and enters the atmosphere. Thus, enhancing the process
of global warming.

Human activity significantly changes the concentration of greenhouse
gases in the atmosphere - when fossil fuels are burned, carbon is released, which
combines with oxygen in the air and forms carbon dioxide CO,. According to
many years of observations, for the first time in the atmosphere there is a rapid
increase in the content of CO,. Recently, the term «climate crisis» has been very
often used instead of «climate change». Thus, the importance of the problem of
climate change and the need for its urgent solution are emphasized.

The climate crisis is a rapid change in climate due to an increase in the
global average temperature, the average of all annual temperatures on Earth. An
increase in the global average temperature on Earth means that there are more hot
days per year and fewer cold days. According to observations, the average global
temperature on Earth has already increased by 0.95 °C since 1880. However,
global warming is occurring unevenly across the planet (for example, the average
temperature in the Arctic regions of the planet has already increased by 2 °C).

Warming in the Arctic is occurring twice as fast as in other regions of
the planet. Glaciers are melting faster, and since 1979 (the first full year of
satellite observation), the volume of ice in the warmest season in the Arctic has
decreased by 32 %. If this trend continues, by 2050 the Arctic ice cover will
completely disappear in the summer. This process has several rather important
negative consequences. First, the area of white cover, which reflects from 20 %
to 50 % of solar radiation, is reduced, the area of the ocean increases, absorbing
up to 95 % of this radiation. This leads to even greater warming and accelera-
tion of the melting of glaciers, resulting in even greater climate change. Second,
according to estimates by scientists from the National Snow and Ice Data Center,
permafrost holds almost twice as much carbon dioxide as is in the atmosphere
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today (up to 1.4 thousand gigatons). During the melting of glaciers, this gas
is gradually released. Along with CO,, methane (CH,) enters the atmosphere,
which has a greenhouse effect 84 times stronger. Thirdly, the level of the World
Ocean is rising, as a result of which islands in the most vulnerable regions disap-
pear under water (Maldives, Fiji, Seychelles, Marshall Islands, Canary Islands,
French Polynesia, Philippines, Solomon Islands and others).

Another phenomenon against the background of climate change has been
recorded by scientists in recent decades — these are the so-called «heat wavesy.
They occur more often, last longer and have more unpredictable consequences.
As an example, hot summers with extreme temperatures, which have been
observed in Europe for the past five years.

Drought weather is the cause not only of forest fires, but also of dust storms,
which carry dry land in the form of dust from ploughed open areas for tens of kilo-
metres with strong winds. As a result, land fertility decreases, negatively affecting
the health and living conditions of the population of these territories [1].

The rising temperatures increase evaporation and cause a redistribution
of moisture. As a result, in some regions, excessive moisture evaporates and
drought intensifies. In other regions, this moisture condenses, more frequent
downpours and storms are observed, which causes the risk of flooding.

Due to climate change and human activity, the number of vertebrate pop-
ulations has decreased by more than 70 % over the past half century. This is a
direct threat to humanity in terms of loss of plant and animal food, water, med-
icines, etc.

According to Brian Murray Fagan, professor of anthropology at the Uni-
versity of California (USA), an increase in average temperature by one or two
degrees can lead to changes in the ecosystems of individual regions or even
destroy civilization [2]. The author shows what role climate has played in his-
tory and how societies of millennia ago reacted to climate change. The medieval
warming (800—-1300 AD) revealed both opportunities and dangers. Climate did
not doom societies to destruction or prosperity; it all depended on how societies
responded to its challenges. Some societies collapsed under the influence of these
dangers, others avoided them, and some took advantage of the opportunities.

Pollution of the Earth’s atmosphere, the increase in carbon dioxide con-
centration that causes global warming, is directly related to the consistently high
rate of fossil fuel consumption. For many years, leading scientists have empha-
sized that in order to keep global warming within 2 °C, eighty percent of fossil
fuels must remain in the ground.

Researchers at the Norwegian University of Science and Technology
identify two main causes of atmospheric pollution [3].

The first cause is direct pollution through the consumption of necessary
resources. These include greenhouse gases from cars, home heating, and water
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use. Another cause of pollution is indirect costs, which account for up to 80 %, the
so-called indirect pollution, or pollution whose origin we do not see directly (the
activities of corporations, transportation, etc.). In order to prevent this pollution,
experts suggest using different approaches (for example, the three “R”), established
practices, sustainable development strategies and modernization of various indus-
tries, rethinking the general style of consumption, which depends on lifestyle.

The main task today in combating the climate crisis is to achieve carbon
neutrality by 2050 and adapt to climate change. Carbon neutrality means that
the amount of excess heat absorbed by the planet is proportional to the total CO,
emissions. Therefore, as long as global emissions on the planet remain at least
slightly above zero, the Earth will continue to warm.

The principle of carbon neutrality is the basis of the climate policy of
most countries in the world, each of which has committed to completely stop
greenhouse gas emissions in the next few decades.

For this to happen, all countries in the world need to completely abandon
the burning of any fossil fuel, the combustion product of which is CO,.

In 2015, 197 countries of the world signed the Paris Climate Agreement,
agreeing to take all necessary measures to ensure that by 2100 average tempera-
tures on the planet do not exceed pre-industrial values by 1.5-2 °C.

Warming of the atmosphere and oceans, changes in precipitation patterns
and an increase in the frequency of extreme weather events) poses serious threats
to fisheries and aquaculture. The world's oceans are becoming increasingly salty
and acidic, which affects the physiology and behavior of many aquatic species
and changes their productivity, habitat parameters and migration routes. Ris-
ing sea levels and severe storms threaten coastal communities and ecosystems,
affecting the conditions for the functioning of the fisheries industry's production
facilities both on land and at sea. Further climate change will lead to the drying
up of inland reservoirs and lakes.

Fish are cold-blooded organisms that are subject to asymmetric climatic
phenomena that affect a range of factors, from metabolism to behavior and the
process of evolution. Temperature change can lead to biodiversity loss, affect
global fish stocks, have negative socio-economic consequences, and contribute
to food security.

Changes in the environment, disruption of spawning grounds, threaten
reproduction and survival, and therefore the ability to maintain the viability of
individual populations [4].

Long-term assessment of climate impacts has shown that precipitation,
critical temperatures, and fish mortality rates were the main factors in changing
species numbers.

According to some studies, scientists suggest that ocean acidification
affects the circadian system (natural oscillations that repeat approximately every
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24 hours), which may lead to further changes in fish reproduction. Changes in
salinity also negatively affect the behavior of male marine fish. The salinization
of freshwater and the increase in temperature lead to significant effects on the
physiological responses of freshwater fish.

Global warming is causing marine fish to migrate to cooler waters towards
the poles, according to observations. Researchers from the University of Glas-
gow have found that many fish populations in the world’s oceans are responding
to rising water temperatures by moving closer to the North and South Poles or to
deeper waters where temperatures are cooler [5].

For marine life, water temperature is a critical factor that affects their metabo-
lism, growth and reproduction. While some species can adapt to warmer conditions,
those that live in areas where warming is occurring more rapidly are also showing
changes in their geographic distribution. The rate of warming in some regions may
be too fast for fish to adapt, so migration is their best survival strategy.

While migration to cooler waters may help species survive in the short
term, it is not known how these changes will affect food chains and ecosystems
as a whole. The impact of global warming on marine ecosystems is expected to
increase, and the ability to predict fish movements is vital for the preservation
of ecosystems and ensuring food security. For the first time, domestic experts
conducted a large-scale study of the response of marine fish to increasing water
temperature, during which data on 115 fish species from all major regions of the
ocean were analyzed [6].

Agriculture is one of the main branches of the economy of many coun-
tries, and aquaculture, as one of its sectors, plays an important role in ensuring
food security, economic development of territories, and preserving biodiversity.

The main advantage of aquaculture is its ability to provide the popula-
tion with a significant amount of protein. This is of particular importance in the
context of global challenges such as climate change and the reduction of natural
fish stocks. Aquaculture plays an important role in the development of rural
areas, creating jobs, and supporting local economies. In addition, aquaculture
contributes to the development of related industries, such as the production of
fish feed, equipment for growing aquatic bioresources, and the introduction of
modern water purification technologies.

Aquaculture allows you to reduce pressure on natural ecosystems, since
the production of fish and seafood in specially created conditions is more sus-
tainable and efficient compared to traditional fishing.

But aquaculture also has some challenges. This is the need to minimize
the negative impact on the environment, in particular, reducing water pollution
and ecosystem degradation, ensuring the resistance of aquatic bioresources to
diseases and parasites. The transition to sustainable management of the industry
through the introduction of innovative technologies and practices will contrib-
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ute to reducing the ecological footprint, reducing greenhouse gas emissions into
the atmosphere and its adaptation to climate change.

The solutions to the problems associated with climate change are to adapt
to the current and future consequences of climate change and mitigate them
by minimizing the carbon footprint of the fisheries and aquaculture sectors by
reducing greenhouse gas emissions. Today, various ways are used to achieve pro-
gress in the fisheries and aquaculture sectors in reducing their carbon footprint,
but it is also worth paying attention to the need to adapt to changing conditions.

Up to sixty percent of fisheries costs are spent on fuel used to propel
vessels, when processing, cooling and freezing fish products on board. Further
processing, transport and marketing of fish products add to the carbon footprint.
At the same time, fishing and aquaculture have smaller carbon footprints than
other animal protein production. Moreover, almost the entire carbon footprint
of aquaculture comes from the production and transport of feed and fishmeal.

Aquaculture producers on the European continent depend on imported
feed and raw materials for their production. According to scientists from the Fac-
ulty of Food and Resource Economics at the University of Copenhagen, aqua-
culture is a promising sector for the production of animal-based food products
worldwide. But feed production accounts for the largest share of CO, emissions
from aquaculture. Although feed ratios can be reduced, reducing CO, emissions
depends on reducing dependence on imported feed ingredients. To make this
sector more sustainable, the issue must be addressed by reducing the content
or replacing ingredients. By-products such as fish heads, skeletons, trimmings,
skin, and other organs of local origin are being considered as feed ingredients,
which will eliminate greenhouse gas emissions associated with transportation.

The Nordic (Scandinavian) industry is already moving towards the pro-
duction of completely ecologically clean fish feed. Currently, marine ingredi-
ents make up approximately 20 % of the feed, but only 10 % of them are of local
origin (from the Nordic countries). Therefore, in order to switch to local marine
ingredients, industry producers in these countries will have to increase the pro-
duction of seafood, stimulate the production of local raw materials for feed.
Thus, it will be possible to reduce the carbon footprint by reducing dependence
on raw materials from countries of other regions. The use of more by-products
in feeds, more ingredients from single-cell technologies and more ingredients
from lower trophic levels is not excluded. Recently, there has been a shift to
ingredients of plant origin or using insects as alternatives to fish feed with a
lower carbon footprint.

Other factors contributing to the increase in greenhouse gas emissions from
aquaculture and environmental degradation include land use and deforestation for
the production of plant materials (e.g., soybeans) for feed; feed and faecal mat-
ter, which can contain nitrogen and phosphorus and can contaminate surrounding
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water resources; and fish escapes and high concentrations of parasites, which are
detrimental to both the local environment and natural fish stocks.

According to FAO, global fish consumption has increased by 122 % since
1990, and aquaculture now accounts for more than 50 % of this [7, 8]. The world
population is projected to reach 9.7 billion by 2050, an increase of 1.7 billion
from 2022 (Fig. 1). This will have significant implications for the supply of feed
for aquatic animals. To maintain apparent per capita aquatic animal feed con-
sumption at the estimated level of 20.7 kg projected for 2022 by 2050, the total
supply of aquatic animal feed would need to increase by 36 million tonnes (in
live weight equivalent), representing an increase of 22 percent.
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Fig. 1. Aquatic animal production and use for human consumption by 2032

The growth of the world's population is putting a strain on fisheries and
aquaculture due to the need to increase production volumes, which will require
70 % more protein. Aquatic products can meet this need in the future. Protein
from fish and other seafood, obtained from fisheries or aquaculture, is a vital
nutrient for providing the population with animal protein, fat and Omega-3 fatty
acids. By 2050, aquaculture will double its production and become the main
source of aquatic products [9].

Unlike fisheries, where fish can move/change their position in open water
bodies in response to changing conditions, fish in aquaculture are kept in a
certain place and the farm is affected by specific conditions caused by climate
change, which must be taken into account in each specific case.

Other negative impacts of climate change on aquaculture include impacts
on growth rates (fish grow faster and mature earlier in warmer water), produc-
tivity, the growing season and increased mortality, increased escapes, and the
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occurrence of harmful algal blooms, etc. In terms of fisheries, climate change is
pushing fish north, but the effects on ecosystems cannot yet be fully modelled.

The carbon footprint of fisheries is dominated by the use of fossil fuels
to propel boats, and fuel use varies significantly by fishery. Exploiting depleted
stocks requires more fuel per kilogram of fish caught, as low abundance and
density forces fishermen to search longer and use heavier gear to catch fish.
Higher catches and greater abundance of aggregations result in lower emissions
per unit of production. It is noted that greenhouse gas emissions can be signifi-
cantly reduced by switching from fuel-intensive methods, such as dredging and
bottom trawling, to alternative methods, such as traps, seines and gillnets.

Common environmental impacts of both fisheries and aquaculture include
energy consumption, greenhouse gas emissions, other toxic substances, plastic
pollution, seabed degradation and the introduction of invasive species.

Unfortunately, most of the changes to CO,-reducing fisheries that have
been implemented in recent years have been market-based management reforms
aimed at increasing efficiency. The reforms have not been specifically aimed
at reducing greenhouse gas emissions. Additional changes are needed, such as
finding a balance between fishing gears, increasing fuel efficiency by using, for
example, low-carbon engines, etc.

Iceland has a good track record in transitioning to sustainable fisheries. The
fishing industry has been and remains an important contributor to the national
economy and an important part of the culture. In the 1980s, Icelandic fisheries
faced two problems: overfishing and economic inefficiency, which have gradually
been addressed. Energy consumption by fish processing plants has decreased by
85 %. Soon, production facilities will run almost exclusively on renewable elec-
tricity. And when ships are in port, they will also use renewable electricity. By
2030, Iceland’s fisheries sector is forecast to reduce carbon emissions by 50 per-
cent (compared to 2005 levels), and by 2040, the country will become fossil fuel
independent. Total consumption of petroleum products in fisheries has decreased
by almost 50 percent (compared to 1990 levels). While in 1980, 90 to 100 workers
were involved in catching 2,400 tons of fish, in 2016, only eight workers were
needed to catch 3,200 tons of fish. This success was achieved thanks to effective
and consolidated fisheries management and investments in new modern vessels,
equipment and fishing gear. Quota systems were introduced, which contributed to
the reduction of overfishing and the restoration of fish stocks.

According to experts, incentives should be created for companies to imple-
ment innovative solutions and use resources more efficiently: not to try to increase
the volume of catches, but to look for solutions to create added value and get the
most out of each fish without waste; to open up new markets for their products, in
particular outside the food chain (medical products, cosmetics, etc.).

Ukrainian and foreign scientists are working to improve fisheries and
aquaculture management, using an integrated approach to limit the impact of
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climate change on the reproductive biocomplex of fish. Such studies combine
various factors, such as knowledge of the fishing area used by fishermen, knowl-
edge of the biology and ecology of specific species, as well as data from bio-
logical studies of fish. All this will contribute to improved management and
sustainable development. Understanding how different environmental factors
interact to manage fish reproduction is important for predicting environmental
phenomena related to fish populations and for potential applications in aqua-
culture. According to recent studies, climate vulnerability assessment should be
part of the fisheries management system and planning for the industry's adapta-
tion to climate change. Monitoring long-term demographic responses to climate
change is essential to protect vulnerable fish populations. The rate of climate
change often outpaces the average rate of evolutionary change. Therefore, mon-
itoring multiple responses and understanding their limitations is essential for
effective resource management and conservation of endangered species.

It is difficult to distinguish the effects of climate change from the effects
of poor management, as, for example, failures in natural fish stocking can be
caused by a variety of factors. The development of adaptation methods, such as
breeding climate- or salt-tolerant species, may have real prospects [10].

Most decisions taken for the further development of the industry should
be aimed at its sustainability.

Sustainable aquaculture can be a solution to the problem of feeding a
growing population. Aquaculture can make a significant contribution to the food
chain (food supply), and therefore should be developed in a way that is sustain-
able. Various closed system technologies are considered, including recirculating
tanks, flow-through systems, internal ponds, which can be used for many types
of aquatic bioresources (fish, molluscs, algae). The advantages of closed aqua-
culture systems are obvious, but their use is also aimed at avoiding the environ-
mental and food safety disadvantages of open aquaculture. Today, aquaculture
is the fastest growing food sector in the world with huge growth potential and
plays a key role in global food production.

Important steps towards the sustainable development of sectors that are
part of the food chain, including aquaculture, are being taken by the Food and
Agriculture Organization of the United Nations (FAQO). Achieving the Sustaina-
ble Development Goals is important for aquaculture. As it turned out, against the
backdrop of economic crisis, shocks and conflicts in recent years, combined with
extreme climate events and environmental degradation, modern agri-food sys-
tems are very vulnerable, which has exacerbated the growing threat to food secu-
rity. The number of people worldwide facing hunger is 735 million, 122 million
more than before the COVID-19 pandemic. In addition, more than 3.1 billion
people today cannot afford a healthy diet, and projections show that 600 million
people will be chronically undernourished by 2030. At the United Nations Food
Systems Summit (UNFSS) (2021) and the UNFSS Final Conference (2023),
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UN Member States recognized the multifaceted nature of food insecurity and
the need to address both supply chains and communities involved in all food
production sectors through the transformation of agri-food systems. In 2021,
FAO adopted the Blue Transformation Framework, developed in line with the
Strategic Framework of the Food and Agriculture Organization of the United
Nations (FAO) 2022-2031 and the FAO Committee on Fisheries Declaration
on the Sustainability of Fisheries and Aquaculture [9]. Its main objectives are
to maximize the opportunities offered by aquatic food systems to increase food
security, improve nutrition, eradicate poverty and support the achievement of
the 2030 Agenda for Sustainable Development. At the same time, they are fully
consistent with FAQ’s key strategies on climate change, innovation and biodi-
versity. The concept of the «blue» transformation aims for sustainable develop-
ment and resilience.

The «blue» transformation envisages minimizing environmental impacts,
improving biological protection and disease control through technology and
innovation, and developing capacity to ensure equitable outcomes that con-
tribute to the further development of the human, social, cultural and economic
aspects of aquaculture.

Sustainable production alone does not necessarily lead to a reduction in
hunger, so the Blue Transformation takes a systemic approach to creating sustain-
able, resilient, gender-sensitive and inclusive fisheries and aquaculture at local,
regional and global levels. At the same time, it ensures the resilience of aquatic
food systems to climate change and other natural and man-made disasters.

FAO has developed a Blue Transformation Roadmap for three global
goals (Fig. 2), which reflect FAO’s vision of what the transformation of aquatic
food systems should achieve by 2030:

AQUACULTURE FISHERIES VALUE CHAINS
0BJEC i aquac intansificati DBIECTIVE: Effactive management of all fisheries DBJECTIVE: Updated value chains ensure the social,
and expansion satisfies global demand for aquatic delivers heathy stocks and secures equitable economic and emvironmental viabifity of aquatic food
fonds and distributes benafits equitably livelibods systems

TARGETS:

® Effective global and regional cooperation, planning
and gavarnance snhancs ture devel

TARGETS:

® Effective policies, governance struclures and
instituti t ficheries

and management

® |nnpyative tech nokogy and management support the
wpansion of sustainable and resiient agquaculture
systems

® Equitable accass bo resources and semvices dalivars
new and secures existing aguaculture-based
livelihoods.

Impact 2nd use resources efficiently

® Rapular manitosing and repading messure the
grirwth ndl the scological, social and ecanomic
impacts of aquaculhure devalopment

® Equsitablle access to resources and serices
enhances the ivelihoods of fishers and fishworkers

= Effactive fisheries management systems addeess
ecclogical, sacial and ecomomic objectives, whils
considering trade-offs

® Fishing fleets are efficient, safe, innovative and
profitabile

TARGETS:

® Efficient and

reduce food loss

= Transparent, inclusive and gender-equitable value
chaire support sustainable livelihonds

® Fisheries and aquacuiiure products access
intemational markets more effectively

# Comsumglion of sustainabile aguatic foods incraases,
particulaty in areas with low food and nutritien
security

u Access to healthy, safe and high-quality aquatic
fnods increases

st
Hzherins

Fig. 2. Blue transformation roadmap. Objectives and targets of blue transformation
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1) sustainable expansion and intensification of aquaculture that meets
global demand for aquatic food, while ensuring equitable distribution of benefits;

2) effective management of all fisheries that ensure healthy stocks and
equitable livelihoods;

3) modernized water value chains that ensure the social, economic and
environmental sustainability of water-based food systems.

For each global goal, the roadmap outlines a set of targets that reflect the
social, economic and environmental aspects that need to be addressed to trans-
form aquatic food systems.

Sustainable aquaculture has the potential to provide sufficient quantities
of healthy, nutrient-rich food for the world’s population.

The Subcommittee on Aquaculture of the FAO Committee on Fisheries
has developed the Guidelines for the Sustainable Development of Aquaculture
(GSA). The GSA proposes a comprehensive approach to the management and
sustainable development of aquaculture, with the aim of implementing the 1995
Code of Conduct for Responsible Fisheries [11]. The GSA was developed in
response to the rapid expansion of aquaculture as the world’s fastest-growing
food sector, driven by scientific progress, technological innovation and invest-
ment, in the face of ever-increasing global demand for aquatic products. How-
ever, as with all food sectors, this rapid growth has raised concerns about the
sustainability of aquaculture and potential negative impacts. The GSA is the first
international document developed for this important sector.

The GSA is a set of common and agreed principles and practices that all
countries and stakeholders can use to make their aquaculture sectors synony-
mous with food security and nutrition, fair livelihoods, restored ecosystems and
climate resilience.

At the global level, climate change is one of the most pressing challenges
that prevent humanity from ensuring agro-ecological and food security, reduc-
ing poverty and achieving sustainable rural development. Anthropogenic influ-
ence on the climate system is a determining factor in the warming observed in
many countries of the world, including Ukraine. Due to the increase in average
air temperature and uneven distribution of precipitation, favorable conditions
are created for the spread of atypical species of flora and fauna, which in the
next 30-50 years may lead to a significant transformation of the majority of
climatic and natural zones in the world and in Ukraine.

In 2022, a total of 3,891 aquaculture enterprises were registered in
Ukraine. Of these, 1,286 are legal entities and 2,695 are individuals [12]. These
entities have grown up to 15,000 tons of aquaculture products. Aquaculture is
stagnating, which is primarily due to the military aggression of the Russian
Federation and its consequences — the destruction of infrastructure, equipment,
property, the destruction of established production and social ties and relation-
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ships, the loss of entreprenecurial efforts and other factors. At the same time,
climate change (decrease in the amount of surface water and increased fish mor-
bidity) remains a global problem in the field of aquaculture.

In 2019, a draft Strategy for Adaptation to Climate Change in Agricul-
ture, Forestry and Fisheries of Ukraine until 2030 was developed, which became
the basis of the Strategy for Environmental Security and Adaptation to Climate
Change for the period until 2030 [13].

The proposed measures for adaptation to climate change for fisheries and
aquaculture are based on an ecosystem approach and biodiversity conservation.
Among the most relevant measures for adaptation to climate change in fisheries
and aquaculture are:

— stimulating the improvement of monitoring of ichthyofauna in all sub-
sectors of fisheries in connection with climate change;

— strengthening the industry's resilience to natural weather phenomena,
developing an early warning system for such phenomena;

— creating an effective insurance system in the fisheries sector to mini-
mize financial losses to agricultural producers from adverse weather conditions;

— study, monitoring, development and implementation of plans for preventive and
curative measures to reduce the risks of fish diseases in the context of climate change;

— reorientation of fishing and breeding to species that demonstrate a ten-
dency to expand their range, improve the state of populations, or whose stocks
are in a satisfactory state;

— consideration of such changes in the rules of industrial and recreational
fishing;

—selection and breeding of new fish species; expanded implementation of
polyculture and increase in cultivation types;

— implementation of water-saving technologies, in particular the creation
of full or partial systems of UZV, technologies for water reuse;

— increasing the resistance of fish to the manifestations of climate change
by improving the conditions of their cultivation (full feeding, shading with nets).

Therefore, climate change requires significant transformations in the fish-
eries and aquaculture sectors: creation and operation of information systems
for the systematization and consolidation of data on fisheries, aquaculture, and
climate change at the level of a separate country; development and implementa-
tion of early warning systems that reduce the risk of disasters, accidents, fatal-
ities and contribute to the provision of humanitarian support in extreme situa-
tions due to climatic factors; introduction of innovative technologies, including
decarbonization of the entire life cycle chain of fishery and aquaculture products
(from production to marketing and sales); introduction of energy-saving tech-
nologies, availability of loans and programs to stimulate sustainable develop-
ment of enterprises, etc.
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Conclusion. Climate change, its consequences and challenges facing
the world are perhaps the biggest problem of our time. However, the warming
observed in recent decades is not just a natural process. Active human activity
over the past 200 years has led to the rapid accumulation of carbon dioxide in
the atmosphere. The consequences are an increase in the average annual temper-
ature on Earth, melting polar ice and rising sea levels, floods and catastrophic
storms, intense droughts and severe fires, water shortages, a decrease in biodi-
versity and the disappearance of some species.

Due to climate change and human activity, the number of vertebrate pop-
ulations has decreased by more than 70 % over the past half century. This is
a direct threat to humanity in terms of losses of plant and animal food, water,
medicines, etc.

Warming of the atmosphere and oceans, changes in precipitation patterns
and an increase in the frequency of extreme weather events pose serious dan-
gers to fisheries and aquaculture. The world's oceans are becoming increasingly
salty and acidic, which affects the physiology and behavior of many species of
aquatic organisms and changes their productivity, habitat parameters and migra-
tion routes.

Pollution of the Earth's atmosphere, increasing carbon dioxide concentra-
tions, is directly related to the consistently high rates of fossil fuel consumption

The main task of today in combating the climate crisis is to achieve car-
bon neutrality by 2050 and adapt to climate change.

Aquaculture, as one of its agricultural sectors, plays an important role
in ensuring food security, economic development of territories, and preserving
biodiversity. The main advantage of aquaculture is its ability to provide the pop-
ulation with a significant amount of protein. This is of particular importance in
the context of global challenges such as climate change and declining natural
fish stocks. Aquaculture plays an important role in the development of rural
areas, creating jobs, and supporting local economies. In addition, aquaculture
contributes to the development of related industries, such as the production of
fish feed, equipment for growing aquatic bioresources, and the introduction of
modern water purification technologies.

Aquaculture allows you to reduce pressure on natural ecosystems, since
the production of fish and seafood in specially created conditions is more sus-
tainable and efficient compared to traditional fishing.

Most decisions made for the further development of the industry should
be related to the transition to sustainable aquaculture development.

Important steps towards sustainable aquaculture are being taken by the
Food and Agriculture Organization of the United Nations (FAO). The Blue
Transformation Concept was adopted in accordance with the FAO Strategic
Framework for 20222031 and the Declaration of the FAO Committee on Fish-
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eries on the Sustainability of Fisheries and Aquaculture, and the Blue Transfor-
mation Roadmap was developed for three global goals. The Subcommittee on
Aquaculture of the FAO Committee on Fisheries has prepared the Guidelines
for Sustainable Aquaculture (GSA), which propose an integrated approach for
the management and sustainable development of aquaculture with a view to
implementing the Code of Conduct for Responsible Fisheries.

Therefore, the development of sustainable aquaculture has great potential
to address the environmental crisis and enhance food security, providing suffi-
cient quantities of healthy, nutrient-rich food for the world’s population.

CBITOBA AKBAKYJIbTYPA B YMOBAX AAANTALIT
[0 3MIHU KNIMATY

Miwonesa 0. A. — cmapwa sukiadauxa, ekcnepm 3 excnopmy 0o €C,
Xepcorncoruil OepoicasHuil azpapHo-eKoHOMIYHUIL YHIGepcumen,
dyudyaeva.olga@gmail.com

VY crarTi po3WIsIHYTO BUKJIMKY Ta HACIIIKU /U KIIIMaTy Ha TUIAHETi, CIIPOBOKO-
BaHi aKTHBHOIO JISUTEHICTIO JTFOMUHE 3a ocTtaHHi 200 poKiB, sKa MpHUBeEa 10 MIBUIKOTO
HAKOMMYEHHS BYTJIEKUCIIOTO Ta3y B arMocdepi. [linBuIIeHHs cepenHbopiaHOi TemIe-
patypu Ha 3emiti, TaHEHHsI JTLOJOBHKIB Ta MiABUIICHHs piBHS CBITOBOrO OKeaHy, €KC-
TpeMaJIbHI MPUPO/HI sBUIIA (TOBEHI, KaTacTpo(iuHi ITOPMH, IHTCHCHBHI TIOCYXHU Ta
CWJIBHI TIOXKEXK1), 3MCHIIICHHS 010pi3HOMAHITTS Ta 3HUKHCHHS JICSIKUX BH/IIB.

CBITOBUI OK€aH CTa€ BCe OUIBII COMOHUM 1 KHCIIMM BHACIIIOK IMOTEIUIIHHS aT-
Mocdepu Ta OKeaHiB, 3MIHH PEXHUMY OIAIiB i 30IMBIICHHS YacTOTH EKCTPEMaIbHUX
morogHuX sBUI. Lle Hece 3arpo3mmBi HeOE3MEeKHW M PHOATbCTBA Ta aKBAKYIBTYPH,
BILIMBAE Ha (hi310JIOTiI0 Ta MOBEAIHKY Oararbox BHIIB TipO0IOHTIB, 3MIHIOE X IPOIYK-
TUBHICTb, MITpalliifHi IPOIIECH Ta TApaMETPH OCEITHIIA.

Tak sik OCHOBHIM 3a0py/iHIOBaYe€M arMoc(epH € BYIJICKUCIHI Ta3, MeTaH, 1HII
KOMITOHEHTH MapHUKOBHX T'a3iB, KOHIIEHTPAMI] SIKMX CTaOlIbHO 30UIBIIYIOTHCS, [I€ Ha-
MPSIMY 3QJICKUTh BiJl BUCOKUX TEMIIB CIIOKUBAHHS BUKOITHOTO MajiBa. TOMY, TOJOB-
HUM 3aBJaHHA NPOTUAIl KIIMATHYHIA KPU3i € TOCATHEHHS BYIJICLEBOI HEUTPAIBHOCTI
1o 2050 poky Ta aganTalis 0 3MiHU KIIiMary.

AXBaxynbTypa BiJIIrpae BXJIMBY POJIb Y 3a0€3MeUeHHI MPOIOBOIBIOT Oe3IeKH,
E€KOHOMIYHOMY PO3BUTKY TEpUTOpiH, 30epekeHHi OiopisHoManiTTs. Lle Mae ocobnuBe
3HAYECHHS B yMOBaX IVI00AIbHUX BUKIIMKIB, TAKHX SIK 3MIHM KJIIMaTy Ta 3MEHILICHHS IIPH-
POMHUX PUOHKX 3amaciB. AKBaKyJIbTypa 03BOJISIE 3MEHIIIMTH THCK HA MPUPOJHI KO-
CHCTEMH, OCKUIBKH BHPOOHHIITBO PUOHM Ta MOPEIPOAYKTIB y CIIEIialbHO CTBOPEHHUX
YMOBaX € OiIBIII CTATHM 1 €(DEKTHBHUM MOPIBHIHO 3 TPAJAUIIIHHUM BUIIOBOM.

BinpuricTe pilieHb TPUHHATHX ISl TOAAJBIION0 PO3BUTKY Ially3i MaloTh OyTH
OB’ 5I3aHi 3 TIEPEXOIOM JI0 CTIMKOTO PO3BUTKY aKBaKyJIBTypH.

VY cTarTi po3nITHYTO PillIeHHS, SIKi BXKe 3aporioHoBaHi [IpoIoBoIBI0I0 Ta CLTECEKO-
rocriofapcbkoio oprasizariero OOH (DAO). Konrmeris «bmakutaol TpaHC)OPMAITiIO,
mo po3pobieHa BimmoigHO 10 Crpareriunoi pamkoBoi mporpamu PAO nHa 2022-2031
poxku ta [exnapartii Komitery ®@AO 3 pubHOT0 rocrogapcTsa mpo CTidKICTh pudaibCTBa Ta
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aKBaKyJIbTypH, «Jlopoxus kapra «bnakuTHOT Tpancopmarii», KepiBHi npuHIMIHT cTajo-
r0 po3BUTKY akBakynsTypH (GSA), miarorosneni [linkomiterom 3 akBakynsTypr Komirery
DAO 3 prbaIbCTBa, AEMOHCTPYIOTh BaXKJIMBICTh KOMIUIEKCHOTO MIXOMY IS YIIPABIIiHHS
Ta CTAJIOr0 PO3BHUTKY CBITOBOI aKBaKyJIBTypH. AJDKE, PO3BUTOK CTaNIOl aKBAKYJIBTYPH Mae
BEJTMKHN TIOTEHITIaJ TSl BUPIMICHHS MPOOJIeM eKOIOTIYHOI KPH3H Ta MONTHOICHHS TTPOJI0-
BOJIBYIOT Oe3MeKu, 3a0e3MeUCHHS HACCIICHHS JOCTATHROK KUIBKICTIO 3M0pOBOi, Oararoi Ha
MOXKMBHI PEYOBHHH Xap4OBOi MPOJIYKIIii, afanTaii 10 3MIHU KJlimMary.

Kitro4oBi ciioBa: 3MiHa KJIiMary, €KoJIOTiuyHa KpH3a, IPOJOBOJIbYa Oe3reKa, craia

AKBaKyJIbTypa, aIalTallis 0 HACTIIKIB 3MiHU KJTiIMaTy.

x N

10.

11.

12.

13.

JITEPATYPA
babuu, A. O., babuu-Ilo6epexxna A. A. 3acyxa, cyxoBiil i munoBa Oyps B
nepion modanpHux 3MiH KiriMaty. T. 1. Binauns : [dino, 2014. 468 c.
Oeiiren, b. Benuke noTeruniHHsA: 3MiHa KIIiMary Ta IiJHECEHHS i rudenhb
uusinizaniid. [lep. 3 anm. T. [{um6ana. Kuis : Hika-LlenTp, 2016. 272 c.
XrtoHacnpasiBruBacHa3minukiiMary ? HeinrichBoll Stiftung. URL: https://
ua.boell.org/uk/2017/03/29/hto-naspravdi-vplivaie-na-zmini-klimatu
Mitra, A. et al. Climate Change and Reproductive Biocomplexity in Fishes:
Innovative Management Approaches towards Sustainability of Fisheries
and Aquaculture. Water. 2023. 15(4). 725. URL: https://www.mdpi.
com/2073-4441/15/4/725)
Marine fish are responding to ocean warming by relocating towards the
poles. May 30, 2023. URL: https://phys.org/mews/2023-05-marine-fish-
ocean-relocating-poles.html
Yepes kniMaTH4Hi 3MiHU PUOH MITPYyIOTh 710 MOJIOCIB. [lepkaBHE areHTCTBO
VYkpainu 3 po3BUTKY Meniopalii, puOHOro TocrnogapcTBa Ta NpoJOBOIBINX
nporpam. Odiniitamii caiit. 26.02.2025. URL: https://darg.gov.ua/ cherez
klimatichni_zmini_ribi 0 0 0 14371 1.html
FAOQ. Fisheries & Aquaculture. URL: https://www.fao.org/fishery/en
FAO. 2025. Fishery and Aquaculture Statistics — Yearbook 2022. FAO
Yearbook of Fishery and Aquaculture Statistics. Rome. URL: https://doi.
org/10.4060/cd4312en
FAO. 2024. The State of World Fisheries and Aquaculture 2024 — Blue
Transformation in action. Rome. URL: https://doi.org/10.4060/cd0683en
Climate change and reproductive biocomplexity in fishes: Management
approaches for fisheries and aquaculture. URL: https://bumtca.com.ua/
zmina-klimatu-ta-reproduktivne-bioriznomanittya-biokompleksnist-rib-
pidxodi-do-upravlinnya-ribalstvom-ta-akvakulturoyu/
FAO. 2025. Guidelines for Sustainable Aquaculture. Rome. 68 p. URL:
https://doi.org/10.4060/cd3785en.
HepxxaBHa ciryx0a craructuku Ykpainu. Odinirinumii caidt. URL: https:/
www.ukrstat.gov.ua/
Crparerii ekonoriunoi Oe3meku Ta ajganTtamii 0 3MiHH KJIIMaTy Ha
nepion 1o 2030 poky. Posnopsmkenns Kabiner MinictpiB Ykpainu Bix
20 sxoBrHs 2021 p. Ne 1363-p. URL: https://zakon.rada.gov.ua/laws/
show/1363-2021-%D1%80#Text

121



Boowi Giopecypcu ma akeakynomypa, 1(17) /2025

*

10.

11.

12.

13.

REFERENCES
Babych, A. O., Babych-Poberezhna A. A. (2014). Zasukha, sukhovii i
pylova buria v period hlobalnykh zmin klimatu [Drought, dry spell and dust
storm in the era of global climate change]. Vol. 1. Vinnytsia : Business.
[in Ukrainian].
Feihen, B. (2016). Velyke poteplinnia: zmina klimatu ta pidnesennia y hybel
tsyvilizatsii [The Great Warming: Climate Change and the Rise and Fall of
Civilizations]. Translated from English by T. Tsymbal. Kyiv: Nika-Center.
[in Ukrainian].
Khto naspravdi vplyvaie na zminy klimatu? (2017). [Who really influences
climate change?]. Heinrich BOIl Stiftung. URL: https://ua.boell.org/
uk/2017/03/29/hto-naspravdi-vplivaie-na-zmini-klimatu [in Ukrainian].
Mitra, A. et al. (2023). Climate Change and Reproductive Biocomplexity
in Fishes: Innovative Management Approaches towards Sustainability of
Fisheries and Aquaculture. Water, 15(4):725. URL: https://www.mdpi.
com/2073-4441/15/4/725)
Marine fish are responding to ocean warming by relocating towards the
poles. May 30, 2023. URL: https://phys.org/news/2023-05-marine-fish-
ocean-relocating-poles.html
Cherez klimatychni zminy ryby mihruiut do poliusiv (2025). [Fish are
migrating to the poles due to climate change]. State Agency of Ukraine for the
Development of Land Reclamation, Fisheries and Food Programs. Official
website. 26.02.2025. URL: https://darg.gov.ua/_cherez_klimatichni_zmini_
ribi 0 0 0 14371 1.html [in Ukrainian].
FAO. Fisheries & Aquaculture. URL: https://www.fao.org/fishery/en
FAO. 2025. Fishery and Aquaculture Statistics — Yearbook 2022. Rome.
URL: https://doi.org/10.4060/cd4312en
FAO. 2024. The State of World Fisheries and Aquaculture 2024 — Blue
Transformation in action. Rome. URL: https://doi.org/10.4060/cd0683en
Climate change and reproductive biocomplexity in fishes: Management
approaches for fisheries and aquaculture. URL: https://bumtca.com.ua/
zmina-klimatu-ta-reproduktivne-bioriznomanittya-biokompleksnist-rib-
pidxodi-do-upravlinnya-ribalstvom-ta-akvakulturoyu/
FAO. 2025. Guidelines for Sustainable Aquaculture. Rome. URL: https://
doi.org/10.4060/cd3785en.
State Statistics Service of Ukraine. Official website. URL: https:/www.
ukrstat.gov.ua/
Stratehii ekolohichnoi bezpeky ta adaptatsii do zminy klimatu na period
do 2030 roku (2021). [Strategies for environmental security and adaptation
to climate change for the period up to 2030]. Resolution of the Cabinet of
Ministers of Ukraine. Dated October 20, 2021, no. 1363-r. URL: https://
zakon.rada.gov.ua/laws/show/1363-2021-%D1%80#Text [in Ukrainian].

122



