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Abstract

This article examines the rational use and conservation of aquatic bioresources under the
conditions of climate change, focusing on ecological, technological, and socio-economic
dimensions. The study highlights the growing threats posed by global warming, changing
hydrological regimes, and anthropogenic pressures, which undermine the stability of aquatic
ecosystems and reduce the availability of fishery and aquaculture resources. Emphasis is placed
on the development of sustainable aquaculture systems, the introduction of ecosystem-based
management practices, and the application of modern monitoring technologies to preserve
biodiversity. The research also considers the role of scientific collaboration, policy frameworks,
and community participation in ensuring effective conservation strategies. The findings suggest
that the rational use and conservation of aquatic bioresources in the context of climate change
require comprehensive approaches that integrate ecological balance, technological innovation,
and socio-economic sustainability.
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Introduction
PAIIMOHAJIBHOE UCITOJIb3OBAHUE U COXPAHEHUE BOJAHbIX
BUOPECYPCOB B YCJIOBUAX USMEHEHUSA KJINMATA
Orambepauena Jlona HapmaroBna
K.0.H. [louieHT Kadeapsl BoIHbIE OMOPECYPCHI U TEXHOJIOTUN
¢unnana AI'TY B TamkeHnTckoi o01actu

AHHOTAIUSA

B cratbe paccmaTpuBaroTCs BONPOCH! PAllMOHAIBHOTO UCTIOIb30BAHUSI U COXPAHEHHUS BOJHBIX
OMopecypcoB B YCIOBHSX W3MEHEHHS KJIMMAaTa, YAeNss BHUMAHUE JKOJIOTHYECKUM,
TEXHOJIOTHYECKUM W COIMAIIBHO-)KOHOMHUYECKUM acriekTaMm. VcciemoBanue MOg4epKUBaET
BO3pPACTAlOIINE  YrPO3bl, CBsI3aHHBIE C  TJIOOAJIBHBIM  TIOTEIUICHWEM, W3MEHEHHUEM

Web of Technology

TUAPOJIOTUYECKUX PEXKUMOB M aHTPOIOIEHHBIM BO3JEMCTBHEM, KOTOpbIE HapyllaloT
YCTOMYUBOCTh BOJHBIX 3KOCHUCTEM M CHIDKAIOT JIOCTYITHOCTh PECYpPCOB pBHIOOJIOBCTBA H
akBakyJbTypbl. Ocoboe BHUMaHUE yAEISIeTCs Pa3BUTUIO YCTOMYMBBIX CUCTEM aKBAaKYJIbTYpBI,
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BHEJPEHUIO OSKOCUCTEMHOIO YMPaBICHUS U MNPUMEHEHHUIO COBPEMEHHBIX TEXHOJIOTHA
| MOHHUTOpHMHIra JUisi cOXpaHeHUs OmopaszHooOpasus. Takke paccMaTpuBaeTcsi pojib HAYyYHOTO
COTPYJIHUYECTBA, MOJIUTUYECKUX MEXAHU3MOB U YYacTHUsI MECTHBIX COOOIECTB B 0OECIIeUeHUN

3GGEKTUBHBIX CTpaTerwii COXpaHEHUs. Pe3ynbTaThl TMOKa3bIBAIOT, YTO pPalMOHAIBHOE
WCIOJIb30BAaHUE M COXPAHEHUE BOJHBIX OMOPECYPCOB B YCIOBHIX M3MEHEHHS KJIUMAaTa TpeOyeT
KOMIUIEKCHBIX IOAXOJOB, COYETAIOIIUX JSKOJOTHYECKOE PABHOBECHE, TEXHOJIOIMYECKUE
MHHOBALIMK U COLMATIbHO-DKOHOMHUYECKYIO YCTONYUBOCTD.

KuroueBble cjioBa. BogHbIE OHOpECYpChl, U3MEHEHHE KIIMMaTa, akBaKyJIbTypa, phI00JIOBCTBO,
O6ropa3zHo0Opa3ue, FIKOCUCTEMHOE YIIPABIEHUE, CTPATETUH COXPAHEHUs, YCTOMUNBOCTb.

Introduction

Climate change has become one of the most pressing global challenges, influencing not only
terrestrial ecosystems but also aquatic environments that play a vital role in sustaining
biodiversity, food security, and socio-economic development. Aquatic bioresources, which
include fish, mollusks, crustaceans, and aquatic plants, form the foundation of fisheries and
aquaculture industries and provide essential ecosystem services. However, the consequences of
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<
XQ— rising temperatures, changes in precipitation patterns, melting glaciers, and increased frequency
i of extreme weather events are placing unprecedented pressure on freshwater and marine

(D = ecosystems. As a result, species composition, migration patterns, and productivity of aquatic

5 S organisms are being altered, with significant implications for sustainable resource use.

E EE)) One of the key concerns associated with climate change is the disruption of hydrological cycles.
.— o Altered river flows, declining water levels, and increasing salinity in coastal zones affect the
E LC“ habitats of many aquatic species. For instance, freshwater fish populations are highly sensitive
— 5  toeven slight fluctuations in temperature and oxygen concentration, while marine species face

- & challenges from ocean acidification and coral reef degradation. These environmental shifts not
2 ?3 only threaten biodiversity but also weaken the resilience of aquatic ecosystems, making them

~ @:@ more vulnerable to invasive species, diseases, and overexploitation.

The rational use of aquatic bioresources in this context requires balancing resource extraction
with the preservation of ecological stability. Traditional fishing practices, if unregulated, may
exacerbate the decline of fish stocks, while aquaculture, though offering opportunities for
increased production, can also create ecological risks such as water pollution, habitat destruction,
and genetic impacts on wild populations. Therefore, sustainability principles must guide the
development of both fisheries and aquaculture sectors. Approaches such as ecosystem-based
management, adaptive strategies, and the use of environmentally friendly technologies are
becoming increasingly relevant for mitigating the negative impacts of climate change.

In addition to ecological considerations, socio-economic factors play a crucial role in shaping
conservation and resource management strategies. Millions of people depend directly on
fisheries and aquaculture for their livelihoods, particularly in rural and coastal communities.
Climate-induced changes in aquatic resource availability may threaten food security, increase
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economic disparities, and create social tensions. Hence, policies aimed at conserving aquatic
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: bioresources must take into account not only environmental sustainability but also the economic
~_ well-being and participation of local communities.

/,// N\ ( \ Scientific research and technological innovation provide essential tools for addressing these

9, \ challenges. The use of remote sensing, geographic information systems, and bio-monitoring

methods allows for the assessment of ecosystem health and resource dynamics under changing
climatic conditions. At the same time, international cooperation and the integration of local
knowledge contribute to the development of effective adaptation and conservation strategies.
Ultimately, rational use and conservation of aquatic bioresources under climate change
conditions require a holistic approach that combines ecological science, modern technologies,
and inclusive governance to ensure long-term sustainability.

Methods

The methodological framework of this study is built on an interdisciplinary approach that
combines ecological analysis, technological assessment, and socio-economic evaluation to
examine the rational use and conservation of aquatic bioresources under climate change
conditions. The research relies on both qualitative and quantitative methods, integrating data
from scientific literature, environmental monitoring, and case studies from regions affected by
climatic variability. This comprehensive approach makes it possible to identify patterns of
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ecological change, evaluate adaptation strategies, and propose sustainable management
solutions.

The first step in the methodology involves an ecological assessment of aquatic ecosystems
exposed to climate change. Hydrological parameters such as water temperature, pH, salinity,
dissolved oxygen, and nutrient concentration were reviewed as critical indicators of ecosystem
health. By analyzing these variables, researchers can identify the thresholds beyond which
aquatic species face survival risks. Climate models and long-term hydrological data sets were
also used to predict future scenarios of river flow, lake levels, and oceanic conditions. These

imens
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ecological evaluations help to establish a scientific basis for conservation measures and resource
management policies.

The second component of the methodology focuses on technological innovations in aquaculture
and fisheries. Modern aquaculture practices are evaluated for their efficiency, ecological
footprint, and resilience to climate change impacts. Specific attention is given to integrated multi-
trophic aquaculture (IMTA), recirculating aquaculture systems (RAS), and the use of renewable
energy in fish farming. These technologies are assessed not only in terms of production
efficiency but also for their capacity to reduce environmental pressure and maintain biodiversity.
Similarly, advancements in selective breeding, genetic research, and disease management are
analyzed as tools to increase the resilience of aquatic species under changing environmental
conditions.

Web of Technology
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Climate Change Factors Affecting Aquatic Ecosystems
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.— «  The socio-economic dimension of the study includes an analysis of livelihoods, food security,
E ©  and community participation in aquatic resource management. Surveys, statistical data, and
= =  policy documents are used to evaluate how climate change affects fishing communities,
> ‘5 consumer demand, and market stability. The role of local knowledge, traditional practices, and
2 § cooperative institutions is taken into account when formulating adaptive strategies. Furthermore,
- socio-economic assessment extends to evaluating the cost-effectiveness of conservation

@ programs and the long-term benefits of sustainable practices for regional development.
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Monitoring and data collection methods play a central role in ensuring the reliability of results.
Remote sensing, geographic information systems (GIS), and satellite imagery are employed to
monitor changes in water bodies and aquatic habitats. Field-based biomonitoring techniques,
such as plankton and fish population surveys, are combined with laboratory analysis of water
quality. These methods provide a multi-layered understanding of the state of aquatic ecosystems
under climate stress.

Finally, the study applies a comparative analysis method to examine successful international and
regional case studies in the rational use of aquatic bioresources. Lessons from best practices are
adapted to local contexts, with consideration of ecological, technological, and cultural factors.
This comparative approach ensures that the recommendations generated are both scientifically
sound and practically applicable. The integration of ecological, technological, and socio-
economic methodologies creates a comprehensive research design capable of addressing the
complex interactions between climate change and aquatic bioresources.
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4
Results

The findings of this study demonstrate that climate change exerts profound and multifaceted

- impacts on aquatic bioresources, with clear evidence of ecological, technological, and socio-

economic consequences. The ecological analysis revealed that rising water temperatures, altered
precipitation patterns, and increased evaporation rates are contributing to habitat loss and
declining biodiversity in both freshwater and marine ecosystems. Species that are highly
sensitive to temperature fluctuations, such as cold-water fish, are experiencing reduced
population sizes and shifting geographic ranges. In addition, increased salinity in certain
freshwater bodies, caused by reduced inflows and higher evaporation, has led to the decline of
native species and facilitated the spread of more tolerant invasive organisms.

Sustainability of Aquaculture Production Systems
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Pic.2. Sustainability of Different Aquaculture Production Systems

The hydrological and water quality assessments indicated significant changes in dissolved
oxygen levels and nutrient dynamics, which directly influence the reproductive cycles, growth
rates, and survival of aquatic organisms. Instances of algal blooms, driven by warmer
temperatures and nutrient runoff, were found to degrade water quality and increase fish mortality
rates. These ecological stressors highlight the urgent need for adaptive resource management to
maintain ecosystem stability under changing climatic conditions.

On the technological front, the results confirm the potential of innovative aquaculture practices
in reducing environmental impacts while sustaining production. Recirculating aquaculture
systems (RAS) proved to be more efficient in water use and waste management compared to

Web of Technology
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traditional open-pond systems. Integrated multi-trophic aquaculture (IMTA) demonstrated
ecological benefits by recycling nutrients and creating more balanced production cycles.
However, the adoption of such technologies remains limited due to high initial investment costs
and the need for specialized expertise, presenting challenges for widespread implementation in
resource-constrained regions.

Socio-economic analysis showed that fishing communities are highly vulnerable to climate-
induced changes in aquatic bioresources. Declines in fish availability directly affect food security
and household income, particularly in rural areas where alternative livelihood opportunities are
limited. Case studies revealed that communities engaged in cooperative resource management
and supported by government conservation programs demonstrated greater resilience in adapting
to climate-related challenges. Moreover, policy frameworks that integrate local knowledge with
scientific research were found to be more effective in achieving long-term sustainability.

Socio-Economic Vulnerability of Fishing Communities
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Pic.3. Socio-Economic Vulnerability of Fishing Communities

Overall, the results confirm that rational use and conservation of aquatic bioresources under
climate change conditions require a combination of ecological monitoring, technological
innovation, and socio-economic adaptation. While innovative aquaculture systems and
ecosystem-based management approaches offer promising solutions, their success largely
depends on strong institutional support, financial investment, and active participation of local
communities. These findings underline the interconnected nature of ecological and human
systems, reinforcing the need for integrated strategies in the conservation of aquatic resources.
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Discussion
~ The results obtained in this study emphasize the complexity of conserving aquatic bioresources
in the face of climate change, where ecological, technological, and socio-economic dimensions

intersect. One of the most critical points revealed is that aquatic ecosystems are highly sensitive
to even minor environmental changes, making them particularly vulnerable to shifts in
hydrological cycles, temperature regimes, and chemical balances. The decline in biodiversity
and disruption of species composition observed in many regions demonstrate that conservation
strategies cannot rely on traditional management approaches alone. Instead, they must adopt
flexible, adaptive frameworks capable of responding to the dynamic nature of climate impacts.

An important aspect of this discussion is the role of aquaculture as both an opportunity and a
challenge. On one hand, aquaculture provides an alternative to overexploited wild fish stocks,
creating possibilities for stable food supply and economic growth. On the other hand, if managed
unsustainably, aquaculture can exacerbate environmental problems through water pollution,
habitat degradation, and disease transmission to wild species. The findings indicate that
technologies such as recirculating aquaculture systems (RAS) and integrated multi-trophic
aquaculture (IMTA) can significantly reduce these risks by recycling resources and minimizing
waste. However, these technologies demand considerable financial investments, training, and

infrastructural support, which may not always be available in developing regions. Therefore, the
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discussion highlights the importance of government subsidies, international cooperation, and
private sector engagement to make sustainable aquaculture more accessible.

The socio-economic findings reveal that communities dependent on fisheries and aquaculture
are among the most affected by climate change. Decreased resource availability threatens food
security, employment, and cultural traditions linked to fishing practices. The study underlines
that rational use of aquatic bioresources must therefore integrate social dimensions, ensuring that

Imens

.

conservation does not disproportionately harm vulnerable populations. Approaches that include
participatory governance, where local communities contribute to decision-making, have proven
more effective in maintaining both ecological and social resilience. Furthermore, combining
traditional knowledge with scientific insights can enrich management practices and enhance their
acceptance at the community level.
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Another point of discussion is the role of monitoring and predictive tools. Remote sensing,
geographic information systems, and bio-indicator analysis provide accurate data on the state of
aquatic ecosystems, but their full potential remains underutilized in many regions. Strengthening
monitoring capacity is crucial to detect early warning signs of ecosystem stress and guide timely
interventions. The results suggest that integrating advanced monitoring systems with policy
frameworks can significantly improve conservation outcomes.

Finally, the discussion emphasizes that climate change impacts on aquatic bioresources cannot
be addressed in isolation. They are closely tied to global challenges such as energy use,
agricultural practices, and industrial development. Effective strategies therefore require cross-
sectoral cooperation, linking environmental, economic, and social policies. International
frameworks and agreements on climate adaptation and biodiversity conservation play an

Web of Technology

essential role in creating synergies across countries and regions. At the same time, localized
initiatives adapted to specific ecological and cultural contexts remain equally important. The
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N Y o/ //f discussion concludes that only through a multi-layered approach, uniting ecological science,
N\ % innovative technologies, socio-economic adaptation, and participatory governance, can rational

\\\ use and conservation of aquatic bioresources under climate change be achieved.

)8 Conclusion. The study of rational use and conservation of aquatic bioresources under climate
change conditions highlights the urgent need for integrated, science-based, and socially inclusive
strategies. Climate change has amplified environmental stressors, including rising water
temperatures, altered hydrological regimes, ocean acidification, and increased frequency of
extreme weather events, all of which severely affect aquatic ecosystems. These impacts manifest
in reduced biodiversity, shifts in species composition, and declining productivity of both
freshwater and marine organisms, leading to significant ecological and socio-economic
consequences. The findings confirm that without comprehensive and adaptive measures, the
sustainability of fisheries and aquaculture, as well as the livelihoods dependent on them, will be
increasingly threatened.
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The results show that technological innovation offers a pathway toward sustainability. Advanced
aquaculture systems such as recirculating aquaculture systems (RAS) and integrated multi-
trophic aquaculture (IMTA) provide opportunities to balance food production with ecological
preservation. These approaches reduce waste, recycle nutrients, and limit negative environmental
impacts. However, their effectiveness depends on the availability of financial resources,
technical knowledge, and institutional support. The broader adoption of such technologies
requires collaboration between governments, private enterprises, and research institutions,
supported by international cooperation and knowledge transfer.

Equally important are socio-economic dimensions of resource management. Fishing
communities, particularly in rural areas, face heightened vulnerability due to climate-induced
declines in fish stocks and changing resource availability. Ensuring food security, economic
stability, and cultural continuity demands policies that actively involve local stakeholders in
decision-making processes. The integration of traditional knowledge with modern scientific

Web of Technology
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Ny //ﬂ insights enriches conservation practices and increases their effectiveness and acceptance.
"~ Participatory governance and community-based management systems have shown to improve
> /,/// \'\\\ resilience and enhtance adaPtlve capamj[y. . . o
71 A central conclusion of this research is that conservation strategies must adopt a holistic and
ecosystem-based approach. Protecting aquatic bioresources requires maintaining ecological
balance while enabling rational utilization of resources. This involves not only regulating fishing
activities and promoting sustainable aquaculture but also restoring habitats, enhancing

monitoring systems, and addressing broader environmental drivers such as agricultural runoff,
industrial pollution, and unsustainable water use. Strengthening monitoring capacity through
remote sensing, geographic information systems, and biomonitoring tools is essential for timely
detection of ecological stress and informed policy-making.

Finally, the study underscores the necessity of cross-sectoral and international cooperation.
Climate change and biodiversity loss are global issues that transcend national boundaries, and
their solutions must involve coordinated actions at local, regional, and global levels. Linking
environmental policies with socio-economic development agendas ensures that conservation
strategies are not only ecologically effective but also socially equitable and economically viable.
The rational use and conservation of aquatic bioresources under climate change conditions will
only be possible through a comprehensive framework that unites ecological science, innovative
technologies, inclusive governance, and global collaboration. Such a framework provides a
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X
a
=
N Q pathway to safeguard biodiversity, strengthen resilience, and secure the sustainable future of
5 S aquatic resources for generations to come.
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