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Abstract – Aquaculture is one of the fastest growing food production sectors, but the imminent 
impact of climate change puts aquaculture at risk. In the production of aquaculture products 
in ponds, the production process is significantly affected by climatic conditions, in particular 
climate change resulting in changes in average air and water temperatures, rainfall, changes 
in the hydrological regime and groundwater levels. At the same time, ponds are an essential 
element of environmental services, also contributing to the conservation of biodiversity and 
habitats. The research problem is the multidimensional impact of climate change on Latvia’s 
aquaculture sector, which threatens its sustainability, competitiveness, and ecological 
balance. The aim of the study is to determine the potential impact of climate change on 
aquaculture production in Latvia. A partially structured questionnaire was used to collect 
data. Bottom-up descriptive approach and Indicative methods were used for statistical 
analysis of the data collected. Collected data was analysed using frequency distributions, 
mean ranks and Mann-Whitney U test. The results showed that in order to balance the public 
interest in environmentally sustainable and biodiversity-preserving aquaculture production 
with ensuring the competitiveness of producers, it is necessary to continue to provide public 
support to cover revenue foregone or additional costs incurred by enterprises. Climate change 
has a significant impact on air and water temperatures, not only on open fish farming systems, 
but also on closed systems, which incur higher production costs in order to maintain and 
ensure optimal breeding conditions for fish species.  

Keywords – Aquaculture farms; biodiversity conservation; climatic environments; 
sustainability. 

1. INTRODUCTION  

Aquaculture is one of the fastest-growing food production sectors worldwide, providing 
essential food resources and livelihoods. However, the sector is increasingly vulnerable to 
climate change, which affects its productivity, sustainability, and ecological balance [1]. Key 
climatic factors – including changes in air and water temperatures, rainfall patterns, 
hydrological regimes, and groundwater levels – directly influence aquaculture production, 
particularly in pond-based systems [2]. Additionally, ponds contribute to environmental 
services, supporting biodiversity and habitat conservation [3]. 

The impacts of climate change on aquaculture are multifaceted, encompassing physical, 
biological, and socio-economic dimensions [4]. Rising temperatures can alter metabolic rates 
in aquatic species, affecting growth, disease susceptibility, and mortality [5]. Extreme 
weather events, such as floods and droughts, disrupt growth cycles and reduce productivity 
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in both freshwater and marine systems [6]. Ocean acidification further threatens shellfish 
production, although selective breeding shows potential to enhance resilience [7]. 

Socio-economic factors also play a critical role. Communities dependent on aquaculture are 
vulnerable due to limited financial resources, institutional support, and social capital [8]. 
Adaptive strategies, such as climate-smart practices and GIS-based site selection, are being 
explored to mitigate these risks [9]. Declining fish stocks and adverse climatic conditions can 
pose serious food security challenges [10]. 

Latvia’s aquaculture sector is emerging, with significant opportunities and challenges. 
Abundant freshwater resources provide favourable conditions for fish farming, but the sector 
has been slow to adopt technological innovations, limiting competitiveness and 
sustainability [11]. The Latvian Aquaculture Development Plan (2021–2027) aims to improve 
efficiency, productivity, and knowledge exchange among stakeholders, fostering responsible 
aquaculture practices [12]. 

Modern feeding practices and innovative formulations, including probiotics, have been 
shown to enhance fish health and growth [13], [14]. Technological advancements, such as 
wireless sensor networks for monitoring water quality, are being implemented to improve 
both productivity and environmental sustainability [15], [16]. Waste management, including 
biogas production from aquaculture waste, provides circular economy [17], [18]. Ecological 
sustainability remains a concern, particularly regarding biodiversity and the introduction of 
non-native species [19]. Nevertheless, innovative practices and strategic planning present 
opportunities for growth and resilience in the Latvian aquaculture sector [20]. 

Robust climate information services and integration of adaptation measures into national 
policy are critical for enabling aquaculture operators to respond to climate variability [23]. In 
Latvia, environmental communication and sustainable practices are essential to align 
aquaculture development with climate adaptation goals [24]. Research indicates that 
temperature fluctuations and altered precipitation patterns negatively impact production, 
highlighting the urgency of adaptation strategies [25]. 

 The central research problem is the multidimensional impact of climate change on Latvia’s 
aquaculture sector, which threatens its sustainability, competitiveness, and ecological 
balance. This study focuses on assessing these climate change effects in the Latvian context, 
with the aim of identifying adaptive strategies to enhance resilience and ensure sustainable 
aquaculture development. 

2. METHODS AND METHODOLOGY  

This study is based on data collected from fish farmers across various regions in Latvia. A 
structured survey designed specifically for Latvian aquaculture farmers was used to collect 
the data. In 2024, there were 66 economically active aquaculture entrepreneurs in Latvia. 
From this population, 20 entrepreneurs (n = 20) participated in the survey, representing 
approximately 30 % of the total Latvian aquaculture entrepreneurs. 

The survey included a combination of structured and open-ended questions on the impacts 
of climate change in aquaculture, focusing on key aspects such as fish growth performance, 
fish health and quality, feed conversion ratio (FCR), reproductive performance, fish survival, 
weather conditions, feed availability and costs, production costs, employment, community 
dependence, competition for space and with substitutes, sustainability, market opportunities, 
and coherent policies for sustainable production. 

Participants were selected using a purposive sampling approach, targeting active 
aquaculture farmers with diverse farm sizes, types of aquaculture systems, and geographic 
locations to ensure representation of the sector. Potential respondents were identified through 
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the Latvian Aquaculture Association, regional aquaculture networks, and public directories 
of licensed fish farms. Invitations were sent via email and phone calls, and participation was 
voluntary. 

Interview procedures: Surveys were administered through a combination of online 
questionnaires and in-person interviews, depending on respondent preference and 
accessibility. In-person interviews were conducted at the fish farms to observe production 
conditions and to allow for follow-up questions. Each interview lasted approximately 30–60 
minutes. Respondents were briefed about the purpose of the study, confidentiality measures, 
and their right to withdraw at any time. 

Survey questions: The survey was designed to capture both quantitative and qualitative 
data. Structured questions included multiple-choice and Likert-scale items about farm 
characteristics, feed types, and production metrics. Open-ended questions explored 
respondents’ perceptions of climate change impacts, adaptation strategies, challenges faced, 
and opportunities for improving sustainability. Example questions included: 

− ‘How have recent changes in weather patterns or temperature affected the growth and 
health of the fish in your farm?’ 

− ‘Have changes in feed availability or costs influenced how efficiently your fish convert 
feed into growth, and if so, how?’ 

− ‘In your experience, how have climate-related changes impacted your production costs 
and your ability to access or compete in the market?’ 

− ‘Do you perceive that climate change has affected employment in your farm or the 
wider community dependent on aquaculture?’ 

This combination of structured and open-ended questions allowed for a comprehensive 
understanding of both measurable trends and farmers’ experiential insights regarding climate 
change impacts on Latvian aquaculture. 

Fig. 1 illustrates the methodological framework of the study, which was implemented in 
three consecutive phases. In Phase 1, methods for assessing the impacts of climate change on 
aquaculture were reviewed through an extensive literature analysis. In Phase 2, a detailed 
review of non-parametric methods was conducted, also based on literature and 
methodological assessment. In Phase 3, the most appropriate method was selected to test for 
significant differences in perceptions between two aquaculture sector groups regarding 
climate change–aquaculture interactions, which led to the application of the Mann–Whitney 
U test. 

 
Fig. 1. Methodological framework of the study. 
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The collected data underwent both descriptive and inferential statistical analysis. The 
primary data types were nominal and ordinal, necessitating non-parametric methods for 
analysis. The study utilised frequency distributions, mean ranks, and the Mann-Whitney U 
test for the analysis. Mean ranks represent average importance rankings assigned to items by 
the participants, serving as a recognised descriptive statistic for comparing items in ordinal 
data cases. The Mann-Whitney U test, a non-parametric hypothesis test, was applied to 
investigate significant differences in dependent variable scores between two distinct groups. 
Its non-parametric nature accommodates dependent variable scores that are non-normally 
distributed or ordinal. The Mann-Whitney U test was employed to determine if there were 
significant differences in perceptions between two sector groups regarding climate change-
aquaculture interactions. 

3. RESULTS  

In the initial section of the questionnaire, the participants ranked several core objectives 
based on their significance for the future performance of their enterprises. Fig. 2 presents the 
importance ranks (1st – absolutely affected, 2nd – affected, 3rd – unaffected, 4th – unaffected) 
assigned to the core objectives. 

Fish health and quality emerged as the top core objective, identified by eight participants, 
with three ranking it second and six ranking it third. Employment received the highest rank 
from only one participant, but was ranked second and third by eight and five participants, 
respectively. Mean ranks indicated that fish health and quality are the most critical objectives 
(mean rank = 2.20), while employment ranked lowest (mean rank = 3.79). Sustainable 
production, competing markets, and coherent policy were also recognised as significant 
objectives.  

 
Note: Absolutely unaffected – respondents who selected this category believe that climate change does not affect the 
respective aspect at all. Unaffected – respondents who selected this category believe that climate change has little effect 
on the respective aspect. Affected – respondents who selected this category believe that climate change affects the 
respective aspect. Absolutely affected – respondents who selected this category believe that climate change significantly 
affects the respective aspect. 

Fig. 2. Importance ranks of core objectives.  
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In addition to frequency distributions and mean ranks, the Mann-Whitney U test was 
conducted to assess significant differences in importance rankings of core objectives between 
the participants involved in pond and recirculation aquaculture systems. As indicated in 
Table 1, there were no significant differences in the importance rankings of core objectives 
between individuals engaged in freshwater pond farming and those in recirculation 
aquaculture systems, as all p-values were above the 0.05 threshold. This finding suggests 
similar prioritisation of core objectives among both groups.  

TABLE 1. MANN-WHITNEY U TEST FOR THE IMPORTANCE RANKS OF CORE OBJECTIVES BETWEEN 
PARTICIPANTS ENGAGED IN PONDS AND RECIRCULATION AQUACULTURE SYSTEMS 

Core Objectives Mann-Whitney  
U Test Statistic Z-value p-value 

Fish health / quality 12.0 −0.973 0.331 
Competing markets 10.0 −1.290 0.197 
Sustainable production 8.5 −1.491 0.136 
Employment 12.0 −0.586 0.558 
Coherent policy 13.0 −0.376 0.707 
Z-value – standardized Mann–Whitney U test statistic showing how many standard deviations the observed result differs 
from the expected value under the null hypothesis, used to calculate the p-value. p-value – probability of obtaining the 
observed result if there is no difference between groups; a smaller p-value indicates stronger statistical significance. 

The results of the Mann-Whitney U test indicate that respondents’ evaluations are not 
statistically different, suggesting that opinions on the impact of climate change on these 
aspects in Latvia are currently relatively uniform. However, higher absolute Z-values (e.g., 
for sustainable production) point to potential group differences, indicating that some farms 
experience the effects of climate change more strongly. This data emphasizes that while 
developing adaption strategies and policies, considerations including fish health, sustainable 
production, and market competition should be given top priority.  The participants were asked 
to assess the prominence of climate change indicators, the results are shown in Fig. 3.  

 
Note: Absolutely unaffected – respondents who selected this category believe that climate change does not affect the 
respective aspect at all. Unaffected – respondents who selected this category believe that climate change has little effect 
on the respective aspect. Affected – respondents who selected this category believe that climate change affects the 
respective aspect. Absolutely affected – respondents who selected this category believe that climate change significantly 
affects the respective aspect. 

Fig. 3. Notability ranks of climate change signs. 
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The most frequently observed signs were water quality and temperature (mean rank = 2.05), 
while the least observed sign was sea level rise (mean rank = 3.16). Extreme weather 
conditions and fish growth/nutrition were ranked 2nd–3rd, respectively. 

 To determine if the notability rankings of climate change signs differed significantly 
between the participants in pond and recirculation aquaculture systems, the Mann-Whitney U 
test was applied to the collected data. Table 2 shows no significant differences in notability 
rankings between the two groups, with all p-values exceeding 0.05, indicating a similar 
ranking approach among both groups. The Mann-Whitney U test results show no statistically 
significant differences in respondents’ perceptions of climate change indicators, as all p-
values are above 0.05. However, the relatively higher absolute Z-value for fish growth rate 
and nutrition suggests some variation among farms, indicating that certain respondents 
perceive stronger effects of climate change on production performance. 

TABLE 2. MANN-WHITNEY U TEST FOR THE NOTABILITY RANKS OF CLIMATE CHANGE SIGNS 

Signs of Climate Change Mann-Whitney  
U Test Statistic Z-value p-value 

Water quality 17.0 –0.085 0.932 
Water temperature 16.0 –0.260 0.795 
Sea level rise 13.5 –0.316 0.752 
Growth rate of fish / nutrition 7.0 –1.488 0.137 
Extreme weather conditions 10.5 –1.159 0.246 
Z-value – standardized Mann–Whitney U test statistic showing how many standard deviations the observed result differs 
from the expected value under the null hypothesis, used to calculate the p-value. p-value – probability of obtaining the 
observed result if there is no difference between groups; a smaller p-value indicates stronger statistical significance. 

In another section of the survey, the participants expressed their perceptions regarding the 
potential impacts of climate change on various aquaculture performance parameters. The 
number of participants who think climate change would affect these parameters negatively, 
neutrally, or favourably is shown in Table 3. For instance, nine participants anticipate a 
negative impact on fish growth, while two and nine believe it will have no effect or a positive 
effect, respectively.  

The Mann-Whitney U test results in Table 4 reveal no significant differences in climate 
change impact assessments between the participants in pond and recirculation aquaculture 
systems (p > 0.05). The participants generally agree on the direction of these impacts, 
regardless of species or sector, particularly regarding the potential effects of climate change 
on fish health, weather conditions, availability and pricing of fish meal/oil and market 
opportunities (p = 1). When inquired about their strategies for managing climate change 
impacts, only three participants (15 %) reported having a plan, while 17 participants (85 %) 
did not. The predominant adaptive strategy mentioned was the use of recirculating 
aquaculture systems (RAS). The Mann-Whitney U test results indicate that respondents’ 
perceptions of the potential impacts of climate change on various aspects of aquaculture are 
generally uniform, as all p-values exceed 0.05. Relatively higher absolute Z-values for fish 
growth performance (Z = −1.418) and fish survival (Z = −1.183) suggest that some farms may 
experience stronger effects than others. In contrast, aspects such as sustainability (Z = −0.125, 
p = 0.901) and market opportunities (Z = 0, p = 1.000) show complete agreement among 
respondents, indicating a high level of uniformity in perceptions and no detectable differences 
between groups. 
 
 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2025 / 29 

 
762 

TABLE 3. POTENTIAL IMPACTS OF CLIMATE CHANGE ON PERFORMANCE OF AQUACULTURE 

Potential Impact of Climate Change Absolutely 
unaffected Unaffected Affected Absolutely 

affected 

Fish growth performance 9 2 9 0 
Fish health 19 0 1 0 
Feed conversion ratio (FCR) 12 1 7 0 
Reproductive performance 14 2 3 1 
Fish survival 18 0 1 1 
Weather conditions 19 0 1 0 
Availability and price of fish meal / oil 19 0 1 0 
Production costs 18 1 1 0 
Employment in the sector 9 5 4 2 
Community depending on the sector 15 2 3 0 
Competition for space 13 1 3 3 
Competition with fish substitutes 10 3 6 1 
Sustainability 17 1 1 1 
Market opportunities 10 1 4 5 
Absolutely unaffected – respondents who selected this category believe that climate change does not affect the respective 
aspect at all. Unaffected – respondents who selected this category believe that climate change has little effect on the 
respective aspect. Affected – respondents who selected this category believe that climate change affects the respective 
aspect. Absolutely affected – respondents who selected this category believe that climate change significantly affects the 
respective aspect. 
 

While these differences are not statistically significant, the trends highlight areas of 
concern, emphasizing the importance of focusing on fish health, sustainable production 
practices, and market competitiveness in adaptation strategies and policy development for 
Latvian aquaculture. 

TABLE 4. MANN-WHITNEY U TEST FOR THE POTENTIAL IMPACT OF CLIMATE CHANGE 

Potential Impact of Climate Change on Mann-Whitney  
U Test Statistic Z-value p-value 

Fish growth performance 9.5 –1.418 0.156 
Fish health 17.5 0.000 1.000 
Feed conversion ratio (FCR) 16.0 –0.324 0.746 
Reproductive performance 15.5 –0.428 0.669 
Fish survival 14.0 –1.183 0.237 
Weather conditions 17.5 0.000 1.000 
Availability and price of fish meal / oil 17.5 0.000 1.000 
Production costs 15.0 –0.845 0.398 
Employment in the sector 11.5 –1.051 0.293 
Community depending on the sector 12.0 –1.073 0.283 
Competition for space 13.0 –0.959 0.337 
Competition with fish substitutes 14.5 –0.586 0.558 
Sustainability 17.0 –0.125 0.901 
Market opportunities 17.5 0.000 1.000 
Z-value – standardized Mann–Whitney U test statistic showing how many standard deviations the observed result differs 
from the expected value under the null hypothesis, used to calculate the p-value. p-value – probability of obtaining the 
observed result if there is no difference between groups; a smaller p-value indicates stronger statistical significance. 
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Additionally, respondents indicated a need for a more proactive role from the public sector 
in forecasting climate changes, developing scenarios, identifying risks associated with 
climate for the aquaculture sector, and formulating adaptation and mitigation policies and 
strategies. 

4. CONCLUSION  

This study demonstrates that climate change poses a multidimensional challenge for 
Latvian aquaculture, affecting environmental, biological, and socio-economic aspects, 
consistent with previous research [1]–[10]. Fish health and quality emerged as the most 
critical objective, reflecting the sector’s sensitivity to rising temperatures, disease 
susceptibility, and growth performance [5]. Water quality and temperature were identified as 
the most notable climate indicators, highlighting the central role of environmental conditions 
in aquaculture productivity [2], [3]. 

Mann-Whitney U tests showed no statistically significant differences between pond and 
recirculation aquaculture systems in perceptions of climate impacts, core objectives, or 
observed indicators (p > 0.05). This uniformity indicates that farmers, regardless of system 
type, share similar priorities and concerns. Nevertheless, relatively higher absolute Z-values 
for fish growth performance and survival suggest that some farms may experience more 
pronounced effects, emphasizing the need for farm-specific adaptation measures [9], [23], 
[24]. 

Sustainability and market opportunities showed complete agreement among respondents  
(Z ≈ 0, p ≈ 1), reflecting a shared recognition of long-term sector priorities. However, only 
15 % of participants reported having formal adaptation strategies, with the use of recirculating 
aquaculture systems (RAS) as the most common measure, aligning with research advocating 
technological solutions to buffer climate impacts [15], [16]. 

Overall, these findings indicate that while climate change impacts are widely recognized, 
practical adaptation remains limited. The results underscore the importance of policy support, 
climate information services, and knowledge exchange to enable effective responses, enhance 
sustainability, and strengthen market competitiveness in Latvian aquaculture. In conclusion, 
targeted strategies focusing on fish health, sustainable production practices, and adaptive 
management are essential to improve resilience and secure the sector’s long-term viability 
under climate change. 

ACKNOWLEDGEMENT 

This research was supported by project ANM1 “Strengthening the Institutional Capacity of LBTU for Excellence in 
Studies and Research”, funded by The Recovery and Resilience Facility. 

REFERENCES  

[1] Orsag M., Meitner J., Fischer M. Estimating Heat Stress Effects on the Sustainability of Traditional Freshwater Pond 
Fishery Systems under Climate Change. Water 2023:15(8):1523. https://doi.org/10.3390/w15081523  

[2] Zdanek R., Lososova J., Mraz J. Long-term trends in the economy viability of pond aquaculture in Central Europe – 
The example of Czechia. Aquaculture 2025:598:742069. https://doi.org/10.1016/j.aquaculture.2024.742069  

[3] Galappaththi E., Ichien S., Hyman A., Aubrac C., Ford J. Climate change adaptation in aquaculture. Reviews in 
Aquaculture 2020:12(4):2160−2176. https://doi.org/10.1111/raq.12427  

[4] Reid G., Gurney-Smith H., Marcogliese D., Knowler D., Benfey T., Garber A., Silva S. Climate change and 
aquaculture: considering biological response and resources. Aquaculture Environment Interactions 2019:11:569−602. 
https://doi.org/10.3354/aei00332  



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2025 / 29 

 
764 

[5] Soto D., León‐Muñoz J., Dresdner J., Luengo C., Tapia F., Garreaud R. Salmon farming vulnerability to climate change 
in southern Chile: understanding the biophysical, socioeconomic and governance links. Reviews in Aquaculture 
2019:11(2):354−374. https://doi.org/10.1111/raq.12336  

[6] Thúy P., Friðriksdóttir R., Weber C., Viðarsson J., Papandroulakis N., Baudron A., Aschan M. Guidelines for co-
creating climate adaptation plans for fisheries and aquaculture. Climatic Change 2021:164:3–4. 
https://doi.org/10.1007/s10584-021-03041-z  

[7] Fitzer S., McGill R., Gabarda S., Hughes B., Dove M., O’Connor W., Byrne M.  Selectively bred oysters can alter their 
biomineralization pathways, promoting resilience to environmental acidification. Global Change Biology 
2019:25(12):4105–4115. https://doi.org/10.1111/gcb.14818 

[8] Cubillo A. M.., Silva J. L., Farereira J. G. Direct effects of climate change on productivity of European aquaculture. 
Aquaculture International 2021:29(1–2):1561–1590. https://doi.org/10.1007/s10499-021-00694-6 

[9] Stelzenmüller V., Töpsch S., Galparsoro I., Gubbins M., Miller D., Murillas A., G. A GIS-based tool for an integrated 
assessment of spatial planning trade-offs with aquaculture. Science of The Total Environment 2018:627:1644–1655. 
https://doi.org/10.1016/j.scitotenv.2018.01.133 

[10] Arango C., Gimpel A., Lomboy C., Box S. Financial inclusion to build economic resilience in small-scale fisheries 
Marine Policy 2020:118:103982.  https://doi.org/10.1016/j.marpol.2020.103982  

[11] Vistarte L., Pubule J., Balode L., Kaleja D., Bumbiere K. An Assessment of the Impact of Latvian New Common 
Agriculture Policy: Transition to Climate Neutrality. Environmental and Climate Technologies 2023:27(1):683–
695. https://doi.org/10.2478/rtuect-2023-0050 

[12] Ministry of Agriculture. Latvian Aquaculture Development Plan 2021–2027. 2021. [Online]. [Accessed 15.05.2025]. 
Available: https://www.pkc.gov.lv/sites/default/files/inline-files/NAP2027__ENG.pdf  

[13] Glencross B. D. Exploring the nutritional demand for essential fatty acids by aquaculture species. Reviews in 
Aquaculture 2009:1(2):71–124. https://doi.org/10.1111/j.1753-5131.2009.01006.x  

[14] Ringø E., Zhou Z., Vecino J. L. G., Wadsworth S., Romero J., Krogdahl Å., Merrifield D. L. Effect of dietary 
components on the gut microbiota of aquatic animals. Aquaculture Nutrition 2016:22(2):219–282.  
https://doi.org/10.1111/anu.12346  

[15] Xie J., Hu L., Tang J., Wu X., Li N., Yuan Y., Guo Z. Ecological mechanisms underlying the sustainability of the 
agricultural heritage rice–fish coculture system. Proceedings of the National Academy of Sciences 
2011:108(50):E1381–E1387. https://doi.org/10.1073/pnas.1111043108 

[16] Akinwole A. O., Faturoti E. O. Biological performance of African catfish (Clarias gariepinus) cultured in recirculating 
system. Aquacultural Engineering 2007:36(1):18–23. https://doi.org/10.1016/j.aquaeng.2006.05.001 

[17] Macias-Corral M., Samani Z., Hanson A., Smith G., Funk P., Yu H., Longworth J. Anaerobic digestion of municipal 
solid waste and agricultural waste and the effect on biogas production. Bioresource Technology 2008:99(17):8288–
8293. https://doi.org/10.1016/j.biortech.2008.03.043 

[18] Kostevica V., Dzikevics M. Bibliometric Analysis of the Climate Change Impact on Energy Systems. Environmental 
and Climate Technologies 2023:27(1):950−963. https://doi.org/10.2478/rtuect-2023-0069 

[19] Gozlan R. E., Britton J. R., Cowx I., Copp G. H. Current knowledge on non-native freshwater fish introductions. 
Journal of Fish Biology 2010:76(4):751–786. https://doi.org/10.1111/j.1095-8649.2010.02566.x 

[20] Osipov S., Puckin A. The influence of temperature conditions on the yield of biogas and methane, which is obtained 
from aquaculture waste. Environment Technology Resources Proceedings of the International Scientific and Practical 
Conference 2023:1:166–170. https://doi.org/10.17770/etr2023vol1.7198  

[21] Pilvere I., Upīte I., Nipers A., Pilvere A. Productivity in bioeconomy industries in Latvia. 24th International 
Multidisciplinary Scientific Geoconference SGEM 2024, 2024:24:597–606.  
https://doi.org/10.5593/sgem2024/5.1/s21.74  

[22] FAO. The State of World Fisheries and Aquaculture 2020: Sustainability in action. Rome: Food and Agriculture 
Organization of the United Nations, 2020. https://doi.org/10.4060/ca9229en 

[23] Allison E. H., Bassett H. R. Climate change in the oceans: Human impacts and responses. Science 2015:350:6262:778–
782. https://doi.org/10.1126/science.aac8721 

[24] Kalnbaļķīte A., Poca P., Laktuka K., Lauka D., Blumberga D. The role of environmental communication in advancing 
sustainability in fisheries and aquaculture: a case study of Latvia. Sustainability 2023:15(23):16418.  
https://doi.org/10.3390/su152316418  

[25] De Silva S. S., Soto D. Climate change and aquaculture: Potential impacts, adaptation and mitigation. In Cochrane K., 
De Young C., Soto D., Bahri T. (Eds.). Climate change implications for fisheries and aquaculture: Overview of current 
scientific knowledge (pp. 151–212). FAO Fisheries and Aquaculture Technical Paper No. 530. Rome: FAO. 

 


	1. Introduction
	2. Methods and Methodology
	1.
	2.

	3. Results
	4. Conclusion
	Acknowledgement
	References

