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Abstract
Artisanal extractive capacity in lakes represents a key factor to improve the sustainable production and commercialization of fish, which corresponds to a vital resource for rural communities and aquatic ecosystems. This study conducted a systematic review following the PRISMA protocol, where 24 articles obtained from three high impact databases (Scopus, Web of Science and ScienceDirect) were analyzed to synthesize the environmental, sanitary and socioeconomic management strategies applied in artisanal lake extraction systems. The results show as findings that Integrated Multitrophic Aquaculture (IMTA) significantly improves water quality and fish production by co-culture of fish with extractive species such as bivalves and macroalgae, and that regulated fisheries management and adequate pond management techniques contribute to substantial increases in fish production and quality (size, taste, reproducibility). However, poor sanitation practices and inadequate hygienic conditions pose risks to food safety and public health. Economic and social factors that condition the profitability and sustainability of artisanal fisheries were also identified. The integration of robust ecological, sanitary and socioeconomic practices is essential to optimize artisanal extractive capacity in lakes, ensuring environmental sustainability and economic viability. Future studies are recommended to deepen longitudinal and multidisciplinary assessments to strengthen the sustainable management of these ecosystems.
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1	Introduction
The exploration of the data shows that artisanal fishing in lakes is a fundamental source of food, income and livelihoods for many rural communities around the world (Selvaraj et al., 2022). However, the exploitation of these resources faces multiple challenges related to extractive capacity, environmental sustainability and the quality of the products traded (Grati et al., 2025). Artisanal extractive capacity in lakes can significantly improve fish production and commercialization, if strategies are implemented that promote ecosystem health, water quality, and efficient management practices (Liu et al., 2023).
The literature indicates that one of the most promising strategies is Integrated Multitrophic Aquaculture (IMTA), which combines the simultaneous culture of fish with extractive species, such as bivalves and macroalgae, contributing to the reduction of pollutants and the improvement of aquaculture production (Castilla-Gavilán et al., 2024; Loayza-Aguilar et al., 2023). In recent years, various studies have shown that the integration of GIFT fish with freshwater mussels and aquatic macrophytes not only improves fish growth and performance but also reduces water pollution through the biological activity of extractive species (Bakshi et al., 2023; Ingle et al., 2022; Valenti et al., 2021). Similarly, the incorporation of oysters into IMTA systems has shown benefits in water quality and biomass production (Cunha et al., 2019; Rusco et al., 2024; Shinde et al., 2024).
On the other hand, the regulated management of artisanal fisheries, which includes intensive practices in small and medium-sized lakes, has shown a significant increase in fish production and quality, especially when techniques such as the controlled use of herbicides and fertilizers are applied, which can increase production by up to 300% (Aubakirova et al., 2019; Nyamweya et al., 2023). In parallel, improving environmental and sanitation practices is crucial to ensure food security and prevent fish contamination, as evidenced in lakes such as Malawi and in regions such as the Cross River in Nigeria, where poor hygienic practices have resulted in significant bacterial contamination (Effiong & Ogbonna, 2017; Samikwa et al., 2019).
Under the socio-economic approach, well-managed artisanal fisheries can generate substantial economic benefits for rural communities, ensuring stable and viable production, as observed in Lake Femund, Norway (Tidd et al., 2023). However, the sustainability of this activity also depends on overcoming challenges related to the recruitment of fishermen and the proper development of local and international markets (Sandlund et al., 2004).
Delving into the research, among the main challenges to maximize artisanal extractive capacity are the environmental impact derived from overexploitation and inadequate management, which can degrade lake ecosystems and reduce fish populations, as well as the need to implement sustainable practices and effective regulations (Cooke et al., 2024); It is also necessary to ensure food safety by controlling contamination and promoting hygienic practices throughout the supply chain is essential to maintain product quality (Rosa et al., 2020; Samikwa et al., 2019). Likewise, economic viability demands the development of market strategies, the modernization of fishing gear, and the continuous training of fishermen to improve their incomes and ensure long-term profitability (Muyot et al., 2021).
Given this reality, this systematic review aims to synthesize the findings of various studies on artisanal extractive capacities in lakes and their impact on fish marketing, with special attention to environmental, health and socioeconomic management strategies; Similarly, the study seeks to provide a comprehensive vision that allows the identification of good practices and recommendations to strengthen sustainable and profitable artisanal fishing in lake ecosystems, mainly in developing countries and in those where the environmental impact is imminent.
At the specific level, it was considered to have specific objectives such as: identifying and analyzing the Integrated Multitrophic Aquaculture (IMTA) strategies applied in artisanal extraction systems in lakes and their impact on fish production and water quality; as well as to evaluate the practices and effects of the regulated management of artisanal fishing in lakes, focusing on management techniques and their contribution to the improvement of fish production and quality. On the other hand, it is necessary to examine the environmental and sanitation practices implemented in artisanal fisheries to guarantee food security and the health of the lake ecosystem, as well as to analyze the economic and social factors that influence the commercialization and economic viability of artisanal fishing in lakes. Finally, it seeks to identify the main environmental, health and economic challenges that affect artisanal extractive capacity and propose recommendations for its sustainability and profitability.

3	Methodology
Research Type and Design
This study corresponds to a systematic review (SR) of literature with a descriptive and analytical approach (Colquhoun et al., 2014), because its objective is to synthesize and evaluate the scientific evidence related to artisanal extractive capacities in lakes to improve the commercialization of fish. The SR was developed following the guidelines established by the PRISMA 2020 protocol (Page et al., 2021), which made it possible to guarantee transparency, rigor and reproducibility in the process of searching, selecting and analyzing the included studies.


Data collection and search process
The information search process was carried out in three high-impact electronic databases, internationally recognized for their quality and coverage in environmental and social sciences: Scopus, Web of Science (WOS) and Science Direct (AlRyalat et al., 2019). Search strategies were designed combining key terms and Boolean operators related to artisanal aquaculture, fisheries management, water quality and fish marketing in lake ecosystems. The search strings included descriptors such as "artisanal fishing capacity", "lake aquaculture", "fisheries management", "water quality", "fish marketing", and their variants in English, applied in the title, abstract and keyword fields.

Es así como se presentaron las siguientes ecuaciones de búsqueda: Para Scopus TITLE-ABS-KEY("artisanal fisheries" OR "small-scale fisheries" OR "lake fisheries" OR "inland fisheries" AND aquaculture OR "integrated multi-trophic aquaculture" OR IMTA OR "fish farming" AND "environmental management" OR "water quality" OR "ecosystem health" AND "fish marketing" OR "fish commercialization" OR "supply chain" OR "market access" AND sustainable OR "economic viability" OR "social factors" OR "community development"). De igual manera, para WOS TS=("artisanal fisheries" OR "small-scale fisheries" OR "lake fisheries" OR "inland fisheries") AND TS=(aquaculture OR "integrated multi-trophic aquaculture" OR IMTA OR "fish farming") AND TS=("environmental management" OR "water quality" OR "ecosystem health") AND TS=("fish marketing" OR "fish commercialization" OR "supply chain" OR "market access") AND TS=(sustainable OR "economic viability" OR "social factors" OR "community development"); y para SienceDirect se considero: TITLE("artisanal fisheries" OR "small-scale fisheries" OR "lake fisheries" OR "inland fisheries" AND aquaculture OR "integrated multi-trophic aquaculture" OR IMTA OR "fish farming" AND "environmental management" OR "water quality" OR "ecosystem health"). De igual manera, el periodo de búsqueda comprendió hasta enero de 2025, sin restricciones idiomáticas, para maximizar la exhaustividad de la revisión. Tras la eliminación de duplicados y la aplicación de filtros iniciales, se seleccionaron 24 artículos que cumplían con los criterios de inclusión definidos para la revisión.

Eligibility criteria for articles
To develop the study, it was necessary to consider the minimum criteria to be able to enter as appropriate for a better analysis: a) empirical studies that addressed artisanal extractive capacities or fisheries management techniques in lakes or freshwater bodies, b) works that evaluated aspects related to fish production, water quality, sanitary practices or commercialization of fish; c) articles published in journals indexed in recognized databases, and c) publications in English, Spanish or Portuguese up to the date of the search cut-off date were also considered.
Similarly, the following were excluded: a) theoretical studies without empirical evidence, b) previous bibliographic reviews, meta-analyses or systematic studies, as they were not an umbrella study, c) works focused exclusively on marine fishing or intensive aquaculture without an artisanal component, d) those documents not available in full text, and e) grey literature.

Data Analysis Method
The extraction process and the respective management was carried out through a structured format in Microsoft Excel ®, where key elements have been presented, such as author, year, objectives, methodology and main results that were linked to the previously set objectives. To assess the methodological quality and potential biases in the included studies, the authors reviewed the full text for better understanding. On the other hand, it is important to clarify that the analysis was aimed at carrying out a narrative and comparative synthesis, identifying common patterns, methodological differences, reported impacts and knowledge gaps. In this way, 24 articles were reviewed, under a critical analysis of extractive practices and strategies in relation to their effectiveness to improve fish production and marketing, as well as their environmental and socioeconomic implications that are evidenced in the sector.

3	Research
For the study, the results have been considered from the perspective of the objectives set by the researchers, where the following components are obtained:

Impact of Integrated Multitrophic Aquaculture (IMTA) Strategies
IMTAs have proven to be an effective strategy to improve artisanal extractive capacity in lakes, favoring both fish production and the environmental health of the aquatic ecosystem (Spillias et al., 2024; Yang et al., 2025). Several key studies show that the co-cultivation of GIFT fish together with extractive species such as freshwater mussels and aquatic macrophytes contributes significantly to the reduction of pollutants, such as excess nutrients and turbidity, improving water quality and enzymatic activity. This translates into accelerated fish growth and an increase in biomass yield (Cunha et al., 2019; Effiong & Ogbonna, 2017). Similarly, the introduction of oysters into IMTA systems has been reported as a natural mechanism to control phytoplankton, reducing eutrophication and favoring sustainable fish production (Nyamweya et al., 2023). However, methodological variability between studies has been evidenced, which suggests the need to standardize environmental and productive indicators to facilitate comparisons and scalability.

Regulated fisheries management: techniques and production
The transition from traditional extractive practices to regulated fisheries management models has shown a positive impact on fish production and quality in small and medium-scale lakes. Properly managed intensive lake farms were able to increase fish production significantly, with reports of increases of more than 300% when implementing specific techniques such as the controlled use of herbicides and fertilizers (Sandlund et al., 2004). However, some studies revealed that environmental monitoring and accurate description of management protocols are insufficient, limiting the full assessment of the sustainability of these practices. This underscores the importance of integrating long-term environmental assessments to avoid negative impacts from intensification.

Environmental practices, sanitation and food security in lake ecosystems
According to the review, it is evident that improving water, sanitation and hygiene practices throughout the production chain is essential to guarantee the quality and safety of fish (Milijasevic et al., 2024; Oliveros et al., 2019; Pinto Jimenez et al., 2023). In Lake Malawi, high levels of E. coli contamination associated with unhygienic practices were detected during fish harvesting and marketing, posing a significant risk to public health (Kalumbi et al., 2020). Similarly, other studies in the Cross River Basin, Nigeria, have highlighted that pollution and deterioration of the ecosystem negatively affect artisanal fisheries productivity, making evident the need for interventions to improve health infrastructure and promote better environmental practices (Elegbede et al., 2025; Moghimi Dehkordi et al., 2024). Although a limited amount of research with detailed microbiological and health analyses has been appreciated, it shows an important gap in current research, so they should be used or developed focused on the substantial improvement of these.

Socio-economic factors influencing the commercialization of artisanal fisheries
In terms of the data obtained, the studies indicated that the commercial exploitation of inland fishery resources can generate considerable economic benefits for rural communities, provided that adequate management and marketing systems are put in place (Elliott et al., 2022; Tabe-Ojong et al., 2025). A clear example is evidenced in studies where commercial whitefish fishing was shown to be stable and profitable thanks to the proper management of the resource(Ashrafi et al., 2021). However, in contexts such as Cross River State in Nigeria, challenges associated with lack of training, difficulties in recruiting fishermen and limitations in the development of efficient markets are evident (Effiong & Ogbonna, 2017). In view of these results, it is stated that the economic viability of artisanal fishing depends not only on the extractive capacity but also on social and market factors that require comprehensive attention by the State and organizations.

Environmental, economic and health challenges in artisanal fisheries
The main challenges identified in the studies include overexploitation of the resource, environmental degradation due to unregulated practices, contamination of the ecosystem and deficiencies in sanitary practices, which together compromise artisanal extractive capacity and fish quality (Cámara & Santero-Sánchez, 2019; Henriksson et al., 2021; Vázquez Pinillos & Barragán Muñoz, 2024). On the other hand, the vast majority of authors agree on the need to implement strict regulations, environmental monitoring protocols, and training programs that integrate technical, environmental, health, and socioeconomic aspects to strengthen the sustainability and profitability of the sector (Torralba-Burrial & Dopico, 2023; Troell et al., 2023; Wani et al., 2024). These data are conducive to highlighting that the absence of these actions can lead to the depletion of fishing resources and the loss of income for dependent communities, or those that are developing.

4	Discussion
The SR study has synthesized recent and robust evidence on artisanal extractive capacities in lakes, highlighting strategies that contribute to the improvement of fish production and marketing, with special emphasis on environmental, health and socioeconomic management. Faced with this reality, the findings reinforce the importance of integrated and regulated systems, such as Integrated Multitrophic Aquaculture (IMTA), which not only increase fish production, but also contribute to the conservation and improvement of water quality, fundamental aspects for the long-term sustainability of ecosystems (Verdegem et al., 2023). However, the variability in methodologies and the absence of standardization in environmental and production measurements limit the comparability and generalizability of results, suggesting the urgency of homogeneous protocols that can be replicated in future research.
In terms of regulated fisheries management, there is significant potential to increase extractive capacity through techniques that optimize production, such as the controlled use of herbicides and fertilizers. However, the scarce documentation on environmental impacts and the lack of long-term environmental monitoring indicate that the intensification of production must be accompanied by strict environmental regulatory policies to avoid habitat degradation and guarantee the viability of the resource (Kumar et al., 2021; Pozza & Field, 2020). In this way, the implementation of these policies requires the participation of local communities and regulatory bodies, strengthening the sector's fisheries governance. Regarding environmental and sanitation practices, the results show that the current hygienic and sanitary conditions in many artisanal systems are insufficient to guarantee food safety, generating risks to public health (Nhabe & Malebo, 2025; Tohonon et al., 2025). In this way, it results in the imperative need to promote interventions focused on improving health infrastructures and the training of actors in the production chain, thus guaranteeing a safe and quality final product for the sector.
Similarly, the analysis of economic and social factors shows that artisanal fisheries, when well managed, can represent a stable source of income and socio-economic development for rural communities (Cook et al., 2024). However, the absence of technical training, limited access to markets and precariousness in marketing are relevant obstacles that must be overcome through public policies aimed at strengthening capacities and access to formal markets (López-Ercilla et al., 2024). Under this scenario, the combination of technical improvements with sustainable market strategies is key to maximizing the positive economic impact and guaranteeing the development of the environment and populations that are in vulnerability, with the presence of better mechanisms.
Analyzing the aspects of the environmental, sanitary and economic challenges detected, it is evident that the sustainability of artisanal extractive capacity depends on a multidimensional approach that integrates environmental regulations, adequate sanitary protocols and effective socioeconomic support for fishing communities (Gómez & Maynou, 2021). In this sense, the absence of integrated policies can lead to resource depletion and loss of livelihoods. Therefore, it is recommended to implement robust regulatory frameworks, participatory environmental monitoring systems, and comprehensive training programs, which together promote sustainable, profitable, and socially just artisanal fisheries.
The study in question has also presented inherent limitations to the methodological heterogeneity of the systematized articles, including differences in experimental designs, measurement scales and environmental variables considered, which makes direct comparison difficult. Similarly, most studies focused on specific lakes and particular regions, which restricts the overall generalizability of the results; In order to limit these, rigorous evaluation elements were established. Likewise, another important limitation corresponds to the scarce one is the scant attention to the long-term assessment of ecological and socioeconomic impacts, as well as the lack of in-depth analyses on potential biases in data collection and reporting, fundamental aspects to validate the robustness of the conclusions. Under this reality, among the strengths of the study is the exhaustiveness of the SR that covered various databases, as well as the inclusion of recent and relevant studies that address both productive and environmental, health and social aspects. The application of the PRISMA protocol to evaluate the methodological quality of studies. Similarly, the review integrates interdisciplinary perspectives, which provides a holistic view of artisanal extractive capacity in lakes, with practical implications for public policies and sustainable management in emerging countries.
Regarding the exploration of the implications and possible recommendations, where the need to promote the adoption and standardization of IMTA systems in artisanal lakes is highlighted, accompanied by regulated management policies that protect ecosystems and optimize fish production. It recommends the implementation of robust sanitary protocols to ensure fish safety and protect public health, as well as the strengthening of technical training and access to markets for artisanal fishers. Thus, for future studies, it is suggested to promote longitudinal research that evaluates the environmental, health, and socioeconomic impact of extractive practices in the medium and long term. In addition, it is necessary to expand geographical coverage to include lakes in various regions and socioeconomic contexts, and to incorporate mixed methodologies that allow understanding both the quantitative and qualitative aspects of artisanal fisheries. Finally, it is crucial to include detailed analyses of possible biases in data selection and reporting to strengthen evidence and better guide sustainability and profitability policies.

5	Conclusions
In summary, SR shows that artisanal extractive capacities in lakes, when managed through innovative practices, regulated fisheries management and the implementation of adequate sanitary protocols, have a significant positive impact on fish production, which favors the sustainable and profitable commercialization of fish. However, significant challenges remain related to environmental degradation, insufficient health infrastructure, and socioeconomic constraints that condition the viability of these activities. In addition, to achieve long-term sustainability, it is essential to promote comprehensive policies that articulate strict environmental regulations, improvements in technical training, access to markets, and participatory environmental monitoring systems. Finally, the results highlight the need for future multidisciplinary and longitudinal research that allows for a more accurate assessment of the effects of these practices and the implementation of adaptive strategies in various lake contexts in emerging or developing countries.
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    1   A review of artisanal extraction strategies in lakes for the optimization  of sustainable fish production and marketing     Reyes - Bedriñana, Magno Rosendo, Delgado - Bardales José Manuel, Contreras - Julián Rosa Mabel         Abstract   Artisanal extractive capacity in lakes represents a key factor to improve the sustainable  production and commercialization of fish, which corresponds to a vital resource for rural  communities and aquatic ecosystems. This study conducted a systematic review   following  the PRISMA protocol, where 24 articles obtained from three high impact databases (Scopus,  Web of Science and ScienceDirect) were analyzed to synthesize the environmental, sanitary  and socioeconomic management strategies applied in artisanal lake   extraction systems. The  results show as findings that Integrated Multitrophic Aquaculture (IMTA) significantly  improves water quality and fish production by co - culture of fish with extractive species such  as bivalves and macroalgae, and that regulated fis heries management and adequate pond  management techniques contribute to substantial increases in fish production and quality  (size, taste, reproducibility). However, poor sanitation practices and inadequate hygienic  conditions pose risks to food safety and   public health. Economic and social factors that  condition the profitability and sustainability of artisanal fisheries were also identified. The  integration of robust ecological, sanitary and socioeconomic practices is essential to optimize  artisanal extra ctive capacity in lakes, ensuring environmental sustainability and economic  viability. Future studies are recommended to deepen longitudinal and multidisciplinary  assessments to strengthen the sustainable management of these ecosystems.     Keywords   Artisanal fisheries; lake ecosystems; integrated multi - trophic aquaculture; fishery  management; food security       1   Introduction   The exploration of the data shows that artisanal fishing in lakes is a fundamental source of food, income  and livelihoods for many rural communities around the world (Selvaraj et al., 2022). However, the  exploitation of these resources faces multiple chall enges related to extractive capacity, environmental  sustainability and the quality of the products traded (Grati et al., 2025). Artisanal extractive capacity in  lakes can significantly improve fish production and commercialization, if strategies are implem ented that  promote ecosystem health, water quality, and efficient management practices (Liu et al., 2023).   The literature indicates that one of the most promising strategies is Integrated Multitrophic Aquaculture  (IMTA), which combines the simultaneous culture of fish with extractive species, such as bivalves and  macroalgae, contributing to the reduction of pol lutants and the improvement of aquaculture production  (Castilla - Gavilán et al., 2024; Loayza - Aguilar et al., 2023). In recent years, various studies have shown that  the integration of GIFT fish with freshwater mussels and aquatic macrophytes not only impro ves fish  growth and performance but also reduces water pollution through the biological activity of extractive  species (Bakshi et al., 2023; Ingle et al., 2022; Valenti et al., 2021). Similarly, the incorporation of oysters  into IMTA systems has shown bene fits in water quality and biomass production (Cunha et al., 2019; Rusco  et al., 2024; Shinde et al., 2024).   On the other hand, the regulated management of artisanal fisheries, which includes intensive practices in  small and medium - sized lakes, has shown a significant increase in fish production and quality, especially  when techniques such as the controlled use o f herbicides and fertilizers are applied, which can increase  production by up to 300% (Aubakirova et al., 2019; Nyamweya et al., 2023). In parallel, improving  environmental and sanitation practices is crucial to ensure food security and prevent fish contam ination, as  evidenced in lakes such as Malawi and in regions such as the Cross River in Nigeria, where poor hygienic  practices have resulted in significant bacterial contamination (Effiong & Ogbonna, 2017; Samikwa et al.,  2019).   Under the socio - economic approach, well - managed artisanal fisheries can generate substantial economic  benefits for rural communities, ensuring stable and viable production, as observed in Lake Femund, Norway  (Tidd et al., 2023). However, the sustainability   of this activity also depends on overcoming challenges 

