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Abstract - Aquaculture based on environmentally friendly practices is the best alternative for building a better
world when it comes to the production of food of animal origin. The 17 Sustainable Development Goals
(SDG) of the United Nations (UN) reinforce and direct this new form of farming. Scientists and farmers are
concerned with maintaining stocks and sources of natural resources for the next generations, as well as for the
maintenance of life on earth. In this perspective, this work brings together the 17 SDG around aquaculture. It
briefly presents how we can apply them to make aquaculture better, more sustainable and productive.
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Principais Objetivos de Desenvolvimento Sustentaveis aplicados a Aquicultura

Resumo - A aquicultura baseada em préticas ecologicamente corretas € a melhor alternativa para a construgao
de um mundo melhor no que se refere a producdo de alimentos de origem animal. Os 17 Objetivos de
Desenvolvimento Sustentdvel (ODS) da ONU reforcam e direcionam essa nova forma de agricultura.
Cientistas e agricultores estdo preocupados em manter estoques e fontes de recursos naturais para as proximas
geracdes, bem como com a manutencdo da vida na Terra. Nessa perspectiva, este trabalho retune os 17
principais ODS em torno da Aquicultura e apresenta de forma resumida como podemos aplica-los para tornar
a aquicultura melhor, mais sustentavel e produtiva.
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Introduction

The development of aquaculture as a subsistence activity presents itself as a relevant alternative to
extractive fishing, from the perspective of threatening wild fish stocks. The 17 goals and 169 targets that make
up the United Nation (UN) Sustainable Development Goals (SDG) have been in force in Brazil since 2015.
These goals and targets involve diverse themes such as poverty eradication, health, education, water and
sanitation, energy, food security and agriculture, sustainable patterns of consumption and production,
protection and sustainable use of oceans and terrestrial ecosystems, among others. In this sense, aquaculture
activity can permeate several of these objectives collaborating with sustainable development, particularly with
goal 14.7, which states that "by 2030 it is necessary to increase the economic benefits for small island
developing states and countries of lower relative development from the sustainable use of marine resources,
including through sustainable management of fisheries, aquaculture and tourism.

According to the Food and Agriculture Organization (FAO) report (FAO, 2014), increased aquaculture
activity is key to meeting the demand for food associated with global population growth, and more and more
people depend on aquaculture activity for food and income. The report also reports that about 17 percent of
the world's protein consumption (up to 70 percent in some coastal and island countries) comes from fish,
making it a food security item.

The increase in aquaculture activity has contributed in recent years to the feeding and supply of quality
protein to many people, especially in poor rural areas, where food often lacks essential nutrients. Aquaculture
is considered the fastest growing food production sector in the world (TACON, 2020). However, FAO (2014)
warns that to continue to develop sustainably, the aquaculture sector must increase efforts to become less
dependent on wild fish for feed and implement greater diversity of species and practices in aquaculture.

According to FAO (2017, 2017b), implementing sustainable aquaculture is therefore central to
achieving many of the SDGs. This will directly affect the success of SDG 1 (end poverty); SDG 2 (end
hunger, achieve food security and improved nutrition and promote sustainable agriculture); SDG 3 (health);
SDG 6 (water); SDG 13 (climate action); SDG 14 (marine ecosystems), SDG 15 (terrestrial ecosystems,
forests and land). As well as will significantly influence the outcome of several other goals and targets related
to economic growth and employment (SDG 8), gender equality and empowerment of women (SDG5), access
to resources, responsible consumption and production (SDG12); and the achievement of SDG 16 on peace and
inclusive societies, and SDG 17 on means of implementation and partnering for sustainable development.
Although the 17 SDGs are completely interconnected, we will try to show a perspective in which aquaculture
fits into each of the SDGs with the greatest adherence to aquaculture (FAO, 2017).

Review Methodology was performed searching by keywords on 17 SDG applied aquaculture data using
the Google Scholar and Web of Science databases, through a wide range of related keywords. The surveys
were conducted in English and Portuguese. At the end of the searches in each database, indexed original

articles related with one of the SDG addressed in this manuscript were included, regardless of the date of
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publication. FAO and International Labour Organization (ILO) databases were also used.

Agquaculture and economic and social inequality (SDG 1 and SDG 2)

SDG 1 (end poverty in all forms everywhere) is particularly important in low-middle income countries.
This is because, according to the UN, 10% of the world population live in extreme poverty, and the poverty
rate in rural areas is three times higher than urban areas. Poverty alleviation is linked to zero hunger - SDG 2
(Zero hunger). Increasing aquaculture productivity and sustainable food production are crucial to help
alleviate the dangers of hunger (UN, 2021).

Aguaculture can influence poverty alleviation in two main ways: by increasing income for family
farmers and by generating jobs, specifically for very low income or poor people, by larger scale producers. In
this way, aquaculture offers an effective mechanism to lift out of poverty for those able to enter the sector
(STEVENSON; XAVIER, 2009). So, aquaculture can contribute to the alleviation of poverty and hunger
through the entry of the poorest population in the sector, employment of poor people in aquaculture farms, as
well as in other sectors of the supply chain, poor farmers integrating aquaculture on small farms and the
supply of fish for consumption by the poor population. However, some authors emphasize that the literature
still questions whether and how aquaculture has a satisfactory effect on poverty alleviation (STEVENSON;
XAVIER, 2009; BENE et al., 2016). On the other hand, a study from Tanzania showed that the increase in
fish production with government incentives, provided more opportunities for people to be employed and earn
money, as well as greater availability of animal protein (MOSCHA, 2020). In low-income populations or low-
middle income countries, this can be a real opportunity to reduce hunger and poverty, as long as there are

incentives on the part of governments.

Aquaculture and human rights impacts (SDG 5 and 8): Gender equity and Decent work

SDG 5 refers to achieving gender equality and empowering women and girls. Women are victims of
discrimination, much more than men, and often report finding barriers, prejudice, sexism, and harassment in
the aquaculture labor market (ROSALEM; NAGATA, 2018). Aquaculture is gendered as most farm
production is undertaken by men. Women’s participation varies according to the type and scale of aquaculture
(BRUGERE; WILLIAMS, 2017). However, the empowerment of women and the promotion of gender
equality in all social and economic activities are guarantees for the effective strengthening of economies,
business dynamism, improved quality of life for women, men and children, and sustainable development (UN
WOMEN, 2013). Promoting greater participation of women in aquaculture, with equal wages and
opportunities in the sector, means valuing aquaculture, providing dignity and decent work for working
women. From this gender perspective, it is essential to initiate a process of women's empowerment, through
studies, actions and strategies that seek equality and women's participation in aquaculture (MARQUES et al.,

2018). Women's participation in world aquaculture is mainly based on feeding, harvest and fish and shellfish
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processing. In LAC, women participate mainly in small scale or family productions. They can act as managers
or owners of small domestic companies, ie fish ponds to increase the income and family nutrition (CAVALLI;
MARQUES; WATTERSON, 2020). Women in fishing communities also lack access to credit or to co-
financing systems for running their activities. Access to credit to invest in aquaculture provides possibilities
for production improvements and risk control measures, such as PPE investment.

The low participation of women in worker organizations in aquaculture is a limitation to be considered.
Fishermen's organizations, for example, were traditionally formed by men and access for women has been
slow. This is due not only to the organizations themselves where power and internal dynamics are all too often
the territory of men, but also because women do not recognize they are as capable as men and may not be
motivated to join these organizations (FAO, 2016b; CAVALLI; MARQUES; WATTERSON, 2020).

According to Bosma et al. (2019), many countries have developed Gender Action Plans (GAPs) that
support equal access for both sexes to education, employment and finance. Gender action plans in the
aquaculture value chain are needed to tackle persistent gender biases, especially in countries with strong
patriarchy (BOSMA et al., 2019). Strengthen gender equity in aquaculture to undergo a structural change in
society, in which women have the same rights as men, in salary or in the conditions to be chosen in a job
vacancy, for any activity in the sector. But mainly, in decision-making positions.

Another relevant aspect is the eradication of child labor in all social areas, including aquaculture. Child
labor is closely linked to situations of extreme poverty. In this sense, ILO Conventions 138 and 182 are
relevant to controlling child labour (ILO, 2018). The eradication of child labour is closely related to decent
work (SDG 8), poverty eradication (SDG 1), the reduction of inequalities (SDG 10) and the inclusion of
children in school environments (SDG 4).

FAO and ILO (2013) published a Guide to combat child labor in the fisheries and aquaculture sector,
highlighting decent work and eradication of child labor. The objective was to guide governments,
development partners, fisher's organizations, fishers, workers and employers in the fisheries and aquaculture
sector on child work. The document points out important considerations and measures to effectively address
child labor. It includes an overview of current international legal and regulatory frameworks; requirements for
better information and how to obtain data; practical measures against child labor, based on the strategies
defined by the ILO (prevention, removal, orientation and rehabilitation and protection) (CAVALLI;
MARQUES; WATTERSON, 2020).

In Latin America, 48% of the 12 million working children are engaged in agricultural activities. Child
labor is a response to poverty, the lack of opportunities for the whole family and the need to generate income
for household subsistence. Adding to these problems is the belief by many parents that child labor is a positive
thing (ILO, 2016). This is a major concern and efforts must be combined to ensure the eradication of child
labor. At the Third World Conference on Child Labor, Latin American and Caribbean countries committed
themselves to accelerating the reduction of child labor in the region (CAVALLI; MARQUES;
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WATTERSON, 2020).

Child labor is prohibited in ILO Conventions 138 and 182 as well as in the UN Universal Declaration of
the Rights of the Child. Both conventions were ratified by most Latin American countries. All nations,
researchers and employers must be aligned with these treaties to eradicate all forms of exploitation and child
labor all around the world (CAVALLI; MARQUES; WATTERSON, 2020).

Decent work (SDG 8) is work adequately remunerated, performed in conditions of freedom, equity and
security, capable of guaranteeing a decent life (ILO, 2006). FAO has a decent work program that covers
improvements in working conditions for aquaculture (WATTERSON et al., 2019). ILO programs applied to
aquaculture include the International Program on the Elimination of Child Labor and Forced Labor,
Occupational Safety and Health - Global Action for Prevention and the Better Work program, which has a
'decent work' approach linked to worker empowerment, should be applied to aquaculture (WATTERSON et
al., 2019). Decent work is among the 17 UN Sustainable Development Goals (SDG). SDG 8 aims to promote
inclusive and sustainable economic growth, full and productive employment, and decent work for all.

Aguaculture plays an important role in social development. Besides the direct generation of food and
income, there is the generation of jobs, directly or indirectly. Therefore, decent work and decent pay
contribute to improving the quality of life and reducing poverty. When the worker has a decent wage, this
guarantees dignity, freedom and better conditions for survival and family support (CAVALLI; MARQUES;
WATTERSON, 2019). Decent work means a decent life with the guarantees of a safe workplace. Ensuring
decent work means providing “a fair income, place of work and social protection for families; better prospects
for personal and social development; freedom for people to express their concerns and to participate in
decisions that affect their lives; equal opportunities and treatment for all women and men”. Decent work is a
universal goal, based on fundamental guarantees, which should be aligned with activities in aquaculture as
well (FAO, 2016c), addressed by Goal 8 (Decent work and economic growth) from United Nations. Decent
work also impacts on forms of discrimination against minorities and the use of child labor, both of which are
related to the dignity and freedom of individuals. In this way, promoting a safe working environment is to
ensure the establishment of decent work for aquaculture workers as well (CAVALLI; MARQUES;
WATTERSON, 2020).

Aquaculture and environmentally friendly production (SDG 6 and SDG 12)

Aguaculture under a sustainable and environmentally friendly perspective is approached by SDG 6
(Ensure availability and sustainable management of water and sanitation for all) and SDG 12 (Ensure
sustainable consumption and production patterns). Production technologies in integrated and multitrophic
systems have been improved in order to develop economically, environmentally and socially sustainable
production systems. These technologies include the RAS recirculation system, bioflocs system and aquaponic.

RAS (Recirculation Aquaculture System) is based on a system with low or no water renewal, used only
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to replace losses by evaporation (FERRI; ROCHA; BRAZ FILHO, 2018). In this system, the water of the
culture tanks passes through a biological filter for the action of nitrifying bacteria responsible for the
conversion of ammonia to nitrite and, later, to nitrate, a compound less toxic to animals (FERRI; ROCHA;
BRAZ FILHO, 2018).

The bioflocs system is based on the conversion of nitrogen compounds present in the water, especially
the ammonia excreted by the animals, into bacterial biomass, called bioflocs, by the heterotrophic bacteria of
the environment, functioning as a biofilter (AVNIMELECH, 2007). This occurs in the aquatic environment
due to the maintenance of a high C:N ratio (between 15:1 and 20:1) in the water through the addition of feed
and an additional source of organic carbon, such as molasses and wheat bran (AVNIMELECH, 1999). This
system has been researched and developed worldwide, both for fish and shrimp, and even for both together in
a multitrophic system, with countless environmental and economic advantages, although it depends on
significant knowledge about the system's functioning and intense management. The bioflocs system has been
researched to be used as a multitrophic system, where different species are raised together, optimizing the
system resources, and good results have already been demonstrated in the maintenance of shrimp, which is the
target species, together with mullets, secondary species (HOLANDA et al., 2020; BORGES et al., 2020).

Agquaponic is the interaction between hydroponics and aquaculture (Fig. 1), where one culture benefits
from the byproduct of another, causing the respective ecological gaps of both systems to be converted into
strengths, considerably reducing the need for nutrient inputs and effluent production, as opposed to when the
same systems are executed individually (RAKOCY et al., 2006). Thus, aquaponic promotes the production of
plants in a recirculation system integrated to the production of fish or other aquatic animals, being the plant
culture nourished by the aquaculture effluent and can be produced in an organic way.

The production process of vegetables in an aquaponic system allows two products to be produced
together, and in an environmentally friendly way. This process can be a facilitator of both environmental
licensing and the implementation of the fish farming project, also meeting an increasing demand for healthy
and organic products (ROCHA et al., 2017).

Investment in sustainable production systems for aquaculture is an alternative that should be
encouraged to ensure environmental protection that is also economically viable and socially just. The native
fish species are in the ranking of the most produced fish in Brazil (SAINT-PAUL, 2017). However, tilapia is
the leading fish-farmed species in Brazil representing 57 percent of the total national farming (PEIXEBR,
2020; MARQUES et al. 2020). Boosting the production of native species in the country, Brazilian research
institutes have focused on improving technologies that enable greater production of native fish, such as
matrinxd (GOMES et al.,, 2020), surubim and its hybrids (FANTINI et al., 2020), silver catfish
(BALDISSEROTTO; RADUNZ-NETO, 2004; MARTINELLI et al, 2013; POLI; SCHVEITZER; NUNER,
2015; ROCHA et al., 2017, tambacu (REIS NETO et al., 2020; CARDOSO et al., 2020), pacu (REIS NETO
et al., 2020), curimatd (ALMEIDA et al., 2015), mullet (BORGES et al., 2020; HOLANDA et al., 2020;
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ROCHA et al., 2012), pink shrimp (WASIELESKY Jr. et al., 2018), among others. The development of
technologies for the creation of native species is a path that may be more appropriate to local ecosystems, as
well as with the objective of serving local markets (SAINT-PAUL, 2017).

I

Fig. 1. Image of an experimental aquaponic system at the DDPA/SEAPDR North Coast Research Center in

Maquiné, RS, Brazil. Photo: Courtesy of AFR.

Regarding sustainable consumption in agquaculture, many aspects must be taken into account, such as
the species produced, the production systems, applied technology, purpose, aquafeeds, inputs, etc. The
increase in aquaculture yield, as well as intensive systems, has reached a peak in demand for essential
ingredients used in aquafeeds, especially fish meal and fish oil (SHEPHERD; JACKSON, 2013). However,
many efforts have been made in an attempt to replace fish meal and fish oil from fish caught in aquafeeds.

Studies have already shown, for example, that it is possible to reduce the catch of wild fish by up to
30% by replacing it with marine microalgae products (BEAL et al., 2018). An example of replacing fish meal
and fish oil is the use of the microalgae Spirulina and linseed oil, up to 50%, in mullet (Mugil liza) juveniles
diet (ROSAS et al., 2019).

Soybean products, like bioprocessed soybean meal (VOORHEES et al., 2019) and fermented soybean
meal (CHOI et al., 2020), can replace at least 80% and 40% of the fish meal in rainbow trout (Oncorhynchus
mykiss) diets, respectively. It was also verified the possibility of replacing fish meal with fermented soybean
meal up to 40% for Japanese sea bass (Lateolabrax japonicus) (RAHIMNEJAD et al., 2019) and up to 20%
for juvenile white shrimp (Litopenaeus vannamei) (SHAO et al., 2019). In addition to soybean flour, other

sources of fish meal replacement have been tested, such as mealworm (IDO et al., 2019) and fly larvae meal
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(LI et al., 2020), which can replace 100% of fishmeal in diet for red seabream (Pargus major) and for Atlantic
salmon (Salmo salar), respectively.

As explained, many other sources of protein and oil are being researched for aquafeeds production,
expending efforts in the search for alternative ingredients to fish by-products, in an attempt to reduce the

fishing pressure and promote more sustainable aquaculture.

Aquaculture and Ocean protection and climate change (SDG 13 and SDG 14)

Enhanced sustainable production (ESP) in aquaculture resources is a goal that is included in several
international agreements, for example Rome Declaration of the Second International Conference on Nutrition
(ICN2), the United Nations Framework Convention on Climate Change (COP21) and in the 2030 Agenda for
Sustainable Development (FAO, 2016). The COP21 emphasizes the importance of oceans and aquatic
ecosystems for the regulation of temperature and carbon sequestration, and highlights the need to combat
pollution, overexploitation and restore productivity and ecosystem services (FAO, 2017b). This is particularly
important from the perspective of SDG 13: (Take urgent action to combat climate change and its impacts) and
SDG 14 (Conserve and sustainably use the oceans, seas and marine resources for sustainable development).

Duarte et al. (2017) present the important role of seaweed farms, such as potential CO2 mitigation.
Seaweed aquaculture contributes to climate change adaptation by damping wave energy and protecting
shorelines, and by elevating pH and supplying oxygen to the waters, thereby locally reducing the effects of
ocean acidification and de-oxygenation.

Stentiford et al. (2020) report some success metrics for aquaculture ESP, regarding the environment,
through the One Health perspective, including optimal water usage and quality, protected biodiversity and
natural capital, low-energy production and a low spatial footprint. Therefore, to achieve these goals it will be
necessary to use water resources efficiently, avoiding the factors that may adversely impact the environment,
minimizing negative impact of aquaculture on natural biodiversity and designing aquaculture systems to be
energy efficient.

Depending on how it is structured, aquaculture can be beneficial for biological and ocean conservation.
The concept of conservation aquaculture (CA) supports this understanding. In this way, it highlights the ways
in which aquaculture has historically, and is currently being integrated into conservation (for example,
restoration of oyster bed habitats) and areas that could be improved for the protection of critical species and
habitats, for example, trade in coral reefs in aquariums (FROEHLICH; GENTRY; HALPERN, 2017).
According to these authors, conservation aquaculture is not a hypothetical idea. Almost all possible ways of
aquaculture can be used to improve the status and condition of species and ecosystems are already in place
somewhere on the planet, usually at the local level, but occasionally on larger scales. Calling attention to such
approaches helps to highlight the potential of aquaculture to assist conservation, guide how to scale practices

appropriately and, finally, offer conservationists a new tool. Evidently, sustainable and eco-friendly

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.




o~
Cavalli et al. PESQUISA AGROPECUARIA GAUCHA ()
_——— ———— &

aquaculture has become one of the most promising ways to increase the production of marine fish in the
future, as the capture of wild fish expands the limits of renewable production (NAYLOR; BURKE, 2005).

Agquaculture and life on land (SDG 15)

It is consensus that all decisions related to any phase or link in the aquaculture chain will have more or
less impact on the environment, and the choice of farmed species must take into account that their production
must cause minimal impact on the farm as well as the environment. This runs through the diet, production
system, health and environmental issues, among others.

This is related with target 15.8: by 2020 introduce measures to prevent the introduction and
significantly reduce the impact of invasive alien species on land and water ecosystems, and control or
eradicate the priority species. Currently, about 10% of fish biomass caught from wild-capture fisheries is used
to feed high value, and often carnivorous, species (FAO, 2018). Aquafeeds are still dependent on fish meal
and fish oil from forage fish caught in the wild, what is already becoming unsustainable. In this way, the
aquaculture industry needs to develop programs for plant-based diets or from other sources of protein,
ensuring genetic gain and productivity (HUA et al., 2019).

Additionally, there is a need for an increase in research aimed at developing technological packages for
the production of native fish. However, this is a concern of the main aquaculture research institutions in

Brazil, which have already been developing studies with native species, as previously described.

Aquaculture under One Health perspective

The One Health approach has been recognized as an important element of disease control and
prevention strategies by agencies including the Food and Agriculture Organization of the United Nations
(FAO), the World Organization for Animal Health (OIE) and the World Health Organization (WHO)
(RABINOWITZ et al., 2013; CAVALLI; BRITO; BRITO, 2015). It is a practical and innovative approach to
global health challenges that recognizes the interconnections between humans, animals and their shared
environment also with the economic, cultural and physical factors that influence health (CONRAD; MEEK;
DUMIT, 2013).

The concept of One Health applied to aquaculture includes many aspects involving animal, human and
environmental health, politics, economics and social developments. This approach seeks to ensure a healthy
system of aquaculture in which production includes environmentally friendly practices, good farming
practices, and human and food health and safety (CAVALLI; BRITO; BRITO, 2015). Healthy animal
production systems converge with efforts to reduce the risk of disease outbreaks through the implementation
of agricultural and development policies that improve food security (LUBROTH, 2013) as well as human
health. As Stentiford et al. (2020), we underscore the importance of increasing aquaculture production through

the One Health perspective, which will define a set of successful metrics - underpinned by evidence, policy
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and legislation - that must be incorporated into aquaculture sustainability.

Actions and challenges for aquaculture development

Investment and development actions are needed to support aquaculture, especially in developing
countries. From family farmers to large-scale aquaculture they need structuring and incentives to strengthen
and organize the production chain. Support for sustainable aquaculture should be prioritized, with generation
and implementation of environmentally friendly production units. Investment in sustainable production
systems for aquaculture is an alternative that should be encouraged to ensure environmental protection that is
also economically viable and socially just (MARQUES et al., 2020).

Research then plays a key role in generating knowledge applied to aquaculture. Support for aquaculture
research should be among the public policies for the sector. Research support is based on specific calls for
proposals for aquaculture, opening of undergraduate and graduate programs for training of qualified human
resources and intellectual capital focused on the production chain and generation of products, processes and
services, as well as innovations and application of knowledge and new technologies directed to this field.

The strengthening of the supply chain also involves the organization of associations, unions, integrative
networks for technology transfer and discussion, reference units for training and transfer of production
technologies. The qualification of fish farmers and workers is an important step in the modernization and
training of the aquaculture chain. These qualifications should include sustainable management and production
techniques as well as animal health and occupational health. Regarding animal health, it is necessary to ensure
health protection and diagnostic methods with trained and qualified personnel in aquatic animal health
production (OLIVEIRA et al., 2015).

The challenges regarding aquaculture range from demands related to sustainability, licensing
requirements for production, aquatic animal health, occupational health and safety, economic challenges
related to increased investment and the application and effectiveness of certification schemes. Certifications
are expensive and time consuming, requiring a high financial investment from the producer (MARQUES et
al., 2020). However, incentives should be proposed in this regard, including public policies created
specifically for the sector to promote differentiated aquaculture. Regarding fish production, possible solutions
to reduce potential environmental conflicts include the use of native or sterile species; monitoring of rearing
and adoption of measures to control and prevent fish escape (ZANIBONI-FILHO; PEDRON; RIBOLLI,
2018; MARQUES et al., 2020).

A better world requires better practices for aquaculture, taking into consideration so many issues
involved, such as environmental, health and labor issues, in order to ensure that the activity is economically

viable but guaranteeing the preservation of the environment as well as the health of all.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.




=~

g Cavallietal. PESQUISA AGROPECUARIA GAUCHA {2\
_— &

Conflict of interests

The authors declare that the research was conducted in the absence of any potential conflicts of interest.

Ethical statements

The authors confirm that the ethical guidelines adopted by the journal were followed by this work, and
all authors agree with the submission, content and transfer of the publication rights of the article to the journal.
They also declare that the work has not been previously published nor is it being considered for publication in
another journal.

The authors assume full responsibility for the originality of the article, and may incur on them, any

charges arising from claims, by third parties, in relation to the authorship of the article.

Open access

This is an open access article. The reproduction of the articles of the Journal in other electronic media
of free use is allowed in accordance with the license Creative Commons Atribuicdo-NdoComercial-
Compartilhalgual 4.0 Internacional (CC BY-NC-SA 4.0).

ORCID

Lissandra Souto Cavalli " https://orcid.org/0000-0001-8531-7362
Andréa Ferretto da Rocha “* https://orcid.org/0000-0002-0445-1277
Benito Guimarées de Brito"= https://orcid.org/0000-0001-7815-5166

Kelly Cristina Tagliari de Brito"*" https://orcid.org/0000-0002-0429-8276
Marco Aurélio Rotta "= https://orcid.org/0000-0002-5026-3306

References
ALMEIDA, E.O. et al. Polyculture of curimata pacu and freshwater prawn. Boletim do Instituto da Pesca, v.
41,n. 2, p.271-278, 2015.

AVNIMELECH, Y. Carbon/nitrogen ratio as a control element in aquaculture systems. Aquaculture, v. 176,
p. 227-235, 1999.

AVNIMELECH, Y. Feeding with microbial flocs by tilapia in minimal discharge bio-flocs technology ponds.
Aquaculture, v. 264, p. 140-147, 2007.

BALDISSEROTTO, B.; RADUNZ-NETO, J. Criagdo de jundia. Ed. UFSM, Santa Maria, RS. 390 p, 2004.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.



http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://orcid.org/0000-0001-8531-7362
https://orcid.org/0000-0001-8531-7362
https://orcid.org/0000-0002-0445-1277
https://orcid.org/0000-0002-0445-1277
https://orcid.org/0000-0001-7815-5166
https://orcid.org/0000-0001-7815-5166
https://orcid.org/0000-0002-0429-8276
https://orcid.org/0000-0002-0429-8276
https://orcid.org/0000-0002-5026-3306
https://orcid.org/0000-0002-5026-3306

—

Cavalli et al. PESQUISA AGROPECUARIA GAUCHA {2\
_— &

BEAL, C. M. et al. Marine microalgae commercial production improves sustainability of global fisheries and
aquaculture. Scientific Reports, v. 8, 15064, 2018. https://doi.org/10.1038/s41598-018-33504-w.

BENE, C. et al. Contribution of Fisheries and Aquaculture to Food Security and Poverty Reduction:
Assessing the Current Evidence. World Development, v. 79, p. 177-196, 2016. Doi:
https://doi.org/10.1016/j.worlddev.2015.11.007.

BORGES, B. A. A. et al. Integrated culture of white shrimp Litopenaeus vannamei and mullet Mugil liza on
biofloc technology: Zootechnical performance, sludge generation, and Vibrio spp. Reduction. Aquaculture, v.
524, p. 735234, 2020.

BOSMA, R. H. et al. Gender action plans in the aquaculture value chain: what‘s missing?. Reviews in
Aquaculture, v. 11, n. 4, p. 1297-1307, 2019. Doi https://doi.org/10.1111/raq.12293.

BRUGERE, C. and WILLIAMS, M. Women in aquaculture profile. 2017. Available at:
https://genderaquafish.org/portfolio/women-in-aquaculture/. Accessed May 2021.

CARDOSO, A. P. et al. Cultivo de alface (Lactuca sativa L. var. “crespa palmas”) em aquaponia com
bioflocos e hidroponia. Anais... IX SICIT. 2020.

CAVALLI, L. S;; BRITO, K. C.; BRITO, B. G. One Health, One Aquaculture — Aquaculture under One
Health Umbrella. Journal of Marine Biology and Aquaculture, v. 1, p. 1-2, 2015.

CAVALLI, L. S.;; MARQUES, F. B.; WATTERSON, A. Aquaculture occupational safety and health in
Brazil. Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources, v. 14, p. 1-9,
2019.

CAVALLI, L. S.; MARQUES, F. B.; WATTERSON, A. Latin America and Caribbean Profile on
Aquaculture Occupational Safety and Health. 1. ed. Columbia, SC: Amazon, 2020. ISBN 9781657217089.

CHOI, D. G. et al. Replacement of fish meal with two fermented soybean meals in diets for rainbow trout
(Oncorhynchus mykiss). Aquaculture Nutrition, 2020. DOI: https://doi.org/10.1111/anu.12965.

CONRAD, P. A;; MEEK, L. A;; DUMIT, J. Operationalizing a One Health approach to global health

challenges. Comparative Immunology, Microbiology and Infectious Diseases, v. 36, n. 3, 211-216, 2013.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.



https://doi.org/10.1038/s41598-018-33504-w
https://doi.org/10.1016/j.worlddev.2015.11.007
https://doi.org/10.1111/raq.12293
https://genderaquafish.org/portfolio/women-in-aquaculture/
https://doi.org/10.1111/anu.12965

=~

Cavalli et al. PESQUISA AGROPECUARIA GAUCHA {2\
_— &

DUARTE, C. M. et al. 2017. Can Seaweed Farming Play a Role in Climate Change Mitigation and
Adaptation? Frontiers of Marine Science, 4:100. Doi: https://doi.org/10.3389/fmars.2017.00100.

FANTINI, L. E. et al. Evaluating resting time before slaughter on surubim fillet quality. Global
Aquaculture Alliance, 2020. Available at: https://www.aquaculturealliance.org/advocate/topic/surubim/.
Acessed 10 Jan 2021.

FAO [Food and Agriculture Organization of the United Nations]. The State of World Fisheries and
Aquaculture — Opportunities and Challenges, 2014.

FAO [Agriculture Organization of the United Nations]. Fishery and Aquaculture Statistics Yearbook.
2016. (Food and Agriculture Organization of the UN, 2016).

FAO [Agriculture Organization of the United Nations]. En rol de la Mujer en la Pesca y la Acuicultura en
Chile, Colombia, Paraguay y Pera. 38pp. 2016b (Food and Agriculture Organization of the UN, 2016).

FAO [Agriculture Organization of the United Nations]. El estado mundial de la pesca y la acuicultura
2016. Contribucion a la seguridad alimentaria y la nutricion para todos. Roma. 224 pp. 2016c.

FAO [Agriculture Organization of the United Nations]. Aquaculture, the Sustainable Development Goals
(SDGS)/AGENDA 2030 and FAO’S common vision for sustainable food and agriculture. 2017.
Available at: http://www.fao.org/cofi/30794-011acfda6d140b8ede06f0b184c8e5fd4.pdf. Acessed 10 Jan
2020.

FAO [Agriculture Organization of the United Nations]. The 2030 Agenda and the Sustainable
Development Goals: The challenge for aguaculture development and management. 2017b. Available at:
http://www.fao.org/cofi/38663-0a3e5c407f3fb23a0e1a3a4fa62d7420c.pdf (FAO 2017b). Acessed 10 Jan
2020.

FAO [Agriculture Organization of the United Nations]. The state of world fisheries and aquaculture

2018—Meeting the sustainable development goals. 2018.

FAO and ILO. 2013. Guia para hacer frente al trabajo infantil en la pesca y la acuicultura. 101pp.
Available at: http://www.fao.org/docrep/019/i3318s/i3318s.pdf. Accessed Jan 2020.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.



https://doi.org/10.3389/fmars.2017.00100
https://www.aquaculturealliance.org/advocate/topic/surubim/
http://www.fao.org/cofi/30794-011acfda6d140b8ede06f0b184c8e5fd4.pdf
http://www.fao.org/cofi/38663-0a3e5c407f3fb23a0e1a3a4fa62d7420c.pdf
http://www.fao.org/docrep/019/i3318s/i3318s.pdf.

=~

g Cavallietal. PESQUISA AGROPECUARIA GAUCHA {2\
_— &

FERRI, L. S.; ROCHA, W. S.; BRAZ FILHO, M. S. P. Tendéncias e tecnologias sustentaveis na aquicultura:
recirculacdo, aquaponia e bioflocos. Incaper em Revista, v.9, p. 66-78, 2018.

FROEHLICH, H. E.; GENTRY, R. R.; HALPERN, B. S. Conservation aquaculture: Shifting the narrative and
paradigm of aquaculture's role in resource management. Biological Conservation, v. 215, p. 162-168, 2017.

GOMES, L. C. et al. Effect of stocking density on water quality, survival, and growth of larvae of the
matrinxd, Brycon cephalus (Characidae), in ponds. Aquaculture, v. 183, n. 1, p. 73-81, 2020.

HOLANDA, M. et al. Evidence of total suspended solids control by Mugil liza reared in an integrated system
with pacific white shrimp Litopenaeus vannamei using biofloc technology. Aquaculture Reports, v. 18,
P.100479, 2020.

HUA, K. et al. The Future of Aquatic Protein: Implications for Protein Sources in Aquaculture Diets. One
Earth, v. 1, 2019.

IDO, A. et al. Replacement of fish meal by defatted yellow mealworm (Tenebrio molitor) larvae in diet
improves growth performance and disease resistance in red seabream (Pargus major). Animals, v. 9, n. 3, p.
100, 20109.

ILO. Agenda Nacional de Trabalho Decente. 19pp, 2006. Available at:

http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---ilo-brasilia/documents/publication/ wcms

226229.pdf. Accessed 10 Jan 2021.

ILO. Thematic Labour Overview 3: Working in Rural Areas in the 21st Century. Reality and Prospects
of Rural Employment in Latin America and the Caribbean (Revised version). Lima: ILO / Regional
Office for Latin America and the Caribbean, 96pp. 2016.

ILO. International Labor Organization. 2018. Available from: URL: http://www.ilo.org/global/lang--
en/index.htm. Accessed 10 Jan 2021.

LI, Y. et al. Total replacement of fish meal with black soldier fly (Hermetia illucens) larvae meal does not

compromise the gut health of Atlantic salmon (Salmo salar). Aquaculture, v. 520, p. 734967, 2020.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.



http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---ilo-brasilia/documents/publication/%20wcms_%20226229.pdf
http://www.ilo.org/wcmsp5/groups/public/---americas/---ro-lima/---ilo-brasilia/documents/publication/%20wcms_%20226229.pdf
http://www.ilo.org/global/lang--en/index.htm
http://www.ilo.org/global/lang--en/index.htm

=~

Cavalli et al. PESQUISA AGROPECUARIA GAUCHA ()
pyy Covallietal.  PESQUISA AGROPECUARIA GAUCHA a

LUBROTH, J. FAO and the One Health Approach. Current topics in microbiology and immunology, v.
366, p. 65-72, 2013.

MARQUES, F. B. et al. The women’s blue revolution - Gender equality in Aquaculture. Pesquisa
Agropecuaria Gaulcha, v. 24, n. 1/2, p. 32-36, 2018.

MARQUES, F. B. et al. Overview of Brazilian aquaculture production. Aquaculture Research, v. 00, p. 1-8,
2020. Doi: https://doi.org/10.1111/are.14828.

MARTINELLI, S. G. et al. Densidade de estocagem e frequéncia alimentar no cultivo de jundia em
tanques-rede. Pesquisa Agropecuaria Brasileira, v. 48, n. 8, p. 871-877, 2013. Doi:
https://doi.org/10.1590/S0100-204X2013000800009.

MOSCHA, S. S. A Review of Aquaculture Production in Tanzania; Recent Status, Challenges and
Opportunities, and Its Impact in Poverty Alleviation. Sumerianz Journal of Agriculture and Veterinary, v.
3,n. 8, p.107-115, 2020.

NAYLOR, R.; BURKE, M. AQUACULTURE AND OCEAN RESOURCES: Raising Tigers of the Sea.
Annual Review of Environment and Resources, v. 30, p. 185-218, 2005. Doi:
https://doi.org/10.1146/annurev.energy.30.081804.121034.

OLIVEIRA, P. K. et al. Desafios para carcinicultura no Sul do Brasil. Revista da ABCC, v. 17,n. 2, p. 58,
2015.

PEIXEBR [ASSOCIA(;AO BRASILEIRA DA PISCICULTURA]. Anuéario PEIXEBR. da Piscicultura
2020. 2020. Available from: https://peixebr.com.br/anuario-2020. Accessed 10 Jan 2021.

POLI, M. A.; SCHVEITZER, R.; NUNER, A. P. O. The use of biofloc technology in a South American
catfish (Rhamdia quelen) hatchery: Effect of suspended solids in the performance of larvae. Aquacultural
Engineering, v. 66, p. 17-21, 2015.

RABINOWITZ, P. M. et al. Toward Proof of Concept of a One Health Approach to Disease Prediction and
Control. Emergent Infectious Disease, v. 19, n. 12, p. 130265, 2013.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.



https://doi.org/10.1111/are.14828
https://doi.org/10.1590/S0100-204X2013000800009
https://doi.org/10.1146/annurev.energy.30.081804.121034
https://peixebr.com.br/anuario-2020

=~

Cavalli et al. PESQUISA AGROPECUARIA GAUCHA ()
prg Covallietal. PESQUISA AGROPECUARIA GAUCHA a

RAHIMNEJAD, S. et al. Replacement of fish meal with Bacillus pumillus SE5 and Pseudozyma aphidis ZR1
fermented soybean meal in diets for Japanese seabass (Lateolabrax japonicus). Fish & Shellfish
Immunology, v. 84, p. 987-997, 2019.

REIS NETO, R. V. et al. Performance of tambacu hybrid (&Piaractus mesopotamicus x 9Colossoma
macropomum) and its parental pacu (Piaractus mesopotamicus) evaluated in cages under different feeding

programmes. Aquaculture Reports, v. 17, p. 100355, 2020.

ROSALEM, V.; NAGATA, M. Lugar de mulher é na Aquicultura! Panorama da Aquicultura, vol.28, p.50-
57, 2018.

ROSAS, V. T. et al. Fish oil and meal replacement in mullet (Mugil liza) diet with Spirulina (Arthrospira
platensis) and linseed oil. Comparative Biochemistry and Physiology Part C: Toxicology &
Pharmacology, v. 218, p. 46-54, 2019.

RAKOCY, J. E. et al. Recirculating aquaculture tank production systems: aquaponics— integrating fish and
plant culture. Southern Regional Aquaculture Center Publication, v. 454, p. 1-16, 2006.

ROCHA, A. F. et al. Lettuce production in aquaponic and biofloc systems with silver catfish Rhamdia quelen.
Boletim do Instituto de Pesca, v. 44, p. 64-73, 2017.

ROCHA, A. F. et al. Formacéo de bioflocos na criagdo de juvenis de tainha Mugil cf. hospes sem renovacéo
de &gua. Atlantica, v. 34, n. 1, p. 63-74, 2012.

SAINT-PAUL, U. Native fish species boosting Brazilian’s aquaculture development. Acta Fish. Acta of
Fisheries and Aquatic Resources, v. 5, n. 1, p. 1-9, 2017. Doi: https://doi.org/10.2312/ActaFish.2017.5.1.1-
9.

SHAOQ, J. et al. Partial replacement of fishmeal by fermented soybean meal in diets for juvenile white shrimp
(Litopenaeus vannamei). Aquaculture Nutrition, 25(1), 145-153, 2019.

SHEPHERD, C. J.; JACKSON, A. J. Global fishmeal and fish-oil supply: inputs, outputs and markets.
Journal of Fish Biology, v. 83, p.1046-1066, 2013. Doi: https://doi.org/10.1111/jfb.12224.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.



https://doi.org/10.2312/ActaFish.2017.5.1.1-9
https://doi.org/10.2312/ActaFish.2017.5.1.1-9
https://doi.org/10.1111/jfb.12224

=~

Cavalli et al. PESQUISA AGROPECUARIA GAUCHA {2\
_— &

STENTIFORD, G. D. et al. Sustainable aquaculture through the One Health lens. Nature Food, v. 1, p. 468—
474, 2020. Doi: https://doi.org/10.1038/s43016-020-0127-5.

STEVENSON, J. R.; XAVIER, I. Is aquaculture development an effective tool for poverty alleviation? A
review of theory and evidence. Cahiers Agricultures, vol. 18, n. 2-3, p. 292-299, 2009. Doi:
https://doi.org/10.1684/agr.2009.0286.

TACON, A. G. Trends in global aquaculture and aquafeed production: 2000-2017. Reviews in Fisheries
Science and Aquaculture, v. 28, p. 43-56, 2020.

UN Women. United Nations Entity for Gender Equality and the Empowerment of Women.
ANNUALREPORT 2012-2013, 32p. 2013. Awvailable at: http://www.unwomen.org/en/digital-
library/publications/2013/6/annual-report-2012-2013. Accessed Dec 2020.

UN [United Nations]. Goal 1: End poverty in all its forms everywhere. 2021. Available at:
https://www.un.org/sustainabledevelopment/poverty/. Accessed 10 Jan 2021.

VOORHEES, J. M. et al. Bioprocessed soybean meal replacement of fish meal in rainbow trout
(Oncorhynchus ~ mykiss)  diets, Cogent Food &  Agriculture, 5:1, 2019. Doi:
https://doi.org/10.1080/23311932.2019.1579482.

WASIELESKY Jr., W. et al. Preliminary study of the pink shrimp Farfantepenaeus paulensis in pen
enclosures in Patos Lagoon Estuary. Boletim do Instituto de Pesca, v. 30, n. 1, p. 63-70, 2018.

WATTERSON, A. et al. The neglected millions: the global state of aquaculture workers' occupational safety,
health and well-being. Occupational and Environmental Medicine, 77(1):15-18, 2019.

ZANIBONI-FILHO, E.; PEDRON, J. S.; RIBOLLI, J. Oportunidades e desafios para a piscicultura em

reservatorios brasileiros: uma revisdo. Acta Limnologica Brasiliensia, v. 30, €302, 2018.

PESQ. AGROP. GAUCHA, V.27, N.1, P. 110-126, 2021.
ISSN: 0104-907. ISSN ONLINE: 2595-7686.
Recebido em 20 mar. 2021. Aceito em 17 jun. 2021.



https://doi.org/10.1038/s43016-020-0127-5
https://doi.org/10.1684/agr.2009.0286
http://www.unwomen.org/en/digital-library/publications/2013/6/annual-report-2012-2013
http://www.unwomen.org/en/digital-library/publications/2013/6/annual-report-2012-2013
https://www.un.org/sustainabledevelopment/poverty/
https://doi.org/10.1080/23311932.2019.1579482

