Analysing Consequences of Aquaculture in
Coastal Water Bodies of Ba Ria — Vung Tau,
Vietnam on Sustainable Development Goals for
Environmental Management

ABSTRACT

Aquaculture is vital for global food security and economic growth, particularly in coastal
regions like Ba Ria — Vung Tau, Vietnam. This province has seen significant aquaculture
growth, with production rising from 10,687 tons in 2010 to 20,486 tons in 2022. Key species
farmed include brackish water shrimp, marine finfish, and mollusks, using methods such as
cage culture, pond farming, and Integrated Multi-Trophic Aquaculture (IMTA). However,
aquaculture poses environmental challenges, including conflicts over coastal space, waste
management, and habitat degradation. Species like oysters and mussels help improve water
quality and support balanced ecosystems, while marine finfish farming can cause nutrient
overload and eutrophication. Sustainable practices like IMTA, waste management, and
sustainable feed use are essential to mitigate these impacts. Aligning aquaculture with
Sustainable Development Goals (SDGs), especially SDG 14 (Life Below Water), SDG 12
(Responsible Consumption and Production), and SDG 13 (Climate Action), is crucial for
sustainable coastal management. This requires robust regulations, multi-stakeholder
collaboration, and the integration of scientific research into policy. By ensuring aquaculture
practices support SDGs, Ba Ria — Vung Tau can enhance environmental stewardship,
economic resilience, and the sustainable coexistence of human activities with marine
ecosystems.
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1. INTRODUCTION

In recent decades, aquaculture has emerged as a vital component of global food security
and economic development, particularly in regions endowed with abundant coastal
resources[1;2,3]. Ba Ria — Vung Tau, a province nestled along the southeastern coast of
Vietnam, stands as a prime example of such a region, where aquaculture plays a pivotal role
in the:.local economy and livelihoods of coastal communities [4]. However, alongside its
economic benefits, aquaculture brings forth a myriad of environmental implications [5] that
warrant careful consideration and management to ensure the sustainable development of
coastal ecosystems [4].

This discussion aims to delve into the consequences of aquaculture activities in the coastal
waters of Ba Ria — Vung Tau, examining their intricate interplay with the Sustainable
Development Goals (SDGs) for environmental management. As nations worldwide strive to
achieve the SDGs set forth by the United Nations [6], understanding the implications of
aquaculture on these goals becomes imperative, particularly in regions where its impact is
pronounced.




Throughout this discourse, we will navigate through the complexities of aquaculture in Ba
Ria — Vung Tau, scrutinizing its effects on marine biodiversity, water quality, coastal
ecosystems, and the broader socio-economic fabric of the region. By contextualizing these
impacts within the framework of the SDGs, we seek to elucidate both the challenges and
opportunities that arise at the nexus of aquaculture and sustainable development.

Moreover, this discussion aspires to foster dialogue among policymakers, researchers,
industry stakeholders, and local communities, aiming to chart a path toward more
sustainable aquaculture practices in Ba Ria — Vung Tau. By synthesizing diverse
perspectives and harnessing collective expertise, we endeavor to identify actionable
strategies and policy interventions that align with the principles of environmental:stewardship
and inclusive development.

This paper is emphasized the importance of adopting a holistic approach to aquaculture
management that prioritizes environmental sustainability, social .equity, and economic
resilience. By critically examining the consequences of aquaculture in coastal waters of Ba
Ria — Vung Tau through the lens of the SDGs, we aspire to“pave the way for a more
harmonious coexistence between human activities and jmarine ecosystems, thereby
advancing the cause of sustainable development in the region.and beyond [2,7,8].

2. BACKGROUND OF AQUACULTURE vs. SDG

Aquaculture's contribution to achieving the SDGs is a complex and multifaceted subject,
dependent on various species, systems, and contexts-in which it operates [7]. It is not merely
about cultivating fish and seafood but about understanding the intricate relationships that link
aquaculture to value chains, product markets, national economies, and socio-economic
structures. Governance also plays a pivotal.role in determining how aquaculture can be
harnessed to meet global development objectives. To fully grasp the potential of aquaculture
in contributing to the SDGs (Fig:i1), it is-necessary to unpack its diverse functions and the
values it generates across different spatial and temporal scales.

One of the most pressing challenges facing the world today is how to sustainably feed a
growing population. The United. Nations projects that the global population will reach 9.8
billion by 2050 [9], which, will place enormous pressure on the planet's resources.
Aquaculture, the farming of ‘aquatic organisms such as fish, crustaceans, mollusks, and
aquatic plants; presents a promising solution to this challenge [1]. By providing a reliable
source of high-quality. protein, aquaculture can play a significant role in addressing SDG 2:
Zero Hunger.. This goal aims to end hunger, achieve food security, improve nutrition, and
promote sustainable agriculture. Aguaculture's ability to produce large quantities of nutritious
food in.a relatively small area makes it a key player in global efforts to combat hunger and
malnutrition.

The sustainable production of fish and seafood is particularly important in the context of
global food security. Fish is one of the most nutrient-rich foods available, providing essential
omega-3 fatty acids, high-quality protein, vitamins, and minerals [10]. These nutrients are
crucial for human health, particularly in developing countries where diets may be deficient in
essential nutrients. By increasing the availability and accessibility of fish and seafood,
aquaculture can help improve nutrition and reduce the prevalence of malnutrition and related
health issues [11]. This directly supports SDG 3: Good Health and Well-being, which seeks
to ensure healthy lives and promote well-being for all at all ages.



AQUACULTURE AND THE SDGs
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Figure 1: Aquaculture's main-contributions to the Sustainable Development Goals [7].

developmentand development of various
partnership (local to global) (SDGs 7, 9, 11 and 17)

However, aquaculture's contribution to the SDGs is not uniform and varies depending on the
species being farmed;i the systems used, and the socio-economic and environmental
contexts in which it_operates [12,13]. The farming of certain species, such as carnivorous
fish, may require large amounts of feed, often derived from wild fish stocks, which can have
negative environmental impacts and reduce the overall sustainability of the system [14]. In
contrast, farming herbivorous or omnivorous species, or those that require little to no
external feed inputs, such as bivalves and seaweed, can be more sustainable and have a
lower environmental footprint [15,16,17].

The systems, used in aquaculture also play a critical role in determining its sustainability and
contribution to the SDGs [18]. Traditional open-water systems, such as net pens and cages,
can be._-associated with environmental challenges, including water pollution, habitat
degradation, and the spread of diseases to wild fish populations. On the other hand, more
advanced systems, such as recirculating aquaculture systems (RAS), integrated multi-
trophic aquaculture (IMTA), and land-based aquaculture, offer greater control over
environmental impacts and can be more sustainable in the long run [19]. These systems
allow for better waste management, reduced water usage, and the potential for more
efficient resource use, making them more aligned with the principles of sustainable
development.

The context in which aquaculture operates is also crucial in determining its contribution to
the SDGs. In developing countries, where food insecurity and poverty are more prevalent,



aquaculture can play a transformative role in improving livelihoods and promoting economic
development [20]. Small-scale aquaculture operations, in particular, can provide income and
employment opportunities for rural communities, contributing to poverty reduction and social
equity [21]. These operations often involve family-based farming practices, which can
empower women and other marginalized groups by providing them with economic
opportunities and greater control over household resources [22]. This supports several
SDGs, including SDG 1: No Poverty, SDG 5: Gender Equality, and SDG 8: Decent Work and
Economic Growth.

In contrast, large-scale commercial aquaculture operations, while contributing to national
economies and global food production, may not always deliver the same social benefits
[1,23]. In some cases, these operations can lead to the displacement of local communities,
loss of traditional livelihoods, and environmental degradation [7,24]. Therefore, it is essential
to consider the social and environmental context in which aquaculture operates.to ensure
that its benefits are equitably distributed and that it contributes to sustainable development in
a holistic manner.

The value chains associated with aquaculture also play a significant role in- determining its
contribution to the SDGs [25,26]. Value chains encompass thewentire process from
production to processing, distribution, and consumption of aquaculture products. A well-
functioning value chain can ensure that aquaculture; products reach a broad market,
providing income and employment opportunities along the way [27]. However, value chains
can also be complex and may involve multiple stakeholders, each with different interests and
levels of power [26,28]. Ensuring that value chains are inclusive and benefit small-scale
producers and vulnerable groups is essential for maximizing aquaculture's contribution to the
SDGs.

Product markets, whether targeting exports or domestic consumption, significantly impact
aquaculture's role in sustainable development. In many developing nations, a large share of
aquaculture production is aimedsat export markets, generating valuable foreign exchange
and boosting national economic growth. However, this reliance on exports can expose
producers to global market fluctuations, threatening local food security and economic
stability. Conversely, fostering robust domestic markets can distribute the benefits of
aquaculture more widely, (enhancing local food security and nutrition [7,13,29,30].
Governments play-a crucial role in this process through policies, regulations, and
investments that promote sustainable practices and equitable distribution of benefits [31].

Socioeconomic structures and the fabric of society also influence aquaculture's contribution
to the SDGs. In.societies with high levels of inequality, wealth, resources, and power are
often concentrated in the hands of a small, privileged group, while the majority of the
population-has limited access to these benefits. When aquaculture is introduced in such a
context, theiyeconomic gains, such as profits from fish or shrimp farming, may primarily
benefit those who already have the capital, land, or connections to invest in and control the
industry;[32,33]. Ensuring that aquaculture development is inclusive and benefits all
members of society is essential for achieving the SDGs [7]. This requires a focus on social
equity, gender equality, and the empowerment of marginalized groups, as well as efforts to
reduce poverty and promote decent work and economic growth.

Aquaculture has the potential to make significant contributions to the SDGs, particularly SDG
2: Zero Hunger and SDG 3: Good Health and Well-being [7,34]. However, realizing this
potential requires a nuanced understanding of the diverse functions and values generated by
aquaculture across different species, systems, and contexts. By considering the entire value
chain, from production to consumption, and ensuring that aquaculture is developed in a



socially and environmentally sustainable manner, it is possible to harness its full potential to
contribute to global food security, nutrition, and sustainable development [35].

3. OVERVIEW OF AQUACULTURE IN BA RIA — VUNG TAU
3.1. Production

During the 2010-2020 period, total aquaculture production increased from 10.687 tonnes (in
2010) to 20.486 tonnes (in 2022). Production of fish increased from 2010 to 2018 and
decreased in 2019 and recovered again in the following years. Production of shrimp has
increased trend although a decrease in production was observed in 2011 and 2014 because
of the disease outbreak. In addition, the structural shift in aquaculture and the production
volume of other species have also contributed to the increase in aquacultur&product;gn of
these species during the 2019-2020 period (Figure 2). 4 A\ 1

p
25,000 -

20,000 +

15,000 +

10,000 e

Products (tons)

5,000

;2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Figure 2: The fluctuations in aquaculture production in Ba Ria—Vung Tau [4]
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3.2. Total aquaculture area,
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thousand h;ctares accounting for approximately 0.59-0.68% of the total aquaculture area in
the country. &pe&{:caﬂy, according to 2020 data, the aquaculture area is divided into districts
and gtles a&\\\shgwn in Table 1. The area allocated for aquaculture according to the plan is
5,562 mact&res with an additional 1,201 hectares used for integrated farming. Among this,
the area for brackish water aquaculture is 3,863 hectares, with 392 hectares using high
technology for aguaculture. The area for brackish and seawater fish farming is 358 hectares,
the mollusk farming area is 205 hectares, and the sea cage farming area is 174 hectares
with a total of 12,702 cages. The production of brackish and seawater aquaculture reached
10,833 tons, whereas sea farming produced 3,504 tons, primarily concentrated in coastal
districts and cities.

Table 1: The aquaculture area by district in Ba Ria—Vung Tau in 2020

No District Area (ha) Percentage (%)




1 Con Dao 1 0.02
2 Chau Duc 184 3.30
3 Dat Do 745 13.40
4 Long Dien 505 9.08
5 Xuyen Moc 609 10.95
6 Phu My 693 12.47
7 Ba Ria City 1,275 22.92
8 Vung Tau City 1,549 27.86
Total 5,562 100,00

Culture form and species

In Ba Ria — Vung Tau, various forms of aquaculture culture along the coastal areas and
open sea. Shrimp farming in coastal ponds ranges from super intensive farming to semi-
extensive farming (shrimp farming combined with mangrove), suspended rope culture for
mollusks, and cage farming for fish, lobsters, and mollusks. The various forms and species
of coastal aquaculture are summarized in Table 2. Major. aguaculture areas distributed in the
Dinh, Cha Va, Mo Nhat, Co May Rivers, located in Ba Ria City, Vung Tau City, Phu My
Town and Long Son district, primarily featuring extensive brackish water shrimp farming and
mollusk farming on land, whereas cage farming-and mollusk farming are prevalent on rivers
and estuaries. Although the coastal aquaculture zoning plan has been implemented since
2021, the development process still faces many challenges related to farming zones, farming
methods, techniques, seed quality, feed, waste management, and environmental protection.



Table 2. Features of aquaculture practices in coastal areas of Ba Ria —Vung Tau province, Vietnam[4]

Culture species Form of Seed sources Seed sizes Market sizes Feed Supporting
farming (cm) (kg) used information
Fish Cobia Cages Domestic: Khanh Hoa, Ninh 8-20 3-10 Pellet, >3 kg
Thuan, Binh Thuan, Ba Ria — Trash fish
Vung Tau
Barramundi Cages Domestic: Khanh Hoa, Ninh 5-10 0.5-1.5 Pellet,
Thuan, Binh Thuan, Ba Ria — Trash fish
Vung Tau
Pompano Cages Domestic: Khanh Hoa, Ninh 3-8 0.5-1.5 Pellet, >0.5 kg
Thuan, Ba Ria — Vung Tau Trash fish
Imported: China 3-5
Rabbitfishes  Cages Domestic: Khanh Hoa 2-5 0.3-0.5 Pellet, Seed
Trash fish  collected from
nature
Red snapper Cages Domestic: Khanh Hoa 5-10 0.5-2.0 Pellet, >0.5 kg
Imported: Taiwan Trash fish
Grouper Cages Domestic: Khanh Hoa, Ninh 6-12 0.8-1.5 Pellet, >0.8 kg
Thuan, Binh Thuan, Trash fish
Imported: Taiwan, Indonesia, 4-6
Malaysia
Shrimp  Penaeid Ponds Domestic; Khanh Hoa, Binh Post larvae Pellet,
shrimp Thuan, Ba Ria — Vung Tau 10 days Trash fish
White leg Imported: Indenesia
shrimp
Lobster  Lobster Cages Domestic: Binh Thuan 6-8 Panulirus homarus: Trash fish, Seed
Imported: Indonesia > 0.2 kg pellet collected from
Panulirus ornatus: > nature
0.8kg
Bivalvia  Oyster, Raft; Domestic: Khanh Hoa 0.7-1 10-22 Inds/kg Natural
mussels longline,

and rack




4. EFFECTS OF AQUACULTURE ON ENVIRONMENTAL CARRYING CAPACITY
IN BA RIA - VUNG TAU

4.1 Culture of filter species

Filter species such as oysters and mussels, cultivated in Vung Tau, provide numerous
benefits that enhance the environmental carrying capacity of aquaculture systems. Bivalves
filter large volumes of water as they feed on plankton and organic particles, which helps
reduce suspended solids, improve water clarity, and decrease turbidity, creating a healthier
environment for other aquaculture species. Additionally, bivalves absorb excess nutrients
like nitrogen and phosphorus, common by-products of other aquaculture operations. By
removing these nutrients, they help prevent eutrophication and harmful algal. blooms,
maintaining a balanced ecosystem.

Through their filtration of organic matter and reduction of algal blooms, bivalves also help
maintain higher dissolved oxygen levels in the water, which is essential.for the survival and
growth of many aquaculture species. Furthermore, bivalves produce bio-deposits (feces and
pseudo-feces) that settle on the seafloor and can be broken down by benthic organisms,
naturally managing waste and reducing the accumulation of organic matter, thereby helping
to maintain a clean and healthy environment.

In the IMTA systems, bivalves serve as natural biofilters;-cleaning the water of waste
products generated by other cultured species, such as fish or shrimp. This integration boosts
resource efficiency, enhances overall productivity, and reduces the need for artificial filtration
systems. Improved water quality and environmental conditions resulting from bivalve
filtration can also reduce the need for- expensive water treatment and management
interventions, thereby lowering operational costs and increasing the economic viability of
aquaculture operations [19,36,37].

Moreover, bivalves contribute to carbon sequestration by incorporating carbon into their
shells and tissues, which helps mitigate climate change by reducing the amount of carbon
dioxide in the water and_atmosphere, indirectly supporting a more stable aquaculture
environment.

In summary, filter species cultivated in Vung Tau significantly enhance the environmental
carrying capacity of aquaculture systems by improving water quality, nutrient cycling, and
ecosystem health:. These benefits support higher stocking densities, enable diverse
aquaculture practices, and promote more sustainable and economically viable operations.
Therefore, it.is recommended to increase the total area dedicated to the culture of filter
speciesiin-Ba Ria = Vung Tau.

4.2 Culture of marine finfishes and lobster

Marine“fish cultured in Ba Ria — Vung Tau included various species such as Cobia,
Barramundi, Red shapper, Pompano, Golden rabbitfish. Lobsters cultured in Ba Ria — Vung
Tau included ornate spiny lobster and scalloped spiny lobster. For the marine fish culture,
pellet food was mainly used whereas trash fish was used as food for lobster culture. The
culture of marine finfish and lobster in Vung Tau can have significant effects on the
environmental carrying capacity of aguaculture systems. These effects can be both positive
and negative, depending on the practices used and the management of the operations.

Waste production is one of the most concerning effects of marine fish and lobster farms in
Ba Ria — Vung Tau aquaculture area. These farms produce waste in the form of uneaten



feed, feces, and metabolic by-products, which can accumulate in the water and sediments
below the farm. This organic waste increases nutrient levels, particularly nitrogen and
phosphorus, leading to eutrophication. The larger amount of waste production when trash-
fish was used as food for lobster compared to pellet food for marine finfish culture. The
nutrient loading has elevated nutrient levels which stimulate the growth of phytoplankton and
harmful algal blooms (HABs), which can deplete oxygen levels in the water and release
toxins, harming marine life and aquaculture species. This may be the main reason for the
mass mortality of the fish cultured in Ba Ria — Vung Tau in 2016 — 2017. The decomposition
of organic waste and increased biological activity from nutrient loading can deplete dissolved
oxygen levels in the water, creating hypoxic conditions that are stressful or lethal to aquatic
organisms. In addition, intensive marine fish culture often involves high stocking densities,
which can facilitate the spread of diseases and parasites among cultured fish and wild
populations. This can lead to outbreaks that are difficult to control and may require the use of
chemicals and antibiotics, further impacting the environment. The fish disease has often
outbreaks at aquaculture in Ba Ria — Vung Tau in the past ten years mostly related to the
increasing nutrient loading into the culture areas. On the other hand, when the disease
occurs, the farmers use chemicals, and antibiotics to control it. This can lead to the
accumulation of these substances in the surrounding environment, potentially harming non-
target species and disrupting ecosystems. The installation of fish cages and other
infrastructure can alter natural habitats, disrupt local ecosystems, and impact biodiversity.

However, the culture of marine fish and lobster in Ba Ria — Vung Tau also has some positive
effects on the environment and economy. When marine fish culture is integrated with other
species such as bivalves, waste products from fish can be utilized as nutrients by these filter
feeders [19,36,37]. This approach can help mitigate nutrient loading and improve overall
water quality, enhancing the environmental carrying capacity. With proper management and
sustainable practices, marine fish culture can provide significant economic benefits and
contribute to global food security. Sustainable practices include optimizing feed efficiency,
using environmentally friendly feed, and implementing effective waste management
systems.

To minimize the negative impacts and enhance the positive effects of marine fish culture on
the environmental carrying capacity of aquaculture systems, several strategies can be
implemented. It is recommended using high-quality, low-pollution feeds that are efficiently
converted into fish biomass can reduce waste production [38]. Another strategy is choosing
appropriate sites with good water circulation and away from sensitive habitats can minimize
environmental impacts. Good aquaculture practices should be applied such as maintaining
optimal stocking densities can reduce the risk of disease outbreaks and minimize
environmental stress. In addition, implementing waste collection and treatment systems,
such as sediment traps, can help manage organic waste and nutrients. In the long term,
regular environmental monitoring and strict regulatory frameworks can ensure that
aguaculture practices do not exceed the carrying capacity of the local environment.

Therefore, marine fish and lobster culture in Ba Ria — Vung Tau can significantly impact the
environmental carrying capacity of aquaculture systems. Whereas it poses several
challenges related to nutrient loading, oxygen depletion, disease transmission, chemical use,
and habitat degradation, these can be mitigated through sustainable practices, integrated
aquaculture approaches, and effective management strategies [39].

5. ALIGNING AQUACULTURE WITH SDGs FOR ENVIRONMENTAL
MANAGEMENT



Aligning aquaculture with the SDGs is essential for promoting environmental management
and ensuring the long-term sustainability of coastal and marine ecosystems [7,40].
Aquaculture, the farming of fish, shellfish, and aquatic plants, has become a critical
component of global food production, contributing to food security, livelihoods, and economic
development. However, its rapid expansion has also raised concerns about environmental
degradation, including habitat destruction, water pollution, and biodiversity loss. To address
these challenges, it is vital to align aquaculture practices with the SDGs, particularly those
related to life below water (SDG 14), responsible consumption and production (SDG 12),
and climate action (SDG 13) [7,41].

The relevance of various SDGs to aquaculture and coastal management cannot be
overstated. SDG 14, which focuses on conserving and sustainably using the oceans, seas,
and marine resources, is directly connected to aquaculture. Sustainable aquaculture
practices can help reduce the pressure on wild fish stocks by providing an alternative source
of seafood. However, if not managed properly, aquaculture can contribute to the
overexploitation of resources, pollution, and habitat destruction. Therefore, aligning
aquaculture with SDG 14 involves promoting practices that protect marine ecosystems
[7,42], such as adopting integrated multi-trophic aquaculture (IMTA) [37,43], which mimics
natural ecosystems by farming multiple species together to enhance nutrient recycling and
reduce environmental impact [44].

SDG 12, which emphasizes responsible consumption and production, is also highly relevant
to aquaculture [8]. The goal encourages sustainable practices throughout the production and
consumption chain, from feed sourcing to waste management. Sustainable aquaculture
practices include using environmentally friendly feed, reducing the use of antibiotics and
chemicals, and implementing waste management systems that minimize pollution. By
aligning with SDG 12, aquaculture can contribute to a circular economy, where resources
are used efficiently, and waste is minimized.

Climate action (SDG 13) is another critical area where aquaculture must align with the SDGs
[7,41]. Climate change poses significant risks to aquaculture, including rising sea
temperatures, ocean acidification, and extreme weather events. Conversely, aguaculture
can also contribute to climate change if not managed sustainably, through greenhouse gas
emissions and the destruction of carbon-sequestering habitats like mangroves. To align with
SDG 13, the aquaculture industry must adopt practices that mitigate its carbon footprint,
such as improving energy efficiency, reducing emissions, and protecting blue carbon
ecosystems [7,41].

To mainstream sustainable practices into aquaculture policy and planning, several strategies
can be employed for Ba Ria — Vung Tau, Vietnam. Firstly, developing robust regulatory
frameworks that enforce environmental standards is crucial. Governments and regulatory
bodies should establish clear guidelines for sustainable aquaculture, including limits on
stocking densities, water quality standards, and habitat protection measures. These
regulations should be based on scientific research and regularly updated to reflect new
knowledge and technologies.

Secondly, fostering multi-stakeholder collaborations is promoted for sustainable aquaculture.
This includes engaging industry companies, local communities, environmental organizations,
and research institutions in the planning and decision-making processes. Collaborative
approaches can help ensure that aquaculture practices are socially acceptable,
economically viable, and environmentally sustainable [7,45].



Finally, integrating scientific research into policy and planning is essential for mainstreaming
sustainable aquaculture practices. Research on the environmental impacts of aquaculture,
the effectiveness of different management practices, and the socio-economic implications of
aquaculture can inform policy decisions and help design effective strategies for
sustainability. Governments and industry should invest in research and development to
innovate and improve aquaculture practices, ensuring they align with the SDGs and
contribute to the broader goals of environmental management and sustainable development.

Thus, aligning aquaculture with the SDGs is vital for promoting environmental management
and ensuring the sustainability of coastal and marine ecosystems. By analyzing the relevant
SDGs and implementing strategies to mainstream sustainable practices into policy and
planning, the aquaculture industry can contribute to a more sustainable and resilient future.

6. CONCLUSION

Aquaculture in Ba Ria — Vung Tau significantly supports local economies and food security.
However, its environmental impacts pose significant challenges that necessitate careful
management to align with SDGs. Sustainable practices, such“as IMTA, offer a way to
balance economic growth with environmental preservation. By incorporating diverse species
that complement each other ecologically, IMTA can reduce waste and improve overall
ecosystem health. Implementing robust regulatory frameworks is also crucial for mitigating
negative environmental impacts and ensuring long-term = sustainability. Effective
management practices will facilitate the harmonious coexistence of economic development
and marine ecosystem preservation, strengthening the resilience of coastal communities and
environments. Other countries have recognized the importance of sustainable aquaculture,
and Ba Ria — Vung Tau can benefit from adopting the best practices observed globally.
Without proper management, the region risks undermining both its economic gains and
environmental integrity, making sustainable approaches imperative.

REFERENCES

1. Subasinghe, R., Soto, D. & Jia, J. Global aquaculture and its role in sustainable
development. Reviews in Aquaculture. 2009; 1 2-9. Doi:

https://doi.org/10.1111/j.1753-5131.2008.01002.X.

2. FAO. The state of world fisheries and aquaculture 2022. Towards blue transformation.
FAQ (The Food and Agriculture Organization of the United Nations). 2022: 238.

3. Béné; C., Arthur, R., Norbury, H., Allison, E.H., Beveridge, M., Bush, S., Campling, L.,
Leschen,” W., Little, D., Squires, D., Thilsted, S.H., Troell, M. & Williams, M.
Contribution of Fisheries and Aquaculture to Food Security and Poverty Reduction:
Assessing the Current Evidence. World Development. 2016; 79: 177-196. Doi:
https://doi.org/10.1016/].worlddev.2015.11.007.

4. Minh-Thu, P,, Sang, H.M., Thao, L.T.T., Hieu, N.M., Tram, D.T.T., Ngoc, D.T.H. & Mien, P.T.
A SWOT Analysis of Aquaculture for Sustainable Management in Coastal Waters of
Ba Ria — Vung Tau Province, Vietnam. Asian Journal of Fisheries and Aquatic
Research. 2023; 25: 127-138. Doi: 10.9734/ajfar/2023/v25i4690.

5. Hung Phu, L., Hong Ngoc, P., Trong Dung, L., Hong Thu, N., Van The, H., Tuan Linh, V.T.,
Minh Hieu, N. & Minh Thu, P. Heavy metals assessment for sustainable
management in Estuaries of Ba Ria-Vung Tau Province. Vietham Journal of Marine
Science and Technology. 2024; 24: 17-32. Doi: 10.15625/1859-3097/18976.




6. UN General Assembly. Transforming our world: the 2030 Agenda for Sustainable
Development: Resolution adopted by the General Assembly on September 25, 2015
(AJRES/70/1). 2015.

7. Troell, M., Costa-Pierce, B., Stead, S., Cottrell, R.S., Brugere, C., Farmery, A.K., Little,
D.C., Strand, A., Pullin, R., Soto, D., Beveridge, M., Salie, K., Dresdner, J.,
Moraes-Valenti, P., Blanchard, J., James, P., Yossa, R., Allison, E., Devaney, C. &
Barg, U. Perspectives on aquaculture's contribution to the Sustainable Development
Goalsfor improved human and planetary health. Journal of the World Aquaculture
Society. 2023; 54: 251-342. Doi: 10.1111/jwas.12946.

8. ASC. How Responsible Aquaculture can contribute to the UN’'s Global Sustainable
Development Goals (SDGs). Aquaculture Stewardship Council. 2022:

9. Gu, D., Andreev, K. & Dupre, M.E. Major Trends in Population Growth Around the World.
China CDC Wkly. 2021; 3: 604-613. Doi: 10.46234/ccdcw2021.160.

10. Kwasek, K., Thorne-Lyman, A.L. & Phillips, M. Can human nutrition‘be improved through
better fish feeding practices? a review paper. Critical Reviews in'Food Science and
Nutrition. 2020; 60: 3822-3835. Doi: 10.1080/10408398.2019.1708698.

11. Thilsted, S.H., Thorne-Lyman, A., Webb, P., Bogard, J.R., Subasinghe, R., Phillips, M.J.
& Allison, E.H. Sustaining healthy diets: The-.role of -capture fisheries and
aquaculture for improving nutrition in the post-2015 era. Food Policy. 2016; 61: 126-
131. Doi: https://doi.org/10.1016/j.foodpol.2016.02:005.

12. Brugére, C., Aguilar-Manjarrez, J., Beveridge, M.C.M. & Soto, D. The ecosystem
approach to aquaculture 10 years on = a critical review and consideration of its
future role in blue growth. Reviews in. Aquaculture. 2019; 11: 493-514. Doi:

https://doi.org/10.1111/raq.12242.

13. Engle, C.R. & van Senten, J. Resilience of-Communities and Sustainable Aquaculture:
Governance and Regulatory Effects. Fishes. 2022; 7: 268.

14. Phu, L.H., Kim-Hong, P.T., €Chung, T.V., Binh, T.V., Dung, L.T., Ngoc, P.H., Thu, N.H.,
Thu, N.T.T., Anh, N.T.H., Nguyen, A.L. & Minh-Thu, P. Environmental Concerns for
Sustainable Mariculture in Coastal Waters of South-Central Vietham. Sustainability.
2022; 14: Doi; 10.3390/su14138126.

15. Byron, C., Link, J; Costa-Pierce, B. & Bengtson, D. Calculating ecological carrying
capacity-of shellfish- aquaculture using mass-balance modeling: Narragansett Bay,
Rhode Island:  Ecological Modelling. 2011; 222: 1743-1755. Doi:
10:1016/j.ecolmodel.2011.03.010.

16. Bouwman, A.F., Pawtowski, M., Liu, C., Beusen, A.H.W., Shumway, S.E., Glibert, P.M. &
Overbeek, C.C. Global Hindcasts and Future Projections of Coastal Nitrogen and
Phosphorus Loads Due to Shellfish and Seaweed Aquaculture. Reviews in Fisheries
Science. 2011; 19: 331-357. Doi: 10.1080/10641262.2011.603849.

17. Naylor, R.L., Hardy, R.W., Buschmann, A.H., Bush, S.R., Cao, L., Klinger, D.H., Little,
D.C., Lubchenco, J., Shumway, S.E. & Troell, M. A 20-year retrospective review of
global aquaculture. Nature. 2021; 591: 551-563. Doi: 10.1038/s41586-021-03308-6.

18. Verdegem, M., Buschmann, A.H., Latt, U.W., Dalsgaard, A.J.T. & Lovatelli, A. The
contribution of aquaculture systems to global aquaculture production. Journal of the
World Aquaculture Society. 2023; 54: 206-250. Doi:

https://doi.org/10.1111/jwas.12963.

19. Nissar, S., Bakhtiyar, Y., Arafat, M.Y., Andrabi, S., Mir, Z.A., Khan, N.A. & Langer, S. The
evolution of integrated multi-trophic aquaculture in context of its design and




20

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

components paving way to valorization via optimization and diversification.
Aquaculture. 2023; 565: 739074. Doi:
https://doi.org/10.1016/j.aquaculture.2022.739074.

. Chan, C.Y., Tran, N., Pethiyagoda, S., Crissman, C.C., Sulser, T.B. & Phillips, M.J.
Prospects and challenges of fish for food security in Africa. Global Food Security.
2019; 20: 17-25. Doi: https://doi.org/10.1016/].0fs.2018.12.002.

. Shava, E. & Gunhidzirai, C. Fish farming as an innovative strategy for promoting food
security in drought risk regions of Zimbabwe. Jamba. 2017; 9: 491. Doi:
10.4102/jamba.v9i1.491.

Tanzile, R., Domapielle, M.K. & Fielmua, N. Empowering women for_sustainable
development through semi-mechanized sheabutter processing in rural. North-
Western Ghana. Scientific African. 2023; 21: e01790. Doi:
https://doi.org/10.1016/].sciaf.2023.e01790.

van Niekerk, A.J. Inclusive Economic Sustainability: SDGs .and Global: Inequality.
Sustainability. 2020; 12: 5427.

Krause, G., Brugere, C., Diedrich, A., Ebeling, M.W., Ferse; S.C:A., Mikkelsen, E., Pérez
Agundez, J.A., Stead, S.M., Stybel, N. & Troell, M. A revolution without people?
Closing the people—policy gap in aquaculture development. Aquaculture. 2015; 447:
44-55. Doi: https://doi.org/10.1016/j.aquaculture:2015.02.009.

Nasr-Allah, A., Gasparatos, A., Karanja, A., Dompreh, E.B., Murphy, S., Rossignoli, C.M.,
Phillips, M. & Charo-Karisa, H. Employment generation in the Egyptian aquaculture
value chain: implications for meeting the Sustainable Development Goals (SDGS).
Aquaculture. 2020; 520: 734940. Doi:
https://doi.org/10.1016/j.aquaculture.2020.734940.

Ainsworth, G.B., Pita, P., Pita, C; Roumbedakis, K., Pierce, G.J., Longo, C., Verutes, G.,
Fonseca, T., Castelo, D., Montero-Castano, C., Valeiras, J., Rocha, F., Garcia-de-la-
Fuente, L., Acufa, J.L:, Del PinosFernandez Rueda, M., Fabregat, A.G., Martin-
Aristin, A. & Villasante, 'S. ldentifying sustainability priorities among value chain
actors in artisanal,, common octopus fisheries. Rev Fish Biol Fish. 2023;
10.1007/s11160-023-09768-5, 1-30. Doi: 10.1007/s11160-023-09768-5.

Ababouch, L., Nguyen, K.A.T., Castro de Souza, M. & Fernandez-Polanco, J. Value
chains and market" access for aquaculture products. Journal of the World
Aquaculture Seciety. 2023; 54: 527-553. Doi: https://doi.org/10.1111/jwas.12964.

Ohnishiy. S.,. Osako, M., Nakamura, S., Togawa, T., Kawai, K., Suzuki, K., Yoshida, A.,
Gomi,. Ki, & Tsuji, T. A Framework for Analyzing Co-Creation Value Chain
Mechanisms in Community-Based Approaches: A Literature Review. Sustainability.
2024; 16: 2919.

Henriksson, P.J.G,, Troell, M., Banks, L.K., Belton, B., Beveridge, M.C.M., Klinger, D.H.,
Pelletier, N., Phillips, M.J. & Tran, N. Interventions for improving the productivity and
environmental performance of global aquaculture for future food security. One Earth.
2021; 4: 1220-1232. Doi: https://doi.org/10.1016/j.oneear.2021.08.009.

Bohnes, FA., Hauschild, M.Z., Schlundt, J., Nielsen, M. & Laurent, A. Environmental
sustainability of future aquaculture production: Analysis of Singaporean and
Norwegian policies. Aquaculture. 2022; 549: 737717. Doi:
https://doi.org/10.1016/j.aquaculture.2021.737717.




31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Jolly, C.M., Nyandat, B., Yang, Z., Ridler, N., Matias, F., Zhang, Z., Murekezi, P. &
Menezes, A. Dynamics of aquaculture governance. Journal of the World Aquaculture
Society. 2023; 54: 427-481. Doi: https://doi.org/10.1111/jwas.12967.

Tran, N., Cao, Q.L., Shikuku, K.M., Phan, T.P. & Banks, L.K. Profitability and perceived
resilience benefits of integrated shrimp-tilapia-seaweed aquaculture in North Central
Coast, Vietnam. Marine Policy. 2020; 120: 104153. Doi:
https://doi.org/10.1016/].marpol.2020.104153.

Phong, T.N., Thang, V.T. & Hoai, N.T. What motivates farmers to accept good
aquaculture practices in development policy? Results from choice experiment
surveys with small-scale shrimp farmers in Vietnam. Economic Analysis and Policy.
2021; 72: 454-469. Doi: https://doi.org/10.1016/j.eap.2021.09.015.

Atukunda, P., Eide, W.B., Kardel, K.R., Iversen, P.O. & Westerberg, A.C. Unlocking the
potential for achievement of the UN Sustainable Development Goal 2 - 'Zero
Hunger' - in Africa: targets, strategies, synergies and challenges. Food. Nutr Res.
2021; 65: Doi: 10.29219/fnr.v65.7686.

Little, D.C., Newton, R.W. & Beveridge, M.C.M. Aquaculture: a rapidly growing and
significant source of sustainable food? Status, transitions and potential. Proceedings
of the Nutrition Society. 2016; 75: 274-286. Doi: 10.1017/S0029665116000665.

Cubillo, A.M., Ferreira, J.G., Robinson, S.M.C., Pearce, C.M.;.Corner, R.A. & Johansen,
J. Role of deposit feeders in integrated multi-trophic aquaculture — A model
analysis. Aquaculture. 2016; 453: 54-66. Doi:
https://doi.org/10.1016/].aquaculture.2045.11.031.

Pawar, L., Nag, M. & Junaid Sidig, M. Integrated Multi-Trophic Aquaculture Systems
(IMTA): A Sustainable Approach for Better Resource Utilization. JOURNAL OF
AQUACULTURE. 2020; 28: 19-26. Doi: 10.61885/joa.v28.2020.255.

Dauda, A.B., Ajadi, A., Tola-Fabunmi, A.S. & Akinwole, A.O. Waste production in
aquaculture: Sources, components and managements in different culture systems.
Aquaculture and Fisheries,2019; 4: 81-88. Doi: 10.1016/j.aaf.2018.10.002.

Zhang, R., Chen, T., Wang, Y. & Short, M. Systems approaches for sustainable fisheries:
A comprehensive review and future perspectives. Sustainable Production and
Consumption. 2023;.41: 242-252. Doi: https://doi.org/10.1016/].spc.2023.08.013.

Said, A. & Chuenpagdee, R. Aligning the sustainable development goals to the small-
scale fisheries guidelines: A case for EU fisheries governance. Marine Policy. 2019;
10%; 103599, Doi: https://doi.org/10.1016/[.marpol.2019.103599.

Campbell, B.M., Hansen, J., Rioux, J., Stirling, C.M., Twomlow, S. & Wollenberg, E.
Urgent action to combat climate change and its impacts (SDG 13): transforming
agriculture and food systems. Current Opinion in Environmental Sustainability. 2018;
34: 13-20. Doi: https://doi.org/10.1016/].cosust.2018.06.005.

Ntona, M. & Morgera, E. Connecting SDG 14 with the other Sustainable Development
Goals through marine spatial planning. Marine Policy. 2018; 93: 214-222. Doi:
https://doi.org/10.1016/].marpol.2017.06.020.

Hossain, A., Senff, P. & Glaser, M. Lessons for Coastal Applications of IMTA as a Way
towards Sustainable Development: A Review. Applied Sciences. 2022; 12: 11920.

Kim, D.Y., Shinde, S.K., Kadam, A.A., Saratale, R.G., Saratale, G.D., Kumar, M., Syed,
A., Bahkali, A.H. & Ghodake, G.S. Advantage of Species Diversification to Facilitate
Sustainable Development of Aquaculture Sector. Biology (Basel). 2022; 11: Doi:
10.3390/biology11030368.




45. Samerwong, P., Toonen, H.M., Oosterveer, P. & Bush, S.R. A capability approach to
assess aquaculture sustainability standard compliance. PLoS One. 2020; 15:
e0227812. Doi: 10.1371/journal.pone.0227812.



