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The Angra dos Reis 
region has a variety of positive 
characteristics for mariculture, 
including a tropical climate 
with an average water 
temperature of 25 C, ranging 
from 19 C in the winter to 
30 C in the summer, and 
favorable geomorphological 
and oceanographic factors, 
including sheltered and open 
areas with good water quality 
and circulation, essential 
requirements for successful 
mariculture. 

The initiative takes a 
unique, alternative approach 
to mariculture production, 
with the principal objectives 
of promoting sustainable 
aquaculture practices, 
providing an alternative 
source of income for the local 
community, and delivering 
a high-quality product to 
the market. The initiative 

is underpinned by principles of sustainability and ecological 
efficiency, in keeping with the pristine nature of the environment. 
Production is characterized by low stocking densities and an 
integrated multi-trophic aquaculture (IMTA) approach, combining 
mollusks, seaweeds, and fish to maximize trophic efficiency and 
reduce environmental impacts. 

Due to the nearshore location of the site, combined with its 
limited depth, ranging from 7-15 m based on tide, an intensive 
approach is not practical and would likely result in noticeable 
local environmental impacts, including reduced marine 
biodiversity and pollution of adjacent waters. It would also  
be detrimental to tourism, which is currently the main economic 
activity in the region. 

Production System 
Fingerling supply. Cobia was selected as the principal marine 

finfish species for mariculture in Brazil because of its favorable 
aquaculture characteristics, such as fast growth, good adaptability 
to confinement (cages), high-quality flesh and regional availability 
of fingerlings. Currently there is a marine finfish hatchery in 
the State of Rio de Janeiro, operated by AMBIG (Mariculture 

Although marine finfish 
culture in Brazil remains in 
its infancy, in recent years 
the Ministry of Fisheries and 
Aquaculture has been actively 
promoting mariculture through 
several initiatives, including 
the creation of research and 
social programs, facilitating 
regulatory policies and public-
private partnerships, and 
subsidizing regional hatcheries 
to supply the mariculture sector. 
In Brazil, cobia Rachycentron 
canadum has been selected as 
the principal candidate species 
for marine finfish production 
due to the availability of 
husbandry protocols, including 
reproduction, larval culture 
and grow-out technologies, the 
suitability of this species to 
local environmental conditions, 
and its excellent aquaculture 
characteristics. 

Several research projects 
and pilot-scale initiatives for cobia cage culture have been 
successfully implemented around the world, with the exception  
of a few offshore operations. Hatchery production and offshore 
cage culture of cobia has proved feasible in locations where 
sufficient technology, supply of specialized products, and 
investment capital exists. 

However, in locations such as Brazil, where marine fish 
culture is still developing, it remains a challenge. Lessons learned 
from around the world show that the availability of specialized 
equipment and infrastructure, including vessels, cages and nets, 
combined with the supply of affordable and commercially-
available marine fish diets are prerequisites for successful 
implementation and operation of offshore cage culture of  
marine finfish.

In this context, a small-scale nearshore pilot mariculture 
initiative was launched in 2009 at Ilha Grande in Angra dos Reis, 
an island off the Rio de Janeiro coast in Brazil. The initiative was 
founded by a tripartite partnership between private, academic and 
government sectors, with the overall goal of promoting sustainable 
mariculture while respecting the surrounding environment and its 
biodiversity. 

Nearshore Marine Finfish Culture: 
a Small-Scale Pilot Initiative 

in Southern Brazil
Artur N. Rombenso, André L. de Araújo, Georgina Robinson, and Luís A. Sampaio

TOP. Three-phase cobia grow-out system in nearshore cages. 
BOTTOM. Characteristics of the alternative approach to nearshore 
marine finfish cage culture.
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substantially decreases hatchery production costs compared to 
stocking larger juveniles (20-30 g). 

Commercially available dry feeds with high protein (50-55 
percent) and lipid (11-14 percent) content are commonly used 
during the nursery phase, with a transition to fresh-frozen sardines 
(trash fish) and/or moist diets composed of fresh-frozen sardines, 
commercially available high-protein feed and vitamin and mineral 
premix during intermediary phase and first months of the grow-
out period. During the final 3-4 months of grow-out, cobia are 
fed fresh or frozen sardines to yield a high-quality fillet rich in 
omega-3 fatty acids. It is important to highlight that this region 
is one of the major landing ports of sardines in Brazil, where 
fresh-frozen sardines with no market value are typically disposed 
in public landfills. With implementation of proper management 
practices to avoid contamination, they can be used as a high-

Operators Association of Ilha Grande Bay) which produces 
fingerlings for local farms, research facilities and social projects. 
The hatchery was established in 2013-2014 with financial and 
technical support from two foundations, Fundação Instituto de 
Pesca do Estado do Rio de Janeiro (FIPERJ) and Fundação 
Carlos Chagas de Amparo a Pesquisa do Estado do Rio de Janeiro 
(FAPERJ). In the State of São Paulo, there are two private marine 
fish hatcheries, Maricultura Itapema and Redemar Alevinos, 
focusing on cobia and grouper production. Both facilities are 
located 6-8 hours from Angra dos Reis and commonly supply 
cobia fingerlings for local farmers and research centers. 

Grow-out. The grow-out facility is located apart from the 
marine finfish hatchery. Cobia are reared in a three-phase system 
over a 12-mo period: nursery (1.5-45 g), intermediate phase 
(45-500 g), and grow-out (0.5-4.5 kg). The grow-out protocol 
is illustrated in Figure 1 and information regarding stocking 
densities, cages, mesh size, and feed type is detailed in Table 1. 
Additional details on cobia grow-out protocols are described by 
Sampaio et al. (2011). 

Currently the grow-out facility consists of seven nearshore 
cages constructed of high-density polyethylene (HDPE): four are 
rectangular (3 × 6 m) and four are circular (three of 6-m diameter 
and one of 16-m diameter. A range of different feeds are used 
throughout the different grow-out phases (Table 1). One of the 
many benefits of the Angra dos Reis region is the potential to 
stock small juveniles (1.5-2 g) during the summer, a practice that 

TABLE 1. Cobia grow-out protocol.  
 
Culture  phase  Cage  s i ze  Mesh s i ze  Usefu l  cage  In i t ia l  s tock ing  F inal  s tock ing  Feed type

 (m) (mm) vo lume (m 3)  dens i ty  (kg/m 3)  dens i ty  (kg/m 3)  

1 – nursery 3 x 6 x 2 3 30 <2 <5 Dry
2 – intermediate 6-m diameter x 3 12 90 ≈3 ≈8 Moist or trash-fish*
3 – grow-out 6-m diameter x 3 20 90 ≈5 ≈10  Moist or trash-fish*
* Trash f i sh  cons i s t s  o f  f resh- f rozen sard ines  (Clupeidae) .

Mussel (Perna perna) culture on surface longlines near cobia cages.  

Scallops (Nodipecten nodosus) cultured in lantern nets near cobia cages.
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quality feed ingredient and food item (Rombenso et al. 2014). 
Harvest, Final Product and Consumer Market. Generally, 

after 12 months of grow-out, cobia reach market size with an 
average weight of 4-5 kg. Faster growth rates have been reported 
in Taiwan and Indonesia (Liao and Leaño 2007) but achieving 4-5 
kg harvest weight within 12 months is satisfactory, assuming an 
average water temperature of 25 C during the year and a minimum 
water temperature of 18 C. During the 2014 production cycle, 
approximately 3.5 t of cobia were harvested, which was completely 
absorbed by fine-dining restaurants, particularly Japanese cuisine, 
in Rio de Janeiro, with retailers consuming an average of 100-
150 kg of fresh, on-ice cobia per week. Although production was 
relatively small, the results from this single, small-scale pilot 
initiative are valuable to promote the activity, demonstrate the 
suitability of this species to local culture conditions and gauge 
market acceptance of the final product. 

As cobia has no established market in Brazil, especially in the 
southeast region where wild catches are rare, it was encouraging 
that cobia was readily accepted by restaurants and seafood markets 
in Rio de Janeiro. Because the consumer market is located only 
three hours from the farm, it is feasible to deliver very fresh fish for 
consumption on the same day as the harvest. There is an apparent 
increasing demand for local, high-quality, fresh seafood products 
driven by the limited regional supply of farmed fish. Farmed 
cobia has therefore been able to fill a niche market as a healthy 
(omega-3 rich) specialty seafood and has achieved a high selling 
price of US$ 18-20/kg of whole gutted fish. For marine finfish, it 
is rare to have a business that can obtain such a high value for a 
product, although prices are expected to decrease in the future as 
mariculture production and supply increases. 

Alternative Approach
At the current facility, marine finfish culture is not the only 

focus, but forms the heart of a unique approach, combining  
IMTA and linking mariculture and tourism for ecologically 
sustainable mariculture.

The IMTA Approach. The IMTA system consists of mussels 
Perna perna, scallops Nodipecten nodosus, and seaweed 
Kappaphycus alvarezii, which use organic matter and nutrients 

originating from cobia cage culture. The IMTA concept is based 
on recycling available nutrients from uneaten food and feces 
released by fish into food for lower trophic groups. Bivalve 
mollusks extract particulate organic wastes and seaweeds 
assimilate dissolved inorganic nutrients (Chopin and Bastarache 
2004, Fang and Zhang 2015). In this balanced trophic design, it is 
intended that nutrients in the environment surrounding fish cages 
will be removed by these organisms. Currently the program is still 
in the experimental stage of evaluating the optimal positioning of 
each culture organism to minimize the environmental footprint 
and maximize the growth of each system component. 

The IMTA approach fits well with the local environmental 
and socio-ecological context, which includes favorable mariculture 
characteristics, high biodiversity, tropical weather, minimal envi-
ronmental pollution from industrial sources and involvement of the 
local community. Currently, tourism is the main economic activity 
in the region, which is not the most attractive or economically ben-
eficial activity for local communities. Local inhabitants have a di-
rect connection with the ocean and, in the past, most were involved 
in wild capture fisheries. In this context, mariculture provides a 
promising livelihood opportunity to keep working locally on an 
activity that produces seafood, thereby contributing to improved 
food security, and also helps to preserve the environment.

The efficiency of the IMTA system is expected to increase 
with the addition of sea cucumbers as a new component. Sea 
cucumbers have been successfully co-cultured with scallops and 
abalone in China (Fang and Zhang 2015), seaweed in Zanzibar 
(Beltran-Gutierrez et al. 2014) and finfish in Southeast Asia 
(Mills et al. 2012). Sea cucumbers have a number of attractive 
aquaculture characteristics, including a high market value and 
increasing demand, relatively fast growth (achieving market 
size in 1-2 years), and relatively simple husbandry technology 
(Robinson 2013). In addition, sea cucumbers offer several benefits 
as a benthic IMTA component. They mainly feed on organic 
matter in the sediment and thereby reduce the environmental 
impacts of other organisms by consuming uneaten food and feces 
and recycling nutrients to primary producers (Robinson 2013). 
For these reasons, sea cucumbers have been identified as the best 
extractive candidate species for IMTA (Orr 2012). 

Recently placed macroalgae Kapphaphycus alvarezzi.  The indigenous sea cucumber Isostichopus badionotus is a high-value 
species in the region.
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The indigenous sea cucumber Isostichopus badionotus is 
a high-value species in the region, with a retail price for dried 
product in the main market of Hong Kong of US$ 200-400/kg 
(Purcell et al. 2012), and its population in Brazil is still healthy 
because it is currently unexploited. Promoting sustainable 
aquaculture practices through hatchery production is an efficient 
way to encourage its utilization as an IMTA component and 
strengthen its market potential in Asia. Finally, as with all other 
IMTA components, at the end of the production cycle, sea 
cucumbers are a high-value secondary crop, increasing revenue 
and profitability of the overall system for farmers. 

The IMTA approach is important as a tool for monitoring 
environmental impacts and local carrying capacity. Environmental 
agencies can use this approach as a standard to recommend 
farm sizes, production outputs and model potential impacts. 
With an IMTA approach, it is possible to increase and diversify 
production with minimal impact on the culture site due to nutrient 
recycling by extractive organisms. For example, a marine finfish 
monoculture facility would have the same level of production as an 
IMTA marine finfish cage culture of the same size but would have 
a greater environmental impact and no extra crops (Table 2).

Boutique marine farm. The concept of a boutique marine 
farm is based on small-scale marine farms located in scenic 
areas administrated by small-scale, family-owned business 
such as hotels and restaurants. This concept was first introduced 
by Benetti (2014), who demonstrated the regional potential for 
marine fish farms to produce high-quality seafood for consumers 
seeking quality and freshness and who are also willing to pay 
extra for consuming these products while appreciating a beautiful 
landscape. This approach differs from regular marine fish 
operations and is characterized by lower-than-average stocking 
densities and a focus on product quality and freshness with a 
higher selling price for a niche product.

The current initiative pushes this concept further by offering 
high-quality fresh fish, but also IMTA organisms, particularly 
mussels and scallops. This approach provides more choices for 
consumers, including main courses and appetizers. All seafood 
is harvested on the same day, typically a few hours before being 
served and some consumers can even choose their product,  
which provides a unique feeling of consuming ‘wild’ and super-
fresh seafood. 

TABLE 2. Benefits of marine fish cage culture with an IMTA system. (++ significantly greater, + greater, 
- less, and ○ none).  
 
 Mar ine  f i sh  Marine  f i sh  cage  cu l ture   Marine  f i sh  cage  cu l ture

 cage  cu l ture   +  IMTA sys tem  +  IMTA sys tem

  (she l l f i sh  +  seaweed)  (she l l f i sh  +  seaweed + sea  cucumber)  

Finfish production + + +
Shellfish production ○ + +
Seaweed production ○ + +
Sea cucumber production ○ ○ +
Environmental impact + - -
Sustainability - + ++
Ecological efficiency - + ++

Cobia cage culture facility near Ilha Grande in Angra dos Reis, Rio de 
Janeiro, Brazil.  

Cobia during the last phase of grow-out.

( C O N T I N U E D  O N  P A G E  1 8 )
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Interactive mariculture. Interactive mariculture aims to 
demonstrate the benefits of mariculture to the general public by 
providing the opportunity to interact with mariculture practices. 
As the facility is located in a beautiful, preserved region, there is a 
natural interaction between tourists and mariculture. However, this 
takes visitor’s understanding of mariculture one step further by 
allowing them to interact directly with mariculture operations. A 
number of activities are offered, including guided tours, interactive 
feeding, and diving and snorkeling around fish cages. These 
activities provide a great opportunity for the public to learn more 
about the global and regional role of mariculture. Furthermore, 
the Fisheries and Aquaculture Department of Angra dos Reis 
regularly hosts social events such as an annual fish festival and 
workshops, which are also a great opportunity to market local 
seafood production and promote mariculture. 

Challenges and Future Priorities 
and Expectations

The availability of satisfactory and affordable marine 
finfish feeds represents a major constraint due to the limited 
availability of fresh-frozen sardines. Thus, this is an ongoing 
priority, especially in light of the anticipated expansion of fish 
farms. The IMTA system set-up can be used as a model for 
future businesses and by environmental agencies. Finally, the 
availability of cheaper mariculture structures and equipment will 
promote the expansion of mariculture facilities. It is essential to 
have continued and increased support from regional and federal 
governments, particularly to further integrate local communities 
into mariculture. 

The current alternative approach seems to be more 
advantageous than traditional intensive systems for regional 
conditions, being able to supply high quality protein with minimal 
environmental impacts and the ability to demonstrate to visitors 
the real importance of mariculture. In conclusion, this initiative 
serves as a unique model to regional and national aquaculture 
operations for the promotion of sustainable aquaculture.

Notes
Artur N. Rombenso, Center for Fisheries, Aquaculture and 

Aquatic Sciences and Department of Zoology, Southern Illinois 
University Carbondale, Carbondale, Illinois 62901, USA

André L. de Araújo, Fundação Instituto de Pesca do Estado do  
Rio de Janeiro, Angra dos Reis, Brazil 

Georgina Robinson, School of Marine Science and Technology, 
Newcastle University, Newcastle, NE1 7RU, UK

Luís A. Sampaio, Laboratory of Marine and Estuarine Fish 
Culture, Institute of Oceanography, Federal University of  
Rio Grande, Brazil 
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Circular cage of 6-m diameter for culture of cobia.




