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ABSTRACT: The study area lies in the lower estuary of Lagoa dos Patos in the city of Rio Grande (Lat/Long: 
32°02’16.39”S/52°06’28.41’’W), Rio Grande do Sul state, Brazil, comprising a total area of approximately 280,000 
hectares (ha). To select areas suitable for marine shrimp farming, data processing and digital modeling were conducted 
with the Idrisi Andes Edition® GIS software using freely available images. Additionally, the most commonly used 
criteria, socioeconomic factors, infrastructure and logistics, soil, climate, topography, and water availability, were 
used. To improve upon the obtained results from a classification based exclusively on the distinction between 
restricted and suitable areas for aquaculture, a suitability score for each criterion analyzed was created, and distances 
from suitable sites were measured. According to the suitability rating (prioritized from 1 to 4), 2,100 ha (24.01% 
of the area) were considered suitable with excellent conditions; 3,100 ha (34.80%) were considered good; 3,600 ha 
(40.37%) were marginally suitable; and, finally, a small fraction of 70 ha (0.82%), was considered acceptable but not 
recommended. This study has demonstrated the potential of GIS to support the selection of areas suitable for marine 
shrimp farming.
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INTRODUCTION
Considering the increase in global fishing efforts, 
the decline in some fish stocks (Beamish et al. 2006; 
Caillouet Jr. et al. 2008; Travers et al. 2010) and the 
increase in global population, aquaculture has been 
rapidly developing worldwide in recent years. Given 
these scenarios, methods for selecting suitable sites for 
a variety of aquaculture activities are necessary (Mcleod 
et al. 2002; Karthik et al. 2005; Pérez et al. 2005; Hossain 
et al. 2007; Longdill et al. 2008). 
In Brazil, the uncontrolled growth of aquaculture 
farming has caused some conflicts. Such as Marine 
shrimp farming that has expanded since the introduction 
of the exotic shrimp Litopenaeus vannamei in protected 
areas in the 1990s. 
Specifically, in the state of Rio Grande do Sul, marine 
shrimp farming has expanded since the introduction 
of L. vannamei. However, the potential for productive 
growth is also associated with a real increase in the threat 
of environmental and socioeconomic impacts that can 
directly affect the sustainability of crops (FAO 2016; 
Perez et al. 2002; Giap and Yakupitiyage 2005; Karthik 
et al. 2005; Klumb-Oliveira and Souto 2015; Testa et al. 
2015; Bruhn et al. 2016). 
Therefore, the development of aquaculture activities 
initially requires space planning to adjust the 
location of farmed species to the environmental and 
socioeconomic characteristics of the region. In this 
context, the information obtained from remote sensing at 
different levels and data generated by the application of 
geoprocessing tolls, along with land use and biological, 
geographical, hydro-chemical and socioeconomic data, 
are useful for achieving the goal of assuring an increase 
in productivity and preservation of the areas that are 
sensitive to environmental changes (Kapetsky et al. 
1988; Pérez et al. 2003; Giap and Yakupitiyage 2005; 

RESUMO: A área de estudo situa-se no estuário da Lagoa dos Patos, na cidade do Rio Grande (Lat / Long: 
32°02’16.39”S / 52°06’28.41’’W), no Rio Grande do Sul, Brasil, compreendendo área total de aproximadamente 
280.000 hectares (ha). Para selecionar as áreas adequadas para o cultivo de camarão marinho, processamento de 
dados e modelagem digital, foram realizadas com o software Idrisi Andes Edition®, usando imagens gratuitas e 
disponíveis. Além disso, os critérios utilizados foram socioeconômicos, infraestrutura e logística, solo, clima, 
topografia e disponibilidade de água. Visando uma melhorara nos resultados, a partir de uma classificação baseada 
exclusivamente na distinção entre áreas restritas e adequadas para aquicultura, foi criado um índice de adequação 
para cada critério analisado, sendo medidas as distâncias desses locais. De acordo com a classificação de adequação 
(priorizada de 1 a 4), aproximadamente 2.100 ha (24,01% da área) foram considerados adequados com excelentes 
condições; 3.100 ha (34,80%) foram considerados bons; aproximadamente 3.600 ha (40,37%) foram adequados; e, 
por último, uma pequena fração, aproximadamente 70 ha (0,82%), foi considerada aceitável, mas não recomendada. 
Assim, este estudo demonstrou o potencial do SIG no apoio a seleção de áreas adequadas para a aquicultura de 
camarão marinho localmente.
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Freitas and Tagliani 2007; Ballester-Moltó et al. 2015).
According to Poersch et al. (2006), due to the 
environmental characteristics and lower costs of 
implementation, the estuary of Patos Lagoon has been 
the preferred area for the implementation of these 
projects, resulting in the first marine shrimp farm in the 
municipality of São José do Norte.
Thus, planning is essential for environmentally 
sustainable land use practices. The most important benefit 
of planning is identifying possible conflicts related to 
coastal resource use (land and water) and preventing 
possible environmental and social impacts (Corbin and 
Young 1997; Rajitha et al. 2007; Barbieri et al. 2014; 
Gatune et al. 2017).

MATERIAL AND METHODS
The study area is located in the lower estuary of Patos 
lagoon and adjacent coastal plain, in the city of Rio 
Grande (Lat/Long: 32°02’16.39”S/52°06’28.41’’W), 
Rio Grande do Sul, Brazil, comprising a total area of 
approximately 280,000 hectares. 
The local economy is primarily based on fishing, trading, 
agricultural crops and cattle ranching (rice and livestock), 
and port and oil activities. Lowlands, marginal wetlands, 
coastal dunes and beaches, grasslands or subshrubs with 
or without interspersed agricultural areas characterize 
the physiography, with little overall variation in slope 
(0 to 0.9 m). The average annual precipitation in the 
city is 1,400 mm and the average annual temperature is 
between 16 and 20°C (Cargnin et al. 2013; Dillenburga 
et al. 2017). Also, characteristic is the existence of large 
areas of intensive planting of pines (Pinus elliottii), used 
for wood production and resin extraction (Tagliani and 
Vicens 2003).
To select suitable areas for marine shrimp farming in 
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After their determination, the restrictive criteria were 
spatially described using specific GIS routines (function 
buffers), creating buffer zones. This was possible through 
the overlapping of areas with legal restrictions (an overlay 
module) and the creation of a single image, where a value 
of “1” represents an area without restriction and a value 
of “0” is an area with restrictions. For areas without 
restriction, any area smaller than 1 hectare was excluded 
as its use in farming was considered uneconomical (Freitas 
et al. 2009).
For example, buffer zones were used by Torres and 
Andrade (2010) in a study aimed at identifying installation 
areas for marine fish farming enterprises. These buffer 
zones were areas of protection, where the installation of 
aquaculture enterprises was prohibited to avoid conflicts 
with other activities.
For the land use capacity criterion, the present study used 
the system adapted by Lepsch et al. (1983), specifically, 
the rating classes (I to VIII), which indicate the degree of 
limitation on agricultural land use. In class I there is no 
degree of limitation and, in Class VIII, there is land with 
higher degrees of restriction. 
Thus, to improve the results obtained with a classification 
scheme based only on the distinction between restricted 
and suitable areas for shrimp farming, suitability scores 
were assigned to each criterion examined, and the 
distances from suitable areas were calculated (Kapetsky 
et al. 1988; Salam et al. 2005; Freitas et al. 2009). This 
second analysis was performed by superposing suitable 
areas on digital thematic maps to determine the distances 
from water sources and public roads. After the analysis of 
the results obtained in the laboratory, an on-site verification 
was conducted in the study region in March 2010. 
The other criteria examined for shrimp farming 
development were considered to be merely descriptive, 
such as the distance from consumer markets, local available 
manpower, pollution, temperature, and electricity, among 
others (Frankic 1998; Freitas et al. 2009).

RESULTS AND DISCUSSION
The results of this study show the appropriate areas and 
those considered unsuitable for the cultivation of marine 
shrimp in Rio Grande, confirming the potential for 
aquaculture activity in the city. This information will only 
serve to support the planning of aquaculture activities, 
as most of the studies focused on identifying areas for 
aquaculture development using only simple maps, whose 
information for decision making among investors, funding 
agencies and public authorities is inconclusive (Aguilar-
Manjarrez and Ross 1995).
Therefore, with the growing importance of rationally 
exploiting natural resources, thus minimizing any 

Rio Grande, information data processing and digital 
modeling were conducted with the GIS software Idrisi 
Andes Edition® and CartaLinx®, using images freely 
available on the National Institute for Space Research 
(INPE) website (http://www.dgi.inpe.br/CDSR/). The 
image used was Landsat 7 ETMXS.
The resample module in the GIS was used to obtain a 
georeferenced image, and the digitization and separation 
into layers of all features of interest in the study area were 
conducted. The polygons of each layer were scanned 
using the georeferenced image as the basis; then, each 
layer was converted from vector to raster format, creating 
the final database (Freitas et al. 2009; Maia and Castro 
2014). Thematic maps (scale 1:350.000) separated into 
individual layers were processed in the Idrisi Andes GIS 
and were integrated into a characterization/identification 
model that was constructed for this study (Figure 1). 

Figure 1. Methodology analysis for marine shrimp farming in 
the study area - Flowchart (adapted from Rajitha, Mukherjee and 

Chandran (2007). 

Figura 1. Análise metodológica para o cultivo de camarões 
marinhos na área de estudo - Fluxograma (adaptado de Rajitha, 

Mukherjee and Chandran (2007).

The most commonly used criteria are those involving 
socioeconomic factors, infrastructure and logistics, 
soil, climate, topography, and water availability (Salam 
et al. 2003; Giap and Yakupitiyag 2005; Beltrame et al. 
2006; Hossain et al. 2007; Radiarta et al. 2008; Egler 
and Gusmão 2014). In this study, restrictive criteria 
(protected areas, conservation areas, etc.) were used first 
to create exclusion (unfit) areas.
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usability issues of coastal resources, we attempted to 
group the uses and current coverage of the county’s land 
into different classes, including coastal fields, wetlands 
(plated), marshes, dunes, salt marsh forests, reforestation 
areas, roads, building areas and water bodies.
The selected image was divided by classification into 11 
layers with all the features of interest in the study area 
(Figure 2). Different criteria for selecting suitable areas 
for shrimp farming have been used, varying from place 
to place and from culture to culture. This classification 
scheme allowed us to first identify those areas with 
potential for shrimp farming and also the legally restricted 
or environmentally unsuitable sites.

Figure 2. Vegetation and land use map of the Rio Grande municipal 
district.

Figura 2. Mapa de vegetação e uso da terra do município de Rio 
Grande.

First, a constraining criterion was used to create legally 
restricted areas. The criterion based on legally restricted 
areas was applied, as the State Foundation of Environmental 
Protection (FEPAM) currently requires this criterion for 
the implementation of new aquaculture ventures (Freitas 
et al. 2009). After the constraining criterion was defined, 
specific GIS routines (buffer modules) were performed to 
create buffer zones.
Coastal fields, considered ideal for marine shrimp farming 
(Peixoto et al. 2005), were the primary target of this study, 
comprising approximately 12,000 hectares. A preliminary 

classification was conducted to facilitate an additional 
categorization of image classes of land use or occupation, 
and thus focus on realistic suitable areas, as suggested by 
Rajitha et al. (2007) (Figure 3). 

Figure 3. Thematic map of legal and environmental exclusion zones 
(buffers). 

Figura 3. Mapa temático das zonas de exclusão legal e ambiental 
(buffers).

Other important features considered were wetlands or areas 
subject to seasonal flooding, including those areas with 
sea grass and wetlands surrounding lagoons, comprising 
approximately 60,000 hectares; coastal beaches and 
dunes, representing approximately 4,000 hectares; and 
high-density populations and harbors, with approximately 
9,000 hectares, among others.
Areas characterized as reforestation (Pinus sp.) and 
agricultural fields were classified as suitable, but were 
considered less desirable for shrimp farming. This decision 
was based on the presence of the existing activities that 
were considered a major source of income in the region, 
thus avoiding possible land use conflicts. These, however, 
still represent important areas that may be used in future 
for marine shrimp farming.
As a result of the application of another criterion (suitable 
areas vs. distance from water sources), 2,000 acres were 
considered excellent for the implementation of shrimp 
farming (21.24% of the total suitable areas). Around 
3,000 hectares were considered good (33.03%) and 2,700 
hectares were considered marginally suitable (29.89%). 
Areas considered unsuitable constituted more than 1,400 
acres (15.84%) (Figure 4). 
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Figure 4. Water distance suitability scores from Lagoa dos Patos and 
the Atlantic Ocean.

Figura 4. Escores de adequação da distância da água da Lagoa dos 
Patos e do Oceano Atlântico.

The criterion based on the distance from water sources 
for the construction of ponds using overlapping layers 
was applied due to the high construction costs and water 
needs associated with aquaculture. These requirements 
can make the implementation and development of shrimp 
farms unfeasible (Lee and Wickins 1997) (Figure 4). As 
reported by several authors, water availability is the most 
important environmental criterion when selecting suitable 
areas for aquaculture (Pérez et al. 2003; Salam et al. 2003; 
McIntosh et al. 2004; Freitas et al. 2009; Rêgo et al. 2016).
Another criterion used to identify suitable areas was the 
distance from public roads. Based on this criterion, 780 
hectares were considered excellent for implementing 
aquaculture (8.54% of the total suitable areas). Around 
930 hectares were considered good (10.25%) and 2,800 
hectares were acceptable (31.13%). Finally, areas not 
recommended constituted more than 4,500 hectares 
(50.09%) (Figure 5A). 
Because of the importance of the distance from public 
roads criterion, the total suitable area was found to not be 
as large as expected; therefore, beaches were considered 
another pathway for the flow of production and delivery of 
inputs (Figure 5B). These areas were reconsidered because 
of the unrestricted daily flow of cars throughout the year 
(Rosa and Cordazzo 2007). Thus, considering all public 
roads and beaches, there was a considerable reduction in 
areas not recommended from 50.09% to 10.93%.

Figure 5. Thematic maps of suitability scores for: A, distance from public roads without a shoreline; B, distance from public roads with a shoreline.

Figura 5. Mapas temáticos dos escores de aptidão para: A, distância das vias públicas sem litoral; B, distância das vias públicas com o litoral.
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Regarding the criterion of land use capacity, only areas 
with a soil class higher than V were included. These soil 
types have features that are not ideal for agriculture or 
require considerable investment, thus avoiding potential 
land use conflicts in the region. Therefore, for the 
classification of soil, Sombroek (1969) used  a system 
developed by the USA Soil Conservation Service; this 
system is universally known and adapts well to the region 
(United States Department of Agriculture 1975). The 
soil and the temperature of the region are very similar 
to many regions in the USA. This system was originally 
created for the detailed mapping of cultivated areas and, 
especially, to prevent large-scale erosion. 
The extreme importance of erosion dangers,  including 
the slope of the land, was sometimes neglected, often 
only considering the possibility of improving pastures. 
Sombroek (1969) proposed an adjustment to soil class V, 
which, according to the USA Soil Conservation Service 
System (United States Department of Agriculture 1975), 
only refers to land that is flat or nearly flat, and excludes 

other limitations  including the danger of erosion. The 
modified system is essential for establishing a plan for 
crops. The classification is a basic criterion for cropland, 
pastures or forestry productivity.
Thus, based on the thematic map, approximately 9,000 
hectares were considered most recommended (Figure 
6A). For the entire area considered suitable for shrimp 
farming, all classes were higher than the desired land use 
capacity.
Regarding the soil type, only areas with soil 
characteristics compatible with shrimp farming (sandy, 
clay or clay-sandy) were included, whereas areas with 
high organic content were excluded (Figure 6B). All 
the soil types found in suitable areas, as described by 
Sombroek (1969) ((HPd2 and HPd4 – traces of coastal 
beach, sandy texture, relief plain, grassland and zones of 
high energy (waves)) (AQd2 – coastal dunes, extensive 
sand deposits, flat relief, grassland, current and extensive 
cultivation of Pinus sp.) (HGPe2 – lowlands of streams, 
medium/clayey, relief plain, aquatic vegetation with 

Figure 6. Thematic maps of suitability scores for: A, soil use capacity class; B, soil type.

Figura 6. Mapas temáticos dos escores de aptidão para: A, classe de capacidade de uso do solo; B, tipo de solo. 
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alluvial soil)), exhibited characteristics compatible with 
shrimp farming. 
Corroborating this analysis, areas with high organic 
content primarily consisted of areas characterized by 
marsh vegetation, wetlands and nearby water bodies. 
These areas had previously been considered buffers and 
were, therefore, considered non-suitable areas (Figure 3).
The construction of various thematic maps combining 
the criteria of elevation (<1 meter), temperature (shrimp 
do not grow well in winter), soil types, and class of 
use revealed that these variables did not significantly 
(locally) affect the suitability of areas. Therefore, they 
were included only as descriptive and supportive criteria. 
Based on all thematic maps for each specific criterion, 
we created a scale of suitability for shrimp farming. This 
avoided the inclusion of restricted areas (Boolean images) 
that would only fit between suitable and restricted areas 
(equal to 1 or 0) (Figure 7). 

features or excellent conditions; approximately 3,100 ha 
(34.80%) were good; approximately 3,600 ha (40.37%) 
were marginally recommended; and, finally, a small 
fraction, approximately 70 ha (0.82%), was considered 
acceptable but not recommended, as these areas are 
distant from public roads and water sources (Figure 7).

FINAL CONSIDERATIONS
The analysis of geomorphologic characteristics, water 
availability, accessibility to markets and supplies, 
available labor, power lines, and technical support in 
the study area indicated mostly favorable conditions for 
shrimp farming. Even the areas considered to have low 
potential, with different investment needs, can achieve 
important levels of production. 
From the definition/classification of the local 
physiography, various buffer zones were mapped 
to comply with the current laws and environmental 
practices. As a result, 9.41% of the total area of the 
city was considered suitable (9,126.81 ha) for shrimp 
farming. 
This small fraction, compared to the total area of the 
municipality, is attributed to the presence of unsuitable 
areas and their buffers (23.59%), areas considered 
suitable but not a priority for immediate investment 
(existing agricultural and forestry activities) (4.20%), 
and excluded areas (60.60%). Although the latter consists 
of coastal fields, they were not considered potential 
aquaculture sites because field verification identified 
them as flooded areas, areas subject to flooding, or 
distant from water catchment sources (Lagoa dos Patos 
and the Atlantic Ocean).
Thus, the study demonstrated the potential of GIS to 
assist in the selection of suitable areas for marine shrimp 
farming. All the criteria used in the present study, such 
as soil type, class usability, distance to water sources and 
public roads, were sufficient to identify potential areas 
for local activity, and even at the state level.
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