
Natural Resources, 2013, 4, 538-550 
Published Online December 2013 (http://www.scirp.org/journal/nr) 
http://dx.doi.org/10.4236/nr.2013.48065  

Open Access                                                                                             NR 

Brackish Shrimp Farming in Northeastern Brazil: The 
Environmental and Socio-Economic Impacts and 
Sustainability 

Tadeu Dote Sá1, Rommel Rocha de Sousa2, Ítalo Régis Castelo Branco Rocha2,  
Gutemberg Costa de Lima2, Francisco Hiran Farias Costa2* 

 

1Geoconsult—Geology and Environment Consulting, Fortaleza, Brazil; 2Department of Fishing Engineering, Campus do Pici, Fed-
eral University of Ceará, Fortaleza, Brazil. 
Email: *hiran1968@hotmail.com 
 
Received October 6th, 2013; revised November 7th, 2013; accepted November 21st, 2013 
 
Copyright © 2013 Tadeu Dote Sá et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. In accor- 
dance of the Creative Commons Attribution License all Copyrights © 2013 are reserved for SCIRP and the owner of the intellectual 
property Tadeu Dote Sá et al. All Copyright © 2013 are guarded by law and by SCIRP as a guardian. 

ABSTRACT 

Despite the economic importance of farmed shrimp, a number of technical, environmental, economic and social prob-
lems have been widely reported in the international literature. This paper focuses on the environmental and socio-eco- 
nomic impacts of semi-intensive and intensive shrimp farming in the coastal region of Northeastern Brazil and the iden- 
tification of options for sustainable production. In this Region, the total area dedicated to shrimp farming is approxi- 
mately 18,500 ha, of which 5750 ha are located in Ceará State. The estuary of Jaguaribe river has the largest number of 
shrimp farms in the state of Ceará. Currently, the industry has 64 participating farms with a total area dedicated to 
shrimp farming of 2411.3 ha. In 2011, the total production was 13,110 tons of shrimp with an average yield of 6.3 ton 
ha−1·year−1 in a pond area of 2071.2 ha. This industry employs 2350 people that represent 23.2% of jobs generated in 
the two municipalities where the Jaguaribe river estuary is inserted. Compared with other countries, Brazil has reduced 
its exports due to high cost inputs for shrimp farming. However, the Brazilian shrimp industry has benefited from high 
domestic prices, despite the decreases in international price of shrimp. In 2011, the prices for size category ranged be-
tween U$ 4.67 - 6.04 for 80/100 (count of head-on shrimp), U$ 4.95 - 6.60 for 70/80 and U$ 5.85 - 8.10 for 50/60. The 
major environmental impacts in this industry have focused on the water pollution and loss of mangroves. However, no 
change in parameters of water quality was observed during the period 2010-2012, indicating that this estuary has some 
capacity to process pond-derived nutrients while only 3.7 ha of mangrove forests were used to shrimp pond. The results 
of this investigation demonstrate that Brazilian shrimp industry requires improved management and development policy 
for a sustainable growth. 
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1. Introduction 

In 2010, the total production of white shrimp Penaeus 
vannamei from world aquaculture was 2.7 million tons 
with a first sale value of U$ 11 billion [1]. The rapid de- 
velopment of shrimp farming in many countries is a phe- 
nomenon of the last three decades as a result of industrial 
transformation and intensification of production patterns 
[2,3]. Shrimp farming has been a significant agro-based 
economic activity [4]. This multimillion dollar industry  

plays an important role in the economic development of 
many tropical and sub-tropical countries because of the 
high economic returns [5,6]. However, there is evidence 
that sustainable production is limited partly by the carry- 
ing capacity of the coastal ecosystems supporting aqua- 
culture [7]. Additionally, the rapid growth of this Indus- 
try in an unregulated and uncoordinated way has led to a 
number of environmental, technical, economic and social 
problems, which have been widely reported in interna- 
tional literature [2,8-10]. 

The conversion of sensitive coastal land, including  *Corresponding author. 
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mangroves, into shrimp ponds in many locations and pe- 
riods, has been principal criticism to shrimp farming In-
dustry [2,11-14]. In areas of intense shrimp farming, dis- 
charge waters from one farm mixed with supply waters 
used by neighboring farms, have resulted in pollution 
between farms and the spread of disease between shrimp 
populations [15-19]. However, different shrimp culture 
technologies have different environmental impacts. Ex- 
tensive systems requiring large land areas have contrib- 
uted most to mangrove clearance, while intensive sys- 
tems have contributed more to pollution problems, through 
high stocking densities and feed and chemical inputs [2]. 

Brazil is the third largest producers of farmed white 
shrimp in Latin America. The Brazilian production was 
estimated at 70,000 tons with an estimated value greater 
than U$ 280 million in 2010 [1]. In Brazil, semi-inten- 
sive and intensive shrimp farming began during the 1980s 
with introduction and culture of white shrimp P. van- 
namei. The northeast region of Brazil is responsible for 
around 97% of the national shrimp production [20]. The 
fast development of shrimp farms in this region has given 
rise to concerns about specific environmental legislation 
for the activity, environmental pollution and conflict with 
rural population. In the early 2000s, Brazilian shrimp 
aquaculture was responsible for the employment of 50,000 
people [21], reducing the pressure against the develop- 
ment of the activity. However, the industry has been suf- 
fered a severe collapse due to disease outbreaks in 2003 
[22,23]. This fact has caused a drastic reduction in the 
number of jobs, which has strengthened the movements 
against the shrimp industry. 

In Brazil, the total area dedicated to shrimp farming 
approximates 18,500 ha of which 5750 ha are located in 
Ceará State [21]. The estuary of Jaguaribe river has the 
largest number of shrimp farms in the state of Ceará. In 
this estuary, the shrimp pond area increased from 820 ha 
in 2000 to 1640 ha in 2006 [24]. However, information 
about the positive or negative impacts of shrimp farms in 
this region is unknown. This article documents the di- 
mensioning of the production area of shrimp farms using 
satellite images and geoprocessing techniques, and analy- 
sis of shrimp production, technical, economic, social and 
environmental aspects of shrimp farms in the estuary of 
Jaguaribe river. 

2. Material and Methods 

2.1. Site Location 

The study area consisted of marine shrimp culture farms 
located in the hydrographic basin of Jaguaribe river. The 
Jaguaribe river is part of the Atlantic hydrographic re- 
gion of Brazilian northeast, located in the East region of 
the Ceará State and represents the principal hydric re- 
serve of the State with the enclosed area for its hydro- 

graphic basin comprehends approximately 80,000 km2. 
The Jaguaribe river estuary comprises an area of ap-
proximately 200 km2 and is characterized by having a 
great economic and ecological importance (Figure 1). 

2.2. Shrimp Farm Operations 

Shrimp aquaculture production consists mainly of white 
shrimp Penaeus vannamei and it takes place almost ex- 
clusively in earthen ponds. This analysis focuses on shrimp 
production in ponds with particular attention to the culti- 
vation and harvesting phases in the production cycle. The 
cultivation phase includes post larvae (PL) stocking, feed- 
ing and pond water exchange. The harvest phase includes 
harvesting and pond emptying and treatment. A number 
of farming processes in these phases have potentially 
significant impact on the environment. The processes of 
pond treatment, inlet water treatment, feeding, water ex- 
change, and final water discharge and sediment dredging 
were observed and described. 

The methodology was based on field observations, in- 
terviews, and analysis of secondary data [25]. A survey 
carried in the period 2010-2012 involved visits to all 
shrimp farms. Interviews were conducted using a semi- 
structured questionnaire. Interviewees included farm own- 
ers or managers, traders, processing firms and hatchery 
managers and government officials. Data analysis was 
based on field observations, interview transcriptions, and 
external sources including official documents, external 
sources and academic literature on the subject [26]. 

2.3. Benefits and Problems of Shrimp  
Aquaculture 

All shrimp farms were visited to collect information about 
the macro-economic benefits and problems of shrimp 
aquaculture. The macro-economic benefits include the 
creation of direct formal jobs, seasonal jobs, indirect for- 
mal jobs including hatcheries and post-harvest, earning 
of foreign exchange, diversification of the economy, 
stimulation of backward and forward-linked sectors, in-
flow of direct investment and technological transfer. The 
negative aspects of shrimp aquaculture include technical, 
environmental, economic and social problems. 

2.4. Processing of Satellite Images 

This study started with the identification and location of 
shrimp farms using available satellite images with a reso- 
lution of 15 meters per pixel (Landsat Geocover of 1999- 
2000, CBERS of 2009-2010 and Google Earth). Due to 
the lack of images representing the region of shrimp 
farms were located, the images available in Google Earth 
with high-resolution were used. Afterwards, the images 
were overlapped in layers using digital aerial photographs 
edited by the Directorate of Hydrography and Navigation  
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Figure 1. The study area: northeastern of Brazil. 
 

2.5. Water Sampling and Analysis (DHN) of Brazilian Navy in order to characterize the 
type of occupation and land use of the current aquacul- 
ture enterprises. These aerial photographs were obtained 
in the 1960s when there were no shrimp farms in Brazil. 
Subsequently, thematic maps in detail scales were de- 
veloped by application of techniques digital interpreta- 
tion of images and GIS, available in software SPRING 
4.2 and ArcGIS 9.0. With the analysis and interpretation 
of the images, it was possible to map and survey the ar- 
eas occupied by shrimp culture activity in the Jaguaribe 
river estuary. 

From February 2010 to June 2012, thirty-three shrimp 
farms were visited to collect information about farming 
practices. During the shrimp production season, a total of 
53 and 33 samples were collected from shrimp farms at 
the pump station (influent) and point of water discharge 
(effluent), respectively. Water quality parameters were 
analyzed in the water samples [27]. The parameters in- 
cluded: temperature, salinity, pH, dissolved oxygen (DO), 
total ammoniacal nitrogen (TAN), ammonia, nitrate,  
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nitrite, total phosphorus (TP), chlorophyll a, biochemical 
oxygen demand (BOD), turbidity and coliforms. The 
results of these analyses have been accomplished to the 
Ceará State Enviromental superintendency. Then, the 
focus was on an interpretation and synthesis of the results 
and their relevance to the environmental performance of 
semi-intensive and intensive shrimp farming. 

The variables were analyzed separately to obtain sta- 
tistical parameters (mean, standard deviation, minimum 
and maximum). Data were analyzed by an analysis of 
variance (ANOVA) followed by the post-hoc Duncan 
multiple range test. A probability level of p < 0.05 was 
considered statistically significant. 

3. Results 

3.1. Development and Characteristics of Shrimp 
Farming 

The number of companies in the Jaguaribe river estuary 
producing white shrimp Penaeus vannamei has increased 
during recent years. Currently, the industry has 64 par- 
ticipating farms. Shrimp farms can be divided into three 
categories: small (<30 ha), medium (between 30 and 100 
ha) and large (>100 ha) (Table 1). In this study, total 
area dedicated to shrimp farming was 2411.3 ha in 2010 
(Figure 2), while the pond area was 2071.2 ha (Table 1). 
The more common management system in the region is 
the semi-intensive type which occurs in 65.6% of the 
farms, while the intensive comprise 34.4%. Details on 
the management and characteristics of shrimp farms are 
summarized in Table 2. The shrimp farms operated all 
year round with 2.5 to 4.7 cycles year−1. In semi-inten- 
sive system, the stocking density of post-larval ranges 
from 15 - 30 individuals m−2 in 1.0 - 10.0 ha ponds. Dur- 
ing crop cycles, 3.2 - 4.7 crops are performed for year, 
resulting in a yield of 4.6 ton·ha−1·year−1. The application 
of fertilizers, supplementary feeding and water exchange 
of 0% - 5% are characteristic of this system. The feed 
conversion ratio (FCR) varies depending of feed quality 
and the management, generally it is lower (1.0 - 1.5). 
Commercially available pelleted feed (several companies) 
for P. vannamei are used in all shrimp farms. Protein 
content of the feed ranged from 30% to 40%. 

The intensive culture system is characterized by the 
combination of high initial stocking densities (30 - 100 
individuals m−2) and major feeding rates. During crop 

cycles, 2.5 - 3.5 crops are performed for year, resulting in 
a yield of9.2 ton ha−1·year−1. Depending on local condi- 
tions and the stage of grow-out, cycle feeding with com- 
mercial feed (35% - 40% protein) takes place and there is 
a regular water exchange of 3% - 30% of the pond vol- 
ume per day that varied according to the stage of the 
production cycles. Constant use of mechanical stirrers 
ensures that aerobic conditions are maintained. FCR is 
also variable in this type of system, but it is possible to 
assume that 1.8 is a representative value. 

The range size of farms in the Jaguaribe river estuary 
vary from 1 to 630 ha, with a mean estimated at 32.4 ha. 
The pond size also is variable (1 and 32.5 ha), 2 - 5 ha 
being predominant. The mean stocking density for in-
tensive shrimp farms is 40 PL·m−2 and for the semi- 
intensive 20 PL·m−2. In 2010-2012, the survival was 
normally in the range of 51.2% - 85.9% from stocking 
to harvest. The total production in 2011 was 13,110 tons 
in a pond area of 2071.2 ha with an average yield of 
6.3 ton·ha−1·year−1. 

The shrimp culture industry located in the Jaguaribe 
river estuary has generated 1.14 direct formal jobs, sea- 
sonal jobs, indirect formal jobs including hatcheries and 
post-harvest per hectare. Shrimp farms are responsible 
for the generation of 1186 direct formal jobs and 150 
seasonal jobs related to shrimp harvest. In this region, 
there are two hatcheries and one processing plant that 
generate 149 and 420 direct formal jobs, respectively. 
The other secondary activities including buyers of shrimp 
and small processing plants have generated 451 direct 
formal jobs. The employments generated by fertilizers 
and feed industries were not considered because they are 
not located in the region of Jaguaribe river estuary. The 
local population is the main beneficiary from the creation 
of jobs. However, jobs requiring qualifications are nor-
mally occupied by outsiders. 

Additionally, the shrimp culture industry located in the 
Jaguaribe river estuary has contributed to the strengthen- 
ing and diversification of the local economy, increasing 
in the number of jobs in other sectors of industry and 
commerce. As an example, the major shrimp farm that 
operates in this region has opened up new companies, 
creating 77 additional jobs. This industry has also in- 
duced the operation of a federal school for training of 
young aquafarmers. 

 
Table 1. Characteristics of the shrimp farms by size operation. 

Small Medium Large Total 
Production system Number of 

companies 
Area (ha) 

Number of 
companies 

Area (ha) 
Number of 
companies 

Area (ha) 
Number of 
companies 

Area (ha) 

Semi-intensive 37 260.1 3 154.0 2 880.0 42 1294.1 

Intensive 10 92.0 11 535.1 1 150.0 22 777.1 

Total 47 351.1 14 689.1 3 1030.0 64 2071.2 
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Figure 2. Thematic map of coastal wetland distribution in Jaguaribe river estuary. Land cover categories obtained by digiti-
sation and by means of a supervised classification for Landsat Geocover of 1999-2000, CBERS of 2009-2010 and Google 
Earth images. 
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Table 2. Characteristics of the different types of shrimp aquaculture practices. 

Intensity of farming systems 
Characteristics 

Semi-intensive Intensive 

Pond size (ha) 1.0 - 32.5 1.3 - 4.7 

Stocking density (PL·m−2) 15 - 30 30 - 100 

Survival rate (%) 56.1 - 85.9 51.2 - 82.3 

Water exchange (%) 0 - 5 3 - 30 

Aeration (HP·ha−1) 0 - 4 4 - 20 

Yield (ton·ha−1·yr−1) 4.6 9.2 

Number of cropsyr−1 3.2 - 4.7 2.5 - 3.5 

Production (ton·year−1) 5952.9 7157.5 

Fertilizers used (ton·ha−1·yr−1) Urea < 0.25, TSP < 0.03 Urea < 0.50, TSP < 0.10 

Feed consumption (ton·yr−1) 7083.9 11953.0 

Feed used Natural and pelleted feed Pelleted feed 

Protein feed (%) 40 - 30 40 - 35 

FCR 1.01 - 1.37 1.32 - 2.02 

Chemicals used Yes Yes 

Direct formal jobs (persons·ha−1) 0.52 0.67 

Direct seasonal jobs (persons·ha−1)* 0.07 

Indirect jobs (persons·ha−1)* 0.42 

Disease problems Rare (IMNV and IHHNV) Rare (IMNV and IHHNV) 

Operational costs Moderate to high Moderate to high 

Environmental impact Relatively little Relatively little 

Social implications Moderate to high Moderate to high 

Economic proliferation Commercial Commercial 

Sustainability concerns Moderate to low Moderate to low 

*The number of jobs was calculated the total area of shrimp farming (2071.2 ha). 

 
Currently, the states of São Paulo, Rio de Janeiro, Mi- 

nas Gerais, Bahia, Ceará and Pernambuco are thought to 
be largest shrimp consumers in Brazil, with practically 
100% of production directed to the domestic market. 
Shrimp producers realize sales to processing plants. Af- 
terwards, depending on commercial demand, processed 
shrimp is removed from the storage chambers and shipped 
by land to consuming centers in Brazil. However, there 
are some direct sales to other customers such as super- 
market chains, stores, hotels and restaurants. 

3.2. Assessment of Land Cover and Land Use 

Polygons for Jaguaribe river estuary, saltmarsh, mangrove, 
shrimp farms, terrestrial covers and the Atlantic ocean 
were digitised on-screen, rasterised, and overlaid on the 
images before the classification procedure that outputs 
thematic map with the cover and land use categories 
(Figures 2 and 3). The results obtained from digitising 
the shrimp farms on the Landsat Geocover and CBERS 
scene revealed a total of 64 shrimp farms or shrimp cul- 
ture systems covering almost 2411.3 ha distributed close 
to the Jaguaribe river estuary. Although existing shrimp 
farms cover only 2411.3 ha of land in the study area, the 

potential for expanding shrimp farms should take into 
consideration further political and environmental issues, 
since most of the suitable areas for shrimp farming are 
agricultural land. 

Calculations showed that in the period 1967-2010, the 
area of mangrove increased from 584.2 ha to 1273.0 ha, 
although the movement of dunes on the right bank of the 
Jaguaribe river have contributed to a reduction in man-
grove (Figure 3). 

3.3. Assessment of Water Quality 

The quality of water and subsequent effects of shrimp 
aquaculture in the coastal environment were evaluated by 
analyzing the parameters mentioned above in the sam- 
pling stations selected along the inlet and outlet points. 
The results of the water quality measurements included 
in this study are shown in Table 3. 

In all the samplings for the influent and effluent from 
shrimp ponds in the Jaguaribe river estuary, the tem- 
perature did not vary along the years and normal seasonal 
variation was observed. There was no significant differ- 
ence in water temperature between the pump station (in- 
fluent) and point of water discharge (effluent). Similarly,  
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Figure 3. Thematic maps and area estimations of coastal wetland distribution in Jaguaribe river estuary. Land cover catego-
ries obtained by digitisation and by means of a supervised classification for aerial photographs of 1967, Landsat Geocover of 
1999-2000, CBERS of 2009-2010 and Google Earth images. 

 
there were no significant differences in water salinity, pH 
and dissolved oxygen among influent and effluent water. 
However, TAN, ammonia, nitrate, nitrite, total phosphor- 
rus, chlorophyll a, BOD, turbidity and coliforms were 
significantly higher in point of water discharge than pump 
station. 

4. Discussion 

4.1. Development and Characteristics of Shrimp 
Farming 

The total area dedicated to shrimp farming in the Jaguaribe 
river estuary was 1676.78 ha, in 2005 [28] and 1640 ha  
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in 2006 [24]. Currently,total area dedicated to shrimp 
farming was 2,411.3 ha, representing a 47.0% increase 
compared with 2006 and of 43.8% with respect to 2005. 

Farming systems have gradually shifted from exten-
sive traditional systems to improved extensive, semi-in- 
tensive and intensive production that are classified ac- 
cording to the pond size, water use, capital, labor, feed 
and chemicals used, and stocking densities [29]. In the 
Jaguaribe river estuary, semi-intensive shrimp culture 
utilizes pond enclosures that are smaller than traditional 
farms (1 - 8 hectares), but this system provides signifi- 
cantly higher yields (1 - 5 ton·ha−1·yr−1), while intensive 
shrimp aquaculture practices are typified by high stock- 
ing densities in aerated ponds (1 - 5 hectares) and high 
production rates (6 - 15 ton·ha−1·yr−1). 

Since 2003, Brazilian shrimp cultivation has been 
hindered by disease in many regions [22,30]. The pan- 
demic due to the penaeid virus IMNV has cost the Bra- 
zilian penaeid shrimp industry millions of dollars in lost 
crops, jobs, and export revenue [31]. Despite the expan- 
sion in the production area in the last years, diseases have 
not been a regular occurrence in the Jaguaribe river estu- 
ary shrimp farms in 2010-2012 [23,32]. IMN disease 
occurs principally in the rainfall period that was more 
intense for the period 2003-2009 than in 2010-2012. 
Diseases are associated more intensely with environ- 
mental changes than with the intensification of farms 
[33-35]. Moreover, poor water quality, associated with 
unplanned and uncontrolled farming, has increased the 
incidence of diseases and reduced production [36]. Un- 
fortunately, the shrimp farms in the Jaguaribe river estu- 
ary have not implemented biosecurity plans, best man- 
agement practices (BPM) and the use of certified post- 
larvae despite of the diseases and other technical prob- 
lems. Despite of diseases are a recognized problem, the 
industry and Brazilian government are not using a SPF 
(specific pathogen-free) shrimp and Code of Conduct 
certifications. This case is completely different to ob- 
served situation in Thailand where approximately 18,000 
shrimp/fish hatcheries and farms are certified for Good 
Aquaculture Practice/Code of Conduct by government in 
Thailand [37]. Additionally, due to its high costs and lack 
of preparation of shrimp farmers, it is still estimated that 
most farms do not have their effluents treated. 

In the Jaguaribe river estuary, shrimp farms operated 
all year round with various cycles per year. On the other 
hand, in other countries the tendency has been to reduce 
the number of cycles per year due to the decreased crops 
during cold months [34,37-39]. 

The shrimp culture industry located in the Jaguaribe 
river estuary employs 2350 people that represent 23.2% 
of jobs generated in the two municipalities where the 
Jaguaribe river estuary is inserted. Therefore, this Indus- 
try contributes significantly to rural employment as ob-  

served in other developing countries [4,40]. The shrimp 
culture in Ecuador has transformed the regional balance 
of the economy with respect to production, employment 
and habitation [40]. Similarly, the economic benefits of 
shrimp aquaculture in Asia are well recognized including 
employment opportunities [36,41,42]. Additionally, this 
industry contributes to poverty reduction and food secu- 
rity, as well as generates employment from seed collec- 
tors to exporters [43]. 

However, it is not surprising that the growth of shrimp 
farming has generated mounting criticism of its socio- 
environmental consequences, including the marginalisa- 
tion of the rural poor, their increasing landlessness, break- 
down of traditional livelihood support systems, increase- 
ing poverty, diminishing food security, and the transfer 
of land and wealth to local and national élites [2]. These 
problems have been reported in several producing coun- 
tries [2,44-47]. In the Jaguaribe river estuary, the nega- 
tive aspects of shrimp aquaculture include the prohibition 
of local populations of their traditional access to man- 
groves, the decline in food security, the marginalization 
of coastal communities and the unemployment due to the 
abandonment of shrimp farms [48]. However, evidence 
for these cases are not presented objectively by author. 

In the period 2003-2010, the competitiveness of Bra-
zilian farmed shrimp exports were affected by IMNV 
disease, US anti-dumping process and the strengthening 
of the Brazilian currency. Consequently, the exports de- 
creased from 58,500 tons in 2003 to 1600 tons in 2010 
[21]. Brazilian farmed shrimp production has remained 
constant in the last years but exports have fallen sharply 
and almost all production is now consumed domestically 
[25]. 

Compared with other countries, Brazil has high cost 
inputs for shrimp farming. However, the Brazilian shrimp 
industry has benefited from high domestic prices, despite 
of decreases in international price of shrimp due to im- 
port restrictions and high demand in the domestic market 
[3,21,49,50]. In 2011, the prices for size category ranged 
between U$ 4.67 - 6.04 for 80/100 (count of head-on 
shrimp), U$ 4.95 - 6.60 for 70/80 and U$ 5.85 - 8.10 for 
50/60. These prices are 40% - 50% higher than the prac- 
ticed prices by farmers in Asia [51]. 

4.2. Assessment of Land Cover and Land Use 

The use of satellite images has permitted monitoring and 
mapping of areas that require attention concerning the 
natural resource management [52-54]. Aerial survey tech- 
niques provide a level of details that allow the visualiza- 
tion of the landscape according to its structure and spa- 
tial-temporal distribution. The use of this tool is justified 
by its low cost and generation of digital data, which can 
be easily incorporated into a GIS database. 
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In many countries, the rapid expansion of shrimp farm- 
ing has caused extensive destruction of mangrove eco- 
systems [55,56]. The destruction of part of the mangrove 
area was documented during this study. These habitats 
are legally protected and perform important ecological 
and economic functions, such as structural protection 
against the erosion of the coast, hydrological regulation, 
and shelter for biota. However, shrimp farms located in 
the Jaguaribe river estuary have been constructed in less 
than 0.2% (3.7 ha) of mangrove areas. Similarly, for the 
northern coast of Sinaloa (Mexico), a land cover change- 
detection analysis, with Landsat images, outputs that 
75% of the shrimp farming in this region has been built 
on saltmarshes while less than 1% was constructed on 
mangrove areas [57]. 

4.3. Assessment of Water Quality 

The water quality of shrimp farm effluent depends on a 
number of factors, including pond soil type, quality of 
influent water, stage of grow out season and management 
practices employed [58]. Water pollution is largely asso- 
ciated with the use and discharge of water in shrimp 
ponds [29]. Common problems in the open water ex- 
change system include phytoplankton crashes, deterio- 
rated pond bottoms and bacterial diseases [59]. 

The quality of water and subsequent effects of shrimp 
aquaculture in the coastal environment were evaluated by 
analyzing the parameters mentioned above in the sam- 
pling stations selected along the inlet and outlet points. 
The physical, chemical and biological parameters of wa- 
ter during the monitoring period were maintained within 
the Brazilian water quality standard for industrial efflux- 
ents discharged into brackish water except for TAN 
(convert to ammonia), nitrate, nitrite and total phosphor- 
rus. However, Brazilian water quality standards for in- 
dustrial effluents discharged are more restrictive than 
BAP standards (Global Aquaculture Alliances Best Aqua- 
culture Practices Standards). Brazilian water quality stan- 
dards for TAN and total phosphorus are ≤0.4 mg·L−1 and 
≤0.12 mg·L−1, respectively, while for BAP standards are 
≤5.0 mg·L−1 and ≤0.5 mg·L−1, respectively. Various stud- 
ies with monitoring of effluent and influent water quality 
in shrimp farms report similar results [29,38,60-64]. Ad- 
ditionally, several researches have demonstrated effluent 
water from shrimp ponds typically contains elevated con- 
centrations of dissolved nutrients compared to influent 
water [29,61,62,64]. 

On the other hand, the values of each environmental 
parameter remained stable during the period 2010-2012 
indicating the capacity of the estuary to recycle nutrients. 
For example, TAN levels measured in the influent did 
not differ significantly during the years 2010 (mean 0.95 
mg·L−1, ranging between 0.01 - 3.30 mg·L−1), 2011 

(mean 0.40 mg·L−1, ranging between 0.03 - 2.00 mg·L−1) 
and 2012(mean 0.87 mg·L−1, ranging between 0.03 - 1.51 
mg·L−1). The mangrove estuaries have some capacity to 
tolerate periodic inputs of effluent from intensive shrimp 
ponds [60]. The authors suggest that the effluent can be 
dissipated by tides and assimilated and/or mineralized by 
the estuarine. The water quality was analyzed over a 
three-year period in a mangrove estuary receiving peri- 
odic inputs of effluent from adjacent shrimp ponds, and 
in two adjacent, non-impacted estuaries, in Australia [60]. 
The authors concluded that tidal mangrove estuaries have 
some capacity, at least over short spatial and temporal 
scales, to process intermittent inputs of pond-derived nu- 
trients. However, strong contrasts in physical and chemi- 
cal variables were evident between the influent and ef- 
fluent creeks and between empty, full and harvest stages 
of a shrimp farm in same estuary [62]. According the 
authors, it was evident that the receiving environment in 
this study had been influenced as a result of waste from a 
shrimp farm. 

5. Conclusions 

This paper has assessed the environmental and socio- 
economic impacts of Penaeus vannamei shrimp farming 
and discussed sustainable production techniques for North- 
eastern Brazil. Northeastern Brazil is a region with envi- 
ronmental limitations due to the semiarid climate and 
restrictions in water supply. However, this region is the 
best position to shrimp culture. The brackish water shrimp 
industry in the Jaguaribe river estuary is dominated by 
semi-intensive and intensive culture systems with a pond 
area of 2071.2 ha and an average annual yield of 6.3 
ton·ha−1. This industry has provided regular and addi- 
tional employment to rural people, generating 1.14 jobs 
ha−1. Currently, pandemics caused by viruses have not 
resulted in economic losses of shrimp farming industry in 
this Region. On the other hand, unfortunately, on-farm 
biosecurity protocols have not been used to prevent the 
introduction or re-introduction of specific pathogens like 
WSSV or IMNV, respectively. Despite a number of posi-
tive aspects of shrimp farming, this industry has negative 
environmental impacts. The most important environ-
mental problems caused by shrimp farming are asso- 
ciated with mangrove deforestation and water pollution. 
However, the use of satellite images indicates that about 
99.8% of the shrimp farms in the Jaguaribe river estuary 
have been constructed predominantly on saltmarshes and 
other coastal land and the remaining 0.2% were devel- 
oped on mangrove areas. Moreover, no change in pa- 
rameters of water quality was observed during the period 
2010-2012, indicating that this estuary has some capacity 
to process pond-derived nutrients. Finally, to further 
growth and intensification of shrimp farming and reduce 
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the negative impacts associated with this industry, the 
use of breeding programs, SPF postlarvae, biosecure en- 
vironments with physical barriers, pond treatment, inlet 
water treatment, treatment and reuse of effluent is neces- 
sary. 
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