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During the last 40 years, industrial shrimp farming in Brazil has experienced intense development. The
first shrimp culture experiments were carried out at the beginning of the 1970s, but due to technical
problems and a lack of exact knowledge they were not very successful. At the end of the 1990s, the
activity expanded rapidly and shrimp farming became a relevant export industry, due to government
assistance, public-bank financing, university technical collaboration and legislative permissiveness. The
vertiginous growth of the industry has been accompanied by a profound transformation of natural
resources, causing the degradation of the mangrove ecosystem. The objective of this study is to conduct
an integral and in-depth analysis of the evolution of the industrial shrimp farming in Brazil, based on
a review of the national political and economic context of the aquaculture activity, and also an evaluation
of the environmental impacts of shrimp farming in the watershed of the Jaguaribe River, Ceará (NE
Brazil). This analysis begins with the initiation of intensive large-scale farming for export, taking into
account the synthesis of environmental processes to analyse the socio-environmental impacts.

We studied the areas used for the construction of shrimp farms, located in coastal and estuarine
systems and with tidal connections, linking the transformation of the system with the, geo-
environmental evolution of the impacted zones, mainly the mangrove ecosystem. The final objective
of this work is to propose an integral model of management for the appropriate use of mangroves in
Brazil and other systems with analogous problems.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Aquaculture has been promoted to reach strong economic
growth based on food export alleviating poverty in developing
countries while decreasing the pressure on wild marine pop-
ulations (the so-called “blue revolution,” [Bardach, 1997; Stonich
and Bailey, 2000; Costa-Pierce, 2002]). The “blue revolution”
(Austin, 1993; Naylor et al., 2000) began to develop intensively in
tropical zones of Asia, Latin America and, more recently, Africa. The
“blue revolution”, previously practiced in an extensive form in Asia
for nearly 4000 years (Arana, 1999), has been transformed, with
strong political and economic support, into a more intensive form
adopted by the world agro-industrial food systems. Following the
same logic of other animal production systems, aquaculture has
been converted into an activity that is highly dependent on the
globalised industrial market.
All rights reserved.
World aquaculture production has grown substantially in the
last ten years, reaching 52.5 million tonnes in 2008, compared with
the more than 2.5 million tonnes in 1970 (FAO, 2010). Production
grew from 0.7 kilos/capita/year in 1970 to more than 7.8 kilos/
capita/year in 2008, growing on average 6.6%/year. One of the
stronger points of the blue revolution is shrimp aquaculture. From
the 1990s to the mid-2000s, the shrimp farming industry has
grown each year between 3 and 54% relative to the previous year
(FAO, 2010). Peneids (shrimp and prawns) aquaculture alone has
comprised 73.3% of the world crustacean aquaculture production
(FAO, 2010). Countries such as Myanmar transformed this industry
from one tonne/year (1990) to more than 30,000 tonnes/year
(2004), while others such as China have increased their produc-
tivity from 185,000 tonnes to almost a million in the same period
(Rivera-Ferre, 2009). Almost 99% of shrimp production comes from
developing countries, but the majority is exported to Europe, Japan
and USA (Paez-Osuna, 2001).

According to recent estimates,1 to 1.5 million hectares of coastal
areas were converted to shrimp farms, mainly in China, Thailand,
India, Indonesia, the Philippines, Malaysia, Brazil, Ecuador, Mexico,
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Honduras, Panama and Nicaragua (Senarath and Visvanathan,
2001). Shrimp monoculture has been carried out in these coun-
tries without regulations or laws in many cases, and its steep
growth in recent years has been accompanied by an ecological
footprint on natural resources and landscape, especially in
mangrove ecosystems (Paez-Osuna, 2001).

The first shrimp cultivation experiments in Brazil were carried
out in the early 1970’s. It was only towards the end of the 1990’s,
however, that rapid expansion of the activity took place and it
became a relevant export industry, reaching its highest level of
production in 2004 (ABCC, 2004). In order to reach this level of
development, shrimp aquaculture occupied an area of more than
15,000 ha, in contrast to 4320 ha in 1998, a growth rate higher than
300% (1998e2010) (Fig. 1). Even more dramatic was the growth in
production, with a rate of 2400% during the same period. Brazil
became the largest producer in Latin America and occupied sixth
place in global production (ABCC, 2004).

In 2004 the Associação Brasileira de Criadores de Camarão
(ABCC) envisioned continuity in this trend in aquaculture growth,
predicting area coverage of 30,000 ha by 2007. However, with the
decrease in the value of the dollar and, toward the end of 2003, the
spread of the Infectious Myonecrosis Virus, IMNV, the activity
stagnated (ABCC, 2005). Following successive decreases in shrimp
aquaculture production in 2003 and 2004, the shrimp industry
began to fall into steep decline. In the federal state of Ceará, the
accumulated decrease of exports was 65%. Faced with export
difficulties, the sector stated that in 2010 practically all production
Fig. 1. Shrimp production in Braz
would be absorbed by the domestic market, and this increase in
domestic demand continued during the following years (ABCC,
2010). The data from 2010 (Fig. 1) was estimated by the ABCC and
may be overvalued.

Behind the numbers and high shrimp-production rates for
export, lies a context of conversion of extensive coastal areas
(fragile and fundamental environmental systems like wetlands and
mangroves), into production zones (shrimp farms), generating
social, economic and environmental impacts (Barbier and Strand,
1998; Ronnback, 1999; Polidoro et al., 2010). The extension and
magnitude of environmental impacts vary according to the
geographic and environmental conditions of each place, but
a strong degradation and transformation of habitats has been
demonstrated. These habitats have a very important role in the
regenerative capacity of natural environments, water consumption,
generation and treatment of effluents, and other environmental,
social and economic characteristics (Braaten and Flaherty, 2001;
Huitric et al., 2002; Alonso-Perez et al., 2003).

Mangroves are a rich, diverse and complex ecosystem formed at
the interface between terrestrial, estuarine, and marine systems
near the coastal zone of 123 countries in tropical and subtropical
regions of the planet (Spalding et al., 2010). This biotope is
responsible for several ecosystem services which include, among
others, protection against floods and cyclones, control of nutrients,
processing of organic material, control of sedimentation, biodiver-
sity environments, and above all, temporary and permanent
nursery grounds for a large quantity of fishery species (Spalding
il 1998e2010 (ABCC, 2010).
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et al., 2010). The last point has been widely demonstrated
(Laegdsgaard and Johnson, 2001; Nagelkerke et al., 2002), being
crucial in order to understand the value of the artisanal and
industrial fishing that can occur in mangrove areas (Aburto-
Oropeza et al., 2008). Adding to these services, the ability to bind
large carbon from the atmosphere in its aboveground biomass in
the sediment is considered one of the largest carbon sink on the
planet.

Current estimates of global mangrove area are about
150,000 km2 (Spalding et al., 2010). Around 35,600 km2 (about 23%
of mangroves and wetlands) were lost between 1980 and 2005 due
to the growing pressure of urban and industrial development along
coastal zones, in combinationwith climate change and sea level rise
(FAO, 2007). 38% of degraded mangrove areas are attributed to
industrial shrimp aquaculture, being directly related with
decreases in its ecosystem services (Ellison, 2008; Polidoro et al.,
2010). Very conservative calculations indicate a 1% loss of
mangrove area/year, while other calculations reach up to 8%. It has
been shown that 11 of the 70 mangrove species (16%) are in a crit-
ical condition andmay disappear in less than a decade, especially in
the Atlantic and Pacific coastal zones of the Americas (Polidoro
et al., 2010). Taking into account this accelerated rate of loss, the
predictions of some authors foresee a disappearance of all
mangrove species within 100 years (Valiela et al., 2001; Alongi,
2002).

Although research has been carried out on the impact of shrimp
farming on mangroves, an easy and manageable tool is required to
make long-time series which help to quantify the real impact of
intensive aquaculture. This is the first work inwhich there is a long-
time series of shrimp farming development through satellite data
in Ceará, Brazil, from 1970 to 2011. The study area is the watershed
Fig. 2. Area of study. Source
of the Jaguaribe River (Fig. 2). The watershed area is 72,645 km2

(occupying 50% of the state area). Its area contains 80 municipali-
ties with one-third of the population of Ceará (IBGE, 2010). The
economic activities carried out throughout the Jaguaribewatershed
range from small family farming, traditional fishing, and garbage
dumps, to industrial shrimp farming (Souza Filho et al., 2003).

We applied two different approaches: 1. Reconstruction of the
national political and economic context of the shrimp monoculture
intensification and 2. Characterisation of the environmental
impacts associated with shrimp farming in mangroves of the Jag-
uaribe River. In the first part, we show the evolution of production
in Brazil mainly beginning in 1997, a historic point in the produc-
tion of shrimp by means of intensive cultures for large-scale export
(EMBRAPA, 2004; IBAMA, 2005) by means of official documents
and statistics. In the second part we consider the importance of salt
flats and their relation with other associated coastal ecosystems by
means of correlations with transport and deposition of sediments,
oscillations of the tides, fresh water inputs (subterranean, fluvial
and pluvial) and seasonality (Meireles et al., 2007).

Thework is intended to be a clear example to be applied to other
similarly affected areas in which the political context may be
different but the result (the degradation of mangrove systems for
the intensive shrimp aquaculture) is the same.

2. Methodology

Themethodology of the present study is divided in two different
parts: 1) An integrated literature/document analysis of the indus-
trial shrimp aquaculture development in Brazil, and 2) Survey of
the case study area through the SIG methodology and the imple-
mentation of aquaculture and environmental data.
: www.embrapa.gov.br.
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2.1. Reconstruction of the political and economic context

The literature/document analysis gathers historical information
of the shrimp production from the beginning of intensive crops in
1997 up to 2010. To reach this target we made a literature review
with the various sources of information: 1. Government: review of
the plans and strategies of the federal and state governments for
the development of public policies for aquaculture and studies on
the social and environmental impacts caused by environmental
agencies (EMBRAPA, 2004; IBAMA, 2005) 2. Scientific publications
on aquaculture development in Brazil and its social and environ-
mental impacts on coastal communities and traditional territories
mainly produced by the universities of Ceará: Universidade Federal
do Ceará (UFC), Instituto de Ciencias do Mar (Labomar) and Uni-
versidade Estadual do Ceará (UECE) 3. Business (aquaculture
production sector): Associação Brasileira de Criadores de Camarão
(ABCC)/Associação Cearense de Criadores de Camarão (ACCC) 4.
Community/social movement information: the allegationsmade by
the communities involved in the conflict generated by the shrimp
aquaculture expansion.

2.2. Survey of the area of shrimp farms in the watershed of the
Jaguaribe River, Ceará, NE Brazil

The spatial-temporal evolution of mangroves was analysed
using satellite images (Landsat TM5, bands 1e7, colour 5R, 4G and
3B), with 30 m resolution. Aquaculture activities were detected,
and could be easily recognised in the image set, generating the
composition of the data base for the characterisation of environ-
mental impacts.

The field data were used for the elaboration of thematic maps
(geologic, geomorphic and plant cover) at the Digital and Clima-
tological Cartography and Hydrologic Resources laboratories of the
Department of Geography of the Federal University of Ceará (UFC),
Brazil. To compose the models and the synthesis of collected data,
diagram blocks were elaborated with mapped themes. Environ-
mental impacts were introduced into these models. In order to
quantify the impact analysis, the characterisation of the flux of
material and energy was elaborated by marking the boundaries of
the geo-environmental units in two coastal systems and the char-
acterisation of the sediment transport agents. Based on the
observed intervention of shrimp ponds in geo-environmental and
eco-dynamic processes, planning and management suggestions
were developed for this aquaculture activity in the Brazilian coastal
zone.

Areas impacted by shrimp farm productionwere surveyed in the
Jaguribe River estuary. Geo-environmental and eco-dynamic
processes were defined in the salt flat sectors and related with
the flux of material and energy that make up the structure of the
mangrove ecosystem.

3. Results

3.1. Reconstruction of the political and economic context

During the last 42 years, the shrimp farming sector in Brazil has
evolved from experimental production on extensive farms of
autochthonous species to the creation of an extremely flexible
institutional and infrastructural mark, designed to promote rapid
expansion of aquaculturewithmaximumprofit. During these years,
the shrimp farming industry has developed in four stages.

The first stage began in the 1970s in the state of Rio Grande do
Norte, when the country carried out the first experimental cultures.
The shrimp aquaculture then became a business in the 1980s, using
the exotic species Panaeus japonicus. At this time, the sector needed
to reach a more economically acceptable production rate and faced
the lack of adaptation of P. japonicus to low salinities. The aqua-
culturists changed their plans and started to experiment with
native species, such as Panaeus subtilis, Panaeus schmitti, Panaeus
brasiliensis y Panaeuspaulensis (BRASIL, 2010). Productivity, as well
as the profits obtained, continued to be low, which provoked the
deactivation and reconversion of the shrimp farms into salt ponds
in several regions of NE Brazil because of the difficulty of managing
production systems.

The second stage of shrimp farming development in Brazil
began when a technological package (optimum aquaculture
conditions, life cycles, study of potential diseases, genetic vari-
ability, etc.), focused on fostering the industry was introduced.
From around 1997e2003, the country had the ideal conditions to
obtain accelerated aquaculture growth. In the following years, the
mastering of the reproductive cycle and post-larva production
technology resulted in self-sufficiency and regularisation of the
supply, consolidating the technology in the farms. The country no
longer had to depend on the importation of post-larvae, which had
been vectors of disease and fraught with irregular supply, resulting
in negative performance outcomes (Paiva Rocha, 2011).

The NE of Brazil possesses scientific development as well as
ideal edaphoclimatic conditions, both in terms of topographical,
hydrological characteristics, for shrimp farming. The university
technical collaboration: ideal conditions as extensive areas of
estuary, good quality of coastal waters and tropical climate,
government assistance, public-bank financing and legislative
permissiveness enabled the shrimp farming to grow during this
period, introducing the Pacific shrimp in Brazil on a large scale.

In order to reach a high level of biomass growth, shrimp farms
bought extensive lands in the Brazilian coastal zone: from 3500 ha
of farms installed in 1997 to more than 15,000 ha in 2004, repre-
senting an increase of more than 300% (ABCC, 2005). Even more
significant was the rise in production, which in 2003 reached
90,190 tonnes, an increase of 2400% in relation to 1997. Of this
production, 70% was for export. This period is known as the shrimp
farming “boom”, driven forward by the increase in the exchange
rate of the national currency with the dollar, making the external
market more attractive (Meireles et al., 2007; ABCC, 2005).

In 2004 there was a decrease in export production volume. by
19,405 tonnes in the north west zone and, in Rio Grande do Norte,
shrimp production in 2003was 37,473, decreasing to 30,807 tonnes
in 2004. At this time, exports decreased by 65% in Ceará. The rates
reached their lowest levels in 2006, when national production did
not pass the production reached by Rio Grande Norte alone in 2003,
with a volume of approximately 34,000 tonnes (Meireles and
Vicente da Silva, 2003).

In only three years, exports dropped from US$ 244.5 million in
2003 (with 61,000 tonnes) to US$ 154.4 million in 2006 (37% less).
The data demonstrate that the intentions of the shrimp farmers to
reach 157,000 tonnes in 2005 with a value of US$ 450 million were
badly estimated ABCC). According to the data from the first half of
2005, exports were estimated at US$ 283 million less than pre-
dicted by the ABCC.

3.2. Survey of increase in shrimp farm area

According to the survey carried out by the Superintendência
Estadual de Meio Ambiente (SEMACE), 245 shrimp farms were
identified within the watersheds of the state of Ceará (IBAMA,
2005), occupying an area of 6069.97 ha. The data reported by
ABCC in contrast for 2005 were 3804 ha. 84.1% of the those farms
had impacts directly related with mangrove loss, such as environ-
mental damage to mangrove fauna and flora and salt flat sectors
(Meireles and Vicente da Silva, 2003). The Fig. 3 represents



Fig. 3. Estuarine system of the Jaguaribe River and its principle environmental components. (Source: National Institute for Space Research (INPE), satellite image Landsat TM 5, 8
March 2008).
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a synthesis of the characteristic geo-environmental units
throughout the estuarine system of the Jaguaribe River and how
they were occupied by shrimp production units. Also characterised
are the impacts related to access roads, larva and post-larva
growing ponds, storage and drainage canals, sedimentation
ponds, laboratories and tool/material storage.

Of all the farms licenced by the State Superintendent of the
Environment (SEMACE), it was verified that 84% had direct impacts
on the mangrove ecosystem (mangrove fauna and flora, salt flats);
25.3% cut down carnaubal palm forests and 13.9% occupied areas
previously destined for subsistence agriculture. Throughout the
watershed there was an increase in the area of shrimp farms from
295 to 1985 ha, with a decrease in mangrove forests in 1999 and
a slight increase in area (probably related to the occupation of
mangrove in former areas of abandoned farms and salt flat sectors
colonised by the forest). Fig. 4 presents the occupation of the



Fig. 4. Occupation of the mangrove ecosystem related with vegetation and salt flats through the period studied (1988e2011).
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mangrove ecosystem through the period studied, where there is
a significant increase in shrimp farm areas, occupying ecosystem
sectors related with vegetation and salt flats.

According to the Superintendência Estadual de Meio Ambiente
(SEMACE), 44.2% of the shrimp farms constructed in the Jaguaribe
River, interfered directly with the mangrove ecosystem and 63.6%
caused serious damage to the riparian forest (carnaubal palms),
which is one of the most important ecosystems of NE Brazil
primarily for the protection of areas of recharge (IBAMA, 2005).
Fig. 5 shows the synthesis of the occupation process, and the
relation between the increase in shrimp farms and decrease in
vegetation cover and salt flats. These results also demonstrate that
the mangrove occupation was related to the substitution of envi-
ronmental components with extensive aquaculture.

Fig. 6 represents a synthesis of the characteristic geo-
environmental units along the estuarine system of the Jaguaribe
River and how they were occupied by the shrimp production units.
Also characterised were the impacts related to the access roads,
larva and post-larval phase tanks, storage and drainage canals,
sedimentation ponds, laboratories and tool/material storage.
Additionally, the impact on biodiversity caused by the dissemina-
tion of exotic species was also identified. The farms do not have
efficient security mechanisms to prevent the invasion of the exotic
shrimp L. vannamei which is harmful to Brazilian mangroves
(Meireles and Queiroz, 2010; Meireles and Tupinambá, 2005). In
addition, contaminated effluents directly affect the biology of
native species.

According to Fig. 6, the environmental impacts identified in the
Rio Jaguaribe caused by shrimp aquaculture were:

1. Geo-environmental and eco-dynamic decharacterization of the
mangrove ecosystem by deforestation (mangrove carnaubal
palms, etc.);

2. Deforestation of riparian zones associatedwith the lateral areas
of mangrove salt flats;

3. Impermeabilization of soils near urban areas and fishing
villages, destroying aquifer recharge areas;
4. Risk of aquifer salinization due to the occupation of extensive
recharge areas;

5. Blocking of the tides, preventing access to water (nutrients and
seeds) in areas with mangrove vegetation and in salt flat
sectors;

6. Hindering the entrance of fresh water originating from the
aquifer (water renovation cycle and leaching of salts) in the
internal eco-dynamic of the salt flat, and, consequently, for the
estuary.

7. Transformation of mangrove vegetation (and salt flats); struc-
tural changes (loss of sedimentary material and compaction).

8. Erosion of the shrimp pond slopes (pluvial action and contact
with daily tidal oscillations) and destruction of mangrove
vegetation and slat flat areas;

9. Direct discharge of effluents in the creeks;
10. Death of vegetation (mangroves, carnaubal forest and caa-

tinga), probably resulting from the infiltration of brackish
water and blockage of lateral exchanges with the implantation
of polders and infrastructure.

4. Discussion

The technique that we have used to evaluate the changes in the
altered area caused by the presence of shrimp farms proves to be
adequate for making a good landscape evaluation. It is easy to use
and can be combined with shrimp production data, including the
downward trends that in this case have been detected in the state
of Ceará in recent years.

In the 1990s, intensive shrimp production started to be devel-
oped in Ceará. In only 10 years (1998e2008), the activity had
already developed in eight municipalities, corresponding to 48% of
the entire cultivated area in the state and being responsible for
more than 80% of the total shrimp production in that zone of Brazil.
Of the 6069.97 ha of shrimp production, the Jaguaribe watershed
regionwas responsible for 3294.88 ha during this period (including
shrimp farms in fluvial systems, far from the estuary). In the lower
Jaguaribe, the ponds were first installed in the river margins, where



Fig. 5. Evolution of mangrove forests and shrimp farms along the Jaguaribe River estuary (Meireles and Tupinambá, 2005; Meireles and Queiroz, 2010).

L. Queiroz et al. / Ocean & Coastal Management 73 (2013) 54e6260
salt flats and mangrove trees were located. There was a great boom
in shrimp production, causing large transformations in the
ecological equilibrium in a short period of time (IBAMA, 2005;
Meireles and Vicente da Silva, 2003).

Economic activities that follow different programs of develop-
ment are taking place on the same estuarine system of the Jagu-
aribe River watershed. Shrimp aquaculture obeys the logic of
appropriation of space generating socio-environmental conse-
quences and compromising the flux of ecosystem services
produced by mangroves. Through field research it was possible to
verify that the logic of aquaculture collides with the forms of use
and community perception of the land (family agriculture, fishing,
crafts, etc.) that are intimately related to the socialisation of the
group. This point follows the principles of reciprocity and
community more than competition and individualism. The
communities e in small villages and living along the shores of the
fluvio-marine system of the Jaguaribe River e depend on the state
of conservation of the mangroves and other ecosystems inter-
connected with them for their survival (Queiroz personal obser-
vation). In the Philippines, it has been shown that the profound
changes provoked by the disappearance of mangroves (from
400,000 ha around 1920 to less than 100,000 at the beginning of
2000) have provoked important changes including the perception
of the environment by the inhabitants of these zones (Farley et al.,
2010). Vietnam is another example in which many communities
have seen radical changes in their modus vivendi due to the shrimp
farming industry having replaced artisanal fishing and mangrove
organisms with this type of intensive culture (Lan, 2009). The
conflicts in this region of SE Asia have been due, above all, to a top-
down decision in which the necessities of the people who work
(and live) directly from mangrove resources have not been taken
into consideration (Lan, 2009).

In the lower Jaguaribe River watershed coastal communities of
artisanal fisheries also develop activities such as agriculture and
crafts, establishing another type of relationship with nature. They
are communities that develop different uses and activities in the
mangroves, benefitting from their ecosystem services, for example
fishing and shellfish collecting (Aburto-Oropeza et al., 2008; Farley
et al., 2010]. These community values and perceptions may be
generated bymangroves in different ways, andmay be lost with the
intensive shrimp farming exploitation that may last a maximum
total of 10e15 years (Aburto-Oropeza et al., 2008; Mumby et al.,
2004).

In the case of Brazil, the growth of the aquiculture sector was
associated with the occupation of the mangrove ecosystem,
generating important socio-environmental impacts. Yet, it was
impossible to guarantee the sustainability of the activity. These
socio-environmental impacts e privatization of water and
common-use public lands, the expulsion of ancestral fisher folk and
indigenous populations, the systematic deforestation of
mangroves, the contamination of water, the decrease in the quan-
tity of fish stocks and the salinization of aquifers e together with
the degradation of biodiversity which engenders cumulative
effects, may impact the food sovereignty of the communities which
find their source of subsistence in mangroves (Polidoro et al., 2010).
The situation is very similar, as has been observed, to other places
where the identified impacts and their diagnosis due to the intense
development of the shrimp farming industry was accelerated



Fig. 6. Mangrove ecosystem units and geological, geo-morphological, soil characteristics, landscape units and vegetation types. Associations were also made regarding the principle
environmental impacts related with the introduction of the shrimp farms (Meireles and Tupinambá, 2005; Meireles and Queiroz, 2010).
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(Kautsky et al., 2000; Primavera, 2006). As demonstrated in the
present study, aquaculture growth in Ceará was especially fast in
terms of the disappearance and degradation of mangroves
compared to other areas of Brazil and even the rest of the world,
although more data is required regarding how it will impact the
economic dynamics of the communities of the zone.

In the mid-2000s a retreat in the construction of shrimp
farms and production for export was detected. The activity’s
economic crisis was generated by an accumulation of socio-
environmental impacts, as these impacts resulted from
a production that the system could not tolerate, just as has been
demonstrated in other studies (Rivera-Ferre, 2009). In order to
produce more biomass in less time there was an increase in the
levels of water pollution in the estuaries, fragmentation of the
mangrove ecosystem and the spread of viral diseases introduced
by shrimp (EMBRAPA, 2004). For this reason, the shrimp
industry, previously presented as one of the most lucrative of the
national economy, began to collapse. Recently it has worsened
due to the reduction in exports and, consequently, to the aban-
donment of farms.

The uncontrolled activity is duemainly to the avalanche of farms
without environmental permits. The first legal instrument of
national scope did not appear until 2002, with Resolution 312 [of
the National Environmental Council (CONAMA)]. Farms were also
placed in permanent preservation areas, promoting optimism in
the producers, to the point that ABCC (ABCC, 2005) stated that the
objective was to be the leader of the global market, reaching
production equivalent to US$ 1.5 billion by the year 2010. Contrary
to the predictions, the value of exports was much lower, reaching
US$ 57.6 million. The productive chain degraded rapidly, generating
as a consequence financial losses and unemployment due to the
rapid decline of an industry that many times was defined as the
promoter of the financial redemption of the poorest states of the
country.

With the data obtained concerning the economic dimension of
shrimp production in mangrove areas, it was possible to confirm
that the rapid growth unleashed the collapse of the activity
throughout the Jaguaribe River estuary. As environmental
responses, accumulated impacts in the ecosystems (water quality
and biodiversity loss) and in the communities along the fluvio-
marine system (substitution of extractive activities for shrimp
monoculture) have been defined. A sequence of environmental and
social damage has not yet been quantified in order to thoroughly
examine the public policy suggestions locally (estuaries) and
regionally (watersheds) in order to measure the economic activities
and promote the recuperation of the environmental systems
responsible for the bases of productivity of the wetlands and food
sovereignty.

Social and environmental externalities need public policies that
are aimed at the effectivemanagement of fluvial, mixed andmarine
systems (Naylor et al., 2000). One activity should be measured from
the perspective of the advance in new technologies, local alterna-
tives, definition of accumulated impacts; and using the precaution
principle and equity, an evaluation of actual social benefit, as well
as the environmental and economic benefit of the shrimp mono-
culture in mangroves can be performed.

The present study associates the rapid growth of shrimp farming
in Brazil with the clear degradation of the mangrove system. The
example of the state of Ceará produced through a cartographic
study (a tool that can be easily used anywhere in the world) is very
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useful for quantifying the replacement of mangroves with shrimp
farms.

The rapid evolution of shrimp farms against mangrove ecosys-
tems minimised the availability of services, compromising the
socio-environmental sustainability of the coastal zone of Brazil for
the medium-and long-term. The impacts are present not only from
the environmental point of view but also from a social and
economic one, including an increase in poverty, lack of land and
food insecurity, displacement of communities, contamination of
potable water, poor working conditions, health and education
impacts, and in some countries the violation of human rights.
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