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ABSTRACT:

Traditional communities situated in mangrove forests near the coast have developed a way of life based on ecosystem services
associated with various uses and activities (firewood extraction, artisanal fishing, crab and clam harvesting, etc.). The importance
of food security and sovereignty is frequently mentioned in the context of small-scale fishing but has seldom been articulated as an
explicit objective. The present work identifies a knowledge gap concerning the profits generated by artisanal exploitation, which are
not recorded in official statistics. We compiled economic data from Cumbe and Curral Velho, in the state of Cear4 (Brazil), using
acombination of techniques (tracking tables, interviews, zoning and questionnaires). Fishermen typically work up to 5 hours a day
for 4.6 days a week, working 23 hours/week, and earning € 127.20/wecek or € 5.53€/hour of work. It is concluded that the artisanal
fishing carried out by coastal communities is not only economically viable but competes directly with industrial monocultures in
terms of monetary income and workers’ leisure time.

KEYWORDS: Artisanal fisheries, Food sovereign, Shrimp aquaculture, Mangrove, Vulnerable coastal populations.

REsumMoO:

As comunidades tradicionais assentadas no manguezal préximo a costa desenvolveram um modo de vida baseado em servigos
ccossistémicos com vérias utilidades ¢ atividades (lenha, pesca artesanal, coleta de bivalves e carangucjos etc.). A importincia da
seguranca ¢ soberania alimentar ¢ frequentemente mencionada em relagio & pesca artesanal, mas raramente tem sido articulada
como objeto de pesquisa especifica. Este trabalho identifica um vicuo informativo relacionado aos beneficios gerados pela
exploragio artesanal de pescas que nio sdo refletidos nas estatisticas oficiais. Nés compilamos os dados econémicos em duas dreas do
litoral do Ceara (Brasil), Curral Velho e Cumbe, combinando uma série de técnicas de coleta de dados (tabelas de monitoramento,
entrevistas, zoneamento ¢ questiondrios). Os pescadores geralmente trabalham em média 5 horas por dia durante 4,6 dias por
semana (23 horas por semana), ganhando cerca de 127,20 € por semana (ou 5,53 € / hora). Conclui-se que esse tipo de pesca nao
¢ apenas economicamente vidvel, mas que compete diretamente com a monocultura do camario em termos monetérios e tempo
gasto para a atividade.

PALAVRAS-CHAVE: Pesca artesanal, Soberania alimentar, Manguezal, Populagoes costeiras e vulnerabilizadas.

RESUMEN:

Las comunidades tradicionales asentadas en el manglar cerca de la costa han desarrollado un modo de vida basado en los servicios
ecosistémicos con varias utilidades y actividades (recoleccién de lefia, pesca artesanal, recoleccién de bivalvos y cangrejos, etc.).
La importancia de la seguridad y soberanfa alimentaria se menciona con frecuencia en relacién con la pesca artesanal, pero
raramente se ha articulado como objeto de investigacion especifico. Este trabajo identifica un vacio informativo relacionado con
los beneficios generados por la explotacion pesquera artesanal que no salen reflejados en las estadisticas oficiales. Compilamos los
datos econémicos en dos localidades de la costa de Ceard (Brasil), Curral Velho y Cumbe, combinando una serie de técnicas de
recolecta de datos (tablas de seguimiento, entrevistas, zonacién y cuestionarios). Los pescadores suelen trabajar una media de 5
horas al dfa durante 4.6 dfas a la semana (23 horas por semana) ganando unos 127.20€ por semana (0 5.53€/hora). Se concluye que
este tipo de pesca es no solo econémicamente viable, sino que compite directamente con la monocultura del camarén en términos
monetarios y de tiempo empleado para la actividad.

PALABRAS CLAVE: Pesca artesanal, Soberania alimentaria, Manglares, Poblaciones costeras vulnerables.

INTRODUCTION

Mangroves are recognized as beingamong the richest and most productive ecosystems on Earth. They form at
the interface between land and sea and are found in estuaries and coastal areas in 123 countries in tropical and
subtropical regions (BARBIER, et al. 1997; SPALDING et al., 2010). These frontier systems are essential for
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the conservation of biological diversity, providing refuge from predators and habitats for spawning, hatching
and feeding, as well as nutrients for a range of organisms (FAO, 2007). It has been estimated that up to
80% of the fish catch in tropical coastal areas is directly or indirectly dependent on mangroves (FIELD
et al.,, 1998; ALONGI, 2002), reaching around 90% in developing countries (DUKE et al. 2007). These
ecosystems provide at least US $1.6 billion each year in ecosystem services, which include supporting the
livelihoods of coastal communities with raw materials and food, coastal protection, soil erosion control,
water purification, maintenance of fisheries and carbon sequestration, as well as providing opportunities for
recreation, education and research (COSTANZA et al. 1997; BARBIER et al. 2011).

The lifestyle of communities living near mangrove areas is frequently based on traditional activities that
are closely tied to seasonal cycles, biodiversity and fluctuating stocks. People have adapted to living with the
mangrove system, exploiting it in a number of ways and benefiting from ecosystem products and services
such as wood fuel and artisanal fishing, including collection of shellfish and crabs (ABURTO-OROPEZA
et al. 2008; FARLEY et al. 2010; WARREN-RHODES et al. 2011; QUEIROZ et al. 2017). This is a
long story of interaction, marked by profound transformation over the last few centuries due to the shift
from pre-Columbian to colonial management (LOPEZ-ANGARITA et al. 2016). Most of the local people
continue to use traditional tools, but their dependence on the market is not subject to the same logic as
capital-intensive trade. They have developed special ways of managing natural resources that do not directly
seck profit, but rather cultural and social production, reflecting an alternative perception of the natural world
marked by the association with nature and its cycles (DIEGUES, 1983; O’GARRA, 2009; QUEIROZ et
al., 2017).

Small Scale Fishing (SSF), significant in mangrove areas, is a highly productive sector accounting for more
than 50% of the world annual fish catch (FAO, 2015). With respect to local communities, Small Scale
Fisheries play a dynamic and diversified economic role, are typically respectful of local natural resources and
pursue sustainable habitat exploitation. They incorporate the values and traditions of the areas where they
are sited, favouring cohesive social processes that contribute to global cultural enrichment (FAO, 2015).
Although their importance has been demonstrated however, artisanal fisheries are disappearing in many
places (TESFAMICHAEL et al., 2014). This is especially evident in coastal areas near large urban areas,
where 50% of the human population now lives (SMALL; NICHOLLS, 2003). Strategies for managing and
recognising the importance of artisanal fisheries are still very weak, because information is scarce or even
non-existent (SALAS et al., 2007).

The local economies of traditional communities obey their own logic but are nevertheless very important
to the capitalist societies in which they operate. When respectful of the ecosystem, the relationship between
traditional communities and the mangrove serves to protect these wetlands, since traditional communities
play an important role in the protection of natural areas (SAENGER, 1999; RONNBACK et al., 2007).
This reflects another important aspect of these traditional cultures, i.e. an approach to natural resource
management that is marked by respect for the system’s natural cycles and exploitation that takes account
of the capacity of animal and plant species for recuperation (HUSSAIN; BADOLA, 2010). Monocultures
such as shrimp aquaculture have relegated the traditional economy to a second and third level compared
to the theoretical progress associated with intensive shrimp farming (LOPEZ-ANGARITA et al,, 2016).
Thousands of families survive on artisanal fishing, but little is known about how and how much they
contribute to the economic sustainability of local populations (DIELE; SAINT-PAUL, 2005; ABURTO-
OROPEZA et al., 2008; WALTERS et al., 2008, HUSSAIN; BADOLA, 2010). Data on artisanal fisheries
are sparse, incomplete and biased, their position within a country’s economic and social framework being
very difficult to ascertain (HUSSAIN; BADOLA, 2010; HELLEBRANDT et al., 2014), which is the main
reason for the invisibility of this economic sector. It is thus essential to estimate their monetary contribution
and how they distribute their working time throughout the week.
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Brazil has more than 8400 km of coastline and is the fifth largest country and 8% largest economy in
the world (FMI, 2017). The country is now facing a complicated fisheries situation, with biodiversity and
renewable resources threatened by the lack of appropriate management policies (AMARAL; JABLONSKI,
2015; PINHEIRO et al., 2015). Some efforts to recognize the economic and social role of artisanal fishing
have been made, including the creation in 2003 of the Fisheries and Aquaculture secretariat (SEAP), whose
main objective is establishing sustainable measures for marine and fluvial renewable resources. Despite the
measures adopted since 2000, efforts have not been regular and the work has not yielded an ordered and
effective body of data, especially for artisanal fisheries (DIAS-NETO; DIAS, 2015). Data on Brazil’s artisanal
fisheries show that the sector is responsible for around 65% of the country’s seafood production, employing
957,000 persons (99.2% of the officially registered fishermen in the country) (IBAMA, 2007; MPA, 2012).
Precise and reliable (comparable) data are, however, almost nonexistent, and understanding the current
importance of this sector requires semi-quantitative tools.

The purpose of this paper is to make an economic assessment of activities related to the extraction of
renewable resources (fish, crabs and shellfish) directly or indirectly related to mangroves or adjacent systems.
The main questions are: 1) What are the economic benefits of mangrove-based artisanal fisheries? 2) What
is the community’s contribution to this type of artisanal activity and how does it relate to the welfare of the
people who depend on these activities? To develop and achieve our objectives, field research was conducted
in the traditional communities of Cumbe and Curral Velho, in the state of Ceard (NE Brazil), which are
representative of traditional fishing in this South American country. Economic monitoring of artisanal
fisheries was performed in accordance with protocols that can easily be extrapolated to other coastal or fluvial
communities.

METHODS

The study was conducted in the communities of Cumbe and Curral Velho (Figure 1). Cumbe is located on
the estuary of the river Jaguaribe, in Aracati municipality in the state of Cear4, Brazil. The village is situated
in the Environmental Preservation Area (APA) of Canoa Quebrada, Aracati region. The Jaguaribe is the
largest river in the state with a catchment area of around 72,645 square kilometres, which, together with the
surrounding area, occupies 50% of the territory of Ceard (ARAUJO, 2006). Due to its geographical location
at some distance from the sea, the Cumbe community maintains a closer relationship with the mangrove
and the estuary area. It is composed of fishermen, farmers and craftsmen (QUEIROZ, 2007). The Cumbe
community has 621 inhabitants distributed in 155 families (SMS, 2012).

Curral Velho is located in the municipality of Acarat, on the coastal plain in the state of Ceard, Brazil.
Given its geographical location, Curral Velho is known for fishing in the mangroves and the sea, as well as
for farming and handicrafts. The total population of Curral Velho is 2,663, belonging to 707 families (SMS,
2013).

MONITORING OF THE CUMBE FISHING COMMUNITY

In Cumbe, two types of research were carried out. The first sought to comprehensively quantify the
scale of artisanal fishing based on information about the fish, crabs and shellfish caught or collected, and
the location of the fishing grounds. It focused on a group composed of 45 fishing workers and 27 crab
and shellfish harvesters. Fishing grounds with a total area of 2166ha (544ha of river, plus 1622ha of
mangrove) were selected for monitoring. The workers were monitored using tracking tables, which recorded
information collected every day on fish species, number of fish specimens, weight, etc. (QUEIROZ, 2014).
The information was supplemented by means of semi-open questionnaires (Table 1).
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Figure 1 - Map of the study area

Source: authors of the research.

The second type of monitoring carried out in Cumbe aimed to generate information on the total average
production of crabs in the study area as well as the number of people and families supported directly by
the harvesting of crabs (Ucides cordatus and Cardisoma guanhumi) and shellfish (Mytella charruana). The
present study found that 72 people from the Cumbe community (belonging to 43 families, 27% of the total
population) depend directly on artisanal fishing in the mangrove as their main economic activity. The income
per month from the sale of crabs and shellfish and the average salary of harvesters (per month) was also
reported. 42 crab collectors and 17 shellfish harvesters (those who go gathering more than three days per
week at least 6 months per year) participated in the monitoring. The Cumbe community in which the crabs
are collected occupies an area of approximately 400 hectares located in the central part of the mangrove zone
on the lower river Jaguaribe, which is 2.6 km wide and 1.5 km long and runs perpendicular to the river. This
monitoring was also carried out in accordance with the methods explained in Table 1.

To obtain data on the total production of crabs, the productivity of three separate areas characterised
by varying degrees of harvesting pressure (due to population density) and degradation (due to shrimp
aquaculture) (QUEIROZ et al., 2013a) was measured. Figure 2 shows the study area divided into three zones
with differing degrees of anthropogenic pressure and degradation: low pressure (green zone), intermediate
pressure (yellow zone) and high pressure (red zone). The data show the number of crabs with carapaces
wider than four centimetres per square metre (BURRIEL, 2012). Considering that the saleable crab catch
includes those bigger than 4 c¢m, such individuals were regarded as potentially productive. The selection of
the study zones was based on observation of the territory and information provided by the fishing workers
themselves. To achieve the objectives, we chose an area encompassing various habitats and various degrees
of degradation of the mangrove resulting from shrimp farms (BETORZ et al., 2012; CAROL et al,, 2012;
BURRIEL, 2012). An area of 400 hectares, which included three different levels of degradation caused by
human action (urbanization and aquaculture farms) (BURRIEL, 2012), was thus selected.
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Source: authors of the research.

The total number of families who are dependent on the mangroves is associated with the number working
in the artisanal harvesting of crabs and shellfish. Other economic activities, directly and indirectly related
and unrelated to the mangrove system (wood collection for building houses and providing heat, beckeeping,
crafts etc.), were not counted in the results. The information was collected by means of interviews with crab

and shellfish harvesters.
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Figure 2 - Different harvesting areas in the Cumbe area. Pressure is qualitatively defined in

three ways: distance from the village, accessibility (road vicinity) and impacts of shrimp farms
Source: authors of the research. Image: Google Earth 2017

Monitoring of artisanal fisheries in Curral Velho

The third monitoring of artisanal fisheries was conducted in Curral Velho considering 17 local fishers
(finfish, coast and continental shelf) and shellfish harvesters in the gamboa areas. The aim was to obtain an
approximation of the economic profit generated by these two types of craft fishing near the mangrove (Table
1). A gamboa is a device composed of sticks and a long net arranged to create a trap. These artisanal tools are
placed perpendicular to the coast, and in such a way that fish enter the net and cannot escape (QUEIROZ,
2007; 2014). Information was collected on fishing effort and fisheries, using the same methods as in the
above-mentioned area of Cumbe (Table 1).

ANALYSIS AND PROCESSING OF DATA

The tracking information on the fishing workers was systematized in Microsoft Excel tables and analysed
to extract the absolute values, averages and percentages. Economic data obtained from the first and second
monitorings in Cumbe and the third monitoring in Curral Velho are presented in Euros[1].
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RESULTS

For part of the community of Cumbe, artisanal fishing is the main economic activity. This group is composed
of 45 fishermen (fish and crabs) and 27 shellfish harvesters.

There are large variations in the earnings of fishing workers in the area considered (Table 2). Of the three
monitored months, the 1 and 2™ had higher revenues than the 3%, This is because the 3™ month was
December, a month with many celebrations and holidays in which people go fishing less frequently. The
average economic gain from the artisanal collection of crabs and finfish in the mangrove of Cumbe during
the 3 months of research was € 12,557/month.

Table 2 - Economic gain generated by artisanal fisheries (crabs and fish).

TOTAL
FISHERMEN (E/MONTH)
month 1 14,217
maonth 2 14,224
maonth 3 0,231

Source: authors of the research

Table 3 shows the average salary of fishing workers per month. The calculations give an average value of

369 €/month from both fishing and collecting crabs.

Table 3 - Average economic gain per fisherman (€/month).

Month1 Month? Month3 Lo (&3
maonths)
Average per fisherman 418 + 71+
418 £ 237 1108
+ st.dew. 102 188

Source: authors of the research.

Table 4 shows the quantities of fish and crabs caught in the 3 months by the same group of fishing workers
(35 intotal). A total of 130,337 crabs (43,445 pcs./month) and 1,931 kg of fish (643 kg/month) were caught

within the 3 months of the investigation.

Table 4. Production of crabs (pcs./month)

Months Month 1 Month 2 MMonth 3 TD__IAL
{(Units)
Mumber of crabs ¢y 50,858 33,288 130,337

(Pcs)

Source: authors of the research.

To get an approximation of the real income from artisanal fishing, three scenarios are assumed: 1) if fishing
workers sell 100% of their catch, total direct earnings are € 37,672.94; 2) if they sell 50% of their catch, total
direct earnings are € 18,836.47; and 3) if they sell 25% of their catch, total direct earnings are € 9,418.24.

The semi-open questionnaires were filled in by 35 fish and crab catchers (81% of the total) and 20 shellfish
collectors (74% of the total). The total sum earned by fishing workers in Cumbe, consideringartisanal fishing
of crabs, fish and shellfish, was found to be € 103,438 / year, i.c. € 8,619 / month. The results of the second

monitoring in Cumbe showed that the value of a well-preserved hectare of mangrove from the production
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of crabsis €0.71 / m. / year, i.e. € 7,120 / ha / year. This value was obtained from measurements of mangrove
productivity in three separate areas of study in the community.

Of the 155 families in Cumbe, 44 (27%) are dependent on artisanal fishing in the mangrove, obtaining
products that they can consume themselves, send to market (generating income for their families) or
exchange for other commodities. These data concern only those who collect crabs and shellfish, but
several other mangrove resources are extracted (finfish, firewood, etc.). Therefore, this result is possibly an
underestimate and the percentage of families who depend directly or indirectly on mangroves could be even
higher.

The second monitoring campaign conducted in Cumbe indicates another value for financial gain: €
20,985/month, from artisanal fishing in the Cumbe mangrove considering only the collection of crabs and
shellfish (42 crab collectors and 17 shellfish collectors) and not caught fish (Table 5). The values obtained for
each of the species were added to obtain the total economic value as the profit generated by the harvesting
of crab and seafood (€/month).

Table 5 - Economic gain generated by artisanal fisheries in Cumbe mangrove (€/month).

| Quantities | Price (€) | €£/month

Ucides cordatus (individuals) | 80,560 | 0.24 | 10,334
Cardisoma guanhumi (individuals) | 2760 |04 | 1,104
Mytella charruana (kg/month) | 2280 | 2.4 | 547

TOTAL | | | 20,085

Source: authors of the research.

The data in Table 6 show that on average, each crab collector can earn a salary of € 508 / month (Ucides
cordatus) and 360 €/month (Cardisoma guanhumi). On average, Ucides cordatus harvesters worked 5 hours
a day for 4.6 days a week, working 23 hours / week (€ 127.20 / week or € 5.53 / hour of work).

Table 6 - Average monthly salary obtained from the sale of crabs (€/m2).

Individuals/\WeeldFisher Individuals/Month €/Individual €onth

Ucides cordatus 4530 2120 0.24 508
Cardisoma g 00D 0.40 360
guanhuumi

Source: authors of the research.

Two results can thus be deduced: 1) catching fish and crabs yields an economic gain of € 12,557/month,
based on daily monitoring of 35 fishers; 2) catching fish, crabs and shellfish yields an economic gain of €
103,438 /year or € 8,619/month, based on semi-open questionnaires conducted with 35 male and 20 female
fishing workers. Crab and shellfish collection yields an economic gain of € 20,985/month, based on daily
monitoring of 42 crab collectors and 17 shellfish harvesters. It can be seen that the data vary depending on
the method applied and the fishing activity observed.

RESULTS OF MONITORING CONDUCTED IN CURRAL VELHO

The results of monitoring conducted in Curral Velho showed that the artisanal fishing sector in this
community employs 99 people divided into fishers (finfish, caught on the continental shelfand in the gamboa
areas) and shellfish collectors. Artisanal fishing on the continental shelfyields an economic profic of € 11,428/
month, butitis noteworthy that 19% (€ 2204) of this value is consumed or exchanged within the community.
The monitoring also showed that there are differences in the economic profits generated by artisanal fishing
in Curral Velho performed individually and in groups (Tables 6 and 7).

Table 8 shows more accurately the benefit to each individual or group of fishing workers per working day.
On average, over a period of three months, individual fishers worked 42 days to earn € 1,871, which means
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receiving € 624 / month (€ 45 / hour). Fishers working in groups worked 16 days to carn € 558, which is
€ 186 / month (€ 34 /hour).

Table 7 - Economic gain generated by artisanal fishing
for individuals and groups in Curral Velho (€/month)

Total
TD@ mumber Tutal. Tutalﬂfﬁshj:ng Total €/fishing Totel ( fishing
fishing of . Days <€/fishing worlter/business worker/calendar o
(€) fishing worleer  day day
Workers
Individual 13,000 7 42 1871 45 21 624
Group 21,186 38 16 558 34 6 186
TOTAL 34,285 45 58 2150 51 13 405

Source: authors of the research.

Table 8. Total economic profit generated by artisanal fishing in Curral Velho (€/month)

Destiration Tntgl (£/month) Tntz_ul (€/month) Group of Total Ceneral o,
fishing worleer fishing workers
Sold 3,179 4,043 9,223 80
Self-consumption 1,186 1,018 2,204 20
TOTAL 4,344 71,061 11,428 100
Source: authors of the research.
DISCUSSION

This is one of very few studies presenting an assessment of the economy based on the artisanal extraction
(direct and indirect) of natural resources from mangroves and their surrounding areas (fish, crabs and
shellfish) (HUSSAIN; BADOLA, 2010). There are very few studies based on direct monitoring using
economic and social tools, but there is a consensus that they are urgently needed in order to understand the
potential loss of tangible and non-tangible ecosystem services (SAENGER, 1999; QUEIROZ et al., 2017).
Mangroves are often undervalued and perceived as dispensable, efforts of fishers than by the support of ofhcial
bodies (ACOSTA, 1996). This is an economic sector that generates (with low investment) many sources
of employment while producing food for localities and for the market, which is important for society. One
of the few studies that includes an in-depth economic evaluation of fisheries (and another services) is the
one by Hussain and Badola (2010). The authors calculated that in areas with mangroves, income may be as
high as US$ 44 per hour of work. In areas were mangroves are not present, those fisheries drop to US$ 3 per
hour (HUSSAIN; BADOLA, 2010). That is to say, from a five-hour work day in this area (a conservative
estimate based on our study), a fishing team may earn up to US$ 220. Of course, care needs to be taken when
considering these numbers, as each community is different and the renewable resources may differ widely.
However, when we compare the income of artisanal fishermen in the State of Ceara with the average income
of workers in the shrimp industry, we find that the former earn € 33 / day, working fewer hours than shrimp
farm workers, who work an average of 8 hours a day (22 days per month) to carn an average of € 269 / month,
ic. €12 / day (QUEIROZ, 2014). These data show that the fishing workers not only earn a higher salary
than those employed in the shrimp industry, but also enjoy a superior quality of life in the coastal mangrove
forest. It has been suggested that any economic analysis trying to estimate the value of mangroves without
recognizing their contribution to subsistence economies will be incomplete (HUSSAIN; BADOLA, 2010).
On the one hand, our results show that a fisher in an artisanal fishery can earn double or triple the minimum
wage. On the other hand, taking into consideration other types of fishing operation, the part of the catch kept
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for their own consumption and the other complementary activities (such as handicrafts and agriculture) that
they pursue, the people living in the mangroves appear to have ample opportunity to satisfy their economic
and societal needs (GIRY et al., 2017). These activities may have a high specific economic value but are
difficult to estimate (SHATIRATAIL BARBIER, 2001).

It is important to stress that most people working in artisanal fisheries are very proud and happy in their
work (HUSSAIN; BADOLA, 2010; BETORZ et al., 2012; CAROL et al., 2012; QUEIROZ et al., 2013b;
DOMINGUEZ etal., 2014; QUEIROZ et al, 2017). These people value not only the economic benefits but
also the fact that working in the mangroves means more freedom. "I am proud to be a collector of crabs (...)
we are free, free to decide how and how much we want to work, and that makes us responsible. Mangroves are
our bank and we decide when we get the money, we owe nobody but Him." (Testimony of a fishing worker
from Cumbe). In contrast, those engaged in activities related to shrimp aquaculture do not describe their
employment in sentimental terms, as may be the case with workers in the artisanal extractive economy, but
rather with reference to concepts such as "it’s progress,” "it’s secure money" or "artisanal fishing is out of date."
Another lifestyle found in mangrove forests is that of the concheros (clam harvesters) (KUHL; SHERIDAN,
2009). The people making a living from this activity in the Ecuadorian mangrove forests are very proud of
who theyare, beinga small and closed clan that lives mainly by collecting these bivalves and selling them at low
prices to neighbouring villages (KUHL; SHERIDAN, 2009). What is important to them is not the direct
economic profit, but the identity conferred by this particular activity and the habitat that feeds their families.
The lifestyle of such groups should not be idealized, but the history of resource exploitation is very long and
has ancient roots that need to be considered when making management plans (LOPEZ—ANGARITA etal,
2016).

The results obtained in the present study confirmed the economic potential of the mangrove and showed
how the distribution of income in the village is very important when assessing their economy. Other
perceptions and values also need to be quantified, but with new approaches (SATHIRATHAI, 2003;
HUSSAIN; BADOLA, 2010; QUEIROZ et al.,, 2013a; QUEIROZ et al., 2017). The economic benefits
generated by artisanal fisheries in terms of the sale of the products are very significant, representing a valuable
contribution to the economic sustainability of traditional communities living in coastal areas (DIELE;
SAINT-PAUL, 2005; ABURTO-OROPEZA et al.,, 2008; HUSSAIN; BADOLA, 2010). Beyond the
economic benefits however, other invisible benefits have been identified that do not fit into the current
market logic. The benefits for the fishermen’s families of the direct consumption and exchange of fishing
products for other goods between families, together with the economic benefits in terms of the market,
underpin the economy in traditional communities and are the basis for their survival. For example, in the
communities studied along the coastal zone there are children who spend time after school in the mangroves
catching crabs and/or oysters for food. When people go fishing together as a family, everything collected or
fished stays at home or is given away. In the general accountancy of the Brazilian State, such benefits are not
considered, but in rural society they make coexistence possible (KRONEN, 2004; WALTER, et al., 2008;
WARREN-RHODES, 2011).

It is clear that the two types of exploitation (artisanal fisheries and aquaculture) are incompatible. For
the Cumbe community we demonstrated that the deletion of 1ha of mangroves for the construction of
shrimp farms would mean the loss of € 7,120 / ha / year calculating artisanal crabbing alone, without
considering all the other fishing activities occurring there and other services. This is a very high value and
shows the high capacity of this ecosystem. In north-eastern Brazil, every hectare of mangrove destroyed in
Suape (Pernambuco, Brazil) would mean the loss of € 3 million per year, calculating the economic benefits
of ecosystem services such as fisheries, tourism, the retention of carbon from the atmosphere, containment
of erosion, biological purification and landing sites for migratory birds (WALTERS et al., 2008). Crab
harvesting in this area is compatible with the conservation of the resource, because the practice takes
only animals of appropriate size (DIELE; SAINT-PAUL, 2005). In general, artisanal fisheries, when well-
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managed, respect ecosystem functioning, which is often explicitly recognized by the stakeholders themselves
(HUSSAIN; BADOLA, 2010; BELHALIB et al., 2013).

The profits generated per hectare of shrimp farm are difficult to match with the economic values that a
hectare of mangrove can provide (fishing, harvesting, etc.), though they may appear superior. It is widely
recognized that shrimp aquaculture generates serious medium-term environmental damage, because it has to
physically displace part of the natural resources of an area (LOPEZ-ANGARITA et al., 2016). The process
of occupation and installation produces a variety of chemical and biological changes in the ground, causing
waterproofing of soils and making them unusable (ALONGI, 2002; SHANAHAN et al., 2003; IBAMA,
2005; RIVERA-FERRE, 2009; POLIDORO et al., 2010, QUEIROZ et al., 2013a). The closer the farms,
the greater the disruption to the structure of mangrove soil organic matter and the higher the mortality of
filter feeders such as oysters. Crabs may also be affected by this (as well as by greater accessibility due to the
proximity to the town), which is why their extraction levels differ by region (DIELE; SAINT-PAUL, 2005),
the less degraded areas providing up to € 0.66 / m., and the areas most affected by shrimp farms only € 0.32 /
m. (BURRIEL, 2012). These data are consistent with observations in the literature that the mangroves in
disturbed areas are younger, more poorly structured and less bio-diverse (ALONGI, 2002).

The economic contribution of ecosystem services provided by mangroves in tropical coastal regions is
conservatively estimated at about $ 1.6 billion a year. On the basis of several studies, it is also estimated that
nearly 80% of the fish catch in tropical coastal areas directly or indirectly connected to mangroves depends on
the health of the habitat (COSTANZA etal. 1997; FIELD etal., 1998; SATHIRATHALI, 2003; ELLISON,
2008; POLIDORO etal.,2010). The lack of clear ownership and planninglaws, as well as an underestimation
of other services that are not recorded by conventional tools, has made mangroves vulnerable to short-term
economic considerations. This is seen not only in this case, but in many others where the opinion of the
fishermen is not properly considered (YATES; SCHOEMAN, 2014). The importance of food security is
frequently mentioned in the debate over small-scale fisheries, but seldom articulated as an explicit objective
(HELLEBRANDT et al., 2014).

The original ancient mangroves disappeared long ago and their role nowadays is far from what it was
in pre-Columbian times (LOPEZ-ANGARITA et al,, 2016). Although the benefits of these forests have
been widely recognized since 1990, their services have undergone rapid transformation through industrial
agriculture and aquaculture (VALIELA et al., 2001). Alongi (2002) predicted that in the 25 years following
his study, shrimp aquaculture, overfishing and other intensive practices would be the greatest threats to
mangrove conservation. Duke et al. (2007) concurred, setting out a very bleak prospect for one of the
world’s greatest providers of biodiversity and ecosystem services at a local and global level. The final question
is which model should be pursued in the future: one with immediate benefits, disregarding the potential
environmental and social damage, or one with long-term benefits, preserving traditional cultures and
ecosystems (and respectful exploitation)? We need to consider tools such as those used in this study as an
example to be extrapolated. It is essential to identify activities which are compatible with maintaining the
proper functioning of productive ecosystems, their biodiversity and the sustainable provision of a wide range
of ecosystem services, as in the case of artisanal fisheries. It is also important to highlight data that remain
obscure, incomplete and poorly calculated, and most importantly, this information should reach all levels of
society, especially managers responsible for setting public policies. It should also be considered that lowlands
(especially mangroves and other wetlands) will be deeply affected over the next few decades by sea-level rise
(PEDROZO-ACUNA etal.,, 2015), with potential impacts on these forests and related services. The way of
life of thousands of people who earn a living directly from their renewable resources will be transformed, and
the defence of their way of life could be another tool with which to preserve the integrity of these biodiverse
systems as much as possible.
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NOTES

[1] All the values obtained during Monitoring 1 and 2 were converted to euros: I euro = 2.56034 BRL. Consulted on
24/05/2012 http://www.xe.com/ucc/convert/?Amount=1&From=EUR&To=BRL
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