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a  b s t  r a c  t

Mangrove ecosystems  and  their  resources are important for  traditional  coastal  communities.  We anal-

ysed the  efficiency  of traditional  management  practices developed  by  crab (Ucides  cordatus)  gatherers

in the mangrove forest  of the  Paraíba do Sul River estuary  (∼21◦S),  south-eastern  Brazil,  considering the

carapace  width  of specimens  harvested  for  commercial  purposes  in two  different periods (2002–03  and

2015–16).  The  continuity  of this  crab  harvest  between 2002 and 2016 was likely possible  because  of

decreased  harvest  pressure,  which  does  not necessarily  represent  the  traditional  management  efficiency

needed  to  sustain  this resource.  Thus, this crab  harvest  system may  be  more fragile than  expected by

the  local  gatherers. Community-based  proposals for  the  management  of this  U.  cordatus harvest  system,

which  integrate communities,  researchers  and  decision-makers,  can  improve  both local productivity  and

ecosystem-resource  maintenance,  mitigating  local conflicts.

© 2018  Associação  Brasileira  de  Ciência  Ecológica  e  Conservação.  Published  by  Elsevier Editora Ltda.

This  is  an open  access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Mangroves are among the most productive ecosystems world-
wide and occupy brackish water zones along tropical and
subtropical coasts. This ecosystem has habitat functions for many
organisms as fishes, crustaceans and molluscs and provides sedi-
ment trapping, nutrient recycling and protection of the shoreline
from erosion (Barbier et al., 2011). However, since 1980, mangrove
areas have been declining rapidly, becoming highly stressed forests
with a global reduction of approximately 25% (FAO, 2007; Ahmed
and Glaser, 2016). Mangrove products are important sources of
income for traditional coastal communities. Fishing and related
activities, such as the harvesting of crustaceans and bivalves, are
generally the prime income-generating activities in these commu-
nities, which are  generally economically depressed and marginal
(FAO, 2007).

In general, traditional communities apply their local ecological
knowledge (LEK) in  exploitation practices and natural resource
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utilisation to develop traditional management methods (Côrtes
et al., 2014a; Roy, 2016). Dimitrakopoulos et al. (2010) defined
community-based conservation (CBC) as conservation strategies
that emphasise the role of local communities as partners in
management practices and decision-making. Thus, CBC should
be by and for communities. The main reason for promoting CBC
models is  to  achieve sustainable management, where traditional
communities can manage and extract benefits from the locally
available natural resources to  improve their livelihoods and
encourage a  conservation attitude (Baral and Stern, 2011). In
this sense, both researchers and decision-makers have advocated
community-based mangrove management as a  viable alternative
for sustainably managing mangrove forests, with higher numbers
of initiatives in South Asia and fewer in South America and Africa
(Datta et al., 2012).

Considering the mangrove resources with commercial value
to traditional communities, the crab Ucides cordatus Linnaeus,
1763 has economic prominence on the western Atlantic coast,
especially along the Brazilian coast from 3◦N  to 27◦S (e.g., Glaser
and Diele, 2004; Côrtes et al., 2014a; Nascimento et al., 2017).
According to  the Brazilian policy that regulates the exploita-
tion of this resource, the minimum size for U. cordatus harvest
in Brazilian mangroves is  60 mm  of carapace width for both
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males and females. The legal requirements also exclude from
commercial harvest females with eggs of any size  and crabs
during the ecdysis phase as well as the harvest during the crab’s
reproductive activity (Ministerial Order 52/30.09.2003, available
at http://www.icmbio.gov.br/cepsul/images/stories/legislacao/
Portaria/2003/p ibama 52 2003 defesocaranguejouca se s.pdf).

The crab gatherers from northern Rio de Janeiro State (∼21◦S),
south-eastern Brazil, have developed traditional management
practices to maintain the local viability of this economic activity
(Rodrigues et al., 2000; Passos and Di Beneditto, 2005; Côrtes et al.,
2014a). Two main management practices are employed by the local
gatherers: (i) selection of crabs by sex and size, avoiding the com-
mercialisation of females with eggs and smaller crabs of both sexes
and (ii) rotation of the most exploited mangrove areas through-
out the year. The crab harvest occurs during all months, decreasing
during the breading season (October, November and December).
The gatherers still use forbidden gear, as a  net locally called ‘red-
inha’, which is prohibited by the Brazilian policy that regulates the
U. cordatus exploitation (Côrtes et al., 2014b).

These gatherers harvest U. cordatus along the mangrove forest
of the Paraíba do Sul River estuary that is characterised mainly by
Avicennia germinans [L.] Stearn. 1764 (53% of coverage), Laguncu-

laria racemosa [L.] Gaertn f. 1807 (28%) and Rhizophora mangle L.
1753 (19%) (Bernini and Rezende, 2011). The harvest effort during
the summer period (November to April, according to  the gather-
ers) is greater in  R. mangle forests, while in  the winter (May to
October, according to  the gatherers) it is greater in  A. germinans

forests. Seasonal and spatial occurrence of larger crabs drive this
practice. According to  the gatherers, the ‘resting’ period of these
mangrove forests contributes to  the growth of the U. cordatus pop-
ulation, maintaining the resource for commercial harvest (Côrtes
et al., 2014a).

We  argue whether the traditional management practices devel-
oped in this mangrove forest are sufficient to maintain the
long-term crab harvest. Sustainability assessments of activities that
involve natural resources exploitation include many variables, as
social, cultural and economic characteristics of the communities as
well as biological and ecological aspects of the resources or target
species (Singh et al., 2009). This study considered only the size of the
crabs available for commercialisation, considering the minimum
size for U. cordatus harvest in  Brazilian mangroves. The monitor-
ing of this single variable (size) over the two periods (2002–03
and 2015–16) allows a rapid assessment of how the local crab
population is structured against the pressure resulting from the
commercial harvest. Size monitoring of target species is  success-
fully used in fisheries management, supporting risk assessments
of fishing impacts (Shin et al., 2005; Froese et al., 2008). Addition-
ally, this study presents integrative strategies involving traditional
communities, researchers and decision-makers to  drive local man-
agement practices.

Methods

Study site

The study site is  the mangrove forest of the Paraíba do  Sul River
estuary (Fig. 1). The mangrove stand occupies approximately 725 ha
and lost more than 20% of its original area in  15 years (1986–2001)
because of sedimentation, erosion, cattle grazing and urban devel-
opment (Bernini, 2008). The traditional communities of Atafona
and Gargaú have harvested crabs for decades in  this mangrove for-
est, and gatherers from both communities share the harvest area
(Fig. 1) (Rodrigues et al., 2000; Côrtes et al., 2014a). During our sam-
plings, local gatherers described this activity as having occurred in
the region for more than 100 years.

Local crab gatherers are members of Fishermen’s Colony Z-2
(Atafona) and Colony Z-1 (Gargaú). Before 2012, at least 46 gath-
erers from Atafona and 50 from Gargaú participated in the crab
harvest in this mangrove forest (Côrtes et al., 2014b). In 2012, the
number of gatherers decreased in Atafona (n =  16), but remained
constant in  Gargaú (n = 50) (Côrtes et al., 2014a). In 2015, only six
gatherers from Atafona participated in the crab harvest, while the
number remained constant in Gargaú (present study).

Data collection

The crab specimens were collected, cleaned in the river water
to  remove the mud  excess, separated as male or female, measured
for carapace width with a  vernier caliper (1  mm)  and grouped into
two sampling periods: (i) 2002–03 and (ii) 2015–16.

In  the first sampling period, the specimens were obtained
monthly, directly from the gatherers in  local markets (commer-
cialised crabs), except during the months determined by law for
the closure of crab gathering in the region (October to  December).
In this sampling, the crabs were previously selected by size: the
gatherers released alive in the mangrove, before the commerciali-
sation, smaller crabs of both sexes (Passos and Di Beneditto, 2005;
Côrtes et al., 2014a).

In  the last period, the sampling was  done throughout the man-
grove forest with the collaboration of the same local gatherer for
three consecutive days in September 2015 and in  March 2016.
This sampling was  done biannually, as suggested by Pinheiro and
Almeida (2015).  The crab sampling was  done along the three types
of vegetation (A. germinans,  L. racemosa and R. mangle) that are
normally used as harvest areas during the commercial captures.

The harvest area used by the gatherers from Atafona and Gargaú
overlaps, and is mainly along the islands located in  the inner estuary
of the Paraíba do Sul River (Fig. 1). The loss of the original mangrove
area reported by Bernini (2008) occurred mainly in  the continental
portion. The crab samplings in both periods were in overlapping or
close areas.

In  the study site, the net referred to as ‘redinha’ is the main gear
for harvesting crabs, composed of a monofilament net 50 m long,
40 cm high and with 8 cm mesh between adjacent knots. The local
gatherers use this gear for more than 30 years (Côrtes et al., 2014b).
The crabs from 2002–03 sampling were caught by this gear (Passos
and Di Beneditto, 2005).

In 2015–16, ‘redinha’ was  also used to catch the crabs. The net
was positioned over the openings of the crabs’ burrows in the sub-
strate, which is  the typical practice during the regular commercial
harvest (Côrtes et al., 2014a), remaining for two hours in each man-
grove vegetation type (A. germinans, L. racemosa and R. mangle).
This sampling collected crab specimens eligible for commercial har-
vest; however, the size selection was  achieved only by  the gear and
not  subsequently by the gatherer as in the other sampling period
(2002–03). All  specimens captured during the 2015–16 sampling
were released alive in the same sampling site immediately after
carapace measurement.

Data analysis

The carapace width data were tested for normality using a
Kolmogorov–Smirnov test. As the data did not  meet the statis-
tical assumptions required for the use of parametric methods, a
Mann–Whitney U-Test was  applied to test for differences between
sex and sampling periods. Despite the sexual dimorphism in cara-
pace size, with males being larger than females (Pinheiro et al.,
2005; Costa et al., 2014), the minimum size  for U. cordatus harvest in
Brazilian mangroves is the same for both sexes (60 mm of carapace
width). In the study site, the gatherers catch and commercialise
both males and females (Côrtes et al., 2014a).

http://www.icmbio.gov.br/cepsul/images/stories/legislacao/Portaria/2003/p_ibama_52_2003_defesocaranguejouca_se_s.pdf
http://www.icmbio.gov.br/cepsul/images/stories/legislacao/Portaria/2003/p_ibama_52_2003_defesocaranguejouca_se_s.pdf
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Fig. 1. Map  of Rio de Janeiro State, south-eastern Brazil, with the traditional communities of Atafona and Gargaú near the mangrove forest of the Paraíba do Sul River estuary

and  the sampling sites (solid line: 2002–03; dashed line: 2015–16).

The  statistical analysis employed Statistica 12.0 for Windows.
The P value was interpreted as the strength of evidence for the null
hypotheses rather than for the dichotomous scale of significance
testing (Hurlbert and Lombardi, 2009).

Results and discussion

The number of U. cordatus specimens considered in each sam-
pling period was 571 in 2002–03 and 199 in  2015–16. The carapace
size distribution according to  sex and sampling periods is shown in
Fig. 2. Mann–Whitney U-test revealed differences between males
and females in 2002–03, with larger carapace sizes for males, while
in  2015–16 the sizes were comparable between sexes (Table 1).
Considering the males harvested in  both periods, smaller animals
were recorded during 2015–16 (P =  0.002; U =  10.11), and the same
pattern was noted for the females (P =  0.027; U = 11.89).

The mean carapace width of the U. cordatus specimens harvested
for commercial purposes in the mangrove forest of the Paraíba do
Sul River estuary is  close to the limit allowed by the Brazilian policy
that regulates the exploitation of this resource (60 mm), indicating
the scarcity of  large crabs in  this population for at least 14 years
(2002–2016). The crab’s size in this mangrove is similar to other
mangrove areas along the Brazilian coast (Costa et al., 2014; Santos
et al., 2016). The growth rate of crustaceans (and its size) is affected
not only by the catch pressure (Biro and Sampson, 2015),  but also
by the environmental factors such as food availability, temperature
and salinity (Pinheiro and Hattori, 2006; Diele and Koch, 2010).

Table 1

Data about the Ucides cordatus specimens caught in mangrove forest of the Paraíba

do Sul River estuary, south-eastern Brazil.

Sampling

period

Sex (N)  Carapace width in mm

(min, max, mean ± SD)

Mann–Whitney U-test

2002–03 Males (313) 50, 82, 63.8 ±  5.3 P  <  0.0001, U = 30.26

Females (258) 50, 75, 61.7 ±  3.9

2015–16 Males (83) 34, 79, 60.2 ±  9.5 P  =  0.7916, U =  4.38

Females (108) 38, 75, 60.1 ±  7.5

Fig. 2. Distribution of the carapace width of the Ucides cordatus specimens harvested

in the mangrove forest of the Paraíba do Sul River estuary during the sampling

periods.

Community-based conservation proposals for the U. cor-

datus harvest system in this mangrove forest are listed in
Table 2.  The proposals aim to  improve results in  the future
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Table 2

Community-based conservation proposals to  the Ucides cordatus harvest system in the  mangrove forest of the Paraíba do Sul River estuary, south-eastern Brazil.

Action Actors Why? When? How?

1. Include gatherers in research

efforts and decision-making

debates to collaborate in  situ

activities and to exchange

knowledge about ecosystem and

species

Local gatherers

Researchers

Decision-makers

Traditional knowledge is reliable

information source for scientific research

and management policy (Datta et  al.,  2012)

Gatherers expressed willingness to

participate in local decision-making

debates (Côrtes et al., 2014a)

Whenever research efforts

and decision-making

debates happen

Participation in research

efforts as collaborators and

in decision-making debates

with voice and vote

2.  In situ studies about population

(size and structure), life history

parameters (mainly size at sexual

maturity) and reproduction period

of  U. cordatus to evaluate if

Brazilian policy is  in accordance

with its local biology, suggesting

changes if applicable, and to

evaluate how this population is

organised

Local gatherers

Researchers

U. cordatus occurs in a  wide latitudinal

gradient along the Brazilian coast

(3◦N–27◦S) and species biology vary

because of different environmental

influences, such as temperature,

photoperiod and flood tide periods

(Pinheiro and Fiscarelli, 2001)

Gatherers disagreed about U. cordatus

reproduction period considered by

Brazilian policy (Côrtes et al., 2014a)

Monthly or bimonthly

sampling during 1–2 years,

with subsequent samplings

in each 4–5 years (period

in which U. cordatus reach

the legal size for harvest)

Sampling in mangrove

areas with constant effort

and design, considering all

crabs in a given space (m2).

Crabs analysed to  gender,

maturity (external) and

carapace width.

Crabs released in the same

mangrove area

(non-destructive sampling)

3.  Estimates U. cordatus production

to  evaluate if the commercial

harvest is at levels below the

maximum sustainable yield and at

sizes that ensure growth and

reproduction

Local gatherers

Researchers

U. cordatus production in Rio de Janeiro

State is not obtained in a  regular basis

(Côrtes et al., 2014b)

Inconsistency between crab size reported

by  gatherers and in  situ measurement

Daily or weekly sampling

considering a  percentage of

the total production

Count the number of

harvest specimens (crabs

commercialised in dozens

or hundreds) and measure

the carapace width

4.  Estimates immediate harvesting

potential (large crabs) and future

harvesting potential (small crabs)

in mangrove areas to  reorganised

the rotation of the exploited areas

Local gatherers

Researchers

Preserve mangrove areas (and crabs) with

future harvesting potential to keep the

activity sustainable in a  long-term

Temporal series of action 2 Carapace width

measurement of action 2

5.  Educational practices to  inform

gatherers and communities

members about the importance to

follow the Brazilian policy that

regulates mangrove forests and

their resources, and to elucidate

any question about this ecosystem

Researchers

Decision-makers

Many gatherers do not follow legal

requirements about use of non-traditional

harvest methods and crab harvest during

reproduction (Côrtes et  al.,  2014a).

Information may  encourage conservation

attitudes toward mangrove ecosystem

Weekly Brief meetings in local

schools, Fishermen’s

Colony or community

associations with talks and

supplement material

(posters, folders, booklets)

in appropriate language

for both local productivity and ecosystem-resource mainte-
nance and include collaboration to mitigate conflicts, especially
between local gatherers and decision-makers. All mangrove
areas along the Brazilian coast are Permanent Preservation
Areas, where traditional activities, such as the crab harvest, are
allowed under specific policies (Federal Law 12.651/2012, available
at http://www.planalto.gov.br/ccivil 03/ ato2011-2014/2012/lei/
l12651.htm).

For management strategies to be successful, it is necessary to
understand the social context of the local communities and include
them in decision-making. Such inclusion is important because
local actors who depend on extractive activities exploit environ-
mental resources in response to the socioeconomic pressure in
which they live, recognising and supporting management strate-
gies only when they feel part of the decision-making process (Carr
and Heyman, 2016). Therefore, the public policies that allow the
inclusion of gatherers in management strategies may  contribute
to minimising the overexploitation of U. cordatus in the study
site.

The communities of Atafona and Gargaú differ with respect
to the importance of the crab harvest for the local economy.
In Atafona, the low number of gatherers indicates a  declining
activity, while in Gargaú the population has a  stronger economic
dependence on crab harvest (Côrtes et al., 2014a). Currently, the
total number of gatherers that harvest U. cordatus for commer-
cial purposes is approximately eight times greater in Gargaú than
in Atafona. Atafona is  located closer to the ‘Logistics and Indus-
trial Complex of Porto do  Aç u’ (CLIPA), which offers other income
options for the local residents. In addition to  the CLIPA, there was
an increase in commercial establishments and residences, offering
better work conditions for them (Côrtes et al., 2014a). Moreover,
fishermen descendants from Atafona are not interesting in  became
fishermen (Zappes et al., 2016).

The harvest pressure on the species has decreased, considering
that the total number of gatherers (and consequently the catch per
unit effort) has also decreased: at least 96 gatherers before 2012,
66 in  2012 and 56 in 2016. Hence, one would expect an increase in
the crab’s size over time. However, the decrease of catch effort is
not  the only factor related to  the crab’s size. The loss of the original
mangrove area along the years could negatively affected the crab’s
size and its abundance in  this mangrove forest, but previous data
are not available to verify this assumption.

The continuity of this crab harvest for commercial pur-
poses between 2002 and 2016 was probably possible because of
decreased harvest pressure, and it does not necessarily indicate the
effectiveness of traditional management in sustaining the resource.
Thus, the crab harvest system in this mangrove forest may  be more
fragile than expected by the gatherers themselves and may  not  be
viable in the long term. In this sense, the socioeconomic situation of
the gatherers from Gargaú community deserves concern because
of their strong dependence on this activity.

The local U.  cordatus stock may  not be readily replenished
because of its life history parameters such as slow growth rate, size
and age at sexual maturity and longevity. In south-eastern Brazil,
the age at sexual maturity was estimated to  be approximately 3
years, while the age at minimum size for harvest in  Brazilian man-
groves (60 mm)  was  4–5 years. The maximum predicted size ranges
from 80 to 90 mm,  and the longevity has been estimated at approx-
imately 9–11 years (Pinheiro et al., 2005; Costa et al., 2014). The
harvesting of crabs near the minimum legal size constrains their
reproductive success. The reproductive period occurs once per year
followed by one or more spawning events (Castilho-Westphal et al.,
2013).

In  general, gatherers from both communities (Atafona and Gar-
gaú) are able to describe biological, ecological and behavioural
aspects of the crab U. cordatus in this mangrove forest

http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
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(Côrtes et al., 2014a). However, the gatherers’ LEK regarding the
population status of this crab in the sampling site is inaccurate. They
believe that the traditional management practices with rotation
of the exploited mangrove areas are sufficient for the sustainabil-
ity of the U. cordatus population (Côrtes et al., 2014a). In contrast,
the  results showed that the continuity of the crab harvest prob-
ably reflects the decreased harvest pressure rather than the local
management practices, as discussed previously. This study does not
intend to identify possible errors in LEK but, rather, to  recognise
the aspects of such knowledge could complement the scientific
knowledge for the maintenance of the U.  cordatus population at
sustainable levels for long-term exploitation. The exchange of
information between scientific and traditional knowledge can be
complex because of differences in the language used by local actors
and researchers, which makes it difficult to  understand each other
(Zappes et al., 2013). Therefore, a  cross-cultural relationship (local
actors and researchers) is  important for mutual understanding to
achieve positive results regarding resource management practices
(Thomas, 1993; Pena et al., 2017).

The  local gatherers reported that the commercialised crabs have
carapace widths of between 80 and 90 mm (Côrtes et al., 2014a).
Our results contradict the ability of local gatherers to estimate the
crabs’ size for commercial purposes because the mean carapace
width measured in situ (present study) was 35–50% smaller than
the  size reported by  the gatherers (60–63 mm  vs. 80–90 mm). It is
not possible to  conclude whether the gatherers do not know the real
size of the crabs selected for commercialisation or whether they are
afraid to report it since most of them know the legal requirement for
the minimum carapace size  for U. cordatus harvest in Brazil (Côrtes
et al., 2014a).

Thus, to what extent are  traditional management practices by
themselves leading to the sustainability of the mangrove ecosystem
and, consequently, of the exploited resources such as U. corda-

tus? Successful natural resource management practices based on
traditional knowledge are largely reported in  the literature (e.g.,
Berkes et al., 2000; Moller et al., 2004; Pagdee et al., 2006; Dreiss
et al., 2017). However, there is  no consensus on the efficacy of such
practices because in  some cases is  difficult to harmonise political
interests, socioeconomic development, biodiversity protection and
sustainable resource utilisation (Kellert et al., 2000; Lu et al., 2012).
A similar scenario is found throughout mangrove areas where tra-
ditional management practices are performed but conflicts also
exist (Datta et al., 2012; Abdullah et al., 2014; Roy, 2016). In the
mangrove forest of the Paraíba do Sul River estuary, traditional
practices are  not sufficient to ensure sustainable resource utilisa-
tion; moreover, the legal requirements for U. cordatus harvest are
not fully followed by the local gatherers, who also report not  being
invited to participate in  the decision-making process (Côrtes et al.,
2014a). The proximity between these stakeholders is important
to facilitate the exchange of information and experience, making
the community-based conservation proposals feasible (Dale and
Armitage, 2011).

When traditional management practices and fisheries man-
agement policies fail to maintain sustainable natural resource
exploitation in the long term, integrative actions among commu-
nities, researchers and decision-makers may  be an alternative to
reach best results in  the near future. In this sense, the community-
based conservation proposals presented here may  apply in  any
similar U. cordatus harvest system.

Long-term and regular monitoring should be establishing to
evaluate biological aspects of the target species, U. cordatus,  includ-
ing population size  and dynamics, as well as its productivity in
harvests. Researchers should provide scientific information to both
local gatherers and decision-makers but also integrate the com-
munity members in  the research, exchanging knowledge using
appropriate language. Educational practices and the inclusion of

local gatherers in  this process are essential to  the success of  the
integrative actions. Finally, Brazilian decision-makers should be
more sensitive to the specific characteristics of a  given region,
encouraging the establishment of regional policies for the use and
exploitation of natural resources instead of a  single policy to cover
the extensive coast, which is  more than 8000 km long.
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caranguejo-uçá  (Ucides cordatus). Centro de Pesquisa e Gestão dos Recursos
Pesqueiros do  Litoral Sudeste e Sul  do  Brasil/IBAMA, Itajaí, 43  pp.,
http://www.crusta.com.br/biblio/02.Livros/01-Pinheiro.e.Fiscarelli. (2001).-.
Manual.de.Fiscaliza%C3%A7%C3%A3o.do.Caranguejo-U%C3%A7%C3%A1.pdf
(accessed 28.08.17).

Pinheiro, M.A.A., Fiscarelli, A.G., Hattori, G.Y., 2005. Growth of the mangrove crab
Ucides cordatus (Brachyura, Ocypodidae). J.  Crustacean Biol. 25, 293–301,
http://dx.doi.org/10.1651/C-2438.

Pinheiro, M.A.A., Hattori, G.Y., 2006. Growth of the speckled swimming crab,
Arenaeus cribrarius (Lamarck, 1818) (Crustacea, Brachyura, Portunidae), in
Ubatuba (SP), Brazil. J.  Nat. Hist. 40, 1331–1341,
http://dx.doi.org/10.1080/00222930600915805.

Rodrigues, A.M.T., Branco, E.J., Saccardo, A.S., et al., 2000. A explotaç ão do
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