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Abstract

The mangrove crab Ucides cordatus (Linnaeus, 1763) is an important resource for the livelihood of
several poor families living on the Brazilian coast. However, this species is in the Brazilian list of
threatened aquatic species, although not much is known about its stock situation. This study aimed to
assess the situation of U. cordatus fisheries, comparing biological data, obtained through crab landing
sampling, to information provided by crab gatherers. For that, data sampled along 12 years in a
coastal municipality on the Brazilian northeast (Canguaretama, Rio Grande do Norte) were compared
to interviews with 30 crab gatherers from the same municipality regarding changes in fishing and in
the crab life history traits during the same 12 years. Long temporal analyses and intense data
collection like these are relatively rare in developing countries. Therefore, comparing their efficiency to
the data obtained through interviews could confirm the efficacy of this last method in obtaining quality
data in a quick and inexpensive way. The crab landing sampling indicated an increase in catch and a
decline in the Catch per Unit of Effort (CPUE), while the biological data showed an increase in male
crab proportion in the sex ratio and a decrease in the carapace length of both sexes. Crab gatherers
were able to provide accurate information on crab life history traits, but overestimated their catch. This
suggests that information provided by gatherers and probably by resource users in general may have
some limitations, although it could provide cheap and reliable information, depending on the topic
investigated.

Keywords: Crab fishery — Temporal fishery series — Artisanal fisheries -
Ethnobiology — Fishermen’s knowledge and conservation
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Introduction

On a regional and local scale, stock assessments are uncommon or not
performed for many invertebrate fisheries (Andrew et al. 2002). This is worse for
species with low commercial values, which are usually subjected to fewer scientific
studies and often neglected in the statistics showing the fishing production of a
country (Ronnback 1999). As a consequence, there is also lack of adequate
knowledge on the species biology, population status, and on how the stock responds
to the exploitation level (Anderson et al. 2008). Based on such limited knowledge,
establishing limits and goals for sustainable exploitation of invertebrates may be
difficult to achieve (Perry et al. 1999). This explains the lack of specific management
policies to some particular groups, such as mangrove crabs (Goes et al. 2010).
However, there is evidence suggesting that an increasing percentage of invertebrate
fisheries may be fully exploited, over-exploited, collapsed or closed (Anderson et al.
2011).

In the marine ecosystem, the impact of human exploitation is not equally
distributed over different substrates or over different groups (De Boer et al. 2002).
For example, benthonic sedentary species tend to suffer different exploitation
intensity during the low tide. This is the specific case of the mangrove fauna, which
can suffer greater exploitation due to its exposure during low water neap tides, which
makes this fauna easily available for exploitation while the other substrates are still
flooded (De Boer et al. 2002). The influence of the phases of the moon and of the
tide variation on activities of crustacean and mollusk gatherers were also reported by
Nishida et al. (2005).

To properly manage the exploitation of invertebrates or of any other group of
interest to fisheries, ideally it would be necessary to have some information on stock
changes, regardless if such changes are due to natural causes or a consequence of
human intervention (Anderson et al. 2011). However, obtaining this data requires
intense data collection and long temporal series, which normally imply in high costs
and in the existence of qualified personnel, both limiting factors in developing
countries (Moura et al. 2009). For example, there is evidence that in Brazil a
decrease in investments in research per capita can jeopardize scientific quality, by
restricting the possibility of producing high-impact science (Helene and Ribeiro
2011), or even the monitoring of its natural resources.

An alternative to partially provide low cost data about resources, such as fish
and crustaceans, is through interviews with resource users, such as fishermen,
peasants and resource extractors in general (White et al. 2005). Clearly, interviews
have some constraints, for example, the honesty of the interviewees (Lunn and
Dearden 2006), especially in situations where informers have reasons to under- or
over-report their activities (Jones et al. 2008). Even when they are not dishonest,
people may not provide information that corresponds to their real perception and
level of extraction. For example, in a study done in Madagascar, even though the
fishermen were asked individually about their fishing catch, their answers tended
towards the population catch average rather than their personal actual catches
(Jones et al. 2008).

In Brazil, artisanal fishery represents up to 60% of the total catch (Paiva 1997).
However, this estimative rarely considers the catch of invertebrates of low
commercial value, such as some clams and mangrove crabs (Erman 1996). The
extraction of these animals is usually associated with low-income human groups, to
whom they represent an important source of food and financial complement,
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especially in the northeastern region of the country (Fiscarelli and Pinheiro 2002). In
some rare occasions, there is a systematic monitoring of the catches of these
animals done by state and/or federal institutions responsible for providing the fishing
statistics (Vasconcellos et al. 1999). However, even when there is such statistics,
there is also lack of adequate interpretation of the data.

On the Brazilian northeast, the catch of the mangrove crab Ucides cordatus
(Linnaeus, 1763) is an activity hardly ever taken into account by resource managers
and policy makers in general, despite its relevance for local food and financial
security (Barboza et al. 2008) and despite this species being in the National List of
Species of Aquatic Invertebrates and Fishes Endangered, Overexploited or
Threatened by Exploitation (MMA 2004). Only a few studies have focused on the
exploitation of U. cordatus, while some have investigated the behavior and the
knowledge of crab gatherers (Alves and Nishida 2002; Alves et al. 2005, Nordi et al.
2009; Fiscarelli and Pinheiro, 2002; Firmo et al., 2011). Nevertheless, in an important
crab extraction site in Rio Grande do Norte state (Canguaretama municipality),
systematic samplings of crab landings have been done since 2000 by the Brazilian
Federal Environmental Agency (IBAMA), offering a unique opportunity to have more
detailed studies about the U. cordatus stock.

It is in this context that the present study sought to highlight possible variations
in the stock (catch, effort, sexual ratio and crab size) throughout 12 years. Moreover,
it also aimed to analyze the perception and accuracy of the information given by the
community of crab gatherers in relation to the same variables assessed in the stock,
as a way of seeking for an alternative tool to collect data related to species stock in
the absence of systematic monitoring of the extraction (Thomas 2007). It was
expected a decrease in the catch due to increasing fishing pressure, which, in its
turn, was expected to be also realized by the crab gatherers. Likewise, it was
expected a decrease or stability in the Catch per Unit of Effort (CPUE), indicating an
increase in the fishing effort and a decrease or the maintenance of the total catch,
which should also have been noticed by the crab gatherers. It was also expected an
increase in the amount of females and on the number of small individuals, as both
supposedly do not suffer commercial pressure, as their catch is forbidden by law.

Temporal series like this one are relatively rare in developing countries. Thus,
comparing the data obtained through interviews to regular landings could confirm the
efficacy of the first method in obtaining quality data in a quick and inexpensive way,
two essential characteristics to obtain information about the fishery data on several
parts of the developing world (Jones et al. 2008; White et al. 2005).

Material and Methods

1. Study site

Canguaretama is a small town [31,216 inhabitants; total area = 245Km? (IBGE,
2011)] located on the southern shore of Rio Grande do Norte State, on the
northeastern Brazilian coast. Its main economic activities are: small-scale agriculture,
shrimp farming, crab and shell extraction and fishing. The Curimatau river crosses
the town, forming a large mangrove area on its estuary, of approximately 3,300ha
(Souza 2004) (Figure 1).
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The climate is classified as tropical rainy with an average annual temperature
of 25.6°C. The rainy season is from April to July and the driest months are from

September to January.
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Figure 1. The study area highlighting the estuary of the Curimatau river (Canguaretama, Rio Grande

do Norte, Brazil), where the crab gathering activity takes place.

2. Studied groups

2.1. Ucides cordatus

Ucides cordatus (Linnaeus, 1763) (Brachyura, Ocypodoidea, Ucididae) is a
semi-terrestrial species, restricted to mangrove areas, inhabiting galleries dug in
areas of muddy to sandy-muddy substrate, near the sea, between the mean levels of
high and low tide (IBAMA 2011). This species occurs from Florida (southern USA) to
Santa Catarina (southern Brazil) (Melo 1996). The importance of this crab goes
beyond its economic relevance for some Brazilian communities, it also plays an
important ecological role, being considered a keystone species (Schories et al. 2003;
Diele et al. 2005) and an ecosystem engineer, for constantly modifying its habitat
(Kristensen 2008).

However, this species is currently on the Brazilian List of Aquatic Invertebrates
and Fish Species overexploited or threatened by overexploitation (MMA 2004). Aside
from overfishing and selective catch, which cause changes on population and
individuals size, the stability of U. cordatus populations has been threatened by the
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widespread destruction of mangroves (Amaral and Jablonski 2005) for developments
and shrimp farms.

2.2. Crab gatherers

Among the fishermen, crab gatherers are the group with the lowest average
income (Nordi 1992). In general, crab gatherers tend to establish themselves on the
periphery of urban coastal zones, usually the poorest ones.

Many of the gatherers are male, due to the risk of accidents associated with
this activity: women are normally responsible for cleaning and commercializing the
animals (Fiscarelli and Pinheiro 2002). However, those activities performed by
women are seen by others in their communities as an extension of women’s
housework tasks and are undervalued when compared to the men’s work of
gathering crabs from the mangrove, even though both kinds of activities contribute to
the wellbeing of the household (Magalhaes et al. 2007).

In Canguaretama, 30 gatherers were interviewed, of which only one was a
woman. These gatherers are around 47 years old and most of them were born in
Canguaretama (60%). On average, the gatherers have been working with this activity
for around 23 years and almost 74% of them depend on U. cordatus specifically as
their main source of income.

3. Data source

The crab landing data used here to evaluate the stock variation and changes
in some of the life history traits of U. cordatus were collected in the study site and
provided by The Brazilian Institute of Environment and Renewable Natural
Resources (IBAMA). The landings have been sampled since 2000, so the data used
here encompasses the period between 2000 and 2011. The biological data on sex
ratio and carapace width was sampled by IBAMA from 1995 to 2004.

3.1. Crab Landing

The data on crab landing (total catch, number of gatherers, kind of vessel if
any, kind of gear and the arrival and departure dates) were daily collected, from 2000
to 2011, in the main fishing port of Canguaretama, by the IBAMA staff. The employee
in charge took note of the number of crabs collected by each gatherer, a number that
was later converted to weight in kilograms (7 crabs weights approximately 1 Kg).
Crabs are extracted in other rural communities of Canguaretama as well, which were
not regularly sampled by IBAMA. In these cases, once a month the employee visited
these communities and checked how many gatherers worked that month, by asking
the gatherers themselves. Then, by a direct relation with the data sampled on the
main fishing port of Canguaretama, considering the number of gatherers and the total
catch of crabs, the value was extrapolated to the monthly catch of the whole
municipality. For example, if in the main port 10 vessels had caught 1,000 kg of crab,
and they knew that there were 20 vessels working in the other communities, by a
linear extrapolation it was assumed that the other communities had caught 2,000 kg
of crab.
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3.2. Population biology

The data on the biology of the studied population were collected monthly from
1995 to 2004, by sampling crabs randomly during the neap tide period. For these
samples, IBAMA hired a crab gatherer and authorized him to take all the crabs he
could find in the mangrove, without any restrictions of animal sex or size. These
individuals were then properly measured in the laboratory. Here only data on sex
ratio and carapace width was considered.

There was no data collection during some months, such as, in January and
April 2009 and in January 2010, due to the vacation period of the only employee in
charge of sampling this data.

3.3. Environmental Perception

The environmental perception data collection of the crab gatherers was done
through in loco interviews performed in the first semester of 2012. The questionnaire
had 19 direct questions (Supplementary Material), including questions about possible
environmental changes in the mangrove, the perception and evaluation of the
gatherers towards the supervision and rules related to this activity, the year of the
highest catch of U. cordatus, the good and bad months to catch crabs and the
perception of the gatherers about possible changes on landing variables (total catch,
number of gatherers, kind of vessel and the time spent on the activity), possible
changes in the size and sex ratio of crabs in the last 10 years (from 2001 to 2011).
The crab gatherers were selected by two criteria: (1) he had to be living in the
municipality for at least 10 years, and (2) he had to be catching crabs for at least 10
years. These criteria were established to match the IBAMA data collection period,
and resulted in the interview of 30 crab gatherers.

4. Data analyses

4.1. Crab landing

A Generalized Linear Model (GLM) analysis was used with the goal of
understanding which factors affect the payoff of a crab gathering event (catch
measured in kg), having as independent variables two numerical variables (number
of gatherers working together in one gathering event; and number of days catching
crabs during one event) and three categorical variables (type of vessel: canoe or
disembarked fishing; month: from January to December; and year of the event: from
2000 to 2011), considering all the landings sampled over the 12 years (n=10,301).
For this analysis, it was used a Poisson distribution with a logit link function.

A Kruskal-Wallis test was used to compare the variations of the total catch
throughout the sampling period (months and years), given the non-homogeneity of
the variances. Besides, the months were separated in two groups of six, gathered
according to the life history traits of U. cordatus, one group was the moult and pre-
moult phase (May, June, July, August, September and October) and the other
representing the post-moult phase (January, February, March, April, November and
December), to check how the catch varied between these two categories. A Levene
test was done to check the homoscedasticity of the variances of the two groups (Fox,
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2005). After the result of this analysis a Test T of Student for unequal variances was
run.

In this study, the catch was measured as kilograms of crab converted from the
total number of individual crabs and effort was estimated by number of gatherers and
time fishing. However, time fishing was measured in number of days, as the number
of hours in which the crab gatherers were working was not assessed. Thus, the
CPUE was defined as total kg*number of gatherers™* catching days™. CPUE is
commonly used to infer trends on stock size (Siren et al. 2004), observing how the
total catch relates to the effort.

The average CPUE was compared over the years by a one-way ANOVA.

4.2. Population biology

For the sex ratio analysis, the proportion of male and female crab over the
years was estimated and then compared through a chi-square analysis to estimate if
there was a significant difference on the proportions of each sex over the years.

A Kruskal-Wallis test was used to check if the average width of the carapace
of individuals varied throughout the years, for both males and females, given the non-
homogeneity of the sampled data.

4.3. Environmental perception

A Test t of Student for unequal variances was used to compare the data
obtained through crab landing sampling to the information given by the interviewees,
on total catch and effort (number of fishers per event, number of days collecting
crabs). The answers given by the gatherers about 10 years ago were compared to
the data of total catch per day sampled by IBAMA in 2002, while the information
given about current catch per day (relatively to the time of the interview: first
semester of 2012) were compared to the most recent (2011) data provided by
IBAMA.

The other questions in the questionnaire were only qualitatively assessed. For
example, the crab gatherers’ perception on changes in sex ratio and crab size was
qualitatively compared to changes observed in the biological sampling, regarding the
same issues. However, since the biological sampling ended in 2004, it was only
possible to infer trends that are not directly compared to the current perception (first
semester of 2012) of a gatherer.

All the statistical analyses were done using the free software R (R
Development Core Team 2012).

Results

1. Crab landing
1.1. Catch and CPUE

The crab gatherers of this study caught a total of 629,915.10 Kg of U. cordatus
between 2000 and 2011. This last year of sampling was the one with the highest total
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catch (81,974 Kg), equivalent to 13% of the total. The total catch varied annually from
7,193 Kg to 81,974 Kg, with an average of 52,493 Kg (£25,354 Kg) per year (Figure
2). When the total catch was analyzed monthly, it was noticed that the lowest catches
happened between June and October, when it was observed an average catch of
3,844.2 Kg + 1,930.0 Kg (Figure 3). The average catch for the remaining months of
the year (Nov-May) was 4,949.3 Kg * 2,699.4 Kg. The catches were significantly
different among years (KW = 3,236.98; d.f. = 11; P<0.0001) and months (KW =
6,265.01; d.f. = 10; P<0.0001).
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Figure 2. Comparison of the catch (kg) of Ucides cordatus (Linnaeus, 1763) per fishing event along
the years. The landings were sampled in Canguaretama municipality, Rio Grande do Norte, Brazil.
The box plot shows the median (darker line), minimum and maximum values (vertical lines) and
quartiles (outer lines of the box plot, representing 25% and 75%). Circles are outliers.

The Test t of Student for unequal variances (Levene test: F = 2.8051; d.f.=
105; P>0.001) used to compare the means of crab landing catches between the
months that corresponded to the pre-moult/moult and post-moult phase showed a
significant difference (t = 6.331; df = 10,274.92; P>0.001): catches were higher in the
pre-moult/moult phase.
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Figure 3. Comparison of the average catch (kg) of Ucides cordatus (Linnaeus, 1763) per fishing event
along the months. The landings were sampled in Canguaretama municipality, Rio Grande do Norte,
Brazil. The box plot shows the median (darker line), minimum and maximum values (vertical lines) and
quartiles (outer lines of the box plot, representing 25% and 75%). Circles are outliers.
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Figure 4. Catch per Unit of Effort (CPUE) per year in Canguaretama RN, BraZ|I The CPUE was
defined as total kg of crab caught per trip*number of gatherers *catching days The box plot shows
the median (darker line), minimum and maximum values (vertical lines) and quartiles (outer lines of
the box plot, representing 25% and 75%). Circles are outliers.

The resulting GLM indicated that the two temporal variables (year and month)
and the three effort variables (kind of vessel, number of gatherers and number of
days fishing) affected significantly the total catch (AIC = 82481; P>0.001). However,
the month of October was the only non-significant one (Z= 0.597; P>0.001)
(Supplementary Material).
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Figure 5. Total number of vessels operating per year on the catch of Ucides cordatus (Linnaeus,

1763) in Canguaretama, Rio Grande do Norte, Brazil.

The CPUE analysis presented an increase between 2000 and 2008, but
decreased after that, showing a significant difference among months (F=342.3; d.f. =

11; P>0.001) (Figure 4).

The amount of vessels also varied throughout these 12 years, reaching the
maximum value of 27 vessels in 2000 and the minimum of four in 2007 (Figure 5).
However, the average number of crab gatherers per fishing vessel varied slightly,

never exceeding the average of two.
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Figure 6. Proportion of male and female crabs per year, from 1995 to 2004, sampled in

Canguaretama municipality, Rio Grande do Norte, Brazil.
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2. Population biology
2.1. Sex ratio and size of Ucides cordatus

A total of 13,864 crabs collected between 1995 and 2004 were used to
evaluate the sex ratio and the carapace width of the sampled population. The sex
ratio had variations along the years. From 1995 to 1999 it was observed a small
difference between the sexes, reaching the maximum of 55% of male crabs versus
45% of female. However, from 1999 on that difference increased, reaching the
highest variation in 2004 (the last year with available information), when 76% of the
crabs sampled were males (Figure 6). The differences observed on the sex ratio
along the years was significantly different (X?= 546.61; d.f.= 9; P>0.001).

Likewise, the width of the carapace also varied in a significant way along the
years, for both female and male crabs (respectively, K-W = 2,189.49; d.f. = 9; P <
0,001) / K-W = 2,229.20; d.f. = 9; P < 0.001). The values of maximum and minimum
carapace width for male crabs were, respectively, 65.3 mm and 47.3 mm, and for
female crabs were 67.4 mm and 45.1 mm (Figure 7). The maximum values
happened in 1995 and the minimum ones were observed in 2000.

3. Contrasting the crab gatherers’ environmental perception and landing data
3.1. The mangrove and the stock of Ucides cordatus

When asked about the changes that happened in the mangrove in the last
decade, 44% of the gatherers indicated that since they began catching crabs in the
area they perceived an increase in the number of shrimp farms, followed by
deforestation (28%). The remaining interviewees did not notice any change (13%) or
reported an increase in mangrove pollution (6%), while 9% claimed that the
mangrove was in a process of recovery. Yet, 71% of the gatherers said they
observed a decline on the amount of U. cordatus, while 19% reported an increase
and the remaining affirmed that there was no alteration on the stock of the species.
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When they were questioned about the reasons that could have led to a
possible decrease on the stock of U. cordatus, the mentioned factors were: the
presence of shrimp farms (36%), an increase in the number of gatherers (25%), an
increase in the amount of gatherers who are not from Canguaretama municipality
(14%), deforestation (11%), and the use of a relatively new method (“redinha”)
(11%), which is considered more efficient and, as such, more predatory by some of
the gatherers. This method consists of a trap prepared from polypropylene bags
shredded and tied up at the tip and placed at the entrance of crab galleries (Alves
and Nishida 2003).

Although 71% of the interviewees reported a decline in the species stock in
the study area, 40% said that the fishing event in which they had the highest catch
since they started working with this activity was in 2011. According to them, in this
event they caught an average of 139 crabs. Indeed, the crab landing data showed
2011 as the year with the highest average catch. However, the average catch related
to this year (218 crabs/day + 238.6) showed a higher value than what was reported
by the gatherers.

On a monthly scale, according to the crab gatherers, the months with the
lowest catches were, respectively, June, July and May, when the crabs are “fatter”
and it is harder to catch them. The months mentioned as responsible for the highest
catches were January, February, March and December, respectively, when the crab
is “thinner”. This period that goes from January to March matches the species
reproductive phase, in which it is legally forbidden to catch crabs for about six
consecutives days in each of these three months. The number of days defining the
monthly closed season is set according to the new and full moon phase (IBAMA
2001).

According to the monthly average catch observed in the landings, after May
the average catch per month starts dropping reaching its lowest values in June and
July. Similarly, the period of highest catch reported by the respondents is in
agreement with the average monthly catch over this 12 years period (December and
March), in which December showed the highest average per month (5,234.8 Kg %
3,410.7 Kg).

3.2. Temporal analyses

Most gatherers (67%) affirmed that since 2002 male crabs were more
abundant than females and 80% reported a higher amount of larger individuals in
2002 than nowadays. The biological data analyses showed that in 2002 the sex
ratios were highly different (74% of males) (Figure 6), although there is no current
data to be compared with the information provided by the gatherers (Table 1).

Still, in 2002, the most common kind of technique to catch crabs, according to
the interviewees, was the manual ones (no tool) (83%), which is in agreement with
the data collected in the landings. In 2011, 74% of the gatherers affirmed to catch
crabs using the “redinha”, 19% reported the use of no tool (manual) and 6% said to
use a gear made of an oil can. The landing data, on the other hand, showed that
100% of those interviewed reported to IBAMA the use of manual techniques.

In 2002 the canoes were the transportation mode used by most of the
gatherers (87%) to get around the mangrove, while the remaining used to do the
disembarked fishing (on foot), whereas in 2011 the canoe was indicated as the
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method used by 90% of the gatherers. According to the landing data, in both 2002
and 2011, 100% of those interviewed used the canoe to get around the mangrove.

On average, in 2002, according to the interviewees, there were four crab
gatherers per vessel, who stayed in the mangrove for about 23 hours and use to
catch around 116 crabs per day. The landing data for the same period showed that
the time spent by the gatherers in the mangrove was around 24 hours, the number of
gatherers per vessel was two (maximum) and the total catch per day was an average
of 54 crabs. In 2011, though, the crabbers reported an amount of three gatherers
(maximum) per canoe, who spent around 31 hours, catching approximately 103
crabs per day. The landing data for 2011 indicated an average of 48 hours spent on
catching crabs and three gatherers per canoe, who caught about 98 crabs per day
(Table 2).

The total catch per day mentioned by the interviewees was significantly
different (in 2002: T = -5.7058; d.f. =29; P > 0,001 /in 2011: T = 8.7381; d.f. =90; P
> 0,001) from the values collected in the landings.

Table 1. Comparison of the most mentioned answers given by the crab gatherers
during the interviews in relation to the sex ratio, crab size, gear/technique used to
catch crab and vessel type used to go fishing (if any), for 2002 and 2011, and the
pattern of the data observed in the actual crab landings and biological data. Both the
landings and the interviews were sampled in Canguaretama municipality, Rio Grande
do Norte State, Brazil. Numbers in parentheses represent the percentage of crab
gatherers who agreed on the respective answer.

Attribute Interview about 2011 Trend
situation in 2002
Sex Male (67%) Female (50%) 3 f
Size Big (80%) Small (50%) 3 9#
Gear Manual (83%) Redinha (74%)* Manual
Vessel type Canoe (87%) Canoe (90%) Canoe

®Redinha corresponds to a trap prepared from polypropylene bags shredded and tied up at the tip and

placed at the entrance of crab galleries (Alves and Nishida 2003). See the text for further information.
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Table 2. Comparison of the most mentioned answers given by the crab gatherers during the
interviews and the data observed in the actual crab landings, for 2002 and 2011. Comparison
of the most mentioned answers given by the crab gatherers during the interviews in relation
to the catch per day, number of gatherers working in the same crew, time spent catching in
one catching event and the resulting CPUE, for 2002 and 2011, and the data observed in the
actual crab landings. Both the landings and the interviews were sampled in Canguaretama
municipality, Rio Grande do Norte State, Brazil. Values represent averages, unless stated
otherwise.

Interviews about the Crab Interviews about  Crab landing
situation 10 years landing the present data (2011)
ago (2002) data (2002) situation (2012)
Catch (Crabs/day) 115 54 103 98
Number of gatherers 4 Max. 2 3 Max. 3
Time catching 23 24 31 48
(hours)
CPUE (catch/Number 1.25 1.12 1.1 0.68

of gatherers/hours)

3.3. Monitoring and Regulation

The exploitation of U. cordatus is regulated by the environmental agency
(IBAMA), which can set specific state rules. These rules define the size (carapace
width), sex and period of the year in which the catch of this species is allowed or
forbidden. All the crab gatherers said to agree with the prohibition of the catch during
the closed period and the commercialization of females and small crabs (<6cm
carapace width), as they claim to understand the importance of these two groups to
the maintenance of the population. However, 37% reported to disagree with the
prohibition of catching crabs throughout the reproductive phase (from January to
March), for two main reasons. Currently, there are two legal stops of six days each
on each of these months, totaling six stops a year. However, some of the informants
(23%) affirmed that only one stop a month would be enough and would cause fewer
losses on their monthly income, especially because according to them the crab is
reproducing only in one phase of the moon (full moon). The second reason refers to
the non existence of a financial support to the gatherers during this reproductive
period.

Discussion

1. Catch and CPUE

Estimates about U. cordatus stocks are uncommon in Brazil, although some
authors indicate a possible depletion of this resource along the Brazilian coast
caused by overexploitation (Botelho et al. 2000; Jankowski et al. 2006). The catch of
this species consists in one of the oldest extraction activities in mangroves (Pinheiro
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and Fiscarelli 2001). In some Brazilian coastal towns, the exploitation of this species
is one of the main fishing products, representing a great deal of the local fishing
production (IBAMA 2001).

Considering the historic series of the Brazilian production of U. cordatus, the
federal environmental agency, in its National Management Plan for Sustainable Use,
indicated that there was a reduction in the total catch of this species of approximately
43% between 1995 and 2007 (IBAMA 2001). Nevertheless, the total catch in
Canguaretama (RN) between 2000 and 2011 did not follow this national trend,
actually showing an increase in the catch. The monthly variations observed in this
study are common to this species, as it is shown on surveys in many different parts
of Brazil (IBAMA 2001). This can happen due to natural fluctuations on the annual or
seasonal recruiting, although some important local stock reducing factors are also
suggested as possible causes for such variations, such as overfishing (Branco,
1993), the mangrove destruction (Diele et al. 2005), and the mortality caused by the
Lethargic Crab Disease (LCD) (Boeger et al. 2005; Schmidt et al. 2005).
Nevertheless, assuming an increase in the catch for this study based on the average
catch can be misleading, as it is shown by the median analysis. When the median is
considered, which represents the central values of the distribution, it is possible to
observe that, for most landings, the catch did not vary much along the years. What
stands out between 2009 and 2011 are the positive outliers, which influences the
data mean, overestimating it. The gatherers, however, perceived a reduction in stock
throughout the last 10 years, even though the values reported by them were different
from those actually observed in the landings, for both the past and nowadays.

It was observed that the CPUE varied significantly along the years, first
increasing until 2009 and reducing afterwards. The interviewees also observed this
decrease, as it was shown with the CPUE calculated based on their information on
total catch, time spent catching and crew size. The increase first observed in this
parameter could be explained by a raise in the catch, by keeping the effort constant
or by reducing it. The decline after 2009 could have happened due to an increase on
the catch effort, and not necessarily in response to an expansion on the stock of U.
cordatus.

The fluctuation in the CPUE values could be better explained if there were real
information about the kind of gear used by the gatherers. During the interviews 74%
of the gatherers affirmed they use the “redinha”, while in the landing data was
registered that 100% of those interviewed used manual techniques. Probably, that
happened due to the illegality of this gear, considered predatory even by the same
gatherers interviewed. The use of this technique has been considered damaging to
the environment because it maximizes the catching pressure (Jankowsky et al.
2006), does not select the size or sex of the crab, pollutes the mangrove area, when
the remaining material is disposed anywhere, and causes deforestation, as
mangrove roots are used to fix this trap (Botelho et al. 2000; Nascimento et al. 2011).
In another state of Brazil (Pernambuco), for example, it is estimated that one
gatherer uses, on average, 130 redinhas/day and spends 18 days per month
catching crabs, which results on 28,080 redinhas/year/ gatherers (Botelho et al.
2000). However, other studies have shown that experienced gatherers are able to
identify the size and the sex of the crab based on its trail close to the crab’s gallery
entrance (Alves et al. 2005). If that is so, it is unreasonable to expect that
experienced gatherers, such as the ones considered in this study, would necessary
deplete the stock. Gatherers, regardless of the method, will be able to choose the
animals they want to catch, which are the big and most valuable ones (usually
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males). The redinha can, on the other hand, maximize their success. The crab
gatherers from Paraiba, another Brazilian northeastern state, gave reasons to
explain why they prefer to use the redinha instead of the traditional methods, citing
for example higher catches, how easy it is to use this method and how fast they can
catch a crab with it (Nascimento et al. 2011).

1) Sex ratio and size

After 1995, the proportion of male crabs was always superior to the proportion
of female, unlikely to what was expected, as the female crabs theoretically do not
suffer any exploitation pressure, due to a legal prohibition. The carapace width also
varied significantly for both males and females, with both sexes showing a reduction
in carapace size. For the same reason explained above, the reduction in the female
carapace width was something unexpected. lllegal fishing or again, the use of
‘redinha”, could explain such change in sex ratio and the decrease observed in size.
The unregulated use of predatory techniques, besides maximizing the fishing
pressure, can lead to the prevalence of adult crabs with smaller average size,
altering the local population structure of the species (Jankowsky et al. 2006).
However, again it is important to consider the gatherers’ knowledge in recognizing
the crab size and sex that are most financially profitable for them. One should also
consider a piece of information given by the gatherers’ themselves regarding the
presence of outsiders in the area. If these are opportunistic gatherers, they might not
have the necessary knowledge to fish sustainably.

The crab gatherers perceived the higher abundance of male in both periods as
well as the reduction in the size of individuals in general.

2. Information reliability

Broadly, the gatherers provided reliable information in terms of general trends.
For example, they reported a reduction in the stock, the prevalence of male crabs
and the decrease on the average size of individuals. Furthermore, their information
on the months of lower and higher catches was also in accordance with the observed
in the landing data and with what is shown on the literature (Nordi 1992; Souto 2004).
The fluctuation on the catch over the months seems to be strongly connected to the
lifecycle of the crab, and the lifecycle on the other hand is influenced by the tidal
cycle (Alves and Nishida 2002). The period of preparation for the moult (carapace
change) (May to August) corresponds to the phase in which the crab is fatter and
becomes more skittish, harder to catch. Later on this phase (July and August) it is
harder to find the crabs, as they close themselves inside their galleries to start the
moult. The period from September to October, corresponding to the moult phase, is
the time when the crab carapace is still soft, and apparently the consumption of this
animal during this stage is avoided, probably due to a food taboo (Alves and Nishida
2002; Souto 2007). After this period, the crabs start losing their carapace, ceasing
the phase of low catch. The months of high capture start after the moult, when the
crab is “thinner” and needs to leave the gallery more often to feed (Souto 2004). As
shown by the T test the difference between the average catch of these two periods is
significant, supporting the information provided by the gatherers.

On the other hand, crab gatherers overestimated the information regarding
catch and effort. Informants can react to opportunities and threats perceived by them
while answering surveys, taking the chance to modify the real values (Jones et al.
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2008). For example, they can try to bias their values down or upwards, to hide an
illegal activity or to be better recognized by others (Sheil and Wunder 2002). Two
distinct hypotheses could be used to try to explain this pattern of overestimating
values. In the case of overestimating their past events, it could be showing the
perception that the past was better and more profitable (O’Donnell et al. 2010). The
second hypothesis regards a biased perception by the gatherers towards a
‘community average return”. Nowadays, the use of an intensive fishing tool, as the
‘redinha”, eventually results in higher catches. The data suggests, by its outliers, that
currently it is more common to have extreme catch events, well above the median.
The gatherers could be highlighting these events, which certainly are more
remarkable than the median ones. This would be in agreement with what was shown
by a study in Madagascar (Jones et al. 2008), in which the best gatherers reduced
their information about capture, in order to present values around the average catch
of the community.

Conclusion

The annual catch of U. cordatus increased over the 12 years. However, this
probably happened in response to a higher catch effort and not necessarily due to an
increase in the amount of crab in the mangrove. The new technique for catching
crabs, the redinha, could be responsible for such an increase in the effort, and as a
consequence, it could be masking the real status of U. cordatus stock in the region,
by facilitating the catch, increasing the productivity and giving a false impression of
abundance. However, this needs to be better investigated, as it is unlikely that
experienced gatherers would use redinha in a predatory way, as they are able to
identify the sex and the size of the crab before setting this trap.

The majority of gatherers perceived the changes that are happening in the
mangrove and in the U. cordatus population, such as changes in the sex ratio and in
the carapace size, showing a possible efficient use of questionnaires to obtain
reliable and cost-effective data for scientific research. However, this method also
showed some inaccuracy when gatherers were asked to estimate their catches in the
past and in the present, indicating that it should be used with caution, especially
when questions demand recollections of long periods of time or when it requires
values that can have local interests involved.
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