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ABSTRACT: 4 type of dredge was introduced as fishing gear along the extractive bank of Mangue Seco - PE from which the largest annual
catch of Anomalocardia flexuosa in the world is extracted. This study was carried out with the objective of estimating the selectivity of the new
fishing gear and quantitatively evaluating the length classes most compromised by the catches, especially considering 20 mm as the reference
value. Specimens larger than this size are most likely to be mature. For the selectivity estimation, the methodology using codends (16 or 20 mm)
and small meshed cover (2 mm) was used. To estimate the selectivity parameters, a logistic regression and the Bayesian approach were used.
The transition between the state in which the specimen is invulnerable to the fishing gear and vulnerable occurs between 10 and 18 mm, using
a 16 mm mesh, and using a 20 mm mesh, this transition is between 14 and 20 mm. Dredgers with 16 mm and 20 mm mesh compromise a large
proportion of specimens smaller than 20 mm. If the intention is to protect this part of the population, measures such as total restriction of the
16 mm mesh and use of the 20 mm mesh should be necessary only in the months of less catching incidences, or increasing the mesh to 25 mm.
Key words: coastal ecosystem, mangue seco beach, Benthic macrofauna, Anomalocardia brasiliana, fishing, dredge.

Seletividade de um petrecho de pesca utilizado na captura da Anomalocardia flexuosa
no Nordeste do Brasil

RESUMO: Um tipo de draga foi introduzido como arte de pesca no banco extrativista de Mangue Seco - PE de onde se extrai a maior captura
anual de Anomalocardia flexuosa do mundo. Este trabalho foi realizado com objetivo de estimar a seletividade do novo petrecho de pesca e
avaliar quantitativamente quais sdo as classes de comprimento mais penalizadas nas capturas, tendo especialmente como referencial o valor
de 20 mm. Exemplares maiores que esse tamanho tem elevada probabilidade de estarem maturos. Para estimativa da seletividade foi utilizado
0 método com uso de saco (16 ou 20 mm) e sobresaco (2 mm). Para estimativa dos parametros de seletividade foi utilizada regressdo logistica
e abordagem bayesiana. A transi¢do entre o estado em que o exemplar é invulneravel a arte de pesca e em que o mesmo seria quase com
certeza capturado ocorre para malha de 16 mm entre 10 e 18 mm, enquanto para malha de 20 mm essa transi¢do se da entre 14 e 20 mm. As
dragas com malha de 16 e 20 mm penalizam uma propor¢do grande de exemplares menores que 20 mm. Se a intengdo é proteger essa parcela
da populagdo, seriam necessarias medidas como a restrigdo total da malha de 16 mm e uso da malha de 20 mm somente nos meses de menor
incidéncia de recrutamento, ou o aumento da malha para 25 mm.

Palavras-chave: ecossistema costeiro, praia de mangue seco, macrofauna bentonica, Anomalocardia brasiliana, pesca, draga.

INTRODUCTION A. flexuosa fishing is mainly carried out at the Mangue

Seco beach in the municipality of Igarassu, which

Several species of benthic malacofauna are
important fishing resources (DEFEO & CASTILLA,
2005; OLIVEIRA et al., 2017). The Veneridae bivalve
Anomalocardia flexuosa has a wide distribution
occurring in the Antilles, Brazil and Uruguay
(RIOS, 1994). The traditional small-scale fisheries
account for nearly all the catches of this bivalve
in the world (SILVA-CAVALCANTI & COSTA,
2011). The Northeastern Region contributes greatly
to production, especially the state of Pernambuco,
which was already considered as the main producer
of the species in Brazil according the available
statistics (IBAMA/CEPENE, 2008). In Pernambuco,

accounts for approximately 50% of the state catches
(IBAMA/CEPENE, 2008). Along this bank, the
activity is developed under a regime of “free access”,
which often leads to an overexploitation that refers to
a scenario typically associated with the “tragedy of the
commons” concept (HARDIN, 1968), which results in
negative social and ecological consequences.

In order to evaluate the effects of the
dredging process, the use of bivalve mollusks can
be done manually or with several types of fishing
gear (e.g. SILVA-CAVALCANTI et al., 2009).
These dredges are widely used, for example, in
Portugal (OLIVEIRA et al., 2017), and in Southern
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Brazil, specifically for A. flexuosa (PEZZUTO et al.,
2010). In the case of Pernambuco, this activity was
predominantly performed by women and children
by manual collection (SILVA-CAVALCANTI et
al., 2009). However, the number of fishermen has
increased considerably over the years, especially
with the entry of men into the activity. In addition,
a type of dredge known locally as “pucd” has been
developed and introduced. No precise information
is available on when the dredger with the current
configurations began to be used at Mangue Seco
beach, but it is known that this capture medium was
initially operated by men (OLIVEIRA et al., 2014).
Currently, this fishing gear has become popular and
has become one of the most used in Mangue Seco,
being operated by both men and women.

The introduction of new fishing gear leads
to the need for studies on their impact. Estimates of
selectivity parameters are especially important for
fishing management in cases where minimum size
limits for capturing as an alternative management
are intended to be used. First catch length, selection
factor and selection interval estimates obtained in
selectivity studies, are useful for identifying the sizes
of individuals retained in fishing operations (NOACK
et al., 2017). From selectivity and catch size structure
studies, the most severely compromised fishing
length classes are identified, and it is possible to use
management rules to protect different parts of the
population, such as juveniles.

The minimum recommended size for the
capture of A. flexuosa for several extractive banks in
Brazil is generally 20 mm shells on the anteroposterior
direction (e.g. ARRUDA-SOARES et al., 1982;
SILVA-CAVALCANTI & COSTA, 2011; OLIVEIRA
et al., 2014; SANTOS et al., 2014; PEZZUTO et al.,
2015). This guideline is based on information that the
probability of it being a mature individual is greater
than 90% for those with a length greater than 20 mm
(BARREIRA & ARAUJO, 2005).

The dredges currently used in Mangue
Seco were introduced without a preliminary study
on selectivity and captured sizes. In addition, the
fishing scenario is not controlled and develops in
the direction of maximizing profit in the moment,
without considerations on future perspectives
that can be negative. Therefore, in this study the
objective was to estimate the selectivity of the dredge
recently introduced in Mangue Seco, in order to
quantitatively evaluate which are the classes of length
most compromised in the catches. These results are
useful for making management decisions, aiming to
maintain a profitable and sustainable activity.

MATERIALS AND METHODS

Study area

The extractive bank of Mangue Seco beach
is located in the state of Pernambuco (7°49°48”’S and
34°50°24”W). The area of the Mangue Seco bank is
approximately 2.9 km? and is exposed to the marine
environment, but it is also influenced by the river
tributaries of the Timbo river in the Southern limit,
and the Santa Cruz Canal in the Northern limit. The
beach line is two kilometers long, going from south-
north along the coast, with shallow waters and small
waves (OLIVEIRA et al., 2014).

Description of fishing gear and data collection

The dredger consists of an approximately
2 m wooden rod inserted in a generally triangular (or
round) stainless steel support, with or without teeth in
the inferior border. Threaded to the support is a mesh
codend of 16 or 20 mm between opposing stretched
knots (osk) in most cases (Figure 1 A). To operate the
device, the fishermen use a cable attached between
the wooden rod and their waist, facilitating the
execution of the drag of the artifact in the sediment. In
commercial dragging, the distances traveled are short
(5 to 10 m) to prevent clogging, facilitating washing,
sediment flow and the escape of small individuals.

In the experiments, the 16 or 20 mm (osk)
tongs were wrapped with 2 mm square meshes (osk)
called “small meshed cover” (Figure 1 B). These tongs
with codend and small meshed cover were dragged by
a local fisherman in a procedure similar to that used
in the commercial fishery. In total, four experiments
were carried out, two with a 16 mm mesh dredger,
one in December 2016 and one in June 2017, and two
with a 20 mm mesh dredger in the same periods that
were selected to contemplate all the size classes, and
thus minimizing the effects of seasonality, as there is
a higher frequency of adult individuals in the rainy
season (OLIVEIRA et al., 2014). In the experiments
a dredger model was used having a triangular shape
with teeth (Figure 1A).

From the captures observed in the codend
and in the small meshed cover, it is possible to estimate
the proportions of specimens retained in the codend
and those that escaped for different length classes. The
ratio retained in the codend for each i-th class of length
is: P, =C_/(C,+C), (1) if C, and C; are the
amounts retained in the codends and small meshed
cover, respectively. For the analysis, all the specimens
collected in the codend and the cover- codend were
packed in plastic codends and taken to the laboratory.
There the lengths between the ends were measured
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in the experiment (B) - No scale.

Figure 1 - Dredge used for extraction of Anomalocardia flexuosa at Mangue Seco beach (A), and schematic drawing of the artifact used
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in the anteroposterior direction of the shell, with a
manual precision pachymeter of 0.02 mm.

Data analyses

A chi-square test was used to compare the
proportions of individuals with an anteroposterior
shell length greater than 20 mm retained in drags
performed with 16 mm and 20 mm dredges. For
the estimation of the selectivity parameters, logistic
regression was used with a generalized linear model
and the Bayesian approach. Logistic regression can
be applied to evaluate dichotomous variables. In our
case, each specimen of A. flexuosa can be retained
(success) or not retained (failure) in the codend. The
number of copies of the i-th class of length retained in
the codend y, was considered as a binomial variable y,
~Bin(n,, 0,), where n, is the total number of specimens
(codend + cover- codend), and 0, is the probability of
retention of the i-th class in the codend.

It is convenient to treat 0, on a transformed
scale, since it is restricted to space [0.1]. For this, one
can use in the context of a generalized linear n, = g(0,)
=log (0,/(1-0,), where n, is the linear predictor, and g()
the logit connection function. The linear predictor is a
function of the length in the form n, = B + B,x,, where
B, and B, are parameters yet to be established, and x, is
the average point of the i-th class of length.

In the Bayesian approach, the joint
posterior distribution of the parameters conditioned
to the available information is computed for
P(B,.B, data) = p(B,.p,)/p(datal,.p,p(data) (2), where
p(B,.B,) is the priori distribution for the parameters,
p(datalf,B,) is the likelihood function and p(data)

= Ip(B,B)p(data|B,B,) (3) it is a normalization
constant. The data correspond to the y, n and x
values of the different length classes. The likelihood
function is binomial, and for the priori distributions
of the two parameters we used normal distributions
with mean of 0 with a standard deviation of 100;
which are therefore, not informative. A sample of
the joint posterior distribution p(f,B |data) was
obtained using a Monte Carlo algorithm with Markov
Chains and Gibbs sampler with the aid of the JAGS
(PLUMMER, 2017) and R (R CORE TEAM, 2018)
programs, and the runjags package (DENWOOD,
2016). Three chains were started with different
values for the parameters. The first 50,000 values
were discarded (burnin), and thereafter values were
retained every 50 of the subsequent 50,000 steps of
each chain. As a result, 1000 values of the posterior
distribution were obtained for each of the three
chains, totaling a sample of 3,000 values.

In the convergence diagnosis of the chains
and to verify if the stationarity was reached, we used
dash plots and the Potential Scale Reduction Factor
(PSRF) by GELMAN & RUBIN (1992). Convergence
was considered to be achieved when the 97.5%
quartile of PSRF was less than 1.01. Calculations
for convergence and stationarity diagnoses were
performed using the CODA package (PLUMMER et
al., 2006) of the R program.

Based on the estimates of the subsequent
joint distribution of B, and ,, the lengths for which
25% (L25), 50% (L50) and 75% (L75) of the
individuals are expected to be retained, the Selection
Interval (SI = L75 - L25) (4), and the Selection
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Factor (SF = L50/m) (5), where m is the mesh length
(SPARRE & VENEMA 1988) were calculated.

RESULTS AND DISCUSSION

In total, together with the samples of
the codend and the small meshed cover, 2955 were
captured in the 16 mm mesh experiments and 2879
in the 20 mm mesh experiments. The percentage of
individuals larger than 20 mm in relation to the total
was significantly different in 16 mm and 20 mm mesh
codend (p = 3.77 x 10°'3), with a larger proportion
in the 20 mm codend. In the small meshed cover,
specimens larger than 20 mm were not retained.

The maximum likelihood estimates for the
parameters 3, and B, -16.77, 1.23 where in the 16

mm mesh experiments and -3.67, 0.01 in the 20 mm
mesh experiments. The hypothesis tests indicate that
there is evidence to reject the null hypothesis (equal
to zero) for three of the four estimated parameters,
exception was B, in the 20 mm mesh.

The frequency distributions of the
specimens captured in the codend (empty bars) and in
the small meshed cover (bars filled in grey) are shown
in Figure 2. In general, the largest aggregated catches
were between 12 mm and 20 mm.

The  aggregate length  frequency
distributions (codend + small meshed cover) reflect
a less biased size structure of the population in the
Mangue Seco bank. However, the length frequency
distributions of the catches obtained only in the

Figure 2 - Selectivity curves for 16 and 20 mm meshes including 95% credibility
intervals with scales shown on the axes of the ordinate on the left. Length
frequency distributions (bars) of the catches with scales shown on the axes
of the right-hand ordinates. The bars filled in gray represent the individuals
retained in the small meshed cover, while the empty bars correspond to
those captured in the codends.
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codends (empty bars - Figure 2) correspond to the
most compromised sizes in the fishing events. The
lengths between 14 and 22 mm are the ones most
compromised in fishing with a 16 mm codend, while
lengths between 16 mm and 24 mm are the most
caught in fisheries with a 20 mm mesh codend.

The proportions retained in the experiments
for each length class and adjusted selectivity models for
dredges with 16 mm and 20 mm meshing in the codends
are also shown in Figure 2. The models had a good
fit. The estimates obtained indicate that the transition
between the state in which the specimen is invulnerable
to the fishing gear (selectivity close to zero) and
vulnerable if there is contact (selectivity close to one)
occurs between 10 and 18 mm for the 16 mm mesh, and
between 14 and 20 mm for the 20 mm mesh.

The estimates of the means of the posterior
distributions of L25, L50 and L75 were 12.75, 13.64
and 14.53 mm respectively for the experiment with 16
mm mesh, and 15.43, 16.46 and 17.35, respectively,
for the 20 mm mesh.Conversely,, the means of the
posterior distributions of the Selection Factor (SF)
and the Selection Interval (SI) were 0.85 and 1.78 for
the 16 mm mesh, respectively, and 0.82 and 1.77 for
20 mm mesh, respectively.

The selectivity curves of the two meshes
are generally distinct, with a great difference in
lengths that characterize the transition from the
invulnerable state (~0% retention) to the vulnerable
(~100% retention). However, in both meshes the
catches of specimens larger than 20 mm were less
than 40%. Moreover, estimates of first catch (L50) or
even L75 sizes are less than 20 mm for both (16 mm
or 20 mm) meshes.

In the extraction of A. flexuosa in
Mangue Seco, more conservative measures such as
prohibiting the use of the dredge with the meshes
evaluated in this study should be considered, since
even the larger mesh size (20 mm) evaluated had a
low catch percentage of individuals greater than
20 mm. In this same site it has also been observed
that even in operations with manual collection there
are relatively low percentages of these individuals
above 20 mm (OLIVEIRA et al., 2014). This implies
that the activity has already been developed with
increased catches of small individuals for some time,
even before the introduction of dredgers. In places
where the capture of bivalves with dredges has been
used for decades, as in many European countries,
fishing is regulated with selectivity-related strategies
to preserve juveniles. One of the references used is
a shell size of 25 mm for various bivalve species,
including the Veneridae Family (SCARCELLA &

CABANELAS, 2016). In addition to the minimum
catch size, the authors cited above describe several
other management alternatives such as the reduction
of the number of licenses and the limitation of catch
areas to minimize impacts from fishing.

In referring the ideal mesh length for
capturing individuals larger than 20 mm, the Selection
Factor is a parameter that can be used (SPARRE &
VENEMA, 1988). With the Selection Factor values
calculated in this study it is estimated that the mesh
sizes should be 24 to 25 mm so that the first catch
length is approximately 20 mm. The increase in mesh
size in dredge fishing of bivalves has been suggested
recently in bivalve fisheries at other sites in order
to preserve young individuals (e.g. GASPAR et al.,
2003); but as a consequence, mesh growth can lead
to a decrease of the quantities caught. Therefore,
it would be important to carry out experiments not
only for Mangue Seco, but also for other extraction
sites. Thus, estimating the mid- or long-term
balance between profitability (captured quantities)
and ecology (preserved amounts and proportions
of individuals smaller than 20 mm), to evaluate
the potential of a mesh increase as a management
measure. A regulatory measure is more likely to be
effectively enforced if there is not a great economic
and social burden on the agents involved, because
if there is a fall in profitability, the prohibition of
meshes would certainly face great resistance from
local fishermen.

An alternative that has the possibility of
generating less friction would be to allow the use of
the already widespread mesh of 20 mm in the period
in which the number of catches is smaller. Despite
occurring throughout the year, catches are more
significant during some months, and this periodicity
can also vary according to the location (BOEHS et
al., 2008; RODRIGUES et al., 2013). On the Mangue
Seco beach there is no definition about the recruitment
peak of A. flexuosa; however, there is information
for Rio Grande do Norte, a state also located in
the northeast region of Brazil and with similar
climatic conditions to the studied site. According to
RODRIGUES et al. (2013) in an estuarine region of
Rio Grande do Norte, the recruitment peak occurred
in the first three months of the year (January, February
and March) and in the last three (October, November
and December). Considering that the same pattern
occurs for Mangue Seco, a mesh of approximately
25 mm is suggested for months of possibly greater
catches. The mesh rotation strategy per season can, in
some cases, contributed not only to protecting parts
of the population (e.g. those smaller than 20 mm)
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but also to optimize fishing yield, reducing waste
and improving the long-term prospects of the stock
(FERRO et al., 2008).

The use of dredge-type fishing gear also
requires careful consideration of the possible physical
impacts of dredge fishing gear even on individuals
that escaped, whether smaller specimens of the
target species or even other benthic species. Damage
caused by fishing gear may contribute to subsequent
mortality of mollusks (MEYER et al., 1981). Even
for a robust shell species such as A. flexuosa, a part
of the escaped individuals may not survive burial or
exposure to epibenthonic predators, so the effect of
fishing becomes even more severe (PEZZUTO et
al., 2010). The physical impact of fishing on benthic
ecosystems is an issue that has been the subject of
public attention (EIGAARD et al., 2015).

The level of extraction and adaptation of
the extractive activity in Mangue Seco is uncertain.
The absence of regulations in Mangue Seco, together
with the expansion of the fishing effort, the capture of
relatively high proportions of individuals smaller than
20 mm, and the possibility of impacting specimens that
are not retained in the dredger’s meshes, potentiates a
negative scenario for the future. The need for regulations
of mollusk fishing with dredgers is important, as is
seen in several European countries (SCARCELLA &
CABANELAS, 2016) or even in the Pirajuba¢ Marine
Extractive Reserve in Southern Brazil (PEZZUTO et
al., 2015). There, a number of management measures
have already been adopted in these areas (e.g.
minimum catch size, space-time rotation of fishing
areas). Therefore, the extraction activity in Mangue
Seco, which is of great regional importance and is the
largest in the world for 4. flexuosa, demands urgent
attention from the institutions responsible for fishing
management in Brazil.

Dredgers with 16 and 20 mm meshing
compromise a large proportion of specimens smaller
than 20 mm. The restriction of these meshes is an
alternative management practice to protect this part
of the population, but a less conflicting alternative
would be the use of mesh rotation with a total
restriction of the 16 mm mesh and only the use of the
20 mm mesh in the months for catching less juveniles,
and the increase of the mesh to 25 mm in the months
of greater wave of catches. There is a great demand
for information on the economic viability of the mesh
increase, and on the survival of specimens that escape
and are not retained in them. These issues are crucial
for the definition of a management policy for the
extractive bank of Mangue Seco, which may be the
main fishing spot of 4. flexuosa in the world.
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