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RESUMO

O presente estudo objetivou analisar a distribuicdo espago-temporal do marisco
Anomalocardia brasiliana e avaliar a recomposicdo do estoque desta espécie em relacdo ao
numero e ao tamanho dos mariscos capturados no verdo e inverno na praia de Mangue Seco,
Pernambuco. No primeiro estudo, a linha de praia (1.800 m) foi dividida em trés trechos (T),
sendo T1 de 0 a 600m, T2 de 600 a 1200m e T3 de 1200 a 1800m. Durante a pesquisa foram
coletados um total de 1.016 espécimes nos meses de Janeiro (verdo) e Agosto (inverno) de
2009. Desse total, 636 mariscos foram coletados no verdo e 380 no inverno. Os valores
maximos de densidade registrados no periodo de verdo foram 414,91 + 82,48 ind.m2no T3 e
323,49 £ 90,11 no T1, sendo ambos diferentes significativamente do T2 (156,12 + 28,72
ind.m2). No inverno ocorreram os menores valores de densidade com 102,67 + 5,07 ind.m2 e
122,37 + 36,86 ind,m2 para T1 e T2, respectivamente, ambos diferindo significativamente do
T3 (296,76 + 45,20 ind.m?). No segundo estudo foram avaliados trés tratamentos
correspondendo a uma area de 18,75m2 cada, onde: os mariscos foram retirados manualmente
pelas pescadoras, coletados com auxilio de um apetrecho de pesca, e onde ndo houve a coleta
de mariscos. A amostragem dos mariscos nestes tratamentos foi realizada em trés momentos:
antes das coletas pelas marisqueiras, apdés uma hora e 24 horas apds estas coletas. Foram
observados mariscos com tamanho menor (15,46 + 0,86 mm), apds a coleta manual, sem
diferenca significativa entre o tamanho dos animais encontrados ap0s a coleta com o
apetrecho (18,16 £ 0,92 mm). A quantidade de animais capturados com tamanho maior que
20 mm foi superior a 80% no inverno, e inferior a 20 % no verdo, sem diferenca entre os tipos
de coleta para ambas as estacdes. Os individuos da espécie A. brasiliana apresentaram uma
distribuicdo espacial caracteristica, com uma maior abundancia de juvenis no periodo de
verdo enquanto que os adultos foram mais abundantes no periodo de inverno. O tipo de coleta
avaliado e o momento da extracdo ndo influenciaram na quantidade de mariscos, visto que o
estoque de A. brasiliana da praia de Mangue Seco ainda é bem denso e tendo capacidade de
se recompor apds um periodo de 24h da atividade de coleta pelas marisqueiras. As estacdes de
inverno e verdo exercem influencia na abundancia de A. brasiliana, com maior quantidade de

mariscos com tamanho recomendado para pesca (> 20 mm) no periodo do inverno.

Palavras chaves: Moluscos bentonicos, distribuicdo, densidade e métodos de pesca
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ABSTRACT

This study aimed to analyze the spatial and temporal distribution of the clam Anomalocardia
brasiliana and evaluate the stock recovery of this species in relation to the clam number and
size after extraction in summer and winter in Mangue Seco, Pernambuco. In the first study,
the beach (1800 m) was divided into three sections (S): S1 0 to 600m, S2 600 and 1200m and
S3 1200 to 1800m. During this research a total of 1,016 specimens were collected in January
(summer) and August (winter) of 2009, corresponding to 636 clams collected in the summer
and 380 in the winter. The maximum density recorded in the summer period were 414.91 +
82.48 ind.m?2 at S3 and 323.49 £ 90.11 ind.m2 at S1, both were significantly different from
S2 (156.12 + 28.72 ind.m-2). In winter, the lowest densities were observed with 102.67 + 5.07
ind.m?2 and 122.37 £ 36.86 ind m2 for S1 and S2, respectively, both significantly different
from S3 (296.76 + 45.20 ind.m™). The second study evaluated three treatments corresponding
to an area of 18.75 m? each, where: the clams were removed manually by the fishers,
collected using a fishing gear, and where there was no harvesting of clam. The sampling of
the clams in these treatments was conducted in three moments: before extraction by fishers,
after an hour and after 24 hours. Clams showed a smaller size (15.46 = 0.86 mm) after manual
collecting, but no significant difference in the size of the animals was found after the
collection with the fishing gear (18.16 = 0.92 mm). The number of the animals collected with
size larger than 20 mm was greater than 80% in the winter and lower than 20% in the
summer, without significant differences between the collection type tested for both seasons.
The A. brasiliana showed a characteristic spatial distribution, with a greater abundance of
juveniles during the summer while the adults were more abundant during the winter. The
collection type and the extraction period did not influence the clam amount, as the stock of A.
brasiliana in Mangue Seco is still quite dense and probably has the capacity to reconstitute
itself after a period of 24 hours without clam extraction. The winter and summer seasons have
a great influence on the abundance of A. brasiliana, with the largest number of animals within

the recommended fishing size (> 20 mm) during the winter.

Keywords: Benthic molluscs, distribution, density and fishing methods
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1. INTRODUCAO

No Brasil muitas espécies de bivalves presentes em areas intermareais sdo comestiveis e
tém sido amplamente coletados em varias regides do pais. Estudos sobre a reproducédo e
ecologia de bivalves marinhos sdo tidos como o alicerce para o estabelecimento de programas
de manejo desses invertebrados, pois podem favorecer a manutencao de estoques naturais e,
assim, contribuir para o desenvolvimento de atividades extrativistas e de maricultura

(ARAUJO, 2001).

Um considerado esforco tem sido colocado no desenvolvimento sustentavel de técnicas
para um cultivo efetivo e comercializacdo de uma variedade de animais aquéticos e espécies
de vegetais, incluindo, por exemplo, varias espécies de algas, moluscos, camardes, e peixes
(ROSENTHAL et al., 1995). Em contraste, pouco esfor¢o tem sido colocado para ajudar no
processo crucial de selecionar um local adequado para o crescimento em campo da espécie
escolhida (KAPETSKY et al., 1987, 1988; MEADEN e KAPETSKY, 1991; ROSS et al.,
1993; FRIDLEY, 1995; KAPETSKY e NATH, 1997; AGUILAR-MANJARREZ e NATH,

1998; PARKER et al., 1998; RUBEC et al., 1998).

O local onde h& maior abundancia de moluscos bentdnicos como a espécie
Anomalocardia brasiliana é a regido entre marés que é caracterizada pela interacdo de fatores
ambientais de origem terrestre e os de origem marinha, sendo o mais importante dos fatores
ambientais, sem duvida, a maré (NIBBAKEN, 1994). Todos os fatores, interagindo entre si,
propiciam um ecossistema com uma grande variedade de manchas de micro-habitats.

As comunidades de invertebrados intertidais apresentam padrdes temporais e espaciais
que sdo o resultado da habilidade da espécie de lidar com as mudancas nos fatores fisicos e
bioldgicos associados com as principais interacbes ambientais, tais como a influéncia maré, a

taxa de exposicdo, e as caracteristicas da agua e do substrato (RODIL et al, 2008).



A distribuicdo espacial de organismos bentonicos em ambientes inconsolidados tem sido
associada a diversos fatores bioldgicos, tais como comportamento reprodutivo e
disponibilidade de alimento, e também a fatores fisico-quimicos como hidrodinamismo,
granulometria, quantidade de matéria organica e umidade da area (MCLACHLAN, 1983), ou
ainda a uma combinacao dos mesmaos.

No elo principal da cadeia produtiva de moluscos esta o extrativismo de mariscos onde a
coleta é geralmente feita por mulheres chamadas marisqueiras que extraem diferentes espécies
de moluscos da regido entre marés, trabalham em grupos, usam canoas para se deslocar,
utensilios rudimentares para extrair os moluscos dos bancos naturais, utilizam méo de obra
familiar e exploram ambientes ecoldgicos localizados dentro do estuario (MOREIRA, 2007).
A mariscagem de bivalves estd entre as atividades de subsisténcia mais comuns nos

ecossistemas costeiros (PEDROZA-JUNIOR, 2002).

Diversos estudos ja foram realizados sobre a biologia de A. brasiliana, considerando-se 0s
aspectos morfofuncionais adaptativos e ecoldgicos, os estudos de dinamica populacional nos
litorais baiano (PESO, 1980), paulista (NARCHI 1972, 1974 e 1976; HIROKI, 1977;
SCHAEFFER-NOVELLI, 1976, 1980; ARRUDA-SOARES et al., 1982; LEONEL et al.,
1983), catarinense (PEZZUTO e ECHTERNACHT, 1999; BOEHS e MAGALHAES, 2004 e
ROSA, 1989), paranaense (LANA et al., 1989; NETTO & LANA, 1994; BOEHS, 2000),
paraibano (GROTTA e LUNETTA, 1980), norte rio grandense (CARNEIRO, 1994 e
RODRIGUES, 2009), cearense (ARAUJO e ROCHA-BARREIRA, 2004; BARREIRA e
ARAUJO, 2005) e as observacbes sobre distribuicio demografica, crescimento e
repovoamento na regido caribenha (MONTI et al.,1991).

O estado de Pernambuco, localizado na regido do Nordeste do Brasil, a ostra nativa
Crassostrea rhizophorae, o marisco Anomalocardia brasiliana, e 0 marisco redondo Lucina

pectinata sdo naturalmente encontrados nos estuarios e praias do estado, sendo a extracdo



desses moluscos uma fonte de alimento e renda para muitos pescadores, 0 que torna seus

estoques ja bastantes explorados.

A A. brasiliana segue como principal recurso pesqueiro entre os bivalves no estado de
Pernambuco, sendo a principal fonte de renda para as marisqueiras, e teve sua exploracao
quase que dobrada entre os anos de 2003 a 2005. Dentre as principais espécies de maior
producdo no estado, 0 marisco é a que mais se destaca, com uma producdo de 2.479,2t

responsavel por 20% da producéo total de moluscos (CEPENE, 2006).

A exploracdo desordenada deste recurso pode comprometer 0s estoques naturais,
alterando o ambiente costeiro através do grande esforgo de pesca exercido por centenas de
pescadores presentes nesta regido e pela escassez de pesquisas relacionadas a esta espécie
voltada para o estado.

Segundo Nishida (2000), a exploragdo extrativista destes bivalves ao longo do ano, a
degradacdo ambiental crescente e a falta de estudos que subsidiem sua regulamentacdo tém
comprometido os estoques desse molusco em diversas regides do litoral brasileiro. Devido a
alta extracdo em muitos locais do litoral o marisco ndo é mais encontrado facilmente, e
segundo relatos das marisqueiras da regido estes organismos vém apresentando um tamanho
cada vez menor, mesmo nas areas de grandes concentracdes como no litoral norte do estado.

Apesar do grande consumo de mariscos no Brasil, ndo ha cultivo do grupo dos venerideos,
0 qual se enquadra a espécie nativa A. brasiliana que € tradicionalmente explorada por
diversas comunidades litoraneas (RIGHETTI, 2006). Sendo assim, novas alternativas que
tenham como objetivo 0 manejo e a recomposi¢cdo dos estoques naturais do marisco A.
brasiliana devem ser imediatamente pesquisadas. As medidas legais até entdo tomadas em
relacdo a este tema ndo tém apresentado um resultado pratico na preservacdo dos estoques

naturais da espécie (RIGHETT]I, 2006).



Sendo o litoral brasileiro, a base de vida para geragdes de povos, catadores de
caranguejos, ostras, mariscos e outros animais, essas pessoas, sdéo uma parte integral dos
ecossistemas costeiros. Tendo visualizado a importancia dos recursos costeiros, iniciativas
como o Projeto Gente da Maré, uma cooperacdo entre o0 governo brasileiro e o governo
canadense, nas suas diversas parcerias vem buscando meios para reduzir a pobreza e auxiliar
as comunidades que dependem destes recursos marinhos para sua sustentabilidade, por meio
de didlogo equitavel, gestdo participativa e tecnologias apropriadas e inovadores. Segundo
Vinatea (2000), o manejo integrado podera garantir a conservacdo dos recursos naturais
costeiros e, simultaneamente, melhorar a qualidade de vida de todos os atores vinculados aos

recursos em questao.

O presente trabalho se propde a realizar o estudo da estrutura populacional do molusco
bivalve A. brasiliana no litoral norte do estado de Pernambuco. Este estudo servird como base
para a realizacdo de futuros estudos sobre a dindmica populacional desta espécie,
representando uma importante ferramenta para o gerenciamento costeiro integrado e um

melhor desempenho dos aspectos socio-econémicos da populagdo local.

2. OBJETIVOS

2.1. Objetivo geral

e Identificar a estrutura da populacdo do bivalve Anomalocardia brasiliana no

municipio de lgarassu, litoral norte do Estado de Pernambuco.

2.2. Objetivos Especificos



e Avaliar a estrutura quantitativa da populacdo de A. brasiliana na praia de Mangue
Seco, lgarassu - PE;

e Estimar a densidade populacional de A. brasiliana durante as estacdes verdo e inverno.

e Avaliar a recomposicdo do estoque de A. brasiliana ap6s a coleta pela pesca

extrativista do marisco na regido;

3. REVISAO DE LITERATURA

A. brasiliana se enquadra dentro da familia Veneridae (Mollusca, Bivalvia) que reune
aproximadamente 500 espécies viventes, pertencentes a aproximadamente cinquenta géneros
e doze subfamilias (CANAPA et al, 1996); essa diversidade esta relacionada a grande
variedade de habitats para os quais estdo adaptados, como praias arenosas, areno-lodosas,
manguezais e fundos arenosos em ambientes coralineos (CANTERA, 1991). No Brasil foram
registradas 35 espécies de venerideos, pertencentes a quatorze géneros e sete subfamilias

(R10S, 1994).

A espécie A. brasiliana distribui-se desde a costa das Antilhas até o Uruguai (RIOS,
1994). Assim como os demais moluscos bivalves da familia Veneridae, a espécie possui
habitos suspensivoros, habitam fundos areno-lodosos costeiros localizados em enseadas, baias
e desembocadura de estuérios e ficam confinados ao sublitoral ou a niveis intermareais baixos
por n&o resistirem a temperaturas acima de 42°C (READ, 1964; NARCHI, 1972; RIOS, 1994;
PEZZUTO & ECHTERNACHT, 1999). A. brasiliana é um organismo eurihalino
(SCHAEFFER-NOVELLI, 1976) e apresenta grande resisténcia a baixos niveis de oxigénio e
condigdes de anoxia (HIROKI,1971). A espécie é didica, porém ndo apresenta dimorfismo
sexual aparente e somente estudos histoldgicos permitem a sexagem dos individuos

(GROTTA & LUNETTA, 1980).



Leonel et al. (1983) verificaram a capacidade de A. brasiliana de tolerar o estresse
hiposmético e confirmaram a possibilidade de sua ocorréncia em ambientes de dgua salobra
sujeitos a variacOes de salinidade. Barreias e Aradjo (2005) observaram que a diminuicdo da
salinidade, devido a um aumento na pluviosidade, aumentou o percentual de machos de A.
brasiliana. Carneiro (1994) verificou que as maiores densidades populacionais de A.
brasiliana na praia de Barra/Grossos/RN, ocorreram no periodo chuvoso e principalmente nos
meses de menor salinidade. As populacdes de A. brasiliana encontram-se em manchas com
grandes densidades de individuos onde dificilmente co-ocorrem outras espécies

(SCHAEFFER-NOVELLI, 1976).

Estudos sobre o ciclo reprodutivo da espécie foram realizados em varios estados
brasileiros, incluindo regibes litoraneas de S&o Paulo (NARCHI, 1976), na Paraiba
(GROTTA, 1979), na Bahia (PESO, 1980), no Parand (BOEHS, 2000), em Santa Catarina
(ARAUJO, 2001) e no Ceara (BARREIRA e ARAUJO, 2005). Entretanto ainda ndo foram

realizados estudos em populacGes de A. brasiliana no litoral de Pernambuco.

No Estado de Séo Paulo ocorrem dois picos reprodutivos ao ano com a liberacdo de
gametas, que podem permanecer até quatro semanas no plancton, na primavera e verdo. No
Estado da Paraiba, préximo a Linha do Equador, a espécie apresenta individuos produzindo
gametas o0 ano todo, caracteristicas atribuida as condigdes ambientais favoraveis (NARCHI,
1976; GROTTA & LUNETTA, 1980 e 1982). Em Florianopolis (SC), Araujo (2001) obteve
como resultados que A. brasiliana apresenta gametogénese, maturacdo e eliminacdo dos
gametas simultaneamente entre primavera e outono. Além disso, obteve que a maturidade dos
individuos ocorre quando alcancam 15 mm de largura com a diferenciagcdo sexual iniciada
quando os individuos alcancam 7 mm. Finalmente Barreiras e Aradjo (2005) obteve como
resultados no Fortim (CE), que A. brasiliana possui ciclo reprodutivo continuo, na qual as

quatro fases de desenvolvimento das génadas foram observadas quase que simultaneamente



em um ano de estudos, mas podendo observar com maior intensidade dois picos reprodutivos

de julho a outubro e de fevereiro a abril.

Arruda-Soares et al. (1982) recomendaram a captura de espécimes de A. brasiliana com
comprimento acima de 20 mm, quando os individuos j& tém alcancado um grau de
desenvolvimento gonadal que possibilite a reproducdo. Entretanto Martins e Souto (2006)
encontraram que 6% dos individuos capturados de A. brasiliana no manguezal de Acupe,
Bahia, estavam abaixo de 20 mm. Estes autores relataram que as marisqueiras coletam os
individuos menores para garantir, a0 menos, uma pequena quantidade para comer. Neste caso,
mesmo que haja a intencionalidade de conservar o recurso, a necessidade de sustentar a

familia é preponderante em relagdo a preocupacao ecoldgica (MARTINS E SOUTO, 2006).

Dias et al. (2007) analisando aspectos socioecondmicos e perspectivas das mulheres
marisqueiras na Reserva de Desenvolvimento Sustentavel (RDS) Ponta do Tubardo no Rio
Grande do Norte, verificaram que a partir dos dados de producdo diaria fornecida pelas
entrevistadas, estimou-se uma producdo diaria média de 47,9kg/ dia de A. brasiliana,
resultando em 3,2kg/pessoa/dia. Considerando-se que as coletas ocorrem pelo menos durante
15 dias por més, a producdo mensal pode chegar a 670,6kg, com uma média mensal de

459,8Kg.

Silva-Cavalcanti e Costa (2009) atraves da aplicacdo de questionarios com os pescadores
da praia de Mangue Seco contataram que as mulheres vdo mais vezes a pesca de A. brasiliana
do que os homens e além de que elas passam mais tempo na pesca do que eles. No verdo as
mulheres extraem em média 15Kg/dia e no inverno 10Kg/dia em quanto os homens
conseguem extrair 17,5 Kg/dia no verdo e 13Kg/dia no inverno. Tradicionalmente mariscos
entre 10 e 31 mm sdo coletados. Estes autores ao comparem a praia de Mangue Seco (area

ndo protegida) com o estuario do rio Goiana (area protegida) em Pernambuco relataram haver



diferencas significativas entre as médias declaradas de kg de carne produzida no verdo e no
inverno, o rendimento familiar, semanalmente, no verdo, o preco do verdo, o tempo
gasto no comércio e a frequéncia de colheita. A media da renda familiar, verdo e inverno
rendimentos semanais, producdo da carne no verdo e no inverno foram maiores na area nao
protegida. No entanto, os precos da carne independentemente da estacdo do ano, foram
maiores na area protegida. A freqliéncia da coleta e tempo gasto no comércio também foram

superiores na area protegida.

Moreira (2007), avaliando os impactos do extrativismo de A. brasiliana nos estuarios dos
rios Paciéncia e Cururuca em Sdo Luis no Maranhdo, constatou que no estuario do rio
Paciéncia o comprimento dos individuos de A. brasiliana coletados pelas pescadoras variou
de 17 a 35 mm, enquanto que no estuario do rio Cururuca o tamanho variou de 20 e 23 mm.
Em ambos os estuarios as marisqueiras capturavam individuos de A. brasiliana com mais
frequéncia do que as demais espécies, provavelmente por serem mais abundantes na regido,

podendo ser capturados o ano todo.

Rodrigues e Henry-Silva (2008) constataram que nas praias proximas ao estuario do rio
Apodi/Mossor6 no estado do Rio Grande do Norte os individuos coletados pelas marisqueiras
variaram entre 16 e 28 mm de comprimento com um valor médio de 20 mm. Esta preferéncia
por individuos maiores provavelmente deve-se a possibilidade de obter maior lucro com a
comercializacdo da matéria prima, bem como com a preocupagdo ambiental de permitir que
individuos de A. brasiliana atinjam um tamanho minimo para a sua reproducdo. De-Jesus et
al. (2004) ao realizarem a analise biométrica de populacbes de A. brasiliana na regido
estuarina de S&o Francisco do Conde, localizado na por¢do Nordeste da Baia de Todos os
Santos, encontraram individuos com comprimento médios de 20.9 mm (periodo seco) e 19.72
mm (periodo chuvoso) e largura dos de 25.02 mm (periodo seco) e 22.93 mm (periodo

chuvoso).



Os indicadores sociais para a area de estudo revelam a predominancia de uma populacéao
de baixa renda familiar, com elevado percentual de analfabetos, sobretudo na zona rural;
moradias de baixo padrdo de construcdo e condi¢des sanitarias precarias. Este quadro se tem
agravado nas ultimas décadas como resultado, entre outros fatores, do descompasso entre a
dindmica demogréfica e a economia litoranea, decorrente de uma oferta insuficiente de bens e

servicos bésicos as comunidades urbanas e rurais (ALMEIDA e GALVEZ, 2007).

A concentracao fundiaria na regido e as condicGes de trabalho somadas as poucas opcoes
presentes geram o deslocamento da populacdo rural para os nucleos urbanos, em busca de

emprego e melhores condigdes de vida (CPRH, 2001).

Por isso, o desenvolvimento da maricultura deve ser planejado em consonancia com 0s
principios de gestdo integrada dos ambientes costeiros e marinhos, de forma a evitar os
conflitos de uso entre as atividades que competem pela ocupacao dos espacos e utilizacdo dos
recursos naturais costeiros e marinhos, tais como: extrativismo, pesca, turismo, trafego

aquaviario (TOVAR et al, 2000).

Conseguir unir a gestdo deste recurso pesqueiro com novas tecnologias de maricultura, em
busca do crescimento e do desenvolvimento sustentavel desta espécie, contribuird pra a

melhoria da renda familiar dos principais atores desta atividade, as marisqueiras.
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Abstract

This study aims to analyze the spatial and temporal distribution of Anomalocardia brasiliana
along the Mangue Seco beach (lgarassu, PE, Brazil). The 1800 meters beach line, in the
south-north, was divided into three sections (S) of 600 meters each, and S1 0 to 600, S2 600
to 1200m and S3 1200 to 1800m. In all, 540 were samples taken in different parts, levels and
seasons. Being collected a total of 1,016 specimens in January (summer) and August (winter)
2009. Of this total, 636 clams were collected in summer, 55% juvenile size less than 15 mm,
and 380 in winter 57% were adult size between 21 and 25 mm in length. The maximum
density recorded in the summer period were 414.91 + 82.48 ind.m?2 at S3 and 323.49 + 90.11
ind.m?2 at S1, both being significantly different from S2 (156.12 £ 28.72 ind.m-2). In winter
there were the lowest density with 102.67 + 5.07 ind.m™2 and 122.37 + 36.86 ind m2 for S1
and S2, respectively, both significantly different from S3 (296.76 ind.m2 £ 45.20). The
relationship between the stations S3 obtained the highest rates of biomass with 1,248.47 +
305.82 g.m?2 and 1,136 + 191.14 g.m?2 for the summer and winter, respectively, being
significantly different from the other sections for the two stations. The rains exert an influence
on the distribution of the bivalve A. brasiliana, with lower density after this period, however

the animals are larger (> 20mm) increase in size due to food availability during rainy seasons.

Keywords: Seasons, Density, Biomass.
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1. Introduction

On all continents at least one clam from exposed beaches is extensively collected as part
of a recreation, artisanal or commercial fishery (Mclachlan et al., 1996). These same authors
define a recreational fishery as collection for bait or food without sale or dependence on the
resource; a artisanal fishery as collection for subsistence or sale by individuals or groups
using traditional methods; and a commercial as collection for sale by corporate or collective

organizations.

The mollusc Anomalocardia brasiliana is a species well accepted for human
consumption, easy to locate and arrest and is operated by hand in various regions of the
country, both for subsistence and for sale (Pezzuto and Echternacht, 1999). On the Brazilian
coast, several species of molluscs from the estuarine regions are explored in a rough manner
by traditional communities, without the use of management measures to ensure sustainable

use of resources (Araujo, 2001).

The Brazilian coast has widely spread and intense fisheries of A. brasiliana, important for
large groups of economic and socially disfavoured families. The meat is sold, and represents
the main (often the only and irreplaceable) source of monetary income for entire small
traditional communities (Silva-Cavalcanti and Costa, 2009). In Pernambuco state coast, the
clam's fishery has a great socio-economic importance, being marketed at different scales,

especially for coastal communities, who use it also in the family diet.

This species, A. brasiliana, because they distribute in unconsolidated environments has
been associated with several biological factors such as reproductive behavior and food
availability, as well as physical and chemical factors such as hydrodynamics, particle size,
amount of organic matter and moisture from the area or to a combination thereof (Mclachlan,

1983). Soares-Gomes and Pires-Vanin (2003) when studying abundance and diversity
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patterns of molluscs, reported that the fauna of bivalves can be safely employed in

representing the benthic community structure in general.

Intertidal invertebrate communities show temporal and spatial patterns that are the result
of the ability of species to cope with changes in physical and biological factors associated
with major environmental gradients, such as tidal influence, exposure rate, and water and

substrate characteristics (Rodil et al, 2008).

Studies of biology and ecology of A. brasiliana were carried out on the coast of the state
of Sao Paulo (Pereira-Smith et al. 1982; Narchi, 1972 and 1974, and Schaeffer-Novelli,
1976), Santa Catarina (Rosa, 1989) and Parana (Boehs, 2000; Lana et al., 1989; Netto and
Lana, 1994). Also observations were made about their demographic distribution, growth and

spawning in the Caribbean (Monti et al., 1991).

This study aims to analyze the spatial and temporal distribution of A. brasiliana along the
Mangue Seco beach (lgarassu, PE, Brazil), this place is one of the main areas of the shellfish

catch in the state.

2. Material and Methods

2.1. Study area

The Igarassu city locality on the north Pernambuco coast, doing part of the Recife
metropolitan area, distant 28 km to capital, has an area of 302.9 km?, a population of 86,519
inhabitants and a tropical climate type with rainy summer dry. In the city there are three
conserved areas use sustainable: Environmental Protection Area (APA) of channel Santa Cruz
estuary, APA Timbo river estuary and APA of Nova Cruz. The most famous beach of the

city, the Captain's beach, also known as Mangue Seco, is located in Nova Cruz (S
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07°49'44,19" e W 035°50'03,06" has approximately 2.000m of the beach line, shallow water
with small wave and intensive tide, with a tide variation in the low-water mark above the
500m (Figura 1). It covers a multitude of highly productive ecosystems and is considered the
green region, where one can find segments of plains covered by coconut trees, with extensive
mangrove estuaries, coral sands, crowns, islands and reefs, among other (http://www.pe-

az.com.br).

Insert figure 1.

2.2. Sample methods

The 1800 meters beach line, in the south-north, was divided into three sections (S) of 600
meters each, and S1 0 to 600, S2 600 to 1200m and S3 1200 to 1800m, the beach was divided
by to present differences in the amount of fishermen present in each section. Parallel to the
beach were delineated three levels sample (L) contained in the range of tidal variation and the
levels distribution to distance 20m for each, L1 20m , L2 40m and the L3 60m from the
beach line. Along the beach were built 90 transversal lines imaginary (transects), and each
point of intersection between the transect and the level was a collection point. Sampling was
carried out during low tide, during two time intervals: January 2009, representing the summer

season (no rain), and August 2009, representing the winter (rain).

Specimens were collected using a cylindrical tube, 20cm long by 10 cm diameter (0.0079
m?2) excavating the sediment down to 10-cm-depth. The sediment was sieved using a 2-mm-
mesh net. The collected material was analyzed at the Laboratory of Mariculture Sustainable,

Universidade Federal Rural de Pernambuco, Brazil.
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Maximum length of the anterior-posterio axis (Shell length, SL) of each individual was
mensured to the nearest 0.01 mm with digital venier callipers and weighed in a analogue
balance with accuracy of 0.25 g and distributed in five size classes: C1 (< 15 mm), C2 (16 to
20 mm), C3 (21 to 25 mm), C4 (26 to 30 mm) and C5 (> 30 mm). Individuals caught in this
study were classified as juveniles when their shell length to 20 mm and as adult with length

greater than 20 mm, classification developed by Arruda-Soares et al. (1982).

Sea-surface temperature (SST) and salinity were recorded in situ at each sampling point.
The water temperature was obtained with a mercury thermometer and salinity using a
refractometer Model S10 - Atago. Were removed sediment samples of the collection sites for
particle size analysis using a cylindrical tube with 5 cm in diameter, excavating the sediment

down to 10-cm-depth and stored in plastic bags.

2.3. Data analysis

Data from distribution communities were analyzed in terms of number of A. brasiliana,
abundance (individuals per m?), and biomass (g.m?2). Data on number, abundance and
biomass were analyzed by factorial analysis of variance (ANOVA), followed by Duncan’s

Multiple Range Test to determine differences among station, levels and seasons.

3. Results

The water temperature measured in the collection's days, for study area, during the
summer recorded a minimun 27 ° C and a maximum of 32 ° C. In winter the minimum water

temperature was 25 ° C and maximum 30 ° C. The salinity ranged between 38 and 40 in
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January (summer) and between 26 and 35 in August (winter). There was significant difference

between the mean values salinity for the study area (Table 1).

The rainfall (mm) observed for the city of Igarassu during the period January to December
2009 is shown in Figure 2, these data were obtained from the Meteorological Laboratory of

Pernambuco (LAMEPE), associated with the Technology Institute of Pernambuco ( ITEP).

Insert figure 2

The mean grain size for each section, in Mangue Seco beach, with greater representation,
were 70.15% of coarse sand and medium sand 16.74% average for the section 1. For section
2, 85.80% and 6.29% of coarse sand and gravel, respectively, and the third section (S3)
60.83%, 17.35% and 13.05% of coarse sand, medium sand and fine sand, respectively (Figure

3).

Insert table 1

Insert figure 3

In all, 540 were samples taken in different parts, levels and seasons. Being collected a
total of 1,016 specimens in January (summer) and August (winter) 2009. Of this total, 636
clams in the summer representing a percentage of 63% and 380 individuals (equivalent to

37%) in winter.
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In the two seasons studied were collected from individuals with widely varying size. In
summer, the class C1 (< 15 mm) was the most abundant, with 347 specimens captured,
representing about 55% of the total organisms collected and for classes C2, C3 and C4

showed values of 96, 114 and 76 animals collected (Figure 4a, b, c).

In winter, the class C3 (21 to 25 mm) was more abundant with 218 individuals,
representing 57% of animals captured and the classes C1, C2 and C4 presented 64, 48 and 47
animals collected (Figure 4 d, e, f). However, in the two seasons, the class C5 (> 30 mm) was
the one with the least amount of clam with only three animals per season, a total of 0.5% and

0.8% for the summer and winter, respectively (Figure 4).

For the tidal level studied (L1, L2 and L3) was not significant difference between the
average values of biomass and density of clam caught (Table 2). For the summer, although
there is no difference, we see a trend with higher biomass in intertidal levels (L2> L3> L1)
and density (L2> L1> L3). In winter, the pattern of biomass between the levels was the same,
differing only in density (L2> L3> L1). Figures 4 and 5 show the values of biomass and

density of levels for each section.

Insert table 2

Insert figure 4 and 5

Comparing the periods of summer and winter there were no significant differences in
population density of A. brasiliana in the study area, with 298.17 + 53.00 ind.m2 and 173.93
+ 35.17 ind.m?2, respectively. However significant differences were found comparing the

section S1, S2 and S3 and the interaction of it with the seasons (Table 3). The maximum
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density recorded in the summer period were 414.91 + 82.48 ind.m?2 at S3 and 323.49 + 90.11
ind.m?2 at S1, both significantly different from S2 (156.12 £+ 28.72 ind.m?). In winter the
lowest densities occurred with 102.67 + 5.07 ind.m?2 and 122.37 + 36.86 ind.m for S1 and
S2, respectively, both significantly different from S3 (296.76 * 45 , 20 ind.m2). The density
showed seasonal fluctuation, with higher values during summer and lower values during

winter seasons (Figure 5).

With respect to biomass, there was no significant difference between the two studied
periods, with of 730.40 gm™ for the summer and 729.13 gm for the winter (Figure 6). The
results showed a significant difference between sections and between the interactions of the
sections with the seasons (Table 3). The S3 was significantly different between the stations
and between the section, S1 and S2, being the main section with the higher number of clam

and consequently higher biomass.

Insert Table 3

4. Discussion

Significant differences were observed in mean salinity over the sections in two seasons.
The drop in salinity during winter is related to increased rainfall in the months prior to collect.
Filho (2001) reported that in estuaries, drastic changes in salinity (daily, seasonal, interannual)
influence markedly the distribution of benthic associations. Leonel et al. (1983) proved
experimentally that, A. brasiliana tolerate variations in salinity from 17 to 42%.. Monti et al.
(1991), in Guadeloupe, verified the occurrence of A. brasiliana in areas with salinity between

17 and 38%eo.
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In the present study did not observe a difference in the standard grain size in the three
stretches of beach. Magalhées et al. (1998) observed the absence of this species in locations
with substrate composed of thicker sand and higher densities in substrates composed of fine-
grained and with lots of organic matter. In the same way Boehs et al., (2008) observed this
pattern predominantly in the aggregate population of A. brasiliana of intertidal non-vegetated

estuarine complex of Paranagué Bay, Parana - Brazil.

The rainfall precipitation observed for the year 2009 influenced the pattern of distribution
of A. brasiliana, for the month of August, there was a greater number of clam larger than 20
mm and in the collect in January, which typically follows a period of drought , the dominance
was clam with size less than 20 mm. Terrestrial runoff, river discharge and resuspension of
bottom sediments by tidal currents are the principal source of nutrients in tropical estuarine
ecosystems (Von Prahl et al. 1990; Cantera and Blanco 2001; Medeiros et al. 2001). Thus, it
can be assumed that highest primary productivity (and thus food availability) is associated to
rainy seasons, as observed by Gocke et al. (2001) in a tropical estuary in Costa Rica and
Herndndez and Gocke (1990) in a coastal lagoon at the Caribbeean coast of Colombia.
Riascos (2006) related these studies to the reproductive cycle of the tropical bivalve Donax
dentifer at the Colombian Pacific, where by this author, food availability during rainy seasons
would play an important role within the chronology of reproductive events, and this

conclusion can be too used for the A. brasiliana specie.

The density and biomass of A. brasiliana in relation to tidal level showed a distribution
pattern more frequently at level 2 (L2>L1>L3). Corroborating the results of Rodil et al.
(2008) to analyze the distribution pattern of macrobenthic community, noted a higher density

of mollusks at the interdital level (L2>L3>L1), differing only from level 1 to 3.
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The density of A. brasiliana was lower in winter, this reduction may be related to the
fishing activity of this species, because the month of August preced the summer period where
there is more demand for this product in the region. Rodil et al (2008), in estuarine beach in
Spain, reached the same conclusion that the bivalves were scarce in April, probably because
of the local clam gathering activities during the previous months. These mollusks are used by
fishing communities for subsistence consumption and sale to the consumer market (Pezzuto &
Echternacht, 1999; Rosa, 1989;). Another factor that may have influenced the lower density is
the increase in rainfall during the winter, which alters the salinity of the sea leading to
increased mortality rates and consequently lower density of individuals collected during this
period (Barreira and Araujo, 2005; Bezerra, 1998; Boehs et al., 2008; Estrada, 2001; Monti,
1991; Moueza et. al., 1988; 1999). The value of density can also be reduced by natural self-
limitation which is imposed, mainly for adult classes, which are present in high densities,

cause reduction of space and food for small animals (Pezzuto e Echternacht, 1999).

5. Conclusion

The rains exert an influence on the distribution of the bivalve A. brasiliana, with lower
density after this period, however the animals are larger (> 20mm) increase in size due to food
availability during rainy seasons. These results can serve as a basis for future management
programs for the species, through the maintenance of natural stocks and fishing activity in the

region.
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345  Table 1: Mean (£ SD) water temperature (° C) and salinity (%o) in Mangue Seco (Pernambuco

346 - Brazil), during the summer and winter, the three sections (S1 to S3).

Summer Winter
Mean + SD Mean + SD
S1 S2 S3 S1 S2 S3

Temperature 29.1 #1,38% 285+1.07° 28.9+0.59° 27.3+1.2% 28.3+3.9° 283 +1.0°
Salinity 39.8+0.36° 38,3+0.76" 37.5+0.51° 30.4+1.8° 38.3+0.76° 34.0 +3.3"

347  * Different letters among lines indicate significant differences (p<0,05)

348

349 Table 2: Mean (+ SE) density (ind.m™) and biomass (g.m?2) to levels (L1, L2 and L3) in

350 summer and winter.

Summer Winter

Tidal Level g.m?2 ind.m2 g.m?2 ind.m2

L1 430.37 +124.28"°  289.73 +110.522  526.00 + 197.49*  132.21 + 42,912
L2 995.70 + 385.79%  354.53 + 98.98? 864.63 + 326.33*  192.67 + 89.31°
L3 765.13 + 288.67%  250.35 + 94.312 796.77 £119.36*  196.91 + 60.922

351  * Different letters among columns indicate significant differences (p<0,05)

352

353

354

355
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Table 3: Biomass and population density (Mean + SE) of A. brasiliana one way S1 (0-600m),
S2 (600-1200) and S3 (1200-1800m), the season (S = Summer and W = Winter) and the

interaction between section and the seasons in the Beach Mangue Seco, Pernambuco - Brazil.

Biomass Density

Sections g.m?2 ind.m2

s1 462,71 + 40,072 213,08 + 64,92*

S2 533,95 + 105,012 139,24 + 22,22

S3 1192,63 + 163,21° 355,84 + 49,67°
Seasons g.m?2 ind.m2

S 730,40 + 165,43 298,17 + 53,00°

W 729,13 + 126,442 173,93 + 35,17°
Sections x Seasons g.m?2 ind.m2

S1S 412,10 + 51,79 323,49 + 90,11°

S2S 530,63 + 165,532 156,12 + 28,72

S3S 1248,47 + 305,82° 414,91 + 82,48°

S1W 513,33 + 52,76° 102,67 + 5,072

S2W 537,27 + 166,53 122,37 + 36,862

S3W 1136,80 + 191,14 296,76 + 45,20

* Different letters among columns indicate significant differences (p<0,05)
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Figure 1: Map showing location and satellite image of study area in Mangue Seco Beach
north coast of Pernambuco. The vertical line indicates the sections of 600 meters (S1, S2 and

S3) analyzed along the beach.
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Figure 2: Rainfall (mm) recorded for the period January to December 2009. Arrows indicate

the months of collection. Source: LAMEPE.
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Figure 4: Clam Number, A. brasiliana, collected during the months of January (summer) and
August 2009 (winter), separated for class size in the sections S1 (0-600m), S2 (600-1200m)
and S3 (1200-1800m) in Mangue Seco beach. L = sample levels. C1 (<15 mm), C2 (16-20

mm), C3 (21-25 mm), C4 (26-30 mm) and C5 (>30 mm).
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Abstract

The aim of the study was to evaluate the recovery of the Anomalocardia brasiliana stock
looking at the number and size of clams harvested in summer and winter, after extraction with
different methods of capture. Three treatments were evaluated corresponding to an area of
18.75 square meters each, representing where; the clams were removed manually by the
fishermen, were collected by a gillnet fishery, and harvesting was not common. The samples
were taken at three moments for each treatments: before the fishermen had harvested the
clams, an hour after the harvest and finally after 24 hours. The clams were smaller after the
manual extraction (15.46 £ 0.86 mm) however there was not a significant difference between
the size of the animals found after the collection carried out with a gillnet (18.16 + 0.92 mm).
There were more captured animals with a size larger than 20 mm in winter (80% ), than in
summer (20%) with no difference between the types of collect for both stations. The type of
collect and the moment of extraction didn't influence the number of clams, since the A.
brasiliana stock found in the Mangue Seco is large and has the capacity to recover after a
period of 24 hours of harvesting. The winter and summer exert influence on the abundance of
A. brasiliana, with greater amounts of clams with recommended size for fishing (> 20 mm)

found in winter.

Keywords: Shellfish benthic, density and fishing methods.
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1. Introduction

Clams are being extensively collected from exposed beaches throughout the world as part
of recreation, artisanal activity or commercial fishery (Mclachlan et al., 1996). These same
authors define recreational fishery as the collection of bait or food without sale or dependence
on the resource; artisanal fishery as collection for subsistence or sale by individuals or groups
using traditional methods; and commercial as collection for sale by corporate or collective

organizations.

The mollusc, Anomalocardia brasiliana is easy to locate and extract, and so is commonly
consumed in Brazil. The harvesting is carried out in various regions of the country, both for
subsistence and for sale (Pezzuto e Echternacht, 1999). On the Brazilian coast, several species
of molluscs from the estuarine regions have been explored extensively, providing the
livelihood for large groups of economically and socially disfavoured families however
without the use of management measures needed to ensure the sustainable use of resources

(Araujo, 2001; Silva-Cavalcanti and Costa, 2009).

The uncontrolled exploitation of this specie may compromise the remaining natural
stocks, altering the coastal environment. This exploitation is carried out by hundreds of
fishermen who live in this region and unfortunately there is a lack of research related to this
species facing the state. Due to the amount of extraction that has taken place it is already
harder to find the clam in many parts of the north coast of Pernambuco, and according to
reports from the region's fisherwoman, even areas of large concentration are showing a

reduction in size.

On the Mangue Seco Beach, north coast Pernambuco, the harvesting of the A. brasiliana
is done in two ways: manually, usually done by women, and the collect using a gillnet fishery,

known as netting, usually held by men and requiring a more physical effort. In the period



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

35

before the summer there is an increase in fishing for clams on this beach, because in summer

there is a greater demand for this product in bars and restaurants of the region.

Studies focused on the biology of marine bivalves are important for establishing
management programs in order to ensure the maintenance of natural stocks, and thus
contribute to the development of extractive activities and mariculture (Moreira, 2007). This
study is aimed to evaluate the recomposition of stock A. brasiliana regarding the number and
size of clam harvested in winter and summer, after extraction with two different methods of

fishing.

2. Material and Methods

2.1. Study area

Igarassu city on the north Pernambuco coast is part of the Recife metropolitan area
being 28 km from the capital, and has an area of 302.9 km?, a population of 86,519
inhabitants and a tropical climate type with rainy winters and dry summers. In the city
there are three protected areas: Environmental Protection Area (APA) of channel Santa
Cruz estuary, APA Timbo river estuary and APA of Nova Cruz. The most famous beach
of the city, the Captain's beach, also known as Mangue Seco, is located in Nova Cruz (S
07°49'44,19" e W 035°50'03,06". It has a beach length of approximately 2km, has shallow
water with small waves and an intensive tide, with a tide variation in the low-water mark
above the 500m (Figura 1). It consists of a multitude of highly productive ecosystems and
is considered the green region, where one can find areas covered by coconut trees, with
extensive mangrove estuaries, coral sands, crowns, islands and reefs, among other

(http://www.pe-az.com.br).
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Insert Figure 1

2.2. Experimental Design

The study was conducted in August 2009 and January 2010, and represents both the summer and

winter seasons. Each of these three treatments/methods (T) was carried out three times (6.25
mz2, 3 times ) , corresponding to an area of 18.75 m2 per treatment. The three method a being;
the clams removed manually by fisherwoman (T1) (Figura 2a), those collected with a gillnet
fishery popularly known as netting (T2) (Figura 2b), and where no extraction of clam (T3).
The clams were sampled at three specific moments for each method: before the clams were

collected (Mo), after one hour (M1) and 24 h after the sampling (Maan).

Insert Figure 2

The samples of A. brasiliana were taken randomly with a cylindrical collector, which
had a 25 cm diameter and a depth of 10 cm (0.049 m?). Each treatment was performed 9
times. The clams were measured with a caliper, precision 0.01 mm, using the maximum
length of the shell on its anterior-posterio axis (Shell length, SL), and sorted into five size
classes: C1 (< 15 mm), C2 (16 to 20 mm), C3 (21 to 25 mm), C4 (26 to 30 mm) and C5 (> 30
mm). Individuals caught in this study were classified as juveniles when their shell length was
smaller than 20 mm and as adult when larger than 20 mm, classification developed by

Arruda-Soares et al. (1982).
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2.3. Data analysis

The stock data was analyzed in terms of amount, size and method of fishing. Data
regarding the amount, size and method of fishing was analyzed by factorial analysis of
variance (ANOVA), followed by Duncan’s Multiple Range Test to determine differences

between the treatments, moment of collection and seasons.

3. Results

458 clams were collected during winter, with; 112, 169 and 177 representing the
treatments T1, T2 and T3, respectively. In the summer 904 clams were collected; 319, 241

and 344 representing the T1, T2 and T3, respectively.

There was not a significant difference when comparing the number of clams caught
between the treatments and between the time of collection. There was also no difference with
the size of animals collected (Table 1). The collected data shows how the seasons impact the
number of animals, with the largest amount collected in summer (11.16 + 0.63) (5.63 + 0.55
in winter). However the average size of animals collected in summer were 15.55 + 0.39 and

19.78 £ 0.82 in winter, and so there is no significant difference (Table 1).

Insert Table 1

The interaction of treatments and moment of collect with the season, showed the effect of
seasons on the number of clams present. There was a greater quantity in the summer with

11.81 + 1.15 (T1), 8.93 £ 0.91 (T2 ) and 12.74 £ 1.08 (T3), which differed greatly from data
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obtained for the same treatments in the winter. This same pattern was observed for moment of
collection, with 12.78 + 1.04 (Mo), 9.44 + 1.07 (M1,) and 11.26 + 1.08 (Ma4n) in the summer,

differing significantly to the winter results (Table 2).

A significant change between T2 and T3 in winter and T2 in summer was observed when
comparing the effect of seasons on the length of the clams, with average size of A. brasiliana
from 20.83 + 1.48 mm and 22.59 + 0.57 mm for the winter and 15.48 + 0.85 mm in summer
(Table 2). However there was no great difference in the size of clams collected when looking

at the time of collection.

The number of animals collected in winter 82 (n = 112) for the T1 treatment was larger
than 20 mm, and represented approximately 82% of the clams caught. During the same period
the amount of clams larger than 20mm for T2 and T3 were 158 (n = 168) and 162 (n = 177),
representing approximately 94% and 91% of the clams collected (Figure 3). During the
summer the number of clams collected that were larger than 20 mm, in T1, T2 and T3 was 28
(n = 319), 41 (n = 241) and 63 (n = 344), representing approximately 8.8% , 17% and 18%
respectively, with the number of adult animals collected far less than in winter. Neither station

revealed animals larger than 30 mm.

Insert figure 3

4. Discussion

The decrease in the density of A. brasiliana during the winter may be related to the fishing
activity of this species, as these areas are located in places accessible to humans and its catch

requires a low capital investment. These molluscs are used by fishing communities for
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consumption and sale to the consumer market (Pezzuto and Echternacht, 1999; Rosa, 1989).
Silva-Cavalcanti and Costa (2009) reported that it is more common to find women fishing for
clams than men, however the women’s harvest on average is, 15.0 kg / day in summer and
10.0 kg / day in winter, and men 17.5 kg / day in summer and 13.0 kg / day in winter. The
highest catches in the summer are related to the greater abundance of A. brasiliana in this
period, which too can be related to the gillnet fishery utilized. Smaller quantities of clams

were found 7.59 + 0.69 after this method of collection.

Studies conducted by Barrera and Aradjo (2005) in Ceara, report that the species A.
brasiliana has two spawning peaks, one in spring and one in the fall. There are no studies
about the reproductive biology of this species in Pernambuco. However when comparing
these results from Ceara, we can see a similarity in the abundance of A. brasiliana juveniles
in the summer of 2010 due to a possible spawning peak of this species during the winter of

2009, which may have influenced the variation in the size and number of animals found.

In general, during the winter of each year the juveniles are recorded at approximately 1
mm shell length. They show a rapid growth reaching 6 to 8 mm even in spring, 20 mm in
about eight to nine months in the summer / autumn of the following year (recruitment fishery)
and 30 mm at 2 years, when their life expectancy drops dramatically, not exceeding 3 years of

age (Pezzuto and Echternacht, 1999; Souza, 2003; Nandi, 2005).

The average size of the clams harvested at T1 was 15.46 + 0.86 and T2 was 18.16 + 0.92
when they was collect by fishermen. This can be related to a possible reduction in the size of
this species, even without significant difference between treatments. This data corresponds to
that found by Silva-Costa and Cavalcanti (2009); the daily extraction of clam was indicated
(63.4%) as responsible for the reduction in shell length and traditionally, and thus animals

between 10 and 31 mm were collected.
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Rodrigues (2009) evaluated the population of A. brasiliana in Barra Beach in the state Rio
Grande do Norte, and found that adult animals with a length of 23 to 28 mm prevailed in the
months of September and October/07. In the period between October/07 to March/08 the
largest entry of young individuals in the population was found. Between January to May/08 a
greater abundance of individuals with size from 4 to 12 mm in length were found. The same
can also be observed in this study, as there was a greater abundance of clams above 20 mm in
August 2009, and in January 2010 with a greater frequency was noted (size between 5 and 16

mm).

Barletta and Costa (2009) reported that molluscs (A. brasiliana, Tagelus plebeius) in the
Goiana river estuary in Pernambuco are extracted by hand during low tide (at least 4 hours per
day), with primarily women and children carrying out the harvesting. In the same way one can
see the same trend for the Mangue Seco beach, differing only with the entry of men in this
activity, which mainly use the gillnet for their collection of clams. This is one of the most

important fishing activities in the region, both for subsistence income and financial.

It was not possible to demonstrate a reduction in the density of stock A. brasiliana due to
time restraints, because the number of clams collected after 24 hours was the same as the
baseline. This is mentioned by Silva-Costa and Cavalcanti (2009) who reported that the
depletion of A. brasiliana in Mangue Seco cannot be predicted, due to migration for banks
within the same area. However, successful resource management involves social organization
within protected territories, and there should be a better management of areas with a high

presence of fishermen, or even diary ordering of local fisheries.
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5. Conclusion

The method of collection and the estimated time of extraction did not influence the
amount of clams, since the A. brasiliana stock of the Mangue Seco is still abundant and could
be regenerate after a period of 24 hours. The winter and summer seasons have a great
influence on the abundance of A. brasiliana, with the largest number of animals with the
recommended size for fishing found during the winter period. There is need for further studies

to assess the carrying capacity of this resource at this beach.
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Table 1: Mean (£ SE) of the number and length of clams collected between treatments (T1,

T2 and T3) for two seasons (S = summer and W = winter) in different moments (M, - samples

taken before collected by fisher, My, - samples taken after collect of fisher, Mas, - samples

removed after 24 hours).

Tratament N° of Clams Size (mm)
T1 7.98 +0.86" 15.46 + 0.86%
T2 7.59 + 0.69°% 18.16 + 0.928
T3 9.61 + 0.86° 19.38 + 0.602

Seasons N° of Clams Size (mm)
W 5.63 + 0.55°% 19.78 + 0.828
S 11.16 £ 0.63" 15.55 + 0.392

Moment N° of Clams Size (mm)
Mo 9.02 £ 0.85% 17.99 + 0.82°
Min 7.07 £0.71° 17.17 +0.86°
Maan 9.09 + 0.85% 17.84 +0.83°

* Different letters among columns indicate significant differences (p<0,05)
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the number and length of clams caught in Mangue Seco.

Tratament / Seasons N° of Clams

Size (mm)

TIW 4.15 +0.76% 15.93 + 1.65%
T2W 6.26 + 0.98° 20.83 + 1.48%
T3W 6.48 + 1.05 22.59 + 0.57°
T1S 11.81 + 1.15° 14.99 + 0.55%
T2S 8.93+0.91° 15.48 + 0.85"
T3S 12.74 £ 1.08" 16.17 + 0.59*°
Moment / Seasons  N° of Clams Size (mm)
Mo W 5.26 + 0.88° 20.05 + 1.47°
My, W 4.77 £ 0.70° 18.63 + 1.47°
Magn W 6.79+1.17° 20.60 + 1.24°
Mo S 12.78 +1.04° 15.93 + 0.47°
M S 9.44 +1.07° 15.43 + 0.70°
Magn S 11.26 + 1.08" 15.28 + 0.83°

* Different letters among columns indicate significant differences (p<0,05)
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Table 2: Mean (£ SE) of the interaction between seasons, treatments and moments through of
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Figure 1: Map showing location and satellite image of study area in Mangue Seco Beach

north coast of Pernambuco.

Figure 2: Photo A - Fisherwoman making manual collection of clams (T1) and Photo B -

Fisherman doing collecting shellfish using the gillnet (T2).
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Figure 3: Frequency of size classes (mm) observed for clams collected during the months of
August 2009 (winter) and January 2010 (summer). Mg - samples taken before the collections
by fisher, My, - samples taken after collection of fisher and Myg4h - samples removed after 24

hours.
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6. CONSIDERACOES FINAIS

Os individuos da espécie A. brasiliana apresentam uma distribuicdo espacial
caracteristica, com uma maior abundancia de juvenis no periodo de verdo enquanto que 0s
adultos sdo mais abundantes no periodo de inverno. As estacdes inverno e verdo tém grande
influéncia na abundéncia de A. brasiliana, com maior quantidade de animais em tamanho

recomendado para pesca (>20 mm) no periodo do inverno.

O tipo de coleta e o tempo estimado de extracdo ndo influenciaram na quantidade de
moluscos, uma vez que o estoque A. brasiliana da praia de Mangue Seco ainda é abundante e

pdde se recompor ap6s um periodo de 24 horas, sem extracao.

Ha necessidade de novos estudos para avaliagdo da capacidade de suporte deste recurso
nesta praia. Os resultados encontrados podem servir como base para futuros programas de
manejo da espécie, através da manutencdo dos estoques naturais e atividades pesqueiras na

regido.
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u Preparation

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the wordprocessor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. Do not embed "graphically designed" equations or
tables, but prepare these using the wordprocessor's facility. When preparing tables, if you are
using a table grid, use only one grid for each individual table and not a grid for each row. If
no grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing
with Elsevier: z+http://www.elsevier.com/guidepublication). Do not import the figures into
the text file but, instead, indicate their approximate locations directly in the electronic text and
on the manuscript. See also the section on Electronic illustrations.

To avoid unnecessary errors you are strongly advised to use the "spell-check™ and "grammar-
check" functions of your wordprocessor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to "the
text". Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in
the Introduction and lay the foundation for further work. In contrast, a Calculation section
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represents a practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion
of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix, Eg. (B.1) and so on.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

+ Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name, and, if available, the e-mail
address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that telephone and fax numbers
(with country and area code) are provided in addition to the e-mail address and the
complete postal address.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a "Present address™ (or "Permanent address™) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract
A concise and factual abstract is required. The abstract should state briefly the purpose of the

research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be
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avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

Keywords

Immediately after the abstract, provide a maximum of 5 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of").
Be sparing with abbreviations: only abbreviations firmly established in the field may be
eligible. These keywords are important because they will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units
(SI). If other quantities are mentioned, give their equivalent in SI. You are urged to consult
IUPAC: Nomenclature of Organic Chemistry: =+http://www.iupac.org/ for further
information.

Authors and Editors are also, by general agreement, obliged to accept the rules governing
biological nomenclature, as laid down in the International Code of Botanical Nomenclature,
the International Code of Nomenclature of Bacteria, and the International Code of Zoological
Nomenclature. All biota (crops, plants, insects, birds, mammals, etc.) should be identified by
their scientific names when the English term is first used, with the exception of common
domestic animals.

All biocides and other organic compounds must be identified by their Geneva names when
first used in the text. Active ingredients of all formulations should be likewise identified.

Accession numbers

Accession numbers are unique identifiers in bioinformatics allocated to nucleotide and protein
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sequences to allow tracking of different versions of that sequence record and the associated
sequence in a data repository [e.g., databases at the National Center for Biotechnical
Information (NCBI) at the National Library of Medicine (‘GenBank') and the Worldwide
Protein Data Bank]. There are different types of accession numbers in use based on the type
of sequence cited, each of which uses a different coding. Authors should explicitly mention
the type of accession number together with the actual number, bearing in mind that an error in
a letter or number can result in a dead link in the online version of the article. Please use the
following format: accession number type ID: xxxx (e.g., MMDB ID: 12345; PDB ID: 1TUP).
Note that in the final version of the electronic copy, accession numbers will be linked to the
appropriate database, enabling readers to go directly to that source from the article.

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/)
instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to
be presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if referred to
explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this
feature may be used. Should this not be the case, indicate the position of footnotes in the text
and present the footnotes themselves separately at the end of the article. Do not include
footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Save text in illustrations as "graphics" or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

» Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
=+http://www.elsevier.com/artworkinstructions
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You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

Regardless of the application used, when your electronic artwork is finalised, please "save as"
or convert the images to one of the following formats (note the resolution requirements for
line drawings, halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as "graphics".

TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required.

DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft Office
applications please supply "as is".

Please do not:

* Supply embedded graphics in your wordprocessor (spreadsheet, presentation) document;

* Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the resolution
Is too low;

* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files)
and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these
illustrations are reproduced in color in the printed version. For color reproduction in print,
you will receive information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color in print or on the Web only. For
further information on the preparation of electronic artwork, please see
=+http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to
"gray scale™ (for the printed version should you not opt for color in print) please submit in
addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols
and abbreviations used.

Text graphics

Present incidental graphics not suitable for mention as figures, plates or schemes at the end of
the article and number them "Graphic 1", etc. Their precise position in the text can then be
indicated. See further under Electronic artwork. If you are working with LaTeX and have
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such features embedded in the text, these can be left, but such embedding should not be done
specifically for publishing purposes. Further, high-resolution graphics files must be provided
separately.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes
to tables below the table body and indicate them with superscript lowercase letters. Avoid
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
not duplicate results described elsewhere in the article.

References

In the case of publications in any language other than English, the original title is to be
retained. However, the titles of publications in non-Latin alphabets should be transliterated,
and a notation such as "(in Russian)" or "(in Greek, with English abstract)" should be added.

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. References concerning
unpublished data and "personal communications™ should not be cited in the reference list but
may be mentioned in the text. MSc or BSc dissertations are not allowed as bibliographic
references, however, theses from higher degrees (e.g. PhD) are allowed. Citation of a
reference as "in press” implies that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference management software

This journal has standard templates available in key reference management packages EndNote
(=+ http://www.endnote.com) and Reference Manager (=+ http://www.refman.com). Using
plug-ins to wordprocessing packages, authors only need to select the appropriate journal
template when preparing their article and the list of references and citations to these will be
formatted according to the journal style which is described below.

Reference style
Text: All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of


http://www.endnote.com/
http://www.refman.com/

67

publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al.” and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et
al. (2000) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same
year must be identified by the letters "a", "b", "c", etc., placed after the year of publication.
Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. The art of writing a scientific article.
J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article, in:
Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New
York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations: =+http://www.nlm.nih.gov/tsd/serials/lji.html;

List of serial title word abbreviations: =+http://www.issn.org/2-22661-LTWA-online.php;
CAS (Chemical Abstracts Service): =+http://www.cas.org/sent.html.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include these within the body of the article. This can
be done in the same way as a figure or table by referring to the video or animation content and
noting in the body text where it should be placed. All submitted files should be properly
labeled so that they directly relate to the video file's content. In order to ensure that your video
or animation material is directly usable, please provide the files in one of our recommended
file formats with a maximum size of 30 MB and running time of 5 minutes. Video and
animation files supplied will be published online in the electronic version of your article in
Elsevier Web products, including ScienceDirect: m+http://www.sciencedirect.com. Please
supply ‘stills' with your files: you can choose any frame from the video or animation or make
a separate image. These will be used instead of standard icons and will personalize the link to
your video data. For more detailed instructions please visit our video instruction pages at
=+http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and
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the print version for the portions of the article that refer to this content.
Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect: =+http://www.sciencedirect.com. In
order to ensure that your submitted material is directly usable, please provide the data in one
of our recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file. For more
detailed instructions please visit our artwork instruction pages at
=+http://www.elsevier.com/artworkinstructions.

Submission checklist

It is hoped that this list will be useful during the final checking of an article prior to sending it
to the journal's Editor for review. Please consult this Guide for Authors for further details of
any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

* E-mail address

* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been "spellchecked" and "grammar-checked"

* References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free
of charge) and in print or to be reproduced in color on the Web (free of charge) and in black-
and-white in print

* If only color on the Web is required, black and white versions of the figures are also
supplied for printing purposes

For any further information please visit our customer support site at
http://epsupport.elsevier.com.
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u After Acceptance

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOI consists of a unique alpha-numeric character string which is assigned to a document by
the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. The correct format for citing a
DOl is shown as follows (example taken from a document in the journal Physics Letters B):
doi:10.1016/j.physletb.2003.10.071

When you use the DOI to create URL hyperlinks to documents on the web, they are
guaranteed never to change.

Proofs

One set of page proofs in PDF format will be sent by e-mail to the corresponding author.
Elsevier now sends PDF proofs which can be annotated; for this you will need to download
Adobe Reader version 7 (or higher) available free from
=+http://www.adobe.com/products/acrobat/readstep2.html. Instructions on how to annotate
PDF files will accompany the proofs. The exact system requirements are given at the Adobe
site: m+http://www.adobe.com/products/acrobat/acrrsystemreqs.html#70win.

If you do not wish to use the PDF annotations function, you may list the corrections
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list your
corrections quoting line number. If, for any reason, this is not possible, then mark the
corrections and any other comments (including replies to the Query Form) on a printout of
your proof and return by fax, or scan the pages and e-mail, or by post. Please use this proof
only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered
at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. Therefore, it is important to ensure that all of your
corrections are sent back to us in one communication: please check carefully before replying,
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility. Note that Elsevier may proceed with the publication of your article if no
response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail. For an extra charge, paper offprints can be ordered via the offprint order form which is
sent once the article is accepted for publication. The PDF file is a watermarked version of the
published article and includes a cover sheet with the journal cover image and a disclaimer
outlining the terms and conditions of use.
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Author's Discount

Contributors to Elsevier journals are entitled to a 30% discount on most Elsevier books, if
ordered directly from Elsevier.

u Author Inquiries

For inquiries relating to the submission of articles (including electronic submission where
available) please visit this journal's homepage. You can track accepted articles at
=+http://www.elsevier.com/trackarticle and set up e-mail alerts to inform you of when an
article's status has changed. Also accessible from here is information on copyright, frequently
asked questions and more. Contact details for questions arising after acceptance of an article,
especially those relating to proofs, will be provided by the publisher.
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