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RESUMO
Neste estudo objetivou-se comparar biomarcadores bioquimicos (enzimas hepaticas) e
morfologicos (lesdes branquiais) em Ucides cordatus para obtencdo de um modelo preditivo
de efeitos antropicos em uma area portuaria da Ilha de Sao Luis-MA. Inicialmente realizou-se
um levantamento bibliografico sobre o uso de biomarcadores em crusticeos para o
monitoramento de areas portudrias. E apds esta etapa, os caranguejos foram amostrados
bimestralmente em dois manguezais: area portuaria na Baia de Sao Marcos (area
potencialmente contaminada) e Ilha de Facdo na Baia de Sao José (area de referéncia). Foram
anotados os dados biométricos como largura (LC) e comprimento da carapaga (CC),
comprimento do propodo quelar (CPQ) e peso total (PT). Amostras de hepatopancreas
(biomarcador bioquimico) e branquias (biomarcador morfoldgico) foram extraidas ainda em
campo ¢ analisadas em laboratorio. As branquias foram desidratadas em uma série crescente
de alcoois e incluidas em parafina. Em microscopia de luz, as alteragdes foram identificadas e
quantificadas. As amostras de hepatopancreas foram homogeneizadas em tampao fosfato e
centrifugadas, sendo o sobrenadante utilizado para determinacdo da atividade enzimética da
glutationa-S-transferase (GST) e da catalase (CAT). O modelo preditivo dos efeitos dos
impactos ambientais em U. cordatus foi estruturado pela comparagdo dos biomarcadores
avaliados, através do ajuste de polindmios de terceira ordem, utilizando-se o método dos
minimos quadrados. O nivel de significancia considerado foi de 0,05. A andlise bibliografica
mostrou que biomarcadores bioquimicos em caranguejos foi a metodologia mais utilizada e
revelou-se muito eficiente para o monitoramento de areas portudrias. Os resultados das
analises de campo e de laboratorio indicaram que os caranguejos da area de referéncia sdao
maiores € mais pesados do que os caranguejos da drea portuaria. Quanto as lesdes branquiais,
uma maior quantidade de alteracdes, bem como lesdes branquiais graves (somente) foram
registrada para a 4rea portudria. A atividade enzimatica também apresentou esse mesmo
padrao para a GST, em que a maior atividade desta enzima (assim como valores muito baixos,
e até nulos) foi registrada nos caranguejos capturados na area portuaria. Por outro lado, a
atividade da CAT ndo mostrou diferenca significativa entre as areas, indicando que as
especificidades da atividade desta enzima nos caranguejos da ilha de Sao Luis, ainda ndo sdo
claras. Ao relacionar a biometria com a atividade da GST para os caranguejos da area
portudria, verificou-se uma relagdo inversamente proporcional entre o PT e a atividade da
enzima. Por fim, o modelo matematico indicou que a atividade da enzima aumenta até
surgirem lesdes graves. Apds um limite, a atividade da GST diminui drasticamente para

niveis muito baixos (ou até mesmo nulos) que leva a lesdes irreversiveis (colapso da lamela).



Palavras-chave: Crustaceo; Dados Biométricos; Alteragdes branquiais; Glutationa-S-

Transferase; Catalase; Modelo preditivo.



ABSTRACT
This study aimed to compare biochemical biomarkers (hepatic enzymes) and morphological
(brachial lesions) in Ucides cordatus to obtain a predictive model of anthropic effects in a port
area of Sao Luis-MA. Initially an extensive bibliographic survey was conducted on the use of
crustacean biomarkers to monitor port areas. After this crabs were sampled bimonthly in two
mangroves: port area at Sao Marcos Bay (potentially contaminated area) and Facdo Island at
Sao José Bay (reference site). Biometric data were recorded, such as width (LC) and carapace
length (CC), length of chelate propodus (CPQ) and total weight (PT). Hepatopancreas
samples (biochemical biomarker) and gills (morphological biomarker) were also extracted in
the field and analyzed in the laboratory. The gills were dehydrated on a crescent series of
alcohols and embedded in paraffin. In light microscopy, the changes were identified and
quantified. Samples hepatopancreas were homogenized in phosphate buffer and centrifuged,
and the supernatant used for determining the enzymatic activity of glutathione-S-transferase
(GST), and catalase (CAT). The predictive model of the effects of environmental impacts in
U. cordatus was structured by comparing the biomarkers through the adjustment of third
order polynomials, using the least squares method. The significance level was 0.05. The
bibliographic analysis showed that biochemical biomarkers in crabs was the methodology
most used and it proved to be very effective for monitoring port areas. The results field and
laboratory analysis indicate that crabs from reference site are biggest and heavier than crabs
from port area. As the brachial lesions, a larger amount of change as well as serious injury
brachial (only) were registered for the port area. Enzyme activity also showed the same
pattern for GST whereby increased activity (as well as very low values, and even null) was
recorded in crabs caught in the port area. Conversely, CAT activity showed no significant
difference between areas, indicating that the specific activity of this enzyme in crabs from Sao
Luis Island, are not clear yet. When relating biometrics data with GST activity, crabs from
port area it was found an inverse relationship between PT and GST activity. Finally, the
mathematical model indicated that the enzyme activity increases until there are serious
injuries. After threshold, GST activity drastically decreases to very low levels (or even null)

which leads to irreversible damage (collapse of the lamella).

Keywords: Crustacean; Biometric data; Gill changes; Glutathione-S-Transferase; Catalase;

Preticve model.
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1 INTRODUCAO

As operagdes portudrias podem gerar residuos que poluem o ar, a agua, o solo, o
subsolo, além de alterar a paisagem (ANTAQ, 2015). Os efeitos desses contaminantes podem
ser mais significativos sobre a biota aquatica de regides que apresentam sedimentos finos,
como ¢ o caso dos manguezais (BAYEN, 2012).

O porto do Itaqui e os terminais privados das empresas VALE e ALUMAR/ALCOA
estdo localizados na Baia de S3ao Marcos e foram implantados em &areas de manguezais
(CARVALHO-NETA e ABREU-SILVA, 2010). Todavia, o monitoramento da biota aquatica
dessa area ainda ndo ¢ realizado de forma sistematica. Dessa forma, investigagdes sobre a
qualidade de areas como essas sdo relevantes, uma vez que os manguezais correspondem a
ecossistemas tropicais muito ameagados (BAYEN, 2012), apesar de serem ambientes
legalmente protegidos e com comprovada importancia ecologica e socioecondmica (BRASIL,
2015).

Estudos tem mostrado que particularmente aqueles manguezais que recebem inputs
antropogénicos, contém uma infinidade de contaminantes quimicos (sobre uma vasta gama de
concentragdes) que sdo potencialmente toxicos para os organismos (KRAHN et al., 1994;
AMARAL et al., 2009). A compreensdao sobre os efeitos dos contaminantes oriundos de
regides portuarias nos manguezais maranhenses ainda ¢ incipiente. E pesquisas futuras devem
preencher tais lacunas, contribuindo com a avaliagdo do impacto da polui¢do quimica sobre os
ecossistemas de manguezais e sobre as pessoas que dependem destes ambientes para seu
sustento (BAYEN, 2012), explorando, por exemplo, peixes e crustidceos (especialmente
camardes € caranguejos).

A espécie de caranguejo Ucides cordatus caracteriza-se como um importante recurso
oriundo de manguezais brasileiros, que se alimenta principalmente de serapilheira e
desempenha um papel ecoldgico importante (NORDHAUS et al., 2006 ). Esse recurso
pesqueiro ainda ¢ muito explorado pelas comunidades localizadas no entorno dos
empreendimentos portuarios da Ilha de Sdo Luis. Entretanto, ainda ndo se conhece os niveis
de contaminacdo desses caranguejos. Por isso, estudos que esclarecam o potencial e a
dinamica dos xenobidticos nas populacdes de importancia econdmica para o Maranhao sdo de
grande relevancia no contexto de desenvolvimento atual (PINHEIRO-SOUSA et al., 2013).

Taxons que sdo sensiveis aos poluentes de origem antrdpica podem mostrar alteragdes
bioquimicas e morfologicas em diferentes tecidos (CARVALHO-NETA e ABREU-SILVA,
2013). Essas alteragdes podem ser validadas para diferentes espécies e sdo conhecidas como

biomarcadores (VAN DER OOST et al., 2003). O desenvolvimento e a padronizagdo de
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metodologias capazes de predizer os efeitos da contaminac¢do aos organismos da regido siao
fundamentais para subsidiar acdes de monitoramento ¢ gestdo de uma determinada area
(CARVALHO-NETA, 2010). Dessa forma, este trabalho visa contribuir com o conhecimento
cientifico relacionado a validagdo de biomarcadores histologicos e bioquimicos no caranguejo
Ucides cordatus, a fim de subsidiar programas de biomonitoramento e de gestdo da regido

portuaria da Ilha de Sao Luis.

2 OBJETIVOS
2.1 Objetivo Geral

Neste estudo objetivou-se comparar biomarcadores bioquimicos (enzimas hepaticas),
biomarcadores morfoldgicos (lesdes branquiais) em Ucides cordatus para obtencdo de um

modelo preditivo de efeitos antropicos em uma drea portuaria de Sdo Luis-MA.

2.2 Objetivos Especificos

e Levantar dados bibliograficos sobre o uso de biomarcadores em crustaceos para o
monitoramento de areas portudrias;

e Analisar os biomarcadores bioquimicos catalase e glutationa S-transferase em
caranguejos U. cordatus da zona portudria de Sdo Luis e da area de referéncia;

e Quantificar lesdes branquiais (biomarcador histologico) em U. cordatus da zona
portudria de Sao Luis e da area de referéncia;

e Correlacionar dados dos biomarcadores com dados da biometria de U. cordatus das
areas analisadas;

e Obter um modelo preditivo de efeitos antropicos em duas areas estuarinas de Sao Luis.

3 FUNDAMENTACAO TEORICA
3.1 Monitoramento ambiental em areas portuarias

Estudos de monitoramento ambiental fornecem subsidios para uma analise mais
detalhada sobre a situacao do ambiente (ZAGATTO e BERTOLETTI, 2006). E consistem no
conhecimento e acompanhamento sistematico da situacdo dos recursos ambientais do meio
fisico e bidtico, visando a recuperacao, melhoria ou manutencdo da qualidade ambiental
(Ministério do Meio Ambiente - MMA, 2009). Tal qualidade esta relacionada as variaveis
ambientais, que se alteram, seja em funcdo de transformagdes naturais, seja em funcdo das

acdes antrdpicas (Ministério do Meio Ambiente - MMA, 2009).
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Nesse contexto, destacam-se 0s ecossistemas estuarinos, como ambientes altamente
produtivos que fornecem consideraveis beneficios ecologicos, econdmicos e culturais.
Contudo, intervengdes humanas como a implantacao de grandes empreendimentos portuarios,
tém causado modificagdes profundas na dinamica desses ambientes aquaticos (SCHAEFFER-
NOVELLI 2003). Os complexos portuarios instalados ao longo da regido costeira brasileira
sdo responsaveis por muitos agentes potencialmente contaminantes que podem causar
alteragdes graves nas comunidades aquaticas (CARVALHO-NETA, 2010).

No Brasil, as areas que recebem influéncia de zonas portudrias ainda nao sao
monitoradas adequadamente, pois nao existem dados pretéritos que estabelecam um historico
de diagnostico (FERNANDES, 2005). Assim, pesquisas que fornecam informagdes sobre a
qualidade dessas areas representam uma importante iniciativa para o monitoramento
ambiental em areas portuarias.

O complexo portudrio em Sdo Luis torna a cidade atrativa para industrias que utilizam o
transporte maritimo, porém, os navios graneleiros que atracam nesses portos, transportam
diversos produtos, tais como minério de ferro, carvao, soda caustica, bauxita e outros
(CARVALHO-NETA et al., 2012). Diante disto, a atividade portuéria na Baia de Sdo Marcos
pode causar grandes impactos ao ambiente, especialmente se ocorrer algum acidente. Sendo
relevante citar também que se o pescado € capturado proximo aos locais contaminados pode
trazer consigo risco a saude publica. Tais aspectos evidenciam a necessidade de
monitoramento dos efeitos dos xenobidticos nos organismos aquaticos desses ecossistemas
(TORRES, 2015).

Fortes et al. (2009) enfatiza a necessidade de monitoramento das areas de influéncia do
Complexo Portuario da Ilha de Sao Luis diante da heterogeneidade de produtos
movimentados, tendo como justificativa: a) uma grande variedade de possiveis poluentes; b) a
extensdo da 4rea afetada; c) a forma superficial com que a dinamica populacional dos
organismos estuarinos na area de influéncia desse complexo tem sido estudada; d) o risco de
contaminagdo dessas areas pelos efeitos poluentes provenientes da lavagem dos navios e da
agua de lastro.

Estudos com biomarcadores de contaminacdo aquatica em peixes de areas influenciadas
por atividades portudrias tém revelado a eficicia desta metodologia para o monitoramento
ambiental (CARVALHO-NETA et al., 2012; PINHEIRO-SOUSA et al., 2013; SOUSA et al.,
2013; CARVALHO-NETA et al., 2014). Contudo, sabe-se que os contaminantes podem
interagir e se comportar de maneiras distintas em organismos diferentes, justificando a

necessidade de expandir o uso de biomarcadores para diferentes grupos biologicos.
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3.2 O uso de biomarcadores para o monitoramento ambiental

A simples presenca de um xenobidtico em um ambiente aquatico ndo pode por si s6
indicar um efeito deletério a este ambiente, sendo necessarios estudos que permitam
identificar os efeitos que os poluentes estdo causando aos organismos vivos desses
ecossistemas (COSTA et al., 2008). Logo, o uso de biomarcadores pode auxiliar na avaliagao
dos estressores e seus efeitos sobre os organismos presentes nesses locais contaminados. Para
tanto, faz-se necessario uma padronizacdo nessas metodologias e de biomarcadores que
possam contribuir para a avaliacdo e diagnosticos dos impactos a que estdo sujeitas estas
regides especificas do Brasil (CARVALHO-NETA et al., 2014).

Os biomarcadores sao definidos como modifica¢des bioquimicas, celulares, fisiologicas
ou comportamentais que sdo evidenciadas em analises histologicas ou de fluidos corporais,
nos organismos e populacdes que indicam a presenca de poluentes quimicos
(LIVINGSTONE, 1993; DEPLEDGE et al., 1995; ZUCCHI et al., 2004). Os biomarcadores
permitem identificar as interagcdes que ocorrem entre 0s contaminantes € 0S organismos vivos,
assim como possibilitam a mensuragdo de efeitos subletais (LIVINGSTONE, 1993; VAN
DER OOST et al., 2003). Estas caracteristicas permitem a adogdo de acdes remediadoras (ou
preventivas), justificando a importancia e o “interesse atual de incorporacdo da analise de
biomarcadores em programas de avaliagdo da contaminag¢@o ambiental em diferentes regides"
(CARVALHO-NETA, 2013).

Os biomarcadores podem ser mensurados a partir de diferentes 6rgaos dos caranguejos,
como por exemplo, hepatopancreas (biomarcador bioquimico) e branquias (biomarcador
morfologico).

O uso de biomarcadores bioquimicos (como as enzimas, por exemplo) em organismos
aquaticos ¢ mais eficaz porque fornece dados sobre situagdes iniciais de contaminagdo,
fornecendo subsidios seguros para programas de biomonitoramento que visem reverter os
danos ambientais, pois indica as primeiras respostas dos organismos aos contaminantes
(CARVALHO-NETA, 2010). Tal analise pode ser realizada a partir do hepatopancreas do
caranguejo, que além de ter uma fun¢do de armazenamento, também desempenha um papel
semelhante ao figado em animais vertebrados e ¢ o 6rgdo onde a biotransformagdo ocorre
(BAYEN, 2012). Quando as taxas de absor¢do de contaminantes excedem as taxas de
excrec¢do, os animais comecam a desenvolver mecanismos de desintoxicacdo (RAINBOW,
2007).

Estudos identificaram que os niveis de cromo no hepatopancreas de U. cordatus era seis

vezes maior do que o permitido pela legislacdo e que a analise de contaminantes em
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hepatopancreas fornece informagdes a partir de uma exposi¢ao recente e portanto reflete os
niveis reais presentes no ambiente (CORREA et al., 2002; MAJUMDER et al., 2003; NUDI
et al., 2007).

A catalase tem sido utilizada como biomarcador bioquimico em animais de regioes
contaminadas por ser uma enzima antioxidante importante na decomposi¢ao de peroxido de
hidrogénio produzida em quantias maiores durante o processo de biotransformacao
(VENTURA et al.,, 2002). A Glutationa S-Transferase ¢ um biomarcador bioquimico
envolvido na desintoxificacdo celular de compostos eletrofilicos, sendo importante na
protecdo contra cancer e outras doencas degenerativas decorrentes da exposi¢do a ambientes
contaminados (OLIVEIRA RIBEIRO et al., 2005). E o uso desses biomarcadores bioquimicos
tem demonstrado eficiéncia nos programas de monitoramento dos ambientes aquaticos
(CARVALHO-NETA, 2010).

J& o uso de biomarcador morfoldgico em branquias ¢ caracterizado por ser uma técnica
com custos econdmicos mais reduzidos, mas que apesar disso tem sido eficaz em avaliar a
saide do ambiente em que os organismos se encontram. As alteragdes histologicas
encontradas se tornam de facil reconhecimento e de grande importancia para determinar o
nivel de exposicao aos poluentes (NORENA-BARROSO et al., 2004). As branquias ficam em
contato com a agua, ¢ devido a sua fina e permeével cuticula (para facilitar a difusdo dos
gases), ela também acaba se tornando permedvel a outros materiais (RUPPERT et al., 2005),
inclusive contaminantes, apresentando-se como orgaos de grande relevancia cientifica para a
area de Ecotoxicologia Aquatica.

O uso de biomarcador morfologico e bioquimico em peixes e moluscos bivalves tem
sido uma técnica muito utilizada pelo Laboratorio de Biomarcadores em Organismos
Aquaticos da Universidade Estadual do Maranhdo (UEMA), e tem apresentado resultados
satisfatorios. Por outro lado, no estado do Maranhdo esse tipo de analise ainda nao foi
realizada em crustdceos. Nesse contexto, torna-se valido adequar metodologias de

biomarcadores para o uso em caranguejos.

3.3 Ucides cordatus como espécie biomonitora

Ucides cordatus (Linnaeus, 1763) ocorre a partir da Florida, nos Estados Unidos até
Santa Catarina no sul do Brasil (MELO, 1996, TAVARES-DIAS, 2003). No Brasil, esta
distribuido desde o Amapé até Santa Catarina, sendo encontrado em altas densidades na costa
amazonica (norte do Brasil), especialmente na drea compreendida entre Amapa e Delta do

Parnaiba (MELO, 1996).
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E popularmente conhecido como “caranguejo-u¢a” ou “toc toc” e ¢ o segundo maior
crustaceo encontrado no manguezal (OLMOS e SILVA, 2003). Apresenta carapaga
subeliptica e uma coloracao que varia de azulada a arroxeada e avermelhada. Os quelipodos
tém tamanhos desiguais para machos e fémeas. E nos machos ¢ possivel identificar uma franja
de pelos nos peredpodos, a qual ¢ reduzida ou ausente nas fémeas (MELO, 1996), enquanto
que o abdome das fémeas ¢ mais largo para acoplar a massa ovigera.

Durante o ano, o inicio do periodo reprodutivo desta espécie ¢ caracterizado pela saida
dos caranguejos da toca, em um acontecimento conhecido como “andada”. Nesse periodo, os
machos liberam uma espuma branca que provavelmente contém feromdnios para atragdo da
femea (Goes et al., 2000). Também é comum ocorrerem duelos entre os machos (golpes de
quelipodos) pela posse das fémeas para acasalamento (WUNDERLICH et al., 2008). Logo
ap6s o acasalamento, as fémeas estocam os espermatozoides nas espermatecas, até que suas
gonadas se desenvolvam e ocorra a exteriorizacdo dos ovos (SANT’ANNA et al., 2007).

O desenvolvimento desses caranguejos ¢ caracterizado por uma fase embrionaria que
dura aproximadamente 18 dias (PINHEIRO e HATTORI, 2003) e uma fase larval que dura
aproximadamente 60 dias (PINHEIRO e FISCARELLI, 2001).

As fémeas liberam as larvas (zoeas) normalmente, antes da maré vazante de sizigia,
facilitando sua dispersdo para o mar aberto. As larvas se desenvolvem em areas oceanicas,
sendo descritos sete estagios larvais para a espécie (DIAS-NETO, 2011). As zoeas
permanecem longe dos manguezais por trés a quatro semanas (DIELE, 2000), completando
seu desenvolvimento em aguas costeiras. Iniciam uma migracdo para dentro dos estuarios, ja
na forma de megalopas, que ¢ um estagio intermedidrio entre a larva planctonica e o juvenil
bentonico (PINHEIRO; FRANSOZO, 2002). O retorno ao manguezal ocorre durante as marés
enchentes de lua cheia e nova, onde os caranguejos completam seu desenvolvimento (DIAS-
NETO, 2011) e ali permanecem.

Os primeiros estagios juvenis sdo encontrados em associacdo ao sedimento removido
das galerias pelos animais de maior porte, aproveitando sua menor compactagdo para escavar
suas proprias galerias (KASSUGA; MASUNARI, 2008). A espécie leva de 2 a 3 anos para
atingir a maturidade sexual (PINHEIRO et al., 2005) e possui uma longa expectativa de vida
(de até 10 anos), especialmente se desconsiderarmos fatores como sobrepesca e degracao do
manguezal (DIAS-NETO, 2011).

U. cordatus desempenha fungdes importantes em areas de manguezal, como
processamento da serrapilheira, fluxo energético, ciclagem de matéria organica e bioturbagao

do sedimento (NORDHAUS et al., 2006). E uma espécie muito resistente com habilidade de
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suportar condi¢des adversas como a disponibilidade limitada de dgua (devido as inundagdes
da maré e exposi¢do do substrato), a alta salinidade intersticial e a baixa concentragdo de
oxigénio nas galerias (LIMA et al., 2010).

Entre os varios organismos aquaticos, invertebrados tém sido utilizados para a avaliagao
ambiental, visto que sdo os principais componentes em todos os ecossistemas e, por causa da
populagdo geralmente numerosa, podem ser amostrados para analises com pouco dano a
dinamica populacional (DEPLEDGE e FOSSI, 1994). Os crustaceos, por sua vez, podem
acumular contaminantes, € no entanto serem resistentes a sua toxicidade. E esta é uma das
caracteristicas que possibilita que representantes desse grupo sejam utilizados no
monitoramento da contamina¢do do ambiente marinho (COSSA, 1989). Nesse contexto,
estudos t€m indicado que o caranguejo U. cordatus é excelente bioindicador de poluicdo dos
manguezais (SANTOS, 2002; NUDI et al., 2007; PINHEIRO et al., 2012, 2013) que pode
sofrer alteragdes bioquimicas e morfoldgicas em diferentes tecidos a partir da exposi¢do a um
contaminante. U. cordatus é uma espécie potencialmente bioacumuladora de metais
(SANTOS, 2002; NUDI et al., 2007; PINHEIRO et al., 2012, 2013). Mas, em contra partida,
corresponde a espécie de caranguejo mais explorada para o consumo humano no Brasil
(OLMOS e SILVA, 2003). Desta forma, o conhecimento sobre sua qualidade também ¢

relevante no contexto de saude publica.

3.4 Modelos preditivos para o monitoramento ambiental

O cendrio atual de degradacdo ambiental tem gerado a necessidade de prever efeitos de
agentes toxicos em populagdes naturais e sistemas ecoldgicos. Tais efeitos podem ser
analisados através do uso de modelos preditivos. Esses modelos consideram efeitos toxicos a
niveis molecular, bioquimico, celular, tecidual e em organismos, chegando até os niveis
hierarquicos mais altos (BAZANA et al., 2016).

Modelos sdao hipoteses que simplificam observagdes complexas ao mesmo tempo em
que oferecem um quadro preditivo que estrutura estas observagdes. Os modelos mais
sofisticados sdo matematicos ou estatisticos, e tém a vantagem de apresentar um grau mais
baixo de viés e normalmente sdo sistemas dedutivos mais robustos (PHILLIPS, 2013).

Contudo, ¢ sabio destacar que a utilizagdo de modelos ndo elimina o trabalho de campo.
O qual ¢ importantissimo para refinar e validar os modelos preditivos (PHILLIPS, 2012,
2013). Haja vista que necessitam de conhecimento prévio para prever tendéncias e eventos,
tornando esta metodologia de grande utilidade no contexto de estudo de impacto ambiental

(PHILLIPS, 2012, 2013; BAZANA et al., 2016).
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Os modelos preditivos tém a informagdo, o método e o resultado como elementos
basicos (WARREN, 1990). As informagdes devem ser baseadas em observagdes empiricas,
que consistem em interagdes observadas entre variavies dependentes e independentes (em
estudos prévios e em partes amostradas da area de interesse). Assim como, o método
empregado ¢ determinado pelo “problema” a ser solucionado e pelo conhecimento teodrico e
empirico prévio, ou seja, utiliza-se o método (o qué e como coletamos) para transformar
informacao em resultados previsiveis (WARREN, 1990). E quando o modelo preditivo ¢
aplicado a uma regido, o resultado pode ser visto em termos probabilisticos, apesar das
técnicas utilizadas no desenvolvimento deste ndo terem essa origem (PRIETO et al. 2014).

Alguns modelos matematicos (preditivos) de dados bioldgicos estdo sendo utilizados
em peixes marinhos e dulcicolas para a correlagdo de biomarcadores bioquimicos e
histopatologicos (CARVALHO-NETA et al.,, 2014); e genotoxicos e histopatologicos
(PINHEIRO-SOUSA, 2015). Estes estudos fornecem uma analise mais realista sobre o
estresse ocasionado pelos contaminantes presentes nos ambientes. Varios modelos
matematicos tem sido desenvolvidos para severidade de lesdes histologicas em branquias,
figado e rins de peixes (SCHWAIGER et al., 1997; BERNET et al., 1999; CARVALHO-
NETA et al., 2014; PINHEIRO-SOUSA, 2015), mas nenhum desses foram desenvolvidos
para caranguejos de areas portudrias. Portanto, o modelo proposto neste estudo, pode ser
promissor para a interpretacdo da situacdo ambiental de ecossistemas de manguezais

influenciados por atividades portuarias.

4 MATERIAL E METODOS
4.1 Levantamento Bibliografico

Para o levantamento das informacdes foram consultadas as seguintes bases de dados

indexadas: BioOne (http://www.bioone.org), Wiley Online Library
(http://onlinelibrary.wiley.com), Scopus (http://www.scopus.com/), ProQuest
(http://www.proquest.com/libraries/academic/databases/), Science Direct

(http://www.sciencedirect.com/), ¢ Web of Science (http://isiknowledge.com/). Em conjunto,

essas bases tém acesso a mais de 33.000 periodicos.

A metodologia de busca caracterizou-se pela combinacdo das palavras-chave:
Biomarker, Biomonitoring € Monitoring; Crustacea e Crustaceans; Harbour, Harbor e Port.
Apenas artigos de pesquisa foram considerados. Foram selecionados os estudos que
abordavam o uso de algum tipo de biomarcador em crustdceos para monitorar areas portuarias

ou areas sob influéncia de atividades portuarias (conforme informagdes fornecidas pelos
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autores de cada estudo). Quando a informacdo buscada ndo estava disponivel no resumo,
realizou-se uma busca pelas palavras-chave dentro de cada artigo. Cada base de dados foi
minuciosamente consultada.

As referéncias dos artigos validados foram analisadas e aquelas que estavam de acordo
com o proposito desta pesquisa também foram contabilizadas. Os dados foram sistematizados

em uma tabela.

4.2 Area de estudo

A area conhecida como Golfao Maranhense ¢ formada por duas grandes Baias (Sao
Marcos e Sao José) separadas pela Ilha de Sao Luis (figura 1).

A Baia de Sao Marcos esta localizada na costa ocidental do Maranhdo e ¢ considerada
um estudrio ativo, com um canal central bem desenvolvido e dominado por correntes de
vazante, onde se sucedem bancos arenosos desde a boca da Baia até dezenas de quilometros
para o interior (SOUZA FILHO, 2005). E uma regido onde ocorre a confluéncia dos rios

Mearim e Pindaré (CARVALHO-NETA et al., 2012).

Maranhic

Ceard

Referéncia Espacial
Porjegédo Universal transversa de Mercator
Datum: WG S_1984_UTM_Zone_238
Meridiano Central -45,0

Figura 1. Areas de captura do caranguejo U. cordatus na Baia de Sdo Marcos (A1 - Ilha de
Facdo - 4rea de referéncia) e na Baia de Sdo José (A2 - Area portuaria — potencialmente

contaminada), Maranhao, Brasil.
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Em termos de importancia econdmica, a Baia de Sao Marcos ¢ classificada como uma
das mais importantes do litoral brasileiro, devido a instalagdo do complexo portudrio do
Estado do Maranhao (1960). Neste complexo portuario atuam cerca de 30 empresas, dentre
elas a Companhia Vale do Rio Doce (VALE), SUZANO, ALUMAR/ALCOA e Petrobras,
que sdo responsaveis pela movimentagdo de cargas para o Brasil e para o mundo (ANTAQ,
2014).

E importante ressaltar também que na Gltima década, a Baia de Sdo Marcos tem
recebido contaminagdo quimica causada por esgotos € campos agricolas, escoamento de
nutrientes, langamento de pesticidas e descargas industriais (ZONEAMENTO COSTEIRO
DO MARANHAO, 2003). E isso é uma ameaca crescente a sanidade dos organismos
especialmente nas areas de influéncia do complexo portuario de Sdo Luis (CARVALHO-
NETA, 2010). Tais aspectos mencionados nos permitiram considerar essa regido como uma
area potencialmente contaminada.

A area de coleta na Baia de Sdo Marcos foi nas proximidades do Terminal Maritimo de
Ponta da Madeira e do Porto do Itaqui.

O Terminal Maritimo de Ponta da Madeira ¢ um porto privado pertencente a VALE,
fica adjacente ao porto de Itaqui, e defronte a Baia de S3o Marcos. Destina-se principalmente
a exportacdo de minério de ferro trazido do projeto Serra dos Carajas, no Pard. Esse terminal ¢
constituido de um pier de acostagem para navios, um pétio descoberto de 125 m” para estoque
de minério de ferro e manganés, e um silo horizontal para graos com capacidade de 25.000 t
(SOUSA, 2009). O Porto do Itaqui ¢ nacionalmente conhecido por possuir as maiores
amplitudes de maré do Brasil, chegando a casa dos 8 metros (EMAP, 2009). O canal de
acesso a esse porto possui profundidade natural minima de 27 metros e largura aproximada de
1,8 Km (SOUSA, 2009).

A area selecionada como referéncia foi a ilha de Facdo na Baia de Sdo José. Esta Baia
se localiza no litoral norte da ilha de Sdo Luis. E em sua foz ocorrem extremidades de
expordes ou de bancos, assimétricos, com direcdo ENE-WSW, obliqua a costa, separados por
canais estreitos (Ministério do Meio Ambiente — MMA, 2012). Alguns bancos situados pouco
mais a leste orientam-se paralelamente a linha de costa. Na Baia de Sdo José, ndo existe canal
de maré desenvolvido como na Baia de Sdo Marcos (SOUSA, 2009). Essa Baia nao apresenta
empreendimentos portuarios em suas proximidades. Assim como a Ilha de Facdo ndo recebe
interferéncias humanas diretas. Esta Ilha tem sido o refiigio para muitos catadores de

caranguejo do municipio de Raposa. E apontada como a area que possui uma maior
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concentragdo de caranguejos, bem como, os individuos sdo maiores do que nas demais areas

da Baia.

4.3 Amostragem
As colestas bimestrais foram realizadas no periodo de 1 ano entre agosto de 2015 a
junho de 2016 (figura 2A e 2B). Em cada area (4rea portudria e area de referéncia) foram

coletados 20 espécimes (figura 2A e 2B) por coleta.

i ‘*'Ak B

Figura 2. (A) U. cordatus capturado na area portudria. (B) Embarcagdo utilizada para

deslocamento até as areas de coleta.

Com a ajuda de pescadores artesanais, os caranguejos foram coletados de dentro de suas
tocas pela técnica de braceamento (figura 3A, B). Os animais foram capturados em pontos
aleatorios pelo manguezal. E foram imediatamente dissecados com o uso de uma tesoura.
Amostras de hepatopancreas e branquias foram removidas com auxilio de pingas esterilizadas
(figura 3C). Para fins de padronizacdo, foram analisados apenas machos em intermuda,
evitando quaisquer efeitos da fase de muda e sexo (PINHEIRO et al., 2012).

As amostras de hepatopancreas foram colocadas em tubos Eppendorf, congeladas (e
mantidos) em nitrogénio liquido e transportado ao Laboratério de Biomarcadores em
organismos aquaticos da UEMA. As amostras ficaram congeladas até o momento das analises
enzimaticas. Ja as branquias retiradas de cada exemplar foram fixadas em solug¢do de
Davidson durante 24 horas. Em seguida, foram lavadas e mantidas em alcool 70% até o

processamento histoldgico usual.
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Figura 3. (A, B) Pescador artesanal capturando U. cordatus pela técnica de braceamento. (C)

Extragdo de amostras de hepatopancreas.

4.4 Biometria

Com auxilio de um paquimetro de precisdo 0,1 cm foram tomadas as seguintes medidas
de cada exemplar: largura da carapaca (LC), comprimento da carapaca (CC) (figura 4A) e
comprimento do propodo quelar (CPQ) (figura 4B).

Comprimento

Figura 4. (A) Esquema das medidas LC e CC (PINHEIRO; FISCARELLI, 2001). (B)

Registro do CPQ a partir de um paquimetro de precisao 0,1cm.

A LC ¢ medida ao nivel do primeiro pereidpodo, correspondendo a maior dimensao da

carapaca; o CC ¢ medido no plano de simetria sobre o dorso, da margem anterior da fronte até
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a margem posterior da carapaca (PINHEIRO; FISCARELLI, 2001); e o comprimento do
propodo quelar (CPQ) é tomado a partir da base do dedo fixo até a ponta oposta.
O peso total (PT) de cada individuo foi tomado a partir de balanga digital de precisao

0,1g antes da extracao das amostras.

4.5 Anadlises histoldgicas

Para realizar a anélise dos tecidos, as amostras de branquias foram desidratadas em série
crescente de alcoois, diafanizadas em xilol, impregnadas e incluidas em parafina. Cortes
transversais, de aproximadamente Sum de espessura, foram corados com Hematoxilina e
Eosina (HE). Em microscopia de luz, foram analisados dois cortes para cada 6rgdo de cada
animal. As alteragdes foram identificadas com base em Maharajan et al. (2015), Negro
(2015), Vasanthi et al. (2014), Rebelo et al. (2000) e Bernet et al. (1999) "modificado" e
foram fotomicrografadas com auxilio de microscopio AXIOSKOP - ZEIS.

Uma quantificagdo aproximada dos efeitos histopatologicos foi realizada conforme
Rebelo et al. (2000), através da contagem do nimero de lamelas afetadas por cada patologia,
em relagdo ao nimero total de lamelas em cada branquia. Uma lamela foi considerada afetada
(e, portanto, contada) independente da gravidade da lesdo (REBELO et al., 2000).
Posteriormente foi realizada uma quantificagdo conforme Bernett et al. (1999), que leva em

consideragdo a gravidade da lesao.

4.6 Anélises bioquimicas

As amostras de hepatopancreas foram homogeneizadas em tampao fosfato e
centrifugadas, sendo o sobrenadante utilizado para determinacdo da atividade enzimatica da
glutationa-S-transferase (GST) e da catalase (CAT). A atividade da GST foi quantificada em
espectrofotometro no comprimento de onda de 340 nm a 25° C, conforme Ken et al. (1976) e
modificado por Camargo e Martinez (2006), utilizando-se glutationa reduzida (GSH) e 1-
chloro-2,4 dinitrobenzene (CDNB) como substrato, em tampado fosfato de potassio (0,1M),
pH 7,0. J4 a atividade da CAT foi avaliada, a 240nm, pela taxa de decomposicao do perdxido
de hidrogénio (H,0O,) de acordo com Tagliari et al. (2004) e Ventura et al. (2002).

4.7 Tratamento estatistico
Os resultados foram expressos em porcentagem e média + desvio padrdo. O teste T de
Student foi utilizado para determinar diferencas significativas entre os grupos (area portudria

e area de referéncia) e apenas p <0,05 foi considerado significante. A relagdo entre a atividade
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enzimatica e os dados biométricos foi analisada através de regressdo linear usando a média

dos valores observados para cada parametro.

4.8 Modelo Preditivo

Os valores para a atividade de GST foram correlacionados com os da escala de lesdes
branquiais (variavel independente) por meio do encaixe de polindmios de terceira ordem,
utilizando o método dos minimos quadrados (0,05 de nivel de significancia). O polindmio que
representa a relacdo funcional modelada entre a atividade da GST e as lesdes branquiais tem

esta forma:

u

z a; .xEV

i=1

Equacao 1
onde a ¢ o coeficiente e x ¢ a varidvel independente (lesdes braquiais), @ — 1 € o grau do
polindmio melhor ajustadas aos dados, nesse caso p = 4.

A primeira derivada do polinomio equipada tem esta forma:

u
Z(i —1). a;.x02)
i=1

Equagao 2

e representa uma fungdo tangente em qualquer ponto da fungdo de (1) e foi utilizada
para obter o ponto de inflexdo ou o valor maximo da Eq. 1, quando a fun¢do comeca a

diminuir drasticamente (Carvalho-Neta et al, 2012).

5 RESULTADOS E DISCUSSAO

Os resultados desta dissertacdo sdo apresentados em quatro capitulos. Cada capitulo
corresponde a um artigo que foi ou serd submetido a um periddico da area. No primeiro
artigo, apresentamos dados copilados a partir de um levantamento bibliografico sobre o uso
de biomarcadores em crustaceos para o monitoramento de areas portudrias, onde indicamos as
espécies e tipos de analises que sdo utilizadas em nivel global. No segundo e terceiro artigos,
respectivamente, apresentamos as alteragdes identificadas na histologia das branquias de U.
cordatus, e quantificamos a atividade das enzimas Catalase e Glutationa-S-transferase, ambos

os estudos foram apresentados como biomarcadores de contaminagdo aquatica. E por fim, o
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quarto artigo apresenta um modelo matematico preditivo baseado em dados morfoldgicos e

bioquimicos de Ucides cordatus.

5.1 Assessment of pollution in harbor areas using multiple biomarker analysis in
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from six indexed databases with a combined access to over 33,000 journals. We identified 20 countries that use
crustacean biomarkers to monitor harbor areas. Data indicated that two major crustacean groups, classes
Malacostraca and Maxillopoda, are used as bioindicators in harbor areas. The methodologies based on
crustacean biomarkers were classified into four groups, as follows: Biochemical (69%), physiological (16%),
behavioral (11%), and morphological (4%). Crustacean biomarkers have been used for environmental
monitoring for a long time. However, this method is not often used to specifically monitor either port areas or
sites influenced by harbor activities. The 46 studies presented here indicate that crustacean biomarkers are an
efficient biomonitoring tool.

Keywords: Bioindicators; Malacostraca; Maxillopoda; Biomonitoring

1. Introduction

The environment is continually being polluted by organic chemicals (xenobiotics) released from urban
and industrial communities (Van der Oost et al. 2003). In this context, harbors are important sources of aquatic
pollution (Undap et al. 2013). Pollution sources generate solid residues and effluents, atmospheric emissions,
movement and hoarding of cargo, vessel repairs and maintenance, and installation of industrial complexes in
harbor areas. It is not difficult to diagnose the causes of pollution in harbors, but the consequences are less clear
(Davis and MacKnight 1990). The consequences are not immediately apparent, becoming visible only when they
reach the population or ecosystem level and seriously affect the biota, at which point it may be too late to take
effective management action (Undap et al. 2013). This situation has led to investigations to establish rapid alert
signals that reflect biological responses to environmental toxins (Bucheli and Kent 1995). Biomarkers are
promising and sensitive indicators of the toxic effect of substances distributed among the tissues of an organism
(McCarthy and Shugart 1990). A biomarker is any biological response to a chemical compound in the
environment that is measured either in an organism or its products (Van der Oost et al. 2003).

There is a global effort to identify good biomarkers for different environments; efforts are also being
made to validate monitor species that occupy different ecological niches and represent different functional
groups (Jha 2008). Among the various aquatic organisms, invertebrates have been used for environmental
assessment because they are major components of all ecosystems, and their generally large populations can be
sampled for analysis without affecting the population dynamics (Depledge and Fossi 1994). Several studies have

indicated that crustacean biomarkers are an effective tool for biomonitoring aquatic environments (Correia et al.
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2003; Stanek et al. 2006; Pereira et al. 2008; Antd et al. 2009; Davanso et al. 2013). However, there are no
systematic reviews that indicate “how” and “where” crustaceans are used for biomonitoring in port areas.

With the ever increasing number of scientific experiments, systematic reviews are a respectable part of
scientific development because they are a succinct way to assess the level of research in a given field (Keathley-
Herring et al. 2016). However, there are no published reviews on the issue presented here, despite the importance
of harbors and their global impact. Thus, studies on the monitoring techniques in these areas are urgently needed.
This review examines the use of crustacean biomarkers for monitoring harbor areas to determine whether

crustaceans are a valid biomarker species. We also describe the continents where the technique has been applied.

2. Methods

We used the following indexed databases: BioOne (http://www.bioone.org), Wiley Online Library

(http://onlinelibrary.wiley.com), Scopus (http://www.scopus.com/), ProQuest

(http://www.proquest.com/libraries/academic/databases/), Science Direct (http://www.sciencedirect.com/), and

Web of Science (http://isiknowledge.com/). These databases have combined access to over 33,000 journals. The

following keywords were used in the searches: Biomarker, Biomonitoring and Monitoring (group A), Crustacea
and Crustaceans (group B), Harbour, Harbor and Port (group C). The search methodology also involved
combining the words between groups (A+B+C/ A+B/ A+C/ B+C).

Only research papers published between 1992 and 2015 were considered. We selected studies on the use
of some types of crustacean biomarkers for monitoring harbor areas and areas under the influence of either
harbors or harbor activities (according to the information provided by the authors). When this information was
not available in the abstract, we read the entire paper and searched for keywords within each article. Each
database was thoroughly consulted. The search was only ended after it was apparent that all of the results had
been analyzed. References of validated articles were analyzed and those references that fell within the purpose of
this research were also counted. We ensured that the same item had not been counted more than once. Data were
organized and presented in a table.

Content analysis was objective, systematic, and quantitative, and based on the indexing information
technique to produce inferences (Cavalcante et al. 2014). We did not prioritize a specific author and the
qualitative analysis consisted of three steps: I) Material pre-exploration phase; II) Selection of analysis units; and
IIT) Categorization processes (Campos 2004). The analysis of categories revealed meanings and important

elaborations that met the objectives of the study. It also provided a scope of indicators (quantitative or not),
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allowing for inferences (Campos 2004; Cavalcante et al. 2014) on the assessment of pollution in harbors areas

using multiple crustacean biomarkers.

3. Results
Our results are presented in three parts. First, the continents and harbors where the studies were conducted;
second, the groups and species used as either biomonitors or bioindicators; and third, we close with an

explanation of the types of analysis that have been developed and the respective biomarkers.

3.1 Continents and Harbors

We identified 20 countries in America, Europe, Africa, Asia, and Oceania that conduct pollution
assessment in harbor areas using multiple crustacean biomarkers (Table 1).

Europe was the continent that stood out for the use of crustacean biomarkers and/or chemical analysis to
monitor port areas. Almost half of the research analyzed was carried out in this region (Table 1). The harbors
monitored in Europe were: Port of Ghent, Belgium; Teesport, Sutton, and Langstone Harbours, Great Britain;
Algeciras, Cadiz, Huelva, Pasajes, Bilbao, and La Corufia Ports, Spain; Port of Antwerp, Belgium; Porto
Marghera and Chioggia Harbour, in Italy; and Gdynia Harbour, Poland. The Puck Buy, Poland, which is used as
a harbor area was also analyzed. Moreover, non-specified ports in Portugal (fishing, merchant and industrial
ports) and Russia were also recorded.

After Europe, Asia had the second highest quantity of research on crustacean biomarkers and chemical
analysis. The harbors monitored were: Posht Shahr, Zakeri, and Ramchah Ports, Iran; Manado, Bitung Ferry and
Pertani Ports, Indonesia; Xiamen, Outer, Victoria, and Tolo Harbours, China; Tokyo, Naha and Maruisi Harbors,
Japan; and Haldia Port Complex, India.

North America ranked third and the ports studied were: Jordan and Hamilton Harbors, Canada; Snug,
Great Kills, New York, New York/New Jersey, and Allen Harbors, United States of America; and Guaymas,
Yavaros, Topolobampo, Mazatlan, and Puerto Vallarta Harbors, Mexico; and Argentina’s main fishery port. In
Oceania, Port Hacking, Port Hedland, and Sydney (Australia) and Otago Harbours (New Zealand) were

monitored. Only one study was carried out in Africa (represented by Tunisia) and the ports were not specified.

3.2 Biomonitors
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We identified (in all papers analyzed) species that inhabit ports and shipyards (not only in the intertidal
zone, but also where there is abundant human activity) that are ideal for monitoring coastal pollution. Two major
crustacean groups (classes Malacostraca and Maxillopoda) used as biomonitors in harbor areas in the articles

analyzed are discussed below.

3.2.1 Malacostraca

The Malacostraca are well-adapted to and thrive in port areas. The most often investigated orders in the studies
we read were the Decapoda and Amphipoda (Table 2). Among the 26 species identified in the papers analyzed,
the most frequently used biomonitor was the decapod Carcinus maenas (Linnaeus, 1758), which was used in 11
studies (Table 3), following by Ovalipes trimaculatus (De Haan, 1833), Macrophthalmus (Hemiplax) hirtipes
(Heller, 1865), Heloecius cordiformis (Milne Edwards, 1837), Paradorippe granulata (Haan, 1841), Crangon
crangon (Linnaeus, 1758), Palaemonetes pugio (Holthuis, 1949). Among the Amphipoda the most frequently
was Hyalella azteca (Saussure, 1858). The Isopoda, Stomatopoda, and Mysida have not been used in many

studies.

3.2.2 Maxillopoda

Two Maxillopoda taxa, Cirripedia and Copepoda, are used as environmental bioindicators with their body
lengths being used as a base (Table 2). The main species used in all papers analized were: Balanus sp.,
Fistulobalanus sp., Megabalanus coccopoma (Darwin, 1854), Tetraclita squamosa (Bruguiére, 1789), and
Amphibalanus amphitrite (Darwin, 1854), Semibalanus balanoides (Linnaeus, 1767), Tigriopus japonicus (Mori,

1938) and Tisbe battagliai (Volkmann-Rocco, 1972).

3.3 Biomarkers

We organized the cited biomarkers in all of the papers into three groups (effect, exposure, and both).
Most of the articles (51%) indicated the use of effect biomarkers, 33% cited the use of exposure biomarkers, and
16% applied both types.

Biomarkers are also evidenced by biochemical, cellular, histological, physiological, or behavioral

changes. Thus, knowing which analysis will allow assessment of these changes in animals is of paramount
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importance. With this in mind, we ranked the types of methodologies based on biomarkers cited in the articles

surveyed into four groups: biochemical, physiological, behavioral, and morphological (Table 4).

3.3.1 Biochemical Analysis

Biochemical changes are sensitive and specific indicators of a body’s response to pollution exposure. The
main biochemical analyses in crustaceans used by authors of papers were: superoxide dismutase (SOD),
acetylcholinesterase (AChE), glutathione-S-transferase (GST), glutathione peroxidase (GPx), glutathione
reductase (GR), glutathione disulfide (GSSG), catalase (CAT), lactate dehydrogenase (LDH), metallothionein
(MT), malondialdehyde (MDA), metallothionein-like-proteins (MTLPs), and ethoxyresorufin-O-deethylase

(EROD).

3.3.2 Physiological Analysis

Various individual physiological responses can be ecologically significant like cellular energy allocation
(CEA) assay, energy reserves (proteins, lipids, and sugar) and consumption (as derived from cellular respiration
rate), decrease in fertility and fecundity, a persistence in feeding inhibition even after the removal of the
contamination.
3.3.3 Behavioral Analysis

There have been few studies at the functional level to objectively verify if and how animal behavior is
modified at contaminated sites. The most behavioral analysis identified in crustaceans were: changes in dietary

and predator—prey interactions, foraging and phototactic and geotactic behavior.

3.3.4 Morphological Analysis
The morphological analysis has not been used in many studies. However, the studies analyzed have been

cited proportion of morphological abnormalities in crustaceans, like carapace morphology.

4. Discussion
Marine environment monitoring programs generally focus on identifying the best bioindicators and
biomarkers to act as a prognostic tool for pollution levels (Tosti and Gallo 2012). This pattern seems to be

followed by crustacean studies and is present in hundreds of investigations. However, an incipient number of
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studies directly used crustacean biomarkers to monitor port areas. This is evidenced by the low number (only 46)
validated in our analysis. These works span a period of 23 years and were published between the years 1992 and
2015.

The harbors cited in all of the above studies represent environments of economic importance and
environmental impact (Bebianno et al. 2015). Stressors come from anthropogenic sources and economic and
commercial activities, such as transport, vessel repair and painting, loading and refueling operations, shipyards,
accidental spills, and wastewater emissions (Bocchetti et al. 2008). These factors contribute to the generation of
chemical products (e.g., metals, polycyclic aromatic hydrocarbon - PAHs, and tributyltin - TBT) that may
represent a risk to aquatic organisms residing in harbor areas (Bebianno et al. 2015). There is currently much
concern about the environmental impact of harbor activities and how these chemical residues should be properly
managed (Darbra et al. 2009). Considering that harbors are not independent units, but are integrated into
population centers, they may have a direct influence on surrounding environments and related interests, such as
fishing and recreation (Grifoll et al. 2011). That is why direct efforts for monitoring these areas are extremely
relevant to society. In this way several researches have indicated that crustacean are import ants bioindicators for
biomonitoring aquatic environments (Martin-Diaz et al. 2007a, b; Martin-Diaz et al. 2009, 2008a, b; Maria et al.
2009).

The most often investigated orders (Crustaceans) in the studies we read were the Decapoda and
Amphipoda. The Malacostraca account for approximately half of all known crustacean species and include very
popular representatives like crab, as well as an abundance of other smaller and lesser known but ecologically
important species (Ruppert et al. 2005).

The decapods, the most well-known crustaceans including shrimp, lobsters, and crabs, are effective
marine environment biomonitors (Depledge et al. 1993; MacFarlane et al. 2000; Fillmann et al. 2004; Martin-
Diaz et al. 2007a, b; Koenig et al. 2008; Martin-Diaz et al. 2008a, b; Galassi et al. 2008; Martin-Diaz et al. 2009;
Dissanayake and Bamber 2010; Dissanayake et al. 2010; Jebali et al. 2011; Seebaugh et al. 2011; Weis et al.
2011). Because of their large size, abundance, and ecological and economic importance, these crustaceans have
been studied in more detail (Ruppert et al. 2005). Among the 26 species identified in the papers analyzed, the
most frequently used biomonitor was the decapod C. maenas, which was used in 11 studies. This crab can
accumulate various pollutants including heavy metals, polycyclic aromatic hydrocarbon (PAHs), and

polychlorinated biphenyls (PCBs) (Fillmann et al. 2004; Martin-Diaz et al. 2007a, b; Martin-Diaz et al. 2008a),
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and has proved to be an adequate indicator of environmental contamination (Astley et al. 1999; Fillmann et al.
2004; Martin-Diaz et al. 2007a, b; Martin-Diaz et al. 2009, 2008a, b; Maria et al. 2009).

In lower quantities, but with significant results, other crabs species are also effective for monitoring port
areas. O. trimaculatus was analyzed for morphological changes in the carapace and the degree of the responses
varied according to the marine pollution gradient (Lezcano et al. 2015). The small Macrophthalmus (Hemiplax)
hirtipes proved suitable for monitoring PAH from metabolites in urine (Koenig et al. 2008). The semi terrestrial
H. cordiformis is an effective bioindicator for lead monitoring and reflects ambient levels, indicating a possible
cause for the morphological and population differences (MacFarlane et al. 2000). Nevertheless, in using H.
cordiformis as a bioindicator for lead, size must be considered an important variable because smaller males have
a tendency to accumulate higher concentrations (MacFarlane et al. 2000). Finally, we highlight P. granulata as
an efficient bioindicator of trace metals (Depledge et al. 1993). The shrimp species, C. crangon 1is a suitable
bioindicator for comparing aquatic environments polluted by persistent toxic substances (PTSs) (Galassi et al.
2008). Another shrimp species, P. Pugio may be associated with either metal or organic pollutant uptake in the
hepatopancreatic epithelial cells (Seebaugh et al. 2011).

The Amphipoda habitat ranges from the abyssal depths along the sea and extends into fresh water and
groundwater sources (Marsden and Rainbow 2004). They are relatively sensitive to many contaminants and are
therefore potential bioindicators of disturbed communities (Johnston et al. 1992; Borgmann and Norwood 1993;
Takeuchi et al. 2004; Mann et al. 2009; Guler and Ford 2010; Lysenko et al. 2014; Bartlett et al. 2015). This
taxon has considerable potential for metal accumulation (Lysenko et al. 2014; Bartlett et al. 2015). H. azteca, a
freshwater species, is useful for in situ analysis because it is ecologically important and tolerant to a variety of
environmental conditions. It is accepted as a standard test organism for assessing water and sediment quality
(Borgmann and Norwood 1993; Bartlett et al. 2015).

The Isopoda, Stomatopoda, and Mysida have not been used in many studies. However, it is worth noting
that the isopod Ligia exotica (Roux, 1828) is easy to catch and is a good species for monitoring tributyltin
(TBT), whereas Harpiosquilla harpax (Stomatopoda) (de Haan, 1844) is a potential trace metal contamination
biomonitor and Neomysis integer (Mysida) (Leach, 1814) can be used as a bioindicator to evaluate toxic
substances in the laboratory (Verslycke et al. 2004; Ng et al. 2007; Undap et al. 2013).

The Maxillopoda are usually recognizable by their shortened bodies, particularly the reduced abdomen
and the absence of a complementary series of appendages (Brusca and Brusca 2015). The Cirripedia include

benthic marine animals such as barnacles that become lodged in limestone plates (Ruppert et al. 2005).
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Barnacles are efficient biomonitors reflecting increases in metal concentrations in the environment, and this has
been demonstrated in Balanus sp., Fistulobalanus sp., M. coccopoma, T. squamosa , and A. amphitrite (Paez-
Osuna et al. 1999; Rainbow and Blackmore 2001; Morillo and Usero 2008; Nasrolahi et al. 2014). High metal
concentration in barnacles is indicative of high concentrations of metal in the environment (Rainbow and
Blackmore 2001; Nasrolahi et al. 2014). Antioxidant enzymes are also potential biomarkers in these organisms,
and S. balanoides has been used to assess marine ecosystems contaminated with PAHs (Niyogi et al. 2001).
However, more taxonomic studies are needed for the Cirripedia because the main disadvantage of using them as
biomonitors is the group’s uncertain taxonomy (Paez-Osuna et al. 1999).

The copepods represent one of the largest crustacean taxa. They occur in high abundances and are
dominant members of the plankton. They are the predominant item in the diet of many marine animals (Ruppert
et al. 2005). Copepods have been used to investigate the relationship between exposure to metal and the
antioxidant defense system (Astley et al. 1999; Wang and Wang 2010), as a variety of environmental
contaminants can induce oxidative stress. 7. japonicus and T. battagliai are appropriate bioindicators for the
analysis of superoxide dismutase, glutathione peroxidase, glutathione-S-transferase, reduced glutathione (GSH),
acetylcholinesterase, and metallothionein (Astley et al. 1999; Wang and Wang 2010).

The groups and species presented here are useful bioindicators for monitoring harbor areas. Previous
studies have suggested that the crustaceans are doing better in contaminated environments than other groups,
specifically fish (Weis et al. 2011). However, before choosing a bioindicator, more detailed studies of the
animal’s life cycle are necessary because some taxa may have inherent characteristics that mean they are more or
less affected by adverse environmental conditions (Fent 2004). Once the species was selected several biomarkers
analyses can be carried out.

Effect biomarkers “include measurable biochemical, physiological or other alterations within tissues or
body fluids of an organism that can be recognized as associated with an established or possible health
impairment or disease” (Van der Oost et al. 2003). Biomarkers that reflect the distribution of an exogenous
substance, or are “the product of an interaction between a xenobiotic agent and some target molecule or cell that
is measured in a compartment within an organism” were considered exposure biomarkers (Van der Oost et al.
2003). If we consider that biochemichal changes precede structural damage, the detection of these biological
changes enables early identification of excessive exposure and intervention to prevent an irreversible effect

(Wang and Wang 2010; Jebali et al. 2011).
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Biochemical analysis in crustaceans in the papers investigated mainly focused on enzyme activity, i.e.,
SOD, AChE, GST, GPx, GR, GSSG, CAT, LDH, MT, MDA, MTLPs, and EROD (Astley et al. 1999; Niyogi et
al. 2001; Martin-Diaz et al. 2007b; Martin-Diaz et al. 2008b; Martin-Diaz et al. 2009; Maria et al. 2009; Wang
and Wang 2010; Jebali et al. 2011).

The AChE enzyme is primarily inhibited by exposure to pesticides, heavy metals, and PAHs at higher
concentrations (Jebali et al. 2011; Bartlett et al. 2015). Thus, measurement of AChE activity in aquatic
organisms is a potential biomarker for the effects of environmental contaminants (Jebali et al. 2011). Starting
from a combination of responses in situ (survival of individuals and AChE activity) and chemical analysis (water
quality and pesticides measurements), it is possible to characterize pesticide use and its effects, and to assess the
severity of these effects and identify the causes of toxicity in complex mixtures (Bartlett et al. 2015).

Organisms exposed to heavy metals may increase oxidative stress enzyme activity, such as CAT, SOD,
and GST (Atli and Canli 2007). CAT is a primary antioxidant defense component that acts on hydrogen peroxide
decomposition (H,O,) and hydrogenated compound oxidation (Aebi 1984). It is an important biomarker for
biomonitoring (Maria et al. 2009; Jebali et al. 2011) because it increases activity when the organism is in
oxidative stress (Maria et al. 2009). SOD is one of the main enzymes used in combating oxidative damage of
reactive oxygen species (Gu et al. 2006). Additionally, it is an excellent marker of oxidative stress (Niyogi et al.
2001), particularly for nickel (Ni) exposure (Wang and Wang 2010).

Glutathione can be used in the reduced (GSH) and oxidized (GSSG) forms. The enzyme GR is
responsible for the reduction of GSSG to GSH (Berg et al. 2004). The enzyme responsible for oxidation is GPx,
and has an important role in detoxification of substances generated by xenobiotics, such as hydrogen peroxide
and organic peroxides, and factors for the formation of GSSG (Tekman et al. 2008). GST in turn belongs to a
family of multifunctional proteins involved in cellular detoxification and correction of the deleterious effects of
xenobiotics. It catalyzes the GSH conjugation with compounds from either endogenous or exogenous pollutants
to make them less toxic, more water soluble, and easier to degrade and excrete (Carletti et al. 2008).

GST is used in chemical pollutant monitoring programs, particularly heavy metals, because they alter
their activity in the presence of these substances (Astley et al. 1999; Niyogi et al. 2001; Martin-Diaz et al. 2007,
2008, 2009; Maria et al. 2009; Wang and Wang 2010; Jebali et al. 2011). The response of GST depends on the
species and the type of toxic substances, thus, specific studies are required for each substance (Wang and Wang
2010). GSH activity is inhibited during exposure to metals and its response is faster than that of the antioxidant

and detoxification enzymes (e.g., SOD, GPx, and GST) (Wang and Wang 2010). Therefore, GSH could take the
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first defense either by direct complexation with a metal or participation in the GPx and GST detoxification
process (Sies 1999).

MT concentration in biological tissues measures detoxification in structures that have been damaged by
links (reversible) to metal (Martin-Diaz et al. 2007a). The MT induction acts as a response to the measure of
metal exposure (Martin-Diaz et al. 2007a; Jebali et al. 2011). Accordingly, MT induction is an early warning tool
for the assessment of sediments contaminated by metals, making it a viable biomarker to monitor metal
bioavailability in harbor areas (Martin-Diaz et al. 2007a). Analysis of MT and MDA levels in C. maenas have
indicated that they are sensitive biomarkers (Martin-Diaz et al. 2008b; Maria et al. 2009; Martin-Diaz et al. 2009;
Jebali et al. 2011).

LDH is a cytoplasmic enzyme that catalyzes the interconversion of pyruvate to lactate during glycolysis
(Jebali et al. 2011). Furthermore, their activity can also be induced by oxidative stress in marine organisms, and
changes in their levels can be used as a valid biomarker. This enzyme has been validated in C. maenas (Jebali et
al. 2011).

Biochemical analyses mainly use a multivariate approach (CAT, GST, AChE, LDH, MDA, and MT) as
was used by Jebali et al. (2011), which detects a wide range of possible effects of human activity on the health of
crabs. Multivariate analysis techniques are an effective tool in interpreting biomarker data (Astley et al. 1999;
Niyogi et al. 2001; Martin-Diaz et al. 2007; Martin-Diaz et al. 2008b; Martin-Diaz et al. 2009; Maria et al. 2009;
Wang and Wang 2010; Jebali et al. 2011), considering that a single biomarker may not reflect the health status of
a species (Jebali et al. 2011).

Exposure to an altered environmental factor will lead to physiological responses by organisms (Verslycke
et al. 2004). This biological response can be interpreted as a simple organism's adaptive mechanism. However, if
an organism’s metabolism remains high for a long period it can become weakened, leaving it more susceptible to
disease and predation (Lysenko et al. 2014). Various individual physiological responses can provide rapid
measurements of an organism’s energy status, which can be ecologically significant (Verslycke et al. 2004).

The cellular energy allocation (CEA) assay provides a valuable tool for the assessment of toxic
substances and abiotic stress-induced physiological effects in the laboratory (Coen and Janssen 2003). In similar
field conditions, CEA can provide valuable information on energy flow in ecosystems and the effects of
chemicals on organisms (Novais and Amorim 2013). Energy reserves (proteins, lipids, and sugar) and
consumption (as derived from cellular respiration rate) have been integrated as a general indicator of

physiological stress, in which more polluted parts of a sampled area are characterized by a significant increase in
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energy consumption, resulting in a significantly lower CEA (Verslycke et al. 2004). However, long-term field
data are vital to the successful use of physiological biomarkers such as CEA (Coen and Janssen 2003).

A decrease in fertility and fecundity, a persistence in feeding inhibition even after the removal of the
contamination (or removal of the organism from the contaminated site) (Mann et al. 2009), and significant
induction at a concentration of vitellogenin/vitellin (Martin-Diaz et al. 2008a) can also be indicative of
physiological damage. However, it should be emphasized that the key to interpreting field studies is to have a
large database on the organism’s normal condition and/or a good reference site to compare physiological
responses (Verslycke et al. 2004).

There have been few studies at the functional level to objectively verify if and how animal behavior is
modified at contaminated sites, and how changes in behavior and interactions can affect the trophic structure of
the ecosystem (Guler et al. 2010; Weis et al. 2011). Behavioral biomarkers may provide a particularly sensitive
measure at various levels of molecular, physiological, and ecological aspects of toxicology (McGaw et al. 1999;
Scott and Sloman 2004). Changes in dietary and predator—prey interactions (Weis et al. 2011), foraging
(Dissanayake et al. 2010), and phototactic and geotactic behavior can serve as valuable indicators of
environmental quality, because they occur in response to the toxic effects of a pollutant and can have
implications for the survival of the organism (Guler and Ford 2010).

Morphological responses to pollutants can be important indicators of heavy metal exposure (MacFarlane
et al. 2000). The proportion of morphological abnormalities increases with pollution, which indicates the
organism’s level of exposure (L& cadre and Debenay 2006). The O. trimaculatus carapace morphology was
studied to verify its functionality as a biomarker of contaminated environments (Petriella and Boschi 1997).
Exposure to pollutants can alter the natural process of ecdysis in crabs, as was evidenced by that changes
observed in the O. trimaculatus carapace (Petriclla and Boschi 1997). However, we should emphasize that
carapace thickness was not altered by contamination (Lezcano et al. 2015). Thus, further analysis should be
conducted in conjunction with this biomarker, given that this is a nonspecific indicator of the level of stress
experienced by the organism during its development (Leung et al. 2003); high levels of asymmetry may also be
caused by other factors such as agglomeration, temperature, and population density (Lezcano et al. 2015).

Although many species are exposed to pollutants, they are affected by contamination in different ways
because of differences in sensitivity and vulnerability to pollutant exposure (Weis et al. 2011). It is very

important to validate native species for each region in view of the increasing need for improved test organisms
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and more appropriate methodologies (Freitas and Rocha 2011). Additionally, native species can differ in
sensitivity compared with exotic species (Krull and Barros 2012).

Based on our review, we recommend that bioindicators and biomarkers are properly validated in field
studies before being used in toxicological tests. This will illustrate the cause—effect relationship between the
organism and the contaminant within the dynamics of the environment. However, we recommend avoiding the
standardized alien species because they can contaminate the environment (bioinvasion) if they do not receive
adequate treatment in the laboratory. The introduction of invasive species is considered a major cause of
environmental damage (Miler et al. 2016), and is a contributing factor to the threat of extinction in many native
species (Didham et al. 2005). However, little research has been performed to provide comprehensive information
on knowledge and attitudes about invasive alien species (Olszanska et al. 2016). Thus, the prevention of new
introductions of exotic species is the most effective way to reduce biological invasions (Olszanska et al. 2016).

We also suggest that more effort is applied to identifying other types of bioindicators and biomarkers for
monitoring harbor areas. Because port areas are critical for global economic exchange they remain one of the

largest sources of marine pollution.

5. Conclusion

The use of crustacean biomarkers for environmental monitoring has long been established. However, this
methodology is underused for the specific monitoring of harbor areas and sites under the influence of port
activities. The 46 studies presented here indicate the efficiency of this methodology for monitoring harbor
pollutants. The use of biochemical biomarkers is especially efficient for this type of analysis, especially if used

in a multi-biomarker approach.
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Table 1 Countries that use either biomarkers or chemical analysis in crustaceans to monitor harbor areas,

according to the 46 studies analyzed

Continent Countries Percentage of
Work
Europe Belgium, Great Britain, France, Germany, 43%

Portugal, Russia, Italy, and Spain

Asia China, India, Indonesia, Iran, and 25%
Japan

America Canada, Mexico, United States, and Argentina 19%

Oceania Australia and New Zealand 11%

Africa Tunisia 2%




Table 2 Percentage of orders/classes used for biomonitoring in harbor areas

Orders/Infraclass/Superclass

Decapoda®
Amphipoda®

Isopoda®

Stomatopoda®

Mysida®
Cirripedia'®

Copepoda®©

Class

Malacostraca

Malacostraca

Malacostraca

Malacostraca

Malacostraca

Maxillopoda

Maxillopoda

Percentage

55%

18%

2%

2%

2%

14%

7%

Order (O), Infraclass (IC) and Superclass (SC).
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Table 3 Studies that have used Carcinus maenas as biomarkers to monitor either port areas or sites that receive

contaminant inputs from harbors.



Specimen

Carcinus maenas

Carcinus maenas

Carcinus maenas

Carcinus maenas

Carcinus maenas

Carcinus maenas

Carcinus maenas

Analysis

CAT, GST, LDH, AChE, MT, and MDA

Hemocyte phagocytic capability and total hemolymph antioxidant

status

Pyrene-type metabolites, behavior, and heart rate

Metabolite fluorescence in urine (NAPs, PYRs, and BAPs)

CAT, GPX, GR, GST, GSHt, MT, and GSSG + GSH

MTs, EROD, GST, and GPX

MTLPs, EROD, GST, GPX, and GR

Country

Tunisia

Japan

Great Britain

Spain

Portugal

Spain

Spain

Harbor

Fishing harbor

Harbors unspecified*

Sutton Harbour

Port of Algeciras

Port of Gibraltar

Fishing harbour unspecified

Port of Cadiz

Port of Huelva

Port of Pasajes

Port of Bilbao

Port of Cadiz

Port of Huelva
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Reference

Jebali et al. (2011)

Dissanayake et al. (2011)

Dissanayake et al. (2010)

Dissanayake and Bamber

(2010)

Maria et al. (2009)

Martin-Diaz et al. (2009)

Martin-Diaz et al. (2008)b
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*Responsible for the main environmental pollutants



Table 4 Types of crustacean biomarkers used in 46 studies and their respective percentages

Types of methodology based on biomarkers Percentage of analyses performed
Biochemichal analysis 69%
Physiological analysis 16%
Behavioral analysis 11%

Morphological analysis 4%
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Abstract

This study analyzes the potential impact of port activity on biometrics and branchial morphology of mangrove
crab Ucides cordatus in a port area of Sdo Luis Island (Brazil). For this, crabs were caught in a port area
(potentially contaminated) and a reference area (uninhabited island that has no port areas). Biometric data were
recorded and gills samples were extracted. After the usual histological processing the gills were examined under
a light microscope. This analysis showed a greater amount of histological changes in the crabs captured in the
port area. Biometric data indicated that the crabs of the reference area showed size and weight significant higher
(P <0.05) than those from port area. These results suggest that the modifications presented by U. cordatus of the
port area are result of interaction with a reduced environmental quality of the ecosystem. U. cordatus proved
effective for monitoring impacts, acting as important bioindicator of port area contaminated by various

xenobiotics.

Keywords: Biomarker; Crab; Mangrove; Port area.

1. Introduction

Harbor operations can generate numerous contaminants with significant effects on aquatic biota, especially
regions with finer sediments (silt), such as mangrove (Bayen 2012). Mangroves correspond to one of the most
threatened tropical ecosystems and studies have shown that particularly those that receive inputs anthropogenic
contain a multitude of chemical contaminants (on a broad range of concentrations) which are potentially toxic to
organisms (Krahn et al. 1994; Amaral et al. 2009; Bayen 2012). Thus, benthic species living in direct contact
with the sediments are particularly exposed to chemical stress.

Crustacea have the ability to accumulate chemical contaminants (by different routes) but they are resistant to its
toxicity and they can be used to monitor the contamination of the marine environment (Cossa 1989; Nudi et al.
2007). The U. cordatus crab is an excellent bioindicator of pollution of mangroves that may suffer various types
of changes under the influence of xenobiotics (Nudi et al. 2007; Pinheiro et al. 2013). It is an endemic species of
mangroves and potentially bioaccumulating metals (Santos 2002; Pinheiro et al. 2012). It is characterized as an
important resource originating from Brazilian mangroves which feeds mainly on organic material and it has an
important ecological role (Nordhaus et al. 2006 ). It is a fishing resource much explored in the North region of
Brazil (Pinheiro et al. 2012). However, there are few studies that evaluate the health of these organisms used in
regional cuisine of the Brazilian coast.

Histopathology of gills of crustaceans has been increasingly recognized as a valuable tool for assessing the
impacts of pollutants on aquatic animals (Doughtie and Rao 1984; Compere et al. 1989; Lawson et al. 1995;
Bhavan and Geraldine 2000; Frias-Espericueta et al. 2008; Mart: n-Dr1 az et al. 2008; Lei et al. 2011; Maharajan
et al. 2015; Chupani et al. 2016). Gills are the first organs that comes in contact with environmental pollution.
They are highly vulnerable to toxic chemicals, mainly because its large surface area facilitates interaction and
absorption (Negro et al. 2015). Thus, the absorption of contaminants through gills is fast, accordingly, toxic
responses are also fast (Pandey et al. 2011), and make this an important organ for monitoring environmental,

considering the vital physiological functions performed by it.


http://www.sciencedirect.com/science/article/pii/S0166445X03002303#BIB23
http://www.sciencedirect.com/science/article/pii/S0160412006001802
http://www.sciencedirect.com/science/article/pii/S002209811000362X#bb0225

64

The ability to handle with environmental stress can also be costly in terms of energy. It is known that in a
healthy population, the size is linked to age of the animal (Moureaux et al. 2011). However, the ability to handle
stress influences the amount of energy that is invested in the growth of benthic invertebrates, and could cause a
consequent reduction in body size of the individual (Moureaux et al. 2011). Thus, biometric measurements are
also useful data to assess the health of estuarine organisms. On the other hand, few studies made comparisons
between the biometric data and gill lesions in crustaceans. In this study we analyzed the potential impact of port
activity on biometrics and branchial morphology of mangrove crab Ucides cordatus caught from a harbor area

and in a reference area in Sdo Luis Island (Brazil).

2. Material and methods

2.1 Study area

Sdo Marcos Bay is an important fishing location and has the most important harbor in northeastern Brazil. In the
last decade, chemical contamination, as well as the incorrect use of resources, it has aggravated the
environmental impact and thereby led to a growing threat to the health of aquatic organisms (Carvalho-Neta et
al. 2012). Heavy metals are the main pollutants and derive from industrial activities, through the three maritime
terminals located in the estuarine complex, which are the Port of Itaqui, VALE and ALUMAR / ALCOA
(Carvalho-Neta and Abreu-Silva 2010). Previous studies of sediment and water in the harbor area showed
significantly higher levels of mercury and chromium, which confirms that the port area in the estuarine area of
Sdo Marcos is a high risk of exposure to some contaminants (Carvalho-Neta and Abreu-Silva 2010; Carvalho-
Neta et al. 2012; Sousa et al. 2013). In contrast, the island used as reference area is located in Sdo José¢ Bay and
has no port enterprise in its proximity. Just like, do not receive other direct human interference becoming a
sanctuary for many species. In view of this, we chose the island of Facdo in the S3o José Bay as the reference

area in this study (Fig. 1).

2.2 Material and sampling

From August 2015 to December 2015 were collected 160 adult male crab (80 in each area). With the help of
artisan fishermen the specimens were randomly collected from within their hole by the technique known as
"braceamento". This technique is the introduction of the arm in the hole, and use only hand to catch crab.

With the aid of a precision pachymeter 0.lcm biometric data were recorded such as carapace width (CW),
carapace length (CL) and length chelate propodus (LCP). The total weight (TW) was recorded from a precision
balance 0.1g. Next, the crabs were immediately dissected with a sterile scissors and gill samples were also
removed in the field. The material extracted from each specimen was fixed in Davidson solution and transported
to the Laboratory of Biomarkers in Aquatic Organisms (LABOAq) of the State University of Maranhao
(UEMA). After 24 hours the samples were rinsed and kept in 70% alcohol to the usual histological processing.
To perform the analysis of the tissues, the samples were dehydrated in ascending series of alcohols, diaphanized
in xylol impregnated and embedded in paraffin. Transverse sections of approximately 5Sum thick, were stained
with hematoxylin and eosin (HE). In light microscopy we analyzed two cuts for each body of each animal. The
changes were identified based on Maharajan et al. (2015), Negro (2015), Vasanthi et al. (2014), Rebelo et al.
(2000) and Bernet et al. (1999) "modified" and photomicrographed (AXIOSKOP — ZEIS microscope).
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The region studied has only two defined seasonal periods: rainy (from January to June) and dry season (from
July to December) according to INMET (2016). The Bray-Curtis similarity coefficient was used to evaluate
similarity among branchial lesions in each period of the year (dry and rainy period). The unweighted paired
group mean (UPGMA) clustering algorithm was employed to form dendrograms depicting similarity among
branchial lesions.

The results were expressed in percentage and mean + standard deviation to biometric data (CW, CL, LCP and
TW). The t-test was used to determine significant differences between groups (contaminated site and reference
site) and just p < 0.05 it was accepted as significant. As well as a frequency distribution by size classes was

performed to carapace width (CW) and total weight (TW).

3. Results

3.1 Branchial Histology

Gill histology of U. cordatus follows a similar pattern previously described for other species of crabs (Fig. 2).
The gills are formed from a number of lamellae arranged in series (in pairs) along a control gill stem. The central
axis corresponds to the primary gill tissue lamella (PL) it further divides into secondary gill lamellae (SL). The
lamellac showed thin layer of cuticle and continuous layer of epithelial cells. The cell layers in each leaflet are
regularly connected by pilaster cells (PC) that form the pillars across the hemolymph space. The periphery of
each lamella was expanded to form a marginal canal (MC). Between the lamellae secondary, water channels

were aligned parallel to each other.

3.2 Branchial Alterations
The lesions are quantified in Table 1. The percentage of crabs exhibiting pathologies was significantly higher (P

<0.05) in the port area than in the reference area.

Table 1 Percentage of specimen affected (gills of U. cordatus)

Identified Alterations Port Area Reference Area
Pillar cells disruption 98% 17%

Necrosis 65% 0%

Cuticle detachment and disruption 61% 27%

Marginal channel deformation 70% 19%

Hemocytic infiltration 49% 0%
Disarrangement of secondary lamellae 33% 0%

Enlargement of secondary lamellae 21% 0%
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Especially in crabs from port area were identified necrosis, detachment and disruptions of cuticle, marginal
channel deformation, hemocytic infiltration, disarrangement and enlargement of secondary lamellae (Fig. 3).
Only crabs from port area showed a collapse of the secondary lamellae (Fig. 2B, 2C). This may represent the
adverse conditions of the area, considering that this type of disorder tends to occur after necrosis and rupture of
pilaster cells.

As for the similarity analysis, both for the dry season as rainy the highlight is the displacement or disruption of
the cuticle (DRC) and necrosis (NEC), followed by deformation of the marginal channel (DCM) and
disarrangement of secondary lamella (DLS) (Fig. 4A and 4B).

3.3 Biometry of specimens
The mean and standard deviation of biometric data of analyzed crabs are quantified in Table 2. The analysis of
the biometric data indicated that crabs from reference area are significantly (p <0.05) bigger and heavier than

crabs caught in potentially contaminated area.

Table 2 Biometric data of U. cordatus caught in contaminated area and reference area (mean + SD)

Area CW (cm) CL (cm) LCP (cm) TW (g)
Contaminated 5,17+£0,31 4,58+0,34 5,56+0,91 90,27+21,72
Reference 6,73%0,61 540,48 6,08+0,97 140,94+34,21*

*Indicates significant differences between sites (P <0.05). Total number of crabs = 160. Biometric data: carapace width (CW), carapace
length (CL), length chelate propodus (LCP), total weight (TW).

The frequencies of distribution by size class of the CW and TW for specimens of the two areas studied are
showed in figure 5A and 5B. Crabs from reference area were recorded in all size class, whereas crabs from
potentially contaminated area did not reach the largest classes. For CW more than half of the individuals from
port area (57%) were included in the class 6,0-6.5cm. While for the reference area 73% of the specimens were
almost equally divided in classes 6,5-7,0cm 7,0-7,5cm (CW).

As for TW, the largest number of individuals (88%) of the port area was identified in the size class 41-81g and
81-121g. While for reference area 75% are in classes 121-161g and 161-201g.

4. Discusion

In the present study, the branchial lamellae of crabs of the reference area showed a very thin cuticle, a single
layer of epithelial cells and cells pillar characteristics. In contrast, gills of crabs from potentially contaminated
area exhibited lamellar collapse and deformed marginal channels. A similar result was found for the crab Scylla
serrata in contamination assessment by heavy metals (Vasanthi et al. 2014). Similar results were found for
Chasmagnathus granulata and Zilchiopsis collastinensis crabs. In these crabs were detected structural changes
and necrosis involving rupture of the pillar cells after exposure to the contaminant, which consequently led to an
extension of necrotic epithelial tissue and cuticle causing a reduction in the hemolymph space (Rebelo et al.
2000; Negro 2015). The reduction of this space results in a restriction of respiratory gas exchange, and obviously

there is a reduction of O, dissolved in the hemolymph, leading to an increase in anaerobic metabolism and
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accumulation of lactate and CO,, with consequent asphyxia (Tamse et al. 1995; Rebelo et al. 2000; Revathi et al.
2011; Vasanthi et al. 2014; Negro 2015). Since this is an example of how the commitment of branchial function
can cause serious damage to the populations of contaminated areas crabs.

Similar lesions to those identified in this study are reported for various species after exposure to various types of
heavy metals. In these studies there was a sharp increase of abnormalities compared to the control group (Victor
et al. 1990; Mazon et al. 2004; Revathi et al. 2011; Vasanthi et al. 2012; Vasanthi et al. 2014). Changes and cell
degeneration has been described as a negative effect of pollutants in the gill epithelia and this description
generally refers to death of cells by necrosis. While the hemocytic infiltrations cause the lamellae become
elongated and consequently the water channels become enlarged (Vasanthi et al. 2014). Thus, may suggest that
the branchial lesions observed probably occur due to the effect contaminants that are present in higher
concentrations in the port area (Carvalho-Neta; Abreu-Silva 2010; Carvalho-Neta et al. 2012; Sousa et al. 2013).
Previous studies of sediment and water in the port area in the Sdo Marcos Bay had significantly higher levels of
mercury and chromium, which confirms that this area is a place with high risk of exposure to some contaminants
(Carvalho-Neta; Abreu-Silva 2010; Carvalho-Neta et al. 2012; Sousa et al. 2013). It is possible that contaminants
in the port area may be causing the alterations identified in crabs.

As for the similarity of patterns identified for the gill lesions of crabs of the port area, the strong correlation
between displacement or disruption of the cuticle (DRC) and necrosis (NEC) can be explained by the fact that a
disintegrated cuticle facilitates contaminates input (possibly greater amount), which may lead to more severe
tissue damage such as necrosis. Studies indicate that a healthy cuticle layer plays an important protective role in
the gills of crabs (Vasanthi et al. 2014). Furthermore, the relationship between deformation of the marginal
channel (DCM) and disarrangement secondary lamella (DLS) can be explained by the fact that the marginal
channels are the starting point of water input. In this case, the deformation of the marginal channel is given from
its expansion, as if it was an attempt to prevent the entry of contaminants carted from the water. Scientific
research indicates that DLS is a characteristic change in crabs exposed to higher concentrations of contamination
(Maharajan et al. 2015).

The gills are the primary respiratory organ in crabs and they are also responsible for other vital physiological
functions such as excretion, acid-base and ion regulation (Maharajan et al. 2015). When the crabs are exposed to
environmental pollutants the vital functions of gills are deleteriously affected and this functional compromise
may significantly prejudice the crabs health (Maharajan et al. 2015). However, some histopathologic effects on
gills may be reversible provided there is a recovery after the decrease in exposure concentration (Negro 2015).
The changes in architecture gill alter the diffusion capacity of the gill and respiration can become a problematic
task for the crab can have serious consequences (Vasanthi et al. 2014; Maharajan et al. 2015). There are several
reports in the literature on the histopathological effects of pollutants in the crustacean gills (Doughtie and Rao
1984; Lawson et al. 1995; Bhavan and Geraldine 2000; Stentiford and Feist 2005; Frias-Espericueta et al 2008;
Marti-Diaz et al. 2008; Lei et al. 2011; Vasanthi et al. 2014; Maharajan et al. 2015; Negro 2015). In Brazil, for
the mangrove crab U. cordatus, Cd, Cu, Cr and Mn were identified with the highest accumulation in the
hepatopancreas, followed by the gills (Pinheiro et al. 2012).

Concerning biometrics data in U. cordatus from Sdo Luis Island (Brazil), similar results were also found for

different species of crabs caught in a mangrove impacted by human actions that have reached sizes smaller than
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those of less impacted areas (Santos et al. 2001; Castiglioni, Negreiros-Fransozo 2004, 2006; Benetti and
Negreiros-Fransozo 2004). These results corroborate studies that showed the ability to deal with stress influences
the quantity of energy that is invested in the growth of benthic invertebrates (Moureaux et al. 2011). For the port
area of this study, a pattern similar to that found in our results was also observed for the catfish Sciades
herzbergii when fish of the reference area were larger and heavier than the fish from the port area (Carvalho-
Neta et al. 2014).

The structure and dynamics of natural populations is strongly related to the functioning of ecosystems (Lima et
al. 2010). Thus, the main concern about the conservation of U. cordatus should is related to environmental
conditions of the mangroves, as these crabs have a closely ecological relationship with this ecosystem.

In S0 Luis Island, previous studies found average size of 4.3 cm (CL) and 6.0cm (CW) to the southwest of the
island and 5.6 cm (CW) and 4.4 cm (CL) to the region of the Lencdis Maranhenses (Lima et al. 2010). In the
states of Piaui, Rio Grande do Norte and Pernambuco, the average sizes were found to CL and CW was 4.4 and
5.7cm; 4.0 and 5.2 cm; 3.7 and 4.8cm, respectively (Ivo et al. 2000). Therefore, a comparison of biometric data
of U. cordatus does not show a national or regional pattern morphometric (Moura and Coelho 2004; Lima and
Oshiro 2006). However, such studies are important, given that a reduced environmental quality may be
responsible for changes in population parameters (and reproductive) of U. cordatus (Moraes et al. 2015),
suggesting a relationship between length and weight of crabs with the physicochemical characteristics of
mangroves (Paiva 1997).

The distribution of specimens by class size showed a predominance of individuals in the largest classes for crabs
in the reference area. This is a characteristic common in populations with higher longevity (Hartnoll et al. 2009).
It is also worth noting that a population lives in an environment rich in food resources, its crabs are likely to
grow faster (Castiglioni et al. 2013). Thus, the smaller size of crabs of the port area can represent a decrease of
function of the growth rate (Diele et al. 2005). This pattern has also been described for other species of crab
(Leme 2002; Gregati and Negreiros-Fransozo 2009; Hartnoll et al. 2009). These results seem to agree with our
presupposition that the port area is subject to numerous contaminants prejudicial to local biota. In contrast, the
reference area appears to have less impact and therefore receives less contamination.

Although U. cordatus is classified as a highly resistant specie (Andrade et al. 2007; Moraes et al. 2015), diffuse
sources of pollution in mangroves can threaten the stability of the specie (Moraes et al. 2015), causing various
types of alterations as a result of interaction with the impacted environment.

The results presented here corroborate the assumption that the impact of contaminants on the organisms can be
assessed through the use of sentinel organisms and biomarkers to cell, tissue and organism levels (Van der Oost
et al. 2003). Histological biomarker by organisms exposed to contaminants has been a useful tool in the
characterization of the state of health of organisms and environmental impact assessment in port areas (Schramm
et al. 2000; Gernhofer et al. 2001). Our data reflect the need for management measures areas under the influence

of port activities in S&o Luis Island.

5. Conclusions
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Histological and biometric data presented in this study suggest that U. cordatus is undergoing changes in many
biological levels due to the interaction with the potentially contaminated ecosystem. U. cordatus proved
effective for monitoring impacts, acting as important bioindicator of port area contaminated by various

xenobiotics.
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Legends

Fig 1 Map of local of the samples of U. cordatus Crab in Sao José Bay (Al - reference area) and Sdo Marcos

Bay (A2 - harbor area), Maranhao, Brazil

Fig 2 Photomicrograph of U. cordatus gill of the reference area with emphasis on the primary lamella (PL),

secondary lamella (SL) pilasters cells (PC) and maginal channel (MC)

Fig 3 Gills alterations identified in U. cordatus caught in Maranhdo, Brazil. (A) Marginal channel deformation;
(B) Hemocytic infiltration; (C) Cuticle disruption; (D, E) Collapse of the lamellae and (F) Swelling of the

lamellae after collapse

Fig 4 Joining tree of observed branchial lesions in Ucides cordatus. Hemocytic infiltration (IH), displacement or
disruption of the cuticle (DRC), necrosis (NEC), deformation of the marginal channel (DCM), disarrangement of
secondary lamella (DLS) and swelling of the secondary lamella (ILS) for dry period (A) and rainy (B)

Fig S Frequency of occurrence of size (A) and weight (B) classes of U. cordatus captured in port area and

reference area
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RESUMO

Este estudo analisou indicadores bioquimicos e biométricos em Ucides cordatus para diagnostico ambiental em
uma regido portuaria da costa norte do Brasil. Os caranguejos foram amostrados bimestralmente em dois
manguezais da Ilha de S@o Luis: Ilha de Facdo na Baia de Sao José (Al: area de referéncia) e area portuaria na
Baia de Sdo Marcos (A2: area potencialmente contaminada). Foram anotados os dados biométricos e extraidas
amostras de hepatopancreas. As amostras de hepatopancreas foram homogeneizadas em tampdo fosfato e
centrifugadas, sendo o sobrenadante utilizado para determinagdo da atividade enzimatica da Glutationa S-
Transferase e da Catalase. Os resultados indicaram que caranguejos da Al foram maiores e mais pesados (P
<0,05) do que aqueles de A2. Em relacdo a atividade enzimatica, a GST foi maior para os caranguejos
capturados em A2 (P <0,05). Por outro lado, em relacdo a catalase ndo foram observadas diferencas
significativas entre as areas ou periodos sazonais. Uma relagdo inversamente proporcional foi constatada entre o
peso total e a atividade da GST dos caranguejos da A2. O uso das analises biométricas ¢ enzimaticas em U.
cordatus mostraram que os organismos da area portuaria estdo sob estresse mais acentuado do que os

caranguejos da area de referéncia.

PALAVRAS-CHAVE: Crustacea, Atividade enzimatica, Dados morfométricos, Area portuéria, Estudo em

campo.

INTRODUCAO

Os complexos portudrios instalados ao longo da regido costeira brasileira sdo responsaveis por muitos
agentes potencialmente contaminantes que podem causar alteragdes graves nas comunidades aquaticas
(Carvalho-Neta, 2010; Sousa et al. 2013). Os caranguejos, por exemplo, podem acumular contaminantes, e,
mesmo assim apresentarem certa tolerancia a sua toxicidade. Esta ¢ uma das caracteristicas que possibilita que
representantes desse taxon sejam utilizados no monitoramento da contamina¢do do ambiente marinho (Maria et
al. 2009; Dissanayake & Bamber 2010; Jebali et al. 2011). Estudos tém indicado que Ucides cordatus (Linnaeus,
1763) ¢é excelente bioindicador de poluicdo dos manguezais (Santos, 2002; Nudi et al. 2007; Pinheiro et al. 2012,
2013). Esses organismos podem sofrer alteragdes em diferentes niveis bioldgicos a partir da exposi¢do a um

contaminante, especialmente em nivel bioquimico.
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Indicadores bioquimicos, tais como as enzimas de estresse oxidativo e de biotransformagdo, podem ser
usados para identificar possiveis contamina¢des ambientais antes que a saude dos organismos aquaticos seja
seriamente comprometida (Van derOost et al. 2003; Caravalho-Neta et al. 2012). Esta abordagem fornece uma
informag@o antecipada de modificacdes potencialmente danosas aos organismos, haja vista que alteracdes na
concentragdo ¢ atividade de algumas enzimas podem refletir danos as células em orgdos especificos (Van
derOost et al. 2003).

Uma variedade de contaminantes ambientais pode exibir toxicidade através da indugdo do stress oxidativo
(Wang & Wang 2010). A Catalase (CAT) e a Glutationa S-transferase (GST) sdo enzimas antioxidantes e de
biotransformacdo que funcionam como defesas naturais do organismo contra o estresse oxidativo (Fortes et al.
2009; Van der Oost et al. 2003). Sdo biomarcadores muito usados em programas de monitoramento ambiental
(Maria et al. 2009; Wang & Wang 2010; Jebali et al. 2011). A GST catalisa a conjugacdo da Glutationa-reduzida
(GSH) a compostos nucleofilicos, resultantes da transformac¢do do organismo ao estresse metabolico, assim
como a produtos celulares danificados pelo ataque de radicais livres (Hayes et al. 2005). Por sua agdo
destoxificante ¢ importante contra o estresse oxidativo, cancer e outras doencas degenerativas (Hayes et al.
2005). A CAT tem fungio distinta da GST. E responsavel pela eliminagio de peroxido de hidrogénio formado no
peroxissoma, diminuindo o risco de formacdo do radical hidroxil, via Reacdo de Fenton (Aebi 1984; Alberts et
al. 2006).

Nesse contexto, sabe-se que a abordagem de multi-biomarcadores tem sido utilizada como uma
ferramenta eficiente para o monitoramento ambiental (Maria et al. 2009; Wang & Wang 2010; Jebali et al.
2011). Contudo, ¢ importante combinar outros tipos de analises para que se possa ter uma Vvisdo mais
aproximada da realidade da area monitorada, como por exemplo, analises biométricas paralelas as analises
enzimaticas. Haja vista que a capacidade de lidar com o estresse ambiental também influencia na quantidade de
energia que ¢ investida no crescimento de invertebrados bentdnicos e pode levar a uma consequente redugédo no
tamanho corporal do individuo (Moureaux et al. 2011). Assim, as medidas biométricas podem ser dados tteis
para avaliar a sanidade dos organismos estuarinos. Diante disto, este estudo analisa indicadores bioquimicos e

biométricos em Ucides cordatus para diagndstico ambiental em uma regido portuaria da costa norte do Brasil.

MATERIAL E METODO

Area de estudo
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A Baia de Sdo Marcos ¢ um importante local de pesca ¢ tem o porto mais importante do nordeste do
Brasil. Em contraste, a ilha escolhida como area de referéncia estd localizada na Baia de Sdo José e ndo possui
nenhum empreendimento portudrio na sua proximidade. Assim como ndo recebe outras interferéncias humana
direta. Em vista disso, para este estudo, escolhemos a ilha de Facdo na Baia de Sao José como area de referéncia
(Fig. 1). As areas de captura estdo sob as coordenadas 2026°48.3* S 44004°41.6>> w (area de referéncia) e

2043°11.9”” S 44021°37.7”” w (area portuaria).

Amostragem

Os caranguejos foram capturados no periodo de chuvas (agosto, outubro e dezembro de 2015) e estiagem
(fevereiro, abril e junho de 2016). Foram coletados aleatoriamente 240 machos adultos (120 em cada area). A
técnica de coleta utilizada é conhecida localmente como "braceamento". Esta técnica € conhecida pela
introdugdo do brago do pescador na toca do caranguejo, ¢ 0 uso apenas da mao para a captura do organismo. Os
caranguejos foram imediatamente dissecados com uma tesoura estéril e amostras de hepatopancreas foram
extraidas e colocadas em tubos eppendorf, congeladas (e mantidos) em nitrogénio liquido e transportado ao

laboratorio.

Dados biométricos

Ainda em campo, com o auxilio de um paquimetro de 0,1 cm de precisdo, foram registrados os dados
biométricos como a largura e (LC) comprimento da carapaca (CC) e comprimento do prépodo quelar (CPQ). A
LC foi medida ao nivel do primeiro pereidopodo, correspondendo a maior dimensdo da carapaca; o CC foi
medido no plano de simetria sobre o dorso, da margem anterior da fronte até a margem posterior da carapaga
(Pinheiro & Fiscarelli 2001); ¢ o CPQ foi tomado a partir da base do dedo fixo até a ponta oposta. O peso total

(PT) de cada individuo foi registrado a partir de uma balanga de precisdo 0,1g.

Anadlise bioquimica

As amostras de hepatopancreas foram homogeneizadas em tampao fosfato e centrifugadas, sendo o
sobrenadante utilizado para determinagdo da atividade enzimatica da glutationa-S-transferase (GST) e da
catalase (CAT). A atividade da GST foi quantificada em espectrofotometro no comprimento de onda de 340 nm

a 25° C, conforme Ken et al. (1976) e modificado por Camargo e¢ Martinez (2006), utilizando-se glutationa
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reduzida (GSH) e 1-chloro-2,4 dinitrobenzene (CDNB) como substrato, em tampao fosfato de potassio (0,1M),
pH 7,0. Ja a atividade da CAT foi avaliada a 240nm, pela taxa de decomposi¢do do peroxido de hidrogénio
(H202) de acordo com Tagliari et al. (2004) e Ventura et al. (2002).

A atividade enzimatica foi expressa em unidades da enzima necessdria para conjugar um pmol de

CDNB/min/mg de proteina (para GST) e consumir um umol de H,O,/min/mg de proteina (para a CAT) (Ken et

al. 1976).

Andlises estatisticas

Os resultados foram expressos como média + desvio padrao. Para cada variavel estudada foram testadas
diferencas significativas entre os locais (Al e A2) através do teste-t de Student. A relagdo entre a atividade
enzimatica e os dados biométricos foi analisada através de regressdo linear usando a média dos valores

observados para cada parametro.

RESULTADOS

Os dados morfométricos (PT, LC, CC e LPQ) dos caranguejos capturados sdo apresentados na Tabela 1.
Os caranguejos da area de referéncia foram maiores ¢ mais pesados do que aqueles capturados na area poluida.

A andlise das médias de LC e PT por periodo amostral confirma uma maior amplitude de tamanho para os
caranguejos da area de referéncia durante todo o periodo de estudo (figura 2A e 2B). Contudo, ndo houve
diferenca significativa entre os periodos sazonais ao se comparar os individuos de uma mesma area.

Em relagdo a atividade enzimatica foram encontradas diferengas na atividade da GST entre os
caranguejos da area portuaria (p < 0,05) quando comparada com os caranguejos da area de referéncia (figura
3A). Na area portuaria foram registrados os maiores valores para a atividade da GST (2,69 umol mg” de
proteina™), bem como foram registrados valores iguais a zero (0,00 pmol mg™ de proteina™) . Por outro lado,
para a atividade da catalase ndo foram observadas diferencas significativas entre as areas ou periodos sazonais
(3B).

Uma relagdo significativa foi constatada apenas entre a atividade da GST e PT dos caranguejos da area
contaminada. A regressdo linear indicou que o PT apresenta uma relagdo inversamente proporcional a atividade
enzimatica (r = -0,72353; r* = 0,5235). Em relagdo as médias por periodo de captura, o maior PT registrado

coincide com a menor atividade da GST para o més de junho (fig. 4).
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DISCUSSAO

A andlise do peso total associado a atividade da GST mostrou-se eficiente para diagnosticar o estresse
sofrido pelos organismos da area portudria da Ilha de Sdo Luis. Além disso, o presente estudo também confirma
as evidéncias disponiveis na literatura sobre o nivel de impacto ambiental da Baia de Sdo Marcos. Portanto, a
validagdo desta metodologia possibilita o biomonitoramento da regido sem a necessidade de identificagdo e/ou
quantificagdo dos contaminantes, diminuindo assim, os custos e¢ proporcionando maior oportunidade para o
diagnostico de conservagdo dos ecossistemas (Viana et al. 2014; Barrilli et al. 2015; Duarte et al. 2016).

A quantificagdo da atividade da GST apresentou o padrio esperado, sendo registrada uma maior atividade
para os caranguejos da area portudria. Resultado similar foi encontrado para esta mesma espécie ao se estudar
seis areas (no sudeste do Brasil) com diferentes niveis de impactos, onde as menores médias de genotoxicidade
foram registradas para areas com menor impacto humano e areas intocadas (Duarte et al. 2016). A GST (assim
como a CAT) ¢ utilizada em programas de controle de poluentes quimicos, pois alteram a sua atividade na
presenca destas substancias (Astley et al 1999; Niyogi et al 2001; Atli & Canli 2007; Martin-Diaz et al 2007,
2008, 2009;. Maria et al. 2009; Wang & Wang 2010;. Jebali et al 2011). No entanto, o registro de 0,00 pmol mg’
! de proteina™ para a atividade da GST para a 4rea portudria pode representar um sistema de defesa exaurido,
diante da crescente e prolongada oferta de contaminantes ambientais. Resultados semelhantes foram observados
para bagres da regido portuaria da Baia de Sdo Marcos, onde os valores nulos para a atividade da GST foram
atribuidos a exaustdo do sistema enzimatico dos peixes em fung¢do de contaminantes quimicos e organicos
(Carvalho Neta et al. 2012).

A CAT, por sua vez, ndo mostrou diferenca significativa entre as areas. Variagdo das respostas
antioxidantes podem ocorrer de acordo com as espécies testadas. Estudos com invertebrados bentdnicos ja
identificaram alteragdes na atividade da catalase apenas para substancias especificas (Solé et al. 2000). Desta
forma, o padrdo da atividade da CAT em U. cordatus da Ilha de S@o Luis ndo esta claro, indicando a necessidade
de estudos futuros que investiguem esse aspecto.

Analises como essa, sdo importantes para validar as espécies nativas de cada regido, tendo em vista a
crescente necessidade de melhores bioindicadores e metodologias mais apropriadas (Freitas & Rocha 2011).
Neste sentido, U. cordatus parece ser uma espécie bioindicadora e adequada para analise da GST, uma vez que ¢é
sensivel aos contaminantes e pode acumulé-los; é abundante e representativo em 4reas estuarinas; ¢ de facil

captura; tem um tamanho razodvel e € resistente as variagdes naturais (Santos 2002; Pinheiro et al. 2012).
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Os resultados também indicaram que os caranguejos da area portuaria foram maiores e mais pesados do
que os caranguejos da area de referéncia. Outros estudos também encontraram esse mesmo padrdo para
caranguejos de areas com diferentes niveis de impacto ambiental (Castiglioni & Negreiros-Fransozo 2004, 2006;
Benetti & Negreiros-Fransozo 2004). E apesar de alguns estudos indicarem que U. cordatus ndo apresenta
padrdes regionais ou nacionais em relag@o a biometria (Moura & Coelho 2004; Lima & Oshiro 2006), pesquisas
mais recentes indicam que o nivel de impacto dos manguezais tém influenciado negativamente os pardmetros
populacionais de espécies de crustaceos (Jergentza et al. 2004; Brink et al. 2007; Moureaux et al. 2011; Viana et
al, 2014; Moraes et al. 2015; Barrilli et al, 2015). Haja vista que mudancas subletais podem ser potencializadas
pela acdo de xenobidticos (Wei & Yang, 2015).

Acredita-se que as diferencas observadas na atividade da GST e na biometria de U. cordatus da éarea
portuaria provavelmente sdo um reflexo do impacto ocasionado por metais pesados e compostos organicos a que
esta area esta submetida. Tendo em vista, que as duas areas de manguezais estudadas sdo semelhantes segundo a
composicdo das arvores, a estrutura da vegetacdo, altura de inundagdo pelas marés, e produtividade (a partir de
folhas no sedimento), indicando uma fungdo equivalente dos ecossistemas (Gamfeldt et al. 2015). Assim, a
escolha de pardmetros suficientemente sensiveis e eficazes na detec¢do de impacto ambiental, bem como a
selecdo de areas semelhantes em estrutura e composi¢do podem ser condigdes decisivas para o sucesso da analise
(Duarte et al. 2016).

Este estudo indicou que U. cordatus apresenta respostas bioldgicas que possibilitam uma analise dos
danos iniciais aos organismos e ao ecossistema. No entanto, este estudo ndo objetivou relacionar essas respostas
a um fator especifico, haja vista que tais respostas possivelmente ocorrem como resultado de um conjunto de
fatores de estresse. A atividade da GST e o PT dos caranguejos foram sensiveis a esses conjuntos de fatores e
representam bons indicadores de estresse em geral, tornando esta abordagem adequada para o monitoramento
ambiental sem a pretensdo de quantificar o acimulo de poluentes. Por fim, destaca-se a inexisténcia de relatos
sobre o0 uso de espécies de caranguejo em programas de biomonitoramento ao longo da costa do Maranhdo
(Brasil). Portanto, o presente trabalho contribui com informagdes relevantes sobre o uso de biomarcadores
bioquimicos em caranguejo U. cordatus para esta area. Bem como, representa uma abordagem integrada, rapida,
sensivel, e relativamente barata para o monitoramento de manguezais a partir de uma espécie nativa com

acentuada importancia ecoldgica e econdmica.
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Legendas

Figura 1. Areas de captura do caranguejo Ucides cordatus na Ilha de Sio Luis (Brasil), onde Al a 4rea portudria
(uma regido potencialmente contaminada) e A2 corresponde a area de referéncia.

Figura 2. Média dos valores encontrados para largura da carapaca (A) e peso total (B) de Ucides cordatus
capturado na area portudria e na area de referéncia por periodo amostral (Ilha de Sao Luis, Brasil).

Figura 3. Atividade da GST (A) e CAT (B) dos caranguejos coletados na area portuaria e de referéncia no
periodo chuvoso e de estiagem (Ilha de Séo Luis, Brasil).

Figura 4. M¢édias da atividade da Glutationa-S-Transferase (GST) e o peso total (TW) de caranguejos

capturados na area portuaria (Ilha de Sdo Luis, Brasil).
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Tabela 1. Dados biométricos de U. cordatus capturados na area contaminada e na area de referéncia (média +

desvio padrao).

Area PT(g) LC(cm) CC(cm) CPQ(cm)

Portuaria 102,67+24,64 5,97+0,87 4,91+0,67 5,56+0,93

Referéncia 145,3+33,17 6,48+0,82 5,35+0,92 6,26+1,03



100

Information for Contributors to JSR

Original articles dealing with all aspects of shellfish research will be considered for publication.
Manuscripts will be judged by the editors or other competent reviewers, or both, on the basis of
originality, content, merit, clarity of presentation, and interpretations. Each article should be carefully
prepared in the style followed in prior issues of the Journal of Shellfish Research before submission to
the Editor. Papers published or to be published in other journals are not acceptable.

Title, Short Title, Key Words, Abstract:

The title of the paper should be kept as short as possible. Please include Key words and a "short
running title" of not more than 48 characters including spaces. Each manuscript must be accompanied
by a concise, informative abstract, giving the main results of the research reported. The abstract will
be published at the beginning of the article. No separate summary should be included.

Text:

Manuscripts must be typed double-spaced throughout on one side of the paper, leaving ample margins,
with the pages numbered consecutively. Lines should be numbered continuously from beginning to
end of the manuscript. Scientific names of species should be underlined or in italics and, when first
mentioned in the text, should be followed by the authority. Common and scientific names of
organisms should be in accordance with American Fisheries Society Special Publications 16 and 17:
Common and Scientific Names of Aquatic Invertebrates from the United States and Canada: Molluscs,
and CSNAIUSC: Decapod Crustaceans, or relevant publications for other geographic regions.

The manuscript must be submitted electronically unless prior arrangements have been made with the
Editor. A single PDF file including text, tables and figures is the preferred format for review. The text
and tables for accepted manuscripts should be in a Word or WordPerfect file. Authors of manuscripts
submitted in files such as TEX or LATEX will be charged for the special processing required before
the manuscript is suitable for printing. The resolution and file formats for illustrations in accepted
manuscripts are described below.

Abbreviations, Style, Numbers:

Authors should follow the style recommended by the 7th edition (2006) of the Council of Biology
Editors [CBE] Style Manual, distributed by the American Institute of Biological Sciences. All linear
measurements, weights, and volumes should be given in metric units.

Tables:
Tables, numbered in Arabic, should be on separate pages with a concise title and explanatory legend at
the top.

Ilustrations:

Authors should provide figures in electronic format. Illustrations should be planned so that important
details will be clear after reduction to page size or less. No drawing should be so large that it must be
reduced to less than one third of its original size. Photographs and line drawings should be prepared so
they can be reduced to a size no greater than 17.3 cm x 22.7 cm, and should be planned to occupy
either the full page width of 17.3 cm or the width of one column, 8.4 cm. Figure legends should be
placed on separate sheets and numbered in Arabic.



101

Figure keys must be placed within the figure, not outside. If this information cannot be placed within
the figure, then include the key information in the figure legend. DO NOT place grid lines on graphs
or draw boxes around graphs. Tick marks should be placed on the inside of the axis.

e The resolution of line art should be 1000 dpi and of halftones/grayscales 300 dpi if no lettering,
500 dpi if figure contains lettering or other lines.

e TIF is the preferred file format, but EPS, JPG, PDF, BMP, PPT or Word files are also
acceptable.

o If multiple figures are supplied together in one file, each figure must be clearly labeled.

e If each figure is supplied in its own file, the file should be named according to its figure number
and format (e.g., fig2btif).

Color figures may be included for an additional fee. They must be saved as CMYK-encoded images.
Color figures have the same resolution requirements as B/W. NOTE: Color illustrations will be
reproduced in color only when the author agrees to cover the cost associated with reproduction and
printing in color.

Literature Cited:
References should be listed alphabetically at the end of the article. For appropriate citation format and
abbreviations, see examples below and recent issues of the Journal:

o Journal Article:
Watts, R. J., M. S. Johnson & R. Black. 1990. Effects of recruitment on genetic patchiness in
the urchinEchinometra mathaei in Western Australia. Mar. Biol. 105:145-151.

e Book:

Claudi, R. & G. L. Mackie. 1994. Practical manual for Zebra Mussel monitoring and control.
Boca Raton, FL: CRC Press. 227 pp.

o Chapter in Edited Book:
Davio, S. R., J. F. Hewetson & J. E. Beheler. 1985. Progress toward the development of
monoclonal antibodies to saxitoxin: antigen preparation and antibody detection. In: D. M.
Anderson, A. W. White & D. G. Baden, editors. Toxic dinoflagellates. Amsterdam: Elsevier.
pp. 343-348.

Authorship and Personal Communications:

All individuals listed as authors must have agreed to authorship before the manuscript is submitted.
Authors must obtain approval from individuals cited as a “personal communication”. The text citation
for personal communications should include initial and last name, institution and date.

Page Charges:
Authors or their institutions will be charged $100.00 US per printed page. All page charges are
subject to change without notice. A handling fee of $60 will be charged for all manuscripts accepted
for publication.

Proofs:

Page charges of $100 per page are normally assessed. Inquiries for page-charge assistance will be
reviewed on a case-by-case basis. Please contact the Editor, Dr. Sandra Shumway. E-mail:
sandra.shumway@uconn.edu



102

Offprints:
Offprints and PDF files of published papers are available at cost to the authors. Information regarding
ordering reprints will be available from The Sheridan Press at the time of printing.

Cover Photographs:
Appropriate photographs in either black and white or color may be submitted for consideration for use
on the cover of the Journal of Shellfish Research.

Submission/Correspondence:

An electronic copy of each manuscript submitted for publication consideration should be sent via
email to the Editor, Dr. Sandra E. Shumway, Department of Marine Sciences, University of
Connecticut, 1080 Shennecossett Rd., Groton, CT 06340. E-mail: sandra.shumway@uconn.edu

Subscriptions:

Individual private NSA membership includes a subscription. Membership information may be
obtained from the Editor or the Treasurer using the form in the Journal or by clicking here.
Institutional subscribers should see our institutional subscription page or send requests to: Journal of
Shellfish Research, P. O. Box 465, Hanover, PA 17331.

Send correspondence and manuscripts to the Journal of Shellfish Research Editorial Office:

Editor

Dr. Sandra E. Shumway

Department of Marine Sciences

University of Connecticut

1080 Shennecossett Road

Groton, CT 06340-6097 USA

e-mail: sandra.shumway(@uconn.edu



http://www.shellfish.org/membership_1
http://www.shellfish.org/institutional-subscriptions
mailto:sandra.shumway@uconn.edu

103

5.4 Um modelo preditivo de impactos ambientais em caranguejo Ucides cordatus

aplicado a uma area portuaria no Norte do Brasil®

Ticianne S. O. Mota Andradel*, Audalio Rebelo Torres Juniorz, Raimunda N. Fortes Carvalho-Neta®

'Programa de Pés-Graduagdo (Mestrado) em Recursos Aqudticos e Pesca (PPGRAP), Universidade Estadual
do Maranhdo (UEMA), Campus Paulo VI, Sdo Luis, Maranhdo, Brasil

’Departamento de Oceanografia e Limnologia, Universidade Federal do Maranhdo (UEMA), Campus Paulo VI,

Sdo Luis, Maranhdo, Brasil

'Departamento de Quimica e Biologia, Universidade Estadual do Maranhdo (UEMA), Campus Paulo VI, Sdo

Luis, Maranhdo, Brasil

Autor correspondente: Ticianne de Sousa de Oliveira Mota Andrade’. E-mail: ticiannedeoliveira@gmail.com;

Telefone: +55 98 98168-3006

Resumo

Neste estudo objetivou-se correlacionar a atividade da enzima Glutationa-S-Transferase (GST) e as lesdes
branquiais em caranguejo Ucides cordatus para obtencdo de um modelo preditivo dos efeitos de impacto
ambiental em uma area portuaria no nordeste do Brasil. Machos adultos de Ucides cordatus foram capturados
bimestralmente pelo periodo de um ano. Amostras de hepatopancreas foram homogeneizadas em tampao fosfato
e centrifugadas, sendo o sobrenadante utilizado para determina¢do da atividade da GST. As amostras de
branquias foram desidratadas em série crescente de alcoois, impregnadas e incluidas em parafina. Para
elaboracdo do modelo matematico, os valores da atividade de GST foram correlacionados com os da escala de
lesdes branquiais (variavel independente) por meio do encaixe de polindmios de terceira ordem, utilizando o
método dos minimos quadrados (0,05 de nivel de significancia). Uma maior atividade da GST foi observada nos
caranguejos do local potencialmente contaminado (p <0,05). Contudo, valores nulos (0,00 pmol mg-1 de
proteina-1) também foram registrados (apenas) para esta area. O maior nimero de lesdes branquiais, bem como
de lesdes graves foram registradas apenas para a regido portuaria. O modelo matematico indica que a atividade
da enzima aumenta até surgirem as lesdes graves. Apds um limite, a atividade da GST diminui drasticamente
para niveis muito baixos (ou até mesmo nulos) que leva a lesdes irreversiveis (colapso da lamela). O modelo
baseado nos dois pardmetros avaliados em U. cordatus proporcionou informagdes indicativas de efeitos cronicos
causados por impactos oriundos da zona portuaria analisada.

Palavras chave: Monitoramento ambiental; Ambiente estuarino; Biomarcador bioquimico; Biomarcador

morfolégico; Modelo matematico.

¥ Este artigo sera submetido para publicagdo em Journal Experimental Biology. ISSN2360-8803. Fator de
impacto: 2.035 Qualis Al (2014) para a area de Zootecnia/Recursos Pesqueiros.
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1. Introducao

A instalacdo de grandes complexos portudrios ao longo da regido costeira brasileira é responsavel por
muitos agentes potencialmente contaminantes que podem causar alteracdes graves nas comunidades aquaticas
(Carvalho-Neta, 2010). Esses efeitos podem ser mais significativos sobre a biota aquatica de regides que
apresentam sedimentos finos, como ¢ o caso dos manguezais (Bayen, 2012). Portanto, espécies bentonicas que
vivem em contato direto com o sedimento, como ¢ o caso do caranguejo Ucides cordatus (Linnaeus, 1763), estdo
particularmente expostas ao estresse quimico. Contudo, a simples presenga de um xenobidtico em um ambiente
aquatico ndo pode por si so indicar um efeito deletério ao ambiente (Costa et al, 2008), sendo necessarios
estudos que permitam tanto identificar quanto prever efeitos de agentes toxicos em populagdes naturais e
sistemas ecoldgicos.

U. cordatus é a espécie de caranguejo mais explorada para o consumo humano no Brasil, e ¢ um
excelente bioindicador de poluicdo em manguezais que pode sofrer varios tipos de alteracdes sob a influéncia de
xenobidticos (Santos, 2002; Nudi et al, 2007; Pinheiro et al, 2012, 2013; Duarte et al, 2016). Tais alteragdes
(bioquimicas, morfoldgicas, fisioldgicas e comportamentais) sdo reconhecidas como biomarcadores, e a sua
utilizagdo mostra bons resultados para avalia¢do de riscos ambientais (Van derOost et al, 2003).

Em organismos aquaticos, o uso de biomarcadores bioquimicos ¢ mais eficaz porque fornece dados sobre
situagdes iniciais de contaminagdo, fornecendo subsidios seguros para programas de biomonitoramento que
visem reverter os danos ambientais iniciais, pois indica as primeiras respostas dos organismos aos contaminantes
(Van derOost et al, 2003). A enzima Glutationa-S-Transferase ¢ um biomarcador bioquimico envolvido na
desintoxificacdo celular de compostos eletrofilicos, sendo importante na protecdo contra cancer e outras doengas
degenerativas decorrentes da exposicdo a ambientes contaminados (Ribeiro et al, 2005). O uso de biomarcador
morfologico (especialmente em branquias) € caracterizado como uma técnica com custos econdmicos mais
reduzidos e de facil identificagdo que permite determinar o nivel de exposi¢do aos poluentes (Norena-Barroso et
al, 2004).

Os modelos matematicos para a previsdo de impactos ambientais podem ser elaborados a partir da
identificagdo e analise de biomarcadores em organismos aquaticos (Carvalho-Neta et al, 2012). Nesse contexto, a
implementagdo desses modelos preditivos deve considerar a padronizagdo de métodos baseados em cada uma
das espécies e dos ecossistemas, haja vista a grande diversidade geografica e bioldgica do Brasil (Amado et al,
2006; Umbuzeiro et al, 2006; Valdez Domingos et al, 2007; Marmion et al, 2009). Portanto, o presente estudo
baseia-se em uma adaptacdo do modelo matematico criado por Carvalho-Neta et al (2012). E consiste em
correlacionar a atividade da enzima Glutationa-S-Transferase (GST) e as lesdes branquiais em caranguejo
Ucides cordatus para obten¢do de um modelo preditivo dos efeitos de impacto ambiental em uma area portuaria

no nordeste do Brasil

2. Material e Métodos
2.1 Area de estudo

A Baia de S3o Marcos ¢ um importante local de pesca e tem o porto mais importante do nordeste do
Brasil. Na ultima década, a contaminagdo quimica tem representado uma crescente ameaca para a satude dos

organismos aquaticos (Carvalho-Neta et al, 2012). Em contraste, a ilha escolhida como area de referéncia esta
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localizada na Baia de Sdo José e ndo possui nenhum empreendimento portuario na sua proximidade. Em vista
disso, para este estudo, escolhemos a ilha de Facdo na Baia de Sao José como area de referéncia (Fig. 1). As
areas de captura estdo sob as coordenadas 2026°48.3°” S 44004°41.6”° w (Al) e 2043°11.9”” S 44021°37.7” w
(A2).

2.2 Material e Amostragem

Os caranguejos foram capturados bimestralmente pelo periodo de um ano (Agosto de 2015 a junho de
2016). Para fins de padronizagdo, foram analisados apenas machos em intermuda, evitando quaisquer efeitos da
fase de muda e¢ sexo (Pinheiro et al, 2012). A técnica de captura utilizada é conhecida localmente como
"braceamento", que consiste na introdugdo do braco na toca e uso apenas da mao para a retirada do caranguejo.
Em campo os caranguejos foram dissecados com uma tesoura estéril e amostras de hepatopancreas (biomarcador
bioquimico) e branquias (biomarcador morfologico) foram removidas com auxilio de pingas esterilizadas.

As amostras de hepatopancreas foram colocadas em tubos Eppendorf, congeladas (e mantidos) em
nitrogénio liquido até o momento das analises enzimaticas. Ja as branquias retiradas de cada exemplar foram
fixadas em solug¢do de Davidson durante 24 horas. Em seguida, foram lavadas e mantidas em alcool 70% até o

processamento histologico.

2.3 Andlise dos biomarcadores

Para a andlise bioquimica, as amostras de hepatopancreas foram homogeneizadas em tampao fosfato e
centrifugadas, sendo o sobrenadante utilizado para determinagdo da atividade enzimatica da glutationa-S-
transferase (GST). A atividade da GST foi quantificada em espectrofotdmetro no comprimento de onda de 340
nm a 25° C, conforme Ken et al (1976) e modificado por Camargo ¢ Martinez (2006), utilizando-se glutationa
reduzida (GSH) e 1-chloro-2,4 dinitrobenzeno (CDNB) como substrato, em tampéo fosfato de potassio (0,1M),
pH 7,0.

Ja para a analise morfoldgica, as amostras de branquias foram desidratadas em série crescente de alcoois,
diafanizadas em xilol, impregnadas e incluidas em parafina. Cortes transversais, de aproximadamente Sum de
espessura, foram corados com Hematoxilina e Eosina (HE). Em microscopia de luz, foram analisados dois cortes
para cada 6rgdo de cada animal. As alteragdes foram identificadas com base em Maharajan et al (2015), Negro
(2015), Vasanthi et al (2014), Rebelo et al (2000) e Bernet et al (1999) "modificado" e foram fotomicrografadas
com auxilio de microscopio AXIOSKOP - ZEIS.

As diferengas significativas entre os grupos para os dois biomarcadores foram verificadas utilizando o

teste t, e s6 p <0,05 foi considerado como significante.

2.4 Modelo matematico preditivo

Os valores para a atividade de GST foram correlacionados com os da escala de lesdes branquiais (variavel
independente) por meio do encaixe de polindmios de terceira ordem, utilizando o método dos minimos
quadrados (0,05 de nivel de significancia). O polindmio que representa a relagdo funcional modelada entre a

atividade da GST e as lesdes branquiais tem esta forma:
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n

Z a; . xED

i=1

Equacao 1
onde a ¢ o coeficiente e x ¢ a variavel independente (lesdes braquiais), p — 1 € o grau do polindmio melhor
ajustadas aos dados, nesse caso pu = 4.

A primeira derivada do polindmio equipada tem esta forma:

u
Z(i —1). a;.x2
i=1

Equacao 2
e representa uma fungdo tangente em qualquer ponto da funcdo de (1) e foi utilizada para obter o ponto de
inflexdo ou o valor maximo da Eq. 1, quando a fungdo comega a diminuir drasticamente (Carvalho-Neta et al,

2012).

3. Resultados
3.1 Biomarcadores enzimatico e morfologico

Uma maior atividade da GST foi observada no hepatopancreas de U. cordatus do local potencialmente
contaminado do que naqueles da area de referéncia (p <0,05). Contudo, valores nulos (0,00 umol mg" de
proteina™) foram registrados (apenas) para a area portuaria.

Apenas trés tipos de lesdes branquiais (ruptura de células pilastra, deslocamento/rompimento da cuticula
¢ deformagdo do canal marginal) foram identificados em um pequeno percentual dos caranguejos capturados na
area de referéncia. No entanto, nos caranguejos da area portuaria foram observadas oito tipos de deformagdes
nas branquias (P <0,05). Nesses caranguejos foram frequentemente observadas alteragdes como: deformagio do
canal marginal (70%), rompimento de células pilastras (98%), necrose (65%), deslocamento/ruptura da cuticula

(61%), infiltragdo hemocitica (49%), desarranjo (33%), inchago (21%) e colapso das lamelas (18%) (Fig. 2).

3.2 Modelo matemdtico com atividade da GST e lesdes branquiais

O modelo matematico mostrou que a atividade da GST aumenta proporcionalmente com o
desenvolvimento das lesdes branquiais (Fig. 3). Contudo, observou-se que para lesdes graves, a atividade de
GST ¢é muito baixa, afastando-se do padrao de proporcionalidade linear. Para explicar este tipo de relagcdo no
modelo, realizou-se o ajuste de polindmios de terceira ordem, utilizando o método dos minimos quadrados. Os
valores da atividade da GST apresentaram uma forte correlago linear e polinomial com as lesdes branquiais.

Em sintese, uma alta atividade da GST indicou lesdes medianas (deformagdo do canal marginal, ruptura

de células pilastras) e uma atividade nula (igual a zero) indicou lesdes mais graves, do tipo colapso lamelar.

4. Discussiao
O modelo matematico apresentado neste estudo mostrou-se eficiente para correlacionar a atividade da

GST com lesdes branquiais em caranguejos U. cordatus de areas portuarias. Este modelo indica que a atividade
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da enzima aumenta até surgirem lesdes graves. Apds um limite, a atividade da GST diminui drasticamente para
niveis muito baixos (ou até mesmo nulos) que leva a lesdes irreversiveis (colapso da lamela).

O modelo obtido pode ser explicado pela acdo de biotransformagdo desempenhada pela GST (Carvalho-
Neta et al, 2012): as transformagdes metabolicas de substancias quimicas em substincias mais polares
geralmente aumentam o tamanho e o peso molecular, facilitando assim a sua excre¢do e eliminagdo do
organismo (Hayes et al, 2005). Estas modificagdes estruturais reduzem o armazenamento de substincias no
organismo, mas também levam a uma reducdo da meia-vida da enzima (Karami et al, 2011). Assim, uma
exposi¢do cronica a concentragdes subletais de produtos toxicos no ambiente aquatico pode causar uma série de
efeitos (como as lesdes branquiais, por exemplo) que ndo causam a morte imediata dos organismos, mas que
representam perturbacdes importantes que impedem que o organismo realize suas fungdes no ecossistema,
inclusive podendo progredir para a morte (Magalhaes e Ferrdo Filho, 2008).

A extrapolacdo do modelo criado por Carvalho-Neta et al (2012) para outra espécie e ambiente refere-se
ao fato de que ndo existe uma unica espécie de organismo que represente integralmente os efeitos causados em
um determinado ecossistema. Um nivel seguro para uma espécie de peixe pode ndo ser 0 mesmo para uma
espécie de caranguejo, por exemplo. Cada espécie apresenta uma sensibilidade a uma determinada substancia
(Vitozzi e De Angelis, 1991). Além disso, competicdo, predagdo e outras interagdes interespecificas podem
aumentar o estresse dos organismos, resultando no aumento da sensibilidade (Magalhées e Ferrdo Filho, 2008).

Em nosso estudo, os caranguejos da area contaminada apresentaram um nivel significativamente mais
elevado de atividade da GST, em comparacao a analise feita na area de referéncia. Esta resposta estd de acordo
com o esperado, haja vista que estudos anteriores tém mostrado um aumento acentuado nos niveis de GST em
resposta ao stress oxidativo em areas contaminadas (Yi et al, 2007). Por outro lado, baixos niveis de atividade da
GST, também podem ser encontrados em areas altamente contaminadas (Ventura et al, 2002; Carvalho-Neta et
al, 2012), podendo assim, justificar os valores muito baixos (e até nulos) registrados para a area portuaria.

A identificagdo e quantificacdo das alteracdes morfoldgicas nas branquias também seguiu esse mesmo
padrdo, em que as lesdes branquiais graves foram registradas apenas para a regido portuaria. E, portanto,
confirmam o resultado obtido para a atividade enzimatica. Haja vista que os estudos histopatologicos so
considerados como indicagdo direta de efeito adverso sobre os organismos (Osman et al, 2010), uma vez que, as
branquias permanecem em contato com o ambiente externo e sdo particularmente sensiveis a mudangas na
qualidade ambiental, tornando-se o principal “alvo” dos contaminantes (Ruppert et al, 2005). Lesdes
semelhantes as identificadas neste estudo foram relatadas anteriormente para algumas espécies de caranguejos
expostas a diferentes tipos de contaminacdo (Maharajan et al, 2015; Negro, 2015; Vasanthi et al, 2014; Rebelo et
al, 2000). Isto significa que tais alteragdes ndo sdo especificas e podem ser induzidas por diferentes tipos de
contaminantes.

As duas areas de manguezais estudadas possuem uma fungdo equivalente dos ecossistemas que ¢
representada pela composi¢do das arvores, a estrutura da vegetagdo, altura de inundag@o pelas marés, e
produtividade (a partir de folhas no sedimento) (Gamfeldt et al, 2015). E portanto, acredita-se que as diferengas
observadas quanto a atividade da GST e lesdes branquiais para a area portuaria, provavelmente sdo um reflexo
do impacto ocasionado pelos contaminantes aos quais esta area esta submetida. Estudos anteriores de sedimento

e agua na area do porto apresentaram niveis significativamente mais elevados de mercurio e cromo, o que
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confirma que a zona portudria na area estuarina de Sdo Marcos ¢ um local de alto risco de exposic¢do a alguns
contaminantes (Carvalho-Neta e Abreu-Silva, 2010; Carvalho-Neta et al, 2012; Sousa et al, 2013).

Este estudo foi caracterizado por uma abordagem in situ. E os testes realizados nesta esfera tendem a ser
mais realisticos do que os realizados em laboratorio, pois avaliam em tempo real os processos dinamicos, como
sinergismo ou antagonismo, que ocorrem nos ecossistemas aquaticos, refletindo maior ou menor toxicidade para
os diferentes organismos (Aragdo e Aratjo, 2006). No ambiente natural, devido a redu¢do na persisténcia ¢
biodisponibilidade, os efeitos da maioria das substancias quimicas sdo menos danosos do que em laboratério,
com excegdes para algumas substincias (Aragdo ¢ Aradjo, 2006). Assim, os dois parametros avaliados in situ
nesta espécie nativa sdo uma ferramenta util, com a vantagem de proporcionar informac¢des quantitativas de
relevancia ecologica sobre os efeitos adversos cronicos causados pela contaminagdo do ambiente aquatico (Van
der Oost et al, 2003).

Nossos resultados indicam adultos de U. cordatus como espécie sentinela para programas de
biomonitoramento de ambientes estuarinos. Uma vez que possui caracteristicas importantes, como: a)
abundancia e disponibilidade; b) significativa representacdo ecoldgica; ¢) conhecimento da sua biologia,
fisiologia e habitos alimentares; d) estabilidade genética e uniformidade de suas populagdes; ¢) baixo indice de
sazonalidade; f) sensibilidade constante ¢ apurada; g) importancia comercial; h) e é uma espécie nativa (Rand e
Petrocelli, 1995). No entanto, apenas um estagio de vida de U. cordatus foi testado. Sendo necessario que
estudos posteriores testem a sensibilidade da espécie para os estdgios juvenil, larvar e ovos. Haja vista que
frequentemente sdo diferente, geralmente maior, do que no estagio adulto (Lavarias et al, 2013).

Por fim, ressalta-se que apesar do historico de contaminacdo da zona portudria, ndo foi objetivo deste
trabalho, identificar os agentes toxicos presentes nas areas. Tendo em vista que em estudos in situ a
determinag@o de substancias através de analises quimicas tradicionais ndo oferece a resposta sobre o tipo de
agente quimico responsavel pela toxicidade, assim como ndo fornece informagdes sobre as possiveis interagdes
entre as substancias (Magalhdes e Ferrdo Filho, 2008). A caracterizagdo quimica de uma amostra ambiental, ndo
indica o potencial toéxico de uma mistura complexa aos organismos aquaticos (Zagatto et al, 1992). Sendo
necessarios outros tipos de abordagem para esclarecer estes aspectos.

Os resultados apresentados aqui podem ser empregados como instrumento de vigilancia no
acompanhamento continuo das condi¢cdes dos ecossistemas estuarinos de maneira a detectar impactos
ambientais. Bem como, os resultados dos parametros dos caranguejos da area de referéncia podem servir de base
para comparar ¢ avaliar as mudangas que podem ser detectadas em caranguejos capturados em outros locais.

O presente modelo relacionou biomarcadores pertencentes a dois niveis diferentes de organizagdo
biologica e foi capaz de diagnosticar a condigdo ambiental da area. Réplicas deste modelo serdo possiveis para
outras areas a partir de um nimero reduzido de amostras e sem a necessidade de amostragens por um longo
periodo de tempo, minimizando um consequente impacto sobre a espécie, assim como, permitindo uma maior

agilidade para obtengdo de dados sobre a condi¢do ambiental de uma area.
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Legend
9 Study Area

Al - 2Dg 37' 54,46" / 44Dg 21' 19,37"
A2 - 2Dg 26' 36,09" / 44Dg 03' 2.87"

Figura 1. Areas de captura do caranguejo Ucides cordatus na Ilha de Sio Luis (Brasil), onde Al corresponde a

area portuaria (uma regido potencialmente contaminada) e A2 a area de referéncia.
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Figura 2. Alteragdes branquiais identificadas em U. cordatus capturados na regido portudria, Baia de Séo

Marcos, Maranhdo, Brasil. (A) infiltragdo hemocitica; (B) deformacdo canal marginal; (C) colapso das lamelas.
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Figura 3. Correlagdo linear e ajuste dos polindmios entre a atividade de GST com os valores da escala de lesdes

branquiais observadas em U. cordatus capturados na area portuaria, Baia de Sdo Marcos, Maranhdo, Brasil.
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Tabela 1. Valores médios, maximos ¢ minimos da atividade da GST para area portuaria e para a area de

referéncia.
Area Média=DP Valor mdximo Valor minimo
Portuaria 1,03+0,07 2,69 0,00

Referéncia 0,78+0,59 0,92 0,03
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are not available via this route, please use MathType characters; do not use embedded images (e.g. GIF).

3.3.2. Units and nomenclature

Units of measurement should follow the SI system, e.g. ml s rather than ml/s. Guidance on using the SI
convention can be found here. Type a space between a digit and a unit, e.g. 1 mm (except 1%, 1°C).

Use s.e.m. and s.d. for standard errors, etc.

Taxonomic nomenclature: the Latin names and taxonomic authority (e.g. Linnaeus) should be provided for all
experimental species. All species names should be italicized.

Genetic nomenclature: gene names should be in italic type, but the protein product of a gene should be in Roman
type. Genetic nomenclature should be in accordance with established conventions and should be approved by the
relevant nomenclature curator if applicable. See below for some relevant links.

HGNC list of genome databases: http://www.genenames.org/useful/all-links#ovgdb

Caenorhabditis elegans: http://www.wormbase.org

Dictyostelium: http://dictybase.org/

Chicken: http://birdgenenames.org/cgnc/guidelines

Drosophila: http:/flybase.org/wiki/FlyBase:Nomenclature

Human: http://www.genenames.org/about/guidelines

Maize: http://www.maizegdb.org/maize nomenclature.php

Mouse: http://www.informatics.jax.org/mgihome/lists/lists.shtml

Saccharomyces cerevisiae: http://www.yeastgenome.org/

Schizosaccharomyces pombe: http://www.pombase.org/submit-data/gene-naming-guidelines

Xenopus: http://www.xenbase.org/gene/static/geneNomenclature.jsp

Zebrafish: https://wiki.zfin.org/display/general/ZFIN+Zebrafish+Nomenclature+Guidelines
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3.3.3.1. References in text
References in the text should be cited using the Harvard (name, date) referencing system.

Each reference cited in the text (including those cited in supplementary information) must be listed in
the Reference list and vice versa: please check these carefully.

Literature citations in text are as follows.

One author — (Jones, 1995) or (Jones, 1995; Smith, 1996).

Two authors — (Jones and Kane, 1994) or (Jones and Kane, 1994; Smith, 1996).

More than two authors — (Jones et al., 1995) or (Jones et al., 1995a,b; Smith et al., 1994, 1995).

Manuscripts accepted for publication but not yet published: include in Reference list and cite as (Jones et al., in
press).

Manuscripts posted on preprint servers but not yet published: include in Reference list and cite as (Smith et al.,
2016 preprint).

Citation of unpublished work: we discourage citation of unpublished data; if it is necessary, use the format (S. P.
Jones, unpublished observations/data). Unpublished data cannot be included in the Reference list.

PhD theses: include in Reference list and cite as (Smith, 2016 ).

Website URLSs: cite in the text but do not include in the Reference list; provide the URL and, if the website is
frequently updated, the date that the site was accessed.

Personal communications (i.e. the unpublished observations of other scientists): when a person who is not an
author on the paper is the source of unpublished data, those data should be cited as a personal communication
using the format (full name, institution, personal communication). Personal communications should not be cited
in the Reference list and will only be published when substantiated by written permission (e.g. email) from the
scientist cited.

Dataset: we recommend that all publicly available datasets are fully referenced in the reference list with an
accession number or unique identifier such as a DOI. Cite as (Jones and Jane, 1994).

3.3.3.2. Reference List
References are listed in alphabetical order according to surname and initials of first author.

Use the following style:
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Rivera, A. R. V., Wyneken, J. and Blob, R. W. (2011). Forelimb kinematics and motor patterns of
swimming loggerhead sea turtles (Caretta caretta): are motor patterns conserved in the evolution of
new locomotor strategies? J. Exp. Biol. 214, 3314-3323.

Book

Hochachka, P. W. and Somero, G. N. (2002). Biochemical Adaptation: Mechanism and Process in
Physiological Evolution. Oxford, UK: Oxford University Press.

Book chapter

Feller, G. (2008). Enzyme function at low temperatures in psychrophiles. In Protein Adaptation in
Extremophiles (ed. K. S. Siddiqui and T. Thomas), pp. 35-69. New York: Nova Science Publishers,
Inc.

Preprint server

Baillie-Johnson, P., van den Brink, S. C., Balayo, T., Turner, D. A. and Martinez Arias, A. (2014).
Generation of aggregates of mouse ES cells that show symmetry breaking, polarisation and emergent
collective behaviour in vitro. bioRxiv doi:10.1101/005215.

PhD thesis

Jones, A. R. (2016). Title of thesis. PhD thesis, University of Washington, Seattle, WA.

Dataset with persistent identifier
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Zheng, L.-Y., Guo, X.-S., He, B., Sun, L.-J., Peng, Y. and Dong, S.-S. (2011). Genome data from sweet
and grain sorghum (Sorghum bicolor). GigaScience Database. http://dx.doi.org/10.5524/100012.
Kingsolver, J. G., Hoekstra, H. E., Hoekstra, J. M., Berrigan, D., Vignieri, S. N., Hill, C. E., Hoang, A.,
Gibert, P. and Beerli, P. (2001). Data from: The strength of phenotypic selection in natural
populations. Dryad Digital Repository. http://dx.doi.org/10.5061/dryad.166.

If there are more than 10 authors, use 'et al.' after the 10th author.

Within a group of papers with the same first author, list single author papers first, then papers with two authors,
then et al. papers. If more than one reference exists for each type, arrange in date order. Use a and b for papers
published in the same year.

'In press' citations must have been accepted for publication and the name of the journal or publisher included.

3.4. Preparing tables

Prepare tables in ‘cell’ format and include in the same file as the main text. Tables must be editable
and not embedded as an image.

The title of the table should be a single sentence and should summarise the contents of the table.

Details referring to one or more isolated item(s) in the table are best given in a table footnote. Units
should be given in parentheses at the top of each column (do not repeat in the table).

3.5. Preparing display equations

Our preferred file format for equations is MathType. We also accept Equation Editor (Microsoft Word)
or LaTex.

Please number all display equations, consecutively. They should take the form:

0= Ay p]

Units should be defined in the text rather than included in the equation.
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4. Preparing figures

4.1. General information

Figures should be numbered in a single series that reflects the order in which they are referred to in
the text.
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Figures should be prepared at the smallest size that will convey the essential scientific information;
final figure size is at the discretion of the journal. For further information on how to arrange your
figures to optimise viewing by reviewers and readers, download our figure layout guidelines.

At initial submission, you may submit a single PDF file containing all text and figures. Once an article
has been accepted for publication, you are required to submit separate files for each figure (see below
for file formats).

Figure legends should be included in the main text file and not in the figure file.

There are no charges for the use of colour in figures, although gratuitous use of colour in graphs and
diagrams should be avoided and colour should only be used to improve scientific clarity.

We strongly encourage the use of colours that are suitable for colour-blind readers, particularly in the
preparation of fluorescent microscopy images. Most notably, we discourage the use of red/green for
the display of 2-channel images; authors should consider an alternative colour combination (e.g.
magenta/green).

4.2. Preparing graphs and diagrams (line art)

4.2.1. General information

The maximum figure size, including lettering and labels, is 180 mm x 210 mm.

Line thicknesses and symbols should be of sufficient size to ensure clarity if the figure is reduced in size.

For graphs, our preferred symbols are filled and open circles, triangles, squares, or diamonds; where possible, the
same symbol should be used for the same entity in different figures.

Colour: supply line art in RGB (not CMYK) mode, as this maximizes colour quality and is how the figures will
be displayed online; do NOT use Spot, Pantone or Hex colours and do NOT assign a colour profile.

Text labelling: use 12 pt bold uppercase letters (A, B, C, etc.) to distinguish figure panels; other labelling should
be 8 pt Arial font (sentence case) (headings should be bold); for gene sequences, use Courier font to ensure that
each letter is the same width; use Symbol font for Greek characters.

4.2.2. File formats

Authors should submit their source figures in an editable format (vector graphic) that retains font, line
and shape information. This format ensures that we can edit where necessary and produce high-
quality print and online PDFs.

We accept the following file formats for graphs/line art: EPS, PDF, and WMF.

Applications such as Adobe Illustrator, Canvas, DeltaGraph, Corel Draw, Freehand, MatLab and SigmaPlot
provide these formats.

Please ensure that you 'export' or 'save' with (text/font) information included

Save text/font information as ‘text’ not ‘curves’ or ‘outlines’.

If combining images, always 'embed' images; do NOT simply 'link' them. In Adobe Illustrator, copying and
pasting or dragging an image directly from Adobe Photoshop will embed the image. Alternatively, if you use the
'Place’ command, uncheck 'Link' in the dialogue box. For other software applications, please refer to the
documentation (often there will be a 'link', 'proxy', 'OLE' or 'OPI' option, which must NOT be used with EPS
files).

Note that submission of JPEG or TIFF format for graphs/line art may delay production of your
article.

4.3. Preparing photographic images
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4.3.1. General information

Photographic images (also known as bitmap images) are made up of pixels (e.g. light, fluorescence
and electron microscopy, gels, and traditional photography)

The maximum figure size, including lettering and labels, is 180 mm x 210 mm.

Images should be saved at a resolution of 300 pixels per inch. Any image quality option should be set to
maximum.

For micrographs, use a scale bar to show the magnification and give the length of this in the figure legend.
Colour: supply images in RGB (not CMYK) mode, as this maximizes colour quality and is how the figures will
be displayed online; do NOT use Spot, Pantone or Hex colours and do NOT assign a colour profile.

Text labelling: use 12 pt bold uppercase letters (A, B, C, etc.) to distinguish figure panels; other labelling should
be 8 pt Arial font (sentence case) (headings should be bold); for gene sequences, use Courier font to ensure that
each letter is the same width; use Symbol font for Greek characters.

4.3.2. File formats

Accepted file formats are: EPS/PDF (vector based, such as Adobe lllustrator).

EPS / PDF format for figures with mixed data, such as line drawn vector-graphs and Photographic Images.

TIFF format with text-layers enabled, for Photographic Images only.

ARIAL or HELVETICA must be the font choice used throughout figure preparation.

PowerPoint images: we do NOT accept PowerPoint files. Instead, please save as PDF using the
instructions below.

Go to ‘print” and then choose 'Save as PDF' in the print dialogue box

You can download free software which will enable you to print EPS/PDF files to disk:Download software for
Windows

Download software for Mac

4.4. Image manipulation

Any alterations made to figures using computer software must be consistent with our image

manipulation policy. The images presented in the manuscript must remain representative of the original
data, and the corresponding author will be asked to confirm this at submission. Please read our
requirements for preparing your figures (download PDF) to avoid a potential delay in the publication
process or rejection on the basis of non-compliance with these guidelines.

All accepted manuscripts are routinely screened by our production department for any indication of
image manipulation. If evidence of inappropriate manipulation is detected, the journal's Editors might
ask for the original data to be supplied and, if necessary, may revoke the acceptance of the article.

4.5. Figure permissions

It is the responsibility of the author to obtain permission to use figures from another publication in any
article submitted to JEB and to ensure that any such use is credited to the source. Any fees
associated with use of the figure are the responsibility of the author. Written permission from the
author and/or publisher of the original material, as appropriate, should be provided at the time of
submission, otherwise publication may be delayed. If a figure has been modified from a previously
published figure, please check with the copyright owners to see whether permission is required and
include a complete citation/reference for the original article.

Back to top


http://www.adobe.com/support/downloads/product.jsp?product=pdrv&platform=win
http://www.adobe.com/support/downloads/product.jsp?product=pdrv&platform=win
http://www.adobe.com/support/downloads/product.jsp?product=44&platform=Macintosh
http://jeb.biologists.org/content/journal-policies#images
http://jeb.biologists.org/content/journal-policies#images
http://jeb.biologists.org/sites/default/files/JEBrevision.pdf
http://jeb.biologists.org/content/manuscript-prep#page

125

5. Preparing movies

Our preferred file format for movies is .mp4, but we also accept .mov

Please provide a separate text file containing the titles and captions of all movies. Please keep
captions as short as possible and ensure that they explain what is being shown in the movie and any
necessary details of how the movie was made.

Movies should be numbered in a single series that reflects the order in which they are cited in the text,
e.g. see Movie 1. Movie 2, etc.

In the final online article, all movies are displayed in the supplementary information.
We have a limit of 50 MB for all movie and supplementary information files. If your movies exceed this

limit, please contact the Editorial Office for advice before submission; we may be able to reduce the
size of your movie files without losing resolution or discuss other options for hosting. For example, if
you have movies that exceed our file limits and that are supplementary to the core message of the
paper (or if you wish to provide readers with a higher-resolution version of the movie than can be
displayed within our file size limits), we encourage you to deposit them in a reliable data repository
such as Dryad or Figshare and link to them from the main paper - please see our guidelines on Data
deposition for further information. Alternatively, we may consider hosting large movies that are central
to the article on the journal’s YouTube channel, again with a direct link from the main paper.

Please note that we reserve the right to make movies or other data forms available on an Open
Access basis via The Company of Biologists’ website, You Tube and other online channels. Where we
do, the movies and other data forms may on occasion be made available under the terms of
the Creative Commons Attribution 3.0 Unported (CC-BY) Licence. These terms permit the copying and/or
adaptation of the movie and the distribution of the movie or any such adaptation by any means and in
any medium or format to any other person, including for commercial purposes, provided that you are
credited as the original author. There would be no additional cost to you, the author.
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6. Supplementary information

Data that are essential for interpretation of the results of the main paper should be included in the
main paper. Supplementary information provides access to supporting data that do not appear in the
printed article or PDF but that accompany the final version of a paper online.

These data are peer reviewed and subject to the same criteria as the data that are to be published in
the paper itself. During peer review, editors and reviewers are asked to assess whether
supplementary information is appropriate and essential for supporting the findings of a paper.

All supplementary data will be strictly limited to a total of 50 MB per article.

We only accept data files - such as datasets, movies, audio, figures and tables - as supplementary
information. We do NOT accept text files that provide additional materials and methods, results or
discussions related to the article; these should be included in the article itself. Statistical and
computational analyses should ideally be included in the methods section or as an appendix in the
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main article. Very large files or those requiring specialist software are not suitable as supplementary
information. For large datasets, e.g. computational analyses, please see our guidelines on data
deposition.

Criteria for each supplementary information type are listed in the table below. The total number of
supplementary information items of all types (figures, tables, movies, etc.) per article should not
exceed the total number of figures and tables in the main article.

With the exception of movies (see section on preparing the movies) and large tables, all supplementary
information should be collated into a single PDF file. If your table is very large, or you wish readers to
be able to export and/or manipulate the data, we would prefer you to submit is as a Microsoft Excel
file.

Use a separate numbering system from that used in the main article and use the format Fig. S1, Fig.
S2, Table S1 etc. If a supplementary figure relates to a particular figure in the text, please cite it as
close to this figure as possible. For the convenience of readers, please place each figure next to the
corresponding legend in the supplementary information PDF. Please include a legend for each figure
and a title for each table.

Please note that supplementary information files are not copyedited by JEB and therefore authors
must ensure that all files are checked carefully before submission and that the style of terms and
figures conforms to that of the article. Modification of supplementary information after publication will
require a formal correction.

Refer to each piece of supplementary information at least once within the text of the main article (the
article that is published in the print issue of the journal).
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6 CONCLUSOES

O conhecimento cientifico gerado a partir da analise de biomarcadores histoldgicos e

bioquimicos em caranguejos U. cordatus foi fundamental para maior entendimento das

respostas bioldgicas dos organismos da regido portuaria da Ilha de Sao Luis. Assim, os dados

apresentados neste estudo permitem concluir que:

O levantamento bibliografico indicou a eficiéncia do uso de biomarcadores em
custaceos para o monitoramento de areas portuarias;

U. cordatus (adulto) comportou-se como uma espécie promissora para o
monitoramento ambiental da regido portuaria da Ilha de Sao Luis;

As lesdes branquiais, a atividade da GST e o peso total de U. cordatus representam
bons indicadores de estresse em geral e tornam esta abordagem adequada para o
monitoramento ambiental sem a pretensao de quantificar o acimulo de poluentes;

O modelo matematico mostrou-se eficiente para relacionar lesdes branquiais e
atividade da GST em U. cordatus, a fim de fornecer um panorama do impacto
ambiental ao qual esta espécie esta submetida;

Os resultados obtidos a partir de caranguejos da area de referéncia podem servir de
base para comparar e avaliar mudancas que podem ser detectadas em caranguejos
capturados em outros locais;

Esta abordagem integrada ¢ rapida, sensivel, e relativamente barata para o
monitoramento de manguezais a partir de uma espécie nativa com acentuada
importancia ecoldgica e economica;

A escolha de biomarcadores sensiveis juntamente com a sele¢do de areas semelhantes

em estrutura e composi¢ao sdo fatores importantes para o sucesso da analise.
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