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RESUMO

O caranguejo-ucd, Ucides cordatus, € uma espécie chave para o manguezal,
tem grande importancia socioeconémica e seus estoques vém sendo reduzidos
por mortalidades em massa. Para subsidiar a gestdo deste recurso pesqueiro,
este estudo objetivou gerar conhecimento sobre sua reproducdo e
recrutamento. As ocorréncias das chamadas “andadas” reprodutivas foram
registradas de 2006 a 2011, sendo que, em 2008 e 2010, a abundancia e
comportamento de U. cordatus foram monitorados. Um total de 1441
caranguejos foi observado, dos quais 80% exploravam tocas. Em torno de 90%
dos caranguejos que estavam explorando tocas eram machos a procura de
parceiras. Foram registrados 78 caranguejos escalando arvores, sendo 78%
deles, fémeas realizando extrusdo de ovos. Estes movimentos foram utilizados
para analise critica de classificacbes unificadoras de movimento animal e
concluiu-se que é ainda necessaria uma nomenclatura que permita uma
classificacdo sem ambiguidades e um agrupamento coerente de movimentos
de diferentes taxa, de acordo com suas causas evolutivas. Foi constatado que
as andadas podem ocorrer de dia e de noite e que o ritmo de procura de
parceiros € ligado ao “ciclo de desigualdade de maré de sizigia”. Em sincronia
com este ciclo, as andadas variaram entre lua cheia ou nova, dependendo de
qual fase apresentava a maior amplitude de maré. A causa evolutiva mais
provavel da andada é permitir a maior sobrevivéncia das larvas através da
liberacdo sincronizada com a maré de maior amplitude, um més depois. Este
conhecimento facilitara a determinacdo de periodos de defeso, reduzindo

conflitos entre os coletores e o 6rgdo gestor. Para estudar o recrutamento,



juvenis foram amostrados mensalmente de Abril/08 a Maio/09. Dos 474
recrutas encontrados, 96% estavam associados a tocas de coespecificos,
indicando facilitagdo ecolégica. O recrutamento foi maior em zonas
intermediarias do gradiente ambiental, com altura de inundacdo estimada de
18,5 cm, evitando a alta predacdo das zonas mais inundadas e 0 estresse
fisico-quimico das menos inundadas. Amostragens em outras 6 areas, com
diferentes padrdes de zonacdo, também revelaram maior recrutamento em
zonas de manguezal arbéreo menos inundadas, proximas a transicdo para
terra-firme. Ressalta-se, portanto, a importancia da conservacdo e da
nomenclatura adequada desta zona de transicdo, sugerindo-se que esta seja
definida tendo como critério a estrutura herbacea de sua vegetacdo e nao
medicdes de salinidade e inundacédo, que podem variar espaco-temporalmente
e, portanto, serem subjetivas. O conhecimento sobre recrutamento habitat-
especifico podera indicar se acbGes de repovoamento sdo realmente
necessarias para a recuperacdo de estoques de U. cordatus afetados por

mortalidades em massa.

Palavras chave: apicum, bioturbacéo, ciclo de desigualdade de maré de sizigia,

ciclo geofisico, facilitacdo, movimento.



ABSTRACT

The land crab, Ucides cordatus, is a keystone species for the mangrove, has an
important socioeconomic role and their stocks have been reduced by mass
mortalities. To support the management of this fisheries resource, the aim of the
study was produce knowledge about its reproduction and recruitment. The
occurrences of the so-called reproductive andadas (= “walk” in Portuguese),
were recorded from 2006 to 2011. In 2008 and 2010, the abundance and
behaviour of U. cordatus were also monitored. A total of 1441 crabs were
observed, 80% exploring burrows. About 90% of exploring crabs were males
searching for mates. We recorded 78 crabs climbing on trees and 78% of them
were females extruding eggs. We used these movements for the critical
assessment of unifying animal movement classifications. We conclude that a
nomenclature allowing an unambiguous classification and a coherent grouping
of movements across different taxa, according to their ultimate causes is still
lacking. We found that andada occurred during the day and night and that the
rhythm of mate searching was linked to the “syzygy tide inequality cycle”
(STIC). In sync with this cycle, andada shifted between new and full moon,
depending upon which moon phase had the higher amplitude tides. The likely
ultimate cause of andada is increased larval survival after synchronous release
at highest amplitude spring tides one month later. This knowledge will support
the establishment of capture bans and reduce conflicts between fishers and
regulatory agencies. To study the recruitment, juveniles were sampled monthly
from April 2008 to May 2009. Of the 474 recruits found, 96% were associated

with burrows of conspecifics, indicating ecological facilitation. Recruitment was



higher in intermediate zones of the environmental gradient, with 18.5 cm of
estimated flood height, avoiding high predation at the most inundated zone and
the physical-chemical stress at the less flooded zone. Sampling in other 6
areas, with different zonation patterns, also showed higher recruitment in
intermediate zones of arboreous mangrove near the transition to hinterland.
Therefore it was emphasized the importance of conservation and of a proper
nomenclature of this transition zone. It is suggested that the transition zone
must be defined based on the herbaceous structure of its vegetation rather than
measurements of salinity and inundation, which can vary in space and time and
therefore be subjective. Knowledge about habitat-specific recruitment could
indicate whether stock enhancement actions are really necessary for the

recovery of U. cordatus stocks affected by mass mortalities.

Keywords: bioturbation, facilitation, geophysical cycle, movement, salt flat,

syzygy tide inequality cycle.



INTRODUCAO GERAL

O caranguejo-uca, Ucides cordatus (Linnaeus 1763) pertence a
superfamilia Ocypodoidea e a familia Ucididae (Ng et al. 2008), sendo tipico do
ecossistema manguezal, onde habita tocas cavadas no sedimento da zona entre-
marés (Fig. 1). Ocorre no Atlantico ocidental, sendo que o limite sul de sua
distribuicdo geogréafica € Santa Catarina/Brasil (Costa 1972) e o limite norte é

Flérida/EUA (Manning & Provenzano 1961).

1- Justificativas e objetivo geral

Nos manguezais brasileiros, U. cordatus é uma espécie embleméatica
porque atinge até 9 cm de largura de carapaca (Diele & Koch 2010a) e é muito
apreciado como alimento, principalmente em areas estuarinas do Nordeste, como
Caravelas/BA, local onde este estudo foi desenvolvido (Fig. 2). Assim, esta tese
de doutorado sobre a espécie U. cordatus € justificada ndo somente por sua (i)
importancia ecoldgica, mas também por sua (ii) importancia socioeconémica e

pelas (iii) pressdes que seus estogques pesqueiros vém sofrendo:

(i) No que se refere & importancia ecolégica, U. cordatus é um dos
principais consumidores da serapilheira do manguezal (Wolff et al. 2000,
Nordhaus et al. 2006) e €, portanto, uma espécie chave para o fluxo tréfico deste
ecossistema. Adicionalmente, U. cordatus pode ser considerado um engenheiro
ecologico fisico, ja que a escavagéo de tocas no sedimento, modifica, mantém e
cria habitats para outros organismos (Jones et al. 1997). A bioturbacéo causada

pelas tocas de U. cordatus, também proporciona aeracdo e drenagem do



sedimento (Jones 1984, Smith et al. 1991) e influencia os ciclos biogeoquimicos

gue ocorrem no sedimento (Aller & Aller 1998, Mchenga & Tsuchiya 2008).

(i) Quanto a importancia socioeconémica, destaca-se a utilizacdo de U.
cordatus como recurso pesqueiro, ja que a atividade de coleta de caranguejos
sustenta varias populacdes tradicionais de baixa renda (Nordi 1994a, Glaser &
Diele 2004, Alves et al. 2005). Segundo Glaser & Diele (2004), a coleta de
caranguejo-uca absorve boa parte da méao-de-obra excedente da economia
devido ao alto crescimento demografico, a falta de fontes de renda alternativas,
ao baixo investimento necessario para esta atividade e ao regime de livre

acesso as areas de manguezal.

(i) Em relacdo a pressao sobre os estoques pesqueiros, pode-se dizer
que, na percepcdo da maioria dos coletores, a quantidade de caranguejos nos
manguezais estd diminuindo (Alves et al. 2005). Contrariamente a esta
percepcao, a sobreexplotacdo ndo vem sendo registrada em manguezais bem
conservados e onde a captura continua sendo feita manualmente (Diele et al.
2005). No entanto, o crescente uso de artefatos de pesca ndo seletivos, as
chamadas “redinhas” (Botelho et al. 2000), e disturbios antrépicos sobre o habitat
de U. cordatus, principalmente nas zonas de transicdo do manguezal para terra-
firme (Meireles 2007, Abreu et al. 2011, Schaeffer-Novelli et al. 2012), podem
estar comprometendo seus estoques. Independentemente da pressdo antropica,
em muitos locais a sustentabilidade da coleta de caranguejo-uca foi posta em
risco por uma mortalidade em massa (Schmidt et al. 2008a) causada por uma
doenca fungica (Orélis-Ribeiro et al. 2011) que chegou a reduzir até 97,6% de

algumas populagdes (Schmidt 2006). Por estes motivos, U. cordatus foi incluido



na “Lista Nacional das Espécies de Invertebrados Aquaticos e Peixes

Sobreexplotadas ou Ameacgadas de Sobreexplotagéo” (Brasil 2004).

No caso de um estoque pesqueiro severamente sobreexplotado, a
combinacdo de técnicas tradicionais de gestdo, com técnicas de repovoamento
envolvendo introducdo de larvas ou juvenis, pode ser util para a recuperacao
populacional (Davis et al. 2005, Silva 2007, Cottens et al. 2008). No entanto, para
saber se iniciativas de repovoamento sdo realmente necessarias, € preciso antes
saber como as populacbes estdo se recuperando naturalmente, sendo
imprescindiveis estudos prévios sobre reproducéo e recrutamento. Diante desta
problematica, o objetivo geral desta tese de doutorado foi: gerar conhecimento
sobre os ritmos de acasalamento e sobre o habitat de recrutamento de U.

cordatus para subsidiar estratégias de gestao e conservacao desta espécie.

2- Ritmos de acasalamento: problematica, hipéteses e objetivos

A reproducdo de U. cordatus, particularmente os movimentos em massa
para procura de parceiros, sdo provavelmente os eventos mais notérios nos
manguezais brasileiros. Em certos periodos, durante o verdo austral, é possivel
ver uma grande quantidade de caranguejos andando fora da toca, motivo pelo
qual este fenbmeno é popularmente conhecido como “andada”, “andanga” ou
“carnaval” (Nascimento 1993, Nordi 1994b, Godes et al. 2000, Wunderlich et al.
2008, Diele & Koch 2010b). Tais movimentos nao rotineiros contrastam com 0sS

habitos cripticos apresentados na maior parte do ano. Fora da andada,

caranguejos da espécie U. cordatus chegam a passar 85% do tempo dentro da



toca e, quando fora, passam a maior parte do tempo parados na entrada, apenas
ocasionalmente se movimentando em um raio de 1 m para coletar material
vegetal para alimentacdo ou lama para manutengéo das tocas (Nordhaus et al.
2009). No entanto, durante a andada, os caranguejos se afastam de suas tocas e
podem ser facilmente capturados, sendo por isso proibida a sua captura neste

periodo (Brasil 2003a, Brasil 2003b).

Duas problematicas existem em relagdo a andada. Primeiro, 0s
movimentos de machos e fémeas durante este fendmeno ainda ndo séo bem
descritos, suas fun¢des ndo sao claras e nem tampouco existem nomes técnicos
para se referir aos mesmos. Nomear e enquadrar movimentos de animais em
classificacbes unificadoras € essencial para estudos de biologia comparada e
para a compreensdo de como a selecao natural atua na evolucdo das espécies
(Dingle 1996). No que se refere a gestdo, uma nomenclatura adequada é
imprescindivel para, por exemplo, formulacdo de disposi¢cdes preliminares de
instrumentos legais. No entanto, muitas vezes os homes dados aos movimentos
variam substancialmente conforme a classificacdo utilizada, principalmente
quando se trata do termo “migracao” (Heape 1931, Dingle 1996, Pittman &
McAlpine 2003). Isso é particularmente confuso em caranguejos, pois
carcinologistas contribuiram muito pouco para elaborar classificacfes

unificadoras, comparativamente a pesquisadores de vertebrados e entomaélogos.

Esta problematica foi o foco do primeiro artigo integrante desta tese.

Os objetivos do primeiro_artigo foram: (i) testar a hip6tese de que os

movimentos de U. cordatus durante a andada diferem entre os sexos, (i)

compreender as funcdes destes movimentos e (iii) utilizar machos e fémeas de U.



cordatus como estudo de caso para realizar uma avaliagao critica das diferentes

classificacbes de movimentos de animais

A segunda problematica ligada a andada € originaria da dificuldade de
instituir defesos no periodo correto. Embora seja conhecimento tradicional que as
andadas costumam comecar um a dois dias apos a lua cheia ou nova (Nordi
1994b, Diele & Koch 2010b), a razdo da alternancia da ocorréncia deste
fenbmeno nestas duas fases lunares é desconhecida. Assim, por precaucao, a
captura é proibida durante seis dias apds a lua cheia e seis dias apés a nova.
Quando nado ocorre andada durante o defeso, coletores ficam insatisfeitos por
serem proibidos de trabalhar em um momento propicio e o 6rgado gestor (IBAMA)
desperdica tempo e recursos financeiros em operacdes de fiscalizacédo
desnecessarias. Esta problematica aponta para a necessidade de previsées dos
periodos de andada o que torna necessaria a compreensao dos ritmos biolégicos
de U. cordatus. Foi levantada a hipétese de que seria possivel prever a
ocorréncia de andadas com base em ciclos geofisicos. Particularmente, o artigo
enfatizou um ciclo muito pouco estudado, chamado de “ciclo de desigualdade de
sizigia (Skov et al. 2005), neste estudo renomeado como “ciclo de desigualdade
de maré de sizigia”. Este ciclo & originario da interacdo do ciclo sinddico
(sucessivo alinhamento e ndo alinhamento da lua, sol e terra, gerando as
diferentes amplitudes de maré) e o ciclo anomalistico (alternéncia da posi¢éo da
lua entre um ponto mais proximo — perigeu — e um ponto mais afastado — apogeu
— da terra, devido a sua 6rbita eliptica). Quando o perigeu coincide com a sizigia
de lua nova, as amplitudes de maré sdo mais altas neste periodo do que em

periodos de lua cheia, e vice-versa. Em geral o perigeu coincide com a sizigia a
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cada 7 meses, alternadamente na lua nova e cheia (Dronkers 1964, Wood 1986,
Skov et al. 2005) (Fig. 3); eis 0 motivo do uso do termo “ciclo de desigualdade de
mare de sizigia”.

O_objetivo_do _segundo_artigo foi: monitorar a ocorréncia temporal e

abundancia de caranguejos da espécie U. cordatus ativos fora das tocas, para
determinar se os ritmos de andada estéo ligados a ciclos geofisicos, incluindo o

“ciclo de desigualdade de maré de sizigia”.

Apés a andada, as fémeas ovigeras permanecem incubando os ovos e,
aproximadamente um més depois, emitem larvas na maré de sizigia da mesma
fase lunar em que a fertilizacdo ocorreu (Santarosa-Freire 1998, Diele 2000). A
emissdo de larvas zoea sincronizada com inicio da maré vazante de sizigia
garante a exportacdo para o oceano. Ap0s mais um més, o estuario é invadido
por larvas megalopas vindas com a maré enchente, também de sizigia (Diele
2000). As megalopas irdo assentar na lama dos manguezais, permitindo o

recrutando em populagdes de U. cordatus, tema da segunda parte desta tese.

3- Habitat de recrutamento: problematica, hipoteses e objetivos

Nesta tese, foi considerado “recrutamento”, o numero de individuos que,
apoOs assentar (passar definitivamente da vida planctbnica para a bentbnica),
sobrevivem até serem detectados pela primeira vez em uma amostragem
(Keough & Downes 1982, Bertness 1992). O recrutamento é uma etapa da

historia de vida da espécie U. cordatus que ainda € muito pouco conhecida.

Individuos abaixo do tamanho comercial (largura de carapaca < 6 cm) tém sido
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observados em zonas menos inundadas do manguezal (Diele 2000, Alves &
Nishida 2002, Schmidt et al. 2009), porém, apenas recentemente foram
encontrados pela primeira vez em campo recrutas com largura de carapaca
menor que 1 cm, em tocas de coespecificos (Schmidt 2006, Kassuga 2009,
Schmidt & Diele 2009). Este achado, somado a estudos de laboratério que
demonstraram que o odor de coespecificos induz o assentamento de
megalopas (Diele & Simith 2007, Simith & Diele 2008), suscitou a hipétese da
ocorréncia de facilitacdo ecoldgica intraespecifica no recrutamento de U.
cordatus. Considerando que a facilitagdo ecoldgica entre dois organismos
ocorre quando um deles é beneficiado e nenhum sofre prejuizos (Stachowicz
2001, Bruno et al. 2003), caranguejos ja estabelecidos na populagédo
facilitariam o assentamento e (ou) sobrevivéncia pos-assentamento de recrutas
de U. cordatus. No entanto, esta hipétese ainda néo foi testada pois estudos
anteriores ndo envolveram amostragens adequadas em locais ndo bioturbados,
de modo que a ocorréncia de recrutamento fora de tocas ndo pbéde ser excluida
(Schmidt 2006, Kassuga 2009, Schmidt & Diele 2009). Ainda, padrdes
temporais e espaciais de recrutamento e a consequente distribuicdo espacial
de U. cordatus ao longo de gradientes ambientais da zona entre-marés ainda

nao foram identificados.

Os _objetivos _do_terceiro _artigo _foram: (i) testar a hipétese de que

individuos ja estabelecidos na populacdo facilitam o recrutamento de U.
cordatus, (ii) identificar possiveis padrbes temporais de recrutamento e (iii)

determinar em qual zona do gradiente ambiental de um manguezal o
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recrutamento é mais intenso, analisando seu efeito sobre a distribuicdo

espacial da populacéo.

Apesar de estudos sobre a distribuicdo espacial de U. cordatus terem
apontado um predominio de individuos de pequeno porte em zonas pouco
inundadas (Diele 2000, Alves & Nishida 2002, Schmidt et al. 2009), nenhum
dos desenhos amostrais anteriores contemplou um gradiente ambiental
completo, do curso d’agua até terra-firme. Ademais, manguezais apresentam
variados padrdes de zonacao (Schaeffer-Novelli et al. 1990) e € possivel que a
distribuicdo espacial de U. cordatus varie com eles. Conhecer a distribuicdo
espacial de U. cordatus é particularmente importante porque a zona de
transicdo para terra-firme costuma ser a mais afetada por acdes antropicas
(Meireles 2007, Abreu et al. 2011, Schaeffer-Novelli et al. 2012). Ainda, ndo h&a
um consenso sobre como caracterizar, definir e nomear a zona de transicao,
que, por isso, vem recebendo nomes diversos como “apicum”, “salgado’,
“planicie hipersalina” ou “marisma tropical” (Maciel 1991, Schaeffer-Novelli
1999, Coelho-Jr 2010, Chaves et al. 2010). Este problema é frequente ndo s6
na literatura cientifica, mas também na legislacdo ambiental (Brasil 2012). Leis
ambientais ambiguas podem levar a conflitos e ao uso inadequado do
ecossistema manguezal, gerando impactos negativos sobre populacdes de
caranguejo-uca e prejuizos para populagdes tradicionais que dependem deste

recurso. Esta foi a problematica abordada pelo quarto artigo.

Os objetivos do quarto artigo foram: (i) caracterizar diferentes padrdes

de zonag&o do manguezal, incluindo sua zona de transicao para terra-firme; (ii)

propor uma definicdo mais adequada das zonas do ecossistema manguezal,
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(i) determinar a distribuicdo espacial do caranguejo U. cordatus ao longo dos
padrées de zonacéo e (iv) discutir os possiveis impactos da ocupacdo da zona

de transicéo sobre a populacdo de U. cordatus.

MATERIAL E METODOS

1- Area de estudo

Todos os estudos foram conduzidos no extremo sul da Bahia, em
Caravelas (17°45'45.0, 039°13'48.0). Este municipio, juntamente com Nova
Vicosa, abrange um sistema estuarino unico (Figs. 4 e 5) com cerca de 11.000
ha de manguezais (CSR/IBAMA 2003). A maior parte destes manguezais se
encontra na Reserva Extrativista do Cassurubd, onde a coleta de caranguejo-
uca é uma atividade de grande importancia econbémica para a populacao
tradicional local (Ranauro 2004). Esta populacdo extrativista sofreu grandes
perdas em 2005, quando a mortalidade em massa de U. cordatus causada por
uma doenca fungica (Orélis-Ribeiro et al. 2011) atingiu a regido estuarina de

Caravelas — Nova Vicosa (Schmidt et al. 2008a).

2- Monitoramento da abundancia e comportamento nas andadas

Para uma avaliagédo rapida de qual fase lunar (nova ou cheia) a andada
ocorreu ao longo dos anos, a presenca e auséncia de andadas foram
registradas de janeiro a abril (meses em que normalmente ocorrem andadas na

regido), de 2006 a 2011.
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Para obtencéo de dados qualitativos e quantitativos, duas campanhas de
amostragem foram realizadas. A primeira campanha foi conduzida em
Fevereiro e Marco de 2008, com amostragens comecando um dia antes da lua
nova e cheia e continuando até ndo haver mais caranguejos apresentando
comportamento de andada (aprox. 7 dias depois). Em cada dia, foram feitas
duas amostragens, uma diurna e outra noturna, através da coleta de
caranguejos em 3 parcelas de 5 x 100 m demarcadas em bosques de R.
mangle (Fig. 5b) perpendicularmente a um canal. Ao coletar cada caranguejo,
foi registrado o comportamento que ele estava apresentando no momento.
Apoés a captura, a largura de carapaca foi medida, o sexo foi identificado e o

individuo foi solto no mesmo local.

A segunda campanha foi conduzida em Fevereiro de 2010, no primeiro,
segundo e terceiro dia apds a lua cheia e nova. Para permitir observacdes sem
causar disturbios, foram construidas em bosques de R. mangle trés
plataformas de 3,5 m?, com 2 m de altura, distantes aproximadamente 1.500 m
uma da outra (Fig. 6). As observacGes noturnas foram feitas com o auxilio de
monoculos de luz infravermelha. ObservagBes ad libitum permitiram descrever
em detalhes e categorizar os atos comportamentais rotineiros (fora da andada)
e nao rotineiros (durante a andada) dos caranguejos de ambos 0s sexos. Para
amostragem quantitativa, 4 parcelas de 4 m? foram demarcadas ao redor de
cada plataforma. As parcelas foram amostradas a cada 1h 33 min, sendo
registrados: a abundéancia de caranguejos machos e fémeas apresentando
cada tipo de comportamento, a direcdo geografica de cada caranguejo

andando e dados abioticos. A amplitude de maré foi calculada com base na
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tabua de marés. Os dados gerados nas duas campanhas foram repartidos
entre os artigos dos apéndices | e Il, cada qual envolvendo andlises

especificas, de acordo com o assunto abordando.

No artigo do apéndice |, foram apresentadas a descricdo e
categorizacdo do comportamento de machos e fémeas durante a andada. As
meédias de largura de carapaca de machos e fémeas foram comparadas com
teste “t”. O teste x? foi utilizado para analisar a proporcdo de caranguejos
andando para Norte, Sul, Leste e Oeste, a proporcdo de caranguejos
apresentando cada tipo de comportamento em cada més amostrado e a
proporcdo sexual do total de caranguejos em cada categoria de

comportamento.

O artigo do apéndice Il foi focado na andlise dos ritmos de andada. Os
dados de presenca e auséncia de andada na lua nova e cheia de 2006 a 2011
foram utilizados para avaliar uma possivel sincronia com o “ciclo de
desigualdade de maré de sizigia”. A intensidade de andada foi estimada com
base na abundancia de caranguejos apresentando comportamento ligado a
procura de parceiros, independentemente do sexo. As coletas diarias de
caranguejos feitas em 2008 foram utilizadas para determinar a duragao total da
andada e a flutuacdo da intensidade da andada ao longo dos dias que ela
ocorre. As amostragens intensivas realizadas nas plataformas em 2010
permitiram identificar a variacdo da intensidade da andada ao longo do ciclo
claro/escuro e do ciclo tidal. As médias de abundancia ao longo dos ciclos

foram comparadas com ANOVA para medidas repetidas seguida de teste de
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Bonferroni. Adicionalmente, foram realizadas correlacfes cruzadas das séries

temporais de abundancia com os parametros abioticos medidos.

3- Amostragens de recrutas em tocas de coespecificos e em gradientes

No artigo do apéndice Ill, foram considerados ‘“recrutas” aqueles
caranguejos cujas tocas ndo podiam ser detectadas visualmente (seja pelo
tamanho reduzido, seja por estarem dentro de tocas de coespecificos) e que,
portanto, tiveram que ser triados manualmente no sedimento. Recrutas
encontrados em tocas de caranguejos coespecificos foram considerados
“coabitantes”, enquanto, aqueles encontrados fora, foram chamados de “recrutas
de vida livre”. Caranguejos cujas tocas eram grandes o suficiente para serem
detectadas visualmente foram chamados de “proprietarios”. Proprietarios que

estavam abrigando coabitantes foram chamados de “proprietarios hospedeiros”.

As amostragens mensais foram conduzidas de abril de 2008 a maio de
2009 em uma area de manguezal adjacente a terra-firme (Fig. 5c). A area
apresenta uma zona de Rhizophora mangle mais alta, na margem de um
riacho, seguida por uma zona de R. mangle mais baixa, uma zona de L.
racemosa e uma zona de transicdo para terra-firme, na maior parte sem
vegetacdo e com ocorréncia esporadica de Acrostichum aureum. As
amostragens de recrutas foram realizadas mensalmente dentro de parcelas de
30 x 1 m, demarcadas perpendicularmente a terra-firme. Dentro das parcelas,
foram colocados aros de 25 cm de diametro sobre cada abertura de toca de U.

cordatus. Proximo a cada aro colocado sobre toca, foi colocado um aro similar
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na superficie ndo bioturbada mais proxima. Recrutas de U. cordatus foram
triados no sedimento removido de dentro dos aros sendo registrado em qual
parte da toca, ou da superficie ndo bioturbada, eles estavam. Adicionalmente,
foram medidos o diametro de abertura da toca do proprietario hospedeiro,
parametros abidticos e a inundacéao local, estimada com base na altura da faixa
de algas da associacdo Bostrichietum incrustadas nas arvores do manguezal
(Blankensteyn et al. 1997, Cunha et al. 1999, Cunha & Costa 2002). Em julho
de 2008 e janeiro de 2009 também foram medidas as aberturas de tocas dos
proprietarios ndo-hospedeiros. Todas as medidas de abertura de toca foram
transformadas em largura de carapaca por regressao linear, de acordo com
Schmidt et al. (2008b). O gradiente ambiental da éarea de estudo foi
caracterizado quanto a declividade do terreno, zonacdo, estrutura da
vegetacdo, standing stock e queda de serapilheira, tempo e altura de
inundacao, consisténcia do sedimento, luminosidade, temperatura do ar e do

sedimento, salinidade e pH da agua intersticial (apéndice IlI).

A proporcado de recrutas coabitantes e recrutas de vida livre encontrados
foi analisada com o teste y°. A relacdo entre as varidveis dependentes
“abundancia” e “largura de carapaca” com a altura da faixa de Bostrichietum foi
modelada através de regressfes polinomiais. Os picos das curvas obtidas
foram utilizados para indicar os pontos do gradiente ambiental com maior
abundéancia e maior largura de carapaca de recrutas e proprietarios
hospedeiros. Médias de largura de carapaca e abundancia ao longo do tempo,
e médias dos parametros abidticos ao longo do gradiente ambiental (ver

Dutilleul 1993) foram comparadas com ANOVA para medidas repetidas,
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seguida de teste de Bonferroni. Médias de standing stock e queda de
serapilheira nas zonas do manguezal foram comparadas com ANOVA bifatorial

seguida de teste de Tukey (HSD) (apéndice lII).

Os métodos utilizados no artigo do apéndice IV envolveram amostragens
em 6 areas de manguezal com diferentes padrées de zonacéao (Fig. 5d). Nestas
areas, em janeiro de 2007, 3 transversais aleatérias foram demarcadas de
terra-firme até o canal. Ao longo das transversais, a declividade do terreno foi
medida, as espécies vegetais foram identificadas e sua altura foi estimada
visualmente, permitindo a delimitacdo de zonas. Em cada zona foram
demarcadas aleatoriamente 4 parcelas de 2,5 x 2,5 m. Dentro delas todas as
aberturas de galeria de U. cordatus foram contadas e medidas. As medidas de
abertura foram transformadas em valores de comprimento de carapaca e estes
foram transformados em largura de carapaca, conforme Schmidt et al. (2008b).
O gradiente ambiental de cada area foi caracterizado quanto ao tempo e altura
de inundacgdo, standing stock de serapilheira, consisténcia do sedimento,
profundidade do lencol freéatico, salinidade da agua intersticial e temperatura.
As médias em cada zona amostrada, foram comparadas com Analise de

Variancia Unifatorial seguida de teste de Tukey (HSD) (apéndice IV).
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SINTESE DOS RESULTADOS

1- Descricao e nomenclatura do comportamento na andada

Os monitoramentos realizados permitiram afirmar que a andada € um
fendmeno muito mais complexo do que se supunha, sendo que U. cordatus
apresenta um vasto repertério comportamental, incluindo atos como espumar,
explorar tocas, brigar, tentar copular, rejeitar parceiros e escalar arvores (Figs.
7 e 8). A hipotese de que o comportamento de machos difere significativamente
do comportamento de fémeas durante a andada foi comprovada (Figs. 7 e 8),
além de ter sido constatado que os machos sdo maiores do que as fémeas.
Durante a andada, a maior parte dos machos procura parcerias, andando sem
direcéo geografica, explorando tocas e brigando com outros machos. Este foi o
comportamento mais conspicuo da andada, sendo apresentado por 67 - 91%
do total de caranguejos observados. No caso das fémeas, a maior parte
permanece proxima a tocas, aceitando ou rejeitando machos e, para extrusao
da massa ovigera durante a maré alta, escalam arvores. Este comportamento
possivelmente esta ligado a uma estratégia para conseguir uma melhor adesao
dos ovos no abdémen. Copulas foram raramente vistas e, portanto, foi proposto
qgue elas ocorrem dentro das tocas, o que também explica o comportamento
exploratério apresentado pelos machos. No entanto, ndo se pode descartar a
possibilidade de cépulas ocorrerem fora das tocas quando o manguezal esta

coberto pela agua.

As classificacbes unificadoras de movimento animal, elaboradas por

diferentes disciplinas da zoologia, ndo permitiram uma denominagdo comum
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dos principais movimentos apresentados por U. cordatus durante a andada. De
acordo com a classificacao criada por pesquisadores de vertebrados (Heape
1931, Orr 1970, Newton 2008), a exploracdo de tocas deve ser considerada
“dispersao”. Ja a classificacdo criada por entomologos (Kennedy 1985, Dingle
1996, Dingle & Drake 2007), mostrou-se ambigua, de modo que os
movimentos da andada podem ser considerados “migragcao” ou “manutengao
de posigao” dependendo da interpretagdo de qual € a area de vida (home
range) dos caranguejos. Em algumas classificacbes especificas para
crustaceos, exploracdo de tocas e escalada de arvore podem ser considerados
exemplos de “migracdo” (Bainbridge 1961, Herrnkind 1983). JA em uma
classificacdo criada para crustaceos e peixes (Pittman & McAlpine 2003), a
exploracdo de tocas seria considerada ‘relocagcdo de area de vida” ou
“‘migracao”, dependendo da interpretacdo, enquanto a escalada de arvores
seria considerada inequivocamente um tipo de “migracao”. Analisando outras
espécies de Brachyura cujos movimentos ja sdo conhecidos (ex. Sivasothi et
al. 2000, Holden & Blackburn 2006) observa-se problemas similares de
classificacdo, o que demonstra que U. cordatus ndo € um caso isolado e que
ainda ndo existe uma classificacdo unificadora que seja apropriada para este
taxon. Mesmo com os avan¢os na modelagem mateméatica de movimentos de
animais (Nathan et al. 2008), uma nomenclatura adequada continuara sendo
necessaria para agrupar oS movimentos coerentemente com suas causas

evolutivas.
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2- Determinacdo da sincronia de ritmos de andada com ciclos geofisicos

A variacdo da abundancia de caranguejos procurando parceiros ao
longo do tempo indicou que os ritmos de andada séo sincronizados com ciclos
geofisicos em diferentes escalas. Em relacdo ao ciclo sazonal, o estudo
comprovou que, pelo menos na area de estudo, a ocorréncia da temporada de
andadas no verdo austral ndo esta ligada a reducdo de salinidade causada
pelo aumento de pluviosidade como tem sido proposto para outras espécies de
caranguejos (ex. Hartnoll 1988) e para U. cordatus em outros locais (ex.
Nascimento 1993). A salinidade manteve-se alta durante todos os periodos
estudados, indicando que o aumento de luminosidade e temperatura parecem
ser os fatores mais importantes para desencadear a temporada de andadas na

estacdo mais favoravel para o desenvolvimento das larvas (Anger 2001).

Ao longo do ciclo sinddico, a andada apresentou maxima intensidade
entre 2 e 3 dias apds a lua cheia ou nova, o que parece ser benéfico para os
machos, que evitam esforcos desnecessarios para procura de fémeas quando
elas ainda estédo ovigeras e, portanto, indisponiveis para copula. Em relacdo ao
“ciclo de desigualdade de maré de sizigia” (resultante da interacdo do ciclo
sinddico com o anomalistico), ficou comprovado que o mesmo tem um papel
decisivo para determinar se a andada vai ocorrer apos a lua cheia ou lua nova.
As andadas ocorreram nas sizigias que coincidiram com o perigeu e que,
portanto, apresentaram as maiores amplitudes de maré. Esta sincronia permite
gue, um més depois, as fémeas fecundadas liberem suas larvas no periodo
com correntes de maré mais fortes, o que ir4 garantir a exportacéo das larvas,

evitando a grande flutuacdo de salinidade e alta predacdo da regido estuarina
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(ex. Morgan & Christy 1995). As causas imediatas da sincronia da andada com
o “ciclo de desigualdade de maré de sizigia” ndo séo claras e trés hipoteses
podem ser levantadas: (i) a sincronia pode estar ligada ao controle endégeno
das fémeas, a comecar pela oogénese (Skov et al. 2005); (ii) pode ocorrer pelo
controle enddégeno do acasalamento, seguido pelo controle da ovulacéo,
fertilizacdo e incubacéo exercido pelas fémeas (Christy 2011) ou ela pode estar
sobre controle exdégeno. Esta ultima hipotese parece pouco provavel, pois 0s
resultados indicaram que U. cordatus pode apresentar capacidade
antecipatoria, o que é tipico de controle endégeno. Por exemplo, em um més
gue existe igualdade de amplitude de maré na lua cheia e nova, caranguejos
podem acasalar na fase lunar que ira apresentar maior amplitude no més

seguinte.

Em relacdo ao ciclo claro/escuro, os comportamentos de rotina
(alimentacdo e manutencdo de tocas) foram mais frequentes durante o dia
enquanto o comportamento de andada ocorreu com alta intensidade de dia e
de noite. As andadas também ocorreram ao longo de todo ciclo tidal, enquanto
comportamentos de rotina ocorreram principalmente durante a maré baixa. O
inicio da andada parece ser desencadeado pela coincidéncia do ciclo
claro/escuro com o ciclo tidal, quando entdo a preamar ocorre exatamente no
por-do-sol. A subsequente ocorréncia noturna do primeiro pico de andada,
possivelmente esta relacionada com a temporizacéo da liberacdo de larvas um

més depois, que também ocorre normalmente a noite (Diele 2000).
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3- Padrdes espaco-temporais e facilitacao ecoldgica do recrutamento

Os resultados indicaram que, na area de estudo, liberacdes de larvas
gue ocorreram de Fevereiro a Maio se refletem em ocorréncias de recrutas na
primeira classe de tamanho (até 2 mm de largura de carapaca), de Marco a
Julho. O tamanho dos recrutas encontrados esta de acordo com as curvas de

crescimento existentes para juvenis de U. cordatus (Diele & Koch 2010a).

A maior abundancia de recrutas de U. cordatus encontrada em tocas de
coespecificos, em comparacdo a areas nao bioturbadas, confirma a hipétese
levantada por Schmidt & Diele (2009), na qual individuos ja estabelecidos na
populacao facilitam o recrutamento desta espécie. Tal recrutamento habitat-
especifico pode ser considerado um exemplo de facilitacdo comensalistica
(Stachowicz 2001), ja que ndo causa prejuizos ao proprietario e prové pelo
menos 3 vantagens para o recruta coabitante: maior quantidade de alimento
dentro das tocas, reflgio contra predadores e protecdo contra condicdes
ambientais extremas. Adicionalmente, a maior parte dos recrutas se encontrava
em partes mais elevadas das tocas, indicando que um menor periodo de

inundacao parece ser favoravel.

A maior quantidade de recrutas e de proprietarios hospedeiros de
pequeno porte foi encontrada em zonas de manguezal arbéreo, préximas ao
limite inferior da zona de apicum e com condi¢des intermediérias de inundagéo,
standing stock e queda de serapilheira, consisténcia de sedimento,
luminosidade, temperatura, salinidade e pH. O recrutamento em condi¢gdes
intermediarias do gradiente ambiental parece ser vantajoso para U. cordatus

porque 0s recrutas evitam a predagdao mais intensa que ocorre na zona mais
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inundada e ao mesmo tempo evita as condicbes ambientais extremas da zona
menos inundada. PadrBes similares sdo observados em espécies da zona

intertidal de costdes rochosos (Connell 1972).

4- Distribuicéo espacial em padrdes de zonacao e definicdo de apicum

O recrutamento de U. cordatus em condi¢bes ambientais intermediarias
parece ser uma regra para a maioria dos padrbes de zonacdo de manguezal,
sendo a maior densidade de caranguejos de pequeno porte observada no

manguezal arboreo préximo da zona de transicao para terra-firme.

Os resultados indicam que, em sua transicdo para outro ecossistema, o
manguezal pode apresentar diversos padrdes de zonacdo e que estes
dependem do ambiente adjacente. Basicamente, trés feicbes foram
identificadas: um ecoétono arbustivo, entre 0 manguezal e a restinga; um
manguezal herbaceo e um manguezal arboreo localizado préximo ao canal.
Estas feicbes apresentaram espécies vegetais diferentes nos padrées
estudados, aparentemente devido a variacdo de salinidade consequente da
combinacdo de fatores como regime de inundacdo pela maré e drenagem
terrestre. Em um caso particular, a presenca de um brejo adjacente reduziu a
salinidade intersticial gerando um padrédo de zonac¢do incomum para uma area

com baixa frequéncia de inundacdo que, em outras condi¢bes, poderia ser

hipersalina.

A variabilidade dos padrdes de zonacao identificados demonstra a

complexidade de se definir os chamados “apicuns” e “salgados”, zona que tem
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sido alvo de polémicas na legislacdo ambiental brasileira (Brasil 2012,
Schaeffer et al. 2012). A definicdo de zonas com base apenas na frequéncia de
inundacao (Maciel 1991) mostra-se ineficaz ja que a drenagem terrestre e
presenca de brejos adjacentes podem influenciar drasticamente nos padrées
de zonacdo. Os mesmos problemas sdo validos para as definicbes baseadas
apenas em medicbes de salinidade (Brasil 2012), que ainda tém como
problemas agravantes a variacdo sazonal e a variagdo ao longo das camadas
de sedimento. Diante destas limitacdes, propde-se que os chamados “apicuns”
e “salgados” devam ser definidos com base na propria estrutura herbacea de
sua vegetacdo, sendo denominado um tipo particular de “manguezal

herbaceo”, fei¢cao integrante do ecossistema manguezal.

CONSIDERACOES FINAIS

Os resultados gerados sobre reproducédo e recrutamento do caranguejo-
uca, Ucides cordatus se complementam e prestam uma importante contribuicdo
para a compreensdo de sua histéria natural, assim como para a sua gestao e

conservacao.

Considerando todas as limitacdes das classificacbes de movimento
animal existentes, propde-se que o fenbmeno “andada” seja tecnicamente
definido como um “conjunto de movimentos em massa, nao-rotineiros e com
finalidade reprodutiva”. No entanto esta definicdo é ainda muito generalista e
de pouco uso pratico, ressaltando que ainda € necessario um enquadramento

unificador de movimentos de animais. Isso pode ser conseguido aliando-se as
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novas ferramentas de modelagem com uma nomenclatura que permita uma
classificacdo de movimentos sem ambiguidades. Um caminho promissor para
se criar esta homenclatura € o agrupamento dos movimentos de acordo com
suas causas evolutivas. Tal nomenclatura podera ser util, por exemplo, para
estudos comparativos de comportamento animal e de convergéncia evolutiva,
ou mesmo para atividades basicas como procura de palavras-chave em base
de dados ou formulacdo de titulos de artigos. Uma nomenclatura adequada
também pode ser aplicada na gestdo e conservacdo de espécies, como por
exemplo, na criacdo de campanhas de educacdo ambiental e na redacdo de

disposicfes preliminares de instrumentos legais para gestao pesqueira.

A maior contribuicdo desta tese para a gestéo pesqueira de U. cordatus,
no entanto, foi o conjunto de resultados sobre os ritmos de andada. Com base
nos ritmos ao longo do ciclo claro/escuro e do ciclo tidal, € possivel sugerir a
realizacdo de operacfes adicionais de fiscalizacdo a noite e na maré alta,
periodos normalmente negligenciados pelos gestores, mas nos quais se
comprovou a ocorréncia de andada. A ligacao entre o “ciclo de desigualdade de
maré de sizigia” e as atividades de procura de parceiros sugere que as datas
de ocorréncia de andada podem ser previstas na regido estudada e
possivelmente em outros locais. Assim, recomenda-se a utilizacdo de tdbuas
de maré para focar acbes de gestdo na fase lunar que ir4 apresentar maior
amplitude de maré, ao invés de proibir a captura na lua cheia e nova. Deste
modo, sera possivel evitar conflitos entre coletores de caranguejos e gestores,
bem como otimizar recursos para operacdes de fiscalizacdo. Por sua vez, uma

fiscalizacdo eficiente contribuird para garantir a reproducdo da espécie, e
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consequentemente, seu recrutamento, particularmente importante para

renovacao de populacdes explotadas e afetadas por mortalidades em massa.

Devido as frequentes mortalidades em massa de U. cordatus, existe um
crescente interesse no incremento de estoques através da introducdo em
campo de larvas e juvenis criados em laboratorio. Os resultados desta tese
indicam que o local mais propicio para esta introducao seria dentro de tocas de
caranguejos coespecificos localizadas em zonas de inundacdo intermediaria,
no manguezal arboreo préximo ao limite do manguezal herbaceo. No entanto,
antes de qualquer iniciativa, € necessario saber se o recrutamento é realmente
um fator limitante para a recuperacédo de um determinado estoque e considerar
se o0s beneficios do repovoamento compensam o0s riscos de introducdo de
patdgenos originarios dos cultivos de laboratério. Assim, a densidade natural
de recrutas deve ser previamente determinada, e, para isso, 0 conhecimento

gerado sobre a especificidade de seu habitat sera de grande ajuda.

Enquanto iniciativas de aumento de estoque de U. cordatus baseadas
em larvicultura devem ser ponderadas, acdes para conservacao e
reconstituicdo do habitat de recrutamento sdo de importancia inquestionavel.
Neste ponto, esta tese presta uma importante contribuicAo ao propor uma
definicdo e nomenclatura das zonas de transicdo do manguezal para terra-
firme. Este referencial tem uma importancia direta para politicas publicas que
podem vir a afetar os estoques de U. cordatus. A constatacdo de que o
recrutamento de U. cordatus ocorre proximo ao limite entre o manguezal
arbéreo e o manguezal herbaceo leva a uma preocupagdo com a crescente

ocupacgdo desordenada desta ultima zona por empreendimentos econdmicos.
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O aumento do nivel médio relativo do mar pode levar a um natural
deslocamento da zona de recrutamento de U. cordatus em diregdo a terra-
firme, invadindo o manguezal herbaceo. Neste cenario, acdes antropicas nesta
zona poderdo impedir este processo natural e esta obstrucdo podera
comprometer a renovagcdo dos estoques de U. cordatus, o que seria
particularmente preocupante se eventos de mortalidade em massa voltarem a

ocorrer.

As informacdes inovadoras geradas nesta tese podem ser consideradas
como um ponto de partida para varias pesquisas, algumas delas ja em
andamento. Assim, a confirmacdo da sincronia da andada com ciclos
geofisicos aponta a necessidade de um monitoramento padronizado em escala
continental, e a confirmacado do recrutamento habitat-especifico de U. cordatus
aponta a necessidade de estudos de preferéncia de assentamento das larvas.
Mesmo que estes dados complementares ainda sejam necessarios, 0s
resultados gerados jA podem ser prontamente utilizados para subsidiar
estratégias de gestdo e conservacdo de U. cordatus, sendo o objetivo geral

desta tese plenamente atingido.
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FIGURAS

Figura 1 — Caranguejo-uca, Ucides cordatus (foto: Lilia Tandaya).

Figura 2 — Morador de Caravelas comercializando caranguejos-uca.
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Figura 4 — Imagem de satélite com a poligonal da Reserva Extrativista do
Cassurubd, abrangendo a regido estuarina de Caravelas - Nova Vigosa, e parte
da plataforma continental. Imagem disponivel no website do ICMBio
(http://www.icmbio.gov.br/portal/biodiversidade/unidades-de-
conservacao/biomas-brasileiros/marinho/unidades-de-conservacao-

marinho/2284-resex-cassuruba.html)
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Figura 5 — Imagem Landsat extraida do site (http://glcf.umiacs.umd.edu/data/),
da Universidade de Maryland (EUA), mostrando a regido estuarina de
Caravelas. (a) Base Avancada do CEPENE em Caravelas. (b) Areas onde a
andada de U. cordatus foi estudada (apéndices | e Il), escolhidas pela
proximidade da Base, que facilitava a logistica do monitoramento. (c) Area,
onde foi conduzido o estudo do recrutamento habitat-especifico (apéndice llI).
(d) Areas onde foi estudada a distribuicio espacial de U. cordatus (apéndice
IV), escolhidas com base na zonacdo de manguezal e na homogeneidade do

perfil topografico.
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Figura 6 — Observacdo do comportamento de Ucides cordatus durante a
andada, realizada de uma plataforma no manguezal, com o auxilio de um

mondculo de luz infravermelha.
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Figura 7 — Parte do repertério comportamental de machos de U. cordatus

durante a andada: (a) saindo da toca, (b) espumando, (c) explorando tocas a
procura de fémeas, (d) brigando com outro macho, (e) tentando copular fora da

toca e (f) guardando toca com fémea dentro.
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Figura 8 — Parte do repertério comportamental de fémeas de U. cordatus

durante a andada: (a) saindo da toca, (b) permanecendo imovel apds espumar,
(c) sendo agarrada por macho, (d) escalando arvore, (e) produzindo massa

ovigera (ver seta) sobre arvore e (f) ovigera rejeitando machos na entrada da

toca.
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Abstract

The classification of animal movements is an essential prerequisite for
comparative behavioural studies. The unifying classifications produced by
different sub-disciplines of zoology vary substantially, especially regarding the
term migration. As a consequence confusing nomenclature has been used to
describe movements. This is particularly true for crustaceans as carcinologists
contributed little so far to the existing classifications compared to vertebrate
researchers and entomologists. Here we use the mangrove crab Ucides
cordatus as a case study to critically assess movement classifications. This
species performs conspicuous but little studied mass mating-associated
movements called andada on which we focus here. We test the hypothesis that
andada movements differ between genders, discuss them in a functional
context and attempt to assign them to the categories of existing movement
classifications. The most conspicuous movements observed in the field in 2008
and 2010 were burrow exploration for mate searching, performed by males, and
tree climbing for egg extrusion, conducted by females. Trying to fit these types
of movement into existing movement classifications resulted in assignments as
disparate as migration, station keeping, dispersal or relocation of home range.
Moreover, some unifying classifications did not allow the designation of the
movements of crabs at all. The observed mismatches and ambiguities in animal
movement classifications revealed here also apply to other species of land
crabs. The recently developed modelling driven unifying framework helps to

solve these problems. However, we conclude that a nomenclature allowing an
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unambiguous classification of movements across different taxa and a coherent

grouping of movements according to their ultimate causes is still lacking.

Key-words: Land crab; Mangrove; Mate searching; Migration; Reproduction

Introduction

Animals move for many different purposes and on various spatial and temporal
scales. Most movements are linked to the use of resources like food, shelter
and mates (Dingle and Drake, 2007). The classification of movements is an
essential prerequisite for comparative behavioural studies as is the
classification of body structures for comparative taxonomical and anatomical
studies. An efficient unifying classification for animal movements may contribute
to a better understanding of how natural selection has acted on the evolution of
species (Dingle 1996). There is consensus that animal movements can be
roughly classified into shorter daily routine movements and longer sporadic non-
routine movements. However, the detailed classifications produced by different
sub-disciplines of zoology vary substantially, especially regarding the term
migration. The unifying classification proposed by Heape (1931) was fully or
partially adopted by many vertebrate researchers. Heape and many vertebrate
researchers (mainly ornithologists and mammalogists) defined migration as
round-trip non-routine movements, while they use the terms nomadism and
emigration (later called dispersal) for non-roundtrip movements (Heape, 1931;
Orr, 1970; Newton, 2008). However, many entomologists did not accept this

unifying classification as it excludes long distance insect movements, which are
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not round-trips, from the category migration. Several entomologists therefore
developed broader definitions of migration dismissing the round trip assumption
(e.g. Kennedy, 1961; Southwood, 1962; Baker, 1978; Dingle, 1980; Taylor and
Taylor, 1983; Kennedy, 1985). The migration definition of the entomologist
Kennedy (1985) is still adopted by researchers of different areas today (Drake
et al., 1995; Cresswell et al. 2011). It considers migration as “straightened out
persistent movement” that is undertaken while suppressing routine behaviour
called station keeping. Based on this definition, Dingle (1996) developed
another unifying classification for animal movements with migration, station
keeping (subdivided into subcategories such as foraging and commuting) and
ranging (exploratory movement orientated to resources and that ceases when
the resource is encountered) as main categories (see also Dingle and Drake,

2007).

In contrast to vertebrate researchers and entomologists, carcinologists
contributed only little so far to unifying classifications of animal movements.
Bainbridge (1961) regarded migration in Crustacea as a persistent oriented
movement that places the animal under a condition suitable for its particular life
phase. Herrnkind (1983) considered a “subset of migratory phenomena’,
movements “which involve durations of locomotion ordinarily exceeding a daily
cycle, often crossing several ecological zones, and those covering distances
exceeding cyclic daily movements”. Finally, Pittman and McAlpine (2003)
created a classification for movements of fish and crustaceans with 5

categories: “movement of eggs and larvae, home range movement (including
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tidal and diel movements), ontogenetic shift, relocation of home range and

migrations (non-spawning and spawning)”.

Due to the inconsistent definitions of animal movements, carcinologists (and
other researchers) have been using different names to describe similar
movements or equal names to describe different movements. This has
hampered comparative studies, even within taxonomic groups. Land crabs
(sensu Burggren and McMahon, 1988) are good examples for confused
nomenclature. The term migration has been used for movements of the
Christmas Island crabs Gecarcoidea natalis from the forest to the shore for
mating and spawning (Green, 1997) as well as for daily vertical foraging
movements of tree climbing crabs like Sesarma leptosoma (Vannini and Ruwa,
1994). The difficulty in classifying land crab movements is not only due to
unclear nomenclatures but also to the fact that many non-routine movements

are still only poorly described.

Here we focus on the abundant large and long-lived mangrove crab Ucides
cordatus (Diele et al. 2005; Diele and Koch, 2010a) (Linnaeus, 1763) that
performs conspicuous non-routine movements associated with mating, locally
called andada (= “walk” in Portuguese), (Nordi 1994; Nishida et al., 2006; Goées
et al. 2000; Wunderlich et al., 2008; Diele and Koch, 2010b, Schmidt et al., in
press). Andada is a well-known phenomenon in coastal Brazil due to the ease
with which this commercially exploited species can be captured compared to
non-andada days. It occurs between November and April, commonly starting
one or two days after new moon (NM) or full moon (FM) and extending for 3-4

days thereafter (Nordi 1994a, Nishida et al., 2006; Wunderlich et al., 2008;
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Schmidt et al. in press). Crabs are unusually active outside their burrows during
andada while at all other days they are much more cryptic spending 85% of
their time inside (Nordhaus et al., 2009). Despite the drastic behavioural change
of U. cordatus during andada, associated non-routine movements are not yet
well described and whether movements, according to their functions, differ
between genders is also not yet known. If so, this would complicate the
assignment of the observed behaviour to current animal movement
classifications. The aim of the present study is (i) describe non-routine
movements of U. cordatus and to test the hypothesis that they differ between
genders, (ii) to understand the functions of non-routine movements and (iii) to
perform a critical assessment of available classifications of animal movements

using male and female U. cordatus as a case study.

2. Materials and methods

2.1. Study area

The study was performed in mangroves of the Extractive Reserve of
Cassurubd, Caravelas estuary (Bahia), NE-Brazil (17°45'45.0 039°13'48.0). The
estuary comprises large tidal flats and mangroves forests dominated by

Rhizophora mangle L. (Rhizophoraceae), intersected by numerous tidal creeks.
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2.2. Behavioural observations

Crab collection. In a Rhizophora mangle forest three replicate plots measuring
5 x 100 m (with a distance of ~1500 m in between) were delimited
perpendicularly to a tidal channel. On each occasion of instantaneous sampling
(see Martin and Bateson, 1993), two observers walked once along each plot
and noted down for each crab whether it showed mating-associated behaviour.
Crabs where then picked up, sexed, the presence of egg-masses noted and the
carapace width (CW) measured with a calliper to the nearest mm. Specimens
were then put in bags carried by a third person to avoid duplicate sampling and
released inside the same plot at the end of the sampling. The total time spent to
sample each plot varied between 10 and 20 minutes, depending on the intensity

of the reproductive activities.

The sampling was performed in February and March 2008, starting 1 day before
NM and FM. This ensured that the onset of the andada, which usually occurs 1
or 2 days after NM or FM was not missed. Sampling was continued until day 7
after NM or FM. At each tidal day, plots were sampled once during the day and
once during the night, beginning 2 to 3 hours after high tide when the forest

floor was no longer inundated.

Platform scans. To exclude disturbance by walking humans additional
observations were performed from three 3.5 m? and 2 m high platforms installed
approximately 1500 m apart from each other. At each of the four sides of each
platform, at a distance of 2 m, a 2 x 2 m replicate plot was marked with cord.

Behaviour of crabs inside these plots was noted in February 2010, starting on
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tidal day 2 after NM and FM, at the first slack high tide, and finishing on day 4,
also at slack high tide. Scanning began every 1h 33 min and included 16 scans
per tidal day, eight at daytime and eight at night-time. Scans were called “high

”» “* ” 13

tide”, “beginning ebb”, “half ebb”, “ending ebb”, “low tide”, “beginning flood”,
“half flood” and “ending flood”. Scanning took 1 to 5 minutes per plot, depending
on the crabs’ activity. The four plots were scanned one after the other by
instantaneous sampling. Crabs were not disturbed as indicated by their
continuous presence outside the burrows. The mating-associated and routine
behaviour of each individual was recorded. The direction of each walking crab
was also noted. With infra-red monoculars (Newton NV 2 x 24, Germany) it was
easy to count during the night, except during the highest water level at nocturnal

high tide when it was more difficult to spot active crabs. In between scans,

observers remained motionless, performing ad libitum observations.

2.3. Statistical analysis

Male and female carapace widths (CW) were compared with a two tailed
Student t Test. When necessary, a Chi-square test was used to analyse the
frequencies of occurrence of males and females in the different behavioural
categories. Chi-square test was also performed to analyse the proportion of
crabs walking to north, south, east and west, along the three sampling days, at

each platform. Average values are given together with standard error.
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3. Results

3.1. Carapace width

Average carapace width (CW) of males and females captured during andada
did not differ significantly (P > 0.05) between February and March collections
(Fig. 1). Overall average CW of males was 6.1 £+ 0.04 cm, N = 364, and
significant larger (Unpaired t test: t 404 = 4.657, P < 0.0001) than the average
CW of females (5.6 + 0.09 cm, N = 54). In both months males were more
frequent in upper size classes than females (February: modal class = 5.5 — 6.0
cm in male and 5.0 — 5.5 cm in female; March: modal class = 6.0 — 6.5 cm in
male and 5.5 — 6.0 cm in female; Fig. 1). The smallest and largest male had a
CW of 3.4 cm and 8.2 cm respectively. The CW of the smallest and largest

female measured 4.2 cm and 7.4 cm respectively.

Insert Figure 1

3.2. Crab behaviour during andada

The non-routine behaviour was assigned to the following 10 categories:
Foaming, exploring burrows, combating, attempting to embrace, attempting to
copulate, escaping, male rejecting, copulating, mate guarding and tree climbing
(Table 1). Behavioural scans from the platforms furthermore provided
information upon routine behaviour as categorized by Nordhaus et al. (2009):

feeding, foraging and burrowing activities and immobility in burrow entrance.

Insert Table 1
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Foaming was only observed at daytime and during the first days of andada: two
records on day 1 after NM during crab collections and 10 records on day 2 after
FM during platform scans (Fig. 2). Although all foaming crabs observed during
the regular scanning were males (Figs. 3 and 4), some females also foamed

during ad libitum observations.

Off all crabs observed during collections and platform scans, 91% and 67%
explored burrows, respectively (Fig. 2). When pooling the data of the two years,
90% of the explorers were males (Fig. 3). Exploring burrows was more frequent
at beginning ebb (16.4%) and half ebb (15.8%) than during the other scans
(high tide 9.9%, ending ebb 13.8%, low tide 13.6%, beginning flood 9.4%, half
flood 9.7% and ending flood 11.5%). The proportion of crabs walking to the
north, south, east and west varied along the three sampling days at two of the
three platforms (Chi-square test: y% = 20.09, P = 0.0027; y% = 12.82, P =
0.0459), indicating non-directional movements. At one of the platforms, crabs
walked mainly to the south along the three days (Chi-square test: 3% = 1.42, P
= 0.9647). Ad libitum observations showed that crabs did not return to their own
burrows after exploring others. During collections, three combats were observed
at times of highest crab densities. From the platforms, 167 combating crabs

were recorded, mainly (71.2%) on day 2 and 3 (Fig. 2). Only males combated

(Fig. 3).

Direct contacts between males and females were rare. During crab collections,
two copulations were seen on the mud surface at night on day 3 and day 4 after

NM. An 8.1 cm CW male copulated with a 4.2 cm CW female, and an 8.2 cm
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CW male with a 7.4 cm CW female. During platform scans no copulations were
recorded but three males attempted to embrace females and two attempted to
copulate. Ovigerous females rejecting approaching males were seen two times
(Figs. 2 and 3). Mate guarding was detected only three times during ad libitum
observations, but was probably underestimated since the presence of the

female inside the burrow is hardly detectable during scans.

Tree climbing was seen during night and day and was most frequent at day 2
and 3 during both collections and platform scans. All but one of the 25 crabs
observed climbing during the crab collections were females. During platform
scans, 70% of the 53 climbing crabs were females (Figs. 2 and 3). Most
climbing females captured in February 2008 (64%) and March 2008 (71%) were
extruding eggs (Fig. 5) as indicated by the liquid stage and bright orange colour
of their egg mass (Pinheiro and Hattori, 2003). All females brought to the
Research Base with liquid egg masses had consolidated egg masses on the
following day. During collections, egg-extruding females were more frequent at
night (February: 81.8%; March: 100.0%). During platform scans a minimum of
37.8% of the climbing females extruded eggs, however females whose
abdomen could not be seen may also have extruded eggs. Climbing was more
frequent during high tide (45.3%) and beginning ebb (22.6%) than at the other
scans (half ebb 11.3%, ending ebb 1.9%, low tide 5.7%, beginning flood 1.9%,

half flood 0% and ending flood 11.3%).

During platform scans, immobility was observed in 91.7% of the 891 crabs

displaying routine behaviour after FM and in 80.2% of the 187 crabs displaying
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routine behaviour after NM (Fig. 2). Other routine activities were burrow

maintenance and foraging close to the burrow.

Insert figures 2, 3, 4 and 5

4. Discussion

The U. cordatus crabs perform a complex set of behaviour during andada. We
will first sketch the sequence of male and female reproductive movements and
discuss the functional role of these movements. Then we will discuss the

suitability of existing classifications of animal movements for U. cordatus.

4.1. Sequence and functions of andada movements in males

Foaming, the first andada evidencing behaviour, is presumably linked to
thermoregulation, as it only occurs during the day and thus at elevated air
temperatures. Mostly males foam and this behaviour was particularly frequent
at the onset of andada. When males search for females, they face a sudden
increase in energy expenditure and, at the same time, no longer have the aid of
burrows for thermoregulation. Hence, foaming during mate-searching may help
to reduce their internal temperature (Altevogt, 1968). Foaming may also relate
to pheromone emission (Gées et al., 2000), however, this hypothesis does not

explain why it was not observed at night (Schmidt et al. 2012). Another possible
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explanation is chemical defence against predators (Christy et al., 1998), but
according to this hypothesis crabs should foam throughout the entire andada

period, and not only at its onset.

Crabs that explored burrows walked mainly without geographic direction, but
towards other burrows. During burrow exploration males often fought with other
males and interrupted copulations of other pairs outside burrows, reflecting
competition for mates. Competition for females may explain the fact that despite
68 h of total observation time during peak andada times, only two successful
copulations were observed on the sediment surface. This finding suggests that
the likely function of burrow exploration is mate searching and that crabs usually
copulate inside burrows. In addition to entering female burrows of their own
size, males can also enlarge entrances of smaller female burrows, suggesting
that asymmetric body size between the two sexes does not impede copulation.
In U. cordatus, sperm from different copulations is not stored in individual
packets of spermatofores and there is no sperm competition (Sant’Anna et al.,
2007). Therefore the observed mate-guarding by males could be the strategy to
fertilize larger percentage of female’s eggs. The competition between males
probably continues beyond the time when all females have fertilized the eggs
and attached the egg mass, as males need to find an empty burrow to return to
their routine behaviour. It is unlikely that males return to their pre-andada
burrow, since capture-recapture experiments indicate that crabs are highly

mobile during andada (Diele 2000).



62

4.2. Sequence and functions of andada movements in females

Females walked less than males and thus are likely to have lower energy
expenditure during andada which probably reduces their need for foaming for
additional thermoregulation. While females typically stayed closer to their
burrows rejecting or accepting approaching males, they move further away from
their burrows to climb trees for egg extrusion. Climbing occurred mainly during
high tides suggesting that it is a strategy to avoid egg loss in water. After egg-
extrusion females descended the trees, still at high tide, and it thus remains
open whether they returned to their former burrows or not as they could not be
monitored during that time. Few other burrowing crabs are known to climb trees
(e.g. Dunham and Gilchrist, 1988; Wilson, 1989), and if so, climbing does not

occur exclusively during reproduction as in U. cordatus.

4.3. Function of andada

The synchrony of reproductive activities displayed by the crabs during andada,
an event that is restricted to only a few days per month during the reproductive
season, obviously increases the crabs chance to find mates, to copulate and
thus to propagate its genes. While a higher activity outside burrows is likely to
increase the risk of predation, this may in part be counteracted by the large
number of crabs being active at the same time, creating a spill-over effect which
may in turn reduce the risk of predation for the individual. We recently showed

that andada events are closely linked with geophysical cycles enabling optimal
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timing of larval release at high amplitude spring tides (Schmidt and Diele, in

press).

Insert Table 2

4.4. Assigning non-routine andada movements to existing animal classifications

Here we test whether the classifications developed by vertebrate researchers,
entomologists and carcinologists (see Table 2) are suitable for assigning the
most conspicuous andada movements performed by U. cordatus, i.e. burrow

exploring for mate searching and tree climbing for egg extrusion.

4.4.1. Unifying classification created by vertebrate researchers

Following the classification created by vertebrate researchers (Table 2), burrow
exploration is not a migration since the round trip assumption is not met. It is
also not nomadism as this category comprises irregular wandering linked to the
necessity to find food and is never related to reproduction (Heape, 1931; Orr,
1970). The most suitable category for characterizing burrow exploration is
dispersal, meaning a movement in various directions, not usually involving a
return journey (Orr, 1970; Newton, 2008). Assigning tree climbing into the
unifying classification created by vertebrate researchers is not yet possible
since it is unknown whether females return to their own burrows after egg

extrusion.
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4.4.2. Unifying classification created by entomologists

The definition of the category migration created by entomologists involves two
main criteria. One is the so called “straightened-out movement”, not necessarily
with a specific direction. Burrow exploring and tree climbing clearly meet this
criterion. The second criterion is the inhibition of the so called “station-keeping”
movements that keep the animal in a home range (Table 2) (Kennedy, 1985;
Dingle, 1996; Dingle and Drake, 2007). During most part of the year, the
majority of movements of U. cordatus are restricted to a radius of 1 m around
burrows (Nordhaus et al., 2009). During andada days, which comprise 16-32
days in total per year (Schmidt, Bemvenuti and Diele, personal observation),
this limited home range is drastically increased as crabs move away from their
burrows, exploring other burrows and climbing trees. Therefore, at first glance,
an inhibition of station keeping seems to occur during andada. However, per
definition, mate-finding, mating and oviposition-site finding are necessarily
considered as station keeping (Table 2). Hence a paradox arises: On the one
hand andada movements can be considered as migration as individuals move
beyond their normal home range, but on the other hand it cannot be considered
migration because it involves mating-associated behaviour which is a type of
station-keeping (Table 2). The category “ranging” in the unifying entomology

classification does also not apply for U. cordatus for the same reason (Table 2).
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4.4.3. Classifications created by carcinologists

According to the migration definition elaborated by Bainbridge (1961)
specifically for crustaceans, burrow exploration and tree climbing fall into this
category (Table 2). Following Herrnkind’s (1983) rationale, exploring burrows
can also be called migration as it is a movement that covers distances that
exceed daily movements and a daily cycle in duration. However, this does not

hold true for tree-climbing.

Following the classification for crustaceans and fishes from Pittman and
McAlpine (2003), burrow exploration can be assigned to both home range
relocation, as it involves multidirectional searching behaviour (Table 2) and to
migration, as it is a seasonal movement to alternative home ranges, reflecting
the ambiguousness of this classification. In contrast, tree climbing can

unambiguously be assigned as migration in this classification (Table 2).

Summing up, depending on the type of unifying classification used, burrow
exploration and tree climbing can be categorized as migration, station keeping,

dispersal or relocation of home range.

4.5. Problems with classifying the movement of other land crabs

The mismatches and ambiguities in animal movement classifications also apply
to other species of land crabs. For example, fiddler crabs also perform burrow
exploration linked to mate searching (Christy, 2007) called wandering by many

authors (e.g. Takeda, 2003; Jordao and Oliveira, 2005). However, the term
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wandering in its original conception was associated to nomadism (Heape,
1931), a category that is not directly linked to reproduction, but to feeding
(Heape, 1931; Orr, 1970; Newton, 2008). Regarding the tree climbing
movement for egg extrusion as observed in U. cordatus, there is no similar case
in the literature. Nevertheless, the classification of other types of climbing is no
less confusing. The daily movements of arboreal crab species between
mangrove prop roots and the canopy are often called migration (e.g. Vannini
and Ruwa, 1994; Sivasothi et al., 2000). However, in some classifications these
movements can be designated as commuting (Dingle, 1996) or home range
movements (Pittman and McAlpine, 2003). These discrepancies again highlight
the shortcomings of the currently available classification for animal movements.
Mismatching classifications may also reflect inflated separations of animal
movements that have similar ultimate causes. For example, the non-directional
andada movement of U. cordatus is not a migration according to many
classifications while the directional round trip movement of Gecarcoida natalis is
commonly cited as an example of migration by several researchers (e.g. Green,
1997; Holden and Blackburn, 2006). However, both are episodic movements

where crabs leave their regular home range for synchronous mating.

4.6. Modelling as a possible solution

The recent technological advances in wildlife tracking have provided data
facilitating the modelling of movement of different taxonomic groups. The

advances in modelling prompted the proposition of a new unifying framework for



67

the study of all types of movements of all organisms, focussing on the
movement itself while disregarding “idiosyncratic classifications” (Nathan et al.,
2008). In fact, modelling has greatly contributed to an overarching
understanding of animal movements (Holden, 2006; Nathan, 2008). However,
classifications based solely on model outcomes are susceptible to separating
movements, despite similar ultimate causes or to merging movements having
different ultimate causes. For example Bunnefeld et al. (2011) proposed a
method based on modelling that efficiently separates migration from
movements such as dispersal, homadism and home range. However, their
migration model still depends on the concept of "round-trip”, thus insects whose
short life spans exclude a return to the place of origin will not be considered
migrating although their movements may have similar ultimate causes as the

ones of e.g. migratory birds.

5. Conclusion

Considering all limitations of the current classifications, we propose that the
phenomenon andada must be technically defined provisionally as "a set of
mass nhon-routine movements with reproductive purposes." However, this
definition is indeed very generalist and of little practical use, highlighting the
need for a new unifying framework, as called for by several movement
ecologists (Holden, 2006; Nathan, 2008; Nathan et al., 2008). We argue that
this unifying framework can be achieved by coupling the new modelling tools

with an unambiguous nomenclature. A promising way to create this
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nomenclature is the coherent grouping of movements according to their ultimate
causes. Such unifying framework may be useful for e.g. comparative studies of
animal behaviour and studies of convergent evolution as well as for basic
activities such as searching data bases with keywords or formulating titles of
articles. It also may be applied for management and conservation of species,
assisting e.g. the creation of environmental education campaigns and the
formulating of preliminary provisions of legal instruments for fisheries

management.
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Table 1. Categories and description of non-routine behaviour of U. cordatus

during andada.

Categories

Description

Exploring burrows

Foaming

Combating

Attempting to embrace *

Attempting to copulate *

Escaping *

Male rejecting *

Copulating

Mate guarding *

Tree climbing

Crab walking, entering and leaving sideways successive burrows, widening
the opening with the carapace when necessary. Burrows closed with a plug of
mud were sometimes opened.

Crab emitting white foam through its mouthparts, making continuous slow
movements bringing both chelae to the mouth and then sliding them laterally
in front of the carapace, spreading the foam over the body. After ceasing to
foam, crabs stay motionless for more than one hour while the foam gradually
volatilised

Two or more crabs pushing and hitting the carapace or grasping each other’s
chelae. Combats were observed between males trying to enter the same
burrows or competing for the same female

Male attempting to embrace an escaping female

Male embracing a female, attempting to copulate, but being displaced by
another male

Female running away from one or more males that attempt to embrace her or
to copulate

Ovigerous female near its burrow entrance, opening both chelipods and
making quick short forward movements when a male approaches. The latter
then turned away

Both crabs in the intermoult-stage, with the male in the uppermost position,
remaining motionless while copulating

Male partially inside a burrow hosting a female

Crab climbing prop roots, trunks or branches of R. mangle, with its longitudinal
axis aligned to the length of the roots, clinging with its walking legs to both
sides. While females climb the trees slowly and remain motionless to extrude
eggs just above mean high tide level, males climb quickly, often losing balance
and falling down

*Only recorded during platform scans
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Table 2. Assessment of movements during andada using existing
classifications. For each classification, we describe whether the movement
category can ("Yes") or cannot ("No") be used to adequately characterize

burrow exploring (BE) and tree climbing (TC) activities.

Classification Category Definition of the category BE TC
Ornithology
Heape,1931; Everyday routine  Movements centred on the place of residence No No
orr, 1970: movements
Newton, 2008 Migration Directional, periodic round trip movement No *
Nomadism Ranging from one area to another, residing for a time wherever No No
food is temporally plentiful
Dispersal Movement in various directions, not usually involving return Yes  No
journey
Entomology
Kennedy, 1985; Station-keeping Movements keeping organisms in their home range, such as * *
Dingle, 1996; for_agln_g_, rt_apro_du_ctlve behaviour as mate-finding and
oviposition-site finding
Dingle & Drake, 2007
Commuting Movement on a regular short-term basis, usually daily in No No
search of resources. Ceases when resource is encountered.
Considered a subcategory of station-keeping
Migration Movement that takes the individual more or less permanently * *
beyond its home range, that is persistent, straightened-out and
that depends on temporary inhibition of station-keeping
responses
Ranging Movement that takes the individual more or less permanently * *
beyond its home range and that ceases when the resource is
found
Carcinology
(Bainbridge, 1961) Migration Persistent oriented movement that place the animal under a Yes  Yes
condition suitable for its particular life phase
(Herrnkind, 1983) Migration Movement which involves durations of locomotion ordinarily Yes  No
exceeding a daily cycle, often crossing several ecological
zones, and those covering distances exceeding cyclic daily
movements
Pittman & McAlpine, Home range Movements that occur at finer spatial-temporal scales, No No
2003) movements including tidal and diel movements
Migration Movements to spawning areas outside the home range and * Yes
seasonal movement to alternative home ranges that cannot be
defined as relocations. Usually return journeys.
Relocation of Change in location of the home range that is not recognized as  * No

home range an ontogenetic shift or a migration; ability to respond to
unfavourable conditions. Searching behaviour, often multi-
directional

* Assignment to respective category impossible.
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Figure 1. Size frequency distribution of male and female U. cordatus crabs

displaying non-routine behaviour during andada in February and March 2008.
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Figure 4. Male U. cordatus crab performing foaming behaviour at daytime

during andada.

Figure 5. Female U. cordatus crab extruding eggs after climbing on a R.

mangle branch at night during andada. Arrow shows the egg mass.
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from platforms. We found that andada occurred during the day and night and that the rhythm of mate
searching was linked to the syzygy tide inequality cycle (STIC). Andada shifted between new and full
moon, depending upon which moon phase had the higher amplitude tides. The ultimate cause of andada
is likely to be increased larval survival after synchronous release at highest amplitude spring tides
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INTRODUCTION

Biological rhythms are universal but frequently overlooked phenomena of
life and found in all major groups of organisms (Koukkari & Sothern 2006). They
are often synchronized with the earth’s major geophysical cycles (Palmer 1995;
Naylor 2010). Knowledge of the rhythmicity and predictability of reproductive
behaviour of exploited species is important for their management and
conservation (Sutherland 1998; Naylor 2005). For example, the activity and
catchability of the lobster Nephrops norvegicus is driven by the light:dark cycle
whereas the fishery of the palolo worm Eunice viridis is restricted to spawning
periods determined by the seasonal cycle (Naylor 2010). Cycles related to tides
are also significant for fisheries management (Naylor 2005). The lunar synodic
cycle (29.53 days) is the successive approximate alignment and non-alignment
of the moon, sun and earth driving the tidal amplitude cycle. Tidal amplitudes
are highest at new and full moon when the centres of the earth, moon and sun
lie along a straight line, a configuration called syzygy. Tide-related cycles are
particularly important for intertidal organisms exposed to fluctuating
environments. Land crabs (sensu Burggren & McMahon 1988), for example,
exhibit daily cyclic routine behaviour such as feeding during low tide and burrow
dwelling during high tide (Crane 1975; Nordhaus et al. 2009). In addition, some
crabs perform episodic movements related to reproduction, like the Christmas
Island crab Gecarcoidea natalis with its spectacular migration synchronized with

the synodic cycle (Adamczewska & Morris 2001).
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In addition to the synodic cycle, the less well known anomalistic cycle
(27.55 days) affects tidal amplitudes. This cycle results from the gradual shift of
the moon from a point closest (perigee) to a point farthest from the earth
(apogee). When perigee coincides with new moon syzygy, tidal amplitudes are
higher than around full moon and vice versa. In most places of the world
perigee and syzygy coincide every 7 months, alternately at new and full moon
(Dronkers 1964; Wood 1986; Skov et al. 2005). This cycle has been called
“Syzygy Inequality Cycle” (SIC; Skov et al. 2005), but we use the term “Syzygy
Tide Inequality Cycle” (STIC) as it is the tide (height, amplitude and resulting
current) and not alignement of the sun, moon and earth that is unequal between

full and new moon.

Spawning rhythms of many crab species are synchronized with highest
tidal amplitudes, which facilitate larval exportation, thereby maximizing larval
survivorship (reviewed by Christy 2011). Skov et al. (2005) demonstrated for the
first time a direct linkage between STIC and crab larval release rhythms.
Switches in reproductive rhythms between new and full moon are also known
from some other marine taxa (Korringa 1947; Pearse 1972; Zucker 1978; Berry
1986; Wood 1986; Morgan & Christy 1995), but have not unequivocally been
related to STIC, mostly because sampling periods were often not long enough.
Rhythms of larval release are well investigated in crabs while relatively few

long-term data are available regarding the rhythmicity of mating.

The abundant neotropical mangrove crab Ucides cordatus performs
conspicuous cyclic mass mate searching activities called andada (= “walk” in

Portuguese; Wunderlich et al. 2008; Diele & Koch 2010a). These long-lived
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crabs (Pinheiro et al. 2005; Diele & Koch 2010b) can reach a carapace width >
90 mm and are an important source of food for traditional coastal populations in
Brazil (Glaser & Diele 2004; Diele et al. 2005; Nishida et al. 2006). It is
traditional knowledge that andada occurs every austral summer around new or
full moon and lasts for some days (Nordi 1994; Fiscarelli & Pinheiro 2002).
However, data on variation in the intensity of andada are available for only two
locations (Diele 2000; Wunderlich et al. 2008). When andada is not occurring,
crabs stay most of the time inside burrows or near their entrances or forage
within a radius of 1 m (Nordhaus et al. 2009), only occasionally moving further
away (Piou et al. 2007). In contrast, during andada the crabs, mostly males, are
unusually active and walk over longer-distances while searching for mates
(Diele & Koch 2010a). Copulations have rarely been observed on the sediment
surface (Goées et al. 2000; Diele & Koch 2010a). Crabs that are looking for
mates often remain outside their burrows even when they are disturbed. This
makes them easy to capture, the reason why the fishery is banned on andada
days. Andada occurs at either full or new moon, or, more rarely, at both moons
(Diele & Koch 2010a; K. Diele and A.J. Schmidt, pers. observation). The reason
for this has not yet been identified and capture is therefore banned nation-wide
around each new moon and full moon during the reproductive season,
generating discordance between fishermen and managers. The placement of
the bans, including their duration, is re-evaluated every year by regulatory
agencies. However, re-evaluations are conducted without quantitative data

regarding the duration and timing of andada. Such data can be used by
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managers to impose bans only during andada and this will encourage fishers to

comply with the law.

The present work focuses on a NE-Brazilian U. cordatus population
within a marine protected area in which fishing is permitted and regulated. We
monitored the temporal occurrence and abundance of crabs displaying mate
searching behaviour to determine whether the local rhythm of andada is linked

to geophysical cycles, including STIC.

METHODS

Study area

The study was performed in Rhizophora mangle mangrove stands of
Caravelas estuary (Bahia), NE-Brazil (17°45'45.0, 039°13'48.0). Average
annual air temperature is 24°C, with lowest values occurring in July, (21.9°C,
austral winter) and highest in February (26.3°C, austral summer; Gomes-
Sobrinho 2008). Precipitation is highest in November (195.3 mm) and lowest in
August (57.3 mm), with intermediate values in February (68.0 mm), March
(1125 mm) and April (146.4 mm; Gomes-Sobrinho 2008). Tides are
semidiurnal with amplitudes between 0.5 m and 2.5 m. The forest is at least
partially inundated by oceanic water twice a day, except during neap tides.
Average salinity and surface water temperatures during summer were 37.5 £

0.19 and 29.4 = 0.14°C respectively and 32.5 £ 1.86 and 23.0 £ 0.06 °C in
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winter (Travassos et al. 2006). The study site is part of the Extractive Reserve
Cassuruba and all permits necessary for the field work were issued by Instituto
Chico Mendes de Conservacdo da Biodiversidade, (Sistema de Autorizacédo e
Informacdo em Biodiversidade Number 22945-1,2). Our study species Ucides

cordatus is neither an endangered nor a protected species.

Occurrence of andada at new or full moon

For rapid assessment of whether andada occurred at new moon or full
moon or both, in different months and years, data were collected at the
respective moon phases from January and April between 2006 and 2011.
Monitoring of presence or absence of andada was conducted on tidal day (24h
and 51 min) 1, 2 and 3 after new moon and full moon, about two hours after
high tide during the day, by slowly driving along the shore of an approximately
4.5 km long channel with a motor boat. The distance between the boat and the
forest margin was about 5 m. We judged that andada occurred on the days we

saw crabs walking extensively outside their burrows.

Total duration and intensity of andada over different days

To study the duration and to quantify the intensity of andada events,
crabs were collected inside three 5 x 100 m replicate plots (with a distance of
about 1500 m in between) in February and March 2008. Two people

simultaneously counted and captured the crabs that were active outside their
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burrows and put them in bags carried by a third person, to avoid duplicate
counts. Crabs were released at the same place. The total time spent to sample
each plot varied between 10 and 20 minutes, depending on the intensity of the
andada. Collecting was started 1 tidal day before new moon and full moon to
ensure that the onset of the andada, which usually occurs 1 or 2 days after new
moon or full moon (Diele & Koch 2010a), was not missed. Sampling was
continued until the day no more andada activities occurred in all three plots. At
each tidal day, plots were sampled once during the day and once during the
night, beginning 2 to 3 hours after high tide when the forest floor was no longer

inundated.

Andada intensity throughout the light:dark cycle and tidal cycle

Studying the timing of andada with respect to the day-night and tidal
cycles requires more frequent observations. Walking humans produce visual
stimuli and substrate vibrations that disturb crabs. To reduce such disturbances
we observed crabs from platforms. Three, 3.5 m? and 2 m high platforms, were
installed in 2010 approximately 1500 m apart from each other at sites with
similar vegetation cover and crab burrow density. At each of the four sides of
each platform at a distance of 2 m, a 2 x 2 m replicate plot was marked with
cord. Crabs inside these plots were counted in February, starting on tidal day 2
after new moon and full moon, at the first slack high tide, and finishing on tidal
day 4, at the ending flood. Counting began every 1h 33 min and included 16

scans per tidal day, eight at daytime and eight at night-time. Scanning took 1 to
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5 minutes per plot, depending on the crabs’ activity. The four plots were
scanned one after the other by instantaneous sampling (Martin & Bateson
1993). With infra-red monoculars (Newton NV 2 x 24, Germany) it was easy to
count during the night, except during the highest water level at nocturnal high

tide when it was more difficult to spot active crabs.

Abiotic data

In 2008 and 2010 air temperature, water temperature and salinity at 5 cm
water depth were measured in adjacent tidal creeks or around the platforms
prior to the scans. Inundation depth around the platforms was measured in
2010. Tidal amplitudes at syzygy were calculated subtracting low tide values
from previous high tide values as predicted by the local tidal table (DHN -
Marinha do Brasil, unpublished) at 3 days around new moon and full moon (day
0 until day 2). In the study area the largest tidal amplitudes usually occur at day

1 after full moon or new moon throughout the year.

Statistical analysis

Analyses were performed separately for mate searching behaviour
(walking, exploring burrows and fighting) and routine behaviour (foraging,
feeding and burrow maintenance). Average abundance (number of crabs active
outside their burrows at each plot) per scan was compared with Repeated

Measures ANOVA followed by a Bonferroni post-hoc test. The sphericity
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assumption was tested with Mauchly’s Test and no correction of degrees of
freedom was necessary. Data were square root transformed when necessary
using (Vx) + (V¥x+1) to reach homoscedasticity (Freeman & Tukey 1950), and
tested with Cochran’s “C” Test. Data remained non-normal even after
transformation, but parametric statistics were still applied due to the robustness
of ANOVA (Underwood 1997). A detrended cross-correlation analysis between
the time series of crab abundance and the time series of air temperature, water
temperature, salinity, (for both collections and platform scan data), tidal
amplitude (for collection data) and tidal height (for platform scan data) was
performed. Tidal height was considered for the platform data as sampling from
the platforms was more frequent than the amplitude data provided by the tide
table. Mean inundation depth during high tide and mean tidal amplitude around
full moon and new moon were compared with the Student “t” Test. All average

values are given together with SEs.

RESULTS

Abiotic data

In 2008 and 2010 abiotic parameters (except tidal amplitude, see below)
at new and full moon were similar (p > 0.05). Pooled average values in 2008
were 27.0 £ 0.3°C for air temperature, 28.3 + 0.2°C for water temperature and
39 = 0.5 for salinity. In 2010 air temperature was 28.8 + 0.07°C, water

temperature was 29.0 + 0.12°C and salinity was 39 + 0.13.
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In 2006 and 2007, from January to April, mean tidal amplitude at syzygy
was significantly higher (t test: tjp < 5.29, P < 0.05) at new moon than at full
moon (Fig. 1a). A shift occurred in 2008, when tidal amplitude was significantly
higher at full moon in January (t test: tjp = 2.41, P = 0.04), equal at new moon
and full moon in February and significantly higher at new moon in March,
January (tip = 3.63, P = 0.005) and April (t1o = 4.50, P = 0.001; Fig. 1a, b). In
January 2009 tidal amplitude was significantly higher at full moon (t;o = 2.58, P
= 0.03) and from February 2009 to April 2009 no significant differences existed
between tidal amplitudes at new moon and full moon (Fig. 1a, c). In 2010 and
2011, from January to April, mean tidal amplitude at syzygy was significantly
higher (t test: P < 0.05) at full moon (Fig. 1a). Inundation height was measured
in 2010 and was also significantly higher around full moon than at new moon

(0.30 £ 0.01 m versus 0.42 + 0.02 m; t test: t14, = 4.93, P < 0.0001).

Cross-correlation between crab abundance and abiotic data

There was no significant cross-correlation between crab abundance and
air temperature, water temperature or salinity (both crab collection and platform
scan data), but crab abundance and tidal amplitude were in phase as indicated
by a maximum cross-correlation at lag zero (crab collection data, February
2008, Cross-correlation: p = 0.81, P < 0.001; March 2008: p = 0.75, P = 0.014).
The latter two parameters were always higher at night than during the day. Crab
abundance and tidal height correlated only very weakly (Platform scan data,

February 2010, Cross-correlation: p = 0.32, P = 0.047).
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Occurrence of andada at new or full moon

Across years, andada occurred during the moon phase with the larger
amplitude tides and it occurred during both syzygies when the two monthly

spring tides were approximately equal in amplitude (Fig. 1a).

Insert Figure 1

Total duration and intensity of andada over different days

A total of 418 crabs were counted at collections during andada around
new moon in 2008, 236 in February and 182 in March. Average crab
abundance differed significantly between tidal days (Repeated Measures
ANOVA: February: F1, 6 = 8.060, P < 0.0001; March: Fy,6 = 5.359, P < 0.001).
In February, mate searching activities were first observed at the day of new
moon (day 0) and reached a peak at day 2 (Fig. 2a) when high tide occurred
just after dusk (Fig. 2b; 18.3 + 3.92 ind. / 500 m?. Crab abundance was
significantly lower in the morning of day 3 and increased again at the following
night (16.0 + 1.53 ind. / 500 m? Fig. 2a, b). After this secondary peak,
abundance decreased until reaching zero on day 7 after new moon. In March, a
similar pattern was observed, but peaks occurred one day later, on day 3 (16.3
+ 5.70 ind. / 500 m?) and day 4 (11.7 + 1.20 ind. / 500 m?) just after dusk (Fig.

2a, b).
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Insert Figure 2

Andada intensity throughout the light:dark cycle and tidal cycle

A total of 1817 crabs were counted from the platforms in February 2010,
1630 after full moon (45% mate searching behaviour records and 55% routine
behaviour records) and 187 after new moon (100% routine behaviour records).
At platform 3, the abundance of males performing mate searching behaviour
was significantly lower (possibly due to a lower number of ovigerous females)
and the variances were not homogeneous with the ones at the other two
platforms. Therefore data from platform 3 were analysed separately. No
significant differences in average crab abundance of throughout the light:dark
and tidal cycle was found at this platform (Fig. 3b, d). However, average crab
abundance at platforms 1 and 2 was similar and there was significant variation
throughout the light:dark and tidal cycle (Repeated Measures ANOVA: F42301 =
5.869, P < 0.0001; Fig. 3a,d). High tide coincided with dusk on day 3 and soon
afterwards crab abundance was significantly higher than during the first few
days of andada. This higher abundance (4.3 + 0.96 ind. / 4 m?) occurred at the
beginning of the nocturnal ebb tide. A similarly high abundance occurred also
on day 4, during the diurnal half of the ebb tide (4.4 + 1.31 ind. / 4 m?).

Thereatfter, crab abundance gradually decreased (Fig. 3a, d).

Routine behaviour, which was additionally monitored from the platforms
in 2010, occurred at both new and full moon. The abundance of crabs

performing routine behaviour did not differ significantly between the three
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platforms, but varied over the light:dark and tidal cycle at full moon (Repeated
Measures ANOVA: F43484 = 10.761, P < 0.0001) and new moon (Fz7 418 = 2.702,
P < 0.0001). At both lunar samplings, routine activities were more intense
during daytime, especially when the mangrove forest was not inundated (Figs.

3¢, d, 4a, b).

Insert Figure 3

DISCUSSION

The rhythmic mate searching behaviour of U. cordatus in NE-Brazil was
linked with the “syzygy tide inequality cycle” (STIC), complementing the study of
Skov et al. (2005) who demonstrated a link between larval release rhythms and
STIC in East African brachyuran crabs. We found that the rhythm of andada of
U. cordatus is driven by geophysical cycles of different temporal scales. We
discuss the likely adaptive significance and implications for the management of

this species.

Seasonal cycle

On an annual scale, reproduction in U. cordatus is controlled by the

seasonal cycle as andada only occurs during the austral summer (Nascimento
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1993; Nordi 1994, Fiscarelli & Pinheiro 2002; Wunderlich et al. 2008; Diele &
Koch 2010a). At our study site, average air and water temperature during
andada months were approximately five degrees higher than during winter
(Travassos et al. 2006; Gomes-Sobrinho 2008). The optimal water temperature
range for tropical and subtropical crab generally is above 25°C, accelerating
larval growth, development and metabolism (Anger 2001). Warmer sea water
and longer daylight periods probably provide even better conditions for
phytoplankton production, thereby increasing the food supply for the larvae and
survivorship (Giese & Pearse 1974). Despite the role of temperature and
photoperiod for reproductive fithess, seasonal cycles in invertebrates have been
associated with rainfall rather than temperature (Hartnoll 1988), mainly because
of the benefits of reduced desiccation during rainy seasons (Hartnoll et al.
2010). In fact, in many regions the onset of U. cordatus reproduction coincides
with the beginning of the rainy season (De Geraldes & De Calventi 1983;
Nascimento 1993; Diele 2000) and decreasing salinity was suggested as a
trigger (Nascimento 1993). However, at our NE-Brazilian study area andada
occurred at times of low rainfall and high salinities. Salinity is always above 32
throughout the entire year (Travassos et al. 2006) and most rainfall occurs
between April and June (Gomes-Sobrinho 2008) outside the period of andada
peaks. Hence, in Caravelas the seasonal pattern of andada is not related to
rainfall. Instead, temperature and light appear to be more important for the

seasonal cycle.



96

Synodic and anomalistic cycles

Andada occurred during 7 days between new moon and first quarter or
between full moon and last quarter at our NE-Brazilian study site, with highest
intensity on day 2 and 3. The two other quantitative studies of andada found
similar patterns in North and Southeast Brazil (Diele 2000; Wunderlich et al.
2008), suggesting that this timing is typical for reproduction in U. cordatus. The
higher intensity of andada two or three days after full moon or new moon may
be a strategy of males to prevent unsuccessful mate searching efforts. Females
that have copulated during previous andada usually release larvae from two
days before until one day after full moon or new moon, during larger, mainly
nocturnal amplitude tides (Diele 2000). Before having spawned they are
probably not yet ready for another copulation. The delay in the onset of andada
relative to full moon or new moon may already be beneficial for males during
the first andada of a reproductive season as females can store sperm for long
time periods (Sant'‘Anna et al. 2007) and become ovigerous without recent

copulation (Diele & Koch 2010a).

At our study site crabs performed andada at the syzygy that coincided
with perigee and that therefore presented the highest tidal amplitude.
Additionally, within the chosen syzygy, crab abundance kept phase with the
daily tidal amplitude fluctuations. Tidal amplitude successively rose at night and
fell during the day and the same held true for the intensity of mate searching
activities. While high tidal amplitudes do not seem to bear any direct advantage
for mating, the precise timing of mating (and fertilization, see below) sets the

clock for subsequent larval release at high amplitude spring tide one month
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later. High tidal amplitudes produce strong water currents that facilitate larval
export to coastal waters where the larvae can avoid fluctuating salinities and
high predation pressure typical for estuaries (Anger et al. 1994; Morgan &
Christy 1995; Morgan 1996; Diele & Simith 2006; Christy 2007; Christy 2011).
This probably increases larval survival, the likely ultimate cause for
synchronous larval release and the timing of all other preceding reproductive

processes, including andada.

The proximate causes of the synchrony of andada with STIC are less
clear and three hypotheses can be raised. Firstly, synchronization may begin
during oogenesis. This was proposed for females of East African intertidal crabs
by Skov et al. (2005). As in these species “larval release is the culmination of a
process that takes 4—6 weeks to complete (it comprises ovary maturation and
embryonic incubation)” (Skov et al. 2005), the authors concluded that a
physiological change in the lunar association was initiated at least one month
before the phase shift in the STIC. In U. cordatus, however, this endogenously
controlled physiological change would need to occur at a much earlier time
since females with gonads in maturation can be found as early as 7-5 months
before the onset of andada (Mota-Alves 1975; Vale 2003). An alternative
hypothesis is that synchronization of andada with STIC begins with the
endogenous control of the timing of mating, followed by the females’ control of
ovulation, fertilization and incubation, providing the fine tuning for achieving
larval release at highest tidal amplitudes. As formulated in a recent review
article on the timing of hatching and release of larvae by brachyuran crabs:

“Adults control the timing of the release of larvae with respect to the biweekly
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and monthly cycles of tidal amplitudes by controlling when they court and mate
and females control when development begins by controlling when they ovulate

and allow their eggs to be fertilized by sperm” (Christy 2011).

Finally, it is also possible that synchrony of andada with STIC is under
exogenous control. In contrast to shorter-lived species with faster development,
such as those studied by Skov et al (2005), U. cordatus is long-lived and
reaches maturity only when 3-4 years old (Pinheiro et al. 2005; Diele & Koch
2010a, b). Consequently, these crabs experience several complete STIC before
they start to perform andada and its periodicity may thus be entrained by cues
associated with these cycles. This hypothesis however fails to explain why in
February 2008 U. cordatus performed andada only at new moon, despite equal
tidal amplitude at full moon. We propose that the crabs mated only at new moon
because they were able to anticipate the increase in tidal amplitude at new
moon in the following months (see arrow in Fig. 1a). In contrast, in February
2009 andada was performed at both full moon and new moon which may have
been due to the fact that the difference between tidal amplitudes at new moon
and full moon decreased in later months (see arrow in Fig. 1a), complicating the
detection of the best moon phase for mating (and larval release). Such
anticipatory responses are more likely to be related to endogenous control and
increase the genetic fithess of organisms by programming the appropriate time
for reproductive events (DeCoursey 1983). Thus, the third hypothesis regarding
the proximate causes of the synchrony of andada with STIC does seem to be

less plausible.
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Light:dark cycle and tidal cycle

The rhythms of routine and mate searching behaviour of U. cordatus in
relation to light:dark and tidal cycles were fairly distinct. Regarding the light:dark
cycle, routine behaviour was more intense during daytime, probably because
these crabs locate their food (mostly fallen leaves) visually (Nordhaus et al.
2009). In contrast, mate searching behaviour of U. cordatus occurs with high
intensity both during the day and night, indicating that crabs can use other
senses than vision to find mates, at least during the dark new moon nights. The
occurrence of andada at night has not been previously recorded. Regarding the
tidal cycle, routine behaviour occurred mainly at low tides which may relate to
avoidance of fish predation (Giarrizo & Saint-Paul 2008; Nordhaus et al. 2009)
or to the ease of detecting and collecting falling leaves, the main food source of
this species. Mate searching, however, occurred along the entire tidal cycle,
including slack high tide. This suggests that the benefit of continuing to walk

and find a mate exceeds the cost of increased risk of predation at night.

In addition to the separate effects of the light:dark and the tidal cycle,
they also seem to act in combination determining the days and hours within the
perigee-syzygy period when andada begins. When the two cycles were
coincident, high tide occurred at dawn and dusk and andada started
immediately afterwards during the subsequent nocturnal ebb tide. This pattern
was observed during all andada events, suggesting that the coincidence of the
two cycles prompted mate searching activities (see arrows and rectangles in
Figs. 2 and 3). The ultimate cause is unclear. Possibly this first andada peak

after the superposition of the tidal and day:night cycle relates to the timing of
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later larval release, which peaks at night in U. cordatus (Diele 2000), probably in
response to the lower activity of visual predators (e.g. Morgan 1996). In
contrast, predation avoidance of mating crabs during night is unlikely because

most of their natural predators are nocturnal.

Implications for management and outlook

The duration of individual andada events assessed for our NE-Brazilian
study site matches well with the time span of current bans for the capture of U.
cordatus. Our results also showed that andada occurs during the night as well
as during high tide. Hence, it is advisable to extend current daytime- and ebb-

phase controls to these periods to prevent illegal capture of crabs.

The revealed link between the syzygy tide inequality cycle and the mass
mate searching activities suggests that andada days at our study site, and
possibly elsewhere in Brazil, are predictable in time. We recommend using tide
tables to focus local management efforts at our study site on the moon phase
with the highest amplitude, instead of banning crab capture at both full and new
moon as a precautionary measure. The later generates conflicts between
fishers and policy makers. To generalize our results from NE-Brazil and to
establish bans on the national scale that accurately match the crabs’ biology,
we will test the andada-predictability-hypothesis in the years to come across the
species’ full distributional range. Ucides cordatus is a good example of how the
comprehension of the linkage between geophysical cycles and rhythmic animal

behaviour can help establish better policies for the management of fisheries.
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Mating of other fisheries resources elsewhere in the world may be equally
driven by the syzygy tide inequality cycle, and identifying this linkage may thus

also improve the management of these species.
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Figure 1. (a) Mean tidal amplitude and presence or absence of andada around
new or full moon from 2006 to 2011 (points were connected with rounded
curves by cubic spline interpolation). Boxes mark the reproductive season
monitored for the presence or absence of andada. (b) and (c) Details of the
mean and SE of the tidal amplitude during the reproductive season in 2008 and
2009 when the shift in the syzygy inequality cycle (STIC) occurred. FM: full
moon; NM: new moon; NS: not significant. *: significant differences between NM

and FM mean tidal amplitudes (10 df, p < 0.05).
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Figure 2. (a) Average and SE of the abundance (ind. / 500 m?) of U. cordatus
showing mate-searching behaviour outside burrows around new moon in
February and March 2008 (at full moon crabs did not display mate-searching
behaviour). Each average value refers to three sampled plots. Equal letters: no
significant difference. (b) Predicted tidal height during low and high tide along

the sampled tidal days.
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Figure 3. (a) and (b) Average and SE of the abundance (ind. / 4 m?) of U.
cordatus outside burrows displaying mate-searching behaviour during andada
around full moon in February 2010. (c) Average and SE of the abundance of U.
cordatus outside burrows showing routine behaviour around full moon in
February 2010. Each average value refers to 12 sampled plots. Equal letters:
no significant difference. (d) Predicted tidal height and measured tidal

inundation at the sampled tidal days. FM: full moon.
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Figure 4. (a) Average and SE of the abundance (individuals/4 m?) of U.
cordatus outside burrows showing routine behaviour around new moon in
February 2010 when no andada took place. Each average value refers to 12
sampled plots. Equal letters: no significant difference. (b) Predicted tidal height

and measured tidal inundation at the sampled tidal days. NM: new moon.
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ABSTRACT

The exploited mangrove crab Ucides cordatus, an important ecosystem
engineer in South American mangroves, has a biphasic lifecycle with pelagic
larvae developing offshore. Basing upon recent laboratory experiments and first
field observations, we postulate that recruitment is facilitated by conspecific
crabs. We investigated in the field whether the number of recruits is higher
inside 25 cm rings placed around conspecific burrows than in rings placed on
areas without conspecific bioturbation. Recruit sampling was conducted monthly
between April 2008 to May 2009 along an environmental gradient. First recruits
of the year appeared between March and July. The number of recruits was
significantly higher in bioturbated rings than in non-bioturbated rings, indicating
intraspecific facilitation. Recruits were most abundant in areas with intermediate
conditions of inundation, leaf litter standing stock, sediment consistency,
luminosity, temperature, salinity and pH. This may reflect a strategy to avoid
higher predation by fishes in more inundated zones and more stressful
environmental conditions in less inundated zones. The observed habitat-specific
recruitment pattern needs to be considered when designing field assessments
of the population structure of U. cordatus and when enhancing stocks by

releasing laboratory-cultivated larvae and first juveniles into the wild.

Key words: bioturbation; burrow; coexistence; commensalism; habitat;

intertidal; land crab; positive interactions; settlement; Ucides cordatus
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INTRODUCTION

A facilitative interaction between two organisms occurs when at least one is
benefited and neither is impaired (Stachowicz, 2001; Bruno et al., 2003). Intra
and interspecific facilitation can be important in stressful environments and, in
the marine environment, it has been mostly studied in intertidal communities,
particularly rocky coasts, due to the ease of manipulation of sessile organisms
(e.g. Bertness, 1989; Bertness and Leonard, 1997; Bertness et al., 1999; Leslie,
2005; Gascoigne et al., 2005; Rius and McQuaid, 2009). In contrast, few
studies emphasized the importance of ecological facilitation in soft bottom
intertidal communities. Some examples are the intra and interspecific facilitation
of sandflat colonization by bivalves, polychaetes and crustacea (Gallagher,
1983; Thrush et al., 1992) and the facilitation of ghost shrimp recruitment by
conspecific adults (Tamaki and Ingole, 1993). These studies show that in soft
bottom communities, bioturbation is important for the occurrence of facilitation.
In fact, many facilitation examples are linked to habitat modifications in which
one individual alters environmental conditions, making a stressful habitat more
suitable for other (Stachowicz, 2001). Organisms that modify, maintain or create
habitats by physical actions and therby control the availability of resources for
other organisms are called “physical ecosystem engineers” (Jones et al., 1994;

Jones et al., 1997).

Some of the most important engineers in mangrove ecosystems are burrowing

crabs (Kristensen, 2008). They dig and maintain burrows that are used as
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refuge from predators, shelter against extreme environmental conditions and, in
several cases, as a place for food storage and mating (Bliss, 1979; Christy,
1982; Chan et al., 2006). Crab burrows aerate the soil for mangrove trees
(Smith 1l et al.,, 1991), and create a micro-habitat for meiofauna (Dittman,
1996). Bioturbation caused by the burrowing crab Ucides cordatus is
remarkable in South American mangroves. With a carapace width (CW), of up
to 9 cm U. cordatus is also one of the largest mangrove invertebrate on this
continent. The density and size of its burrows varies along the physical gradient
of the mangroves and smaller ones have been mostly observed in less flooded
areas (Diele et al., 2005; Schmidt et al., 2009). A typical burrow of U. cordatus
has an elliptical opening, with the largest diameter corresponding to the total
height of the crab and the smaller diameter corresponding to the length of the
carapace (Schmidt et al., 2008a). Crabs often plug entrances with sediment
collected with their pereiopods from the surface outside the burrows. The
digging, maintaining, closing and opening of burrows leads to sediment
accumulation around the entrances and therefore to an elevated
microtopography. The sediment at the entrance shows tracks caused by the
crabs’ pereopods (Alves et al., 2005; Santos et al., 2009). The duct of a typical
U. cordatus burrow first runs horizontally below the surface, often indicated by a
slightly domed sediment surface, and then it curves and descends steeply (Fig.
2a) reaching the water table, sometimes until a total depth of up to 2 m (De
Geraldes and De Calventi, 1983; Santos et al. 2009). U. cordatus spends most
of its time inside its burrows and when outside, the crabs stay immobile at the

entrances or collect litter which is then consumed inside the burrows (Nordhaus
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et al., 2009). Burrowless crabs are rarely encountered in the forest, except
during the few mating days in the reproductive season (Schmidt et al., 2012).
Females release larvae into estuarine waters which develop offshore and
reinvade the estuarine environment approximately one month later to settle
(Diele, 2000). Recent laboratory experiments showed that U. cordatus
settlement is triggered by conspecific odours (Diele and Simith, 2007; Simith
and Diele, 2008). Subsequently, recruits (mostly with CW < 1 cm) were
coincidently found for the first time in the field, inside burrows of larger
conspecifics (Schmidt and Diele, 2009). These findings raised the hypothesis
that burrows and their hosting owners provide ecological facilitation for the
recruits. However, this assumption remains to be tested as recruit numbers in
bioturbated sediments have not yet been compared to those in non-bioturbated

sediments.

Knowledge about the specific microhabitat and possible conspecific facilitation
of recruits is important for developing optimal procedures for the introduction of
laboratory cultivated megalopae and juveniles into the wild for stock
enhancement purposes. It is particularly important for U. cordatus due to its
importance as a fishery resource (Glaser and Diele, 2004, Diele et al., 2010)
and due to mass mortalities caused by a fungal disease (Schmidt et al., 2008b;
Orélis-Ribeiro et al., 2011). In the present study we sampled recruits of U.
cordatus inside non-bioturbated areas and areas bioturbated by conspecifics
along the environmental gradient of a mangrove forest, including its transition to
the hinterland. The aims of the study were: (i) to test the hypothesis that

conspecific burrows and their hosting owners facilitate U. cordatus recruitment;
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(ii) to determine whether recruitment varies spatially along the environmental
gradient of the studied mangrove forest and (iii) to identify possible temporal

patterns of U. cordatus recruitment.

METHODS

Study Area

Sampling was conducted near Caravelas, NE-Brazil, in a mangrove forest
located between a tidal creek and the hinterland, characterized by a sandbank
with Restinga vegetation (S17°42' W039°18"). The study site is characterized by
the following four zones from creek to hinterland: (i) forest dominated by taller
Rhizophora mangle near the creek, (ii) forest with smaller R. mangle, (iii) forest
with Laguncularia racemosa and (iv) predominantly bare ground with sporadic
Acrostichum aureum ferns in the transition from forest to hinterland. The study

area comprised a 500 m section of mangrove forest (Fig. 1A).

Nomenclature

In this paper we define the term recruit as a “settler” that survived to the age of
initial sampling” (Keough and Downes, 1982; Bertness et al, 1992; Carr and
Syms, 2006). In the case of U. cordatus, we consider as initial sampling when

crabs can first be visually detected and quantified by counting their burrow
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entrances. Hence, recruits are all crabs that are not visually detectable yet and
can only be found by searching the sediment manually. Recruits associated
with burrows of larger conspecifics are called “co-inhabitants” whereas those
found outside conspecific burrows, but without visible burrow, are named “free-
living”. All crabs that live in their own burrows large enough to be detected
visually are called “owners”. Owners hosting co-inhabitants are called "hosting

owners" and those not hosting co-inhabitants are called "non-hosting owners".

Sampling of recruits

Recruit surveys were performed once a month inside eight 30 X 1 m plots
placed perpendicularly to the hinterland (Fig. 1a). The location of the plots
inside the 500 m sampling area was randomized every month. Sampling was
conducted from April 2008 to May 2009 at neap tide days. In each plot, a wire
ring with a diameter of 25 cm was placed over each visible U. cordatus burrow
(“bioturbated ring”). As close as possible to each “bioturbated ring”, another ring
was placed on sediment which was not bioturbated by U. cordatus (“non-
bioturbated ring”) (Fig. 2). Approximately 1 | of sediment was taken from the
area inside each bioturbated and non-bioturbated ring. In non-bioturbated rings,
this amount was equivalent to a 3 cm surface layer of sediment, whereas in
bioturbated rings it comprised not only surface sediment, but also the sediment
of the burrow duct located inside the ring. The origin of the sediment taken from
bioturbated rings was categorized as follows (Fig. 2a): burrow entrance

(including tracks in front of it), roof of horizontal burrow duct, floor of horizontal
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burrow duct, plug (sediment used to close the entrance — not always present)
and smooth surface (non-bioturbated surface, sometimes present in rings
around smaller burrows). The sediment from non-bioturbated rings was
categorized as smooth surface, mound and sediment under wooden sticks (Fig.
2). All sediment was carefully searched by hand for U. cordatus recruits, and
their carapace width (CW) measured with a caliper rule to the nearest mm.
Recruits were released at the same place after capture. Due to their small size

they could not be sexed in the field.

Measurement of the burrows of owner crabs

Inside the eight plots (see above) all openings of burrows of hosting owners
were measured. In July 2008 and January 2009, burrows of non-hosting owners
were additionally measured. The diameter of the burrow openings was
measured applying the method described in Schmidt et al. (2008a). Burrow
diameter (BD) was transformed to carapace length (CL) using the equation “BD
= 0.244952 + 1.04026*CL” obtained through linear regression (R? = 75.2, N =
341). Values of CL were then transformed to carapace width (CW) using the
equation “CW = -0.0376206 + 1.30283*CL” also obtained through linear
regression (R? = 98.4, N = 341). The two regressions base upon data collected
in the same study area between February 2006 and July 2008 (Schmidt et al.,

Unpublished results).
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Abiotic data collection

Between 5 and 15 cm away from rings where recruits and hosting owners had
been found (Fig. 1a), the following parameters were measured: air temperature,
sediment temperature in 3 cm depth, pore water salinity (by digging a hole until
water percolates through the sediment and accumulate at the bottom, allowing
the collection and measurement with a refractometer), sediment consistency
(using a Humboldt H-4200 soil penetrometer, pocket type, with adapter foot)
and the maximum height above ground of the Bostrychietum band growing on
roots and stems of mangrove trees (hereafter referred as BH). BH is a good
indicator for the mean high tide level (Oliveira, 1984; Blankensteyn et al., 1997;

Rutzler and Feller, 1999; Cunha et al., 1999; Cunha and Costa 2002).

Determination of abiotic gradients

In order to characterize the inundation gradient, seven 500 m lines with 5 m in
between were marked parallel to the hinterland (Fig. 1b). From February to
December 2006, once a month, eight random points were marked at each line
with the aid of a GPS odometer and, at each point BH was measured (see
above). In addition, inundation was measured directly in May 2008, three days
before (waxing) and four days after (waning) full moon, when tidal height was
equivalent to the annual mean tidal height. During these periods, four random
points were marked at each line with the aid of an odometer (Fig. 1b). At each
point, inundation time was measured over a 12 h tidal period during daytime. At

the same points, inundation height was measured during slack high tide.
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To characterize the gradient of physico-chemical parameters, the study area
was divided into six contiguous 5 X 500 m subareas (Fig. 1b). Within each
subarea, luminosity (with a luximeter), sediment consistency, air temperature,
sediment temperature, pore water salinity (see above) and pH (with a pHmeter)
were measured at 24 random points, during low tide, between 12:00h and
15:00h. Sampling was performed at neap tide (first quarter) and syzygy (full
moon) of May 2011. Due to logistical reasons, pH was measured only at the

neap tide.

Characterization of vegetation zonation

A profile of topography and vegetation was drawn, by measuring angles (with a
digital inclinometer) and recording the floral species and their estimated height.
Measurements were performed every 2.5 m, along four 30 m random transects
running perpendicular from the tidal creek towards the hinterland (Fig. 1a). At
each vegetation zone (Fig. 1c), a stratified random sampling of litter standing
stock and litter fall was performed in August 2008. Standing stock was
measured by collecting litter from the sediment surface within a radius of 1 m
around 20 U. cordatus burrows (3.14 m?) and litter fall was measured with four
1 x 1 m traps installed one meter above sediment and emptied after one week

(see Nordhaus et al., 2006) (Fig. 1c).
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Statistical analysis

Polynomial regressions were performed for the dependent variables “CW of
recruits”, “abundance of recruits”, “CW of hosting owners estimated by burrow
openings” and “abundance of hosting owners’ burrows”, in relation to BH. Mean
CW of recruits found in bioturbated and non-bioturbated rings, as well as mean
CW of hosting and non-hosting owners were compared with Student “t” Test.
Means CW and abundance of recruits along time, as well as means of abiotic
parameters along the profile were compared with Repeated Measures ANOVA
followed by a Bonferroni post-hoc test. The sphericity assumption was tested
with Mauchly’s Test and the Huynh-Feldt correction was performed when
necessary. Means of litter fall and standing stock were analyzed by ANOVA
considering vegetation zone as a factor, followed by a Tukey HSD Test. Data
were square root or log transformed when necessary to reach
homoscedasticity, tested with Cochran’s “C” Test. Some data remained non-
normal even after transformation, but parametric statistics was still applied due
to the robustness of ANOVA (Underwood, 1997). All average values are given

together with the standard errors. Frequencies and ratios were compared with

Chi-Square Analysis.
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RESULTS

Vegetation structure, zonation and abiotic gradients

The height of the trees increased from the hinterland to the tidal creek, as well
as litter standing stock (ANOVA: df = 2; Fuet weight = 35.26, Fdry weight = 36.06; P <
0.0001) and litter fall (ANOVA: df = 3; Fuwet weight = 5.69, Fary weight = 5.68; P <
0.01) (Figs. 3a, b, ¢). The mean height of the Bostrychietum band (BH) did not
vary temporally, but spatially, increasing from hinterland to creek (Repeated
Measures ANOVA: df = 3.3; F = 323.6; P < 0.0001) (Fig. 3d). Inundation time
and height, also increased from hinterland to creek (Repeated Measures
ANOVA: df = 6; time, Fyaning = 148.4, Fuaxing = 53.5; height, Fuaning = 49.7, Fuaxing
=40.3; P < 0.0001) (Figs. 3e, f). In contrast, means of the following parameters
decreased from hinterland to creek at both neap and spring tides: sediment
consistency (Repeated Measures ANOVA: df = 4; Fneap = 72.4, Fspring = 53.9; P
< 0.0001) (Fig. 39), luminosity (dfreap = 4; Fneap = 72.4; dfspring = 3.5; Fspring =
12.7; P < 0.0001) (Fig. 3h), air temperature (dfneap = 4; Freap = 16.5; dfspring = 3;
Fspring = 21.4; P < 0.0001) (Fig. 3i) and sediment temperature (dfneap = 5; Freap =
11.9; dfspring = 4.6; Fspriing = 7.2; P < 0.0001) (Fig. 3j). Pore water salinity did not
fluctuate along the profile during spring tide. During neap tide, however, salinity
means at the three more landward sampling points had heterogeneous
variances. Therefore, separate analyses were performed. At the landward
subareas salinity was lower next to the hinterland (Repeated Measures

ANOVA: df = 2; F = 4.3; P = 0.02) while the means at the subareas near the
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creek did not differ (Fig. 3k). At neap tide, pH was significantly lower at the two
subareas closest to the hinterland (Repeated Measures ANOVA: df = 5; F =
15.5; P < 0.0001) (Fig. 3l). The means of abiotic parameters near the wire rings
where recruits and hosting owners had been found were: sediment consistency
= 0.13 + 0.004 Kg/cm?, air temperature = 26.8 + 0.11 °C, sediment temperature

=25.5+0.12 °C and salinity = 31.1 + 0.27 (Figs. 3g, i, |, k).

Number of recruits in bioturbated and non-bioturbated rings

A total of 474 U. cordatus recruits were found, 96% inside bioturbated rings (co-
inhabitants) and 4% inside non-bioturbated rings (free-living) (x* = 390.08, SL =
0.05, DF =1). This proportion did not vary significantly between the six sampled
subareas (y? = 8.75, SL = 0.05, DF = 5). From the 455 co-inhabitants, 43%
were found in the roofs of ducts, 29% in plugs, 27% in the owner tracks at the
entrance and 1% in the floor (Fig. 2). Of the 19 recruits observed in the non-
bioturbated rings, 79% occurred in the sediment of mounds, 16% were found in
sediment of smooth surfaces and 5% was found under a wooden stick (Fig. 2).
A total of 408 hosting owners’ burrows were found, 89.7% with one co-
inhabitant, 9.3% with two, 0.7% with three and 0.2% with four co-inhabitants.
The entrance and floor of all hosting burrows had fresh tracks of U. cordatus

indicating that they were inhabited by the owner.
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Abundance of recruits and hosting owners along the environmental

gradient

The relationship between the abundance of recruits and the BH measured close
to the rings was best explained by a third degree model (Correlation coefficient
= 0.78, R = 0.61, n = 51). Recruitment was highest in places with 18.5 cm BH
(Fig. 4a). The relationship between the abundance of hosting owners and BH
measured close to the rings was best explained by a fourth degree model
(Correlation coefficient = 0.78, R = 0.61, n = 60). Hosting owners were most
abundant in places with 13.5 cm BH (Fig. 4b). According to the BH gradient
graph (Fig. 3d), the point of higher recruitment (BH = 18.5 cm) and higher
abundance of hosting owners (BH = 13.5) occurred respectively at a distance of

16 m and 19 m from the creek, both at subarea 4 (Fig. 3a).

Size of recruits and hosting owners along the environmental gradient

The smallest and largest co-inhabiting recruit measured 0.15 cm and 2.20 cm
CW, respectively, and mean recruit size was 0.82 + 0.02 cm (n = 447) (Fig. 5).
The smallest and largest free-living recruit had a CW of 0.25 cm and 1.90 cm,
respectively, and mean size was 0.97 * 0.11 cm (Fig. 5). There was no
significant difference between CW of co-inhabitants and free-living recruits.
Also, there was no significant correlation between recruit size and BH. The
estimated CW of the hosting owners ranged between 1.7 to 8.9 cm, with a
mean size of 4.7 + 0.06 (Fig. 4). CW of hosting owners increased from

hinterland to creek. The relationship between CW and BH was best explained
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when applying the quadratic regression (R= 0.60), although the coefficient of

determination was low (R? = 0.35, n = 1034) (Fig. 3a).

Comparison between hosting and non-hosting owners

In July 2008 and January 2009, when the opening size of all crab burrows
(hosting and non-hosting ones) were measured, 8% of the total burrows had co-
inhabiting recruits. Mean CW of hosting and non-hosting owners was 3.9 + 0.06
and 3.8 £ 0.16 in July and 4.4 £ 0.06 and 5.2 =+ 0.17 in January. Mean size of
hosting and non-hosting crabs did not differ from each other in July and

January.

Abundance and size of recruits along time

While the abundance of recruits did not differ significantly between months, their
size did (Repeated Measures ANOVA: df = 13; F = 5; P < 0.0001) and mean
CW was smallest in July 2008 (Fig. 6d). The smallest recruits with a CW of up
to 0.2 cm were only found between April and July 2008 (Figs. 6a-d). Such small
crabs were absent in subsequent months and re-appeared between March and
May 2009 (Figs. 6l-n). Mean CW was largest in January 2009 (1.05 £ 0.07),

when the frequency of recruits in the upper size classes was highest (Fig. 6j).
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DISCUSSION

Recruits of U. cordatus occurred predominantly in conspecific burrows,
irrespective of the tidal gradient, strongly suggesting intraspecific facilitation.
Furthermore, the number of recruits and small owner crabs was highest in the
zone with intermediate inundation, which may provide advantages such as
avoiding high predation rates in more inundated seaward areas and extreme
environmental conditions in less frequently inundated landward areas. In the
following we first discuss the temporal and spatial pattern of recruitment in U.
cordatus in more detail and finish with demonstrating the relevance of the study

for the management of U. cordatus.

Temporal pattern of recruitment

The abundance of recruits was low throughout the entire year, even during the
reproduction period, most likely reflecting the difficulty to find such small-sized
cryptic specimens. The occurrence of recruits in the smallest size class with up
to 2 mm carapace width between March and July reflects the multiple larval
releases that occur each year between February and May in the study region
(Schmidt et al. 2012). The zoea larvae, which are released into estuarine waters
at spring tides, develop offshore and take about one month to develop to
megalopae and to re-invade the estuarine environment to settle (Diele, 2000).
First instar crabs with an initial CW ranging between 1.37 to 1.55 mm had

reached a size of approx. 2 mm after 1 month in the laboratory and 7.83 to
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11.53 mm after 6 months (Diele and Koch, 2010a), which closely agrees with
our field findings: for example, the last recruits in the smallest size class were
found in July 2008, all of them with a CW of 2 mm. These two- or third instar
stages had probably metamorphosed to crab one month earlier and had been
released yet another month earlier, in May. Recruits grew throughout the year
as indicated by the increase in frequency in upper size classes, and a new
cohort of recruits appeared in March 2009 as indicated by the distinct drop in
mean recruit size. All recruits in the smallest size class found in March 2009
had a CW of 1.5 mm. This suggests that they were recently settled first instar
crabs (see Diele and Koch 2010a), originating from the larval release in

February, the first larval release event in that year.

Recruitment in relation to conspecific bioturbation

In this study we confirmed the hypothesis raised by Schmidt and Diele (2009)
that U. cordatus recruits settle more often in conspecific burrows than in non-
bioturbated areas. Laboratory experiments showed that chemical cues emitted
by conspecifics, independently of gender, induce settlement and enhance
survivorship of U. cordatus megalopae (Diele and Simith, 2007; Simith and
Diele, 2008). The concentration of these cues is certainly higher inside
conspecific burrows than outside. Such habitat-specific recruitment may be
considered an example of commensalistic (+,0) facilitation (see review of
Stachowicz, 2001), as it does not cause any harm to the hosting owner and

provides at least 3 advantages for the co-inhabiting recruit. Firstly, it can be
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assumed that food is more abundant inside crab burrows than on the outside.
Crab burrows increase the passive deposition and settlement of meiofauna
organisms (DePatra and Levin, 1989; Botto and Iribarne, 1997) which are eaten
by juvenile U. cordatus (Diele and Koch, 2010b). Larger recruits can also feed
on shredded plant matter resulting from sloppy feeding of burrow owners (Diele
and Koch, 2010b), but may not yet be able to collect leaves themselves and
shred them. A second advantage is that conspecific burrows provide refuge
from predators (Bliss, 1979; Warren, 1990; Luppi et al., 2002), particularly when
closed by plugs. In addition, the presence of the hosting owner defending its
burrow indirectly protects the co-inhabitants. Finally, burrows provide shelter
against extreme conditions of temperature and humidity (Powers and Cole,
1976; Eshky et al., 1995; Chan et al., 2006). Juveniles in particular are less
tolerant to environmental extremes than adults (Wolcott and Wolcott, 1988) and
their comparably larger body surface area make them more susceptible to
desiccation (Diele, 2000). Similar findings from other species, e.g.
Neosarmatium meinerti (Emmerson, 2001), Neohelice granulata (Luppi et al.,
2002) and Cardisoma carnifex (Vannini et al., 2003) suggest that recruits co-
inhabiting burrows of larger conspecifics may be common in semi-terrestrial

crabs.

The size at which U. cordatus recruits begin to live independently varies, as
indicated by the overlap in the size-frequency distribution of co-inhabitants and
free-living crabs. The largest co-inhabitant had a CW of 2.2 cm, a size similar to
that found by Schmidt and Diele (2009). It is likely that competition with the

owner crab eventually forces co-inhabitants to leave the conspecific burrow. As
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the smallest hosting owners had a CW of 1.7 cm (see also Schmidt and Diele,
2009) and thus were smaller than the largest co-inhabitants, it is possible that
crabs beginning an independent life may soon host recruits of subsequent
cohorts. This assumption is in accordance with the results of a recent study
that showed that the odour emitted by U. cordatus juveniles (from 0.15 cm CW)
triggers megalopal settlement as does the odour of adults (Simith et al.,
Unpublished resuts). Most hosting owner burrows were co-inhabited by only
one recruit, which was also observed by Schmidt and Diele (2009). The higher
occurrence of co-inhabitants in the roof, plug and entrance, than in the floor of
the burrow, as well as the higher occurrence of free-living recruits in mounds
than in smooth surface or under wooden stick, indicate that recruits prefer a
higher micro topography. As will be discussed below, more elevated areas are
subjected to a shorter time of inundation and therefore are less exposed to

predators.

Recruitment in relation to environmental gradients

At our study site, both recruits and small hosting owners were most common in
subarea 4, which we therefore name “recruitment zone”. We argue that the
lower limit of the recruitment zone is set by biotic processes while the upper
limit is set by physical processes, similar to the pattern typical for most intertidal
zones (Connell, 1972). The definition of the upper landward limit of the U.
cordatus recruitment zone is certainly linked to the adverse conditions of the

transition to the hinterland: The higher consistency of sandy sediment hampers
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burrow excavation, high luminosity and temperature increase desiccation and
unstable salinity and low pH may impose physiological limitations. Only few
trees grow in the rarely inundated upper zone which restricts litter fall and thus
the food supply of the crabs. Below the lower seaward limit of the recruitment
zone, fish species such as Bairdiella ronchus, Genidens genidens and
Centropomus parallelus (Costa et al., 2009) have more time to prey upon U.
cordatus recruits. Interspecific competition with the abundant fiddler crabs in
this zone seems unlikely since Uca species are also abundant in the
recruitment zone of U. cordatus and feed on sediment deposits, rather than
meiofauna, which is consumed by U. cordatus recruits (Diele and Koch, 2010b).
Intraspecific competition does not seem to be important either, since recruits
inhabit burrows of conspecific adults. However, once crabs start to dig their own
burrows and begin to feed on litter, intraspecific competition should increase.
Competition for resources as food and space triggers the movement of U.
cordatus crabs from areas with high burrow density to areas with lower burrow
density (Piou et al., 2007). We therefore assume that, as crabs grow, their
action radius increases and so does intraspecific competition, which forces
them to move from the recruitment zone to the more inundated zone. Once in
the most flooded zone, crabs achieve better environmental conditions for
growth, which probably outweigh the risk of predation. In fact, we found that
larger crabs preferentially inhabit the more inundated zone (see also Diele et al
2005, Piou et al. 2007, Schmidt et al. 2009). This zone is characterized by tall
R. mangle and thus abundant leaf litter as food, muddy sediment which is less

compact and thus easier to burrow in, a dense canopy creating shadow and
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thus lower temperatures, a more stable salinity due to lower evaporation and
terrestrial drainage and a less acid pH due to a higher pore water renewal

through the nearby creek.

Proximate causes of higher recruit numbers in the “recruitment zone”

The proximate cause of higher recruit numbers in the intermediate zone is still
unclear. On the one hand it may simply mirror the higher number of conspecific
burrows and thus increased microhabitat availability in this zone, compared to
the adjacent zones. On the other hand it may also be due to otherwise more
favorable environmental conditions in the intermediate zone, as discussed
above, or a combination of both factors. Furthermore it is still unknown whether
the identified recruitment zone is the result of active larval choice, or whether
larvae settle homogenously across the entire tidal gradient, followed by
asymmetric post-settlement survival of the recruits resulting in the observed
spatial pattern of recruitment. We will now experimentally test whether U.
cordatus larvae preferentially settle in the zone with intermediate inundation, or
whether they settle irrespective of the inundation regime, responding primarily

to the availability of conspecific burrows.
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Implication for management

There is growing interest to enhance U. cordatus stocks through the release of
laboratory-cultivated megalopae and juveniles in coastal zones impacted by
pollution or fungal infections, causing massive crab mortalities (Cottens, 2008;
Ventura et al., 2010). Our study indicates that a suitable site for the introduction
of megalopae and recruits of U. cordatus would be inside conspecific burrows
located in intermediate inundation areas. However, prior to any initiative, it
should be ascertained whether natural recruitment is at all a limiting factor for
the recovery of a specific stock and whether the potential benefits of the
enhancement can outweigh the potential risk of introducing pathogens
associated with laboratory cultivations. Hence, natural recruit densities should
first be determined, which will be facilitated in the future given that the habitat of

the young recruits is now known.
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Figure 2 — Sampling of U. cordatus recruits. Black circles: Metal rings placed on
the sediment surface, either around a conspecific burrow (“bioturbated ring”) or
on sediment not bioturbated by U. cordatus (“non-bioturbated rings”). Dashed
line: Burrow duct and cross-section of the duct. A typical burrow duct of U.
cordatus first runs horizontally below the sediment, often indicated by a slightly
domed surface, until curving down and descending steeply. Letters indicate
places where recruits were found. Bioturbated rings: (a) entrance area of
burrow, (b) roof of horizontal duct, (c) floor of horizontal duct (see cross-section)
and (d) smooth sediment surface. Non-bioturbated rings: (e) smooth sediment

surface, (f) sediment mound (g) sediment under wooden sticks.
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RESUMO

Existem controvérsias sobre a nomenclatura e delimitacgdo da zona de
transicdo entre o manguezal e a terra-firme, comumente conhecida por apicum.
Esta zona vem sendo ocupada por atividades como carcinicultura e extracédo
de sal e pouco se sabe ainda a respeito dos seus impactos sobre a biota do
manguezal. O presente estudo caracterizou quanto a vegetacao e parametros
abidticos 6 padrdes de zonacdo de manguezal, incluindo suas zonas de
transicdo, e determinou a distribuicdo espacial do caranguejo-ucd Ucides
cordatus ao longo das zonas. Dada a variabilidade dos padrdes de zonacao
identificados e a impossibilidade de sua perfeita definicAo baseada nas
nomenclaturas existentes, propde-se que os chamados “apicuns” e “salgados”
devam ser considerados um tipo particular de “manguezal herbaceo” que, junto
com as fei¢des, “lavado”, “manguezal arbdéreo” e “ecotono arbustivo”
constituem o ecossistema manguezal. Foi observado que o recrutamento de U.
cordatus ocorre proximo ao limite entre 0 manguezal arb6reo e herbaceo. O
aumento do nivel médio relativo do mar implicaria no deslocamento da zona de
recrutamento em direcdo a terra-firme e qualquer obstaculo ira comprometer
este processo. Portanto, para que a renovacdo dos estoques de caranguejos
nao seja impedida e para evitar impactos socioeconémicos negativos sobre as
populacdes tradicionais dependentes deste recurso pesqueiro, a ocupacgao de
zonas de manguezal herbaceo por empreendimentos econémicos nao deve ser

permitida.

Palavras-chave: carcinicultura, distribuicdo espacial, elevacéo do nivel do mar,

manguezal, planicie hipersalina.
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ABSTRACT

On the definition of the “apicum” zone and its ecological importance for

populations of the mangrove crab Ucides cordatus

There are controversies over the nomenclature and delimitation of the transition
zone between mangrove and upland, commonly known as apicum. This zone
has been occupied by activities such as shrimp farming and salt mining and it is
not well known yet their impacts on the mangrove biota. The study described
the vegetation and abiotic parameters of 6 mangrove zonation patterns,
including their transition zones, and determined the spatial distribution of the
mangrove crab Ucides cordatus along the zones. Given the variability of
zonation patterns and the impossibility of their perfect definition based on
existing nomenclatures, it is proposed that the so-called "apicuns" and
"salgados" must be considered a particular type of "herbaceous mangrove”
which, together with the “mud flat”, "arboreous mangrove" and the "shrubby
ecotone”, forms the mangrove ecosystem. It was observed that the recruitment
of U. cordatus occurs near the boundary between the arboreous and
herbaceous mangrove. The increase in the mean relative sea level would result
in displacement of the recruitment zone toward the upland and any obstacle will
hamper this process. Therefore, to avoid the obstruction of the renewal of the
stocks of crabs and to avoid negative socioeconomic impacts on traditional
populations dependent on this fishery resource, the occupation of herbaceous
mangrove zones for economic undertakings should not be allowed.
Keywords: mangrove, sea level rise, shrimp farming, spatial distribution, salt

flat
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INTRODUCAO

O manguezal apresenta zonas bem definidas cuja existéncia pode ser
explicada principalmente por fatores geomorfolégicos (ex. erosdo e
progradacao), fatores climaticos (ex. pluviosidade e drenagem terrestre) e por
gradientes fisico-quimicos (ex. inundacdo e salinidade) (SMITH IIl, 1992;
WOODROFFE, 1992). Particularmente, a zona menos inundada do manguezal,
na transicéo para terra-firme, é normalmente desprovida de vegetacdo arborea.
A nomenclatura utilizada para esta zona de transi¢cdo € um tipico caso em que
um nome popular sobrepuja um nome cientifico. No Brasil, esta zona é
comumente chamada de “apicum”, termo derivado da palavra “apecu’,
originaria da lingua indigena Tupi e que significa “lingua de areia” ou “coroa de
areia” (SILVA, 1965; BUENO, 1983; CUNHA, 1999). Em alguns locais o apicum
também é conhecido como “salgado”. O termo indigena apicum se tornou tao
consagrado que hoje é foco de polémica até mesmo na legislacdo ambiental
brasileira. Como quase todo nome popular, o termo apicum é interpretado de
diferentes maneiras ao longo da costa brasileira, 0 que levou pesquisadores e
legisladores a criarem suas proprias definicdes. Na literatura cientifica
internacional, esta zona de transicdo € normalmente chamada de “salt flat”
(SOARES, 2009; CHAVES et al., 2010), em geral traduzido por cientistas
brasileiros como planicie hipersalina (COELHO-JR, 2010; CHAVES et al.,
2010). Ambos os nomes s&o uma referéncia a alta salinidade da agua
intersticial que, em muitas localidades, ocorre nesta zona devido a evaporagao
da agua remanescente no substrato apos a preamar de sizigia, aliada a uma

baixa pluviosidade. No Brasil, o termo popular indigena € frequentemente
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utilizado tecnicamente, e pesquisadores e legisladores, também adotaram a
alta salinidade como uma caracteristica dos apicuns (UCHA; HADLICH;
CELINO, 2008; HADLICH; UCHA; CELINO, 2008; BRASIL, 2012), apesar do
significado original desta palavra (SILVA, 1965; BUENO, 1983; CUNHA, 1999)
e a percepcdo da populacédo tradicional (PELLEGRINI, 2000; DE JESUS;
HADLICH, 2009) ndo fazerem mencao a esta particularidade. Os limites de
inundacao pela maré também vém sendo utilizados como um critério. Maciel
(1991) propde que os limites da zona de apicum sdo estabelecidos pelo nivel
médio das preamares de sizigia (limite inferior) e o nivel das preamares de
sizigia equinociais (limite superior). Outros autores (SOARES et al., 2008;
SOARES, 2009) adotam o conceito de Hutchings & Saenger (1987) no qual o
limite inferior da planicie hipersalina coincide com o nivel médio de preamar de
quadratura. Soares (2008) ressalta que, na verdade, as florestas chegam a se
estender até niveis um pouco acima desse limite, os quais sdo atingidos por
marés mais altas de quadratura. Por sua vez, alguns pesquisadores se referem
aos apicuns como “marismas tropicais”, definidos como planicies hipersalinas
vegetadas por espécies herbaceas resistentes ao sal, que ocorrem em areas
alagadas apenas duas vezes por més, por marés de sizigia (COSTA et al.,
2009). Mais recentemente o0s termos apicum e salgado, para muitos
considerados sinénimos (MACIEL, 1991; NASCIMENTO, 1999; SCHAEFFER-
NOVELLI, 1999; SCHMIDT, 2006; SCHAEFFER-NOVELLI et al., 2012),
passaram a ter diferentes significados no Substitutivo do Senado ao Projeto de
Lei da Camara n° 30, de 2011 (n°® 1.876, de 1999, na Casa de origem)

(BRASIL, 2012) que dispbe sobre a protecdo da vegetagédo nativa. De acordo
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com esta proposta de instrumento legal, “salgado ou marismas tropicais
hipersalinos” sdo “areas situadas em regides com frequéncias de inundagdes
intermediarias entre marés de sizigias e de quadratura, com solos cuja
salinidade varia entre 100 (cem) e 150 (cento e cinquenta) partes por 1.000
(mil), onde pode ocorrer a presenga de vegetagao herbacea especifica”. Ainda,
define apicum como “areas de solos hipersalinos situadas nas regides entre-
marés superiores, inundadas apenas pelas marés de sizigias, que apresentam
salinidade superior a 150 (cento e cinquenta) partes por 1.000 (mil),

desprovidas de vegetacao vascular”.

Apesar das incongruéncias quanto a sua definicao e delimitacao, a maior
parte dos pesquisadores reconhece a importancia ecolégica do apicum e o
considera uma feicdo ou compartimento do ecossistema manguezal
(BIGARELLA, 1947; MACIEL, 1991; NASCIMENTO, 1999; SCHAEFFER-
NOVELLI, 1999; PELLEGRINI, 2000; PORTUGAL 2002; SCHMIDT, 2006;
SOARES, 2008; CHAVES et al.,, 2010; COELHO-JR, 2010; SCHAEFFER-
NOVELLI et al., 2012), de modo que o mesmo deveria ser considerado uma
Area de Preservacdo Permanente (ver instrumento legal supracitado). Talvez a
maior importancia do apicum esteja no fato dele poder impedir a reducdo da
area ocupada pelos manguezais com o aumento do nivel médio relativo do
mar. E sabido que os apicuns chegaram a ser colonizados por espécies
arboreas quando o nivel do mar era mais alto, o que é indicado por vestigios de
matéria organica e conchas de ostras em camadas inferiores do substrato
(NASCIMENTO, 1999; UCHA; HADLICH; CELINO, 2008; HADLICH; UCHA,

CELINO, 2008). Ainda é discutido como se deu este antigo assoreamento do
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manguezal. Bigarella (1947) propde que o assoreamento do manguezal se da
pela deposicédo de areias finas (entre 0,062 e 0,125 mm) durante a preamar,
enquanto os resultados de Ucha, Hadlich e Celino (2008) indicam que o
sedimento arenoso € originario da erosdo das encostas adjacentes.
Atualmente, o aumento do nivel médio relativo do mar &€ uma realidade na
costa brasileira (MESQUITA, 2000; LARA et al., 2002; HARARI et al., 2004;
SOARES, 2009; ) e observa-se uma tendéncia de expansao da area ocupada
por espécies arboreas do manguezal em direcao a terra-firme, através da zona
de apicum, em contraponto a erosdo na margem na beira do canal (LEBIGRE,
1999; OLIVEIRA et al.,, 2000; PELLEGRINI, 2000; LARA et al. 2002;
PORTUGAL, 2002; SOARES, 2009). Soares (2006) considera o apicum como
uma zona tampdo para a floresta contra mudancas geomorfolégicas e
hidrolégicas. Os apicuns também estdo conectados ao manguezal arbéreo pelo
fluxo de nutrientes. Segundo Nascimento (1999), caranguejos do género Uca,
ao escavarem galerias nos apicuns, removem o sedimento das camadas
inferiores para a superficie, sendo seus nutrientes transportados para o
manguezal adjacente pela drenagem da agua da chuva. Similarmente, no
sedimento de planicies hipersalinas australianas, foram identificadas espécies
de cianobactérias fixadoras de nitrogénio, nutriente que pode ser lixiviado ou
levado pela maré vazante para 0s manguezais adjacentes, enriguecendo-os
(PALING; MCCOMB; PATE, 1989; PALING; MCCOMB, 1994; PALING;
HUMPHREYS; MCCARDLE, 2003). O mesmo pode acontecer em manguezais
brasileiros, visto que Schmidt (2006) identificou cianobactérias da familia

Nostocacia crescendo sobre troncos de mangues mortos em apicuns.
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Apesar da importancia dos apicuns, ainda existem relativamente poucos
estudos que contribuam para a sua definicdo apropriada e para a determinacao
dos padrdes de distribuicdo da biota ao longo desta zona. Esta caréncia tem
dado margem a questionamentos feitos por individuos que defendem, fora da
literatura cientifica, que o apicum ndo consiste numa zona do manguezal e que,
portanto, poderia estar sujeito a exploracéo para atividades como carcinicultura
e exploracdo de sal marinho. Zonas de apicum vém sendo ocupadas por
empreendimentos de carcinicultura e salinas em varios locais do Brasil
(CREPANI; MEDEIROS, 2003; HADLICH; UCHA; CELINO, 2008; DE JESUS;
HADLICH, 2009) gerando notérios impactos ecoldgicos e socioecondémicos
(NASCIMENTO, 1999; SCHAEFFER-NOVELLI, 1999; PORTUGAL, 2002;
MEIRELES, 2007; OLIVEIRA; MATTOS, 2007; ABREU et al, 2011,
SCHAEFFER-NOVELLI et al.,, 2012). Uma espécie que potencialmente pode
ser afetada por impactos sobre a zona de apicum é o caranguejo-uca, Ucides
cordatus (Linnaeus, 1763), cujo recrutamento (SCHMIDT; DIELE, 2009) ocorre
em zonas menos inundadas do manguezal (DIELE, 2000; SCHMIDT, 2006;
SCHMIDT; DIELE, 2009; SCHMIDT et al.,, 2009). Esta espécie apresenta
grande importancia socioecondmica no Brasil, particularmente para populacées
tradicionais de coletores (GLASER; DIELE, 2004); € uma espécie chave para o
ecossistema manguezal, visto que consome grande parte da serapilheira dos
mangues (NORDHAUS; WOLFF; DIELE, 2006) e teve seus estoques reduzidos
por ocorréncias de mortalidade em massa ao longo da costa brasileira

(SCHMIDT, 2006; SCHMIDT; THEIL; GALLI, 2008a) ligadas a uma doenca cujo
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agente causador € o fungo Exophiala cancerae de Hoog, Vicente, Najafzadeh,

Badali, Seyedmousavi & Boeger (ORELIS-RIBEIRO et al., 2011).

O presente estudo tem como objetivos: (i) caracterizar diferentes
padrdes de zonag&o do manguezal, incluindo sua zona de transigéo para terra-
firme, presentes em Caravelas, Sul da Bahia; (ii) propor uma definicdo mais
adequada das zonas do ecossistema manguezal; (iii) determinar a distribuicdo
espacial do caranguejo U. cordatus ao longo dos padrbes de zonacgéo e (iv)
discutir os possiveis impactos da ocupag¢do da zona de transicdo sobre a

populacao de U. cordatus.

AREA DE ESTUDO

O estudo foi conduzido no estuario de Caravelas, extremo sul da Bahia
(17°45'45.0, 039°13'48.0), que apresenta a maior parte dos manguezais
protegidos pela Reserva Extrativista do Cassuruba. A temperatura média anual
do ar é de 24°C, com valores mais baixos ocorrendo em julho (inverno austral:
21,9°C) e mais altos ocorrendo em fevereiro (verao austral: 26,3°C) (GOMES-
SOBRINHO, 2008). A precipitacdo é mais alta em Novembro (195,3 mm) e
mais baixa em Agosto (57,3 mm), apresentando valores intermediarios em
junho (83,1 mm) (GOMES-SOBRINHO, 2008). As marés sao semidiurnas, com
amplitudes entre 0,5 m e 2,5 m. O estuario € principalmente influenciado por
aguas oceanicas (LESSA; CIRANO, 2006). Estudos anteriores registraram

salinidade meédia e temperatura da superficie da agua de, respectivamente,
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37,5 £ 0,19 e 29,4 + 0,14°C, no verédo, e 32,5 + 1,86 e 23,0 =+ 0,06 °C, no

inverno (TRAVASSOS et al., 2006).

METODOS

Foram realizadas amostragens em 6 areas de manguezal com cerca de
500 m de extensdo na sua interface com a terra-firme: Terminal de Barcacas
da Fibria, Rio das Salinas, Rio do Macaco, Rio Massangano, Sitio Francisca
Lopes e late Clube. As areas situam-se em diferentes partes do estuério, a
cerca de 4 km umas das outras, e foram escolhidas por apresentarem padrdes
de zonacdo notoriamente diferentes. Cada area foi caracterizada quanto a
extensdo das zonas de vegetacdo, distribuicdo espacial de U. cordatus,

disponibilidade de serapilheira, inundacéo pela maré e parametros abidticos.
Padrdes de zonacgéo vegetal

Em janeiro de 2007, 3 transversais aleatérias, perpendiculares a linha de
margem, foram demarcadas da parte mais interior do manguezal até a margem
do canal. Ao longo das transversais as espécies vegetais presentes foram
identificadas e sua altura estimada visualmente, permitindo a delimitacdo de
zonas. A declividade foi medida com um inclinbmetro digital com precisdo de
0,1°, sendo tomadas medidas do angulo de inclinacéo do terreno a cada 2,5 m.
Para tracar o perfil de cada area levou-se em conta a média da altura estimada

das arvores, extensao e declividade das zonas obtidas nas 3 transversais.
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Distribuicdo espacial de U. cordatus

Em janeiro e fevereiro de 2007, em cada zona, foram demarcados
aleatoriamente 4 parcelas de 2,5 x 2,5 m (6,25 m?). Dentro delas todas as
aberturas de galeria de U. cordatus foram contadas e medidas. As medidas de
abertura foram transformadas em valores de comprimento de carapaca e estes

foram transformados em largura de carapaca, conforme Schmidt et al. (2008b).
Inundacéo pela maré

Em marco de 2007, durante a maré de sizigia de equinécio, a altura de
inundacdo nas zonas das areas de estudo foi estimada através de varas de
madeira com vidros de 5 ml presos um sobre o outro, em espiral, mantendo
uma distancia de 1 cm entre as bordas. Apés a preamar, a distancia da
superficie do substrato até a borda do vidro cheio mais acima foi medida,
sendo considerado este o valor da inundagédo no local. Em cada zona foram
instaladas 3 varas com vidros. Em 2008, foi calculado o periodo e altura de
inundacao das zonas durante a preamar média. Para tanto, primeiramente foi
calculado com base na tdbua de marés, a altura de preamar média anual (0,8
m, para Caravelas). Cada area teve a inundacéo pela maré monitorada durante
uma preamar de 0,8 m de altura antes da sizigia e outra similar apés a sizigia,
sendo utilizados os valores médios destas duas estimativas. Para o
monitoramento, foram estendidos 4 transversais aleatorias, da terra-firme ao
canal. Em cada transversal, um observador ficou de plantdo durante a maré
enchente, registrando o horario em que a agua atingia cada uma das zonas. No

momento da preamar, em cada uma das zonas foram realizadas 5 medi¢cdes
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da altura da inundacdo com uma régua. Na maré vazante, os plantonistas
registraram os horarios em que cada uma das zonas ficou novamente exposta
ao ar. Assim, a variavel inundacao consistiu no tempo em minutos que a zona

ficou submersa durante um periodo de 12 h durante uma maré média anual.

Parametros abioticos

Em junho de 2007, durante maré de quadratura, foram sorteados 3
pontos dentro de cada zona, onde foram cavados buracos até o afloramento da
agua em seu interior, cuja profundidade foi medida. A salinidade da agua
dentro do buraco foi medida com um refratbmetro e, com um termdmetro
digital, mediu-se a temperatura da agua, do sedimento na superficie e do ar.
Em cada zona também foram sorteados quatro pontos nos quais a consisténcia

do substrato foi medida com um penetrémetro.

Serapilheira disponivel

No dia 12 de fevereiro de 2008, quando a altura prevista de preamar foi
equivalente a média anual (0,8 m, para Caravelas), foram realizadas
estimativas do estoque de serapilheira utilizando um método adaptado de
Nordhaus, Wolff e Diele (2006). Em cada uma das zonas, 20 galerias de U.
cordatus foram marcadas aleatoriamente. Ao redor de cada abertura de galeria,
em um raio de 1 m, foi coletada a serapilheira disponivel na superficie da lama,

sendo o peso umido obtido com uma balancga digital.
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Anélises estatisticas

As médias de densidade populacional de caranguejos (individuos / m?),
densidade comercial de caranguejos (individuos com largura de carapaca
maior ou igual a 6 cm / m?), largura de carapaca (cm), serapilheira disponivel (g
/ m?), periodo de inundacdo (minutos), consisténcia do substrato (kg / cm?),
profundidade do lencol freatico (cm), salinidade e temperatura (°C) foram
comparadas com Andlise de Variancia Unifatorial seguida de Teste de Tukey
(HSD). Quando necessario, as médias foram transformadas em raiz quadrada
para homogeneizagdo das variancias. Todas as médias sdo apresentadas com

seus respectivos valores de erro padrao.

RESULTADOS
Padrdes de zonacgéo vegetal

As seis areas estudadas apresentaram padrdes de zonacdo bem
distintos, apesar de terem em comum uma tendéncia do aumento do porte da
vegetacdo de terra-firme em direcdo ao canal, cujas margens sempre
apresentaram uma zona de Rhizophora mangle L. (Figuras la a 6a). Seis

padrdes de zonacgéao foram identificados:

Padrdo | — Presente no Porto da Fibria. Perfil com declividade bem
pequena, no qual o bosque de R. mangle na margem do canal € seguido por
uma zona com predominio de Avicennia schaueriana Stap & Leech de menor

porte. Segue-se uma zona relativamente extensa de vegetacdo herbacea



166

dominada por Sarcocornia ambigua (Michx.) Alonso & Crespo (anteriormente
denominada Salicornia gaudichaudiana Mog.). J& na transicao para terra-firme,
a declividade aumenta e espécimes de Laguncularia racemosa L. de pequeno
porte comecam a aparecer, seguidas de Dalbergia ecastophyllum L., Hibiscus
pernambuscensis Arruda e a herbdcea Sporobulus virginicus L. (Figura l1a), ja

na transicao para uma mata de restinga.

Padréo Il — Presente no Rio das Salinas. Perfil com declividade
relativamente acentuada no bosque de R. mangle, seguido por uma estreita
zona onde coexistem R. mangle, A. schaueriana e L. racemosa e, logo apos,
uma zona de L. racemosa e S. ambigua. A zona seguinte é dominada pela
herbacea S. virginicus. Na transicdo para terra-firme, ocorrem espécies tipicas
de restinga herbacea: Sesuvium portulacastrum L., Fimbristylis cymosa R.

Brown e Fimbristylis spadicea (L.)(Figura 2a)

Padréo Il — Presente no Rio do Macaco. Apds a zona de R. mangle com
declividade relativamente acentuada, segue-se uma extensa zona com
pequena declividade, com ocorréncia de A. schaueriana, L. racemosa e R.
mangle. Em seguida, ocorre uma zona onde coexistem Acrostichum aureum L.
e L. racemosa de pequeno porte. A Ultima zona, logo abaixo do talude de terra-
firme, apresenta a espécie Cyperus sp. L. (Figura 3a). Apoés o talude, comeca a

ocorréncia de restinga arbustiva.

Padréo IV — Presente no Rio Massangano. A zona de R. mangle na
margem do canal vai reduzindo seu porte em direcdo a terra-firme até ser

substituida por uma zona de R. mangle anad. Proximo a terra-firme a



167

declividade diminui consideravelmente e ocorre uma zona de vegetacao
herbacea constituida por Eleocharis geniculata (L.) Roem & Schult, Paspalum
sp. Swartz e Triglochin striata Ruiz & Pavon. Em seguida, a declividade
aumenta de novo, ocorrendo uma zona mista de Conocarpus erectus L.,
Cyperus sp. e, ja proximo ao talude de terra-firme, Annona glabra L. (Figura

4a). Apos o talude, comeca a ocorréncia de restinga arbustiva.

Padrdo V — Presente no Sitio Francisca Lopes. Uma zona de R. mangle
de porte relativamente grande € seguida de uma zona de R. mangle ana. Apoés,
ocorre uma zona onde coexistem L. racemosa e A. aureum, seguida de uma
zona ja proxima ao talude de terra-firme onde ocorre H. pernambuscensis e S.

virginicus (Figura 5a). Apos o talude, comeca a ocorréncia de mata de restinga.

Padréo VI — Presente no late Clube. Uma zona de R. mangle na margem
do canal (ndo amostrada) é seguida por uma extensa zona de L. racemosa de
grande porte. Apenas os ultimos 80 m desta zona foram amostrados e, em
seguida, ela d& lugar a uma zona onde coexistem A. aureum e L. racemosa de
menor porte. Na transicdo para um brejo, individuos esparsos de L. racemosa
ocorrem junto com Typha dominguensis Pers. (Figura 6a). Apds esta zona

comeca a ocorréncia de um brejo homogéneo de T. dominguensis.

Em todos os padrbes estudados, logo ap6s a interface entre o
manguezal arbéreo e o manguezal herbaceo foram registrados propagulos e

plantulas de mangue, ndo sendo observados mangues mortos ou senescentes.
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Distribuicdo espacial de U. cordatus

No padrdo de zonacdo | (Porto da Fibria), a maior densidade
populacional de U. cordatus foi registrada na zona de L. racemosa, ja na
transicéo para terra-firme (Figura 1b). Nos demais padrdes estudados, a maior
densidade ocorreu sempre em zonas intermediarias: L. racemosa e S. ambigua
(padréo Il, Figura 2b); L. racemosa, A. schaueriana e R. mangle (padrédo lll,
Figura 3b); R. mangle ana (padrado IV, Figura 4b); R. mangle ana (padrédo V,
Figura 5b) e L. racemosa e A. aureum (padrdo VI, Figura 6b). A densidade
comercial foi inexpressiva nas zonas mais elevadas dos perfis e sempre foi
maior na zona de R. mangle de maior porte, diminuindo também no talude do
canal (Figuras 1b a 6b). A largura média dos caranguejos aumentou de terra-
firme em direcdo ao canal em todos os padrdes de zonacgéo e sempre foi maior
na zona de R. mangle de maior porte (Figuras 1c a 6c¢). No late Clube (padrao
VI), onde a zona de R. mangle ndo foi amostrada, a maior densidade comercial
e maior largura média ocorreu na zona de L. racemosa mais alta, mais proxima

ao canal (Figuras 6b e 6c).

Serapilheira disponivel

Em todos os padrbes estudados, exceto o VI, que ndo foi amostrado até
o canal, foi observada uma reducao na disponibilidade de serapilheira na zona
menos inundada na transicdo para terra-firme e na zona mais inundada no

talude da margem do canal (Figuras 1d a 6d).
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Inundagéo pela maré

Todas as zonas de todos os padrOes estudados foram inundadas
durante a preamar de sizigia de equindcio que ocorreu em marco de 2007
(Figuras le a 6e). Durante a preamar média, o limite superior que foi atingido
pela inundacgéo pela maré variou conforme o padréo de zonagdo. Nos padrdes |
e Il, a maré atingiu o limite entre 0 manguezal arbéreo e a vegetacdo herbacea
com presenca de, respectivamente, S. ambigua e S. virginicus. Nos padrées IlI
e IV, a maré atingiu o limite inferior da zona de L. racemosa e A. aureum. No
padrdo V, a maré atingiu todas as zonas e no padrdo VI, nenhuma das zonas.
O tempo e altura de inundagdo durante a preamar média, nas zonas onde
ocorreram o0s picos de densidade populacional de U. cordatus foram
respectivamente: 58,0 £ 4,39 min e 12,7 £ 1,91 cm (Padréo Il); 63,2 = 16,22
min e 14,6 £ 3,74 cm (Padréo Ill); 111,1 + 30,38 min e 19,0 + 6,02 cm (Padrao
IV) e 101,4 £ 28,12 min e 11,90 £+ 2,39 cm (Padrao V). Nos padrbes | e VI, as
zonas de pico de densidade populacional de U. cordatus ndo foram inundadas
pela maré. O tempo e altura de inundagdo nas zonas onde ocorreram 0S picos
de densidade comercial e a maior largura média de carapaca de U. cordatus
foram respectivamente: 166,0 £ 12,88 min e 25,5 + 4,88 cm (Padrao 1); 207,5
11,94 min e 55,0 = 5,04 cm (Padréo 1l); 123,4 + 29,11 min e 23,3 + 6,25 cm
(Padrao Ill); 195,6 £ 37,36 min e 31,7 + 7,43 cm (Padrdo IV) e 174,6 + 17,24
min e 24,95 + 1,92 cm (Padréo V). No padrédo VI, a zona de R. mangle nao foi

amostrada (Figuras le a 6e).
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Parametros abioéticos

A consisténcia do substrato e a profundidade do lencol freatico tenderam
a diminuir, da terra-firme para o canal (Figuras 1f a 5f e 1g a 5g). Uma excecéo
ocorreu no padrao VI, no qual a transicdo do manguezal ocorre para um brejo,
e nao para terra-firme. Neste padréo, a consisténcia do substrato foi maior em
zonas intermediarias e o lencol freatico foi mais superficial préximo ao brejo
(Figuras 6f e 6g). Em todos os padrdes a salinidade da agua intersticial foi mais
baixa proximo a terra-firme ou, no caso do padrao VI, préximo ao brejo (Figuras
1h a 6h). Notadamente baixa (proxima a zero) foi a salinidade da zona de
Cyperus sp. (padréo lll), das zonas com A. glabra, Cyperus sp., C. erectus, E.
geniculata, Paspalum sp. e T. striata (padrdo IV) e da zona com T.
dominguensis (padrdo VI). A maior salinidade foi registrada nas zonas
intermediarias com presenca das plantas herbaceas, particularmente nas
zonas de S. ambigua (58 + 3,05, no padréo I, e 40 £ 0,57, no Padrao Il). No
que se refere as espécies arbéreas do manguezal, A. schaueriana sempre
ocorreu em salinidade mais elevada do que R. mangle (Padrdo | e lll). L.
racemosa ocorreu em zonas com variadas salinidades: desde valores préximos
a zero, coexistindo com T. dominguensis, até salinidade 40, coexistindo com S.
ambigua (Figuras 1h a 6h). Em geral, a temperatura da agua intersticial, do
sedimento e do ar, variou pouco ao longo dos padrbes de zonacédo. Apenas
nos padrdes |, Il e lll, pode-se notar uma tendéncia de uma maior temperatura
nas zonas com vegetacdo herbacea, desprovidas de vegetacdo arborea

(Figuras 1i a 6i).
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DISCUSSAO

Com base neste estudo, pode-se constatar que, em sua transigdo para
outro ecossistema, o manguezal pode apresentar diversos padrdes de zonacao
e que estes influenciam decisivamente na distribuicdo espacial do caranguejo-
uca, Ucides cordatus. A seguir, discutiremos o0s padrdes de zonacdo
observados, a definicAo da chamada zona de apicum, a distribuicdo espacial
de U. cordatus e os problemas que a ocupacdo indevida das zonas de

transicdo podem acarretar para este recurso pesqueiro.

Padrdes de zonacgéo vegetal

Os resultados mostram que o padrdo de zonacdo do manguezal
depende do ambiente adjacente. Segundo Lebigre (1999) existem dois tipos de
margens internas de manguezal: um que consiste na transicdo para brejo e
outro que consiste na transicdo para terra-firme, onde normalmente ocorrem os
apicuns. No primeiro tipo, sem duvida se enquadra o Padréao VI, no qual uma
area de manguezal raramente inundada pela maré, apresentou salinidade
baixa, mesmo durante um més com baixa pluviosidade, devido a presenca de
um brejo de T. dominguensis adjacente. Isso permitiu o desenvolvimento de um
bosque de L. racemosa de grande porte, espécie de mangue competitivamente
superior em condi¢cbes de baixa salinidade aliada a um pequeno periodo de
inundacado (CARDONA-OLARTE et al., 2006). Os demais padrdes de zonacao
observados neste estudo tém em comum o fato de incluir uma transicdo para
um ambiente terrestre, no caso a restinga. Trés feicbes podem ser identificadas

nestes padrées: um ecotono arbustivo, entre 0 manguezal e a restinga, com
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declividade relativamente alta; um manguezal herbaceo, em uma planicie com
declividade quase nula (nem sempre presente) e um manguezal arblreo
localizado proximo ao canal e com uma declividade maior. Apesar de nao ter
sido foco deste estudo, o manguezal também pode apresentar uma zona de
lavado, abaixo da zona arbérea, sujeita a maior frequéncia de inundacdo e
desprovida de vegetacdo vascularizada (SCHAEFFER-NOVELLI et al., 2012).
Cada feicdo estudada apresentou sua propria zonacao, decisivamente

influenciada pela salinidade do local.

No manguezal arbéreo R. mangle sempre dominou nas zonas mais
inundadas, nas margens dos canais, reduzindo seu porte em direcao a terra-
firme e, em alguns casos, como nos Padrdes IV e V, chegando a formar uma
zona de arvores anas. Frequentemente, em direcéo a terra-firme, a zona de R.
mangle da lugar a uma zona de A. schaueriana, como foi observado nos perfis
com Padrao I, Il, lll e IV. Este tipo de zonagdo é comum no complexo estuarino
de Caravelas - Nova-Vigcosa (SOARES, 2006; SOARES et al., 2008) e em
outras localidades (SCHAEFFER-NOVELLI et al., 1990; SMITH Ill, 1992;
CHAVES et al.,, 2010), estando ligado a uma maior tolerancia de A.
schaueriana a salinidades mais elevadas (LOVELOCK; FELLER, 2003). Em
salinidades mais baixas, L. racemosa pode ocorrer na margem interna do
manguezal arboreo, muitas vezes acompanhada pela samambaia-do-mangue
A. aureum, como no Padrao I, Ill e V. Segundo Lebigre (1999), a transigéo
entre a zona de Rhizophora e a vegetacdo herbacea pode ser marcada pela

presenca de um cinturdo de L. racemosa de pequeno porte.
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O manguezal herbaceo também varia conforme a salinidade. Quando
ele ndo esta sujeito a influéncia de drenagem terrestre, a salinidade da agua
intersticial torna-se mais elevada e ocorrem espécies herbaceas hal6fitas como
S. ambigua e S. virginicus, como nos Padrdes | e Il. Quando a planicie sofre
mais influéncia da drenagem terrestre, ela é ocupada por espécies como E.
geniculata e T. striata. Aparentemente o manguezal herbaceo € ausente
qguando o perfil ndo apresenta nenhum trecho com declividade préxima a zero,
como nos Padrbes Il e IV. Comparado com outros estudos (PELLEGRINI,
2000; CHAVES et al., 2010) que chegaram a encontrar salinidades maiores
que 100, a salinidade dos manguezais herbaceos estudados foi relativamente
baixa (maxima de 58). A alta pluviosidade da regido ndo explica este fato, ja
gue as amostragens foram efetuadas em junho/2007, quando ocorreu em
Caravelas uma baixa precipitacdo (1,0 £ 0,6 mm / 24h, segundo o Instituto
Nacional de Meteorologia - INMET) comparada a média anual de 2007 (3,5 +
0,6 mm / 24h, segundo o INMET). Assim, o fato da salinidade dos manguezais
herbaceos de Caravelas ndo ter sido tdo alta deve estar ligado a uma
temperatura mais baixa em junho/2007 (23,8 £ 0,2 °C , segundo o INMET)

guando comparada a média do verdo (27,9 £ 0,1 °C, segundo o INMET) e,

consequentemente, a uma menor evaporacao.

O ecdétono arbustivo entre o manguezal e a restinga, apresentou sempre
salinidade mais baixa do que as demais feicbes. Em uma salinidade proxima a
zero, como nos Padrdes Ill e IV, ocorreram espécies como Cyperus sp.,
Conocarpus erectus e Annona glabra. Padrdes similares de ecétono foram

registrados em Cananéia por Coelho-Jr (2010), que menciona que estas
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espécies sdo indicadoras de ocorréncia de drenagem terrestre. Na transicao
para mata de restinga, em salinidades em torno de 20, como nos Padrfes | e
V, foram encontradas H. pernambuscensis e D. ecastophyllum, assim como
exemplares arbustivos de L. racemosa nas proximidades. Na transicdo para
restinga arbustiva, em salinidade 25 (Padrao Il), ocorreram espécies tipicas de

restinga, S. portulacatrum, F. cymosa e F. spadicea.

Definicdo da zona de apicum

Os 6 padrdoes descritos neste estudo sdo apenas uma amostra da
variabilidade de zonagBes possiveis de serem encontradas e expressam a
dificuldade de se definir a tdo discutida zona de apicum. Soma-se a esta
dificuldade o fato de que, em muitas areas, a heterogeneidade da topografia
faz com que varias zonacgfes estejam sobrepostas dificultando a identificacéo
de padrées. Mesmo em perfis relativamente homogéneos como o0s do presente
estudo, fica claro que as definicbes de apicum atuais ndo sdo satisfatérias.
Primeiramente a definicdo com base em frequéncia de inundacéo pela maré é
ineficaz jA que desconsidera a drenagem terrestre e o aporte de adgua doce de
areas Umidas adjacentes que podem alterar os padrbes de zonacdo (ex.
Padrbes IV e VI). Para citar um exemplo extremo, baseando-se na frequéncia
de inundacdo o padrdo VI seria considerado um apicum, ja que é alagado
apenas durante sizigias. Porém, sabemos que a presenca do brejo adjacente
reduz a salinidade e permite o desenvolvimento de um bosque de L. racemosa
de grande porte. Pelo outro lado, uma definicdo que condicione os apicuns a
zonas hipersalinas (ex. salinidade maior que 100) excluiria desta categoria

todas as zonas herbaceas descritas neste trabalho, pelo menos no periodo de
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baixa temperatura em que o estudo foi realizado. Assim, a definicdo de apicum
baseada em salinidade estd sujeita a subjetividades, visto que a
hipersalinidade pode ser sazonal e ainda pode variar de acordo com a camada
do sedimento. Por exemplo, no Padrdo Il, a herbacea S. ambigua, tipica de
zonas hipersalinas, coexistiu com L. racemosa em uma zona com salinidade
38, indicando que a salinidade da camada superficial do sedimento deve ser
mais alta do que a da agua do lencol encontrada a 108 cm de profundidade. Da
mesma forma, observacdes pessoais tém identificado em outras areas de
Caravelas S. ambigua coexistindo com espécimes de H. pernambuscensis,

tipica dos ecétonos com salinidade mais baixa.

Assim, é mais eficaz e simples considerar que o ecossistema manguezal
€ composto por trés feicbes exclusivas — lavado, manguezal arbéreo e
manguezal herbaceo — e o ec6tono arbustivo, feicdo que apresenta
caracteristicas comuns ao manguezal e a restinga. Estas feicbes séao
facilmente detectaveis pelas préprias caracteristicas da vegetacdo, ndo sendo
necessarias medicfes de salinidade ou de frequéncia de inundacdo. Em
condicbes de baixa pluviosidade e baixa drenagem terrestre, uma zona de
baixa declividade pode apresentar hipersalinidade, quando entdo passaria a
consistir em um tipo especial de manguezal herbaceo, com vegetacdo esparsa
ou inexistente: o apicum, salgado ou planicie hipersalina. O PL da Camara n°
30, de 2011 considera que o manguezal herbaceo pode ser considerado um
“marisma tropical”. De fato, existem espécies comuns aos dois ambientes, mas
esta nomenclatura ndo é justificavel. A floresta atlantica, por exemplo, possui

areas com espécies comuns ao cerrado e a floresta amazonica (ex. MEIO et
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al., 2003) e nem por isso deixa de ser chamada por outro nome. Dada a
conectividade e o dinamismo entre o manguezal arb6reo e herbaceo, e
também para uma gestdo mais eficaz, € mais conveniente considerar estas
feicbes como partes de um mesmo ecossistema: o manguezal. Da mesma
maneira que, em praias arenosas, a zona supra-litoral € considerada parte do

mesmo ecossistema (ex. COELHO e RAMOS-PORTO, 1980)

Distribuicdo espacial de U. cordatus

Os resultados indicam que o recrutamento de U. cordatus ocorre
principalmente em zonas pouco inundadas do manguezal, mas que
apresentam pelo menos uma das espécies de mangue. Nestas zonas foi
registrada a menor largura média de carapaca e a maior densidade
populacional média. Estes resultados corroboram estudos realizados na
mesma regido que encontraram recrutas de U. cordatus em zonas com
inundacao intermediaria (SCHMIDT; BEMVENUTI; DIELE, 2012, Submetido).
Trés situacdes foram identificadas. No atipico caso do Padréo VI, a densidade
populacional foi muito baixa para realizar qualquer inferéncia, provavelmente
devido a salinidade excessivamente baixa. Nos Padrdes Il a V, o recrutamento
parece ocorrer em zonas pouco inundadas do manguezal arboreo. Da zona de
inundacédo intermediaria em direcdo ao ecotono, em geral observa-se uma
reducdo na densidade populacional que pode estar ligada ao pequeno periodo
de inundacao, salinidade excessivamente baixa na época chuvosa, dificuldade
para construcdo de galerias no terreno arenoso muito compactado e (ou) a
profundidade excessiva do lencgol freético. A disponibilidade de folhas parece

ser limitante apenas em condigBes extremas do ecétono, onde a maré néo
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chega a levar folhas e na margem do canal onde a forte correnteza remove
facilmente as folhas. Embora as amostragens feitas no inverno ndo tenham
detectado muitas diferencas de temperatura entre as zonas, € possivel que no
verdo, fora do periodo chuvoso, este também seja um fator limitante. Uma
terceira situacdo foi observada no Padrdo I, onde a densidade populacional
manteve-se relativamente constante no manguezal arboreo e manguezal
herbaceo e atingiu seu maximo proximo a exemplares arbustivos de L.
racemosa associados ao ecotono. Esta distribuicdo espacial pode estar ligada
a salinidade excessivamente alta do manguezal herbaceo que, préxima ao
ecotono, foi reduzida pela drenagem terrestre a niveis mais apraziveis para U.

cordatus.

Em todas os padroes de zonacdo observou-se uma redugcdo da
densidade populacional da zona de recrutamento em direcdo a zona de R.
mangle, o que pode estar ligado a competicdo por espaco e alimento entre
caranguejos maiores predominantes nesta zona e (ou) a uma maior predacao
por peixes e siris durante o periodo de inundacdo mais longo. A densidade
quase sempre nula no talude do canal, por sua vez, ocorre devido a
impossibilidade de U. cordatus permanecer continuamente submerso.
Caranguejos do género Ucides oxigenam periodicamente a dgua da camara
branquial elevando o corpo parcialmente fora d’agua (JONES, 1984), manobra

mais complicada em profundidades maiores.
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Importancia do manguezal herbaceo para a populacdo de caranguejo-uca

A constatacdo de que o recrutamento de U. cordatus ocorre proximo ao
limite entre 0 manguezal arbéreo e 0 manguezal herbaceo é preocupante, visto
a crescente ocupacgao de apicuns por empreendimentos como carcinicultura e

salinas.

O fato de nédo terem sido registrados mangues mortos ou senescentes,
mas sim propagulos na interface entre o manguezal arboreo e o manguezal
herbaceo indica que nas areas estudadas o manguezal arbéreo parece estar
se expandindo sobre a zona de manguezal herbaceo. Lara et al. (2002)
monitoraram a invasdo de um ilha de apicum por espécies arbdéreas do
manguezal de 1972 a 1997 e extrapolaram que em 2035 provavelmente toda a
vegetacdo herbacea seria substituida por uma floresta de Avicennia. Com o
aumento do nivel médio relativo do mar e a expansdo do manguezal arbéreo
ao longo do manguezal herbaceo, a zona de recrutamento de U. cordatus
também irA se deslocar junto, e a obstrucdo deste processo hatural por
antropizacbes, como por exemplo, tanques de carcinicultura. Esta obstrucdo
poderd comprometer a renovacdo dos estoques de caranguejo-uca, gerando
impactos socioecondmicos negativos sobre populacBes tradicionais de
coletores. Este cenério seria ainda mais catastrofico se eventos de mortalidade
voltarem a ocorrer. A probleméatica da ocupacdo dos manguezais herbaceos
nao se limita a esta espécie. Esta zona também é local de recrutamento do
guaiamum, Cardisoma guanhumi (SCHMIDT et al., 2008c), outro caranguejo de

grande importancia socioecondmica que ainda apresenta o agravante de
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necessitar do manguezal herbaceo para acesso a agua do estuario durante

migracgdes reprodutivas, visto que habita o ecotono ou a restinga.

Tanto C. guanhumi como U. cordatus atendem a requisitos basicos para
serem consideradas espécies indicadoras (ver CARIGNAN; VILLARD, 2002).
Como discutido anteriormente, sua distribuicdo espacial na zona limitrofe do
manguezal responderd prontamente a alteracdes ambientais. Ainda, por serem
recursos pesqueiros, possuem técnicas de coleta bem conhecidas e que,
portanto, podem ser aplicadas por pessoas fora do meio académico.
Adicionalmente, o fato de serem cavadoras permite a estimativa de sua
abundancia através da contagem de tocas, 0 que permite amostragens ainda
mais rapidas. Assim, o presente estudo demonstra que caranguejos comerciais
que habitam o manguezal herbaceo sédo potenciais espécies indicadoras para
monitoramento de mudancas climéticas globais que se refletem em alteracdes

do nivel médio relativo do mar.

CONCLUSOES

E conveniente que os chamados “apicuns” e “salgados’ sejam
considerados como um tipo particular de “manguezal herbaceo” que, junto com
as feigbes “lavado”, “manguezal arbdéreo” e “ecédtono arbustivo”, constituem o

ecossistema manguezal.

O recrutamento de U. cordatus ocorre principalmente em zonas com
inundacdo intermediaria, préximas ao limite entre o manguezal arboreo e

herbaceo. O aumento do nivel médio relativo do mar levard a um natural
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deslocamento desta zona de recrutamento em direcéo a terra-firme, passando
pelo manguezal herbaceo. Neste cenario, acfes antropicas nesta zona

poderdao impedir este processo natural.

A ocupacado de zonas de manguezal herbaceo para empreendimentos
econ0micos n&o deve ser permitida para evitar impactos negativos sobre o
recrutamento e reproducdo de espécies de caranguejo, que podem gerar

impactos socioecondémicos em populacdes tradicionais.

Caranguejos comerciais que habitam o manguezal herbaceo séo
potenciais espécies indicadoras para monitoramento de alteracdes do nivel

médio relativo do mar.
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Figura 1 - Caracterizacdo do padrao de zonacéao |, no Terminal de Barcacas da
Fibria. (a) Perfil topografico com zonacédo e altura da vegetacdo (legenda na
figura 7); (b) Médias da densidade populacional e comercial (ind. com largura >
6 cm) de U. cordatus; (c) Largura média de carapaca; (d) Média de serapilheira
disponivel; (e) Tempo médio em que a zona ficou inundada em um periodo de
12h; (f) Médias da consisténcia do substrato; (g) Profundidade média do lencol
freatico; (h) Salinidade média e (i) Temperatura média da agua, lama e ar.
Letras iguais = sem diferenca significativa (p > 0,05). Cada conjunto de letras

normais, em italico ou caixa alta refere-se a analise de um parametro distinto.
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Figura 2 - Caracterizacdo do padrdo de zonacdo Il, no Rio das Salinas. (a)
Perfil topografico com zonacéo e altura da vegetacéo (legenda na figura 7); (b)
Médias da densidade populacional e comercial (ind. com largura > 6 cm) de U.
cordatus; (c) Largura média de carapaca; (d) Média de serapilheira disponivel;
(e) Tempo médio em que a zona ficou inundada em um periodo de 12h; (f)
Médias da consisténcia do substrato; (g) Profundidade média do lencol freético;
(h) Salinidade média e (i) Temperatura média da agua, lama e ar. Letras iguais
= sem diferenca significativa (p > 0,05). Cada conjunto de letras normais, em

itdlico ou caixa alta refere-se a analise de um parametro distinto.
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Figura 3 - Caracterizacdo do padrdo de zonacdo lll, no Rio do Macaco. (a)
Perfil topografico com zonacédo e altura da vegetacédo (legenda na figura 7); (b)
Médias da densidade populacional e comercial (ind. com largura > 6 cm) de U.
cordatus; (c) Largura média de carapaca; (d) Média de serapilheira disponivel;
(e) Tempo médio em que a zona ficou inundada em um periodo de 12h; (f)
Médias da consisténcia do substrato; (g) Profundidade média do lencol freatico;
(h) Salinidade média e (i) Temperatura média da agua, lama e ar. Letras iguais
= sem diferenca significativa (p > 0,05). Cada conjunto de letras normais, em

itdlico ou caixa alta refere-se a analise de um parametro distinto.
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Figura 4 - Caracterizacdo do padrdo de zonacédo IV, no Rio Massangano. (a)
Perfil topografico com zonacédo e altura da vegetacédo (legenda na figura 7); (b)
Médias da densidade populacional e comercial (ind. com largura > 6 cm) de U.
cordatus; (c) Largura média de carapaca; (d) Média de serapilheira disponivel;
(e) Tempo médio em que a zona ficou inundada em um periodo de 12h; (f)
Médias da consisténcia do substrato; (g) Profundidade média do lencol freético;
(h) Salinidade média e (i) Temperatura média da agua, lama e ar. Letras iguais
= sem diferenca significativa (p > 0,05). Cada conjunto de letras normais, em

itdlico ou caixa alta refere-se a analise de um parametro distinto.
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Figura 5 - Caracterizacdo do padrdo de zonacado V, no Sitio Francisca Lopes.
(a) Perfil topografico com zonacéao e altura da vegetacéo (legenda na figura 7);
(b) Médias da densidade populacional e comercial (ind. com largura > 6 cm) de
U. cordatus; (c) Largura média de carapaca; (d) Média de serapilheira
disponivel; (e) Tempo médio em que a zona ficou inundada em um periodo de
12h; (f) Médias da consisténcia do substrato; (g) Profundidade média do lencol
freatico; (h) Salinidade média e (i) Temperatura média da agua, lama e ar.
Letras iguais = sem diferenca significativa (p > 0,05). Cada conjunto de letras

normais, em italico ou caixa alta refere-se a analise de um parametro distinto.
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Figura 6 - Caracterizacdo do padréo de zonacao VI, no late Clube. (a) Perfil
topografico com zonacdo e altura da vegetacdo (legenda na figura 7); (b)
Médias da densidade populacional e comercial (ind. com largura > 6 cm) de U.
cordatus; (c) Largura média de carapaca; (d) Média de serapilheira disponivel;
(e) Tempo médio em que a zona ficou inundada em um periodo de 12h; (f)
Médias da consisténcia do substrato; (g) Profundidade média do lencol freético;
(h) Salinidade média e (i) Temperatura média da agua, lama e ar. Letras iguais
= sem diferenca significativa (p > 0,05). Cada conjunto de letras normais, em

itdlico ou caixa alta refere-se a analise de um parametro distinto.

Herbaceas (fora de escala):
i Rhizophora mangle ( )

» Sarcocornia ambigua
? Laguncularia racemosa
« Sporobulus virginicus
4& Avicennia schaueriana
v~ Paspalum sp.
I? Conocarpus erectus
']‘ Cyperus sp.
% Hibiscus pernambuscensis
¥ Eleocharis geniculata
Y Acrostichum aureum
s Triglochin striata
¥ Dalbergia ecastophyllum
v Sesuvium portulacastrum
Q Annona glabra

Fimbristilys cymosa

W Fimbristil di
| Typha dominguensis imoristilys spaaicea

Figura 7 — Legenda das espécies vegetais presentes nos padrdes de zonacgao.

Nos gréficos, as espécies herbaceas aparecem fora de escala.
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