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RESUMO

CUNHA, A. G. da (2015).Ecologia populacional do caranguejoDissodactylus
crinitichelis Moreira, 1901 (Crustacea: Decapoda) e seu hospedei Encope
emarginata Leske, 1778 (Echinodermata: Clypeasteroidea) natdral nordestino
brasileiro. Tese de Doutorado. Universidade Federal do Phtaseu Paraense Emilio
Goeldi.

Esta tese apresenta informacdes a respeito ddesefisis varidveis ambientas sobre a
ecologia populacional do carangudpssodactylus crinithichelise seu hospedeiro
Encope emarginata as influéncias que as bolachas-da-praia exesobne a populacao
do caranguejo no litoral nordestino brasileiro. dforrealizadas amostragens biotica e
abidtica, ao longo de nove praias que compdenor@lipernambucano, que faz parte do
Atlantico Sul-ocidental. A granulometria foi a \é@rel abidtica com maior influéncia
sobre as duas espécies. As bolacha-da-praia teadmmpar, com maior densidade, a
costa norte de Pernambuco, sendo as fémeas aautta®ria da populacdo. O periodo
de recrutamento foi descrito para agosto e maioin@siduos de bolacha-da-praia
apresentaram maior densidade nas classes de canfmimtermediaria, com destaque
para os comprimentos de 10 a 12 cm. As bolachasalanao apresentaram crescimento
polifasico, com alometria negativa. Em relacdo pasametros populacionais d®
crinitichelis, residindo nas bolachas-da-praia, ndo foi observadiacdo ao longo dos
meses do ano. Os caranguejos também apresentarandaersidade nas praias do litoral
norte. Houve um dominio de machos nos meses dodeetde estiagem, enquanto que de
fémeas no periodo chuvoso. Foi observado recrutangdenindividuos juvenis ao longo
de todo ano, com um pico no més de maio. A esp@casentou elevada correlacdo entre
os individuos juvenil, imaturo e macho adulto, coescimento polifasico, com alometria
positiva juvenis, imaturos e machos adultos, agsimo para as fémeas adultas, com
maior evidenciamento da alometria positiva. Emgadada influéncia dE. emarginata
sobre a populacdo de. crinitichelis foi verificado que 0s caranguejos apresentam
habitam com maior intensidade as bolachas-da-peaialtas, em suas classes
intermediarias. No entanto, quando essas encorgeaotupadas, as bolachas-da-praia
imaturas podem ser ocupadas pelos caranguejos.n@bsse uma diminuicdo na
densidade dos estagios subsequentes dos carangmejegendente dos estagio de
desenvolvimento da bolacha-da-praia. Foi observadw maior abundancia de
caranguejos machos, nas classes de area da bdiginaia. Desta forma, o presente
trabalho contribui com informacdes sobre a biolggipulacional d&. emarginatee D.
crinitichelis, além de contribuir com papel que uma espéciecexabre a outra. Visto
que, sdo espécies bioturbadoras da camada sugletbgedimento marinho, com funcéo
de manutencao da trofia nas praias arenosas,dard@s espécies residentes como para
as espeécies visitantes. Sendo estas areas coms tlecananutencado das populacées
circunvizinhas de carangudp criniticheliscomo da bolacha-da-prdta emarginatak

de relevante interesse a ecologia das populac@stapsubsisténcia da populacdo
ribeirinha e lazer da populagdo humana.
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INRODUCAO GERAL

O caranguejdissodactylus criniticheligFigura 1) € um crustaceo da Ordem
Decapoda, Infra-Ordem Brachyura, Superfamilia Rimeroidea e Familia Pinnotheridae
(SCHMITT et al, 1973; MARTINS & D’INCAO, 1996). E encontrado nbgbitats
marinho e costeiro, distribuido em quase todos aemros (SCHMITTet al, 1973;
MARTINS & D’'INCAOQO, 1996). Possui uma ampla distribéo no Atlantico Ocidental,
com espécimes encontrados na América do Norteede&stado da Carolina do Norte,

Flérida e Golfo do México (EUA); ao longo de todenérica Central, e na América do
Sul até a Argentina (RATHBUN, 1918; MELO, 1999).

Figura 1. Foto deDissodactylus crinitichelisa - macho adulto e b - fémea adulta
capturados nas praias do litoral de PernambucasilBr

Os individuos dessa SuperFamilia vivem associadmstras espécies. Alguns
caranguejos vivem dentro do seu hospedeiro, os ggaadaptaram morfologicamente
para viverem de forma solitaria, cordaops ostreunSay, 1817 (dentro de moluscos
bivalves). Outros vivem de forma comunal (sobreesdicie do seu hospedeiro), como
osD. crinitichelis(TELFORD, 1978b; POHLE & TELFORD, 1981; GRIFFITED87).

12



Iniciam sua vida no plancton (BELL, 1984), passavivar, apds o assentamento, quase
gue exclusivamente em seus respectivos hospedekss.espécies do género
DissodactylusSmith, 1870 residem sob equinoideos irregularel¢ba—da—praia). De
acordo com GEORGE & BOONE (2003), os caranguejetedgenero residem entre uma
camada densa de espinhos no lado oral de variésiesgle bolachas-da-praia.

O caranguej®. crinitichelisja foi registrado nas seguintes espécies de eqléaoi
irregulares:Encope emarginatdeske, 1778 (Figura 2AE. micheliniAgassiz, 1841,
Clypeaster subdepress@ay, 1825 d.eodia sexiesperforatheske, 1778 (Figura 2B)
(TELFORD, 1978b; POHLE & TELFORD, 1981; GRIFFITH987). GRAY et al.
(1968) registraram a presenca do caranguejo na chlizelda-praia Mellita
quinquiesperforatd.eske, 1778 (Figura 2C). No entanto, como indigaoioTELFORD
(1978b), ndo se sabe como as populacbes destasesspe apresentam sobre os efeitos
do ambiente ou se ocorre influéncia de uma esp@tiee a outra. PEARCE (1962);
PEARCE (1964) e TELFORD (1978a) estudando as espéle Familia Pinnotheridae,
verificaram que os caranguejbs crinitichelisroubariam o alimento transportado pelos

pedicelos até a abertura oral da bolacha—da—praia.

A

01 2 3

Figura 2. Foto das espécies de bolacha-da-praia encontnadi#sral de Pernambuco,
Atlantico Sudoeste; visdo aboral (esquerda) e \asdlo(direita)Encope emarginat@d),
Leodia sexiesperforatéB) e Mellita quinquiesperforatgC).
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A bolacha-da-prai&. emarginata um dos hospedeiros do génbissodactylus
€ um equindide irregular, esta inserida dentroitbEchinodermata, Classe Echinoidea,
Ordem Clyperasteroida e Familia Mellitidae (TOMMA%099; FERNANDESet al,
2002; MANSOet al, 2008). E marinha, com corpo levemente arredondadaiptico e
achatado dorsoventralmente. Possui elevada abuadam ambiente bentbnico
(HENDLER et al, 1995) e € amplamente distribuida em todos osnosg®&MARAL et
al., 2003). Esta espécie de bolacha-da-praia podensentrada das regiées entremarés
(LIMA & FERNANDES, 2009) até 50 metros de profurai® (REICHHOLF, 1981).
Na costa atlantica costumam habitar a regido dditeah, proximo a zona de
arrebentacdo das ondas, nos ambientes ndo cowssliida tende a apresentar
comportamento gregario (BORGIESal, 2002).

De modo geral, as diferentes espécies da Familiéititee, que ocorrem no
oceano Atlantico, mostram-se bem adaptadas a atebietosteiros, proximo a
desembocadura de rios, com salinidades de atébb@ edaptacdo a variagdo térmica
(TAVARES, 1996). A existéncia desses animais nuterdgnado habitat pode estar
relacionada a granulometria, as quais evitam fusdtiso-argilosos, bancos de ostras e
substratos com raizes de plantas, onde a escapada@oser dificultada (TAVARES,
1996). Nestes ambientes, ocupam exclusivamentenseaths arenosos onde vivem
parcialmente enterradas nas camadas superficiaigrei@, preferencialmente em
depressoées, barras ou locais onde ha moderaddaoédas, deixando a regido posterior
com a ldnula anal visivel (WEIHE & GRAY, 1968; BEI& FREY, 1969; MERRIL &
HOBSON, 1970).

A regido costeira, onde estas espécies vivenciinitichelis e E. emarginata
desempenha uma importante funcéo para a biota agontodo, sendo habitat para muitas
espécies residentes (molucos, equinodermata, ceastée fanerdgamas), e visitantes
(peixes e crustaceos), os quais utilizam como $adaialimentagéo, protecdo, dispersora
e receptora de novas colonizagbes (WIEGERT & POMERIO81; HECKet al, 1995;
ALLEN, 2000; WEISTEIN & KREEGER, 2000).

Entre as variaveis ambientais com maior importapeie as comunidades de
macroinvertebrados bentbnicos destacam-se a salmid oxigénio, a temperatura, e as
caracteristicas do sedimento (KAISERal, 2005). Deste ultimo, a caracterizacdo das
particulas do sedimento € identificada como um iapde fator, porém ndo é limitante
para os organismos ali residentes (WEISBER@E, 1997; LLANSOet al, 2002), sendo

a salinidade apontada como o fator dominante ddirte, interagindo diretamente na
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distribuicdo dos organismos ao longo da regidceaas{LITTLE, 2000; KAISERet al,
2005). Apesar da temperatura ser uma variavel augvariagdo na regido tropical, é
responsavel pela alteracdo no metabolismo dosithdig, atingindo diretamente o
consumo do alimento e o processo digestivo (SMIT#89). E com isto, influencia
diretamente na duracdo de cada ciclo de muda enmt em cada individuo na
populacao de caranguejo (CASTIGLIONI & NEGREIRO-AR20ZO, 2006).

A estrutura populacional das espécies costeirts dagtamente relacionada aos
regimes hidroldgicos, as variacbes de salinidateEmgeratura ao longo do ano e em
diferentes locais (ALBUQUERQUEt al, 2012). Inserido nesse contexto, esta o padrao
de distribuicdo das espécies, que € resultadoudas eferéncias e plasticidades, em
adaptarem-se as diferentes caracteristicas dosatsaNORSE, 1978; HINESt al,
1990), os quais regem, muitas vezes, a flutuabliéidaos valores da densidade, através
do comportamento migratorio, como o0 assentamenkardas, na busca por novas areas,
servindo para fins de assentamento (CAMERON & RUMR1982; EPIFANIO, 1988;
DALTQOV, 2000; POSEet al, 2005).

A fim de completar as informacgdes biologicas dagegs, fazem-se necessario
0 conhecimento detalhado de suas caracteristiqgaglgomonais, além de descrever o
efeito que a espécie hospedeira (bolacha-da-pga@kre ao seu hospede (caranguejo)
(BUCHANAN & STONER, 1988). O conhecimento da infheéa dessas variaveis na
comunidade permite compreender os mecanismos quenpdavorecer a ocupacao,
recolonizacdo e/ou expansdo do numero de indivjcamguais respondem de forma
favoravel as flutuacbes impostas pelo ambienteaga do ano (MAIA-BARBOSAet
al., 2003).

Com base nos expostos acima, a presente teseseatarada para responder as

seguintes perguntas:

(i) As varidveis abidticas nas respectivas praias tdcali nordestino influenciam

positivamente a populacédo Beemarginata

Espera-se encontrar uma correlacdo positiva erdemsidade d&. emarginata
e dos seus estagios de desenvolvimento no litanaleste brasileiro, e as principais
variaveis abiétivas, que oscilam ao longo do amgifnes hidroldgicos, salinidade,

temperatura e granulometria).

15



Fatores exogenos (regime hidroldgico, temperagsaimidade e granulometria)
regem muitas vezes a variagdo anual das diferesfgEsies que ocorrem no ambiente;
influenciam diretamente nas densidades das espés&m como, na densidade de cada
estagio do ciclo de vida (VENTURA & PIRES, 2002)irdirentamente, condicionam
outros fatores como a proporcdo sexual, periodecieitamento e o crescimento das
espécies (LAGEt al, 2011).

(i) A espécieD. crinitichelis residente nas espécies de bolacha-da-praia atafet

pelas variaveis ambientais em diferentes praidgatal nordestino brasileiro?

Espera-se encontrar a mesma densidadB. dainitichelis e de seus estagios
desenvolvimento residentes nas bolachas-da-pratangadas nas diferentes praias do
litoral nordestino sob influéncia do regime hidigitb e variacdes de temperatura e
salinidade da agua do mar; além de caracterizadrsexual, o periodo de recrutamento
e 0 crescimento d@. crinitichelisao longo dos meses amostrados.

De acordo com OLIVEIRA & MASUNARI (1995) e SCHWAMBRN (1997),
de forma geral os caranguejos apresentam abund&wen@elhantes, em suas estruturas
populacionais, ao longo dos meses do ano, ndoeapaesio grandes flutuagcbes anuais
em um mesmo local. Porém estes mesmos autores giteanexcec¢do de dois picos
distintos no assentamento das fases larvais eapésd, ocasionados por condi¢cdes
propicias para uma melhor dispersdo dos individeoso por exemplo, a maior
amplitude anual das marés (OLIVEIRA & MASUNARI, BSCHWAMBORN, 1997).
Estas marés séo registradas em marco (periodoshur@a segunda no més de setembro
(periodo de estiagem). Este comportamento € wdipelos crustaceos para que possam
sincronizar, uma maior quantidade das suas forraagit (zoea e megalopa),
minimizando os riscos de predacédo, a fim de pegpeiucarga genética ao longo dos
diferentes ambientes costeiros (OLIVEIRA & MASUNARB95; SCHWAMBORN &
BONECKER, 1996).

O conhecimento da populacéo Decrinitichelis nos regimes hidrolégico, nas
variacbes de salinidade, temperatura da agua eulgraetria, pode auxiliar o
entendimento da sua dindmica populacional e indiealguns destes fatores ambientais
regem o comportamento dispersivo da espécie (BREWER}) e, a partir dai, descrever
0s estoques populacionais da espécie (DORNEASE, 2011), que sédo afetados muitas
vezes pelos impactos antropicos (MANTELLATO & BARB®, 2005).
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(i)  Como a bolacha-da-prata emarginatanfluencia o caranguejb. crinitichelis

residente em sua superficie?

Espera-se encontrar a mesma abundéancia total, aseim dos seus estagios de
desenvolvimento bentbnico ddD. crinitichelis residentes nos estagios de
desenvolvimento bentdnico, sexo e area corpéreé&.demarginata além disso,
caracterizar a razao sexual e o crescimento dogaegD. crinitichelisresidentes nos
diferentes estagios de desenvolvimento e sexoldal@da-prai&. emarginata

Outras espécies de caranguejoB. (mellitag residentes em Mellita
quiquiesperforata(bolacha-da-praia) demonstram ter preferénciabptecha-da-praia
maiores. Uma vez que, o caranguejo poderia encoaotra desenvolvimento bem
sucedido em individuos maiores (POHLE & TELFORD81P Ou sejakE. emarginata
com maior area corpérea ofereceriam melhor proteg@aior quantidade de alimento,
para todos o®. crinitichelis residentes nesses individuos, proporcionando mesho
condicOes de vida para populacédo (GR#t\al.,1968; DEXTER, 1977).

A fim de responder os questionamentos acima propossta tese divide-se em
trés capitulos intitulados:
e Capitulo I - Influence of environmental parametangpopulation structure of
the sand dollar Encope emarginata Leske, 1778 ij&dermata:

Clypeasteroidea: Mellitidae) in a tropical Brazili€oast;

e Capitulo Il - Estruture populational of Dissodaatylcrinitichelis Moreira
1901 (Decapoda: Pinnotheridae) on the Pernambuast:cBelationships to

environmental variables;
e Capitulo 1l — Influence of host Encope emarginagéake, 1778 (Echinoidea:

Clypeasteroida) over the crab the crab Dissodaxtghinitichelis Moreira,

1901 (Brachyura: Pinnotheridae) in a Tropical BraziCoast.
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Area de Estudo

O Atlantico Sudoeste tropical abrange os maresetost e plataformas
continentais abaixo da linha do equador ao longoodta da Ameérica do Sul até o Cabo
Frio, no Rio de Janeiro, onde é inserido o Estad@atnambuco. O litoral de Pernambuco
apresenta 187 km de comprimento caracterizadasirparfaixa estreita de areia com
muito pequenas manchas de floresta original Attanttsta area tem um clima quente e
umido tropical e € classificada como As’ (escal&dppen). A temperatura média anual
do ar é de 26°C e de agua € de cerca de 27°C. tenidiativa do ar esta em torno de
80% ea precipitacdo anual varia 1000-2300 mm, &staQuvoso ocorre de marco a
agosto e estiagem de setembro a fevereiro. O veredominante € sudeste e sua
velocidade média é de 3 mM.¢Andrade & Lins, 1965; Aragéo, 2004). As carastiras
mais notaveis sado os recifes de arenito que ocoeramarias linhas paralelas a costa,
representando linhas de praia rock, as vezes cogresnimento excessivo fina de algas
calcarias e corais (Mabesoone & Coutinho, 1970).

Costa Pernambuco pode ser dividido nas praias dte MoSul (Aradjo, 2003),
com o rio Capibaribe (Recife Cidade) como marcasdia. As praias do litoral Norte
tém pequenos bancos de angiospermas marirfasdule wrightii Ascherson) e ricos
fragmentos de algas calcérias ldalimeda spp. bancos (Magalhdes et al., 1997); e,
apresentam deposicéo de areia e silte sedimerdprégado pelos rios do continente
(Barros et al., 2001). As praias do litoral Sulemgnta sedimentos variando de arenosa a
areia e cascalho, com a parte rasa feita de #lstica dominado por quartzo, ea parte
mais profunda, com sedimentos bioclasticos (Hické080, Fonseca et al., 2002).
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CAPITULO | - Influence of environmental parameters on population structure of
the sand dollar Encope emarginata Leske, 1778 (Echinodermata: Clypeasteroidea:
Mellitidae) in a tropical Brazilian Coast

Cunha, A. G.; Neumann-Leitéo, S.; Montag, L. F. A.

Capitulo a ser submetido para a revista
Hydrobiologia(ISSN: 1573-5117)

Abstract

Studies abouEncope emarginatawere carried out in nine beaches tropical Braaili
Coast to assess the influence of abiotic variables seasonality over its population
structure. On area of 200 m2 was sampled in eatiiedieaches. Abiotic variables were
simultaneously collected. It was obtained the dgnsiomass, length, developmental
stage and sex of individuals. 1,801 males, 2,26%afes and 410 immature sand-dollars
were collected, of which 98.3% were from the natlast of Pernambuco State. It was
observed the following average values of total dgr@527 ind.n¥ and sex ratio (M: F)
1.3:1. Furthermore, occurred a peak recruitmemtugust and the species presented a
negative allometric growth. The abiotic variablegl hnfluence in the population, with
differences, between coasts. Having a granulonasttize variable that governs the entire
distribution of individuals, which demonstrates iatimate relationship. Additionally,
which were related to local hydrodynamics, as teaches on the South coast have
beachrocks close to the beach, forming a zone géwaergy absorption compressing
and hindering the settlement and displacementdivitiuals. It was observed a sex ratio
is around 1, which it is common for Echinoidea. Tgm@wth reflects the need of
individuals to achieve larger sizes, continuoudbng their development stages. This
article contributes to the spatial and seasonalriloigion of Encope emarginata
Demonstrating its importance for the preservatiébra@as important to all marine

biodiversity.

Keyword: Seasonal, Abiotic variables, Population biologgn&beach, Tropical
Atlantic.
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Introduction

Benthic animals have a significant function in rgyetransfer since they are
intensely preyed by fish, larger crustaceans ahdrstcarnivorous (Solan et al., 2004).
The sand dollars recycle nutrients and pollutamatsd are used as indicators of
environment quality since they are closed connewfigid the bottom and sedentary life
(Underwood & Chapman, 1996; Chapman, 2005). Amoremttbc organisms,
echinoderms are a dominant group of macro-inveatebrliving on and in many soft and
hard bottom of marine assemblages; and, they plasnportant role in structuring these
communities (Vazquez-Bader et al., 2008).

The Encope emarginat@resented a wide distribution of on the Brazilaast,
however, there are fow studies about this spedvesst researches are in the gray
literature, or mention its occurrence and distitnutn Santa Catarina, South of Brazil
(Reichholf, 1981), morphology (Ventura et al., 2)1h associations with a crab
(Guizardi & Couto, 2014; Martinelli et al., 2014r, inserted in studies about
echinoderms to Brazil (Tommasi, 1964) and to Petmaro, Northeastern Brazil (Lima
& Fernandes, 2009).

The E. emarginatais an irregular echinoiderms that lives in sandigstrates of
protected bays and open coastal places, with a egiigbution in the Western Atlantic
littoral (Lawrence et al., 2004; Guizardi & Cougf)14). They live in partially buried in
the surface stratum of sand and in areas of maderate action forming patches in the
low intertidal and subtidal zones of sheltered baysl in the subtidal zone just ahead of
the break zone of coastal areas (Giberto et abD42Guizardi & Couto, 2014). The
bioturbation activity by this species is fundamémdaoxygenate the sediment improving
biomass, organic matter availability and nutrierggeneration, vital processes to the
productivity of oceans (Solan et al., 2004).

Furthermore, little is known about the influence esfvironmental variables on
survival these irregular echinoids, which are goeedrby different variables (Drouin et
al., 1985; Lawrence, 1996; Tyler et al., 2000). iavas the annual variation of rainfall,
temperature, salinity and nature of sediment thatinfluence the spatial and temporal
patterns of distribution (Barnes & Crook, 2001; $aiet al., 2005; Swigart & Lawrence,
2008). Furthermore, also influence the settlemedtracruitment (Young & Chia, 1982;
Ebert, 1983; Hereu et al., 2004), food availabi(fenge, 1992), predation (Tegner &
Dayton, 1981; Sala, 1997), and competition (Hagekl&n, 1992). As described in a

few decades ago, with extensive mortality of shallwater subtropical and tropical
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echinoiderms from exposure to high temperature (GI968); and, experiments with
sand dollars have shown a reduced fertilizatiomass during low-salinity events (Allen
& Pechenik, 2010). Besides, the substrate alsaenftes the position of echinoiderms
(Morin et al., 1985), and most species dominatm@dium to fine grain sand showing
substrate preference (Harold & Telford, 1982).

The abiotic variables may affect indirectly infheeng the length/biomass ratio of
these organisms (Schwalne & Chouinard, 1999). Tindysof this ratio is important, as
it is possible to describe one variable when tierois absent. Thus, it can be seen how
environmental conditions affect individuals, allongi growth comparisons in different
populations (Schwalne & Chouinard, 1999). Lengtifilss ratio can be used as a
guantitative indicator of the growth and degrededlthiness, known as condition factor
(Le Cren, 1951). The espécies of echinoids predatitierences in the allometric growth
between the parametres evaluated, this speciesmpr@sigh degree of variability in the
growth, the male present a typical growth and @medle other, feature of need that each
individual presents (Hérnandez & Russel, 2010)eddly the condition factor has been
used to evaluate different feeding conditions imynspecies, interferences in population
density, weather and other environmental paramstethe condition factor can be used
as a body index reflecting the interactions betwenindividual studied (sand dollar)
and abiotic variables (Schwalne & Chouinard, 1999).

This study was carried out to assess the monthiyati@n of the main abiotic
variables influencing the population of the santladde. emarginatarom Pernambuco
coastal area, located in the tropical Western AtarOur hypothesis is that the
temperature, salinity, rainy and granulometria valgng the year and beaches may be
preponderant in explaining the variations of dgngdpulation. Other hypothesis is that
abiotic variables vary along the year with sexaatecruitment period and allometric

condition factor. The species growth is expectelda@resents a polyphasic.

Material and methods

Study Area
The Coast of Pernambuco is inserted in the Southatntic Tropical (Figure

1). The Pernambuco beaches are composed of twaitkepb sediment, the surface is
rich in sandy sediment (fine - rough) rich in qaahd silt; this coastal, there are seagrass
banks Halodule wrightii Ascherson) and fragments of calcareous algae lddbnspp.
(Magalhaes et al., 1997; Barros et al., 2001; Foms al, 2002;. Araujo, 2003). The
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outstanding features of this coast is the presehsandstone reefs that occur on multiple
lines (distant - North Coast, 2,000 m and nearutls€oast, 50 m) parallel to the coast;
representing lines of "rock beaches", sometimek within overgrowth of calcareous

algae and corals (Mabesoone & Coutinho, 1970).

The collections were carried out monthly, from Nameer 2011 to October 2012,
during low tide. For the purpose of standardizatihrese sampling were held in the
interval between two days before and after new mbhiame beaches along the coast were
selected, about 20 km from one another, with fouthe north and five on the south coast
(Figure 1). The beaches from the north coast: Cden¥aca (07° 35. 352’ S; 034° 49.
216 W), Sossego (07° 42. 987’ S; 34° 49. 877 WanQe (07° 48. 522’ S; 34° 50. 161’
W) and Maria Farinha (07° 51. 804’ S; 34° 50. 083. South coast: Suape (08° 21. 851’
S; 34° 57. 496" W), Porto de Galinhas (08° 30. 23;735° 00. 009’ W), Barra de
Sirinhaém (08° 36. 721’ S; 35° 02. 814’ W), Tamaéd@asg® 44. 926’ S; 35° 05. 203’ W)
and Sao José da Coroa Grande (08° 52. 718’ S832%Q’ W).

South
North Littoral
Littoral A
=) -«ij Suape
\ ) «4
U SF W >C:>m.3 de Y -f
XY [
03" (5 145 K Recife J.\ﬁSowsgo g;'emr de Galinhas
'=J‘|‘0rm_ge 31
f| ) “#Hatra de Sitinhaém
s M* Farisha £|
(

7
L

S3 Joré da Corca Grande

e P

Figure 1. Studied area and sampling stations (Nattbral - Carne de Vaca, Sossego,
Orange, Maria Farinha; South Littoral — Suape, @dd Galinhas, Barra de Sirinhaém,
Tamandaré e Sdo José da Coroa Grande) of Pernatiitbaredy Sowthwestern Atlantic,

from October/2011 to September/2012.
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Design Experimental
All samples were obtained from a fixed quadrantt00 m2 (20 m x 30 m)

positioned parallel to the beach line at diurnal kde. This quadrant was subdivided
into three areas with 200 m2 (20 m x 10 m), witle aelected at random to be sampled,
and this area was not used in the following momtimimizing overlapping of samplies.
All individuals of E. emarginatajnside the quadrant of 200 m2, were manually
collected using diving equipment (mask and bregthilhe) according to Bell & Stansik
(1983). Each individual was packaged inside a jgldsty and placed in a plastic bag,
properly labeled, packed in coolers with ice anoulght to the Zooplankton laboratory
of the Federal University of Pernambuco (Brazifd &ept cooled in freezers until the
analysis. Parallel collections of biological mat&rhas measured up abiotic variables that
could influence the metabolism of species (tempegxtand the spatial distribution
(salinity and grain size). For this, mostred a siachpf water temperature (mercury
thermometer °C) and salinity (Optical refractompetezre obtained in each sampling site.
Sediment samples were taken for analysis of gramefiy, according to Suguio (1973).

Laboratory proceedings

In the laboratory, the species were identified wplecific literature (Fernandes et
al., 2002; Manso et al., 2008). Then, for eachwvialdial it was measured the total length
(TL) with a 0.05 mm precision caliper rule; ande thiet biomass in grams (HB) using
an analytical electronic balance (0.001 g precisiafter removing the excess of water
with tissue paper.

The E. emarginataspecimens were classified in two gonad maturigges:
immature (with undefined sexual glands) and ad{viith developed sexual glands).
These adults were subdivided into adult male (AWHen the gonads presented colors
ranging from cream to brown; and, adult female (A#f)en the gonads ranged around
lilac color (Dias, 2008).

Data analysis

Initially, the density of E. emarginata was checked for its normality
(Kolmogorov-Smirnov test) and homocedasticity (Lewéest). As the data did not reach
this assumption, it was transformed (Leg@x + 1)) and reassessed for its hormality and

homocedasticity, and from there it was only useatparametric tests.
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To verify differences in the population structutetdl, immature, male and
female), over the months, the Kruskal-Wallis teaswsed. The influence thfe abiotic
variables on the density of each stage that mgkésaupopulation was calculated through
multiple and single regression (Zar, 1999). Theukment period was verified through
analysis of variance (Kruskal-Wallis) and sex rates verified by a Chi-Square-teXg).

It was established the number of size classesHelgsed in “Sturges model”
(k=1+3.3*log (n)), that determines "k" in functiai "n", where k” is the number of
classes andt” is the number of individuals. It was establishedehgth classes (1.5 cm
interval).

For analyses growth, initially was developed apteriinear regression analysis
between biomass x length to give a potency equdtiomale and female, from these
equations proportional residuals of male and femadee obtained. After, the values of
proportional residuals (male and female) was \etiff existence of polyphasic growth
for specie. For this, it was found in the lengthdmass of male and female individuals,
through the distribution of its proportional resadsj compared with atest (Zar, 1999).

If differences were observed between the proportesidues of males and females,
growth was considered whether or not polyphasicleMiadividuals have a different
growth of females, forcing the need to describalallelopmental stages and sex of the
species. Length and weight measurements were ctawluo allometric equation,
following the modebf Huxley (y=a.X), where “y” is the individual wet biomass, “X” is
the individual length, “a” is proportionality coéffent and “b” is allometric coefficient.
The coefficient of allometric growth (b) can bensetric (= 3), negative (<3) or positive
(> 3). For adjust the values of allometric condiidactor was plotted a potency equation.
The condition factor (k) was developed by the foiartk= B/L"", B = individual biomass,

L = individual length and "b" = Allometric coeffient of its beach and month in which
the individual was collected. From there was a@jdist polynomial equation that best
represents the plotted data.

The tests described were calculated in statistizi@vare "R", in its version 3.1.1,

and it was considered a significance levek ef 0.05 “package stats”.

24



Results

We collected 4,464 individuals dncope emarginataof these 410 (9.18%)
individuals were immature, 1,801 (40.34%) individuavere adults males, and 2,253
(50.48%) individuals were adults females.

The specie&. emarginatgpresented an average of 0.27 + 0.72 Indwaith the
largest value average (0.58 Ind®obtained in the May month and lower value average
(0.03 Ind.m-2) obtained in the September (figurgk Zae immature showed an average
of 0.02 + 0.09 Ind.mM, with the largest average value (0.08 Ind)yrobtained in the
August, while no immature were recorded in Noverndoeadt February (figure 2b). The
adult males showed an average of 0.08 + 0.30 Mdthe greatest average value (0.30
Ind.n?) obtained in the May and lower value average (Or@Lm-2) obtained in the
September (figure 2c). The adult females showeavanage of 0.10 + 0.36 Indinthe
greatest average value (0.32 Ind)nobtained in the August and lower value average
(0.006 Ind.m-2) obtained in the September (figue 2

No difference was registered between total dews$ie, emarginatan the months
(H @2, 99= 2.6596, p = 0.9945). As the benthic developménges ofE. emarginata
immature (Haz, 9= 7.2605, p = 0.7776), male (i, 9= 2.1808, p = 0.9978), female (H
(12, 9= 6.0536, p = 0.8698).
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Figure 2:Encope emarginatpopulation: “a” total density, “b” density of imrmuae, “c”
density of male and “d” density of female, at Penbaco littoral, tropical Southwestern
Atlantic, from November/2011 to October/2012.

In respect of populational density, of all develgmt stage and sex, in the
differents beaches, the highest average value maysregistered in the Sossego beach
(total — 1.52 Ind.m, immature — 0.15 Ind.®) male — 0.59 Ind.rh and female — 0.80
Ind.m?) (figure 3). Was not registerd®l emarginatan the Porto de Galinhas beach, as
it was not registered immature and female in thedradaré beach (figure 3b and 3c).

However, differences were registered between tgakity ofE. emarginatan
the beaches of the Pernambuco coastad, (= 72.9553, p < 0.001), with the beaches
Sossego, Orange and M2 Farinha, presenting a hagbesige, than other beaches (Figure
3a). As the development stagesemarginataMale (H g, 12)= 62.6505, p < 0.001) with
the beaches Sossego, Orange and M? Farinha presdmngher average, than other
beaches and female (il 12= 61.7335, p < 0.001) with the beaches Carne deaVac

Sossego, Orange and M2 Farinha with higher avethge,other beaches. Furthermore,
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no difference was registered between Immature teabE. emarginatan the months
(H (9, 12= 13.7675, p = 0.0880).
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Figure 3:Encope emarginatpopulation: “a” total density, “b” density of imrmuae, “c”
density of male and “d” density of female, in treabhes at Pernambuco littoral, tropical
Southwestern Atlantic, from November/2011 to Octé@1 2.

Abiotic variables x density of the stages of Encaiparginata

Multiple regression analysis showed that all thetc variables, influenced the
adults individuals oE. emarginataTable 1) Except immature, since these individuals
did not show any correlation with abiotics variabla Pernambuco beaches (p=0.08).
While noting that the abiotic variables influenhe population and its adults, relationship
of values (R) were between 36-38%, indicating atadgp correlation. Once, the high
values observed in the regression coefficighjtaid difference (p patial < 0.05), suggests
that the grain size is variable may the densityati@an in the population (Table 1).

Influencing all individuals in the population, incling immature (Table 1).
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Table 1. Multiple regression "R", the regressioeftioient 'B", the sampling errore™
the test value "F" and the significance of "p", parature “T”, salinity “S”, rainfall “P”
and granulometry “G”.

R B € F p
BT BS PP BG
Total 037 004 005 005 035 0.68 4.23<0.003
p partial 0.68 055 0.56 <0.001
Immature  0.27 0.08 0.04 0.01 0.23 0.09 198 0.104
p partial 045 069 091 0.02
Male 037 001 0.05 0.07 0.36 0.28 4.050.004
p partial 091 059 0.46 <0.001
Female 0.38 005 0.06 0.05 0.36 0.34 4.49.002
p partial 0.60 053 0.60 <0.001

Sex Ratio

The sex ratio (M:F) ofE. emarginatapresented an annual average of 1.3:1;
ranging from 0.5:1 (December) to 2:1 (Septembeth iemales predominance during
eight months, mainly during dry season, while thelas dominated during the rainy
season (Figure 4). Differences were registered dxmtwainy and dry season€ (12, 9)=
7.812, p < 0.01). The multiple regression analgsiswed that there is a correlation
between the sex ratio and the abiotic variables- (®34). Despite the low value of
correlation, they prove to be acceptable sincadbevalues and signficancia confirmed
this correlation (F = 3.25, p = 0.014). Among tlegiables used to do the analysis, the
grain size was the variable that most influencesstx ratio (M:F) in the populatiofi €
0.24, p partial= 0.014).
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Figure 4. Monthly variational sex ratio (M:F) &ncope emarginatat Pernambuco

littoral, tropical Southwestern Atlantic, from Nawber/2011 to October/2012.

Recruitment Period

The monthly average of immature®femarginataentering the population along
the sampled beaches was of 0.02 + 0.1 Irfd Fine largest entry of immature individuals
occurred in August (0.08 * 0.23 Ind¥n followed by May (0.07 + 0.20 Ind.R).
Immature individuals were not registered in the thenof November and February.
Among the sampled beaches of North coastal, Sogsegpented the highest average
density of immature entry on population (0.147 24® Ind.n¥), while no immature
individual was registered on the beaches Southtaloa$ Porto de Galinhas and
Tamandaré. The analyses revealed that there igfatedce between the sampled months
(H (12, 9= 7.2605, p = 0.78) (Figure 5).
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Growth

The sand dollaE. emarginatgpresented average values of biomass (50.09 + 23.82
g) and size, (10.11 £ 1.92 cm). The average vatidsomass and growth for each
respective stage of development were: immaturel{16.12.54 g and 6.81 + 1.84 cm),
male (53.70 £ 22.98 g and 10.33 + 1.68 cm) and ler(&l.85 g £ 21.54 and 10.45 £
1.63 cm). The 12 size classes were established Irtbrom each. The Figure 6 presents
the relative frequency distribution (%) of lengtasses foE. emarginatasampled within
the twelve months. The percentage distributionrefidiencie€. emarginataby length
class showed that the length varied from 1.51 tori8The length class with the highest
frequency was 10.51 to 12.00 cm, followed by 9d1Q.50 cm. The length class 0.00 to

1.50 cm was not sampled.
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Figure 6. Frequency dincope emarginatay length classes, collected at Pernambuco

littoral, tropical Southwestern Atlantic, from Nawber/2011 to October/2012.

The values of biomass and length of each sex ofspgexie showed perfect
correlation, the male with a correlation of 86.38f6 females 85.79%. From these values
proportions residuals of males and females werdyzexh The speci&. emarginata
presented no polyphasic growth, meaning that tiaemee no changes in proportional
residuals((2; 2253)= -0.2354, p = 0.4071). Along the length range, diestrating that the
specie present a similarity between growth the raatefemale and there is no change in
the growth pattern from immature to adults (mald émale), investing its resources
independently in the same stage of developmentsaxd The polynomial relation
(biomass x lengh) showed that emarginatgpresented negative allometric coefficient
(Figure 7) (y = 0.056A883, demonstrating that the species directs much oémésgy

to grows in greatest proportion of length than iohiass.
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Figure 7. Growth curve and proportional residuEie¢ope emarginatat at Pernambuco
littoral, tropical Southwestern Atlantic, from Naweer/2011 to October/2012

Allometric condition factor

The minimum allometric condition factor was 0.03ntober and the maximum
was 0.11 in January, with an annual average o820609 (rainy season: 0.065 +0.008;
dry season: 0.072 +0.009). From the time it waseolesl, it may be an oscillation
between monthly views of their values. Values timatease in a given month, and
decreased the following month. Observed an imbalanallometric condition factor

values between the two periods of hydrologicalgitm, the first (dry and rainy) there
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is an increase in condition factor, in the secaathy and dry) there is a reduction in the
factor allometric condition. During the studied rtmthe condition factor presented a
curve with higher values in January (dry seasotipi@d by April and July (rainy

season), indicating good environmental conditionrduthese months (Figure 8).
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Figure 8. Average values of allometric conditiorctéet of Encope emarginataat

Pernambuco littoral, Southwestern Atlantitom November/2011 to

October/2012.

tropical

Discussion

The sandy beaches direct predominantly by theaateg physical action of
waves, tides and sediment (Jaramillo & McLachl&@93). In these systems, species of
Echinoidea are closely linked to the fluctuatiohatmotic variables (temperature, salinity
and granulometry) resulting in temporal dynamicer{fler, 1991; Sanchez-Pérez et al.,
2001; Morgan & Jangoux, 2002), besides governiegldival settlement, conditioning
the species to a characteristic aggregation ororanigehavior, relocating to areas with
better abiotic conditions (Pompa et al., 1989).

33



In our study, no differences in densitiesoemarginataver the months. During
the rainy season a decrease in rainfall occurratbwhthe dry season an unusual rainfall
peack was registered in May, mainly to North ldforin the years 2011-2012 an
anomalous warming of sea surface temperature (S&lised the Intertropical
Convergence zone (ITCZ), main system responsiblprixipitation in the Northeast, to
act further north from January to October. Alonghwthe weakening in the La Nifia
phenomenon, the amount of precipitation was néwaiiyof the historical average (Keller-
Filho et al., 2005; Boening et al., 2012).

However, differences were registered between basawhth very few individuals
in the south littoral beaches. This fact can bedtly related to the local hydrodynamics,
lack of organic matter and indirectly to the sudttstr Once the beaches on the south coast
have beach rocks close to the beach, forming a @bwave energy absorption before of
beaches rocks (Borzone et al., 1996; Macedo e2@12) and a shaded area after these
beaches rocks. These characteristics may resoibore compressed sediments, once the
sediment is not revolved with the action of the eas\Hindering the juvenile settlement,
the displacement and the food search for new iddals between the sediment. What is
not found in the north coast beaches, where thes lof beaches rocks are removed,
submerged, with large area of coastal infrastrectund constant disturbance of sediment
with all this caused by the movement of waves (Atta& Manso, 2011).

Highest density oE. emarginatavas registered to the Sossego beatis high
density observed at Sossego beach being pegged timgue morphological
characteristics of the north coasThe Pernambuco coastline beaches have a
predominance of current north / northeast (Liralet2010). This ends up directing the
organic matter from estuaries to the same direafahe current in the area. The beach
Sossego would be getting much discharge of orgaaiter from the mouth south of the
Santa Cruz Channel, the coastal region of Itamaaac@ainly Jaguaribe river estuary,
which is used both as urban discharge, as the pffarming developed in this estuary.
Furthermore, the Sossego beach has a texturedade sediment very fine and selected
much, and carbonate composite of 0-39% (Almeida &8b, 2011); accompanying of
waves constantly of size ranging from 0:27 to 0120liveira et al., 2013). This favors
the contante sediment stir by both waves like #melslollars. This beach presents several
sandy banks in the area of the underwater beasigeasandy beach, 110 m wide, with
coastal vegetation on the berm (Silva et al., 200 junction all these features provide

the best features for nesting, development, feedimyreproduction oE. emarginata
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Some of these features is repeated in other nardistdeaches, providing favorable
conditions for the registration &. emarginatawhich are scarce in the southern coast
beaches.

In addition to the morphological characteristicdttg beach Beach Sossego, the
abiotic variables will raise the maintenance of #pecies on this beach. Among the
abiotic variables, granulometry were positively retated toE. emarginatadensity,
showing the intimate dependency that the specisswlié the substrate being found
almost exclusively in sandy sediment fine to medManso et al., 2008). In addition to
the grain size, other authors highlight the impaetato other variables studies, with the
carried out by Borzone (1992/1993), in Rio Grandesdl beaches showed tiMellita
quinquiesperforata_esk, 1778 (Mellitidae) migrate to regions furtreexay from the
coast when temperatures are lower in winter ong@s are lower in the rainy season.
The variation of 2.5°C in temperature significanithfluences the metabolism of the
larvae and juveniles of echinoids (Highsmith & EmE986) and mostly influences the
spawning (Muthiga & Jaccarini, 2005), the settlenwéarvae, period of recruitment and
growth of individuals (Sewell & Young, 1999). Howesy temperature is only a limiting
variable under 16°C or above 3ZAImeida, 1979; Sewell & Young, 1999). The salinity
influence directly the recruitment, since abrupttuations reduce the reproduction and
newborns (Ebert & Dexter, 1975). In Panama low eslof salinity due to strong rainfall
resulted in high mortality of juveniles &. stokesL. Agassiz, 1841 (Dexter, 1977).

The presence d&&. emarginatan different stages of development and classes of
length, indicate that the sampled areas, mainllgemorth coast, are places of settlement,
development, feeding and reproduction. The deé$ipiting all stages of development in
all the Pernambuco coast beaches, the north ceasthbs exhibit the best abiotic
conditions for the species. A similar result wasorded to the echinoidschinometer
lucunterLinnaeus, 1758 (Mariante et al., 2009) agtechinus variegatusamarck, 1816
(Lage et al., 2011), showing a common characteritti the Echinoidea family. A
population density pattern occurs to echinoids fitbapical regions (Mariante et al.,
2009; Machado, 2007). Lane & Lawrance (1980) mentidividuals’ fluctuations in the
development stages and length classes to the s#iadM. quinquiesperforatalong the
year.

The sex ratio obtained in our study presenteddrigiumber of adult females
during most months, mainly the summer dry seasosinflar result was found to the

echinoidTripneustesentricosud_.amarck, 1816 during summer, when it was registere
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more females (Machado, 2007). In general, echinggdsratio is around 1, meaning that
there are a proportional number of males in refetitofemales (Williamson & Steinberg,
2002; Tavares & Borzone, 2006; Lawrence, 2007).

TheE. emarginatds one of the largest species within the Ordep€hgteroidea,
and is the largest species of the Family Mellitifleene & Lawrence, 1980; Kier, 1975).
This condition factor promotes the mobility of imiuals and the search for favorable
areas for recruitment, food and development, at agebvoiding unfavorable areas for
the speciesk. emarginatashowed both aggregated and random distributioteqmatas
they move. Kier & Grant (1965) reported ttkatmicheliniL. Agassiz, 1841 locomotion
was up to 2.5 mm mif) and, Weihe & Gray (1968) reported that when ngadb are
found M. quinquiesperforatanovements continues.

In our studyE. emarginatgpresented a continuous reproduction throughout the
year, with highest peak and larval settlementabiginning (May) and the end (August)
of the rainy season. This is a common fact mentidryamany authors (McPherson, 1969;
Rumrill, 1989; Achituv & Sher, 1991; Mariante et,&009; Lima et al., 2009; Olivares-
Bafuelos et al., 2012), that Echinoidea and Aslleairom subtropical regions present
period of spawning and recruitment during the summai@y season.

Continuous reproduction is a common fact to trdgiegions, with peaks in some
seasons (Olivares-Bafiuelos et al., 2012). Thiksstnt coincides with the lowest annual
values of temperature in others tropical regiongl{@hson & Steinberg, 2002; Mariante
et al., 2009). Larger females would present greameount of eggs and higher rate of
fertilization, while size doesn't present any lielaship with fertilization of these eggs
(Levitan, 1991).

The largest amount of individuals Bf emarginatain the intermediate classes
(10.01-11 and 11.01-12), seems to be a pattethdémpecies of Echinoidea, as researches
carried out withE. lucunter(Mariante et al., 2009) arld variegateqLage et al., 2011),
presented a similar distribution. Once, polyphasevth can be a reflection of the need
of individuals to achieve larger sizes, since laigdividuals can get best resources, and
avoid unfavorable conditions for their developmditte allometric coefficient was below
the isometric growth, showing that the speciessis/és resources in growth (Vazzoler,
1996).

It can be concluded that the population paramefdtsemarginatare influenced
by abiotic variables, mainly the grain size. Thetimacoast beaches presented more

favorable environmental characteristics, as thésraee located farther away from the
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beach, allowing waves to break with moderate intgnsnough to facilitate the thinner
sediment movement in these beaches, facilitatititeseent, development, feeding and
breeding ofE. emarginata The sediment shown as the variable more influghee
distribution of E. emarginata The population oE. emarginatapresented at female
predominance. The specié. emarginatadoes not use any month for intensify
recruitment. The population d&. emarginatashows a predominance of intermediary
individuals. TheE. emarginatanvestment your energy to length, due to more riable
new search areas more favorable. And with thatsetheorks contribute to better

understanding dE. emarginatabiology.
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CAPITULO Il — Structure populational of Dissodactylus crinitichelis Moreira 1901
(Decapoda: Pinnotheridae) on the Pernambuco coast:Relationships to

environmental variables

Cunha, A. G.; Neumann-Leitéo, S.; Montag, L. F. A.
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Hydrobiologia(ISSN: 1573-5117)

Abstract

Studies aboubDissodactylus criniticheliswere carried out in tropical Brazilian Coast to
assess the influence of abiotic variables and sadisp over the population structure,
residence in the sand dollars. It was sampled 20 each of the nine beaches. Abiotic
variables were simultaneously collected. It wasamiatd the density, carapace width,
abdomen width, developmental stage and sex of ciddesmonthly average of crabs was
6.41 Crabs/Sand dollar, the Sossego beach in tiie Iittoral presented the highest with
21.22 Crabs/Sand dollar. The average density oftimeature was 66.41 Crabs/Sand
dollar, adult male — 0.25 Crabs/Sand dollar andalesn— 0.16 Crabs/Sand dollar. The
sex ratio were of 2.03:1 (M:F), more input of ratmas in May. The specie presented
highest correlation between juvenile, immature arale adult. The species showed a
polyphasic growth with trend of development statge®e Allometric positive for the
juvenile, immature and adult male, and well proreadh for adult females. It was
observed a constant maintenance of the populatidluenced by abiotic variables,
primarily the sediment. The recruitment period @nenon in the tropical region. The
intrinsic factor suggests an imbalance in the sé rand growth of each individual in
the population. The craissodactylus criniticheliss keeping constant along the
beachesThis article contributes to the spatial and sedsdis&ribution ofDissodactylus
crinitichelis. Demonstrating its importance for the preservatbareas important to all

marine biodiversity.

Key-words: Seasonal, Abiotic variables, Population biologgn&beach, Tropical
Atlantic.
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Introduction

Pinnotheridae (Decapoda, Brachyura) are composenhall size crabs, living in
marine or estuarine environments, usually knowfypas crabs”because its rounded
shape and smooth carapd8ehmitt et al., 1973; Martins & D’Incao, 1996)déts can
occur free in the environment, especially the malesassociated with other animals as
commensal or parasitic in echinoderms, polychd®stslve, decapod crustaceans and
fishes (Williams, 1984). In general, a high degvéspecificity occurs between the crabs
and its hosts. Pinnotherid crabs of the gdbigsodactylusSmith 1870 are limited to the
Atlantic and Pacific coasts of America. The smedbs are known to live on irregular sea
urchins, although some species are cited as frexgliThe life style seems to be largely
parasitic, commensal or symbiotic (Campos et &092. Telford (1982) described the
feeding habits of four Western Atlantic species dodnd that all of them forage
extensively upon their hosts, causing visible daemaghemDissodacylus crinitichelis
Moreira, 1901 is the only species of the genus kntmwoccur from North Carolina (USA)
to South Argentinan Western Atlanti¢Rathbun, 1918; Melo, 1999).

Despite their ecological importance, the need tpaex the knowledge to
Pinnotheridae family in Brazil, and most studiesntia the group taxonomy and
systematics (Bezerra et al., 2006), despite a f@ppers on growth rates (Fumis et al.,
2006) and symbiosis (Martinelli-Filho et al., 201&yabs of this family are known for
their remarkable morphological and ecological ditgr (Ross, 1983), and life cycle
strategy which makes an interesting group in wiicktudy evolutionary relationships.
Among the pinnotheridD. crinitichelis has been observed maintaining symbiotic
relationships with several species of irregularimaills in Brazil (Coelho & Ramos-
Porto, 1995; Martins & D’Incao, 1996; Wirtz et &1009; Queiroz et al., 2011; Martinelli
Filho et al., 2014). However, the population stmuetof this species is still rarely studied
(Telford, 1978), since itt is unknow how its pogidas are influenced by the
environment. Among the parameters that could imibeethis population, the variation in
salinity, temperature, are highlighted by hydrotagiregimes (Morgan, 1992; Morgan,
1995; Anger, 2001; Anger, 2003).

The abiotic variables directly affect the growthirmdividuals and the survival of
each developmental stage of the population (Cosédbwal., 1960; Anger et al., 1990;
Anger, 1996; Larez et al., 2000; Anger et al., 2080@ger, 2001; Anger, 2003; Luppi et
al., 2003). In addition, it way change the metabulof the individual, directly affecting

food consumption and digestive process (Smith, 1988lso accelerates or delaies the
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life cycle changes of the crab and the intermdutbaghout the population (Barnwell &
Thurman, 1984). Moreover, it influences the behawibindividuals (Forward, 1989),

indicating the best place and time of year for séxuaturation, production of eggs,
reproduction, larval dispersal and recruitment (& 1982; Forward et al., 1982; Anger
et al.,, 1994; O'Connor & Epifanio, 1985). Finallgbiotic factors serve as basic
information for the study of demographic relatiopshof the respective stages of
development, growth and biogeography (Barnwell &ifhan, 1984; Bond & Buckup,

1988).

The abiotic variables (temperature and salinityyego many times the annual
variation of crabs, as well as their respectivgesaof development (Ventura & Pires,
2002). The affects the reproduction and growthscagvariations over the months of the
year, and also the carapace width/ abdomen widilo (aondition factor) of the
individuals, the proportion of males and femaleagé et al., 2011). According to
Albuquerque et al. (2012), the hydrological regindagectly influence the salinity and
temperature values in the environment and consélgudye density of organisms that
live in these places. In addition, it influences 8gtructure dynamics of the population,
especially the immature stage, the maintenancéfefeht classes of length and different
development stages (Cameron & Rumrill, 1982; Epafah988; Daltov, 2000; Posey et
al., 2005). And the influence the sex ratio, growtid condition factor (Braga, 1986;
Braga, 1993; Braga, 1997).

This study was carried out to assess the seasanakion of the main abiotic
variables influencing the population of the cifab crinitichelis resident in the three
species of sand dollars from Pernambuco coastal &eated in the tropical Western
Atlantic. We hypothesize that abiotic variables ey along the year and beaches may
explain the variations of density population, sakar and allometric condition factor.

Furthermore, the growth species presents a polyphas

Material and methods

Study area
The Coast of Pernambuco is inserted in the Southat&ntic Tropical (Figure

1). The Pernambuco beaches are composed of twaitkepb sediment, the surface is
rich in sandy sediment (fine - rough) rich in qaahd silt; this coastal, there are seagrass
banks Halodule wrightii Ascherson) and fragments of calcareous algae lddbnspp.
(Magalhaes et al., 1997; Barros et al., 2001; Foms al, 2002;. Araujo, 2003). The
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outstanding features of this coast is the presehsandstone reefs that occur on multiple
lines (distant - North Coast, 2,000 m and nearutls€oast, 50 m) parallel to the coast;
representing lines of "rock beaches", sometimek within overgrowth of calcareous
algae and corals (Mabesoone & Coutinho, 1970).Adeest of Pernambuco is inserted in
the Southwest Atlantic Tropical (Figure 1). TherRenbuco beaches are composed of
two deposits of sediment, the surface is rich mdgasediment (fine - rough) rich in quartz
and silt; this coastal, there are seagrass baHkdodqule wrightii Ascherson) and
fragments of calcareous algae Halimeda spp. (Magalkt al., 1997; Barros et al., 2001;
Fonseca et al, 2002;. Araujo, 2003). The outstanf#iatures of this coast is the presence
of sandstone reefs that occur on multiple linestéit - North Coast, 2,000 m and near -
South Coast, 50 m) parallel to the coast; represghibes of "rock beaches", sometimes
with a thin overgrowth of calcareous algae andlsdiabesoone & Coutinho, 1970).

The collections were carried out monthly, from NaNeer 2011 to October 2012,
during low tide. For the purpose of standardizatihrese sampling were held in the
interval between two days before and after new mbhiame beaches along the coast were
selected, about 20 km from one another, with fouthe north and five on the south coast
(Figure 1).
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Figure 1. Studied area and sampling stations & haaches of Pernambuco littoral,

Sowthwestern Atlantic, from October/2011 to Septerf#i)12.

The beaches from the north coast: Carne de Va€83B52’ S e 034°49.216W),
Sossego (07°42.987'S; 34°49.877'W), Orange (072483 34°50.161'W) and Maria
Farinha (07°51.804'S; 34°50.063'W). South coasafeu/08°21.851'S e 34°57.496"W),
Porto de Galinhas (08° 30.247’'S; 35°00.009'W), 8ade Sirinhaém (08°36.721'S;
35°02.814'W), Tamandareé (08°44.926’S; 35° 05.203W) Sao José da Coroa Grande
(08°52.718’S; 35°08.242'W).

Design experimental
All samples were obtained from a fixed quadrant600 m2 (20 m x 30 m)

positioned parallel to the beach line at diurnal kde. This quadrant was subdivided
into three areas with 200 m2 (20 m x 10 m), witle gelected at random to be sampled,
and this area was not used in the following moatojding the overlap of sampling.

As these crabs live in the oral and aboral surtdcgand dollar (Telford, 1978;
Pohle & Telford, 1981; Griffith, 1987), it was cedlitedndividuals of sand dollargnside
the quadrant of 200 m2, were manually collectedhgigliving equipment (mask and
breathing tube) according to Bell & Stansik (19&3ch individual was packaged inside

a plastic tray and placed in a plastic bag, prgpdabeled, packed in coolers with ice and
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brought to the Zooplankton laboratory of the Federaversity of Pernambuco (Brazil),
and kept cooled in freezers until the analyBexallel collections of biological material,
has measured up abiotic variables that could inftaethe metabolism of species
(temperature) and the spatial distribution (salimbhd grain size). For this, mostred a
sampled of water temperature (mercury thermome@r &nd salinity (Optical
refractometer) were obtained in each sampling Siegiment samples were taken for
analysis of granulometry, according to Suguio (3973

Laboratory proceeding

In the laboratory, the species of crabs and sanidrdowere identified with
specific literature (Melo, 1999; Martins & D’Incab996; Fernandes et al., 2002; Manso
et al., 2008). Then, for each crabs it was meadinetbtal carapace width and abdomen
width fifth somite abdomen under a microscope ugsifgD001 mnprecision caliper rule,
according Hartnoll (1978) and Hartnoll (1982).

IndividualsD. crinitichelis were classified (morphological characteristicghef
abdomen), juvenile, immature and adult (males asmales). The juveniles were
individuals who survived the pelagic benthic/tréinosi and became first crabs molt,
corresponding to the smaller individuals collectadl which form the first size class
(Pardo et al., 2007). The immature were all indraild presenting the pleopods slightly
differentiated and united to the animal cephalaikomhe adult males have the pleopods
located on the first and second abdominal segmeiiits,their pleopods long and thin.
The adult females presented the pleopods locateutfie second to fifth wide abdominal
segment (Narchi, 1973). Adult females with eggsendentified due to the presence of
eggs adhered to the pleopods.

Initially, the population data db. criniticheliswas obtained the number of crab
residing in sand dollars (crabs/sand dollars). pitee recruitment period, where it was
used every juveniles who entered the populatiahemonth. Posteriorly, this data was
check as to normal distribution (Kolmogorov-Smirnest) and homocedasticity (test
Levene). As the data did not reach this assumptimse were logarithmic (Log (x +
1)). These were reassessed in their normal and ¢exhasticity, for from there using
parametric tests or non - parametric. Subsequeintlprder to verify differences in
population densities (total, immature (juvenile antgmature), adult male and adult
female) during the months in which the samples Wetd it was used the Kruskal-Wallis.

The influence ofthe abiotic variables on population density waswaked through
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multiple and single regressions (Zar, 1999). Sén reas obtained by Chi-quadrat-test
(X?) considering male and female abundance.

For analyses of growth @. crinitichelis, initially was developed a simples linear
regression analyses between carapace width arsbftiite abdomen to give a potency
equation for male and female, from these equatmoportional residual of male and
female were obtained. After, the values of projpmai residuals (male and female) was
verified if existence of polyphasic growth for sged-or this, it was found in the carapace
width / fifth somite abdomen width of male and féenandividuals, through the
distribution of its proportional residuals, comphvweith at test (Zar, 1999). If differences
were observed between the proportion residues désmand females, growth was
considered whether or not polyphasic. Carapacehwatid fifth somite abdomen
measurements were conducted to allometric equaitiowing the modelof Huxley
(y=a.X), where “y” is the individual fifth somite abdomen” is the individual carapace
width, “a” is proportionality coefficient and “b’siallometric coefficient. The coefficient
of allometric growth (b) can be isometric (= 1)gagve (<1) or positive (> 1). For adjust
the values of allometric conditions factor was f@dta potency equation. The condition
factor (k) was developed by the formula "k= WcAN® = individual carapace width, L
= individual fifith somite abdomen width and "b"Adlometric coefficient of its beach
and month in which the individual was collectedbrarthere was adjusted a polynomial
equation that best represents the plotted data.

The tests described were calculated in statistizi#@vare "R", in its version 3.1.1,

and it was considered a significance leval af 0.05 “package stats”.

Results
Population Parameters

We collected 79,760 crabs of the spe&dessodactylus crinitichelisThe monthly
average was 6.41 + 12.68 Crabs/Sand dollar, varfyorg 2.17 Caranguejo/Sand dollar
in May to 20.20 Crabs/Sand dollar in November (Fegea).

Among the stages of development, the immature gisggented the highest total
average density with 6.41 + 12.40 Crabs/Sand d(f@ure 2b). The higher density for
this stage was collected in November (19.46 Cravsl$lollar) and the lowest value was
obtained in September (1.66 Crabs/Sand dollar)ufEi2b). The adult male crabs
submitted an average 0.25 + 0.38 Crabs/Sand ddbagreatest value was obtained in

December (0.52 Crabs/Sand dollar), and the lowaktevwas obtained in May (0.15

50



Crabs/Sand dollar) (Figure 2c). The adult fema#bsmpresented an average 0.16 + 026
Crabs/Sand dollar; highest value was obtained iveNder and December (0.29
Crabs/Sand dollar), and lowest value was obtainetay (0.04 Crabs/Sand dollar)
(figure 2d). The tests showed that there is naethbifice between the density of crabs in
the month (Hz2, 9)= 7.0353, p = 0.7962). Ever as in the developme&ges, immature
(H (12, 9= 4.4413, p = 0.9552), adult male @4 9= 6.3331, p = 0.8502) and adult female
(H 12, 9= 8.4617, p = 0.6714).
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Figure 2. Average density (Crabs/ Sand dollar) Da$sodactylus crinitichelisat
Pernambuco littoral, “a” total density, “b” immag&yr‘c” male and “d” female, tropical
Southwestern Atlantic, from November/2011 to Octé@ 2.
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Already in the beaches of the coast of Pernambtiw,higher density was
collected in Sossego (21.22 Crabs/Sand dollar)rendias obtained crabs in Porto de
galinhas (Figure 3a). The immature its greatestievalas obtained in Sossego (20.62
Crabs/Sand dollar) (Figure 3b). The adult male £mpiesented its highest value was
obtained in Orange (0.62 Crabs/Sand dollar) (fi@me The adult female crabs presented
its highest value was obtained in M2 farinha (@C38bs/Sand dollar) (figure 3d). We did
not record any crab in the Porto de galinha beBoh tests showed that there is difference
between the density of crabs in the becheg, (4= 64.2215, p < 0.001). Ever as in the
development stages, immature (Hi2)= 65.3140, p < 0.001), adult male (12)=
52.1203, p < 0.001) and adult female{H2= 44.3244, p < 0.001).
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Figure 3. Density (Crabs/Sand dollar) Bfssodactylus crinitichelisat Pernambuco
littoral, “a” total density, “b” immature, ¢” adultmale, “d” adult female, tropical

Southwestern Atlantic, from November/2011 to Octf 2.
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Environmental variables x population structure

Multiple regression analysis showed that all theotab variables sampled,
influenced the individuals oD. crinitichelis (Table 1) However, not all the stages
respond the same way. Since the immature havefisamti values (R = 0.31; p = 0.04),
with a similar correlation and significant valuegaotal data of the species (R =0.30; p =
0.04) (Table 1), since these individuals were rdgen the water column. While noting
that the abiotic variables influence the populatammd only the immature stages,
relationship of values (R) were between 30 - 318djcating acceptable correlation,
between these variables. The high values obsemie iregression coefficient$) to the
grain size suggests that this variable governsl#resity variation of the population of
this crab (Table 1), with acceptable values andig@nce of correlation (R = 0.25; p =
0.01) (Table 1). However, the adults did not sh@pahdence on the abiotic variables,
living beneath the sand dollars and isolated frbm @biotic conditions of the water

column (Table 1).

Table 1. Multiple regression of populatin crinitichelis"R", the regression coefficient
"B", the sampling errore™, the test value "F", the total and partial sigrafice of "p",

temperature “T”, salinity “S”, rainfall “P” and gnalometry “G”.

R B € F p
BT BS PP BG
Total 031 0.09 0.04 0.02 0.25 12.31 2.65.04
p partial 0.33 0.65 0.82 0.01
Immature 0.30 0.10 0.04 0.02 0.25 12.04 2.68.04
p partial 033 0.68 0.80 0.01
Male 020 0.09 008 -0.0 0.11 0.38 1.09 0.38
p partial 0.37 040 061 0.24
Female 0.5 -0.0 0.08 -00 0.12 0.26 0.60 0.66
p partial 095 040 092 0.24
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Sex Ratio

The sex ratio showed an annual average of 2.03:E)(Mith highest proportions
in May (3.23:1) and smaller proportion recordedume (1.24:1) (Figure 4). Tests have
revealed differences between the number of maleks famales collected over the
sampling periodX? (2, 12)= 33.959 p <0.001), since 66.20% of the listedvidldials were

males (Figure 4).
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Figure 4. Sex ratio dDissodactylus crinitichelisn Pernambucuco littoral, Northeastern
Brazil from November/2011 to October/2012.

Recruitment Period

The average abundance of juvenile was of 18 + P3Cfabs/Sand dollar, the
biggest entry of juvenile individuals in populatiayccurred in May with 151.70
Crabs/Sand dollar and they were not registerednjiasein November, January, March,
August, September and October. The analyses revehb there is no difference
between the abundance of juveniles in the populdtiyi2, 9= 8.1070, p = 0.7037) over

the studied months.
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Growth

Individuals of different stages of benthic devel@mhpresented different average
values for both the width of the carapace and waditthe abdomen.

The amounts used of the carapace width and abdamakim of the development
stages showed a positive correlation above 54% aderythe immature stages and male,
had greater correlations, respectively 72% and T@%e juveniles correlated 65%, and
adult females correlations of 55%. Moreover, thesew different stages allometric
coefficients. Immature and juvenile tending to isbm (b=1). The males tend to
allometric negative (b<1) and females tend to adtin positive (b> 1) (Figure 5b).
Despite the juvenile, immature and adult male stabave different Allometric
coefficients, the breadth of the carapace of tlstsges overlap, thus the union of these
stages have a allometric factor tending to isométrii= 1) and a correlation between
carapace width and width of the fifth abdominal gemvas 82.23% (figure 5a). The
specie presented polyphasic growth, since the sisalgf proportional residuals
demonstrated that male and female individuals éixdifferent growth { 2; 2313)= -
2.9059, p=0.002).
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Figure 5. Growth curve and proportional residud@felopment stages Dissodactylus
crinitichelis in Pernambuco littoral, Northeastern Brazil, fradovember/2011 to

October/2012.

55



Condition Factor

The condition factor showed an average of 1.2828,0with the highest value
observed in January (1.63 + 0.08) and the loweSteiptember (0.73 £ 0.70). The rainy
season presented higher values in the conditidorfa¢ species with average of 1.36 +
0.09, while the dry season presented an average wdl1.20 £ 0.31. Can observe an
imbalance in the condition factor between the meofthydrological transition (February
and March — dry/rainy and August and Septemberinyidry), with a tendency to
increase in the coming months and a peak in ifse®e hydrological period (January
—dry and June - rainy). During the studied morities condition factor presented a curve
with higher values in January (dry season) and Ktayjny season), indicating good
environmental condition during these months (Figire
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Figure 6. Average condition factor ddissodactylus crinitichelisof nine in the
Pernambuco littoral, Northeastern Brazil, from Naoner/2011 to October/2012.

Discussion

The density oDissodactylus crinitichelisvas considered very high, as Furlan
(2010) found an average of only 2 individuals of game species, in the coastal of
Ubatuba - SP. Even as GoOmez-Lemos et al. (201 ragistered few individuals on the
coast of Colombia. Moreover, Gomez-Lemos et all(@0relates the low density of
Pinnotheridae and this is a commom fact to thislfgrthat occur associated with other
phyla (echinoderms, mollusks, polychaete and amtg)j being difficult to sample.
Martinelli-Filho et al. (2014), mention that theabr population ofD. crinitichelis is
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closely linked to the density of its host. Additadhy, in our research the high density of

crabs was recorded only in the north coast of tae ©f Pernambuco, where there are
less wave protection, since the reefs are furtheyahan in the south coast. This would
decrease the intensity of coastal currents fatiiigethe dispersion, settling, reproduction

and displacement of their host, while in the saghst, the lack of shock waves, make it
difficult to cause sediment resuspension, resultirgediment compaction, hindering the

displacement of the hosts. This fact was noted &y (8981), which registered the sand

dollar (Mellita quinquiesperforatd_eske, 1778) invading areas with low current flow,
facilitating the movement of the crab. This spe@ésrab can live in many hosts as

Encope emarginatdeske, 1778E. Michelini Agassiz, 1841Clypeaster subdepressus

Gray, 1825 and.eodia sexiesperforataeske, 1778 (Telford, 1978, Pohle & Telford,

1981; Griffith 1987).

The similarity in the general density between thenths for the sampled crabs
suggests a balance between the input of individumlhe population (recruitment),
characteristic typical of tropical coastal enviremts (Macintosh, 1989; Litulo, 2004,
Litulo, 2005) and constant migration and mortatifyindividuals (Diaz & Conde, 1989;
Moura et al., 2000). These characteristics contlii@ population to a monthly balance,
over the hydrological season. Bell & Stancyk (198®)scribed that the life cycle of
another species of the same genbDs ihellitae Rathbun, 1900) is 12-15 months.
Furthermore, Bell (1981) reports a 50% reductionhef population of this specieb.(
mellitag in only five months.

All stages of benthic population @. crinitichelis were found from juvenile,
through the immature (male and female), and adoi&de, female, adult female without
egg and adult female with egg). The present stegigtered a predominance of juveniles,
with decline in subsequent stages, a fact note@dptista et al. (2003) studying the
population ofCallinectes ornatu®rdway, 1863 and Kowalczuk & Masunari (2000) with
the population ofArmases angustipe®ana, 1852, both on the coast of Parana. This
decrease is caused probably by the pressure afitiration of newly settled individuals
(juvenile) and mortality of subsequent classes (ature) (Moura et al., 2000). However,
Lima et al. (2006) studied two species of decapatifnirim glabraKingsley, 1878 and
P. potimirimMuller, 1881) and found the opposite, with the enadvanced stages (adult)
presenting higher density than younger stages ijie)e However, this distortion was

linked to sampling error (Lima et al., 2006).
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Some authors have described the influence of abratiables on the population
of brachyuras crabs (Chacur et al., 2000; Bertiml.e 2001; Bertini & Fransozo, 2004).
Furthermore, they demonstrated that the sand [gasize is one of the most important
factors for the spatial distribution of Brachyufa example of this was registered with
the crabHepatus pudibundusierbst 1785 (Pinnotheridae) inhabitant of regiwrith
predominance of fine sand (Mantelatto et al., 1#35tini & Fransozo, 2004). This may
be needed to protect the crab from predators astfay, since they would bury more
easily (Williams, 1984). Gomez-Lemos et al. (2018udying Pinnotheridae from
Colombia, described the need of these crabs ftaineareas becoming endemic in sandy
banks, from rivers and estuaries.

It has been observed along the year, both adumalfss without and with eggs
(ovigerous), and juveniles, not showing a char@tierseason or month. Similar fact was
observed foD. mellitaeliving in M. quinquiesperforatéBell, 1988), in which the author
reports that females of this crab produce plankttamvae throughout the year. Besides
this, the females foresee the need to produce @gls1981; Bell & Stancyk, 1983).
This behavior was also observed for other spediesathsAustinixa aidaeRighi, 1967
(Pinnotheridae) (Peir6 & Mantelatto, 201C),danaeSmith, 1869 (Portunidae) (Costa &
Negreiros-Fransozo, 1998 prtunus spinimanukatreille, 1819 (Santos & Negreiros-
Fransozo, 1999)C. ornatus(Mantelatto & Fransozo, 1999), ardenaeus cribrarius
(Lamarck, 1818) (Pinheiro & Terceiro, 2000). Thialr present reproduction throughout
the year, a characteristic behavior of crabs liviimgropical regions, (Sastry, 1983).
However, it was noticed a higher recruitment in senmer months, similar behavior
observed by Bell (1988), who studi&d mellitaeresiding inM. quinquiesperforatan
South Carolina (USA).

The imbalance in the sex ratio is common to theisgeof Brachyura (Wenner,
1972), and this imbalance showed little variatimmotghout the year, always with highest
proportion of males compared to females. The satiewas observed by Ramirez et al.
(1992) to species of the family Portunid@allinectes rathbuna€ontreras, 1930C.
similis Williams, 1966 andC. sapidusRathbun, 1896. The largest proportion of males
was also observed for the ger@allinectes(Buchanan & Stoner, 1988; Moreira et al.,
1988; Pita et al., 1985{;. ornatusto Sao Paulo littoral (Mantelatto & Fransozo, 1999
and Parand (Branco & Lunardon-Branco, 1993). Theease in the sex ratio in the month
of October coincide with the largest entry of judesin the population, during the next

month (November), suggesting that females leaVeaxe its host (October) for larvae
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release in the plankton. This suggests that theiepéias a reproductive strategy,
common to other genu€éllinectesandUca) (Van Engel 1958), relocating to another
region for better larval dispersion, where the d@would migrate to new areas (Hines et
al., 1987; Guerin & Stickle, 1997).

The individuals collected from the coast of Pernaatbshowed similar carapace
width to the data described by Fumis et al. (200®gre the author described only two
stages of benthic development (juvenile and adulbdivided, however, the two stages
in five class each. The smallest individuals fififst class (juvenile), 0.8 — 1.3 mm, while
the largest individuals belong in the last claskength (adult) 5.3 - 5.8 mm (Fumis et al.,
2006). The differences with our results can be @ased with the constant availability of
food under controlled conditions (temperature aathgy) and absence of turbulence,
developed by the experiment in the laboratory (Fuetial., 2006).

The polyphasic growth observedin crinitichelismay be related to the behavior
that each individual plays in the population. Thasipve allometry observed fdp.
crinitichelis is consistent with the observations described bytitdll (1974) for other
species of Brachyura. However, not all developmestéaes described showed the same
kind of growth.Males invest in abdominal width, in order to entaits reproductive
character, while females invest in carapace wittils, feature would increase the ability
to have carry eggs. This was not observed for ukenjile individuals, with isometric
growth, due to the lack of well defined sexual elaseristics. The isometry for juveniles
was not observed for crabs from other families viitB5 to Portunidae (Pinheiro &
Fransozo, 1993), 1.15 to Calappidae (Mantelattor&gozo, 1994), 1.21 to Majidae
(Hiyodo & Fransozo, 1995) and 1.13 to Grapsidaew#&ozuk & Masunari, 2000).
However, all these families are composed by freegi crabs.

It can be concluded that the population parametfecsabD. crinitichelisresident
in the sand dollars are influenced by abiotic \daa, mainly the grain size. Once the
highest densities of crabs and all stages of dpwsdmt were found in months of the dry
season (November and December) and the lowestsvedgerded in one month of the
rainy season (May). Already, over the beaches saample observed a higher density on
the north coast beaches, while the densities westeced on the beaches of the south
coast and non-existent on the beach of Porto denliza. The north coast beaches
presented more favorable environmental charaatesjsioth crabs and for sand dollars.
The high densities are tied the best conditiongmesl by the north coast beaches. Once

the reefs are located farther away from the beatwing waves to break with moderate
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intensity, enough to facilitate the thinner seditm@ovement in these beaches of species
of sand dollars and consequently and thus betteti@abnd biotic conditions for feeding,
development and reproduction of individuals fosthpecies. The sediment shown as the
variable more influence the distribution @&f. crinitichelis The population of D.
crinitichelis presented at male predominance (820 he specie D. crinitichelis does
not use any month for intensify recruitment. Howetee highest recruitment was in the
May and non-existent recruitment in four monts e try period and two in the
transitional period of the rainy season to dry seaslherefore, the recruitment of
population of crab occurs with greater intensityiig the rainy season. The individuals
have a slight positive allometric growth, while tfemales the growth was markedly
positive. This shows that the crabs invest muclthefr energy to the growth of the
carapace, which would be responsible for both #s Aaccommodation of the eggs from
the female, as best able to obtain resource amhdsfour playing. The condition factor
showed that species have a better developmentairacteristic months at a time, with
little rain (drought) or too much rain (rainy). Thendition factor decay in the months of
transition between the hydrological periods, sutiggseproductive peaks. These work
contribute to better understanding@f crinitichelis biology. Mainly to characterize the
temporal and spatial distribution of a crab thatedi in other species, besides
demonstrating its growth and better conditions foesting, development and

reproduction.
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CAPITULO Il - Influence of host Encope emarginata Leske, 1778 (Echinoidea:
Clypeasteroida) over the crab the crabDissodactylus crinitichelis Moreira, 1901

(Brachyura: Pinnotheridae) in a Tropical Brazilian Coast

Cunha, A G; Neumann-Leitdo, S; Montag, L. F. A.
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Abstract

The cralDissodactylugrinitichelisresidents in the sand dollBncopeemarginatawere
carried out in tropical Brazilian Coast, to asdéssinfluence the stages benthic, sex and
area class of sand dollars, about the populatinrctsire benthic and sex ratio. Nine
beaches were sampled, and all crabs inBhemarginataarea were collected. It was
obtained the abundance of total and developmegé stes carapace width and abdomen
width of the crabs. It collected 72, 497 immatw2et79 male and 1,167 female Of
crinitichelis, in E. emarginatat,464. It was observed an average 18.32 crabsdsdiads.
The development stage and sexEofemarginatawith more crab was the adult females
it average 19.27 crab/sand dollar. The crabs weserved in all classes of body area of
sand dollars. In relation to average of dialerinitichelisresidents irE. emarginataarea
classes, there was an average of 18.20 crabs/vl&ss.observed a greater amount of
males crabs the number, both for benthic developsmhetages and sex, as with in the
classes areas, except in two areas class who haohale crabs. It was observed is
difference between the residuals proportional afitadnale and female crabs, for both
stages of development and sex of sand dollarshiffiecrab infestation demonstrates the
strong link between species. Furthermore this liatiomship suggests that the crabs
resident the adult sand dollars, without distinttiof sex. All stages of benthic
development of the crab. crinitichelis showed a tendency to infest the intermediate
classesThe sex ratio of the crdD. crinitichelisalways above 1, suggests that all classes,
with the exception of the first and last, are itdesby more than one adult male crabs,
while the adult females would seek intermediatesg#a. There is an increasing amount
of males cralD. crinitichelis in all development stages & emarginata This study

demonstrates the need to protect areas with sdtatgjas they would be protecting a
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species of crab, besides serving as dispersion setement, protection and feeding of

other species.

Key-words: Crab, Sand dollar, Interation host, Atlantic Ocetmpical.

Introduction

Crustacea is a high diversified Subphylum and mf@nyilies have separately
developed interaction with other invertebrates €rrand Baeza, 2001). From the
interactions that can be found the mutualistic, c@msalistic, and parasitic are highlight
(Douglas, 2010). The wide diversity of lifestylesakes the group appropriate for
understanding the evolution of social behavior iueractions with others invertebrates
(Duffy and Thiel, 2007). The relationships involgibrachyuran are relatively frequent
and are common in seven Decapoda Families: Panaidle, Eumedonidae, Portunidae,
Xanthidae, Hapalocarcinidae, Majidae and Pinnodlaer(Rinkevich et al., 1991; Ng and
Jeng, 1999).

The Pinnotheridae (pea crabs) is a family with 8aega and more than 300
described species (Salas-Moya et al. 2014). Thisljaincludes small crabs, which
interact with other species, living communalityl{soy or in groups of the same species)
in many benthic hosts, generally invertebratesutticly gastropods, bivalves, ascidians,
holothurians, and echinoids (Williams, 1984; Schmital., 1973; Harrison and Hanley,
2005; Palacios-Theil et al., 2009).

Among the irregular equinoids in whi€hssodactylus criniticheliMoreira, 1901
has already been registeresl Encope emarginatdeske, 1778E. micheliniAgassiz,
1841, Clypeaster subdepressiizray, 1825,Leodia sexiesperforatheske, 1778 and
Mellita quinquiesperforatd_eske, 1778 (Gray et al., 1968; Telford, 1978; Bodhd
Telford, 1981, Griffith, 1987). However, it is stiinknown how these species interact
between these two species (Telford, 1978).

Studies carried out with. mellitaeRathbun, 1900 and its hddt isometraHarold
and Telford, 1990 showed that the high densityrabs on the sand dollar damage the
feeding capacity of the host (George and Boone3R08s the crabs inhabit the oral
region, the big sand dollars biggest would offexager amount of food and consequently
better development for the crab, making it moreaative to juvenile or megalopa
(George and Boone, 2003), which present a moreopraed development. Furthermore,

Quijano and Gomez (2001) the female echinoideseptanostly larger sizes compared
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to males. This difference in the sand dollars fenthbs provide to residents in these
sand dollars females larger amount of food. Andhwhat, find a successful development
(Pohle and Telford, 1981), with a greater food $yamd protection (Gray et al, 1968;
Dexter, 1977). Once the growth of crabs would ddpen the capacity of their host
feeding (George and Boone, 2003). The crabs alsedge the host is capacity of moving
around (Castro, 1978; Derby and Atema, 1980). Rekeaith Pinnotheris maculatus
Say, 1818, showed that the females did not prodggs during winter (low temperatures)
and, retarded its development within its host (Matla), until temperature and salinity
were favorable (Pearce, 1964). An increase in eesidrabs were recorded during
summer and decreasing in autumn (Bell, 1988).

Despite the large amount of information generatedbth of the species, little is
known about the interaction of these two speciektha effects that a species exerts on
the other. Among the relevant interaction of thesecies, we highlighted the need that
the crab has of its host, since the crab only cpaks from planktonic life to benthic life
with the presence of the sand dollar (Pohle andioficel 1981). The crab speci€s
crinitichelis occurs nearly exclusively in irregular echinoid#le{litidae and
Clypeasteridae) (Mantins and D’Incao, 1996; De Brayal. 2010), and rarely are found
out of the host (Melo, 2008).

All these information are important, although dd explain the real effects that
the sand-dollarE. emarginataexerts on the crald( crinitichelis). Thus, our hypothesis
is that there are no differences in the overallnalamce, therefore as there are no
differences in the abundance of benthic stagedq@fctabD. crinitichelis living in
different stages of development, sex and area ofé&ssmarginataFurthermore, if there
are differences in the sex ratio and that@herinitichelis present that like growth in the

different stages of development and sek oémarginata.

Material and methods
Study Area

The Coast of Pernambuco is inserted in the Southt&ntic Tropical (Figure
1). The Pernambuco beaches are composed of twaitlepb sediment, the surface is
rich in sandy sediment (fine - rough) rich in qaahd silt; this coastal, there are seagrass
banks Halodule wrightii Ascherson) and fragments of calcareous algae lddanspp.
(Magalhaes et al., 1997; Barros et al., 2001; Fomst al, 2002;. Araujo, 2003). The

outstanding features of this coast is the presehsandstone reefs that occur on multiple
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lines (distant - North Coast, 2,000 m and nearutls&€oast, 50 m) parallel to the coast;
representing lines of "rock beaches", sometimek within overgrowth of calcareous

algae and corals (Mabesoone & Coutinho, 1970).

Data collect

The collections were carried out monthly, from Nameer 2011 to October 2012,
during low tide. For the purpose of standardizatihrese sampling were held in the
interval between two days before and after new mbhiame beaches along the coast were
selected, about 20 km from one another, with fouthe north and five on the south coast
(Figure 1).
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Figure 1. Studied area and sampling stations & Im@aches of Pernambuco state Brazil
littoral, Sowthwestern Atlantic, from October/20thlSeptember/2012.

The beaches from the north coast Carne de Vac3%(3BB2’ S e 034°49.216W),
Sossego (07°42.987'S; 34°49.877'W), Orange (072483 34°50.161'W) and Maria
Farinha (07°51.804’'S; 34°50.063'W). In additionpnfr the South coast: Suape
(08°21.851'S e 34°57.496°W), Porto de Galinhas 30847'S; 35°00.009'W), Barra de
Sirinhaém (08°36.721'S; 35°02.814'W), Tamandaré40®26’S; 35° 05.203'W) and
Séo José da Coroa Grande (08°52.718'S; 35°08.242'W)
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All samples were obtained from fixed quadrants@d 2 (20 x 30 m) positioned
parallel to the beach line at diurnal low tide.Sguadrant was subdivided into three areas
of 200 m? (20 x 10 m), with one randomly selectethe¢ sampled, and this area was not
used in the following month, avoiding the overldsampling.

As these crabs live in the oral and aboral surtdcgand dollar (Telford, 1978;
Pohle and Telford, 1981; Griffith, 1987), individeaf sand dollargnside the quadrant
of 200 m2, were manually collected using free diveguipment (Bell and Stansik, 1983).
Each individual was placed inside a plastic trag packed in a plastic bag, properly
labeled, inserted in coolers with ice and broughtthie laboratory of the Federal

University of Pernambuco (Brazil), and kept coaledreezers until the analysis.

Laboratory proceedings

In the laboratory, the species were identified vgplecific literature (Melo, 1999;
Martins and D’Incao, 1996; Fernandes et al., 2002nso et al., 2008). Then, for each
individual it was measured the total carapace waltd abdomen width fifth somite
abdomen under a microscope using a 0,0001pmexision caliper rule (Hartnoll, 1978;
Hartnoll, 1982).

IndividualsD. crinitichelis were classified (morphological characteristicghef
abdomen) into juveniles, immature (males and feg)akdult (males and females) and
females without eggs and female with eggs (egg)case juveniles were individuals
who survived the pelagic benthic/transition andaoee first crabs molt, corresponding
to the smaller individuals collected (Pardo et2007). The immature were all individuals
presenting the pleopods slightly differentiated rfiature male - long, thin; immature
female-wide), however united to the animal ceplmaax. The adult males have the long
and thin pleopods located on the first and sectwldminal segments. The adult females
presented the wide pleopods located from the setmofiith abdominal segment (Narchi,
1973). Adult females with eggs were identified dméhe presence of eggs adhered to the
pleopods.

The E. emarginataspecimens were classified in two gonad maturigges:
immature (with undefined sexual glands) and ad{vith developed sexual glands).
These adults were subdivided into adult male, whergonads presented colors ranging
from cream to brown; and, adult female, when theags ranged around lilac color (Dias,
2008). It was established the number of area dasmesed in “Sturges model”

(k=1+3.3*log (n)), that determines "k" in functiai "n", where k” is the number of
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classes andn” is the number of individuals. It was establish@datea class (15 cm

interval). To define the area of sand dollars wasasured the total length, total width,
one and two transverse. Area was used circumfetengag as radius “r’ the sum of four
steps (total length, total width, transverse oretaro) divided by 2.

Data analysis

Initially, it each sand dollar was defined as samphit, after it was verified
whether population data &f. crinitichelis, resident irEncopeemarginata(sand dollar),
was normally distributed (Kolmogorov-Smirnov testid homocedasticity (Levene test).
It was tested (ANOVA) differences in population a@otibudance of crabs between
maturation stages and sex (immature, adult maleadnlt female) of sand dollars. To
check whether there were differences on densitgldpment stages @. crinitichelis
(immature, adult male and adult female) residentshe maturation stages and sex
(immature, adult male and adult female) of sandadsl it was applied through a
contingency table. For the analysis of the numibeesidents crabs in the respective area
classes (cm?) of sand dollars classes it was usédlly, an ANOVA to determine
whether there is a difference in the number ofdessis crabs in the different classes of
sand dollars lengths.

In order to verify possible imbalance in the seioraf male and female crabs, for
the different stages of development, sex and elasss (cm?) of sand dollars, it was used
the abundance of crabs. For this, we used two Qadhatic k?) tests (Zar, 1999), one
for the abundance of males and females crabsferelift stages of benthic development
and sex of sand dollars. Another for the abundarfcmale and female crabs in the
different classes of areas of sand dollars.

The tests described were calculated in statistizi@vare "R", in its version 3.1.1,

and it was considered a significance leel(q.05).

Results

The total number of crab®. crinitichelis collected was 75,843 individuals, of
which 72, 497 immatures and 3,346 adults, whict¥2,adult male and 1,167 adult
female. It was collected 4,4@& emarginataof which 410 were immature, 1,801 male
and 2,253 female. These 4,265 sand dollar presentedrabs were found, representing
95.36% of the collected sand dollars.
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Crab density x Developmental stages of E. emarginat

It was observed an average of 18.32 + 17.95 Crahd/8ollars. The development
stage oE. emarginatathat presented more crab was the adult femalkisA®i742 crabs
(average 19.27 + 19.44 Crabs/Sand dollar); followeddult male 31,658 crabs (18.59
+ 20.28 Crabs/Sand dollar) and immature stage 3¢#dBs (8.63 + 9.25 Crabs/Sand
dollar). This corresponds respectively to 53.7%7% and 4.5% of the collected crabs,
living in E. emarginatgFigure 2). It was found differences between dgwelent stage
of E. emarginataF (3; 75,843= 17.8661, p < 0.001), since the biggest diffeeevloserved
in average values was recorded between immaturefemdles (10.60 crabs) and
followed by immature and males (10.00 crabs) (Feg@y, this values corresponds
respectively to 49.2% and 37.2%.

150+
= 100+
.~
-
(]
3
o
7z 504

0 | I | | [

Immature | Adult Male If’uh:tltFemaleI

Developmental stage (Sand dollar)

Figure 2. Average number of cr@bssodactylus crinitichelign=75, 843) found in the
developmental stage (immature n=410, adult malds&®4, adult female n=2,253) of
sand dollarEncope emarginatajn Pernambuco littoral, from November/2011 to
October/2012.
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All stages ofD. crinitichelis were observed in all stages of sand doHar
emarginataln the sand dollar adult female it was regist&@®72 immature, 1,095 adult
male, 575 adult female crabs. These values comespespectively to 94.49%, 2.69%
and 1.41%. In the sand dollar adult male it wassteged 41,564 immature, 975 adult
male and 521 adult female. These values correspsmctively to 93.63%, 3.08% and
1.65%. In the immature sand dollar it was found@0,immature, 82 adult male and 61
adult female, corresponding respectively to 93.02%8% and 1.77% (Figure 3). The
test showed differences between abundantes §=20.893, p < 0.001), as the immature
represented 95.64% of crab population this speofabese, 53.72% live in sand dollar

female and 41.74% live in sand dollar male (Fig)e

50000
40000
30000
20000

10000
0 - 1 1 )
Immature Male adult Female adult

N° of crab

Developmental stage @. crinitichelis

m Sand-dollar (immaturefd Sand-dollar (male)m Sand-dolar (female)

Figure 3.Total number of crabs residents in the stage faanthe immature, adult
females and adult male stages Ericope emarginatain Pernambuco littoral, from
November/2011 to October/2012.

Crabs (interval of class)

The crabs were observed in all area classEs@inarginataln relation to average
abundance of crab. crinitichelis residents irE. emarginataarea classes, there was an
average abundance of 18.20 + 19.42 crabs/classhighest average abundance (24.67
crabs/area class) was observed in the class 18F@00 cm? and the lowest average
abundance (0.78 + 1.30 crabs/class) was obsernteeé itlass 0.01-15.00 cmz (Figure 4).

The D. crinitichelis the immature had an average abundance 17.44+18.70
Crab/Sand dollar; the highest average abundanamrofture (36 Crabs/Sand dollar),
recorded in the corresponding class 150.01-165n00and lowest average abundance
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(1.75 Crabs/Sand dollar) was observed in the da3%-15.00 cm2. The male had an
average abundance 1.23+0.65 Crab/Sand dollar;iginedt average abundance of male
crab was three Crabs/Sand dollar, recorded indhegponding class 150.01-165.00 cm?
and was not registered males crabs in the corréspgrelass 0.01 - 15:00 cm? and
165.01-170.00 cm? (Figure 4). The female had anra@ee abundance 1.03+0.23
Crab/Sand dollar; the highest average abundanceaté crab was 1.14 Crabs/Sand
dollar, recorded in the corresponding class 135180.00 cm? and was not registered
females crabs in the corresponding classes 0.08:001cm? and 165.01-170.00 cm?
(Figure 4).

The ANOVA revealed that there are differences betwie abundance of crabs:
in the total crabs (2 s02= 12.99, p < 0.001; immature:k; 432= 5.003, p < 0.001; male
F2; 201)= 4.825, p < 0.001; femalgqik; 120= 12.483, p < 0.001. However, the regression
analysis demonstrated that there is no influncevésen the total number of crabs and
areas of sand dollars classes (Table 1), showatghle crabs do not seek the larger sand

dollars to live.
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Figure 4. Numbers ddissodactylus crinitichelign theEncope emarginataf area class
(cm?) of in Pernambuco littoral, from November/2011 to Oetdp012, total - “a”,
immature — “b”, adult male — “c” and adult femaléd>; observe their respective scales.

Abundance (M:F) of crab (benthic development stagg,and area classes of sand-
dollar)

It was registered a greater amount of males ctadns females, both for benthic
developmental stages and sex, as well as for fferefit classes of sand dollars areas,
except for 0.00 to 15.00 and 165.01 - 170.00 cm@nmio male crabs occurred. It was
found a sex ratio of 1.8:1 (M:F) crabs in the imanatsand dollars. The crabs sex ratio
increased in the adults male and females of salidrslowith a ratio of 2.8:1 (M:F).
Differences occurred in sex ratio of crabs livingdifferent stages of development and
sex of sand dollarsxt 3, 2) = 28,310, p < 0.001), since 73.2% of the crabsweale
corresponding to a ratio 2.7:1 (M:F) (Figure 5).
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Figure 5.Relative abundance of the crabissodactylus criniticheliy development
stagy and sex dEncope emarginatan Pernambuco littoral, from November/2011 to
October/2012.

It was found for the crabs a sex ratio averagg4®:1 (M: F) among sand dollars
body area classes. In ten of the total of twelass#s it was registered more males, except
for the first and last classes where only femalesewecorded. The eleventh class
presented the highest sex ratio with 5:1 (M:F), tredclass with the lowest proportion
was the third with 2.11:1 (M:F) (Figure 6). Thettesvealed that there is an imbalance
between the proportion of male and female in diffieébody area classestbfemarginata
(X312, 2= 40.605, p < 0.001).
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Figure 6.Sex ratio of the craDissodactylus criniticheliby class body area &ncope

emarginatajn Pernambuco littoral, from November/2011 to Oetdp012.
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Discussion

The large quantities crab. crinitichelis suggestes that by the sand doHar
emarginata exploring other species only . emarginatas already occupied by other
organism, and in this case, the crab would assodiself with other sand dollar. This
specificity has been recorded for the speciesftmsly, as the craliClypeasterophylus
stebbingi Rathbun, 1918 with the sand doll@lypeaster subdepressusray, 1825
(Martinelli-Filho et al., 2014). The pinnotheridas live out from its host for a very short
time (De Bruyn et al., 2010; Martinelli-Filho et,a2014). In our research we observed
that the crab tend to occupy in its sand dollaresmdidult female preferred the sand dollar
intermediate body area, migrating to these.

The high infestation (95.3%) of the créb. (crinitichelis) on the sand dollaE|
emarginata reinforces the strong link between speciBse values found here were
similar to those obtained by Bell (1988), when &saencountered an infestation ranging
from 36-96% and by Matrtinelli-Filho et al., 2014tiwB7% of infestation. Telford (1978),
found an infestation of 90-100% of the cfabprimitivus Bouvier, 1917 and from 30-
60% of the cral. crinitichelisin M. quinquiesperforataDexter (1977) found only 6%
infestation by two species of cratix qitidusSmith, 1870 an®. xuntusiGlassell, 1936),
in E. stokesL. Agassiz, 1841.

These high number of crabs livingin emarginatdhad not been registered before
to the family Pinnotheridae. The data availableneto other species, like the ciab
mellitaein M. quinquiesperforatahat presented an infestation from 0.4 to 2.7 iicldials
by sand dollar (Bell, 1988). Other study preserdadaverage of 4.3 of the créh
primitivus and 0.4 - 1.3 of the crabD( criniticheli by sand dollar NI.
quinquiesperforatp(Telford, 1978). According to Bell (1981) thisdrection was due to
the larger adult competition, leading to death agration of individuals. Dexter (1977)
found an average crab infestationErnstokespf 0.07, and this sand dollar was infested
by two species of crabB. nitidis and D. xuntusi Other studies developed with the
interaction of other species such as Withnotheres pisurhinnaeus, 1767 (Atkins, 1926;
Christensen, 1958F,. ostreumSay, 1817 (Christensen and McDermott, 19%8hia
subquadratddana, 1851 (Pearce, 1966) all residents in bivalesfied that the amount
of crab did not exceed three individudlstferently the values found in this work where
media was to 18.3R. crinitichelisto E. emarginataand 18.20 crabs to area class.

Others studies on the interactions of crabs witid shollars found a maximum of

eight crabs in different stages of benthic develepinin a single echinoid; and, this
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number was considered high, whereas, the crabd banm the development of the sand
dollar (Gray et al., 1968; Harold and Telford, 19B8@ndler et al., 1995). Number similar

was obtained for Martinelli-Filho et al. (2014). oNmore than nine crabs has been
registered by sand dollar, evidencing this is theximum number supported by host

(Bell, 1981). However, the presence of a crabsimdst does not prevent the entry of new
crabs (George and Boone, 2003)

Besides the high number of sand-dollar infesteth viaigh number of crabs,
differences were found between developmental stégemature and adult) of sand-
dollar, with higher density of crabs in adults, lewer, no density differences were found
in relation to the sex (male and female) of sankadorhis suggests that the crabs would
avoid to settle in immature preferring the adulidsdollar, without distinction of sex.
Similar behavior was observed by Zuk and McKear®§)9which made researches with
species associates in field and laboratory anddalifierences in infestation between
stages of development and/or sex, with a differem¢lee density of infested individuals,
around 15%. In our research with crinitichelis x E. emarginatahe difference in the
stages of development was around 97%, and betweesekes 9.9%.

All stages of benthic development of the cEakcrinitichelisshowed a tendency
to infest the intermediate size classe&oémarginataThis contributes to the idea that
new infestations do not occur in sand dollar withibxee the crab, or that would occur at
random and independent of the number of crabs,(B&88), suggesting an attraction to
new crabs that will become. It has been mentiohed the juvenile crab stagg D.
mellitae resident in the sand dolldd. quinquiesperforatavould present a gregarious
behavior, independent of the presence of othevikgals of sand dollar, while immature
and adult crabs would live lonely, accepting thespnce of individuals of the opposite
sex (Telford, 1978; Bell, 1988). However, other @ps of the same familyF(
subquadrata P. ostreum,P. novaezelandia&ilho 1885 andPinnotheresspp.) show
random and uniform settlement in Mollusca (Chriseanand McDermott, 1958; Pearse,
1966; Silas and Alagarswami, 1967; Jones, 1970 ,th@ crabPinnaxodes floridensis
Wells and Wells, 1961, in Holothurian (Wells and \&/€1961).

We found an increase in the number of crabs, withelase in area of the sand
dollar, a fact also mentioned by Baeza and Thigd& and Martlinelli-Filho et al. (2014).
In our study a size limit was not observed for saad dollar infestation by crab as
described by Baeza and Stotz (2001). However, staded that larger and smaller sand

dollar are avoided (Baeza and Stotz, 2001).
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The sex ratio of the crdb. criniticheliswas always above 1, suggesting that all
classes, except the first and the last, are irddstanore than one adult male crabs, while
the adult females would infest intermediate clas§he size is an important factor in the
infestation success, survival and growth of indinald (Mousseau and Fox, 1998).
However, some of the Pinnotheridae presents aopaidividuals of the opposite sex, as
mentioned in the researches wkh ostreum(Christensen and McDermott, 1958,
novaezelandiagJones, 1977) ard. crinitichelis (Telford, 1978).

It has been proposed a general interaction evolatiomodel between pattern of
host usage, mating pattern (e.g. monogamy, polygyry polyandry) and social
arrangement of symbiotic crustaceans (Baeza ared, Z0i07). The mating pattern would
depend on host body size and/or availability (simovthe relative expenses of protecting
a host for ‘territorial’ symbionts) and on the fiégiof symbionts to move between hosts
(showing a potential cost of predation out the geton given by the host).

Studies developed for any speciedDagsodactyluson the ratio carapace width
/abdomen width, can be extrapolated to the othktiseosame genus, due the similarity
of their carapaces (Telford, 1978). EM@ncrinitichelis showing a polyphasic growth in
all stages of sand-dollars, demonstrating thatscnabkest its resources according to the
need of energy investment of each development staiga better survival. And that can
compared in different biotic and abiotic conditiqii®lford, 1978), however, it is clear
that residents crabs in the sand adult dollarsIdpsemore quickly, compared to the
immature sand dollars, demonstrating better dewedoy conditions in adult sand dollars.

An experimential base for the model was providgdBheza and Thiel (2007),
Baeza (2008), but they argued that more case studbee necessary to reinforce their
demonstration. In crustaceans, while many host—g&ymhbelations have been described,
little is documented about the population biology @éhe nature of the relationship (e.g.
mutualismvs. parasitism) (Thiel, 2000). Host utilization wiledend on mating or social
systems of the symbionts, and about the charadtéheo symbiotic association. A
commensal using its host, principally as a refugeh@mical protection will not exploit
it in the same way as a parasite using its hoatfaed resource, per example. In turn, the
pattern of host exploitation could control the syomb social system. For instance, in the
case of parasitism, host resistance could adjwestntimber of infecting symbionts,
whatever their mating system, and consequentlyeftieir social organization. Thus,
knowledge on the nature of the relationship iscuiggte for understanding symbiosis

evolution and ecology.
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Thus, it can be concluded that the crdhscrinitichelis reside with greater
intensity adult sand-dollar, avoiding immature induals. Initially inhabit adult females,
with these very busy, probably inhabit the male #veh the immature. However, this
stage (immature) can be visited if the adults &esmdy occupied. There is a decrease in
the individuals that make up the population strreetaf the cral. crinitichelis with the
highest densities in the first benthic stage, redutheir values, regardless of the stage
of development and sex sand-dollar. Theses densahistat regarding the area classes of
sand dollar, the stages of development in eachyes@nhabited by about an average of
17.44 immature, 1.23 male and 1.03 female crabasddiition, the sex ratio was different
between the stages of development of the crab, mgter male, residing in all the sand
dollars stages of development. As well as in tlea af classes of sand dollars. The studies
show the close relationship between the two spébiesrinitichelisandE. emarginata
The showing the need to preserve the beach So$segoaintaining sandy beaches,

throughout the surrounding coastline.
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CONSIDERACOES FINAIS

Essa obra contribuir para uma melhor compreensémtimia de um Echinoidea
Encope emarginataum Crustacea Brachyubassodactylus crinitichelig o efeito que o
Echinoidea exerce sobre o Brachyura, sendo to@otedialho desenvolvido em praias
tropicais do Atlantico Sudoeste.

Como a espécie de Echinoideaemarginatdoram regidos, ao longo dos meses,
principalmente pela granulometria das paias. Aléssal as praias do litoral norte
demonstraram ter as melhores condicbes para o tasssrio, desenvolvimento e
reproducao da espécie. Estudos dessa naturezéogenirpara o monitoramento espacial
e mensal da espécie, demonstrando condicfes tenuiess variaveis biotica da espécie
e abiodticas de cada praia, e caracterizando laais condicbes para preservagao
ambiental. Uma vez que a espécie apresenta casticts bioldgicas importantes para a
manutencdo de espécies residentes e visitantepra@as arenosas. A ocorréncia de
ambos os sexos e dos imaturosEdemarginatae suas flutuagdes ao longo dos meses,
demonstram uma manutencao constante da populagéieag&como o litoral norte estéo
servido como locais de dispersédo para as praig®sas circunvizinhas, mantendo o
registro dessa espécie em outras praias, com exckrgpraias que nao apresentam
condi¢des para o assentamento dessa espécie.ids geesentaram na populacédcde
emarginatauma predominancia de individuos intermediariosq@ss estdo obtendo os
melhores recursos na regiao e dificultando a oBteds recursos tanto dos individuos
maiores, como dos menores. Sendo os individuagriatiarios os responsaveis por toda
a manutencdo populacional & emarginata A espécie apresenta um investimento
energético ao comprimento, 0 que tornaria os iddi$ aptos a buscar areas mais
favoraveis ao desenvolvimento, alimentacdo e rem@ol A partir de todas essas
caracteristicas biologicas a espééie emarginataestaria apresentando um papel
importantissimo para a manutenc¢édo da comunidadiegiia das praias arenosas e locais
adjacentes, e que esta sendo regido pelas varahiéticas.

Assim como enkEncope emarginata populacdo do carangudjo crinitichelis
residente nas bolachas-da-praia séao influenciadiretamente pelas variaveis abidticas,
principalmente pela granulometria. Uma vez que sasaranguejos estao residindo e
dependem da sobrevivéncia das bolachas-da-préa.rdsfica a intima relacdo do
caranguejadD. crinitichelis com as espécies de bolachas-da-praia das praagsas.
Além disso, estudos dessa natureza demonstram Hwrese condicdes espacial e

temporal para d. crinitichelis Uma vez que, as maiores densidades das espécies,
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geralmente, representam as melhores condicdes ataibiem que sédo encontrados. As
maiores densidades d& crinitichelis foram encontradas no periodo de estiagem, a
espécie estaria permanecendo em locais com cosdiglgs estaveis para o
desenvolvimento. E estaria evitando ou deslocaedmasa outra regido com condicdes
menos favoraveis (nos meses do periodo chuvosojefaua espécie acaba saindo das
areas nos meses com baixa salinidade e menoresrigmpas. As praias do litoral Norte
demonstram ter as melhores caracteristicas amisi@m#ongo do ano para a ocorréncia
do caranguejo. O sedimento mostrado ser a varabrética que rege a distribuicdo do
caranguejo nas praias ao longo do ano. Disturlsissondicdes abiodticas na regido, como
excesso ou reducdo da pluviometria, acarretariareanalteracdo no aporte de sedimento
e consequentemente na matéria organica, que meairiga ocorréncia da espécie, com
predominancia de apenas um sexo, e consequentemesiiedo no recrutamento da
populacdo deD. crinitichelis Com os individuos apresentando um crescimento
alométrico a espécie estaria investindo no deseimehto da carapaca, como isso ficou
mais evidente nas fémeas, essas estariam investinitio mais que os outros individuos
da populacédo, e quanto mais as fémeas investirelargiara da carapaca, mais ovos
estariam aptas para fecundar e transporta. Aléso,disespécie ndo estaria investindo da
mesma forma o ano todo, uma vez que mudancas nageia abibticas acarretariam em
um menor aporte de sedimento e consequentementar mgorte de matéria organica
(periodo de estiagem). Em condi¢cdes mais estaversgecies se utilizariam para adquirir
mais recurso, e nos momento de desequilibrio acespiespejaria toda a energia
acumulada para lancar-se a reproducdo. Com togocestiecimento construido sobre
D. crinitichelis desvedou um pouco da biologia da espécie. Aléssodipode-se
caracterizar a distribuicdo temporal e espaciaumecaranguejo que vive em outras
espécies, correlacionando-os as variaveis abiptiafsn de demonstrar o seu
crescimento e melhores condi¢es para a nidificaEsenvolvimento e reproducéo.
Como este caranguejo apresenta uma dependénciamtaivolacha-da-praia para
transitar do ambiente plactdnico ao bentdnicodestlessa natureza esclarecem duvidas
dessa relacéo e norteiam novas pesquisas. Aléatifiear a necessidade de preservacao
da regido, para néo deixar de verificar e eluctplaal seria interacdo ecoldgica dessas
duas espécies. O caranguBjarinitichelisresidem com maior intensidade nas bolachas-
da-praia adulta, evitando individuos imaturos. Amig estariam proporcionando as
melhores condicbes de abrigo e alimentacdo do gaegm Nessas condicbes 0s

caranguejos desse género provavelmente estari@amadiespécies de bolacha-da-praia
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menores, ou individuos menores de espécies grarmesp alternativa para o
assentamento, até encontrar as espécies maioraspader transcorrer todo o seu
desenvolvimento. A diminuicdo que ocorre nos estagde desenvolvimento
subsequentes da populacéo do carandejoinitichelis evidenciam a elevada predacao
sofrida pelos caranguejos residentes nas bolacasaih. Isso acaba demonstrando a
participacdo dos caranguejos na trofia das pra@soaas, que teoricamente seriam
“inabitadas”. Sendo responsaveis pela manutengaeeriar das espécies residentes,
assim como das espécies visitantes das praia ateh@sesenca de um valor médio dos
individuos adultos, demonstra que em cada bolaak@aala ocorre a presenca de um
casal reprodutivo. Que sera substituido por outaparguejo pretendente, com
caracteristicas reprodutivas evidentes. Os estuaderam a estreita relagédo entre as duas
espécies. crinitichelis e E. emarginath O que mostra a necessidade de preservar a

praia do Sossego para a manutencéo de praiasideaaréongo das praias circundante.
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Anexo: Dados Abidticos

Tabela anexa: Média das variaveis abidticas por enéernambuco litoral, tropical
Atlantico Sudoeste de novembro / 2011 a outubf@l22

NORTH LITTORAL

SOUTH LITTORAL

MONTHS

NOVEMBER

DECEMBER

JANUARY

FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

TEMP.{C)  SALINITY GRAN (¢) TEMP €C) SALINITY GRAN (¢)

26.00:2.16  29.25%8.26 1.59+1.28 25.60+1.52 31.60%8.53 1.7620.47
27.50:0.58  33.25%5.19 2.08+1.45 23.80#2.17 33.2045.22 1.74+0.46
27.00:0.82  38.00+0.82 2.30+1.26 25.40+1.14 36.4045.41 1.77+0.50
25.50+1.00  40.00+0.00 2.15+1.36 26.00+1.87 38.20%3.11 1.84+0.49
29.00+2.94  37.75%3.59 2.16+1.40 27.40+1.95  .58%10.62 1.74+0.47
30.25:0.96  42.50+2.08 2.09+1.36 26.80+1.30  .2829.73 1.76+0.49
26.63:0.48  37.25%2.06 2.17+1.12 27.80+1.10  BEW.80 1.7620.48
29.25:4.35  29.00+2.83 2.24+1.20 27.40+1.14  4®210.55 1.79+0.49
28.00+0.82  34.25+3.10 2.19+1.16 27.80+2.05  8817.98 1.85+0.37
28.75:0.65  37.50+1.73 2.17+1.56 27.90+1.02 3.68+8.29 1.77+0.49
2875126  38.75+1.50 1.95+1.76 26.803:1.3 29.60+10.53 1.74+0.50
27.75¢150  36.75%3.30 2.18+1.06 25.90+0.55 47.52+23.49 1.75+0.48
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